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Chapter 2 S12XE Clocks and Reset Generator (S12XECRG)
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2.6.1 Description of Interrupt Operation

2.6.1.1 Real Time Interrupt

The S12XECRG generates a real time interrupt when the selected interrupt time period elapses. R
interrupts are locally disabled by setting the RTIE bit to zero. The real time interrupt ßag (RTIF) is se
when a timeout occurs, and is cleared to 0 by writing a 1 to the RTIF bit.

The RTI continues to run during Pseudo Stop Mode if the PRE bit is set to 1. This feature can be us
periodic wakeup from Pseudo Stop if the RTI interrupt is enabled.

2.6.1.2 IPLL Lock Interrupt

The S12XECRG generates a IPLL Lock interrupt when the LOCK condition of the IPLL has chang
either from a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by s
the LOCKIE bit to zero. The IPLL Lock interrupt ßag (LOCKIF) is set to1 when the LOCK condition h
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

2.6.1.3 Self Clock Mode Interrupt

The S12XECRG generates a Self Clock Mode interrupt when the SCM condition of the system ha
changed, either entered or exited Self Clock Mode. SCM conditions are caused by a failing clock q
check after power on reset (POR) or low voltage reset (LVR) or recovery from Full Stop Mode (PS
0) or Clock Monitor failure. For details on the clock quality check refer toSection 2.4.1.4, ÒClock Quality
CheckerÓ. If the clock monitor is enabled (CME = 1) a loss of external clock will also cause a SCM
condition (SCME = 1).

SCM interrupts are locally disabled by setting the SCMIE bit to zero. The SCM interrupt ßag (SCMI
set to1 when the SCM condition has changed, and is cleared to 0 by writing a 1 to the SCMIF bit.
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Chapter 3 Voltage Regulator (S12VREGL3V3V1)
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The Flash memory is ideal for single-supply applications allowing for Þeld reprogramming without
requiring external high voltage sources for program or erase operations. The Flash module includ
memory controller that executes commands to modify Flash memory contents or conÞgure modu
resources for emulated EEPROM operation. The user interface to the memory controller consists
indexed Flash Common Command Object (FCCOB) register which is written to with the command, g
address, data, and any required command parameters. The memory controller must complete the ex
of a command before the FCCOB register can be written to with a new command.

CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

The RAM and Flash memory may be read as bytes, aligned words, or misaligned words. Read acce
is one bus cycle for bytes and aligned words, and two bus cycles for misaligned words. For Flash me
an erased bit reads 1 and a programmed bit reads 0.

It is not possible to read from a Flash block while any command is executing on that speciÞc Flash
It is possible to read from a Flash block while a command is executing on a different Flash block.

Both P-Flash and D-Flash memories are implemented with Error Correction Codes (ECC) that can r
single bit faults and detect double bit faults. For P-Flash memory, the ECC implementation require
programming be done on an aligned 8 byte basis (a Flash phrase). Since P-Flash memory is alwa
by phrase, only one single bit fault in the phrase containing the byte or word accessed will be corr

4.1.1 Glossary

Buffer RAM Ñ The buffer RAM constitutes the volatile memory store required for EEE. Memory spa
in the buffer RAM not required for EEE can be partitioned to provide volatile memory space for
applications.

Command Write Sequence Ñ An MCU instruction sequence to execute built-in algorithms (includin
program and erase) on the Flash memory.

D-Flash Memory Ñ The D-Flash memory constitutes the nonvolatile memory store required for EE
Memory space in the D-Flash memory not required for EEE can be partitioned to provide nonvola
memory space for applications.

D-Flash SectorÑ The D-Flash sector is the smallest portion of the D-Flash memory that can be era
The D-Flash sector consists of four 64 byte rows for a total of 256 bytes.

EEE (Emulated EEPROM) Ñ A method to emulate the small sector size features and endurance
characteristics associated with an EEPROM.
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EEE IFR Ñ Nonvolatile information register located in the D-Flash block that contains data required
partition the D-Flash memory and buffer RAM for EEE. The EEE IFR is visible in the global memory m
by setting the EEEIFRON bit in the MMCCTL1 register.

NVM Command Mode Ñ An NVM mode using the CPU to setup the FCCOB register to pass parame
required for Flash command execution.

PhraseÑ An aligned group of four 16-bit words within the P-Flash memory. Each phrase includes e
ECC bits for single bit fault correction and double bit fault detection within the phrase.

P-Flash MemoryÑ The P-Flash memory constitutes the main nonvolatile memory store for applicati

P-Flash SectorÑ The P-Flash sector is the smallest portion of the P-Flash memory that can be era
Each P-Flash sector contains 1024 bytes.

Program IFR Ñ Nonvolatile information register located in the P-Flash block that contains the Dev
ID, Version ID, and the Program Once Þeld. The Program IFR is visible in the global memory map
setting the PGMIFRON bit in the MMCCTL1 register.

4.1.2 Features

4.1.2.1 P-Flash Features

¥ 384 Kbytes of P-Flash memory composed of one 256 Kbyte Flash block and one 128 Kbyte
block. The 256 Kbyte Flash block consists of two 128 Kbyte sections each divided into 128 se
of 1024 bytes. The 128 Kbyte Flash block is divided into 128 sectors of 1024 bytes.

¥ Single bit fault correction and double bit fault detection within a 64-bit phrase during read
operations

¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and phrase program operation
¥ Ability to program up to one phrase in each P-Flash block simultaneously
¥ Flexible protection scheme to prevent accidental program or erase of P-Flash memory

4.1.2.2 D-Flash Features

¥ Up to 32 Kbytes of D-Flash memory with 256 byte sectors for user access
¥ Dedicated commands to control access to the D-Flash memory over EEE operation
¥ Single bit fault correction and double bit fault detection within a word during read operation
¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and word program operation
¥ Ability to program up to four words in a burst sequence

4.1.2.3 Emulated EEPROM Features

¥ Up to 4 Kbytes of emulated EEPROM (EEE) accessible as 4 Kbytes of RAM
¥ Flexible protection scheme to prevent accidental program or erase of data
MC9S12XF - Family Reference Manual, Rev.1.20
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ry

rations
¥ Automatic EEE Þle handling using an internal Memory Controller
¥ Automatic transfer of valid EEE data from D-Flash memory to buffer RAM on reset
¥ Ability to monitor the number of outstanding EEE related buffer RAM words left to be

programmed into D-Flash memory
¥ Ability to disable EEE operation and allow priority access to the D-Flash memory
¥ Ability to cancel all pending EEE operations and allow priority access to the D-Flash memo

4.1.2.4 User Buffer RAM Features

¥ Up to 4 Kbytes of RAM for user access

4.1.2.5 Other Flash Module Features

¥ No external high-voltage power supply required for Flash memory program and erase ope
¥ Interrupt generation on Flash command completion and Flash error detection
¥ Security mechanism to prevent unauthorized access to the Flash memory

4.1.3 Block Diagram

The block diagram of the Flash module is shown inFigure 4-1.
MC9S12XF - Family Reference Manual, Rev.1.20
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4.3 Memory Map and Registers
This section describes the memory map and registers for the Flash module. Read data from unimple
memory space in the Flash module is undeÞned. Write access to unimplemented or reserved memo
in the Flash module will be ignored by the Flash module.

4.3.1 Module Memory Map

The S12X architecture places the P-Flash memory between global addresses 0x78_0000 and 0x7F
as shown inTable 4-2. The P-Flash memory map is shown inFigure 4-2.

The FPROT register, described inSection 4.3.2.9, can be set to protect regions in the Flash memory fro
accidental program or erase. Three separate memory regions, one growing upward from global a
0x7F_8000 in the Flash memory (called the lower region), one growing downward from global add
0x7F_FFFF in the Flash memory (called the higher region), and the remaining addresses in the F
memory, can be activated for protection. The Flash memory addresses covered by these protectable
are shown in the P-Flash memory map. The higher address region is mainly targeted to hold the boot
code since it covers the vector space. Default protection settings as well as security information that
the MCU to restrict access to the Flash module are stored in the Flash conÞguration Þeld as desc
Table 4-3.

Table 4-2. P-Flash Memory Addressing

Global Address
Size

(Bytes)
Description

0x7C_0000 – 0x7F_FFFF 256 K
P-Flash Block 0
Contains Flash Configuration Field
(see Table 4-3)

0x7A_0000 – 0x7B_FFFF 128 K No P-Flash Memory

0x78_0000 – 0x79_FFFF 128 K P-Flash Block 1

Table 4-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description

0x7F_FF00 – 0x7F_FF07 8
Backdoor Comparison Key
Refer to Section 4.4.2.12, “Verify Backdoor Access Key Command,” and
Section 4.5.1, “Unsecuring the MCU using Backdoor Key Access”

0x7F_FF08 –
0x7F_FF0B(2) 4

Reserved

0x7F_FF0C2 1
P-Flash Protection byte.
Refer to Section 4.3.2.9, “P-Flash Protection Register (FPROT)”

0x7F_FF0D2 1
EEE Protection byte
Refer to Section 4.3.2.10, “EEE Protection Register (EPROT)”

0x7F_FF0E2 1
Flash Nonvolatile byte
Refer to Section 4.3.2.14, “Flash Option Register (FOPT)”
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0x7F_FF0F2 1
Flash Security byte
Refer to Section 4.3.2.2, “Flash Security Register (FSEC)”

1. Older versions may have swapped protection byte addresses
2. 0x7FF08 - 0x7F_FF0F form a Flash phrase and must be programmed in a single command write sequence. Each byte in

the 0x7F_FF08 - 0x7F_FF0B reserved field should be programmed to 0xFF.

Table 4-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description
MC9S12XF - Family Reference Manual, Rev.1.20
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Table 4-4. Program IFR Fields

Global Address
(PGMIFRON)

Size
(Bytes)

Field Description

0x40_0000 – 0x40_0007 8 Device ID

0x40_0008 – 0x40_00E7 224 Reserved

0x40_00E8 – 0x40_00E9 2 Version ID

0x40_00EA – 0x40_00FF 22 Reserved

0x40_0100 – 0x40_013F 64
Program Once Field
Refer to Section 4.4.2.7, “Program Once Command”

0x40_0140 – 0x40_01FF 192 Reserved

Table 4-5. P-Flash IFR Accessibility

Global Address
(PGMIFRON)

Size
(Bytes)

Accessed From

0x40_0000 – 0x40_01FF 512 XBUS0 (PBLK0)(1)

1. Refer to Table 4-4 for more details.

0x40_0200 – 0x40_03FF 512 Unimplemented

0x40_0400 – 0x40_05FF 512 Unimplemented

0x40_0600 – 0x40_07FF 512 XBUS1 (PBLK1)

Table 4-6. EEE Resource Fields

Global Address
Size

(Bytes)
Description

0x10_0000 – 0x10_7FFF 32,768 D-Flash Memory (User and EEE)

0x10_8000 – 0x11_FFFF 98,304 Reserved

0x12_0000 – 0x12_007F 128 EEE Nonvolatile Information Register (EEEIFRON(1) = 1)

1. MMCCTL1 register bit

0x12_0080 – 0x12_0FFF 3,968 Reserved

0x12_1000 – 0x12_1EFF 3,840 Reserved

0x12_1F00 – 0x12_1FFF 256 EEE Tag RAM (TMGRAMON1 = 1)

0x12_2000 – 0x12_3BFF 7,168 Reserved

0x12_3C00 – 0x12_3FFF 1,024 Memory Controller Scratch RAM (TMGRAMON1 = 1)

0x12_4000 – 0x12_DFFF 40,960 Reserved

0x12_E000 – 0x12_FFFF 8,192 Reserved

0x13_0000 – 0x13_EFFF 61,440 Reserved

0x13_F000 – 0x13_FFFF 4,096 Buffer RAM (User and EEE)
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 base +
4.3.2 Register Descriptions

The Flash module contains a set of 20 control and status registers located between Flash module
0x0000 and 0x0013. A summary of the Flash module registers is given inFigure 4-4 with detailed
descriptions in the following subsections.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.

Table 4-7. EEE Nonvolatile Information Register Fields

Global Address
(EEEIFRON)

Size
(Bytes)

Description

0x12_0000 – 0x12_0001 2
D-Flash User Partition (DFPART)
Refer to Section 4.4.2.15, “Full Partition D-Flash Command”

0x12_0002 – 0x12_0003 2 D-Flash User Partition (duplicate(1))

1. Duplicate value used if primary value generates a double bit fault when read during the reset sequence.

0x12_0004 – 0x12_0005 2
Buffer RAM EEE Partition (ERPART)
Refer to Section 4.4.2.15, “Full Partition D-Flash Command”

0x12_0006 – 0x12_0007 2 Buffer RAM EEE Partition (duplicate1)

0x12_0008 – 0x12_007F 120 Reserved

Address
& Name

7 6 5 4 3 2 1 0

0x0000
FCLKDIV

R FDIVLD
FDIV6 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

0x0001
FSEC

R KEYEN1 KEYEN0 RNV5 RNV4 RNV3 RNV2 SEC1 SEC0

W

0x0002
FCCOBIX

R 0 0 0 0 0
CCOBIX2 CCOBIX1 CCOBIX0

W

0x0003
FECCRIX

R 0 0 0 0 0
ECCRIX2 ECCRIX1 ECCRIX0

W

0x0004
FCNFG

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

0x0005
FERCNFG

R
ERSERIE PGMERIE

0
EPVIOLIE ERSVIE1 ERSVIE0 DFDIE SFDIE

W

Figure 4-4. FTM384K2 Register Summary
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4.3.2.1 Flash Clock Divider Register (FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

All bits in the FCLKDIV register are readable, bits 6Ð0 are write once and bit 7 is not writable.

CAUTION
The FCLKDIV register should never be written while a Flash command is
executing (CCIF=0). The FCLKDIV register is writable during the Flash
reset sequence even though CCIF is clear.

= Unimplemented or Reserved

Offset Module Base + 0x0000

7 6 5 4 3 2 1 0

R FDIVLD
FDIV[6:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-5. Flash Clock Divider Register (FCLKDIV)

Table 4-8. FCLKDIV Field Descriptions

Field Description

7
FDIVLD

Clock Divider Loaded
0 FCLKDIV register has not been written
1 FCLKDIV register has been written since the last reset

6–0
FDIV[6:0]

Clock Divider Bits — FDIV[6:0] must be set to effectively divide OSCCLK down to generate an internal Flash
clock, FCLK, with a target frequency of 1 MHz for use by the Flash module to control timed events during program
and erase algorithms. Table 4-9 shows recommended values for FDIV[6:0] based on OSCCLK frequency.
Please refer to Section 4.4.1, “Flash Command Operations,” for more information.

Address
& Name

7 6 5 4 3 2 1 0

Figure 4-4. FTM384K2 Register Summary (continued)
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The security function in the Flash module is described inSection 4.5.

4.3.2.3 Flash CCOB Index Register (FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for Flash memory operations.

CCOBIX bits are readable and writable while remaining bits read 0 and are not writable.

4.3.2.4 Flash ECCR Index Register (FECCRIX)

The FECCRIX register is used to index the FECCR register for ECC fault reporting.

ECCRIX bits are readable and writable while remaining bits read 0 and are not writable.

Table 4-12. Flash Security States

SEC[1:0] Status of Security

00 SECURED

01 SECURED(1)

1. Preferred SEC state to set MCU to secured state.

10 UNSECURED

11 SECURED

Offset Module Base + 0x0002

7 6 5 4 3 2 1 0

R 0 0 0 0 0
CCOBIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-7. FCCOB Index Register (FCCOBIX)

Table 4-13. FCCOBIX Field Descriptions

Field Description

2–0
CCOBIX[1:0]

Common Command Register Index— The CCOBIX bits are used to select which word of the FCCOB register
array is being read or written to. See Section 4.3.2.11, “Flash Common Command Object Register (FCCOB),”
for more details.

Offset Module Base + 0x0003

7 6 5 4 3 2 1 0

R 0 0 0 0 0
ECCRIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-8. FECCR Index Register (FECCRIX)
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h array

e not
4.3.2.5 Flash Configuration Register (FCNFG)

The FCNFG register enables the Flash command complete interrupt and forces ECC faults on Flas
read access from the CPU or XGATE.

CCIE, IGNSF, FDFD, and FSFD bits are readable and writable while remaining bits read 0 and ar
writable.

Table 4-14. FECCRIX Field Descriptions

Field Description

2-0
ECCRIX[2:0]

ECC Error Register Index— The ECCRIX bits are used to select which word of the FECCR register array is
being read. See Section 4.3.2.13, “Flash ECC Error Results Register (FECCR),” for more details.

Offset Module Base + 0x0004

7 6 5 4 3 2 1 0

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-9. Flash Configuration Register (FCNFG)

Table 4-15. FCNFG Field Descriptions

Field Description

7
CCIE

Command Complete Interrupt Enable — The CCIE bit controls interrupt generation when a Flash command
has completed.
0 Command complete interrupt disabled
1 An interrupt will be requested whenever the CCIF flag in the FSTAT register is set (see Section 4.3.2.7)

4
IGNSF

Ignore Single Bit Fault — The IGNSF controls single bit fault reporting in the FERSTAT register (see
Section 4.3.2.8).
0 All single bit faults detected during array reads are reported
1 Single bit faults detected during array reads are not reported and the single bit fault interrupt will not be

generated
MC9S12XF - Family Reference Manual, Rev.1.20
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4.3.2.6 Flash Error Configuration Register (FERCNFG)

The FERCNFG register enables the Flash error interrupts for the FERSTAT flags.

All assigned bits in the FERCNFG register are readable and writable.

1
FDFD

Force Double Bit Fault Detect — The FDFD bit allows the user to simulate a double bit fault during Flash array
read operations and check the associated interrupt routine. The FDFD bit is cleared by writing a 0 to FDFD. The
FECCR registers will not be updated during the Flash array read operation with FDFD set unless an actual
double bit fault is detected.
0 Flash array read operations will set the DFDIF flag in the FERSTAT register only if a double bit fault is detected
1 Any Flash array read operation will force the DFDIF flag in the FERSTAT register to be set (see

Section 4.3.2.7) and an interrupt will be generated as long as the DFDIE interrupt enable in the FERCNFG
register is set (see Section 4.3.2.6)

0
FSFD

Force Single Bit Fault Detect — The FSFD bit allows the user to simulate a single bit fault during Flash array
read operations and check the associated interrupt routine. The FSFD bit is cleared by writing a 0 to FSFD. The
FECCR registers will not be updated during the Flash array read operation with FSFD set unless an actual single
bit fault is detected.
0 Flash array read operations will set the SFDIF flag in the FERSTAT register only if a single bit fault is detected
1 Flash array read operation will force the SFDIF flag in the FERSTAT register to be set (see Section 4.3.2.7)

and an interrupt will be generated as long as the SFDIE interrupt enable in the FERCNFG register is set (see
Section 4.3.2.6)

Offset Module Base + 0x0005

7 6 5 4 3 2 1 0

R
ERSERIE PGMERIE

0
EPVIOLIE ERSVIE1 ERSVIE0 DFDIE SFDIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-10. Flash Error Configuration Register (FERCNFG)

Table 4-16. FERCNFG Field Descriptions

Field Description

7
ERSERIE

EEE Erase Error Interrupt Enable — The ERSERIE bit controls interrupt generation when a failure is detected
during an EEE erase operation.
0 ERSERIF interrupt disabled
1 An interrupt will be requested whenever the ERSERIF flag is set (see Section 4.3.2.8)

6
PGMERIE

EEE Program Error Interrupt Enable — The PGMERIE bit controls interrupt generation when a failure is
detected during an EEE program operation.
0 PGMERIF interrupt disabled
1 An interrupt will be requested whenever the PGMERIF flag is set (see Section 4.3.2.8)

4
EPVIOLIE

EEE Protection Violation Interrupt Enable — The EPVIOLIE bit controls interrupt generation when a
protection violation is detected during a write to the buffer RAM EEE partition.
0 EPVIOLIF interrupt disabled
1 An interrupt will be requested whenever the EPVIOLIF flag is set (see Section 4.3.2.8)

Table 4-15. FCNFG Field Descriptions (continued)

Field Description
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able
4.3.2.7 Flash Status Register (FSTAT)

The FSTAT register reports the operational status of the Flash module.

CCIF, ACCERR, and FPVIOL bits are readable and writable, MGBUSY and MGSTAT bits are read
but not writable, while remaining bits read 0 and are not writable.

3
ERSVIE1

EEE Error Type 1 Interrupt Enable — The ERSVIE1 bit controls interrupt generation when a change state error
is detected during an EEE operation.
0 ERSVIF1 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF1 flag is set (see Section 4.3.2.8)

2
ERSVIE0

EEE Error Type 0 Interrupt Enable — The ERSVIE0 bit controls interrupt generation when a sector format error
is detected during an EEE operation.
0 ERSVIF0 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF0 flag is set (see Section 4.3.2.8)

1
DFDIE

Double Bit Fault Detect Interrupt Enable — The DFDIE bit controls interrupt generation when a double bit fault
is detected during a Flash block read operation.
0 DFDIF interrupt disabled
1 An interrupt will be requested whenever the DFDIF flag is set (see Section 4.3.2.8)

0
SFDIE

Single Bit Fault Detect Interrupt Enable — The SFDIE bit controls interrupt generation when a single bit fault
is detected during a Flash block read operation.
0 SFDIF interrupt disabled whenever the SFDIF flag is set (see Section 4.3.2.8)
1 An interrupt will be requested whenever the SFDIF flag is set (see Section 4.3.2.8)

Offset Module Base + 0x0006

7 6 5 4 3 2 1 0

R
CCIF

0
ACCERR FPVIOL

MGBUSY RSVD MGSTAT[1:0]

W

Reset 1 0 0 0 0 0 0(1)

1. Reset value can deviate from the value shown if a double bit fault is detected during the reset sequence (see Section 4.6).

01

= Unimplemented or Reserved

Figure 4-11. Flash Status Register (FSTAT)

Table 4-16. FERCNFG Field Descriptions (continued)

Field Description
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4.3.2.8 Flash Error Status Register (FERSTAT)

The FERSTAT register reßects the error status of internal Flash operations.

All ßags in the FERSTAT register are readable and only writable to clear the ßag.

Table 4-17. FSTAT Field Descriptions

Field Description

7
CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that a Flash command has completed. The
CCIF flag is cleared by writing a 1 to CCIF to launch a command and CCIF will stay low until command
completion or command violation.
0 Flash command in progress
1 Flash command has completed

5
ACCERR

Flash Access Error Flag — The ACCERR bit indicates an illegal access has occurred to the Flash memory
caused by either a violation of the command write sequence (see Section 4.4.1.2) or issuing an illegal Flash
command or when errors are encountered while initializing the EEE buffer ram during the reset sequence.
While ACCERR is set, the CCIF flag cannot be cleared to launch a command. The ACCERR bit is cleared by
writing a 1 to ACCERR. Writing a 0 to the ACCERR bit has no effect on ACCERR.
0 No access error detected
1 Access error detected

4
FPVIOL

Flash Protection Violation Flag —The FPVIOL bit indicates an attempt was made to program or erase an
address in a protected area of P-Flash memory during a command write sequence. The FPVIOL bit is cleared
by writing a 1 to FPVIOL. Writing a 0 to the FPVIOL bit has no effect on FPVIOL. While FPVIOL is set, it is not
possible to launch a command or start a command write sequence.
0 No protection violation detected
1 Protection violation detected

3
MGBUSY

Memory Controller Busy Flag — The MGBUSY flag reflects the active state of the Memory Controller.
0 Memory Controller is idle
1 Memory Controller is busy executing a Flash command (CCIF = 0) or is handling internal EEE operations

2
RSVD

Reserved Bit — This bit is reserved and always reads 0.

1–0
MGSTAT[1:0]

Memory Controller Command Completion Status Flag — One or more MGSTAT flag bits are set if an error
is detected during execution of a Flash command or during the Flash reset sequence. See Section 4.4.2,
“Flash Command Description,” and Section 4.6, “Initialization” for details.

Offset Module Base + 0x0007

7 6 5 4 3 2 1 0

R
ERSERIF PGMERIF

0
EPVIOLIF ERSVIF1 ERSVIF0 DFDIF SFDIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-12. Flash Error Status Register (FERSTAT)
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rations.
4.3.2.9 P-Flash Protection Register (FPROT)

The FPROT register defines which P-Flash sectors are protected against program and erase ope

Table 4-18. FERSTAT Field Descriptions

Field Description

7
ERSERIF

EEE Erase Error Interrupt Flag — The setting of the ERSERIF flag occurs due to an error in a Flash erase
command that resulted in the erase operation not being successful during EEE operations. The ERSERIF flag
is cleared by writing a 1 to ERSERIF. Writing a 0 to the ERSERIF flag has no effect on ERSERIF. While
ERSERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will not be transferred
to the D-Flash EEE partition.
0 Erase command successfully completed on the D-Flash EEE partition
1 Erase command failed on the D-Flash EEE partition

6
PGMERIF

EEE Program Error Interrupt Flag — The setting of the PGMERIF flag occurs due to an error in a Flash
program command that resulted in the program operation not being successful during EEE operations. The
PGMERIF flag is cleared by writing a 1 to PGMERIF. Writing a 0 to the PGMERIF flag has no effect on
PGMERIF. While PGMERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will
not be transferred to the D-Flash EEE partition.
0 Program command successfully completed on the D-Flash EEE partition
1 Program command failed on the D-Flash EEE partition

4
EPVIOLIF

EEE Protection Violation Interrupt Flag —The setting of the EPVIOLIF flag indicates an attempt was made to
write to a protected area of the buffer RAM EEE partition. The EPVIOLIF flag is cleared by writing a 1 to
EPVIOLIF. Writing a 0 to the EPVIOLIF flag has no effect on EPVIOLIF. While EPVIOLIF is set, it is possible to
write to the buffer RAM EEE partition as long as the address written to is not in a protected area.
0 No EEE protection violation
1 EEE protection violation detected

3
ERSVIF1

EEE Error Interrupt 1 Flag —The setting of the ERSVIF1 flag indicates that the memory controller was unable
to change the state of a D-Flash EEE sector. The ERSVIF1 flag is cleared by writing a 1 to ERSVIF1. Writing a
0 to the ERSVIF1 flag has no effect on ERSVIF1. While ERSVIF1 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector state change error detected
1 EEE sector state change error detected

2
ERSVIF0

EEE Error Interrupt 0 Flag —The setting of the ERSVIF0 flag indicates that the memory controller was unable
to format a D-Flash EEE sector for EEE use. The ERSVIF0 flag is cleared by writing a 1 to ERSVIF0. Writing a
0 to the ERSVIF0 flag has no effect on ERSVIF0. While ERSVIF0 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector format error detected
1 EEE sector format error detected

1
DFDIF

Double Bit Fault Detect Interrupt Flag — The setting of the DFDIF flag indicates that a double bit fault was
detected in the stored parity and data bits during a Flash array read operation or that a Flash array read operation
was attempted on a Flash block that was under a Flash command operation. The DFDIF flag is cleared by writing
a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.
0 No double bit fault detected
1 Double bit fault detected or an invalid Flash array read operation attempted

0
SFDIF

Single Bit Fault Detect Interrupt Flag — With the IGNSF bit in the FCNFG register clear, the SFDIF flag
indicates that a single bit fault was detected in the stored parity and data bits during a Flash array read operation
or that a Flash array read operation was attempted on a Flash block that was under a Flash command operation.
The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on SFDIF.
0 No single bit fault detected
1 Single bit fault detected and corrected or an invalid Flash array read operation attempted
MC9S12XF - Family Reference Manual, Rev.1.20
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The (unreserved) bits of the FPROT register are writable with the restriction that the size of the prot
region can only be increased (seeSection 4.3.2.9.1, ÒP-Flash Protection Restrictions,Ó and Table 4-23).

During the reset sequence, the FPROT register is loaded with the contents of the P-Flash protect
in the Flash configuration field at global address 0x7F_FF0C located in P-Flash memory (seeTable 4-3)
as indicated by reset condition ÔFÕ inFigure 4-13. To change the P-Flash protection that will be loaded
during the reset sequence, the upper sector of the P-Flash memory must be unprotected, then the
protection byte must be reprogrammed. If a double bit fault is detected while reading the P-Flash 
containing the P-Flash protection byte during the reset sequence, the FPOPEN bit will be cleared
remaining bits in the FPROT register will be set to leave the P-Flash memory fully protected.

Trying to alter data in any protected area in the P-Flash memory will result in a protection violation
and the FPVIOL bit will be set in the FSTAT register. The block erase of a P-Flash block is not po
if any of the P-Flash sectors contained in the same P-Flash block are protected.

Offset Module Base + 0x0008

7 6 5 4 3 2 1 0

R
FPOPEN

RNV6
FPHDIS FPHS[1:0] FPLDIS FPLS[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 4-13. Flash Protection Register (FPROT)

Table 4-19. FPROT Field Descriptions

Field Description

7
FPOPEN

Flash Protection Operation Enable — The FPOPEN bit determines the protection function for program or
erase operations as shown in Table 4-20 for the P-Flash block.
0 When FPOPEN is clear, the FPHDIS and FPLDIS bits define unprotected address ranges as specified by the

corresponding FPHS and FPLS bits
1 When FPOPEN is set, the FPHDIS and FPLDIS bits enable protection for the address range specified by the

corresponding FPHS and FPLS bits

6
RNV[6]

Reserved Nonvolatile Bit — The RNV bit should remain in the erased state for future enhancements.

5
FPHDIS

Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory ending with global address 0x7F_FFFF.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4–3
FPHS[1:0]

Flash Protection Higher Address Size — The FPHS bits determine the size of the protected/unprotected area
in P-Flash memory as shown inTable 4-21. The FPHS bits can only be written to while the FPHDIS bit is set.

2
FPLDIS

Flash Protection Lower Address Range Disable — The FPLDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory beginning with global address
0x7F_8000.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1–0
FPLS[1:0]

Flash Protection Lower Address Size — The FPLS bits determine the size of the protected/unprotected area
in P-Flash memory as shown in Table 4-22. The FPLS bits can only be written to while the FPLDIS bit is set.
MC9S12XF - Family Reference Manual, Rev.1.20
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4.3.2.9.1 P-Flash Protection Restrictions

The general guideline is that P-Flash protection can only be added and not removed.Table 4-23specifies
all valid transitions between P-Flash protection scenarios. Any attempt to write an invalid scenario
FPROT register will be ignored. The contents of the FPROT register reflect the active protection sce
See the FPHS and FPLS bit descriptions for additional restrictions.

4.3.2.10 EEE Protection Register (EPROT)

The EPROT register deÞnes which buffer RAM EEE partition areas are protected against writes.

All bits in the EPROT register are readable and writable except for RNV[6:4] which are only readable
EPOPEN and EPDIS bits can only be written to the protected state. The EPS bits can be written an
until the EPDIS bit is cleared. If the EPOPEN bit is cleared, the state of the EPDIS and EPS bits i
irrelevant.

During the reset sequence, the EPROT register is loaded from the EEE protection byte in the Flas
configuration field at global address 0x7F_FF0D located in P-Flash memory (seeTable 4-3) as indicated
by reset condition F inFigure 4-15. To change the EEE protection that will be loaded during the rese
sequence, the P-Flash sector containing the EEE protection byte must be unprotected, then the E
protection byte must be programmed. If a double bit fault is detected while reading the P-Flash ph

Table 4-23. P-Flash Protection Scenario Transitions

From
Protection
Scenario

To Protection Scenario(1)

1. Allowed transitions marked with X, see Figure 4-14 for a definition of the scenarios.

0 1 2 3 4 5 6 7

0 X X X X

1 X X

2 X X

3 X

4 X X

5 X X X X

6 X X X X

7 X X X X X X X X

Offset Module Base + 0x0009

7 6 5 4 3 2 1 0

R
EPOPEN

RNV[6:4]
EPDIS EPS[2:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 4-15. EEE Protection Register (EPROT)
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containing the EEE protection byte during the reset sequence, the EPOPEN bit will be cleared an
remaining bits in the EPROT register will be set to leave the buffer RAM EEE partition fully protec

Trying to write data to any protected area in the buffer RAM EEE partition will result in a protection
violation error and the EPVIOLIF ßag will be set in the FERSTAT register. Trying to write data to a
protected area in the buffer RAM partitioned for user access will not be prevented and the EPVIOLIF
in the FERSTAT register will not set.

4.3.2.11 Flash Common Command Object Register (FCCOB)

The FCCOB is an array of six words addressed via the CCOBIX index found in the FCCOBIX reg
Byte wide reads and writes are allowed to the FCCOB register.

Table 4-24. EPROT Field Descriptions

Field Description

7
EPOPEN

Enables writes to the Buffer RAM partitioned for EEE
0 The entire buffer RAM EEE partition is protected from writes
1 Unprotected buffer RAM EEE partition areas are enabled for writes

6–4
RNV[6:4]

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements

3
EPDIS

Buffer RAM Protection Address Range Disable — The EPDIS bit determines whether there is a protected
area in a specific region of the buffer RAM EEE partition.
0 Protection enabled
1 Protection disabled

2–0
EPS[2:0]

Buffer RAM Protection Size — The EPS[2:0] bits determine the size of the protected area in the buffer RAM
EEE partition as shown inTable 4-21. The EPS bits can only be written to while the EPDIS bit is set.

Table 4-25. Buffer RAM EEE Partition Protection Address Range

EPS[2:0]  Global Address Range Protected Size

000 0x13_FFC0 – 0x13_FFFF 64 bytes

001 0x13_FF80 – 0x13_FFFF 128 bytes

010 0x13_FF40 – 0x13_FFFF 192 bytes

011 0x13_FF00 – 0x13_FFFF 256 bytes

100 0x13_FEC0 – 0x13_FFFF 320 bytes

101 0x13_FE80 – 0x13_FFFF 384 bytes

110 0x13_FE40 – 0x13_FFFF 448 bytes

111 0x13_FE00 – 0x13_FFFF 512 bytes
MC9S12XF - Family Reference Manual, Rev.1.20
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4.3.2.11.1 FCCOB - NVM Command Mode

NVM command mode uses the indexed FCCOB register to provide a command code and its relev
parameters to the Memory Controller. The user first sets up all required FCCOB fields and then in
the commandÕs execution by writing a 1 to the CCIF bit in the FSTAT register (a 1 written by the
clears the CCIF command completion flag to 0). When the user clears the CCIF bit in the FSTAT re
all FCCOB parameter fields are locked and cannot be changed by the user until the command co
(as evidenced by the Memory Controller returning CCIF to 1). Some commands return information
FCCOB register array.

The generic format for the FCCOB parameter fields in NVM command mode is shown inTable 4-26. The
return values are available for reading after the CCIF flag in the FSTAT register has been returned t
the Memory Controller. Writes to the unimplemented parameter fields (CCOBIX = 110 and CCOB
111) are ignored with reads from these fields returning 0x0000.

Table 4-26shows the generic Flash command format. The high byte of the first word in the CCOB a
contains the command code, followed by the parameters for this specific Flash command. For de
the FCCOB settings required by each command, see the Flash command descriptions inSection 4.4.2.

Offset Module Base + 0x000A

7 6 5 4 3 2 1 0

R
CCOB[15:8]

W

Reset 0 0 0 0 0 0 0 0

Figure 4-16. Flash Common Command Object High Register (FCCOBHI)

Offset Module Base + 0x000B

7 6 5 4 3 2 1 0

R
CCOB[7:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 4-17. Flash Common Command Object Low Register (FCCOBLO)

Table 4-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)

000
HI FCMD[7:0] defining Flash command

LO 0, Global address [22:16]

001
HI Global address [15:8]

LO Global address [7:0]

010
HI Data 0 [15:8]

LO Data 0 [7:0]
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4.3.2.12 EEE Tag Counter Register (ETAG)

The ETAG register contains the number of outstanding words in the buffer RAM EEE partition that
to be programmed into the D-Flash EEE partition. The ETAG register is decremented prior to the re
tagged word being programmed into the D-Flash EEE partition. All tagged words have been progra
into the D-Flash EEE partition once all bits in the ETAG register read 0 and the MGBUSY flag in t
FSTAT register reads 0.

All ETAG bits are readable but not writable and are cleared by the Memory Controller.

4.3.2.13 Flash ECC Error Results Register (FECCR)

The FECCR registers contain the result of a detected ECC fault for both single bit and double bit 
The FECCR register provides access to several ECC related fields as defined by the ECCRIX ind
in the FECCRIX register (seeSection 4.3.2.4). Once ECC fault information has been stored, no other fa

011
HI Data 1 [15:8]

LO Data 1 [7:0]

100
HI Data 2 [15:8]

LO Data 2 [7:0]

101
HI Data 3 [15:8]

LO Data 3 [7:0]

Offset Module Base + 0x000C

7 6 5 4 3 2 1 0

R ETAG[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-18. EEE Tag Counter High Register (ETAGHI)

Offset Module Base + 0x000D

7 6 5 4 3 2 1 0

R ETAG[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-19. EEE Tag Counter Low Register (ETAGLO)

Table 4-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)
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The P-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. T
following four words addressed by ECCRIX = 010 to 101 contain the 64-bit wide data phrase. The
data words and the parity byte are the uncorrected data read from the P-Flash block.

The D-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. 
uncorrected 16-bit data word is addressed by ECCRIX = 010.

4.3.2.14 Flash Option Register (FOPT)

The FOPT register is the Flash option register.

All bits in the FOPT register are readable but are not writable.

During the reset sequence, the FOPT register is loaded from the Flash nonvolatile byte in the Flas
configuration field at global address 0x7F_FF0E located in P-Flash memory (seeTable 4-3) as indicated
by reset condition F inFigure 4-22. If a double bit fault is detected while reading the P-Flash phrase
containing the Flash nonvolatile byte during the reset sequence, all bits in the FOPT register will b

4.3.2.15 Flash Reserved0 Register (FRSV0)

This Flash register is reserved for factory testing.

Table 4-28. FECCR Index=000 Bit Descriptions

Field Description

15:8
PAR[7:0]

ECC Parity Bits — Contains the 8 parity bits from the 72 bit wide P-Flash data word or the 6 parity bits,
allocated to PAR[5:0], from the 22 bit wide D-Flash word with PAR[7:6]=00.

7
XBUS01

Bus Source Identifier — The XBUS01 bit determines whether the ECC error was caused by a read access
from the CPU or XGATE.
0 ECC Error happened on the CPU access
1 ECC Error happened on the XGATE access

6–0
GADDR[22:16]

Global Address — The GADDR[22:16] field contains the upper seven bits of the global address having
caused the error.

Offset Module Base + 0x0010

7 6 5 4 3 2 1 0

R NV[7:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 4-22. Flash Option Register (FOPT)

Table 4-29. FOPT Field Descriptions

Field Description

7–0
NV[7:0]

Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the device user guide for proper
use of the NV bits.
MC9S12XF - Family Reference Manual, Rev.1.20
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4.4 Functional Description

4.4.1 Flash Command Operations

Flash command operations are used to modify Flash memory contents or conÞgure module resou
EEE operation.

The next sections describe:

¥ How to write the FCLKDIV register that is used to generate a time base (FCLK) derived fro
OSCCLK for Flash program and erase command operations

¥ The command write sequence used to set Flash command parameters and launch execut
¥ Valid Flash commands available for execution

4.4.1.1 Writing the FCLKDIV Register

Prior to issuing any Flash program or erase command after a reset, the user is required to write th
FCLKDIV register to divide OSCCLK down to a target FCLK of 1 MHz.Table 4-9shows recommended
values for the FDIV Þeld based on OSCCLK frequency.

NOTE
Programming or erasing the Flash memory cannot be performed if the bus
clock runs at less than 1 MHz. Setting FDIV too high can destroy the Flash
memory due to overstress. Setting FDIV too low can result in incomplete
programming or erasure of the Flash memory cells.

When the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, th
FCLKDIV register has not been written since the last reset. If the FCLKDIV register has not been wr
any Flash program or erase command loaded during a command write sequence will not execute a
ACCERR bit in the FSTAT register will set.

4.4.1.2 Command Write Sequence

The Memory Controller will launch all valid Flash commands entered using a command write sequ

Before launching a command, the ACCERR and FPVIOL bits in the FSTAT register must be clea
Section 4.3.2.7) and the CCIF flag should be tested to determine the status of the current command
sequence. If CCIF is 0, the previous command write sequence is still active, a new command writ
sequence cannot be started, and all writes to the FCCOB register are ignored.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.
MC9S12XF - Family Reference Manual, Rev.1.20
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4.4.1.4 P-Flash Commands

Table 4-31 summarizes the valid P-Flash commands along with the effects of the commands on th
Flash block and other resources within the Flash module.

4.4.1.5 D-Flash and EEE Commands

Table 4-32summarizes the valid D-Flash and EEE commands along with the effects of the comman
the D-Flash block and EEE operation.

Table 4-31. P-Flash Commands

FCMD Command Function on P-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all P-Flash (and D-Flash) blocks are erased.

0x02 Erase Verify Block Verify that a P-Flash block is erased.

0x03
Erase Verify P-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x04 Read Once
Read a dedicated 64 byte field in the nonvolatile information register in P-Flash block 0
that was previously programmed using the Program Once command.

0x05 Load Data Field Load data for simultaneous multiple P-Flash block operations.

0x06 Program P-Flash
Program a phrase in a P-Flash block and any previously loaded phrases for any other P-
Flash block (see Load Data Field command).

0x07 Program Once
Program a dedicated 64 byte field in the nonvolatile information register in P-Flash block
0 that is allowed to be programmed only once.

0x08 Erase All Blocks

Erase all P-Flash (and D-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.

0x09
Erase P-Flash

Block

Erase a single P-Flash block.
An erase of the full P-Flash block is only possible when FPLDIS, FPHDIS and FPOPEN
bits in the FPROT register are set prior to launching the command.

0x0A
Erase P-Flash

Sector
Erase all bytes in a P-Flash sector.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all P-Flash (and D-Flash) blocks
and verifying that all P-Flash (and D-Flash) blocks are erased.

0x0C
Verify Backdoor

Access Key
Supports a method of releasing MCU security by verifying a set of security keys.

0x0D
Set User Margin

Level
Specifies a user margin read level for all P-Flash blocks.

0x0E
Set Field Margin

Level
Specifies a field margin read level for all P-Flash blocks (special modes only).

Table 4-32. D-Flash Commands

FCMD Command Function on D-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all D-Flash (and P-Flash) blocks are erased.

0x02 Erase Verify Block Verify that the D-Flash block is erased.
MC9S12XF - Family Reference Manual, Rev.1.20
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CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

4.4.2.1 Erase Verify All Blocks Command

The Erase Verify All Blocks command will verify that all P-Flash and D-Flash blocks have been er

Upon clearing CCIF to launch the Erase Verify All Blocks command, the Memory Controller will ver
that the entire Flash memory space is erased. The CCIF ßag will set after the Erase Verify All Blo
operation has completed.

4.4.2.2 Erase Verify Block Command

The Erase Verify Block command allows the user to verify that an entire P-Flash or D-Flash block has
erased. The FCCOB upper global address bits determine which block must be veriÞed.

Upon clearing CCIF to launch the Erase Verify Block command, the Memory Controller will verify 
the selected P-Flash or D-Flash block is erased. The CCIF ßag will set after the Erase Verify Bloc
operation has completed.

Table 4-33. Erase Verify All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x01 Not required

Table 4-34. Erase Verify All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(1)

1. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read1

FERSTAT EPVIOLIF None

Table 4-35. Erase Verify Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x02
Global address [22:16] of the

Flash block to be verified.
MC9S12XF - Family Reference Manual, Rev.1.20
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4.4.2.3 Erase Verify P-Flash Section Command

The Erase Verify P-Flash Section command will verify that a section of code in the P-Flash memo
erased. The Erase Verify P-Flash Section command defines the starting point of the code to be verifi
the number of phrases. The section to be verified cannot cross a 256 Kbyte boundary in the P-Fla
memory space.

Upon clearing CCIF to launch the Erase Verify P-Flash Section command, the Memory Controller
verify the selected section of Flash memory is erased. The CCIF ßag will set after the Erase Verify P
Section operation has completed.

Table 4-36. Erase Verify Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(2)

2. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read2

FERSTAT EPVIOLIF None

Table 4-37. Erase Verify P-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x03
Global address [22:16] of

a P-Flash block

001 Global address [15:0] of the first phrase to be verified

010 Number of phrases to be verified
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4.4.2.4 Read Once Command

The Read Once command provides read access to a reserved 64 byte field (8 phrases) located in
nonvolatile information register of P-Flash block 0. The Read Once field is programmed using the
Program Once command described inSection 4.4.2.7. The Read Once command must not be execute
from the Flash block containing the Program Once reserved field to avoid code runaway.

Upon clearing CCIF to launch the Read Once command, a Read Once phrase is fetched and store
FCCOB indexed register. The CCIF ßag will set after the Read Once operation has completed. Va
phrase index values for the Read Once command range from 0x0000 to 0x0007. During execution
Read Once command, any attempt to read addresses within P-Flash block 0 will return invalid da

128

Table 4-38. Erase Verify P-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:0] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if the requested section crosses a 256 Kbyte boundary

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(2)

2. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read2

FERSTAT EPVIOLIF None

Table 4-39. Read Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x04 Not Required

001 Read Once phrase index (0x0000 - 0x0007)

010 Read Once word 0 value

011 Read Once word 1 value

100 Read Once word 2 value

101 Read Once word 3 value
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4.4.2.5 Load Data Field Command

The Load Data Field command is executed to provide FCCOB parameters for multiple P-Flash bloc
a future simultaneous program operation in the P-Flash memory space.

Upon clearing CCIF to launch the Load Data Field command, the FCCOB registers will be transferr
the Memory Controller and be programmed in the block speciÞed at the global address given with a
Program P-Flash command launched on a P-Flash block. The CCIF ßag will set after the Load Data
operation has completed. Note that once a Load Data Field command sequence has been initiated, t
Data Field command sequence will be cancelled if any command other than Load Data Field or the
Program P-Flash is launched. Similarly, if an error occurs after launching a Load Data Field or Pro
P-Flash command, the associated Load Data Field command sequence will be cancelled.

Table 4-40. Read Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid phrase index is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 4-41. Load Data Field Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x05
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] of phrase location to be programmed(1)

1. Global address [2:0] must be 000

010 Word 0

011 Word 1

100 Word 2

101 Word 3
MC9S12XF - Family Reference Manual, Rev.1.20

Freescale Semiconductor 171



Chapter 4 384 KByte Flash Module (S12XFTM384K2V1)

ing an

 the
k as
4.4.2.6 Program P-Flash Command

The Program P-Flash operation will program a previously erased phrase in the P-Flash memory us
embedded algorithm.

CAUTION
A P-Flash phrase must be in the erased state before being programmed.
Cumulative programming of bits within a Flash phrase is not allowed.

Upon clearing CCIF to launch the Program P-Flash command, the Memory Controller will program
data words to the supplied global address and will then proceed to verify the data words read bac
expected. The CCIF ßag will set after the Program P-Flash operation has completed.

Table 4-42. Load Data Field Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:0] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if a Load Data Field command sequence is currently active and the selected
block has previously been selected in the same command sequence

Set if a Load Data Field command sequence is currently active and global
address [17:0] does not match that previously supplied in the same command
sequence

FPVIOL Set if the global address [22:0] points to a protected area

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 4-43. Program P-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x06
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] of phrase location to be programmed(1)

1. Global address [2:0] must be 000

010 Word 0 program value

011 Word 1 program value

100 Word 2 program value

101 Word 3 program value
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4.4.2.7 Program Once Command

The Program Once command restricts programming to a reserved 64 byte field (8 phrases) in the
nonvolatile information register located in P-Flash block 0. The Program Once reserved field can b
using the Read Once command as described inSection 4.4.2.4. The Program Once command must only
be issued once since the nonvolatile information register in P-Flash block 0 cannot be erased. The P
Once command must not be executed from the Flash block containing the Program Once reserved
avoid code runaway.

Upon clearing CCIF to launch the Program Once command, the Memory Controller Þrst veriÞes th
selected phrase is erased. If erased, then the selected phrase will be programmed and then veriÞ
read back. The CCIF ßag will remain clear, setting only after the Program Once operation has com

The reserved nonvolatile information register accessed by the Program Once command cannot be
and any attempt to program one of these phrases a second time will not be allowed. Valid phrase

Table 4-44. Program P-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:0] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if a Load Data Field command sequence is currently active and the selected
block has previously been selected in the same command sequence

Set if a Load Data Field command sequence is currently active and global
address [17:0] does not match that previously supplied in the same command
sequence

FPVIOL Set if the global address [22:0] points to a protected area

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None

Table 4-45. Program Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x07 Not Required

001 Program Once phrase index (0x0000 - 0x0007)

010 Program Once word 0 value

011 Program Once word 1 value

100 Program Once word 2 value

101 Program Once word 3 value
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values for the Program Once command range from 0x0000 to 0x0007. During execution of the Pr
Once command, any attempt to read addresses within P-Flash block 0 will return invalid data.

4.4.2.8 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and D-Flash memory space including th
nonvolatile information register.

Upon clearing CCIF to launch the Erase All Blocks command, the Memory Controller will erase the e
Flash memory space and verify that it is erased. If the Memory Controller veriÞes that the entire F
memory space was properly erased, security will be released. During the execution of this comma
(CCIF=0) the user must not write to any Flash module register. The CCIF ßag will set after the Eras
Blocks operation has completed.

Table 4-46. Program Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid phrase index is supplied

Set if the requested phrase has already been programmed(1)

1. If a Program Once phrase is initially programmed to 0xFFFF_FFFF_FFFF_FFFF, the Program Once command will
be allowed to execute again on that same phrase.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None

Table 4-47. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required
MC9S12XF - Family Reference Manual, Rev.1.20

174 Freescale Semiconductor



Chapter 4 384 KByte Flash Module (S12XFTM384K2V1)

e the
lock
4.4.2.9 Erase P-Flash Block Command

The Erase P-Flash Block operation will erase all addresses in a P-Flash block.

Upon clearing CCIF to launch the Erase P-Flash Block command, the Memory Controller will eras
selected P-Flash block and verify that it is erased. The CCIF ßag will set after the Erase P-Flash B
operation has completed.

Table 4-48. Erase All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(1)

1. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation1

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 4-49. Erase P-Flash Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x09
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] in P-Flash block to be erased

Table 4-50. Erase P-Flash Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

FPVIOL Set if an area of the selected P-Flash block is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(2)

2. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation2

FERSTAT EPVIOLIF None
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4.4.2.10 Erase P-Flash Sector Command

The Erase P-Flash Sector operation will erase all addresses in a P-Flash sector.

Upon clearing CCIF to launch the Erase P-Flash Sector command, the Memory Controller will era
selected Flash sector and then verify that it is erased. The CCIF ßag will be set after the Erase P-
Sector operation has completed.

4.4.2.11 Unsecure Flash Command

The Unsecure Flash command will erase the entire P-Flash and D-Flash memory space and, if the
successful, will release security.

Upon clearing CCIF to launch the Unsecure Flash command, the Memory Controller will erase the
P-Flash and D-Flash memory space and verify that it is erased. If the Memory Controller veriÞes th
entire Flash memory space was properly erased, security will be released. If the erase verify is no
successful, the Unsecure Flash operation sets MGSTAT1 and terminates without changing the se

Table 4-51. Erase P-Flash Sector Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0A
Global address [22:16] to identify

P-Flash block to be erased

001
Global address [15:0] anywhere within the sector to be erased.

Refer to Section 4.1.2.1 for the P-Flash sector size.

Table 4-52. Erase P-Flash Sector Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the selected P-Flash sector is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None

Table 4-53. Unsecure Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0B Not required
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state. During the execution of this command (CCIF=0) the user must not write to any Flash modu
register. The CCIF ßag is set after the Unsecure Flash operation has completed.

4.4.2.12 Verify Backdoor Access Key Command

The Verify Backdoor Access Key command will only execute if it is enabled by the KEYEN bits in 
FSEC register (seeTable 4-11). The Verify Backdoor Access Key command releases security if user
supplied keys match those stored in the Flash security bytes of the Flash configuration field (seeTable 4-
3). The Verify Backdoor Access Key command must not be executed from the Flash block containin
backdoor comparison key to avoid code runaway.

Upon clearing CCIF to launch the Verify Backdoor Access Key command, the Memory Controller 
check the FSEC KEYEN bits to verify that this command is enabled. If not enabled, the Memory
Controller sets the ACCERR bit in the FSTAT register and terminates. If the command is enabled
Memory Controller compares the key provided in FCCOB to the backdoor comparison key in the F
conÞguration Þeld with Key 0 compared to 0x7F_FF00, etc. If the backdoor keys match, security w
released. If the backdoor keys do not match, security is not released and all future attempts to exec
Verify Backdoor Access Key command are aborted (set ACCERR) until a reset occurs. The CCIF f
set after the Verify Backdoor Access Key operation has completed.

Table 4-54. Unsecure Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(1)

1. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation1

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 4-55. Verify Backdoor Access Key Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0C Not required

001 Key 0

010 Key 1

011 Key 2

100 Key 3
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4.4.2.13 Set User Margin Level Command

The Set User Margin Level command causes the Memory Controller to set the margin level for future
operations of a specific P-Flash or D-Flash block.

Upon clearing CCIF to launch the Set User Margin Level command, the Memory Controller will se
user margin level for the targeted block and then set the CCIF ßag.

Valid margin level settings for the Set User Margin Level command are deÞned inTable 4-58.

Table 4-56. Verify Backdoor Access Key Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 100 at command launch

Set if a Load Data Field command sequence is currently active

Set if an incorrect backdoor key is supplied

Set if backdoor key access has not been enabled (KEYEN[1:0] != 10, see
Section 4.3.2.2)

Set if the backdoor key has mismatched since the last reset

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 4-57. Set User Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0D
Global address [22:16] to identify the

Flash block

001 Margin level setting

Table 4-58. Valid Set User Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)

1. Read margin to the erased state
0x0002 User Margin-0 Level(2)

2. Read margin to the programmed state
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NOTE
User margin levels can be used to check that Flash memory contents have
adequate margin for normal level read operations. If unexpected results are
encountered when checking Flash memory contents at user margin levels, a
potential loss of information has been detected.

4.4.2.14 Set Field Margin Level Command

The Set Field Margin Level command, valid in special modes only, causes the Memory Controller
the margin level specified for future read operations of a specific P-Flash or D-Flash block.

Upon clearing CCIF to launch the Set Field Margin Level command, the Memory Controller will se
Þeld margin level for the targeted block and then set the CCIF ßag.

Valid margin level settings for the Set Field Margin Level command are deÞned inTable 4-61.

Table 4-59. Set User Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 4-60.  Set Field Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0E
Global address [22:16] to identify the Flash

block

001 Margin level setting

Table 4-61. Valid Set Field Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)
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CAUTION
Field margin levels must only be used during verify of the initial factory
programming.

NOTE
Field margin levels can be used to check that Flash memory contents have
adequate margin for data retention at the normal level setting. If unexpected
results are encountered when checking Flash memory contents at Þeld
margin levels, the Flash memory contents should be erased and
reprogrammed.

4.4.2.15 Full Partition D-Flash Command

The Full Partition D-Flash command allows the user to allocate sectors within the D-Flash block fo
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consis
128 sectors with 256 bytes per sector.

0x0002 User Margin-0 Level(2)

0x0003 Field Margin-1 Level1

0x0004 Field Margin-0 Level2

1. Read margin to the erased state
2. Read margin to the programmed state

Table 4-62. Set Field Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 4-61. Valid Set Field Margin Level Settings

CCOB
(CCOBIX=001)

Level Description
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Upon clearing CCIF to launch the Full Partition D-Flash command, the following actions are taken
deÞne a partition within the D-Flash block for direct access (DFPART) and a partition within the bu
RAM for EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 16 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 4-7)
¥ Program a duplicate DFPART to the EEE nonvolatile information register at global address

0x12_0002 (seeTable 4-7)
¥ Program ERPART to the EEE nonvolatile information register at global address 0x12_0004

Table 4-7)
¥ Program a duplicate ERPART to the EEE nonvolatile information register at global address

0x12_0006 (seeTable 4-7)

The D-Flash user partition will start at global address 0x10_0000. The buffer RAM EEE partition will
at global address 0x13_FFFF. After the Full Partition D-Flash operation has completed, the CCIF ßa
set.

Running the Full Partition D-Flash command a second time will result in the previous partition value
the entire D-Flash memory being erased. The data value written corresponds to the number of 25
sectors allocated for either direct D-Flash access (DFPART) or buffer RAM EEE access (ERPART

Table 4-63. Full Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0F Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
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4.4.2.16 Erase Verify D-Flash Section Command

The Erase Verify D-Flash Section command will verify that a section of code in the D-Flash user par
is erased. The Erase Verify D-Flash Section command defines the starting point of the data to be v
and the number of words.

Upon clearing CCIF to launch the Erase Verify D-Flash Section command, the Memory Controller
verify the selected section of D-Flash memory is erased. The CCIF ßag will set after the Erase Ve
Flash Section operation has completed.

Table 4-64. Full Partition D-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid DFPART or ERPART selection is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 4-65. Erase Verify D-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x10
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of the first word to be verified

010 Number of words to be verified
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4.4.2.17 Program D-Flash Command

The Program D-Flash operation programs one to four previously erased words in the D-Flash use
partition. The Program D-Flash operation will confirm that the targeted location(s) were successfu
programmed upon completion.

CAUTION
A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

Upon clearing CCIF to launch the Program D-Flash command, the user-supplied words will be trans
to the Memory Controller and be programmed. The CCOBIX index value at Program D-Flash comm
launch determines how many words will be programmed in the D-Flash block. No protection chec
made in the Program D-Flash operation on the D-Flash block, only access error checks. The CCIF
set when the operation has completed.

Table 4-66. Erase Verify D-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned word address is supplied (global address [0] != 0)

Set if the global address [22:0] points to an area of the D-Flash EEE partition

Set if the requested section breaches the end of the D-Flash block or goes into
the D-Flash EEE partition

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 4-67. Program D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x11
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of word to be programmed

010 Word 0 program value

011 Word 1 program value, if desired

100 Word 2 program value, if desired

101 Word 3 program value, if desired
MC9S12XF - Family Reference Manual, Rev.1.20
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4.4.2.18 Erase D-Flash Sector Command

The Erase D-Flash Sector operation will erase all addresses in a sector of the D-Flash user partit

Upon clearing CCIF to launch the Erase D-Flash Sector command, the Memory Controller will eras
selected Flash sector and verify that it is erased. The CCIF ßag will set after the Erase D-Flash S
operation has completed.

Table 4-68. Program D-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] < 010 at command launch

Set if CCOBIX[2:0] > 101 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned word address is supplied (global address [0] != 0)

Set if the global address [22:0] points to an area in the D-Flash EEE partition

Set if the requested group of words breaches the end of the D-Flash block or goes
into the D-Flash EEE partition

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None

Table 4-69. Erase D-Flash Sector Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x12
Global address [22:16] to identify

D-Flash block

001
Global address [15:0] anywhere within the sector to be erased.

See Section 4.1.2.2 for D-Flash sector size.
MC9S12XF - Family Reference Manual, Rev.1.20
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4.4.2.19 Enable EEPROM Emulation Command

The Enable EEPROM Emulation command causes the Memory Controller to enable EEE activity.
activity is disabled after any reset.

Upon clearing CCIF to launch the Enable EEPROM Emulation command, the CCIF ßag will set afte
Memory Controller enables EEE operations using the contents of the EEE tag RAM and tag counte
Full Partition D-Flash or the Partition D-Flash command must be run prior to launching the Enable
EEPROM Emulation command.

Table 4-70. Erase D-Flash Sector Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned word address is supplied (global address [0] != 0)

Set if the global address [22:0] points to the D-Flash EEE partition

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None

Table 4-71. Enable EEPROM Emulation Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x13 Not required

Table 4-72. Enable EEPROM Emulation Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if Full Partition D-Flash or Partition D-Flash command not previously run

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None
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4.4.2.20 Disable EEPROM Emulation Command

The Disable EEPROM Emulation command causes the Memory Controller to suspend current EE
activity.

Upon clearing CCIF to launch the Disable EEPROM Emulation command, the Memory Controller
halt EEE operations at the next convenient point without clearing the EEE tag RAM or tag counter b
setting the CCIF ßag.

4.4.2.21 EEPROM Emulation Query Command

The EEPROM Emulation Query command returns EEE partition and status variables.

Upon clearing CCIF to launch the EEPROM Emulation Query command, the CCIF ßag will set afte
EEE partition and status variables are stored in the FCCOBIX register.If the Emulation Query com
is executed prior to partitioning (Partition D-Flash CommandSection 4.4.2.15), the following reset values
are returned: DFPART = 0x_FFFF, ERPART = 0x_FFFF, ECOUNT = 0x_FFFF, Dead Sector Cou
0x_00, Ready Sector Count = 0x_00.

Table 4-73. Disable EEPROM Emulation Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x14 Not required

Table 4-74. Disable EEPROM Emulation Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if Full Partition D-Flash or Partition D-Flash command not previously run

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 4-75. EEPROM Emulation Query Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x15 Not required

001 Return DFPART

010 Return ERPART

011 Return ECOUNT(1)

1. Indicates sector erase count
100 Return Dead Sector Count Return Ready Sector Count
MC9S12XF - Family Reference Manual, Rev.1.20
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4.4.2.22 Partition D-Flash Command

The Partition D-Flash command allows the user to allocate sectors within the D-Flash block for
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consis
128 sectors with 256 bytes per sector. The Erase All Blocks command must be run prior to launchin
Partition D-Flash command.

Upon clearing CCIF to launch the Partition D-Flash command, the following actions are taken to de
partition within the D-Flash block for direct access (DFPART) and a partition within the buffer RAM
EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 16 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase verify the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 4-7)

Table 4-76. EEPROM Emulation Query Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 4-77. Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x20 Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ Program a duplicate DFPART to the EEE nonvolatile information register at global address
0x12_0002 (seeTable 4-7)

¥ Program ERPART to the EEE nonvolatile information register at global address 0x12_0004
Table 4-7)

¥ Program a duplicate ERPART to the EEE nonvolatile information register at global address
0x12_0006 (seeTable 4-7)

The D-Flash user partition will start at global address 0x10_0000. The buffer RAM EEE partition will
at global address 0x13_FFFF. After the Partition D-Flash operation has completed, the CCIF ßag w

Running the Partition D-Flash command a second time will result in the ACCERR bit within the FS
register being set. The data value written corresponds to the number of 256 byte sectors allocated fo
direct D-Flash access (DFPART) or buffer RAM EEE access (ERPART).

Table 4-78. Partition D-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 4-30)

Set if partitions have already been defined

Set if an invalid DFPART or ERPART selection is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None
MC9S12XF - Family Reference Manual, Rev.1.20
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(0x7F_FF0F). The Verify Backdoor Access Key command sequence has no effect on the program
erase protections deÞned in the Flash protection register, FPROT.

4.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM

The MCU can be unsecured in special single chip mode by erasing the P-Flash and D-Flash mem
one of the following methods:

¥ Reset the MCU into special single chip mode, delay while the erase test is performed by the
send BDM commands to disable protection in the P-Flash and D-Flash memory, and execu
Erase All Blocks command write sequence to erase the P-Flash and D-Flash memory.

¥ Reset the MCU into special expanded wide mode, disable protection in the P-Flash and D
memory and run code from external memory to execute the Erase All Blocks command wri
sequence to erase the P-Flash and D-Flash memory.

After the CCIF ßag sets to indicate that the Erase All Blocks operation has completed, reset the MC
special single chip mode. The BDM will execute the Erase Verify All Blocks command write sequen
verify that the P-Flash and D-Flash memory is erased. If the P-Flash and D-Flash memory are veri
erased the MCU will be unsecured. All BDM commands will be enabled and the Flash security byte
be programmed to the unsecure state by the following method:

¥ Send BDM commands to execute a ÔProgram P-FlashÕ command sequence to program 
security byte to the unsecured state and reset the MCU.

4.5.3 Mode and Security Effects on Flash Command Availability

The availability of Flash module commands depends on the MCU operating mode and security st
shown inTable 4-30.

4.6 Initialization
On each system reset the Flash module executes a reset sequence which establishes initial value
Flash Block Configuration Parameters, the FPROT and DFPROT protection registers, and the FOP
FSEC registers. The Flash module reverts to built-in default values that leave the module in a fully
protected and secured state if errors are encountered during execution of the reset sequence. If a do
fault is detected during the reset sequence, both MGSTAT bits in the FSTAT register will be set. T
ACCERR bit in the FSTAT register is set if errors are encountered while initializing the EEE buffer
during the reset sequence.

CCIF remains clear throughout the reset sequence. The Flash module holds off all CPU access fo
initial portion of the reset sequence. While Flash reads are possible when the hold is removed, wr
the FCCOBIX, FCCOBHI, and FCCOBLO registers are ignored to prevent command activity while
Memory Controller remains busy. Completion of the reset sequence is marked by setting CCIF high
enables writes to the FCCOBIX, FCCOBHI, and FCCOBLO registers to launch any available Flas
command.

If a reset occurs while any Flash command is in progress, that command will be immediately aborte
state of the word being programmed or the sector/block being erased is not guaranteed.
MC9S12XF - Family Reference Manual, Rev.1.20
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Chapter 5
Pierce Oscillator (S12OSCLCPV2)

5.1 Introduction
The Pierce oscillator (XOSC) module provides a robust, low-noise and low-power clock source. T
module will be operated from the VDDPLL supply rail (1.8 V nominal) and require the minimum numbe
of external components. It is designed for optimal start-up margin with typical crystal oscillators.

5.1.1 Features

The XOSC will contain circuitry to dynamically control current gain in the output amplitude. This ensu
a signal with low harmonic distortion, low power and good noise immunity.

¥ High noise immunity due to input hysteresis
¥ Low RF emissions with peak-to-peak swing limited dynamically
¥ Transconductance (gm) sized for optimum start-up margin for typical oscillators
¥ Dynamic gain control eliminates the need for external current limiting resistor
¥ Integrated resistor eliminates the need for external bias resistor in loop controlled Pierce m
¥ Low power consumption:

Ñ Operates from 1.8 V (nominal) supply
Ñ Amplitude control limits power

¥ Clock monitor

5.1.2 Modes of Operation

Two modes of operation exist:

1. Loop controlled Pierce (LCP) oscillator
2. External square wave mode featuring also full swing Pierce (FSP) without internal bias res

The oscillator mode selection is described in the Device Overview section, subsection Oscillator
ConÞguration.

 Revision History

Revision
Number

Revision
Date

Author Description of Changes

01.05 19-Jul-06 All xclks info was removed

02.00 04-Aug-06 incremented revision to match the design system spec revision
MC9S12XF - Family Reference Manual, Rev.1.20
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5.1.3 Block Diagram

Figure 5-1 shows a block diagram of the XOSC.

Figure 5-1. XOSC Block Diagram

5.2 External Signal Description
This section lists and describes the signals that connect off chip

5.2.1 VDDPLL and VSSPLL — Operating and Ground Voltage Pins

Theses pins provides operating voltage (VDDPLL) and ground (VSSPLL) for the XOSC circuitry. This
allows the supply voltage to the XOSC to use an independent bypass capacitor.

5.2.2 EXTAL and XTAL — Input and Output Pins

These pins provide the interface for either a crystal or a 1.8V CMOS compatible clock to control th
internal clock generator circuitry. EXTAL is the external clock input or the input to the crystal oscill
ampliÞer. XTAL is the output of the crystal oscillator ampliÞer. The MCU internal system clock is der

EXTAL XTAL

Gain Control

VDDPLL = 1.8 V

Rf

OSCCLK

Monitor_Failure
Clock

Monitor

Peak
Detector
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n
from the EXTAL input frequency. In full stop mode (PSTP = 0), the EXTAL pin is pulled down by a
internal resistor of typical 200 k� .

NOTE
Freescale recommends an evaluation of the application board and chosen
resonator or crystal by the resonator or crystal supplier.

Loop controlled circuit is not suited for overtone resonators and crystals.

Figure 5-2. Loop Controlled Pierce Oscillator Connections (LCP mode selected)

NOTE
Full swing Pierce circuit is not suited for overtone resonators and crystals
without a careful component selection.

Figure 5-3. Full Swing Pierce Oscillator Connections (FSP mode selected)

Figure 5-4. External Clock Connections (FSP mode selected)

MCU

EXTAL

XTAL

VSSPLL

Crystal or
Ceramic Resonator

C2

C1

* Rs can be zero (shorted) when use with higher frequency crystals.
Refer to manufacturer’s data.

MCU

EXTAL

XTAL
RS*

RB

VSSPLL

Crystal or
Ceramic Resonator

C2

C1

MCU

EXTAL

XTAL Not Connected

CMOS Compatible
External Oscillator

(VDDPLL Level)
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5.3 Memory Map and Register Definition
The CRG contains the registers and associated bits for controlling and monitoring the oscillator m

5.4 Functional Description
The XOSC module has control circuitry to maintain the crystal oscillator circuit voltage level to an opt
level which is determined by the amount of hysteresis being used and the maximum oscillation ra

The oscillator block has two external pins, EXTAL and XTAL. The oscillator input pin, EXTAL, is
intended to be connected to either a crystal or an external clock source. The XTAL pin is an output
that provides crystal circuit feedback.

A buffered EXTAL signal becomes the internal clock. To improve noise immunity, the oscillator is
powered by the VDDPLL and VSSPLL power supply pins.

5.4.1 Gain Control

In LCP mode a closed loop control system will be utilized whereby the ampliÞer is modulated to kee
output waveform sinusoidal and to limit the oscillation amplitude. The output peak to peak voltage w
kept above twice the maximum hysteresis level of the input buffer. Electrical speciÞcation details 
provided in the Electrical Characteristics appendix.

5.4.2 Clock Monitor

The clock monitor circuit is based on an internal RC time delay so that it can operate without any 
clocks. If no OSCCLK edges are detected within this RC time delay, the clock monitor indicates fa
which asserts self-clock mode or generates a system reset depending on the state of SCME bit. If th
monitor is disabled or the presence of clocks is detected no failure is indicated.The clock monitor fun
is enabled/disabled by the CME control bit, described in the CRG block description chapter.

5.4.3 Wait Mode Operation

During wait mode, XOSC is not impacted.

5.4.4 Stop Mode Operation

XOSC is placed in a static state when the part is in stop mode except when pseudo-stop mode is e
During pseudo-stop mode, XOSC is not impacted.
MC9S12XF - Family Reference Manual, Rev.1.20
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Chapter 6
Security (S12XFSECV2)

Revision History

6.1 Introduction
This speciÞcation describes the function of the security mechanism in the S12XF chip family (SEC

6.1.1 Features

The user must be reminded that part of the security must lie with the application code. An extreme ex
would be application code that dumps the contents of the internal memory. This would defeat the pu
of security. At the same time, the user may also wish to put a backdoor in the application program
example of this is the user downloads a security key through the SCI, which allows access to a
programming routine that updates parameters stored in another section of the Flash memory.

The security features of the S12XDF chip family (in secure mode) are:

¥ Protect the content of non-volatile memories (Flash, EEPROM)
¥ Execution of NVM commands is restricted
¥ Disable access to internal memory via background debug module (BDM)
¥ Disable access to internal Flash/EEPROM in expanded modes
¥ Disable debugging features for the CPU and XGATE

Table 6-1 gives an overview over availability of security relevant features in unsecure and secure m

Version
Number

Revision
Date

Effective
Date

Author Description of Changes

01.00 26 Sep
2003

26 Sep
2003

Initial Release

02.00 27 Aug
2004

08 Sep
2004

reviewed and updated for S12XD architecture

02.01 21 Feb
2007

21 Feb
2007

added S12XE, S12XF and S12XS architectures
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6.1.2 Modes of Operation

6.1.3 Securing the Microcontroller

Once the user has programmed the Flash and EEPROM, the chip can be secured by programmin
security bits located in the options/security byte in the Flash memory array. These non-volatile bit
keep the device secured through reset and power-down.

The options/security byte is located at address 0xFF0F (= global address 0x7F_FF0F) in the Flash m
array. This byte can be erased and programmed like any other Flash location. Two bits of this byte ar
for security (SEC[1:0]). On devices which have a memory page window, the Flash options/securit
is also available at address 0xBF0F by selecting page 0x3F with the PPAGE register. The contents
byte are copied into the Flash security register (FSEC) during a reset sequence.

The meaning of the bits KEYEN[1:0] is shown inTable 6-2. Please refer toSection 6.1.5.1, ÒUnsecuring
the MCU Using the Backdoor Key AccessÓ for more information.

Table 6-1. Feature Availability in Unsecure and Secure Modes on S12XF

Unsecure Mode Secure Mode

NS SS NX ES EX ST NS SS NX ES EX ST

Flash Array Access � � � (1)

1. Availability of Flash arrays in the memory map depends on ROMCTL/EROMCTL pins and/or the state of the
ROMON/EROMON bits in the MMCCTL1 register. Please refer to the S12X_MMC block guide for detailed
information.

� 1 � 1 � 1 � � — — — —

EEPROM Array Access � � � � � � � � — — — —

NVM Commands � (2)

2. Restricted NVM command set only. Please refer to the NVM wrapper block guides for detailed information.

� � 2 � 2 � 2 � � 2 � 2 � 2 � 2 � 2 � 2

BDM � � � � � � — � (3)

3. BDM hardware commands restricted to peripheral registers only.

— — — —

DBG Module Trace � � � � � � — — — — — —

XGATE Debugging � � � � � � — — — — — —

External Bus Interface — — � � � � — — � � � �

Internal status visible
multiplexed on
external bus

— — — � � — — — — � � —

Internal accesses visible
on external bus

— — — — — � — — — — — �

7 6 5 4 3 2 1 0

0xFF0F KEYEN1 KEYEN0 NV5 NV4 NV3 NV2 SEC1 SEC0

Figure 6-1. Flash Options/Security Byte
MC9S12XF - Family Reference Manual, Rev.1.20
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The meaning of the security bits SEC[1:0] is shown inTable 6-3. For security reasons, the state of devic
security is controlled by two bits. To put the device in unsecured mode, these bits must be programm
SEC[1:0] = Ô10Õ. All other combinations put the device in a secured mode. The recommended valu
the device in secured state is the inverse of the unsecured state, i.e. SEC[1:0] = Ô01Õ.

NOTE
Please refer to the Flash block guide for actual security conÞguration (in
section ÒFlash Module SecurityÓ).

6.1.4 Operation of the Secured Microcontroller

By securing the device, unauthorized access to the EEPROM and Flash memory contents can be pre
However, it must be understood that the security of the EEPROM and Flash memory contents also d
on the design of the application program. For example, if the application has the capability of downlo
code through a serial port and then executing that code (e.g. an application containing bootloader
then this capability could potentially be used to read the EEPROM and Flash memory contents even
the microcontroller is in the secure state. In this example, the security of the application could be enh
by requiring a challenge/response authentication before any code can be downloaded.

Secured operation has the following effects on the microcontroller:

Table 6-2. Backdoor Key Access Enable Bits

KEYEN[1:0]
Backdoor Key

Access Enabled

00 0 (disabled)

01 0 (disabled)

10 1 (enabled)

11 0 (disabled)

Table 6-3. Security Bits

SEC[1:0] Security State

00 1 (secured)

01 1 (secured)

10 0 (unsecured)

11 1 (secured)
MC9S12XF - Family Reference Manual, Rev.1.20
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6.1.4.1 Normal Single Chip Mode (NS)

¥ Background debug module (BDM) operation is completely disabled.
¥ Execution of Flash and EEPROM commands is restricted. Please refer to the NVM block gui

details.
¥ Tracing code execution using the DBG module is disabled.
¥ Debugging XGATE code (breakpoints, single-stepping) is disabled.

6.1.4.2 Special Single Chip Mode (SS)

¥ BDM Þrmware commands are disabled.
¥ BDM hardware commands are restricted to the register space.
¥ Execution of Flash and EEPROM commands is restricted. Please refer to the NVM block gui

details.
¥ Tracing code execution using the DBG module is disabled.
¥ Debugging XGATE code (breakpoints, single-stepping) is disabled.

Special single chip mode means BDM is active after reset. The availability of BDM Þrmware comm
depends on the security state of the device. The BDM secure Þrmware Þrst performs a blank check
the Flash memory and the EEPROM. If the blank check succeeds, security will be temporarily turne
and the state of the security bits in the appropriate Flash memory location can be changed If the b
check fails, security will remain active, only the BDM hardware commands will be enabled, and th
accessible memory space is restricted to the peripheral register area. This will allow the BDM to be
to erase the EEPROM and Flash memory without giving access to their contents. After erasing both
memory and EEPROM, another reset into special single chip mode will cause the blank check to su
and the options/security byte can be programmed to ÒunsecuredÓ state via BDM.

While the BDM is executing the blank check, the BDM interface is completely blocked, which means
all BDM commands are temporarily blocked.

6.1.4.3 Expanded Modes (NX, ES, EX, and ST)

¥ BDM operation is completely disabled.
¥ Internal Flash memory and EEPROM are disabled.
¥ Execution of Flash and EEPROM commands is restricted. Please refer to the NVM block gui

details.
¥ Tracing code execution using the DBG module is disabled.
¥ Debugging XGATE code (breakpoints, single-stepping) is disabled
MC9S12XF - Family Reference Manual, Rev.1.20
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6.1.5 Unsecuring the Microcontroller

Unsecuring the microcontroller can be done by three different methods:

1. Backdoor key access
2. Reprogramming the security bits
3. Complete memory erase (special modes)

6.1.5.1 Unsecuring the MCU Using the Backdoor Key Access

In normal modes (single chip and expanded), security can be temporarily disabled using the backdo
access method. This method requires that:

¥ The backdoor key at 0xFF00Ð0xFF07 (= global addresses 0x7F_FF00Ð0x7F_FF07) has 
programmed to a valid value.

¥ The KEYEN[1:0] bits within the Flash options/security byte select ÔenabledÕ.
¥ In single chip mode, the application program programmed into the microcontroller must be

designed to have the capability to write to the backdoor key locations.

The backdoor key values themselves would not normally be stored within the application data, wh
means the application program would have to be designed to receive the backdoor key values fro
external source (e.g. through a serial port). It is not possible to download the backdoor keys using
background debug mode.

The backdoor key access method allows debugging of a secured microcontroller without having to
the Flash. This is particularly useful for failure analysis.

NOTE
No word of the backdoor key is allowed to have the value 0x0000 or
0xFFFF.

6.1.6 Reprogramming the Security Bits

In normal single chip mode (NS), security can also be disabled by erasing and reprogramming the s
bits within Flash options/security byte to the unsecured value. Because the erase operation will er
entire sector from 0xFE00Ð0xFFFF (0x7F_FE00Ð0x7F_FFFF), the backdoor key and the interrupt
will also be erased; this method is not recommended for normal single chip mode. The application
software can only erase and program the Flash options/security byte if the Flash sector containing th
options/security byte is not protected (see Flash protection). Thus Flash protection is a useful me
preventing this method. The microcontroller will enter the unsecured state after the next reset follo
the programming of the security bits to the unsecured value.

This method requires that:

¥ The application software previously programmed into the microcontroller has been designe
have the capability to erase and program the Flash options/security byte, or security is Þrst di
using the backdoor key method, allowing BDM to be used to issue commands to erase and pr
the Flash options/security byte.

¥ The Flash sector containing the Flash options/security byte is not protected.
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6.1.7 Complete Memory Erase (Special Modes)

The microcontroller can be unsecured in special modes by erasing the entire EEPROM and Flash m
contents.

When a secure microcontroller is reset into special single chip mode (SS), the BDM Þrmware ver
whether the EEPROM and Flash memory are erased. If any EEPROM or Flash memory address 
erased, only BDM hardware commands are enabled. BDM hardware commands can then be used
to the EEPROM and Flash registers to mass erase the EEPROM and all Flash memory blocks.

When next reset into special single chip mode, the BDM Þrmware will again verify whether all EEPR
and Flash memory are erased, and this being the case, will enable all BDM commands, allowing the
options/security byte to be programmed to the unsecured value. The security bits SEC[1:0] in the
security register will indicate the unsecure state following the next reset.
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Chapter 7  Interrupt (S12XINTV2)

7.1 Introduction
The INT module decodes the priority of all system exception requests and provides the applicable
for processing the exception to either the CPU or the XGATE module. The INT module supports:

¥ I bit and X bit maskable interrupt requests
¥ One non-maskable unimplemented op-code trap
¥ One non-maskable software interrupt (SWI) or background debug mode request
¥ One non-maskable system call interrupt (SYS)
¥ Three non-maskable access violation interrupt
¥ One spurious interrupt vector request
¥ Three system reset vector requests

Each of the I bit maskable interrupt requests can be assigned to one of seven priority levels suppo
ßexible priority scheme. For interrupt requests that are conÞgured to be handled by the CPU, the p
scheme can be used to implement nested interrupt capability where interrupts from a lower level a
automatically blocked if a higher level interrupt is being processed. Interrupt requests conÞgured 
handled by the XGATE module can be nested one level deep.

Table 7-1. Revision History

Version
Number

Revision
Date

Effective
Date

Author Description of Changes

02.00 01 JUL
2005

01 JUL
2005

initial V2 release, added new features:
- XGATE threads can be interrupted
- SYS instruction vector
- access violation interrupt vectors

02.04 11 JAN
2007

11 JAN
2007

- added Notes for devices without XGATE module

02.05 20 MAR
2007

23 MAR
2007

- fixed priority definition for software exceptions in “1.4.6 Exception
Priority”

02.06 07 JAN
2008

07 JAN
2008

- added clarification of “Wake-up from STOP or WAIT by XIRQ with
X bit set” feature
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7.1.4 Block Diagram

Figure 7-1 shows a block diagram of the INT module.

Figure 7-1. INT Block Diagram
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7.2 External Signal Description
The INT module has no external signals.

7.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in the INT module.

7.3.1 Module Memory Map

Table 7-3 gives an overview over all INT module registers.

Table 7-3. INT Memory Map

Address Use Access

0x0120 RESERVED —

0x0121 Interrupt Vector Base Register (IVBR) R/W

0x0122–0x0125 RESERVED —

0x0126 XGATE Interrupt Priority Configuration Register
(INT_XGPRIO)

R/W

0x0127 Interrupt Request Configuration Address Register
(INT_CFADDR)

R/W

0x0128 Interrupt Request Configuration Data Register 0
(INT_CFDATA0)

R/W

0x0129 Interrupt Request Configuration Data Register 1
(INT_CFDATA1)

R/W

0x012A Interrupt Request Configuration Data Register 2
(INT_CFDATA2

R/W

0x012B Interrupt Request Configuration Data Register 3
(INT_CFDATA3)

R/W

0x012C Interrupt Request Configuration Data Register 4
(INT_CFDATA4)

R/W

0x012D Interrupt Request Configuration Data Register 5
(INT_CFDATA5)

R/W

0x012E Interrupt Request Configuration Data Register 6
(INT_CFDATA6)

R/W

0x012F Interrupt Request Configuration Data Register 7
(INT_CFDATA7)

R/W
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7.3.2.1 Interrupt Vector Base Register (IVBR)

Read: Anytime

Write: Anytime

7.3.2.2 XGATE Interrupt Priority Configuration Register (INT_XGPRIO)

Read: Anytime

Write: Anytime

Address: 0x0121

7 6 5 4 3 2 1 0

R
IVB_ADDR[7:0]

W

Reset 1 1 1 1 1 1 1 1

Figure 7-3. Interrupt Vector Base Register (IVBR)

Table 7-4. IVBR Field Descriptions

Field Description

7–0
IVB_ADDR[7:0]

Interrupt Vector Base Address Bits — These bits represent the upper byte of all vector addresses. Out of
reset these bits are set to 0xFF (i.e., vectors are located at 0xFF10–0xFFFE) to ensure compatibility to
previous S12 microcontrollers.
Note: A system reset will initialize the interrupt vector base register with “0xFF” before it is used to determine

the reset vector address. Therefore, changing the IVBR has no effect on the location of the three reset
vectors (0xFFFA–0xFFFE).

Note: If the BDM is active (i.e., the CPU is in the process of executing BDM firmware code), the contents of
IVBR are ignored and the upper byte of the vector address is fixed as “0xFF”.

Address: 0x0126

7 6 5 4 3 2 1 0

R 0 0 0 0 0
XILVL[2:0]

W

Reset 0 0 0 0 0 0 0 1

= Unimplemented or Reserved

Figure 7-4. XGATE Interrupt Priority Configuration Register (INT_XGPRIO)

Table 7-5. INT_XGPRIO Field Descriptions

Field Description

2–0
XILVL[2:0]

XGATE Interrupt Priority Level — The XILVL[2:0] bits configure the shared interrupt level of the XGATE
interrupts coming from the XGATE module. Out of reset the priority is set to the lowest active level (“1”).
Note: If the XGATE module is not available on the device, write accesses to this register are ignored and read

accesses to this register will return all 0.
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7.3.2.3 Interrupt Request Configuration Address Register (INT_CFADDR)

Read: Anytime

Write: Anytime

7.3.2.4 Interrupt Request Configuration Data Registers (INT_CFDATA0–7)

The eight register window visible at addresses INT_CFDATA0Ð7 contains the conÞguration data 
block of eight interrupt requests (out of 128) selected by the interrupt conÞguration address regist
(INT_CFADDR) in ascending order. INT_CFDATA0 represents the interrupt conÞguration data reg
of the vector with the lowest address in this block, while INT_CFDATA7 represents the interrupt
conÞguration data register of the vector with the highest address, respectively.

Table 7-6. XGATE Interrupt Priority Levels

Priority XILVL2 XILVL1 XILVL0 Meaning

0 0 0 Interrupt request is disabled

low 0 0 1 Priority level 1

0 1 0 Priority level 2

0 1 1 Priority level 3

1 0 0 Priority level 4

1 0 1 Priority level 5

1 1 0 Priority level 6

high 1 1 1 Priority level 7

Address: 0x0127

7 6 5 4 3 2 1 0

R
INT_CFADDR[7:4]

0 0 0 0

W

Reset 0 0 0 1 0 0 0 0

= Unimplemented or Reserved

Figure 7-5. Interrupt Configuration Address Register (INT_CFADDR)

Table 7-7. INT_CFADDR Field Descriptions

Field Description

7–4
INT_CFADDR[7:4]

Interrupt Request Configuration Data Register Select Bits — These bits determine which of the 128
configuration data registers are accessible in the 8 register window at INT_CFDATA0–7. The hexadecimal
value written to this register corresponds to the upper nibble of the lower byte of the address of the interrupt
vector, i.e., writing 0xE0 to this register selects the configuration data register block for the 8 interrupt vector
requests starting with vector at address (vector base + 0x00E0) to be accessible as INT_CFDATA0–7.
Note: Writing all 0s selects non-existing configuration registers. In this case write accesses to

INT_CFDATA0–7 will be ignored and read accesses will return all 0.
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7.4 Functional Description
The INT module processes all exception requests to be serviced by the CPU module. These exce
include interrupt vector requests and reset vector requests. Each of these exception types and their
priority level is discussed in the subsections below.

Table 7-8. INT_CFDATA0–7 Field Descriptions

Field Description

7
RQST

XGATE Request Enable — This bit determines if the associated interrupt request is handled by the CPU or by
the XGATE module.
0 Interrupt request is handled by the CPU
1 Interrupt request is handled by the XGATE module
Note: The IRQ interrupt cannot be handled by the XGATE module. For this reason, the configuration register

for vector (vector base + 0x00F2) = IRQ vector address) does not contain a RQST bit. Writing a 1 to the
location of the RQST bit in this register will be ignored and a read access will return 0.

Note: If the XGATE module is not available on the device, writing a 1 to the location of the RQST bit in this
register will be ignored and a read access will return 0.

2–0
PRIOLVL[2:0]

Interrupt Request Priority Level Bits — The PRIOLVL[2:0] bits configure the interrupt request priority level of
the associated interrupt request. Out of reset all interrupt requests are enabled at the lowest active level (“1”)
to provide backwards compatibility with previous S12 interrupt controllers. Please also refer to Table 7-9 for
available interrupt request priority levels.
Note: Write accesses to configuration data registers of unused interrupt channels will be ignored and read

accesses will return all 0. For information about what interrupt channels are used in a specific MCU,
please refer to the Device Reference Manual of that MCU.

Note: When vectors (vector base + 0x00F0–0x00FE) are selected by writing 0xF0 to INT_CFADDR, writes to
INT_CFDATA2–7 (0x00F4–0x00FE) will be ignored and read accesses will return all 0s. The
corresponding vectors do not have configuration data registers associated with them.

Note: When vectors (vector base + 0x0010–0x001E) are selected by writing 0x10 to INT_CFADDR, writes to
INT_CFDATA1–INT_CFDATA4 (0x0012–0x0018) will be ignored and read accesses will return all 0s. The
corresponding vectors do not have configuration data registers associated with them.

Note: Write accesses to the configuration register for the spurious interrupt vector request
(vector base + 0x0010) will be ignored and read accesses will return 0x07 (request is handled by the
CPU, PRIOLVL = 7).

Table 7-9. Interrupt Priority Levels

Priority PRIOLVL2 PRIOLVL1 PRIOLVL0 Meaning

0 0 0 Interrupt request is disabled

low 0 0 1 Priority level 1

0 1 0 Priority level 2

0 1 1 Priority level 3

1 0 0 Priority level 4

1 0 1 Priority level 5

1 1 0 Priority level 6

high 1 1 1 Priority level 7
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NOTE
Care must be taken to ensure that all exception requests remain active until
the system begins execution of the applicable service routine; otherwise, the
exception request may not get processed at all or the result may be a
spurious interrupt request (vector at address (vector base + 0x0010)).

7.4.5 Reset Exception Requests

The INT module supports three system reset exception request types (for details please refer to the
and Reset Generator module (CRG)):

1. Pin reset, power-on reset, low-voltage reset, or illegal address reset
2. Clock monitor reset request
3. COP watchdog reset request

7.4.6 Exception Priority

The priority (from highest to lowest) and address of all exception vectors issued by the INT module
request by the CPU is shown inTable 7-10. Generally, all non-maskable interrupts have higher prioriti
than maskable interrupts. Please note that between the three software interrupts (Unimplemented o
trap request, SWI/BGND request, SYS request) there is no real priority deÞned because they canno
simultaneously (the S12XCPU executes one instruction at a time).

Table 7-10. Exception Vector Map and Priority

Vector Address(1)

1. 16 bits vector address based

 Source

0xFFFE Pin reset, power-on reset, low-voltage reset, illegal address reset

0xFFFC Clock monitor reset

0xFFFA COP watchdog reset

(Vector base + 0x00F8) Unimplemented op-code trap

(Vector base + 0x00F6) Software interrupt instruction (SWI) or BDM vector request

(Vector base + 0x0012) System call interrupt instruction (SYS)

(Vector base + 0x0018) (reserved for future use)

(Vector base + 0x0016) XGATE Access violation interrupt request(2)

2. only implemented if device features both a Memory Protection Unit (MPU) and an XGATE co-processor

(Vector base + 0x0014) CPU Access violation interrupt request(3)

3. only implemented if device features a Memory Protection Unit (MPU)

(Vector base + 0x00F4) XIRQ interrupt request

(Vector base + 0x00F2) IRQ interrupt request

(Vector base +
0x00F0–0x001A)

Device specific I bit maskable interrupt sources (priority determined by the associated
configuration registers, in descending order)

(Vector base + 0x0010) Spurious interrupt
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 7-14. Interrupt Processing Example

7.5.3 Wake Up from Stop or Wait Mode

7.5.3.1 CPU Wake Up from Stop or Wait Mode

Every I bit maskable interrupt request which is conÞgured to be handled by the CPU is capable of w
the MCU from stop or wait mode. To determine whether an I bit maskable interrupts is qualiÞed to
up the CPU or not, the same settings as in normal run mode are applied during stop or wait mode

¥ If the I bit in the CCR is set, all I bit maskable interrupts are masked from waking up the M
¥ An I bit maskable interrupt is ignored if it is conÞgured to a priority level below or equal to 

current IPL in CCR.
¥ I bit maskable interrupt requests which are conÞgured to be handled by the XGATE module a

capable of waking up the CPU.

The X bit maskable interrupt request can wake up the MCU from stop or wait mode at anytime, even
X bit in CCR is set.

If the X bit maskable interrupt request is used to wake-up the MCU with the X bit in the CCR set, 
associated ISR is not called. The CPU then resumes program execution with the instruction followin
WAI or STOP instruction. This features works following the same rules like any interrupt request, i.e.
must be taken that the X interrupt request used for wake-up remains active at least until the system
execution of the instruction following the WAI or STOP instruction; otherwise, wake-up may not oc
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Chapter 8
256 KByte Flash Module (S12XFTM256K2XFV1)

8.1 Introduction
The FTM256K2XF module implements the following:

¥ 256 Kbytes of P-Flash (Program Flash) memory, consisting of 2 physical Flash blocks, inte
primarily for nonvolatile code storage

Table 8-1. Revision History

Revision
Number

Revision
Date

Sections
Affected

Description of Changes

V01.00 12 Dec 2007 - Initial version

V01.01 19 Dec 2007 8.4.2/8-257
8.4.2/8-257

8.4.2/8-257

8.4.2/8-257

8.3.1/8-226
8.1.3/8-224

8.1.2.4/8-224
8.3.1/8-226

- Removed Load Data Field command 0x05
- Updated Command Error Handling tables based on parent-child relationship
with FTM512K3
- Corrected Error Handling table for Full Partition D-Flash, Partition D-Flash,
and EEPROM Emulation Query commands
- Corrected maximum allowed ERPART for Full Partition D-Flash and Partition
D-Flash commands
- Corrected P-Flash IFR Accessibility table
- Corrected Tag RAM size in Block Diagram
- Corrected Buffer RAM size in Feature List
- Added EEE Resource Field table and Memory Map

V01.02 25 Sep 2009 8.1/8-221
8.3.2.1/8-233
8.4.2.4/8-260

8.4.2.6/8-261

8.4.2.11/8-265

8.4.2.11/8-265
8.4.2.11/8-265
8.4.2.19/8-274

8.3.2/8-231
8.3.2.1/8-233
8.4.1.2/8-252

8.6/8-280

- Clarify single bit fault correction for P-Flash phrase
- Expand FDIV vs OSCCLK Frequency table
- Add statement concerning code runaway when executing Read Once
command from Flash block containing associated fields
- Add statement concerning code runaway when executing Program Once
command from Flash block containing associated fields
- Add statement concerning code runaway when executing Verify Backdoor
Access Key command from Flash block containing associated fields
- Relate Key 0 to associated Backdoor Comparison Key address
- Change “power down reset” to “reset”
- Add ACCERR condition for Disable EEPROM Emulation command
The following changes were made to clarify module behavior related to Flash
register access during reset sequence and while Flash commands are active:
- Add caution concerning register writes while command is active
- Writes to FCLKDIV are allowed during reset sequence while CCIF is clear
- Add caution concerning register writes while command is active
- Writes to FCCOBIX, FCCOBHI, FCCOBLO registers are ignored during
reset sequence
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ 32 Kbytes of D-Flash (Data Flash) memory, consisting of 1 physical Flash block, that can be
as nonvolatile storage to support the built-in hardware scheme for emulated EEPROM, as 
Flash memory primarily intended for nonvolatile data storage, or as a combination of both

¥ 2 Kbytes of buffer RAM, consisting of 1 physical RAM block, that can be used as emulated
EEPROM using a built-in hardware scheme, as basic RAM, or as a combination of both

The Flash memory is ideal for single-supply applications allowing for Þeld reprogramming without
requiring external high voltage sources for program or erase operations. The Flash module includ
memory controller that executes commands to modify Flash memory contents or conÞgure modu
resources for emulated EEPROM operation. The user interface to the memory controller consists
indexed Flash Common Command Object (FCCOB) register which is written to with the command, g
address, data, and any required command parameters. The memory controller must complete the ex
of a command before the FCCOB register can be written to with a new command.

CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

The RAM and Flash memory may be read as bytes, aligned words, or misaligned words. Read acce
is one bus cycle for bytes and aligned words, and two bus cycles for misaligned words. For Flash me
an erased bit reads 1 and a programmed bit reads 0.

It is not possible to read from a Flash block while any command is executing on that speciÞc Flash
It is possible to read from a Flash block while a command is executing on a different Flash block.

Both P-Flash and D-Flash memories are implemented with Error Correction Codes (ECC) that can r
single bit faults and detect double bit faults. For P-Flash memory, the ECC implementation require
programming be done on an aligned 8 byte basis (a Flash phrase). Since P-Flash memory is alwa
by phrase, only one single bit fault in the phrase containing the byte or word accessed will be corr

8.1.1 Glossary

Buffer RAM Ñ The buffer RAM constitutes the volatile memory store required for EEE. Memory spa
in the buffer RAM not required for EEE can be partitioned to provide volatile memory space for
applications.

Command Write Sequence Ñ An MCU instruction sequence to execute built-in algorithms (includin
program and erase) on the Flash memory.

D-Flash Memory Ñ The D-Flash memory constitutes the nonvolatile memory store required for EE
Memory space in the D-Flash memory not required for EEE can be partitioned to provide nonvola
memory space for applications.
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D-Flash SectorÑ The D-Flash sector is the smallest portion of the D-Flash memory that can be era
The D-Flash sector consists of four 64 byte rows for a total of 256 bytes.

EEE (Emulated EEPROM) Ñ A method to emulate the small sector size features and endurance
characteristics associated with an EEPROM.

EEE IFR Ñ Nonvolatile information register located in the D-Flash block that contains data required
partition the D-Flash memory and buffer RAM for EEE. The EEE IFR is visible in the global memory m
by setting the EEEIFRON bit in the MMCCTL1 register.

NVM Command Mode Ñ An NVM mode using the CPU to setup the FCCOB register to pass parame
required for Flash command execution.

PhraseÑ An aligned group of four 16-bit words within the P-Flash memory. Each phrase includes e
ECC bits for single bit fault correction and double bit fault detection within the phrase.

P-Flash MemoryÑ The P-Flash memory constitutes the main nonvolatile memory store for applicati

P-Flash SectorÑ The P-Flash sector is the smallest portion of the P-Flash memory that can be era
Each P-Flash sector contains 1024 bytes.

Program IFR Ñ Nonvolatile information register located in the P-Flash block that contains the Dev
ID, Version ID, and the Program Once Þeld. The Program IFR is visible in the global memory map
setting the PGMIFRON bit in the MMCCTL1 register.

8.1.2 Features

8.1.2.1 P-Flash Features

¥ 256 Kbytes of P-Flash memory composed of two 128 Kbyte Flash blocks. The 128 Kbyte F
blocks are each divided into 128 sectors of 1024 bytes.

¥ Single bit fault correction and double bit fault detection within a 64-bit phrase during read
operations

¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and phrase program operation
¥ Flexible protection scheme to prevent accidental program or erase of P-Flash memory

8.1.2.2 D-Flash Features

¥ Up to 32 Kbytes of D-Flash memory with 256 byte sectors for user access
¥ Dedicated commands to control access to the D-Flash memory over EEE operation
¥ Single bit fault correction and double bit fault detection within a word during read operation
¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and word program operation
¥ Ability to program up to four words in a burst sequence
MC9S12XF - Family Reference Manual, Rev.1.20
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8.1.2.3 Emulated EEPROM Features

¥ Up to 2Kbytes of emulated EEPROM (EEE) accessible as 2 Kbytes of RAM
¥ Flexible protection scheme to prevent accidental program or erase of data
¥ Automatic EEE Þle handling using an internal Memory Controller
¥ Automatic transfer of valid EEE data from D-Flash memory to buffer RAM on reset
¥ Ability to monitor the number of outstanding EEE related buffer RAM words left to be

programmed into D-Flash memory
¥ Ability to disable EEE operation and allow priority access to the D-Flash memory
¥ Ability to cancel all pending EEE operations and allow priority access to the D-Flash memo

8.1.2.4 User Buffer RAM Features

¥ Up to 2 Kbytes of RAM for user access

8.1.2.5 Other Flash Module Features

¥ No external high-voltage power supply required for Flash memory program and erase ope
¥ Interrupt generation on Flash command completion and Flash error detection
¥ Security mechanism to prevent unauthorized access to the Flash memory

8.1.3 Block Diagram

The block diagram of the Flash module is shown inFigure 8-1.
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Figure 8-1. FTM256K2 Block Diagram

8.2 External Signal Description
The Flash module contains no signals that connect off-chip.
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8.3 Memory Map and Registers
This section describes the memory map and registers for the Flash module. Read data from unimple
memory space in the Flash module is undeÞned. Write access to unimplemented or reserved memo
in the Flash module will be ignored by the Flash module.

8.3.1 Module Memory Map

The S12X architecture places the P-Flash memory between global addresses 0x78_0000 and 0x7F
as shown inTable 8-2. The P-Flash memory map is shown inFigure 8-2.

The FPROT register, described inSection 8.3.2.9, can be set to protect regions in the Flash memory fro
accidental program or erase. Three separate memory regions, one growing upward from global a
0x7F_8000 in the Flash memory (called the lower region), one growing downward from global add
0x7F_FFFF in the Flash memory (called the higher region), and the remaining addresses in the F
memory, can be activated for protection. The Flash memory addresses covered by these protectable
are shown in the P-Flash memory map. The higher address region is mainly targeted to hold the boot
code since it covers the vector space. Default protection settings as well as security information that
the MCU to restrict access to the Flash module are stored in the Flash conÞguration Þeld as desc
Table 8-3.

Table 8-2. P-Flash Memory Addressing

Global Address
Size

(Bytes)
Description

0x7E_0000 – 0x7F_FFFF 128 K
P-Flash Block 0
Contains Flash Configuration Field
(see Table 8-3)

0x7A_0000 – 0x7D_FFFF 256 K No P-Flash Memory

0x78_0000 – 0x79_FFFF 128 K P-Flash Block 1

Table 8-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description

0x7F_FF00 – 0x7F_FF07 8
Backdoor Comparison Key
Refer to Section 8.4.2.11, “Verify Backdoor Access Key Command,” and
Section 8.5.1, “Unsecuring the MCU using Backdoor Key Access”

0x7F_FF08 –
0x7F_FF0B(2) 4

Reserved

0x7F_FF0C2 1
P-Flash Protection byte.
Refer to Section 8.3.2.9, “P-Flash Protection Register (FPROT)”

0x7F_FF0D2 1
EEE Protection byte
Refer to Section 8.3.2.10, “EEE Protection Register (EPROT)”

0x7F_FF0E2 1
Flash Nonvolatile byte
Refer to Section 8.3.2.14, “Flash Option Register (FOPT)”
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0x7F_FF0F2 1
Flash Security byte
Refer to Section 8.3.2.2, “Flash Security Register (FSEC)”

1. Older versions may have swapped protection byte addresses
2. 0x7FF08 - 0x7F_FF0F form a Flash phrase and must be programmed in a single command write sequence. Each byte in

the 0x7F_FF08 - 0x7F_FF0B reserved field should be programmed to 0xFF.

Table 8-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description
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Figure 8-2. P-Flash Memory Map

Flash ConÞguration Field

0x7F_C000

Flash Protected/Unprotected Lower Region
1, 2, 4, 8 Kbytes

0x7F_8000

0x7F_9000

0x7F_8400
0x7F_8800

0x7F_A000

P-Flash END = 0x7F_FFFF

0x7F_F800

0x7F_F000

0x7F_E000 Flash Protected/Unprotected Higher Region
2, 4, 8, 16 Kbytes

Flash Protected/Unprotected Region
8 Kbytes (up to 29 Kbytes)

16 bytes (0x7F_FF00 - 0x7F_FF0F)

Flash Protected/Unprotected Region
224 Kbytes

P-Flash START = 0x78_0000

0x79_FFFF

0x7E_0000
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Table 8-4. Program IFR Fields

Global Address
(PGMIFRON)

Size
(Bytes)

Field Description

0x40_0000 – 0x40_0007 8 Device ID

0x40_0008 – 0x40_00E7 224 Reserved

0x40_00E8 – 0x40_00E9 2 Version ID

0x40_00EA – 0x40_00FF 22 Reserved

0x40_0100 – 0x40_013F 64
Program Once Field
Refer to Section 8.4.2.6, “Program Once Command”

0x40_0140 – 0x40_01FF 192 Reserved

Table 8-5. P-Flash IFR Accessibility

Global Address
(PGMIFRON)

Size
(Bytes)

Accessed From

0x40_0000 – 0x40_01FF 512 XBUS0 (PBLK0)(1)

1. Refer to Table 8-4 for more details.

0x40_0200 – 0x40_03FF 512 Unimplemented

0x40_0400 – 0x40_05FF 512 Unimplemented

0x40_0600 – 0x40_07FF 512 XBUS1 (PBLK1)

Table 8-6. EEE Resource Fields

Global Address
Size

(Bytes)
Description

0x10_0000 – 0x10_7FFF 32,768 D-Flash Memory (User and EEE)

0x10_8000 – 0x11_FFFF 98,304 Reserved

0x12_0000 – 0x12_007F 128 EEE Nonvolatile Information Register (EEEIFRON(1) = 1)

1. MMCCTL1 register bit

0x12_0080 – 0x12_0FFF 3,968 Reserved

0x12_1000 – 0x12_1F7F 3,968 Reserved

0x12_1F80 – 0x12_1FFF 128 EEE Tag RAM (TMGRAMON1 = 1)

0x12_2000 – 0x12_3BFF 7,168 Reserved

0x12_3C00 – 0x12_3FFF 1,024 Memory Controller Scratch RAM (TMGRAMON1 = 1)

0x12_4000 – 0x12_DFFF 40,960 Reserved

0x12_E000 – 0x12_FFFF 8,192 Reserved

0x13_0000 – 0x13_F7FF 63,488 Reserved

0x13_F800 – 0x13_FFFF 2,048 Buffer RAM (User and EEE)
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Figure 8-3. EEE Resource Memory Map

Buffer RAM START = 0x13_F800

Buffer RAM END = 0x13_FFFF

0x13_FFC0

0x13_FF80

Protectable Region (EEE only)
64, 128, 192, 256, 320, 384, 448, 512 bytes

Buffer RAM
2 Kbyte

0x13_FF40

0x13_FF00

0x13_FEC0

0x13_FE80

0x13_FE40

0x13_FE00

0x12_FFFF

0x12_4000

0x12_1000

Memory Controller Scratch RAM (TMGRAMON)
1024 bytes

EEE Tag RAM (TMGRAMON)
128 bytes

EEE Nonvolatile Information Register (EEEIFRON)
128 bytes

D-Flash Memory
32 Kbytes

D-Flash START = 0x10_0000

D-Flash User Partition

D-Flash EEE Partition

0x12_0000

0x12_2000

0x12_E000

D-Flash END = 0x10_7FFF

Buffer RAM User Partition

Buffer RAM EEE Partition
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s and

 base +
The Full Partition D-Flash command (seeSection 8.4.2.14) is used to program the EEE nonvolatile
information register Þelds where address 0x12_0000 deÞnes the D-Flash partition for user acces
address 0x12_0004 deÞnes the buffer RAM partition for EEE operations.

8.3.2 Register Descriptions

The Flash module contains a set of 20 control and status registers located between Flash module
0x0000 and 0x0013. A summary of the Flash module registers is given inFigure 8-4 with detailed
descriptions in the following subsections.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.

Table 8-7. EEE Nonvolatile Information Register Fields

Global Address
(EEEIFRON)

Size
(Bytes)

Description

0x12_0000 – 0x12_0001 2
D-Flash User Partition (DFPART)
Refer to Section 8.4.2.14, “Full Partition D-Flash Command”

0x12_0002 – 0x12_0003 2 D-Flash User Partition (duplicate(1))

1. Duplicate value used if primary value generates a double bit fault when read during the reset sequence.

0x12_0004 – 0x12_0005 2
Buffer RAM EEE Partition (ERPART)
Refer to Section 8.4.2.14, “Full Partition D-Flash Command”

0x12_0006 – 0x12_0007 2 Buffer RAM EEE Partition (duplicate1)

0x12_0008 – 0x12_007F 120 Reserved

Address
& Name

7 6 5 4 3 2 1 0

0x0000
FCLKDIV

R FDIVLD
FDIV6 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

0x0001
FSEC

R KEYEN1 KEYEN0 RNV5 RNV4 RNV3 RNV2 SEC1 SEC0

W

0x0002
FCCOBIX

R 0 0 0 0 0
CCOBIX2 CCOBIX1 CCOBIX0

W

0x0003
FECCRIX

R 0 0 0 0 0
ECCRIX2 ECCRIX1 ECCRIX0

W

0x0004
FCNFG

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

Figure 8-4. FTM256K2XF Register Summary
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8.3.2.1 Flash Clock Divider Register (FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

All bits in the FCLKDIV register are readable, bits 6Ð0 are write once and bit 7 is not writable.

CAUTION
The FCLKDIV register should never be written while a Flash command is
executing (CCIF=0). The FCLKDIV register is writable during the Flash
reset sequence even though CCIF is clear.

0x0013
FRSV2

R 0 0 0 0 0 0 0 0

W

= Unimplemented or Reserved

Offset Module Base + 0x0000

7 6 5 4 3 2 1 0

R FDIVLD
FDIV[6:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-5. Flash Clock Divider Register (FCLKDIV)

Table 8-8. FCLKDIV Field Descriptions

Field Description

7
FDIVLD

Clock Divider Loaded
0 FCLKDIV register has not been written
1 FCLKDIV register has been written since the last reset

6–0
FDIV[6:0]

Clock Divider Bits — FDIV[6:0] must be set to effectively divide OSCCLK down to generate an internal Flash
clock, FCLK, with a target frequency of 1 MHz for use by the Flash module to control timed events during program
and erase algorithms. Table 8-9 shows recommended values for FDIV[6:0] based on OSCCLK frequency.
Please refer to Section 8.4.1, “Flash Command Operations,” for more information.

Address
& Name

7 6 5 4 3 2 1 0

Figure 8-4. FTM256K2XF Register Summary (continued)
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Table 8-9. FDIV vs OSCCLK Frequency

OSCCLK Frequency
(MHz) FDIV[6:0]

OSCCLK Frequency
(MHz) FDIV[6:0]

OSCCLK Frequency
(MHz) FDIV[6:0]

MIN(1)

1. FDIV shown generates an FCLK frequency of >0.8 MHz

MAX(2) MIN1 MAX2 MIN1 MAX2

33.60 34.65 0x20 67.20 68.25 0x40

1.60 2.10 0x01 34.65 35.70 0x21 68.25 69.30 0x41

2.40 3.15 0x02 35.70 36.75 0x22 69.30 70.35 0x42

3.20 4.20 0x03 36.75 37.80 0x23 70.35 71.40 0x43

4.20 5.25 0x04 37.80 38.85 0x24 71.40 72.45 0x44

5.25 6.30 0x05 38.85 39.90 0x25 72.45 73.50 0x45

6.30 7.35 0x06 39.90 40.95 0x26 73.50 74.55 0x46

7.35 8.40 0x07 40.95 42.00 0x27 74.55 75.60 0x47

8.40 9.45 0x08 42.00 43.05 0x28 75.60 76.65 0x48

9.45 10.50 0x09 43.05 44.10 0x29 76.65 77.70 0x49

10.50 11.55 0x0A 44.10 45.15 0x2A 77.70 78.75 0x4A

11.55 12.60 0x0B 45.15 46.20 0x2B 78.75 79.80 0x4B

12.60 13.65 0x0C 46.20 47.25 0x2C 79.80 80.85 0x4C

13.65 14.70 0x0D 47.25 48.30 0x2D 80.85 81.90 0x4D

14.70 15.75 0x0E 48.30 49.35 0x2E 81.90 82.95 0x4E

15.75 16.80 0x0F 49.35 50.40 0x2F 82.95 84.00 0x4F

16.80 17.85 0x10 50.40 51.45 0x30 84.00 85.05 0x50

17.85 18.90 0x11 51.45 52.50 0x31 85.05 86.10 0x51

18.90 19.95 0x12 52.50 53.55 0x32 86.10 87.15 0x52

19.95 21.00 0x13 53.55 54.60 0x33 87.15 88.20 0x53

21.00 22.05 0x14 54.60 55.65 0x34 88.20 89.25 0x54

22.05 23.10 0x15 55.65 56.70 0x35 89.25 90.30 0x55

23.10 24.15 0x16 56.70 57.75 0x36 90.30 91.35 0x56

24.15 25.20 0x17 57.75 58.80 0x37 91.35 92.40 0x57

25.20 26.25 0x18 58.80 59.85 0x38 92.40 93.45 0x58

26.25 27.30 0x19 59.85 60.90 0x39 93.45 94.50 0x59

27.30 28.35 0x1A 60.90 61.95 0x3A 94.50 95.55 0x5A

28.35 29.40 0x1B 61.95 63.00 0x3B 95.55 96.60 0x5B

29.40 30.45 0x1C 63.00 64.05 0x3C 96.60 97.65 0x5C

30.45 31.50 0x1D 64.05 65.10 0x3D 97.65 98.70 0x5D

31.50 32.55 0x1E 65.10 66.15 0x3E 98.70 99.75 0x5E

32.55 33.60 0x1F 66.15 67.20 0x3F 99.75 100.80 0x5F
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te in the

will be
8.3.2.2 Flash Security Register (FSEC)

The FSEC register holds all bits associated with the security of the MCU and Flash module.

All bits in the FSEC register are readable but not writable.

During the reset sequence, the FSEC register is loaded with the contents of the Flash security by
Flash configuration field at global address 0x7F_FF0F located in P-Flash memory (seeTable 8-3) as
indicated by reset condition F inFigure 8-6. If a double bit fault is detected while reading the P-Flash
phrase containing the Flash security byte during the reset sequence, all bits in the FSEC register 
set to leave the Flash module in a secured state with backdoor key access disabled.

2. FDIV shown generates an FCLK frequency of 1.05 MHz

Offset Module Base + 0x0001

7 6 5 4 3 2 1 0

R KEYEN[1:0] RNV[5:2] SEC[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 8-6. Flash Security Register (FSEC)

Table 8-10. FSEC Field Descriptions

Field Description

7–6
KEYEN[1:0]

Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the
Flash module as shown in Table 8-11.

5–2
RNV[5:2}

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements.

1–0
SEC[1:0]

Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 8-12. If the
Flash module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 8-11. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access

00 DISABLED

01 DISABLED(1)

1. Preferred KEYEN state to disable backdoor key access.

10 ENABLED

11 DISABLED
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The security function in the Flash module is described inSection 8.5.

8.3.2.3 Flash CCOB Index Register (FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for Flash memory operations.

CCOBIX bits are readable and writable while remaining bits read 0 and are not writable.

8.3.2.4 Flash ECCR Index Register (FECCRIX)

The FECCRIX register is used to index the FECCR register for ECC fault reporting.

ECCRIX bits are readable and writable while remaining bits read 0 and are not writable.

Table 8-12. Flash Security States

SEC[1:0] Status of Security

00 SECURED

01 SECURED(1)

1. Preferred SEC state to set MCU to secured state.

10 UNSECURED

11 SECURED

Offset Module Base + 0x0002

7 6 5 4 3 2 1 0

R 0 0 0 0 0
CCOBIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-7. FCCOB Index Register (FCCOBIX)

Table 8-13. FCCOBIX Field Descriptions

Field Description

2–0
CCOBIX[1:0]

Common Command Register Index— The CCOBIX bits are used to select which word of the FCCOB register
array is being read or written to. See Section 8.3.2.11, “Flash Common Command Object Register (FCCOB),”
for more details.

Offset Module Base + 0x0003

7 6 5 4 3 2 1 0

R 0 0 0 0 0
ECCRIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-8. FECCR Index Register (FECCRIX)
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h array

e not
8.3.2.5 Flash Configuration Register (FCNFG)

The FCNFG register enables the Flash command complete interrupt and forces ECC faults on Flas
read access from the CPU or XGATE.

CCIE, IGNSF, FDFD, and FSFD bits are readable and writable while remaining bits read 0 and ar
writable.

Table 8-14. FECCRIX Field Descriptions

Field Description

2-0
ECCRIX[2:0]

ECC Error Register Index— The ECCRIX bits are used to select which word of the FECCR register array is
being read. See Section 8.3.2.13, “Flash ECC Error Results Register (FECCR),” for more details.

Offset Module Base + 0x0004

7 6 5 4 3 2 1 0

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-9. Flash Configuration Register (FCNFG)

Table 8-15. FCNFG Field Descriptions

Field Description

7
CCIE

Command Complete Interrupt Enable — The CCIE bit controls interrupt generation when a Flash command
has completed.
0 Command complete interrupt disabled
1 An interrupt will be requested whenever the CCIF flag in the FSTAT register is set (see Section 8.3.2.7)

4
IGNSF

Ignore Single Bit Fault — The IGNSF controls single bit fault reporting in the FERSTAT register (see
Section 8.3.2.8).
0 All single bit faults detected during array reads are reported
1 Single bit faults detected during array reads are not reported and the single bit fault interrupt will not be

generated
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8.3.2.6 Flash Error Configuration Register (FERCNFG)

The FERCNFG register enables the Flash error interrupts for the FERSTAT flags.

All assigned bits in the FERCNFG register are readable and writable.

1
FDFD

Force Double Bit Fault Detect — The FDFD bit allows the user to simulate a double bit fault during Flash array
read operations and check the associated interrupt routine. The FDFD bit is cleared by writing a 0 to FDFD. The
FECCR registers will not be updated during the Flash array read operation with FDFD set unless an actual
double bit fault is detected.
0 Flash array read operations will set the DFDIF flag in the FERSTAT register only if a double bit fault is detected
1 Any Flash array read operation will force the DFDIF flag in the FERSTAT register to be set (see

Section 8.3.2.7) and an interrupt will be generated as long as the DFDIE interrupt enable in the FERCNFG
register is set (see Section 8.3.2.6)

0
FSFD

Force Single Bit Fault Detect — The FSFD bit allows the user to simulate a single bit fault during Flash array
read operations and check the associated interrupt routine. The FSFD bit is cleared by writing a 0 to FSFD. The
FECCR registers will not be updated during the Flash array read operation with FSFD set unless an actual single
bit fault is detected.
0 Flash array read operations will set the SFDIF flag in the FERSTAT register only if a single bit fault is detected
1 Flash array read operation will force the SFDIF flag in the FERSTAT register to be set (see Section 8.3.2.7)

and an interrupt will be generated as long as the SFDIE interrupt enable in the FERCNFG register is set (see
Section 8.3.2.6)

Offset Module Base + 0x0005

7 6 5 4 3 2 1 0

R
ERSERIE PGMERIE

0
EPVIOLIE ERSVIE1 ERSVIE0 DFDIE SFDIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-10. Flash Error Configuration Register (FERCNFG)

Table 8-16. FERCNFG Field Descriptions

Field Description

7
ERSERIE

EEE Erase Error Interrupt Enable — The ERSERIE bit controls interrupt generation when a failure is detected
during an EEE erase operation.
0 ERSERIF interrupt disabled
1 An interrupt will be requested whenever the ERSERIF flag is set (see Section 8.3.2.8)

6
PGMERIE

EEE Program Error Interrupt Enable — The PGMERIE bit controls interrupt generation when a failure is
detected during an EEE program operation.
0 PGMERIF interrupt disabled
1 An interrupt will be requested whenever the PGMERIF flag is set (see Section 8.3.2.8)

4
EPVIOLIE

EEE Protection Violation Interrupt Enable — The EPVIOLIE bit controls interrupt generation when a
protection violation is detected during a write to the buffer RAM EEE partition.
0 EPVIOLIF interrupt disabled
1 An interrupt will be requested whenever the EPVIOLIF flag is set (see Section 8.3.2.8)

Table 8-15. FCNFG Field Descriptions (continued)

Field Description
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able
8.3.2.7 Flash Status Register (FSTAT)

The FSTAT register reports the operational status of the Flash module.

CCIF, ACCERR, and FPVIOL bits are readable and writable, MGBUSY and MGSTAT bits are read
but not writable, while remaining bits read 0 and are not writable.

3
ERSVIE1

EEE Error Type 1 Interrupt Enable — The ERSVIE1 bit controls interrupt generation when a change state error
is detected during an EEE operation.
0 ERSVIF1 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF1 flag is set (see Section 8.3.2.8)

2
ERSVIE0

EEE Error Type 0 Interrupt Enable — The ERSVIE0 bit controls interrupt generation when a sector format error
is detected during an EEE operation.
0 ERSVIF0 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF0 flag is set (see Section 8.3.2.8)

1
DFDIE

Double Bit Fault Detect Interrupt Enable — The DFDIE bit controls interrupt generation when a double bit fault
is detected during a Flash block read operation.
0 DFDIF interrupt disabled
1 An interrupt will be requested whenever the DFDIF flag is set (see Section 8.3.2.8)

0
SFDIE

Single Bit Fault Detect Interrupt Enable — The SFDIE bit controls interrupt generation when a single bit fault
is detected during a Flash block read operation.
0 SFDIF interrupt disabled whenever the SFDIF flag is set (see Section 8.3.2.8)
1 An interrupt will be requested whenever the SFDIF flag is set (see Section 8.3.2.8)

Offset Module Base + 0x0006

7 6 5 4 3 2 1 0

R
CCIF

0
ACCERR FPVIOL

MGBUSY RSVD MGSTAT[1:0]

W

Reset 1 0 0 0 0 0 0(1)

1. Reset value can deviate from the value shown if a double bit fault is detected during the reset sequence (see Section 8.6).

01

= Unimplemented or Reserved

Figure 8-11. Flash Status Register (FSTAT)

Table 8-16. FERCNFG Field Descriptions (continued)

Field Description
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8.3.2.8 Flash Error Status Register (FERSTAT)

The FERSTAT register reßects the error status of internal Flash operations.

All ßags in the FERSTAT register are readable and only writable to clear the ßag.

Table 8-17. FSTAT Field Descriptions

Field Description

7
CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that a Flash command has completed. The
CCIF flag is cleared by writing a 1 to CCIF to launch a command and CCIF will stay low until command
completion or command violation.
0 Flash command in progress
1 Flash command has completed

5
ACCERR

Flash Access Error Flag — The ACCERR bit indicates an illegal access has occurred to the Flash memory
caused by either a violation of the command write sequence (see Section 8.4.1.2) or issuing an illegal Flash
command or when errors are encountered while initializing the EEE buffer ram during the reset sequence.
While ACCERR is set, the CCIF flag cannot be cleared to launch a command. The ACCERR bit is cleared by
writing a 1 to ACCERR. Writing a 0 to the ACCERR bit has no effect on ACCERR.
0 No access error detected
1 Access error detected

4
FPVIOL

Flash Protection Violation Flag —The FPVIOL bit indicates an attempt was made to program or erase an
address in a protected area of P-Flash memory during a command write sequence. The FPVIOL bit is cleared
by writing a 1 to FPVIOL. Writing a 0 to the FPVIOL bit has no effect on FPVIOL. While FPVIOL is set, it is not
possible to launch a command or start a command write sequence.
0 No protection violation detected
1 Protection violation detected

3
MGBUSY

Memory Controller Busy Flag — The MGBUSY flag reflects the active state of the Memory Controller.
0 Memory Controller is idle
1 Memory Controller is busy executing a Flash command (CCIF = 0) or is handling internal EEE operations

2
RSVD

Reserved Bit — This bit is reserved and always reads 0.

1–0
MGSTAT[1:0]

Memory Controller Command Completion Status Flag — One or more MGSTAT flag bits are set if an error
is detected during execution of a Flash command or during the Flash reset sequence. See Section 8.4.2,
“Flash Command Description,” and Section 8.6, “Initialization” for details.

Offset Module Base + 0x0007

7 6 5 4 3 2 1 0

R
ERSERIF PGMERIF

0
EPVIOLIF ERSVIF1 ERSVIF0 DFDIF SFDIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-12. Flash Error Status Register (FERSTAT)
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rations.
8.3.2.9 P-Flash Protection Register (FPROT)

The FPROT register defines which P-Flash sectors are protected against program and erase ope

Table 8-18. FERSTAT Field Descriptions

Field Description

7
ERSERIF

EEE Erase Error Interrupt Flag — The setting of the ERSERIF flag occurs due to an error in a Flash erase
command that resulted in the erase operation not being successful during EEE operations. The ERSERIF flag
is cleared by writing a 1 to ERSERIF. Writing a 0 to the ERSERIF flag has no effect on ERSERIF. While
ERSERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will not be transferred
to the D-Flash EEE partition.
0 Erase command successfully completed on the D-Flash EEE partition
1 Erase command failed on the D-Flash EEE partition

6
PGMERIF

EEE Program Error Interrupt Flag — The setting of the PGMERIF flag occurs due to an error in a Flash
program command that resulted in the program operation not being successful during EEE operations. The
PGMERIF flag is cleared by writing a 1 to PGMERIF. Writing a 0 to the PGMERIF flag has no effect on
PGMERIF. While PGMERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will
not be transferred to the D-Flash EEE partition.
0 Program command successfully completed on the D-Flash EEE partition
1 Program command failed on the D-Flash EEE partition

4
EPVIOLIF

EEE Protection Violation Interrupt Flag —The setting of the EPVIOLIF flag indicates an attempt was made to
write to a protected area of the buffer RAM EEE partition. The EPVIOLIF flag is cleared by writing a 1 to
EPVIOLIF. Writing a 0 to the EPVIOLIF flag has no effect on EPVIOLIF. While EPVIOLIF is set, it is possible to
write to the buffer RAM EEE partition as long as the address written to is not in a protected area.
0 No EEE protection violation
1 EEE protection violation detected

3
ERSVIF1

EEE Error Interrupt 1 Flag —The setting of the ERSVIF1 flag indicates that the memory controller was unable
to change the state of a D-Flash EEE sector. The ERSVIF1 flag is cleared by writing a 1 to ERSVIF1. Writing a
0 to the ERSVIF1 flag has no effect on ERSVIF1. While ERSVIF1 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector state change error detected
1 EEE sector state change error detected

2
ERSVIF0

EEE Error Interrupt 0 Flag —The setting of the ERSVIF0 flag indicates that the memory controller was unable
to format a D-Flash EEE sector for EEE use. The ERSVIF0 flag is cleared by writing a 1 to ERSVIF0. Writing a
0 to the ERSVIF0 flag has no effect on ERSVIF0. While ERSVIF0 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector format error detected
1 EEE sector format error detected

1
DFDIF

Double Bit Fault Detect Interrupt Flag — The setting of the DFDIF flag indicates that a double bit fault was
detected in the stored parity and data bits during a Flash array read operation or that a Flash array read operation
was attempted on a Flash block that was under a Flash command operation. The DFDIF flag is cleared by writing
a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.
0 No double bit fault detected
1 Double bit fault detected or an invalid Flash array read operation attempted

0
SFDIF

Single Bit Fault Detect Interrupt Flag — With the IGNSF bit in the FCNFG register clear, the SFDIF flag
indicates that a single bit fault was detected in the stored parity and data bits during a Flash array read operation
or that a Flash array read operation was attempted on a Flash block that was under a Flash command operation.
The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on SFDIF.
0 No single bit fault detected
1 Single bit fault detected and corrected or an invalid Flash array read operation attempted
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The (unreserved) bits of the FPROT register are writable with the restriction that the size of the prot
region can only be increased (seeSection 8.3.2.9.1, ÒP-Flash Protection Restrictions,Ó and Table 8-23).

During the reset sequence, the FPROT register is loaded with the contents of the P-Flash protect
in the Flash configuration field at global address 0x7F_FF0C located in P-Flash memory (seeTable 8-3)
as indicated by reset condition ÔFÕ inFigure 8-13. To change the P-Flash protection that will be loaded
during the reset sequence, the upper sector of the P-Flash memory must be unprotected, then the
protection byte must be reprogrammed. If a double bit fault is detected while reading the P-Flash 
containing the P-Flash protection byte during the reset sequence, the FPOPEN bit will be cleared
remaining bits in the FPROT register will be set to leave the P-Flash memory fully protected.

Trying to alter data in any protected area in the P-Flash memory will result in a protection violation
and the FPVIOL bit will be set in the FSTAT register. The block erase of a P-Flash block is not po
if any of the P-Flash sectors contained in the same P-Flash block are protected.

Offset Module Base + 0x0008

7 6 5 4 3 2 1 0

R
FPOPEN

RNV6
FPHDIS FPHS[1:0] FPLDIS FPLS[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 8-13. Flash Protection Register (FPROT)

Table 8-19. FPROT Field Descriptions

Field Description

7
FPOPEN

Flash Protection Operation Enable — The FPOPEN bit determines the protection function for program or
erase operations as shown in Table 8-20 for the P-Flash block.
0 When FPOPEN is clear, the FPHDIS and FPLDIS bits define unprotected address ranges as specified by the

corresponding FPHS and FPLS bits
1 When FPOPEN is set, the FPHDIS and FPLDIS bits enable protection for the address range specified by the

corresponding FPHS and FPLS bits

6
RNV[6]

Reserved Nonvolatile Bit — The RNV bit should remain in the erased state for future enhancements.

5
FPHDIS

Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory ending with global address 0x7F_FFFF.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4–3
FPHS[1:0]

Flash Protection Higher Address Size — The FPHS bits determine the size of the protected/unprotected area
in P-Flash memory as shown inTable 8-21. The FPHS bits can only be written to while the FPHDIS bit is set.

2
FPLDIS

Flash Protection Lower Address Range Disable — The FPLDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory beginning with global address
0x7F_8000.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1–0
FPLS[1:0]

Flash Protection Lower Address Size — The FPLS bits determine the size of the protected/unprotected area
in P-Flash memory as shown in Table 8-22. The FPLS bits can only be written to while the FPLDIS bit is set.
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All possible P-Flash protection scenarios are shown inFigure 8-14. Although the protection scheme is
loaded from the Flash memory at global address 0x7F_FF0C during the reset sequence, it can be c
by the user. The P-Flash protection scheme can be used by applications requiring reprogramming in
chip mode while providing as much protection as possible if reprogramming is not required.

Table 8-20. P-Flash Protection Function

FPOPEN FPHDIS FPLDIS Function(1)

1. For range sizes, refer to Table 8-21 and Table 8-22.

1 1 1 No P-Flash Protection

1 1 0 Protected Low Range

1 0 1 Protected High Range

1 0 0 Protected High and Low Ranges

0 1 1 Full P-Flash Memory Protected

0 1 0 Unprotected Low Range

0 0 1 Unprotected High Range

0 0 0 Unprotected High and Low Ranges

Table 8-21. P-Flash Protection Higher Address Range

FPHS[1:0]  Global Address Range Protected Size

00 0x7F_F800–0x7F_FFFF 2 Kbytes

01 0x7F_F000–0x7F_FFFF 4 Kbytes

10 0x7F_E000–0x7F_FFFF 8 Kbytes

11 0x7F_C000–0x7F_FFFF 16 Kbytes

Table 8-22. P-Flash Protection Lower Address Range

FPLS[1:0] Global Address Range Protected Size

00 0x7F_8000–0x7F_83FF 1 Kbyte

01 0x7F_8000–0x7F_87FF 2 Kbytes

10 0x7F_8000–0x7F_8FFF 4 Kbytes

11 0x7F_8000–0x7F_9FFF 8 Kbytes
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Figure 8-14. P-Flash Protection Scenarios
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8.3.2.9.1 P-Flash Protection Restrictions

The general guideline is that P-Flash protection can only be added and not removed.Table 8-23specifies
all valid transitions between P-Flash protection scenarios. Any attempt to write an invalid scenario
FPROT register will be ignored. The contents of the FPROT register reflect the active protection sce
See the FPHS and FPLS bit descriptions for additional restrictions.

8.3.2.10 EEE Protection Register (EPROT)

The EPROT register deÞnes which buffer RAM EEE partition areas are protected against writes.

All bits in the EPROT register are readable and writable except for RNV[6:4] which are only readable
EPOPEN and EPDIS bits can only be written to the protected state. The EPS bits can be written an
until the EPDIS bit is cleared. If the EPOPEN bit is cleared, the state of the EPDIS and EPS bits i
irrelevant.

During the reset sequence, the EPROT register is loaded from the EEE protection byte in the Flas
configuration field at global address 0x7F_FF0D located in P-Flash memory (seeTable 8-3) as indicated
by reset condition F inFigure 8-15. To change the EEE protection that will be loaded during the rese
sequence, the P-Flash sector containing the EEE protection byte must be unprotected, then the E
protection byte must be programmed. If a double bit fault is detected while reading the P-Flash ph

Table 8-23. P-Flash Protection Scenario Transitions

From
Protection
Scenario

To Protection Scenario(1)

1. Allowed transitions marked with X, see Figure 8-14 for a definition of the scenarios.

0 1 2 3 4 5 6 7

0 X X X X

1 X X

2 X X

3 X

4 X X

5 X X X X

6 X X X X

7 X X X X X X X X

Offset Module Base + 0x0009

7 6 5 4 3 2 1 0

R
EPOPEN

RNV[6:4]
EPDIS EPS[2:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 8-15. EEE Protection Register (EPROT)
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containing the EEE protection byte during the reset sequence, the EPOPEN bit will be cleared an
remaining bits in the EPROT register will be set to leave the buffer RAM EEE partition fully protec

Trying to write data to any protected area in the buffer RAM EEE partition will result in a protection
violation error and the EPVIOLIF ßag will be set in the FERSTAT register. Trying to write data to a
protected area in the buffer RAM partitioned for user access will not be prevented and the EPVIOLIF
in the FERSTAT register will not set.

8.3.2.11 Flash Common Command Object Register (FCCOB)

The FCCOB is an array of six words addressed via the CCOBIX index found in the FCCOBIX reg
Byte wide reads and writes are allowed to the FCCOB register.

Table 8-24. EPROT Field Descriptions

Field Description

7
EPOPEN

Enables writes to the Buffer RAM partitioned for EEE
0 The entire buffer RAM EEE partition is protected from writes
1 Unprotected buffer RAM EEE partition areas are enabled for writes

6–4
RNV[6:4]

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements

3
EPDIS

Buffer RAM Protection Address Range Disable — The EPDIS bit determines whether there is a protected
area in a specific region of the buffer RAM EEE partition.
0 Protection enabled
1 Protection disabled

2–0
EPS[2:0]

Buffer RAM Protection Size — The EPS[2:0] bits determine the size of the protected area in the buffer RAM
EEE partition as shown inTable 8-21. The EPS bits can only be written to while the EPDIS bit is set.

Table 8-25. Buffer RAM EEE Partition Protection Address Range

EPS[2:0]  Global Address Range Protected Size

000 0x13_FFC0 – 0x13_FFFF 64 bytes

001 0x13_FF80 – 0x13_FFFF 128 bytes

010 0x13_FF40 – 0x13_FFFF 192 bytes

011 0x13_FF00 – 0x13_FFFF 256 bytes

100 0x13_FEC0 – 0x13_FFFF 320 bytes

101 0x13_FE80 – 0x13_FFFF 384 bytes

110 0x13_FE40 – 0x13_FFFF 448 bytes

111 0x13_FE00 – 0x13_FFFF 512 bytes
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8.3.2.11.1 FCCOB - NVM Command Mode

NVM command mode uses the indexed FCCOB register to provide a command code and its relev
parameters to the Memory Controller. The user first sets up all required FCCOB fields and then in
the commandÕs execution by writing a 1 to the CCIF bit in the FSTAT register (a 1 written by the
clears the CCIF command completion flag to 0). When the user clears the CCIF bit in the FSTAT re
all FCCOB parameter fields are locked and cannot be changed by the user until the command co
(as evidenced by the Memory Controller returning CCIF to 1). Some commands return information
FCCOB register array.

The generic format for the FCCOB parameter fields in NVM command mode is shown inTable 8-26. The
return values are available for reading after the CCIF flag in the FSTAT register has been returned t
the Memory Controller. Writes to the unimplemented parameter fields (CCOBIX = 110 and CCOB
111) are ignored with reads from these fields returning 0x0000.

Table 8-26shows the generic Flash command format. The high byte of the first word in the CCOB a
contains the command code, followed by the parameters for this specific Flash command. For de
the FCCOB settings required by each command, see the Flash command descriptions inSection 8.4.2.

Offset Module Base + 0x000A

7 6 5 4 3 2 1 0

R
CCOB[15:8]

W

Reset 0 0 0 0 0 0 0 0

Figure 8-16. Flash Common Command Object High Register (FCCOBHI)

Offset Module Base + 0x000B

7 6 5 4 3 2 1 0

R
CCOB[7:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 8-17. Flash Common Command Object Low Register (FCCOBLO)

Table 8-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)

000
HI FCMD[7:0] defining Flash command

LO 0, Global address [22:16]

001
HI Global address [15:8]

LO Global address [7:0]

010
HI Data 0 [15:8]

LO Data 0 [7:0]
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8.3.2.12 EEE Tag Counter Register (ETAG)

The ETAG register contains the number of outstanding words in the buffer RAM EEE partition that
to be programmed into the D-Flash EEE partition. The ETAG register is decremented prior to the re
tagged word being programmed into the D-Flash EEE partition. All tagged words have been progra
into the D-Flash EEE partition once all bits in the ETAG register read 0 and the MGBUSY flag in t
FSTAT register reads 0.

All ETAG bits are readable but not writable and are cleared by the Memory Controller.

8.3.2.13 Flash ECC Error Results Register (FECCR)

The FECCR registers contain the result of a detected ECC fault for both single bit and double bit 
The FECCR register provides access to several ECC related fields as defined by the ECCRIX ind
in the FECCRIX register (seeSection 8.3.2.4). Once ECC fault information has been stored, no other fa

011
HI Data 1 [15:8]

LO Data 1 [7:0]

100
HI Data 2 [15:8]

LO Data 2 [7:0]

101
HI Data 3 [15:8]

LO Data 3 [7:0]

Offset Module Base + 0x000C

7 6 5 4 3 2 1 0

R ETAG[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-18. EEE Tag Counter High Register (ETAGHI)

Offset Module Base + 0x000D

7 6 5 4 3 2 1 0

R ETAG[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-19. EEE Tag Counter Low Register (ETAGLO)

Table 8-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)
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information will be recorded until the specific ECC fault flag has been cleared. In the event of
simultaneous ECC faults, the priority for fault recording is:

1. Double bit fault over single bit fault
2. CPU over XGATE

All FECCR bits are readable but not writable.

Offset Module Base + 0x000E

7 6 5 4 3 2 1 0

R ECCR[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-20. Flash ECC Error Results High Register (FECCRHI)

Offset Module Base + 0x000F

7 6 5 4 3 2 1 0

R ECCR[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-21. Flash ECC Error Results Low Register (FECCRLO)

Table 8-27. FECCR Index Settings

ECCRIX[2:0] FECCR Register Content

Bits [15:8] Bit[7] Bits[6:0]

000
Parity bits read from

Flash block
CPU or XGATE
source identity

Global address
[22:16]

001 Global address [15:0]

010 Data 0 [15:0]

011 Data 1 [15:0] (P-Flash only)

100 Data 2 [15:0] (P-Flash only)

101 Data 3 [15:0] (P-Flash only)

110 Not used, returns 0x0000 when read

111 Not used, returns 0x0000 when read
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The P-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. T
following four words addressed by ECCRIX = 010 to 101 contain the 64-bit wide data phrase. The
data words and the parity byte are the uncorrected data read from the P-Flash block.

The D-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. 
uncorrected 16-bit data word is addressed by ECCRIX = 010.

8.3.2.14 Flash Option Register (FOPT)

The FOPT register is the Flash option register.

All bits in the FOPT register are readable but are not writable.

During the reset sequence, the FOPT register is loaded from the Flash nonvolatile byte in the Flas
configuration field at global address 0x7F_FF0E located in P-Flash memory (seeTable 8-3) as indicated
by reset condition F inFigure 8-22. If a double bit fault is detected while reading the P-Flash phrase
containing the Flash nonvolatile byte during the reset sequence, all bits in the FOPT register will b

8.3.2.15 Flash Reserved0 Register (FRSV0)

This Flash register is reserved for factory testing.

Table 8-28. FECCR Index=000 Bit Descriptions

Field Description

15:8
PAR[7:0]

ECC Parity Bits — Contains the 8 parity bits from the 72 bit wide P-Flash data word or the 6 parity bits,
allocated to PAR[5:0], from the 22 bit wide D-Flash word with PAR[7:6]=00.

7
XBUS01

Bus Source Identifier — The XBUS01 bit determines whether the ECC error was caused by a read access
from the CPU or XGATE.
0 ECC Error happened on the CPU access
1 ECC Error happened on the XGATE access

6–0
GADDR[22:16]

Global Address — The GADDR[22:16] field contains the upper seven bits of the global address having
caused the error.

Offset Module Base + 0x0010

7 6 5 4 3 2 1 0

R NV[7:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 8-22. Flash Option Register (FOPT)

Table 8-29. FOPT Field Descriptions

Field Description

7–0
NV[7:0]

Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the device user guide for proper
use of the NV bits.
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8.4 Functional Description

8.4.1 Flash Command Operations

Flash command operations are used to modify Flash memory contents or conÞgure module resou
EEE operation.

The next sections describe:

¥ How to write the FCLKDIV register that is used to generate a time base (FCLK) derived fro
OSCCLK for Flash program and erase command operations

¥ The command write sequence used to set Flash command parameters and launch execut
¥ Valid Flash commands available for execution

8.4.1.1 Writing the FCLKDIV Register

Prior to issuing any Flash program or erase command after a reset, the user is required to write th
FCLKDIV register to divide OSCCLK down to a target FCLK of 1 MHz.Table 8-9shows recommended
values for the FDIV Þeld based on OSCCLK frequency.

NOTE
Programming or erasing the Flash memory cannot be performed if the bus
clock runs at less than 1 MHz. Setting FDIV too high can destroy the Flash
memory due to overstress. Setting FDIV too low can result in incomplete
programming or erasure of the Flash memory cells.

When the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, th
FCLKDIV register has not been written since the last reset. If the FCLKDIV register has not been wr
any Flash program or erase command loaded during a command write sequence will not execute a
ACCERR bit in the FSTAT register will set.

8.4.1.2 Command Write Sequence

The Memory Controller will launch all valid Flash commands entered using a command write sequ

Before launching a command, the ACCERR and FPVIOL bits in the FSTAT register must be clea
Section 8.3.2.7) and the CCIF flag should be tested to determine the status of the current command
sequence. If CCIF is 0, the previous command write sequence is still active, a new command writ
sequence cannot be started, and all writes to the FCCOB register are ignored.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.
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Figure 8-26. Generic Flash Command Write Sequence Flowchart
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8.4.1.3 Valid Flash Module Commands

Table 8-30. Flash Commands by Mode

FCMD Command

Unsecured Secured

NS
(1)

1. Unsecured Normal Single Chip mode.

NX
(2)

2. Unsecured Normal Expanded mode.

SS(3)

3. Unsecured Special Single Chip mode.

ST(4)

4. Unsecured Special Mode.

NS
(5)

5. Secured Normal Single Chip mode.

NX
(6)

6. Secured Normal Expanded mode.

SS(7)

7. Secured Special Single Chip mode.

ST(8)

8. Secured Special Mode.

0x01 Erase Verify All Blocks � � � � � � � �

0x02 Erase Verify Block � � � � � � � �

0x03 Erase Verify P-Flash Section � � � � �

0x04 Read Once � � � � �

0x05 Reserved � � � � �

0x06 Program P-Flash � � � � �

0x07 Program Once � � � � �

0x08 Erase All Blocks � � � �

0x09 Erase P-Flash Block � � � � �

0x0A Erase P-Flash Sector � � � � �

0x0B Unsecure Flash � � � �

0x0C Verify Backdoor Access Key � �

0x0D Set User Margin Level � � � � �

0x0E Set Field Margin Level � �

0x0F Full Partition D-Flash � �

0x10 Erase Verify D-Flash Section � � � � �

0x11 Program D-Flash � � � � �

0x12 Erase D-Flash Sector � � � � �

0x13 Enable EEPROM Emulation � � � � � � � �

0x14 Disable EEPROM Emulation � � � � � � � �

0x15 EEPROM Emulation Query � � � � � � � �

0x20 Partition D-Flash � � � � � � � �
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8.4.1.4 P-Flash Commands

Table 8-31 summarizes the valid P-Flash commands along with the effects of the commands on th
Flash block and other resources within the Flash module.

8.4.1.5 D-Flash and EEE Commands

Table 8-32summarizes the valid D-Flash and EEE commands along with the effects of the comman
the D-Flash block and EEE operation.

Table 8-31. P-Flash Commands

FCMD Command Function on P-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all P-Flash (and D-Flash) blocks are erased.

0x02 Erase Verify Block Verify that a P-Flash block is erased.

0x03
Erase Verify P-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x04 Read Once
Read a dedicated 64 byte field in the nonvolatile information register in P-Flash block 0
that was previously programmed using the Program Once command.

0x06 Program P-Flash Program a phrase in a P-Flash block.

0x07 Program Once
Program a dedicated 64 byte field in the nonvolatile information register in P-Flash block
0 that is allowed to be programmed only once.

0x08 Erase All Blocks

Erase all P-Flash (and D-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.

0x09
Erase P-Flash

Block

Erase a single P-Flash block.
An erase of the full P-Flash block is only possible when FPLDIS, FPHDIS and FPOPEN
bits in the FPROT register are set prior to launching the command.

0x0A
Erase P-Flash

Sector
Erase all bytes in a P-Flash sector.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all P-Flash (and D-Flash) blocks
and verifying that all P-Flash (and D-Flash) blocks are erased.

0x0C
Verify Backdoor

Access Key
Supports a method of releasing MCU security by verifying a set of security keys.

0x0D
Set User Margin

Level
Specifies a user margin read level for all P-Flash blocks.

0x0E
Set Field Margin

Level
Specifies a field margin read level for all P-Flash blocks (special modes only).

Table 8-32. D-Flash Commands

FCMD Command Function on D-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all D-Flash (and P-Flash) blocks are erased.

0x02 Erase Verify Block Verify that the D-Flash block is erased.

0x08 Erase All Blocks

Erase all D-Flash (and P-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.
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8.4.2 Flash Command Description

This section provides details of all available Flash commands launched by a command write sequen
ACCERR bit in the FSTAT register will be set during the command write sequence if any of the follow
illegal steps are performed, causing the command not to be processed by the Memory Controller:

¥ Starting any command write sequence that programs or erases Flash memory before initializ
FCLKDIV register

¥ Writing an invalid command as part of the command write sequence
¥ For additional possible errors, refer to the error handling table provided for each command

If a Flash block is read during execution of an algorithm (CCIF = 0) on that same block, the read ope
will return invalid data. If the SFDIF or DFDIF flags were not previously set when the invalid read
operation occurred, both the SFDIF and DFDIF flags will be set and the FECCR registers will be lo
with the global address used in the invalid read operation with the data and parity fields set to all 0

If the ACCERR or FPVIOL bits are set in the FSTAT register, the user must clear these bits before st
any command write sequence (seeSection 8.3.2.7).

CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all D-Flash (and P-Flash) blocks
and verifying that all D-Flash (and P-Flash) blocks are erased.

0x0D
Set User Margin

Level
Specifies a user margin read level for the D-Flash block.

0x0E
Set Field Margin

Level
Specifies a field margin read level for the D-Flash block (special modes only).

0x0F
Full Partition D-

Flash
Erase the D-Flash block and partition an area of the D-Flash block for user access.

0x10
Erase Verify D-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x11 Program D-Flash Program up to four words in the D-Flash block.

0x12
Erase D-Flash

Sector
Erase all bytes in a sector of the D-Flash block.

0x13
Enable EEPROM

Emulation
Enable EEPROM emulation where writes to the buffer RAM EEE partition will be copied
to the D-Flash EEE partition.

0x14
Disable EEPROM

Emulation
Suspend all current erase and program activity related to EEPROM emulation but leave
current EEE tags set.

0x15
EEPROM

Emulation Query
Returns EEE partition and status variables.

0x20 Partition D-Flash Partition an area of the D-Flash block for user access.

Table 8-32. D-Flash Commands

FCMD Command Function on D-Flash Memory
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8.4.2.1 Erase Verify All Blocks Command

The Erase Verify All Blocks command will verify that all P-Flash and D-Flash blocks have been er

Upon clearing CCIF to launch the Erase Verify All Blocks command, the Memory Controller will ver
that the entire Flash memory space is erased. The CCIF ßag will set after the Erase Verify All Blo
operation has completed.

8.4.2.2 Erase Verify Block Command

The Erase Verify Block command allows the user to verify that an entire P-Flash or D-Flash block has
erased. The FCCOB upper global address bits determine which block must be veriÞed.

Upon clearing CCIF to launch the Erase Verify Block command, the Memory Controller will verify 
the selected P-Flash or D-Flash block is erased. The CCIF ßag will set after the Erase Verify Bloc
operation has completed.

Table 8-33. Erase Verify All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x01 Not required

Table 8-34. Erase Verify All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR Set if CCOBIX[2:0] != 000 at command launch

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(1)

1. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read1

FERSTAT EPVIOLIF None

Table 8-35. Erase Verify Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x02
Global address [22:16] of the

Flash block to be verified.
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8.4.2.3 Erase Verify P-Flash Section Command

The Erase Verify P-Flash Section command will verify that a section of code in the P-Flash memo
erased. The Erase Verify P-Flash Section command defines the starting point of the code to be verifi
the number of phrases.

Upon clearing CCIF to launch the Erase Verify P-Flash Section command, the Memory Controller
verify the selected section of Flash memory is erased. The CCIF ßag will set after the Erase Verify P
Section operation has completed.

Table 8-36. Erase Verify Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(2)

2. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read2

FERSTAT EPVIOLIF None

Table 8-37. Erase Verify P-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x03
Global address [22:16] of

a P-Flash block

001 Global address [15:0] of the first phrase to be verified

010 Number of phrases to be verified

Table 8-38. Erase Verify P-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:0] is supplied(1)

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if the requested section crosses a 256 Kbyte boundary

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(2)

MGSTAT0 Set if any non-correctable errors have been encountered during the read2

FERSTAT EPVIOLIF None
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8.4.2.4 Read Once Command

The Read Once command provides read access to a reserved 64 byte field (8 phrases) located in
nonvolatile information register of P-Flash block 0. The Read Once field is programmed using the
Program Once command described inSection 8.4.2.6. The Read Once command must not be execute
from the Flash block containing the Program Once reserved field to avoid code runaway.

Upon clearing CCIF to launch the Read Once command, a Read Once phrase is fetched and store
FCCOB indexed register. The CCIF ßag will set after the Read Once operation has completed. Va
phrase index values for the Read Once command range from 0x0000 to 0x0007. During execution
Read Once command, any attempt to read addresses within P-Flash block 0 will return invalid da

128

8.4.2.5 Program P-Flash Command

The Program P-Flash operation will program a previously erased phrase in the P-Flash memory us
embedded algorithm.

1. As defined by the memory map for FTM512K3.
2. As found in the memory map for FTM512K3.

Table 8-39. Read Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x04 Not Required

001 Read Once phrase index (0x0000 - 0x0007)

010 Read Once word 0 value

011 Read Once word 1 value

100 Read Once word 2 value

101 Read Once word 3 value

Table 8-40. Read Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid phrase index is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None
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CAUTION
A P-Flash phrase must be in the erased state before being programmed.
Cumulative programming of bits within a Flash phrase is not allowed.

Upon clearing CCIF to launch the Program P-Flash command, the Memory Controller will program
data words to the supplied global address and will then proceed to verify the data words read bac
expected. The CCIF ßag will set after the Program P-Flash operation has completed.

8.4.2.6 Program Once Command

The Program Once command restricts programming to a reserved 64 byte field (8 phrases) in the
nonvolatile information register located in P-Flash block 0. The Program Once reserved field can b
using the Read Once command as described inSection 8.4.2.4. The Program Once command must only
be issued once since the nonvolatile information register in P-Flash block 0 cannot be erased. The P

Table 8-41. Program P-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x06
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] of phrase location to be programmed(1)

1. Global address [2:0] must be 000

010 Word 0 program value

011 Word 1 program value

100 Word 2 program value

101 Word 3 program value

Table 8-42. Program P-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:0] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the global address [22:0] points to a protected area

MGSTAT1 Set if any errors have been encountered during the verify operation(2)

2. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation2

FERSTAT EPVIOLIF None
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Once command must not be executed from the Flash block containing the Program Once reserved
avoid code runaway.

Upon clearing CCIF to launch the Program Once command, the Memory Controller Þrst veriÞes th
selected phrase is erased. If erased, then the selected phrase will be programmed and then veriÞ
read back. The CCIF ßag will remain clear, setting only after the Program Once operation has com

The reserved nonvolatile information register accessed by the Program Once command cannot be
and any attempt to program one of these phrases a second time will not be allowed. Valid phrase
values for the Program Once command range from 0x0000 to 0x0007. During execution of the Pr
Once command, any attempt to read addresses within P-Flash block 0 will return invalid data.

8.4.2.7 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and D-Flash memory space including th
nonvolatile information register.

Table 8-43. Program Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x07 Not Required

001 Program Once phrase index (0x0000 - 0x0007)

010 Program Once word 0 value

011 Program Once word 1 value

100 Program Once word 2 value

101 Program Once word 3 value

Table 8-44. Program Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid phrase index is supplied

Set if the requested phrase has already been programmed(1)

1. If a Program Once phrase is initially programmed to 0xFFFF_FFFF_FFFF_FFFF, the Program Once command will
be allowed to execute again on that same phrase.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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Upon clearing CCIF to launch the Erase All Blocks command, the Memory Controller will erase the e
Flash memory space and verify that it is erased. If the Memory Controller veriÞes that the entire F
memory space was properly erased, security will be released. During the execution of this comma
(CCIF=0) the user must not write to any Flash module register. The CCIF ßag will set after the Eras
Blocks operation has completed.

8.4.2.8 Erase P-Flash Block Command

The Erase P-Flash Block operation will erase all addresses in a P-Flash block.

Upon clearing CCIF to launch the Erase P-Flash Block command, the Memory Controller will eras
selected P-Flash block and verify that it is erased. The CCIF ßag will set after the Erase P-Flash B
operation has completed.

Table 8-45. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required

Table 8-46. Erase All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if command not available in current mode (see Table 8-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(1)

1. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation1

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 8-47. Erase P-Flash Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x09
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] in P-Flash block to be erased
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8.4.2.9 Erase P-Flash Sector Command

The Erase P-Flash Sector operation will erase all addresses in a P-Flash sector.

Upon clearing CCIF to launch the Erase P-Flash Sector command, the Memory Controller will era
selected Flash sector and then verify that it is erased. The CCIF ßag will be set after the Erase P-
Sector operation has completed.

Table 8-48. Erase P-Flash Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

FPVIOL Set if an area of the selected P-Flash block is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(2)

2. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation2

FERSTAT EPVIOLIF None

Table 8-49. Erase P-Flash Sector Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0A
Global address [22:16] to identify

P-Flash block to be erased

001
Global address [15:0] anywhere within the sector to be erased.

Refer to Section 8.1.2.1 for the P-Flash sector size.

Table 8-50. Erase P-Flash Sector Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the selected P-Flash sector is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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8.4.2.10 Unsecure Flash Command

The Unsecure Flash command will erase the entire P-Flash and D-Flash memory space and, if the
successful, will release security.

Upon clearing CCIF to launch the Unsecure Flash command, the Memory Controller will erase the
P-Flash and D-Flash memory space and verify that it is erased. If the Memory Controller veriÞes th
entire Flash memory space was properly erased, security will be released. If the erase verify is no
successful, the Unsecure Flash operation sets MGSTAT1 and terminates without changing the se
state. During the execution of this command (CCIF=0) the user must not write to any Flash modu
register. The CCIF ßag is set after the Unsecure Flash operation has completed.

8.4.2.11 Verify Backdoor Access Key Command

The Verify Backdoor Access Key command will only execute if it is enabled by the KEYEN bits in 
FSEC register (seeTable 8-11). The Verify Backdoor Access Key command releases security if user
supplied keys match those stored in the Flash security bytes of the Flash configuration field (seeTable 8-
3). The Verify Backdoor Access Key command must not be executed from the Flash block containin
backdoor comparison key to avoid code runaway.

Table 8-51. Unsecure Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0B Not required

Table 8-52. Unsecure Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if command not available in current mode (see Table 8-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(1)

1. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation1

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 8-53. Verify Backdoor Access Key Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0C Not required

001 Key 0

010 Key 1
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Upon clearing CCIF to launch the Verify Backdoor Access Key command, the Memory Controller 
check the FSEC KEYEN bits to verify that this command is enabled. If not enabled, the Memory
Controller sets the ACCERR bit in the FSTAT register and terminates. If the command is enabled
Memory Controller compares the key provided in FCCOB to the backdoor comparison key in the F
conÞguration Þeld with Key 0 compared to 0x7F_FF00, etc. If the backdoor keys match, security w
released. If the backdoor keys do not match, security is not released and all future attempts to exec
Verify Backdoor Access Key command are aborted (set ACCERR) until a reset occurs. The CCIF f
set after the Verify Backdoor Access Key operation has completed.

8.4.2.12 Set User Margin Level Command

The Set User Margin Level command causes the Memory Controller to set the margin level for future
operations of a specific P-Flash or D-Flash block.

Upon clearing CCIF to launch the Set User Margin Level command, the Memory Controller will se
user margin level for the targeted block and then set the CCIF ßag.

011 Key 2

100 Key 3

Table 8-54. Verify Backdoor Access Key Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 100 at command launch

Set if an incorrect backdoor key is supplied

Set if backdoor key access has not been enabled (KEYEN[1:0] != 10, see
Section 8.3.2.2)

Set if the backdoor key has mismatched since the last reset

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 8-55. Set User Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0D
Global address [22:16] to identify the

Flash block

001 Margin level setting

Table 8-53. Verify Backdoor Access Key Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters
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Valid margin level settings for the Set User Margin Level command are deÞned inTable 8-56.

NOTE
User margin levels can be used to check that Flash memory contents have
adequate margin for normal level read operations. If unexpected results are
encountered when checking Flash memory contents at user margin levels, a
potential loss of information has been detected.

8.4.2.13 Set Field Margin Level Command

The Set Field Margin Level command, valid in special modes only, causes the Memory Controller
the margin level specified for future read operations of a specific P-Flash or D-Flash block.

Table 8-56. Valid Set User Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)

1. Read margin to the erased state
0x0002 User Margin-0 Level(2)

2. Read margin to the programmed state

Table 8-57. Set User Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 8-58.  Set Field Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0E
Global address [22:16] to identify the Flash

block

001 Margin level setting
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Upon clearing CCIF to launch the Set Field Margin Level command, the Memory Controller will se
Þeld margin level for the targeted block and then set the CCIF ßag.

Valid margin level settings for the Set Field Margin Level command are deÞned inTable 8-59.

CAUTION
Field margin levels must only be used during verify of the initial factory
programming.

NOTE
Field margin levels can be used to check that Flash memory contents have
adequate margin for data retention at the normal level setting. If unexpected
results are encountered when checking Flash memory contents at Þeld
margin levels, the Flash memory contents should be erased and
reprogrammed.

Table 8-59. Valid Set Field Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)

1. Read margin to the erased state

0x0002 User Margin-0 Level(2)

2. Read margin to the programmed state

0x0003 Field Margin-1 Level1

0x0004 Field Margin-0 Level2

Table 8-60. Set Field Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None
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8.4.2.14 Full Partition D-Flash Command

The Full Partition D-Flash command allows the user to allocate sectors within the D-Flash block fo
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consis
128 sectors with 256 bytes per sector.

Upon clearing CCIF to launch the Full Partition D-Flash command, the following actions are taken
deÞne a partition within the D-Flash block for direct access (DFPART) and a partition within the bu
RAM for EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 8 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 8-7)
¥ Program a duplicate DFPART to the EEE nonvolatile information register at global address

0x12_0002 (seeTable 8-7)
¥ Program ERPART to the EEE nonvolatile information register at global address 0x12_0004

Table 8-7)
¥ Program a duplicate ERPART to the EEE nonvolatile information register at global address

0x12_0006 (seeTable 8-7)

The D-Flash user partition will start at global address 0x10_0000. The buffer RAM EEE partition will
at global address 0x13_FFFF. After the Full Partition D-Flash operation has completed, the CCIF ßa
set.

Running the Full Partition D-Flash command a second time will result in the previous partition value
the entire D-Flash memory being erased. The data value written corresponds to the number of 25
sectors allocated for either direct D-Flash access (DFPART) or buffer RAM EEE access (ERPART

Table 8-61. Full Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0F Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
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8.4.2.15 Erase Verify D-Flash Section Command

The Erase Verify D-Flash Section command will verify that a section of code in the D-Flash user par
is erased. The Erase Verify D-Flash Section command defines the starting point of the data to be v
and the number of words.

Upon clearing CCIF to launch the Erase Verify D-Flash Section command, the Memory Controller
verify the selected section of D-Flash memory is erased. The CCIF ßag will set after the Erase Ve
Flash Section operation has completed.

Table 8-62. Full Partition D-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid DFPART or ERPART selection is supplied(1)

1. As defined by the maximum ERPART for FTM512K3.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 8-63. Erase Verify D-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x10
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of the first word to be verified

010 Number of words to be verified
MC9S12XF - Family Reference Manual, Rev.1.20
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8.4.2.16 Program D-Flash Command

The Program D-Flash operation programs one to four previously erased words in the D-Flash use
partition. The Program D-Flash operation will confirm that the targeted location(s) were successfu
programmed upon completion.

CAUTION
A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

Upon clearing CCIF to launch the Program D-Flash command, the user-supplied words will be trans
to the Memory Controller and be programmed. The CCOBIX index value at Program D-Flash comm
launch determines how many words will be programmed in the D-Flash block. No protection chec
made in the Program D-Flash operation on the D-Flash block, only access error checks. The CCIF
set when the operation has completed.

Table 8-64. Erase Verify D-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 8-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned word address is supplied (global address [0] != 0)

Set if the global address [22:0] points to an area of the D-Flash EEE partition

Set if the requested section breaches the end of the D-Flash block or goes into
the D-Flash EEE partition

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 8-65. Program D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x11
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of word to be programmed

010 Word 0 program value

011 Word 1 program value, if desired

100 Word 2 program value, if desired

101 Word 3 program value, if desired
MC9S12XF - Family Reference Manual, Rev.1.20
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8.4.2.19 Disable EEPROM Emulation Command

The Disable EEPROM Emulation command causes the Memory Controller to suspend current EE
activity.

Upon clearing CCIF to launch the Disable EEPROM Emulation command, the Memory Controller
halt EEE operations at the next convenient point without clearing the EEE tag RAM or tag counter b
setting the CCIF ßag.

8.4.2.20 EEPROM Emulation Query Command

The EEPROM Emulation Query command returns EEE partition and status variables.

Upon clearing CCIF to launch the EEPROM Emulation Query command, the CCIF ßag will set afte
EEE partition and status variables are stored in the FCCOBIX register.If the Emulation Query com
is executed prior to partitioning (Partition D-Flash CommandSection 8.4.2.14), the following reset values
are returned: DFPART = 0x_FFFF, ERPART = 0x_FFFF, ECOUNT = 0x_FFFF, Dead Sector Cou
0x_00, Ready Sector Count = 0x_00.

Table 8-71. Disable EEPROM Emulation Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x14 Not required

Table 8-72. Disable EEPROM Emulation Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if Full Partition D-Flash or Partition D-Flash command not previously run

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 8-73. EEPROM Emulation Query Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x15 Not required

001 Return DFPART

010 Return ERPART

011 Return ECOUNT(1)

1. Indicates sector erase count
100 Return Dead Sector Count Return Ready Sector Count
MC9S12XF - Family Reference Manual, Rev.1.20
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8.4.2.21 Partition D-Flash Command

The Partition D-Flash command allows the user to allocate sectors within the D-Flash block for
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consists
sectors with 256 bytes per sector. The Erase All Blocks command must be run prior to launching 
Partition D-Flash command.

Upon clearing CCIF to launch the Partition D-Flash command, the following actions are taken to de
partition within the D-Flash block for direct access (DFPART) and a partition within the buffer RAM
EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 8 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase verify the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 8-7)
¥ Program a duplicate DFPART to the EEE nonvolatile information register at global address

0x12_0002 (seeTable 8-7)

Table 8-74. EEPROM Emulation Query Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if command not available in current mode (see Table 8-30)

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 8-75. Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x20 Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
MC9S12XF - Family Reference Manual, Rev.1.20
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8.4.3 Interrupts

The Flash module can generate an interrupt when a Flash command operation has completed or 
Flash command operation has detected an EEE error or an ECC fault.

NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

8.4.3.1 Description of Flash Interrupt Operation

The Flash module uses the CCIF ßag in combination with the CCIE interrupt enable bit to genera
Flash command interrupt request. The Flash module uses the ERSEIF, PGMEIF, EPVIOLIF, ERS
ERSVIF0, DFDIF and SFDIF ßags in combination with the ERSEIE, PGMEIE, EPVIOLIE, ERSVI
ERSVIE0, DFDIE and SFDIE interrupt enable bits to generate the Flash error interrupt request. F
detailed description of the register bits involved, refer toSection 8.3.2.5, ÒFlash Configuration Registe
(FCNFG)Ó,Section 8.3.2.6, ÒFlash Error Configuration Register (FERCNFG)Ó,Section 8.3.2.7, ÒFlash
Status Register (FSTAT)Ó, andSection 8.3.2.8, ÒFlash Error Status Register (FERSTAT)Ó.

The logic used for generating the Flash module interrupts is shown inFigure 8-27.

Table 8-77. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable
Global (CCR)

Mask

Flash Command Complete CCIF
(FSTAT register)

CCIE
(FCNFG register)

I Bit

Flash EEE Erase Error ERSERIF
(FERSTAT register)

ERSERIE
(FERCNFG register)

I Bit

Flash EEE Program Error PGMERIF
(FERSTAT register)

PGMERIE
(FERCNFG register)

I Bit

Flash EEE Protection Violation EPVIOLIF
(FERSTAT register)

EPVIOLIE
(FERCNFG register)

I Bit

Flash EEE Error Type 1 Violation ERSVIF1
(FERSTAT register)

ERSVIE1
(FERCNFG register)

I Bit

Flash EEE Error Type 0 Violation ERSVIF0
(FERSTAT register)

ERSVIE0
(FERCNFG register)

I Bit

ECC Double Bit Fault on Flash Read DFDIF
(FERSTAT register)

DFDIE
(FERCNFG register)

I Bit

ECC Single Bit Fault on Flash Read SFDIF
(FERSTAT register)

SFDIE
(FERCNFG register)

I Bit
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 8-27. Flash Module Interrupts Implementation

8.4.4 Wait Mode

The Flash module is not affected if the MCU enters wait mode. The Flash module can recover the
from wait via the CCIF interrupt (seeSection 8.4.3, ÒInterruptsÓ).

8.4.5 Stop Mode

If a Flash command is active (CCIF = 0) or an EE-Emulation operation is pending when the MCU req
stop mode, the current Flash operation will be completed before the CPU is allowed to enter stop

8.5 Security
The Flash module provides security information to the MCU. The Flash security state is deÞned b
SEC bits of the FSEC register (seeTable 8-12). During reset, the Flash module initializes the FSEC
register using data read from the security byte of the Flash conÞguration Þeld at global address
0x7F_FF0F.

Flash Error Interrupt Request

CCIF
CCIE

EPVIOLIF
EPVIOLIE

ERSVIF1
ERSVIE1

ERSVIF0
ERSVIE0

PGMERIF
PGMERIE

ERSERIF
ERSERIE

Flash Command Interrupt Request

DFDIF
DFDIE

SFDIF
SFDIE
MC9S12XF - Family Reference Manual, Rev.1.20
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The security state out of reset can be permanently changed by programming the security byte of the
conÞguration Þeld. This assumes that you are starting from a mode where the necessary P-Flash e
program commands are available and that the upper region of the P-Flash is unprotected. If the F
security byte is successfully programmed, its new value will take affect after the next MCU reset.

The following subsections describe these security-related subjects:

¥ Unsecuring the MCU using Backdoor Key Access
¥ Unsecuring the MCU in Special Single Chip Mode using BDM
¥ Mode and Security Effects on Flash Command Availability

8.5.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge
contents of the backdoor keys (four 16-bit words programmed at addresses 0x7F_FF00Ð0x7F_F
the KEYEN[1:0] bits are in the enabled state (seeSection 8.3.2.2), the Verify Backdoor Access Key
command (seeSection 8.4.2.11) allows the user to present four prospective keys for comparison to t
keys stored in the Flash memory via the Memory Controller. If the keys presented in the Verify Back
Access Key command match the backdoor keys stored in the Flash memory, the SEC bits in the F
register (seeTable 8-12) will be changed to unsecure the MCU. Key values of 0x0000 and 0xFFFF are
permitted as backdoor keys. While the Verify Backdoor Access Key command is active, P-Flash b
will not be available for read access and will return invalid data.

The user code stored in the P-Flash memory must have a method of receiving the backdoor keys f
external stimulus. This external stimulus would typically be through one of the on-chip serial ports

If the KEYEN[1:0] bits are in the enabled state (seeSection 8.3.2.2), the MCU can be unsecured by the
backdoor key access sequence described below:

1. Follow the command sequence for the Verify Backdoor Access Key command as explained
Section 8.4.2.11

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured and the
SEC[1:0] bits in the FSEC register are forced to the unsecure state of 10

The Verify Backdoor Access Key command is monitored by the Memory Controller and an illegal key
prohibit future use of the Verify Backdoor Access Key command. A reset of the MCU is the only me
to re-enable the Verify Backdoor Access Key command.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU
unsecured, the sector containing the Flash security byte can be erased and the Flash security byt
reprogrammed to the unsecure state, if desired.

In the unsecure state, the user has full control of the contents of the backdoor keys by programmi
addresses 0x7F_FF00Ð0x7F_FF07 in the Flash conÞguration Þeld.

The security as deÞned in the Flash security byte (0x7F_FF0F) is not changed by using the Verify
Backdoor Access Key command sequence. The backdoor keys stored in addresses
0x7F_FF00Ð0x7F_FF07 are unaffected by the Verify Backdoor Access Key command sequence. A
next reset of the MCU, the security state of the Flash module is determined by the Flash security 
MC9S12XF - Family Reference Manual, Rev.1.20
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(0x7F_FF0F). The Verify Backdoor Access Key command sequence has no effect on the program
erase protections deÞned in the Flash protection register, FPROT.

8.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM

The MCU can be unsecured in special single chip mode by erasing the P-Flash and D-Flash mem
one of the following methods:

¥ Reset the MCU into special single chip mode, delay while the erase test is performed by the
send BDM commands to disable protection in the P-Flash and D-Flash memory, and execu
Erase All Blocks command write sequence to erase the P-Flash and D-Flash memory.

¥ Reset the MCU into special expanded wide mode, disable protection in the P-Flash and D
memory and run code from external memory to execute the Erase All Blocks command wri
sequence to erase the P-Flash and D-Flash memory.

After the CCIF ßag sets to indicate that the Erase All Blocks operation has completed, reset the MC
special single chip mode. The BDM will execute the Erase Verify All Blocks command write sequen
verify that the P-Flash and D-Flash memory is erased. If the P-Flash and D-Flash memory are veri
erased the MCU will be unsecured. All BDM commands will be enabled and the Flash security byte
be programmed to the unsecure state by the following method:

¥ Send BDM commands to execute a ÔProgram P-FlashÕ command sequence to program 
security byte to the unsecured state and reset the MCU.

8.5.3 Mode and Security Effects on Flash Command Availability

The availability of Flash module commands depends on the MCU operating mode and security st
shown inTable 8-30.

8.6 Initialization
On each system reset the Flash module executes a reset sequence which establishes initial value
Flash Block Configuration Parameters, the FPROT and DFPROT protection registers, and the FOP
FSEC registers. The Flash module reverts to built-in default values that leave the module in a fully
protected and secured state if errors are encountered during execution of the reset sequence. If a do
fault is detected during the reset sequence, both MGSTAT bits in the FSTAT register will be set. T
ACCERR bit in the FSTAT register is set if errors are encountered while initializing the EEE buffer
during the reset sequence.

CCIF remains clear throughout the reset sequence. The Flash module holds off all CPU access fo
initial portion of the reset sequence. While Flash reads are possible when the hold is removed, wr
the FCCOBIX, FCCOBHI, and FCCOBLO registers are ignored to prevent command activity while
Memory Controller remains busy. Completion of the reset sequence is marked by setting CCIF high
enables writes to the FCCOBIX, FCCOBHI, and FCCOBLO registers to launch any available Flas
command.

If a reset occurs while any Flash command is in progress, that command will be immediately aborte
state of the word being programmed or the sector/block being erased is not guaranteed.
MC9S12XF - Family Reference Manual, Rev.1.20
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512 KByte Flash Module (S12XFTM512K3V1)

9.1 Introduction
The FTM512K3 module implements the following:

¥ 512 Kbytes of P-Flash (Program Flash) memory, consisting of 3 physical Flash blocks, inte
primarily for nonvolatile code storage

¥ 32 Kbytes of D-Flash (Data Flash) memory, consisting of 1 physical Flash block, that can be
as nonvolatile storage to support the built-in hardware scheme for emulated EEPROM, as 
Flash memory primarily intended for nonvolatile data storage, or as a combination of both

¥ 4 Kbytes of buffer RAM, consisting of 1 physical RAM block, that can be used as emulated
EEPROM using a built-in hardware scheme, as basic RAM, or as a combination of both

Table 9-1. Revision History

Revision
Number

Revision
Date

Sections
Affected

Description of Changes

V01.09 14 Nov 2007 9.5.2/9-341

9.4.2/9-317

9.4.2.8/9-323

- Changed terminology from ‘word program’ to “Program P-Flash’ in the BDM
unsecuring description, Section 9.5.2
- Added requirement that user not write any Flash module register during
execution of commands ‘Erase All Blocks’, Section 9.4.2.8, and ‘Unsecure
Flash’, Section 9.4.2.11
- Added statement that security is released upon successful completion of
command ‘Erase All Blocks’, Section 9.4.2.8

V01.10 19 Dec 2007 9.4.2/9-317 - Corrected Error Handling table for Full Partition D-Flash, Partition D-Flash,
and EEPROM Emulation Query commands

V01.11 25 Sep 2009 9.1/9-281
9.3.2.1/9-293
9.4.2.4/9-320

9.4.2.7/9-322

9.4.2.12/9-326

9.4.2.12/9-326
9.4.2.12/9-326
9.4.2.20/9-335

9.3.2/9-291
9.3.2.1/9-293
9.4.1.2/9-312

9.6/9-341

- Clarify single bit fault correction for P-Flash phrase
- Expand FDIV vs OSCCLK Frequency table
- Add statement concerning code runaway when executing Read Once
command from Flash block containing associated fields
- Add statement concerning code runaway when executing Program Once
command from Flash block containing associated fields
- Add statement concerning code runaway when executing Verify Backdoor
Access Key command from Flash block containing associated fields
- Relate Key 0 to associated Backdoor Comparison Key address
- Change “power down reset” to “reset”
- Add ACCERR condition for Disable EEPROM Emulation command
The following changes were made to clarify module behavior related to Flash
register access during reset sequence and while Flash commands are active:
- Add caution concerning register writes while command is active
- Writes to FCLKDIV are allowed during reset sequence while CCIF is clear
- Add caution concerning register writes while command is active
- Writes to FCCOBIX, FCCOBHI, FCCOBLO registers are ignored during
reset sequence
MC9S12XF - Family Reference Manual, Rev.1.20
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The Flash memory is ideal for single-supply applications allowing for Þeld reprogramming without
requiring external high voltage sources for program or erase operations. The Flash module includ
memory controller that executes commands to modify Flash memory contents or conÞgure modu
resources for emulated EEPROM operation. The user interface to the memory controller consists
indexed Flash Common Command Object (FCCOB) register which is written to with the command, g
address, data, and any required command parameters. The memory controller must complete the ex
of a command before the FCCOB register can be written to with a new command.

CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

The RAM and Flash memory may be read as bytes, aligned words, or misaligned words. Read acce
is one bus cycle for bytes and aligned words, and two bus cycles for misaligned words. For Flash me
an erased bit reads 1 and a programmed bit reads 0.

It is not possible to read from a Flash block while any command is executing on that speciÞc Flash
It is possible to read from a Flash block while a command is executing on a different Flash block.

Both P-Flash and D-Flash memories are implemented with Error Correction Codes (ECC) that can r
single bit faults and detect double bit faults. For P-Flash memory, the ECC implementation require
programming be done on an aligned 8 byte basis (a Flash phrase). Since P-Flash memory is alwa
by phrase, only one single bit fault in the phrase containing the byte or word accessed will be corr

9.1.1 Glossary

Buffer RAM Ñ The buffer RAM constitutes the volatile memory store required for EEE. Memory spa
in the buffer RAM not required for EEE can be partitioned to provide volatile memory space for
applications.

Command Write Sequence Ñ An MCU instruction sequence to execute built-in algorithms (includin
program and erase) on the Flash memory.

D-Flash Memory Ñ The D-Flash memory constitutes the nonvolatile memory store required for EE
Memory space in the D-Flash memory not required for EEE can be partitioned to provide nonvola
memory space for applications.

D-Flash SectorÑ The D-Flash sector is the smallest portion of the D-Flash memory that can be era
The D-Flash sector consists of four 64 byte rows for a total of 256 bytes.

EEE (Emulated EEPROM) Ñ A method to emulate the small sector size features and endurance
characteristics associated with an EEPROM.
MC9S12XF - Family Reference Manual, Rev.1.20
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EEE IFR Ñ Nonvolatile information register located in the D-Flash block that contains data required
partition the D-Flash memory and buffer RAM for EEE. The EEE IFR is visible in the global memory m
by setting the EEEIFRON bit in the MMCCTL1 register.

NVM Command Mode Ñ An NVM mode using the CPU to setup the FCCOB register to pass parame
required for Flash command execution.

PhraseÑ An aligned group of four 16-bit words within the P-Flash memory. Each phrase includes e
ECC bits for single bit fault correction and double bit fault detection within the phrase.

P-Flash MemoryÑ The P-Flash memory constitutes the main nonvolatile memory store for applicati

P-Flash SectorÑ The P-Flash sector is the smallest portion of the P-Flash memory that can be era
Each P-Flash sector contains 1024 bytes.

Program IFR Ñ Nonvolatile information register located in the P-Flash block that contains the Dev
ID, Version ID, and the Program Once Þeld. The Program IFR is visible in the global memory map
setting the PGMIFRON bit in the MMCCTL1 register.

9.1.2 Features

9.1.2.1 P-Flash Features

¥ 512 Kbytes of P-Flash memory composed of one 256 Kbyte Flash block and two 128 Kbyte
blocks. The 256 Kbyte Flash block consists of two 128 Kbyte sections each divided into
128 sectors of 1024 bytes. The 128 Kbyte Flash blocks are each divided into 128 sectors o
bytes.

¥ Single bit fault correction and double bit fault detection within a 64-bit phrase during read
operations

¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and phrase program operation
¥ Ability to program up to one phrase in each P-Flash block simultaneously
¥ Flexible protection scheme to prevent accidental program or erase of P-Flash memory

9.1.2.2 D-Flash Features

¥ Up to 32 Kbytes of D-Flash memory with 256 byte sectors for user access
¥ Dedicated commands to control access to the D-Flash memory over EEE operation
¥ Single bit fault correction and double bit fault detection within a word during read operation
¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and word program operation
¥ Ability to program up to four words in a burst sequence

9.1.2.3 Emulated EEPROM Features

¥ Up to 4 Kbytes of emulated EEPROM (EEE) accessible as 4 Kbytes of RAM
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ Flexible protection scheme to prevent accidental program or erase of data
¥ Automatic EEE Þle handling using an internal Memory Controller
¥ Automatic transfer of valid EEE data from D-Flash memory to buffer RAM on reset
¥ Ability to monitor the number of outstanding EEE related buffer RAM words left to be

programmed into D-Flash memory
¥ Ability to disable EEE operation and allow priority access to the D-Flash memory
¥ Ability to cancel all pending EEE operations and allow priority access to the D-Flash memo

9.1.2.4 User Buffer RAM Features

¥ Up to 4 Kbytes of RAM for user access

9.1.2.5 Other Flash Module Features

¥ No external high-voltage power supply required for Flash memory program and erase ope
¥ Interrupt generation on Flash command completion and Flash error detection
¥ Security mechanism to prevent unauthorized access to the Flash memory

9.1.3 Block Diagram

The block diagram of the Flash module is shown inFigure 9-1.
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 9-1. FTM512K3 Block Diagram

9.2 External Signal Description
The Flash module contains no signals that connect off-chip.
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9.3 Memory Map and Registers
This section describes the memory map and registers for the Flash module. Read data from unimple
memory space in the Flash module is undeÞned. Write access to unimplemented or reserved memo
in the Flash module will be ignored by the Flash module.

9.3.1 Module Memory Map

The S12X architecture places the P-Flash memory between global addresses 0x78_0000 and 0x7F
as shown inTable 9-2. The P-Flash memory map is shown inFigure 9-2.

The FPROT register, described inSection 9.3.2.9, can be set to protect regions in the Flash memory fro
accidental program or erase. Three separate memory regions, one growing upward from global a
0x7F_8000 in the Flash memory (called the lower region), one growing downward from global add
0x7F_FFFF in the Flash memory (called the higher region), and the remaining addresses in the F
memory, can be activated for protection. The Flash memory addresses covered by these protectable
are shown in the P-Flash memory map. The higher address region is mainly targeted to hold the boot
code since it covers the vector space. Default protection settings as well as security information that
the MCU to restrict access to the Flash module are stored in the Flash conÞguration Þeld as desc
Table 9-3.

Table 9-2. P-Flash Memory Addressing

Global Address
Size

(Bytes)
Description

0x7C_0000 – 0x7F_FFFF 256 K
P-Flash Block 0
Contains Flash Configuration Field
(see Table 9-3)

0x7A_0000 – 0x7B_FFFF 128 K P-Flash Block 1N

0x78_0000 – 0x79_FFFF 128 K P-Flash Block 1S

Table 9-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description

0x7F_FF00 – 0x7F_FF07 8
Backdoor Comparison Key
Refer to Section 9.4.2.12, “Verify Backdoor Access Key Command,” and
Section 9.5.1, “Unsecuring the MCU using Backdoor Key Access”

0x7F_FF08 –
0x7F_FF0B(2) 4

Reserved

0x7F_FF0C2 1
P-Flash Protection byte.
Refer to Section 9.3.2.9, “P-Flash Protection Register (FPROT)”

0x7F_FF0D2 1
EEE Protection byte
Refer to Section 9.3.2.10, “EEE Protection Register (EPROT)”

0x7F_FF0E2 1
Flash Nonvolatile byte
Refer to Section 9.3.2.14, “Flash Option Register (FOPT)”
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0x7F_FF0F2 1
Flash Security byte
Refer to Section 9.3.2.2, “Flash Security Register (FSEC)”

1. Older versions may have swapped protection byte addresses
2. 0x7FF08 - 0x7F_FF0F form a Flash phrase and must be programmed in a single command write sequence. Each byte in

the 0x7F_FF08 - 0x7F_FF0B reserved field should be programmed to 0xFF.

Table 9-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description
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Figure 9-2. P-Flash Memory Map

Flash ConÞguration Field

0x7F_C000

Flash Protected/Unprotected Lower Region
1, 2, 4, 8 Kbytes

0x7F_8000

0x7F_9000

0x7F_8400
0x7F_8800

0x7F_A000

P-Flash END = 0x7F_FFFF

0x7F_F800

0x7F_F000

0x7F_E000 Flash Protected/Unprotected Higher Region
2, 4, 8, 16 Kbytes

Flash Protected/Unprotected Region
8 Kbytes (up to 29 Kbytes)

16 bytes (0x7F_FF00 - 0x7F_FF0F)

Flash Protected/Unprotected Region
480 Kbytes

P-Flash START = 0x78_0000
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Table 9-4. Program IFR Fields

Global Address
(PGMIFRON)

Size
(Bytes)

Field Description

0x40_0000 – 0x40_0007 8 Device ID

0x40_0008 – 0x40_00E7 224 Reserved

0x40_00E8 – 0x40_00E9 2 Version ID

0x40_00EA – 0x40_00FF 22 Reserved

0x40_0100 – 0x40_013F 64
Program Once Field
Refer to Section 9.4.2.7, “Program Once Command”

0x40_0140 – 0x40_01FF 192 Reserved

Table 9-5. P-Flash IFR Accessibility

Global Address
(PGMIFRON)

Size
(Bytes)

Accessed From

0x40_0000 – 0x40_01FF 512 XBUS0 (PBLK0S)(1)

1. Refer to Table 9-4 for more details.

0x40_0200 – 0x40_03FF 512 Unimplemented

0x40_0400 – 0x40_05FF 512 XBUS0 (PBLK1N)

0x40_0600 – 0x40_07FF 512 XBUS1 (PBLK1S)

Table 9-6. EEE Resource Fields

Global Address
Size

(Bytes)
Description

0x10_0000 – 0x10_7FFF 32,768 D-Flash Memory (User and EEE)

0x10_8000 – 0x11_FFFF 98,304 Reserved

0x12_0000 – 0x12_007F 128 EEE Nonvolatile Information Register (EEEIFRON(1) = 1)

1. MMCCTL1 register bit

0x12_0080 – 0x12_0FFF 3,968 Reserved

0x12_1000 – 0x12_1EFF 3,840 Reserved

0x12_1F00 – 0x12_1FFF 256 EEE Tag RAM (TMGRAMON1 = 1)

0x12_2000 – 0x12_3BFF 7,168 Reserved

0x12_3C00 – 0x12_3FFF 1,024 Memory Controller Scratch RAM (TMGRAMON1 = 1)

0x12_4000 – 0x12_DFFF 40,960 Reserved

0x12_E000 – 0x12_FFFF 8,192 Reserved

0x13_0000 – 0x13_EFFF 61,440 Reserved

0x13_F000 – 0x13_FFFF 4,096 Buffer RAM (User and EEE)
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 base +
9.3.2 Register Descriptions

The Flash module contains a set of 20 control and status registers located between Flash module
0x0000 and 0x0013. A summary of the Flash module registers is given inFigure 9-4 with detailed
descriptions in the following subsections.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.

Table 9-7. EEE Nonvolatile Information Register Fields

Global Address
(EEEIFRON)

Size
(Bytes)

Description

0x12_0000 – 0x12_0001 2
D-Flash User Partition (DFPART)
Refer to Section 9.4.2.15, “Full Partition D-Flash Command”

0x12_0002 – 0x12_0003 2 D-Flash User Partition (duplicate(1))

1. Duplicate value used if primary value generates a double bit fault when read during the reset sequence.

0x12_0004 – 0x12_0005 2
Buffer RAM EEE Partition (ERPART)
Refer to Section 9.4.2.15, “Full Partition D-Flash Command”

0x12_0006 – 0x12_0007 2 Buffer RAM EEE Partition (duplicate1)

0x12_0008 – 0x12_007F 120 Reserved

Address
& Name

7 6 5 4 3 2 1 0

0x0000
FCLKDIV

R FDIVLD
FDIV6 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

0x0001
FSEC

R KEYEN1 KEYEN0 RNV5 RNV4 RNV3 RNV2 SEC1 SEC0

W

0x0002
FCCOBIX

R 0 0 0 0 0
CCOBIX2 CCOBIX1 CCOBIX0

W

0x0003
FECCRIX

R 0 0 0 0 0
ECCRIX2 ECCRIX1 ECCRIX0

W

0x0004
FCNFG

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

0x0005
FERCNFG

R
ERSERIE PGMERIE

0
EPVIOLIE ERSVIE1 ERSVIE0 DFDIE SFDIE

W

Figure 9-4. FTM512K3 Register Summary
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9.3.2.1 Flash Clock Divider Register (FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

All bits in the FCLKDIV register are readable, bits 6Ð0 are write once and bit 7 is not writable.

CAUTION
The FCLKDIV register should never be written while a Flash command is
executing (CCIF=0). The FCLKDIV register is writable during the Flash
reset sequence even though CCIF is clear.

= Unimplemented or Reserved

Offset Module Base + 0x0000

7 6 5 4 3 2 1 0

R FDIVLD
FDIV[6:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-5. Flash Clock Divider Register (FCLKDIV)

Table 9-8. FCLKDIV Field Descriptions

Field Description

7
FDIVLD

Clock Divider Loaded
0 FCLKDIV register has not been written
1 FCLKDIV register has been written since the last reset

6–0
FDIV[6:0]

Clock Divider Bits — FDIV[6:0] must be set to effectively divide OSCCLK down to generate an internal Flash
clock, FCLK, with a target frequency of 1 MHz for use by the Flash module to control timed events during program
and erase algorithms. Table 9-9 shows recommended values for FDIV[6:0] based on OSCCLK frequency.
Please refer to Section 9.4.1, “Flash Command Operations,” for more information.

Address
& Name

7 6 5 4 3 2 1 0

Figure 9-4. FTM512K3 Register Summary (continued)
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Table 9-9. FDIV vs OSCCLK Frequency

OSCCLK Frequency
(MHz) FDIV[6:0]

OSCCLK Frequency
(MHz) FDIV[6:0]

OSCCLK Frequency
(MHz) FDIV[6:0]

MIN(1)

1. FDIV shown generates an FCLK frequency of >0.8 MHz

MAX(2) MIN1 MAX2 MIN1 MAX2

33.60 34.65 0x20 67.20 68.25 0x40

1.60 2.10 0x01 34.65 35.70 0x21 68.25 69.30 0x41

2.40 3.15 0x02 35.70 36.75 0x22 69.30 70.35 0x42

3.20 4.20 0x03 36.75 37.80 0x23 70.35 71.40 0x43

4.20 5.25 0x04 37.80 38.85 0x24 71.40 72.45 0x44

5.25 6.30 0x05 38.85 39.90 0x25 72.45 73.50 0x45

6.30 7.35 0x06 39.90 40.95 0x26 73.50 74.55 0x46

7.35 8.40 0x07 40.95 42.00 0x27 74.55 75.60 0x47

8.40 9.45 0x08 42.00 43.05 0x28 75.60 76.65 0x48

9.45 10.50 0x09 43.05 44.10 0x29 76.65 77.70 0x49

10.50 11.55 0x0A 44.10 45.15 0x2A 77.70 78.75 0x4A

11.55 12.60 0x0B 45.15 46.20 0x2B 78.75 79.80 0x4B

12.60 13.65 0x0C 46.20 47.25 0x2C 79.80 80.85 0x4C

13.65 14.70 0x0D 47.25 48.30 0x2D 80.85 81.90 0x4D

14.70 15.75 0x0E 48.30 49.35 0x2E 81.90 82.95 0x4E

15.75 16.80 0x0F 49.35 50.40 0x2F 82.95 84.00 0x4F

16.80 17.85 0x10 50.40 51.45 0x30 84.00 85.05 0x50

17.85 18.90 0x11 51.45 52.50 0x31 85.05 86.10 0x51

18.90 19.95 0x12 52.50 53.55 0x32 86.10 87.15 0x52

19.95 21.00 0x13 53.55 54.60 0x33 87.15 88.20 0x53

21.00 22.05 0x14 54.60 55.65 0x34 88.20 89.25 0x54

22.05 23.10 0x15 55.65 56.70 0x35 89.25 90.30 0x55

23.10 24.15 0x16 56.70 57.75 0x36 90.30 91.35 0x56

24.15 25.20 0x17 57.75 58.80 0x37 91.35 92.40 0x57

25.20 26.25 0x18 58.80 59.85 0x38 92.40 93.45 0x58

26.25 27.30 0x19 59.85 60.90 0x39 93.45 94.50 0x59

27.30 28.35 0x1A 60.90 61.95 0x3A 94.50 95.55 0x5A

28.35 29.40 0x1B 61.95 63.00 0x3B 95.55 96.60 0x5B

29.40 30.45 0x1C 63.00 64.05 0x3C 96.60 97.65 0x5C

30.45 31.50 0x1D 64.05 65.10 0x3D 97.65 98.70 0x5D

31.50 32.55 0x1E 65.10 66.15 0x3E 98.70 99.75 0x5E

32.55 33.60 0x1F 66.15 67.20 0x3F 99.75 100.80 0x5F
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te in the

will be
9.3.2.2 Flash Security Register (FSEC)

The FSEC register holds all bits associated with the security of the MCU and Flash module.

All bits in the FSEC register are readable but not writable.

During the reset sequence, the FSEC register is loaded with the contents of the Flash security by
Flash configuration field at global address 0x7F_FF0F located in P-Flash memory (seeTable 9-3) as
indicated by reset condition F inFigure 9-6. If a double bit fault is detected while reading the P-Flash
phrase containing the Flash security byte during the reset sequence, all bits in the FSEC register 
set to leave the Flash module in a secured state with backdoor key access disabled.

2. FDIV shown generates an FCLK frequency of 1.05 MHz

Offset Module Base + 0x0001

7 6 5 4 3 2 1 0

R KEYEN[1:0] RNV[5:2] SEC[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 9-6. Flash Security Register (FSEC)

Table 9-10. FSEC Field Descriptions

Field Description

7–6
KEYEN[1:0]

Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the
Flash module as shown in Table 9-11.

5–2
RNV[5:2}

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements.

1–0
SEC[1:0]

Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 9-12. If the
Flash module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 9-11. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access

00 DISABLED

01 DISABLED(1)

1. Preferred KEYEN state to disable backdoor key access.

10 ENABLED

11 DISABLED
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The security function in the Flash module is described inSection 9.5.

9.3.2.3 Flash CCOB Index Register (FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for Flash memory operations.

CCOBIX bits are readable and writable while remaining bits read 0 and are not writable.

9.3.2.4 Flash ECCR Index Register (FECCRIX)

The FECCRIX register is used to index the FECCR register for ECC fault reporting.

ECCRIX bits are readable and writable while remaining bits read 0 and are not writable.

Table 9-12. Flash Security States

SEC[1:0] Status of Security

00 SECURED

01 SECURED(1)

1. Preferred SEC state to set MCU to secured state.

10 UNSECURED

11 SECURED

Offset Module Base + 0x0002

7 6 5 4 3 2 1 0

R 0 0 0 0 0
CCOBIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-7. FCCOB Index Register (FCCOBIX)

Table 9-13. FCCOBIX Field Descriptions

Field Description

2–0
CCOBIX[1:0]

Common Command Register Index— The CCOBIX bits are used to select which word of the FCCOB register
array is being read or written to. See Section 9.3.2.11, “Flash Common Command Object Register (FCCOB),”
for more details.

Offset Module Base + 0x0003

7 6 5 4 3 2 1 0

R 0 0 0 0 0
ECCRIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-8. FECCR Index Register (FECCRIX)
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9.3.2.5 Flash Configuration Register (FCNFG)

The FCNFG register enables the Flash command complete interrupt and forces ECC faults on Flas
read access from the CPU or XGATE.

CCIE, IGNSF, FDFD, and FSFD bits are readable and writable while remaining bits read 0 and ar
writable.

Table 9-14. FECCRIX Field Descriptions

Field Description

2-0
ECCRIX[2:0]

ECC Error Register Index— The ECCRIX bits are used to select which word of the FECCR register array is
being read. See Section 9.3.2.13, “Flash ECC Error Results Register (FECCR),” for more details.

Offset Module Base + 0x0004

7 6 5 4 3 2 1 0

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-9. Flash Configuration Register (FCNFG)

Table 9-15. FCNFG Field Descriptions

Field Description

7
CCIE

Command Complete Interrupt Enable — The CCIE bit controls interrupt generation when a Flash command
has completed.
0 Command complete interrupt disabled
1 An interrupt will be requested whenever the CCIF flag in the FSTAT register is set (see Section 9.3.2.7)

4
IGNSF

Ignore Single Bit Fault — The IGNSF controls single bit fault reporting in the FERSTAT register (see
Section 9.3.2.8).
0 All single bit faults detected during array reads are reported
1 Single bit faults detected during array reads are not reported and the single bit fault interrupt will not be

generated
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9.3.2.6 Flash Error Configuration Register (FERCNFG)

The FERCNFG register enables the Flash error interrupts for the FERSTAT flags.

All assigned bits in the FERCNFG register are readable and writable.

1
FDFD

Force Double Bit Fault Detect — The FDFD bit allows the user to simulate a double bit fault during Flash array
read operations and check the associated interrupt routine. The FDFD bit is cleared by writing a 0 to FDFD. The
FECCR registers will not be updated during the Flash array read operation with FDFD set unless an actual
double bit fault is detected.
0 Flash array read operations will set the DFDIF flag in the FERSTAT register only if a double bit fault is detected
1 Any Flash array read operation will force the DFDIF flag in the FERSTAT register to be set (see

Section 9.3.2.7) and an interrupt will be generated as long as the DFDIE interrupt enable in the FERCNFG
register is set (see Section 9.3.2.6)

0
FSFD

Force Single Bit Fault Detect — The FSFD bit allows the user to simulate a single bit fault during Flash array
read operations and check the associated interrupt routine. The FSFD bit is cleared by writing a 0 to FSFD. The
FECCR registers will not be updated during the Flash array read operation with FSFD set unless an actual single
bit fault is detected.
0 Flash array read operations will set the SFDIF flag in the FERSTAT register only if a single bit fault is detected
1 Flash array read operation will force the SFDIF flag in the FERSTAT register to be set (see Section 9.3.2.7)

and an interrupt will be generated as long as the SFDIE interrupt enable in the FERCNFG register is set (see
Section 9.3.2.6)

Offset Module Base + 0x0005

7 6 5 4 3 2 1 0

R
ERSERIE PGMERIE

0
EPVIOLIE ERSVIE1 ERSVIE0 DFDIE SFDIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-10. Flash Error Configuration Register (FERCNFG)

Table 9-16. FERCNFG Field Descriptions

Field Description

7
ERSERIE

EEE Erase Error Interrupt Enable — The ERSERIE bit controls interrupt generation when a failure is detected
during an EEE erase operation.
0 ERSERIF interrupt disabled
1 An interrupt will be requested whenever the ERSERIF flag is set (see Section 9.3.2.8)

6
PGMERIE

EEE Program Error Interrupt Enable — The PGMERIE bit controls interrupt generation when a failure is
detected during an EEE program operation.
0 PGMERIF interrupt disabled
1 An interrupt will be requested whenever the PGMERIF flag is set (see Section 9.3.2.8)

4
EPVIOLIE

EEE Protection Violation Interrupt Enable — The EPVIOLIE bit controls interrupt generation when a
protection violation is detected during a write to the buffer RAM EEE partition.
0 EPVIOLIF interrupt disabled
1 An interrupt will be requested whenever the EPVIOLIF flag is set (see Section 9.3.2.8)

Table 9-15. FCNFG Field Descriptions (continued)

Field Description
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able
9.3.2.7 Flash Status Register (FSTAT)

The FSTAT register reports the operational status of the Flash module.

CCIF, ACCERR, and FPVIOL bits are readable and writable, MGBUSY and MGSTAT bits are read
but not writable, while remaining bits read 0 and are not writable.

3
ERSVIE1

EEE Error Type 1 Interrupt Enable — The ERSVIE1 bit controls interrupt generation when a change state error
is detected during an EEE operation.
0 ERSVIF1 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF1 flag is set (see Section 9.3.2.8)

2
ERSVIE0

EEE Error Type 0 Interrupt Enable — The ERSVIE0 bit controls interrupt generation when a sector format error
is detected during an EEE operation.
0 ERSVIF0 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF0 flag is set (see Section 9.3.2.8)

1
DFDIE

Double Bit Fault Detect Interrupt Enable — The DFDIE bit controls interrupt generation when a double bit fault
is detected during a Flash block read operation.
0 DFDIF interrupt disabled
1 An interrupt will be requested whenever the DFDIF flag is set (see Section 9.3.2.8)

0
SFDIE

Single Bit Fault Detect Interrupt Enable — The SFDIE bit controls interrupt generation when a single bit fault
is detected during a Flash block read operation.
0 SFDIF interrupt disabled whenever the SFDIF flag is set (see Section 9.3.2.8)
1 An interrupt will be requested whenever the SFDIF flag is set (see Section 9.3.2.8)

Offset Module Base + 0x0006

7 6 5 4 3 2 1 0

R
CCIF

0
ACCERR FPVIOL

MGBUSY RSVD MGSTAT[1:0]

W

Reset 1 0 0 0 0 0 0(1)

1. Reset value can deviate from the value shown if a double bit fault is detected during the reset sequence (see Section 9.6).

01

= Unimplemented or Reserved

Figure 9-11. Flash Status Register (FSTAT)

Table 9-16. FERCNFG Field Descriptions (continued)

Field Description
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9.3.2.8 Flash Error Status Register (FERSTAT)

The FERSTAT register reßects the error status of internal Flash operations.

All ßags in the FERSTAT register are readable and only writable to clear the ßag.

Table 9-17. FSTAT Field Descriptions

Field Description

7
CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that a Flash command has completed. The
CCIF flag is cleared by writing a 1 to CCIF to launch a command and CCIF will stay low until command
completion or command violation.
0 Flash command in progress
1 Flash command has completed

5
ACCERR

Flash Access Error Flag — The ACCERR bit indicates an illegal access has occurred to the Flash memory
caused by either a violation of the command write sequence (see Section 9.4.1.2) or issuing an illegal Flash
command or when errors are encountered while initializing the EEE buffer ram during the reset sequence.
While ACCERR is set, the CCIF flag cannot be cleared to launch a command. The ACCERR bit is cleared by
writing a 1 to ACCERR. Writing a 0 to the ACCERR bit has no effect on ACCERR.
0 No access error detected
1 Access error detected

4
FPVIOL

Flash Protection Violation Flag —The FPVIOL bit indicates an attempt was made to program or erase an
address in a protected area of P-Flash memory during a command write sequence. The FPVIOL bit is cleared
by writing a 1 to FPVIOL. Writing a 0 to the FPVIOL bit has no effect on FPVIOL. While FPVIOL is set, it is not
possible to launch a command or start a command write sequence.
0 No protection violation detected
1 Protection violation detected

3
MGBUSY

Memory Controller Busy Flag — The MGBUSY flag reflects the active state of the Memory Controller.
0 Memory Controller is idle
1 Memory Controller is busy executing a Flash command (CCIF = 0) or is handling internal EEE operations

2
RSVD

Reserved Bit — This bit is reserved and always reads 0.

1–0
MGSTAT[1:0]

Memory Controller Command Completion Status Flag — One or more MGSTAT flag bits are set if an error
is detected during execution of a Flash command or during the Flash reset sequence. See Section 9.4.2,
“Flash Command Description,” and Section 9.6, “Initialization” for details.

Offset Module Base + 0x0007

7 6 5 4 3 2 1 0

R
ERSERIF PGMERIF

0
EPVIOLIF ERSVIF1 ERSVIF0 DFDIF SFDIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-12. Flash Error Status Register (FERSTAT)
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rations.
9.3.2.9 P-Flash Protection Register (FPROT)

The FPROT register defines which P-Flash sectors are protected against program and erase ope

Table 9-18. FERSTAT Field Descriptions

Field Description

7
ERSERIF

EEE Erase Error Interrupt Flag — The setting of the ERSERIF flag occurs due to an error in a Flash erase
command that resulted in the erase operation not being successful during EEE operations. The ERSERIF flag
is cleared by writing a 1 to ERSERIF. Writing a 0 to the ERSERIF flag has no effect on ERSERIF. While
ERSERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will not be transferred
to the D-Flash EEE partition.
0 Erase command successfully completed on the D-Flash EEE partition
1 Erase command failed on the D-Flash EEE partition

6
PGMERIF

EEE Program Error Interrupt Flag — The setting of the PGMERIF flag occurs due to an error in a Flash
program command that resulted in the program operation not being successful during EEE operations. The
PGMERIF flag is cleared by writing a 1 to PGMERIF. Writing a 0 to the PGMERIF flag has no effect on
PGMERIF. While PGMERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will
not be transferred to the D-Flash EEE partition.
0 Program command successfully completed on the D-Flash EEE partition
1 Program command failed on the D-Flash EEE partition

4
EPVIOLIF

EEE Protection Violation Interrupt Flag —The setting of the EPVIOLIF flag indicates an attempt was made to
write to a protected area of the buffer RAM EEE partition. The EPVIOLIF flag is cleared by writing a 1 to
EPVIOLIF. Writing a 0 to the EPVIOLIF flag has no effect on EPVIOLIF. While EPVIOLIF is set, it is possible to
write to the buffer RAM EEE partition as long as the address written to is not in a protected area.
0 No EEE protection violation
1 EEE protection violation detected

3
ERSVIF1

EEE Error Interrupt 1 Flag —The setting of the ERSVIF1 flag indicates that the memory controller was unable
to change the state of a D-Flash EEE sector. The ERSVIF1 flag is cleared by writing a 1 to ERSVIF1. Writing a
0 to the ERSVIF1 flag has no effect on ERSVIF1. While ERSVIF1 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector state change error detected
1 EEE sector state change error detected

2
ERSVIF0

EEE Error Interrupt 0 Flag —The setting of the ERSVIF0 flag indicates that the memory controller was unable
to format a D-Flash EEE sector for EEE use. The ERSVIF0 flag is cleared by writing a 1 to ERSVIF0. Writing a
0 to the ERSVIF0 flag has no effect on ERSVIF0. While ERSVIF0 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector format error detected
1 EEE sector format error detected

1
DFDIF

Double Bit Fault Detect Interrupt Flag — The setting of the DFDIF flag indicates that a double bit fault was
detected in the stored parity and data bits during a Flash array read operation or that a Flash array read operation
was attempted on a Flash block that was under a Flash command operation. The DFDIF flag is cleared by writing
a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.
0 No double bit fault detected
1 Double bit fault detected or an invalid Flash array read operation attempted

0
SFDIF

Single Bit Fault Detect Interrupt Flag — With the IGNSF bit in the FCNFG register clear, the SFDIF flag
indicates that a single bit fault was detected in the stored parity and data bits during a Flash array read operation
or that a Flash array read operation was attempted on a Flash block that was under a Flash command operation.
The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on SFDIF.
0 No single bit fault detected
1 Single bit fault detected and corrected or an invalid Flash array read operation attempted
MC9S12XF - Family Reference Manual, Rev.1.20
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The (unreserved) bits of the FPROT register are writable with the restriction that the size of the prot
region can only be increased (seeSection 9.3.2.9.1, ÒP-Flash Protection Restrictions,Ó and Table 9-23).

During the reset sequence, the FPROT register is loaded with the contents of the P-Flash protect
in the Flash configuration field at global address 0x7F_FF0C located in P-Flash memory (seeTable 9-3)
as indicated by reset condition ÔFÕ inFigure 9-13. To change the P-Flash protection that will be loaded
during the reset sequence, the upper sector of the P-Flash memory must be unprotected, then the
protection byte must be reprogrammed. If a double bit fault is detected while reading the P-Flash 
containing the P-Flash protection byte during the reset sequence, the FPOPEN bit will be cleared
remaining bits in the FPROT register will be set to leave the P-Flash memory fully protected.

Trying to alter data in any protected area in the P-Flash memory will result in a protection violation
and the FPVIOL bit will be set in the FSTAT register. The block erase of a P-Flash block is not po
if any of the P-Flash sectors contained in the same P-Flash block are protected.

Offset Module Base + 0x0008

7 6 5 4 3 2 1 0

R
FPOPEN

RNV6
FPHDIS FPHS[1:0] FPLDIS FPLS[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 9-13. Flash Protection Register (FPROT)

Table 9-19. FPROT Field Descriptions

Field Description

7
FPOPEN

Flash Protection Operation Enable — The FPOPEN bit determines the protection function for program or
erase operations as shown in Table 9-20 for the P-Flash block.
0 When FPOPEN is clear, the FPHDIS and FPLDIS bits define unprotected address ranges as specified by the

corresponding FPHS and FPLS bits
1 When FPOPEN is set, the FPHDIS and FPLDIS bits enable protection for the address range specified by the

corresponding FPHS and FPLS bits

6
RNV[6]

Reserved Nonvolatile Bit — The RNV bit should remain in the erased state for future enhancements.

5
FPHDIS

Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory ending with global address 0x7F_FFFF.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4–3
FPHS[1:0]

Flash Protection Higher Address Size — The FPHS bits determine the size of the protected/unprotected area
in P-Flash memory as shown inTable 9-21. The FPHS bits can only be written to while the FPHDIS bit is set.

2
FPLDIS

Flash Protection Lower Address Range Disable — The FPLDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory beginning with global address
0x7F_8000.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1–0
FPLS[1:0]

Flash Protection Lower Address Size — The FPLS bits determine the size of the protected/unprotected area
in P-Flash memory as shown in Table 9-22. The FPLS bits can only be written to while the FPLDIS bit is set.
MC9S12XF - Family Reference Manual, Rev.1.20
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All possible P-Flash protection scenarios are shown inFigure 9-14. Although the protection scheme is
loaded from the Flash memory at global address 0x7F_FF0C during the reset sequence, it can be c
by the user. The P-Flash protection scheme can be used by applications requiring reprogramming in
chip mode while providing as much protection as possible if reprogramming is not required.

Table 9-20. P-Flash Protection Function

FPOPEN FPHDIS FPLDIS Function(1)

1. For range sizes, refer to Table 9-21 and Table 9-22.

1 1 1 No P-Flash Protection

1 1 0 Protected Low Range

1 0 1 Protected High Range

1 0 0 Protected High and Low Ranges

0 1 1 Full P-Flash Memory Protected

0 1 0 Unprotected Low Range

0 0 1 Unprotected High Range

0 0 0 Unprotected High and Low Ranges

Table 9-21. P-Flash Protection Higher Address Range

FPHS[1:0]  Global Address Range Protected Size

00 0x7F_F800–0x7F_FFFF 2 Kbytes

01 0x7F_F000–0x7F_FFFF 4 Kbytes

10 0x7F_E000–0x7F_FFFF 8 Kbytes

11 0x7F_C000–0x7F_FFFF 16 Kbytes

Table 9-22. P-Flash Protection Lower Address Range

FPLS[1:0] Global Address Range Protected Size

00 0x7F_8000–0x7F_83FF 1 Kbyte

01 0x7F_8000–0x7F_87FF 2 Kbytes

10 0x7F_8000–0x7F_8FFF 4 Kbytes

11 0x7F_8000–0x7F_9FFF 8 Kbytes
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 9-14. P-Flash Protection Scenarios
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9.3.2.9.1 P-Flash Protection Restrictions

The general guideline is that P-Flash protection can only be added and not removed.Table 9-23specifies
all valid transitions between P-Flash protection scenarios. Any attempt to write an invalid scenario
FPROT register will be ignored. The contents of the FPROT register reflect the active protection sce
See the FPHS and FPLS bit descriptions for additional restrictions.

9.3.2.10 EEE Protection Register (EPROT)

The EPROT register deÞnes which buffer RAM EEE partition areas are protected against writes.

All bits in the EPROT register are readable and writable except for RNV[6:4] which are only readable
EPOPEN and EPDIS bits can only be written to the protected state. The EPS bits can be written an
until the EPDIS bit is cleared. If the EPOPEN bit is cleared, the state of the EPDIS and EPS bits i
irrelevant.

During the reset sequence, the EPROT register is loaded from the EEE protection byte in the Flas
configuration field at global address 0x7F_FF0D located in P-Flash memory (seeTable 9-3) as indicated
by reset condition F inFigure 9-15. To change the EEE protection that will be loaded during the rese
sequence, the P-Flash sector containing the EEE protection byte must be unprotected, then the E
protection byte must be programmed. If a double bit fault is detected while reading the P-Flash ph

Table 9-23. P-Flash Protection Scenario Transitions

From
Protection
Scenario

To Protection Scenario(1)

1. Allowed transitions marked with X, see Figure 9-14 for a definition of the scenarios.

0 1 2 3 4 5 6 7

0 X X X X

1 X X

2 X X

3 X

4 X X

5 X X X X

6 X X X X

7 X X X X X X X X

Offset Module Base + 0x0009

7 6 5 4 3 2 1 0

R
EPOPEN

RNV[6:4]
EPDIS EPS[2:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 9-15. EEE Protection Register (EPROT)
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containing the EEE protection byte during the reset sequence, the EPOPEN bit will be cleared an
remaining bits in the EPROT register will be set to leave the buffer RAM EEE partition fully protec

Trying to write data to any protected area in the buffer RAM EEE partition will result in a protection
violation error and the EPVIOLIF ßag will be set in the FERSTAT register. Trying to write data to a
protected area in the buffer RAM partitioned for user access will not be prevented and the EPVIOLIF
in the FERSTAT register will not set.

9.3.2.11 Flash Common Command Object Register (FCCOB)

The FCCOB is an array of six words addressed via the CCOBIX index found in the FCCOBIX reg
Byte wide reads and writes are allowed to the FCCOB register.

Table 9-24. EPROT Field Descriptions

Field Description

7
EPOPEN

Enables writes to the Buffer RAM partitioned for EEE
0 The entire buffer RAM EEE partition is protected from writes
1 Unprotected buffer RAM EEE partition areas are enabled for writes

6–4
RNV[6:4]

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements

3
EPDIS

Buffer RAM Protection Address Range Disable — The EPDIS bit determines whether there is a protected
area in a specific region of the buffer RAM EEE partition.
0 Protection enabled
1 Protection disabled

2–0
EPS[2:0]

Buffer RAM Protection Size — The EPS[2:0] bits determine the size of the protected area in the buffer RAM
EEE partition as shown inTable 9-21. The EPS bits can only be written to while the EPDIS bit is set.

Table 9-25. Buffer RAM EEE Partition Protection Address Range

EPS[2:0]  Global Address Range Protected Size

000 0x13_FFC0 – 0x13_FFFF 64 bytes

001 0x13_FF80 – 0x13_FFFF 128 bytes

010 0x13_FF40 – 0x13_FFFF 192 bytes

011 0x13_FF00 – 0x13_FFFF 256 bytes

100 0x13_FEC0 – 0x13_FFFF 320 bytes

101 0x13_FE80 – 0x13_FFFF 384 bytes

110 0x13_FE40 – 0x13_FFFF 448 bytes

111 0x13_FE00 – 0x13_FFFF 512 bytes
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9.3.2.11.1 FCCOB - NVM Command Mode

NVM command mode uses the indexed FCCOB register to provide a command code and its relev
parameters to the Memory Controller. The user first sets up all required FCCOB fields and then in
the commandÕs execution by writing a 1 to the CCIF bit in the FSTAT register (a 1 written by the
clears the CCIF command completion flag to 0). When the user clears the CCIF bit in the FSTAT re
all FCCOB parameter fields are locked and cannot be changed by the user until the command co
(as evidenced by the Memory Controller returning CCIF to 1). Some commands return information
FCCOB register array.

The generic format for the FCCOB parameter fields in NVM command mode is shown inTable 9-26. The
return values are available for reading after the CCIF flag in the FSTAT register has been returned t
the Memory Controller. Writes to the unimplemented parameter fields (CCOBIX = 110 and CCOB
111) are ignored with reads from these fields returning 0x0000.

Table 9-26shows the generic Flash command format. The high byte of the first word in the CCOB a
contains the command code, followed by the parameters for this specific Flash command. For de
the FCCOB settings required by each command, see the Flash command descriptions inSection 9.4.2.

Offset Module Base + 0x000A

7 6 5 4 3 2 1 0

R
CCOB[15:8]

W

Reset 0 0 0 0 0 0 0 0

Figure 9-16. Flash Common Command Object High Register (FCCOBHI)

Offset Module Base + 0x000B

7 6 5 4 3 2 1 0

R
CCOB[7:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 9-17. Flash Common Command Object Low Register (FCCOBLO)

Table 9-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)

000
HI FCMD[7:0] defining Flash command

LO 0, Global address [22:16]

001
HI Global address [15:8]

LO Global address [7:0]

010
HI Data 0 [15:8]

LO Data 0 [7:0]
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9.3.2.12 EEE Tag Counter Register (ETAG)

The ETAG register contains the number of outstanding words in the buffer RAM EEE partition that
to be programmed into the D-Flash EEE partition. The ETAG register is decremented prior to the re
tagged word being programmed into the D-Flash EEE partition. All tagged words have been progra
into the D-Flash EEE partition once all bits in the ETAG register read 0 and the MGBUSY flag in t
FSTAT register reads 0.

All ETAG bits are readable but not writable and are cleared by the Memory Controller.

9.3.2.13 Flash ECC Error Results Register (FECCR)

The FECCR registers contain the result of a detected ECC fault for both single bit and double bit 
The FECCR register provides access to several ECC related fields as defined by the ECCRIX ind
in the FECCRIX register (seeSection 9.3.2.4). Once ECC fault information has been stored, no other fa

011
HI Data 1 [15:8]

LO Data 1 [7:0]

100
HI Data 2 [15:8]

LO Data 2 [7:0]

101
HI Data 3 [15:8]

LO Data 3 [7:0]

Offset Module Base + 0x000C

7 6 5 4 3 2 1 0

R ETAG[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-18. EEE Tag Counter High Register (ETAGHI)

Offset Module Base + 0x000D

7 6 5 4 3 2 1 0

R ETAG[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-19. EEE Tag Counter Low Register (ETAGLO)

Table 9-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)
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information will be recorded until the specific ECC fault flag has been cleared. In the event of
simultaneous ECC faults, the priority for fault recording is:

1. Double bit fault over single bit fault
2. CPU over XGATE

All FECCR bits are readable but not writable.

Offset Module Base + 0x000E

7 6 5 4 3 2 1 0

R ECCR[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-20. Flash ECC Error Results High Register (FECCRHI)

Offset Module Base + 0x000F

7 6 5 4 3 2 1 0

R ECCR[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-21. Flash ECC Error Results Low Register (FECCRLO)

Table 9-27. FECCR Index Settings

ECCRIX[2:0] FECCR Register Content

Bits [15:8] Bit[7] Bits[6:0]

000
Parity bits read from

Flash block
CPU or XGATE
source identity

Global address
[22:16]

001 Global address [15:0]

010 Data 0 [15:0]

011 Data 1 [15:0] (P-Flash only)

100 Data 2 [15:0] (P-Flash only)

101 Data 3 [15:0] (P-Flash only)

110 Not used, returns 0x0000 when read

111 Not used, returns 0x0000 when read
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Freescale Semiconductor 309



Chapter 9 512 KByte Flash Module (S12XFTM512K3V1)

he
 four

The

h

e set.
The P-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. T
following four words addressed by ECCRIX = 010 to 101 contain the 64-bit wide data phrase. The
data words and the parity byte are the uncorrected data read from the P-Flash block.

The D-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. 
uncorrected 16-bit data word is addressed by ECCRIX = 010.

9.3.2.14 Flash Option Register (FOPT)

The FOPT register is the Flash option register.

All bits in the FOPT register are readable but are not writable.

During the reset sequence, the FOPT register is loaded from the Flash nonvolatile byte in the Flas
configuration field at global address 0x7F_FF0E located in P-Flash memory (seeTable 9-3) as indicated
by reset condition F inFigure 9-22. If a double bit fault is detected while reading the P-Flash phrase
containing the Flash nonvolatile byte during the reset sequence, all bits in the FOPT register will b

9.3.2.15 Flash Reserved0 Register (FRSV0)

This Flash register is reserved for factory testing.

Table 9-28. FECCR Index=000 Bit Descriptions

Field Description

15:8
PAR[7:0]

ECC Parity Bits — Contains the 8 parity bits from the 72 bit wide P-Flash data word or the 6 parity bits,
allocated to PAR[5:0], from the 22 bit wide D-Flash word with PAR[7:6]=00.

7
XBUS01

Bus Source Identifier — The XBUS01 bit determines whether the ECC error was caused by a read access
from the CPU or XGATE.
0 ECC Error happened on the CPU access
1 ECC Error happened on the XGATE access

6–0
GADDR[22:16]

Global Address — The GADDR[22:16] field contains the upper seven bits of the global address having
caused the error.

Offset Module Base + 0x0010

7 6 5 4 3 2 1 0

R NV[7:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 9-22. Flash Option Register (FOPT)

Table 9-29. FOPT Field Descriptions

Field Description

7–0
NV[7:0]

Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the device user guide for proper
use of the NV bits.
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9.4 Functional Description

9.4.1 Flash Command Operations

Flash command operations are used to modify Flash memory contents or conÞgure module resou
EEE operation.

The next sections describe:

¥ How to write the FCLKDIV register that is used to generate a time base (FCLK) derived fro
OSCCLK for Flash program and erase command operations

¥ The command write sequence used to set Flash command parameters and launch execut
¥ Valid Flash commands available for execution

9.4.1.1 Writing the FCLKDIV Register

Prior to issuing any Flash program or erase command after a reset, the user is required to write th
FCLKDIV register to divide OSCCLK down to a target FCLK of 1 MHz.Table 9-9shows recommended
values for the FDIV Þeld based on OSCCLK frequency.

NOTE
Programming or erasing the Flash memory cannot be performed if the bus
clock runs at less than 1 MHz. Setting FDIV too high can destroy the Flash
memory due to overstress. Setting FDIV too low can result in incomplete
programming or erasure of the Flash memory cells.

When the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, th
FCLKDIV register has not been written since the last reset. If the FCLKDIV register has not been wr
any Flash program or erase command loaded during a command write sequence will not execute a
ACCERR bit in the FSTAT register will set.

9.4.1.2 Command Write Sequence

The Memory Controller will launch all valid Flash commands entered using a command write sequ

Before launching a command, the ACCERR and FPVIOL bits in the FSTAT register must be clea
Section 9.3.2.7) and the CCIF flag should be tested to determine the status of the current command
sequence. If CCIF is 0, the previous command write sequence is still active, a new command writ
sequence cannot be started, and all writes to the FCCOB register are ignored.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.
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Figure 9-26. Generic Flash Command Write Sequence Flowchart

Write to FCCOBIX register

Write: FSTAT register (to launch command)
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9.4.1.3 Valid Flash Module Commands

Table 9-30. Flash Commands by Mode

FCMD Command

Unsecured Secured

NS
(1)

1. Unsecured Normal Single Chip mode.

NX
(2)

2. Unsecured Normal Expanded mode.

SS(3)

3. Unsecured Special Single Chip mode.

ST(4)

4. Unsecured Special Mode.

NS
(5)

5. Secured Normal Single Chip mode.

NX
(6)

6. Secured Normal Expanded mode.

SS(7)

7. Secured Special Single Chip mode.

ST(8)

8. Secured Special Mode.

0x01 Erase Verify All Blocks � � � � � � � �

0x02 Erase Verify Block � � � � � � � �

0x03 Erase Verify P-Flash Section � � � � �

0x04 Read Once � � � � �

0x05 Load Data Field � � � � �

0x06 Program P-Flash � � � � �

0x07 Program Once � � � � �

0x08 Erase All Blocks � � � �

0x09 Erase P-Flash Block � � � � �

0x0A Erase P-Flash Sector � � � � �

0x0B Unsecure Flash � � � �

0x0C Verify Backdoor Access Key � �

0x0D Set User Margin Level � � � � �

0x0E Set Field Margin Level � �

0x0F Full Partition D-Flash � �

0x10 Erase Verify D-Flash Section � � � � �

0x11 Program D-Flash � � � � �

0x12 Erase D-Flash Sector � � � � �

0x13 Enable EEPROM Emulation � � � � � � � �

0x14 Disable EEPROM Emulation � � � � � � � �

0x15 EEPROM Emulation Query � � � � � � � �

0x20 Partition D-Flash � � � � � � � �
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9.4.1.4 P-Flash Commands

Table 9-31 summarizes the valid P-Flash commands along with the effects of the commands on th
Flash block and other resources within the Flash module.

9.4.1.5 D-Flash and EEE Commands

Table 9-32summarizes the valid D-Flash and EEE commands along with the effects of the comman
the D-Flash block and EEE operation.

Table 9-31. P-Flash Commands

FCMD Command Function on P-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all P-Flash (and D-Flash) blocks are erased.

0x02 Erase Verify Block Verify that a P-Flash block is erased.

0x03
Erase Verify P-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x04 Read Once
Read a dedicated 64 byte field in the nonvolatile information register in P-Flash block 0
that was previously programmed using the Program Once command.

0x05 Load Data Field Load data for simultaneous multiple P-Flash block operations.

0x06 Program P-Flash
Program a phrase in a P-Flash block and any previously loaded phrases for any other P-
Flash block (see Load Data Field command).

0x07 Program Once
Program a dedicated 64 byte field in the nonvolatile information register in P-Flash block
0 that is allowed to be programmed only once.

0x08 Erase All Blocks

Erase all P-Flash (and D-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.

0x09
Erase P-Flash

Block

Erase a single P-Flash block.
An erase of the full P-Flash block is only possible when FPLDIS, FPHDIS and FPOPEN
bits in the FPROT register are set prior to launching the command.

0x0A
Erase P-Flash

Sector
Erase all bytes in a P-Flash sector.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all P-Flash (and D-Flash) blocks
and verifying that all P-Flash (and D-Flash) blocks are erased.

0x0C
Verify Backdoor

Access Key
Supports a method of releasing MCU security by verifying a set of security keys.

0x0D
Set User Margin

Level
Specifies a user margin read level for all P-Flash blocks.

0x0E
Set Field Margin

Level
Specifies a field margin read level for all P-Flash blocks (special modes only).

Table 9-32. D-Flash Commands

FCMD Command Function on D-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all D-Flash (and P-Flash) blocks are erased.

0x02 Erase Verify Block Verify that the D-Flash block is erased.
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9.4.2 Flash Command Description

This section provides details of all available Flash commands launched by a command write sequen
ACCERR bit in the FSTAT register will be set during the command write sequence if any of the follow
illegal steps are performed, causing the command not to be processed by the Memory Controller:

¥ Starting any command write sequence that programs or erases Flash memory before initializ
FCLKDIV register

¥ Writing an invalid command as part of the command write sequence
¥ For additional possible errors, refer to the error handling table provided for each command

If a Flash block is read during execution of an algorithm (CCIF = 0) on that same block, the read ope
will return invalid data. If the SFDIF or DFDIF flags were not previously set when the invalid read
operation occurred, both the SFDIF and DFDIF flags will be set and the FECCR registers will be lo
with the global address used in the invalid read operation with the data and parity fields set to all 0

If the ACCERR or FPVIOL bits are set in the FSTAT register, the user must clear these bits before st
any command write sequence (seeSection 9.3.2.7).

0x08 Erase All Blocks

Erase all D-Flash (and P-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all D-Flash (and P-Flash) blocks
and verifying that all D-Flash (and P-Flash) blocks are erased.

0x0D
Set User Margin

Level
Specifies a user margin read level for the D-Flash block.

0x0E
Set Field Margin

Level
Specifies a field margin read level for the D-Flash block (special modes only).

0x0F
Full Partition D-

Flash
Erase the D-Flash block and partition an area of the D-Flash block for user access.

0x10
Erase Verify D-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x11 Program D-Flash Program up to four words in the D-Flash block.

0x12
Erase D-Flash

Sector
Erase all bytes in a sector of the D-Flash block.

0x13
Enable EEPROM

Emulation
Enable EEPROM emulation where writes to the buffer RAM EEE partition will be copied
to the D-Flash EEE partition.

0x14
Disable EEPROM

Emulation
Suspend all current erase and program activity related to EEPROM emulation but leave
current EEE tags set.

0x15
EEPROM

Emulation Query
Returns EEE partition and status variables.

0x20 Partition D-Flash Partition an area of the D-Flash block for user access.

Table 9-32. D-Flash Commands

FCMD Command Function on D-Flash Memory
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CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

9.4.2.1 Erase Verify All Blocks Command

The Erase Verify All Blocks command will verify that all P-Flash and D-Flash blocks have been er

Upon clearing CCIF to launch the Erase Verify All Blocks command, the Memory Controller will ver
that the entire Flash memory space is erased. The CCIF ßag will set after the Erase Verify All Blo
operation has completed.

9.4.2.2 Erase Verify Block Command

The Erase Verify Block command allows the user to verify that an entire P-Flash or D-Flash block has
erased. The FCCOB upper global address bits determine which block must be veriÞed.

Upon clearing CCIF to launch the Erase Verify Block command, the Memory Controller will verify 
the selected P-Flash or D-Flash block is erased. The CCIF ßag will set after the Erase Verify Bloc
operation has completed.

Table 9-33. Erase Verify All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x01 Not required

Table 9-34. Erase Verify All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 9-35. Erase Verify Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x02
Global address [22:16] of the

Flash block to be verified.
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9.4.2.3 Erase Verify P-Flash Section Command

The Erase Verify P-Flash Section command will verify that a section of code in the P-Flash memo
erased. The Erase Verify P-Flash Section command defines the starting point of the code to be verifi
the number of phrases. The section to be verified cannot cross a 256 Kbyte boundary in the P-Fla
memory space.

Upon clearing CCIF to launch the Erase Verify P-Flash Section command, the Memory Controller
verify the selected section of Flash memory is erased. The CCIF ßag will set after the Erase Verify P
Section operation has completed.

Table 9-36. Erase Verify Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if an invalid global address [22:16] is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 9-37. Erase Verify P-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x03
Global address [22:16] of

a P-Flash block

001 Global address [15:0] of the first phrase to be verified

010 Number of phrases to be verified

Table 9-38. Erase Verify P-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if the requested section crosses a 256 Kbyte boundary

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read
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9.4.2.4 Read Once Command

The Read Once command provides read access to a reserved 64 byte field (8 phrases) located in
nonvolatile information register of P-Flash block 0. The Read Once field is programmed using the
Program Once command described inSection 9.4.2.7. The Read Once command must not be execute
from the Flash block containing the Program Once reserved field to avoid code runaway.

Upon clearing CCIF to launch the Read Once command, a Read Once phrase is fetched and store
FCCOB indexed register. The CCIF ßag will set after the Read Once operation has completed. Va
phrase index values for the Read Once command range from 0x0000 to 0x0007. During execution
Read Once command, any attempt to read addresses within P-Flash block 0 will return invalid da

128

9.4.2.5 Load Data Field Command

The Load Data Field command is executed to provide FCCOB parameters for multiple P-Flash bloc
a future simultaneous program operation in the P-Flash memory space.

FERSTAT EPVIOLIF None

Table 9-39. Read Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x04 Not Required

001 Read Once phrase index (0x0000 - 0x0007)

010 Read Once word 0 value

011 Read Once word 1 value

100 Read Once word 2 value

101 Read Once word 3 value

Table 9-40. Read Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid phrase index is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 9-38. Erase Verify P-Flash Section Command Error Handling

Register Error Bit Error Condition
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Upon clearing CCIF to launch the Load Data Field command, the FCCOB registers will be transferr
the Memory Controller and be programmed in the block speciÞed at the global address given with a
Program P-Flash command launched on a P-Flash block. The CCIF ßag will set after the Load Data
operation has completed. Note that once a Load Data Field command sequence has been initiated, t
Data Field command sequence will be cancelled if any command other than Load Data Field or the
Program P-Flash is launched. Similarly, if an error occurs after launching a Load Data Field or Pro
P-Flash command, the associated Load Data Field command sequence will be cancelled.

9.4.2.6 Program P-Flash Command

The Program P-Flash operation will program a previously erased phrase in the P-Flash memory us
embedded algorithm.

Table 9-41. Load Data Field Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x05
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] of phrase location to be programmed(1)

1. Global address [2:0] must be 000

010 Word 0

011 Word 1

100 Word 2

101 Word 3

Table 9-42. Load Data Field Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if a Load Data Field command sequence is currently active and the selected
block has previously been selected in the same command sequence

Set if a Load Data Field command sequence is currently active and global
address [17:0] does not match that previously supplied in the same command
sequence

FPVIOL Set if the global address [22:0] points to a protected area

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None
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CAUTION
A P-Flash phrase must be in the erased state before being programmed.
Cumulative programming of bits within a Flash phrase is not allowed.

Upon clearing CCIF to launch the Program P-Flash command, the Memory Controller will program
data words to the supplied global address and will then proceed to verify the data words read bac
expected. The CCIF ßag will set after the Program P-Flash operation has completed.

9.4.2.7 Program Once Command

The Program Once command restricts programming to a reserved 64 byte field (8 phrases) in the
nonvolatile information register located in P-Flash block 0. The Program Once reserved field can b
using the Read Once command as described inSection 9.4.2.4. The Program Once command must only
be issued once since the nonvolatile information register in P-Flash block 0 cannot be erased. The P

Table 9-43. Program P-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x06
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] of phrase location to be programmed(1)

1. Global address [2:0] must be 000

010 Word 0 program value

011 Word 1 program value

100 Word 2 program value

101 Word 3 program value

Table 9-44. Program P-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if a Load Data Field command sequence is currently active and the selected
block has previously been selected in the same command sequence

Set if a Load Data Field command sequence is currently active and global
address [17:0] does not match that previously supplied in the same command
sequence

FPVIOL Set if the global address [22:0] points to a protected area

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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Once command must not be executed from the Flash block containing the Program Once reserved
avoid code runaway.

Upon clearing CCIF to launch the Program Once command, the Memory Controller Þrst veriÞes th
selected phrase is erased. If erased, then the selected phrase will be programmed and then veriÞ
read back. The CCIF ßag will remain clear, setting only after the Program Once operation has com

The reserved nonvolatile information register accessed by the Program Once command cannot be
and any attempt to program one of these phrases a second time will not be allowed. Valid phrase
values for the Program Once command range from 0x0000 to 0x0007. During execution of the Pr
Once command, any attempt to read addresses within P-Flash block 0 will return invalid data.

9.4.2.8 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and D-Flash memory space including th
nonvolatile information register.

Table 9-45. Program Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x07 Not Required

001 Program Once phrase index (0x0000 - 0x0007)

010 Program Once word 0 value

011 Program Once word 1 value

100 Program Once word 2 value

101 Program Once word 3 value

Table 9-46. Program Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid phrase index is supplied

Set if the requested phrase has already been programmed(1)

1. If a Program Once phrase is initially programmed to 0xFFFF_FFFF_FFFF_FFFF, the Program Once command will
be allowed to execute again on that same phrase.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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Upon clearing CCIF to launch the Erase All Blocks command, the Memory Controller will erase the e
Flash memory space and verify that it is erased. If the Memory Controller veriÞes that the entire F
memory space was properly erased, security will be released. During the execution of this comma
(CCIF=0) the user must not write to any Flash module register. The CCIF ßag will set after the Eras
Blocks operation has completed.

9.4.2.9 Erase P-Flash Block Command

The Erase P-Flash Block operation will erase all addresses in a P-Flash block.

Upon clearing CCIF to launch the Erase P-Flash Block command, the Memory Controller will eras
selected P-Flash block and verify that it is erased. The CCIF ßag will set after the Erase P-Flash B
operation has completed.

Table 9-47. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required

Table 9-48. Erase All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 9-49. Erase P-Flash Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x09
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] in P-Flash block to be erased
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9.4.2.10 Erase P-Flash Sector Command

The Erase P-Flash Sector operation will erase all addresses in a P-Flash sector.

Upon clearing CCIF to launch the Erase P-Flash Sector command, the Memory Controller will era
selected Flash sector and then verify that it is erased. The CCIF ßag will be set after the Erase P-
Sector operation has completed.

Table 9-50. Erase P-Flash Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:16] is supplied

FPVIOL Set if an area of the selected P-Flash block is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None

Table 9-51. Erase P-Flash Sector Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0A
Global address [22:16] to identify

P-Flash block to be erased

001
Global address [15:0] anywhere within the sector to be erased.

Refer to Section 9.1.2.1 for the P-Flash sector size.

Table 9-52. Erase P-Flash Sector Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:16] is supplied

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the selected P-Flash sector is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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9.4.2.11 Unsecure Flash Command

The Unsecure Flash command will erase the entire P-Flash and D-Flash memory space and, if the
successful, will release security.

Upon clearing CCIF to launch the Unsecure Flash command, the Memory Controller will erase the
P-Flash and D-Flash memory space and verify that it is erased. If the Memory Controller veriÞes th
entire Flash memory space was properly erased, security will be released. If the erase verify is no
successful, the Unsecure Flash operation sets MGSTAT1 and terminates without changing the se
state. During the execution of this command (CCIF=0) the user must not write to any Flash modu
register. The CCIF ßag is set after the Unsecure Flash operation has completed.

9.4.2.12 Verify Backdoor Access Key Command

The Verify Backdoor Access Key command will only execute if it is enabled by the KEYEN bits in 
FSEC register (seeTable 9-11). The Verify Backdoor Access Key command releases security if user
supplied keys match those stored in the Flash security bytes of the Flash configuration field (seeTable 9-
3). The Verify Backdoor Access Key command must not be executed from the Flash block containin
backdoor comparison key to avoid code runaway.

Table 9-53. Unsecure Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0B Not required

Table 9-54. Unsecure Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 9-55. Verify Backdoor Access Key Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0C Not required

001 Key 0

010 Key 1

011 Key 2

100 Key 3
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Upon clearing CCIF to launch the Verify Backdoor Access Key command, the Memory Controller 
check the FSEC KEYEN bits to verify that this command is enabled. If not enabled, the Memory
Controller sets the ACCERR bit in the FSTAT register and terminates. If the command is enabled
Memory Controller compares the key provided in FCCOB to the backdoor comparison key in the F
conÞguration Þeld with Key 0 compared to 0x7F_FF00, etc. If the backdoor keys match, security w
released. If the backdoor keys do not match, security is not released and all future attempts to exec
Verify Backdoor Access Key command are aborted (set ACCERR) until a reset occurs. The CCIF f
set after the Verify Backdoor Access Key operation has completed.

9.4.2.13 Set User Margin Level Command

The Set User Margin Level command causes the Memory Controller to set the margin level for future
operations of a specific P-Flash or D-Flash block.

Upon clearing CCIF to launch the Set User Margin Level command, the Memory Controller will se
user margin level for the targeted block and then set the CCIF ßag.

Valid margin level settings for the Set User Margin Level command are deÞned inTable 9-58.

Table 9-56. Verify Backdoor Access Key Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 100 at command launch

Set if a Load Data Field command sequence is currently active

Set if an incorrect backdoor key is supplied

Set if backdoor key access has not been enabled (KEYEN[1:0] != 10, see
Section 9.3.2.2)

Set if the backdoor key has mismatched since the last reset

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 9-57. Set User Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0D
Global address [22:16] to identify the

Flash block

001 Margin level setting

Table 9-58. Valid Set User Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)
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NOTE
User margin levels can be used to check that Flash memory contents have
adequate margin for normal level read operations. If unexpected results are
encountered when checking Flash memory contents at user margin levels, a
potential loss of information has been detected.

9.4.2.14 Set Field Margin Level Command

The Set Field Margin Level command, valid in special modes only, causes the Memory Controller
the margin level specified for future read operations of a specific P-Flash or D-Flash block.

Upon clearing CCIF to launch the Set Field Margin Level command, the Memory Controller will se
Þeld margin level for the targeted block and then set the CCIF ßag.

0x0002 User Margin-0 Level(2)

1. Read margin to the erased state
2. Read margin to the programmed state

Table 9-59. Set User Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:16] is supplied

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 9-60.  Set Field Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0E
Global address [22:16] to identify the Flash

block

001 Margin level setting

Table 9-58. Valid Set User Margin Level Settings

CCOB
(CCOBIX=001)

Level Description
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Valid margin level settings for the Set Field Margin Level command are deÞned inTable 9-61.

CAUTION
Field margin levels must only be used during verify of the initial factory
programming.

NOTE
Field margin levels can be used to check that Flash memory contents have
adequate margin for data retention at the normal level setting. If unexpected
results are encountered when checking Flash memory contents at Þeld
margin levels, the Flash memory contents should be erased and
reprogrammed.

9.4.2.15 Full Partition D-Flash Command

The Full Partition D-Flash command allows the user to allocate sectors within the D-Flash block fo
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consis
128 sectors with 256 bytes per sector.

Table 9-61. Valid Set Field Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)

1. Read margin to the erased state

0x0002 User Margin-0 Level(2)

2. Read margin to the programmed state

0x0003 Field Margin-1 Level1

0x0004 Field Margin-0 Level2

Table 9-62. Set Field Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:16] is supplied

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None
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9.4.2.17 Program D-Flash Command

The Program D-Flash operation programs one to four previously erased words in the D-Flash use
partition. The Program D-Flash operation will confirm that the targeted location(s) were successfu
programmed upon completion.

CAUTION
A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

Upon clearing CCIF to launch the Program D-Flash command, the user-supplied words will be trans
to the Memory Controller and be programmed. The CCOBIX index value at Program D-Flash comm
launch determines how many words will be programmed in the D-Flash block. No protection chec
made in the Program D-Flash operation on the D-Flash block, only access error checks. The CCIF
set when the operation has completed.

Table 9-66. Erase Verify D-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned word address is supplied (global address [0] != 0)

Set if the global address [22:0] points to an area of the D-Flash EEE partition

Set if the requested section breaches the end of the D-Flash block or goes into
the D-Flash EEE partition

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 9-67. Program D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x11
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of word to be programmed

010 Word 0 program value

011 Word 1 program value, if desired

100 Word 2 program value, if desired

101 Word 3 program value, if desired
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332 Freescale Semiconductor







Chapter 9 512 KByte Flash Module (S12XFTM512K3V1)

E

 will
efore

r the
mand

nt =
9.4.2.20 Disable EEPROM Emulation Command

The Disable EEPROM Emulation command causes the Memory Controller to suspend current EE
activity.

Upon clearing CCIF to launch the Disable EEPROM Emulation command, the Memory Controller
halt EEE operations at the next convenient point without clearing the EEE tag RAM or tag counter b
setting the CCIF ßag.

9.4.2.21 EEPROM Emulation Query Command

The EEPROM Emulation Query command returns EEE partition and status variables.

Upon clearing CCIF to launch the EEPROM Emulation Query command, the CCIF ßag will set afte
EEE partition and status variables are stored in the FCCOBIX register.If the Emulation Query com
is executed prior to partitioning (Partition D-Flash CommandSection 9.4.2.15), the following reset values
are returned: DFPART = 0x_FFFF, ERPART = 0x_FFFF, ECOUNT = 0x_FFFF, Dead Sector Cou
0x_00, Ready Sector Count = 0x_00.

Table 9-73. Disable EEPROM Emulation Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x14 Not required

Table 9-74. Disable EEPROM Emulation Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if Full Partition D-Flash or Partition D-Flash command not previously run

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 9-75. EEPROM Emulation Query Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x15 Not required

001 Return DFPART

010 Return ERPART

011 Return ECOUNT(1)

1. Indicates sector erase count
100 Return Dead Sector Count Return Ready Sector Count
MC9S12XF - Family Reference Manual, Rev.1.20
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9.4.2.22 Partition D-Flash Command

The Partition D-Flash command allows the user to allocate sectors within the D-Flash block for
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consis
128 sectors with 256 bytes per sector. The Erase All Blocks command must be run prior to launchin
Partition D-Flash command.

Upon clearing CCIF to launch the Partition D-Flash command, the following actions are taken to de
partition within the D-Flash block for direct access (DFPART) and a partition within the buffer RAM
EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 16 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase verify the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 9-7)

Table 9-76. EEPROM Emulation Query Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 000 at command launch

Set if a Load Data Field command sequence is currently active

Set if command not available in current mode (see Table 9-30)

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 9-77. Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x20 Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
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9.4.3 Interrupts

The Flash module can generate an interrupt when a Flash command operation has completed or 
Flash command operation has detected an EEE error or an ECC fault.

NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

9.4.3.1 Description of Flash Interrupt Operation

The Flash module uses the CCIF ßag in combination with the CCIE interrupt enable bit to genera
Flash command interrupt request. The Flash module uses the ERSEIF, PGMEIF, EPVIOLIF, ERS
ERSVIF0, DFDIF and SFDIF ßags in combination with the ERSEIE, PGMEIE, EPVIOLIE, ERSVI
ERSVIE0, DFDIE and SFDIE interrupt enable bits to generate the Flash error interrupt request. F
detailed description of the register bits involved, refer toSection 9.3.2.5, ÒFlash Configuration Registe
(FCNFG)Ó,Section 9.3.2.6, ÒFlash Error Configuration Register (FERCNFG)Ó,Section 9.3.2.7, ÒFlash
Status Register (FSTAT)Ó, andSection 9.3.2.8, ÒFlash Error Status Register (FERSTAT)Ó.

The logic used for generating the Flash module interrupts is shown inFigure 9-27.

Table 9-79. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable
Global (CCR)

Mask

Flash Command Complete CCIF
(FSTAT register)

CCIE
(FCNFG register)

I Bit

Flash EEE Erase Error ERSERIF
(FERSTAT register)

ERSERIE
(FERCNFG register)

I Bit

Flash EEE Program Error PGMERIF
(FERSTAT register)

PGMERIE
(FERCNFG register)

I Bit

Flash EEE Protection Violation EPVIOLIF
(FERSTAT register)

EPVIOLIE
(FERCNFG register)

I Bit

Flash EEE Error Type 1 Violation ERSVIF1
(FERSTAT register)

ERSVIE1
(FERCNFG register)

I Bit

Flash EEE Error Type 0 Violation ERSVIF0
(FERSTAT register)

ERSVIE0
(FERCNFG register)

I Bit

ECC Double Bit Fault on Flash Read DFDIF
(FERSTAT register)

DFDIE
(FERCNFG register)

I Bit

ECC Single Bit Fault on Flash Read SFDIF
(FERSTAT register)

SFDIE
(FERCNFG register)

I Bit
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Figure 9-27. Flash Module Interrupts Implementation

9.4.4 Wait Mode

The Flash module is not affected if the MCU enters wait mode. The Flash module can recover the
from wait via the CCIF interrupt (seeSection 9.4.3, ÒInterruptsÓ).

9.4.5 Stop Mode

If a Flash command is active (CCIF = 0) or an EE-Emulation operation is pending when the MCU req
stop mode, the current Flash operation will be completed before the CPU is allowed to enter stop

9.5 Security
The Flash module provides security information to the MCU. The Flash security state is deÞned b
SEC bits of the FSEC register (seeTable 9-12). During reset, the Flash module initializes the FSEC
register using data read from the security byte of the Flash conÞguration Þeld at global address
0x7F_FF0F.

Flash Error Interrupt Request

CCIF
CCIE

EPVIOLIF
EPVIOLIE

ERSVIF1
ERSVIE1

ERSVIF0
ERSVIE0

PGMERIF
PGMERIE

ERSERIF
ERSERIE

Flash Command Interrupt Request

DFDIF
DFDIE

SFDIF
SFDIE
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The security state out of reset can be permanently changed by programming the security byte of the
conÞguration Þeld. This assumes that you are starting from a mode where the necessary P-Flash e
program commands are available and that the upper region of the P-Flash is unprotected. If the F
security byte is successfully programmed, its new value will take affect after the next MCU reset.

The following subsections describe these security-related subjects:

¥ Unsecuring the MCU using Backdoor Key Access
¥ Unsecuring the MCU in Special Single Chip Mode using BDM
¥ Mode and Security Effects on Flash Command Availability

9.5.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge
contents of the backdoor keys (four 16-bit words programmed at addresses 0x7F_FF00Ð0x7F_F
the KEYEN[1:0] bits are in the enabled state (seeSection 9.3.2.2), the Verify Backdoor Access Key
command (seeSection 9.4.2.12) allows the user to present four prospective keys for comparison to t
keys stored in the Flash memory via the Memory Controller. If the keys presented in the Verify Back
Access Key command match the backdoor keys stored in the Flash memory, the SEC bits in the F
register (seeTable 9-12) will be changed to unsecure the MCU. Key values of 0x0000 and 0xFFFF are
permitted as backdoor keys. While the Verify Backdoor Access Key command is active, P-Flash b
will not be available for read access and will return invalid data.

The user code stored in the P-Flash memory must have a method of receiving the backdoor keys f
external stimulus. This external stimulus would typically be through one of the on-chip serial ports

If the KEYEN[1:0] bits are in the enabled state (seeSection 9.3.2.2), the MCU can be unsecured by the
backdoor key access sequence described below:

1. Follow the command sequence for the Verify Backdoor Access Key command as explained
Section 9.4.2.12

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured and the
SEC[1:0] bits in the FSEC register are forced to the unsecure state of 10

The Verify Backdoor Access Key command is monitored by the Memory Controller and an illegal key
prohibit future use of the Verify Backdoor Access Key command. A reset of the MCU is the only me
to re-enable the Verify Backdoor Access Key command.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU
unsecured, the sector containing the Flash security byte can be erased and the Flash security byt
reprogrammed to the unsecure state, if desired.

In the unsecure state, the user has full control of the contents of the backdoor keys by programmi
addresses 0x7F_FF00Ð0x7F_FF07 in the Flash conÞguration Þeld.

The security as deÞned in the Flash security byte (0x7F_FF0F) is not changed by using the Verify
Backdoor Access Key command sequence. The backdoor keys stored in addresses
0x7F_FF00Ð0x7F_FF07 are unaffected by the Verify Backdoor Access Key command sequence. A
next reset of the MCU, the security state of the Flash module is determined by the Flash security 
MC9S12XF - Family Reference Manual, Rev.1.20
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(0x7F_FF0F). The Verify Backdoor Access Key command sequence has no effect on the program
erase protections deÞned in the Flash protection register, FPROT.

9.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM

The MCU can be unsecured in special single chip mode by erasing the P-Flash and D-Flash mem
one of the following methods:

¥ Reset the MCU into special single chip mode, delay while the erase test is performed by the
send BDM commands to disable protection in the P-Flash and D-Flash memory, and execu
Erase All Blocks command write sequence to erase the P-Flash and D-Flash memory.

¥ Reset the MCU into special expanded wide mode, disable protection in the P-Flash and D
memory and run code from external memory to execute the Erase All Blocks command wri
sequence to erase the P-Flash and D-Flash memory.

After the CCIF ßag sets to indicate that the Erase All Blocks operation has completed, reset the MC
special single chip mode. The BDM will execute the Erase Verify All Blocks command write sequen
verify that the P-Flash and D-Flash memory is erased. If the P-Flash and D-Flash memory are veri
erased the MCU will be unsecured. All BDM commands will be enabled and the Flash security byte
be programmed to the unsecure state by the following method:

¥ Send BDM commands to execute a ÔProgram P-FlashÕ command sequence to program 
security byte to the unsecured state and reset the MCU.

9.5.3 Mode and Security Effects on Flash Command Availability

The availability of Flash module commands depends on the MCU operating mode and security st
shown inTable 9-30.

9.6 Initialization
On each system reset the Flash module executes a reset sequence which establishes initial value
Flash Block Configuration Parameters, the FPROT and DFPROT protection registers, and the FOP
FSEC registers. The Flash module reverts to built-in default values that leave the module in a fully
protected and secured state if errors are encountered during execution of the reset sequence. If a do
fault is detected during the reset sequence, both MGSTAT bits in the FSTAT register will be set. T
ACCERR bit in the FSTAT register is set if errors are encountered while initializing the EEE buffer
during the reset sequence.

CCIF remains clear throughout the reset sequence. The Flash module holds off all CPU access fo
initial portion of the reset sequence. While Flash reads are possible when the hold is removed, wr
the FCCOBIX, FCCOBHI, and FCCOBLO registers are ignored to prevent command activity while
Memory Controller remains busy. Completion of the reset sequence is marked by setting CCIF high
enables writes to the FCCOBIX, FCCOBHI, and FCCOBLO registers to launch any available Flas
command.

If a reset occurs while any Flash command is in progress, that command will be immediately aborte
state of the word being programmed or the sector/block being erased is not guaranteed.
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Table 10-1. Revision History

Revision
Number

Revision
Date

Sections
Affected

Description of Changes

V01.00 12 Dec 2007 - Initial version

V01.01 19 Dec 2007 10.4.2/10-379
10.4.2/10-379

10.4.2/10-379

10.4.2/10-379

10.3.1/10-348
10.1.3/10-346
10.3.1/10-348
10.3.1/10-348

- Removed Load Data Field command 0x05
- Updated Command Error Handling tables based on parent-child relationship
with FTM512K3
- Corrected Error Handling table for Full Partition D-Flash, Partition D-Flash,
and EEPROM Emulation Query commands
- Corrected maximum allowed ERPART for Full Partition D-Flash and Partition
D-Flash commands
- Corrected P-Flash IFR Accessibility table
- Corrected Buffer RAM size in Feature List
- Corrected EEE Resource Memory Map
- Corrected P-Flash Memory Map

V01.02 25 Sep 2009
10.1/10-344

10.3.2.1/10-355
10.4.2.4/10-382

10.4.2.6/10-383

10.4.2.11/10-
387

10.4.2.11/10-
387

10.4.2.11/10-
387

10.4.2.19/10-
396

10.3.2/10-353
10.3.2.1/10-355
10.4.1.2/10-374

10.6/10-402

- Change references for D-Flash from 16 Kbytes to 32 Kbytes
- Clarify single bit fault correction for P-Flash phrase
- Expand FDIV vs OSCCLK Frequency table
- Add statement concerning code runaway when executing Read Once
command from Flash block containing associated fields
- Add statement concerning code runaway when executing Program Once
command from Flash block containing associated fields
- Add statement concerning code runaway when executing Verify Backdoor
Access Key command from Flash block containing associated fields
- Relate Key 0 to associated Backdoor Comparison Key address
- Change “power down reset” to “reset”
- Add ACCERR condition for Disable EEPROM Emulation command
The following changes were made to clarify module behavior related to Flash
register access during reset sequence and while Flash commands are active:
- Add caution concerning register writes while command is active
- Writes to FCLKDIV are allowed during reset sequence while CCIF is clear
- Add caution concerning register writes while command is active
- Writes to FCCOBIX, FCCOBHI, FCCOBLO registers are ignored during
reset sequence
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10.1 Introduction
The FTM128K2XF module implements the following:

¥ 128 Kbytes of P-Flash (Program Flash) memory, consisting of 2 physical Flash blocks, inte
primarily for nonvolatile code storage

¥ 32 Kbytes of D-Flash (Data Flash) memory, consisting of 1 physical Flash block, that can be
as nonvolatile storage to support the built-in hardware scheme for emulated EEPROM, as 
Flash memory primarily intended for nonvolatile data storage, or as a combination of both

¥ 2 Kbytes of buffer RAM, consisting of 1 physical RAM block, that can be used as emulated
EEPROM using a built-in hardware scheme, as basic RAM, or as a combination of both

The Flash memory is ideal for single-supply applications allowing for Þeld reprogramming without
requiring external high voltage sources for program or erase operations. The Flash module includ
memory controller that executes commands to modify Flash memory contents or conÞgure modu
resources for emulated EEPROM operation. The user interface to the memory controller consists
indexed Flash Common Command Object (FCCOB) register which is written to with the command, g
address, data, and any required command parameters. The memory controller must complete the ex
of a command before the FCCOB register can be written to with a new command.

CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

The RAM and Flash memory may be read as bytes, aligned words, or misaligned words. Read acce
is one bus cycle for bytes and aligned words, and two bus cycles for misaligned words. For Flash me
an erased bit reads 1 and a programmed bit reads 0.

It is not possible to read from a Flash block while any command is executing on that speciÞc Flash
It is possible to read from a Flash block while a command is executing on a different Flash block.

Both P-Flash and D-Flash memories are implemented with Error Correction Codes (ECC) that can r
single bit faults and detect double bit faults. For P-Flash memory, the ECC implementation require
programming be done on an aligned 8 byte basis (a Flash phrase). Since P-Flash memory is alwa
by phrase, only one single bit fault in the phrase containing the byte or word accessed will be corr

10.1.1 Glossary

Buffer RAM Ñ The buffer RAM constitutes the volatile memory store required for EEE. Memory spa
in the buffer RAM not required for EEE can be partitioned to provide volatile memory space for
applications.
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Command Write Sequence Ñ An MCU instruction sequence to execute built-in algorithms (includin
program and erase) on the Flash memory.

D-Flash Memory Ñ The D-Flash memory constitutes the nonvolatile memory store required for EE
Memory space in the D-Flash memory not required for EEE can be partitioned to provide nonvola
memory space for applications.

D-Flash SectorÑ The D-Flash sector is the smallest portion of the D-Flash memory that can be era
The D-Flash sector consists of four 64 byte rows for a total of 256 bytes.

EEE (Emulated EEPROM) Ñ A method to emulate the small sector size features and endurance
characteristics associated with an EEPROM.

EEE IFR Ñ Nonvolatile information register located in the D-Flash block that contains data required
partition the D-Flash memory and buffer RAM for EEE. The EEE IFR is visible in the global memory m
by setting the EEEIFRON bit in the MMCCTL1 register.

NVM Command Mode Ñ An NVM mode using the CPU to setup the FCCOB register to pass parame
required for Flash command execution.

PhraseÑ An aligned group of four 16-bit words within the P-Flash memory. Each phrase includes e
ECC bits for single bit fault correction and double bit fault detection within the phrase.

P-Flash MemoryÑ The P-Flash memory constitutes the main nonvolatile memory store for applicati

P-Flash SectorÑ The P-Flash sector is the smallest portion of the P-Flash memory that can be era
Each P-Flash sector contains 1024 bytes.

Program IFR Ñ Nonvolatile information register located in the P-Flash block that contains the Dev
ID, Version ID, and the Program Once Þeld. The Program IFR is visible in the global memory map
setting the PGMIFRON bit in the MMCCTL1 register.

10.1.2 Features

10.1.2.1 P-Flash Features

¥ 128 Kbytes of P-Flash memory composed of two 64 Kbyte Flash blocks. The 64 Kbyte Fla
blocks are each divided into 64 sectors of 1024 bytes.

¥ Single bit fault correction and double bit fault detection within a 64-bit phrase during read
operations

¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and phrase program operation
¥ Ability to program up to one phrase in each P-Flash block simultaneously
¥ Flexible protection scheme to prevent accidental program or erase of P-Flash memory

10.1.2.2 D-Flash Features

¥ Up to 32 Kbytes of D-Flash memory with 256 byte sectors for user access
¥ Dedicated commands to control access to the D-Flash memory over EEE operation
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ Single bit fault correction and double bit fault detection within a word during read operation
¥ Automated program and erase algorithm with verify and generation of ECC parity bits
¥ Fast sector erase and word program operation
¥ Ability to program up to four words in a burst sequence

10.1.2.3 Emulated EEPROM Features

¥ Up to 2 Kbytes of emulated EEPROM (EEE) accessible as 2 Kbytes of RAM
¥ Flexible protection scheme to prevent accidental program or erase of data
¥ Automatic EEE Þle handling using an internal Memory Controller
¥ Automatic transfer of valid EEE data from D-Flash memory to buffer RAM on reset
¥ Ability to monitor the number of outstanding EEE related buffer RAM words left to be

programmed into D-Flash memory
¥ Ability to disable EEE operation and allow priority access to the D-Flash memory
¥ Ability to cancel all pending EEE operations and allow priority access to the D-Flash memo

10.1.2.4 User Buffer RAM Features

¥ Up to 2 Kbytes of RAM for user access

10.1.2.5 Other Flash Module Features

¥ No external high-voltage power supply required for Flash memory program and erase ope
¥ Interrupt generation on Flash command completion and Flash error detection
¥ Security mechanism to prevent unauthorized access to the Flash memory

10.1.3 Block Diagram

The block diagram of the Flash module is shown inFigure 10-1.
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Figure 10-1. FTM128K2 Block Diagram

10.2 External Signal Description
The Flash module contains no signals that connect off-chip.
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10.3 Memory Map and Registers
This section describes the memory map and registers for the Flash module. Read data from unimple
memory space in the Flash module is undeÞned. Write access to unimplemented or reserved memo
in the Flash module will be ignored by the Flash module.

10.3.1 Module Memory Map

The S12X architecture places the P-Flash memory between global addresses 0x78_0000 and 0x7F
as shown inTable 10-2. The P-Flash memory map is shown inFigure 10-2.

The FPROT register, described inSection 10.3.2.9, can be set to protect regions in the Flash memory fro
accidental program or erase. Three separate memory regions, one growing upward from global a
0x7F_8000 in the Flash memory (called the lower region), one growing downward from global add
0x7F_FFFF in the Flash memory (called the higher region), and the remaining addresses in the F
memory, can be activated for protection. The Flash memory addresses covered by these protectable
are shown in the P-Flash memory map. The higher address region is mainly targeted to hold the boot
code since it covers the vector space. Default protection settings as well as security information that
the MCU to restrict access to the Flash module are stored in the Flash conÞguration Þeld as desc
Table 10-3.

Table 10-2. P-Flash Memory Addressing

Global Address
Size

(Bytes)
Description

0x7F_0000 – 0x7F_FFFF 64 K
P-Flash Block 0
Contains Flash Configuration Field
(see Table 10-3)

0x79_0000 – 0x7E_FFFF 384 K No P-Flash Memory

0x78_0000 – 0x78_FFFF 64 K P-Flash Block 1

Table 10-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description

0x7F_FF00 – 0x7F_FF07 8
Backdoor Comparison Key
Refer to Section 10.4.2.11, “Verify Backdoor Access Key Command,” and
Section 10.5.1, “Unsecuring the MCU using Backdoor Key Access”

0x7F_FF08 –
0x7F_FF0B(2) 4

Reserved

0x7F_FF0C2 1
P-Flash Protection byte.
Refer to Section 10.3.2.9, “P-Flash Protection Register (FPROT)”

0x7F_FF0D2 1
EEE Protection byte
Refer to Section 10.3.2.10, “EEE Protection Register (EPROT)”

0x7F_FF0E2 1
Flash Nonvolatile byte
Refer to Section 10.3.2.14, “Flash Option Register (FOPT)”
MC9S12XF - Family Reference Manual, Rev.1.20
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0x7F_FF0F2 1
Flash Security byte
Refer to Section 10.3.2.2, “Flash Security Register (FSEC)”

1. Older versions may have swapped protection byte addresses
2. 0x7FF08 - 0x7F_FF0F form a Flash phrase and must be programmed in a single command write sequence. Each byte in

the 0x7F_FF08 - 0x7F_FF0B reserved field should be programmed to 0xFF.

Table 10-3. Flash Configuration Field(1)

Global Address
Size

(Bytes)
Description
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 10-2. P-Flash Memory Map

Flash ConÞguration Field

0x7F_C000

Flash Protected/Unprotected Lower Region
1, 2, 4, 8 Kbytes

0x7F_8000

0x7F_9000

0x7F_8400
0x7F_8800

0x7F_A000

P-Flash END = 0x7F_FFFF

0x7F_F800

0x7F_F000

0x7F_E000 Flash Protected/Unprotected Higher Region
2, 4, 8, 16 Kbytes

Flash Protected/Unprotected Region
8 Kbytes (up to 29 Kbytes)

16 bytes (0x7F_FF00 - 0x7F_FF0F)

Flash Protected/Unprotected Region
96 Kbytes

P-Flash START = 0x78_0000

0x78_FFFF

0x7F_0000
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Table 10-4. Program IFR Fields

Global Address
(PGMIFRON)

Size
(Bytes)

Field Description

0x40_0000 – 0x40_0007 8 Device ID

0x40_0008 – 0x40_00E7 224 Reserved

0x40_00E8 – 0x40_00E9 2 Version ID

0x40_00EA – 0x40_00FF 22 Reserved

0x40_0100 – 0x40_013F 64
Program Once Field
Refer to Section 10.4.2.6, “Program Once Command”

0x40_0140 – 0x40_01FF 192 Reserved

Table 10-5. P-Flash IFR Accessibility

Global Address
(PGMIFRON)

Size
(Bytes)

Accessed From

0x40_0000 – 0x40_01FF 512 XBUS0 (PBLK0)(1)

1. Refer to Table 10-4 for more details.

0x40_0200 – 0x40_03FF 512 Unimplemented

0x40_0400 – 0x40_05FF 512 Unimplemented

0x40_0600 – 0x40_07FF 512 XBUS1 (PBLK1)

Table 10-6. EEE Resource Fields

Global Address
Size

(Bytes)
Description

0x10_0000 – 0x10_7FFF 32,768 D-Flash Memory (User and EEE)

0x10_8000 – 0x11_FFFF 98,304 Reserved

0x12_0000 – 0x12_007F 128 EEE Nonvolatile Information Register (EEEIFRON(1) = 1)

1. MMCCTL1 register bit

0x12_0080 – 0x12_0FFF 3,968 Reserved

0x12_1000 – 0x12_1F7F 3,968 Reserved

0x12_1F80 – 0x12_1FFF 128 EEE Tag RAM (TMGRAMON1 = 1)

0x12_2000 – 0x12_3BFF 7,168 Reserved

0x12_3C00 – 0x12_3FFF 1,024 Memory Controller Scratch RAM (TMGRAMON1 = 1)

0x12_4000 – 0x12_DFFF 40,960 Reserved

0x12_E000 – 0x12_FFFF 8,192 Reserved

0x13_0000 – 0x13_F7FF 63,488 Reserved

0x13_F800 – 0x13_FFFF 2,048 Buffer RAM (User and EEE)
MC9S12XF - Family Reference Manual, Rev.1.20

Freescale Semiconductor 351



Chapter 10 128 KByte Flash Module (S12XFTM128K2XFV1)
Figure 10-3. EEE Resource Memory Map

Buffer RAM START = 0x13_F800

Buffer RAM END = 0x13_FFFF

0x13_FFC0

0x13_FF80

Protectable Region (EEE only)
64, 128, 192, 256, 320, 384, 448, 512 bytes

Buffer RAM
2 Kbyte

0x13_FF40

0x13_FF00

0x13_FEC0

0x13_FE80

0x13_FE40

0x13_FE00

0x12_FFFF

0x12_4000

0x12_1000

Memory Controller Scratch RAM (TMGRAMON)
1024 bytes

EEE Tag RAM (TMGRAMON)
128 bytes

EEE Nonvolatile Information Register (EEEIFRON)
128 bytes

D-Flash Memory
32 Kbytes

D-Flash START = 0x10_0000

D-Flash User Partition

D-Flash EEE Partition

0x12_0000

0x12_2000

0x12_E000

D-Flash END = 0x10_7FFF

Buffer RAM User Partition

Buffer RAM EEE Partition
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s and

 base +
The Full Partition D-Flash command (seeSection 10.4.2.14) is used to program the EEE nonvolatile
information register Þelds where address 0x12_0000 deÞnes the D-Flash partition for user acces
address 0x12_0004 deÞnes the buffer RAM partition for EEE operations.

10.3.2 Register Descriptions

The Flash module contains a set of 20 control and status registers located between Flash module
0x0000 and 0x0013. A summary of the Flash module registers is given inFigure 10-4 with detailed
descriptions in the following subsections.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.

Table 10-7. EEE Nonvolatile Information Register Fields

Global Address
(EEEIFRON)

Size
(Bytes)

Description

0x12_0000 – 0x12_0001 2
D-Flash User Partition (DFPART)
Refer to Section 10.4.2.14, “Full Partition D-Flash Command”

0x12_0002 – 0x12_0003 2 D-Flash User Partition (duplicate(1))

1. Duplicate value used if primary value generates a double bit fault when read during the reset sequence.

0x12_0004 – 0x12_0005 2
Buffer RAM EEE Partition (ERPART)
Refer to Section 10.4.2.14, “Full Partition D-Flash Command”

0x12_0006 – 0x12_0007 2 Buffer RAM EEE Partition (duplicate1)

0x12_0008 – 0x12_007F 120 Reserved

Address
& Name

7 6 5 4 3 2 1 0

0x0000
FCLKDIV

R FDIVLD
FDIV6 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

0x0001
FSEC

R KEYEN1 KEYEN0 RNV5 RNV4 RNV3 RNV2 SEC1 SEC0

W

0x0002
FCCOBIX

R 0 0 0 0 0
CCOBIX2 CCOBIX1 CCOBIX0

W

0x0003
FECCRIX

R 0 0 0 0 0
ECCRIX2 ECCRIX1 ECCRIX0

W

0x0004
FCNFG

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

Figure 10-4. FTM128K2XF Register Summary
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10.3.2.1 Flash Clock Divider Register (FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

All bits in the FCLKDIV register are readable, bits 6Ð0 are write once and bit 7 is not writable.

CAUTION
The FCLKDIV register should never be written while a Flash command is
executing (CCIF=0). The FCLKDIV register is writable during the Flash
reset sequence even though CCIF is clear.

0x0013
FRSV2

R 0 0 0 0 0 0 0 0

W

= Unimplemented or Reserved

Offset Module Base + 0x0000

7 6 5 4 3 2 1 0

R FDIVLD
FDIV[6:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-5. Flash Clock Divider Register (FCLKDIV)

Table 10-8. FCLKDIV Field Descriptions

Field Description

7
FDIVLD

Clock Divider Loaded
0 FCLKDIV register has not been written
1 FCLKDIV register has been written since the last reset

6–0
FDIV[6:0]

Clock Divider Bits — FDIV[6:0] must be set to effectively divide OSCCLK down to generate an internal Flash
clock, FCLK, with a target frequency of 1 MHz for use by the Flash module to control timed events during program
and erase algorithms. Table 10-9 shows recommended values for FDIV[6:0] based on OSCCLK frequency.
Please refer to Section 10.4.1, “Flash Command Operations,” for more information.

Address
& Name

7 6 5 4 3 2 1 0

Figure 10-4. FTM128K2XF Register Summary (continued)
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Table 10-9. FDIV vs OSCCLK Frequency

OSCCLK Frequency
(MHz) FDIV[6:0]

OSCCLK Frequency
(MHz) FDIV[6:0]

OSCCLK Frequency
(MHz) FDIV[6:0]

MIN(1)

1. FDIV shown generates an FCLK frequency of >0.8 MHz

MAX(2) MIN1 MAX2 MIN1 MAX2

33.60 34.65 0x20 67.20 68.25 0x40

1.60 2.10 0x01 34.65 35.70 0x21 68.25 69.30 0x41

2.40 3.15 0x02 35.70 36.75 0x22 69.30 70.35 0x42

3.20 4.20 0x03 36.75 37.80 0x23 70.35 71.40 0x43

4.20 5.25 0x04 37.80 38.85 0x24 71.40 72.45 0x44

5.25 6.30 0x05 38.85 39.90 0x25 72.45 73.50 0x45

6.30 7.35 0x06 39.90 40.95 0x26 73.50 74.55 0x46

7.35 8.40 0x07 40.95 42.00 0x27 74.55 75.60 0x47

8.40 9.45 0x08 42.00 43.05 0x28 75.60 76.65 0x48

9.45 10.50 0x09 43.05 44.10 0x29 76.65 77.70 0x49

10.50 11.55 0x0A 44.10 45.15 0x2A 77.70 78.75 0x4A

11.55 12.60 0x0B 45.15 46.20 0x2B 78.75 79.80 0x4B

12.60 13.65 0x0C 46.20 47.25 0x2C 79.80 80.85 0x4C

13.65 14.70 0x0D 47.25 48.30 0x2D 80.85 81.90 0x4D

14.70 15.75 0x0E 48.30 49.35 0x2E 81.90 82.95 0x4E

15.75 16.80 0x0F 49.35 50.40 0x2F 82.95 84.00 0x4F

16.80 17.85 0x10 50.40 51.45 0x30 84.00 85.05 0x50

17.85 18.90 0x11 51.45 52.50 0x31 85.05 86.10 0x51

18.90 19.95 0x12 52.50 53.55 0x32 86.10 87.15 0x52

19.95 21.00 0x13 53.55 54.60 0x33 87.15 88.20 0x53

21.00 22.05 0x14 54.60 55.65 0x34 88.20 89.25 0x54

22.05 23.10 0x15 55.65 56.70 0x35 89.25 90.30 0x55

23.10 24.15 0x16 56.70 57.75 0x36 90.30 91.35 0x56

24.15 25.20 0x17 57.75 58.80 0x37 91.35 92.40 0x57

25.20 26.25 0x18 58.80 59.85 0x38 92.40 93.45 0x58

26.25 27.30 0x19 59.85 60.90 0x39 93.45 94.50 0x59

27.30 28.35 0x1A 60.90 61.95 0x3A 94.50 95.55 0x5A

28.35 29.40 0x1B 61.95 63.00 0x3B 95.55 96.60 0x5B

29.40 30.45 0x1C 63.00 64.05 0x3C 96.60 97.65 0x5C

30.45 31.50 0x1D 64.05 65.10 0x3D 97.65 98.70 0x5D

31.50 32.55 0x1E 65.10 66.15 0x3E 98.70 99.75 0x5E

32.55 33.60 0x1F 66.15 67.20 0x3F 99.75 100.80 0x5F
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te in the

will be
10.3.2.2 Flash Security Register (FSEC)

The FSEC register holds all bits associated with the security of the MCU and Flash module.

All bits in the FSEC register are readable but not writable.

During the reset sequence, the FSEC register is loaded with the contents of the Flash security by
Flash configuration field at global address 0x7F_FF0F located in P-Flash memory (seeTable 10-3) as
indicated by reset condition F inFigure 10-6. If a double bit fault is detected while reading the P-Flash
phrase containing the Flash security byte during the reset sequence, all bits in the FSEC register 
set to leave the Flash module in a secured state with backdoor key access disabled.

2. FDIV shown generates an FCLK frequency of 1.05 MHz

Offset Module Base + 0x0001

7 6 5 4 3 2 1 0

R KEYEN[1:0] RNV[5:2] SEC[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 10-6. Flash Security Register (FSEC)

Table 10-10. FSEC Field Descriptions

Field Description

7–6
KEYEN[1:0]

Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the
Flash module as shown in Table 10-11.

5–2
RNV[5:2}

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements.

1–0
SEC[1:0]

Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 10-12. If the
Flash module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 10-11. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access

00 DISABLED

01 DISABLED(1)

1. Preferred KEYEN state to disable backdoor key access.

10 ENABLED

11 DISABLED
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The security function in the Flash module is described inSection 10.5.

10.3.2.3 Flash CCOB Index Register (FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for Flash memory operations.

CCOBIX bits are readable and writable while remaining bits read 0 and are not writable.

10.3.2.4 Flash ECCR Index Register (FECCRIX)

The FECCRIX register is used to index the FECCR register for ECC fault reporting.

ECCRIX bits are readable and writable while remaining bits read 0 and are not writable.

Table 10-12. Flash Security States

SEC[1:0] Status of Security

00 SECURED

01 SECURED(1)

1. Preferred SEC state to set MCU to secured state.

10 UNSECURED

11 SECURED

Offset Module Base + 0x0002

7 6 5 4 3 2 1 0

R 0 0 0 0 0
CCOBIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-7. FCCOB Index Register (FCCOBIX)

Table 10-13. FCCOBIX Field Descriptions

Field Description

2–0
CCOBIX[1:0]

Common Command Register Index— The CCOBIX bits are used to select which word of the FCCOB register
array is being read or written to. See Section 10.3.2.11, “Flash Common Command Object Register (FCCOB),”
for more details.

Offset Module Base + 0x0003

7 6 5 4 3 2 1 0

R 0 0 0 0 0
ECCRIX[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-8. FECCR Index Register (FECCRIX)
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h array
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10.3.2.5 Flash Configuration Register (FCNFG)

The FCNFG register enables the Flash command complete interrupt and forces ECC faults on Flas
read access from the CPU or XGATE.

CCIE, IGNSF, FDFD, and FSFD bits are readable and writable while remaining bits read 0 and ar
writable.

Table 10-14. FECCRIX Field Descriptions

Field Description

2-0
ECCRIX[2:0]

ECC Error Register Index— The ECCRIX bits are used to select which word of the FECCR register array is
being read. See Section 10.3.2.13, “Flash ECC Error Results Register (FECCR),” for more details.

Offset Module Base + 0x0004

7 6 5 4 3 2 1 0

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-9. Flash Configuration Register (FCNFG)

Table 10-15. FCNFG Field Descriptions

Field Description

7
CCIE

Command Complete Interrupt Enable — The CCIE bit controls interrupt generation when a Flash command
has completed.
0 Command complete interrupt disabled
1 An interrupt will be requested whenever the CCIF flag in the FSTAT register is set (see Section 10.3.2.7)

4
IGNSF

Ignore Single Bit Fault — The IGNSF controls single bit fault reporting in the FERSTAT register (see
Section 10.3.2.8).
0 All single bit faults detected during array reads are reported
1 Single bit faults detected during array reads are not reported and the single bit fault interrupt will not be

generated
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10.3.2.6 Flash Error Configuration Register (FERCNFG)

The FERCNFG register enables the Flash error interrupts for the FERSTAT flags.

All assigned bits in the FERCNFG register are readable and writable.

1
FDFD

Force Double Bit Fault Detect — The FDFD bit allows the user to simulate a double bit fault during Flash array
read operations and check the associated interrupt routine. The FDFD bit is cleared by writing a 0 to FDFD. The
FECCR registers will not be updated during the Flash array read operation with FDFD set unless an actual
double bit fault is detected.
0 Flash array read operations will set the DFDIF flag in the FERSTAT register only if a double bit fault is detected
1 Any Flash array read operation will force the DFDIF flag in the FERSTAT register to be set (see

Section 10.3.2.7) and an interrupt will be generated as long as the DFDIE interrupt enable in the FERCNFG
register is set (see Section 10.3.2.6)

0
FSFD

Force Single Bit Fault Detect — The FSFD bit allows the user to simulate a single bit fault during Flash array
read operations and check the associated interrupt routine. The FSFD bit is cleared by writing a 0 to FSFD. The
FECCR registers will not be updated during the Flash array read operation with FSFD set unless an actual single
bit fault is detected.
0 Flash array read operations will set the SFDIF flag in the FERSTAT register only if a single bit fault is detected
1 Flash array read operation will force the SFDIF flag in the FERSTAT register to be set (see Section 10.3.2.7)

and an interrupt will be generated as long as the SFDIE interrupt enable in the FERCNFG register is set (see
Section 10.3.2.6)

Offset Module Base + 0x0005

7 6 5 4 3 2 1 0

R
ERSERIE PGMERIE

0
EPVIOLIE ERSVIE1 ERSVIE0 DFDIE SFDIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-10. Flash Error Configuration Register (FERCNFG)

Table 10-16. FERCNFG Field Descriptions

Field Description

7
ERSERIE

EEE Erase Error Interrupt Enable — The ERSERIE bit controls interrupt generation when a failure is detected
during an EEE erase operation.
0 ERSERIF interrupt disabled
1 An interrupt will be requested whenever the ERSERIF flag is set (see Section 10.3.2.8)

6
PGMERIE

EEE Program Error Interrupt Enable — The PGMERIE bit controls interrupt generation when a failure is
detected during an EEE program operation.
0 PGMERIF interrupt disabled
1 An interrupt will be requested whenever the PGMERIF flag is set (see Section 10.3.2.8)

4
EPVIOLIE

EEE Protection Violation Interrupt Enable — The EPVIOLIE bit controls interrupt generation when a
protection violation is detected during a write to the buffer RAM EEE partition.
0 EPVIOLIF interrupt disabled
1 An interrupt will be requested whenever the EPVIOLIF flag is set (see Section 10.3.2.8)

Table 10-15. FCNFG Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20

360 Freescale Semiconductor



Chapter 10 128 KByte Flash Module (S12XFTM128K2XFV1)

able
10.3.2.7 Flash Status Register (FSTAT)

The FSTAT register reports the operational status of the Flash module.

CCIF, ACCERR, and FPVIOL bits are readable and writable, MGBUSY and MGSTAT bits are read
but not writable, while remaining bits read 0 and are not writable.

3
ERSVIE1

EEE Error Type 1 Interrupt Enable — The ERSVIE1 bit controls interrupt generation when a change state error
is detected during an EEE operation.
0 ERSVIF1 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF1 flag is set (see Section 10.3.2.8)

2
ERSVIE0

EEE Error Type 0 Interrupt Enable — The ERSVIE0 bit controls interrupt generation when a sector format error
is detected during an EEE operation.
0 ERSVIF0 interrupt disabled
1 An interrupt will be requested whenever the ERSVIF0 flag is set (see Section 10.3.2.8)

1
DFDIE

Double Bit Fault Detect Interrupt Enable — The DFDIE bit controls interrupt generation when a double bit fault
is detected during a Flash block read operation.
0 DFDIF interrupt disabled
1 An interrupt will be requested whenever the DFDIF flag is set (see Section 10.3.2.8)

0
SFDIE

Single Bit Fault Detect Interrupt Enable — The SFDIE bit controls interrupt generation when a single bit fault
is detected during a Flash block read operation.
0 SFDIF interrupt disabled whenever the SFDIF flag is set (see Section 10.3.2.8)
1 An interrupt will be requested whenever the SFDIF flag is set (see Section 10.3.2.8)

Offset Module Base + 0x0006

7 6 5 4 3 2 1 0

R
CCIF

0
ACCERR FPVIOL

MGBUSY RSVD MGSTAT[1:0]

W

Reset 1 0 0 0 0 0 0(1)

1. Reset value can deviate from the value shown if a double bit fault is detected during the reset sequence (see Section 10.6).

01

= Unimplemented or Reserved

Figure 10-11. Flash Status Register (FSTAT)

Table 10-16. FERCNFG Field Descriptions (continued)

Field Description
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10.3.2.8 Flash Error Status Register (FERSTAT)

The FERSTAT register reßects the error status of internal Flash operations.

All ßags in the FERSTAT register are readable and only writable to clear the ßag.

Table 10-17. FSTAT Field Descriptions

Field Description

7
CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that a Flash command has completed. The
CCIF flag is cleared by writing a 1 to CCIF to launch a command and CCIF will stay low until command
completion or command violation.
0 Flash command in progress
1 Flash command has completed

5
ACCERR

Flash Access Error Flag — The ACCERR bit indicates an illegal access has occurred to the Flash memory
caused by either a violation of the command write sequence (see Section 10.4.1.2) or issuing an illegal Flash
command or when errors are encountered while initializing the EEE buffer ram during the reset sequence.
While ACCERR is set, the CCIF flag cannot be cleared to launch a command. The ACCERR bit is cleared by
writing a 1 to ACCERR. Writing a 0 to the ACCERR bit has no effect on ACCERR.
0 No access error detected
1 Access error detected

4
FPVIOL

Flash Protection Violation Flag —The FPVIOL bit indicates an attempt was made to program or erase an
address in a protected area of P-Flash memory during a command write sequence. The FPVIOL bit is cleared
by writing a 1 to FPVIOL. Writing a 0 to the FPVIOL bit has no effect on FPVIOL. While FPVIOL is set, it is not
possible to launch a command or start a command write sequence.
0 No protection violation detected
1 Protection violation detected

3
MGBUSY

Memory Controller Busy Flag — The MGBUSY flag reflects the active state of the Memory Controller.
0 Memory Controller is idle
1 Memory Controller is busy executing a Flash command (CCIF = 0) or is handling internal EEE operations

2
RSVD

Reserved Bit — This bit is reserved and always reads 0.

1–0
MGSTAT[1:0]

Memory Controller Command Completion Status Flag — One or more MGSTAT flag bits are set if an error
is detected during execution of a Flash command or during the Flash reset sequence. See Section 10.4.2,
“Flash Command Description,” and Section 10.6, “Initialization” for details.

Offset Module Base + 0x0007

7 6 5 4 3 2 1 0

R
ERSERIF PGMERIF

0
EPVIOLIF ERSVIF1 ERSVIF0 DFDIF SFDIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-12. Flash Error Status Register (FERSTAT)
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rations.
10.3.2.9 P-Flash Protection Register (FPROT)

The FPROT register defines which P-Flash sectors are protected against program and erase ope

Table 10-18. FERSTAT Field Descriptions

Field Description

7
ERSERIF

EEE Erase Error Interrupt Flag — The setting of the ERSERIF flag occurs due to an error in a Flash erase
command that resulted in the erase operation not being successful during EEE operations. The ERSERIF flag
is cleared by writing a 1 to ERSERIF. Writing a 0 to the ERSERIF flag has no effect on ERSERIF. While
ERSERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will not be transferred
to the D-Flash EEE partition.
0 Erase command successfully completed on the D-Flash EEE partition
1 Erase command failed on the D-Flash EEE partition

6
PGMERIF

EEE Program Error Interrupt Flag — The setting of the PGMERIF flag occurs due to an error in a Flash
program command that resulted in the program operation not being successful during EEE operations. The
PGMERIF flag is cleared by writing a 1 to PGMERIF. Writing a 0 to the PGMERIF flag has no effect on
PGMERIF. While PGMERIF is set, it is possible to write to the buffer RAM EEE partition but the data written will
not be transferred to the D-Flash EEE partition.
0 Program command successfully completed on the D-Flash EEE partition
1 Program command failed on the D-Flash EEE partition

4
EPVIOLIF

EEE Protection Violation Interrupt Flag —The setting of the EPVIOLIF flag indicates an attempt was made to
write to a protected area of the buffer RAM EEE partition. The EPVIOLIF flag is cleared by writing a 1 to
EPVIOLIF. Writing a 0 to the EPVIOLIF flag has no effect on EPVIOLIF. While EPVIOLIF is set, it is possible to
write to the buffer RAM EEE partition as long as the address written to is not in a protected area.
0 No EEE protection violation
1 EEE protection violation detected

3
ERSVIF1

EEE Error Interrupt 1 Flag —The setting of the ERSVIF1 flag indicates that the memory controller was unable
to change the state of a D-Flash EEE sector. The ERSVIF1 flag is cleared by writing a 1 to ERSVIF1. Writing a
0 to the ERSVIF1 flag has no effect on ERSVIF1. While ERSVIF1 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector state change error detected
1 EEE sector state change error detected

2
ERSVIF0

EEE Error Interrupt 0 Flag —The setting of the ERSVIF0 flag indicates that the memory controller was unable
to format a D-Flash EEE sector for EEE use. The ERSVIF0 flag is cleared by writing a 1 to ERSVIF0. Writing a
0 to the ERSVIF0 flag has no effect on ERSVIF0. While ERSVIF0 is set, it is possible to write to the buffer RAM
EEE partition but the data written will not be transferred to the D-Flash EEE partition.
0 No EEE sector format error detected
1 EEE sector format error detected

1
DFDIF

Double Bit Fault Detect Interrupt Flag — The setting of the DFDIF flag indicates that a double bit fault was
detected in the stored parity and data bits during a Flash array read operation or that a Flash array read operation
was attempted on a Flash block that was under a Flash command operation. The DFDIF flag is cleared by writing
a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.
0 No double bit fault detected
1 Double bit fault detected or an invalid Flash array read operation attempted

0
SFDIF

Single Bit Fault Detect Interrupt Flag — With the IGNSF bit in the FCNFG register clear, the SFDIF flag
indicates that a single bit fault was detected in the stored parity and data bits during a Flash array read operation
or that a Flash array read operation was attempted on a Flash block that was under a Flash command operation.
The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on SFDIF.
0 No single bit fault detected
1 Single bit fault detected and corrected or an invalid Flash array read operation attempted
MC9S12XF - Family Reference Manual, Rev.1.20
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The (unreserved) bits of the FPROT register are writable with the restriction that the size of the prot
region can only be increased (seeSection 10.3.2.9.1, ÒP-Flash Protection Restrictions,Ó and Table 10-23).

During the reset sequence, the FPROT register is loaded with the contents of the P-Flash protect
in the Flash configuration field at global address 0x7F_FF0C located in P-Flash memory (seeTable 10-3)
as indicated by reset condition ÔFÕ inFigure 10-13. To change the P-Flash protection that will be loade
during the reset sequence, the upper sector of the P-Flash memory must be unprotected, then the
protection byte must be reprogrammed. If a double bit fault is detected while reading the P-Flash 
containing the P-Flash protection byte during the reset sequence, the FPOPEN bit will be cleared
remaining bits in the FPROT register will be set to leave the P-Flash memory fully protected.

Trying to alter data in any protected area in the P-Flash memory will result in a protection violation
and the FPVIOL bit will be set in the FSTAT register. The block erase of a P-Flash block is not po
if any of the P-Flash sectors contained in the same P-Flash block are protected.

Offset Module Base + 0x0008

7 6 5 4 3 2 1 0

R
FPOPEN

RNV6
FPHDIS FPHS[1:0] FPLDIS FPLS[1:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 10-13. Flash Protection Register (FPROT)

Table 10-19. FPROT Field Descriptions

Field Description

7
FPOPEN

Flash Protection Operation Enable — The FPOPEN bit determines the protection function for program or
erase operations as shown in Table 10-20 for the P-Flash block.
0 When FPOPEN is clear, the FPHDIS and FPLDIS bits define unprotected address ranges as specified by the

corresponding FPHS and FPLS bits
1 When FPOPEN is set, the FPHDIS and FPLDIS bits enable protection for the address range specified by the

corresponding FPHS and FPLS bits

6
RNV[6]

Reserved Nonvolatile Bit — The RNV bit should remain in the erased state for future enhancements.

5
FPHDIS

Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory ending with global address 0x7F_FFFF.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4–3
FPHS[1:0]

Flash Protection Higher Address Size — The FPHS bits determine the size of the protected/unprotected area
in P-Flash memory as shown inTable 10-21. The FPHS bits can only be written to while the FPHDIS bit is set.

2
FPLDIS

Flash Protection Lower Address Range Disable — The FPLDIS bit determines whether there is a
protected/unprotected area in a specific region of the P-Flash memory beginning with global address
0x7F_8000.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1–0
FPLS[1:0]

Flash Protection Lower Address Size — The FPLS bits determine the size of the protected/unprotected area
in P-Flash memory as shown in Table 10-22. The FPLS bits can only be written to while the FPLDIS bit is set.
MC9S12XF - Family Reference Manual, Rev.1.20
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All possible P-Flash protection scenarios are shown inFigure 10-14. Although the protection scheme is
loaded from the Flash memory at global address 0x7F_FF0C during the reset sequence, it can be c
by the user. The P-Flash protection scheme can be used by applications requiring reprogramming in
chip mode while providing as much protection as possible if reprogramming is not required.

Table 10-20. P-Flash Protection Function

FPOPEN FPHDIS FPLDIS Function(1)

1. For range sizes, refer to Table 10-21 and Table 10-22.

1 1 1 No P-Flash Protection

1 1 0 Protected Low Range

1 0 1 Protected High Range

1 0 0 Protected High and Low Ranges

0 1 1 Full P-Flash Memory Protected

0 1 0 Unprotected Low Range

0 0 1 Unprotected High Range

0 0 0 Unprotected High and Low Ranges

Table 10-21. P-Flash Protection Higher Address Range

FPHS[1:0]  Global Address Range Protected Size

00 0x7F_F800–0x7F_FFFF 2 Kbytes

01 0x7F_F000–0x7F_FFFF 4 Kbytes

10 0x7F_E000–0x7F_FFFF 8 Kbytes

11 0x7F_C000–0x7F_FFFF 16 Kbytes

Table 10-22. P-Flash Protection Lower Address Range

FPLS[1:0] Global Address Range Protected Size

00 0x7F_8000–0x7F_83FF 1 Kbyte

01 0x7F_8000–0x7F_87FF 2 Kbytes

10 0x7F_8000–0x7F_8FFF 4 Kbytes

11 0x7F_8000–0x7F_9FFF 8 Kbytes
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 10-14. P-Flash Protection Scenarios
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10.3.2.9.1 P-Flash Protection Restrictions

The general guideline is that P-Flash protection can only be added and not removed.Table 10-23specifies
all valid transitions between P-Flash protection scenarios. Any attempt to write an invalid scenario
FPROT register will be ignored. The contents of the FPROT register reflect the active protection sce
See the FPHS and FPLS bit descriptions for additional restrictions.

10.3.2.10 EEE Protection Register (EPROT)

The EPROT register deÞnes which buffer RAM EEE partition areas are protected against writes.

All bits in the EPROT register are readable and writable except for RNV[6:4] which are only readable
EPOPEN and EPDIS bits can only be written to the protected state. The EPS bits can be written an
until the EPDIS bit is cleared. If the EPOPEN bit is cleared, the state of the EPDIS and EPS bits i
irrelevant.

During the reset sequence, the EPROT register is loaded from the EEE protection byte in the Flas
configuration field at global address 0x7F_FF0D located in P-Flash memory (seeTable 10-3) as indicated
by reset condition F inFigure 10-15. To change the EEE protection that will be loaded during the res
sequence, the P-Flash sector containing the EEE protection byte must be unprotected, then the E
protection byte must be programmed. If a double bit fault is detected while reading the P-Flash ph

Table 10-23. P-Flash Protection Scenario Transitions

From
Protection
Scenario

To Protection Scenario(1)

1. Allowed transitions marked with X, see Figure 10-14 for a definition of the scenarios.

0 1 2 3 4 5 6 7

0 X X X X

1 X X

2 X X

3 X

4 X X

5 X X X X

6 X X X X

7 X X X X X X X X

Offset Module Base + 0x0009

7 6 5 4 3 2 1 0

R
EPOPEN

RNV[6:4]
EPDIS EPS[2:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 10-15. EEE Protection Register (EPROT)
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containing the EEE protection byte during the reset sequence, the EPOPEN bit will be cleared an
remaining bits in the EPROT register will be set to leave the buffer RAM EEE partition fully protec

Trying to write data to any protected area in the buffer RAM EEE partition will result in a protection
violation error and the EPVIOLIF ßag will be set in the FERSTAT register. Trying to write data to a
protected area in the buffer RAM partitioned for user access will not be prevented and the EPVIOLIF
in the FERSTAT register will not set.

10.3.2.11 Flash Common Command Object Register (FCCOB)

The FCCOB is an array of six words addressed via the CCOBIX index found in the FCCOBIX reg
Byte wide reads and writes are allowed to the FCCOB register.

Table 10-24. EPROT Field Descriptions

Field Description

7
EPOPEN

Enables writes to the Buffer RAM partitioned for EEE
0 The entire buffer RAM EEE partition is protected from writes
1 Unprotected buffer RAM EEE partition areas are enabled for writes

6–4
RNV[6:4]

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements

3
EPDIS

Buffer RAM Protection Address Range Disable — The EPDIS bit determines whether there is a protected
area in a specific region of the buffer RAM EEE partition.
0 Protection enabled
1 Protection disabled

2–0
EPS[2:0]

Buffer RAM Protection Size — The EPS[2:0] bits determine the size of the protected area in the buffer RAM
EEE partition as shown inTable 10-21. The EPS bits can only be written to while the EPDIS bit is set.

Table 10-25. Buffer RAM EEE Partition Protection Address Range

EPS[2:0]  Global Address Range Protected Size

000 0x13_FFC0 – 0x13_FFFF 64 bytes

001 0x13_FF80 – 0x13_FFFF 128 bytes

010 0x13_FF40 – 0x13_FFFF 192 bytes

011 0x13_FF00 – 0x13_FFFF 256 bytes

100 0x13_FEC0 – 0x13_FFFF 320 bytes

101 0x13_FE80 – 0x13_FFFF 384 bytes

110 0x13_FE40 – 0x13_FFFF 448 bytes

111 0x13_FE00 – 0x13_FFFF 512 bytes
MC9S12XF - Family Reference Manual, Rev.1.20
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10.3.2.11.1 FCCOB - NVM Command Mode

NVM command mode uses the indexed FCCOB register to provide a command code and its relev
parameters to the Memory Controller. The user first sets up all required FCCOB fields and then in
the commandÕs execution by writing a 1 to the CCIF bit in the FSTAT register (a 1 written by the
clears the CCIF command completion flag to 0). When the user clears the CCIF bit in the FSTAT re
all FCCOB parameter fields are locked and cannot be changed by the user until the command co
(as evidenced by the Memory Controller returning CCIF to 1). Some commands return information
FCCOB register array.

The generic format for the FCCOB parameter fields in NVM command mode is shown inTable 10-26.
The return values are available for reading after the CCIF flag in the FSTAT register has been retur
1 by the Memory Controller. Writes to the unimplemented parameter fields (CCOBIX = 110 and CCO
= 111) are ignored with reads from these fields returning 0x0000.

Table 10-26shows the generic Flash command format. The high byte of the first word in the CCOB a
contains the command code, followed by the parameters for this specific Flash command. For de
the FCCOB settings required by each command, see the Flash command descriptions inSection 10.4.2.

Offset Module Base + 0x000A

7 6 5 4 3 2 1 0

R
CCOB[15:8]

W

Reset 0 0 0 0 0 0 0 0

Figure 10-16. Flash Common Command Object High Register (FCCOBHI)

Offset Module Base + 0x000B

7 6 5 4 3 2 1 0

R
CCOB[7:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 10-17. Flash Common Command Object Low Register (FCCOBLO)

Table 10-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)

000
HI FCMD[7:0] defining Flash command

LO 0, Global address [22:16]

001
HI Global address [15:8]

LO Global address [7:0]

010
HI Data 0 [15:8]

LO Data 0 [7:0]
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10.3.2.12 EEE Tag Counter Register (ETAG)

The ETAG register contains the number of outstanding words in the buffer RAM EEE partition that
to be programmed into the D-Flash EEE partition. The ETAG register is decremented prior to the re
tagged word being programmed into the D-Flash EEE partition. All tagged words have been progra
into the D-Flash EEE partition once all bits in the ETAG register read 0 and the MGBUSY flag in t
FSTAT register reads 0.

All ETAG bits are readable but not writable and are cleared by the Memory Controller.

10.3.2.13 Flash ECC Error Results Register (FECCR)

The FECCR registers contain the result of a detected ECC fault for both single bit and double bit 
The FECCR register provides access to several ECC related fields as defined by the ECCRIX ind
in the FECCRIX register (seeSection 10.3.2.4). Once ECC fault information has been stored, no othe

011
HI Data 1 [15:8]

LO Data 1 [7:0]

100
HI Data 2 [15:8]

LO Data 2 [7:0]

101
HI Data 3 [15:8]

LO Data 3 [7:0]

Offset Module Base + 0x000C

7 6 5 4 3 2 1 0

R ETAG[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-18. EEE Tag Counter High Register (ETAGHI)

Offset Module Base + 0x000D

7 6 5 4 3 2 1 0

R ETAG[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-19. EEE Tag Counter Low Register (ETAGLO)

Table 10-26. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)
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f
fault information will be recorded until the specific ECC fault flag has been cleared. In the event o
simultaneous ECC faults, the priority for fault recording is:

1. Double bit fault over single bit fault
2. CPU over XGATE

All FECCR bits are readable but not writable.

Offset Module Base + 0x000E

7 6 5 4 3 2 1 0

R ECCR[15:8]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-20. Flash ECC Error Results High Register (FECCRHI)

Offset Module Base + 0x000F

7 6 5 4 3 2 1 0

R ECCR[7:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-21. Flash ECC Error Results Low Register (FECCRLO)

Table 10-27. FECCR Index Settings

ECCRIX[2:0] FECCR Register Content

Bits [15:8] Bit[7] Bits[6:0]

000
Parity bits read from

Flash block
CPU or XGATE
source identity

Global address
[22:16]

001 Global address [15:0]

010 Data 0 [15:0]

011 Data 1 [15:0] (P-Flash only)

100 Data 2 [15:0] (P-Flash only)

101 Data 3 [15:0] (P-Flash only)

110 Not used, returns 0x0000 when read

111 Not used, returns 0x0000 when read
MC9S12XF - Family Reference Manual, Rev.1.20
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The P-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. T
following four words addressed by ECCRIX = 010 to 101 contain the 64-bit wide data phrase. The
data words and the parity byte are the uncorrected data read from the P-Flash block.

The D-Flash word addressed by ECCRIX = 001 contains the lower 16 bits of the global address. 
uncorrected 16-bit data word is addressed by ECCRIX = 010.

10.3.2.14 Flash Option Register (FOPT)

The FOPT register is the Flash option register.

All bits in the FOPT register are readable but are not writable.

During the reset sequence, the FOPT register is loaded from the Flash nonvolatile byte in the Flas
configuration field at global address 0x7F_FF0E located in P-Flash memory (seeTable 10-3) as indicated
by reset condition F inFigure 10-22. If a double bit fault is detected while reading the P-Flash phrase
containing the Flash nonvolatile byte during the reset sequence, all bits in the FOPT register will b

10.3.2.15 Flash Reserved0 Register (FRSV0)

This Flash register is reserved for factory testing.

Table 10-28. FECCR Index=000 Bit Descriptions

Field Description

15:8
PAR[7:0]

ECC Parity Bits — Contains the 8 parity bits from the 72 bit wide P-Flash data word or the 6 parity bits,
allocated to PAR[5:0], from the 22 bit wide D-Flash word with PAR[7:6]=00.

7
XBUS01

Bus Source Identifier — The XBUS01 bit determines whether the ECC error was caused by a read access
from the CPU or XGATE.
0 ECC Error happened on the CPU access
1 ECC Error happened on the XGATE access

6–0
GADDR[22:16]

Global Address — The GADDR[22:16] field contains the upper seven bits of the global address having
caused the error.

Offset Module Base + 0x0010

7 6 5 4 3 2 1 0

R NV[7:0]

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 10-22. Flash Option Register (FOPT)

Table 10-29. FOPT Field Descriptions

Field Description

7–0
NV[7:0]

Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the device user guide for proper
use of the NV bits.
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10.4 Functional Description

10.4.1 Flash Command Operations

Flash command operations are used to modify Flash memory contents or conÞgure module resou
EEE operation.

The next sections describe:

¥ How to write the FCLKDIV register that is used to generate a time base (FCLK) derived fro
OSCCLK for Flash program and erase command operations

¥ The command write sequence used to set Flash command parameters and launch execut
¥ Valid Flash commands available for execution

10.4.1.1 Writing the FCLKDIV Register

Prior to issuing any Flash program or erase command after a reset, the user is required to write th
FCLKDIV register to divide OSCCLK down to a target FCLK of 1 MHz.Table 10-9shows recommended
values for the FDIV Þeld based on OSCCLK frequency.

NOTE
Programming or erasing the Flash memory cannot be performed if the bus
clock runs at less than 1 MHz. Setting FDIV too high can destroy the Flash
memory due to overstress. Setting FDIV too low can result in incomplete
programming or erasure of the Flash memory cells.

When the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, th
FCLKDIV register has not been written since the last reset. If the FCLKDIV register has not been wr
any Flash program or erase command loaded during a command write sequence will not execute a
ACCERR bit in the FSTAT register will set.

10.4.1.2 Command Write Sequence

The Memory Controller will launch all valid Flash commands entered using a command write sequ

Before launching a command, the ACCERR and FPVIOL bits in the FSTAT register must be clea
Section 10.3.2.7) and the CCIF flag should be tested to determine the status of the current command
sequence. If CCIF is 0, the previous command write sequence is still active, a new command writ
sequence cannot be started, and all writes to the FCCOB register are ignored.

CAUTION
Writes to any Flash register must be avoided while a Flash command is
active (CCIF=0) to prevent corruption of Flash register contents and
Memory Controller behavior.
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Figure 10-26. Generic Flash Command Write Sequence Flowchart
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10.4.1.3 Valid Flash Module Commands

Table 10-30. Flash Commands by Mode

FCMD Command

Unsecured Secured

NS
(1)

1. Unsecured Normal Single Chip mode.

NX
(2)

2. Unsecured Normal Expanded mode.

SS(3)

3. Unsecured Special Single Chip mode.

ST(4)

4. Unsecured Special Mode.

NS
(5)

5. Secured Normal Single Chip mode.

NX
(6)

6. Secured Normal Expanded mode.

SS(7)

7. Secured Special Single Chip mode.

ST(8)

8. Secured Special Mode.

0x01 Erase Verify All Blocks � � � � � � � �

0x02 Erase Verify Block � � � � � � � �

0x03 Erase Verify P-Flash Section � � � � �

0x04 Read Once � � � � �

0x05 Reserved � � � � �

0x06 Program P-Flash � � � � �

0x07 Program Once � � � � �

0x08 Erase All Blocks � � � �

0x09 Erase P-Flash Block � � � � �

0x0A Erase P-Flash Sector � � � � �

0x0B Unsecure Flash � � � �

0x0C Verify Backdoor Access Key � �

0x0D Set User Margin Level � � � � �

0x0E Set Field Margin Level � �

0x0F Full Partition D-Flash � �

0x10 Erase Verify D-Flash Section � � � � �

0x11 Program D-Flash � � � � �

0x12 Erase D-Flash Sector � � � � �

0x13 Enable EEPROM Emulation � � � � � � � �

0x14 Disable EEPROM Emulation � � � � � � � �

0x15 EEPROM Emulation Query � � � � � � � �

0x20 Partition D-Flash � � � � � � � �
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10.4.1.4 P-Flash Commands

Table 10-31 summarizes the valid P-Flash commands along with the effects of the commands on t
Flash block and other resources within the Flash module.

10.4.1.5 D-Flash and EEE Commands

Table 10-32 summarizes the valid D-Flash and EEE commands along with the effects of the comm
on the D-Flash block and EEE operation.

Table 10-31. P-Flash Commands

FCMD Command Function on P-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all P-Flash (and D-Flash) blocks are erased.

0x02 Erase Verify Block Verify that a P-Flash block is erased.

0x03
Erase Verify P-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x04 Read Once
Read a dedicated 64 byte field in the nonvolatile information register in P-Flash block 0
that was previously programmed using the Program Once command.

0x06 Program P-Flash Program a phrase in a P-Flash block.

0x07 Program Once
Program a dedicated 64 byte field in the nonvolatile information register in P-Flash block
0 that is allowed to be programmed only once.

0x08 Erase All Blocks

Erase all P-Flash (and D-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.

0x09
Erase P-Flash

Block

Erase a single P-Flash block.
An erase of the full P-Flash block is only possible when FPLDIS, FPHDIS and FPOPEN
bits in the FPROT register are set prior to launching the command.

0x0A
Erase P-Flash

Sector
Erase all bytes in a P-Flash sector.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all P-Flash (and D-Flash) blocks
and verifying that all P-Flash (and D-Flash) blocks are erased.

0x0C
Verify Backdoor

Access Key
Supports a method of releasing MCU security by verifying a set of security keys.

0x0D
Set User Margin

Level
Specifies a user margin read level for all P-Flash blocks.

0x0E
Set Field Margin

Level
Specifies a field margin read level for all P-Flash blocks (special modes only).

Table 10-32. D-Flash Commands

FCMD Command Function on D-Flash Memory

0x01
Erase Verify All

Blocks
Verify that all D-Flash (and P-Flash) blocks are erased.

0x02 Erase Verify Block Verify that the D-Flash block is erased.

0x08 Erase All Blocks

Erase all D-Flash (and P-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN
bits in the FPROT register and the EPDIS and EPOPEN bits in the EPROT register are
set prior to launching the command.
MC9S12XF - Family Reference Manual, Rev.1.20
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10.4.2 Flash Command Description

This section provides details of all available Flash commands launched by a command write sequen
ACCERR bit in the FSTAT register will be set during the command write sequence if any of the follow
illegal steps are performed, causing the command not to be processed by the Memory Controller:

¥ Starting any command write sequence that programs or erases Flash memory before initializ
FCLKDIV register

¥ Writing an invalid command as part of the command write sequence
¥ For additional possible errors, refer to the error handling table provided for each command

If a Flash block is read during execution of an algorithm (CCIF = 0) on that same block, the read ope
will return invalid data. If the SFDIF or DFDIF flags were not previously set when the invalid read
operation occurred, both the SFDIF and DFDIF flags will be set and the FECCR registers will be lo
with the global address used in the invalid read operation with the data and parity fields set to all 0

If the ACCERR or FPVIOL bits are set in the FSTAT register, the user must clear these bits before st
any command write sequence (seeSection 10.3.2.7).

CAUTION
A Flash word or phrase must be in the erased state before being
programmed. Cumulative programming of bits within a Flash word or
phrase is not allowed.

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all D-Flash (and P-Flash) blocks
and verifying that all D-Flash (and P-Flash) blocks are erased.

0x0D
Set User Margin

Level
Specifies a user margin read level for the D-Flash block.

0x0E
Set Field Margin

Level
Specifies a field margin read level for the D-Flash block (special modes only).

0x0F
Full Partition D-

Flash
Erase the D-Flash block and partition an area of the D-Flash block for user access.

0x10
Erase Verify D-
Flash Section

Verify that a given number of words starting at the address provided are erased.

0x11 Program D-Flash Program up to four words in the D-Flash block.

0x12
Erase D-Flash

Sector
Erase all bytes in a sector of the D-Flash block.

0x13
Enable EEPROM

Emulation
Enable EEPROM emulation where writes to the buffer RAM EEE partition will be copied
to the D-Flash EEE partition.

0x14
Disable EEPROM

Emulation
Suspend all current erase and program activity related to EEPROM emulation but leave
current EEE tags set.

0x15
EEPROM

Emulation Query
Returns EEE partition and status variables.

0x20 Partition D-Flash Partition an area of the D-Flash block for user access.

Table 10-32. D-Flash Commands

FCMD Command Function on D-Flash Memory
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10.4.2.1 Erase Verify All Blocks Command

The Erase Verify All Blocks command will verify that all P-Flash and D-Flash blocks have been er

Upon clearing CCIF to launch the Erase Verify All Blocks command, the Memory Controller will ver
that the entire Flash memory space is erased. The CCIF ßag will set after the Erase Verify All Blo
operation has completed.

10.4.2.2 Erase Verify Block Command

The Erase Verify Block command allows the user to verify that an entire P-Flash or D-Flash block has
erased. The FCCOB upper global address bits determine which block must be veriÞed.

Upon clearing CCIF to launch the Erase Verify Block command, the Memory Controller will verify 
the selected P-Flash or D-Flash block is erased. The CCIF ßag will set after the Erase Verify Bloc
operation has completed.

Table 10-33. Erase Verify All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x01 Not required

Table 10-34. Erase Verify All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR Set if CCOBIX[2:0] != 000 at command launch

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(1)

1. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read1

FERSTAT EPVIOLIF None

Table 10-35. Erase Verify Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x02
Global address [22:16] of the

Flash block to be verified.
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10.4.2.3 Erase Verify P-Flash Section Command

The Erase Verify P-Flash Section command will verify that a section of code in the P-Flash memo
erased. The Erase Verify P-Flash Section command defines the starting point of the code to be verifi
the number of phrases.

Upon clearing CCIF to launch the Erase Verify P-Flash Section command, the Memory Controller
verify the selected section of Flash memory is erased. The CCIF ßag will set after the Erase Verify P
Section operation has completed.

Table 10-36. Erase Verify Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(2)

2. As found in the memory map for FTM512K3.

MGSTAT0 Set if any non-correctable errors have been encountered during the read2

FERSTAT EPVIOLIF None

Table 10-37. Erase Verify P-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x03
Global address [22:16] of

a P-Flash block

001 Global address [15:0] of the first phrase to be verified

010 Number of phrases to be verified

Table 10-38. Erase Verify P-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:0] is supplied(1)

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

Set if the requested section crosses a 256 Kbyte boundary

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read(2)

MGSTAT0 Set if any non-correctable errors have been encountered during the read2

FERSTAT EPVIOLIF None
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10.4.2.4 Read Once Command

The Read Once command provides read access to a reserved 64 byte field (8 phrases) located in
nonvolatile information register of P-Flash block 0. The Read Once field is programmed using the
Program Once command described inSection 10.4.2.6. The Read Once command must not be execut
from the Flash block containing the Program Once reserved field to avoid code runaway.

Upon clearing CCIF to launch the Read Once command, a Read Once phrase is fetched and store
FCCOB indexed register. The CCIF ßag will set after the Read Once operation has completed. Va
phrase index values for the Read Once command range from 0x0000 to 0x0007. During execution
Read Once command, any attempt to read addresses within P-Flash block 0 will return invalid da

128

10.4.2.5 Program P-Flash Command

The Program P-Flash operation will program a previously erased phrase in the P-Flash memory us
embedded algorithm.

1. As defined by the memory map for FTM512K3.
2. As found in the memory map for FTM512K3.

Table 10-39. Read Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x04 Not Required

001 Read Once phrase index (0x0000 - 0x0007)

010 Read Once word 0 value

011 Read Once word 1 value

100 Read Once word 2 value

101 Read Once word 3 value

Table 10-40. Read Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid phrase index is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None
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CAUTION
A P-Flash phrase must be in the erased state before being programmed.
Cumulative programming of bits within a Flash phrase is not allowed.

Upon clearing CCIF to launch the Program P-Flash command, the Memory Controller will program
data words to the supplied global address and will then proceed to verify the data words read bac
expected. The CCIF ßag will set after the Program P-Flash operation has completed.

10.4.2.6 Program Once Command

The Program Once command restricts programming to a reserved 64 byte field (8 phrases) in the
nonvolatile information register located in P-Flash block 0. The Program Once reserved field can b
using the Read Once command as described inSection 10.4.2.4. The Program Once command must onl
be issued once since the nonvolatile information register in P-Flash block 0 cannot be erased. The P

Table 10-41. Program P-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x06
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] of phrase location to be programmed(1)

1. Global address [2:0] must be 000

010 Word 0 program value

011 Word 1 program value

100 Word 2 program value

101 Word 3 program value

Table 10-42. Program P-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:0] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the global address [22:0] points to a protected area

MGSTAT1 Set if any errors have been encountered during the verify operation(2)

2. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation2

FERSTAT EPVIOLIF None
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Once command must not be executed from the Flash block containing the Program Once reserved
avoid code runaway.

Upon clearing CCIF to launch the Program Once command, the Memory Controller Þrst veriÞes th
selected phrase is erased. If erased, then the selected phrase will be programmed and then veriÞ
read back. The CCIF ßag will remain clear, setting only after the Program Once operation has com

The reserved nonvolatile information register accessed by the Program Once command cannot be
and any attempt to program one of these phrases a second time will not be allowed. Valid phrase
values for the Program Once command range from 0x0000 to 0x0007. During execution of the Pr
Once command, any attempt to read addresses within P-Flash block 0 will return invalid data.

10.4.2.7 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and D-Flash memory space including th
nonvolatile information register.

Table 10-43. Program Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x07 Not Required

001 Program Once phrase index (0x0000 - 0x0007)

010 Program Once word 0 value

011 Program Once word 1 value

100 Program Once word 2 value

101 Program Once word 3 value

Table 10-44. Program Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid phrase index is supplied

Set if the requested phrase has already been programmed(1)

1. If a Program Once phrase is initially programmed to 0xFFFF_FFFF_FFFF_FFFF, the Program Once command will
be allowed to execute again on that same phrase.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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Upon clearing CCIF to launch the Erase All Blocks command, the Memory Controller will erase the e
Flash memory space and verify that it is erased. If the Memory Controller veriÞes that the entire F
memory space was properly erased, security will be released. During the execution of this comma
(CCIF=0) the user must not write to any Flash module register. The CCIF ßag will set after the Eras
Blocks operation has completed.

10.4.2.8 Erase P-Flash Block Command

The Erase P-Flash Block operation will erase all addresses in a P-Flash block.

Upon clearing CCIF to launch the Erase P-Flash Block command, the Memory Controller will eras
selected P-Flash block and verify that it is erased. The CCIF ßag will set after the Erase P-Flash B
operation has completed.

Table 10-45. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required

Table 10-46. Erase All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if command not available in current mode (see Table 10-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(1)

1. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation1

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 10-47. Erase P-Flash Block Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x09
Global address [22:16] to

identify P-Flash block

001 Global address [15:0] in P-Flash block to be erased
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10.4.2.9 Erase P-Flash Sector Command

The Erase P-Flash Sector operation will erase all addresses in a P-Flash sector.

Upon clearing CCIF to launch the Erase P-Flash Sector command, the Memory Controller will era
selected Flash sector and then verify that it is erased. The CCIF ßag will be set after the Erase P-
Sector operation has completed.

Table 10-48. Erase P-Flash Block Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

FPVIOL Set if an area of the selected P-Flash block is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(2)

2. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation2

FERSTAT EPVIOLIF None

Table 10-49. Erase P-Flash Sector Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0A
Global address [22:16] to identify

P-Flash block to be erased

001
Global address [15:0] anywhere within the sector to be erased.

Refer to Section 10.1.2.1 for the P-Flash sector size.

Table 10-50. Erase P-Flash Sector Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the selected P-Flash sector is protected

MGSTAT1 Set if any errors have been encountered during the verify operation

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation

FERSTAT EPVIOLIF None
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10.4.2.10 Unsecure Flash Command

The Unsecure Flash command will erase the entire P-Flash and D-Flash memory space and, if the
successful, will release security.

Upon clearing CCIF to launch the Unsecure Flash command, the Memory Controller will erase the
P-Flash and D-Flash memory space and verify that it is erased. If the Memory Controller veriÞes th
entire Flash memory space was properly erased, security will be released. If the erase verify is no
successful, the Unsecure Flash operation sets MGSTAT1 and terminates without changing the se
state. During the execution of this command (CCIF=0) the user must not write to any Flash modu
register. The CCIF ßag is set after the Unsecure Flash operation has completed.

10.4.2.11 Verify Backdoor Access Key Command

The Verify Backdoor Access Key command will only execute if it is enabled by the KEYEN bits in 
FSEC register (seeTable 10-11). The Verify Backdoor Access Key command releases security if use
supplied keys match those stored in the Flash security bytes of the Flash configuration field (seeTable 10-
3). The Verify Backdoor Access Key command must not be executed from the Flash block containin
backdoor comparison key to avoid code runaway.

Table 10-51. Unsecure Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0B Not required

Table 10-52. Unsecure Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if command not available in current mode (see Table 10-30)

FPVIOL Set if any area of the P-Flash memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation(1)

1. As found in the memory map for FTM512K3.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify
operation1

FERSTAT EPVIOLIF Set if any area of the buffer RAM EEE partition is protected

Table 10-53. Verify Backdoor Access Key Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0C Not required

001 Key 0

010 Key 1
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Upon clearing CCIF to launch the Verify Backdoor Access Key command, the Memory Controller 
check the FSEC KEYEN bits to verify that this command is enabled. If not enabled, the Memory
Controller sets the ACCERR bit in the FSTAT register and terminates. If the command is enabled
Memory Controller compares the key provided in FCCOB to the backdoor comparison key in the F
conÞguration Þeld with Key 0 compared to 0x7F_FF00, etc. If the backdoor keys match, security w
released. If the backdoor keys do not match, security is not released and all future attempts to exec
Verify Backdoor Access Key command are aborted (set ACCERR) until a reset occurs. The CCIF f
set after the Verify Backdoor Access Key operation has completed.

10.4.2.12 Set User Margin Level Command

The Set User Margin Level command causes the Memory Controller to set the margin level for future
operations of a specific P-Flash or D-Flash block.

Upon clearing CCIF to launch the Set User Margin Level command, the Memory Controller will se
user margin level for the targeted block and then set the CCIF ßag.

011 Key 2

100 Key 3

Table 10-54. Verify Backdoor Access Key Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 100 at command launch

Set if an incorrect backdoor key is supplied

Set if backdoor key access has not been enabled (KEYEN[1:0] != 10, see
Section 10.3.2.2)

Set if the backdoor key has mismatched since the last reset

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 10-55. Set User Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0D
Global address [22:16] to identify the

Flash block

001 Margin level setting

Table 10-53. Verify Backdoor Access Key Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters
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Valid margin level settings for the Set User Margin Level command are deÞned inTable 10-56.

NOTE
User margin levels can be used to check that Flash memory contents have
adequate margin for normal level read operations. If unexpected results are
encountered when checking Flash memory contents at user margin levels, a
potential loss of information has been detected.

10.4.2.13 Set Field Margin Level Command

The Set Field Margin Level command, valid in special modes only, causes the Memory Controller
the margin level specified for future read operations of a specific P-Flash or D-Flash block.

Table 10-56. Valid Set User Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)

1. Read margin to the erased state
0x0002 User Margin-0 Level(2)

2. Read margin to the programmed state

Table 10-57. Set User Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 10-58.  Set Field Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0E
Global address [22:16] to identify the Flash

block

001 Margin level setting
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Upon clearing CCIF to launch the Set Field Margin Level command, the Memory Controller will se
Þeld margin level for the targeted block and then set the CCIF ßag.

Valid margin level settings for the Set Field Margin Level command are deÞned inTable 10-59.

CAUTION
Field margin levels must only be used during verify of the initial factory
programming.

NOTE
Field margin levels can be used to check that Flash memory contents have
adequate margin for data retention at the normal level setting. If unexpected
results are encountered when checking Flash memory contents at Þeld
margin levels, the Flash memory contents should be erased and
reprogrammed.

Table 10-59. Valid Set Field Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level(1)

1. Read margin to the erased state

0x0002 User Margin-0 Level(2)

2. Read margin to the programmed state

0x0003 Field Margin-1 Level1

0x0004 Field Margin-0 Level2

Table 10-60. Set Field Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:16] is supplied(1)

1. As defined by the memory map for FTM512K3.

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None
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10.4.2.14 Full Partition D-Flash Command

The Full Partition D-Flash command allows the user to allocate sectors within the D-Flash block fo
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consis
128 sectors with 256 bytes per sector.

Upon clearing CCIF to launch the Full Partition D-Flash command, the following actions are taken
deÞne a partition within the D-Flash block for direct access (DFPART) and a partition within the bu
RAM for EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 8 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 10-7)
¥ Program a duplicate DFPART to the EEE nonvolatile information register at global address

0x12_0002 (seeTable 10-7)
¥ Program ERPART to the EEE nonvolatile information register at global address 0x12_0004

Table 10-7)
¥ Program a duplicate ERPART to the EEE nonvolatile information register at global address

0x12_0006 (seeTable 10-7)

The D-Flash user partition will start at global address 0x10_0000. The buffer RAM EEE partition will
at global address 0x13_FFFF. After the Full Partition D-Flash operation has completed, the CCIF ßa
set.

Running the Full Partition D-Flash command a second time will result in the previous partition value
the entire D-Flash memory being erased. The data value written corresponds to the number of 25
sectors allocated for either direct D-Flash access (DFPART) or buffer RAM EEE access (ERPART

Table 10-61. Full Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x0F Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
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10.4.2.15 Erase Verify D-Flash Section Command

The Erase Verify D-Flash Section command will verify that a section of code in the D-Flash user par
is erased. The Erase Verify D-Flash Section command defines the starting point of the data to be v
and the number of words.

Upon clearing CCIF to launch the Erase Verify D-Flash Section command, the Memory Controller
verify the selected section of D-Flash memory is erased. The CCIF ßag will set after the Erase Ve
Flash Section operation has completed.

Table 10-62. Full Partition D-Flash Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid DFPART or ERPART selection is supplied(1)

1. As defined by the maximum ERPART for FTM512K3.

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 10-63. Erase Verify D-Flash Section Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x10
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of the first word to be verified

010 Number of words to be verified
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10.4.2.16 Program D-Flash Command

The Program D-Flash operation programs one to four previously erased words in the D-Flash use
partition. The Program D-Flash operation will confirm that the targeted location(s) were successfu
programmed upon completion.

CAUTION
A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

Upon clearing CCIF to launch the Program D-Flash command, the user-supplied words will be trans
to the Memory Controller and be programmed. The CCOBIX index value at Program D-Flash comm
launch determines how many words will be programmed in the D-Flash block. No protection chec
made in the Program D-Flash operation on the D-Flash block, only access error checks. The CCIF
set when the operation has completed.

Table 10-64. Erase Verify D-Flash Section Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 10-30)

Set if an invalid global address [22:0] is supplied

Set if a misaligned word address is supplied (global address [0] != 0)

Set if the global address [22:0] points to an area of the D-Flash EEE partition

Set if the requested section breaches the end of the D-Flash block or goes into
the D-Flash EEE partition

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTAT0 Set if any non-correctable errors have been encountered during the read

FERSTAT EPVIOLIF None

Table 10-65. Program D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x11
Global address [22:16] to
identify the D-Flash block

001 Global address [15:0] of word to be programmed

010 Word 0 program value

011 Word 1 program value, if desired

100 Word 2 program value, if desired

101 Word 3 program value, if desired
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10.4.2.19 Disable EEPROM Emulation Command

The Disable EEPROM Emulation command causes the Memory Controller to suspend current EE
activity.

Upon clearing CCIF to launch the Disable EEPROM Emulation command, the Memory Controller
halt EEE operations at the next convenient point without clearing the EEE tag RAM or tag counter b
setting the CCIF ßag.

10.4.2.20 EEPROM Emulation Query Command

The EEPROM Emulation Query command returns EEE partition and status variables.

Upon clearing CCIF to launch the EEPROM Emulation Query command, the CCIF ßag will set afte
EEE partition and status variables are stored in the FCCOBIX register.If the Emulation Query com
is executed prior to partitioning (Partition D-Flash CommandSection 10.4.2.14), the following reset
values are returned: DFPART = 0x_FFFF, ERPART = 0x_FFFF, ECOUNT = 0x_FFFF, Dead Sec
Count = 0x_00, Ready Sector Count = 0x_00.

Table 10-71. Disable EEPROM Emulation Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x14 Not required

Table 10-72. Disable EEPROM Emulation Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if Full Partition D-Flash or Partition D-Flash command not previously run

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 10-73. EEPROM Emulation Query Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x15 Not required

001 Return DFPART

010 Return ERPART

011 Return ECOUNT(1)

1. Indicates sector erase count
100 Return Dead Sector Count Return Ready Sector Count
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10.4.2.21 Partition D-Flash Command

The Partition D-Flash command allows the user to allocate sectors within the D-Flash block for
applications and a partition within the buffer RAM for EEPROM access. The D-Flash block consists
sectors with 256 bytes per sector. The Erase All Blocks command must be run prior to launching 
Partition D-Flash command.

Upon clearing CCIF to launch the Partition D-Flash command, the following actions are taken to de
partition within the D-Flash block for direct access (DFPART) and a partition within the buffer RAM
EEE use (ERPART):

¥ Validate the DFPART and ERPART values provided:
Ñ DFPART <= 128 (maximum number of 256 byte sectors in D-Flash block)
Ñ ERPART <= 8 (maximum number of 256 byte sectors in buffer RAM)
Ñ If ERPART > 0, 128 - DFPART >= 12 (minimum number of 256 byte sectors in the D-Fla

block required to support EEE)
Ñ If ERPART > 0, ((128-DFPART)/ERPART) >= 8 (minimum ratio of D-Flash EEE space to

buffer RAM EEE space to support EEE)
¥ Erase verify the D-Flash block and the EEE nonvolatile information register
¥ Program DFPART to the EEE nonvolatile information register at global address 0x12_0000

Table 10-7)
¥ Program a duplicate DFPART to the EEE nonvolatile information register at global address

0x12_0002 (seeTable 10-7)

Table 10-74. EEPROM Emulation Query Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR
Set if CCOBIX[2:0] != 000 at command launch

Set if command not available in current mode (see Table 10-30)

FPVIOL None

MGSTAT1 None

MGSTAT0 None

FERSTAT EPVIOLIF None

Table 10-75. Partition D-Flash Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x20 Not required

001 Number of 256 byte sectors for the D-Flash user partition (DFPART)

010 Number of 256 byte sectors for buffer RAM EEE partition (ERPART)
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10.4.3 Interrupts

The Flash module can generate an interrupt when a Flash command operation has completed or 
Flash command operation has detected an EEE error or an ECC fault.

NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

10.4.3.1 Description of Flash Interrupt Operation

The Flash module uses the CCIF ßag in combination with the CCIE interrupt enable bit to genera
Flash command interrupt request. The Flash module uses the ERSEIF, PGMEIF, EPVIOLIF, ERS
ERSVIF0, DFDIF and SFDIF ßags in combination with the ERSEIE, PGMEIE, EPVIOLIE, ERSVI
ERSVIE0, DFDIE and SFDIE interrupt enable bits to generate the Flash error interrupt request. F
detailed description of the register bits involved, refer toSection 10.3.2.5, ÒFlash Configuration Regist
(FCNFG)Ó,Section 10.3.2.6, ÒFlash Error Configuration Register (FERCNFG)Ó,Section 10.3.2.7, ÒFlash
Status Register (FSTAT)Ó, andSection 10.3.2.8, ÒFlash Error Status Register (FERSTAT)Ó.

The logic used for generating the Flash module interrupts is shown inFigure 10-27.

Table 10-77. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable
Global (CCR)

Mask

Flash Command Complete CCIF
(FSTAT register)

CCIE
(FCNFG register)

I Bit

Flash EEE Erase Error ERSERIF
(FERSTAT register)

ERSERIE
(FERCNFG register)

I Bit

Flash EEE Program Error PGMERIF
(FERSTAT register)

PGMERIE
(FERCNFG register)

I Bit

Flash EEE Protection Violation EPVIOLIF
(FERSTAT register)

EPVIOLIE
(FERCNFG register)

I Bit

Flash EEE Error Type 1 Violation ERSVIF1
(FERSTAT register)

ERSVIE1
(FERCNFG register)

I Bit

Flash EEE Error Type 0 Violation ERSVIF0
(FERSTAT register)

ERSVIE0
(FERCNFG register)

I Bit

ECC Double Bit Fault on Flash Read DFDIF
(FERSTAT register)

DFDIE
(FERCNFG register)

I Bit

ECC Single Bit Fault on Flash Read SFDIF
(FERSTAT register)

SFDIE
(FERCNFG register)

I Bit
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Figure 10-27. Flash Module Interrupts Implementation

10.4.4 Wait Mode

The Flash module is not affected if the MCU enters wait mode. The Flash module can recover the
from wait via the CCIF interrupt (seeSection 10.4.3, ÒInterruptsÓ).

10.4.5 Stop Mode

If a Flash command is active (CCIF = 0) or an EE-Emulation operation is pending when the MCU req
stop mode, the current Flash operation will be completed before the CPU is allowed to enter stop

10.5 Security
The Flash module provides security information to the MCU. The Flash security state is deÞned b
SEC bits of the FSEC register (seeTable 10-12). During reset, the Flash module initializes the FSEC
register using data read from the security byte of the Flash conÞguration Þeld at global address
0x7F_FF0F.

Flash Error Interrupt Request

CCIF
CCIE

EPVIOLIF
EPVIOLIE

ERSVIF1
ERSVIE1

ERSVIF0
ERSVIE0

PGMERIF
PGMERIE

ERSERIF
ERSERIE

Flash Command Interrupt Request

DFDIF
DFDIE

SFDIF
SFDIE
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The security state out of reset can be permanently changed by programming the security byte of the
conÞguration Þeld. This assumes that you are starting from a mode where the necessary P-Flash e
program commands are available and that the upper region of the P-Flash is unprotected. If the F
security byte is successfully programmed, its new value will take affect after the next MCU reset.

The following subsections describe these security-related subjects:

¥ Unsecuring the MCU using Backdoor Key Access
¥ Unsecuring the MCU in Special Single Chip Mode using BDM
¥ Mode and Security Effects on Flash Command Availability

10.5.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge
contents of the backdoor keys (four 16-bit words programmed at addresses 0x7F_FF00Ð0x7F_F
the KEYEN[1:0] bits are in the enabled state (seeSection 10.3.2.2), the Verify Backdoor Access Key
command (seeSection 10.4.2.11) allows the user to present four prospective keys for comparison to 
keys stored in the Flash memory via the Memory Controller. If the keys presented in the Verify Back
Access Key command match the backdoor keys stored in the Flash memory, the SEC bits in the F
register (seeTable 10-12) will be changed to unsecure the MCU. Key values of 0x0000 and 0xFFFF
not permitted as backdoor keys. While the Verify Backdoor Access Key command is active, P-Flash
0 will not be available for read access and will return invalid data.

The user code stored in the P-Flash memory must have a method of receiving the backdoor keys f
external stimulus. This external stimulus would typically be through one of the on-chip serial ports

If the KEYEN[1:0] bits are in the enabled state (seeSection 10.3.2.2), the MCU can be unsecured by the
backdoor key access sequence described below:

1. Follow the command sequence for the Verify Backdoor Access Key command as explained
Section 10.4.2.11

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured and the
SEC[1:0] bits in the FSEC register are forced to the unsecure state of 10

The Verify Backdoor Access Key command is monitored by the Memory Controller and an illegal key
prohibit future use of the Verify Backdoor Access Key command. A reset of the MCU is the only me
to re-enable the Verify Backdoor Access Key command.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU
unsecured, the sector containing the Flash security byte can be erased and the Flash security byt
reprogrammed to the unsecure state, if desired.

In the unsecure state, the user has full control of the contents of the backdoor keys by programmi
addresses 0x7F_FF00Ð0x7F_FF07 in the Flash conÞguration Þeld.

The security as deÞned in the Flash security byte (0x7F_FF0F) is not changed by using the Verify
Backdoor Access Key command sequence. The backdoor keys stored in addresses
0x7F_FF00Ð0x7F_FF07 are unaffected by the Verify Backdoor Access Key command sequence. A
next reset of the MCU, the security state of the Flash module is determined by the Flash security 
MC9S12XF - Family Reference Manual, Rev.1.20
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(0x7F_FF0F). The Verify Backdoor Access Key command sequence has no effect on the program
erase protections deÞned in the Flash protection register, FPROT.

10.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM

The MCU can be unsecured in special single chip mode by erasing the P-Flash and D-Flash mem
one of the following methods:

¥ Reset the MCU into special single chip mode, delay while the erase test is performed by the
send BDM commands to disable protection in the P-Flash and D-Flash memory, and execu
Erase All Blocks command write sequence to erase the P-Flash and D-Flash memory.

¥ Reset the MCU into special expanded wide mode, disable protection in the P-Flash and D
memory and run code from external memory to execute the Erase All Blocks command wri
sequence to erase the P-Flash and D-Flash memory.

After the CCIF ßag sets to indicate that the Erase All Blocks operation has completed, reset the MC
special single chip mode. The BDM will execute the Erase Verify All Blocks command write sequen
verify that the P-Flash and D-Flash memory is erased. If the P-Flash and D-Flash memory are veri
erased the MCU will be unsecured. All BDM commands will be enabled and the Flash security byte
be programmed to the unsecure state by the following method:

¥ Send BDM commands to execute a ÔProgram P-FlashÕ command sequence to program 
security byte to the unsecured state and reset the MCU.

10.5.3 Mode and Security Effects on Flash Command Availability

The availability of Flash module commands depends on the MCU operating mode and security st
shown inTable 10-30.

10.6 Initialization
On each system reset the Flash module executes a reset sequence which establishes initial value
Flash Block Configuration Parameters, the FPROT and DFPROT protection registers, and the FOP
FSEC registers. The Flash module reverts to built-in default values that leave the module in a fully
protected and secured state if errors are encountered during execution of the reset sequence. If a do
fault is detected during the reset sequence, both MGSTAT bits in the FSTAT register will be set. T
ACCERR bit in the FSTAT register is set if errors are encountered while initializing the EEE buffer
during the reset sequence.

CCIF remains clear throughout the reset sequence. The Flash module holds off all CPU access fo
initial portion of the reset sequence. While Flash reads are possible when the hold is removed, wr
the FCCOBIX, FCCOBHI, and FCCOBLO registers are ignored to prevent command activity while
Memory Controller remains busy. Completion of the reset sequence is marked by setting CCIF high
enables writes to the FCCOBIX, FCCOBHI, and FCCOBLO registers to launch any available Flas
command.

If a reset occurs while any Flash command is in progress, that command will be immediately aborte
state of the word being programmed or the sector/block being erased is not guaranteed.
MC9S12XF - Family Reference Manual, Rev.1.20

402 Freescale Semiconductor









Chapter 11 Memory Mapping Control (S12XMMCV4) SUPPORTING FLEXRAY

tive.

s when
al bus.

ingle

ignals.

eir
11.1.4.2 Functional Modes

¥ Single chip modes
In normal and special single chip mode the internal memory is used. External bus is not ac

¥ Expanded modes
Address, data, and control signals are activated in normal expanded and special test mode
accessing the external bus. Access to internal resources will not cause activity on the extern

¥ Emulation modes
External bus is active to emulate, via an external tool, the normal expanded or the normal s
chip mode.

11.1.5 Block Diagram
1   shows a block diagram of the MMC.

Figure 11-1. MMC Block Diagram

11.2 External Signal Description
The user is advised to refer to the SoC Guide for port conÞguration and location of external bus s
Some pins may not be bonded out in all implementations.

Table 11-2andTable 11-3outline the pin names and functions. It also provides a brief description of th
operation.

1. Doted blocks and lines are optional. Please refer to the SoC Guide for their availlibilities.

Peripherals

FLASH

XGATECPUBDM

Target Bus Controller

DBG

EEEPROM

EBI

MMC

Address Decoder & Priority

RAM

FLEXRAY
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Table 11-2. External Input Signals Associated with the MMC

Signal I/O Description Availability

MODC I Mode input Latched after
RESET (active low)

MODB I Mode input Latched after
RESET (active low)

MODA I Mode input Latched after
RESET (active low)

EROMCTL I EROM control input Latched after
RESET (active low)

ROMCTL I ROM control input Latched after
RESET (active low)

Table 11-3. External Output Signals Associated with the MMC

Signal I/O Description
Available in Modes

NS SS NX ES EX ST

CS0 O Chip select line 0  (see Table 11-4)

CS1 O Chip select line 1

CS2 O Chip select line 2

CS3 O Chip select line 3
MC9S12XF - Family Reference Manual, Rev.1.20
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11.3 Memory Map and Registers

11.3.1 Module Memory Map

A summary of the registers associated with the MMC block is shown inFigure 11-2. Detailed descriptions
of the registers and bits are given in the subsections that follow.

Address
Register

Name
Bit 7 6 5 4 3 2 1 Bit 0

0x000A MMCCTL0 R
CS3E1 CS3E0 CS2E1 CS2E0 CS1E1 CS1E0 CS0E1 CS0E0

W

0x000B MODE R
MODC MODB MODA

0 0 0 0 0

W

0x0010 GPAGE R 0
GP6 GP5 GP4 GP3 GP2 GP1 GP0

W

0x0011 DIRECT R
DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8

W

0x0012 Reserved R 0 0 0 0 0 0 0 0

W

0x0013 MMCCTL1 R
TGMRAMON

0
EEEIFRON PGMIFRON RAMHM

EROMON
ROMHM ROMON

W

0x0014 Reserved R 0 0 0 0 0 0 0 0

W

0x0015 PPAGE R
PIX7 PIX6 PIX5 PIX4 PIX3 PIX2 PIX1 PIX0

W

0x0016 RPAGE R
RP7 RP6 RP5 RP4 RP3 RP2 RP1 RP0

W

0x0017 EPAGE R
EP7 EP6 EP5 EP4 EP3 EP2 EP1 EP0

W

= Unimplemented or Reserved

Figure 11-2. MMC Register Summary
MC9S12XF - Family Reference Manual, Rev.1.20

408 Freescale Semiconductor



Chapter 11 Memory Mapping Control (S12XMMCV4) SUPPORTING FLEXRAY

other
11.3.2 Register Descriptions

11.3.2.1 MMC Control Register (MMCCTL0)

Read: Anytime. In emulation modes read operations will return the data from the external bus. In all
modes the data is read from this register.

Write: Anytime. In emulation modes write operations will also be directed to the external bus.

The MMCCTL0 register is used to control external bus functions, like:

¥ Availability of chip selects. (SeeTable 11-4 andTable 11-5)
¥ Control of different external stretch mechanism. For more detail refer to the S12X_EBI

BlockGuide.

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Address: 0x000A PRR

7 6 5 4 3 2 1 0

R
CS3E1 CS3E0 CS2E1 CS2E0 CS1E1 CS1E0 CS0E1 CS0E0

W

Reset 0 0 0 0 0 0 0 ROMON1

1. ROMON is bit[0] of the register MMCTL1 (see Figure 11-10)

= Unimplemented or Reserved

Figure 11-3. MMC Control Register (MMCCTL0)

Table 11-4. Chip Selects Function Activity

Register Bit
Chip Modes

NS SS NX ES EX ST

CS0E[1:0], CS1E[1:0],
CS2E[1:0], CS3E[1:0]

Disabled(1)

1. Disabled: feature always inactive.

Disabled Enabled(2)

2. Enabled: activity is controlled by the appropriate register bit value.

Disabled Enabled Disabled
MC9S12XF - Family Reference Manual, Rev.1.20
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ented
Table 11-6 shows the address boundaries of each chip select and the relationship with the implem
resources (internal) parameters.

Table 11-5. MMCCTL0 Field Descriptions

Field Description

7–6
CS3E[1:0]

Chip Select 3 Enables — These bits enable the external chip select CS3 output which is asserted during
accesses to specific external addresses. The associated global address range is shown in Table 11-6 and
Figure 11-17.
Chip select 3 is only active if enabled in Normal Expanded mode, Emulation Expanded mode.
The function disabled in all other operating modes.
00 Chip select 3 is disabled
01,10,11 Chip select 3 is enabled

5–4
CS2E[1:0]

Chip Select 2 Enables — These bits enable the external chip select CS2 output which is asserted during
accesses to specific external addresses. The associated global address range is shown in Table 11-6 and
Figure 11-17.
Chip select 2 is only active if enabled in Normal Expanded mode, Emulation Expanded mode.
The function disabled in all other operating modes.
00 Chip select 2 is disabled
01,10,11 Chip select 2 is enabled

3–2
CS1E[1:0]

Chip Select 1 Enables — These bits enable the external chip select CS1 output which is asserted during
accesses to specific external addresses. The associated global address range is shown in Table 11-6 and
Figure 11-17.
Chip select 1 is only active if enabled in Normal Expanded mode, Emulation Expanded mode.
The function disabled in all other operating modes.
00 Chip select 1 is disabled
01,10,11 Chip select 1 is enabled

1–0
CS0E[1:0]

Chip Select 0 Enables — These bits enable the external chip select CS0 output which is asserted during
accesses to specific external addresses. The associated global address range is shown in Table 11-6 and
Figure 11-17.
Chip select 0 is only active if enabled in Normal Expanded mode, Emulation Expanded mode.
The function disabled in all other operating modes.
00 Chip select 0 is disabled
01,10,11 Chip select 0 is enabled

Table 11-6. Global Chip Selects Memory Space

Chip Selects Bottom Address Top Address

CS3 0x00_0800 0x0F_FFFF minus RAMSIZE(1)

1. External RPAGE accesses in (NX, EX)

CS2(2)

2. When ROMHM is set (see ROMHM in Table 11-15) the CS2 is asserted in the space occupied by this on-
chip memory block.

0x14_0000 0x1F_FFFF

CS1 0x20_0000 0x3F_FFFF

CS0(3)

3. When the internal NVM is enabled (see ROMON in Section 11.3.2.5, “MMC Control Register (MMCCTL1))
the CS0 is not asserted in the space occupied by this on-chip memory block.

0x40_0000 0x7F_FFFF minus FLASHSIZE(4)

4. External PPAGE accesses in (NX, EX)
MC9S12XF - Family Reference Manual, Rev.1.20
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11.3.2.2 Mode Register (MODE)

Read: Anytime. In emulation modes read operations will return the data read from the external bus
other modes the data are read from this register.

Write: Only if a transition is allowed (seeFigure 11-5). In emulation modes write operations will be also
directed to the external bus.

The MODE bits of the MODE register are used to establish the MCU operating mode.

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Address: 0x000B PRR

7 6 5 4 3 2 1 0

R
MODC MODB MODA

0 0 0 0 0

W

Reset MODC1 MODB1 MODA1 0 0 0 0 0

1. External signal (see Table 11-2).

= Unimplemented or Reserved

Figure 11-4. Mode Register (MODE)

Table 11-7. MODE Field Descriptions

Field Description

7–5
MODC,
MODB,
MODA

Mode Select Bits — These bits control the current operating mode during RESET high (inactive). The external
mode pins MODC, MODB, and MODA determine the operating mode during RESET low (active). The state of
the pins is latched into the respective register bits after the RESET signal goes inactive (see Figure 11-4).

Write restrictions exist to disallow transitions between certain modes. Figure 11-5 illustrates all allowed mode
changes. Attempting non authorized transitions will not change the MODE bits, but it will block further writes to
these register bits except in special modes.

Both transitions from normal single-chip mode to normal expanded mode and from emulation single-chip to
emulation expanded mode are only executed by writing a value of 3’b101 (write once). Writing any other value
will not change the MODE bits, but will block further writes to these register bits.

Changes of operating modes are not allowed when the device is secured, but it will block further writes to these
register bits except in special modes.

In emulation modes reading this address returns data from the external bus which has to be driven by the
emulator. It is therefore responsibility of the emulator hardware to provide the expected value (i.e. a value
corresponding to normal single chip mode while the device is in emulation single-chip mode or a value
corresponding to normal expanded mode while the device is in emulation expanded mode).
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 11-5. Mode Transition Diagram when MCU is Unsecured
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100

101

RESET

(SS)

110
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000

RESET

RESET

RESET

RESET
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010

101
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100

(EX)

(NX)(NS)
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RESET

Transition done by external pins (MODC, MODB, MODA)

Transition done by write access to the MODE register

110
111

Illegal (MODC, MODB, MODA) pin values.

Do not use. (Reserved for future use).
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11.3.2.3 Global Page Index Register (GPAGE)

Read: Anytime

Write: Anytime

The global page index register is used to construct a 23 bit address in the global map format. It is onl
when the CPU is executing a global instruction (GLDAA, GLDAB, GLDD, GLDS, GLDX,
GLDY,GSTAA, GSTAB, GSTD, GSTS, GSTX, GSTY) (see CPU Block Guide). The generated glo
address is the result of concatenation of the CPU local address [15:0] with the GPAGE register [22:1
Figure 11-7).

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Figure 11-7. GPAGE Address Mapping

Example 11-1. This example demonstrates usage of the GPAGE register

LDX #0x5000 ;Set GPAGE offset to the value of 0x5000
MOVB #0x14, GPAGE ;Initialize GPAGE register with the value of 0x14
GLDAA X ;Load Accu A from the global address 0x14_5000

Address: 0x0010

7 6 5 4 3 2 1 0

R 0
GP6 GP5 GP4 GP3 GP2 GP1 GP0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-6. Global Page Index Register (GPAGE)

Table 11-8. GPAGE Field Descriptions

Field Description

6–0
GP[6:0]

Global Page Index Bits 6–0 — These page index bits are used to select which of the 128 64KB pages is to be
accessed.

Bit16 Bit 0Bit15Bit22

CPU Address [15:0]GPAGE Register [6:0]

Global Address [22:0]
MC9S12XF - Family Reference Manual, Rev.1.20
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11.3.2.4 Direct Page Register (DIRECT)

Read: Anytime

Write: anytime in special modes, one time only in other modes.

This register determines the position of the 256B direct page within the memory map.It is valid for
global and local mapping scheme.

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Figure 11-9. DIRECT Address Mapping

Bits [22:16] of the global address will be formed by the GPAGE[6:0] bits in case the CPU executes a g
instruction in direct addressing mode or by the appropriate local address to the global address ex
(refer toSection 11.4.2.1.1, ÒExpansion of the Local Address Map).

Example 11-2. This example demonstrates usage of the Direct Addressing Mode

MOVB #0x80,DIRECT ;Set DIRECT register to 0x80. Write once only.
;Global data accesses to the range 0xXX_80XX can be direct.
;Logical data accesses to the range 0x80XX are direct.

LDY <00 ;Load the Y index register from 0x8000 (direct access).
;< operator forces direct access on some assemblers but in
;many cases assemblers are Òdirect page awareÓ and can

Address: 0x0011

7 6 5 4 3 2 1 0

R
DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8

W

Reset 0 0 0 0 0 0 0 0

Figure 11-8. Direct Register (DIRECT)

Table 11-9. DIRECT Field Descriptions

Field Description

7–0
DP[15:8]

Direct Page Index Bits 15–8 — These bits are used by the CPU when performing accesses using the direct
addressing mode. The bits from this register form bits [15:8] of the address (see Figure 11-9).

Bit15 Bit0Bit7Bit22

CPU Address [15:0]

Global Address [22:0]

Bit8Bit16

DP [15:8]
MC9S12XF - Family Reference Manual, Rev.1.20
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other

e

;automatically select direct mode.

11.3.2.5 MMC Control Register (MMCCTL1)

Read: Anytime. In emulation modes read operations will return the data from the external bus. In all
modes the data are read from this register.

Write: Refer to each bit description. In emulation modes write operations will also be directed to th
external bus.

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Address: 0x0013 PRR

7 6 5 4 3 2 1 0

R
MGRAMON

0
EEEIFRON PGMIFRON RAMHM

EROMON
ROMHM ROMON

W

Reset 0 0 0 0 0 EROMCTL 0 ROMCTL

= Unimplemented or Reserved

Figure 11-10. MMC Control Register (MMCCTL1)

Table 11-10. MMCCTL1 Field Descriptions

Field Description

7
MGRAMON

Flash Memory Controller Tag RAM and SCRATCH RAM visible in the global memory map
Write: Anytime
This bit is used to made the Flash Memory Controller Tag RAM and SCRATCH RAM visible in the global memory
map.
0 Not visible in the global memory map.
1 Visible in the global memory map.

5
EEEIFRON

EEE Information Row (IFR) visible in the global memory map
Write: Anytime
This bit is used to made the IFR sector of EEE DATA FLASH visible in the global memory map.
0 Not visible in the global memory map.
1 Visible in the global memory map.

4
PGMIFRON

Program Information Row (IFR) visible in the global memory map
Write: Anytime
This bit is used to made the IFR sector of the Program Flash visible in the global memory map.
0 Not visible in the global memory map.
1 Visible in the global memory map.

3
RAMHM

RAM only in higher Half of the global memory map
Write: Once in normal and emulation modes and anytime in special modes
0 Accesses to 0x4000–0x7FFF in the CPU/BDM local memory map will be mapped to 0x14_4000-0x14_7FFF

in the global memory space (external access).
1 Accesses to 0x4000–0x7FFF in the CPU/BDM local memory map will be mapped to 0x0F_C000-0x0F_FFFF

in the global memory space (RAM area).
MC9S12XF - Family Reference Manual, Rev.1.20
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11.3.2.6 Program Page Index Register (PPAGE)

Read: Anytime

Write: Anytime

These eight index bits are used to page 16KB blocks into the Flash page window located in the local
or BDM) memory map from address 0x8000 to address 0xBFFF (seeFigure 11-12). This supports
accessing up to 4MB of Flash (in the Global map) within the 64KB Local map. The PPAGE registe
effectively used to construct paged Flash addresses in the Local map format. The CPU has specia
to read and write this register directly during execution of CALL and RTC instructions..

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Table 11-11. Data Sources when CPU or BDM is Accessing Flash Area

Chip Modes ROMON EROMON DATA SOURCE(1)

1. Internal Flash means Flash resources inside the MCU are read/written.
Emulation memory means resources inside the emulator are read/written (PRU registers, flash
replacement, RAM, EEPROM and register space are always considered internal).
External application means resources residing outside the MCU are read/written.

Stretch(2)

2. The external access stretch mechanism is part of the EBI module (refer to EBI Block Guide for details).

Normal Single Chip X X Internal Flash N

Special Single Chip

Emulation Single Chip X 0 Emulation Memory N

X 1 Internal Flash

Normal Expanded 0 X External Application Y

1 X Internal Flash N

Emulation Expanded 0 X External Application Y

1 0 Emulation Memory N

1 1 Internal Flash

Special Test 0 X External Application N

1 X Internal Flash

Address: 0x0015

7 6 5 4 3 2 1 0

R
PIX7 PIX6 PIX5 PIX4 PIX3 PIX2 PIX1 PIX0

W

Reset 1 1 1 1 1 1 1 0

Figure 11-11. Program Page Index Register (PPAGE)
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4000 and

CPU
Figure 11-12. PPAGE Address Mapping

NOTE
Writes to this register using the special access of the CALL and RTC
instructions will be complete before the end of the instruction execution.

The Þxed 16K page from 0x4000Ð0x7FFF (when ROMHM = 0) is the page number 0xFD.

The reset value of 0xFE ensures that there is linear Flash space available between addresses 0x
0xFFFF out of reset.

The Þxed 16K page from 0xC000-0xFFFF is the page number 0xFF.

11.3.2.7 RAM Page Index Register (RPAGE)

Read: Anytime

Write: Anytime

These eight index bits are used to page 4KB blocks into the RAM page window located in the local (
or BDM) memory map from address 0x1000 to address 0x1FFF (seeFigure 11-14). This supports

Table 11-12. PPAGE Field Descriptions

Field Description

7–0
PIX[7:0]

Program Page Index Bits 7–0 — These page index bits are used to select which of the 256 FLASH or ROM
array pages is to be accessed in the Program Page Window.

Address: 0x0016

7 6 5 4 3 2 1 0

R
RP7 RP6 RP5 RP4 RP3 RP2 RP1 RP0

W

Reset 1 1 1 1 1 1 0 1

Figure 11-13. RAM Page Index Register (RPAGE)

Bit14 Bit01

Address [13:0]PPAGE Register [7:0]

Global Address [22:0]

Bit13Bit21

Address: CPU Local Address
or BDM Local Address
MC9S12XF - Family Reference Manual, Rev.1.20
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accessing up to 1022KB of RAM (in the Global map) within the 64KB Local map. The RAM page in
register is effectively used to construct paged RAM addresses in the Local map format.

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Figure 11-14. RPAGE Address Mapping

NOTE
Because RAM page 0 has the same global address as the register space, it is
possible to write to registers through the RAM space when RPAGE = 0x00.

The reset value of 0xFD ensures that there is a linear RAM space available between addresses 0x1
0x3FFF out of reset.

The Þxed 4K page from 0x2000Ð0x2FFF of RAM is equivalent to page 254 (page number 0xFE).

The Þxed 4K page from 0x3000Ð0x3FFF of RAM is equivalent to page 255 (page number 0xFF).

NOTE
The page 0xFD (reset value) contains unimplemented area in the range not
occupied by RAM if RAMSIZE is less than 12KB (Refer to
Section 11.4.2.3, ÒImplemented Memory Map).

The two Þxed 4KB pages (0xFE, 0xFF) contain unimplemented area in the
range not occupied by RAM if RAMSIZE is less than 8KB  (Refer to
Section 11.4.2.3, ÒImplemented Memory Map).

Table 11-13. RPAGE Field Descriptions

Field Description

7–0
RP[7:0]

RAM Page Index Bits 7–0 — These page index bits are used to select which of the 256 RAM array pages is to
be accessed in the RAM Page Window.

Bit18 Bit0Bit110

Address [11:0]RPAGE Register [7:0]

Global Address [22:0]

Bit12Bit190

Address: CPU Local Address
or BDM Local Address

0
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11.3.2.8 EEPROM Page Index Register (EPAGE)

Read: Anytime

Write: Anytime

These eight index bits are used to page 1KB blocks into the EEPROM page window located in the
(CPU or BDM) memory map from address 0x0800 to address 0x0BFF (seeFigure 11-16). This supports
accessing up to 256KB of EEPROM (in the Global map) within the 64KB Local map. The EEPROM p
index register is effectively used to construct paged EEPROM addresses in the Local map format

CAUTION
XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Figure 11-16. EPAGE Address Mapping

The reset value of 0xFE ensures that there is a linear EEPROM space available between addresses
and 0x0FFF out of reset.

The Þxed 1K page 0x0C00Ð0x0FFF of EEPROM is equivalent to page 255 (page number 0xFF).

Address: 0x0017

7 6 5 4 3 2 1 0

R
EP7 EP6 EP5 EP4 EP3 EP2 EP1 EP0

W

Reset 1 1 1 1 1 1 1 0

Figure 11-15. EEPROM Page Index Register (EPAGE)

Table 11-14. EPAGE Field Descriptions

Field Description

7–0
EP[7:0]

EEPROM Page Index Bits 7–0 — These page index bits are used to select which of the 256 EEPROM array
pages is to be accessed in the EEPROM Page Window.

Bit16 Bit0Bit9

Address [9:0]EPAGE Register [7:0]

Global Address [22:0]

Bit10Bit1700 10 0

Address: CPU Local Address
or BDM Local Address
MC9S12XF - Family Reference Manual, Rev.1.20
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11.4 Functional Description
The MMC block performs several basic functions of the S12X sub-system operation: MCU operat
modes, priority control, address mapping, select signal generation and access limitations for the s
Each aspect is described in the following subsections.

11.4.1 MCU Operating Mode
¥ Normal single-chip mode

There is no external bus in this mode. The MCU program is executed from the internal mem
and no external accesses are allowed.

¥ Special single-chip mode
This mode is generally used for debugging single-chip operation, boot-strapping or security re
operations. The active background debug mode is in control of the CPU code execution an
BDM Þrmware is waiting for serial commands sent through the BKGD pin. There is no exte
bus in this mode.

¥ Emulation single-chip mode
Tool vendors use this mode for emulation systems in which the userÕs target application is n
single-chip mode. Code is executed from external or internal memory depending on the set
the EROMON bit (seeSection 11.3.2.5, ÒMMC Control Register (MMCCTL1)). The external bus
is active in both cases to allow observation of internal operations (internal visibility).
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 11-17. Expansion of the Local Address Map

0x7F_FFFF

0x00_0000

0x14_0000

0x10_0000

0x00_0800

EPAGE

RPAGE

PPAGE

CPU and BDM
Local Memory Map

Global Memory Map

0xFFFF Reset Vectors

0xC000

0x8000

Unpaged

0x4000

0x1000

0x0000

16K FLASH window

0x0C00

0x2000

0x0800

8K RAM

4K RAM window

1K EEPROM

2K REGISTERS

1K EEPROM window

16K FLASH
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16K FLASH
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2K RAM
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11.4.2.1.1 Expansion of the Local Address Map

Expansion of the CPU Local Address Map

The program page index register in MMC allows accessing up to 4MB of FLASH or ROM in the gl
memory map by using the eight page index bits to page 256 16KB blocks into the program page wi
located from address 0x8000 to address 0xBFFF in the local CPU memory map.

The page value for the program page window is stored in the PPAGE register. The value of the PP
register can be read or written by normal memory accesses as well as by the CALL and RTC instru
(seeSection 11.5.1, ÒCALL and RTC Instructions).

Control registers, vector space and parts of the on-chip memories are located in unpaged portion
64KB local CPU address space.

The starting address of an interrupt service routine must be located in unpaged memory unless the
certain that the PPAGE register will be set to the appropriate value when the service routine is cal
However an interrupt service routine can call other routines that are in paged memory. The upper
block of the local CPU memory space (0xC000Ð0xFFFF) is unpaged. It is recommended that all res
interrupt vectors point to locations in this area or to the other unpaged sections of the local CPU me
map.

Table 11-15 summarizes mapping of the address bus in Flash/External space based on the addres
PPAGE register value and value of the ROMHM bit in the MMCCTL1 register.

The RAM page index register allows accessing up to 1MB minus 2KB of RAM in the global memory
by using the eight RPAGE index bits to page 4KB blocks into the RAM page window located in the l
CPU memory space from address 0x1000 to address 0x1FFF. The EEPROM page index register E
allows accessing up to 256KB of EEPROM in the system by using the eight EPAGE index bits to p
1KB blocks into the EEPROM page window located in the local CPU memory space from address 0x
to address 0x0BFF.

Table 11-15. Global FLASH/ROM Allocated

Local
CPU Address

ROMHM
External
Access

Global Address

0x4000–0x7FFF 0 No 0x7F_4000 –0x7F_7FFF

1 Yes 0x14_4000–0x14_7FFF

0x8000–0xBFFF N/A No(1)

1. The internal or the external bus is accessed based on the size of the memory resources
implemented on-chip. Please refer to Figure 1-23 for further details.

0x40_0000–0x7F_FFFF

N/A Yes1

0xC000–0xFFFF N/A No 0x7F_C000–0x7F_FFFF
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 11-18. BDMGPR Address Mapping

11.4.2.3 Implemented Memory Map

The global memory spaces reserved for the internal resources (RAM, EEE, and FLASH) are not
determined by the MMC module. Size of the individual internal resources are however Þxed in the d
of the device cannot be changed by the user. Please refer to the SoC Guide for further details.Figure and
Table 11-16 show the memory spaces occupied by the on-chip resources. Please note that the me
spaces have Þxed top addresses.

Table 11-16. Global Implemented Memory Space

Internal Resource $Address

RAM RAM_LOW = 0x10_0000 minus RAMSIZE(1)

1. RAMSIZE is the hexadecimal value of RAM SIZE in Bytes
FLASH FLASH_LOW = 0x80_0000 minus FLASHSIZE(2)

2. FLASHSIZE is the hexadecimal value of FLASH SIZE in Bytes

Bit16 Bit0Bit15Bit22

BDM Local AddressBDMGPR Register [6:0]

Global Address [22:0]

Bit16 Bit0Bit15Bit22

CPU Local AddressBDMGPR Register [6:0]

Global Address [22:0]

BDM HARDWARE COMMAND

BDM FIRMWARE COMMAND
MC9S12XF - Family Reference Manual, Rev.1.20
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S12X CPU & BDM Global Address MappingThe non-internal resources (unimplemented areas or exter
space) are used to generate the chip selects (CS0,CS1,CS2 and CS3) (seeFigure), which are only active
in normal expanded, emulation expanded (seeSection 11.3.2.1, ÒMMC Control Register (MMCCTL0)).

11.4.2.4 XGATE Memory Map Scheme

11.4.2.4.1 Expansion of the XGATE Local Address Map

The XGATE 64 Kbyte memory space allows access to internal resources only (Registers, RAM, a
FLASH). The 2 Kilobyte register address range is the same register address range as for the CPU
BDM module (seeTable 11-17).

XGATE can access the FLASH in single chip modes, even when the MCU is secured. In expanded m
XGATE can not access the FLASH when MCU is secured.

The local address of the XGATE RAM access is translated to the global RAM address range. The XG
shares the RAM resource with the CPU and the BDM module (seeTable 11-17).

XGATE RAM size (XGRAMSIZE) may be lower or equal to the MCU RAM size (RAMSIZE).

In case of XGATE RAM size less than 32 Kbytes (seeFigure 11-19), the gap in the xgate local memory
map will result in an illegal RAM access (seeSection 11.4.3.1, ÒIllegal XGATE Accesses)

The local address of the XGATE FLASH access is always translated to the global address 0x78_0
0x78_7FFF.

Example 11-3. is a general example of the XGATE memory map implementation.

Example 11-3.

The MCU FLASHSIZE is 64 Kbytes (0x10000) and MCU RAMSIZE is 32 Kbytes (0x8000).
The XGATE RAMSIZE is 16 Kbytes (0x4000).
The space occupied by the XGATE RAM in the global address space will be:

Bottom address: (0x10_0000 minus 0x4000) = 0x0F_C000
Top address: 0x0F_FFFF

XGATE accesses to local address range 0x0800Ð0x7FFF will result always in accesses to
following FLASH block in the global address space:

Bottom address: 0x78_0800
Top address: 0x78_7FFF

The gap range in the local memory map 0x8000Ð0xBFFF will be translated in the global ad
space:

Table 11-17. XGATE Implemented Memory Space

Internal Resource $Address

XGATE RAM XGRAM_LOW = 0x0F_0000 plus (0x1_0000 minus XGRAMSIZE)(1)

1. XGRAMSIZE is the hexadecimal value of XGATE RAM SIZE in bytes.
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Figure 11-19. XGATE Global Address Mapping
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11.4.2.6 Memory Configuration

Two bits in the MMCCTL1 register (ROMHM, RAMHM) conÞgure the mapping of the local addres
(0x4000-0x7FFF) in the global memory map.

ROMHM, RAMHM are write once in normal and emulation modes and anytime in special modes.

Three areas are identiÞed (SeeFigure 11-21):

¥ Program FLASH (0x7F_4000-0x7F_7FFF) when ROMHM = 0.
¥ External Space (0x14_4000-0x14_7FFF) when ROMHM = 1 and RAMHM = 0.
¥ XSRAM Space (0x0F_C000-0x0F_FFFF) when ROMHM = 1 and RAMHM = 1.

Table 11-18 shows the translation from the local memory map to the global memory map taking in
consideration the different conÞgurations of ROMHM and RAMHM.

Table 11-19 describes the application note of the RAM conÞguration and its dedicated global addr

Table 11-18. ROMHM and RAMHM Address Location

Local Address ROMHM RAMHM Global Address Location

0x4000 - 0x7FFF

0 X 0x7F_4000 - 0x7F_7FFF Internal Flash

1 0 0x14_4000 - 0x14_7FFF External Space

1 1
0x0F_C000 - 0x0F_FFFF Bottom of the Implemented RAM

0x2000 - 0x3FFF 0x0F_A000 - 0x0F_BFFF Fixed up to 8K RAM

0x2000 - 0x3FFF 1 0 0x0F_E000 - 0x0F_FFFF Fixed up to 8K RAM

Table 11-19. RAM Configuration

phase RPAGE ROMHM RAMHM RAM AREA Global Address

After reset RPAGE = 0xFD
(Reset value)

0 0 12 Kilobytes 0x0F_D000 - 0x0F_FFFF

During setup RPAGE = 0xFD
(Reset value)

1 1 24 Kilobytes 0x0F_A000 - 0x0F_FFFF

Normal Operation
(0x00 <= RPAGE <= 0xF9) 1 1 28 Kilobytes 0x00_0000 - 0x0F_9FFF

(0xFA <= RPAGE <= 0xFF) 1 1 24 Kilobytes 0x0F_A000 - 0x0F_FFFF
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Figure 11-21. ROMHM, RAMHM Memory Configuration
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11.4.2.6.1 System XSRAM

System XSRAM has two ways to be accessed by the CPU. One is by the programming of RPAGE a
Þxed XSRAM areas conÞgured by the values of ROMHM, RAMHM, or by the usage of the global
instruction and the usage of GPAGE.

Figure 11-22shows the memory map for the implemented XSRAM. The size of the implemented XSR
is done by the device deÞnition and denoted by RAMSIZE.

Figure 11-22. S12XE System RAM in the global memory map
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11.4.3 Chip Access Restrictions

CPU, FLEXRAY and XGATE accesses are watched in the memory protection unit (See MPU Bloc
Guide). In case of access violation, the suspect master is acknowledged with an indication of an err
victim target will not be accessed.

Other violations MPU is not handling are listed below.

11.4.3.1 Illegal XGATE Accesses

A possible access error is ßagged by the MMC and signalled to XGATE under the following condi

¥ XGATE performs misaligned word (in case of load-store or opcode or vector fetch accesse
¥ XGATE accesses the register space (in case of opcode or vector fetch).
¥ XGATE performs a write to Flash in any modes (in case of load-store access).
¥ XGATE performs an access to a secured Flash in expanded modes (in case of load-store or

or vector fetch accesses).

For further details refer to the XGATE Block Guide.
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target
11.4.4 Chip Bus Control

The MMC controls the address buses and the data buses that interface the S12X masters (CPU, 
FLEXRAY and XGATE) with the rest of the system (master buses). In addition the MMC handles all C
read data bus swapping operations. All internal and external resources are connected to speciÞc 
buses (seeFigure 11-231).

Figure 11-23. MMC Block Diagram

1. Doted blocks and lines are optional. Please refer to the SoC Guide for their availlibilities.
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11.4.4.1 Master Bus Prioritization regarding access conflicts on Target Buses

The arbitration scheme allows only one master to be connected to a target at any given time. The fol
rules apply when prioritizing accesses from different masters to the same target bus:

¥ High priority1 FLEXRAY access to XSRAM has priority over CPU, XGATE and BDM.
¥ CPU always has priority over BDM, FLEXRAY and XGATE.
¥ XGATE access to PRU registers constitutes a special case. It is always granted and stalls th

for its duration.
¥ XGATE has priority over FLEXRAY and BDM.
¥ BDM has priority over CPU, FLEXRAY and XGATE when its access is stalled for more than

cycles. In the later case the suspect master will be stalled after Þnishing the current operatio
the BDM will gain access to the bus.

¥ In emulation modes all internal accesses are visible on the external bus as well and the exter
is used during access to the PRU registers.

11.5 Initialization/Application Information

11.5.1 CALL and RTC Instructions

CALL and RTC instructions are uninterruptible CPU instructions that automate page switching in t
program page window. The CALL instruction is similar to the JSR instruction, but the subroutine th
called can be located anywhere in the local address space or in any Flash or ROM page visible throu
program page window. The CALL instruction calculates and stacks a return address, stacks the c
PPAGE value and writes a new instruction-supplied value to the PPAGE register. The PPAGE valu
controls which of the 256 possible pages is visible through the 16KB program page window in the 6
local CPU memory map. Execution then begins at the address of the called subroutine.

During the execution of the CALL instruction, the CPU performs the following steps:

1. Writes the current PPAGE value into an internal temporary register and writes the new instru
supplied PPAGE value into the PPAGE register

2. Calculates the address of the next instruction after the CALL instruction (the return addres
pushes this 16-bit value onto the stack

3. Pushes the temporarily stored PPAGE value onto the stack
4. Calculates the effective address of the subroutine, reÞlls the queue and begins execution at

address

This sequence is uninterruptible. There is no need to inhibit interrupts during the CALL instruction
execution. A CALL instruction can be performed from any address to any other address in the local
memory space.

The PPAGE value supplied by the instruction is part of the effective address of the CPU. For all addre
mode variations (except indexed-indirect modes) the new page value is provided by an immediate o
in the instruction. In indexed-indirect variations of the CALL instruction a pointer speciÞes memor
locations where the new page value and the address of the called subroutine are stored. Using in
1. FLEXRAY has two priority access types, one called high priority access and the other called normal access.
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¥ A misaligned word access to a PRRs will take 4 cycles. If one of the two bytes accessed b
misaligned word access is not a PRR, the access will take only 3 cycles.

¥ A byte access to a PRR will take 2 cycles.

Table 11-20. PRR Listing

PRR Name PRR Local Address PRR Location

PORTA 0x0000 PIM

PORTB 0x0001 PIM

DDRA 0x0002 PIM

DDRB 0x0003 PIM

PORTC 0x0004 PIM

PORTD 0x0005 PIM

DDRC 0x0006 PIM

DDRD 0x0007 PIM

PORTE 0x0008 PIM

DDRE 0x0009 PIM

MMCCTL0 0x000A MMC

MODE 0x000B MMC

PUCR 0x000C PIM

RDRIV 0x000D PIM

EBICTL0 0x000E EBI

EBICTL1 0x000F EBI

Reserved 0x0012 MMC

MMCCTL1 0x0013 MMC

ECLKCTL 0x001C PIM

Reserved 0x001D PIM

PORTK 0x0032 PIM

DDRK 0x0033 PIM
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11.5.3 On-Chip ROM Control

The MCU offers two modes to support emulation. In the Þrst mode (called generator) the emulato
provides the data instead of the internal FLASH and traces the CPU actions. In the other mode (c
observer) the internal FLASH provides the data and all internal actions are made visible to the em

11.5.3.1 ROM Control in Single-Chip Modes

In single-chip modes the MCU has no external bus. All memory accesses and program fetches are i
(seeFigure 11-24).

Figure 11-24. ROM in Single Chip Modes

11.5.3.2 ROM Control in Emulation Single-Chip Mode

In emulation single-chip mode the external bus is connected to the emulator. If the EROMON bit i
the internal FLASH provides the data and the emulator can observe all internal CPU actions on the e
bus. If the EROMON bit is cleared, the emulator provides the data (generator) and traces the all C
actions (seeFigure 11-25).

Figure 11-25. ROM in Emulation Single-Chip Mode
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MC9S12XF - Family Reference Manual, Rev.1.20

442 Freescale Semiconductor



Chapter 11 Memory Mapping Control (S12XMMCV4) SUPPORTING FLEXRAY

s set,
s the
11.5.3.3 ROM Control in Normal Expanded Mode

In normal expanded mode the external bus will be connected to the application. If the ROMON bit i
the internal FLASH provides the data. If the ROMON bit is cleared, the application memory provide
data (seeFigure 11-26).

Figure 11-26. ROM in Normal Expanded Mode
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Application

MCU

ROMON = 0

Application

MCU
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11.5.3.4 ROM Control in Emulation Expanded Mode

In emulation expanded mode the external bus will be connected to the emulator and to the applica
the ROMON bit is set, the internal FLASH provides the data. If the EROMON bit is set as well the
emulator observes all CPU internal actions, otherwise the emulator provides the data and traces a
actions (seeFigure 11-27). When the ROMON bit is cleared, the application memory provides the da
and the emulator will observe the CPU internal actions (seeFigure 11-28).

Figure 11-27. ROMON = 1 in Emulation Expanded Mode
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ternal
Figure 11-28. ROMON = 0 in Emulation Expanded Mode

11.5.3.5 ROM Control in Special Test Mode

In special test mode the external bus is connected to the application. If the ROMON bit is set, the in
FLASH provides the data, otherwise the application memory provides the data (seeFigure 11-29).

Figure 11-29. ROM in Special Test Mode
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Chapter 12
Clock Generation Module using IPLL (CGMIPLL)
Block Description

Revision History

12.1 Introduction
This speciÞcation describes the function of the Clock Generation Module using an internal PLL
(CGMIPLL).

12.1.1 Features

The main features of this block are:

¥ Phase Locked Loop (IPLL) frequency multiplier with internal Þlter
Ñ Reference divider
Ñ optional divide by 2 of VCO frequency
Ñ ConÞgurable internal Þlter (no external pin)
Ñ Optional frequency modulation for deÞned jitter and reduced emission
Ñ Automatic frequency lock detector
Ñ Interrupt request on entry or exit from locked condition

12.1.2 Modes of Operation

This subsection lists and brießy describes all operating modes supported by the CGMIPLL.

¥ Off Mode
Default after reset, as PLLON bit is zero

¥ Run Mode
PLLON bit is one, CGMIPLL registers must be conÞgured for desired target frequency.

¥ Stop Mode

Version
Number

Revision
Date

Effective
Date Author Description of Changes

V01.00 4 Oct.. 06 4 Oct. 06 Initial release
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In Stop Model the IPLL is always off.

12.1.3 Block Diagram

Figure 12-1 shows a block diagram of the CGMIPLL.

Figure 12-1. Block diagram of CGMIPLL

12.2 Signal Description
This section lists and describes the signals that connect off chip.

12.2.1 VDDPLL, VSSPLL

These pins provides operating voltage (VDDPLL) and ground (VSSPLL) for the IPLL circuitry. This allows
the supply voltage to the IPLL to be independently bypassed. Even if IPLL usage is not required VDDPLL
and VSSPLL must be connected properly.

CGMIPLL
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VSSPLL
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XTAL CGMIPLL ClockOSCCLK
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Interrupt
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nge.
12.3 Memory Map and Registers
This section provides a detailed description of all registers accessible in the CGMIPLL.

12.3.1 Module Memory Map

Figure 12-2 gives an overview on all CGMIPLL registers.

NOTE
Register Address = Base Address + Address Offset, where the Base Address
is deÞned at the MCU level and the Address Offset is deÞned at the module
level.

12.3.2 Register Descriptions

This section describes in address order all the CGMIPLL registers and their individual bits.

12.3.2.1 CGMIPLL Synthesizer Register (CGMSYNR)

The SYNR register controls the multiplication factor of the IPLL and selects the VCO frequency ra

Address Name Bit 7 6 5 4 3 2 1 Bit 0

0x0000
CGMSYN

R
R

VCOFRQ[1:0] SYNDIV[5:0]
W

0x0001
CGMREF

DV
R

REFFRQ[1:0] REFDIV[5:0]
W

0x0002
RESERVE

D
R 0 0 0 0 0 0 0 0

W

0x0003 CGMFLG
R

LOCKIE
0 0

LOCKIF
LOCK 0 0

UNLOCKF
W

0x0004 CGMCTL
R 0 0 0 0

DIV2 FM1 FM0 PLLON
W

0x0005
CGMTES

T02
R 0 0 0 0 0 0 0 0

W

0x0006
CGMTES

T12
R 0 0 0 0 0 0 0 0

W

0x0007
CGMTES

T22
R 0 0 0 0 0 0 0 0

W

2. CGMTEST0, CGMTEST1 and CGMTEST2 registers are intended for factory test purposes only.

= Unimplemented or Reserved

Figure 12-2. CGMIPLL Register Summary
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rrect

l

Read: Anytime

Write: Anytime

Writing the CGMSYNR register clears the LOCK status bit.

NOTE
fVCO must be within the speciÞed VCO frequency lock range. fCGMIPLL
must not exceed the speciÞed maximum.

The VCOFRQ[1:0] bit are used to conÞgure the VCO gain for optimal stability and lock time. For co
IPLL operation the VCOFRQ[1:0] bits have to be selected according to the actual target VCOCLK
frequency as shown inTable 12-1. Setting the VCOFRQ[1:0] bits wrong can result in a non functiona
IPLL (no locking and/or insufÞcient stability).

12.3.2.2 CGMIPLL Reference Divider Register (CGMREFDV)

The REFDV register provides a Þner granularity for the IPLL multiplier steps.

 Module Base + 0x0000

7 6 5 4 3 2 1 0

R
VCOFRQ[1:0] SYNDIV[5:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 12-3. CGMIPLL Synthesizer Register (CGMSYNR)

Table 12-1. VCO Clock Frequency Selection

VCOCLK Frequency Ranges VCOFRQ[1:0]

32MHz <= fVCO<= 48MHz 00

48MHz < fVCO<= 80MHz 01

Reserved 10

80MHz < fVCO <= 120MHz 11

f VCO 2 fOSC×
SYNDIV 1+( )
REFDIV 1+( )

-------------------------------------×=

f CGMIPLL f VCO=

f CGMIPLL

f VCO
2

---------------=

(IF DIV2=0)

(IF DIV2=1)
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. For

l

Read: Anytime

Write: Anytime

Writing the CGMREFDV register clears the LOCK status bit.

The REFFRQ[1:0] bit are used to conÞgure the internal PLL Þlter for optimal stability and lock time
correct IPLL operation the REFFRQ[1:0] bits have to be selected according to the actual REFCLK
frequency as shown inFigure 12-2. Setting the REFFRQ[1:0] bits wrong can result in a non functiona
IPLL (no locking and/or insufÞcient stability).

12.3.2.3 CGMIPLL Flags Register (CGMFLG)

This register provides CGMIPLL status bits and ßags.

Read: Anytime

Write: Refer to each bit for individual write conditions

 Module Base + 0x0001

7 6 5 4 3 2 1 0

R
REFFRQ[1:0] REFDIV[5:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 12-4. CGMIPLL Reference Divider Register (CGMREFDV)

Table 12-2. Reference Clock Frequency Selection

REFCLK Frequency Ranges REFFRQ[1:0]

1MHz <= fREF <= 2MHz 00

2MHz < fREF <= 6MHz 01

6MHz < fREF <= 12MHz 10

fREF >12MHz 11

 Module Base + 0x0003

7 6 5 4 3 2 1 0

R
LOCKIE

0 0
LOCKIF

LOCK 0 0
UNLOCKF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 12-5. CGMIPLL Flags Register (CGMFLG)

f REF

f OSC
REFDIV 1+( )

------------------------------------=
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12.3.2.4 CGMIPLL Control Register (CGMCTL)

Read: Anytime

Write: Anytime

Writing the CGMCTL register clears the LOCK status bit.

Table 12-3. CGMFLG Field Descriptions

Field Description

7
LOCKIE

Lock Interrupt Enable Bit
0 LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.

4
LOCKIF

IPLL Lock Interrupt Flag Ñ LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by
writing a 1. Writing a 0 has no effect.If enabled (LOCKIE=1), LOCKIF causes an interrupt request.
0 No change in LOCK status bit.
1 LOCK status bit has changed.

3
LOCK

IPLL Lock Status Bit Ñ LOCK reflects the current state of IPLL lock condition. Writes have no effect. Writing
registers CGMSYNR or CGMREFDV or CGMCTL clears the LOCK status bit.
0 VCOCLK is not within the desired tolerance of the target frequency.
1 VCOCLK is within the desired tolerance of the target frequency.

0
UNLOCKF

IPLL Unlock Flag Ñ UN LOCKF flag is set to 1 when LOCK status bit changes from locked (one) to unlocked
(zero). This flag can only be cleared by writing a 1. Writing a 0 has no effect.
0 No change from locked (one) to unlocked (zero).
1 LOCK bit has changed from locked (one) to unlocked (zero).

 Module Base + 0x0004

7 6 5 4 3 2 1 0

R 0 0 0 0
DIV2 FM1 FM0 PLLON

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 12-6. CGMIPLL Control Register (CGMCTL)

Table 12-4. CGMCTL Field Descriptions

Field Description

4
DIV2

VCOCLK divide by 2 Bit
0 CGMIPLL Clock equals VCOCLK.
1 CGMIPLL Clock is half the frequency of VCOCLK.
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12.3.2.5 Reserved Register (CGMTEST0)

NOTE
This reserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to this register when in special
modes can alter the CGMIPLLÕs functionality.

Read: Always read $00 except in special modes

Write: Only in special modes

2, 1
FM1, FM0

IPLL Frequency Modulation Enable Bit — FM1 and FM0 enable additional frequency modulation on the
VCOCLK. This is to reduce noise emission. The modulation frequency is fref divided by 16. See Table 12-5 for
coding.

0
PLLON

Phase Lock Loop On Bit — PLLON turns on the IPLL circuitry.
0 IPLL is turned off.
1 IPLL is turned on.

Table 12-5. FM Amplitude selection

FM1 FM0
FM Amplitude /
fVCO Variation

0 0 FM off

0 1 ±1%

1 0 ±2%

1 1 ±4%

 Module Base + 0x0005

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 12-7. Reserved Register (CGMTEST0)

Table 12-4. CGMCTL Field Descriptions (continued)

Field Description
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12.4 Functional Description

12.4.1 Examples of IPLL divider settings

Several examples of IPLL divider settings are shown inTable 12-6. Shaded rows indicated that these
settings are not recommended. The following rules help to achieve optimum stability and shortest
time:

¥ Use lowest possible fVCO / fREF ratio (SYNDIV value).
¥ Use highest possible REFCLK frequency fREF.

12.4.2 IPLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider a
divided in a range of 1 to 64 (REFDIV+1) to output the REFCLK. The VCO output clock, (VCOCLK)
fed back through the programmable loop divider and is divided in a range of 2 to 128 in increments
x (SYNDIV +1)] to output the FBCLK. The VCOCLK can by divided by 2 (DIV2 bit) to output the
CGMIPLL Clock.

The phase detector then compares the FBCLK, with the REFCLK. Correction pulses are generated
on the phase difference between the two signals. The loop Þlter then slightly alters the DC voltage
internal Þlter capacitor, based on the width and direction of the correction pulse.

The user must select the range of the REFCLK frequency and the range of the VCOCLK frequenc
ensure that the correct IPLL loop bandwidth is set.

The lock detector compares the frequencies of the FBCLK, and the REFCLK. Therefore, the speed
lock detector is directly proportional to the reference clock frequency. The circuit determines the lo
condition based on this comparison.

If IPLL LOCK interrupt requests are enabled, the software can wait for an interrupt request and then
the LOCK bit. If interrupt requests are disabled, software can poll the LOCK bit continuously (duri
IPLL start-up, usually) or at periodic intervals.

¥ The LOCK bit is a read-only indicator of the locked state of the IPLL.

Table 12-6. Examples of IPLL Divider Settings

fOSC REFDIV[5:0] fREF REFFRQ[1:0] SYNDIV[5:0] fVCO VCOFRQ[1:0] DIV2 fCGMIPLL

4MHz $00 4MHz 01 $09 80MHz 01 0 80MHz

8MHz $00 8MHz 10 $04 80MHz 01 0 80MHz

4MHz $00 4MHz 01 $03 32MHz 00 1 16MHz

4MHz $01 2MHz 00 $18 100MHz 11 0 100MHz

4MHz $03 1MHz 00 $18 50MHz 01 0 50MHz

4MHz $03 1MHz 00 $32 100MHz 11 0 100MHz
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ The LOCK bit is set when the VCO frequency is within a certain tolerance,� Lock, and is cleared
when the VCO frequency is out of a certain tolerance,� unl.

¥ Interrupt requests can occur if enabled (LOCKIE = 1) when the lock condition changes, tog
the LOCK bit.

12.5 Interrupts
The interrupts/reset vectors requested by the CGMIPLL are listed inTable 12-7. Refer to MCU
speciÞcation for related vector addresses and priorities.

12.5.1 Description of Interrupt Operation

12.5.1.1 IPLL Lock Interrupt

The CGMIPLL generates a IPLL Lock interrupt when the LOCK condition of the IPLL has change
either from a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by s
the LOCKIE bit to zero. The IPLL Lock interrupt ßag (LOCKIF) is set to1 when the LOCK condition h
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

Table 12-7. CGMIPLL Interrupt Vectors

Interrupt Source CCR
Mask Local Enable

LOCK interrupt I bit CGMFLG (LOCKIE)
MC9S12XF - Family Reference Manual, Rev.1.20
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Table 13-1. Revision History

13.1 Introduction

13.1.1 Reference

The following documents are referenced.

¥ FlexRay Communications System Protocol SpeciÞcation, Version 2.1 Rev A

Rev. No. Revision
Date

Effective
Date

Author Summary of Changes

1.5 7 Nov
2006

7 Nov
2006

Module Configuration Register (MCR)
- updated description of CLKSEL bit
Section 13.6.7, “Individual Message Buffer Search”
- split message buffer priority table into static / dynamic segment
- add statement of rx tx buffer pair in dynamic segment
Section 13.6.3.7.2, “Receive FIFO Control Data”
- removed Note on empty receive fifo update issue
- added statement, that empty fifo can not be updated

1.6 02 Feb 07 02 Feb 07 Section 13.6.7, “Individual Message Buffer Search”
- major update
Section 13.7.6, “Message Buffer Search on Simple Message Buffer
Configuration”
- added to illustrate message buffer search
Section 13.7.2, “Shut Down Sequence”
- simplified description
Section 13.1.6.3, “Stop Mode”
- make shutdown mandatory
added w1c indication to all flag bits, added rwm to CMT bit
added flexray bus related minimum chi frequency
Section 13.1.6, “Modes of Operation”
- updated desciption
Section 13.3, “Controller Host Interface Clocking”
- added and provide minimum chi frequency
Section 13.7.1, “Initialization Sequence
-updated, changed shutdown sequence

1.7 10.Nov.10 10.Nov.10 Limited crystal oscillator clocking option to test only
MC9S12XF - Family Reference Manual, Rev.1.19

Freescale Semiconductor 457



Chapter 13 FlexRay Communication Controller (FLEXRAY)

 A
¥ FlexRay Communications System Electrical Physical Layer SpeciÞcation, Version 2.1 Rev

13.1.2 Glossary

This section provides a list of terms used in the description of the FlexRay block.

13.1.3 Color Coding

Throughout this chapter types of items are highlighted through the use of an italicized color font.

FlexRay protocol parameters, constants and variables are highlighted withblue italics. An example is the
parametergdActionPointOffset.

Table 13-2. List of Terms

Term Definition

BCU Buffer Control Unit. Handles message buffer access.

BMIF Bus Master Interface. Provides master access to FlexRay memory block.

CC Communication Controller

CDC Clock Domain Crosser

CHI Controller Host Interface

Cycle length in µT The actual length of a cycle in µT for the ideal controller (+/- 0 ppm)

EBI External Bus Interface

FRM FlexRay Memory. Memory to store message buffer payload, header, and status, and to store
synchronization frame related tables.

FSS Frame Start Sequence

HIF Host Interface. Provides host access to FlexRay block.

Host The FlexRay CC host MCU

LUT Look Up Table. Stores message buffer header index value.

MB Message Buffer

MBIDX Message Buffer Index: the position of a header field entry within the header area. If the header area
is accessed as an array, this is the same as the array index of the entry.

MBNum Message Buffer Number: Position of message buffer configuration registers within the register map.
For example, Message Buffer Number 5 corresponds to the MBCCS5 register.

MCU Microcontroller Unit

µT Microtick

MT Macrotick

MTS Media Access Test Symbol

NIT Network Idle Time

PE Protocol Engine

POC Protocol Operation Control. Each state of the POC is denoted by POC:state

Rx Reception

SEQ Sequencer Engine

TCU Time Control Unit

Tx Transmission
MC9S12XF - Family Reference Manual, Rev.1.19
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FlexRay protocol states are highlighted ingreen italics. An example is the statePOC:normal active.

13.1.4 Overview

The FlexRay block is a FlexRay communication controller that implements theFlexRay Communications
System Protocol SpeciÞcation, Version 2.1 Rev A.

The FlexRay block has three main components:

¥ Controller host interface (CHI)
¥ Protocol engine (PE)
¥ Clock domain crossing unit (CDC)

A block diagram of the FlexRay block with its surrounding modules is given inFigure 13-1.

Figure 13-1. FLEXRAY Block Diagram

The protocol engine has two transmitter units TxA and TxB and two receiver units RxA and RxB f
sending and receiving frames through the two FlexRay channels. The time control unit (TCU) is
responsible for maintaining global clock synchronization to the FlexRay network. The overall activi
the PE is controlled by the sequencer engine (SEQ).

The controller host interface provides host access to the moduleÕs conÞguration, control, and sta
registers, as well as to the message buffer conÞguration, control, and status registers. The messag
themselves, which contain the frame header and payload data received or to be transmitted, and 
status information, are stored in the FlexRay Memory (FRM).

The clock domain crossing unit implements signal crossing from the CHI clock domain to the PE c
domain and vice versa, to allow for asynchronous PE and CHI clock domains.
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The FlexRay block stores the frame header and payload data of frames received or of frames to b
transmitted in the FRM. The application accesses the FRM to retrieve and provide the frames to b
processed by the FlexRay block. In addition to the frame header and payload data, the FlexRay block
the synchronization frame related tables in the FRM for application processing.

The FlexRay Memory is located in the system memory of the MCU. The FlexRay block has access
FRM via its bus master interface (BMIF). The host provides the start address of the FRM window w
the system memory by programming theSystem Memory Base Address High Register (SYMBADHR
and System Memory Base Address Low Register (SYMBADLR). All FRM related offsets are stored in
offset registers. The physical address pointer into the FRM window of the MCU system memory is
calculated using the offset values the FlexRay Memory base address.

NOTE
The FlexRay block does not provide a memory protection scheme for the
FlexRay Memory.

13.1.5 Features

The FlexRay block provides the following features:

¥ FlexRay Communications System Protocol SpeciÞcation, Version 2.1 Rev A compliant protocol
implementation

¥ FlexRay Communications System Electrical Physical Layer SpeciÞcation, Version 2.1 Rev 
compliant bus driver interface

¥ single channel support
Ñ FlexRay Port A can be conÞgured to be connected either to physical FlexRay channel A

physical FlexRay channel B.
¥ FlexRay bus data rates of 10 Mbit/s, 8 Mbit/s, 5 Mbit/s, and 2.5 Mbit/s supported
¥ internal oscillator or internal PLL clocking of the protocol engine
¥ 32 conÞgurable message buffers with

Ñ individual frame ID Þltering
Ñ individual channel ID Þltering
Ñ individual cycle counter Þltering

¥ message buffer header, status and payload data stored in dedicated FlexRay Memory
Ñ allows for ßexible and efÞcient message buffer implementation
Ñ consistent data access ensured by means of buffer locking scheme
Ñ application can lock multiple buffers at the same time

¥ size of message buffer payload data section conÞgurable from 0 up to 254 bytes
¥ two independent message buffer segments with conÞgurable size of payload data section

Ñ each segment can contain message buffers assigned to the static segment and message
assigned to the dynamic segment at the same time

¥ zero padding for transmit message buffers in static segment
Ñ applied when the frame payload length exceeds the size of the message buffer data sec
MC9S12XF - Family Reference Manual, Rev.1.19
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¥ transmit message buffers conÞgurable with state/event semantics
¥ message buffers can be conÞgured as

Ñ receive message buffer
Ñ single buffered transmit message buffer
Ñ double buffered transmit message buffer (combines two single buffered message buffer)

¥ individual message buffer reconÞguration supported
Ñ means provided to safely disable individual message buffers
Ñ disabled message buffers can be reconÞgured

¥ two independent receive FIFOs
Ñ one receive FIFO per channel
Ñ up to 255 entries for each FIFO
Ñ global frame ID Þltering, based on both value/mask Þlters and range Þlters
Ñ global channel ID Þltering
Ñ global message ID Þltering for the dynamic segment

¥ 4 conÞgurable slot error counters
¥ 4 dedicated slot status indicators

Ñ used to observe slots without using receive message buffers
¥ measured value indicators for the clock synchronization

Ñ internal synchronization frame ID and synchronization frame measurement tables can b
copied into the FlexRay Memory

¥ fractional macroticks are supported for clock correction
¥ maskable interrupt sources provided via individual and combined interrupt lines
¥ 1 absolute timer
¥ 1 timer that can be conÞgured to absolute or relative

13.1.6 Modes of Operation

This section describes the basic operational power modes of the FlexRay block.

13.1.6.1 Disabled Mode

This is the mode the FlexRay block enters during hard reset. The FlexRay block indicates that it is
Disabled Mode by negating the module enable bit MEN in theModule ConÞguration Register (MCR).

No communication is performed on the FlexRay bus.

All registers with the write access conditionsAny TimeandDisabled Modecan be accessed for writing as
stated inSection 13.5.2, ÒRegister DescriptionsÓ.

The application conÞgures the FlexRay block by accessing the conÞguration bits and Þelds in theModule
ConÞguration Register (MCR).
MC9S12XF - Family Reference Manual, Rev.1.19
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13.1.6.1.1 Leave Disabled Mode

The FlexRay block leaves the Disabled Mode and enters the Normal Mode, when the application w
to the module enable bit MEN in theModule ConÞguration Register (MCR)

NOTE
When the FlexRay block was enabled, it cannot be disabled the later on.

13.1.6.2 Normal Mode

In this mode the FlexRay block is fully functional. The FlexRay block indicates that it is in Normal Mo
by asserting the module enable bit MEN in theModule ConÞguration Register (MCR).

13.1.6.2.1 Enter Normal Mode

This mode is entered when the application requests the FlexRay block to leave the Disabled Mode o
the MCU leaves the Stop Mode. If the Normal Mode was entered by leaving the Disabled Mode, t
application has to perform the protocol initialization described in13.7.1.2, ÒProtocol InitializationÓ to
achieve full FlexRay functionality.

Depending on the values of the SCM, CHA, and CHB bits in theModule ConÞguration Register (MCR),
the corresponding FlexRay bus driver ports are driven.

13.1.6.3 Stop Mode

The FlexRay block is in Stop Mode when the MCU is either in Full Stop or Pseudo Stop Mode. In 
mode all FlexRay block clocks are stopped. No registers can be accessed. No communication is per
on the FlexRay Bus.

13.1.6.3.1 Enter Stop Mode

Before the application requests the MCU to enter one of the Stop Modes, it has to shut down the Fl
block as described inSection 13.7.2, ÒShut Down SequenceÓ.

NOTE
If the FlexRay block is stopped during transmission of data, it is not
guaranteed, that the FlexRay ports return to its inactive state before the
clocks are stopped. This can result in the lockup of the FlexRay Bus.

13.1.6.3.2 Leave Stop Mode

The FlexRay block leaves the Stop Mode when the MCU leaves its Stop Mode and all clocks are rea
to the FlexRay block. The FlexRay block enters the operational mode it was in before going into S
Mode.

If the FlexRay block enters the Normal Mode, the application has to put the protocol engine into the d
conÞg state by the following sequence:

d) issue theDEFAULT_CONFIG command via Protocol Operation Control Register (POCR)

e) wait for POC:default conÞg in Protocol Status Register 0 (PSR0)
MC9S12XF - Family Reference Manual, Rev.1.19
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Subsequently the application can reconÞgure and/or reintegrate the FlexRay node into the FlexRay

13.2 External Signal Description
This section lists and describes the FlexRay block signals, connected to external pins. These sign
summarized inTable 13-2 and described in detail inSection 13.2.1, ÒDetailed Signal DescriptionsÓ.

NOTE
The off chip signals RXD_A, TXD_A, andTXE_A are available on each
package option. The availability of the other off chip signals depends on the
package option.

13.2.1 Detailed Signal Descriptions

This section provides a detailed description of the FlexRay block signals, connected to external p

13.2.1.1 RXD_A — Receive Data Channel A

The RXD_A signal carries the receive data for channel A from the corresponding FlexRay bus driv

13.2.1.2 TXD_A — Transmit Data Channel A

The TXD_A signal carries the transmit data for channel A to the corresponding FlexRay bus drive

13.2.1.3 TXE_A — Transmit Enable Channel A

TheTXE_A signal indicates to the FlexRay bus driver that the FlexRay block is attempting to trans
data on channel A.

13.2.1.4 RXD_B — Receive Data Channel B

The RXD_B signal carries the receive data for channel B from the corresponding FlexRay bus driv

Table 13-3. External Signal Properties

Name Direction Active Reset Function

RXD_A Input — — Receive Data Channel A

TXD_A Output — 1 Transmit Data Channel A

TXE_A Output Low 1 Transmit Enable Channel A

RXD_B Input — — Receive Data Channel B

TXD_B Output — 1 Transmit Data Channel B

TXE_B Output Low 1 Transmit Enable Channel B

STB0 Output — 0 Debug Strobe Signal 0

STB1 Output — 0 Debug Strobe Signal 1

STB2 Output — 0 Debug Strobe Signal 2

STB3 Output — 0 Debug Strobe Signal 3
MC9S12XF - Family Reference Manual, Rev.1.19
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13.2.1.5 TXD_B — Transmit Data Channel B

The TXD_B signal carries the transmit data for channel B to the corresponding FlexRay bus drive

13.2.1.6 TXE_B — Transmit Enable Channel B

TheTXE_B signal indicates to the FlexRay bus driver that the FlexRay block is attempting to transmit
on channel B.

13.2.1.7 STB3, STB2, STB1, STB0 — Strobe Signals

These signals provide the selected debug strobe signals. For details on the debug strobe signal s
refer toSection 13.6.16, ÒStrobe Signal SupportÓ.

13.3 Controller Host Interface Clocking
The clock for the CHI is derived from the system bus clock and has the same phase and frequency
the FlexRay protocol requires data delivery at Þxed points in time, the memory read cycles from the
must be Þnished after a Þxed amount of time. To ensure this, a minimum frequency fchi of the CHI clock
is required, which is given inEquation 13-1.

Eqn. 13-1

Additional requirements for the minimum frequency of the CHI clock result from the number of mes
buffer. The requirement is provides inSection 13.7.3, ÒNumber of Usable Message BuffersÓ

13.4 Protocol Engine Clocking
The clock for the protocol engine can be generated by two sources. The Þrst source is the internal
oscillator and the second source is an internal PLL. The clock source to be used is selected by th
source select bit CLKSEL in theModule ConÞguration Register (MCR).

13.4.1 Oscillator Clocking

Applications must use the FlexRay IPLL as clock source for the FlexRay protocol engine. The option to
use the crystal as clock source is only intended for test purposes.

13.4.2 PLL Clocking

If the protocol engine is clocked by the dedicated internal PLL, which is described inChapter 12, ÒClock
Generation Module using IPLL (CGMIPLL) Block Description, the CGMIPLL must be programmed to
generate an output clock with fCGMIPLL = 80 MHz.

f chi 16MHz�
MC9S12XF - Family Reference Manual, Rev.1.19
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13.4.3 PLL Lock Handling

For correct ßexray bus functionality of the protocol engine, it is required that the PLL in the CGMIP
module is locked while the protocol engine is driving data onto the ßexray bus. The lock state of the
is indicated by the lock status bit LOCK in theCGMIPLL Flags Register (CGMFLG).

The FlexRay block drives its FlexRay transmit enable portsTXE_A andTXE_B to active state only if the
PLL unlock ßag UNLOCKF in theCGMIPLL Flags Register (CGMFLG) is 0. If the unlock ßag
UNLOCKF is 1, the FlexRay block drives its FlexRay transmit enable portsTXE_A andTXE_B to its
inactive state 1.

13.4.3.1 PLL Loss of Lock

If the PLL goes from the locked state to the unlock state, the CGMIPLL module sets the lock bit L
to 0 and the unlock ßag UNLOCKF to 1. As a result, the FlexRay block drives its FlexRay transmit en
portsTXE_A andTXE_B to its inactive states 1 and thus stops the transmission onto the FlexRay 
immediately. As a result of the loss of lock, the correct operation of the PE is no longer guarantee
application should perform a shutdown of the FlexRay module as described in13.7.2, ÒShut Down
SequenceÓ.

13.4.3.2 PLL Gain of Lock

If the PLL goes from the unlocked state to the locked state, the CGMIPLL module sets the lock bit LO
to 1. The unlock ßag UNLOCKF is not cleared by the module, this has to be done by the application.
the clearing of the unlock ßag UNLOCKF, the application can perform the FlexRay initialization as
described in13.7.1, ÒInitialization SequenceÓ.

13.5 Memory Map and Register Description
The FlexRay block occupies 512 bytes of address space starting atthe FlexRay blockÕs base add
deÞned by the memory map of the MCU.

13.5.1 Memory Map

The complete memory map of the FlexRay block is shown inTable 13-3. The addresses presented here a
the offsets relative to the FlexRay block base address which is deÞned by the MCU address map

Table 13-4. FlexRay Memory Map (Sheet 1 of 4)

Offset Register Access

Module Configuration and Control

0x0000 Module Version Register (MVR) R

0x0002 Module Configuration Register (MCR) R/W

0x0004 System Memory Base Address High Register (SYMBADHR) R/W

0x0006 System Memory Base Address Low Register (SYMBADLR) R/W

0x0008 Strobe Signal Control Register (STBSCR) R/W

0x000A Strobe Port Control Register (STBPCR) R/W
MC9S12XF - Family Reference Manual, Rev.1.19
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13.5.2 Register Descriptions

This section provides detailed descriptions of all registers in ascending address order, presented a
wide entities

Table 13-4 provides a key for the register Þgures and register tables.

0x0092 Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR) R/W

0x0094 Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR) R/W

0x0096 Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR) R/W

0x0098 Receive FIFO Range Filter Configuration Register (RFRFCFR) R/W

0x009A Receive FIFO Range Filter Control Register (RFRFCTR) R/W

Dynamic Segment Status

0x009C Last Dynamic Transmit Slot Channel A Register (LDTXSLAR) R

0x009E Last Dynamic Transmit Slot Channel B Register (LDTXSLBR) R

Protocol Configuration

0x00A0
...

0x00DC

Protocol Configuration Register 0 (PCR0)
...

Protocol Configuration Register 30 (PCR30)

R/W
–

R/W

0x00DE
...

0x00FE
Reserved R

Message Buffers Configuration, Control, Status

0x0100 Message Buffer Configuration, Control, Status Register 0 (MBCCSR0) R/W

0x0102 Message Buffer Cycle Counter Filter Register 0 (MBCCFR0) R/W

0x0104 Message Buffer Frame ID Register 0 (MBFIDR0) R/W

0x0106 Message Buffer Index Register 0 (MBIDXR0) R/W

... ... ...

0x01F8 Message Buffer Configuration, Control, Status Register 31 (MBCCSR31) R/W

0x01FA Message Buffer Cycle Counter Filter Register 31 (MBCCFR31) R/W

0x01FC Message Buffer Frame ID Register 31 (MBFIDR31) R/W

0x01FE Message Buffer Index Register 31 (MBIDXR31) R/W

Table 13-5. Register Access Conventions

Convention Description

Depending on its placement in the read or write row, indicates that the bit is not readable or not writeable.

R* Reserved bit or field, will not be changed. Application must not write any value different from the reset value.

FIELDNAME Identifies the field. Its presence in the read or write row indicates that it can be read or written.

Register Field Types

rwm A read/write bit that may be modified by a hardware in some fashion other than by a reset.

w1c Write one to clear. A flag bit that can be read, is cleared by writing a one, writing 0 has no effect.

Table 13-4. FlexRay Memory Map (Sheet 4 of 4)

Offset Register Access
MC9S12XF - Family Reference Manual, Rev.1.19
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13.5.2.1 Register Reset

All registers except theMessage Buffer Cycle Counter Filter Registers (MBCCFRn), Message Buffer
Frame ID Registers (MBFIDRn), andMessage Buffer Index Registers (MBIDXRn)are reset to their reset
value on system reset. The registers mentioned above are located in physical memory blocks and
they are not affected by reset. For some register Þelds, additional reset conditions exist. These ad
reset conditions are mentioned in the detailed description of the register. The additional reset con
are explained inTable 13-5.

13.5.2.2 Register Write Access

This section describes the write access restriction terms that apply to all registers.

13.5.2.2.1 Register Write Access Restriction

For each register bit and register Þeld, the write access conditions are speciÞed in the detailed re
description. A description of the write access conditions is given inTable 13-6. If, for a speciÞc register
bit or Þeld, none of the given write access conditions is fulÞlled, any write attempt to this register 
Þeld is ignored without any notiÞcation. The values of the bits or Þelds are not changed. The con
term [A or B] indicates that the register or Þeld can be written to if at least one of the conditions is fulÞ

Reset Value

0 Resets to zero.

1 Resets to one.

– Not defined after reset and not affected by reset.

Table 13-6. Additional Register Reset Conditions

Condition Description

Protocol RUN Command The register field is reset when the application writes to RUN command “0101” to the
POCCMD field in the Protocol Operation Control Register (POCR).

Message Buffer Disable The register field is reset when the application has disabled the message buffer.
This happens when the application writes 1 to the message buffer disable trigger bit
MBCCSRn.EDT while the message buffer is enabled (MBCCSn.EDS = 1) and the FlexRay
block grants the disable to the application by clearing the MBCCSRn.EDS bit.

Table 13-7. Register Write Access Restrictions

Condition Indication Description

Any Time - No write access restriction.

Disabled Mode MCR.MEN = 0 Write access only when the FlexRay block is in Disabled Mode.

Normal Mode MCR.MEN = 1 Write access only when the FlexRay block is in Normal Mode.

POC:config PSR0.PROTSTATE = POC:config Write access only when the Protocol is in the POC:config state.

MB_DIS MBCCSRn.EDS = 0 Write access only when the related Message Buffer is disabled.

Table 13-5. Register Access Conventions (continued)

Convention Description
MC9S12XF - Family Reference Manual, Rev.1.19
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13.5.2.2.2 Register Write Access Requirements

For some of the registers, a 16-bit wide write access is required to ensure correct operation. This 
access requirement is stated in the detailed register description for each register affected

13.5.2.2.3 Internal Register Access

The following memory mapped registers are used to access multiple internal registers.

¥ Strobe Signal Control Register (STBSCR)
¥ Slot Status Selection Register (SSSR)
¥ Slot Status Counter Condition Register (SSCCR)
¥ Receive Shadow Buffer Index Register (RSBIR)

Each of these memory mapped registers provides a SEL Þeld and a WMD bit. The SEL Þeld is u
select the internal register. The WMD bit controls the write mode. If the WMD bit is set to 0 during
write access, all Þelds of the internal register are updated. If the WMD bit set to 1, only the SEL Þ
changed. All other Þelds of the internal register remain unchanged. This allows for reading back the
of the selected internal register in a subsequent read access.

13.5.2.3 Module Version Register (MVR)

This register provides the FlexRay block version number. The module version number is derived fro
CHI version number and the PE version number.

MB_LCK MBCCSRn.LCKS = 1 Write access only when the related Message Buffer is locked.

Module Base + 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CHIVER PEVER

W

Reset 1 0 0 0 1 0 0 0 0 1 1 0 0 1 1 0

Figure 13-2. Module Version Register (MVR)

Table 13-8. MVR Field Descriptions

Field Description

15–8
CHIVER

CHI Version Number — This field provides the version number of the controller host interface.

7–0
PEVER

PE Version Number — This field provides the version number of the protocol engine.

Table 13-7. Register Write Access Restrictions

Condition Indication Description
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13.5.2.4 Module Configuration Register (MCR)

This register deÞnes the global conÞguration of the FlexRay block.

Module Base + 0x0002

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MEN

0
SCM CHB CHA SFFE

0
R*

0 0 0 CLKS
EL

BITRATE
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-3. Module Configuration Register (MCR)

Write: MEN, SCM, CHB, CHA, CLKSEL, BITRATE: Disabled Mode
 SFFE: Disabled Mode orPOC:conÞg

Table 13-9. MCR Field Descriptions

Field Description

15
MEN

Module Enable — This bit indicates whether or not the FlexRay block is in the Disabled Mode. The application
requests the FlexRay block to leave the Disabled Mode by writing 1 to this bit. Before leaving the Disabled Mode,
the application must configure the SCM, CHB, CHA, TMODE, CLKSEL, BITRATE values. For details see
Section 13.1.6, “Modes of Operation”.
0 Write: ignored, FlexRay block disable not possible

Read: FlexRay block disabled
1 Write: enable FlexRay block

Read: FlexRay block enabled
Note: If the FlexRay block is enabled it can not be disabled.

13
SCM

Single Channel Device Mode — This control bit defines the channel device mode of the FlexRay block as
described in Section 13.6.10, “Channel Device Modes”.
0 FlexRay block works in dual channel device mode
1 FlexRay block works in single channel device mode

12–11
CHB
CHA

Channel Enable — protocol related parameter: pChannels
The semantic of these control bits depends on the channel device mode controlled by the SCM bit and is given
Table 13-9.

10
SFFE

Synchronization Frame Filter Enable — This bit controls the filtering for received synchronization frames. For
details see Section 13.6.15, “Sync Frame Filtering”.
0 Synchronization frame filtering disabled
1 Synchronization frame filtering enabled

8
R*

Reserved — This bit is reserved. It is read as 0. Application must not write 1 to this bit.

4
CLKSEL

Protocol Engine Clock Source Select — This bit is used to select the clock source for the protocol engine.
0 PE clock source is generated by on-chip crystal oscillator.
1 PE clock source is generated by on-chip PLL.

3–1
BITRATE

FlexRay Bus Bit Rate — This bit field defines the bit rate of the flexray channels according to Table 13-10.

Table 13-10. FlexRay Channel Selection (Sheet 1 of 2)

SCM CHB CHA Description

Dual Channel Device Modes
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0

0 0

ports RXD_A, TXD_A, and TXE_A not driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A not driven by FlexRay block
PE channel 0 idle
PE channel 1 idle

0 1

ports RXD_A, TXD_A, and TXE_A driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A not driven by FlexRay block
PE channel 0 active
PE channel 1 idle

1 0

ports RXD_A, TXD_A, and TXE_A not driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A driven by FlexRay block
PE channel 0 idle
PE channel 1 active

1 1

ports RXD_A, TXD_A, and TXE_A driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A driven by FlexRay block
PE channel 0 active
PE channel 1 active

Single Channel Device Mode

1

0 0

ports RXD_A, TXD_A, and TXE_A not driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A not driven by FlexRay block
PE channel 0 idle
PE channel 1 idle

0 1

ports RXD_A, TXD_A, and TXE_A driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A not driven by FlexRay block
PE channel 0 active
PE channel 1 idle

1 0

ports RXD_A, TXD_A, and TXE_A driven by FlexRay block
ports RXD_B, TXD_B, and TXE_A not driven by FlexRay block
PE channel 0 active, uses cCrcInit[B] (see Figure 13-135)
PE channel 1 idle

1 1 reserved

Table 13-11. FlexRay Channel Bit Rate Selection

MCR[BITRATE] FlexRay Channel Bit Rate [Mbit/s]

000 10.0
001 5.0
010 2.5
011 8.0
100 reserved
101 reserved
110 reserved
111 reserved

Table 13-10. FlexRay Channel Selection (Sheet 2 of 2)

SCM CHB CHA Description
MC9S12XF - Family Reference Manual, Rev.1.19
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13.5.2.5 System Memory Base Address High Register (SYMBADHR) and
System Memory Base Address Low Register (SYMBADLR)

NOTE
The system memory base address must be set before the FlexRay block is
enabled.

The system memory base address registers deÞne the base address of the FRM within the system
The base address is used by the BMIF to calculate the physical memory address for system mem
accesses.

13.5.2.6 Strobe Signal Control Register (STBSCR)

Module Base + 0x0004

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0
SYS_MEM_BASE_ADDR[22:16]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-4. System Memory Base Address High Register (SYMBADHR)

Write: Disabled Mode

Module Base + 0x0006

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SYS_MEM_BASE_ADDR[15:4]

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-5. System Memory Base Address Low Register (SYMBADLR)

Write: Disabled Mode

Table 13-12. SYMBADHR and SYMBADLR Field Descriptions

Field Description

22–4
SYMBADHR
SYMBADLR

This base address will be added to all system memory offset values stored in registers or calculated in the
FlexRay block before the FlexRay block accesses the system memory via its bus master interface. The system
memory base address must be aligned to an 16-byte boundary.

Module Base + 0x0008 16-bit write access required

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL

0 0 0
ENB

0 0
STBPSEL

W WMD

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-6. Strobe Signal Control Register (STBSCR)
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Write: Anytime

This register is used to assign the individual protocol timing related strobe signals given inTable 13-13to
the external strobe ports. Each strobe signal can be assigned to at most one strobe port. Each write
to registers overwrites the previously written ENB and STBPSEL values for the signal indicated by
If more than one strobe signal is assigned to one strobe port, the current values of the strobe sign
combined with a binary OR and presented at the strobe port. If no strobe signal is assigned to a strob
the strobe port carries logic 0. For more detailed and timing information refer toSection 13.6.16, ÒStrobe
Signal SupportÓ.

NOTE
In single channel device mode, channel B related strobe signals are
undeÞned and should not be assigned to the strobe ports.

.;

Table 13-13. STBSCR Field Descriptions

Field Description

15
WMD

Write Mode — This control bit defines the write mode of this register.
0 Write to all fields in this register on write access.
1 Write to SEL field only on write access.

14–8
SEL

Strobe Signal Select — This control field selects one of the strobe signals given in Table 13-13 to be enabled
or disabled and assigned to one of the four strobe ports given in Table 13-13.

4
ENB

Strobe Signal Enable — The control bit is used to enable and to disable the strobe signal selected by
STBSSEL.
0 Strobe signal is disabled and not assigned to any strobe port.
1 Strobe signal is enabled and assigned to the strobe port selected by STBPSEL.

1–0
STBPSEL

Strobe Port Select — This field selects the strobe port that the strobe signal selected by the SEL is assigned
to. All strobe signals that are enabled and assigned to the same strobe port are combined with a binary OR
operation.
00 assign selected signal to STB0
01 assign selected signal to STB1
10 assign selected signal to STB2
11 assign selected signal to STB3

Table 13-14. Strobe Signal Mapping (Sheet 1 of 3)

SEL
Description Channel Type Offset(1) Reference

dec hex

0 0x00 poc_startup_state[0] (for coding see PSR0[4])

- value 0 MT start

1 0x01 poc_startup_state[1] (for coding see PSR0[5])

2 0x02 poc_startup_state[2] (for coding see PSR0[6])

3 0x03 poc_startup_state[3] (for coding see PSR0[7])

4 0x04 poc_state[0] (for coding see PSR0[8])

5 0x05 poc_state[1] (for coding see PSR0[9])

6 0x06 poc_state[2] (for coding see PSR0[10])

7 0x07
channel idle indicator

A
level +5

RXD_A

8 0x08 B RXD_B

9 0x09
receive data after glitch filtering

A
value +4

RXD_A

10 0x0A B RXD_B
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13.5.2.7 Strobe Port Control Register (STBPCR)

Write: Anytime

This register is used to enable and disable the strobe port signals. Each disabled port will stay disable
when strobe signals are assigned to it.

13.5.2.8 Message Buffer Data Size Register (MBDSR)

Write: POC:conÞg

This register deÞnes the size of the message buffer data section for the two message buffer segme
number of two-byte entities.

The FlexRay block provides two independent segments for the individual message buffers. All indiv
message buffers within one segment have to have the same size for the message buffer data secti
size can be different for the two message buffer segments.

Module Base + 0x000A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 STB3
EN

STB2
EN

STB1
EN

STB0
ENW

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-7. Strobe Port Control Register (STBPCR)

Table 13-15. STBPCR Field Descriptions

Field Description

3
STB3EN

Strobe Port 3 Enable — This control bit defines whether the STB3 port is enabled or disabled.
0 Strobe port STB3 disabled
1 Strobe port STB3 enabled

2
STB2EN

Strobe Port 2 Enable — This control bit defines whether the STB2 port is enabled or disabled.
0 Strobe port STB2 disabled
1 Strobe port STB2 enabled

1
STB1EN

Strobe Port 1 Enable — This control bit defines whether the STB1 port is enabled or disabled.
0 Strobe port STB1 disabled
1 Strobe port STB1 enabled

0
STB0EN

Strobe Port 0 Enable — This control bit defines whether the STB0 port is enabled or disabled.
0 Strobe port STB0 disabled
1 Strobe port STB0 enabled

Module Base + 0x000C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MBSEG2DS

0
MBSEG1DS

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-8. Message Buffer Data Size Register (MBDSR)
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 buffer
13.5.2.9 Message Buffer Segment Size and Utilization Register (MBSSUTR)

Write: POC:conÞg

This register is used to deÞne the last individual message buffer that belongs to the Þrst message
segment and the number of the last used individual message buffer.

13.5.2.10 Protocol Operation Control Register (POCR)

Table 13-16. MBDSR Field Descriptions

Field Description

14–8
MBSEG2DS

Message Buffer Segment 2 Data Size — The field defines the size of the message buffer data section in two-
byte entities for message buffers within the second message buffer segment.

6–0
MBSEG1DS

Message Buffer Segment 1 Data Size — The field defines the size of the message buffer data section in two-
byte entities for message buffers within the first message buffer segment.

Module Base + 0x000E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
LAST_MB_SEG1

0 0 0
LAST_MB_UTIL

W

Reset 0 0 0 1 1 1 1 1 0 0 0 1 1 1 1 1

Figure 13-9. Message Buffer Segment Size and Utilization Register (MBSSUTR)

Table 13-17. MBSSUTR Field Descriptions

Field Description

12–8
LAST_MB_SEG1

Last Message Buffer In Segment 1 — This field defines the message buffer number of the last individual
message buffer that is assigned to the first message buffer segment. The individual message buffers in the
first segment correspond to the message buffer control registers MBCCSRn, MBCCFRn, MBFIDRn,
MBIDXRn with n <= LAST_MB_SEG1. The first message buffer segment contains LAST_MB_SEG1+1
individual message buffers.
Note: The first message buffer segment contains at least one individual message buffer.
The individual message buffers in the second message buffer segment correspond to the message buffer
control registers MBCCSRn, MBCCFRn, MBFIDRn, MBIDXRn with LAST_MB_SEG1 < n < 32.
Note: If LAST_MB_SEG1 = 31 all individual message buffers belong to the first message buffer segment

and the second message buffer segment is empty.

4–0

LAST_MB_UTIL

Last Message Buffer Utilized — This field defines the message buffer number of last utilized individual
message buffer. The message buffer search engine examines all individual message buffer with a message
buffer number n <= LAST_MB_UTIL.
Note: If LAST_MB_UTIL=LAST_MB_SEG1 all individual message buffers belong to the first message

buffer segment and the second message buffer segment is empty.

Module Base + 0x0014

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0
EOC_AP ERC_AP

BSY 0 0 0
POCCMD

W WME WMC

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-10. Protocol Operation Control Register (POCR)
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tocol

more
Write: Normal Mode

The application uses this register to issue

¥ protocol control commands
¥ external clock correction commands

Protocol control commands are issued by writing to the POCCMD Þeld. For more information on pro
control commands, seeSection 13.7.4, ÒProtocol Control Command ExecutionÓ.

External clock correction commands are issued by writing to the EOC_AP and ERC_AP Þelds. For
information on external clock correction, refer toSection 13.6.11, ÒExternal Clock SynchronizationÓ.

Table 13-18. POCR Field Descriptions (Sheet 1 of 2)

Field Description

15
WME

Write Mode External Correction — This bit controls the write mode of the EOC_AP and ERC_AP fields.
0 Write to EOC_AP and ERC_AP fields on register write.
1 No write to EOC_AP and ERC_AP fields on register write.

11–10
EOC_AP

External Offset Correction Application — This field is used to trigger the application of the external offset
correction value defined in the Protocol Configuration Register 29 (PCR29).
00 do not apply external offset correction value
01 reserved
10 subtract external offset correction value
11 add external offset correction value

9–8
ERC_AP

External Rate Correction Application — This field is used to trigger application of the external rate correction
value defined in the Protocol Configuration Register 21 (PCR21)
00 do not apply external rate correction value
01 reserved
10 subtract external rate correction value
11 add external rate correction value
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13.5.2.11 Global Interrupt Flag and Enable Register (GIFER)

7
BSY

WMC

Protocol Control Command Write Busy — This status bit indicates the acceptance of the protocol control
command issued by the application via the POCCMD field. The FlexRay block sets this status bit when the
application has issued a protocol control command via the POCCMD field. The FlexRay block clears this status
bit when protocol control command was accepted by the PE.When the application issues a protocol control
command while the BSY bit is asserted, the FlexRay block ignores this command, sets the protocol command
ignored error flag PCMI_EF in the CHI Error Flag Register (CHIERFR), and will not change the value of the
POCCMD field.
0 Command write idle, command accepted and ready to receive new protocol command.
1 Command write busy, command not yet accepted, not ready to receive new protocol command.
Write Mode Command — This bit controls the write mode of the POCCMD field.
0 Write to POCCMD field on register write.
1 Do not write to POCCMD field on register write.

3–0
POCCMD

Protocol Control Command — The application writes to this field to issue a protocol control command to the
PE. The FlexRay block sends the protocol command to the PE immediately. While the transfer is running, the
BSY bit is set.
0000 ALLOW_COLDSTART — Immediately activate capability of node to cold start cluster.
0001 ALL_SLOTS — Delayed(1) transition to the all slots transmission mode.
0010 CONFIG — Immediately transition to the POC:config state.
0011 FREEZE — Immediately transition to the POC:halt state.
0100 READY, CONFIG_COMPLETE — Immediately transition to the POC:ready state.
0101 RUN — Immediately transition to the POC:startup start state.
0110 DEFAULT_CONFIG — Immediately transition to the POC:default config state.
0111 HALT — Delayed transition to the POC:halt state
1000 WAKEUP — Immediately initiate the wakeup procedure.
1001 reserved
1010 reserved
1011 reserved
1100 RESET(2) — Immediately reset the Protocol Engine.
1101 reserved
1110 reserved
1111 reserved

1. Delayed means on completion of current communication cycle.
2. Additional to FlexRay Communications System Protocol Specification, Version 2.1 Rev A

After sending theRESET command, it is mandatory to execute the
command sequence described inSection 13.7.5, ÒProtocol Reset
CommandÓ immediately, to reach the DEFAULT CONFIG state correctly.

Module Base + 0x0016

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MIF PRIF CHIF

WUP
IF

FNEB
IF

FNEA
IF

RBIF TBIF
MIE PRIE CHIE

WUP
IE

FNEB
IE

FNEA
IE

RBIE TBIE
W w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-11. Global Interrupt Flag and Enable Register (GIFER)

Table 13-18. POCR Field Descriptions (Sheet 2 of 2)

Field Description
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13.5.2.12 Protocol Interrupt Flag Register 0 (PIFR0)

Write: Normal Mode

The register holds one set of the protocol-related individual interrupt ßags.

Module Base + 0x0018

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FATL
_IF

INTL
_IF

ILCF
_IF

CSA
_IF

MRC
_IF

MOC
_IF

CCL
_IF

MXS
_IF

MTX
_IF

LTXB
_IF

LTXA
_IF

TBVB
_IF

TBVA
_IF

TI2
_IF

TI1
_IF

CYS
_IF

W w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-12. Protocol Interrupt Flag Register 0 (PIFR0)

Table 13-20. PIFR0 Field Descriptions (Sheet 1 of 2)

Field Description

15
FATL_IF

Fatal Protocol Error Interrupt Flag — This flag is set when the protocol engine has detected a fatal protocol
error. In this case, the protocol engine goes into the POC:halt state immediately. The fatal protocol errors are:
1) pLatestTx violation, as described in the MAC process of the FlexRay protocol
2) transmission across slot boundary violation, as described in the FSP process of the FlexRay protocol
0 No such event.
1 Fatal protocol error detected.

14
INTL_IF

Internal Protocol Error Interrupt Flag — This flag is set when the protocol engine has detected an internal
protocol error. In this case, the protocol engine goes into the POC:halt state immediately. An internal protocol
error occurs when the protocol engine has not finished a calculation and a new calculation is requested. This
can be caused by a hardware error.
0 No such event.
1 Internal protocol error detected.

13
ILCF_IF

Illegal Protocol Configuration Interrupt Flag — This flag is set when the protocol engine has detected an
illegal protocol configuration parameter setting. In this case, the protocol engine goes into the POC:halt state
immediately.
The protocol engine checks the listen_timeout value programmed into the Protocol Configuration Register 14
(PCR14) and Protocol Configuration Register 15 (PCR15) when the CONFIG_COMPLETE command was sent
by the application via the Protocol Operation Control Register (POCR). If the value of listen_timeout is equal to
zero, the protocol configuration setting is considered as illegal.
0 No such event.
1 Illegal protocol configuration detected.

12
CSA_IF

Cold Start Abort Interrupt Flag — This flag is set when the configured number of allowed cold start attempts
is reached and none of these attempts was successful. The number of allowed cold start attempts is configured
by the coldstart_attempts field in the Protocol Configuration Register 3 (PCR3).
0 No such event.
1 Cold start aborted and no more coldstart attempts allowed.

11
MRC_IF

Missing Rate Correction Interrupt Flag — This flag is set when an insufficient number of measurements is
available for rate correction at the end of the communication cycle.
0 No such event
1 Insufficient number of measurements for rate correction detected

10
MOC_IF

Missing Offset Correction Interrupt Flag — This flag is set when an insufficient number of measurements is
available for offset correction. This is related to the MISSING_TERM event in the CSP process for offset
correction in the FlexRay protocol.
0 No such event.
1 Insufficient number of measurements for offset correction detected.
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13.5.2.13 Protocol Interrupt Flag Register 1 (PIFR1)

Write: Normal Mode

The register holds one set of the protocol-related individual interrupt ßags.

Module Base + 0x001A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EMC
_IF

IPC
_IF

PECF
_IF

PSC
_IF

SSI3
_IF

SSI2
_IF

SSI1
_IF

SSI0
_IF

0 0
EVT
_IF

ODT
_IF

0 0 0 0

W w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-13. Protocol Interrupt Flag Register 1 (PIFR1)

Table 13-21. PIFR1 Field Descriptions

Field Description

15
EMC_IF

Error Mode Changed Interrupt Flag — This flag is set when the value of the ERRMODE bit field in the Protocol
Status Register 0 (PSR0) is changed by the FlexRay block.
0 No such event.
1 ERRMODE field changed.

14
IPC_IF

Illegal Protocol Control Command Interrupt Flag — This flag is set when the PE tries to execute a protocol
control command, which was issued via the POCCMD field of the Protocol Operation Control Register (POCR),
and detects that this protocol control command is not allowed in the current protocol state. In this case the
command is not executed. For more details, see Section 13.7.4, “Protocol Control Command Execution”.
0 No such event.
1 Illegal protocol control command detected.

13
PECF_IF

Protocol Engine Communication Failure Interrupt Flag — This flag is set if the FlexRay block has detected
a communication failure between the protocol engine and the controller host interface
0 No such event.
1 Protocol Engine Communication Failure detected.

12
PSC_IF

Protocol State Changed Interrupt Flag — This flag is set when the protocol state in the PROTSTATE field in
the Protocol Status Register 0 (PSR0) has changed.
0 No such event.
1 Protocol state changed.

11–8
SSI[3:0]_IF

Slot Status Counter Incremented Interrupt Flag — Each of these flags is set when the SLOTSTATUSCNT
field in the corresponding Slot Status Counter Registers (SSCR0–SSCR3) is incremented.
0 No such event.
1 The corresponding slot status counter has incremented.

5
EVT_IF

Even Cycle Table Written Interrupt Flag — This flag is set if the FlexRay block has written the sync frame
measurement / ID tables into the FlexRay Memory for the even cycle.
0 No such event.
1 Sync frame measurement table written

4
ODT_IF

Odd Cycle Table Written Interrupt Flag — This flag is set if the FlexRay block has written the sync frame
measurement / ID tables into the FlexRay Memory for the odd cycle.
0 No such event.
1 Sync frame measurement table written
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13.5.2.14 Protocol Interrupt Enable Register 0 (PIER0)

Write: Anytime

This register deÞnes whether or not the individual interrupt ßags deÞned in theProtocol Interrupt Flag
Register 0 (PIFR0) can generate a protocol interrupt request.

Module Base + 0x001C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FATL
_IE

INTL
_IE

ILCF
_IE

CSA
_IE

MRC
_IE

MOC
_IE

CCL
_IE

MXS
_IE

MTX
_IE

LTXB
_IE

LTXA
_IE

TBVB
_IE

TBVA
_IE

TI2
_IE

TI1
_IE

CYS
_IEW

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-14. Protocol Interrupt Enable Register 0 (PIER0)

Table 13-22. PIER0 Field Descriptions

Field Description

15
FATL_IE

Fatal Protocol Error Interrupt Enable — This bit controls FATL_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

14
INTL_IE

Internal Protocol Error Interrupt Enable — This bit controls INTL_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

13
ILCF_IE

Illegal Protocol Configuration Interrupt Enable — This bit controls ILCF_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

12
CSA_IE

Cold Start Abort Interrupt Enable — This bit controls CSA_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

11
MRC_IE

Missing Rate Correction Interrupt Enable — This bit controls MRC_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

10
MOC_IE

Missing Offset Correction Interrupt Enable — This bit controls MOC_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

9
CCL_IE

Clock Correction Limit Reached Interrupt Enable — This bit controls CCL_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

8
MXS_IE

Max Sync Frames Detected Interrupt Enable — This bit controls MXS_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

7
MTX_IE

Media Access Test Symbol Received Interrupt Enable — This bit controls MTX_IF interrupt request
generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

6
LTXB_IE

pLatestTx Violation on Channel B Interrupt Enable — This bit controls LTXB_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

5
LTXA_IE

pLatestTx Violation on Channel A Interrupt Enable — This bit controls LTXA_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled
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13.5.2.15 Protocol Interrupt Enable Register 1 (PIER1)

Write: Anytime

This register deÞnes whether or not the individual interrupt ßags deÞned inProtocol Interrupt Flag
Register 1 (PIFR1) can generate a protocol interrupt request.

4
TBVB_IE

Transmission across boundary on channel B Interrupt Enable — This bit controls TBVB_IF interrupt
request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

3
TBVA_IE

Transmission across boundary on channel A Interrupt Enable — This bit controls TBVA_IF interrupt request
generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

2
TI2_IE

Timer 2 Expired Interrupt Enable — This bit controls TI1_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

1
TI1_IE

Timer 1 Expired Interrupt Enable — This bit controls TI1_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

0
CYS_IE

Cycle Start Interrupt Enable — This bit controls CYC_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

Module Base + 0x001E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EMC
_IE

IPC
_IE

PECF
_IE

PSC
_IE

SSI3
_IE

SSI2
_IE

SSI1
_IE

SSI0
_IE

0 0 EVT
_IE

ODT
_IE

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-15. Protocol Interrupt Enable Register 1 (PIER1)

Table 13-23. PIER1 Field Descriptions

Field Description

15
EMC_IE

Error Mode Changed Interrupt Enable — This bit controls EMC_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

14
IPC_IE

Illegal Protocol Control Command Interrupt Enable — This bit controls IPC_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

13
PECF_IE

Protocol Engine Communication Failure Interrupt Enable — This bit controls PECF_IF interrupt request
generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

12
PSC_IE

Protocol State Changed Interrupt Enable — This bit controls PSC_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

Table 13-22. PIER0 Field Descriptions (continued)

Field Description
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13.5.2.16 CHI Error Flag Register (CHIERFR)

Write: Normal Mode

This register holds the CHI related error ßags. The interrupt generation for each of these error ßa
controlled by the CHI interrupt enable bit CHIE in theGlobal Interrupt Flag and Enable Register (GIFER.

11–8
SSI[3:0]_IE

Slot Status Counter Incremented Interrupt Enable — This bit controls SSI[3:0]_IF interrupt request
generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

5
EVT_IE

Even Cycle Table Written Interrupt Enable — This bit controls EVT_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

4
ODT_IE

Odd Cycle Table Written Interrupt Enable — This bit controls ODT_IF interrupt request generation.
0 interrupt request generation disabled
1 interrupt request generation enabled

Module Base + 0x0020

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FRLB
_EF

FRLA
_EF

PCMI
_EF

FOVB
_EF

FOVA
_EF

MBS
_EF

MBU
_EF

LCK
_EF

DBL
_EF

SBCF
_EF

FID
_EF

DPL
_EF

SPL
_EF

NML
_EF

NMF
_EF

ILSA
_EF

W w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-16. CHI Error Flag Register (CHIERFR)

Table 13-24. CHIERFR Field Descriptions (Sheet 1 of 3)

Field Description

15
FRLB_EF

Frame Lost Channel B Error Flag — This flag is set if a complete frame was received on channel B but could
not be stored in the selected individual message buffer because this message buffer is currently locked by the
application. In this case, the frame and the related slot status information are lost.
0 No such event
1 Frame lost on channel B detected

14
FRLA_EF

Frame Lost Channel A Error Flag — This flag is set if a complete frame was received on channel A but could
not be stored in the selected individual message buffer because this message buffer is currently locked by the
application. In this case, the frame and the related slot status information are lost.
0 No such error
1 Frame lost on channel A detected

13
PCMI_EF

Protocol Command Ignored Error Flag — This flag is set if the application has issued a POC command by
writing to the POCCMD field in the Protocol Operation Control Register (POCR) while the BSY flag is equal to
1. In this case the command is ignored by the FlexRay block and is lost.
0 No such error
1 POC command ignored

Table 13-23. PIER1 Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.19

488 Freescale Semiconductor





Chapter 13 FlexRay Communication Controller (FLEXRAY)

nsmit
. This
13.5.2.17 Message Buffer Interrupt Vector Register (MBIVEC)

This register indicates the lowest numbered receive message buffer and the lowest numbered tra
message buffer that have their interrupt status ßag MBIF and interrupt enable MBIE bits asserted
means that message buffers with lower message buffer numbers have higher priority.

3
SPL_EF

Static Payload Length Error Flag — This flag is set if the payload length written into the message buffer header
field of a single or double transmit message buffer assigned to the static segment is different from the payload
length for the static segment as it is configured in the corresponding protocol configuration register field
payload_length_static in the Protocol Configuration Register 19 (PCR19).
0 No such error occurred
1 Static payload length error occurred

2
NML_EF

Network Management Length Error Flag — This flag is set if the payload length written into the header
structure of a receive message buffer assigned to the static segment is less than the configured length of the
Network Management Vector as configured in the Network Management Vector Length Register (NMVLR). In
this case the received part of the Network Management Vector will be used to update the Network Management
Vector.
0 No such error occurred
1 Network management length error occurred

1
NMF_EF

Network Management Frame Error Flag — This flag is set if a received message in the static segment with a
Preamble Indicator flag PP asserted has its Null Frame indicator flag NF asserted as well. In this case, the
Global Network Management Registers (see Network Management Vector Registers (NMVR0–NMVR5)) are
not updated.
0 No such error occurred
1 Network management frame error occurred

0
ILSA_EF

Illegal System Memory Access Error Flag — This flag is set if the external system memory subsystem has
detected and indicated an illegal system memory access from the FlexRay block. The exact meaning of an illegal
system memory access is defined by the current implementation of the memory subsystem.
0 No such event.
1 Illegal system memory access occurred.

Module Base + 0x0022

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 TBIVEC 0 0 0 RBIVEC

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-17. Message Buffer Interrupt Vector Register (MBIVEC)

Table 13-25. MBIVEC Field Descriptions

Field Description

12–8
TBIVEC

Transmit Buffer Interrupt Vector — This field provides the number of the lowest numbered enabled transmit
message buffer that has its interrupt status flag MBIF and its interrupt enable bit MBIE set. If there is no transmit
message buffer with the interrupt status flag MBIF and the interrupt enable MBIE bits asserted, the value in this
field is set to 0.

4–0
RBIVEC

Receive Buffer Interrupt Vector — This field provides the message buffer number of the lowest numbered
receive message buffer which has its interrupt flag MBIF and its interrupt enable bit MBIE asserted. If there is
no receive message buffer with the interrupt status flag MBIF and the interrupt enable MBIE bits asserted, the
value in this field is set to 0.

Table 13-24. CHIERFR Field Descriptions (Sheet 3 of 3)

Field Description
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13.5.2.18 Channel A Status Error Counter Register (CASERCR)

This register provides the channel status error counter for channel A. The protocol engine generate
status vector for each static slot, each dynamic slot, the symbol window, and the NIT. The slot status
contains the four protocol related error indicator bitsvSS!SyntaxError, vSS!ContentError, vSS!BViolatio,
andvSS!TxConßict. The FlexRay block increments the status error counter by 1 if, for a slot or segm
at least one error indicator bit is set to 1. The counter wraps around after it has reached the maximum
For more information on slot status monitoring, seeSection 13.6.18, ÒSlot Status MonitoringÓ.

13.5.2.19 Channel B Status Error Counter Register (CBSERCR)

This register provides the channel status error counter for channel B. The protocol engine generate
status vector for each static slot, each dynamic slot, the symbol window, and the NIT. The slot status
contains the four protocol related error indicator bitsvSS!SyntaxError, vSS!ContentError, vSS!BViolation,
andvSS!TxConßict. The FlexRay block increments the status error counter by 1 if, for a slot or segm
at least one error indicator bit is set to 1. The counter wraps around after it has reached the maximum
For more information on slot status monitoring seeSection 13.6.18, ÒSlot Status MonitoringÓ.

Module Base + 0x0024 Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STATUS_ERR_CNT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-18. Channel A Status Error Counter Register (CASERCR)

Table 13-26. CASERCR Field Descriptions

Field Description

15–0
STATUS_ERR_CNT

Channel Status Error Counter — This field provides the current value channel status error counter. The
counter value is updated within the first macrotick of the following slot or segment.

Module Base + 0x0026 Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STATUS_ERR_CNT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-19. Channel B Status Error Counter Register (CBSERCR)

Table 13-27. CBSERCR Field Descriptions

Field Description

15–0
STATUS_ERR_CNT

Channel Status Error Counter — This field provides the current channel status error count. The counter
value is updated within the first macrotick of the following slot or segment.
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13.5.2.20 Protocol Status Register 0 (PSR0)

This register provides information about the current protocol status.

Module Base + 0x0028

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ERRMODE SLOTMODE 0 PROTSTATE STARTUPSTATE 0 WAKEUPSTATUS

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-20. Protocol Status Register 0 (PSR0)

Table 13-28. PSR0 Field Descriptions (Sheet 1 of 2)

Field Description

15–14
ERRMODE

Error Mode — protocol related variable: vPOC!ErrorMode. This field indicates the error mode of the protocol.
00 ACTIVE
01 PASSIVE
10 COMM_HALT
11 reserved

13–12
SLOTMODE

Slot Mode — protocol related variable: vPOC!SlotMode. This field indicates the slot mode of the protocol.
00 SINGLE
01 ALL_PENDING
10 ALL
11 reserved

10–8
PROTSTATE

Protocol State — protocol related variable: vPOC!State. This field indicates the state of the protocol.
000 POC:default config
001 POC:config
010 POC:wakeup
011 POC:ready
100 POC:normal passive
101 POC:normal active
110 POC:halt
111 POC:startup
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13.5.2.21 Protocol Status Register 1 (PSR1)

Write: Normal Mode

7–4
STARTUP

STATE

Startup State — protocol related variable: vPOC!StartupState. This field indicates the current sub-state of the
startup procedure.
0000 reserved
0001 reserved
0010 POC:coldstart collision resolution
0011 POC:coldstart listen
0100 POC:integration consistency check
0101 POC:integrationi listen
0110 reserved
0111 POC:initialize schedule
1000 reserved
1001 reserved
1010 POC:coldstart consistency check
1011 reserved
1100 reserved
1101 POC:integration coldstart check
1110 POC:coldstart gap
1111 POC:coldstart join

2–0
WAKEUP
STATUS

Wakeup Status — protocol related variable: vPOC!WakeupStatus. This field provides the outcome of the
execution of the wakeup mechanism.
000 UNDEFINED
001 RECEIVED_HEADER
010 RECEIVED_WUP
011 COLLISION_HEADER
100 COLLISION_WUP
101 COLLISION_UNKNOWN
110 TRANSMITTED
111 reserved

Module Base + 0x002A Additional Reset: CSAA, CSP, CPN: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CSAA CSP 0 REMCSAT CPN HHR FRZ APTAC

W w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-21. Protocol Status Register 1 (PSR1)

Table 13-28. PSR0 Field Descriptions (Sheet 2 of 2)

Field Description
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13.5.2.22 Protocol Status Register 2 (PSR2)

This register provides a snapshot of status information about the Network Idle Time NIT, the Sym
Window and the clock synchronization. The NIT related status bits NBVB, NSEB, NBVA, and NSEA
updated by the FlexRay block after the end of the NIT and before the end of the Þrst slot of the ne
communication cycle. The Symbol Window related status bits STCB, SBVB, SSEB, MTB, STCA, SB

Table 13-29. PSR1 Field Descriptions

Field Description

15
CSAA

Cold Start Attempt Aborted Flag — protocol related event: ‘set coldstart abort indicator in CHI’
This flag is set when the FlexRay block has aborted a cold start attempt.
0 No such event
1 Cold start attempt aborted

14
CSP

Leading Cold Start Path — This status bit is set when the FlexRay block has reached the POC:normal active
state via the leading cold start path. This indicates that this node has started the network
0 No such event
1 POC:normal active reached from POC:startup state via leading cold start path

12–8
REMCSAT

Remaining Coldstart Attempts — protocol related variable: vRemainingColdstartAttempts
This field provides the number of remaining cold start attempts that the FlexRay block will execute.

7
CPN

Leading Cold Start Path Noise — protocol related variable: vPOC!ColdstartNoise
This status bit is set if the FlexRay block has reached the POC:normal active state via the leading cold start path
under noise conditions. This indicates there was some activity on the FlexRay bus while the FlexRay block was
starting up the cluster.
0 No such event
1 POC:normal active state was reached from POC:startup state via noisy leading cold start path

6
HHR

Host Halt Request Pending — protocol related variable: vPOC!CHIHaltRequest
This status bit is set when FlexRay block receives the HALT command from the application via the Protocol
Operation Control Register (POCR). The FlexRay block clears this status bit after a hard reset condition or when
the protocol is in the POC:default config state.
0 No such event
1 HALT command received

5
FRZ

Freeze Occurred — protocol related variable: vPOC!Freeze
This status bit is set when the FlexRay block has reached the POC:halt state due to the host FREEZE command
or due to an internal error condition requiring immediate halt. The FlexRay block clears this status bit after a hard
reset condition or when the protocol is in the POC:default config state.
0 No such event
1 Immediate halt due to FREEZE or internal error condition

4–0
APTAC

Allow Passive to Active Counter — protocol related variable: vPOC!vAllowPassivetoActive
This field provides the number of consecutive even/odd communication cycle pairs that have passed with valid
rate and offset correction terms, but the protocol is still in the POC:normal passive state due to an application
configured delay to enter POC:normal active state. This delay is defined by the allow_passive_to_active field in
the Protocol Configuration Register 12 (PCR12).

Module Base + 0x002C Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NBVB NSEB STCB SBVB SSEB MTB NBVA NSEA STCA SBVA SSEA MTA CLKCORRFAILCNT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-22. Protocol Status Register 2 (PSR2)
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13.5.2.23 Protocol Status Register 3 (PSR3)

Write: Normal Mode

This register provides aggregated channel status information as an accrued status of channel act
all communication slots, regardless of whether they are assigned for transmission or subscribed f
reception. It provides accrued information for the symbol window, the NIT, and the wakeup status.

6
SBVA

Symbol Window Boundary Violation on Channel A — protocol related variable: vSS!BViolation for symbol
window on channel A
This status bit is set if there was some media activity on the FlexRay bus channel A at the start or at the end of
the symbol window.
0 No such event
1 Media activity at boundaries detected

5
SSEA

Symbol Window Syntax Error on Channel A — protocol related variable: vSS!SyntaxError for symbol window
on channel A
This status bit is set when a syntax error was detected during the symbol window on channel A.
0 No such event
1 Syntax error detected

4
MTA

Media Access Test Symbol MTS Received on Channel A — protocol related variable: vSS!ValidMTS for
symbol window on channel A
This status bit is set if the Media Access Test Symbol MTS was received in the symbol window on channel A.
1 MTS symbol received
0 No such event

3–0
CLKCORR-

FAILCNT

Clock Correction Failed Counter — protocol related variable: vClockCorrectionFailed
This field provides the number of consecutive even/odd communication cycle pairs that have passed without
clock synchronization having performed an offset or a rate correction due to lack of synchronization frames. It is
not incremented when it has reached the configured value of either max_without_clock_correction_fatal or
max_without_clock_correction_passive as defined in the Protocol Configuration Register 8 (PCR8). The
FlexRay block resets this counter on a hard reset condition, when the protocol enters the POC:normal active
state, or when both the rate and offset correction terms have been calculated successfully.

Module Base + 0x002E Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 WUB ABVB AACB ACEB ASEB AVFB 0 0 WUA ABVA AACA ACEA ASEA AVFA

W w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-23. Protocol Status Register 3 (PSR3)

Table 13-30. PSR2 Field Descriptions (Sheet 2 of 2)

Field Description
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13.5.2.24 Macrotick Counter Register (MTCTR)

This register provides the macrotick count of the current communication cycle.

13.5.2.25 Cycle Counter Register (CYCTR)

This register provides the number of the current communication cycle.

1
ASEA

Aggregated Syntax Error on Channel A — This flag is set when a syntax error has been detected on channel
A. Syntax errors are detected in the communication slots, the symbol window, and the NIT.
0 No syntax error detected
1 Syntax errors detected

0
AVFA

Aggregated Valid Frame on Channel A — This flag is set when a syntactically correct valid frame has been
received in any static or dynamic slot through channel A.
0 No syntactically valid frames received
1 At least one syntactically valid frame received

Module Base + 0x0030

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 MTCT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-24. Macrotick Counter Register (MTCTR)

Table 13-32. MTCTR Field Descriptions

Field Description

13–0
MTCT

Macrotick Counter — protocol related variable: vMacrotick
This field provides the macrotick count of the current communication cycle.

Module Base + 0x0032

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 CYCCNT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-25. Cycle Counter Register (CYCTR)

Table 13-33. CYCTR Field Descriptions

Field Description

5–0
CYCCNT

Cycle Counter — protocol related variable: vCycleCounter
This field provides the number of the current communication cycle. If the counter reaches the maximum value
of 63, the counter wraps and starts from zero again.

Table 13-31. PSR3 Field Descriptions (Sheet 2 of 2)

Field Description
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13.5.2.26 Slot Counter Channel A Register (SLTCTAR)

This register provides the number of the current slot in the current communication cycle for chann

13.5.2.27 Slot Counter Channel B Register (SLTCTBR)

This register provides the number of the current slot in the current communication cycle for chann

13.5.2.28 Rate Correction Value Register (RTCORVR)

This register provides the sign extended rate correction value in microticks as it was calculated by the
synchronization algorithm. The FlexRay block updates this register during the NIT of each odd num
communication cycle.

Module Base + 0x0034

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 SLOTCNTA

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-26. Slot Counter Channel A Register (SLTCTAR)

Table 13-34. SLTCTAR Field Descriptions

Field Description

10–0
SLOTCNTA

Slot Counter Value for Channel A — protocol related variable: vSlotCounter for channel A
This field provides the number of the current slot in the current communication cycle.

Module Base + 0x0036

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 SLOTCNTB

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-27. Slot Counter Channel B Register (SLTCTBR)

Table 13-35. SLTCTBR Field Descriptions

Field Description

10–0
SLOTCNTA

Slot Counter Value for Channel B — protocol related variable: vSlotCounter for channel B
This field provides the number of the current slot in the current communication cycle.

Module Base + 0x0038 Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RATECORR

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-28. Rate Correction Value Register (RTCORVR)
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13.5.2.29 Offset Correction Value Register (OFCORVR)

This register provides the sign extended offset correction value in microticks as it was calculated b
clock synchronization algorithm. The FlexRay block updates this register during the NIT.

13.5.2.30 Combined Interrupt Flag Register (CIFRR)

Table 13-36. RTCORVR Field Descriptions

Field Description

15–0
RATECORR

Rate Correction Value — protocol related variable: vRateCorrection (before value limitation and external rate
correction)
This field provides the sign extended rate correction value in microticks as it was calculated by the clock
synchronization algorithm. The value is represented in 2’s complement format. This value does not include the
value limitation and the application of the external rate correction. If the magnitude of the internally calculated
rate correction value exceeds the limit given by rate_correction_out in the Protocol Configuration Register 13
(PCR13), the clock correction reached limit interrupt flag CCL_IF is set in the Protocol Interrupt Flag Register 0
(PIFR0).
Note: If the FlexRay block was not able to calculate a new rate correction term due to a lack of synchronization

frames, the RATECORR value is not updated.

Module Base + 0x003A Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R OFFSETCORR

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-29. Offset Correction Value Register (OFCORVR)

Table 13-37. OFCORVR Field Descriptions

Field Description

15–0
OFFSET-

CORR

Offset Correction Value — protocol related variable: vOffsetCorrection (before value limitation and external
offset correction)
This field provides the sign extended offset correction value in microticks as it was calculated by the clock
synchronization algorithm. The value is represented in 2’s complement format. This value does not include the
value limitation and the application of the external offset correction. If the magnitude of the internally calculated
rate correction value exceeds the limit given by offset_correction_out field in the Protocol Configuration Register
29 (PCR29), the clock correction reached limit interrupt flag CCL_IF is set in the Protocol Interrupt Flag Register
0 (PIFR0).
Note: If the FlexRay block was not able to calculate an new offset correction term due to a lack of

synchronization frames, the OFFSETCORR value is not updated.

Module Base + 0x003C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
0 0 0 0 0 0 0 0 MIF PRIF CHIF

WUP
IF

FNEB
IF

FNEA
IF

RBIF TBIF

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-30. Combined Interrupt Flag Register (CIFRR)
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13.5.2.31 System Memory Access Time-Out Register (SYMATOR)

13.5.2.32 Sync Frame Counter Register (SFCNTR)

This register provides the number of synchronization frames that are used for clock synchronization
last even and in the last odd numbered communication cycle. This register is updated after the star
NIT and before 10 MT after offset correction start.

NOTE
If the application has locked the even synchronization table at the end of the
static segment of an even communication cycle, the FlexRay block will not
update the Þelds SFEVB and SFEVA.

If the application has locked the odd synchronization table at the end of the
static segment of an odd communication cycle, the FlexRay block will not
update the values SFODB and SFODA.

Module Base + 0x003E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0
TIMEOUT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Figure 13-31. System Memory Access Time-Out Register (SYMATOR)

Write: Disabled Mode

Table 13-39. SYMATOR Field Descriptions

Field Description

4–0
TIMEOUT

Time-Out — This value defines the maximum number of wait states on the system memory bus interface. This
value must never exceeded in order to ensure no data are lost even under internal worst case conditions.
If the number of wait states is greater than the TIMEOUT value, but is less than twice the TIMEOUT value, and
internal worst case conditions occur, than data might be lost. If data are lost, the System Bus Communication
Failure Error Flag SBCF_EF is set in the CHI Error Flag Register (CHIERFR).
If the number of wait states is greater than twice the TIMEOUT value, data will be lost, and the System Bus
Communication Failure Error Flag SBCF_EF is set in the CHI Error Flag Register (CHIERFR).

Module Base + 0x0040 Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SFEVB SFEVA SFODB SFODA

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-32. Sync Frame Counter Register (SFCNTR)
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13.5.2.33 Sync Frame Table Offset Register (SFTOR)

Write: POC:conÞg

This register deÞnes the Flexray Memory related offset for sync frame tables. For more details, se
Section 13.6.12, ÒSync Frame ID and Sync Frame Deviation TablesÓ.

13.5.2.34 Sync Frame Table Configuration, Control, Status Register (SFTCCSR)

Write: Normal Mode

Table 13-40. SFCNTR Field Descriptions

Field Description

15–12
SFEVB

Sync Frames Channel B, even cycle — protocol related variable: size of (vsSyncIdListB for even cycle)
This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.

11–8
SFEVB

Sync Frames Channel A, even cycle — protocol related variable: size of (vsSyncIdListA for even cycle)
This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.

7–4
SFODB

Sync Frames Channel B, odd cycle — protocol related variable: size of (vsSyncIdListB for odd cycle)
This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.

3–0
SFODA

Sync Frames Channel A, odd cycle — protocol related variable: size of (vsSyncIdListA for odd cycle)
This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.

Module Base + 0x0042

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SFT_OFFSET[15:1]

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-33. Sync Frame Table Offset Register (SFTOR)

Table 13-41. SFTOR Field Description

Field Description

15–1
SFTOR

Sync Frame Table Offset — The offset of the Sync Frame Tables in the Flexray Memory. This offset is required
to be 16-bit aligned. Thus STF_OFFSET[0] is always 0.

Module Base + 0x0044

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 CYCNUM ELKS OLKS EVAL OVAL 0 0 SDV
EN

SID
ENW ELKT OLKT OPT

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-34. Sync Frame Table Configuration, Control, Status Register (SFTCCSR)
MC9S12XF - Family Reference Manual, Rev.1.19
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13.5.2.35 Sync Frame ID Rejection Filter Register (SFIDRFR)

Write: Normal Mode

This register deÞnes the Sync Frame Rejection Filter ID. The application must update this register o
of the static segment. If the application updates this register in the static segment, it can appear th
FlexRay block accepts the sync frame in the current cycle.

13.5.2.36 Sync Frame ID Acceptance Filter Value Register (SFIDAFVR)

Write: POC:conÞg

This register deÞnes the sync frame acceptance Þlter value. For details on Þltering, seeSection 13.6.15,
ÒSync Frame FilteringÓ.

13.5.2.37 Sync Frame ID Acceptance Filter Mask Register (SFIDAFMR)

Module Base + 0x0046 16-bit write access required

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0
SYNFRID

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-35. Sync Frame ID Rejection Filter Register (SFIDRFR)

Table 13-43. SFIDRFR Field Descriptions

Field Description

9–0
SYNFRID

Sync Frame Rejection ID — This field defines the frame ID of a frame that must not be used for clock
synchronization. For details see Section 13.6.15.2, “Sync Frame Rejection Filtering”.

Module Base + 0x0048

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0
FVAL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-36. Sync Frame ID Acceptance Filter Value Register (SFIDAFVR)

Table 13-44. SFIDAFVR Field Descriptions

Field Description

9–0
FVAL

Filter Value — This field defines the value for the sync frame acceptance filtering.

Module Base + 0x004A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0
FMSK

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-37. Sync Frame ID Acceptance Filter Mask Register (SFIDAFMR)
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Write: POC:conÞg

This register deÞnes the sync frame acceptance Þlter mask. For details on Þltering seeSection 13.6.15.1,
ÒSync Frame Acceptance FilteringÓ.

13.5.2.38 Network Management Vector Registers (NMVR0–NMVR5)

Each of these six registers holds one part of the Network Management Vector. The length of the Ne
Management Vector is conÞgured in theNetwork Management Vector Length Register (NMVLR). If
NMVLR is programmed with a value that is less than 12 bytes, the remaining bytes of theNetwork
Management Vector Registers (NMVR0ÐNMVR5), which are not used for the Network Management
Vector accumulating, will remain 0.

The NMVR provides accrued information over all received NMVs in the last communication cycle.
NMVs received in one cycle are ORed into the NMVR. The NMVR is updated at the end of the
communication cycle.

Table 13-45. SFIDAFMR Field Descriptions

Field Description

9–0
FMSK

Filter Mask — This field defines the mask for the sync frame acceptance filtering.

Module Base + 0x004C (NMVR0)
Module Base + 0x004E (NMVR1)
Module Base + 0x0050 (NMVR2)
Module Base + 0x0052 (NMVR3)
Module Base + 0x0054 (NMVR4)
Module Base + 0x0056 (NMVR5)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NMVP[15:8] NMVP[7:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-38. Network Management Vector Registers (NMVR0–NMVR5)

Table 13-46. NMVR[0:5] Field Descriptions

Field Description

15–0
NMVP

Network Management Vector Part — The mapping between the Network Management Vector Registers
(NMVR0–NMVR5) and the receive message buffer payload bytes in NMV[0:11] is depicted in Table 13-46.

Table 13-47. Mapping of NMVRn to the Received Payload Bytes NMVn

NMVRn Register NMVn Received Payload

NMVR0[NMVP[15:8]] NMV0

NMVR0[NMVP[7:0]] NMV1

NMVR1[NMVP[15:8]] NMV2

NMVR1[NMVP[7:0]] NMV3

...
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13.5.2.39 Network Management Vector Length Register (NMVLR)

Write: POC:conÞg

This register deÞnes the length of the network management vector in bytes.

13.5.2.40 Timer Configuration and Control Register (TICCR)

Write: T2_CFG:POC:conÞg
T2_REP, T1_REP, T1SP, T2SP, T1TR, T2TR: Normal Mode

This register is used to conÞgure and control the two timers T1 and T2. For timer details, see
Section 13.6.17, ÒTimer SupportÓ. The Timer T1 is an absolute timer. The Timer T2 can be conÞgured
an absolute or relative timer.

NMVR5[NMVP[15:8]] NMV10

NMVR5[NMVP[7:0]] NMV11

Module Base + 0x0058

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0
NMVL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-39. Network Management Vector Length Register (NMVLR)

Table 13-48. NMVLR Field Descriptions

Field Description

3–0
NMVL

Network Management Vector Length — protocol related variable: gNetworkManagementVectorLength
This field defines the length of the Network Management Vector in bytes. Legal values are between 0 and 12.

Module Base + 0x005A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 T2_
CFG

T2_
REP

0 0 0 T2ST 0 0 0 T1_
REP

0 0 0 T1ST

W T2SP T2TR T1SP T1TR

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-40. Timer Configuration and Control Register (TICCR)

Table 13-49. TICCR Field Descriptions (Sheet 1 of 2)

Field Description

13
T2_CFG

Timer T2 Configuration — This bit configures the timebase mode of Timer T2.
0 T2 is absolute timer.
1 T2 is relative timer.

12
T2_REP

Timer T2 Repetitive Mode — This bit configures the repetition mode of Timer T2.
0 T2 is non repetitive
1 T2 is repetitive

Table 13-47. Mapping of NMVRn to the Received Payload Bytes NMVn

NMVRn Register NMVn Received Payload
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NOTE
Both timers are deactivated immediately when the protocol enters a state
different fromPOC:normal active or POC:normal passive.

13.5.2.41 Timer 1 Cycle Set Register (TI1CYSR)

Write: Anytime

This register deÞnes the cycle Þlter value and the cycle Þlter mask for timer T1. For a detailed desc
of timer T1, refer toSection 13.6.17.1, ÒAbsolute Timer T1Ó.

10
T2SP

Timer T2 Stop — This trigger bit is used to stop timer T2.
0 no effect
1 stop timer T2

9
T2TR

Timer T2 Trigger — This trigger bit is used to start timer T2.
0 no effect
1 start timer T2

8
T2ST

Timer T2 State — This status bit provides the current state of timer T2.
0 timer T2 is idle
1 timer T2 is running

4
T1_REP

Timer T1 Repetitive Mode — This bit configures the repetition mode of timer T1.
0 T1 is non repetitive
1 T1 is repetitive

2
T1SP

Timer T1 Stop — This trigger bit is used to stop timer T1.
0 no effect
1 stop timer T1

1
T1TR

Timer T1 Trigger — This trigger bit is used to start timer T1.
0 no effect
1 start timer T1

0
T1ST

Timer T1 State — This status bit provides the current state of timer T1.
0 timer T1 is idle
1 timer T1 is running

Module Base + 0x005C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
T1_CYC_VAL

0 0
T1_CYC_MSK

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-41. Timer 1 Cycle Set Register (TI1CYSR)

Table 13-49. TICCR Field Descriptions (Sheet 2 of 2)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.19

508 Freescale Semiconductor



Chapter 13 FlexRay Communication Controller (FLEXRAY)

er to
NOTE
If the application modiÞes the value in this register while the timer is
running, the change becomes effective immediately and timer T1 will expire
according to the changed value.

13.5.2.42 Timer 1 Macrotick Offset Register (TI1MTOR)

Write: Anytime

This register holds the macrotick offset value for timer T1. For a detailed description of timer T1, ref
Section 13.6.17.1, ÒAbsolute Timer T1Ó.

NOTE
If the application modiÞes the value in this register while the timer is
running, the change becomes effective immediately and timer T1 will expire
according to the changed value.

Table 13-50. TI1CYSR Field Descriptions

Field Description

13–8
T1_CYC_VAL

Timer T1 Cycle Filter Value — This field defines the cycle filter value for timer T1.

5–0
T1_CYC_MSK

Timer T1 Cycle Filter Mask — This field defines the cycle filter mask for timer T1.

Module Base + 0x005E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
T1_MTOFFSET

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-42. Timer 1 Macrotick Offset Register (TI1MTOR)

Table 13-51. TI1MTOR Field Descriptions

Field Description

13–0
T1_MTOFFSET

Timer 1 Macrotick Offset — This field defines the macrotick offset value for timer 1.
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e

13.5.2.43 Timer 2 Configuration Register 0 (TI2CR0)

Write: Anytime

The content of this register depends on the value of the T2_CFG bit in theTimer ConÞguration and Control
Register (TICCR). For a detailed description of timer T2, refer toSection 13.6.17.2, ÒAbsolute / Relativ
Timer T2Ó.

NOTE
If timer T2 is conÞgured as anabsolute timer and the application modiÞes
the values in this register while the timer is running, the change becomes
effective immediately and timer T2 will expire according to the changed
values.

If timer T2 is conÞgured as arelativetimer and the application changes the
values in this register while the timer is running, the change becomes
effective when the timer has expired according to the old values.

Module Base + 0x0060

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
T2_CYC_VAL

0 0
T2_CYC_MSK

W

R
T2_MTCNT[31:16]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-43. Timer 2 Configuration Register 0 (TI2CR0)

Table 13-52. TI2CR0 Field Descriptions

Field Description

Fields for absolute timer T2 (TICCR[T2_CFG] = 0)

13–8
T2_CYC_VAL

Timer T2 Cycle Filter Value — This field defines the cycle filter value for timer T2.

5–0
T2_CYC_MSK

Timer T2 Cycle Filter Mask — This field defines the cycle filter mask for timer T2.

Fields for relative timer T2 (TICCR[T2_CFG = 1)

15–0
T2_MTCNT[31:16]

Timer T2 Macrotick High Word — This field defines the high word of the macrotick count for timer T2.
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e

13.5.2.44 Timer 2 Configuration Register 1 (TI2CR1)

Write: Anytime

The content of this register depends on the value of the T2_CFG bit in theTimer ConÞguration and Control
Register (TICCR). For a detailed description of timer T2, refer toSection 13.6.17.2, ÒAbsolute / Relativ
Timer T2Ó.

NOTE
If timer T2 is conÞgured as anabsolute timer and the application modiÞes
the values in this register while the timer is running, the change becomes
effective immediately and the timer T2 will expire according to the changed
values.

If timer T2 is conÞgured as arelativetimer and the application changes the
values in this register while the timer is running, the change becomes
effective when the timer has expired according to the old values.

13.5.2.45 Slot Status Selection Register (SSSR)

Write: Anytime

Module Base + 0x0062

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
T2_MTOFFSET

W

R
T2_MTCNT[15:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-44. Timer 2 Configuration Register 1 (TI2CR1)

Table 13-53. TI2CR1 Field Descriptions

Field Description

Fields for absolute timer T2 (TICCR[T2_CFG] = 0)

13–0
T2_MTOFFSET

Timer T2 Macrotick Offset — This field holds the macrotick offset value for timer T2.

Fields for relative timer T2 (TICCR[T2_CFG] = 1)

15–0
T2_MTCNT[15:0]

Timer T2 Macrotick Low Word — This field defines the low word of the macrotick value for timer T2.

Module Base + 0x0064 16-bit write access required

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
SEL

0
SLOTNUMBER

W WMD

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-45. Slot Status Selection Register (SSSR)
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SSSR0
saved

unter
n

This register is used to access the four internal non memory-mapped slot status selection registers
to SSSR3. Each internal registers selects a slot, or symbol window/NIT, whose status vector will be
in the correspondingSlot Status Registers (SSR0ÐSSR7)according toTable 13-54. For a detailed
description of slot status monitoring, refer toSection 13.6.18, ÒSlot Status MonitoringÓ.

13.5.2.46 Slot Status Counter Condition Register (SSCCR)

Write: Anytime

This register is used to access and program the four internal non-memory mapped Slot Status Co
Condition Registers SSCCR0 to SSCCR3. Each of these four internal slot status counter conditio
registers deÞnes the mode and the conditions for incrementing the counter in the correspondingSlot Status
Counter Registers (SSCR0ÐSSCR3). The correspondence is given inTable 13-56. For a detailed
description of slot status counters, refer toSection 13.6.18.4, ÒSlot Status Counter RegistersÓ.

Table 13-54. SSSR Field Descriptions

Field Description

15
WMD

Write Mode — This control bit defines the write mode of this register.
0 Write to all fields in this register on write access.
1 Write to SEL field only on write access.

13–12
SEL

Selector — This field selects one of the four internal slot status selection registers for access.
00 select SSSR0.
01 select SSSR1.
10 select SSSR2.
11 select SSSR3.

10–0
SLOTNUMBER

Slot Number — This field specifies the number of the slot whose status will be saved in the corresponding
slot status registers.
Note: If this value is set to 0, the related slot status register provides the status of the symbol window after

the NIT start, and provides the status of the NIT after the cycle start.

Table 13-55. Mapping Between SSSRn and SSRn

Internal Slot
Status Selection

Register

Write the Slot Status of the Slot Selected by SSSRn for each

Even Communication Cycle Odd Communication Cycle

For Channel B
to

For Channel A
to

For Channel B
to

For Channel A
to

SSSR0 SSR0[15:8] SSR0[7:0] SSR1[15:8] SSR1[7:0]

SSSR1 SSR2[15:8] SSR2[7:0] SSR3[15:8] SSR3[7:0]

SSSR2 SSR4[15:8] SSR4[7:0] SSR5[15:8] SSR5[7:0]

SSSR3 SSR6[15:8] SSR6[7:0] SSR7[15:8] SSR7[7:0]

Module Base + 0x0066 16-bit write access required

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
SEL

0
CNTCFG MCY VFR SYF NUF SUF STATUSMASK

W WMD

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-46. Slot Status Counter Condition Register (SSCCR)
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Table 13-56. SSCCR Field Descriptions

Field Description

15
WMD

Write Mode — This control bit defines the write mode of this register.
0 Write to all fields in this register on write access.
1 Write to SEL field only on write access.

13–12
SEL

Selector — This field selects one of the four internal slot counter condition registers for access.
00 select SSCCR0.
01 select SSCCR1.
10 select SSCCR2.
11 select SSCCR3.

10–9
CNTCFG

Counter Configuration — These bit field controls the channel related incrementing of the slot status counter.
00 increment by 1 if condition is fulfilled on channel A.
01 increment by 1 if condition is fulfilled on channel B.
10 increment by 1 if condition is fulfilled on at least one channel.
11 increment by 2 if condition is fulfilled on both channels channel.

increment by 1 if condition is fulfilled on only one channel.

8
MCY

Multi Cycle Selection — This bit defines whether the slot status counter accumulates over multiple
communication cycles or provides information for the previous communication cycle only.
0 The Slot Status Counter provides information for the previous communication cycle only.
1 The Slot Status Counter accumulates over multiple communication cycles.

7
VFR

Valid Frame Restriction — This bit is used to restrict the counter to received valid frames.
0 The counter is not restricted to valid frames only.
1 The counter is restricted to valid frames only.

6
SYF

Sync Frame Restriction — This bit is used to restrict the counter to received frames with the sync frame
indicator bit set to 1.
0 The counter is not restricted with respect to the sync frame indicator bit.
1 The counter is restricted to frames with the sync frame indicator bit set to 1.

5
NUF

Null Frame Restriction — This bit is used to restrict the counter to received frames with the null frame
indicator bit set to 0.
0 The counter is not restricted with respect to the null frame indicator bit.
1 The counter is restricted to frames with the null frame indicator bit set to 0.

4
SUF

Startup Frame Restriction — This bit is used to restrict the counter to received frames with the startup frame
indicator bit set to 1.
0 The counter is not restricted with respect to the startup frame indicator bit.
1 The counter is restricted to received frames with the startup frame indicator bit set to 1.

3–0
STATUSMASK

Slot Status Mask — This bit field is used to enable the counter with respect to the four slot status error
indicator bits.
STATUSMASK[3] – This bit enables the counting for slots with the syntax error indicator bit set to 1.
STATUSMASK[2] – This bit enables the counting for slots with the content error indicator bit set to 1.
STATUSMASK[1] – This bit enables the counting for slots with the boundary violation indicator bit set to 1.
STATUSMASK[0] – This bit enables the counting for slots with the transmission conflict indicator bit set to 1.

Table 13-57. Mapping between internal SSCCRn and SSCRn

Condition Register Condition Defined for Register

SSCCR0 SSCR0

SSCCR1 SSCR1

SSCCR2 SSCR2

SSCCR3 SSCR3
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nal slot
13.5.2.47 Slot Status Registers (SSR0–SSR7)

Each of these eight registers holds the status vector of the slot speciÞed in the corresponding inter
status selection register, which can be programmed using theSlot Status Selection Register (SSSR). Each
register is updated after the end of the corresponding slot as shown inFigure 13-142. The register bits are
directly related to the protocol variables and described in more detail inSection 13.6.18, ÒSlot Status
MonitoringÓ.

Module Base + 0x0068 (SSR0)
Module Base + 0x006A (SSR1)
Module Base + 0x006C (SSR2)
Module Base + 0x006E (SSR3)
Module Base + 0x0070 (SSR4)
Module Base + 0x0072 (SSR5)
Module Base + 0x0074 (SSR6)
Module Base + 0x0076 (SSR7)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFB SYB NFB SUB SEB CEB BVB TCB VFA SYA NFA SUA SEA CEA BVA TCA

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-47. Slot Status Registers (SSR0–SSR7)

Table 13-58. SSR0–SSR7 Field Descriptions

Field Description

15
VFB

Valid Frame on Channel B — protocol related variable: vSS!ValidFrame channel B
0 vSS!ValidFrame = 0
1 vSS!ValidFrame = 1

14
SYB

Sync Frame Indicator Channel B — protocol related variable: vRF!Header!SyFIndicator channel B
0 vRF!Header!SyFIndicator = 0
1 vRF!Header!SyFIndicator = 1

13
NFB

Null Frame Indicator Channel B — protocol related variable: vRF!Header!NFIndicator channel B
0 vRF!Header!NFIndicator = 0
1 vRF!Header!NFIndicator = 1

12
SUB

Startup Frame Indicator Channel B — protocol related variable: vRF!Header!SuFIndicator channel B
0 vRF!Header!SuFIndicator = 0
1 vRF!Header!SuFIndicator = 1

11
SEB

Syntax Error on Channel B — protocol related variable: vSS!SyntaxError channel B
0 vSS!SyntaxError = 0
1 vSS!SyntaxError = 1

10
CEB

Content Error on Channel B — protocol related variable: vSS!ContentError channel B
0 vSS!ContentError = 0
1 vSS!ContentError = 1

9
BVB

Boundary Violation on Channel B — protocol related variable: vSS!BViolation channel B
0 vSS!BViolation = 0
1 vSS!BViolation = 1

8
TCB

Transmission Conflict on Channel B — protocol related variable: vSS!TxConflict channel B
0 vSS!TxConflict = 0
1 vSS!TxConflict = 1
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ycle(s)
 related
13.5.2.48 Slot Status Counter Registers (SSCR0–SSCR3)

Each of these four registers provides the slot status counter value for the previous communication c
and is updated at the cycle start. The provided value depends on the control bits and Þelds in the
internal slot status counter condition register SSCCRn, which can be programmed by using theSlot Status
Counter Condition Register (SSCCR). For more details, seeSection 13.6.18.4, ÒSlot Status Counter
RegistersÓ.

7
VFA

Valid Frame on Channel A — protocol related variable: vSS!ValidFrame channel A
0 vSS!ValidFrame = 0
1 vSS!ValidFrame = 1

6
SYA

Sync Frame Indicator Channel A — protocol related variable: vRF!Header!SyFIndicator channel A
0 vRF!Header!SyFIndicator = 0
1 vRF!Header!SyFIndicator = 1

5
NFA

Null Frame Indicator Channel A — protocol related variable: vRF!Header!NFIndicator channel A
0 vRF!Header!NFIndicator = 0
1 vRF!Header!NFIndicator = 1

4
SUA

Startup Frame Indicator Channel A — protocol related variable: vRF!Header!SuFIndicator channel A
0 vRF!Header!SuFIndicator = 0
1 vRF!Header!SuFIndicator = 1

3
SEA

Syntax Error on Channel A — protocol related variable: vSS!SyntaxError channel A
0 vSS!SyntaxError = 0
1 vSS!SyntaxError = 1

2
CEA

Content Error on Channel A — protocol related variable: vSS!ContentError channel A
0 vSS!ContentError = 0
1 vSS!ContentError = 1

1
BVA

Boundary Violation on Channel A — protocol related variable: vSS!BViolation channel A
0 vSS!BViolation = 0
1 vSS!BViolation = 1

0
TCA

Transmission Conflict on Channel A — protocol related variable: vSS!TxConflict channel A
0 vSS!TxConflict = 0
1 vSS!TxConflict = 1

Module Base + 0x0078
(SSCR0)
Module Base + 0x007A
(SSCR1)
Module Base + 0x007C
(SSCR2)
Module Base + 0x007E
(SSCR3)

Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SLOTSTATUSCNT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-48. Slow Status Counter Registers (SSCR0–SSCR3)

Table 13-58. SSR0–SSR7 Field Descriptions (continued)

Field Description
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ore
NOTE
If the counter has reached its maximum value 0xFFFF and is in the
multicycle mode, i.e. SSCCRn[MCY] = 1, the counter is not reset to
0x0000. The application can reset the counter by clearing the
SSCCRn[MCY] bit and waiting for the next cycle start, when the FlexRay
block clears the counter. Subsequently, the counter can be set into the
multicycle mode again.

13.5.2.49 MTS A Configuration Register (MTSACFR)

Write: MTE: Anytime; CYCCNTMSK,CYCCNTVAL:POC:conÞg

This register controls the transmission of the Media Access Test Symbol MTS on channel A. For m
details, seeSection 13.6.13, ÒMTS GenerationÓ.

13.5.2.50 MTS B Configuration Register (MTSBCFR)

Table 13-59. SSCR0–SSCR3 Field Descriptions

Field Description

15–0
SLOTSTATUSCNT

Slot Status Counter — This field provides the current value of the Slot Status Counter.

Module Base + 0x0080

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MTE

0
CYCCNTMSK

0 0
CYCCNTVAL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-49. MTS A Configuration Register (MTSACFR)

Table 13-60. MTSACFR Field Descriptions

Field Description

15
MTE

Media Access Test Symbol Transmission Enable — This control bit is used to enable and disable the
transmission of the Media Access Test Symbol in the selected set of cycles.
0 MTS transmission disabled
1 MTS transmission enabled

13–8
CYCCNTMSK

Cycle Counter Mask — This field provides the filter mask for the MTS cycle count filter.

5–0
CYCCNTVAL

Cycle Counter Value — This field provides the filter value for the MTS cycle count filter.

Module Base + 0x0082

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MTE

0
CYCCNTMSK

0 0
CYCCNTVAL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-50. MTS B Configuration Register (MTSBCFR)
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t, refer
Write: MTE: Anytime; CYCCNTMSK,CYCCNTVAL:POC:conÞg

This register controls the transmission of the Media Access Test Symbol MTS on channel B. For m
details, seeSection 13.6.13, ÒMTS GenerationÓ.

13.5.2.51 Receive Shadow Buffer Index Register (RSBIR)

Write: WMD, SEL: Any Time; RSBIDX: POC:conÞg

This register is used to provide and retrieve the indices of the message buffer header Þelds curre
associated with the receive shadow buffers. For more details on the receive shadow buffer concep
to Section 13.6.6.3.5, ÒReceive Shadow Buffers ConceptÓ.

Table 13-61. MTSBCFR Field Descriptions

Field Description

15
MTE

Media Access Test Symbol Transmission Enable — This control bit is used to enable and disable the
transmission of the Media Access Test Symbol in the selected set of cycles.
0 MTS transmission disabled
1 MTS transmission enabled

13–8
CYCCNTMSK

Cycle Counter Mask — This field provides the filter mask for the MTS cycle count filter.

5–0
CYCCNTVAL

Cycle Counter Value — This field provides the filter value for the MTS cycle count filter.

Module Base + 0x0084 16-bit write access required

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
SEL

0 0 0 0 0 0
RSBIDX

W WMD

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-51. Receive Shadow Buffer Index Register (RSBIR)

Table 13-62. RSBIR Field Descriptions

Field Description

15
WMD

Write Mode — This bit controls the write mode for this register.
0 update SEL and RSBIDX field on register write
1 update only SEL field on register write

13–12
SEL

Selector — This field is used to select the internal receive shadow buffer index register for access.
00 RSBIR_A1 — receive shadow buffer index register for channel A, segment 1
01 RSBIR_A2 — receive shadow buffer index register for channel A, segment 2
10 RSBIR_B1 — receive shadow buffer index register for channel B, segment 1
11 RSBIR_B2 — receive shadow buffer index register for channel B, segment 2

5–0
RSBIDX

Receive Shadow Buffer Index — This field contains the current index of the message buffer header field of the
receive shadow message buffer selected by the SEL field. The FlexRay block uses this index to determine the
physical location of the shadow buffer header field in the FlexRay memory. The FlexRay block will update this
field during receive operation.The application provides initial message buffer header index value in the
configuration phase.
FlexRay block: Updates the message buffer header index after successful reception.
Application: Provides initial message buffer header index.
MC9S12XF - Family Reference Manual, Rev.1.19
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FIFO.
13.5.2.52 Receive FIFO Selection Register (RFSR)

Write: Anytime

This register is used to select a receiver FIFO for subsequent access through the receiver FIFO
conÞguration registers summarized inTable 13-62.

13.5.2.53 Receive FIFO Start Index Register (RFSIR)

Write: POC:conÞg

This register deÞnes the message buffer header index of the Þrst message buffer of the selected 

Module Base + 0x0086

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SEL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-52. Receive FIFO Selection Register (RFSR)

Table 13-63. SEL Controlled Receiver FIFO Registers

Register

Receive FIFO Start Index Register (RFSIR)

Receive FIFO Depth and Size Register (RFDSR)

Receive FIFO Message ID Acceptance Filter Value Register (RFMIDAFVR)

Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)

Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)

Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)

Receive FIFO Range Filter Configuration Register (RFRFCFR)

Receive FIFO Range Filter Control Register (RFRFCTR)

Table 13-64. RFSR Field Descriptions

Field Description

0
SEL

Select — This control bit selects the receiver FIFO for subsequent programming.
0 Receiver FIFO for channel A selected
1 Receiver FIFO for channel B selected

Module Base + 0x0088

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0
SIDX

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-53. Receive FIFO Start Index Register (RFSIR)
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h entry.

at the
13.5.2.54 Receive FIFO Depth and Size Register (RFDSR)

Write: POC:conÞg

This register deÞnes the structure of the selected FIFO, i.e. the number of entries and the size of eac

13.5.2.55 Receive FIFO A Read Index Register (RFARIR)

This register provides the message buffer header index of the next available receive FIFO A entry th
application can read.

Table 13-65. RFSIR Field Descriptions

Field Description

9–0
SIDX

Start Index — This field defines the number of the message buffer header field of the first message buffer of the
selected receive FIFO. The FlexRay block uses the value of the SIDX field to determine the physical location of
the receiver FIFO’s first message buffer header field.

Module Base + 0x008A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FIFO_DEPTH

0
ENTRY_SIZE

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-54. Receive FIFO Depth and Size Register (RFDSR)

Table 13-66. RFDSR Field Descriptions

Field Description

15–8
FIFO_DEPTH

FIFO Depth — This field defines the depth of the selected receive FIFO, i.e. the number of entries.

6–0
ENTRY_SIZE

Entry Size — This field defines the size of the frame data sections for the selected receive FIFO in 2 byte
entities.

Module Base + 0x008C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 RDIDX

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-55. Receive FIFO A Read Index Register (RFARIR)

Table 13-67. RFARIR Field Descriptions

Field Description

9–0
RDIDX

Read Index — This field provides the message buffer header index of the next available receive FIFO message
buffer that the application can read. The FlexRay block increments this index when the application writes to the
FNEAIF flag in the Global Interrupt Flag and Enable Register (GIFER). The index wraps back to the first
message buffer header index if the end of the FIFO was reached.
MC9S12XF - Family Reference Manual, Rev.1.19
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at the

FO. For
NOTE
If the receive FIFO not empty ßag FNEAIF is not set, the RDIDX Þeld
points to an physical message buffer which content is not valid. Only when
FNEAIF is set, the message buffer indicated by RDIDX contains valid data.

13.5.2.56 Receive FIFO B Read Index Register (RFBRIR)

This register provides the message buffer header index of the next available receive FIFO B entry th
application can read.

NOTE
If the receive FIFO not empty ßag FNEBIF is not set, the RDIDX Þeld
points to an physical message buffer which content is not valid. Only when
FNEBIF is set, the message buffer indicated by RDIDX contains valid data.

13.5.2.57 Receive FIFO Message ID Acceptance Filter Value Register
(RFMIDAFVR)

Write: POC:conÞg

This register deÞnes the Þlter value for the message ID acceptance Þlter of the selected receive FI
details on message ID Þltering seeSection 13.6.9.5, ÒReceive FIFO ÞlteringÓ.

Module Base + 0x008E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 RDIDX

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-56. Receive FIFO B Read Index Register (RFBRIR)

Table 13-68. RFBRIR Field Descriptions

Field Description

9–0
RDIDX

Read Index — This field provides the message buffer header index of the next available receive FIFO entry that
the application can read. The FlexRay block increments this index when the application writes to the FNEBIF
flag in the Global Interrupt Flag and Enable Register (GIFER).The index wraps back to the first message buffer
header index if the end of the FIFO was reached.

Module Base + 0x0090

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MIDAFVAL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-57. Receive FIFO Message ID Acceptance Filter Value Register (RFMIDAFVR)
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FO. For

details
13.5.2.58 Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)

Write: POC:conÞg

This register deÞnes the Þlter mask for the message ID acceptance Þlter of the selected receive FI
details on message ID Þltering seeSection 13.6.9.5, ÒReceive FIFO ÞlteringÓ.

13.5.2.59 Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)

Write: POC:conÞg

This register deÞnes the Þlter value for the frame ID rejection Þlter of the selected receive FIFO. For
on frame ID Þltering seeSection 13.6.9.5, ÒReceive FIFO ÞlteringÓ.

Table 13-69. RFMIDAFVR Field Descriptions

Field Description

15–0
MIDAFVAL

Message ID Acceptance Filter Value — Filter value for the message ID acceptance filter.

Module Base + 0x0092

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MIDAFMSK

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-58. Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)

Table 13-70. RFMIAFMR Field Descriptions

Field Description

15–0
MIDAFMSK

Message ID Acceptance Filter Mask — Filter mask for the message ID acceptance filter.

Module Base + 0x0094

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
FIDRFVAL

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-59. Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)

Table 13-71. RFFIDRFVR Field Descriptions

Field Description

10–0
FIDRFVAL

Frame ID Rejection Filter Value — Filter value for the frame ID rejection filter.
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details

lected
13.5.2.60 Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)

Write: POC:conÞg

This register deÞnes the Þlter mask for the frame ID rejection Þlter of the selected receive FIFO. For
on frame ID Þltering seeSection 13.6.9.5, ÒReceive FIFO ÞlteringÓ.

13.5.2.61 Receive FIFO Range Filter Configuration Register (RFRFCFR)

Write: WMD, IBD, SEL: Any Time; SID:POC:conÞg

This register provides access to the four internal frame ID range Þlter boundary registers of the se
receive FIFO. For details on frame ID range Þlter seeSection 13.6.9.5, ÒReceive FIFO ÞlteringÓ.

Module Base + 0x0096

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
FIDRFMSK

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-60. Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)

Table 13-72. RFFIDRFMR Field Descriptions

Field Description

10–0
FIDRFMSK

Frame ID Rejection Filter Mask — Filter mask for the frame ID rejection filter.

Module Base + 0x0098 16-bit write access required

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
IBD SEL

0
SID

W WMD

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-61. Receive FIFO Range Filter Configuration Register (RFRFCFR)

Table 13-73. RFRFCFR Field Descriptions

Field Description

15
WMD

Write Mode — This control bit defines the write mode of this register.
0 Write to all fields in this register on write access.
1 Write to SEL and IBD field only on write access.

14
IBD

Interval Boundary — This control bit selects the interval boundary to be programmed with the SID value.
0 program lower interval boundary
1 program upper interval boundary
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ning as
13.5.2.62 Receive FIFO Range Filter Control Register (RFRFCTR)

Write: Anytime

This register is used to enable and disable each frame ID range Þlter and to deÞne whether it is run
acceptance or rejection Þlter.

13–12
SEL

Filter Selector — This control field selects the frame ID range filter to be accessed.
00 select frame ID range filter 0.
01 select frame ID range filter 1.
10 select frame ID range filter 2.
11 select frame ID range filter 3.

10–0
SID

Slot ID — Defines the IBD-selected frame ID boundary value for the SEL-selected range filter.

Module Base + 0x009A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0
F3MD F2MD F1MD F0MD

0 0 0 0
F3EN F2EN F1EN F0EN

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-62. Receive FIFO Range Filter Control Register (RFRFCTR)

Table 13-74. RFRFCTR Field Descriptions (Sheet 1 of 2)

Field Description

11
F3MD

Range Filter 3 Mode — This control bit defines the filter mode of the frame ID range filter 3.
0 range filter 3 runs as acceptance filter
1 range filter 3 runs as rejection filter

10
F2MD

Range Filter 2 Mode — This control bit defines the filter mode of the frame ID range filter 2.
0 range filter 2 runs as acceptance filter
1 range filter 2 runs as rejection filter

9
F1MD

Range Filter 1 Mode — This control bit defines the filter mode of the frame ID range filter 1.
0 range filter 1 runs as acceptance filter
1 range filter 1 runs as rejection filter

8
F0MD

Range Filter 0 Mode — This control bit defines the filter mode of the frame ID range filter 0.
0 range filter 0 runs as acceptance filter
1 range filter 0 runs as rejection filter

3
F3EN

Range Filter 3 Enable — This control bit is used to enable and disable the frame ID range filter 3.
0 range filter 3 disabled
1 range filter 3 enabled

2
F2EN

Range Filter 2 Enable — This control bit is used to enable and disable the frame ID range filter 2.
0 range filter 2 disabled
1 range filter 2 enabled

Table 13-73. RFRFCFR Field Descriptions (continued)

Field Description
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. This
ication

. This
ication
13.5.2.63 Last Dynamic Transmit Slot Channel A Register (LDTXSLAR)

This register provides the number of the last transmission slot in the dynamic segment for channel A
register is updated after the end of the dynamic segment and before the start of the next commun
cycle.

13.5.2.64 Last Dynamic Transmit Slot Channel B Register (LDTXSLBR)

This register provides the number of the last transmission slot in the dynamic segment for channel B
register is updated after the end of the dynamic segment and before the start of the next commun
cycle.

1
F1EN

Range Filter 1 Enable — This control bit is used to enable and disable the frame ID range filter 1.
0 range filter 1 disabled
1 range filter 1 enabled

0
F0EN

Range Filter 0 Enable — This control bit is used to enable and disable the frame ID range filter 0.
0 range filter 0 disabled
1 range filter 0 enabled

Module Base + 0x009C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 LASTDYNTXSLOTA

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-63. Last Dynamic Slot Channel A Register (LDTXSLAR)

Table 13-75. LDTXSLAR Field Descriptions

Field Description

10–0
LASTDYNTX

SLOTA

Last Dynamic Transmission Slot Channel A — protocol related variable: zLastDynTxSlot channel A
Number of the last transmission slot in the dynamic segment for channel A. If no frame was transmitted during
the dynamic segment on channel A, the value of this field is set to 0.

Module Base + 0x009E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 LASTDYNTXSLOTB

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-64. Last Dynamic Slot Channel B Register (LDTXSLBR)

Table 13-76. LDTXSLBR Field Descriptions

Field Description

10–0
LASTDYNTX

SLOTB

Last Dynamic Transmission Slot Channel B — protocol related variable: zLastDynTxSlot channel B
Number of the last transmission slot in the dynamic segment for channel B. If no frame was transmitted during
the dynamic segment on channel B the value of this field is set to 0.

Table 13-74. RFRFCTR Field Descriptions (Sheet 2 of 2)

Field Description
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col
13.5.2.65 Protocol Configuration Registers

The following conÞguration registers provide the necessary conÞguration information to the proto
engine. The individual values in the registers are described inTable 13-76. For more details about the
FlexRay related conÞguration parameters and the allowed parameter ranges, seeFlexRay Communications
System Protocol SpeciÞcation, Version 2.1 Rev A.

Table 13-77. Protocol Configuration Register Fields (Sheet 1 of 2)

Name Description(1) Min Max Unit PCR

coldstart_attempts gColdstartAttempts number 3

action_point_offset gdActionPointOffset - 1 MT 0

cas_rx_low_max gdCASRxLowMax - 1 gdBit 4

dynamic_slot_idle_phase gdDynamicSlotIdlePhase minislot 28

minislot_action_point_offset gdMinislotActionPointOffset - 1 MT 3

minislot_after_action_point gdMinislot - gdMinislotActionPointOffset - 1 MT 2

static_slot_length gdStaticSlot MT 0

static_slot_after_action_point gdStaticSlot - gdActionPointOffset - 1 MT 13

symbol_window_exists gdSymbolWindow!=0 0 1 bool 9

symbol_window_after_action_point gdSymbolWindow - gdActionPointOffset - 1 MT 6

tss_transmitter gdTSSTransmitter gdBit 5

wakeup_symbol_rx_idle gdWakeupSymbolRxIdle gdBit 5

wakeup_symbol_rx_low gdWakeupSymbolRxLow gdBit 3

wakeup_symbol_rx_window gdWakeupSymbolRxWindow gdBit 4

wakeup_symbol_tx_idle gdWakeupSymbolTxIdle gdBit 8

wakeup_symbol_tx_low gdWakeupSymbolTxLow gdBit 5

noise_listen_timeout (gListenNoise * pdListenTimeout) - 1 µT 16/17

macro_initial_offset_a pMacroInitialOffset[A] MT 6

macro_initial_offset_b pMacroInitialOffset[B] MT 16

macro_per_cycle gMacroPerCycle MT 10

macro_after_first_static_slot gMacroPerCycle - gdStaticSlot MT 1

macro_after_offset_correction gMacroPerCycle - gOffsetCorrectionStart MT 28

max_without_clock_correction_fatal gMaxWithoutClockCorrectionFatal cyclepairs 8

max_without_clock_correction_passive gMaxWithoutClockCorrectionPassive cyclepairs 8

minislot_exists gNumberOfMinislots!=0 0 1 bool 9

minislots_max gNumberOfMinislots - 1 minislot 29

number_of_static_slots gNumberOfStaticSlots static slot 2

offset_correction_start gOffsetCorrectionStart MT 11

payload_length_static gPayloadLengthStatic 2-bytes 19

max_payload_length_dynamic pPayloadLengthDynMax 2-bytes 24

first_minislot_action_point_offset max(gdActionPointOffset,
gdMinislotActionPointOffset) - 1

MT 13

allow_halt_due_to_clock pAllowHaltDueToClock bool 26

allow_passive_to_active pAllowPassiveToActive cyclepairs 12
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cluster_drift_damping pClusterDriftDamping µT 24

comp_accepted_startup_range_a pdAcceptedStartupRange -
pDelayCompensationChA

µT 22

comp_accepted_startup_range_b pdAcceptedStartupRange -
pDelayCompensationChB

µT 26

listen_timeout pdListenTimeout - 1 µT 14/15

key_slot_id pKeySlotId number 18

key_slot_used_for_startup pKeySlotUsedForStartup bool 11

key_slot_used_for_sync pKeySlotUsedForSync bool 11

latest_tx gNumberOfMinislots - pLatestTx minislot 21

sync_node_max gSyncNodeMax number 30

micro_initial_offset_a pMicroInitialOffset[A] µT 20

micro_initial_offset_b pMicroInitialOffset[B] µT 20

micro_per_cycle pMicroPerCycle µT 22/23

micro_per_cycle_min pMicroPerCycle - pdMaxDrift µT 24/25

micro_per_cycle_max pMicroPerCycle + pdMaxDrift µT 26/27

micro_per_macro_nom_half round(pMicroPerMacroNom / 2) µT 7

offset_correction_out pOffsetCorrectionOut µT 9

rate_correction_out pRateCorrectionOut µT 14

single_slot_enabled pSingleSlotEnabled bool 10

wakeup_channel pWakeupChannel see Table 13-77 10

wakeup_pattern pWakeupPattern number 18

decoding_correction_a pDecodingCorrection +
pDelayCompensation[A] + 2

µT 19

decoding_correction_b pDecodingCorrection +
pDelayCompensation[B] + 2

µT 7

key_slot_header_crc header CRC for key slot 0x000 0x7FF number 12

extern_offset_correction pExternOffsetCorrection µT 29

extern_rate_correction pExternRateCorrection µT 21
1. See FlexRay Communications System Protocol Specification, Version 2.1 Rev A for detailed protocol parameter definitions

Table 13-78. Wakeup Channel Selection

wakeup_channel Wakeup Channel

0 A

1 B

Table 13-77. Protocol Configuration Register Fields (Sheet 2 of 2)

Name Description(1) Min Max Unit PCR
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13.5.2.65.1 Protocol Configuration Register 0 (PCR0)

Write: POC:conÞg

13.5.2.65.2 Protocol Configuration Register 1 (PCR1)

Write: POC:conÞg

13.5.2.65.3 Protocol Configuration Register 2 (PCR2)

Write: POC:conÞg

13.5.2.65.4 Protocol Configuration Register 3 (PCR3)

Write: POC:conÞg

Module Base + 0x00A0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
action_point_offset static_slot_length

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-65. Protocol Configuration Register 0 (PCR0)

Module Base + 0x00A2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
macro_after_first_static_slot

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-66. Protocol Configuration Register 1 (PCR1)

Module Base + 0x00A4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
minislot_after_action_point number_of_static_slots

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-67. Protocol Configuration Register 2 (PCR2)

Module Base + 0x00A6

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
wakeup_symbol_rx_low minislot_action_point_offset[4:0] coldstart_attempts

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-68. Protocol Configuration Register 3 (PCR3)
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13.5.2.65.5 Protocol Configuration Register 4 (PCR4)

Write: POC:conÞg

13.5.2.65.6 Protocol Configuration Register 5 (PCR5)

Write: POC:conÞg

13.5.2.65.7 Protocol Configuration Register 6 (PCR6)

Write: POC:conÞg

13.5.2.65.8 Protocol Configuration Register 7 (PCR7)

Write: POC:conÞg

Module Base + 0x00A8

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
cas_rx_low_max wakeup_symbol_rx_window

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-69. Protocol Configuration Register 4 (PCR4)

Module Base + 0x00AA

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
tss_transmitter wakeup_symbol_tx_low wakeup_symbol_rx_idle

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-70. Protocol Configuration Register 5 (PCR5)

Module Base + 0x00AC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
symbol_window_after_action_point macro_initial_offset_a

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-71. Protocol Configuration Register 6 (PCR6)

Module Base + 0x00AE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
decoding_correction_b micro_per_macro_nom_half

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-72. Protocol Configuration Register 7 (PCR7)
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13.5.2.65.9 Protocol Configuration Register 8 (PCR8)

Write: POC:conÞg

13.5.2.65.10 Protocol Configuration Register 9 (PCR9)

Write: POC:conÞg

13.5.2.65.11 Protocol Configuration Register 10 (PCR10)

Write: POC:conÞg

Module Base + 0x00B0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R max_without_clock_
correction_fatal

max_without_clock_
correction_passive

wakeup_symbol_tx_idle
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-73. Protocol Configuration Register 8 (PCR8)

Module Base + 0x00B2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
mini
slot_
exists

sym
bol_
win

dow_
exists

offset_correction_out

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-74. Protocol Configuration Register 9 (PCR9)

Module Base + 0x00B4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R single
_slot
_en

abled

wake
up_
chan
nel

macro_per_cycle
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-75. Protocol Configuration Register 10 (PCR10)
MC9S12XF - Family Reference Manual, Rev.1.19

Freescale Semiconductor 529



Chapter 13 FlexRay Communication Controller (FLEXRAY)
13.5.2.65.12 Protocol Configuration Register 11 (PCR11)

Write: POC:conÞg

13.5.2.65.13 Protocol Configuration Register 12 (PCR12)

Write: POC:conÞg

13.5.2.65.14 Protocol Configuration Register 13 (PCR13)

Write: POC:conÞg

13.5.2.65.15 Protocol Configuration Register 14 (PCR14)

Write: POC:conÞg

Module Base + 0x00B6

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R key_
slot_

used_
for_
start
up

key_
slot_

used_
for_
sync

offset_correction_start
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-76. Protocol Configuration Register 11 (PCR11)

Module Base + 0x00B8

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
allow_passive_to_active key_slot_header_crc

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-77. Protocol Configuration Register 12 (PCR12)

Module Base + 0x00BA

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
first_minislot_action_point_offset static_slot_after_action_point

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-78. Protocol Configuration Register 13 (PCR13)

Module Base + 0x00BC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
rate_correction_out listen_timeout[20:16]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-79. Protocol Configuration Register 14 (PCR14)
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13.5.2.65.16 Protocol Configuration Register 15 (PCR15)

Write: POC:conÞg

13.5.2.65.17 Protocol Configuration Register 16 (PCR16)

Write: POC:conÞg

13.5.2.65.18 Protocol Configuration Register 17 (PCR17)

Write: POC:conÞg

13.5.2.65.19 Protocol Configuration Register 18 (PCR18)

Write: POC:conÞg

Module Base + 0x00BE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
listen_timeout[15:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-80. Protocol Configuration Register 15 (PCR15)

Module Base + 0x00C0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
macro_initial_offset_b noise_listen_timeout[24:16]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-81. Protocol Configuration Register 16 (PCR16)

Module Base + 0x00C2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
noise_listen_timeout[15:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-82. Protocol Configuration Register 17 (PCR17)

Module Base + 0x00C4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
wakeup_pattern key_slot_id

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-83. Protocol Configuration Register 18 (PCR18)
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13.5.2.65.20 Protocol Configuration Register 19 (PCR19)

Write: POC:conÞg

13.5.2.65.21 Protocol Configuration Register 20 (PCR20)

Write: POC:conÞg

13.5.2.65.22 Protocol Configuration Register 21 (PCR21)

Write: POC:conÞg

13.5.2.65.23 Protocol Configuration Register 22 (PCR22)

Write: POC:conÞg

Module Base + 0x00C6

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
decoding_correction_a payload_length_static

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-84. Protocol Configuration Register 19 (PCR19)

Module Base + 0x00C8

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
micro_initial_offset_b micro_initial_offset_a

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-85. Protocol Configuration Register 20 (PCR20)

Module Base + 0x00CA

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R extern_rate_
correction

latest_tx
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-86. Protocol Configuration Register 21 (PCR21)

Module Base + 0x00CC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
R* comp_accepted_startup_range_a micro_per_cycle[19:16

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-87. Protocol Configuration Register 22 (PCR22)
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13.5.2.65.24 Protocol Configuration Register 23 (PCR23)

Write: POC:conÞg

13.5.2.65.25 Protocol Configuration Register 24 (PCR24)

Write: POC:conÞg

13.5.2.65.26 Protocol Configuration Register 25 (PCR25)

Write: POC:conÞg

13.5.2.65.27 Protocol Configuration Register 26 (PCR26)

Write: POC:conÞg

Module Base + 0x00CE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
micro_per_cycle[15:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-88. Protocol Configuration Register 23 (PCR23)

Module Base + 0x00D0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
cluster_drift_damping max_payload_length_dynamic

micro_per_cycle_min
[19:16]W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-89. Protocol Configuration Register 24 (PCR24)

Module Base + 0x00D2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
micro_per_cycle_min[15:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-90. Protocol Configuration Register 25 (PCR25)

Module Base + 0x00D4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R allow
_halt_
due
_to_
clock

comp_accepted_startup_range_b
micro_per_cycle_max

[19:16]W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-91. Protocol Configuration Register 26 (PCR26)
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13.5.2.65.28 Protocol Configuration Register 27 (PCR27)

Write: POC:conÞg

13.5.2.65.29 Protocol Configuration Register 28 (PCR28)

Write: POC:conÞg

13.5.2.65.30 Protocol Configuration Register 29 (PCR29)

Write: POC:conÞg

13.5.2.65.31 Protocol Configuration Register 30 (PCR30)

Write: POC:conÞg

Module Base + 0x00D6

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
micro_per_cycle_max[15:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-92. Protocol Configuration Register 27 (PCR27)

Module Base + 0x00D8

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R dynamic_slot
_idle_phase

macro_after_offset_correction
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-93. Protocol Configuration Register 28 (PCR28)

Module Base + 0x00DA

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R extern_offset_
correction

minislots_max
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-94. Protocol Configuration Register 29 (PCR29)

Module Base + 0x00DC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0
sync_node_max

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-95. Protocol Configuration Register 30 (PCR30)
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trol data,
13.5.2.66 Message Buffer Configuration, Control, Status Registers (MBCCSRn)

Write: MCM, MBT, MTD: POC:conÞg or MB_DIS
CMT: MB_LCK
EDT, LCKT, MBIE, MBIF: Normal Mode

The content of these registers comprises message buffer conÞguration data, message buffer con
message buffer status information, and message buffer interrupt ßags.

Module Base + 0x0100 (MBCCSR0)
Module Base + 0x0108 (MBCCSR1)
...
Module Base + 0x01F8 (MBCCSR31)

Additional Reset: CMT, DUP, DVAL, MBIF: Message Buffer Disable

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MCM MBT MTD

CMT 0 0
MBIE

0 0 0 DUP DVAL EDS LCKS MBIF

W rwm EDT LCKT w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-96. Message Buffer Configuration, Control, Status Registers (MBCCSRn)

Table 13-79. MBCCSRn Field Descriptions (Sheet 1 of 3)

Field Description

Message Buffer Configuration

14
MCM

Message Buffer Commit Mode — This bit applies only to double buffered transmit message buffers and defines
the commit mode.
0 Streaming commit mode
1 Immediate commit mode

13
MBT

Message Buffer Type — This bit applies only to transmit message buffers and defines the buffering type.
0 Single buffered transmit message buffer
1 Double buffered transmit message buffer

12
MTD

Message Buffer Transfer Direction — This bit defines the transfer direction of the message buffer.
0 Receive message buffer
1 Transmit message buffer

Message Buffer Control

11
CMT

Commit for Transmission — This bit applies only to transmit message buffers and indicates whether the
message buffer contains valid data that are ready for transmission. Both the application and the FlexRay block
can modify this bit.
 • Application: The application sets this bit to indicate that the transmit message buffer contains valid data ready

for transmission. The application clears this bit to indicate that the message buffer data are no longer valid for
transmission.

 • FlexRay block: The FlexRay block clears this bit when the message buffer data are no longer valid for
transmission.

0 Message buffer does not contain valid data.
1 Message buffer contains valid data.
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fer to
13.5.2.67 Message Buffer Cycle Counter Filter Registers (MBCCFRn)

Write: POC:conÞg or MB_DIS

This register contains message buffer conÞguration data for the transmission mode, the channel
assignment, and for the cycle counter Þltering. For detailed information on cycle counter Þltering, re
Section 13.6.7.1, ÒMessage Buffer Cycle Counter FilteringÓ.

1
LCKS

Lock Status — This status bit indicates the current lock status of the message buffer.
0 Message buffer is not locked by the application.
1 Message buffer is locked by the application.

0
MBIF

Message Buffer Interrupt Flag — The semantic of this flag depends on the message buffer transfer direction.
 • Receive Message Buffer: This flag is set when the slot status in the message buffer header field was updated

and this slot was not an empty dynamic slot. See Section 13.6.6.3.3, “Message Buffer Status Update” for a
detailed description of the update conditions.

0 slot status not updated
1 slot status updated and slot was not an empty dynamic slot
 • Transmit Message Buffer: This flag is set when the slot status in the message buffer header field was updated.

Additionally this flag is set immediately when a transmit message buffer was enabled.
0 slot status not updated
1 slot status updated / message buffer just enabled

Module Base + 0x0102 (MBCCFR0)
Module Base + 0x010A (MBCCFR1)
...
Module Base + 0x01FA (MBCCFR31)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MTM CHA CHB CCFE CCFMSK CCFVAL

W

Reset - - - - - - - - - - - - - - - -

Figure 13-97. Message Buffer Cycle Counter Filter Registers (MBCCFRn)

Table 13-80. MBCCFRn Field Descriptions

Field Description

15
MTM

Message Buffer Transmission Mode — This control bit applies only to transmit message buffers and defines
the transmission mode.
0 Event transmission mode
1 State transmission mode

14–13
CHA
CHB

Channel Assignment — These control bits define the channel assignment and control the receive and transmit
behavior of the message buffer according to Table 13-80.

12
CCFE

Cycle Counter Filtering Enable — This control bit is used to enable and disable the cycle counter filtering.
0 Cycle counter filtering disabled
1 Cycle counter filtering enabled

Table 13-79. MBCCSRn Field Descriptions (Sheet 3 of 3)

Field Description
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NOTE
If at least one message buffer assigned to a certain slot is assigned to both
channels, then all message buffers assigned to this slot have to be assigned
to both channels. Otherwise, the message buffer conÞguration is illegal and
the result of the message buffer search is not deÞned.

13.5.2.68 Message Buffer Frame ID Registers (MBFIDRn)

Write: POC:conÞg or MB_DIS

11–6
CCFMSK

Cycle Counter Filtering Mask — This field defines the filter mask for the cycle counter filtering.

5–0
CCFVAL

Cycle Counter Filtering Value — This field defines the filter value for the cycle counter filtering.

Table 13-81. Channel Assignment Description

CHA CHB
Transmit Message Buffer Receive Message Buffer

static segment dynamic segment static segment dynamic segment

1 1 transmit on both channel A
and channel B

transmit on channel A only store first valid frame
received on either
channel A or channel B

store first valid frame
received on channel A,
ignore channel B

0 1 transmit on channel B transmit on channel B store first valid frame
received on channel B

store first valid frame
received on channel B

1 0 transmit on channel A transmit on channel A store first valid frame
received on channel A

store first valid frame
received on channel A

0 0 no frame transmission no frame transmission no frame stored no frame stored

Module Base + 0x0104 (MBFIDR0)
Module Base + 0x010C (MBFIDR1)
...
Module Base + 0x01FC (MBFIDR31)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
FID

W

Reset 0 0 0 0 0 - - - - - - - - - - -

Figure 13-98. Message Buffer Frame ID Registers (MBFIDRn)

Table 13-80. MBCCFRn Field Descriptions

Field Description
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13.5.2.69 Message Buffer Index Registers (MBIDXRn)

Write: POC:conÞg or MB_DIS

Table 13-82. MBFIDRn Field Descriptions

Field Description

10–0
FID

Frame ID — The semantic of this field depends on the message buffer transfer type.
 • Receive Message Buffer: This field is used as a filter value to determine if the message buffer is used for

reception of a message received in a slot with the slot ID equal to FID.
 • Transmit Message Buffer: This field is used to determine the slot in which the message in this message buffer

should be transmitted.

Module Base + 0x0106 (MBIDXR0)
Module Base + 0x010E (MBIDXR1)
...
Module Base + 0x01FE (MBIDXR31)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0
MBIDX

W

Reset 0 0 0 0 0 0 0 0 0 0 - - - - - -

Figure 13-99. Message Buffer Index Registers (MBIDXRn)

Table 13-83. MBIDXRn Field Descriptions

Field Description

5–0
MBIDX

Message Buffer Index — This field provides the index of the message buffer header field of the physical
message buffer that is currently associated with this message buffer.
The application writes the index of the initially associated message buffer header field into this register. The
FlexRay block updates this register after frame reception or transmission.
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13.6 Functional Description
This section provides a detailed description of the functionality implemented in the FlexRay block.

13.6.1 Message Buffer Concept

The FlexRay block uses a data structure calledmessage bufferto store frame data, conÞguration, contro
and status data. Each message buffer consists of two parts, themessage buffer control dataand thephysical
message buffer.The message buffer control data are located in dedicated registers. The structure o
message buffer control data depends on the message buffer type and is described inSection 13.6.3,
ÒMessage Buffer TypesÓ. The physical message buffer is located in the FRM and is described in
Section 13.6.2, ÒPhysical Message BufferÓ.

13.6.2 Physical Message Buffer

All FlexRay messages and related frame and slot status information of received frames and of fra
be transmitted to the FlexRay bus are stored in data structures calledphysical message buffers. The
physical message buffers are located in the FRM.The structure of a physical message buffer is dep
Figure 13-100.

A physical message buffer consists of two Þelds, themessage buffer header Þeld and themessage buffer
data Þeld. The message buffer header Þeld contains theframe header, thedata Þeld offset, and theslot
status.The message buffer data Þeld contains theframe data.

The connection between the two Þelds is established by thedata Þeld offset.

Figure 13-100. Physical Message Buffer Structure

13.6.2.1 Message Buffer Header Field

The message buffer header Þeld is a contiguous region in the FRM and occupies ten bytes. It conta
frame header, the data Þeld offset, and the slot status. Its structure is shown inFigure 13-100. The physical
start addressSADR_MBHF of the message buffer header Þeld must be 16-bit aligned.

13.6.2.1.1 Frame Header

The frame header occupies the Þrst six bytes in the message buffer header Þeld. It contains all F
frame header related information according to theFlexRay Communications System Protocol

Data Field Offset

Frame Data

Message Buffer Header Field

Message Buffer Data Field

Slot StatusFrame Header

SADR_MBDF

SADR_MBHF
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y
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SpeciÞcation, Version 2.1 Rev A. A detailed description of the usage and the content of the frame he
is provided inSection 13.6.5.2.1, ÒFrame Header Section DescriptionÓ.

13.6.2.1.2 Data Field Offset

The data Þeld offset follows the frame header in the message buffer data Þeld and occupies two b
contains the offset of the corresponding message buffer data Þeld with respect to the FlexRay bloc
base address as provided by SYS_MEM_BASE_ADDR Þeld in theSystem Memory Base Address High
Register (SYMBADHR) and System Memory Base Address Low Register (SYMBADLR)Ó. The data Þeld
offset is used to determine the start addressSADR_MBDFof the corresponding message buffer data Þeld
the FRM according toEquation 13-2.

SADR_MBDF = [Data Field Offset] + SYS_MEM_BASE_ADDR Eqn. 13-2

13.6.2.1.3 Slot Status

The slot status occupies the last two bytes of the message buffer header Þeld. It provides the slot an
status related information according to theFlexRay Communications System Protocol SpeciÞcation,
Version 2.1 Rev A. A detailed description of the content and usage of the slot status is provided in
Section 13.6.5.2.3, ÒSlot Status DescriptionÓ.

13.6.2.2 Message Buffer Data Field

The message buffer data Þeld is a contiguous area of 2-byte entities. This Þeld contains the frame p
data, or a part of it, of the frame to be transmitted to or received from the FlexRay bus. The minimum l
of this Þeld depends on the speciÞc message buffer conÞguration and is speciÞed in the messag
descriptions given inSection 13.6.3, ÒMessage Buffer TypesÓ.

13.6.3 Message Buffer Types

The FlexRay block provides three different types of message buffers.

¥ Individual Message Buffers
¥ Receive Shadow Buffers
¥ Receive FIFO Buffers

For each message buffer type the structure of the physical message buffer is identical. The messag
types differ only in the structure and content of message buffer control data, which control the rela
physical message buffer. The message buffer control data are described in the following sections.

13.6.3.1 Individual Message Buffers

The individual message buffers are used for all types of frame transmission and for dedicated fram
reception based on individual Þlter settings for each message buffer. The FlexRay block supports
types of individual message buffers, which are described inSection 13.6.6, ÒIndividual Message Buffer
Functional DescriptionÓ.
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Each individual message buffer consists of two parts, the physical message buffer, which is located
FRM, and the message buffer control data, which are located in dedicated registers. The structure
individual message buffer is given inFigure 13-101.

Each individual message buffer has a message buffer number n assigned, which determines the s
message buffer control registers associated to this individual message buffer. The individual mess
buffer with message buffer numbern is controlled by the registers MBCCSRn, MBCCFRn, MBFIDRn
and MBIDXRn.

The connection between the message buffer control registers and the physical message buffer is
established by the message buffer index Þeld MBIDX in theMessage Buffer Index Registers (MBIDXRn).
The start address SADR_MBHF of the related message buffer header Þeld in the FRM is determi
according toEquation 13-3.

SADR_MBHF = (MBIDXRn[MBIDX] * 10) + SYS_MEM_BASE_ADDR Eqn. 13-3

Figure 13-101. Individual Message Buffer Structure

13.6.3.1.1 Individual Message Buffer Segments

The set of the individual message buffers can be split up into two message buffer segments using
Message Buffer Segment Size and Utilization Register (MBSSUTR). All individual message buffers with
a message buffer number n <= MBSSUTR.LAST_MB_SEG1 belong to the Þrst message buffer seg
All individual message buffers with a message buffer number n > MBSSUTR.LAST_MB_SEG1 be
to the second message buffer segment. The following rules apply to the length of the message buff
Þeld:

¥ all physical message buffers associated to individual message buffers that belong to the sa
message buffer segment must have message buffer data Þelds of the same length

¥ the minimum length of the message buffer data Þeld for individual message buffers in the 
message buffer segment is 2 * MBDSR.MBSEG1DS bytes

¥ the minimum length of the message buffer data Þeld for individual message buffers assigned
second segment is 2 * MBDSR.MBSEG2DS bytes.

MBFIDRn

Message Buffer Control Registers

MBCCSRn MBCCFRn MBIDXRn

(min) MBDSR[MBSEG1DS] * 2 bytes / MBDSR[MBSEG2DS] * 2 bytes

Data Field Offset

Frame Data

Message Buffer Header Field

Message Buffer Data Field

Slot StatusFrame Header

SADR_MBDF

SADR_MBHF
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13.6.3.2 Receive Shadow Buffers

The receive shadow buffers are required for the frame reception process for individual message b
The FlexRay block provides four receive shadow buffers, one receive shadow buffer per channel a
message buffer segment.

Each receive shadow buffer consists of two parts, the physical message buffer located in the FRM a
receive shadow buffer control registers located in dedicated registers. The structure of a receive s
buffer is shown inFigure 13-102. The four internal shadow buffer control registers can be accessed by
Receive Shadow Buffer Index Register (RSBIR).

The connection between the receive shadow buffer control register and the physical message buffer
selected receive shadow buffer is established by the receive shadow buffer index Þeld RSBIDX in
Receive Shadow Buffer Index Register (RSBIR). The start address SADR_MBHF of the related messa
buffer header Þeld in the FRM is determined according toEquation 13-4.

SADR_MBHF = (RSBIR[RSBIDX] * 10) + SYS_MEM_BASE_ADDR Eqn. 13-4

The length required for the message buffer data Þeld depends on the message buffer segment th
receive shadow buffer is assigned to. For the receive shadow buffers assigned to the Þrst messag
segment, the length must be the same as for the individual message buffers assigned to the Þrst 
buffer segment. For the receive shadow buffers assigned to the second message buffer segment, th
must be the same as for the individual message buffers assigned to the second message buffer s
The receive shadow buffer assignment is described inReceive Shadow Buffer Index Register (RSBIR).

Figure 13-102. Receive Shadow Buffer Structure

13.6.3.3 Receive FIFO

The receive FIFO implements a frame reception system based on the FIFO concept. The FlexRay
provides two independent receive FIFOs, one per channel.

A receive FIFO consists of a set of physical message buffers in the FRM and a set of receive FIFO c
registers located in dedicated registers. The structure of a receive FIFO is given inFigure 13-103.

RSBIDX[3]
RSBIDX[2]

RSBIDX[1]
RSBIDX[0]

Receive Shadow Buffer Control Register

(min) MBDSR[MBSEG1DS] * 2 bytes / MBDSR[MBSEG2DS] * 2 bytes

Data Field Offset

Frame Data

Message Buffer Header Field

Message Buffer Data Field

Slot StatusFrame Header

SADR_MBDF

SADR_MBHF
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The connection between the receive FIFO control registers and the set of physical message buffe
established by the start index Þeld SIDX in theReceive FIFO Start Index Register (RFSIR), the FIFO
depth Þeld FIFO_DEPTH in theReceive FIFO Depth and Size Register (RFDSR), and the read index Þeld
RDIDX Receive FIFO A Read Index Register (RFARIR) / Receive FIFO B Read Index Register
(RFBRIR). The start address SADR_MBHF_1 of the Þrst message buffer header Þeld that belongs
receive FIFO in the FRM is determined according toEquation 13-5.

SADR_MBHF[1] = (RFSIR[SIDX] * 10) + SYS_MEM_BASE_ADDR Eqn. 13-5

The start address SADR_MBHF[n] of the last message buffer header Þeld that belongs to the receiv
in the FRM is determined according toEquation 13-6.

SADR_MBHF[n] = ((RFSIR[SIDX] + RFDSR[FIFO_DEPTH]) * 10) + SYS_MEM_BASE_ADDR Eqn. 13-6

NOTE
All message buffer header Þelds assigned to a receive FIFO must be a
contiguous region.

Figure 13-103. Receive FIFO Structure

RFBRIRRFDSR[B] RFSIR[B]
RFARIRRFDSR[A] RFSIR[A]

Frame Header[1] Slot Status[1]Data Field Offset[1]

Receive FIFO Control Register
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13.6.3.4 Message Buffer Configuration and Control Data

This section describes the conÞguration and control data for each message buffer type.

13.6.3.4.1 Individual Message Buffer Configuration Data

Before an individual message buffer can be used for transmission or reception, it must be conÞgured
is a set of common conÞguration parameters that applies to all individual message buffers and a 
conÞguration parameters that applies to each message buffer individually.

Common Configuration Data

The set of common conÞguration data for individual message buffers is located in the following reg

¥ Message Buffer Data Size Register (MBDSR)
The MBSEG2DS and MBSEG1DS Þelds deÞne the minimum length of the message buffe
Þeld with respect to the message buffer segment.

¥ Message Buffer Segment Size and Utilization Register (MBSSUTR)
The LAST_MB_SEG1 and LAST_MB_UTIL Þelds deÞne the segmentation of the individua
message buffers and the number of individual message buffers that are used. For more deta
Section 13.6.3.1.1, ÒIndividual Message Buffer SegmentsÓ

Specific Configuration Data

The set of message buffer speciÞc conÞguration data for individual message buffers is located in
following registers.

¥ Message Buffer ConÞguration, Control, Status Registers (MBCCSRn)
The MCM, MBT, MTD bits conÞgure the message buffer type.

¥ Message Buffer Cycle Counter Filter Registers (MBCCFRn)
The MTM, CHA, CHB bits conÞgure the transmission mode and the channel assignment. T
CCFE, CCFMSK, and CCFVAL bits and Þelds conÞgure the cycle counter Þlter.

¥ Message Buffer Frame ID Registers (MBFIDRn)
For a transmit message buffer, the FID Þeld is used to determine the slot in which the mess
this message buffer will be transmitted.

¥ Message Buffer Index Registers (MBIDXRn)
This MBIDX Þeld provides the index of the message buffer header Þeld of the physical me
buffer that is currently associated with this message buffer.

13.6.3.5 Individual Message Buffer Control Data

During normal operation, each individual message buffer can be controlled by the control and trigge
CMT, LCKT, EDT, and MBIE in theMessage Buffer ConÞguration, Control, Status Registers
(MBCCSRn).
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13.6.3.6 Receive Shadow Buffer Configuration Data

Before frame reception into the individual message buffers can be performed, the receive shadow b
must be conÞgured. The conÞguration data are provided by theReceive Shadow Buffer Index Register
(RSBIR). For each receive shadow buffer, the application provides the message buffer header index.
the protocol is in thePOC:normal active or POC:normal passive state, the receive shadow buffers are
under full FlexRay block control.

13.6.3.7 Receive FIFO Control and Configuration Data

This section describes the conÞguration and control data for the two receive FIFOs.

13.6.3.7.1 Receive FIFO Configuration Data

The FlexRay block provides two completely independent receive FIFOs, one per channel. Each FIF
its own set of conÞguration data. The conÞguration data are located in the following registers:

¥ Receive FIFO Start Index Register (RFSIR)
¥ Receive FIFO Depth and Size Register (RFDSR)
¥ Receive FIFO Message ID Acceptance Filter Value Register (RFMIDAFVR)
¥ Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)
¥ Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)
¥ Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)
¥ Receive FIFO Range Filter ConÞguration Register (RFRFCFR)

13.6.3.7.2 Receive FIFO Control Data

The application can access the receive FIFO at any time using the values provided in theReceive FIFO A
Read Index Register (RFARIR) andReceive FIFO B Read Index Register (RFBRIR). To update the
Receive FIFO A Read Index Register (RFARIR), the application must write 1 to the FIFO A Not Empt
Interrupt Flag FNEAIF in theGlobal Interrupt Flag and Enable Register (GIFER). To update theReceive
FIFO B Read Index Register (RFBRIR) the application must write 1 to the FIFO B Not Empty Interrup
Flag FNEBIF in theGlobal Interrupt Flag and Enable Register (GIFER). As long as the FIFO is not empty,
each update increments the related read index. If the read index has reached the last FIFO entry,
back to the FIFO start index.

13.6.4 FlexRay Memory Layout

The FlexRay block supports a wide range of possible layouts for the FRM.Figure 13-104 shows an
example layout. The following set of rules applies to the layout of the FRM:

¥ The FRM is a contiguous region.
¥ The FRM size is maximum 64 Kbytes.
¥ The FRM starts at a 16 byte boundary.

The FRM contains three areas: themessage buffer header area, themessage buffer data area, and thesync
frame table area. The areas are described in this section.
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Figure 13-104. Example of FRM Layout

13.6.4.1 Message Buffer Header Area

The message buffer header area contains all message buffer header Þelds of the physical messag
for all message buffer types. The following rules apply to the message buffer header Þelds for the
type of message buffers.

1. The start address SADR_MBHF of each message buffer header Þeld forindividual message buffers
andreceive shadow buffersmust fulÞllEquation 13-7.

SADR_MBHF = (i * 10) + SYS_MEM_BASE_ADDR; (0 <= i < 64) Eqn. 13-7

2. The start address SADR_MBHF of each message buffer header Þeld for thereceive FIFOmust
fulÞll Equation 13-8.

SADR_MBHF = (i * 10) + SYS_MEM_BASE_ADDR; (0 <= i < 1024) Eqn. 13-8

3. The message buffer header Þelds for a receive FIFO have to be a contiguous area.

13.6.4.2 Message Buffer Data Area

The message buffer data area contains all the message buffer data Þelds of the physical messag
Each message buffer data Þeld must start at a 16-bit boundary.
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Sync Frame Table Area

Data Field OffsetFrame Header Slot Status

Data Field OffsetFrame Header Slot Status
Message Buffer Header Fields

Individual Message Buffers
Receive Shadow Buffers

Data Field OffsetFrame Header Slot Status

Data Field OffsetFrame Header Slot Status

Message Buffer Header Fields
Receive FIFO A

Data Field OffsetFrame Header Slot Status

Data Field OffsetFrame Header Slot Status

Message Buffer Header Fields
Receive FIFO B

Data Field OffsetFrame Header Slot Status
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13.6.4.3 Sync Frame Table Area

The sync frame table area is used to provide a copy of the internal sync frame tables for application a
Refer toSection 13.6.12, ÒSync Frame ID and Sync Frame Deviation TablesÓ for the description of the
sync frame table area.

13.6.5 Physical Message Buffer Description

This section provides a detailed description of the usage and the content of the two parts of a phy
message buffer, the message buffer header Þeld and the message buffer data Þeld.

13.6.5.1 Message Buffer Protection and Data Consistency

The physical message buffers are located in the FRM. The FlexRay block provides no means to prot
FRM from uncontrolled or illegal host or other client write access. To ensure data consistency of t
physical message buffers, the application must follow the write access scheme that is given in the
description of each of the physical message buffer Þelds.

13.6.5.2 Message Buffer Header Field Description

This section provides a detailed description of the usage and content of the message buffer header
description of the structure of the message buffer header Þelds is given inSection 13.6.2.1, ÒMessage
Buffer Header FieldÓ. Each message buffer header Þeld consists of three sections: the frame head
section, the data Þeld offset, and the slot status section. For a detailed description of the Data Field
seeSection 13.6.2.1.2, ÒData Field OffsetÓ.

13.6.5.2.1 Frame Header Section Description

Frame Header Section Content

The semantic and content of the frame header section depends on the message buffer type.

For individual receive message buffers and receive FIFOs, the frame header receives the frame hea
of theÞrst valid frame received on the assigned channels. If a receive message buffer is assigned t
channels, the Þrst valid frame received on either channel A or channel B is stored.

For receive shadow buffers, the frame header receives the frame header data of the current frame r
regardless of whether the frame is valid or not.

For single and double transmit message buffers, the application writes the frame header of the fram
transmitted into this location. The frame header will be read out when the frame is transferred to t
FlexRay bus.

The structure of the frame header in the message buffer header Þeld is given inFigure 13-105. A detailed
description of the frame header Þelds is given inTable 13-84.
MC9S12XF - Family Reference Manual, Rev.1.19

548 Freescale Semiconductor



Chapter 13 FlexRay Communication Controller (FLEXRAY)

write

rite to

es. In

he
cked.

values
nd

ue

frame
Figure 13-105. Frame Header Structure

Frame Header Section Access

The frame header is located in the FRM. To ensure data consistency, the application must follow the
access scheme described below.

For receive message buffers, receive shadow buffers, and receive FIFOs, the application must not w
the frame header Þeld.

For transmit message buffers, the application must follow the write access restrictions given inTable 13-
83. This table shows the condition under which the application can write to the frame header entri
general, the application can modify all frame header entries when the protocol is in thePOC:conÞgstate
or when the message buffer is disabled. For message buffers assigned to the dynamic segment, t
application can modify all frame header entries except the frame ID when the message buffer is lo

The frame header entries NUF, SYF, SUF, and CYCCNT are not used for frame transmission. These
are generated internally before frame transmission depending on the current transmission state a
conÞguration.

For transmit message buffers assigned to thestaticsegment, the PLDLEN value must be equal to the val
of the payload_length_static Þeld in theProtocol ConÞguration Register 19 (PCR19). If this is not fulÞlled,
the static payload length error ßag SPL_EF in theCHI Error Flag Register (CHIERFR) is set when the
message buffer is under transmission. The PE generates a syntactically and semantically correct 
with payload_length_static payload words and the payload length Þeld in the frame header set to
payload_length_static.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x0 R* PPI NUF SYF SUF FID
0x2 CYCCNT PLDLEN
0x4 HDCRC

= not used for TX message buffers, not updated for RX message buffers

Table 13-84. Frame Header Write Access Constraints

Field

TX

Single Buffered Double Buffered

Static
Segment

Dynamic
Segment

Static Segment Dynamic Segment

Commit Side Transmit Side Commit Side Transmit Side

FID POC:config or MB_DIS

R*, PPI
NUF, SYF

SUF
CYCCNT
PLDLEN
HDCRD

POC:config
or

MB_DIS

POC:config
or

MB_DIS
or

MB_LCK

POC:config
or

MB_DIS

POC:config
or

MB_DIS
or

MB_LCK

POC:config
or

MB_DIS
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For transmit message buffers assigned to thedynamic segment, the PLDLEN value must be less than o
equal to the value of the max_payload_length_dynamic Þeld in theProtocol ConÞguration Register 24
(PCR24). If this is not fulÞlled, the dynamic payload length error ßag DPL_EF in theCHI Error Flag
Register (CHIERFR) is set when the message buffer is under transmission. The PE generates a
syntactically and semantically correct dynamic frame with PLDLEN payload words and the payloa
length Þeld in the frame header set to PLDLEN.

Table 13-85. Frame Header Field Descriptions

Field Description

R* Reserved Bit — This bit corresponds to the Reserved bit in the FlexRay frame header.
 • For receive and FIFO message buffers, this is a status bit and represents the value of the Reserved bit in the

frame received on the FlexRay bus in the corresponding slot.
 • For transmit message buffers, this is a control bit. The FlexRay block transmits this within the frame header.
Note: For protocol compliant operation, this control bit must be set to 0 for transmit message buffers.

PPI Payload Preamble Indicator — This bit corresponds to the Payload Preamble Indicator in the FlexRay frame
header.
 • For receive and FIFO message buffers, this is a status bit and represents the value of the Payload Preamble

Indicator of the first valid frame received on the FlexRay in the slot indicated by the CYCCNT field.
 • For transmit message buffers, this is a control bit. The FlexRay block uses this value to set the Payload

Preamble Indicator in the frame header of the frame to transmit.
0 No network management vector or message ID in frame payload data
1 Static Segment: Frame payload data contains network management vector

Dynamic Segment: Frame payload data contains message ID

NUF Null Frame Indicator — This bit corresponds to the Null Frame Indicator in the FlexRay frame header.
 • For receive message buffers and receive FIFOs, this is a status bit and represents the value of the Null Frame

Indicator of the first valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field.
 • For transmit message buffers, the value of this bit is ignored. The FlexRay block determines internally whether

a null frame or non-null frame must be transmitted and sets the Null Frame Indicator accordingly.
0 Null frame received
1 Normal frame received

SYF Sync Frame Indicator — This bit corresponds to the Sync Frame Indicator in the FlexRay frame header.
 • For receive message buffers and receive FIFOs, this is a status bit and represents the value of the Sync Frame

Indicator of the first valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field.
 • For transmit message buffers, the value of this bit is ignored. The FlexRay block determines internally whether

a sync frame must be transmitted and sets the Sync Frame Indicator accordingly.

SUF Startup Frame Indicator — This bit corresponds to the Startup Frame Indicator in the FlexRay frame header.
 • For receive message buffers and receive FIFOs, this is a status bit and represents the value of the Startup

Frame Indicator of the first valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field
 • For transmit message buffers, the value of this bit is ignored. The FlexRay block determines internally whether

a startup frame must be transmitted and sets the Startup Frame Indicator accordingly.

FID Frame ID
 • For receive message buffers and receive FIFOs, this field provides the value of the Frame ID field of the first

valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field.
 • For transmit message buffers, this field provides the value that will be transmitted in the Frame ID field of the

FlexRay frame.
Note: For transmit message buffers, the application must program this field to the same value as in the

corresponding Message Buffer Frame ID Registers (MBFIDRn). If the FlexRay block detects a mismatch
while transmitting the frame header, it will set the frame ID error flag FID_EF in the CHI Error Flag Register
(CHIERFR). The value of the FID field will be ignored and replaced by the value provided in the Message
Buffer Frame ID Registers (MBFIDRn).
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13.6.5.2.2 Data Field Offset Description

Data Field Offset Content

For a detailed description of the Data Field Offset, seeSection 13.6.2.1.2, ÒData Field OffsetÓ.

Data Field Offset Access

The application shall program the Data Field Offset when conÞguring the message buffers either 
POC:conÞg state or when the message buffer is disabled.

13.6.5.2.3 Slot Status Description

The slot status is a read-only structure for the application and a write-only structure for the FlexRay b
The meaning and content of the slot status in the message buffer header Þeld depends on the me
buffer type.

Receive Message Buffer and Receive FIFO Slot Status Description

This section describes the slot status structure for the individual receive message buffers and rece
FIFOs. The content of the slot status structure for receive message buffers depends on the messag
type and on the channel assignment for individual receive message buffers as given byTable 13-85.

CYCCNT Cycle Count
 • For receive message buffer and receive FIFOs, this field provides the number of the communication cycle in

which the frame stored in this message buffer was received.
 • For transmit message buffers, the value of this field is ignored. The FlexRay block will overwrite this value with

the current cycle count value when it transmits the frame.

PLDLEN Payload Length in 16-Bit Units
 • For receive message buffers and receive FIFOs, this field provides the value of the payload length field of the

first valid frame received on the FlexRay bus in the slot indicated by the FID field.
 • For transmit message buffers assigned to the static segment, this value is ignored for the frame generation.

The FlexRay block uses the value in the PCR19.paylaod_length_static to set the value of the Payload length
field in the transmitted frame.

 • For transmit message buffers assigned to the dynamic segment, this value is used to set the value of the
Payload length field in the transmitted frame.

Note: The value of this field is given in numbers of 16-bit units

HDCRC Header CRC
 • For receive and FIFO message buffers, this field provides the value of the Header CRC of the received frame.
 • For transmit message buffers, this field provides the Header CRC value as it was given by the application.The

FlexRay block transmits this value in the Header CRC field of the transmitted frame.

Table 13-85. Frame Header Field Descriptions (continued)

Field Description
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The meaning of the bits in the slot status structure is explained inTable 13-86.

Figure 13-106. Receive Message Buffer Slot Status Structure (ChAB)

Figure 13-107. Receive Message Buffer Slot Status Structure (ChA)

Figure 13-108. Receive Message Buffer Slot Status Structure (ChB)

Table 13-86. Receive Message Buffer Slot Status Content

Receive Message Buffer Type Slot Status Content

Individual Receive Message Buffer assigned to both channels
MBCCSRn.CHA=1 and MBCCSRn.CHB=1

see Figure 13-106

Individual Receive Message Buffer assigned to channel A
MBCCSRn.CHA=1 and MBCCSRn.CHB=0

see Figure 13-107

Individual Receive Message Buffer assigned to channel B
MBCCSRn.CHA=0 and MBCCSRn.CHB=1

see Figure 13-108

Receive FIFO Channel A Message Buffer see Figure 13-107

Receive FIFO Channel B Message Buffer see Figure 13-108

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFB SYB NFB SUB SEB CEB BVB CH VFA SYA NFA SUA SEA CEA BVA 0

Reset – – – – – – – – – – – – – – – –

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 VFA SYA NFA SUA SEA CEA BVA 0

Reset – – – – – – – – – – – – – – – –

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFB SYB NFB SUB SEB CEB BVB 1 0 0 0 0 0 0 0 0

Reset – – – – – – – – – – – – – – – –

Table 13-87. Receive Message Buffer Slot Status Field Descriptions

Field Description

Common Message Buffer Status Bits

15
VFB

Valid Frame on Channel B — protocol related variable: vSS!ValidFrame channel B
0 vSS!ValidFrame = 0
1 vSS!ValidFrame = 1

14
SYB

Sync Frame Indicator Channel B — protocol related variable: vRF!Header!SyFIndicator channel B
0 vRF!Header!SyFIndicator = 0
1 vRF!Header!SyFIndicator = 1

13
NFB

Null Frame Indicator Channel B — protocol related variable: vRF!Header!NFIndicator channel B
0 vRF!Header!NFIndicator = 0
1 vRF!Header!NFIndicator = 1

12
SUB

Startup Frame Indicator Channel B — protocol related variable: vRF!Header!SuFIndicator channel B
0 vRF!Header!SuFIndicator = 0
1 vRF!Header!SuFIndicator = 1
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The meaning of the bits in the slot status structure is described inTable 13-86.

Figure 13-109. Transmit Message Buffer Slot Status Structure (ChAB)

Figure 13-110. Transmit Message Buffer Slot Status Structure (ChA)

Figure 13-111. Transmit Message Buffer Slot Status Structure (ChB)

Table 13-88. Transmit Message Buffer Slot Status Content

Transmit Message Buffer Type Slot Status Content

Individual Transmit Message Buffer assigned to both channels
MBCCSRn.CHA=1 and MBCCSRn.CHB=1

see Figure 13-109

Individual Transmit Message Buffer assigned to channel A
MBCCSRn.CHA=1 and MBCCSRn.CHB=0

see Figure 13-110

Individual Transmit Message Buffer assigned to channel B
MBCCSRn.CHA=0 and MBCCSRn.CHB=1

see Figure 13-111

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFB SYB NFB SUB SEB CEB BVB TCB VFA SYA NFA SUA SEA CEA BVA TCA

Reset – – – – – – – – – – – – – – – –

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 VFA SYA NFA SUA SEA CEA BVA TCA

Reset – – – – – – – – – – – – – – – –

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFB SYB NFB SUB SEB CEB BVB TCB 0 0 0 0 0 0 0 0

Reset – – – – – – – – – – – – – – – –

Table 13-89. Transmit Message Buffer Slot Status Structure Field Descriptions

Field Description

15
VFB

Valid Frame on Channel B — protocol related variable: vSS!ValidFrame channel B
0 vSS!ValidFrame = 0
1 vSS!ValidFrame = 1

14
SYB

Sync Frame Indicator Channel B — protocol related variable: vRF!Header!SyFIndicator channel B
0 vRF!Header!SyFIndicator = 0
1 vRF!Header!SyFIndicator = 1

13
NFB

Null Frame Indicator Channel B — protocol related variable: vRF!Header!NFIndicator channel B
0 vRF!Header!NFIndicator = 0
1 vRF!Header!NFIndicator = 1

12
SUB

Startup Frame Indicator Channel B — protocol related variable: vRF!Header!SuFIndicator channel B
0 vRF!Header!SuFIndicator = 0
1 vRF!Header!SuFIndicator = 1

11
SEB

Syntax Error on Channel B — protocol related variable: vSS!SyntaxError channel B
0 vSS!SyntaxError = 0
1 vSS!SyntaxError = 1

10
CEB

Content Error on Channel B — protocol related variable: vSS!ContentError channel B
0 vSS!ContentError = 0
1 vSS!ContentError = 1
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13.6.5.3 Message Buffer Data Field Description

The message buffer data Þeld is used to store the frame payload data, or a part of it, of the frame
transmitted to or received from the FlexRay bus. The minimum required length of this Þeld depends
message buffer type that the physical message buffer is assigned to and is given inTable 13-89. The
structure of the message buffer data Þeld is given inFigure 13-112.

9
BVB

Boundary Violation on Channel B — protocol related variable: vSS!BViolation channel B
0 vSS!BViolation = 0
1 vSS!BViolation = 1

8
TCB

Transmission Conflict on Channel B — protocol related variable: vSS!TxConflict channel B
0 vSS!TxConflict = 0
1 vSS!TxConflict = 1

7
VFA

Valid Frame on Channel A — protocol related variable: vSS!ValidFrame channel A
0 vSS!ValidFrame = 0
1 vSS!ValidFrame = 1

6
SYA

Sync Frame Indicator Channel A — protocol related variable: vRF!Header!SyFIndicator channel A
0 vRF!Header!SyFIndicator = 0
1 vRF!Header!SyFIndicator = 1

5
NFA

Null Frame Indicator Channel A — protocol related variable: vRF!Header!NFIndicator channel A
0 vRF!Header!NFIndicator = 0
1 vRF!Header!NFIndicator = 1

4
SUA

Startup Frame Indicator Channel A — protocol related variable: vRF!Header!SuFIndicator channel A
0 vRF!Header!SuFIndicator = 0
1 vRF!Header!SuFIndicator = 1

3
SEA

Syntax Error on Channel A — protocol related variable: vSS!SyntaxError channel A
0 vSS!SyntaxError = 0
1 vSS!SyntaxError = 1

2
CEA

Content Error on Channel A — protocol related variable: vSS!ContentError channel A
0 vSS!ContentError = 0
1 vSS!ContentError = 1

1
BVA

Boundary Violation on Channel A — protocol related variable: vSS!BViolation channel A
0 vSS!BViolation = 0
1 vSS!BViolation = 1

0
TCA

Transmission Conflict on Channel A — protocol related variable: vSS!TxConflict channel A
0 vSS!TxConflict = 0
1 vSS!TxConflict = 1

Table 13-90. Message Buffer Data Field Minimum Length

physical message buffer
assigned to

minimum length defined by

Individual Message Buffer in Segment 1 MBDSR.MBSEG1DS

Receive Shadow Buffer in Segment 1 MBDSR.MBSEG1DS

Individual Message Buffer in Segment 2 MBDSR.MBSEG2DS

Receive Shadow Buffer in Segment 2 MBDSR.MBSEG2DS

Receive FIFO for channel A RFDSR.ENTRY_SIZE (RFSR.SEL = 0)

Table 13-89. Transmit Message Buffer Slot Status Structure Field Descriptions (continued)

Field Description
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NOTE
The FlexRay block will not access any locations outside the message buffer
data Þeld boundaries given byTable 13-89.

Figure 13-112. Message Buffer Data Field Structure

The message buffer data Þeld is located in the FRM; thus, the FlexRay block has no means to co
application write access to the Þeld. To ensure data consistency, the application must follow a wri
read access scheme.

13.6.5.3.1 Message Buffer Data Field Read Access

For transmit message buffers, the FlexRay block will not modify the content of the Message Buffer
Field. Thus the application can read back the data at any time without any impact on data consist

For receive message buffers the application must lock the related receive message buffer and ret
message buffer header index from theMessage Buffer Index Registers (MBIDXRn). While the message
buffer is locked, the FlexRay block will not update the Message Buffer Data Field.

For receive FIFOs, the application can read the message buffer indicated by theReceive FIFO A Read
Index Register (RFARIR)or theReceive FIFO B Read Index Register (RFBRIR)when the related receive
FIFO non-empty interrupt ßag FNEAIF or FNEBIF is set in theGlobal Interrupt Flag and Enable Registe
(GIFER). While the non-empty interrupt ßag is set, the FlexRay block will not update the Message B
Data Field related to message buffer indicated byReceive FIFO A Read Index Register (RFARIR)or the
Receive FIFO B Read Index Register (RFBRIR).

13.6.5.3.2 Message Buffer Data Field Write Access

For receive message buffers, receive shadow buffers, and receive FIFOs, the application must not w
the message buffer data Þeld.

For transmit message buffers, the application must follow the write access restrictions given inTable 13-
90.

Receive FIFO for channel B RFDSR.ENTRY_SIZE (RFSR.SEL = 1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0x0 DATA0 / MID0 / NMV0 DATA1 / MID1 / NMV1

0x2 DATA2 / NMV2 DATA3 / NMV3

... ... ...

0xN-2 DATA N-2 DATA N-1

Table 13-90. Message Buffer Data Field Minimum Length

physical message buffer
assigned to

minimum length defined by
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13.6.6 Individual Message Buffer Functional Description

The FlexRay block provides three basic types of individual message buffers:

1. Single Transmit Message Buffers
2. Double Transmit Message Buffers
3. Receive Message Buffers

Before an individual message buffer can be used, it must be conÞgured by the application. After the
conÞguration, the message buffer can be reconÞgured later. The set of the conÞguration data for ind
message buffers is given inSection 13.6.3.4.1, ÒIndividual Message Buffer ConÞguration DataÓ.

13.6.6.1 Individual Message Buffer Configuration

The individual message buffer conÞguration consists of two steps. The Þrst step is the allocation 
required amount of memory for the FRM. The second step is the programming of the message bu
conÞguration registers, which is described in this section.

13.6.6.1.1 Common Configuration Data

One part of the message buffer conÞguration data is common to all individual message buffers an
receive shadow buffers. These data can only be set when the protocol is in thePOC:conÞg state.

The application conÞgures the number of utilized individual message buffers by writing the messa
buffer number of the last utilized message buffer into the LAST_MB_UTIL Þeld in theMessage Buffer
Segment Size and Utilization Register (MBSSUTR).

Table 13-91. Frame Data Write Access Constraints

Field single buffered
double buffered

commit side transmit side

DATA, MID, NMV POC:config or MB_DIS
or MB_LCK

POC:config or MB_DIS
or MB_LCK

POC:config or MB_DIS

Table 13-92. Frame Data Field Descriptions

Field Description

DATA[0:N-1] Message Data — Provides the message data received or to be transmitted.
For receive message buffer and receive FIFOs, this field provides the message data received for this message
buffer.
For transmit message buffers, the field provides the message data to be transmitted.

MID[0:1] Message Identifier — If the payload preamble bit PPI is set in the message buffer frame header, the MID field
holds the message ID of a dynamic frame located in the message buffer. The receive FIFO filter uses the
received message ID for message ID filtering.

NMV[0:11] Network Management Vector — If the payload preamble bit PPI is set in the message buffer frame header, the
network management vector field holds the network management vector of a static frame located in the message
buffer.
Note: The MID and NMV bytes replace the corresponding DATA bytes.
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The application conÞgures the size of the two segments of individual message buffers by writing t
message buffer number of the last message buffer in the Þrst segment into the LAST_MB_SEG1 
theMessage Buffer Segment Size and Utilization Register (MBSSUTR)

The application conÞgures the length of the message buffer data Þelds for both of the message b
segments by writing to the MBSEG2DS and MBSEG1DS Þelds in theMessage Buffer Data Size Registe
(MBDSR).

Depending on the current receive functionality of the FlexRay block, the application must conÞgur
receive shadow buffers. For each segment and for each channel with at least one individual receiv
message buffer assigned, the application must conÞgure the related receive shadow buffer using
Receive Shadow Buffer Index Register (RSBIR).

13.6.6.1.2 Specific Configuration Data

The second part of the message buffer conÞguration data is speciÞc for each message buffer.

These data can be changed only when either

¥ the protocol is in thePOC:conÞg state or
¥ the message buffer is disabled, i.e. MBCCSRn.EDS = 0

The individual message buffer type is deÞned by the MTD and MBT bits in theMessage Buffer
ConÞguration, Control, Status Registers (MBCCSRn) as given inTable 13-92.

The message buffer specific configuration data are

1. MCM, MBT, MTD bits inMessage Buffer ConÞguration, Control, Status Registers (MBCCS
2. all Þelds and bits inMessage Buffer Cycle Counter Filter Registers (MBCCFRn)
3. all Þelds and bits inMessage Buffer Frame ID Registers (MBFIDRn)
4. all Þelds and bits inMessage Buffer Index Registers (MBIDXRn)

The meaning of the speciÞc conÞguration data depends on the message buffer type, as given in the
message buffer type descriptionsSection 13.6.6.2, ÒSingle Transmit Message BuffersÓ,Section 13.6.6.3,
ÒReceive Message BuffersÓ, andSection 13.6.6.4, ÒDouble Transmit Message BufferÓ.

13.6.6.2 Single Transmit Message Buffers

The section provides a detailed description of the functionality of single buffered transmit message b

A single transmit message buffer is used by the application to provide message data to the FlexRay
that will be transmitted over the FlexRay Bus. The FlexRay block uses the transmit message buffe

Table 13-93. Individual Message Buffer Types

MBCCSRn.MTD MBCCSRn.MBT Individual Message Buffer Description

0 0 Receive Message Buffer

0 1 Reserved

1 0 Single Transmit Message Buffer

1 1 Double Transmit Message Buffer
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provide information about the transmission process and status information about the slot in which me
was transmitted.

The individual message buffer with message buffer numbern is conÞgured to be a single transmit messa
buffer by the following settings:

¥ MBCCSRn.MBT = 0 (single buffered message buffer)
¥ MBCCSRn.MTD = 1 (transmit message buffer)

13.6.6.2.1 Access Regions

To certain message buffer Þelds, both the application and the FlexRay block have access. To ens
consistency, a message buffer locking scheme is implemented, which is used to control the acces
data, control, and status bits of a message buffer. The access regions for single transmit message
are depicted inFigure 13-113. A description of the regions is given inTable 13-93. If an region is active
as indicated inTable 13-94, the access scheme given for that region applies to the message buffer.

Figure 13-113. Single Transmit Message Buffer Access Regions

The trigger bits MBCCSRn.EDT and MBCCSRn.LCKT, and the interrupt enable bit MBCCSRn.MB
are not under access control and can be accessed from the application at any time. The status bi

Table 13-94. Single Transmit Message Buffer Access Regions Description

Region
Access from

Region used for
Application Module

CFG read/write - Message Buffer Configuration

MSG read/write - Message Data and Slot Status Access

NF - read-only Message Header Access for Null Frame Transmission

TX - read/write Message Transmission and Slot Status Update

CM - read-only Message Buffer Validation

SR - read-only Message Buffer Search

Message Buffer Data Field: DATA[0-N]

Message Buffer Header Field: Frame Header

MBCCSRn.CMT

Message Buffer Header Field: Slot Status

Message Buffer Header Field: Data Field Offset

MBCCFRn.MTM/CHA/CHB/CCF*

MBFIDRn.FID

MBIDXRn.MBIDX

MBCCSRn.MBT/MTD

TX

NF

CMT

SR

CFG

MSG
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MBCCSRn.EDS and MBCCSRn.LCKS are not under access control and can be accessed from th
FlexRay block at any time.

The interrupt ßag MBCCSnR.MBIF is not under access control and can be accessed from the appl
and the FlexRay block at any time. FlexRay block clear access has higher priority.

The FlexRay block restricts its access to the regions depending on the current state of the message
The application must adhere to these restrictions in order to ensure data consistency. The transmit m
buffer states are given inFigure 13-114. A description of the states is given inTable 13-94, which also
provides the access scheme for the access regions.

The status bits MBCCSRn.EDS and MBCCSRn.LCKS provide the application with the required mes
buffer status information. The internal status information is not visible to the application.

13.6.6.2.2 Message Buffer States

This section describes the transmit message buffer states and provides a state diagram.

Figure 13-114. Single Transmit Message Buffer States

Table 13-95. Single Transmit Message Buffer State Description (Sheet 1 of 2)

State
MBCCSRn Access Region

Description
EDS LCKS Appl. Module

Idle 1 0 – CM,
SR

Idle - Message Buffer is idle.
Included in message buffer search.

HDis 0 0 CFG – Disabled - Message Buffer under configuration.
Excluded from message buffer search.

HDisLck 0 1 CFG – Disabled and Locked - Message Buffer under configuration.
Excluded from message buffer search.

HLck 1 1 MSG SR Locked - Applications access to data, control, and status.
Included in message buffer search.

HLckCCSa

HL

HLck

HDisLck

HDis Idle

CCTx
HE

HLckCCMa

SA

CCSa

CCMa
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13.6.6.2.3 Message Buffer Transitions

Application Transitions

The application transitions can be triggered by the application using the commands described inTable 13-
95. The application issues the commands by writing to theMessage Buffer ConÞguration, Control, Statu
Registers (MBCCSRn). Only one command can be issued with one write access. Each command is
executed immediately. If the command is ignored, it must be issued again.

The enable and disable commands issued by writing 1 to the trigger bit MBCCSRn.EDT. The tran
that will be triggered by each of these command depends on the current value of the status bit
MBCCSRn.EDS. If the command triggers the disable transition HD and the message buffer is in o
the states CCSa, HLckCCSa, CCMa, HLckCCMa, CCNf, HLckCCNf, or CCTx, the disable transition
no effect (command is ignored) and the message buffer state is not changed. No notiÞcation is give
application.

The lock and unlock commands issued by writing 1 to the trigger bit MBCCSRn.LCKT. The transition
will be triggered by each of these commands depends on the current value of the status bit
MBCCSRn.LCKS. If the command triggers the lock transition HL and the message buffer is in the
CCTx, the lock transition has no effect (command is ignored) and message buffer state is not chan
this case, the message buffer lock error ßag LCK_EF in theCHI Error Flag Register (CHIERFR) is set.

CCSa 1 0 – – Slot Assigned - Message buffer assigned to next static slot.
Ready for Null Frame transmission.

HLckCCSa 1 1 MSG – Locked and Slot Assigned - Applications access to data, control,
and status.Message buffer assigned to next static slot

CCNf 1 0 – NF Null Frame Transmission
Header is used for null frame transmission.

HLckCCNf 1 1 MSG NF Locked and Null Frame Transmission - Applications access to
data, control, and status. Header is used for null frame transmission.

CCMa 1 0 – CM Message Available - Message buffer is assigned to next slot and
cycle counter filter matches.

HLckCCMa 1 1 MSG – Locked and Message Available - Applications access to data,
control, and status. Message buffer is assigned to next slot and cycle
counter filter matches.

CCTx 1 0 – TX Message Transmission - Message buffer data transmit. Payload
data from buffer transmitted

CCSu 1 0 – TX Status Update - Message buffer status update. Update of status
flags, the slot status field, and the header index.

Table 13-96. Single Transmit Message Buffer Application Transitions

Transition Command Condition Description

HE
MBCCSRn.EDT:= 1

MBCCSRn.EDS = 0 Application triggers message buffer enable.

HD MBCCSRn.EDS = 1 Application triggers message buffer disable.

Table 13-95. Single Transmit Message Buffer State Description (Sheet 2 of 2)

State
MBCCSRn Access Region

Description
EDS LCKS Appl. Module
MC9S12XF - Family Reference Manual, Rev.1.19
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Module Transitions

The module transitions that can be triggered by the FlexRay block are described inTable 13-96. Each
transition will be triggered for certain message buffers when the related condition is fulÞlled.

Transition Priorities

The application can trigger only one transition at a time. There is no need to specify priorities among

As shown in the Þrst part ofTable 13-97, the module transitions have a higher priority than the applicati
transitions. For all states except the CCMa state, both a lock/unlock transition HL/HD and a modu
transition can be executed at the same time. The result state is reached by Þrst applying the appl
transition and subsequently the module transition to the intermediately reached state. For exampl
message buffer is in the HLck state and the application unlocks the message buffer by the HU tra
and the module triggers the slot assigned transition SA, the intermediate state is Idle and the resultin
is CCSa.

The priorities among the module transitions is given in the second part ofTable 13-97.

HL
MBCCSRn.LCKT:= 1

MBCCSRn.LCKS = 0 Application triggers message buffer lock.

HU MBCCSRn.LCKS = 1 Application triggers message buffer unlock.

Table 13-97. Single Transmit Message Buffer Module Transitions

Transition Condition Description

SA slot match and
static slot

Slot Assigned - Message buffer is assigned to next static slot.

MA slot match and
CycleCounter match

Message Available - Message buffer is assigned to next slot and cycle counter
filter matches.

TX slot start and
MBCCSRn.CMT = 1

Transmission Slot Start - Slot Start and commit bit CMT is set.
In case of a dynamic slot, pLatestTx is not exceeded.

SU status updated Status Updated - Slot Status field and message buffer status flags updated.
Interrupt flag set.

STS static slot start Static Slot Start - Start of static slot.

DSS
dynamic slot start or

symbol window start or
NIT start

Dynamic Slot or Segment Start. - Start of dynamic slot or symbol window or
NIT.

SSS
slot start or

symbol window start or
NIT start

Slot or Segment Start - Start of static slot or dynamic slot or symbol window or
NIT.

Table 13-98. Single Transmit Message Buffer Transition Priorities

State Priorities Description

module vs. application

Idle, HLck SA > HD
MA > HD

Slot Assigned > Message Buffer Disable
Message Available > Message Buffer Disable

CCMa TX > HL Transmission Start > Message Buffer Lock

Table 13-96. Single Transmit Message Buffer Application Transitions

Transition Command Condition Description
MC9S12XF - Family Reference Manual, Rev.1.19
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13.6.6.2.4 Transmit Message Setup

To transmit a message over the FlexRay bus, the application writes the message data into the me
buffer data Þeld and sets the commit bit CMT in theMessage Buffer ConÞguration, Control, Status
Registers (MBCCSRn). The physical access to the message buffer data Þeld is described in
Section 13.6.3.1, ÒIndividual Message BuffersÓ.

As indicated byTable 13-94, the application shall write to the message buffer data Þeld and change
commit bit CMT only if the transmit message buffer is in one of the states HDis, HDisLck, HLck,
HLckCCSa, HLckCCMa, or HLckCCMa. The application can change the state of a message buffe
issues the appropriate commands shown inTable 13-95. The state change is indicated through the
MBCCSRn.EDS and MBCCSRn.LCKS status bits.

If the transmit message buffer enters one of the states HDis, HDisLck, HLck, HLckCCSa, HLckCCM
HLckCCMa the MBCCSRn.DVAL ßag is negated.

13.6.6.2.5 Message Transmission

As a result of the message buffer search described inSection 13.6.7, ÒIndividual Message Buffer SearchÓ,
the FlexRay block triggers the message available transition MA for up to two transmit message bu
This changes the message buffer state from Idle to CCMa and the message buffers can be used for m
transmission in the next slot.

The FlexRay block transmits a message from a message buffer if both of the following two condition
fulÞlled at the start of the transmission slot:

1. the message buffer is in the message available state CCMa
2. the message data are still valid, i.e. MBCCSRn.CMT = 1

In this case, the FlexRay block triggers the TX transition and changes the message buffer state to
A transmit message buffer timing and state change diagram for message transmission is given in
Figure 13-115. In this example, the message buffer with message buffer number n is Idle at the start
search slot, matches the slot and cycle number of the next slot, and message buffer data are valid
MBCCSRn.CMT = 1.

module internal

Idle, HLck MA > SA Message Available > Slot Assigned

CCMa TX > STS
TX > DSS

Transmission Slot Start > Static Slot Start
Transmission Slot Start > Dynamic Slot Start

Table 13-98. Single Transmit Message Buffer Transition Priorities

State Priorities Description
MC9S12XF - Family Reference Manual, Rev.1.19
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Figure 13-115. Message Transmission Timing

Figure 13-116. Message Transmission from HLck state with unlock

The amount of message data read from the FRM and transferred to the FlexRay bus is determined
following three items

1. the message buffer segment that the message buffer is assigned to, as deÞned by theMessage
Buffer Segment Size and Utilization Register (MBSSUTR).

2. the message buffer data Þeld size, as deÞned by the related Þeld of theMessage Buffer Data Size
Register (MBDSR)

3. the value of the PLDLEN Þeld in the message buffer header Þeld, as described in
Section 13.6.5.2.1, ÒFrame Header Section DescriptionÓ

If a message buffer is assigned to message buffer segment 1, and PLDLEN > MBSEG1DS, then
2 * MBSEG1DS bytes will be read from the message buffer data Þeld and zero padding is used fo
remaining bytes for the FlexRay bus transfer. If PLDLEN <= MBSEG1DS, the FlexRay block reads
transfers 2*PLDLEN bytes. The same holds for segment 2 and MBSEG2DS.

13.6.6.2.6 Null Frame Transmission

A static slot with slot number S is assigned to the FlexRay block for channel A, if at least one tran
message buffer is conÞgured with the MBFIDRn.FID set to S and MBCCFRn.CHA set to 1. A Null Fr
is transmitted in the static slot S on channel A, if this slot is assigned to the FlexRay block for chann
and all transmit message buffers with MBFIDRn.FID = s and MBCCFRn.CHA = 1 are either not
committed, i.e MBCCSRn.CMT = 0, or locked by the application, i.e. MBCCSRn.LCKS = 1, or the cy
counter Þlter is enabled and does not match.

Additionally, the application can clear the commit bit of a message buffer that is in the CCMa state, w
is calleduncommitor transmit abort. This message buffer will be used for null frame transmission.

As a result of the message buffer search described inSection 13.6.7, ÒIndividual Message Buffer SearchÓ,
the FlexRay block triggers the slot assigned transition SA for up to two transmit message buffers if a
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one of the conditions mentioned above is fulÞlled for these message buffers. The transition SA ch
the message buffer states from either Idle to CCSa or from HLck to HLckCCSa. In each case, the
message buffers will be used for null frame transmission in the next slot. A message buffer timing and
change diagram for null frame transmission from Idle state is given inFigure 13-117.

Figure 13-117. Null Frame Transmission from Idle state

A message buffer timing and state change diagram for null frame transmission from HLck state is
in Figure 13-118.

Figure 13-118. Null Frame Transmission from HLck state

If a transmit message buffer is in the CCSa or HLckCCSa state at the start of the transmission slot,
frame is transmitted in any case, even if the message buffer is unlocked or committed before the
transmission slot starts. A transmit message buffer timing and state change diagram for null frame
transmission for this case is given inFigure 13-119.

Figure 13-119. Null Frame Transmission from HLck state with unlock

Since the null frame transmission will not use the message buffer data, the application can lock/unlo
message buffer during null frame transmission. A transmit message buffer timing and state change d
for null frame transmission for this case is given inFigure 13-120.
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Figure 13-120. Null Frame Transmission from Idle state with locking

13.6.6.2.7 Message Buffer Status Update

After the end of each slot, the PE generates the slot status vector. Depending on the this status, t
transmitted frame type, and the amount of transmitted data, the message buffer status is updated

Message Buffer Status Update after Complete Message Transmission

The term complete message transmission refers to the fact that all payload data stored in the mes
buffer were send to FlexRay bus. In this case, the FlexRay block updates the slot status Þeld of the m
buffer and triggers the status updated transition SU. With the SU transition, the FlexRay block set
message buffer interrupt ßag MBCCSn.MBIF to indicate the successful message transmission.

Depending on the transmission mode ßag MBCCFRn.MTM, the FlexRay block changes the comm
MBCCSRn.CMT and the valid ßag MBCCSRn.DVAL. If the MBCCFRn.MTM ßag is negated, the
message buffer is in theevent transmission mode.In this case, each committed message is transmitted o
once. The commit ßag MBCCSRn.CMT is cleared with the SU transition. If the MBCCFRn.MTM ßa
asserted, the message buffer is in thestate transmission mode. In this case, each committed message is
transmitted as long as the application provides new data or locks the message buffers. The FlexRa
will not clear the MBCCSRn.CMT ßag at the end of transmission and will set the valid ßag
MBCCSRn.DVAL to indicate that the message will be transmitted again.

Message Buffer Status Update after Incomplete Message Transmission

The term incomplete message transmission refers to the fact that not all payload data that should
transmitted were send to FlexRay bus. This may be caused by the following regular conditions in 
dynamic segment:

1. The transmission slot starts in a minislot with a minislot number greater thanpLatestTx.
2. The transmission slot did not exist in the dynamic segment at all.

Additionally, an incomplete message transmission can be caused by internal communication erro
those error occur, the Protocol Engine Communication Failure Interrupt Flag PECF_IF is set in the
Protocol Interrupt Flag Register 1 (PIFR1).

In any of these two cases, the status of the message buffer is not changed at all with the SU transitio
slot status Þeld is not updated, the status and control ßags are not changed, and the interrupt ßag i
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Message Buffer Status Update after Null Frame Transmission

After the transmission of a null frame, the status of the message buffer that was used for the null f
transmission is not changed at all. The slot status Þeld is not updated, the status and control ßag
changed, and the interrupt ßag is not set.

13.6.6.3 Receive Message Buffers

The section provides a detailed description of the functionality of the receive message buffers.

A receive message buffer is used to receive a message from the FlexRay Bus based on individua
criteria. The FlexRay block uses the receive message buffer to provide the following data to the appli

1. message data received
2. information about the reception process
3. status information about the slot in which the message was received

A individual message buffer with message buffer numbern is conÞgured as a receive message buffer 
the following conÞguration settings

¥ MBCCSRn.MBT = 0 (single buffered message buffer)
¥ MBCCSRn.MTD = 0 (receive message buffer)

To certain message buffer Þelds, both the application and the FlexRay block have access. To ens
consistency, a message buffer locking scheme is implemented that is used to control the access to t
control, and status bits of a message buffer. The access regions for receive message buffers are de
Figure 13-121. A description of the regions is given inTable 13-98. If an region is active as indicated in
Table 13-99, the access scheme given for that region applies to the message buffer.

Figure 13-121. Receive Message Buffer Access Regions

Message Buffer Data Field: DATA[0-N]

Message Buffer Header Field: Frame Header

MBCCSRn.DVAL/DUP

Message Buffer Header Field: Slot Status

Message Buffer Header Field: Data Field Offset

MBCCFRn.CHA/CHB/CCF*

MBFIDRn.FID

MBIDXRn.MBIDX

MBCCSRn.MTD

RX

SR

CFG

MSG
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The trigger bits MBCCSRn.EDT and MBCCSRn.LCKT and the interrupt enable bit MBCCSRn.MB
are not under access control and can be accessed from the application at any time. The status bi
MBCCSRn.EDS and MBCCSRn.LCKS are not under access control and can be accessed from th
FlexRay block at any time.

The interrupt ßag MBCCSRn.MBIF is not under access control and can be accessed from the appl
and the FlexRay block at any time. FlexRay block set access has higher priority.

The FlexRay block restricts its access to the regions depending on the current state of the message
The application must adhere to these restrictions in order to ensure data consistency. The receive m
buffer states are given inFigure 13-122. A description of the message buffer states is given inTable 13-
94, which also provides the access scheme for the access regions.

The status bits MBCCSRn.EDS and MBCCSRn.LCKS provide the application with the required st
information. The internal status information is not visible to the application.

Figure 13-122. Receive Message Buffer States

Table 13-99. Receive Message Buffer Access Region Description

Region
Access from

Region used for
Application Module

CFG read/write - Message Buffer Configuration, Message Data and Status Access

MSG read/write - Message Data, Header, and Status Access

RX - write-only Message Reception and Status Update

SR - read-only Message Buffer Search Data

Table 13-100. Receive Message Buffer States and Access (Sheet 1 of 2)

State
MBCCSRn Access from

Description
EDS LCKS Appl. Module

Idle 1 0 – SR Idle - Message Buffer is idle.
Included in message buffer search.

HDis 0 0 CFG – Disabled - Message Buffer under configuration.
Excluded from message buffer search.
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13.6.6.3.1 Message Buffer Transitions

Application Transitions

The application transitions that can be triggered by the application using the commands described
Table 13-100. The application issues the commands by writing to theMessage Buffer ConÞguration,
Control, Status Registers (MBCCSRn). Only one command can be issued with one write access. Eac
command is executed immediately. If the command is ignored, it must be issued again.

The enable and disable commands issued by writing 1 to the trigger bit MBCCSRn.EDT. The tran
that will be triggered by each of these command depends on the current value of the status bit
MBCCSRn.EDS. If the command triggers the disable transition HD and the message buffer is in o
the states CCBs, HLckCCBs, or CCRx, the disable transition has no effect (command is ignored) a
message buffer state is not changed. No notiÞcation is given to the application.

The lock and unlock commands issued by writing 1 to the trigger bit MBCCSRn.LCKT. The transition
will be triggered by each of these commands depends on the current value of the status bit
MBCCSRn.LCKS. If the command triggers the lock transition HL while the message buffer is in the
CCRx, the lock transition has no effect (command is ignored) and message buffer state is not chan
this case, the message buffer lock error ßag LCK_EF in theCHI Error Flag Register (CHIERFR) is set.

HDisLck 0 1 CFG – Disabled and Locked - Message Buffer under configuration.
Excluded from message buffer search.

HLck 1 1 MSG – Locked - Applications access to data, control, and status.
Included in message buffer search.

CCBs 1 0 – – Buffer Subscribed - Message buffer subscribed for reception. Filter
matches next (slot, cycle, channel) tuple.

HLckCCBs 1 1 MSG – Locked and Buffer Subscribed - Applications access to data,
control, and status. Message buffer subscribed for reception.

CCRx 1 0 – – Message Receive - Message data received into related shadow
buffer.

HLckCCRx 1 1 MSG – Locked and Message Receive - Applications access to data,
control, and status. Message data received into related shadow
buffer.

CCSu 1 0 – RX Status Update - Message buffer status update. Update of status
flags, the slot status field, and the header index.

Table 13-101. Receive Message Buffer Application Transitions

Transition Host Command Condition Description

HE
MBCCSRn.EDT:= 1

MBCCSRn.EDS = 0 Application triggers message buffer enable.

HD MBCCSRn.EDS = 1 Application triggers message buffer disable.

HL
MBCCSRn.LCKT:= 1

MBCCSRn.LCKS = 0 Application triggers message buffer lock.

HU MBCCSRn.LCKS = 1 Application triggers message buffer unlock.

Table 13-100. Receive Message Buffer States and Access (Sheet 2 of 2)

State
MBCCSRn Access from

Description
EDS LCKS Appl. Module
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Module Transitions

The module transitions that can be triggered by the FlexRay block are described inTable 13-101. Each
transition will be triggered for certain message buffers when the related condition is fulÞlled.

Transition Priorities

The application can trigger only one transition at a time. There is no need to specify priorities among

As shown inTable 13-102, the module transitions have a higher priority than the application transitio
For all states except the CCRx state, a module transition and the application lock/unlock transition H
and can be executed at the same time. The result state is reached by Þrst applying the module tr
and subsequently the application transition to the intermediately reached state. For example, if the m
buffer is in the buffer subscribed state CCBs and the module triggers the slot start transition SLS 
same time as the application locks the message buffer by the HL transition, the intermediate state is
and the resulting state is locked buffer subscribed state HLckCCRx.

13.6.6.3.2 Message Reception

As a result of the message buffer search, the FlexRay block changes the state of up to two enabled
message buffers from either idle state Idle or locked state HLck to the either subscribed state CCB
locked buffer subscribed state HLckCCBs by triggering the buffer subscribed transition BS.

If the receive message buffers for the next slot are assigned to both channels, then at most one re
message buffer is changed to a buffer subscribed state.

If more than one matching message buffers assigned to a certain channel, then only the message
with the lowest message buffer number is in one of the states mentioned above.

Table 13-102. Receive Message Buffer Module Transitions

Transition Condition Description

BS slot match and
CycleCounter match

Buffer Subscribed - The message buffer filter matches next slot and cycle.

SLS slot start Slot Start - Start of either Static Slot or Dynamic Slot.

SNS symbol window start or
NIT start

Symbol Window or NIT Start - Start of either Symbol Window or NIT.

SSS slot start or
symbol window start or

NIT start

Slot or Segment Start - Start of either Static Slot, Dynamic Slot, Symbol
Window, or NIT.

SU status updated Status Updated - Slot Status field, message buffer status flags, header index
updated. Interrupt flag set.

Table 13-103. Receive Message Buffer Transition Priorities

State Priorities Description

module vs. application

Idle BS > HD Buffer Subscribed > Message Buffer Disable

HLck BS > HD Buffer Subscribed > Message Buffer Disable

CCRx SSS > HL Slot or Segment Start > Message Buffer Lock
MC9S12XF - Family Reference Manual, Rev.1.19
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With the start of the next static or dynamic slot the module trigger the slot start transition SLS. Thi
changes the state of the subscribed receive message buffers from either CCBs to CCRx or from HLc
to HLckCCRx, respectively.

During the reception slot, the received frame data are written into the shadow buffers. For details on r
shadow buffers, seeSection 13.6.6.3.5, ÒReceive Shadow Buffers ConceptÓ. The data and status of the
receive message buffers that are the CCRx or HLckCCRx are not modiÞed in the reception slot.

13.6.6.3.3 Message Buffer Status Update

With the start of the next static or dynamic slot or with the start of the symbol window or NIT, the mod
trigger the slot or segment start transition SSS. This transition changes the state of the receiving r
message buffers from either CCRx to CCSu or from HLckCCRx to HLck, respectively.

If a message buffer was in the locked state HLckCCRx, no update will be performed. The received
are lost. This is indicated by setting the Frame Lost Channel A/B Error Flag FRLA_EF/FRLB_EF in
CHI Error Flag Register (CHIERFR).

If a message buffer was in the CCRx state it is now in the CCSu state. After the evaluation of the slot
provided by the PE the message buffer is updated. The message buffer update depends on the s
bits and the segment the message buffer is assigned to. This is described inTable 13-103.

Table 13-104. Receive Message Buffer Update

vSS!ValidFrame vRF!Header!NFIndicator Update description

1 1 Valid non-null frame received.
- Message Buffer Data Field updated.
- Frame Header Field updated.
- Slot Status Field updated.
- DUP:= 1
- DVAL:= 1
- MBIF:= 1

1 0 Valid null frame received.
- Message Buffer Data Field not updated.
- Frame Header Field not updated.
- Slot Status Field updated.
- DUP:= 0
- DVAL not changed
- MBIF:= 1

0 x No valid frame received.
- Message Buffer Data Field not updated.
- Frame Header Field not updated.
- Slot Status Field updated.
- DUP:= 0
- DVAL not changed.
- MBIF:= 1, if the slot was not an empty dynamic slot.
Note: An empty dynamic slot is indicated by the following frame and slot

status bit values:
vSS!ValidFrame = 0 and vSS!SyntaxError = 0 and
vSS!ContentError = 0 and vSS!BViolation = 0.
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NOTE
If the number of the last slot in the current communication cycle on a given
channel isn, then all receive message buffers assigned to this channel with
MBFIDRn.FID > n will not be updated at all.

When the receive message buffer update has Þnished the status updated transition SU is triggered
changes the buffer state from CCSu to Idle. An example receive message buffer timing and state 
diagram for a normal frame reception is given inFigure 13-123.

Figure 13-123. Message Reception Timing

The amount of message data written into the message buffer data Þeld of the receive shadow buf
determined by the following two items:

1. the message buffer segment that the message buffer is assigned to, as deÞned by theMessage
Buffer Segment Size and Utilization Register (MBSSUTR).

2. the message buffer data Þeld size, as deÞned by the related Þeld of theMessage Buffer Data Size
Register (MBDSR)

3. the number of bytes received over the FlexRay bus

If the message buffer is assigned to the message buffer segment 1, and the number of received b
greater than 2*MBDSR.MBSEG1DS, the FlexRay block writes only 2*MBDSR.MBSEG1DS bytes i
the message buffer data Þeld of the receive shadow buffer. If the number of received bytes is less
2*MBDSR.MBSEG1DS, the FlexRay block writes only the received number of bytes and will not cha
the trailing bytes in the message buffer data Þeld of the receive shadow buffer. The same holds fo
message buffer segment 2 with MBDSR.MBSEG2DS.

13.6.6.3.4 Received Message Access

To access the message data received over the FlexRay bus, the application reads the message d
in the message buffer data Þeld of the corresponding receive message buffer. The access to the m
buffer data Þeld is described inSection 13.6.3.1, ÒIndividual Message BuffersÓ.

The application can read the message buffer data Þeld if the receive message buffer is one of the
HDis, HDisLck, or HLck. If the message buffer is in one of these states, the FlexRay block will not ch
the content of the message buffer.

13.6.6.3.5 Receive Shadow Buffers Concept

The receive shadow buffer concept applies only to individual receive message buffers. The intention
concept is to ensure that only syntactically and semantically valid received non-null frames are pres
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to the application in a receive message buffer. The basic structure of a receive shadow buffer is des
in Section 13.6.3.2, ÒReceive Shadow BuffersÓ.

The receive shadow buffers temporarily store the received frame header and message data. After
boundary the slot status information is generated. If the slot status information indicates the recep
the valid non-null frame (seeTable 13-103), the FlexRay block writes the slot status into the slot statu
Þeld of the receive shadow buffer and exchanges the content of theMessage Buffer Index Registers
(MBIDXRn) with the content of the corresponding internal shadow buffer index register. In all other ca
the FlexRay block writes the slot status into the identiÞed receive message buffer, depending on t
status and the FlexRay segment the message buffer is assigned to.

The shadow buffer concept, with its index exchange, results in the fact that the FRM located mess
buffer associated to an individual receive message buffer changes after successful reception of a 
frame. This means that the message buffer area in the FRM accessed by the application for read
received message is different from the initial setting of the message buffer. Therefore, the application
not rely on the index information written initially into theMessage Buffer Index Registers (MBIDXRn).
Instead, the index of the message buffer header Þeld must be fetched from theMessage Buffer Index
Registers (MBIDXRn).

13.6.6.4 Double Transmit Message Buffer

The section provides a detailed description of the functionality of the double transmit message bu

Double transmit message buffers are used by the application to provide the FlexRay block with th
message data to be transmitted over the FlexRay Bus. The FlexRay block uses this message buf
provide information to the application about the transmission process, and status information about t
in which message data was transmitted.

In contrast to the single transmit message buffers, the application can provide new transmission dat
the transmission of the previously provided message data is running. This scheme is called doubl
buffering and can be considered as a FIFO of depth 2.

Double transmit message buffers are implemented by combining two individual message buffers tha
the two sides of an double transmit message buffer. One side is called thecommit sideand will be accessed
by the application to provide the message data. The other side is called thetransmit sideand is used by the
FlexRay block to transmit the message data to the FlexRay bus. The two sides are located in adja
individual message buffers. The message buffer that implements the commit side has an even me
buffer number 2n. The transmit side message buffer follows the commit side message buffer and 
message buffer number 2n+1. The basic structure and data ßow of a double transmit message bu
given inFigure 13-124.

Figure 13-124. Double Transmit Buffer Structure and Data Flow

Commit Side Transmit Side

Application FlexRay Bus

MB# 2n MB# 2n+1

Internal Message
Transfer

message data message data message data
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NOTE
Both the commit and the transmit side must be conÞgured with identical
values except for theMessage Buffer Index Registers (MBIDXRn).

13.6.6.4.1 Access Regions

To certain message buffer Þelds, both the application and the FlexRay block have access. To ens
consistency, a message buffer locking scheme is implemented, which controls the exclusive acces
data, control, and status bits of the message buffer.

The access scheme for double transmit message buffers is depicted inFigure 13-125. The given regions
represent Þelds that can be accessed from both the application and the FlexRay block and, thus,
access restrictions. A description of the regions is given inTable 13-104.

Figure 13-125. Double Transmit Message Buffer Access Regions Layout

Table 13-105. Double Transmit Message Buffer Access Regions Description

Access Description

Region
Type

Application Module

Commit Side

CFG read/write - Message Buffer Configuration

MSG read/write - Message Buffer Data and Control access

ITX - read/write Internal Message Transfer.

SS - write-only Slot Status Update

Transmit Side

CFG read/write - Message Buffer Configuration

SR - read-only Message Buffer Search

TX - read-only Internal Message Transfer, Message Transmission

Message Buffer Data Field: DATA[0-N]

Message Buffer Header Field: Frame Header

MBCCSR[2n]n.CMT

Message Buffer Header Field: Slot Status

Message Buffer Header Field: Data Field Offset

MBCCFR[2n].MTM/CHA/CHB/CCF*

MBFIDR[2n].FID

MBIDXR[2n].MBIDX

MBCCSR[2n].MBT/MTD

Message Buffer Data Field: DATA[0-N]

Message Buffer Header Field: Frame Header

MBCCSR[2n+1].CMT

Message Buffer Header Field: Slot Status

Message Buffer Header Field: Data Field Offset

MBCCFR[2n+1].MTM/CHA/CHB/CCF*

MBFIDR[2n+1].FID

MBIDXR[2n+1].MBIDX

MBCCSR[2n+1].MBT/MTD

Commit Side Transmit Side

CFG

MSG

CFG

ITX

SS SS

SR

TX
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The trigger bits MBCCSRn.EDT and MBCCSRn.LCKT, and the interrupt enable bit MBCCSRn.MB
are not under access control and can be accessed from the application at any time. The status bi
MBCCSRn.EDS and MBCCSRn.LCKS are not under access control and can be accessed from th
FlexRay block at any time.

The interrupt ßag MBCCSnR.MBIF is not under access control and can be accessed from the appl
and the FlexRay block at any time. FlexRay block set access has higher priority.

The FlexRay block restricts its access to the regions, depending on the current state of the corresp
part of the double transmit message buffer. The application must adhere to these restrictions in or
ensure data consistency. The states for the commit side of a double transmit message buffer are 
Figure 13-126. A description of the states is given inTable 13-106. The states for the transmit side of a
double transmit message buffer are given inFigure 13-127. A description of the states is given inTable 13-
106. The description tables also provide the access scheme for the access regions.

The status bits MBCCSRn.EDS and MBCCSRn.LCKS provide the application with the required mes
buffer status information. The internal status information is not visible to the application.

13.6.6.4.2 Message Buffer States

This section describes the transmit message buffer states and provides a state diagram.

Figure 13-126. Double Transmit Message Buffer State Diagram (Commit Side)

A description of the states of the commit side of a double transmit message buffer is given inTable 13-105.

SS - write-only Slot Status Update

Table 13-106. Double Transmit Message Buffer State Description (Sheet 1 of 2)(Commit Side)

State
MBCCSR[2n] Access Region

Description
EDS LCKS Appl. Module

common states

Table 13-105. Double Transmit Message Buffer Access Regions Description

Access Description

Region
Type

Application Module

HLck

HDisLck

HDis Idle

CCITx

IS

IE

RESET_STATE

HE

HD

HL

HU

HE

HD

HL

HU
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Figure 13-127. Double Transmit Message Buffer State Diagram (Transmit Side)

A description of the states of the transmit side of a double transmit message buffer is given inTable 13-106.

HDis 0 0 CFG – Disabled - Message Buffer under configuration.
Commit Side can not be used for internal message transfer.

CCITx 1 0 – ITX Internal Message Transfer - Message Buffer Data transferred from
commit side to transmit side.

commit side specific states

Idle 1 0 – ITX,
SS

Idle - Message Buffer Commit Side is idle.
Commit Side can be used for internal message transfer.

HDisLck 0 1 CFG
SS

Disabled and Locked - Message Buffer under configuration.
Commit Side can not be used for internal message transfer.

HLck 1 1 MSG
SS

Locked - Applications access to data, control, and status.
Commit Side can not be used for internal message transfer.

Table 13-107. Double Transmit Message Buffer State Description (Transmit Side) (Sheet 1 of 2)

State
MBCCSRn Access Region

Description
EDS LCKS Appl. Module

common states

HDis 0 0 CFG – Disabled - Message Buffer under configuration.
Excluded from message buffer search.

CCITx 1 0 – TX Internal Message Transfer - Message Buffer Data transferred from
commit side to transmit side.

transmit side specific states

Idle 1 0 – SR Idle - Message Buffer Transmit Side is idle.
Transmit Side is included in message buffer search.

Table 13-106. Double Transmit Message Buffer State Description (Sheet 2 of 2)(Commit Side)

State
MBCCSR[2n] Access Region

Description
EDS LCKS Appl. Module

CCSaCCITxCCITx

HDis Idle

CCTx

CCMaCCITx

CCSa

CCMa

SA MA

TX

RESET_STATE

DSS

CCNf
SSS

STS

CCNfCCITx

IS

IE

IS

IE

IS

IE

HE

HD

STS

CCSuSU

SSSDSS

IS

IE
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Module Transitions

The module transitions that can be triggered by the FlexRay block are described inTable 13-108. The
transitions C1 and C2 apply to both sides of the message buffer and are applied at the same time. A
FlexRay block transitions apply to the transmit side only.

Transition Priorities

The application can trigger only one transition at a time. There is no need to specify priorities among

As shown in the Þrst part ofTable 13-109, the module transitions have a higher priority than the applicati
transitions. The priorities among the FlexRay block transitions and the related states are given in 
second part ofTable 13-109. These priorities apply only to the transmit side. The internal message tran
start transition IS has tho lowest priority.

Table 13-108. Double Transmit Message Buffer Host Transitions

Transition Host Command Condition Description

HE
MBCCSR[2n+1].EDT:= 1

MBCCSR[2n+1].EDS = 0 Application triggers message buffer enable.

HD MBCCSR[2n+1].EDS = 1 Application triggers message buffer disable.

HL
MBCCSR[2n].LCKT:= 1

MBCCSR[2n].LCKS = 0 Application triggers message buffer lock.

HU MBCCSR[2n].LCKS = 1 Application triggers message buffer unlock.

Table 13-109. Double Transmit Message Buffer Module Transitions

Transition Condition Description

common transitions

IS
see Section 13.6.6.4.5,

“Internal Message
Transfer

Internal Message Transfer Start - Start transfer of message data from commit
side to transmit side.

IE Internal Message Transfer End - Stop transfer of message data from commit
side to transmit side.
Note: The internal message transfer is stopped before the slot or segment start.

transmit side specific transitions

SA slot match and
static slot

Slot Assigned - Message buffer is assigned to next static slot.

MA slot match and
CycleCounter match

Message Available - Message buffer is assigned to next slot and cycle counter
filter matches.

TX slot start and
MBCCSR[2n+1].CMT = 1

Transmission Slot Start - Slot Start and commit bit CMT is set.
In case of a dynamic slot, pLatestTx is not exceeded.

SU status updated Status Updated - Slot Status field and message buffer status flags updated.
Interrupt flag set.

STS static slot start Static Slot Start - Start of static slot.

DSS
dynamic slot start or

symbol window start or
NIT start

Dynamic Slot or Segment Start. - Start of dynamic slot or symbol window or
NIT.

SSS
slot start or

symbol window start or
NIT start

Slot or Segment Start - Start of static slot or dynamic slot or symbol window or
NIT.
MC9S12XF - Family Reference Manual, Rev.1.19

578 Freescale Semiconductor



Chapter 13 FlexRay Communication Controller (FLEXRAY)

ecuted
s done
r

ssage

ribed

e the
he

n in
tus

de. The

MT
nsmit

y the
rs
r the

sage
IE.

itted
ng as
13.6.6.4.4 Message Preparation

The application provides the message data through the commit side. The transmission itself is ex
from the transmit side. The transfer of the message data from the commit side to the transmit side i
by theInternal Message Transfer, which is described inSection 13.6.6.4.5, ÒInternal Message Transfe

To transmit a message over the FlexRay bus, the application writes the message data into the me
buffer data Þeld of the commit side and sets the commit bit CMT in theMessage Buffer ConÞguration,
Control, Status Registers (MBCCSRn). The physical access to the message buffer data Þeld is desc
in Section 13.6.3.1, ÒIndividual Message BuffersÓ.

As indicated byTable 13-105, the application shall write to the message buffer data Þeld and chang
commit bit CMT only if the transmit message buffer is in one of the states HDis, HDisLck, or HLck. T
application can change the state of a message buffer if it issues the appropriate commands show
Table 13-107. The state change is indicated through the MBCCSRn.EDS and MBCCSRn.LCKS sta
bits.

13.6.6.4.5 Internal Message Transfer

The internal message transfer transfers the message data from the commit side to the transmit si
internal message transfer is implemented as the swapping of the content of theMessage Buffer Index
Registers (MBIDXRn)of the commit side and the transmit side. After the swapping, the commit side C
bit is cleared, the commit side interrupt ßag MBIF is set, the transmit side CMT bit is set, and the tra
side DVAL bit is cleared.

The conditions and the point in time when the internal message transfer is started are controlled b
message buffer commit mode bit MCM in theMessage Buffer ConÞguration, Control, Status Registe
(MBCCSRn). The MCM bit conÞgures the message buffer for either the streaming commit mode o
immediate commit mode. A detailed description is given inStreaming Commit Mode andImmediate
Commit Mode. The Internal Message Transfer is triggered with the transition IS. Both sides of the mes
buffer enter one of the CCITx states. The internal message transfer is Þnished with the transition 

Streaming Commit Mode

The intention of the streaming commit mode is to ensure that each committed message is transmat
least once. The FlexRay block will not start the Internal Message Transfer for a message buffer as lo
the message data on the transmit side is not transmitted at least once.

Table 13-110. Double Transmit Message Buffer Transition Priorities

State Priority Description

module vs. application

Idle IS > HD
IS > HL

Internal Message Transfer Start > Message Buffer Disable
Internal Message Transfer Start > Message Buffer Lock

module internal

Idle MA > SA Message Available > Slot Assigned

CCMa TX > STS
TX > DSS

Transmission Slot Start > Static Slot Start
Transmission Slot Start > Dynamic Slot Start
MC9S12XF - Family Reference Manual, Rev.1.19
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The streaming commit mode is conÞgured by clearing the message buffer commit mode bit MCM
Message Buffer ConÞguration, Control, Status Registers (MBCCSRn).

In this mode, the internal message transfer from the commit side to the transmit side is started for a
transmit message buffer when all of the following conditions are fulÞlled

1. the commit side is in the Idle state
2. the commit site message data are valid, i.e. MBCCSR[2n].CMT = 1
3. the transmit side is in one of the states Idle, CCSa, or CCMa
4. the transmit side contains either no valid message data, i.e. MBCCSR[2n+1].CMT = 0 or

the message data were transmitted at least once, i.e. MBCCSR[2n+1].DVAL = 1

An example of a streaming commit mode state change diagram is given inFigure 13-128. In this example,
both the commit and the transmit side do not contain valid message data and the application provid
messages. The message buffer does not match the next slot.

Figure 13-128. Internal Message Transfer in Streaming Commit Mode

Immediate Commit Mode

The intention of the immediate commit mode is to transmit thelatestdata provided by the application. This
implies that it is not guaranteed that each provided message will be transmitted at least once.

The immediate commit mode is conÞgured by setting the message buffer commit mode bit MCM 
Message Buffer ConÞguration, Control, Status Registers (MBCCSRn).

In this mode, the internal message transfer from the commit side to the transmit side is started for
double transmit message buffer when all of the following conditions are fulÞlled

1. the commit side is in the Idle state
2. the commit site message data are valid, i.e. MBCCSR[2n].CMT = 1
3. the transmit side is in one of the states Idle, CCSa, or CCMa

It is not checked whether the transmit side contains no valid message data or valid message data
transmitted at least once. If message data are valid and not transmitted, they may be overwritten.

An example of a streaming commit mode state change diagram is given inFigure 13-129. In this example,
both the commit and the transmit side do not contain valid message data, and the application provid
messages and the Þrst message is gets overwritten. The message buffer does not match the nex
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Figure 13-129. Internal Message Transfer in Immediate Commit Mode

13.6.6.4.6 Message Transmission

For double transmit message buffers, the message buffer search checks only the transmit side pa
internal scheduling ensures, that the internal message transfer is stopped on the message buffer sea
Thus, the transmit side of message buffer, that is not in its transmission or status update slot, is alw
the Idle state.

The message transmit behavior and transmission state changes of the transmit side of a double t
message buffer are the same as for single buffered transmit buffers, except that the transmit side of
buffers can not be locked by the application, i.e. the HU and HL transition do not exist. Therefore, re
Section 13.6.6.2.5, ÒMessage TransmissionÓ

13.6.6.4.7 Message Buffer Status Update

The message buffer status update behavior of the transmit side of a double transmit message buffe
same as for single transmit message buffers which is described inSection 13.6.6.2.7, ÒMessage Buffer
Status UpdateÓ.

Additionally, the slot status Þeld of the commit side is update after the update of the slot status Þeld
transmit side, even if the commit side is locked by the application. This is implemented to provide th
status of the most recent transmission slot.
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13.6.7 Individual Message Buffer Search

This section provides a detailed description of the message buffer search algorithm.

The message buffer search determines for each enabled channel if a slots in a communication cyclec is
assigned for frame or null frame transmission or if it is subscribed for frame reception on that chan

The message buffer search is a sequential algorithm which is invoked at the following protocol rel
events:

1. NIT start
2. slot start in the static segment
3. minislot start in the dynamic segment

The message buffer search within the NIT searches for message buffers assigned or subscribed 
The message buffer search within slotn searches for message buffers assigned or subscribed to slot n+1.

In general, the message buffer search for the next slotn considers only message buffers which are

1. enabled, i.e. MBCCSRn.EDS = 1, and
2. matches the next slotn, i.e. MBFIDRn.FID =n, and
3. are the transmit side buffer in case of a double transmit message buffer.

On top of that, for the static segment only those message buffers are considered, that match the co
of at least one row ofTable 13-110. For the dynamic segment only those message buffers are conside
that match the condition of at least one row ofTable 13-111. These message buffers are calledmatching
message buffers.

For each enabled channel the message buffer search may identify multiplematching message buffers.
Among all matching message buffers the message buffers with highest priority according toTable 13-110
for the static segment and according toTable 13-111 for the dynamic segment are selected.

Table 13-111. Message Buffer Search Priority (static segment)

Priority MTD LCKS CMT
CCFM

(1)

1. Cycle Counter Filter Match, see Section 13.6.7.1, “Message Buffer Cycle Counter Filtering”

Description Transition

(highest) 0 1 0 1 1 transmit buffer, matches cycle count, not locked and committed MA

1
1 - 0 1 transmit buffer, matches cycle count, not committed SA

1 1 - 1 transmit buffer, matches cycle count, locked SA

2 1 - - - transmit buffer SA

3 0 0 n/a 1 receive buffer, matches cycle count, not locked SB

(lowest) 4 0 1 n/a 1 receive buffer, matches cycle count, locked SB
MC9S12XF - Family Reference Manual, Rev.1.19
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If there are multiple message buffer with highest priority, the message buffer with the lowest mess
buffer number is selected. All message buffer which have the highest priority must have a consiste
channel assignment as speciÞed inSection 13.6.7.2, ÒMessage Buffer Channel Assignment ConsisteÓ.

Depending on the message buffer channel assignment the same message buffer can be found fo
channel A and channel B. In this case, this message buffer is used as described inSection 13.6.3.1,
ÒIndividual Message BuffersÓ.

13.6.7.1 Message Buffer Cycle Counter Filtering

The message buffer cycle counter Þlter is a value-mask Þlter deÞned by the CCFE, CCFMSK, an
CCFVAL Þelds in theMessage Buffer Cycle Counter Filter Registers (MBCCFRn). This Þlter determines
a set of communication cycles in which the message buffer is considered for message reception or m
transmission. If the cycle counter Þlter is disabled, i.e. CCFE = 0, this set of cycles consists of all
communication cycles.

If the cycle counter Þlter of a message buffer does not match a certain communication cycle numbe
message buffer is not considered for message transmission or reception in that communication cy
case of a transmit message buffer assigned to a slot in the static segment, though, this buffer is a
the matching message buffers to indicate the slot assignment and to trigger the null frame transm

The cycle counter Þlter of a message buffer matches the communication cycle with the number CYC
if at least one of the following conditions evaluates to true:

Eqn. 13-9

Eqn. 13-10

13.6.7.2 Message Buffer Channel Assignment Consistency

The message buffer channel assignment given by the CHA and CHB bits in theMessage Buffer Cycle
Counter Filter Registers (MBCCFRn) deÞnes the channels on which the message buffer will receive
transmit. The message buffer with numbern transmits or receives on channel A if MBCCFRn[CHA] = 1
and transmits or receives on channel B if MBCCFRn[CHB] = 1.

To ensure correct message buffer operation, all message buffers assigned to the same slot and w
same priority must have aconsistentchannel assignment. That means they must be either assigned to
channel only, or must be assigned toboth channels. The behavior of the message buffer search is no

Table 13-112. Message Buffer Search Priority (dynamic segment)

Priority MTD LCKS CMT
CCFM

(1)

1. Cycle Counter Filter Match, see Section 13.6.7.1, “Message Buffer Cycle Counter Filtering”

Description Transition

(highest) 0 1 0 1 1 transmit buffer, matches cycle count, not locked and committed MA

1 0 0 n/a 1 receive buffer, matches cycle count, not locked SB

(lowest) 2 0 1 n/a 1 receive buffer, matches cycle count, locked SB

MBCCFRn CCFE[ ] 0=

CYCCNT MBCCFRn CCFMSK[ ]� MBCCFRn CCFVAL[ ] MBCCFRn CCFMSK[ ]�=
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deÞned, if both types of channel assignments occur for one slot and priority. An inconsistent chan
assignment for message buffer 0 and message buffer 1 is depicted inFigure 13-130.

Figure 13-130. Inconsistent Channel Assignment

13.6.7.3 Node Related Slot Multiplexing

The termNode Related Slot Multiplexingapplies to the dynamic segment only and refers to the
functionality if there are transmit as well as receive message buffers are conÞgured for the same 

According toTable 13-111 the transmit buffer is only found if the cycle counter Þlter matches, and th
buffer is not locked and committed. In all other cases, the receive buffer will be found. Thus, if the b
has no data to transmit in a dynamic slot, it is able to receive frames on that slot.

13.6.7.4 Message Buffer Search Error

If the message buffer search is running while the next message buffer search start event appears
message buffer search is stopped and the Message Buffer Search Error Flag MSB_EF is set in thCHI
Error Flag Register (CHIERFR). This appears only if the CHI frequency is too low to search through
message buffers within the NIT or a minislot. The message buffer result is not deÞned in this case
more details seeSection 13.7.3, ÒNumber of Usable Message BuffersÓ.

MB0 MBCCFR0[CHA] = 1, MBCCFR0[CHB] = 0

MB1 dual channel assignment

single channel assignmentMBFIDR0[FID] = 10

MBFIDR1[FID] = 10 MBCCFR1[CHA] = 1, MBCCFR1[CHB] = 1
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13.6.8 Individual Message Buffer Reconfiguration

The initial conÞguration of each individual message buffer can be changed even when the protoco
in thePOC:conÞgstate. This is referred to as individual message bufferreconÞguration. The conÞguration
bits and Þelds that can be changed are given in the section onSpeciÞc ConÞguration Data. The common
conÞguration data given in the section onSpeciÞc ConÞguration Data can not be reconÞgured when the
protocol is out of thePOC:conÞg state.

13.6.8.1 Reconfiguration Schemes

Depending on the target and destination basic state of the message buffer that is to be reconÞgure
are three reconÞguration schemes.

13.6.8.1.1 Basic Type Not Changed (RC1)

A reconÞguration will not change the basic type of the individual message buffer, if both the mess
buffer transfer direction bit MBCCSn.MTD and the message buffer type bit MBCCSn.MBT are not
changed. This type of reconÞguration is denoted by RC1 inFigure 13-131. Single transmit and receive
message buffers can be RC1-reconÞgured when in the HDis or HDisLck state. Double transmit m
buffers can be RC1-reconÞgured if both the transmit side and the commit side are in the HDis sta

13.6.8.1.2 Buffer Type Not Changed (RC2)

A reconÞguration will not change the buffer type of the individual message buffer if the message b
buffer type bit MBCCSRn.MBT is not changed. This type of reconÞguration is denoted by RC2 in
Figure 13-131. It applies only to single transmit and receive message buffers. Single transmit and re
message buffers can be RC2-reconÞgured when in the HDis or HDisLck state.

13.6.8.1.3 Buffer Type Changed (RC3)

A reconÞguration will change the buffer type of the individual message buffer if the message buffer
bit MBCCSRn.MBT is changed. This type of reconÞguration is denoted by RC3 inFigure 13-131. The
RC3 reconÞguration splits one double buffer into two single buffers or combines two single buffer int
double buffer. In the later case, the two single message buffers must have consecutive message b
numbers and the smaller one must be even. Message Buffers can be RC3 reconÞgured if they ar
HDis state.

Figure 13-131. Message Buffer Reconfiguration Scheme

single RX single TX

double TX (commit side)

double TX (transmit side)

RC1RC1

RC1

RC2

RC3RC3
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indicated by the internal FIFO header write index. The payload data are written in the message buffe
Þeld. If the status of the received frame indicates a valid frame, the internal FIFO header write ind
updated and the Þfo not-empty interrupt ßag FNEAIF/FNEBIF in theGlobal Interrupt Flag and Enable
Register (GIFER) is set.

13.6.9.4 Receive FIFO Message Access

If the Þfo not-empty interrupt ßag FNEAIF/FNEBIF in theGlobal Interrupt Flag and Enable Register
(GIFER) is set, the receive FIFO contains valid received messages, which can be accessed by the
application.

The receive FIFO does not require locking to access the message buffers. To access the messag
application Þrst reads the receive FIFO read index RDIDX from theReceive FIFO A Read Index Registe
(RFARIR) or Receive FIFO B Read Index Register (RFBRIR), respectively. This index points to the
message buffer header Þeld of the next message buffer that contains valid data. The application can
the message data as described inSection 13.6.3.3, ÒReceive FIFOÓ.When the application has read all
message buffer data and status information, it writes 1 to the Þfo not-empty interrupt ßags FNEAI
FNEBIF. This clears the interrupt ßag and updates the RDIDX Þeld in theReceive FIFO A Read Index
Register (RFARIR) or Receive FIFO B Read Index Register (RFBRIR), respectively.When the RDIDX
value has reached the last message buffer header Þeld that belongs to the Þfo, it wraps around to th
of the Þrst message buffer header Þeld that belongs to the Þfo. This value is provided by the SIDX Þ
theReceive FIFO Start Index Register (RFSIR).

13.6.9.5 Receive FIFO filtering

The receive FIFO Þltering is activated after all enabled individual receive message buffers have b
searched without success for a message buffer to receive the current frame.

The FlexRay block provides three sets of FIFO Þlters. The FIFO Þlters are applied to valid non-null fr
only. The FIFO will not receive invalid or null-frames. For each FIFO Þlter, the pass criteria is spec
in the related section given below. Only frames that have passed all Þlters will be appended to the
The FIFO Þlter path is depicted inFigure 13-132.
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Figure 13-132. Received Frame FIFO Filter Path

A received frame passes the FIFO Þltering if it has passed all three type of Þlter.

13.6.9.5.1 RX FIFO Frame ID Value-Mask Rejection Filter

The frame ID value-mask rejection Þlter is a value-mask Þlter and is deÞned by the Þelds in theReceive
FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)and theReceive FIFO Frame ID Rejection
Filter Mask Register (RFFIDRFMR). Each received frame with a frame ID FID that does not match t
value-mask Þlter value passes the Þlter, i.e. is not rejected.

Consequently, a received valid frame with the frame ID FID passes the RX FIFO Frame ID Value-
Rejection Filter ifEquation 13-11 is fulÞlled.

Eqn. 13-11

valid frame received (vRF)

individual message buffer found

no

store into message buffer (vRF)

Frame ID Value-Mask rejection filter

passed

ignore frame

else

Frame ID Range rejection filter

Frame ID Range acceptance filter

frame received in dynamic segment
no

Message ID acceptance filter

no

FIFO full

null frame (vRF!Header!NFIndicator=0)

yes

yes

no

passed

else

passed

else

yes

message ID (vRF!Header!PPIndicator=1)

yes

passed

append to FIFO (vRF)
no

yes

set fifo overflow interrupt flag

else

FID RFFIDRFMR FIDRFMSK[ ]� RFFIDRFVR FIDRFVAL[ ] RFFIDRFMR FIDRFMSK[ ]��
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The RX FIFO Frame ID Value-Mask Rejection Filter can be conÞgured to pass all frames by the follo
settings.

¥ RFFIDRFVR.FIDRFVAL:= 0x000 and RFFIDRFMR.FIDRFMSK:= 0x7FF

Using the settings above, only the frame with frame ID 0 will be rejected, which is an invalid frame
other frames will pass.

The RX FIFO Frame ID Value-Mask Rejection Filter can be conÞgured to reject all frames by the
following settings.

¥ RFFIDRFMR.FIDRFMSK:= 0x000

Using the settings above,Equation 13-11can never be fulÞlled (0!= 0) and thus all frames are rejected;
frame will pass. This is the reset value for the RX FIFO.

13.6.9.5.2 RX FIFO Frame ID Range Rejection Filter

Each of the four RX FIFO Frame ID Range Þlters can be conÞgured as a rejection Þlter. The Þlte
conÞgured by theReceive FIFO Range Filter ConÞguration Register (RFRFCFR) and controlled by the
Receive FIFO Range Filter Control Register (RFRFCTR). The RX FIFO Frame ID range Þlters apply t
all received valid frames. A received frame with the frame ID FID passes the RX FIFO Frame ID R
rejection Þlters if either no rejection Þlter is enabled, or, for all of the enabled RX FIFO Frame ID R
rejection Þlters, i.e. RFRFCTR.FiMD = 1 and RFRFCTR.FiEN = 1,Equation 13-12 is fulÞlled.

Eqn. 13-12

Consequently, all frames with a frame ID that fulÞllsEquation 13-13 for at least one of the enabled
rejection Þlters will be rejected and thus not pass.

Eqn. 13-13

13.6.9.5.3 RX FIFO Frame ID Range Acceptance filter

Each of the four RX FIFO Frame ID Range Þlters can be conÞgured as an acceptance Þlter. The Þl
conÞgured by theReceive FIFO Range Filter ConÞguration Register (RFRFCFR) and controlled by the
Receive FIFO Range Filter Control Register (RFRFCTR). The RX FIFO Frame ID range Þlters apply t
all received valid frames. A received frame with the frame ID FID passes the RX FIFO Frame ID R
acceptance Þlters if either no acceptance Þlter is enabled, or, for at least one of the enabled RX FIFO
ID Range acceptance Þlters, i.e. RFRFCTR.FiMD = 0 and RFRFCTR.FiEN = 1,Equation 13-14 is
fulÞlled.

Eqn. 13-14

13.6.9.5.4 RX FIFO Message ID Acceptance Filter

The RX FIFO Message ID Acceptance Filter is a value-mask Þlter and is deÞned by theReceive FIFO
Message ID Acceptance Filter Value Register (RFMIDAFVR) and theReceive FIFO Message ID
Acceptance Filter Mask Register (RFMIAFMR). This Þlter applies only to valid frames received in the
dynamic segment with the payload preamble indicator bit PPI set to 1. All other frames will pass this

FID RFRFCFRSEL SIDIBD 0=[ ]<( ) or RFRFCFRSEL SIDIBD 1=[ ] FID<( )

RFRFCFRSEL SIDIBD 0=[ ] FID RFRFCFRSEL SIDIBD 1=[ ]� �

RFRFCFRSEL SIDIBD 0=[ ] FID RFRFCFRSEL SIDIBD 1=[ ]� �
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A received valid frame in the dynamic segment with the payload preamble indicator bit PPI set to 
with the message ID MID (the Þrst two bytes of the payload) will pass the RX FIFO Message ID
Acceptance Filter ifEquation 13-15 is fulÞlled.

Eqn. 13-15

The RX FIFO Message ID Acceptance Filter can be conÞgured to accept all frames by setting

¥ RFMIDAFMR.MIDAFMSK:= 0x000

Using the settings above,Equation 13-15 is always fulÞlled and all frames will pass.

13.6.10 Channel Device Modes

This section describes the two FlexRay channel device modes that are supported by the FlexRay

13.6.10.1 Dual Channel Device Mode

In the dual channel device mode, both FlexRay ports are connected to physical FlexRay bus lines
FlexRay port consisting of RXD_A, TXD_A, andTXE_A is connected to the physical bus channel A an
the FlexRay port consisting of RXD_B, TXD_B, andTXE_A is connected to the physical bus channel B
The dual channel system is shown inFigure 13-133.

Figure 13-133. Dual Channel Device Mode

13.6.10.2 Single Channel Device Mode

The single channel device mode supports devices that have only one FlexRay port available. This F
port consists of the signals RXD_A, TXD_A, andTXE_A and can be connected to either the physical b
channel A (shown inFigure 13-134) or the physical bus channel B (shown inFigure 13-135).

MID RFMIDAFMR MIDAFMSK[ ]� RFMIDAFMR MIDAFVAL[ ] RFMIDAFMR MIDAFMSK[ ]�=

CHI PE

cfg(A)

reg(A)

cCrcInit[A]

cCrcInit[B]

cfg(B)

reg(B)

channel 0

channel 1

FlexRay Channel A
FlexRay Bus Driver

Channel A

RXD_A

TXD_A

TXE_A

FlexRay Channel B
FlexRay Bus Driver

Channel B

RXD_B

TXD_B

TXE_B

FLEXRAY
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If the device is conÞgured as a single channel device by setting MCR.SCD to 1, only the internal ch
A and the FlexRay Port A is used. Depending on the setting of MCR.CHA and MCR.CHB, the inte
channel A behaves either as a FlexRay Channel A or FlexRay Channel B. The bit MCR.CHA must b
if the FlexRay Port A is connected to a FlexRay Channel A. The bit MCR.CHB must be set if the Flex
Port A is connected to a FlexRay Channel B. The two FlexRay channels differ only in the initial valu
the frame CRCcCrcInit. For a single channel device, the application can access and conÞgure only
registers related to internal channel A.

Figure 13-134. Single Channel Device Mode (Channel A)

Figure 13-135. Single Channel Device Mode (Channel B)
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channel A
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FlexRay Bus Driver
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13.6.11 External Clock Synchronization

The application of the external rate and offset correction is triggered when the application writes t
EOC_AP and ERC_AP Þelds in theProtocol Operation Control Register (POCR). The PE applies the
external correction values in the next even-odd cycle pair as shown inFigure 13-136 andFigure 13-137.

NOTE
The values provided in the EOC_AP and ERC_AP Þelds are the values that
were written from the application most recently. If these value were already
applied, they will not be applied in the current cycle pair again.

If the offset correction applied in the NIT of cycle 2n+1 shall be affect by the external offset correc
the EOC_AP Þeld must be written to after the start of cycle 2n and before the end of the static segm
cycle 2n+1. If this Þeld is written to after the end of the static segment of cycle 2n+1, it is not guaran
that the external correction value is applied in cycle 2n+1. If the value is not applied in cycle 2n+1
the value will be applied in the cycle 2n+3. Refer toFigure 13-136 for timing details.

Figure 13-136. External Offset Correction Write and Application Timing

If the rate correction for the cycle pair [2n+2, 2n+3] shall be affect by the external offset correction
ERC_AP Þeld must be written to after the start of cycle 2n and before the end of the static segme
of cycle 2n+1. If this Þeld is written to after the end of the static segment of cycle 2n+1, it is not guara
that the external correction value is applied in cycle pair [2n+2, 2n+3]. If the value is not applied for c
pair [2n+2, 2n+3], then the value will be applied for cycle pair [2n+4, 2n+5]. Refer toFigure 13-137 for
details.

Figure 13-137. External Rate Correction Write and Application Timing

13.6.12 Sync Frame ID and Sync Frame Deviation Tables

The FlexRay protocol requires the provision of a snapshot of the Synchronization Frame ID tables f
even and odd communication cycle for both channels. The FlexRay block provides the means to w
copy of these internal tables into the FRM and ensures application access to consistent tables by m
table locking. Once the application has locked the table successfully, the FlexRay block will not over
these tables and the application can read a consistent snapshot.

static segment NIT static segment NIT

EOC_AP write window EOC_AP application

cycle 2n cycle 2n+1

static segment NIT

ERC_AP write window ERC_AP application

cycle 2n

static segment NIT

cycle 2n+1

static segment NIT

cycle 2n+2

static segment NIT

cycle 2n+3
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NOTE
Only synchronization frames that have passed the synchronization frame
Þlters are considered for clock synchronization and appear in the sync frame
tables.

13.6.12.1 Sync Frame ID Table Content

The Sync Frame ID Table is a snapshot of the protocol related variablesvsSyncIdListAandvsSyncIdListB
for each even and odd communication cycle. This table provides a list of the frame IDs of the
synchronization frames received on the corresponding channel and cycle that are used for the clo
synchronization.

13.6.12.2 Sync Frame Deviation Table Content

The Sync Frame Deviation Table is a snapshot of the protocol related variable zsDev(id)(oe)(ch)!V
Each Sync Frame Deviation Table entry provides the deviation value for the sync frame, with the f
ID presented in the corresponding entry in the Sync Frame ID Table.

Figure 13-138. Sync Table Memory Layout
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13.6.12.3 Sync Frame ID and Sync Frame Deviation Table Setup

The FlexRay block writes a copy of the internal synchronization frame ID and deviation tables into
FRM if requested by the application. The application must provide the appropriate amount of FRM fo
tables. The memory layout of the tables is given inFigure 13-138. Each table occupies 120 16-bit entries

While the protocol is inPOC:conÞgstate, the application must program the offsets for the tables into
Sync Frame Table Offset Register (SFTOR).

13.6.12.4 Sync Frame ID and Sync Frame Deviation Table Generation

The application controls the generation process of the Sync Frame ID and Sync Frame Deviation
into the FRM using theSync Frame Table ConÞguration, Control, Status Register (SFTCCSR). A
summary of the copy modes is given inTable 13-112.

The Sync Frame Table generation process is described in the following for the even cycle. The sa
sequence applies to the odd cycle.

If the application has enabled the sync frame table generation by setting SFTCCSR.SIDEN to 1, t
FlexRay block starts the update of the even cycle related tables after the start of the NIT of the nex
cycle. The FlexRay block checks if the application has locked the tables by reading the SFTCCSR.
lock status bit. If this bit is set, the FlexRay block will not update the table in this cycle. If this bit is clea
the FlexRay block locks this table and starts the table update. To indicate that these tables are cu
updated and may contain inconsistent data, the FlexRay block clears the even table valid status b
SFTCCSR.EVAL. Once all table entries related to the even cycle have been transferred into the FR
FlexRay block sets the even table valid bit SFTCCSR.EVAL and the Even Cycle Table Written Inte
Flag EVT_IF in theProtocol Interrupt Flag Register 1 (PIFR1). If the interrupt enable ßag EVT_IE is set
an interrupt request is generated.

To read the generated tables, the application must lock the tables to prevent the FlexRay block fro
updating these tables. The locking is initiated by writing a 1 to the even table lock trigger
SFTCCSR.ELKT. When the even table is not currently updated by the FlexRay block, the lock is gr
and the even table lock status bit SFTCCSR.ELKS is set. This indicates that the application has
successfully locked the even sync tables and the corresponding status information Þelds SFRA, S

Table 13-113. Sync Frame Table Generation Modes

SFTCCSR
Description

OPT SDVEN SIDEN

0 0 0 No Sync Frame Table copy

0 0 1 Sync Frame ID Tables will be copied continuously

0 1 0 Reserved

0 1 1 Sync Frame ID Tables and Sync Frame Deviation Tables will be copied continuously

1 0 0 No Sync Frame Table copy

1 0 1 Sync Frame ID Tables for next even-odd-cycle pair will be copied

0 1 0 Reserved

1 1 1 Sync Frame ID Tables and Sync Frame Deviation Tables for next even-odd-cycle pair will be
copied
MC9S12XF - Family Reference Manual, Rev.1.19

594 Freescale Semiconductor



Chapter 13 FlexRay Communication Controller (FLEXRAY)

e

given

 the
reset

VAL

r

tion

 in

set.
ation

KT.

ymbol

over
theSync Frame Counter Register (SFCNTR). The value in the SFTCCSR.CYCNUM Þeld provides th
number of the cycle that this table is related to.

The number of available table entries per channel is provided in the SFCNTR.SFEVA and
SFCNTR.SFEVB Þelds. The application can now start to read the sync table data from the locations
in Figure 13-138.

After reading all the data from the locked tables, the application must unlock the table by writing to
even table lock trigger SFTCCSR.ELKT again. The even table lock status bit SFTCCSR.ELKS is 
immediately.

If the sync frame table generation is disabled, the table valid bits SFTCCSR.EVAL and SFTCCSR.E
are reset when the counter values in theSync Frame Counter Register (SFCNTR)are updated. This is done
because the tables stored in the FRM are no longer related to the values in theSync Frame Counter Registe
(SFCNTR).

Figure 13-139. Sync Frame Table Trigger and Generation Timing

13.6.12.5 Sync Frame Table Access

The sync frame tables will be transferred into the FRM during the table write windows shown inFigure 13-
139. During the table write, the application can not lock the table that is currently written. If the applica
locks the table outside of the table write window, the lock is granted immediately.

13.6.12.5.1 Sync Frame Table Locking and Unlocking

The application locks the even/odd sync frame table by writing 1 to the lock trigger bit ELKT/OLKT
theSync Frame Table ConÞguration, Control, Status Register (SFTCCSR). If the affected table is not
currently written to the FRM, the lock is granted immediately, and the lock status bit ELKS/OLKS is
If the affected table is currently written to the FRM, the lock is not granted. In this case, the applic
must issue the lock request again until the lock is granted.

The application unlocks the even/odd sync frame table by writing 1 to the lock trigger bit ELKT/OL
The lock status bit ELKS/OLKS is cleared immediately.

13.6.13 MTS Generation

The FlexRay block provides a ßexible means to request the transmission of the Media Access Test S
MTS in the symbol window on channel A or channel B.

The application can conÞgure the set of communication cycles in which the MTS will be transmitted
the FlexRay bus by programming the CYCCNTMSK and CYCCNTVAL Þelds in theMTS A
ConÞguration Register (MTSACFR) andMTS B ConÞguration Register (MTSBCFR).

SFTCCSR.[OPT,SIDEN,SDVEN] write window
even table write

static segment NIT static segment NIT static segment NIT

cycle 2n-1 cycle 2n cycle 2n+1

odd table write
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The application enables or disables the generation of the MTS on either channel by setting or clear
MTE control bit in theMTS A ConÞguration Register (MTSACFR) or MTS B ConÞguration Register
(MTSBCFR). If an MTS is to be transmitted in a certain communication cycle, the application mus
the MTE control bit during the static segment of the preceding communication cycle.

The MTS is transmitted over channel A in the communication cycle with number CYCCNT, if
Equation 13-17, Equation 13-18, andEquation 13-18 are fulÞlled.

Eqn. 13-16

Eqn. 13-17

Eqn. 13-18

The MTS is transmitted over channel B in the communication cycle with number CYCCNT, if
Equation 13-16, Equation 13-19, andEquation 13-20 are fulÞlled.

Eqn. 13-19

Eqn. 13-20

13.6.14 Sync Frame and Startup Frame Transmission

The transmission of sync frames and startup frames is controlled by the following register Þelds:

¥ PCR18.key_slot_id: provides the number of the slot for sync or startup frame transmission
¥ PCR11.key_slot_used_for_sync: indicates sync frame transmission
¥ PCR11.key_slot_used_for_startup: indicates startup frame transmission
¥ PCR12.key_slot_header_crc: provides header crc for sync frame or startup frame
¥ Message Buffer with message buffer number n=PCR18.key_slot_id

The generation of the sync or startup frames depends on the current protocol state. In thePOC:startup
state, the generation is independent of the message buffer setup; in thePOC:normal active state, the
generation is affected by the current message buffer setup.

13.6.14.1 Sync Frame and Startup Frame Transmission in POC:startup

In thePOC:startupstate, the sync and startup frame transmission is independent of the message b
setup. If at least one of the indication bits PCR11.key_slot_used_for_sync or
PCR11.key_slot_used_for_startup is set, a Null Frame will be transmitted in the slot with slot num
PCR18.key_slot_id. The header CRC for this Null Frame is taken from PCR12.key_slot_header_cr
settings of the sync and startup frame indicators are taken from PCR11.key_slot_used_for_sync a
PCR11.key_slot_used_for_startup.

13.6.14.2 Sync Frame and Startup Frame Transmission in POC:normal active

In thePOC:normal activestate, the sync and startup frame transmission depends on the message 
setup. If at least one of the indication bits PCR11.key_slot_used_for_sync or

PSR0 PROTSTATE[ ] POC:normal active=

MTSACRF MTE[ ] 1=

CYCCNT MTSACFR CYCCNTMSK[ ]� MTSACFR CYCCNTVAL[ ] MTSACFR CYCCNTMSK[ ]�=

MTSBCRF MTE[ ] 1=

CYCCNT MTSBCFR CYCCNTMSK[ ]� MTSBCFR CYCCNTVAL[ ] MTSBCFR CYCCNTMSK[ ]�=
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PCR11.key_slot_used_for_startup is set, or if a transmit message buffer with MBFIDRn.FID ==
PCR18.key_slot_id is conÞgured and enabled, a Null Frame or Data Frame will be transmitted in th
with slot number PCR18.key_slot_id. The header CRC for this frame is taken from
PCR12.key_slot_header_crc, the settings of the sync and startup frame indicators are taken from
PCR11.key_slot_used_for_sync and PCR11.key_slot_used_for_startup. A data frame will be trans
if the message buffer is unlocked and committed and the cycle counter Þlter matches the current 

13.6.15 Sync Frame Filtering

Each received synchronization frame must pass the Sync Frame Acceptance Filter and the Sync 
Rejection Filter before it is considered for clock synchronization. If the synchronization frame Þlterin
globally disabled, i.e. the SFFE control bit in theModule ConÞguration Register (MCR) is cleared, all
received synchronization frames are considered for clock synchronization. If a received synchroni
frame did not pass at least one of the two Þlters, this frame is processed as a normal frame and is
considered for clock synchronization.

13.6.15.1 Sync Frame Acceptance Filtering

The synchronization frame acceptance Þlter is implemented as a value-mask Þlter. The value is con
in theSync Frame ID Acceptance Filter Value Register (SFIDAFVR) and the mask is conÞgured in the
Sync Frame ID Acceptance Filter Mask Register (SFIDAFMR). A received synchronization frame with
the frame ID FID passes the sync frame acceptance Þlter, ifEquation 13-21or Equation 13-22evaluates to
true.

Eqn. 13-21

Eqn. 13-22

NOTE
Sync frames are transmitted in the static segment only. Thus FID <= 1023.

13.6.15.2 Sync Frame Rejection Filtering

The synchronization frame rejection Þlter is a comparator. The compare value is deÞned by theSync
Frame ID Rejection Filter Register (SFIDRFR). A received synchronization frame with the frame ID FID
passes the sync frame rejection Þlter ifEquation 13-23 or Equation 13-24 evaluates to true.

Eqn. 13-23

Eqn. 13-24

NOTE
Sync frames are transmitted in the static segment only. Thus FID <= 1023.

MCR SFFE[ ] 0=

FID 9:0[ ] SFIDAFMR FMSK9:0[ ][ ]� SFIDAFVR FVAL9:0[ ][ ] SFIDAFMR FMSK9:0[ ][ ]�=

MCR SFFE[ ] 0=

FID 9:0[ ] SFIDRFR SYNFRID9:0[ ][ ]�
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13.6.16 Strobe Signal Support

The FlexRay block provides a number of strobe signals for observing internal protocol timing relat
signals in the protocol engine. The signals are listed and described inTable 13-13.

13.6.16.1 Strobe Signal Assignment

Each of the strobe signals listed inTable 13-13 can be assigned to one of the four strobe ports using t
Strobe Signal Control Register (STBSCR). To assign multiple strobe signals, the application must wri
multiple times to theStrobe Signal Control Register (STBSCR) with appropriate settings.

To read out the current settings for a strobe signal with number N, the application must execute th
following sequence.

1. Write to STBSCR with WMD = 1 and SEL = N. (updates SEL Þeld only)
2. Read STBCSR.

The SEL Þeld provides N and the ENB and STBPSEL Þelds provides the settings for signa

13.6.16.2 Strobe Signal Timing

This section provides detailed timing information of the strobe signals with respect to the protocol e
clock.

The strobe signals display internal PE signals. Due to the internal architecture of the PE, some sign
generated several PE clock cycles before the actual action is performed on the FlexRay Bus. These
are listed inTable 13-13 with a negative clock offset. An example waveform is given inFigure 13-140.

Figure 13-140. Strobe Signal Timing (type = pulse, clk_offset = -2)

Other signals refer to events that occurred on the FlexRay Bus some cycles before the strobe sig
changed. These signals are listed inTable 13-13 with a positive clock offset. An example waveform is
given inFigure 13-141.

PE Clock

Strobe Signal

FlexRay Bus Event

-2
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Figure 13-141. Strobe Signal Timing (type = pulse, clk_offset = +4)

13.6.17 Timer Support

The FlexRay block provides two timers, which run on the FlexRay time base. Each timer generate
maskable interrupt when it reaches a conÞgured point in time. Timer T1 is an absolute timer. Timer T
be conÞgured to be an absolute or a relative timer. Both timers can be conÞgured to be repetitive. In th
non-repetitive mode, timer stops if it expires. In repetitive mode, timer is restarted when it expires.

Both timers are active only when the protocol is inPOC:normal active or POC:normal passive state. If
the protocol is not in one of these modes, the timers are stopped. The application must restart the
when the protocol has reached thePOC:normal active or POC:normal passive state.

13.6.17.1 Absolute Timer T1

The absolute timer T1 has the protocol cycle count and the macrotick count as the time base. The t
interrupt ßag TI1_IF in theProtocol Interrupt Flag Register 0 (PIFR0) is set at the macrotick start event
if Equation 13-25 andEquation 13-26 are fulÞlled

Eqn. 13-25

Eqn. 13-26

If the timer 1 interrupt enable bit TI1_IE in theProtocol Interrupt Enable Register 0 (PIER0) is asserted,
an interrupt request is generated.

The status bit T1ST is set when the timer is triggered, and is cleared when the timer expires and i
repetitive. If the timer expires but is repetitive, the T1ST bit is not cleared and the timer is restarted
immediately. The T1ST is cleared when the timer is stopped.

13.6.17.2 Absolute / Relative Timer T2

The timer T2 can be conÞgured to be an absolute or relative timer by setting the T2_CFG control bit
Timer ConÞguration and Control Register (TICCR). The status bit T2ST is set when the timer is triggere
and is cleared when the timer expires and is non-repetitive. If the timer expires but is repetitive, the
bit is not cleared and the timer is restarted immediately. The T2ST is cleared when the timer is sto

13.6.17.2.1 Absolute Timer T2

If timer T2 is conÞgured as an absolute timer, it has the same functionality timer T1 but the conÞgu
from Timer 2 ConÞguration Register 0 (TI2CR0)andTimer 2 ConÞguration Register 1 (TI2CR1)is used.

PE Clock

Strobe Signal

FlexRay Bus Event
+4

CYCCTR.CYCCNT & T1CYSR.T1_CYC_MSK == T1CYSR.T1_CYC_VAL & T1CYSR.T1_CYC_MSK

MTCTR.MTCT == TI1MTOR.T1_MTOFFSET
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On expiration of timer T2, the interrupt ßag TI2_IF in theProtocol Interrupt Flag Register 0 (PIFR0) is
set. If the timer 1 interrupt enable bit TI1_IE in theProtocol Interrupt Enable Register 0 (PIER0) is
asserted, an interrupt request is generated.

13.6.17.2.2 Relative Timer T2

If the timer T2 is conÞgured as a relative timer, the interrupt ßag TI2_IF in theProtocol Interrupt Flag
Register 0 (PIFR0) is set, when the programmed amount of macroticks MT[31:0], deÞned byTimer 2
ConÞguration Register 0 (TI2CR0)andTimer 2 ConÞguration Register 1 (TI2CR1), has expired since the
trigger or restart of timer 2. The relative timer is implemented as a down counter and expires when
reached 0. At the macrotick start event, the value of MT[31:0] is checked and then decremented. T
the timer is started with MT[31:0] == 0, it expires at the next macrotick start.

13.6.18 Slot Status Monitoring

The FlexRay block provides several means for slot status monitoring. All slot status monitors use the
slot status vector provided by the PE. The PE provides a slot status vector for each static slot, for
dynamic slot, for the symbol window, and for the NIT, on a per channel base. The content of the slot
vector is described inTable 13-113. The PE provides the slot status vector within the Þrst macrotick af
the end of the related slot/window/NIT, as shown inFigure 13-142.

Figure 13-142. Slot Status Vector Update

NOTE
The slot status for the NIT of cycle n is provided after the start of cycle n+1.
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13.6.18.1 Channel Status Error Counter Registers

The two channel status error counter registers,Channel A Status Error Counter Register (CASERCR)and
Channel B Status Error Counter Register (CBSERCR), incremented by one, if at least one of four slot
status error bits,vSS!SyntaxError, vSS!ContentError, vSS!BViolation, or vSS!TxConßict is set to 1. The
status vectors for all slots in the static and dynamic segment, in the symbol window, and in the NI
taken into account. The counters wrap round after they have reached the maximum value.

Table 13-114. Slot Status Content

Status Content

 static /
dynamic

Slot

slot related status
vSS!ValidFrame - valid frame received
vSS!SyntaxError - syntax error occurred while receiving
vSS!ContentError - content error occurred while receiving
vSS!BViolation - boundary violation while receiving
for slots in which the module transmits:
vSS!TxConflict - reception ongoing while transmission starts
for slots in which the module does not transmit:
vSS!TxConflict - reception ongoing while transmission starts
first valid - channel that has received the first valid frame
received frame related status
extracted from
a) header of valid frame, if vSS!ValidFrame = 1
b) last received header, if vSS!ValidFrame = 0
c) set to 0, if nothing was received
vRF!Header!NFIndicator - Null Frame Indicator (0 for null frame)
vRF!Header!SuFIndicator - Startup Frame Indicator
vRF!Header!SyFIndicator - Sync Frame Indicator

Symbol
Window

window related status
vSS!ValidFrame - always 0
vSS!ContentError - content error occurred while receiving
vSS!SyntaxError - syntax error occurred while receiving
vSS!BViolation - boundary violation while receiving
vSS!TxConflict - reception ongoing while transmission starts
received symbol related status
vSS!ValidMTS - valid Media Test Access Symbol received
received frame related status
see static/dynamic slot

NIT NIT related status
vSS!ValidFrame - always 0
vSS!ContentError - content error occurred while receiving
vSS!SyntaxError - syntax error occurred while receiving
vSS!BViolation - boundary violation while receiving
vSS!TxConflict - always 0
received frame related status
see static/dynamic slot
MC9S12XF - Family Reference Manual, Rev.1.19
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13.6.18.2 Protocol Status Registers

TheProtocol Status Register 2 (PSR2)provides slot status information about the Network Idle Time NI
and the Symbol Window. TheProtocol Status Register 3 (PSR3) provides aggregated slot status
information.

13.6.18.3 Slot Status Registers

The eight slot status registers,Slot Status Registers (SSR0ÐSSR7), can be used to observe the status o
static slots, dynamic slots, the symbol window, or the NIT without individual message buffers. The
registers provide all slot status related and received frame / symbol related status information, as g
Table 13-113, except of theÞrst valid indicator for non-transmission slots.

13.6.18.4 Slot Status Counter Registers

The FlexRay block provides four slot status error counter registers,Slot Status Counter Registers
(SSCR0ÐSSCR3). Each of these slot status counter registers is updated with the value of an intern
status counter at the start of a communication cycle. The internal slot status counter is incremente
increment condition, deÞned by theSlot Status Counter Condition Register (SSCCR), matches the status
vector provided by the PE. All static slots, the symbol window, and the NIT status are taken into acc
Dynamicslots areexcluded. The internal slot status counting and update timing is shown inFigure 13-143.

Figure 13-143. Slot Status Counting and SSCRn Update

The PE provides the status of the NIT in the Þrst slot of the next cycle. Due to these facts, the SS
register reßects, in cycle n, the status of the NIT of cycle n-2, and the status of all static slots and the s
window of cycle n-1.

The increment condition for each slot status counter consists of two parts, the frame related conditio
and the slot related condition part. The internal slot status counter SSCRn_INT is incremented if a
one of the conditions is fulÞlled:

1. frame related condition:

cy
cl

e 
st

ar
t

sl
ot

 s
ta

rt

sl
ot

 s
ta

rt

sy
m

bo
l w

in
do

w
 s

ta
rt

M
T

st
at

us
(N

IT
)

M
T

st
at

us
(s

lo
t 1

)

st
at

us
(s

lo
t k

)
M

T

st
at

us
(s

lo
t n

)
M

T

N
IT

 s
ta

rt
st

at
us

(s
ym

.w
in

)
M

T

cy
cl

e 
st

ar
t

st
at

us
(N

IT
)

communication cycle

static segment dynamic segment symbol window NIT

slot 1

M
T

incr. SSCRn_INT on error incr. SSCRn_INT on error

SSCRn:= SSCRn_INT

SSCRn_INT not updated

SSCRn:= SSCRn_INT
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¥ (SSCCRn.VFR | SSCCRn.SYF | SSCCRn.NUF | SSCCRn.SUF) // count on frame conditio
= 1;

and

¥ ((~SSCCRn.VFR |vSS!ValidFrame) & // valid frame restriction
(~SSCCRn.SYF |vRF!Header!SyFIndicator) & // sync frame indicator restriction
(~SSCCRn.NUF | ~vRF!Header!NFIndicator) & // null frame indicator restriction
(~SSCCRn.SUF |vRF!Header!SuFIndicator)) // startup frame indicator restriction
= 1;

NOTE
The indicator bits SYF, NUF, and SUF are valid only when a valid frame
was received. Thus it is required to set the VFR always, whenever count on
frame condition is used.

2. slot related condition:
¥ ((SSCCRn.STATUSMASK[3] &vSS!ContentError) | // increment on content error

(SSCCRn.STATUSMASK[2] &vSS!SyntaxError) | // increment on syntax error
(SSCCRn.STATUSMASK[1] &vSS!BViolation) | // increment on boundary violation
(SSCCRn.STATUSMASK[0] &vSS!TxConßict)) // increment on transmission conßict
= 1;

If the slot status counter is in single cycle mode, i.e. SSCCRn.MCY = 0, the internal slot status co
SSCRn_INT is reset at each cycle start. If the slot status counter is in the multicycle mode, i.e.
SSCCRn.MCY = 1, the counter is not reset and incremented, until the maximum value is reached

13.6.18.5 Message Buffer Slot Status Field

Each individual message buffer and each FIFO message buffer provides a slot status Þeld, which p
the information shown inTable 13-113for the static/dynamic slot. The update conditions for the slot sta
Þeld depend on the message buffer type. Refer to the Message Buffer Update Sections inSection 13.6.6,
ÒIndividual Message Buffer Functional DescriptionÓ.

13.6.19 Interrupt Support

The FlexRay block provides 76 individual interrupt sources and Þve combined interrupt sources.

13.6.19.1 Individual Interrupt Sources

13.6.19.1.1 Message Buffer Interrupts

The FlexRay block provides 32 message buffer interrupt sources.

Each individual message buffer provides an interrupt ßag MBCCSn.MBIF and an interrupt enable
MBCCSn.MBIE. The FlexRay block sets the interrupt ßag when the slot status of the message buffe
updated. If the interrupt enable bit is asserted, an interrupt request is generated.
MC9S12XF - Family Reference Manual, Rev.1.19
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13.6.19.1.2 Receive FIFO Interrupts

The FlexRay block provides 2 Receive FIFO interrupt sources.

Each of the 2 Receive FIFO provides a Receive FIFO Not Empty Interrupt Flag. The FlexRay bloc
the Receive FIFO Not Empty Interrupt Flags (GIFER.FNEBIF, GIFER.FNEAIF) in theGlobal Interrupt
Flag and Enable Register (GIFER) if the corresponding Receive FIFO is not empty.

13.6.19.1.3 Wakeup Interrupt

The FlexRay block provides one interrupt source related to the wakeup.

The FlexRay block sets the Wakeup Interrupt Flag GIFER.WUPIF when it has received a wakeup sy
on the FlexRay bus. The FlexRay block generates an interrupt request if the interrupt enable bit
GIFER.WUPIE is asserted.

13.6.19.1.4 Protocol Interrupts

The FlexRay block provides 25 interrupt sources for protocol related events. For details, seeProtocol
Interrupt Flag Register 0 (PIFR0) andProtocol Interrupt Flag Register 1 (PIFR1). Each interrupt source
has its own interrupt enable bit.

13.6.19.1.5 CHI Error Interrupts

The FlexRay block provides 16 interrupt sources for CHI related error events. For details, seeCHI Error
Flag Register (CHIERFR). There is one common interrupt enable bit GIFER.CHIIE for all CHI error
interrupt sources.

13.6.19.2 Combined Interrupt Sources

Each combined interrupt source generates an interrupt request only when at least one of the inter
sources that is combined generates an interrupt request.

13.6.19.2.1 Receive Message Buffer Interrupt

The combined receive message buffer interrupt request RBIRQ is generated when at least one of
individual receive message buffers generates an interrupt request MBXIRQ[n] and the interrupt ena
GIFER.RBIE is set.

13.6.19.2.2 Transmit Message Buffer Interrupt

The combined transmit message buffer interrupt request TBIRQ is generated when at least one o
individual transmit message buffers generates an interrupt request MBXIRQ[n] and the interrupt e
bit GIFER.TBIE is asserted.

13.6.19.2.3 Protocol Interrupt

The combined protocol interrupt request PRTIRQ is generated when at least one of the individual pr
interrupt sources generates an interrupt request and the interrupt enable bit GIFER.PRIE is set.
MC9S12XF - Family Reference Manual, Rev.1.19
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Figure 13-144. Scheme of cascaded interrupt request

Interrupt Sources Interrupt Signals

MBXIRQ[n-1:0]
MBCCSRn.MBIF

n

CHIXIRQ[15:0]
CHIER[15:0] 16

PRTXIRQ[31:16]
PIFR0[15:0] 16

PRTXIRQ[15:0]
PIFR1[15:0] 16

RBIRQ

CHIIRQ

PRTIRQ

GIFER.FNEAIF
FNEAIRQ

GIFER.WUPIF
WUPIRQ

GIFER.RBIE

MBCCSRn.MTD

Receive

Transmit

GIFER.PRIE

GIFER.WUPIE

GIFER.MIE

MBCCSRn.MBIE &

PIER0[15:0]

PIER1[15:0]

OR

&

&

&GIFER.CHIE

& &

n

& OR TBIRQ
GIFER.TBIE &

n

OR

OR &

&GIFER.FNEAIE

GIFER.FNEBIF
FNEBIRQ&GIFER.FNEBIE

&

&

n = # Message Buffers

OR

GIFER.RBIF

GIFER.TBIF

GIFER.PRIF

GIFER.CHIF

GIFER.MIF

MIRQ
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Figure 13-146. Scheme of combined interrupt flags

13.6.20 Lower Bit Rate Support

The FlexRay block supports a number of lower bit rates on the FlexRay bus channels. The lower bi
are implemented by modifying the duration of the microtickpdMicrotick, the number of samples per
microtick pSamplesPerMicrotick, the number of samples per bitcSamplesPerBit, and the strobe offset
cStrobeOffset.The application conÞgures the FlexRay channel bit rate by setting the BITRATE Þeld in
Module ConÞguration Register (MCR). The protocol values are set internally. The available bit rates,
related BITRATE Þeld conÞguration settings and related protocol parameter values are shown inTable 13-
114.

Interrupt Sources Combined Interrupt Flags

MBCCSRn.MBIF
n

CHIER[15:0]

PIFR0[15:0]

PIFR1[15:0]

GIFER.FNEAIF

GIFER.WUPIF

CIFR.TBIF

CIFR.CHIF

CIFR.PRIF

MBCCSRn.MTD

Receive

Transmit

OR&

& OR CIFR.RBIFn

OR

OR

GIFER.FNEBIF

n = # Message Buffers

n

OR CIFR.MIF

CIFR.FNEAIF

CIFR.WUPIF

CIFR.FNEBIF
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NOTE
The bit rate of 8 Mbit/s is not deÞned by theFlexRay Communications
System Protocol SpeciÞcation, Version 2.1 Rev A.

13.7 Application Information

13.7.1 Initialization Sequence

This section describes the required steps to initialize the FlexRay block. The Þrst subsection descri
steps required after a system reset, the second section describes the steps required after precedi
shutdown of the FlexRay block.

13.7.1.1 Module Initialization

This section describes the module related initialization steps after a system reset.

1. ConÞgure FlexRay block.
a) configure the control bits in the Module Configuration Register (MCR)

b) configure the system memory base address in System Memory Base Address High Register
(SYMBADHR) and System Memory Base Address Low Register (SYMBADLR)

2. Enable the FlexRay block.
a) write 1 to the module enable bit MEN in the Module Configuration Register (MCR)

The FlexRay block now enters the Normal Mode. The application can commence with the protoco
initialization described inSection 13.7.1.2, ÒProtocol InitializationÓ.

Table 13-115. FlexRay Channel Bit Rate Control

FlexRay Channel
Bit Rate
[Mbit/s]

MCR.BITRATE

p
d

M
ic

ro
ti

ck
[n

s]

g
d

S
am

p
le

C
lo

ck
P

er
io

d
[n

s]

p
S

am
p

le
sP

er
M

ic
ro

ti
ck

cS
am

p
le

sP
er

B
it

cS
tr

o
b

eO
ff

se
t

10.0 000 25.0 12.5 2 8 5

8.0 011 25.0 12.5 2 10 6

5.0 001 25.0 25.0 1 8 5

2.5 010 50.0 50.0 1 8 5
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13.7.1.2 Protocol Initialization

This section describes the protocol related initialization steps.

1. ConÞgure the Protocol Engine.
a) issue CONFIG command via Protocol Operation Control Register (POCR)

b) wait for POC:conÞg in Protocol Status Register 0 (PSR0)

c) configure the PCR0,..., PCR30 registers to set all protocol parameters

2. ConÞgure the Message Buffers and FIFOs.
a) set the number of message buffers used and the message buffer segmentation in the Message

Buffer Segment Size and Utilization Register (MBSSUTR)

b) define the message buffer data size in the Message Buffer Data Size Register (MBDSR)

c) configure each message buffer by setting the configuration values in the Message Buffer
Configuration, Control, Status Registers (MBCCSRn), Message Buffer Cycle Counter Filter
Registers (MBCCFRn), Message Buffer Frame ID Registers (MBFIDRn), Message Buffer
Index Registers (MBIDXRn)

d) configure the receive FIFOs

e) issue CONFIG_COMPLETE command via Protocol Operation Control Register (POCR)

f) wait for POC:ready in Protocol Status Register 0 (PSR0)

After this sequence, the FlexRay block is conÞgured as a FlexRay node and is ready to integrate
FlexRay cluster.

13.7.2 Shut Down Sequence

This section describes a secure shut down sequence to stop the FlexRay block gracefully. The main
of this sequence are

¥ Þnish all ongoing reception and transmission
¥ do not corrupt FlexRay bus and do not disturb ongoing FlexRay bus communication

For a graceful shutdown the application shall perform the following tasks:

1. Disable all enabled message buffers.
a) repeatedly write 1 to MBCCSRn[EDT] until MBCCSRn[EDS] == 0.

2. Stop Protocol Engine.
a) issue HALT command via Protocol Operation Control Register (POCR)

b) wait for POC:haltin Protocol Status Register 0 (PSR0)

13.7.3 Number of Usable Message Buffers

This section describes the relationship between the number of message buffers that can be utilized
required minimum CHI clock frequency. Additional constraints for the minimum CHI clock frequency
given inSection 13.3, ÒController Host Interface ClockingÓ.
MC9S12XF - Family Reference Manual, Rev.1.19

Freescale Semiconductor 609



Chapter 13 FlexRay Communication Controller (FLEXRAY)

signed
lexRay

ssage
result
re

E has

PE sets
The FlexRay block uses a sequential search algorithm to determine the individual message buffer as
or subscribed to the next slot. This search must be Þnished within one FlexRay slot. The shortest F
slot is an empty dynamic slot. An empty dynamic slot is a minislot and consists ofgdMinislotmacroticks
with a nominal duration ofgdMacrotick. The minimum duration of a corrected macrotick is
gdMacrotickmin = 39 µT. This results in a minimum slot length of

Eqn. 13-27

The search engine is located in the CHI and runs on the CHI clock. It evaluates one individual me
buffer per CHI clock cycle. For internal status update and double buffer commit operations, and as a
of the clock domain crossing jitter, an additional amount of 10 CHI clock cycles is required to ensu
correct operation. For a given number of message buffers and for a given CHI clock frequency fchi, this
results in a search duration of

Eqn. 13-28

The message buffer search must be Þnished within one slot which requires thatEquation 13-29 must be
fulÞlled

Eqn. 13-29

This results in the formula given inEquation 13-30 which determines the required minimum CHI
frequency for a given number of message buffers that are utilized.

Eqn. 13-30

The minimum CHI frequency for a selected set of relevant protocol parameters is given inTable 13-115.

13.7.4 Protocol Control Command Execution

This section considers the issues of the protocol control command execution.

The application issues any of the protocol control commands listed in the POCCMD Þeld ofTable 13-17
by writing the command to the POCCMD Þeld of theProtocol Operation Control Register (POCR). As a
result the FlexRay block sets the BSY bit while the command is transferred to the PE. When the P
accepted the command, the BSY ßag is cleared. All commands are accepted by the PE.

The PE maintains a protocol command vector. For each command that was accepted by the PE, the
the corresponding command bit in the protocol command vector. If a command is issued while the
corresponding command bit is set, the command is not queued and is lost.

Table 13-116. Minimum fchi [MHz] examples (32 message buffers)

pdMicrotick
[ns]

gdMinislot

2 3 4 5 6 7

25.0 21.54 14.35 10.77 8.61 7.18 6.16

50.0 10.73 7.18 5.39 4.31 3.59 3.08

� slotmin 39 pdMicrotick gdMinislot� �=

� search
1

f chi
-------- # MessageBuffers 10+( )�=

� search � slotmin�

f chi
# MessageBuffers 10+

39 pdMicrotick gdMinislot� �
------------------------------------------------------------------------�
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If the command execution block of the PE is idle, it selects the next accepted protocol command wi
highest priority from the current protocol command vector according to the protocol control comm
priorities given inTable 13-116. If the current protocol state does not allow the execution of this proto
command (see POC state changes inFlexRay Communications System Protocol SpeciÞcation, Version
Rev A) the FlexRay block asserts the illegal protocol command interrupt ßag IPC_IF in theProtocol
Interrupt Flag Register 1 (PIFR1). The protocol command is not executed in this case.

Some protocol commands may be interrupted by other commands or the detection of a fatal protoco
as indicated byTable 13-116. If the application issues the RESET, FREEZE, or READY command, o
the the PE detects a fatal protocol error, some commands already stored in the command vector 
removed from this vector.

13.7.5 Protocol Reset Command

The section considers the issues of the protocol RESET command.

The application issues the protocol reset command by writing the RESET command code to the POC
Þeld of theProtocol Operation Control Register (POCR). As a result, the PE stops its operation
immediately, the FlexRay bus ports put into their idle state, and no more data or status information i
to the CHI. The lack of PE signals stops all message buffer operations in the CHI. In particular, the me
buffers that are currently under internal use remain internally locked. To overcome this message b
internal lock situation, the application must put the protocol into thePOC:default conÞg state. This will
release all internal message buffer locks.

Table 13-117. Protocol Control Command Priorities

Protocol Command Priority Interrupted By Cleared and Terminated By

RESET (highest) 1

noneFREEZE 2 RESET

READY 3 RESET

CONFIG_COMPLETE 3 RESET

ALL_SLOTS 4

RESET,
FREEZE,
READY,

CONFIG_COMPLET,
fatal protocol error

RESET, FREEZE, READY, CONFIG_COMPLETE,
fatal protocol error

ALLOW_COLDSTART 5 RESET

RUN 6 RESET, FREEZE,
fatal protocol error

WAKEUP 7 RESET, FREEZE,
fatal protocol error

DEFAULT_CONFIG 8 RESET, FREEZE,
fatal protocol error

CONFIG 9 RESET

HALT (lowest) 10 RESET, FREEZE, READY, CONFIG_COMPLETE,
fatal protocol error
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The following sequence must be executed by the application to put the protocol into the
POC:default conÞg state.

1. Repeatedly send Protocol Command FREEZE viaProtocol Operation Control Register (POCR),
until the freeze bit FRZ inProtocol Status Register 1 (PSR1) is set.

2. Repeatedly send Protocol Command DEFAULT_CONFIG viaProtocol Operation Control
Register (POCR), until the freeze bit FRZ bit inProtocol Status Register 1 (PSR1) is cleared and
the PROTSTATE Þeld inProtocol Status Register 0 (PSR0) is set to POC:default conÞg.

13.7.6 Message Buffer Search on Simple Message Buffer Configuration

This sections describes the message buffer search behavior for a simpliÞed message buffer conÞg
The receive FIFO behavior is not considered in this section.

13.7.6.1 Simple Message Buffer Configuration

A simple message buffer conÞguration is a conÞguration that has at most one transmit message bu
at most one receive message buffer assigned to a slotS. The simple conÞguration used in this section
utilizes two message buffers, one single buffered transmit message buffer and one receive messag

The transmit message buffer has the message buffer numbert and has following conÞguration

The availability of data in the transmit buffer is indicated by the commit bit MBCCSRt[CMT] and the lo
bit MBCCSRt[LCKS].

The receive message buffer has the message buffer numberr and has following conÞguration

Table 13-118. Transmit Buffer Configuration

Register Field Value Description

MBCCSRt
MCM - used only for double buffers

MBT 0 single transmit buffer

MTD 1 transmit buffer

MBCCFRt

MTM 0 event transition mode

CHA 1 assigned to channel A

CHB 0 not assigned to channel B

CCFE 1 cycle counter filter enabled

CCFMSK 000011
cycle set = {4n} = {0,4,8,12,...}

CCFVAL 000000

MBFIDRt FID S assigned to slot S
MC9S12XF - Family Reference Manual, Rev.1.19
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match
The transmission of a frame in the dynamic segment is determined by the availability of data and the
of the cycle counter Þlter of the transmit message buffer.

13.7.6.3.1 Transmit Data Not Available

If transmit data arenot available, i.e. the transmit buffer is not committed MBCCSRt[CMT]=0 and/or
locked MBCCSRt[LCKS]=1,

c) for the cycles in the set {4n}, which is assigned to both buffers, the receive buffer will be found
and the node can receive data, and

d) for the cycles in the set {4n+2}, which is assigned to the receive buffer only, the receive buffer
will be found and the node can receive data.

The receive cycles are shown inFigure 13-147

Figure 13-147. Transmit Data Not Available

13.7.6.3.2 Transmit Data Available

If transmit data areavailable, i.e. the transmit buffer is committed MBCCSRt[CMT]=1 and not locked
MBCCSRt[LCKS]=0,

e) for the cycles in the set {4n}, which is assigned to both buffers, the transmit buffer will be found
and the node transmits data.

f) for the cycles in the set {4n+2}, which is assigned to the receive buffer only, the receive buffer
will be found and the node can receive data.

The receive and transmit cycles are shown inFigure 13-147

Figure 13-148. Transmit Data Not Available
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Chapter 14
XGATE (S12XGATEV3)

14.1 Introduction
The XGATE module is a peripheral co-processor that allows autonomous data transfers between 
MCUÕs peripherals and the internal memories. It has a built in RISC core that is able to pre-proce
transferred data and perform complex communication protocols.

The XGATE module is intended to increase the MCUÕs data throughput by lowering the S12X_C
interrupt load.

Figure 14-1 gives an overview on the XGATE architecture.

This document describes the functionality of the XGATE module, including:

¥ XGATE registers (Section 14.3, ÒMemory Map and Register DeÞnitionÓ)
¥ XGATE RISC core (Section 14.4.1, “XGATE RISC CoreÓ)
¥ Hardware semaphores (Section 14.4.4, ÒSemaphoresÓ)
¥ Interrupt handling (Section 14.5, ÒInterruptsÓ)
¥ Debug features (Section 14.6, ÒDebug ModeÓ)
¥ Security (Section 14.7, ÒSecurityÓ)
¥ Instruction set (Section 14.8, ÒInstruction SetÓ)

14.1.1 Glossary of Terms

XGATE Request

A service request from a peripheral module which is directed to the XGATE by the S12X_IN
module (seeFigure 14-1). Each XGATE request attempts to activate a XGATE channel at a cer
priority level.

XGATE Channel

The resources in the XGATE module (i.e. Channel ID number, Priority level, Service Reque
Vector, Interrupt Flag) which are associated with a particular XGATE Request.

Table 14-1. Revision History

Revision
Number

Revision Date
Sections
Affected

Description of Changes

V03.22 06 Oct 2005 - Internal updates

V03.23 14 Dec 2005 14.9.2/14-725 - Updated code example

V03.24 17 Jan 2006 - Internal updates
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ Provides up to 108 XGATE channels, including 8 software triggered channels
¥ Interruptible thread execution
¥ Two register banks to support fast context switching between threads
¥ Hardware semaphores which are shared between the S12X_CPU and the XGATE module
¥ Able to trigger S12X_CPU interrupts upon completion of an XGATE transfer
¥ Software error detection to catch erratic application code

14.1.3 Modes of Operation

There are four run modes on S12XE devices.

¥ Run mode, wait mode, stop mode
The XGATE is able to operate in all of these three system modes. Clock activity will be
automatically stopped when the XGATE module is idle.

¥ Freeze mode (BDM active)
In freeze mode all clocks of the XGATE module may be stopped, depending on the module
configuration (seeSection 14.3.1.1, ÒXGATE Control Register (XGMCTL)Ó).

14.1.4 Block Diagram

Figure 14-1 shows a block diagram of the XGATE.

Figure 14-1. XGATE Block Diagram
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14.2 External Signal Description
The XGATE module has no external pins.

14.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the XGATE m

The memory map for the XGATE module is given below inFigure 14-2.The address listed for each registe
is the sum of a base address and an address offset. The base address is deÞned at the SoC leve
address offset is deÞned at the module level. Reserved registers read zero. Write accesses to the
registers have no effect.

14.3.1 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard
diagram with an associated Þgure number. Details of register bits and Þeld functions follow the re
diagrams, in bit order.

Register
Name

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0x0000
XGMCTL

R 0 0 0 0 0 0 0 0
XGE XGFRZ XGDBG XGSS

XG
FACT

0
XG

SWEF
XGIE

W
XGEM

XG
FRZM

XG
DBGM

XGSSM
XG

FACTM
XG

SWEFMXGIEM

0x0002
XGCHID

R 0 XGCHID[6:0]

W

0x0003
XGCHPL

R 0 0 0 0 0 XGCHPL[2:0]

W

0x0004
Reserved

R

W

0x0005
XGISPSEL

R 0 0 0 0 0 0
XGISPSEL[1:0]

W

0x0006
XGISP74

R
XGISP74[15:1]

0

W

0x0006
XGISP31

R
XGISP31[15:1]

0

W

0x0006
XGVBR

R
XGVBR[15:1]

0

W

= Unimplemented or Reserved

Figure 14-2. XGATE Register Summary (Sheet 1 of 3)
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14.3.1.1 XGATE Control Register (XGMCTL)

All module level switches and ßags are located in the XGATE Module Control RegisterFigure 14-3.

Read: Anytime

Write: Anytime

Module Base +0x00000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0
XGE XGFRZ XGDBG XGSS XGFACT

0
XG

SWEF
XGIEW

XGEM
XG

FRZM
XG

DBGM
XG

SSM
XG

FACTM
XG

SWEFM
XGIEM

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-3. XGATE Control Register (XGMCTL)

Table 14-2. XGMCTL Field Descriptions (Sheet 1 of 3)

Field Description

15
XGEM

XGE Mask — This bit controls the write access to the XGE bit. The XGE bit can only be set or cleared if a "1" is
written to the XGEM bit in the same register access.
Read:

This bit will always read "0".
Write:
0 Disable write access to the XGE in the same bus cycle
1 Enable write access to the XGE in the same bus cycle

14
XGFRZM

XGFRZ Mask — This bit controls the write access to the XGFRZ bit. The XGFRZ bit can only be set or cleared
if a "1" is written to the XGFRZM bit in the same register access.
Read:

This bit will always read "0".
Write:
0 Disable write access to the XGFRZ in the same bus cycle
1 Enable write access to the XGFRZ in the same bus cycle

13
XGDBGM

XGDBG Mask — This bit controls the write access to the XGDBG bit. The XGDBG bit can only be set or cleared
if a "1" is written to the XGDBGM bit in the same register access.
Read:

This bit will always read "0".
Write:
0 Disable write access to the XGDBG in the same bus cycle
1 Enable write access to the XGDBG in the same bus cycle

12
XGSSM

XGSS Mask — This bit controls the write access to the XGSS bit. The XGSS bit can only be set or cleared if a
"1" is written to the XGSSM bit in the same register access.
Read:

This bit will always read "0".
Write:
0 Disable write access to the XGSS in the same bus cycle
1 Enable write access to the XGSS in the same bus cycle
MC9S12XF - Family Reference Manual, Rev.1.20
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14.3.1.2 XGATE Channel ID Register (XGCHID)

The XGATE Channel ID Register (Figure 14-4) shows the identiÞer of the XGATE channel that is
currently active. This register will read Ò$00Ó if the XGATE module is idle. In debug mode this re
can be used to start and terminate threads. Refer toSection 14.6.1, ÒDebug FeaturesÓ for further
information.

4
XGSS

XGATE Single Step — This bit forces the execution of a single instruction.(1)

Read:
0 No single step in progress
1 Single step in progress
Write
0 No effect
1 Execute a single RISC instruction
Note: Invoking a Single Step will cause the XGATE to temporarily leave Debug Mode until the instruction has

been executed.

3
XGFACT

Fake XGATE Activity — This bit forces the XGATE to flag activity to the MCU even when it is idle. When it is set
the MCU will never enter system stop mode which assures that peripheral modules will be clocked during XGATE
idle periods
Read:
0 XGATE will only flag activity if it is not idle or in debug mode.
1 XGATE will always signal activity to the MCU.
Write:
0 Only flag activity if not idle or in debug mode.
1 Always signal XGATE activity.

1
XGSWEF

XGATE Software Error Flag — This bit signals a software error. It is set whenever the RISC core detects an
error condition(2). The RISC core is stopped while this bit is set. Clearing this bit will terminate the current thread
and cause the XGATE to become idle.
Read:
0 No software error detected
1 Software error detected
Write:
0 No effect
1 Clears the XGSWEF bit

0
XGIE

XGATE Interrupt Enable — This bit acts as a global interrupt enable for the XGATE module
Read:
0 All outgoing XGATE interrupts disabled (except software error interrupts)
1 All outgoing XGATE interrupts enabled
Write:
0 Disable all outgoing XGATE interrupts (except software error interrupts)
1 Enable all outgoing XGATE interrupts

1. Refer to Section 14.6.1, “Debug Features”
2. Refer to Section 14.4.5, “Software Error Detection”

Table 14-2. XGMCTL Field Descriptions (Sheet 3 of 3)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20
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Read: Anytime

Write: In Debug Mode1

14.3.1.3 XGATE Channel Priority Level (XGCHPL)

The XGATE Channel Priority Level Register (Figure 14-5) shows the priority level of the current thread
In debug mode this register can be used to select a priority level when launching a thread (see
Section 14.6.1, ÒDebug FeaturesÓ).

Read: Anytime

Write: In Debug Mode1

14.3.1.4 XGATE Initial Stack Pointer Select Register (XGISPSEL)

The XGATE Initial Stack Pointer Select Register (Figure 14-6) determines the register which is mappe
to address ÒModule Base +0x0006Ó. A value of zero selects the Vector Base Register (XGVBR)

Module Base +0x0002

7 6 5 4 3 2 1 0

R 0 XGCHID[6:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-4. XGATE Channel ID Register (XGCHID)

Table 14-3. XGCHID Field Descriptions

Field Description

6–0
XGCHID[6:0]

Request Identifier — ID of the currently active channel

1. Refer to Section 14.6.1, “Debug Features”

Module Base +0x0003

7 6 5 4 3 2 1 0

R 0 0 0 0 0 XGCHPL[2:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-5. XGATE Channel Priority Level Register (XGCHPL)

Table 14-4. XGCHPL Field Descriptions

Field Description

2-0
XGCHPL[2:0]

Priority Level— Priority level of the currently active channel
MC9S12XF - Family Reference Manual, Rev.1.20
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this register to a channel priority level (non-zero value) selects the corresponding Initial Stack Poi
Registers XGISP74 or XGISP31 (seeTable 14-6).

Read: Anytime

Write: Anytime

14.3.1.5 XGATE Initial Stack Pointer for Interrupt Priorities 7 to 4 (XGISP74)

The XGISP74 register is intended to point to the stack region that is used by XGATE channels of pr
7 to 4. Every time a thread of such priority is started, RISC core register R7 will be initialized with 
content of XGISP74.

Read: Anytime

Write: Only if XGATE requests are disabled (XGE = 0) and idle (XGCHID = $00))

Module Base +0x0005

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0
XGISPSEL[1:0]

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-6. XGATE Initial Stack Pointer Select Register (XGISPSEL)

Table 14-5. XGISPSEL Field Descriptions

Field Description

1-0
XGISPSEL[1:0]

Register select— Determines whether XGISP74, XGISP31, or XGVBR is mapped to “Module Base +0x0006”.
See Table 14-6.

Table 14-6. XGISP74, XGISP31, XGVBR Mapping

XGISPSEL[1:0] Register Mapped to “Module Base +0x0006“

3 Reserved

2 XGISP74

1 XGISP31

0 XGVBR

Module Base +0x0006

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGISP74[15:1]

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-7. XGATE Initial Stack Pointer for Interrupt Priorities 7 to 4 (XGISP74)
MC9S12XF - Family Reference Manual, Rev.1.20
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14.3.1.6 XGATE Initial Stack Pointer for Interrupt Priorities 3 to 1 (XGISP31)

The XGISP31 register is intended to point to the stack region that is used by XGATE channels of pr
3 to 1. Every time a thread of such priority is started, RISC core register R7 will be initialized with 
content of XGISP31.

Read: Anytime

Write: Only if XGATE requests are disabled (XGE = 0) and idle (XGCHID = $00))

14.3.1.7 XGATE Vector Base Address Register (XGVBR)

The Vector Base Address Register (Figure 14-9) determines the location of the XGATE vector block (se
Section Figure 14-23., ÒXGATE Vector Block).

Read: Anytime

Write: Only if XGATE requests are disabled (XGE = 0) and idle (XGCHID = $00))

Table 14-7. XGISP74 Field Descriptions

Field Description

15–1
XBISP74[15:1]

Initial Stack Pointer— The XGISP74 register holds the initial value of RISC core register R7, for threads of
priority 7 to 4.

Module Base +0x0006

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGISP31[15:1]

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-8. XGATE Initial Stack Pointer for Interrupt Priorities 3 to 1 (XGISP31)

Table 14-8. XGISP31 Field Descriptions

Field Description

15–1
XBISP31[15:1]

Initial Stack Pointer— The XGISP31 register holds the initial value of RISC core register R7, for threads of
priority 3 to 1.

Module Base +0x0006

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGVBR[15:1]

0

W

Reset 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-9. XGATE Vector Base Address Register (XGVBR)
MC9S12XF - Family Reference Manual, Rev.1.20
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XGIF_70

XGIF_61 XGIF_60

XGIF_51 XGIF_50

XGIF_41 XGIF_40
14.3.1.8 XGATE Channel Interrupt Flag Vector (XGIF)

The XGATE Channel Interrupt Flag Vector (Figure 14-10) provides access to the interrupt ßags of all
channels. Each ßag may be cleared by writing a "1" to its bit location. Refer toSection 14.5.2, ÒOutgoing
Interrupt RequestsÓ for further information.

Table 14-9. XGVBR Field Descriptions

Field Description

15–1
XBVBR[15:1]

Vector Base Address — The XGVBR register holds the start address of the vector block in the XGATE
memory map.

Module Base +0x0008

127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112

R 0 0 0 0 0 0 0
XGIF_78 XGF_77 XGIF_76 XGIF_75 XGIF_74 XGIF_73 XGIF_72 XGIF_71

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

111 110 109 108 107 106 105 104 103 102 101 100 99 98 97 96

R
XGIF_6F XGIF_6E XGIF_6D XGIF_6C XGIF_6B XGIF_6A XGIF_69 XGIF_68 XGF_67 XGIF_66 XGIF_65 XGIF_64 XGIF_63 XGIF_62

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80

R
XGIF_5F XGIF_5E XGIF_5D XGIF_5C XGIF_5B XGIF_5A XGIF_59 XGIF_58 XGF_57 XGIF_56 XGIF_55 XGIF_54 XGIF_53 XGIF_52

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64

R
XGIF_4F XGIF_4E XGIF_4D XGIF_4C XGIF_4B XGIF_4A XGIF_49 XGIF_48 XGF _47 XGIF_46 XGIF_45 XGIF_44 XGIF_43 XGIF_42

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-10. XGATE Channel Interrupt Flag Vector (XGIF)
MC9S12XF - Family Reference Manual, Rev.1.20
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NOTE
Suggested Mnemonics for accessing the interrupt ßag vector on a word
basis are:

XGIF_7F_70 (XGIF[127:112]),
XGIF_6F_60 (XGIF[111:96]),
XGIF_5F_50 (XGIF[95:80]),
XGIF_4F_40 (XGIF[79:64]),
XGIF_3F_30 (XGIF[63:48]),
XGIF_2F_20 (XGIF[47:32]),
XGIF_1F_10 (XGIF[31:16]),
XGIF_0F_00 (XGIF[15:0])

14.3.1.9 XGATE Software Trigger Register (XGSWT)

The eight software triggers of the XGATE module can be set and cleared through the XGATE Sof
Trigger Register (Figure 14-11). The upper byte of this register, the software trigger mask, controls t
write access to the lower byte, the software trigger bits. These bits can be set or cleared if a "1" is w
to the associated mask in the same bus cycle. Refer toSection 14.5.2, ÒOutgoing Interrupt RequestsÓ for
further information.

Read: Anytime

Write: Anytime

Module Base +0x00018

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0
XGSWT[7:0]

W XGSWTM[7:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-11. XGATE Software Trigger Register (XGSWT)
MC9S12XF - Family Reference Manual, Rev.1.20
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NOTE
The XGATE channel IDs that are associated with the eight software triggers
are determined on chip integration level. (see Section ÒInterruptsÒ of theSoc
Guide)

XGATE software triggers work like any peripheral interrupt. They can be
used as XGATE requests as well as S12X_CPU interrupts. The target of the
software trigger must be selected in the S12X_INT module.

14.3.1.10 XGATE Semaphore Register (XGSEM)

The XGATE provides a set of eight hardware semaphores that can be shared between the S12X_C
the XGATE RISC core. Each semaphore can either be unlocked, locked by the S12X_CPU or loc
the RISC core. The RISC core is able to lock and unlock a semaphore through its SSEM and CSE
instructions. The S12X_CPU has access to the semaphores through the XGATE Semaphore Reg
(Figure 14-12). Refer to sectionSection 14.4.4, ÒSemaphoresÓ for details.

Read: Anytime

Write: Anytime (seeSection 14.4.4, ÒSemaphoresÓ)

Table 14-11. XGSWT Field Descriptions

Field Description

15–8
XGSWTM[7:0]

Software Trigger Mask — These bits control the write access to the XGSWT bits. Each XGSWT bit can only
be written if a "1" is written to the corresponding XGSWTM bit in the same access.
Read:
These bits will always read "0".
Write:
0 Disable write access to the XGSWT in the same bus cycle
1 Enable write access to the corresponding XGSWT bit in the same bus cycle

7–0
XGSWT[7:0]

Software Trigger Bits — These bits act as interrupt flags that are able to trigger XGATE software channels.
They can only be set and cleared by software.
Read:
0 No software trigger pending
1 Software trigger pending if the XGIE bit is set
Write:
0 Clear Software Trigger
1 Set Software Trigger

Module Base +0x0001A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0
XGSEM[7:0]

W XGSEMM[7:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-12. XGATE Semaphore Register (XGSEM)
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14.3.1.11 XGATE Condition Code Register (XGCCR)

The XGCCR register (Figure 14-13) provides access to the RISC coreÕs condition code register.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

Table 14-12. XGSEM Field Descriptions

Field Description

15–8
XGSEMM[7:0]

Semaphore Mask — These bits control the write access to the XGSEM bits.
Read:
These bits will always read "0".
Write:
0 Disable write access to the XGSEM in the same bus cycle
1 Enable write access to the XGSEM in the same bus cycle

7–0
XGSEM[7:0]

Semaphore Bits — These bits indicate whether a semaphore is locked by the S12X_CPU. A semaphore can
be attempted to be set by writing a "1" to the XGSEM bit and to the corresponding XGSEMM bit in the same
write access. Only unlocked semaphores can be set. A semaphore can be cleared by writing a "0" to the
XGSEM bit and a "1" to the corresponding XGSEMM bit in the same write access.
Read:
0 Semaphore is unlocked or locked by the RISC core
1 Semaphore is locked by the S12X_CPU
Write:
0 Clear semaphore if it was locked by the S12X_CPU
1 Attempt to lock semaphore by the S12X_CPU

Module Base +0x001D

7 6 5 4 3 2 1 0

R 0 0 0 0
XGN XGZ XGV XGC

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-13. XGATE Condition Code Register (XGCCR)

Table 14-13. XGCCR Field Descriptions

Field Description

3
XGN

Sign Flag — The RISC core’s Sign flag

2
XGZ

Zero Flag — The RISC core’s Zero flag

1
XGV

Overflow Flag — The RISC core’s Overflow flag

0
XGC

Carry Flag — The RISC core’s Carry flag
MC9S12XF - Family Reference Manual, Rev.1.20
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14.3.1.12 XGATE Program Counter Register (XGPC)

The XGPC register (Figure 14-14) provides access to the RISC coreÕs program counter.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

14.3.1.13 XGATE Register 1 (XGR1)

The XGR1 register (Figure 14-15) provides access to the RISC coreÕs register 1.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

Module Base +0x0001E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGPC

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-14. XGATE Program Counter Register (XGPC)

Table 14-14. XGPC Field Descriptions

Field Description

15–0
XGPC[15:0]

Program Counter — The RISC core’s program counter

Module Base +0x00022

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR1

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-15. XGATE Register 1 (XGR1)

Table 14-15. XGR1 Field Descriptions

Field Description

15–0
XGR1[15:0]

XGATE Register 1 — The RISC core’s register 1
MC9S12XF - Family Reference Manual, Rev.1.20
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14.3.1.14 XGATE Register 2 (XGR2)

The XGR2 register (Figure 14-16) provides access to the RISC coreÕs register 2.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

14.3.1.15 XGATE Register 3 (XGR3)

The XGR3 register (Figure 14-17) provides access to the RISC coreÕs register 3.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

Module Base +0x00024

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR2

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-16. XGATE Register 2 (XGR2)

Table 14-16. XGR2 Field Descriptions

Field Description

15–0
XGR2[15:0]

XGATE Register 2 — The RISC core’s register 2

Module Base +0x00026

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR3

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-17. XGATE Register 3 (XGR3)

Table 14-17. XGR3 Field Descriptions

Field Description

15–0
XGR3[15:0]

XGATE Register 3 — The RISC core’s register 3
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14.3.1.16 XGATE Register 4 (XGR4)

The XGR4 register (Figure 14-18) provides access to the RISC coreÕs register 4.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

14.3.1.17 XGATE Register 5 (XGR5)

The XGR5 register (Figure 14-19) provides access to the RISC coreÕs register 5.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

Module Base +0x00028

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR4

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-18. XGATE Register 4 (XGR4)

Table 14-18. XGR4 Field Descriptions

Field Description

15–0
XGR4[15:0]

XGATE Register 4 — The RISC core’s register 4

Module Base +0x0002A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR5

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-19. XGATE Register 5 (XGR5)

Table 14-19. XGR5 Field Descriptions

Field Description

15–0
XGR5[15:0]

XGATE Register 5 — The RISC core’s register 5
MC9S12XF - Family Reference Manual, Rev.1.20
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14.3.1.18 XGATE Register 6 (XGR6)

The XGR6 register (Figure 14-20) provides access to the RISC coreÕs register 6.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

14.3.1.19 XGATE Register 7 (XGR7)

The XGR7 register (Figure 14-21) provides access to the RISC coreÕs register 7.

Read: In debug mode if unsecured and not idle (XGCHID � 0x00)

Write: In debug mode if unsecured and not idle (XGCHID � 0x00)

14.4 Functional Description
The core of the XGATE module is a RISC processor which is able to access the MCUÕs internal me
and peripherals (seeFigure 14-1). The RISC processor always remains in an idle state until it is trigge
by an XGATE request. Then it executes a code sequence (thread) that is associated with the requ
XGATE channel. Each thread can run on a priority level ranging from 1 to 7. Refer to theS12X_INT

Module Base +0x0002C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR6

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-20. XGATE Register 6 (XGR6)

Table 14-20. XGR6 Field Descriptions

Field Description

15–0
XGR6[15:0]

XGATE Register 6 — The RISC core’s register 6

Module Base +0x0002E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
XGR7

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-21. XGATE Register 7 (XGR7)

Table 14-21. XGR7 Field Descriptions

Field Description

15–0
XGR7[15:0]

XGATE Register 7 — The RISC core’s register 7
MC9S12XF - Family Reference Manual, Rev.1.20
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Sectionfor information on how to select priority levels for XGATE threads. Low priority threads (interru
levels 1 to 3) can be interrupted by high priority threads (interrupt levels 4 to 7). High priority threads
not interruptible. The register content of an interrupted thread is maintained and restored by the X
hardware.

To signal the completion of a task the XGATE is able to send interrupts to the S12X_CPU. Each XG
channel has its own interrupt vector. Refer to theS12X_INT Section for detailed information.

The XGATE module also provides a set of hardware semaphores which are necessary to ensure 
consistency whenever RAM locations or peripherals are shared with the S12X_CPU.

The following sections describe the components of the XGATE module in further detail.

14.4.1 XGATE RISC Core

The RISC core is a 16 bit processor with an instruction set that is well suited for data transfers, bi
manipulations, and simple arithmetic operations (seeSection 14.8, ÒInstruction SetÓ).

It is able to access the MCUÕs internal memories and peripherals without blocking these resourc
the S12X_CPU1. Whenever the S12X_CPU and the RISC core access the same resource, the RIS
will be stalled until the resource becomes available again.1

The XGATE offers a high access rate to the MCUÕs internal RAM. Depending on the bus load, the
core can perform up to two RAM accesses per S12X_CPU bus cycle.

Bus accesses to peripheral registers or ßash are slower. A transfer rate of one bus access per S1
cycle can not be exceeded.

The XGATE module is intended to execute short interrupt service routines that are triggered by perip
modules or by software.

14.4.2 Programmer’s Model

Figure 14-22. Programmer’s Model

1. With the exception of PRR registers (see Section “S12X_MMC”).
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The programmerÕs model of the XGATE RISC core is shown inFigure 14-22. The processor offers a se
of seven general purpose registers (R1 - R7), which serve as accumulators and index registers. A
additional eighth register (R0) is tied to the value Ò$0000Ó. Registers R1 and R7 have additional
functionality. R1 is preloaded with the initial data pointer of the channelÕs service request vector 
Figure 14-23). R7 is either preloaded with the content of XGISP74 if the interrupt priority of the cur
channel is in the range 7 to 4, or it is with preloaded the content of XGISP31 if the interrupt priority o
current channel is in the range 3 to 1. The remaining general purpose registers will be reset to an
unspeciÞed value at the beginning of each thread.

The 16 bit program counter allows the addressing of a 64 kbyte address space.

The condition code register contains four bits: the sign bit (S), the zero ßag (Z), the overßow ßag (V
the carry bit (C). The initial content of the condition code register is undeÞned.

14.4.3 Memory Map

The XGATEÕs RISC core is able to access an address space of 64K bytes. The allocation of memor
within this address space is determined on chip level. Refer to theS12X_MMC Section for a detailed
information.

The XGATE vector block assigns a start address and a data pointer to each XGATE channel. Its p
in the XGATE memory map can be adjusted through the XGVBR register (seeSection 14.3.1.7, ÒXGATE
Vector Base Address Register (XGVBR)Ó). Figure 14-23shows the layout of the vector block. Each vecto
consists of two 16 bit words. The Þrst contains the start address of the service routine. This value w
loaded into the program counter before a service routine is executed. The second word is a pointe
service routineÕs data space. This value will be loaded into register R1 before a service routine is e
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 14-23. XGATE Vector Block

14.4.4 Semaphores

The XGATE module offers a set of eight hardware semaphores. These semaphores provide a mec
to protect system resources that are shared between two concurrent threads of program executio
thread running on the S12X_CPU and one running on the XGATE RISC core.

Each semaphore can only be in one of the three states: ÒUnlockedÓ, ÒLocked by S12X_CPUÓ, and
by XGATEÓ. The S12X_CPU can check and change a semaphoreÕs state through the XGATE se
register (XGSEM, seeSection 14.3.1.10, ÒXGATE Semaphore Register (XGSEM)Ó). The RISC core does
this through its SSEM and CSEM instructions.

IFigure 14-24 illustrates the valid state transitions.

+$0000

unused

+$0024

+$0028

+$002C

+$0030

+$01E0

Code

Data

Code

Data

XGVBR

Channel $0A Initial Program Counter

Channel $0A Initial Data Pointer

Channel $09 Initial Program Counter

Channel $09 Initial Data Pointer

Channel $0B Initial Program Counter

Channel $0B Initial Data Pointer

Channel $0C Initial Program Counter

Channel $0C Initial Data Pointer

Channel $78 Initial Program Counter

Channel $78 Initial Data Pointer
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Figure 14-24. Semaphore State Transitions

Figure 14-25 gives an example of the typical usage of the XGATE hardware semaphores.

Two concurrent threads are running on the system. One is running on the S12X_CPU and the oth
running on the RISC core. They both have a critical section of code that accesses the same system re
To guarantee that the system resource is only accessed by one thread at a time, the critical code s
must be embedded in a semaphore lock/release sequence as shown.

UNLOCKED

LOCKED BY
S12X_CPU

LOCKED BY
XGATE

set_xgsem: 1 is written to XGSEM[n] (and 1 is written to XGSEMM[n])
clr_xgsem: 0 is written to XGSEM[n] (and 1 is written to XGSEMM[n])
ssem: Executing SSEM instruction (on semaphore n)
csem: Executing CSEM instruction (on semaphore n)

clr_xgsem csem

ssem & set_xgsem

clr_xgsem

ssem &
set_xgsem

csem

ssem
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Figure 14-25. Algorithm for Locking and Releasing Semaphores

14.4.5 Software Error Detection

Upon detecting an error condition caused by erratic application code, the XGATE module will
immediately terminate program execution and trigger a non-maskable interrupt to the S12X_CPU.
are three error conditions:

¥ Execution of an illegal opcode
¥ Illegal opcode fetches
¥ Illegal load or store accesses

All opcodes which are not listed in sectionSection 14.8, ÒInstruction SetÓ are illegal opcodes. Illegal
opcode fetches as well as illegal load and store accesses are deÞned on chip level. Refer to the
S12X_MMC Section for a detailed information.

NOTE
When executing a branch (BCC, BCS,...), a jump (JAL) or an RTS
instruction, the XGATE prefetches and discards the opcode of the following
instruction. The XGATE will perform its software error handling actions
(see above) if this opcode fetch is illegal.

SSEM

0 	  XGSEM[n]

BCC?

1 	 XGSEM[n]

CSEM

......... .........

..................

critical
code

sequence

critical
code

sequence

S12X_CPU XGATE

XGSEM[n]  1?
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14.5 Interrupts

14.5.1 Incoming Interrupt Requests

XGATE threads are triggered by interrupt requests which are routed to the XGATE module (see
S12X_INT Section). Only a subset of the MCUÕs interrupt requests can be routed to the XGATE. W
speciÞc interrupt requests these are and which channel ID they are assigned to is documented in
ÒInterruptsÓ of theSoC Guide.

14.5.2 Outgoing Interrupt Requests

There are three types of interrupt requests which can be triggered by the XGATE module:

3. Channel interrupts
For each XGATE channel there is an associated interrupt ßag in the XGATE interrupt ßag v
(XGIF, seeSection 14.3.1.8, ÒXGATE Channel Interrupt Flag Vector (XGIF)Ó). These ßags can be
set through the "SIF" instruction by the RISC core. They are typically used to ßag an interr
the S12X_CPU when the XGATE has completed one of its task.

4. Software triggers
Software triggers are interrupt ßags, which can be set and cleared by software (see
Section 14.3.1.9, ÒXGATE Software Trigger Register (XGSWT)Ó). They are typically used to
trigger XGATE tasks by the S12X_CPU software. However these interrupts can also be rout
the S12X_CPU (seeS12X_INT Section) and triggered by the XGATE software.

5. Software error interrupt
The software error interrupt signals to the S12X_CPU the detection of an error condition in
XGATE application code (seeSection 14.4.5, ÒSoftware Error DetectionÓ). This is a non-maskable
interrupt. Executing the interrupt service routine will automatically reset the interrupt line.

All outgoing XGATE interrupts, except software error interrupts, can be disabled by the XGIE bit in
XGATE module control register (XGMCTL, seeSection 14.3.1.1, ÒXGATE Control Register
(XGMCTL)Ó).

14.6 Debug Mode
The XGATE debug mode is a feature to allow debugging of application code.

14.6.1 Debug Features

In debug mode the RISC core will be halted and the following debug features will be enabled:

¥ Read and Write accesses to RISC core registers (XGCCR, XGPC, XGR1ÐXGR7)1

All RISC core registers can be modified. Leaving debug mode will cause the RISC core to con
program execution with the modified register values.

1. Only possible if MCU is unsecured
MC9S12XF - Family Reference Manual, Rev.1.20
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¥ Single Stepping
Writing a "1" to the XGSS bit will call the RISC core to execute a single instruction. All RISC co
registers will be updated accordingly.

¥ Write accesses to the XGCHID register and the XGCHPL register
XGATE threads can be initiated and terminated through a 16 write access to the XGCHID an
XGCHPL register or through a 8 bit write access to the XGCHID register. Detailed operatio
shown inTable 14-22. Once a thread has been initiated, the thread code can be either single ste
or it can be executed by leaving debug mode.

NOTE
Even though zero is not a valid interrupt priority level of the S12X_INT
module, a thread of priority level 0 can be initiated in debug mode. The
XGATE handles requests of priority level 0 in the same way as it handles
requests of priority levels 1 to 3.

NOTE
All channels 1 to 127 can be initiated by writing to the XGCHID register,
even if they are not assigned to any peripheral module.

NOTE
In Debug Mode the XGATE will ignore all requests from peripheral
modules.

14.6.1.0.1 Entering Debug Mode

Debug mode can be entered in four ways:

1. Setting XGDBG to "1"

Table 14-22. Initiating and Terminating Threads in Debug Mode

Register Content
Single Cycle Write

Access to... Action

XGCHID XGCHPL XGCHID XGCHPL

0 0 1..127 -(1)

1. 8 bit write access to XGCHID

Set new XGCHID
Set XGCHPL to 0x01

Initiate new thread

0 0 1..127 0..7
Set new XGCHID
Set new XGCHPL
Initiate new thread

1..127 0..3 1..127 4..7

Interrupt current thread
Set new XGCHID
Set new XGCHPL
Initiate new thread

1..127 0..7 0
0..7 Terminate current thread.

Resume interrupted thread or become idle if
no interrupted thread is pending-1

All other combinations No action
MC9S12XF - Family Reference Manual, Rev.1.20
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Writing a "1" to XGDBG and XGDBGM in the same write access causes the XGATE to ent
debug mode upon completion of the current instruction.

NOTE
After writing to the XGDBG bit the XGATE will not immediately enter
debug mode. Depending on the instruction that is executed at this time there
may be a delay of several clock cycles. The XGDBG will read "0" until
debug mode is entered.

2. Software breakpoints
XGATE programs which are stored in the internal RAM allow the use of software breakpoint
software breakpoint is set by replacing an instruction of the program code with the "BRK"
instruction.
As soon as the program execution reaches the "BRK" instruction, the XGATE enters debug m
Additionally a software breakpoint request is sent to the S12X_DBG module (see section 4
theS12X_DBG Section).
Upon entering debug mode, the program counter will point to the "BRK" instruction. The ot
RISC core registers will hold the result of the previous instruction.
To resume program execution, the "BRK" instruction must be replaced by the original instruc
before leaving debug mode.

3. Tagged Breakpoints
The S12X_DBG module is able to place tags on fetched opcodes. The XGATE is able to e
debug mode right before a tagged opcode is executed (see section 4.9 of theS12X_DBG Section).
Upon entering debug mode, the program counter will point to the tagged instruction. The o
RISC core registers will hold the result of the previous instruction.

4. Forced Breakpoints
Forced breakpoints are triggered by the S12X_DBG module (see section 4.9 of theS12X_DBG
Section). When a forced breakpoint occurs, the XGATE will enter debug mode upon comple
of the current instruction.

14.6.2 Leaving Debug Mode

Debug mode can only be left by setting the XGDBG bit to "0". If a thread is active (XGCHID has not b
cleared in debug mode), program execution will resume at the value of XGPC.

14.7 Security
In order to protect XGATE application code on secured S12X devices, a few restrictions in the deb
features have been made. These are:

¥ Registers XGCCR, XGPC, and XGR1ÐXGR7 will read zero on a secured device
¥ Registers XGCCR, XGPC, and XGR1ÐXGR7 can not be written on a secured device
¥ Single stepping is not possible on a secured device
MC9S12XF - Family Reference Manual, Rev.1.20
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14.8 Instruction Set

14.8.1 Addressing Modes

For the ease of implementation the architecture is a strict Load/Store RISC machine, which mean
operations must have one of the eight general purpose registers R0 É R7 as their source as well 
destination.

All word accesses must work with a word aligned address, that is A[0] = 0!

14.8.1.1 Naming Conventions

RD Destination register, allowed range is R0ÐR7
RD.L Low byte of the destination register, bits [7:0]
RD.H High byte of the destination register, bits [15:8]
RS, RS1, RS2 Source register, allowed range is R0ÐR7
RS.L, RS1.L, RS2.L Low byte of the source register, bits [7:0]
RS.H, RS1.H, RS2.H High byte of the source register, bits[15:8]
RB Base register for indexed addressing modes, allowed

range is R0ÐR7
RI Offset register for indexed addressing modes with

register offset, allowed range is R0ÐR7
RI+ Offset register for indexed addressing modes with

register offset and post-increment,
Allowed range is R0ÐR7 (R0+ is equivalent to R0)

ÐRI Offset register for indexed addressing modes with
register offset and pre-decrement,
Allowed range is R0ÐR7 (ÐR0 is equivalent to R0)

NOTE
Even though register R1 is intended to be used as a pointer to the data
segment, it may be used as a general purpose data register as well.

Selecting R0 as destination register will discard the result of the instruction.
Only the condition code register will be updated

14.8.1.2 Inherent Addressing Mode (INH)

Instructions that use this addressing mode either have no operands or all operands are in internal X
registers.

Examples:
BRK
RTS
MC9S12XF - Family Reference Manual, Rev.1.20
644 Freescale Semiconductor
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14.8.1.3 Immediate 3-Bit Wide (IMM3)

Operands for immediate mode instructions are included in the instruction stream and are fetched in
instruction queue along with the rest of the 16 bit instruction. The Õ#Õ symbol is used to indicate 
immediate addressing mode operand. This address mode is used for semaphore instructions.

Examples:
CSEM #1 ; Unlock semaphore 1
SSEM #3 ; Lock Semaphore 3

14.8.1.4 Immediate 4 Bit Wide (IMM4)

The 4 bit wide immediate addressing mode is supported by all shift instructions.

RD = RD�  IMM4

Examples:
LSL R4,#1 ; R4 = R4 << 1; shift register R4 by 1 bit to the left
LSR R4,#3 ; R4 = R4 >> 3; shift register R4 by 3 bits to the right

14.8.1.5 Immediate 8 Bit Wide (IMM8)

The 8 bit wide immediate addressing mode is supported by four major commands (ADD, SUB, LD, C

RD = RD�  imm8

Examples:
ADDL R1,#1 ; adds an 8 bit value to register R1
SUBL R2,#2 ; subtracts an 8 bit value from register R2
LDH R3,#3 ; loads an 8 bit immediate into the high byte of Register R3
CMPL R4,#4 ; compares the low byte of register R4 with an immediate value

14.8.1.6 Immediate 16 Bit Wide (IMM16)

The 16 bit wide immediate addressing mode is a construct to simplify assembler code. Instructions
offer this mode are translated into two opcodes using the eight bit wide immediate addressing mo

RD = RD�  IMM16

Examples:
LDW R4,#$1234 ; translated to LDL R4,#$34; LDH R4,#$12
ADD R4,#$5678 ; translated to ADDL R4,#$78; ADDH R4,#$56

14.8.1.7 Monadic Addressing (MON)

In this addressing mode only one operand is explicitly given. This operand can either be the source (f(RD)),
the target (RD =f()), or both source and target of the operation (RD =f(RD)).

Examples:
JAL R1 ; PC = R1, R1 = PC+2
SIF R2 ; Trigger IRQ associated with the channel number in R2.L
MC9S12XF - Family Reference Manual, Rev.1.20
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14.8.2.5 Bit Field Operations

This addressing mode is used to identify the position and size of a bit Þeld for insertion or extraction
width and offset are coded in the lower byte of the source register 2, RS2. The content of the upper
ignored. An offset of 0 denotes the right most position and a width of 0 denotes 1 bit. These instru
are very useful to extract, insert, clear, set or toggle portions of a 16 bit word

Figure 14-26. Bit Field Addressing

BFEXT R3,R4,R5 ; R5: W4+1 bits with offset O4, will be extracted from R4 into R3

14.8.2.6 Special Instructions for DMA Usage

The XGATE offers a number of additional instructions for ßag manipulation, program ßow control 
debugging:

1. SIF: Set a channel interrupt flag

2. SSEM: Test and set a hardware semaphore

3. CSEM: Clear a hardware semaphore

4. BRK: Software breakpoint

5. NOP: No Operation

6. RTS: Terminate the current thread

14.8.3 Cycle Notation

Table 14-23 show the XGATE access detail notation. Each code letter equals one XGATE cycle. E
letter implies additional wait cycles if memories or peripherals are not accessible. Memories or perip
are not accessible if they are blocked by the S12X_CPU. In addition to this Peripherals are only acce
every other XGATE cycle. Uppercase letters denote 16 bit operations. Lowercase letters denote 8
operations. The XGATE is able to perform two bus or wait cycles per S12X_CPU cycle.

W4 O4

15 025

W4=3, O4=2

15 03

Bit Field Extract

Bit Field Insert

RS2

RS1

RD

0347
MC9S12XF - Family Reference Manual, Rev.1.20
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14.8.4 Thread Execution

When the RISC core is triggered by an interrupt request (seeFigure 14-1) it Þrst executes a vector fetch
sequence which performs three bus accesses:

1. A V-cycle to fetch the initial content of the program counter.

2. A V-cycle to fetch the initial content of the data segment pointer (R1).

3. A P-cycle to load the initial opcode.

Afterwards a sequence of instructions (thread) is executed which is terminated by an "RTS" instruct
further interrupt requests are pending after a thread has been terminated, a new vector fetch will b
performed. Otherwise the RISC core will either resume a previous thread (beginning with aP-cycle to
refetch the interrupted opcode) or it will become idle until a new interrupt request is received. A threa
only be interrupted by an interrupt request of higher priority.

14.8.5 Instruction Glossary

This section describes the XGATE instruction set in alphabetical order.

Table 14-23. Access Detail Notation

V — Vector fetch: always an aligned word read, lasts for at least one RISC core cycle

P — Program word fetch: always an aligned word read, lasts for at least one RISC core cycle

r — 8 bit data read: lasts for at least one RISC core cycle

R — 16 bit data read: lasts for at least one RISC core cycle

w — 8 bit data write: lasts for at least one RISC core cycle

W— 16 bit data write: lasts for at least one RISC core cycle

A — Alignment cycle: no read or write, lasts for zero or one RISC core cycles

f — Free cycle: no read or write, lasts for one RISC core cycles

Special Cases

PP/P — Branch: PP if branch taken, P if not
MC9S12XF - Family Reference Manual, Rev.1.20
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RD + IMM8:$00 	 RD

Adds the content of high byte of register RD and a signed immediate 8 bit constant using binary ad
and stores the result in the high byte of the destination register RD. This instruction can be used a
ADDL for a 16 bit immediate addition.

Example:
ADDL R2,#LOWBYTE
ADDH R2,#HIGHBYTE ; R2 = R2 + 16 bit immediate

CCR Effects

Code and CPU Cycles

ADDH Add Immediate 8 bit Constant
(High Byte) ADDH

N Z V C

� � � �

N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.
V: Set if a two´s complement overflow resulted from the operation; cleared otherwise.

RD[15]old & IMM8[7] & RD[15]new | RD[15]old & IMM8[7] & RD[15]new

C: Set if there is a carry from the bit 15 of the result; cleared otherwise.
RD[15]old & IMM8[7] | RD[15]old & RD[15]new | IMM8[7] & RD[15]new

Source Form
Address

Mode
Machine Code Cycles

ADDH RD, #IMM8 IMM8 1 1 1 0 1 RD IMM8 P
MC9S12XF - Family Reference Manual, Rev.1.20
Freescale Semiconductor 653







Chapter 14 XGATE (S12XGATEV3)

t and
Operation

RD.H & IMM8 	 RD.H

Performs a bit wise logical AND between the high byte of register RD and an immediate 8 bit constan
stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

Code and CPU Cycles

ANDH Logical AND Immediate 8 bit Constant
(High Byte) ANDH

N Z V C

� � 0 —

N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the 8 bit result is $00; cleared otherwise.
V: 0; cleared.
C: Not affected.

Source Form
Address

Mode
Machine Code Cycles

ANDH RD, #IMM8 IMM8 1 0 0 0 1 RD IMM8 P
MC9S12XF - Family Reference Manual, Rev.1.20
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RD.H | IMM8 	 RD.H

Performs a bit wise logical OR between the high byte of register RD and an immediate 8 bit constan
stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

Code and CPU Cycles

ORH Logical OR Immediate 8 bit Constant
(High Byte) ORH

N Z V C

� � 0 —

N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the 8 bit result is $00; cleared otherwise.
V: 0; cleared.
C: Not affected.

Source Form
Address

Mode
Machine Code Cycles

ORH RD, #IMM8 IMM8 1 0 1 0 1 RD IMM8 P
MC9S12XF - Family Reference Manual, Rev.1.20
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Sets the interrupt ßag of an XGATE channel (XGIF). This instruction supports two source forms. I
inherent address mode is used, then the interrupt flag of the current channel (XGCHID) will be set.
monadic address form is used, the interrupt ßag associated with the channel id number contained
RS[6:0] is set. The content of RS[15:7] is ignored.

NOTE
Interrupt ßags of reserved channels (see Device User Guide) canÕt be set.

CCR Effects

Code and CPU Cycles

SIF Set Interrupt Flag SIF

N Z V C

— — — —

N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Source Form
Address

Mode
Machine Code Cycles

SIF INH 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 PA

SIF RS MON 0 0 0 0 0 RS 1 1 1 1 0 1 1 1 PA
MC9S12XF - Family Reference Manual, Rev.1.20
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RD Ð IMM8:$00 	 RD

Subtracts a signed immediate 8 bit constant from the content of high byte of register RD and using b
subtraction and stores the result in the high byte of destination register RD. This instruction can b
after an SUBL for a 16 bit immediate subtraction.

Example:
SUBL R2,#LOWBYTE
SUBH R2,#HIGHBYTE ; R2 = R2 - 16 bit immediate

CCR Effects

Code and CPU Cycles

SUBH Subtract Immediate 8 bit Constant
(High Byte) SUBH

N Z V C

� � � �

N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.
V: Set if a two´s complement overflow resulted from the operation; cleared otherwise.

RD[15]old & IMM8[7] & RD[15]new | RD[15]old & IMM8[7] & RD[15]new

C: Set if there is a carry from the bit 15 of the result; cleared otherwise.
RD[15]old & IMM8[7] | RD[15]old & RD[15]new | IMM8[7] & RD[15]new

Source Form
Address

Mode
Machine Code Cycles

SUBH RD, #IMM8 IMM8 1 1 0 0 1 RD IMM8 P
MC9S12XF - Family Reference Manual, Rev.1.20
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~(RD.H ^ IMM8) 	 RD.H

Performs a bit wise logical exclusive NOR between the high byte of register RD and an immediate
constant and stores the result in the destination register RD.H. The low byte of RD is not affected

CCR Effects

Code and CPU Cycles

XNORH Logical Exclusive NOR Immediate
8 bit Constant (High Byte) XNORH

N Z V C

� � 0 —

N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the 8 bit result is $00; cleared otherwise.
V: 0; cleared.
C: Not affected.

Source Form
Address

Mode
Machine Code Cycles

XNORH RD, #IMM8 IMM8 1 0 1 1 1 RD IMM8 P
MC9S12XF - Family Reference Manual, Rev.1.20
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14.8.6 Instruction Coding

Table 14-24 summarizes all XGATE instructions in the order of their machine coding.

Table 14-24. Instruction Set Summary (Sheet 1 of 3)

Functionality 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Return to Scheduler and Others
BRK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NOP 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
RTS 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
SIF 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Semaphore Instructions
CSEM IMM3 0 0 0 0 0 IMM3 1 1 1 1 0 0 0 0
CSEM RS 0 0 0 0 0 RS 1 1 1 1 0 0 0 1
SSEM IMM3 0 0 0 0 0 IMM3 1 1 1 1 0 0 1 0
SSEM RS 0 0 0 0 0 RS 1 1 1 1 0 0 1 1

Single Register Instructions
SEX RD 0 0 0 0 0 RD 1 1 1 1 0 1 0 0
PAR RD 0 0 0 0 0 RD 1 1 1 1 0 1 0 1
JAL RD 0 0 0 0 0 RD 1 1 1 1 0 1 1 0
SIF RS 0 0 0 0 0 RS 1 1 1 1 0 1 1 1

Special Move instructions
TFR RD,CCR 0 0 0 0 0 RD 1 1 1 1 1 0 0 0
TFR CCR,RS 0 0 0 0 0 RS 1 1 1 1 1 0 0 1
TFR RD,PC 0 0 0 0 0 RD 1 1 1 1 1 0 1 0

Shift instructions Dyadic
BFFO RD, RS 0 0 0 0 1 RD RS 1 0 0 0 0
ASR RD, RS 0 0 0 0 1 RD RS 1 0 0 0 1
CSL RD, RS 0 0 0 0 1 RD RS 1 0 0 1 0
CSR RD, RS 0 0 0 0 1 RD RS 1 0 0 1 1
LSL RD, RS 0 0 0 0 1 RD RS 1 0 1 0 0
LSR RD, RS 0 0 0 0 1 RD RS 1 0 1 0 1
ROL RD, RS 0 0 0 0 1 RD RS 1 0 1 1 0
ROR RD, RS 0 0 0 0 1 RD RS 1 0 1 1 1

Shift instructions immediate
ASR RD, #IMM4 0 0 0 0 1 RD IMM4 1 0 0 1
CSL RD, #IMM4 0 0 0 0 1 RD IMM4 1 0 1 0
CSR RD, #IMM4 0 0 0 0 1 RD IMM4 1 0 1 1
LSL RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 0 0
LSR RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 0 1
ROL RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 1 0
ROR RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 1 1

Logical Triadic
AND RD, RS1, RS2 0 0 0 1 0 RD RS1 RS2 0 0
OR RD, RS1, RS2 0 0 0 1 0 RD RS1 RS2 1 0
XNOR RD, RS1, RS2 0 0 0 1 0 RD RS1 RS2 1 1

Arithmetic Triadic For compare use SUB R0,Rs1,Rs2
SUB RD, RS1, RS2 0 0 0 1 1 RD RS1 RS2 0 0
SBC RD, RS1, RS2 0 0 0 1 1 RD RS1 RS2 0 1
ADD RD, RS1, RS2 0 0 0 1 1 RD RS1 RS2 1 0
ADC RD, RS1, RS2 0 0 0 1 1 RD RS1 RS2 1 1
MC9S12XF - Family Reference Manual, Rev.1.20
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14.9 Initialization and Application Information

14.9.1 Initialization

The recommended initialization of the XGATE is as follows:

1. Clear the XGE bit to suppress any incoming service requests.
2. Make sure that no thread is running on the XGATE. This can be done in several ways:

a) Poll the XGCHID register until it reads $00. Also poll XGDBG and XGSWEF to make su
that the XGATE has not been stopped.

b) Enter Debug Mode by setting the XGDBG bit. Clear the XGCHID register. Clear the XGD
bit.

The recommended method is a).
3. Set the XGVBR register to the lowest address of the XGATE vector space.
4. Clear all Channel ID ßags.
5. Copy XGATE vectors and code into the RAM.
6. Initialize the S12X_INT module.
7. Enable the XGATE by setting the XGE bit.

The following code example implements the XGATE initialization sequence.

14.9.2 Code Example (Transmit "Hello World!" on SCI)
CPU S12X
;###########################################
;# SYMBOLS #
;###########################################

SCI_REGS EQU $00C8 ;SCI register space
SCIBDH EQU SCI_REGS+$00; ;SCI Baud Rate Register
SCIBDL EQU SCI_REGS+$00 ;SCI Baud Rate Register
SCICR2 EQU SCI_REGS+$03 ;SCI Control Register 2
SCISR1 EQU SCI_REGS+$04 ;SCI Status  Register 1
SCIDRL EQU SCI_REGS+$07 ;SCI Control Register 2
TIE EQU $80 ;TIE bit mask
TE EQU $08 ;TE bit mask
RE EQU $04 ;RE bit mask

Arithmetic Immediate Instructions
SUBL RD, #IMM8 1 1 0 0 0 RD IMM8
SUBH RD, #IMM8 1 1 0 0 1 RD IMM8
CMPL RS, #IMM8 1 1 0 1 0 RS IMM8
CPCH RS, #IMM8 1 1 0 1 1 RS IMM8
ADDL RD, #IMM8 1 1 1 0 0 RD IMM8
ADDH RD, #IMM8 1 1 1 0 1 RD IMM8
LDL RD, #IMM8 1 1 1 1 0 RD IMM8
LDH RD, #IMM8 1 1 1 1 1 RD IMM8

Table 14-24. Instruction Set Summary (Sheet 3 of 3)

Functionality 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MC9S12XF - Family Reference Manual, Rev.1.20
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Chapter 15
Background Debug Module (S12XBDMV2)

15.1 Introduction
This section describes the functionality of the background debug module (BDM) sub-block of the
HCS12X core platform.

The background debug module (BDM) sub-block is a single-wire, background debug system implem
in on-chip hardware for minimal CPU intervention. All interfacing with the BDM is done via the BKG
pin.

The BDM has enhanced capability for maintaining synchronization between the target and host w
allowing more ßexibility in clock rates. This includes a sync signal to determine the communicatio
and a handshake signal to indicate when an operation is complete. The system is backwards compa
the BDM of the S12 family with the following exceptions:

¥ TAGGO command no longer supported by BDM
¥ External instruction tagging feature now part of DBG module
¥ BDM register map and register content extended/modiÞed
¥ Global page access functionality
¥ Enabled but not active out of reset in emulation modes (if modes available)
¥ CLKSW bit set out of reset in emulation modes (if modes available).
¥ Family ID readable from Þrmware ROM at global address 0x7FFF0F (value for HCS12X de

is 0xC1)

15.1.1 Features

The BDM includes these distinctive features:

¥ Single-wire communication with host development system
¥ Enhanced capability for allowing more ßexibility in clock rates
¥ SYNC command to determine communication rate
¥ GO_UNTIL command
¥ Hardware handshake protocol to increase the performance of the serial communication

Table 15-1. Revision History

Revision
Number

Revision Date
Sections
Affected

Description of Changes

V02.00 07 Mar 2006 - First version of S12XBDMV2

V02.01 14 May 2008 - Introduced standardized Revision History Table
MC9S12XF - Family Reference Manual, Rev.1.20
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15.1.2.3 Low-Power Modes

The BDM can be used until all bus masters (e.g., CPU or XGATE or others depending on which ma
are available on the SOC) are in stop mode. When CPU is in a low power mode (wait or stop mod
BDM Þrmware commands as well as the hardware BACKGROUND command can not be used
respectively are ignored. In this case the CPU can not enter BDM active mode, and only hardware re
write commands are available. Also the CPU can not enter a low power mode during BDM active 

If all bus masters are in stop mode, the BDM clocks are stopped as well. When BDM clocks are dis
and one of the bus masters exits from stop mode the BDM clocks will restart and BDM will have a
reset (clearing the instruction register, any command in progress and disable the ACK function). The
is now ready to receive a new command.

15.1.3 Block Diagram

A block diagram of the BDM is shown inFigure 15-1.

Figure 15-1. BDM Block Diagram

15.2 External Signal Description
A single-wire interface pin called the background debug interface (BKGD) pin is used to communi
with the BDM system. During reset, this pin is a mode select input which selects between normal 
special modes of operation. After reset, this pin becomes the dedicated serial interface pin for the
background debug mode.

ENBDM

CLKSW

BDMACT

TRACE

SDV

16-Bit Shift RegisterBKGD
Host

System Serial
Interface

Data

Control

UNSEC

Register Block

Register
BDMSTS

Instruction Code
and

Execution

Standard BDM Firmware
LOOKUP TABLE

Secured BDM Firmware
LOOKUP TABLE

Bus Interface
and

Control Logic

Address

Data

Control

Clocks
MC9S12XF - Family Reference Manual, Rev.1.20

Freescale Semiconductor 733



Chapter 15 Background Debug Module (S12XBDMV2)

y

15.3 Memory Map and Register Definition

15.3.1 Module Memory Map

Table 15-2 shows the BDM memory map when BDM is active.

15.3.2 Register Descriptions

A summary of the registers associated with the BDM is shown inFigure 15-2. Registers are accessed b
host-driven communications to the BDM hardware using READ_BD and WRITE_BD commands.

Table 15-2. BDM Memory Map

Global Address Module
Size

(Bytes)

0x7FFF00–0x7FFF0B BDM registers 12

0x7FFF0C–0x7FFF0E BDM firmware ROM 3

0x7FFF0F Family ID (part of BDM firmware ROM) 1

0x7FFF10–0x7FFFFF BDM firmware ROM 240

Global
Address

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

0x7FFF00 Reserved R X X X X X X 0 0

W

0x7FFF01 BDMSTS R
ENBDM

BDMACT 0 SDV TRACE
CLKSW

UNSEC 0

W

0x7FFF02 Reserved R X X X X X X X X

W

0x7FFF03 Reserved R X X X X X X X X

W

0x7FFF04 Reserved R X X X X X X X X

W

0x7FFF05 Reserved R X X X X X X X X

W

0x7FFF06 BDMCCRL R
CCR7 CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCR0

W

 = Unimplemented, Reserved  = Implemented (do not alter)

X  = Indeterminate 0  = Always read zero

Figure 15-2. BDM Register Summary
MC9S12XF - Family Reference Manual, Rev.1.20
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15.3.2.1 BDM Status Register (BDMSTS)

Figure 15-3. BDM Status Register (BDMSTS)

0x7FFF07 BDMCCRH R 0 0 0 0 0
CCR10 CCR9 CCR8

W

0x7FFF08 BDMGPR R
BGAE BGP6 BGP5 BGP4 BGP3 BGP2 BGP1 BGP0

W

0x7FFF09 Reserved R 0 0 0 0 0 0 0 0

W

0x7FFF0A Reserved R 0 0 0 0 0 0 0 0

W

0x7FFF0B Reserved R 0 0 0 0 0 0 0 0

W

Register Global Address 0x7FFF01

7 6 5 4 3 2 1 0

R
ENBDM

BDMACT 0 SDV TRACE
CLKSW

UNSEC 0

W

Reset

Special Single-Chip Mode 0(1)

1. ENBDM is read as 1 by a debugging environment in special single chip mode when the device is not secured or secured but
fully erased (non-volatile memory). This is because the ENBDM bit is set by the standard firmware before a BDM command
can be fully transmitted and executed.

1 0 0 0 0 0(3)

3. UNSEC is read as 1 by a debugging environment in special single chip mode when the device is secured and fully erased,
else it is 0 and can only be read if not secure (see also bit description).

0

Emulation Modes
(if modes available)

1 0 0 0 0 1(2)

2. CLKSW is read as 1 by a debugging environment in emulation modes when the device is not secured and read as 0 when
secured if emulation modes available.

0 0

All Other Modes 0 0 0 0 0 0 0 0

 = Unimplemented, Reserved  = Implemented (do not alter)

0  = Always read zero

Global
Address

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

 = Unimplemented, Reserved  = Implemented (do not alter)

X  = Indeterminate 0  = Always read zero

Figure 15-2. BDM Register Summary (continued)
MC9S12XF - Family Reference Manual, Rev.1.20
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2
CLKSW

Clock Switch — The CLKSW bit controls which clock the BDM operates with. It is only writable from a hardware
BDM command. A minimum delay of 150 cycles at the clock speed that is active during the data portion of the
command send to change the clock source should occur before the next command can be send. The delay
should be obtained no matter which bit is modified to effectively change the clock source (either PLLSEL bit or
CLKSW bit). This guarantees that the start of the next BDM command uses the new clock for timing subsequent
BDM communications.
Table 15-4 shows the resulting BDM clock source based on the CLKSW and the PLLSEL (PLL select in the CRG
module, the bit is part of the CLKSEL register) bits.
Note: The BDM alternate clock source can only be selected when CLKSW = 0 and PLLSEL = 1. The BDM serial

interface is now fully synchronized to the alternate clock source, when enabled. This eliminates frequency
restriction on the alternate clock which was required on previous versions. Refer to the device
specification to determine which clock connects to the alternate clock source input.

Note: If the acknowledge function is turned on, changing the CLKSW bit will cause the ACK to be at the new
rate for the write command which changes it.

Note: In emulation modes (if modes available), the CLKSW bit will be set out of RESET.

1
UNSEC

Unsecure — If the device is secured this bit is only writable in special single chip mode from the BDM secure
firmware. It is in a zero state as secure mode is entered so that the secure BDM firmware lookup table is enabled
and put into the memory map overlapping the standard BDM firmware lookup table.
The secure BDM firmware lookup table verifies that the non-volatile memories (e.g. on-chip EEPROM and/or
Flash EEPROM) are erased. This being the case, the UNSEC bit is set and the BDM program jumps to the start
of the standard BDM firmware lookup table and the secure BDM firmware lookup table is turned off. If the erase
test fails, the UNSEC bit will not be asserted.
0 System is in a secured mode.
1 System is in a unsecured mode.
Note: When UNSEC is set, security is off and the user can change the state of the secure bits in the on-chip

Flash EEPROM. Note that if the user does not change the state of the bits to “unsecured” mode, the
system will be secured again when it is next taken out of reset.After reset this bit has no meaning or effect
when the security byte in the Flash EEPROM is configured for unsecure mode.

Table 15-4. BDM Clock Sources

PLLSEL CLKSW BDMCLK

0 0 Bus clock dependent on oscillator

0 1 Bus clock dependent on oscillator

1 0 Alternate clock (refer to the device specification to determine the alternate clock source)

1 1 Bus clock dependent on the PLL

Table 15-3. BDMSTS Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20

Freescale Semiconductor 737





Chapter 15 Background Debug Module (S12XBDMV2)

-only

re two

ive

debug
e
(PC).

s

tive
15.3.2.4 BDM Global Page Index Register (BDMGPR)

Figure 15-6. BDM Global Page Register (BDMGPR)

Read: All modes through BDM operation when not secured

Write: All modes through BDM operation when not secured

15.3.3 Family ID Assignment

The family ID is a 8-bit value located in the Þrmware ROM (at global address: 0x7FFF0F). The read
value is a unique family ID which is 0xC1 for S12X devices.

15.4 Functional Description
The BDM receives and executes commands from a host via a single wire serial interface. There a
types of BDM commands: hardware and Þrmware commands.

Hardware commands are used to read and write target system memory locations and to enter act
background debug mode, seeSection 15.4.3, ÒBDM Hardware CommandsÓ. Target system memory
includes all memory that is accessible by the CPU.

Firmware commands are used to read and write CPU resources and to exit from active background
mode, seeSection 15.4.4, ÒStandard BDM Firmware CommandsÓ. The CPU resources referred to are th
accumulator (D), X index register (X), Y index register (Y), stack pointer (SP), and program counter

Hardware commands can be executed at any time and in any mode excluding a few exceptions a
highlighted (seeSection 15.4.3, ÒBDM Hardware CommandsÓ) and in secure mode (seeSection 15.4.1,
ÒSecurityÓ). Firmware commands can only be executed when the system is not secure and is in ac
background debug mode (BDM).

Register Global Address 0x7FFF08

7 6 5 4 3 2 1 0

R
BGAE BGP6 BGP5 BGP4 BGP3 BGP2 BGP1 BGP0

W

Reset 0 0 0 0 0 0 0 0

Table 15-5. BDMGPR Field Descriptions

Field Description

7
BGAE

BDM Global Page Access Enable Bit — BGAE enables global page access for BDM hardware and firmware
read/write instructions The BDM hardware commands used to access the BDM registers (READ_BD_ and
WRITE_BD_) can not be used for global accesses even if the BGAE bit is set.
0 BDM Global Access disabled
1 BDM Global Access enabled

6–0
BGP[6:0]

BDM Global Page Index Bits 6–0 — These bits define the extended address bits from 22 to 16. For more
detailed information regarding the global page window scheme, please refer to the S12X_MMC Block Guide.
MC9S12XF - Family Reference Manual, Rev.1.20
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15.4.1 Security

If the user resets into special single chip mode with the system secured, a secured mode BDM Þr
lookup table is brought into the map overlapping a portion of the standard BDM Þrmware lookup t
The secure BDM Þrmware veriÞes that the on-chip non-volatile memory (e.g. EEPROM and Flas
EEPROM) is erased. This being the case, the UNSEC and ENBDM bit will get set. The BDM prog
jumps to the start of the standard BDM Þrmware and the secured mode BDM Þrmware is turned 
all BDM commands are allowed. If the non-volatile memory does not verify as erased, the BDM Þrm
sets the ENBDM bit, without asserting UNSEC, and the Þrmware enters a loop. This causes the B
hardware commands to become enabled, but does not enable the Þrmware commands. This allo
BDM hardware to be used to erase the non-volatile memory.

BDM operation is not possible in any other mode than special single chip mode when the device is se
The device can be unsecured via BDM serial interface in special single chip mode only. For more
information regarding security, please see the S12X_9SEC Block Guide.

15.4.2 Enabling and Activating BDM

The system must be in active BDM to execute standard BDM Þrmware commands. BDM can be act
only after being enabled. BDM is enabled by setting the ENBDM bit in the BDM status (BDMSTS)
register. The ENBDM bit is set by writing to the BDM status (BDMSTS) register, via the single-wir
interface, using a hardware command such as WRITE_BD_BYTE.

After being enabled, BDM is activated by one of the following1:

¥ Hardware BACKGROUND command
¥ CPU BGND instruction
¥ External instruction tagging mechanism2

¥ Breakpoint force or tag mechanism2

When BDM is activated, the CPU Þnishes executing the current instruction and then begins execut
Þrmware in the standard BDM Þrmware lookup table. When BDM is activated by a breakpoint, the
of breakpoint used determines if BDM becomes active before or after execution of the next instruc

NOTE
If an attempt is made to activate BDM before being enabled, the CPU
resumes normal instruction execution after a brief delay. If BDM is not
enabled, any hardware BACKGROUND commands issued are ignored by
the BDM and the CPU is not delayed.

In active BDM, the BDM registers and standard BDM Þrmware lookup table are mapped to addre
0x7FFF00 to 0x7FFFFF. BDM registers are mapped to addresses 0x7FFF00 to 0x7FFF0B. The BDM
these registers which are readable anytime by the BDM. However, these registers are not readable
programs.

1. BDM is enabled and active immediately out of special single-chip reset.
2. This method is provided by the S12X_DBG module.
MC9S12XF - Family Reference Manual, Rev.1.20
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15.4.3 BDM Hardware Commands

Hardware commands are used to read and write target system memory locations and to enter act
background debug mode. Target system memory includes all memory that is accessible by the CPU
SOC which can be on-chip RAM, non-volatile memory (e.g. EEPROM, Flash EEPROM), I/O and co
registers, and all external memory.

Hardware commands are executed with minimal or no CPU intervention and do not require the sys
be in active BDM for execution, although, they can still be executed in this mode. When executing
hardware command, the BDM sub-block waits for a free bus cycle so that the background access d
disturb the running application program. If a free cycle is not found within 128 clock cycles, the CP
momentarily frozen so that the BDM can steal a cycle. When the BDM Þnds a free cycle, the ope
does not intrude on normal CPU operation provided that it can be completed in a single cycle. Ho
if an operation requires multiple cycles the CPU is frozen until the operation is complete, even thoug
BDM found a free cycle.

The BDM hardware commands are listed inTable 15-6.

The READ_BD and WRITE_BD commands allow access to the BDM register locations. These loca
are not normally in the system memory map but share addresses with the application in memory. 
distinguish between physical memory locations that share the same address, BDM memory resour
enabled just for the READ_BD and WRITE_BD access cycle. This allows the BDM to access BDM
locations unobtrusively, even if the addresses conßict with the application memory map.

Table 15-6. Hardware Commands

Command
Opcode
 (hex)

Data Description

BACKGROUND 90 None Enter background mode if firmware is enabled. If enabled, an ACK will be
issued when the part enters active background mode.

ACK_ENABLE D5 None Enable Handshake. Issues an ACK pulse after the command is executed.

ACK_DISABLE D6 None Disable Handshake. This command does not issue an ACK pulse.

READ_BD_BYTE E4 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table in map.
Odd address data on low byte; even address data on high byte.

READ_BD_WORD EC 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table in map.
Must be aligned access.

READ_BYTE E0 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table out of map.
Odd address data on low byte; even address data on high byte.

READ_WORD E8 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table out of map.
Must be aligned access.

WRITE_BD_BYTE C4 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table in map.
Odd address data on low byte; even address data on high byte.

WRITE_BD_WORD CC 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table in map.
Must be aligned access.

WRITE_BYTE C0 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table out of map.
Odd address data on low byte; even address data on high byte.
MC9S12XF - Family Reference Manual, Rev.1.20
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15.4.4 Standard BDM Firmware Commands

Firmware commands are used to access and manipulate CPU resources. The system must be in
BDM to execute standard BDM Þrmware commands, seeSection 15.4.2, ÒEnabling and Activating
BDMÓ. Normal instruction execution is suspended while the CPU executes the Þrmware located i
standard BDM Þrmware lookup table. The hardware command BACKGROUND is the usual way t
activate BDM.

As the system enters active BDM, the standard BDM Þrmware lookup table and BDM registers be
visible in the on-chip memory map at 0x7FFF00Ð0x7FFFFF, and the CPU begins executing the sta
BDM Þrmware. The standard BDM Þrmware watches for serial commands and executes them as th
received.

The Þrmware commands are shown inTable 15-7.

WRITE_WORD C8 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table out of map.
Must be aligned access.

NOTE:
If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is
complete for all BDM WRITE commands.

Table 15-6. Hardware Commands (continued)

Command
Opcode
 (hex)

Data Description
MC9S12XF - Family Reference Manual, Rev.1.20
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15.4.5 BDM Command Structure

Hardware and Þrmware BDM commands start with an 8-bit opcode followed by a 16-bit address an
16-bit data word depending on the command. All the read commands return 16 bits of data despite th
or word implication in the command name.

8-bit reads return 16-bits of data, of which, only one byte will contain valid
data. If reading an even address, the valid data will appear in the MSB. If
reading an odd address, the valid data will appear in the LSB.

16-bit misaligned reads and writes are generally not allowed. If attempted
by BDM hardware command, the BDM will ignore the least signiÞcant bit
of the address and will assume an even address from the remaining bits.

Table 15-7. Firmware Commands

Command(1)

1. If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is
complete for all BDM WRITE commands.

Opcode
(hex)

Data Description

READ_NEXT(2)

2. When the firmware command READ_NEXT or WRITE_NEXT is used to access the BDM address space the BDM resources
are accessed rather than user code. Writing BDM firmware is not possible.

62 16-bit data out Increment X index register by 2 (X = X + 2), then read word X points to.

READ_PC 63 16-bit data out Read program counter.

READ_D 64 16-bit data out Read D accumulator.

READ_X 65 16-bit data out Read X index register.

READ_Y 66 16-bit data out Read Y index register.

READ_SP 67 16-bit data out Read stack pointer.

WRITE_NEXT 42 16-bit data in Increment X index register by 2 (X = X + 2), then write word to location
pointed to by X.

WRITE_PC 43 16-bit data in Write program counter.

WRITE_D 44 16-bit data in Write D accumulator.

WRITE_X 45 16-bit data in Write X index register.

WRITE_Y 46 16-bit data in Write Y index register.

WRITE_SP 47 16-bit data in Write stack pointer.

GO 08 none Go to user program. If enabled, ACK will occur when leaving active
background mode.

GO_UNTIL(3)

3. System stop disables the ACK function and ignored commands will not have an ACK-pulse (e.g., CPU in stop or wait mode).
The GO_UNTIL command will not get an Acknowledge if CPU executes the wait or stop instruction before the “UNTIL”
condition (BDM active again) is reached (see Section 15.4.7, “Serial Interface Hardware Handshake Protocol” last Note).

0C none Go to user program. If enabled, ACK will occur upon returning to active
background mode.

TRACE1 10 none Execute one user instruction then return to active BDM. If enabled,
ACK will occur upon returning to active background mode.

TAGGO -> GO 18 none (Previous enable tagging and go to user program.)
This command will be deprecated and should not be used anymore.
Opcode will be executed as a GO command.
MC9S12XF - Family Reference Manual, Rev.1.20
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Figure 15-7. BDM Command Structure

15.4.6 BDM Serial Interface

The BDM communicates with external devices serially via the BKGD pin. During reset, this pin is a m
select input which selects between normal and special modes of operation. After reset, this pin be
the dedicated serial interface pin for the BDM.

The BDM serial interface is timed using the clock selected by the CLKSW bit in the status register
Section 15.3.2.1, ÒBDM Status Register (BDMSTS)Ó. This clock will be referred to as the target clock in
the following explanation.

The BDM serial interface uses a clocking scheme in which the external host generates a falling ed
the BKGD pin to indicate the start of each bit time. This falling edge is sent for every bit whether d
transmitted or received. Data is transferred most signiÞcant bit (MSB) Þrst at 16 target clock cycle
bit. The interface times out if 512 clock cycles occur between falling edges from the host.

The BKGD pin is a pseudo open-drain pin and has an weak on-chip active pull-up that is enabled
times. It is assumed that there is an external pull-up and that drivers connected to BKGD do not typ
drive the high level. Since R-C rise time could be unacceptably long, the target system and host p
brief driven-high (speedup) pulses to drive BKGD to a logic 1. The source of this speedup pulse is th
for transmit cases and the target for receive cases.

The timing for host-to-target is shown inFigure 15-8 and that of target-to-host inFigure 15-9 and
Figure 15-10. All four cases begin when the host drives the BKGD pin low to generate a falling edge. S
the host and target are operating from separate clocks, it can take the target system up to one ful
cycle to recognize this edge. The target measures delays from this perceived start of the bit time wh
host measures delays from the point it actually drove BKGD low to start the bit up to one target clock
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Figure 15-8shows an external host transmitting a logic 1 and transmitting a logic 0 to the BKGD pin
target system. The host is asynchronous to the target, so there is up to a one clock-cycle delay fro
host-generated falling edge to where the target recognizes this edge as the beginning of the bit tim
target clock cycles later, the target senses the bit level on the BKGD pin. Internal glitch detect logi
requires the pin be driven high no later that eight target clock cycles after the falling edge for a log
transmission.

Since the host drives the high speedup pulses in these two cases, the rising edges look like digitally
signals.

Figure 15-8. BDM Host-to-Target Serial Bit Timing

The receive cases are more complicated.Figure 15-9 shows the host receiving a logic 1 from the targe
system. Since the host is asynchronous to the target, there is up to one clock-cycle delay from the
generated falling edge on BKGD to the perceived start of the bit time in the target. The host holds
BKGD pin low long enough for the target to recognize it (at least two target clock cycles). The host
release the low drive before the target drives a brief high speedup pulse seven target clock cycles a
perceived start of the bit time. The host should sample the bit level about 10 target clock cycles af
started the bit time.

Target Senses Bit

10 Cycles

Synchronization
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BDM Clock
(Target MCU)

Host
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Host
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Start of Bit Time
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Next Bit
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Figure 15-9. BDM Target-to-Host Serial Bit Timing (Logic 1)
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Figure 15-10 shows the host receiving a logic 0 from the target. Since the host is asynchronous to 
target, there is up to a one clock-cycle delay from the host-generated falling edge on BKGD to the s
the bit time as perceived by the target. The host initiates the bit time but the target Þnishes it. Sinc
target wants the host to receive a logic 0, it drives the BKGD pin low for 13 target clock cycles then br
drives it high to speed up the rising edge. The host samples the bit level about 10 target clock cycle
starting the bit time.

Figure 15-10. BDM Target-to-Host Serial Bit Timing (Logic 0)

15.4.7 Serial Interface Hardware Handshake Protocol

BDM commands that require CPU execution are ultimately treated at the MCU bus rate. Since the
clock source can be asynchronously related to the bus frequency, when CLKSW = 0, it is very hel
provide a handshake protocol in which the host could determine when an issued command is execu
the CPU. The alternative is to always wait the amount of time equal to the appropriate number of cyc
the slowest possible rate the clock could be running. This sub-section will describe the hardware
handshake protocol.

The hardware handshake protocol signals to the host controller when an issued command was succ
executed by the target. This protocol is implemented by a 16 serial clock cycle low pulse followed
brief speedup pulse in the BKGD pin. This pulse is generated by the target MCU when a command,
by the host, has been successfully executed (seeFigure 15-11). This pulse is referred to as the ACK pulse
After the ACK pulse has Þnished: the host can start the bit retrieval if the last issued command was
command, or start a new command if the last command was a write command or a control comm
(BACKGROUND, GO, GO_UNTIL or TRACE1). The ACK pulse is not issued earlier than 32 serial clo
cycles after the BDM command was issued. The end of the BDM command is assumed to be the 16
of the last bit. This minimum delay assures enough time for the host to perceive the ACK pulse. Not
that, there is no upper limit for the delay between the command and the related ACK pulse, since
command execution depends upon the CPU bus frequency, which in some cases could be very s

Earliest
Start of
Next Bit

BDM Clock
(Target MCU)

Host
Drive to

BKGD Pin

BKGD Pin

Perceived
Start of Bit Time

10 Cycles
10 Cycles

Host Samples
BKGD Pin

Target System
Drive and

Speedup Pulse

Speedup Pulse

High-Impedance
MC9S12XF - Family Reference Manual, Rev.1.20

748 Freescale Semiconductor



Chapter 15 Background Debug Module (S12XBDMV2)

ners,
e serial

TE
y the
abbed
, the
ieved.
e form
ess was
compared to the serial communication rate. This protocol allows a great ßexibility for the POD desig
since it does not rely on any accurate time measurement or short response time to any event in th
communication.

Figure 15-11. Target Acknowledge Pulse (ACK)

NOTE
If the ACK pulse was issued by the target, the host assumes the previous
command was executed. If the CPU enters wait or stop prior to executing a
hardware command, the ACK pulse will not be issued meaning that the
BDM command was not executed. After entering wait or stop mode, the
BDM command is no longer pending.

Figure 15-12shows the ACK handshake protocol in a command level timing diagram. The READ_BY
instruction is used as an example. First, the 8-bit instruction opcode is sent by the host, followed b
address of the memory location to be read. The target BDM decodes the instruction. A bus cycle is gr
(free or stolen) by the BDM and it executes the READ_BYTE operation. Having retrieved the data
BDM issues an ACK pulse to the host controller, indicating that the addressed byte is ready to be retr
After detecting the ACK pulse, the host initiates the byte retrieval process. Note that data is sent in th
of a word and the host needs to determine which is the appropriate byte based on whether the addr
odd or even.

Figure 15-12. Handshake Protocol at Command Level
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Differently from the normal bit transfer (where the host initiates the transmission), the serial interface
handshake pulse is initiated by the target MCU by issuing a negative edge in the BKGD pin. The har
handshake protocol inFigure 15-11 speciÞes the timing when the BKGD pin is being driven, so the h
should follow this timing constraint in order to avoid the risk of an electrical conßict in the BKGD p

NOTE
The only place the BKGD pin can have an electrical conßict is when one
side is driving low and the other side is issuing a speedup pulse (high). Other
ÒhighsÓ are pulled rather than driven. However, at low rates the time of the
speedup pulse can become lengthy and so the potential conßict time
becomes longer as well.

The ACK handshake protocol does not support nested ACK pulses. If a BDM command is not
acknowledge by an ACK pulse, the host needs to abort the pending command Þrst in order to be 
issue a new BDM command. When the CPU enters wait or stop while the host issues a hardware com
(e.g., WRITE_BYTE), the target discards the incoming command due to the wait or stop being dete
Therefore, the command is not acknowledged by the target, which means that the ACK pulse will 
issued in this case. After a certain time the host (not aware of stop or wait) should decide to abort
possible pending ACK pulse in order to be sure a new command can be issued. Therefore, the pr
provides a mechanism in which a command, and its corresponding ACK, can be aborted.

NOTE
The ACK pulse does not provide a time out. This means for the GO_UNTIL
command that it can not be distinguished if a stop or wait has been executed
(command discarded and ACK not issued) or if the ÒUNTILÓ condition
(BDM active) is just not reached yet. Hence in any case where the ACK
pulse of a command is not issued the possible pending command should be
aborted before issuing a new command. See the handshake abort procedure
described inSection 15.4.8, ÒHardware Handshake Abort ProcedureÓ.

15.4.8 Hardware Handshake Abort Procedure

The abort procedure is based on the SYNC command. In order to abort a command, which had not
the corresponding ACK pulse, the host controller should generate a low pulse in the BKGD pin by dr
it low for at least 128 serial clock cycles and then driving it high for one serial clock cycle, providin
speedup pulse. By detecting this long low pulse in the BKGD pin, the target executes the SYNC pro
seeSection 15.4.9, ÒSYNC Ñ Request Timed Reference PulseÓ, and assumes that the pending comman
and therefore the related ACK pulse, are being aborted. Therefore, after the SYNC protocol has b
completed the host is free to issue new BDM commands. For Firmware READ or WRITE comman
can not be guaranteed that the pending command is aborted when issuing a SYNC before the
corresponding ACK pulse. There is a short latency time from the time the READ or WRITE access b
until it is Þnished and the corresponding ACK pulse is issued. The latency time depends on the Þrm
READ or WRITE command that is issued and if the serial interface is running on a different clock 
than the bus. When the SYNC command starts during this latency time the READ or WRITE com
will not be aborted, but the corresponding ACK pulse will be aborted. A pending GO, TRACE1 or
MC9S12XF - Family Reference Manual, Rev.1.20
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GO_UNTIL command can not be aborted. Only the corresponding ACK pulse can be aborted by t
SYNC command.

Although it is not recommended, the host could abort a pending BDM command by issuing a low pu
the BKGD pin shorter than 128 serial clock cycles, which will not be interpreted as the SYNC comm
The ACK is actually aborted when a negative edge is perceived by the target in the BKGD pin. The
abort pulse should have at least 4 clock cycles keeping the BKGD pin low, in order to allow the ne
edge to be detected by the target. In this case, the target will not execute the SYNC protocol but the p
command will be aborted along with the ACK pulse. The potential problem with this abort procedu
when there is a conßict between the ACK pulse and the short abort pulse. In this case, the target m
perceive the abort pulse. The worst case is when the pending command is a read command (i.e.,
READ_BYTE). If the abort pulse is not perceived by the target the host will attempt to send a new
command after the abort pulse was issued, while the target expects the host to retrieve the acces
memory byte. In this case, host and target will run out of synchronism. However, if the command t
aborted is not a read command the short abort pulse could be used. After a command is aborted th
assumes the next negative edge, after the abort pulse, is the Þrst bit of a new BDM command.

NOTE
The details about the short abort pulse are being provided only as a reference
for the reader to better understand the BDM internal behavior. It is not
recommended that this procedure be used in a real application.

Since the host knows the target serial clock frequency, the SYNC command (used to abort a com
does not need to consider the lower possible target frequency. In this case, the host could issue a
very close to the 128 serial clock cycles length. Providing a small overhead on the pulse length in or
assure the SYNC pulse will not be misinterpreted by the target. SeeSection 15.4.9, ÒSYNC Ñ Request
Timed Reference PulseÓ.

Figure 15-13 shows a SYNC command being issued after a READ_BYTE, which aborts the
READ_BYTE command. Note that, after the command is aborted a new command could be issued
host computer.

Figure 15-13. ACK Abort Procedure at the Command Level

NOTE
Figure 15-13 does not represent the signals in a true timing scale

READ_BYTE READ_STATUSBKGD Pin Memory Address New BDM Command

New BDM Command

Host Target Host Target Host Target

SYNC Response
From the Target
(Out of Scale)

BDM Decode
and Starts to Execute

the READ_BYTE Command

READ_BYTE CMD is Aborted
by the SYNC Request

(Out of Scale)
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Figure 15-14 shows a conßict between the ACK pulse and the SYNC request pulse. This conßict c
occur if a POD device is connected to the target BKGD pin and the target is already in debug active
Consider that the target CPU is executing a pending BDM command at the exact moment the POD is
connected to the BKGD pin. In this case, an ACK pulse is issued along with the SYNC command. In
case, there is an electrical conßict between the ACK speedup pulse and the SYNC pulse. Since thi
a probable situation, the protocol does not prevent this conßict from happening.

Figure 15-14. ACK Pulse and SYNC Request Conflict

NOTE
This information is being provided so that the MCU integrator will be aware
that such a conßict could eventually occur.

The hardware handshake protocol is enabled by the ACK_ENABLE and disabled by the ACK_DISA
BDM commands. This provides backwards compatibility with the existing POD devices which are 
able to execute the hardware handshake protocol. It also allows for new POD devices, that suppo
hardware handshake protocol, to freely communicate with the target device. If desired, without the
for waiting for the ACK pulse.

The commands are described as follows:

¥ ACK_ENABLE Ñ enables the hardware handshake protocol. The target will issue the ACK p
when a CPU command is executed by the CPU. The ACK_ENABLE command itself also ha
ACK pulse as a response.

¥ ACK_DISABLE Ñ disables the ACK pulse protocol. In this case, the host needs to use the w
case delay time at the appropriate places in the protocol.

The default state of the BDM after reset is hardware handshake protocol disabled.

All the read commands will ACK (if enabled) when the data bus cycle has completed and the data i
ready for reading out by the BKGD serial pin. All the write commands will ACK (if enabled) after the d
has been received by the BDM through the BKGD serial pin and when the data bus cycle is complet
Section 15.4.3, ÒBDM Hardware CommandsÓandSection 15.4.4, ÒStandard BDM Firmware Command
for more information on the BDM commands.

BDM Clock
(Target MCU)

Target MCU
Drives to

BKGD Pin

BKGD Pin

16 Cycles

Speedup Pulse

High-Impedance

Host
Drives SYNC
To BKGD Pin

ACK Pulse

Host SYNC Request Pulse

At Least 128 Cycles

Electrical Conflict
Host and
Target Drive
to BKGD Pin
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The ACK_ENABLE sends an ACK pulse when the command has been completed. This feature co
used by the host to evaluate if the target supports the hardware handshake protocol. If an ACK pu
issued in response to this command, the host knows that the target supports the hardware hands
protocol. If the target does not support the hardware handshake protocol the ACK pulse is not iss
this case, the ACK_ENABLE command is ignored by the target since it is not recognized as a vali
command.

The BACKGROUND command will issue an ACK pulse when the CPU changes from normal to
background mode. The ACK pulse related to this command could be aborted using the SYNC com

The GO command will issue an ACK pulse when the CPU exits from background mode. The ACK p
related to this command could be aborted using the SYNC command.

The GO_UNTIL command is equivalent to a GO command with exception that the ACK pulse, in t
case, is issued when the CPU enters into background mode. This command is an alternative to th
command and should be used when the host wants to trace if a breakpoint match occurs and cau
CPU to enter active background mode. Note that the ACK is issued whenever the CPU enters BDM,
could be caused by a breakpoint match or by a BGND instruction being executed. The ACK pulse r
to this command could be aborted using the SYNC command.

The TRACE1 command has the related ACK pulse issued when the CPU enters background active
after one instruction of the application program is executed. The ACK pulse related to this command
be aborted using the SYNC command.

15.4.9 SYNC — Request Timed Reference Pulse

The SYNC command is unlike other BDM commands because the host does not necessarily know
correct communication speed to use for BDM communications until after it has analyzed the respo
the SYNC command. To issue a SYNC command, the host should perform the following steps:

1. Drive the BKGD pin low for at least 128 cycles at the lowest possible BDM serial communica
frequency (the lowest serial communication frequency is determined by the crystal oscillator o
clock chosen by CLKSW.)

2. Drive BKGD high for a brief speedup pulse to get a fast rise time (this speedup pulse is typ
one cycle of the host clock.)

3. Remove all drive to the BKGD pin so it reverts to high impedance.
4. Listen to the BKGD pin for the sync response pulse.

Upon detecting the SYNC request from the host, the target performs the following steps:

1. Discards any incomplete command received or bit retrieved.
2. Waits for BKGD to return to a logic one.
3. Delays 16 cycles to allow the host to stop driving the high speedup pulse.
4. Drives BKGD low for 128 cycles at the current BDM serial communication frequency.
5. Drives a one-cycle high speedup pulse to force a fast rise time on BKGD.
6. Removes all drive to the BKGD pin so it reverts to high impedance.

The host measures the low time of this 128 cycle SYNC response pulse and determines the correc
for subsequent BDM communications. Typically, the host can determine the correct communication
MC9S12XF - Family Reference Manual, Rev.1.20
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stop mode has been reached. Hence after a system stop mode the handshake feature mu
enabled again by sending the ACK_ENABLE command.

15.4.11 Serial Communication Time Out

The host initiates a host-to-target serial transmission by generating a falling edge on the BKGD pi
BKGD is kept low for more than 128 target clock cycles, the target understands that a SYNC com
was issued. In this case, the target will keep waiting for a rising edge on BKGD in order to answer
SYNC request pulse. If the rising edge is not detected, the target will keep waiting forever without
time-out limit.

Consider now the case where the host returns BKGD to logic one before 128 cycles. This is interpre
a valid bit transmission, and not as a SYNC request. The target will keep waiting for another falling
marking the start of a new bit. If, however, a new falling edge is not detected by the target within 512
cycles since the last falling edge, a time-out occurs and the current command is discarded without af
memory or the operating mode of the MCU. This is referred to as a soft-reset.

If a read command is issued but the data is not retrieved within 512 serial clock cycles, a soft-rese
occur causing the command to be disregarded. The data is not available for retrieval after the time-o
occurred. This is the expected behavior if the handshake protocol is not enabled. However, consid
behavior where the BDM is running in a frequency much greater than the CPU frequency. In this cas
command could time out before the data is ready to be retrieved. In order to allow the data to be ret
even with a large clock frequency mismatch (between BDM and CPU) when the hardware handsh
protocol is enabled, the time out between a read command and the data retrieval is disabled. Theref
host could wait for more then 512 serial clock cycles and still be able to retrieve the data from an 
read command. However, once the handshake pulse (ACK pulse) is issued, the time-out feature i
activated, meaning that the target will time out after 512 clock cycles. Therefore, the host needs to re
the data within a 512 serial clock cycles time frame after the ACK pulse had been issued. After that p
the read command is discarded and the data is no longer available for retrieval. Any negative edg
BKGD pin after the time-out period is considered to be a new command or a SYNC request.

Note that whenever a partially issued command, or partially retrieved data, has occurred the time ou
serial communication is active. This means that if a time frame higher than 512 serial clock cycles
observed between two consecutive negative edges and the command being issued or data being r
is not complete, a soft-reset will occur causing the partially received command or data retrieved to
disregarded. The next negative edge in the BKGD pin, after a soft-reset has occurred, is considered
target as the start of a new BDM command, or the start of a SYNC request pulse.
MC9S12XF - Family Reference Manual, Rev.1.20
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Chapter 16
S12X Debug (S12XDBGV3) Module

Table 16-1. Revision History

16.1 Introduction
The S12XDBG module provides an on-chip trace buffer with ßexible triggering capability to allow 
intrusive debug of application software. The S12XDBG module is optimized for the S12X 16-bit
architecture and allows debugging of CPU12Xand XGATE module operations.

Typically the S12XDBG module is used in conjunction with the S12XBDM module, whereby the u
conÞgures the S12XDBG module for a debugging session over the BDM interface. Once conÞgu
S12XDBG module is armed and the device leaves BDM Mode returning control to the user progra
which is then monitored by the S12XDBG module. Alternatively the S12XDBG module can be conÞg
over a serial interface using SWI routines.

16.1.1 Glossary

Revision Number Revision Date
Sections
Affected

Description of Changes

03.17 20.MAR.2007
Tabulated glossary
Renamed S12XCPU to CPU12X

03.18 20.APR.2007
Added “Data Bus Comparison NDB Dependency” section
Clarified effect TRIG has on state sequencer

03.17 24.APR.2007 Clarified simultaneous arm and disarm effect

Table 16-2.  Glossary Of Terms

Term Definition

COF Change Of Flow.
Change in the program ßow due to a conditional branch, indexed jump or interrupt

BDM Background Debug Mode

DUG Device User Guide, describing the features of the device into which the DBG is integr

WORD 16 bit data entity

Data Line 64 bit data entity
MC9S12XF - Family Reference Manual, Rev.1.20
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bled.

BDM
 to

h a
¥ TRIG Immediate software trigger independent of comparators

¥ Four trace modes
Ñ Normal: change of ßow (COF) PC information is stored (seeSection 16.4.5.2.1) for change of

ßow deÞnition.
Ñ Loop1: same as Normal but inhibits consecutive duplicate source address entries
Ñ Detail: address and data for all cycles except free cycles and opcode fetches are stored
Ñ Pure PC: All program counter addresses are stored.

¥ 4-stage state sequencer for trace buffer control
Ñ Tracing session trigger linked to Final State of state sequencer
Ñ Begin, End, and Mid alignment of tracing to trigger

16.1.4 Modes of Operation

The S12XDBG module can be used in all MCU functional modes.

During BDM hardware accesses and whilst the BDM module is active, CPU12X monitoring is disa
Thus breakpoints, comparators, and CPU12X bus tracing are disabled but XGATE bus monitoring
accessing the S12XDBG registers, including comparator registers, is still possible. While in active
or during hardware BDM accesses, XGATE activity can still be compared, traced and can be used
generate a breakpoint to the XGATE module. When the CPU12X enters active BDM Mode throug
BACKGROUND command, with the S12XDBG module armed, the S12XDBG remains armed.

The S12XDBG module tracing is disabled if the MCU is secure. However, breakpoints can still be
generated if the MCU is secure.

Table 16-3. Mode Dependent Restriction Summary

BDM
Enable

BDM
Active

MCU
Secure

 Comparator
Matches Enabled

 Breakpoints
Possible

Tagging
Possible

Tracing
Possible

x x 1 Yes Yes Yes No

0 0 0 Yes Only SWI Yes Yes

0 1 0                Active BDM not possible when not enabled

1 0 0 Yes Yes Yes Yes

1 1 0 XGATE only XGATE only XGATE only XGATE only
MC9S12XF - Family Reference Manual, Rev.1.20
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or the
ulation
16.1.5 Block Diagram

Figure 16-1. Debug Module Block Diagram

16.2 External Signal Description
The S12XDBG sub-module features two external tag input signals. See Device User Guide (DUG) f
mapping of these signals to device pins. These tag pins may be used for the external tagging in em
modes only.

16.3 Memory Map and Registers

16.3.1 Module Memory Map

A summary of the registers associated with the S12XDBG sub-block is shown inTable 16-2. Detailed
descriptions of the registers and bits are given in the subsections that follow.

Table 16-4. External System Pins Associated With S12XDBG

Pin Name Pin Functions Description

TAGHI
(See DUG)

TAGHI When instruction tagging is on, tags the high half of the instruction word being
read into the instruction queue.

TAGLO
(See DUG)

TAGLO When instruction tagging is on, tags the low half of the instruction word being
read into the instruction queue.

TAGLO
(See DUG)

Unconditional
Tagging Enable

In emulation modes, a low assertion on this pin in the 7th or 8th cycle after the
end of reset enables the Unconditional Tagging function.

CPU12X BUS

TRACE BUFFER

B
U

S
 IN

T
E

R
FA

C
E

TRIGGER

EXTERNAL TAGHI / TAGLO

MATCH0

STATE

XGATE BUS

COMPARATOR B

COMPARATOR C

COMPARATOR D

COMPARATOR A

STATE SEQUENCER
MATCH1

MATCH2

MATCH3

TRACE

READ TRACE DATA (DBG READ DATA BUS)

CONTROL

SECURE

BREAKPOINT REQUESTS

C
O

M
PA

R
AT

O
R

M
AT

C
H

 C
O

N
T

R
O

L

XGATE S/W BREAKPOINT REQUEST

TRIGGER

TAG &
TRIGGER
CONTROL

LOGIC

TAGSTAGHITS

STATE

CPU12X & XGATE
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Address Name Bit 7 6 5 4 3 2 1 Bit 0

0x0020 DBGC1
R

ARM
0

XGSBPE BDM DBGBRK COMRV
W TRIG

0x0021 DBGSR
R TBF EXTF 0 0 0 SSF2 SSF1 SSF0
W

0x0022 DBGTCR
R

TSOURCE TRANGE TRCMOD TALIGN
W

0x0023 DBGC2
R 0 0 0 0

CDCM ABCM
W

0x0024 DBGTBH
R Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
W

0x0025 DBGTBL
R Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
W

0x0026 DBGCNT
R 0 CNT
W

0x0027 DBGSCRX
R 0 0 0 0

SC3 SC2 SC1 SC0
W

0x0027 DBGMFR
R 0 0 0 0 MC3 MC2 MC1 MC0
W

0x00281 DBGXCTL
(COMPA/C)

R 0
NDB TAG BRK RW RWE SRC COMPE

W

0x00282 DBGXCTL
(COMPB/D)

R
SZE SZ TAG BRK RW RWE SRC COMPE

W

0x0029 DBGXAH
R 0

Bit 22 21 20 19 18 17 Bit 16
W

0x002A DBGXAM
R

Bit 15 14 13 12 11 10 9 Bit 8
W

0x002B DBGXAL
R

Bit 7 6 5 4 3 2 1 Bit 0
W

0x002C DBGXDH
R

Bit 15 14 13 12 11 10 9 Bit 8
W

0x002D DBGXDL
R

Bit 7 6 5 4 3 2 1 Bit 0
W

0x002E DBGXDHM
R

Bit 15 14 13 12 11 10 9 Bit 8
W

0x002F DBGXDLM
R

Bit 7 6 5 4 3 2 1 Bit 0
W

1 This represents the contents if the Comparator A or C control register is blended into this address.
2 This represents the contents if the Comparator B or D control register is blended into this address

Figure 16-2. Quick Reference to S12XDBG Registers
MC9S12XF - Family Reference Manual, Rev.1.20
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. Each
x002F
16.3.2 Register Descriptions

This section consists of the S12XDBG control and trace buffer register descriptions in address order
comparator has a bank of registers that are visible through an 8-byte window between 0x0028 and 0
in the S12XDBG module register address map. When ARM is set in DBGC1, the only bits in the
S12XDBG module registers that can be written are ARM, TRIG, and COMRV[1:0]

16.3.2.1 Debug Control Register 1 (DBGC1)

Read: Anytime

Write: Bits 7, 1, 0 anytime
Bit 6 can be written anytime but always reads back as 0.
Bits 5:2 anytime S12XDBG is not armed.

NOTE
If a write access to DBGC1 with the ARM bit position set occurs
simultaneously to a hardware disarm from an internal trigger event, then the
ARM bit is cleared due to the hardware disarm.

NOTE
When disarming the S12XDBG by clearing ARM with software, the
contents of bits[5:2] are not affected by the write, since up until the write
operation, ARM = 1 preventing these bits from being written. These bits
must be cleared using a second write if required.

Address: 0x0020

7 6 5 4 3 2 1 0

R
ARM

0
XGSBPE BDM DBGBRK COMRV

W TRIG

Reset 0 0 0 0 0 0 0 0

Figure 16-3. Debug Control Register (DBGC1)

Table 16-5. DBGC1 Field Descriptions

Field Description

7
ARM

Arm Bit — The ARM bit controls whether the S12XDBG module is armed. This bit can be set and cleared by
user software and is automatically cleared on completion of a tracing session, or if a breakpoint is generated with
tracing not enabled. On setting this bit the state sequencer enters State1.
0 Debugger disarmed
1 Debugger armed

6
TRIG

Immediate Trigger Request Bit — This bit when written to 1 requests an immediate trigger independent of
comparator or external tag signal status. When tracing is complete a forced breakpoint may be generated
depending upon DBGBRK and BDM bit settings. This bit always reads back a 0. Writing a 0 to this bit has no
effect. If TSOURCE are clear no tracing is carried out. If tracing has already commenced using BEGIN- or MID
trigger alignment, it continues until the end of the tracing session as defined by the TALIGN bit settings, thus
TRIG has no affect. In secure mode tracing is disabled and writing to this bit has no effect.
0 Do not trigger until the state sequencer enters the Final State.
1 Trigger immediately .
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.2 Debug Status Register (DBGSR)

5
XGSBPE

XGATE S/W Breakpoint Enable — The XGSBPE bit controls whether an XGATE S/W breakpoint request is
passed to the CPU12X. The XGATE S/W breakpoint request is handled by the S12XDBG module, which can
request an CPU12X breakpoint depending on the state of this bit.
0 XGATE S/W breakpoint request is disabled
1 XGATE S/W breakpoint request is enabled

4
BDM

Background Debug Mode Enable — This bit determines if an S12X breakpoint causes the system to enter
Background Debug Mode (BDM) or initiate a Software Interrupt (SWI). If this bit is set but the BDM is not enabled
by the ENBDM bit in the BDM module, then breakpoints default to SWI.
0 Breakpoint to Software Interrupt if BDM inactive. Otherwise no breakpoint.
1 Breakpoint to BDM, if BDM enabled. Otherwise breakpoint to SWI

3–2
DBGBRK

S12XDBG Breakpoint Enable Bits — The DBGBRK bits control whether the debugger will request a breakpoint
to either CPU12X or XGATE or both upon reaching the state sequencer Final State. If tracing is enabled, the
breakpoint is generated on completion of the tracing session. If tracing is not enabled, the breakpoint is
generated immediately. Please refer to Section 16.4.7 for further details. XGATE software breakpoints are
independent of the DBGBRK bits. XGATE software breakpoints force a breakpoint to the CPU12X independent
of the DBGBRK bit field configuration. See Table 16-5.

1–0
COMRV

Comparator Register Visibility Bits — These bits determine which bank of comparator register is visible in the
8-byte window of the S12XDBG module address map, located between 0x0028 to 0x002F. Furthermore these
bits determine which register is visible at the address 0x0027. See Table 16-6.

Table 16-6. DBGBRK Encoding

DBGBRK Resource Halted by Breakpoint

00 No breakpoint generated

01 XGATE breakpoint generated

10 CPU12X breakpoint generated

11 Breakpoints generated for CPU12X and XGATE

Table 16-7. COMRV Encoding

COMRV Visible Comparator Visible Register at 0x0027

00 Comparator A  DBGSCR1

01 Comparator B  DBGSCR2

10 Comparator C  DBGSCR3

11 Comparator D  DBGMFR

Table 16-5. DBGC1 Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20
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Read: Anytime

Write: Never

Address: 0x0021

7 6 5 4 3 2 1 0

R TBF EXTF 0 0 0 SSF2 SSF1 SSF0

W

Reset
POR

—
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

= Unimplemented or Reserved

Figure 16-4. Debug Status Register (DBGSR)

Table 16-8. DBGSR Field Descriptions

Field Description

7
TBF

Trace Buffer Full — The TBF bit indicates that the trace buffer has stored 64 or more lines of data since it was
last armed. If this bit is set, then all 64 lines will be valid data, regardless of the value of DBGCNT bits CNT[6:0].
The TBF bit is cleared when ARM in DBGC1 is written to a one. The TBF is cleared by the power on reset
initialization. Other system generated resets have no affect on this bit

6
EXTF

External Tag Hit Flag — The EXTF bit indicates if a tag hit condition from an external TAGHI/TAGLO tag was
met since arming. This bit is cleared when ARM in DBGC1 is written to a one.
0 External tag hit has not occurred
1 External tag hit has occurred

2–0
SSF[2:0]

State Sequencer Flag Bits — The SSF bits indicate in which state the State Sequencer is currently in. During
a debug session on each transition to a new state these bits are updated. If the debug session is ended by
software clearing the ARM bit, then these bits retain their value to reflect the last state of the state sequencer
before disarming. If a debug session is ended by an internal trigger, then the state sequencer returns to state0
and these bits are cleared to indicate that state0 was entered during the session. On arming the module the state
sequencer enters state1 and these bits are forced to SSF[2:0] = 001. See Table 16-8.

Table 16-9. SSF[2:0] — State Sequence Flag Bit Encoding

SSF[2:0] Current State

000 State0 (disarmed)

001 State1

010 State2

011 State3

100 Final State

101,110,111 Reserved
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.3 Debug Trace Control Register (DBGTCR)

Read: Anytime

Write: Bits 7:6 only when S12XDBG is neither secure nor armed.
Bits 5:0 anytime the module is disarmed.

Address: 0x0022

7 6 5 4 3 2 1 0

R
TSOURCE TRANGE TRCMOD TALIGN

W

Reset 0 0 0 0 0 0 0 0

Figure 16-5. Debug Trace Control Register (DBGTCR)

Table 16-10. DBGTCR Field Descriptions

Field Description

7–6
TSOURCE

Trace Source Control Bits — The TSOURCE bits select the data source for the tracing session. If the MCU
system is secured, these bits cannot be set and tracing is inhibited. See Table 16-10.

5–4
TRANGE

Trace Range Bits — The TRANGE bits allow filtering of trace information from a selected address range when
tracing from the CPU12X in Detail Mode. The XGATE tracing range cannot be narrowed using these bits. To use
a comparator for range filtering, the corresponding COMPE and SRC bits must remain cleared. If the COMPE
bit is not clear then the comparator will also be used to generate state sequence triggers. If the corresponding
SRC bit is set the comparator is mapped to the XGATE buses, the TRANGE bits have no effect on the valid
address range, memory accesses within the whole memory map are traced. See Table 16-11.

3–2
TRCMOD

Trace Mode Bits — See Section 16.4.5.2 for detailed Trace Mode descriptions. In Normal Mode, change of flow
information is stored. In Loop1 Mode, change of flow information is stored but redundant entries into trace
memory are inhibited. In Detail Mode, address and data for all memory and register accesses is stored. See
Table 16-12.

1–0
TALIGN

Trigger Align Bits — These bits control whether the trigger is aligned to the beginning, end or the middle of a
tracing session. See Table 16-13.

Table 16-11. TSOURCE — Trace Source Bit Encoding

TSOURCE Tracing Source

00 No tracing requested

01 CPU12X

10(1)

1. No range limitations are allowed. Thus tracing operates as if TRANGE = 00.

XGATE

111,(2)

2. No Detail Mode tracing supported. If TRCMOD = 10, no information is stored.

Both CPU12X and XGATE
MC9S12XF - Family Reference Manual, Rev.1.20
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Table 16-12. TRANGE Trace Range Encoding

TRANGE Tracing Range

00 Trace from all addresses (No filter)

01 Trace only in address range from $00000 to Comparator D

10 Trace only in address range from Comparator C to $7FFFFF

11 Trace only in range from Comparator C to Comparator D

Table 16-13. TRCMOD Trace Mode Bit Encoding

TRCMOD Description

00 Normal

01 Loop1

10 Detail

11 Pure PC

Table 16-14. TALIGN Trace Alignment Encoding

TALIGN Description

00 Trigger at end of stored data

01 Trigger before storing data

10 Trace buffer entries before and after trigger

11 Reserved
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.4 Debug Control Register2 (DBGC2)

Read: Anytime

Write: Anytime the module is disarmed.

This register conÞgures the comparators for range matching.

Address: 0x0023

7 6 5 4 3 2 1 0

R 0 0 0 0
CDCM ABCM

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 16-6. Debug Control Register2 (DBGC2)

Table 16-15. DBGC2 Field Descriptions

Field Description

3–2
CDCM[1:0]

C and D Comparator Match Control — These bits determine the C and D comparator match mapping as
described in Table 16-15.

1–0
ABCM[1:0]

A and B Comparator Match Control — These bits determine the A and B comparator match mapping as
described in Table 16-16.

Table 16-16. CDCM Encoding

CDCM Description

00 Match2 mapped to comparator C match....... Match3 mapped to comparator D match.

01 Match2 mapped to comparator C/D inside range....... Match3 disabled.

10 Match2 mapped to comparator C/D outside range....... Match3 disabled.

11 Reserved(1)

1. Currently defaults to Match2 mapped to comparator C : Match3 mapped to comparator D

Table 16-17. ABCM Encoding

ABCM Description

00 Match0 mapped to comparator A match....... Match1 mapped to comparator B match.

01 Match 0 mapped to comparator A/B inside range....... Match1 disabled.

10 Match 0 mapped to comparator A/B outside range....... Match1 disabled.

11 Reserved(1)

1. Currently defaults to Match0 mapped to comparator A : Match1 mapped to comparator B
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.6 Debug Count Register (DBGCNT)

Read: Anytime

Write: Never

16.3.2.7 Debug State Control Registers

There is a dedicated control register for each of the state sequencer states 1 to 3 that determines
transitions from that state are allowed, depending upon comparator matches or tag hits, and deÞn

Address: 0x0026

7 6 5 4 3 2 1 0

R 0 CNT

W

Reset
POR

0
0

—
0

—
0

—
0

—
0

—
0

—
0

—
0

= Unimplemented or Reserved

Figure 16-8. Debug Count Register (DBGCNT)

Table 16-19. DBGCNT Field Descriptions

Field Description

6–0
CNT[6:0]

Count Value — The CNT bits [6:0] indicate the number of valid data 64-bit data lines stored in the Trace Buffer.
Table 16-19 shows the correlation between the CNT bits and the number of valid data lines in the Trace Buffer.
When the CNT rolls over to zero, the TBF bit in DBGSR is set and incrementing of CNT will continue in end-
trigger or mid-trigger mode. The DBGCNT register is cleared when ARM in DBGC1 is written to a one. The
DBGCNT register is cleared by power-on-reset initialization but is not cleared by other system resets. Thus
should a reset occur during a debug session, the DBGCNT register still indicates after the reset, the number of
valid trace buffer entries stored before the reset occurred. The DBGCNT register is not decremented when
reading from the trace buffer.

Table 16-20. CNT Decoding Table

TBF (DBGSR) CNT[6:0] Description

0 0000000 No data valid

0 0000001  32 bits of one line valid(1)

1. This applies to Normal/Loop1/PurePC Modes when tracing from either CPU12X or XGATE only.

0 0000010
0000100
0000110

..
1111100

1 line valid
2 lines valid
3 lines valid

..
62 lines valid

0 1111110 63 lines valid

1 0000000 64 lines valid; if using Begin trigger alignment,
ARM bit will be cleared and the tracing session ends.

1 0000010
..
..

1111110

64 lines valid,
oldest data has been overwritten by most recent data
MC9S12XF - Family Reference Manual, Rev.1.20
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next state for the state sequencer following a match. The three debug state control registers are loc
the same address in the register address map (0x0027). Each register can be accessed using the
bits in DBGC1 to blend in the required register. The COMRV = 11 value blends in the match ßag reg
(DBGMFR).

Table 16-21. State Control Register Access Encoding

COMRV Visible State Control Register

00  DBGSCR1

01  DBGSCR2

10  DBGSCR3

11  DBGMFR
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.7.4 Debug Match Flag Register (DBGMFR)

Read: If COMRV[1:0] = 11

Write: Never

DBGMFR is visible at 0x0027 only with COMRV[1:0] = 11. It features four ßag bits each mapped dire
to a channel. Should a match occur on the channel during the debug session, then the correspon
is set and remains set until the next time the module is armed by writing to the ARM bit. Thus the con
are retained after a debug session for evaluation purposes. These ßags cannot be cleared by softw
are cleared only when arming the module. A set ßag does not inhibit the setting of other ßags. Once
is set, further triggers on the same channel have no affect.

16.3.2.8 Comparator Register Descriptions

Each comparator has a bank of registers that are visible through an 8-byte window in the S12XDB
module register address map. Comparators A and C consist of 8 register bytes (3 address bus co
registers, two data bus compare registers, two data bus mask registers and a control register).

Comparators B and D consist of four register bytes (three address bus compare registers and a c
register).

Each set of comparator registers is accessible in the same 8-byte window of the register address m
can be accessed using the COMRV bits in the DBGC1 register. If the Comparators B or D are acc
through the 8-byte window, then only the address and control bytes are visible, the 4 bytes associate
data bus and data bus masking read as zero and cannot be written. Furthermore the control regis
comparators B and D differ from those of comparators A and C.

Address: 0x0027

7 6 5 4 3 2 1 0

R 0 0 0 0 MC3 MC2 MC1 MC0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 16-12. Debug Match Flag Register (DBGMFR)

Table 16-28. Comparator Register Layout

 0x0028 CONTROL Read/Write Comparators A,B,C,D

 0x0029 ADDRESS HIGH Read/Write Comparators A,B,C,D

 0x002A ADDRESS MEDIUM Read/Write Comparators A,B,C,D

 0x002B ADDRESS LOW Read/Write Comparators A,B,C,D

 0x002C DATA HIGH COMPARATOR Read/Write Comparator A and C only

 0x002D DATA LOW COMPARATOR Read/Write Comparator A and C only

 0x002E DATA HIGH MASK Read/Write Comparator A and C only

 0x002F DATA LOW MASK Read/Write Comparator A and C only
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.8.1 Debug Comparator Control Register (DBGXCTL)

The contents of this register bits 7 and 6 differ depending upon which comparator registers are vis
the 8-byte window of the DBG module register address map.

Read: Anytime. SeeTable 16-28 for visible register encoding.

Write: If DBG not armed. SeeTable 16-28 for visible register encoding.

The DBGC1_COMRV bits determine which comparator control, address, data and datamask regist
visible in the 8-byte window from 0x0028 to 0x002F as shown inSection Table 16-28.

Table 16-29. Comparator Address Register Visibility

Address: 0x0028

7 6 5 4 3 2 1 0

R 0
NDB TAG BRK RW RWE SRC COMPE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 16-13. Debug Comparator Control Register (Comparators A and C)

Address: 0x0028

7 6 5 4 3 2 1 0

R
SZE SZ TAG BRK RW RWE SRC COMPE

W

Reset 0 0 0 0 0 0 0 0

Figure 16-14. Debug Comparator Control Register (Comparators B and D)

COMRV Visible Comparator

00 DBGACTL, DBGAAH ,DBGAAM, DBGAAL, DBGADH, DBGADL, DBGADHM, DBGADLM

01 DBGBCTL, DBGBAH, DBGBAM, DBGBAL

10 DBGCCTL, DBGCAH, DBGCAM, DBGCAL, DBGCDH, DBGCDL, DBGCDHM, DBGCDLM

11 DBGDCTL, DBGDAH, DBGDAM, DBGDAL

Table 16-30. DBGXCTL Field Descriptions

Field Description

7
SZE

(Comparators
B nd D)

Size Comparator Enable Bit — The SZE bit controls whether access size comparison is enabled for the
associated comparator. This bit is ignored if the TAG bit in the same register is set.
0 Word/Byte access size is not used in comparison
1 Word/Byte access size is used in comparison

6
NDB

(Comparators
A and C

Not Data Bus — The NDB bit controls whether the match occurs when the data bus matches the comparator
register value or when the data bus differs from the register value. Furthermore data bus bits can be
individually masked using the comparator data mask registers. This bit is only available for comparators A
and C. This bit is ignored if the TAG bit in the same register is set. This bit position has an SZ functionality for
comparators B and D.
0 Match on data bus equivalence to comparator register contents
1 Match on data bus difference to comparator register contents
MC9S12XF - Family Reference Manual, Rev.1.20
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Table 16-30shows the effect for RWE and RW on the comparison conditions. These bits are not usef
tagged operations since the trigger occurs based on the tagged opcode reaching the execution sta
instruction queue. Thus these bits are ignored if tagged triggering is selected.

6
SZ

(Comparators
B and D)

Size Comparator Value Bit — The SZ bit selects either word or byte access size in comparison for the
associated comparator. This bit is ignored if the SZE bit is cleared or if the TAG bit in the same register is set.
This bit position has NDB functionality for comparators A and C
0 Word access size will be compared
1 Byte access size will be compared

5
TAG

Tag Select — This bit controls whether the comparator match will cause a trigger or tag the opcode at the
matched address. Tagged opcodes trigger only if they reach the execution stage of the instruction queue.
0 Trigger immediately on match
1 On match, tag the opcode. If the opcode is about to be executed a trigger is generated

4
BRK

Break — This bit controls whether a channel match terminates a debug session immediately, independent
of state sequencer state. To generate an immediate breakpoint the module breakpoints must be enabled
using DBGBRK.
0 The debug session termination is dependent upon the state sequencer and trigger conditions.
1 A match on this channel terminates the debug session immediately; breakpoints if active are generated,

tracing, if active, is terminated and the module disarmed.

3
RW

Read/Write Comparator Value Bit — The RW bit controls whether read or write is used in compare for the
associated comparator . The RW bit is not used if RWE = 0.
0 Write cycle will be matched
1 Read cycle will be matched

2
RWE

Read/Write Enable Bit — The RWE bit controls whether read or write comparison is enabled for the
associated comparator. This bit is not used for tagged operations.
0 Read/Write is not used in comparison
1 Read/Write is used in comparison

1
SRC

Determines mapping of comparator to CPU12X or XGATE
0 The comparator is mapped to CPU12X buses
1 The comparator is mapped to XGATE address and data buses

0
COMPE

Determines if comparator is enabled
0 The comparator is not enabled
1 The comparator is enabled for state sequence triggers or tag generation

Table 16-31. Read or Write Comparison Logic Table

RWE Bit RW Bit RW Signal Comment

0 x 0 RW not used in comparison

0 x 1 RW not used in comparison

1 0 0 Write

1 0 1 No match

1 1 0 No match

1 1 1 Read

Table 16-30. DBGXCTL Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20
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16.3.2.8.8 Debug Comparator Data Low Mask Register (DBGXDLM)

Read: Anytime. SeeTable 16-28 for visible register encoding.

Write: If DBG not armed. SeeTable 16-28 for visible register encoding.

16.4 Functional Description
This section provides a complete functional description of the S12XDBG module. If the part is in se
mode, the S12XDBG module can generate breakpoints but tracing is not possible.

16.4.1 S12XDBG Operation

Arming the S12XDBG module by setting ARM in DBGC1 allows triggering, and storing of data in 
trace buffer and can be used to cause breakpoints to the CPU12X or the XGATE module. The DBG m
is made up of four main blocks, the comparators, control logic, the state sequencer, and the trace

The comparators monitor the bus activity of the CPU12X and XGATE. Comparators can be conÞgu
monitor address and databus. Comparators can also be conÞgured to mask out individual data bu
during a compare and to use R/W and word/byte access qualiÞcation in the comparison. When a
with a comparator register value occurs the associated control logic can trigger the state sequenc
another state (seeFigure 16-22). Either forced or tagged triggers are possible. Using a forced trigger,
trigger is generated immediately on a comparator match. Using a tagged trigger, at a comparator 
the instruction opcode is tagged and only if the instruction reaches the execution stage of the inst
queue is a trigger generated. In the case of a transition to Final State, bus tracing is triggered and
breakpoint can be generated. Tracing of both CPU12X and/or XGATE bus activity is possible.

Independent of the state sequencer, a breakpoint can be triggered by the externalTAGHI / TAGLO signals
or by an XGATE S/W breakpoint request or by writing to the TRIG bit in the DBGC1 control regist

The trace buffer is visible through a 2-byte window in the register address map and can be read ou
standard 16-bit word reads.

Address: 0x002F

7 6 5 4 3 2 1 0

R
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

W

Reset 0 0 0 0 0 0 0 0

Figure 16-21. Debug Comparator Data Low Mask Register (DBGXDLM)

Table 16-38. DBGXDLM Field Descriptions

Field Description

7–0
Bits[7:0]

Comparator Data Low Mask Bits — The Comparator data low mask bits control whether the selected
comparator compares the data bus bits [7:0] to the corresponding comparator data compare bits. This register
is available only for comparators A and C.
0 Do not compare corresponding data bit
1 Compare corresponding data bit
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.2 Comparator Modes

The S12XDBG contains four comparators, A, B, C, and D. Each comparator can be conÞgured to m
CPU12X or XGATE buses. Each comparator compares the selected address bus with the address s
DBGXAH, DBGXAM, and DBGXAL. Furthermore, comparators A and C also compare the data bu
to the data stored in DBGXDH, DBGXDL and allow masking of individual data bus bits.

S12X comparator matches are disabled in BDM and during BDM accesses.

The comparator match control logic conÞgures comparators to monitor the buses for an exact ad
an address range, whereby either an access inside or outside the speciÞed range generates a m
condition. The comparator conÞguration is controlled by the control register contents and the range c
by the DBGC2 contents.

On a match a trigger can initiate a transition to another state sequencer state (seeSection 16.4.3Ó). The
comparator control register also allows the type of access to be included in the comparison through
of the RWE, RW, SZE, and SZ bits. The RWE bit controls whether read or write comparison is ena
for the associated comparator and the RW bit selects either a read or write access for a valid mat
Similarly the SZE and SZ bits allows the size of access (word or byte) to be considered in the com
Only comparators B and D feature SZE and SZ.

The TAG bit in each comparator control register is used to determine the triggering condition. By se
TAG, the comparator will qualify a match with the output of opcode tracking logic and a trigger occ
before the tagged instruction executes (tagged-type trigger). Whilst tagging, the RW, RWE, SZE, a
bits are ignored and the comparator register must be loaded with the exact opcode address.

If the TAG bit is clear (forced type trigger) a comparator match is generated when the selected ad
appears on the system address bus. If the selected address is an opcode address, the match is g
when the opcode is fetched from the memory. This precedes the instruction execution by an inde
number of cycles due to instruction pipe lining. For a comparator match of an opcode at an odd a
when TAG = 0, the corresponding even address must be contained in the comparator register. Thus
opcode at odd address (n), the comparator register must contain address (nÐ1).

Once a successful comparator match has occurred, the condition that caused the original match i
veriÞed again on subsequent matches. Thus if a particular data value is veriÞed at a given addres
address may not still contain that data value when a subsequent match occurs.

Comparators C and D can also be used to select an address range to trace from. This is determine
TRANGE bits in the DBGTCR register. The TRANGE encoding is shown inTable 16-11. If the TRANGE
bits select a range deÞnition using comparator D, then comparator D is conÞgured for trace range
deÞnition and cannot be used for address bus comparisons. Similarly if the TRANGE bits select a
deÞnition using comparator C, then comparator C is conÞgured for trace range deÞnition and can
used for address bus comparisons.

Match[0, 1, 2, 3] map directly to Comparators[A, B, C, D] respectively, except in range modes (se
Section 16.3.2.4Ó). Comparator priority rules are described in the trigger priority section
(Section 16.4.3.6Ó).
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.2.1 Exact Address Comparator Match (Comparators A and C)

With range comparisons disabled, the match condition is an exact equivalence of address/data bus
value stored in the comparator address/data registers. Further qualiÞcation of the type of access 
word/byte) is possible.

Comparators A and C do not feature SZE or SZ control bits, thus the access size is not compared. Th
address is compared, thus with the comparator address register loaded with address (n) a word a
address (nÐ1) also accesses (n) but does not cause a match.Table 16-39lists access considerations withou
data bus compare.Table 16-38 lists access considerations with data bus comparison. To compare by
accesses DBGXDH must be loaded with the data byte, the low byte must be masked out using th
DBGXDLM mask register. On word accesses the data byte of the lower address is mapped to DBG

Comparators A and C feature an NDB control bit to determine if a match occurs when the data bus d
to comparator register contents or when the data bus is equivalent to the comparator register con

16.4.2.2 Exact Address Comparator Match (Comparators B and D)

Comparators B and D feature SZ and SZE control bits. If SZE is clear, then the comparator address
qualiÞcation functions the same as for comparators A and C.

If the SZE bit is set the access size (word or byte) is compared with the SZ bit value such that onl
speciÞed type of access causes a match. Thus if conÞgured for a byte access of a particular addres
access covering the same address does not lead to match.

Table 16-39. Comparator A and C Data Bus Considerations

Access Address DBGxDH DBGxDL DBGxDHM DBGxDLM Example Valid Match

Word ADDR[n] Data[n] Data[n+1] $FF $FF MOVW #$WORD ADDR[n]

Byte ADDR[n] Data[n] x $FF $00 MOVB #$BYTE ADDR[n]

Word ADDR[n] Data[n] x $FF $00 MOVW #$WORD ADDR[n]

Word ADDR[n] x Data[n+1] $00 $FF MOVW #$WORD ADDR[n]

Table 16-40. Comparator Access Size Considerations

Comparator Address SZE SZ8 Condition For Valid Match

Comparators
A and C

ADDR[n] — — Word and byte accesses of ADDR[n](1)

MOVB #$BYTE ADDR[n]
MOVW #$WORD ADDR[n]

1. A word access of ADDR[n-1] also accesses ADDR[n] but does not generate a match.
The comparator address register must contain the exact address used in the code.

Comparators
B and D

ADDR[n] 0 X Word and byte accesses of ADDR[n]1

MOVB #$BYTE ADDR[n]
MOVW #$WORD ADDR[n]

Comparators
B and D

ADDR[n] 1 0 Word accesses of ADDR[n]1

MOVW #$WORD ADDR[n]

Comparators
B and D

ADDR[n] 1 1 Byte accesses of ADDR[n]
MOVB #$BYTE ADDR[n]
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.2.3 Data Bus Comparison NDB Dependency

Comparators A and C each feature an NDB control bit, which allows data bus comparators to be conÞ
to either trigger on equivalence or trigger on difference. This allows monitoring of a difference in th
contents of an address location from an expected value.

When matching on an equivalence (NDB=0), each individual data bus bit position can be masked
clearing the corresponding mask bit (DBGxDHM/DBGxDLM), so that it is ignored in the comparison
match occurs when all data bus bits with corresponding mask bits set are equivalent. If all mask r
bits are clear, then a match is based on the address bus only, the data bus is ignored.

When matching on a difference, mask bits can be cleared to ignore bit positions. A match occurs wh
data bus bit with corresponding mask bit set is different. Clearing all mask bits, causes all bits to be ig
and prevents a match because no difference can be detected. In this case address bus equivalence
cause a match.

16.4.2.4 Range Comparisons

When using the AB comparator pair for a range comparison, the data bus can also be used for qualiÞ
by using the comparator A data and data mask registers. Furthermore the DBGACTL RW and RW
can be used to qualify the range comparison on either a read or a write access. The correspondin
DBGBCTL bits are ignored. Similarly when using the CD comparator pair for a range comparison
data bus can also be used for qualiÞcation by using the comparator C data and data mask registe
Furthermore the DBGCCTL RW and RWE bits can be used to qualify the range comparison on ei
read or a write access if tagging is not selected. The corresponding DBGDCTL bits are ignored. Th
and SZ control bits are ignored in range mode. The comparator A and C TAG bits are used to tag
comparisons for the AB and CD ranges respectively. The comparator B and D TAG bits are ignore
range modes. In order for a range comparison using comparators A and B, both COMPEA and COM
must be set; to disable range comparisons both must be cleared. Similarly for a range CD compariso
COMPEC and COMPED must be set. If a range mode is selected SRCA and SRCC select the so
(S12X or XGATE), SRCB and SRCD are ignored. The comparator A and C BRK bits are used for th
and CD ranges respectively, the comparator B and D BRK bits are ignored in range mode. When
conÞgured for range comparisons and tagging, the ranges are accurate only to word boundaries.

16.4.2.4.1 Inside Range (CompAC_Addr �  address �  CompBD_Addr)

In the Inside Range comparator mode, either comparator pair A and B or comparator pair C and D
conÞgured for range comparisons by the control register (DBGC2). The match condition requires
valid match for both comparators happens on the same bus cycle. A match condition on only one

Table 16-41. NDB and MASK bit dependency

NDB
DBGxDHM[n] /
DBGxDLM[n]

Comment

0 0 Do not compare data bus bit.

0 1 Compare data bus bit. Match on equivalence.

1 0 Do not compare data bus bit.

1 1 Compare data bus bit. Match on difference.
MC9S12XF - Family Reference Manual, Rev.1.20
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comparator is not valid. An aligned word access which straddles the range boundary will cause a 
only if the aligned address is inside the range.

16.4.2.4.2 Outside Range (address < CompAC_Addr or address > CompBD_Addr)

In the Outside Range comparator mode, either comparator pair A and B or comparator pair C and
be conÞgured for range comparisons. A single match condition on either of the comparators is reco
as valid. An aligned word access which straddles the range boundary will cause a trigger only if the a
address is outside the range.

Outside range mode in combination with tagged triggers can be used to detect if the opcode fetch
from an unexpected range. In forced trigger modes the outside range trigger would typically be act
at any interrupt vector fetch or register access. This can be avoided by setting the upper range lim
$7FFFFF or lower range limit to $000000 respectively.

When comparing the XGATE address bus in outside range mode, the initial vector fetch as determin
the vector contained in the XGATE XGVBR register should be taken into consideration. The XGV
register and hence vector address can be modiÞed.

16.4.3 Trigger Modes

Trigger modes are used as qualiÞers for a state sequencer change of state. The control logic determ
trigger mode and provides a trigger to the state sequencer. The individual trigger modes are desc
the following sections.

16.4.3.1 Forced Trigger On Comparator Match

If a forced trigger comparator match occurs, the trigger immediately initiates a transition to the next
sequencer state whereby the corresponding ßags in DBGSR are set. The state control register fo
current state determines the next state for each trigger. Forced triggers are generated as soon as
matching address appears on the address bus, which in the case of opcode fetches occurs sever
before the opcode execution. For this reason a forced trigger of an opcode address precedes a tagge
at the same address by several cycles.

16.4.3.2 Trigger On Comparator Related Taghit

If a CPU12X or XGATE taghit occurs, a transition to another state sequencer state is initiated and
corresponding DBGSR ßags are set. For a comparator related taghit to occur, the S12XDBG mus
generate tags based on comparator matches. When the tagged instruction reaches the execution
the instruction queue a taghit is generated by the CPU12X/XGATE. The state control register for t
current state determines the next state for each trigger.

16.4.3.3 External Tagging Trigger

In external tagging trigger mode, theTAGLO andTAGHI pins (mapped to device pins) are used to tag a
instruction. This function can be used as another breakpoint source. When the tagged opcode reac
execution stage of the instruction queue a transition to the disarmed state0 occurs, ending the debug
MC9S12XF - Family Reference Manual, Rev.1.20
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and generating a breakpoint, if breakpoints are enabled. External tagging is only possible in devic
emulation modes.

16.4.3.4 Trigger On XGATE S/W Breakpoint Request

The XGATE S/W breakpoint request issues a forced breakpoint request to the CPU12X immediat
independent of S12XDBG settings and triggers the state sequencer into the disarmed state. Active
sessions are terminated immediately, thus if tracing has not yet begun, no trace information is sto
XGATE generated breakpoints are independent of the DBGBRK bits. The XGSBPE bit in DBGC1
determines if the XGATE S/W breakpoint function is enabled. The BDM bit in DBGC1 determines if
XGATE requested breakpoint causes the system to enter BDM Mode or initiate a software interrupt (

16.4.3.5 TRIG Immediate Trigger

Independent of comparator matches or external tag signals it is possible to initiate a tracing session
breakpoint by writing the TRIG bit in DBGC1 to a logic Ò1Ó. If conÞgured for begin or mid aligned tra
this triggers the state sequencer into the Final State, if conÞgured for end alignment, setting the TR
disarms the module, ending the session. If breakpoints are enabled, a forced breakpoint request i
immediately (end alignment) or when tracing has completed (begin or mid alignment).

16.4.3.6 Trigger Priorities

In case of simultaneous triggers, the priority is resolved according toTable 16-41. The lower priority
trigger is suppressed. It is thus possible to miss a lower priority trigger if it occurs simultaneously 
trigger of a higher priority. The trigger priorities described inTable 16-41 dictate that in the case of
simultaneous matches, the match on the lower channel number (0,1,2,3) has priority. The SC[3:0
encoding ensures that a match leading to Þnal state has priority over all other matches independe
current state sequencer state. When conÞgured for range modes a simultaneous match of compa
and C generates an active match0 whilst match2 is suppressed.

If a write access to DBGC1 with the ARM bit position set occurs simultaneously to a hardware dis
from an internal trigger event, then the ARM bit is cleared due to the hardware disarm.

Table 16-42. Trigger Priorities

Priority Source Action

Highest XGATE Immediate forced breakpoint......(Tracing terminated immediately).

TRIG Trigger immediately to final state (begin or mid aligned tracing enabled)
Trigger immediately to state 0 (end aligned or no tracing enabled)

External TAGHI/TAGLO Enter State0

Match0 (force or tag hit) Trigger to next state as defined by state control registers

Match1 (force or tag hit) Trigger to next state as defined by state control registers

Match2 (force or tag hit) Trigger to next state as defined by state control registers

Lowest Match3 (force or tag hit) Trigger to next state as defined by state control registers
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.4 State Sequence Control

Figure 16-22. State Sequencer Diagram

The state sequencer allows a deÞned sequence of events to provide a trigger point for tracing of dat
trace buffer. Once the S12XDBG module has been armed by setting the ARM bit in the DBGC1 reg
then state1 of the state sequencer is entered. Further transitions between the states are then con
the state control registers and depend upon a selected trigger mode condition being met. From Fin
the only permitted transition is back to the disarmed state0. Transition between any of the states 1
not restricted. Each transition updates the SSF[2:0] ßags in DBGSR accordingly to indicate the cu
state.

Alternatively by setting the TRIG bit in DBGSC1, the state machine can be triggered to state0 or F
State depending on tracing alignment.

A tag hit throughTAGHI/TAGLO brings the state sequencer immediately into state0, causes a breakp
if breakpoints are enabled, and ends tracing immediately independent of the trigger alignment bits
TALIGN[1:0].

Independent of the state sequencer, each comparator channel can be individually conÞgured to gen
immediate breakpoint when a match occurs through the use of the BRK bits in the DBGxCTL regi
Thus it is possible to generate an immediate breakpoint on selected channels, whilst a state sequ
transition can be initiated by a match on other channels. If a debug session is ended by a trigger o
channel with BRK = 1, the state sequencer transitions through Final State for a clock cycle to state0
is independent of tracing and breakpoint activity, thus with tracing and breakpoints disabled, the s
sequencer enters state0 and the debug module is disarmed.

An XGATE S/W breakpoint request, if enabled causes a transition to the State0 and generates a bre
request to the CPU12X immediately.

16.4.4.1 Final State

On entering Final State a trigger may be issued to the trace buffer according to the trace position 
as deÞned by the TALIGN Þeld (seeSection 16.3.2.3Ó). If TSOURCE in the trace control register
DBGTCR are cleared then the trace buffer is disabled and the transition to Final State can only gen
breakpoint request. In this case or upon completion of a tracing session when tracing is enabled, the

State1

Final State State3

ARM = 1

Session Complete
(Disarm)

State2
   State 0

(Disarmed)
ARM = 0

ARM = 0

ARM = 0
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bit in the DBGC1 register is cleared, returning the module to the disarmed state0. If tracing is ena
breakpoint request can occur at the end of the tracing session. If neither tracing nor breakpoints are e
then when the Þnal state is reached it returns automatically to state0 and the debug module is dis

16.4.5 Trace Buffer Operation

The trace buffer is a 64 lines deep by 64-bits wide RAM array. The S12XDBG module stores trace
information in the RAM array in a circular buffer format. The RAM array can be accessed through
register window (DBGTBH:DBGTBL) using 16-bit wide word accesses. After each complete 64-bit t
buffer line is read, an internal pointer into the RAM is incremented so that the next read will receive
information. Data is stored in the format shown inTable 16-42. After each store the counter register bit
DBGCNT[6:0] are incremented. Tracing of CPU12X activity is disabled when the BDM is active bu
tracing of XGATE activity is still possible. Reading the trace buffer whilst the DBG is armed return
invalid data and the trace buffer pointer is not incremented.

16.4.5.1 Trace Trigger Alignment

Using the TALIGN bits (seeSection 16.3.2.3Ó) it is possible to align the trigger with the end, the middle
or the beginning of a tracing session.

If End or Mid tracing is selected, tracing begins when the ARM bit in DBGC1 is set and State1 is ent
The transition to Final State if End is selected signals the end of the tracing session. The transition to
State if Mid is selected signals that another 32 lines will be traced before ending the tracing sessio
Tracing with Begin-Trigger starts at the opcode of the trigger.

16.4.5.1.1 Storing with Begin-Trigger

Storing with Begin-Trigger, data is not stored in the Trace Buffer until the Final State is entered. Onc
trigger condition is met the S12XDBG module will remain armed until 64 lines are stored in the Tr
Buffer. If the trigger is at the address of the change-of-ßow instruction the change of ßow associate
the trigger will be stored in the Trace Buffer. Using Begin-trigger together with tagging, if the tagge
instruction is about to be executed then the trace is started. Upon completion of the tracing sessio
breakpoint is generated, thus the breakpoint does not occur at the tagged instruction boundary.

16.4.5.1.2 Storing with Mid-Trigger

Storing with Mid-Trigger, data is stored in the Trace Buffer as soon as the S12XDBG module is ar
When the trigger condition is met, another 32 lines will be traced before ending the tracing sessio
irrespective of the number of lines stored before the trigger occurred, then the S12XDBG module 
disarmed and no more data is stored. Using Mid-trigger with tagging, if the tagged instruction is abo
be executed then the trace is continued for another 32 lines. Upon tracing completion the breakpo
generated, thus the breakpoint does not occur at the tagged instruction boundary.
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.5.1.3 Storing with End-Trigger

Storing with End-Trigger, data is stored in the Trace Buffer until the Final State is entered, at which
the S12XDBG module will become disarmed and no more data will be stored. If the trigger is at th
address of a change of ßow instruction the trigger event will not be stored in the Trace Buffer.

16.4.5.2 Trace Modes

The S12XDBG module can operate in four trace modes. The mode is selected using the TRCMOD
the DBGTCR register. In each mode tracing of XGATE or CPU12X information is possible. The so
for the trace is selected using the TSOURCE bits in the DBGTCR register. The modes are described
following subsections. The trace buffer organization is shown inTable 16-42.

16.4.5.2.1 Normal Mode

In Normal Mode, change of ßow (COF) program counter (PC) addresses will be stored.

COF addresses are deÞned as follows for the CPU12X:

¥ Source address of taken conditional branches (long, short, bit-conditional, and loop primiti

¥ Destination address of indexed JMP, JSR, and CALL instruction.

¥ Destination address of RTI, RTS, and RTC instructions

¥ Vector address of interrupts, except for SWI and BDM vectors

LBRA, BRA, BSR, BGND as well as non-indexed JMP, JSR, and CALL instructions are not classiÞe
change of ßow and are not stored in the trace buffer.

COF addresses are deÞned as follows for the XGATE:

¥ Source address of taken conditional branches

¥ Destination address of indexed JAL instructions.

¥ First XGATE code address in a thread

Change-of-ßow addresses stored include the full 23-bit address bus of CPU12X, the 16-bit address
the XGATE module and an information byte, which contains a source/destination bit to indicate wh
the stored address was a source address or destination address.

NOTE
When an CPU12X COF instruction with destination address is executed, the
destination address is stored to the trace buffer on instruction completion,
indicating the COF has taken place. If an interrupt occurs simultaneously
then the next instruction carried out is actually from the interrupt service
routine. The instruction at the destination address of the original program
ßow gets exectuted after the interrupt service routine.
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.5.3 Trace Buffer Organization

Referring toTable 16-42. An X preÞx denotes information from the XGATE module, a C preÞx deno
information from the CPU12X. ADRH, ADRM, ADRL denote address high, middle and low byte
respectively. INF bytes contain control information (R/W, S/D etc.). The numerical sufÞx indicates w
tracing step. The information format for Loop1 Mode and PurePC Mode is the same as that of No
Mode. Whilst tracing from XGATE or CPU12X only, in Normal or Loop1 modes each array line conta
2 data entries, thus in this case the DBGCNT[0] is incremented after each separate entry. In Detai
DBGCNT[0] remains cleared whilst the other DBGCNT bits are incremented on each trace buffer 

XGATE and CPU12X COFs occur independently of each other and the proÞle of COFs for the two so
is totally different. When both sources are being traced in Normal or Loop1 mode, for each COF from
source, there may be many COFs from the other source, depending on user code. COF events cou
far from each other in the time domain, on consecutive cycles or simultaneously. When a COF oc
either source (S12X or XGATE) a trace buffer entry is made and the corresponding CDV or XDV b
set. The current PC of the other source is simultaneously stored to the trace buffer even if no COF
occurred, in which case CDV/XDV remains cleared indicating the address is not associated with a
but is simply a snapshot of the PC contents at the time of the COF from the other source.

Single byte data accesses in Detail Mode are always stored to the low byte of the trace buffer (CD
or XDATAL) and the high byte is cleared. When tracing word accesses, the byte at the lower addr
always stored to trace buffer byte3 and the byte at the higher address is stored to byte2

Table 16-43. Trace Buffer Organization

Mode
8-Byte Wide Word Buffer

7 6 5 4 3 2 1 0

XGATE
Detail

CXINF1 CADRH1 CADRM1 CADRL1 XDATAH1 XDATAL1 XADRM1 XADRL1

CXINF2 CADRH2 CADRM2 CADRL2 XDATAH2 XDATAL2 XADRM2 XADRL2

CPU12X
Detail

CXINF1 CADRH1 CADRM1 CADRL1 CDATAH1 CDATAL1 XADRM1 XADRL1

CXINF2 CADRH2 CADRM2 CADRL2 CDATAH2 CDATAL2 XADRM2 XADRL2

Both
Other Modes

XINF0 XPCM0 XPCL0 CINF0 CPCH0 CPCM0 CPCL0

XINF1 XPCM1 XPCL1 CINF1 CPCH1 CPCM1 CPCL1

XGATE
Other Modes

XINF1 XPCM1 XPCL1 XINF0 XPCM0 XPCL0

XINF3 XPCM3 XPCL3 XINF2 XPCM2 XPCL2

CPU12X
Other Modes

CINF1 CPCH1 CPCM1 CPCL1 CINF0 CPCH0 CPCM0 CPCL0

CINF3 CPCH3 CPCM3 CPCL3 CINF2 CPCH2 CPCM2 CPCL2
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16.4.5.3.1  Information Byte Organization

The format of the control information byte is dependent upon the active trace mode as described be
Normal, Loop1, or Pure PC modes tracing of XGATE activity, XINF is used to store control informat
In Normal, Loop1, or Pure PC modes tracing of CPU12X activity, CINF is used to store control
information. In Detail Mode, CXINF contains the control information

XGATE Information Byte

XGATE info bit setting

Figure 16-24. XGATE info bit setting

Figure 16-24 indicates the XGATE information bit setting when switching between threads, the initial
thread starting at SOT1 and continuing at COT1 after the higher priority thread2 has ended.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

XSD XSOT XCOT XDV 0 0 0 0

Figure 16-23. XGATE Information Byte XINF

Table 16-44. XINF Field Descriptions

Field Description

7
XSD

Source Destination Indicator — This bit indicates if the corresponding stored address is a source or destination
address. This is only used in Normal and Loop1 mode tracing.
0 Source address
1 Destination address or Start of Thread or Continuation of Thread

6
XSOT

Source Of Thread Indicator — This bit indicates that the corresponding stored address is a start of thread
address. This is only used in Normal and Loop1 mode tracing.
NOTE. This bit only has effect on devices where the XGATE module supports multiple interrupt levels.
0 Stored address not from a start of thread
1 Stored address from a start of thread

5
XCOT

Continuation Of Thread Indicator — This bit indicates that the corresponding stored address is the first
address following a return from a higher priority thread. This is only used in Normal and Loop1 mode tracing.
NOTE. This bit only has effect on devices where the XGATE module supports multiple interrupt levels.
0 Stored address not from a continuation of thread
1 Stored address from a continuation of thread

4
XDV

Data Invalid Indicator — This bit indicates if the trace buffer entry is invalid. It is only used when tracing from
both sources in Normal, Loop1 and Pure PC modes, to indicate that the XGATE trace buffer entry is valid.
0 Trace buffer entry is invalid
1 Trace buffer entry is valid

XGATE FLOW

XSOT

JAL

XSD

SOT1 SOT2 RTS COT1 RTS

XCOT
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16.4.5.4 Reading Data from Trace Buffer

The data stored in the Trace Buffer can be read using either the background debug module (BDM) m
the XGATE or the CPU12X provided the S12XDBG module is not armed, is conÞgured for tracing
the system not secured. When the ARM bit is written to 1 the trace buffer is locked to prevent reading
trace buffer can only be unlocked for reading by an aligned word write to DBGTB when the modul
disarmed.

The Trace Buffer can only be read through the DBGTB register using aligned word reads, any byt
misaligned reads return 0 and do not cause the trace buffer pointer to increment to the next trace 
address. The Trace Buffer data is read out Þrst-in Þrst-out. By reading CNT in DBGCNT the num
valid 64-bit lines can be determined. DBGCNT will not decrement as data is read.

Whilst reading an internal pointer is used to determine the next line to be read. After a tracing sessio
pointer points to the oldest data entry, thus if no overßow has occurred, the pointer points to line0
otherwise it points to the line with the oldest entry. The pointer is initialized by each aligned write t

6
CSZ

Access Type Indicator — This bit indicates if the access was a byte or word size access.This bit only contains
valid information when tracing CPU12X activity in Detail Mode.
0 Word Access
1 Byte Access

5
CRW

Read Write Indicator — This bit indicates if the corresponding stored address corresponds to a read or write
access. This bit only contains valid information when tracing CPU12X activity in Detail Mode.
0 Write Access
1 Read Access

4
COCF

CPU12X Opcode Fetch Indicator — This bit indicates if the stored address corresponds to an opcode fetch
cycle. This bit only contains valid information when tracing the XGATE accesses in Detail Mode.
0 Stored information does not correspond to opcode fetch cycle
1 Stored information corresponds to opcode fetch cycle

3
XACK

XGATE Access Indicator — This bit indicates if the stored XGATE address corresponds to a free cycle. This bit
only contains valid information when tracing the CPU12X accesses in Detail Mode.
0 Stored information corresponds to free cycle
1 Stored information does not correspond to free cycle

2
XSZ

Access Type Indicator — This bit indicates if the access was a byte or word size access. This bit only contains
valid information when tracing XGATE activity in Detail Mode.
0 Word Access
1 Byte Access

1
XRW

Read Write Indicator — This bit indicates if the corresponding stored address corresponds to a read or write
access. This bit only contains valid information when tracing XGATE activity in Detail Mode.
0 Write Access
1 Read Access

0
XOCF

XGATE Opcode Fetch Indicator — This bit indicates if the stored address corresponds to an opcode fetch
cycle.This bit only contains valid information when tracing the CPU12X accesses in Detail Mode.
0 Stored information does not correspond to opcode fetch cycle
1 Stored information corresponds to opcode fetch cycle

Table 16-46. CXINF Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20
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DBGTBH to point to the oldest data again. This enables an interrupted trace buffer read sequence
easily restarted from the oldest data entry.

The least signiÞcant word of each 64-bit wide array line is read out Þrst. This corresponds to the 
and 0 ofTable 16-42. The bytes containing invalid information (shaded inTable 16-42) are also read out.

Reading the Trace Buffer while the S12XDBG module is armed will return invalid data and no shiftin
the RAM pointer will occur.

16.4.5.5 Trace Buffer Reset State

The Trace Buffer contents are not initialized by a system reset. Thus should a system reset occur, th
session information from immediately before the reset occurred can be read out. The DBGCNT b
not cleared by a system reset. Thus should a reset occur, the number of valid lines in the trace bu
indicated by DBGCNT. The internal pointer to the current trace buffer address is initialized by unloc
the trace buffer thus points to the oldest valid data even if a reset occurred during the tracing sess
Generally debugging occurrences of system resets is best handled using mid or end trigger alignme
the reset may occur before the trace trigger, which in the begin trigger alignment case means no
information would be stored in the trace buffer.

16.4.6  Tagging

A tag follows program information as it advances through the instruction queue. When a tagged instr
reaches the head of the queue a tag hit occurs and triggers the state sequencer.

Each comparator control register features a TAG bit, which controls whether the comparator matc
cause a trigger immediately or tag the opcode at the matched address. If a comparator is enabled fo
comparisons, the address stored in the comparator match address registers must be an opcode ad
the trigger to occur.

Both CPU12X and XGATE opcodes can be tagged with the comparator register TAG bits.

Using Begin trigger together with tagging, if the tagged instruction is about to be executed then th
transition to the next state sequencer state occurs. If the transition is to the Final State, tracing is 
Only upon completion of the tracing session can a breakpoint be generated. Similarly using Mid tr
with tagging, if the tagged instruction is about to be executed then the trace is continued for anoth
lines. Upon tracing completion the breakpoint is generated. Using End trigger, when the tagged instr
is about to be executed and the next transition is to Final State then a breakpoint is generated imme
before the tagged instruction is carried out.

R/W monitoring is not useful for tagged operations since the trigger occurs based on the tagged o
reaching the execution stage of the instruction queue. Similarly access size (SZ) monitoring and da
monitoring is not useful if tagged triggering is selected, since the tag is attached to the opcode at 
matched address and is not dependent on the data bus nor on the size of access. Thus these bits ar
if tagged triggering is selected.

When conÞgured for range comparisons and tagging, the ranges are accurate only to word bound
MC9S12XF - Family Reference Manual, Rev.1.20
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S12X tagging is disabled when the BDM becomes active. XGATE tagging is possible when the BD
active.

16.4.6.1 External Tagging using TAGHI and TAGLO

External tagging using the externalTAGHI andTAGLO pins can only be used to tag CPU12X opcode
tagging of XGATE code using these pins is not possible. An external tag triggers the state sequenc
state0 when the tagged opcode reaches the execution stage of the instruction queue.

The pins operate independently, thus the state of one pin does not affect the function of the other. E
tagging is possible in emulation modes only. The presence of logic level 0 on either pin at the rising
of the external clock (ECLK) performs the function indicated in theTable 16-46. It is possible to tag both
bytes of an instruction word. If a taghit occurs, a breakpoint can be generated as deÞned by the DB
and BDM bits in DBGC1. Each timeTAGHI or TAGLO are low on the rising edge of ECLK, the old tag
is replaced by a new one.

16.4.6.2 Unconditional Tagging Function

In emulation modes a low assertion of PE5/TAGLO/MODA in the 7th or 8th bus cycle after reset enable
the unconditional tagging function, allowing immediate tagging viaTAGHI/TAGLO with breakpoint to
BDM independent of the ARM, BDM and DBGBRK bits. Conversely these bits are not affected by
unconditional tagging. The unconditional tagging function remains enabled until the next reset. Th
function allows an immediate entry to BDM in emulation modes before user code execution. TheTAGLO
assertion must be in the 7th or 8th bus cycle following the end of reset, whereby the priorRESET pin
assertion lasts the full 192 bus cycles.

16.4.7 Breakpoints

Breakpoints can be generated as follows.

¥ Through XGATE software breakpoint requests.

¥ From comparator channel triggers to Þnal state.

¥ Using software to write to the TRIG bit in the DBGC1 register.

¥ From taghits generated using the externalTAGHI andTAGLO pins.

Breakpoints generated by the XGATE module or via the BDM BACKGROUND command have no a
on the CPU12X in STOP or WAIT mode.

Table 16-47. Tag Pin Function

TAGHI TAGLO Tag
1 1 No tag
1 0 Low byte
0 1 High byte
0 0 Both bytes
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.7.1 XGATE Software Breakpoints

The XGATE software breakpoint instruction BRK can request an CPU12X breakpoint, via the S12XD
module. In this case, if the XGSBPE bit is set, the S12XDBG module immediately generates a for
breakpoint request to the CPU12X, the state sequencer is returned to state0 and tracing, if active
terminated. If conÞgured for BEGIN trigger and tracing has not yet been triggered from another so
the trace buffer contains no information. Breakpoint requests from the XGATE module do not dep
upon the state of the DBGBRK or ARM bits in DBGC1. They depend solely on the state of the XGS
and BDM bits. Thus it is not necessary to ARM the DBG module to use XGATE software breakpoin
generate breakpoints in the CPU12X program ßow, but it is necessary to set XGSBPE. Furthermo
breakpoint to BDM is required, the BDM bit must also be set. When the XGATE requests an CPU
breakpoint, the XGATE program ßow stops by default, independent of the S12XDBG module.

16.4.7.2 Breakpoints From Internal Comparator Channel Final State Triggers

Breakpoints can be generated when internal comparator channels trigger the state sequencer to t
State. If conÞgured for tagging, then the breakpoint is generated when the tagged opcode reache
execution stage of the instruction queue.

If a tracing session is selected by TSOURCE, breakpoints are requested when the tracing session
completed, thus if Begin or Mid aligned triggering is selected, the breakpoint is requested only on
completion of the subsequent trace (seeTable 16-47). If no tracing session is selected, breakpoints are
requested immediately.

If the BRK bit is set on the triggering channel, then the breakpoint is generated immediately indepe
of tracing trigger alignment.

Table 16-48. Breakpoint Setup For Both XGATE and CPU12X Breakpoints

BRK TALIGN DBGBRK[n] Breakpoint Alignment

0 00 0 Fill Trace Buffer until trigger
(no breakpoints — keep running)

0 00 1 Fill Trace Buffer until trigger, then breakpoint request occurs

0 01 0 Start Trace Buffer at trigger
(no breakpoints — keep running)

0 01 1 Start Trace Buffer at trigger
A breakpoint request occurs when Trace Buffer is full

0 10 0 Store a further 32 Trace Buffer line entries after trigger
(no breakpoints — keep running)

0 10 1 Store a further 32 Trace Buffer line entries after trigger
Request breakpoint after the 32 further Trace Buffer entries

1 00,01,10 1 Terminate tracing and generate breakpoint immediately on trigger

1 00,01,10 0 Terminate tracing immediately on trigger

x 11 x Reserved
MC9S12XF - Family Reference Manual, Rev.1.20
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16.4.7.3 Breakpoints Generated Via The TRIG Bit

If a TRIG triggers occur, the Final State is entered. If a tracing session is selected by TSOURCE,
breakpoints are requested when the tracing session has completed, thus if Begin or Mid aligned trig
is selected, the breakpoint is requested only on completion of the subsequent trace (seeTable 16-47). If no
tracing session is selected, breakpoints are requested immediately. TRIG breakpoints are possible
the S12XDBG module is disarmed.

16.4.7.4 Breakpoints Via TAGHI Or TAGLO Pin Taghits

Tagging using the externalTAGHI/TAGLO pins always ends the session immediately at the tag hit. I
always end aligned, independent of internal channel trigger alignment conÞguration.

16.4.7.5 S12XDBG Breakpoint Priorities

XGATE software breakpoints have the highest priority. Active tracing sessions are terminated
immediately.

If a TRIG trigger occurs after Begin or Mid aligned tracing has already been triggered by a compa
instigated transition to Final State, then TRIG no longer has an effect. When the associated tracing s
is complete, the breakpoint occurs. Similarly if a TRIG is followed by a subsequent trigger from a
comparator channel, it has no effect, since tracing has already started.

If a comparator tag hit occurs simultaneously with an externalTAGHI/TAGLO hit, the state sequencer
enters state0. TAGHI/TAGLO triggers are always end aligned, to end tracing immediately, independ
the tracing trigger alignment bits TALIGN[1:0].

16.4.7.5.1 S12XDBG Breakpoint Priorities And BDM Interfacing

Breakpoint operation is dependent on the state of the S12XBDM module. If the S12XBDM module
active, the CPU12X is executing out of BDM Þrmware and S12X breakpoints are disabled. In add
while executing a BDM TRACE command, tagging into BDM is disabled. If BDM is not active, the
breakpoint will give priority to BDM requests over SWI requests if the breakpoint coincides with a 
instruction in the userÕs code. On returning from BDM, the SWI from user code gets executed.

BDM cannot be entered from a breakpoint unless the ENABLE bit is set in the BDM. If entry to BDM
a BGND instruction is attempted and the ENABLE bit in the BDM is cleared, the CPU12X actually

Table 16-49. Breakpoint Mapping Summary

DBGBRK[1]
(DBGC1[3])

BDM Bit
(DBGC1[4])

BDM
Enabled

BDM
Active

S12X Breakpoint
Mapping

0 X X X No Breakpoint

1 0 X 0 Breakpoint to SWI

1 0 X 1 No Breakpoint

1 1 0 X Breakpoint to SWI

1 1 1 0 Breakpoint to BDM

1 1 1 1 No Breakpoint
MC9S12XF - Family Reference Manual, Rev.1.20
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Chapter 17
Memory Protection Unit (S12XMPUV2)

Revision History

Table 17-1. Revision History

17.1 Introduction
The MPU module provides basic functionality required to protect memory mapped resources from
undesired accesses. Multiple address range comparators compare memory accesses against eight memory
protection descriptors located in the MPU module to determine if each access is valid or not. The
comparison is sensitive to which bus master generates the access and the type of the access.

The MPU module can be used to isolate memory ranges accessible by different bus masters. It can be also
be used by an operating system or software kernel to isolate the regions of memory “legally” available to
specific software tasks, with the kernel re-configuring the task specific memory protection descriptors in
supervisor state during task-switching.

17.1.1 Preface

The following terms and abbreviations are used in the document.
Table 17-2. Terminology

Version
Number

Revision
Date

Effective
Date Author Description of Changes

01.04
14 Sep
2005

- added note to only use the CPU to clear the AE flag.
- added disclaimer to avoid changing descriptors while they are in
use because of other bus-masters doing accesses

01.05
14 Mar
2005

- clarified that interrupt generation is independent of AEF bit state
- corrected preliminary statement about execution of violating
accesses

02.00
03 Aug
2006

- new spec version: MPU can now be configured for descriptor
granularity and for which address range to cover

Term Meaning

MCU Micro-Controller Unit

MPU Memory Protection Unit

CPU S12X Central Processing Unit (see S12XCPU Reference Manual)

XGATE XGATE Co-processor (see XGATE chapter)
MC9S12XF - Family Reference Manual, Rev.1.20
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17.1.2 Overview

The MPU module monitors the bus activity of each bus master. The data describing each access is fed into
multiple address range comparators. The output of the comparators is used to determine if a particular
access is allowed or represents an access violation. If an access violation caused by the S12X CPU is
detected, the MPU module raises an access violation interrupt. If the MPU detects an access violation
caused by a bus master other than the S12X CPU, it flags an access error condition to the respective master.
In addition to the restrictions defined for memory ranges in the MPU descriptors, accesses to memory
inside the MPU address range which are not covered by any MPU descriptor (even read accesses!) are
considered access violations.

Figure 17-1 shows a block diagram of the MPU module.

Figure 17-1. Block Diagram

supervisor state refers to the supervisor state of the S12XCPU (see S12XCPU Reference Manual)

user state refers to the user state of the S12XCPU (see S12XCPU Reference Manual)
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Chapter 17 Memory Protection Unit (S12XMPUV2)
17.1.3 Features
• Protects memory from undesired accesses coming from up to 3 bus masters1

• Four memory protection descriptors

— each descriptor can cover the full MPU address range2 in the global memory map (up to
8 MBytes)

— the minimum granularity for each descriptor is 8 Bytes3

• Each descriptor can be configured to allow one of four types of access privilege for the defined
memory region

— Bus master has full access (read, write and execute enabled)

— Bus master can read and execute (write illegal)

— Bus master can read and write (execution illegal)

— Bus master can only read (write and execution illegal)

• Accesses to memory in the MPU address range2 which are not covered by any protection descriptor
will cause an access violation

17.1.4 Modes of Operation

The MPU module can be used in all MCU modes.

17.2 External Signal Description
The MPU module has no external signals.

17.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the MPU module.

1. Master 3 can be implemented or left out depending the chip configuration. Please refer to the SoC guide for information about
the availability and function of Master 3.
2. The MPU address range is a configuration option defined at SoC level. Please refer to the MCU top-level chapter for details.
3. The MPU descriptor granularity is a configuration option defined at SoC level. Please refer to the MCU top-level chapter for
details.
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Chapter 17 Memory Protection Unit (S12XMPUV2)
17.3.1 Register Descriptions
This section describes in address order all the MPU registers and their individual bits.

Figure 17-2. MPU Register Summary

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

0x0000
MPUFLG

R
AEF

WPF NEXF 0 0 0 0 SVSF

W

0x0001
MPUASTAT0

R 0 ADDR[22:16]

W

0x0002
MPUASTAT1

R ADDR[15:8]

W

0x0003
MPUASTAT2

R ADDR[7:0]

W

0x0004
Reserved

R 0 0 0 0 0 0 0 0

W

0x0005
MPUSEL

R
SVSEN

0 0 0 0
SEL[2:0]

W

0x0006
MPUDESC0(1)

1. The module addresses 0x0006Š0x000B represent a window in the register map through which different descriptor registers
are visible.

R
MSTR0 MSTR1 MSTR2 MSTR3 LOW_ADDR[22:19]

W

0x0007
MPUDESC11

R
LOW_ADDR[18:11]

W

0x0008
MPUDESC21

R
LOW_ADDR[10:3]

W

0x0009
MPUDESC31

R
WP NEX

0 0
HIGH_ADDR[22:19]

W

0x000A
MPUDESC41

R
HIGH_ADDR[18:11]

W

0x000B
MPUDESC51

R
HIGH_ADDR[10:3]

W

= Unimplemented or Reserved
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Chapter 17 Memory Protection Unit (S12XMPUV2)
17.3.1.1 MPU Flag Register (MPUFLG)

Figure 17-3. MPU Flag Register (MPUFLG)

Read: Anytime

Write: Write of 1 clears flag, write of 0 ignored
Table 17-3. MPUFLG Field Descriptions

If the AEF bit is set further violations are not captured into the MPU status registers. The status of the AEF
bit has no effect on the access restrictions, i.e. access restrictions for all masters are still enforced if the
AEF bit is set. Also, the non-maskable hardware interrupt for violating accesses coming from the S12X
CPU is generated regardless of the state of the AEF bit.

Address: Module Base + 0x0000

7 6 5 4 3 2 1 0

R
AEF

WPF NEXF 0 0 0 0 SVSF

W

Reset 0 0 0 0 0 0 0 0

Field Description

7
AEF

Access Error Flag — This bit is the CPU access error interrupt flag. It is set if a CPU access violation has
occurred. At the same time this bit is set, all the other status flags in this register and the access violation
address bits in the MPUASTATn registers are captured. Clear this flag by writing a one.
Note: If a CPU access error is flagged and both the WPF bit and the NEXF bit are zero, the access violation

was caused by an access to memory in the MPU address range which is not covered by the MPU
descriptors.

Note: While this bit is set, the CPU in supervisor state (“Master 0”) can read from and write to the peripheral
register space even if there is no memory protection descriptor explicitly allowing this. This is to prevent
the case that the CPU cannot clear the AEF bit if the registers are write protected for the CPU in
supervisor state.

Note: This bit should only be cleared by an access from the S12X CPU. Otherwise, when using one of the
other masters (such as the XGATE) to clear this bit, the status flags and the address status registers
may not get updated correctly if a CPU access causes a violation in the same bus cycle.

6
WPF

Write-Protect Violation Flag — This flag is set if the current CPU access violation has occurred because of
an attempt to write to memory configured as read-only. The WPF bit is read-only; it will be automatically
updated when the next access violation is flagged with the AEF bit.

5
NEXF

No-Execute Violation Flag — This bit is set if the current CPU access violation has occurred because of an
attempt to fetch code from memory configured as No-Execute. The NEXF bit is read-only; it will be
automatically updated when the next access violation is flagged with the AEF bit.

0
SVSF

Supervisor State Flag — This bit is set if the current CPU access violation occurred while the CPU was in
supervisor state. This bit is cleared if the current CPU access violation occurred while the CPU was in user
state. The supervisor state flag is read-only; it will be automatically updated when the next CPU access
violation is flagged with the AEF bit.
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Chapter 17 Memory Protection Unit (S12XMPUV2)
17.3.1.6 MPU Descriptor Register 0 (MPUDESC0)

Figure 17-8. MPU Descriptor Register 0 (MPUDESC0)

Read: Anytime

Write: Anytime
Table 17-8. MPUDESC0 Field Descriptions

A descriptor can be configured as valid for more than one bus-master at the same time by setting multiple
Master select bits to one. Setting all Master select bits of a descriptor to zero disables the descriptor. Bits
for non-implemented masters cannot be written to and always read zero.

Address: Module Base + 0x0006

7 6 5 4 3 2 1 0

R
MSTR0 MSTR1 MSTR2 MSTR3 LOW_ADDR[22:19]

W

Reset 1(1)

1. initialized as set for descriptor 0 only, cleared for all others
1 1 1(2)

2. initialized as set for descriptor 0 only, if respective master is implemented on the device

0(3)

3. These bits are intialized to the lower boundary of the MPU address range by a system reset. Depending on defined descriptor
granularity and MPU address range some of these bits may not be writeable.

03 03 03

Field Description

7
MSTR0

Master 0 select bit — If this bit is set the descriptor is valid for bus master 0 (CPU in supervisor state).

6
MSTR1

Master 1 select bit — If this bit is set the descriptor is valid for bus master 1 (CPU in user state). This bit can
only be set if the CPU supports user state.

5
MSTR2

Master 2 select bit — If this bit is set the descriptor is valid for bus master 2 (XGATE). This bit can only be set
if there is an XGATE implemented on the SoC.

4
MSTR3

Master 3 select bit — If this bit is set the descriptor is valid for bus master 3 (FlexRay).(1)

1. Please refer Refernce Guide for information about the availability and function of Master 3 (see 1.9 MPU Configuration).

3–0
LOW_ADDR

[22:19]

Memory range lower boundary address bits — The LOW_ADDR[22:19] bits represent bits [22:19] of the
global memory address that is used as the lower boundary for the described memory range. These bits are
intialized to the lower boundary of the MPU address range by a system reset.
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17.3.1.7 MPU Descriptor Register 1 (MPUDESC1)

Figure 17-9. MPU Descriptor Register 1 (MPUDESC1)

Read: Anytime

Write: Anytime
Table 17-9. MPUDESC1 Field Descriptions

17.3.1.8 MPU Descriptor Register 2 (MPUDESC2)

Figure 17-10. MPU Descriptor Register 2 (MPUDESC2)

Read: Anytime

Write: Anytime
Table 17-10. MPUDESC2 Field Descriptions

Address: Module Base + 0x0007

7 6 5 4 3 2 1 0

R
LOW_ADDR[18:11]

W

Reset 0(1)

1. These bits are intialized to the lower boundary of the MPU address range by a system reset. Depending on defined descriptor
granularity and MPU address range some of these bits may not be writeable.

01 01 01 01 01 01 01

Field Description

7–0
LOW_ADDR[

18:11]

Memory range lower boundary address bits — The LOW_ADDR[18:11] bits represent bits [18:11] of the
global memory address that is used as the lower boundary for the described memory range.hese bits are
intialized to the lower boundary of the MPU address range by a system reset.

Address: Module Base + 0x0008

7 6 5 4 3 2 1 0

R
LOW_ADDR[10:3]

W

Reset 0(1)

1. These bits are intialized to the lower boundary of the MPU address range by a system reset. Depending on defined descriptor
granularity and MPU address range some of these bits may not be writeable.

01 01 01 01 01 01 01

Field Description

7–0
LOW_ADDR[

10:3]

Memory range lower boundary address bits — The LOW_ADDR[10:3] bits represent bits [10:3] of the global
memory address that is used as the lower boundary for the described memory range. These bits are intialized
to the lower boundary of the MPU address range by a system reset.
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Chapter 17 Memory Protection Unit (S12XMPUV2)
17.3.1.9 MPU Descriptor Register 3 (MPUDESC3)

Figure 17-11. MPU Descriptor Register 3 (MPUDESC3)

Read: Anytime

Write: Anytime
Table 17-11. MPUDESC3 Field Descriptions

17.3.1.10 MPU Descriptor Register 4 (MPUDESC4)

Figure 17-12. MPU Descriptor Register 4 (MPUDESC4)

Read: Anytime

Write: Anytime
Table 17-12. MPUDESC4 Field Descriptions

Address: Module Base + 0x0009

7 6 5 4 3 2 1 0

R
WP NEX

0 0
HIGH_ADDR[22:19]

W

Reset 0 0 0 0 1(1)

1. These bits are intialized to the upper boundary of the MPU address range by a system reset. Depending on defined descriptor
granularity and MPU address range some of these bits may not be writeable.

11 11 11

Field Description

7
WP

Write-Protect bit — The WP bit causes the described memory range to be treated as write-protected. If this
bit is set every attempt to write in the described memory range causes an access violation.

6
NEX

No-Execute bit — The NEX bit prevents the described memory range from being used as code memory. If this
bit is set every Op-code fetch in this memory range causes an access violation.

3–0
HIGH_ADDR[

22:19]

Memory range upper boundary address bits — The HIGH_ADDR[22:19] bits represent bits [22:19] of the
global memory address that is used as the upper boundary for the described memory range.These bits are
intialized to the upper boundary of the MPU address range by a system reset.

Address: Module Base + 0x000A

7 6 5 4 3 2 1 0

R
HIGH_ADDR[18:11]

W

Reset 1(1)

1. These bits are intialized to the upper boundary of the MPU address range by a system reset. Depending on defined descriptor
granularity and MPU address range some of these bits may not be writeable.

11 11 11 11 11 11 11

Field Description

7–0
HIGH_ADDR[

18:11]

Memory range upper boundary address bits — The HIGH_ADDR[18:11] bits represent bits [18:11] of the
global memory address that is used as the upper boundary for the described memory range. These bits are
intialized to the upper boundary of the MPU address range by a system reset.
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17.3.1.11 MPU Descriptor Register 5 (MPUDESC5)

Figure 17-13. MPU Descriptor Register 5 (MPUDESC5)

Read: Anytime

Write: Anytime
Table 17-13. MPUDESC5 Field Descriptions

17.4 Functional Description
The MPU module provides memory protection for accesses coming from multiple masters in the system.
This is done by monitoring bus traffic of each master and compare this with the configuration information
from a set of N1 programmable descriptors located in the MPU module. If the MPU detects an access
violation caused by the S12X CPU, it will assert the CPU access violation interrupt signal. If the MPU
detects an access violation caused by a bus master other than the S12X CPU, it raises an access error signal.
Please refer to the documentation chapter of the individual master modules (i.e. XGATE, etc.) for more
information about the access error condition.

Violating accesses are not executed. The return value of a violating read access is undefined for both 8 bit
and 16 bit accesses.

NOTE
Accesses from BDM are not restricted. BDM hardware accesses always
bypass the MPU. During execution of BDM firmware code S12X CPU
accesses are masked from the MPU as well.

17.4.1 Protection Descriptors

Each of the N protection descriptors can be used to restrict the allowed types of memory accesses for a
given memory range. Each of these memory ranges can cover up the entire defined MPU address range.
This can be the full 23 bits global memory range (8 MBytes) of the SoC.

Address: Module Base + 0x000B

7 6 5 4 3 2 1 0

R
HIGH_ADDR[10:3]

W

Reset 1(1)

1. These bits are intialized to the upper boundary of the MPU address range by a system reset. Depending on defined descriptor
granularity and MPU address range some of these bits may not be writeable.

11 11 11 11 11 11 11

Field Description

7–0
HIGH_ADDR[

10:3]

Memory range upper boundary address bits — The HIGH_ADDR[10:3] bits represent bits [10:3] of the
global memory address that is used as the upper boundary for the described memory range. These bits are
intialized to the upper boundary of the MPU address range by a system reset.

1. The number of implemented descriptors is a configuration option defined at SoC level. Please refer to the MCU toplevel chapter
for details.
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Chapter 17 Memory Protection Unit (S12XMPUV2)
The descriptors are banked in the MPU register map.

Each descriptor can be selected for modifying using the SEL bits in the MPU Descriptor Select (MPUSEL)
register.

Table 17-14 gives an overview of the types of accesses that can be configured using the protection
descriptors.

Table 17-14. Access Types

The minimum granularity of each descriptor is 8 bytes. This means the protection comparators in the MPU
module cover only address bits [22:3] of each access. The lower address bits (default [2:0], depending on
descriptor granularity) are ignored.

NOTE
A mis-aligned word access to the upper boundary address of a descriptor is
always flagged as an access violation.

NOTE
Configuring the lower boundary address of a descriptor to be higher than the
upper boundary address of a descriptor causes this descriptor to be ignored
by the comparator block. This effectively disables the descriptor.

NOTE
Avoid changing descriptors while they are in active use to validate accesses
from bus-masters. This can be done by temporarily disabling the affected
master during the update (XGATE, Master 3, switch S12X CPU states).
Otherwise accesses from bus-masters affected by a descriptor which is
updated concurrently could yield undefined results.

17.4.1.1 Overlapping Descriptors

If the memory ranges of two protection descriptors defined for the same bus-master overlap, the access
restrictions for the overlapped memory range are accumulated. For example:

• a memory protection descriptor defines memory range 0x40_0000Š0x41_FFFF as WP=1, NEX=0
(read and execute)

• another descriptor defines memory range 0x41_0000Š0x43_FFFF as WP=0, NEX=1 (read and
write)

• the resulting access rights for the overlapping range 0x41_0000Š0x41_FFFF are WP=1, NEX=1
(read only)

WP NEX Meaning

0 0 read, write and execute

0 1 read, write

1 0 read and execute

1 1 read only
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Chapter 17 Memory Protection Unit (S12XMPUV2)
the MPUFLG register set will not cause the same interrupt to be serviced again after leaving the interrupt
service routine with “RTI”. Instead, the interrupt request will be asserted again only when the next illegal
S12X CPU access is detected.

17.5 Initialization/Application Information

17.5.1 Initialization

After reset the MPU module is in an unconfigured state, with all N protection descriptors covering the
whole memory map. The master bits are all set for descriptor “0” and cleared for all other descriptors. The
S12XCPU in supervisor state can access everything because the SVSEN bit in the MPUSEL register is
cleared by a system reset. After system reset every master has full access to the memory map because of
descriptor “0”.

In order to use the MPU to protect memory ranges from undesired accesses, software needs to:

• Initialize the protection descriptors.

• Make sure there are meaningful interrupt service routines defined for the Access Violation
interrupts because these are usually non-maskable (See XINT chapter for details).

• Initialize peripherals and other masters for use (i.e. set-up XGATE, Master3 if applicable).

• Enable the MPU protection for the S12X CPU in supervisor state, if desired.

• Switch the S12X CPU to user state, if desired.
MC9S12XF - Family Reference Manual, Rev.1.20

814 Freescale Semiconductor





Chapter 18 External Bus Interface (S12XEBIV4)

al bus

de and

mode
18.1.1 Glossary or Terms

18.1.2 Features

The XEBI includes the following features:

¥ Output of up to 23-bit address bus and control signals to be used with a non-muxed extern
¥ Bidirectional 16-bit external data bus with option to disable upper half
¥ Visibility of internal bus activity

18.1.3 Modes of Operation
¥ Single-chip modes

The external bus interface is not available in these modes.
¥ Expanded modes

Address, data, and control signals are activated on the external bus in normal expanded mo
special test mode.

¥ Emulation modes
The external bus is activated to interface to an external tool for emulation of normal expanded
or normal single-chip mode applications.

bus clock System Clock. Refer to CRG Block Guide.

expanded modes

Normal Expanded Mode
Emulation Single-Chip Mode
Emulation Expanded Mode
Special Test Mode

single-chip modes
Normal Single-Chip Mode
Special Single-Chip Mode

emulation modes
Emulation Single-Chip Mode
Emulation Expanded Mode

normal modes
Normal Single-Chip Mode
Normal Expanded Mode

special modes
Special Single-Chip Mode
Special Test Mode

NS Normal Single-Chip Mode

SS Special Single-Chip Mode

NX Normal Expanded Mode

ES Emulation Single-Chip Mode

EX Emulation Expanded Mode

ST Special Test Mode

external resource Addresses outside MCU

PRR Port Replacement Registers

PRU Port Replacement Unit

EMULMEM External emulation memory

access source CPU or BDM or XGATE
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Chapter 18 External Bus Interface (S12XEBIV4)
Refer to the S12X_MMC section for a detailed description of the MCU operating modes.

18.1.4 Block Diagram

Figure 18-1 is a block diagram of the XEBI with all related I/O signals.

Figure 18-1. XEBI Block Diagram

18.2 External Signal Description
The user is advised to refer to the SoC section for port configuration and location of external bus signals.

NOTE
The following external bus related signals are described in other sections:
ECLK, ECLKX2 (free-running clocks) Ñ PIM section
TAGHI, TAGLO (tag inputs) Ñ PIM section, S12X_DBG section

Table 18-1 outlines the pin names and gives a brief description of their function. Refer to the SoC section
and PIM section for reset states of these pins and associated pull-ups or pull-downs.

Table 18-1. External System Signals Associated with XEBI (Sheet 1 of 2)

Signal I(1)/O

EBI Signal
Multiplex
(T)ime(2)

(F)unction(3)

Description

Available in Modes

NS SS NX ES EX ST

RE O — — Read Enable, indicates external read access No No Yes No No No

ADDR[22:20] O T — External address No No Yes Yes Yes Yes

ACC[2:0] O — Access source No No No Yes Yes Yes

ADDR[19:16] O T — External address No No Yes Yes Yes Yes

IQSTAT[3:0] O — Instruction Queue Status No No No Yes Yes Yes

XEBI

ADDR[22:0]
DATA[15:0]

LSTRB
RW

UDS
LDS
RE
WE

EWAIT

ACC[2:0]
IQSTAT[3:0]

IVD[15:0]

CS[3:0]
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Chapter 18 External Bus Interface (S12XEBIV4)
18.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in theXEBI.

18.3.1 Module Memory Map

The registers associated with the XEBI block are shown in Figure 18-2.

ADDR[15:1] O T — External address No No Yes Yes Yes Yes

IVD[15:1] O — Internal visibility read data No No No Yes Yes Yes

ADDR0 O T F External address No No No Yes Yes Yes

IVD0 O Internal visibility read data No No No Yes Yes Yes

UDS O — Upper Data Select, indicates external access
to the high byte DATA[15:8]

No No Yes No No No

LSTRB O — F Low Strobe, indicates valid data on DATA[7:0] No No No Yes Yes Yes

LDS O — Lower Data Select, indicates external access
to the low byte DATA[7:0]

No No Yes No No No

RW O — F Read/Write, indicates the direction of internal
data transfers

No No No Yes Yes Yes

WE O — Write Enable, indicates external write access No No Yes No No No

CS[3:0] O — — Chip select No No Yes No Yes No

DATA[15:8] I/O — — Bidirectional data (even address) No No Yes Yes Yes Yes

DATA[7:0] I/O — — Bidirectional data (odd address) No No Yes Yes Yes Yes

EWAIT I — — External control for external bus access
stretches (adding wait states)

No No Yes No Yes No

1. All inputs are capable of reducing input threshold level
2. Time-multiplex means that the respective signals share the same pin on chip level and are active alternating in a dedicated

time slot (in modes where applicable).
3. Function-multiplex means that one of the respective signals sharing the same pin on chip level continuously uses the pin

depending on configuration and reset state.

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

0x0E
EBICTL0

R
ITHRS

0
HDBE ASIZ4 ASIZ3 ASIZ2 ASIZ1 ASIZ0

W

0x0F
EBICTL1

R 0
EXSTR12 EXSTR11 EXSTR10

0
EXSTR02 EXSTR01 EXSTR00

W

Figure 18-2. XEBI Register Summary

Table 18-1. External System Signals Associated with XEBI (Sheet 2 of 2)

Signal I(1)/O

EBI Signal
Multiplex
(T)ime(2)

(F)unction(3)

Description

Available in Modes

NS SS NX ES EX ST
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Chapter 18 External Bus Interface (S12XEBIV4)
Table 18-2. EBICTL0 Field Descriptions

Field Description

7
ITHRS

Reduced Input Threshold — This bit selects reduced input threshold on external data bus pins and specific
control input signals which are in use with the external bus interface in order to adapt to external devices with a
3.3 V, 5 V tolerant I/O.
The reduced input threshold level takes effect depending on ITHRS, the operating mode and the related enable
signals of the EBI pin function as summarized in Table 18-3.
0 Input threshold is at standard level on all pins
1 Reduced input threshold level enabled on pins in use with the external bus interface

5
HDBE

High Data Byte Enable — This bit enables the higher half of the 16-bit data bus. If disabled, only the lower 8-
bit data bus can be used with the external bus interface. In this case the unused data pins and the data select
signals (UDS and LDS) are free to be used for alternative functions.
0 DATA[15:8], UDS, and LDS disabled
1 DATA[15:8], UDS, and LDS enabled

4–0
ASIZ[4:0]

External Address Bus Size — These bits allow scalability of the external address bus. The programmed value
corresponds to the number of available low-aligned address lines (refer to Table 18-4). All address lines
ADDR[22:0] start up as outputs after reset in expanded modes. This needs to be taken into consideration when
using alternative functions on relevant pins in applications which utilize a reduced external address bus.

Table 18-3. Input Threshold Levels on External Signals

ITHRS External Signal NS SS NX ES EX ST

0

DATA[15:8]
TAGHI, TAGLO

Standard Standard Standard
Reduced Reduced

Standard
DATA[7:0]

EWAIT Standard Standard

1

DATA[15:8]
TAGHI, TAGLO

Standard Standard

Reduced
if HDBE = 1 Reduced Reduced Reduced

DATA[7:0] Reduced

EWAIT
Reduced
if EWAIT

enabled(1)

1. EWAIT function is enabled if at least one CSx line is configured respectively in MMCCTL0. Refer to S12X_MMC section and
Table 18-5.

Standard
Reduced
if EWAIT

enabled1
Standard

Table 18-4. External Address Bus Size

ASIZ[4:0] Available External Address Lines

00000 None

00001 UDS

00010 ADDR1, UDS

00011 ADDR[2:1], UDS

: :

10110 ADDR[21:1], UDS
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Chapter 18 External Bus Interface (S12XEBIV4)

tretch

led to

sses

s.
18.3.2.2 External Bus Interface Control Register 1 (EBICTL1)

Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other
modes the data is read from this register.

Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

This register allows programming of two independent values determining the amount of additional s
cycles for external accesses (wait states).

With two bits in S12X_MMC register MMCCTL0 for every individualCSx line one of the two counter
options or theEWAIT input is selected as stretch source. The chip select outputs can also be disab
free up the pins for alternative functions (Table 18-5). Refer also to S12X_MMC section for register bit
descriptions.

If EWAIT input usage is selected in MMCCTL0 the minimum number of stretch cycles is 2 for acce
to the related address range.

If conÞgured respectively, stretch cycles are added as programmed or dependent onEWAIT in normal
expanded mode and emulation expanded mode; function not available in all other operating mode

10111
:

11111

ADDR[22:1], UDS

Module Base +0x000F (PRR)

7 6 5 4 3 2 1 0

R 0
EXSTR12 EXSTR11 EXSTR10

0
EXSTR02 EXSTR01 EXSTR00

W

Reset 0 1 1 1 0 1 1 1

= Unimplemented or Reserved

Figure 18-4. External Bus Interface Control Register 1 (EBICTL1)

Table 18-5. Chip select function

CSxE1 CSxE0 Function

0 0 CSx disabled

0 1 CSx stretched with EXSTR0

1 0 CSx stretched with EXSTR1

1 1 CSx stretched with EWAIT

Table 18-4. External Address Bus Size

ASIZ[4:0] Available External Address Lines
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18.4 Functional Description
This section describes the functions of the external bus interface. The availability of external signals and
functions in relation to the operating mode is initially summarized and described in more detail in separate
sub-sections.

18.4.1 Operating Modes and External Bus Properties

A summary of the external bus interface functions for each operating mode is shown in Table 18-8.

Table 18-6. EBICTL1 Field Descriptions

Field Description

6–4
EXSTR1[2:0]

External Access Stretch Option 1 Bits 2, 1, 0 — This three bit field determines the amount of additional clock
stretch cycles on every access to the external address space as shown in Table 18-7.

2–0
EXSTR0[2:0]

External Access Stretch Option 0 Bits 2, 1, 0 — This three bit field determines the amount of additional clock
stretch cycles on every access to the external address space as shown in Table 18-7.

Table 18-7. External Access Stretch Bit Definition

EXSTRx[2:0] Number of Stretch Cycles

000 1

001 2

010 3

011 4

100 5

101 6

110 7

111 8

Table 18-8. Summary of Functions

Properties
(if Enabled)

Single-Chip Modes Expanded Modes

Normal
Single-Chip

Special
Single-Chip

Normal
Expanded

Emulation
Single-Chip

Emulation
Expanded

Special
Test

Timing Properties

PRR access(1) 2 cycles
read internal
write internal

2 cycles
read internal
write internal

2 cycles
read internal
write internal

2 cycles
read external
write int & ext

2 cycles
read external
write int & ext

2 cycles
read internal
write internal

Internal access
visible externally

— —
—

1 cycle 1 cycle 1 cycle

External
address access

and
unimplemented area

access(2)

— — Max. of 2 to 9
programmed

cycles
or n cycles of

ext. wait(3)

1 cycle Max. of 2 to 9
programmed

cycles
or n cycles of

ext. wait3

1 cycle
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Chapter 18 External Bus Interface (S12XEBIV4)
18.4.2 Internal Visibility

Internal visibility allows the observation of the internal CPU address and data bus as well as the
determination of the access source and the CPU pipe (queue) status through the external bus interface.

Internal visibility is always enabled in emulation single chip mode and emulation expanded mode. Internal
CPU accesses are made visible on the external bus interface except CPU execution of BDM firmware
instructions.

Internal reads are made visible on ADDRx/IVDx (address and read data multiplexed, see Table 18-11 to
Table 18-13), internal writes on ADDRx and DATAx (see Table 18-14 to Table 18-16). RW and LSTRB
show the type of access. External read data are also visible on IVDx.

During Ôno accessÕ cycles RW is held in read position whileLSTRB is undetermined.

All accesses which make use of the external bus interface are considered external accesses.

Flash area
address access(4)

— — — 1 cycle 1 cycle 1 cycle

Signal Properties

Bus signals — — ADDR[22:1]
DATA[15:0]

ADDR[22:20]/
ACC[2:0]

ADDR[19:16]/
IQSTAT[3:0]
ADDR[15:0]/

IVD[15:0]
DATA[15:0]

ADDR[22:20]/
ACC[2:0]

ADDR[19:16]/
IQSTAT[3:0]
ADDR[15:0]/

IVD[15:0]
DATA[15:0]

ADDR[22:0]
DATA[15:0]

Data select signals
(if 16-bit data bus)

— — UDS
LDS

ADDR0
LSTRB

ADDR0
LSTRB

ADDR0
LSTRB

Data direction signals — — RE
WE

RW RW RW

Chip Selects — —

CS0
CS1
CS2
CS3

—

CS0
CS1
CS2
CS3

—

External wait
feature

— — EWAIT — EWAIT —

Reduced input
threshold enabled on

— — Refer to
Table 18-3

DATA[15:0]
EWAIT

DATA[15:0]
EWAIT

Refer to
Table 18-3

1. Incl. S12X_EBI registers
2. Refer to S12X_MMC section.
3. If EWAIT enabled for at least one CSx line (refer to S12X_MMC section), the minimum number of external bus cycles is 3.
4. Available only if configured appropriately by ROMON and EROMON (refer to S12X_MMC section).

Table 18-8. Summary of Functions

Properties
(if Enabled)

Single-Chip Modes Expanded Modes

Normal
Single-Chip

Special
Single-Chip

Normal
Expanded

Emulation
Single-Chip

Emulation
Expanded

Special
Test
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18.4.2.1 Access Source Signals (ACC)

The access source can be determined from the external bus control signals ACC[2:0] as shown in
Table 18-9.

18.4.2.2 Instruction Queue Status Signals (IQSTAT)

The CPU instruction queue status (execution-start and data-movement information) is brought out as
IQSTAT[3:0] signals. For decoding of the IQSTAT values, refer to the S12X_CPU section.

18.4.2.3 Internal Visibility Data (IVD)

Depending on the access size and alignment, either a word of read data is made visible on the address lines
or only the related data byte will be presented in the ECLK low phase. For details refer to Table 18-10.

Invalid IVD are brought out in case of non-CPU read accesses.

18.4.2.4 Emulation Modes Timing

A bus access lasts 1 ECLK cycle. In case of a stretched external access (emulation expanded mode), up to
an infinite amount of ECLK cycles may be added. ADDRx values will only be shown in ECLK high
phases, while ACCx, IQSTATx, and IVDx values will only be presented in ECLK low phases.

Based on this multiplex timing, ACCx are only shown in the current (first) access cycle. IQSTATx and
(for read accesses) IVDx follow in the next cycle. If the access takes more than one bus cycle, ACCx
display NULL (0x000) in the second and all following cycles of the access. IQSTATx display NULL
(0x0000) from the third until one cycle after the access to indicate continuation.

Table 18-9. Determining Access Source from Control Signals

ACC[2:0] Access Description

000 Repetition of previous access cycle

001 CPU access

010 BDM external access

011 XGATE PRR access

100 No access(1)

1. Denotes also CPU accesses to BDM firmware and BDM registers (IQSTATx
are ‘XXXX’ and RW = 1 in these cases)

101 CPU access error

110, 111 Reserved

Table 18-10. IVD Read Data Output

Access IVD[15:8] IVD[7:0]

Word read of data at an even and even+1 address ivd(even) ivd(even+1)

Word read of data at an odd and odd+1 internal RAM address (misaligned) ivd(odd+1) ivd(odd)

Byte read of data at an even address ivd(even) addr[7:0] (rep.)

Byte read of data at an odd address addr[15:8] (rep.) ivd(odd)
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Õ or ÔzÕ
The resulting timing pattern of the external bus signals is outlined in the following tables for read, write
and interleaved read/write accesses. Three examples represent different access lengths of 1, 2, and n–1 bus
cycles. Non-shaded bold entries denote all values related to Access #0.

The following terminology is used:

ÔaddrÕ Ñ value(ADDRx); small letters denote the logic values at the respective pins
ÔxÕ Ñ UndeÞned output pin values
ÔzÕ Ñ Tristate pins
Ô?Õ Ñ Dependent on previous access (read or write); IVDx: ÔivdÕ or ÔxÕ; DATAx: Ôdata

18.4.2.4.1 Read Access Timing

Table 18-11. Read Access (1 Cycle)

Access #0 Access #1

Bus cycle -> ... 1 2 3 ...

ECLK phase ... high low high low high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 1

acc 1

addr 2

acc 2 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat -1 iqstat 0 iqstat 1 ...

ADDR[15:0] / IVD[15:0] ... ? ivd 0 ivd 1 ...

DATA[15:0] (internal read) ... ? z z z z z ...

DATA[15:0] (external read) ... ? z data 0 z data 1 z ...

RW ... 1 1 1 1 1 1 ...

Table 18-12. Read Access (2 Cycles)

Access #0 Access #1

Bus cycle -> ... 1 2 3 ...

ECLK phase ... high low high low high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 0

000

addr 1

acc 1 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat-1 iqstat 0 0000 ...

ADDR[15:0] / IVD[15:0] ... ? x ivd 0 ...

DATA[15:0] (internal read) ... ? z z z z z ...

DATA[15:0] (external read) ... ? z z z data 0 z ...

RW ... 1 1 1 1 1 1 ...

Table 18-13. Read Access (n–1 Cycles)

Access #0 Access #1

Bus cycle -> ... 1 2 3 ... n ...

ECLK phase ... high low high low high low ... high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 0

000

addr 0

000 ...

addr 1

acc 1 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat-1 iqstat 0 0000 ... 0000 ...

ADDR[15:0] / IVD[15:0] ... ? x x ... ivd 0 ...

DATA[15:0] (internal read) ... ? z z z z z ... z z ...
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18.4.2.4.2 Write Access Timing

18.4.2.4.3 Read-Write-Read Access Timing

DATA[15:0] (external read) ... ? z z z z z ... data 0 z ...

RW ... 1 1 1 1 1 1 ... 1 1 ...

Table 18-14. Write Access (1 Cycle)

Access #0 Access #1 Access #2

Bus cycle -> ... 1 2 3 ...

ECLK phase ... high low high low high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 1

acc 1

addr 2

acc 2 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat -1 iqstat 0 iqstat 1 ...

ADDR[15:0] / IVD[15:0] ... ? x x ...

DATA[15:0] (write) ... ? data 0 data 1 data 2 ...

RW ... 0 0 1 1 1 1 ...

Table 18-15. Write Access (2 Cycles)

Access #0 Access #1

Bus cycle -> ... 1 2 3 ...

ECLK phase ... high low high low high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 0

000

addr 1

acc 1 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat-1 iqstat 0 0000 ...

ADDR[15:0] / IVD[15:0] ... ? x x ...

DATA[15:0] (write) ... ? data 0 x ...

RW ... 0 0 0 0 1 1 ...

Table 18-16. Write Access (n–1 Cycles)

Access #0 Access #1

Bus cycle -> ... 1 2 3 ... n ...

ECLK phase ... high low high low high low ... high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 0

000

addr 0

000 ...

addr 1

acc 1 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat-1 iqstat 0 0000 ... 0000 ...

ADDR[15:0] / IVD[15:0] ... ? x x ... x ...

DATA[15:0] (write) ... ? data 0 x ...

RW ... 0 0 0 0 0 0 ... 1 1 ...

Table 18-17. Interleaved Read-Write-Read Accesses (1 Cycle)

Access #0 Access #1 Access #2

Bus cycle -> ... 1 2 3 ...

Table 18-13. Read Access (n–1 Cycles)
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18.4.3 Accesses to Port Replacement Registers

All read and write accesses to PRR addresses take two bus clock cycles independent of the operating mode.
If writing to these addresses in emulation modes, the access is directed to both, the internal register and
the external resource while reads will be treated external.

The XEBI control registers also belong to this category.

18.4.4 Stretched External Bus Accesses

In order to allow fast internal bus cycles to coexist in a system with slower external resources, the XEBI
supports stretched external bus accesses (wait states) for each external address range related to one of the
4 chip select lines individually.

This feature is available in normal expanded mode and emulation expanded mode for accesses to all
external addresses except emulation memory and PRR. In these cases the fixed access times are 1 or 2
cycles, respectively.

Stretched accesses are controlled by:

1. EXSTR1[2:0] and EXSTR0[2:0] bits in the EBICTL1 register conÞguring a Þxed amount of
stretch cycles individually for eachCSx line in MMCCTL0

2. Activation of the external wait feature for eachCSx line MMCCTL0 register
3. Assertion of the externalEWAIT signal when at least oneCSx line is conÞgured for EWAIT

The EXSTRx[2:0] control bits can be programmed for generation of a fixed number of 1 to 8 stretch
cycles. If the external wait feature is enabled, the minimum number of additional stretch cycles is 2. An
arbitrary amount of stretch cycles can be added using the EWAIT input.

EWAIT needs to be asserted at least for a minimal specified time window within an external access cycle
for the internal logic to detect it and add a cycle (refer to electrical characteristics). Holding it for additional
cycles will cause the external bus access to be stretched accordingly.

Write accesses are stretched by holding the initiator in its current state for additional cycles as programmed
and controlled by external wait after the data have been driven out on the external bus. This results in an
extension of time the bus signals and the related control signals are valid externally.

Read data are not captured by the system in normal expanded mode until the specified setup time before
the RE rising edge.

ECLK phase ... high low high low high low ...

ADDR[22:20] / ACC[2:0] ...

addr 0

acc 0

addr 1

acc 1

addr 2

acc 2 ...

ADDR[19:16] / IQSTAT[3:0] ... iqstat -1 iqstat 0 iqstat 1 ...

ADDR[15:0] / IVD[15:0] ... ? ivd 0 x ...

DATA[15:0] (internal read) ... ? z z (write) data 1 z ...

DATA[15:0] (external read) ... ? z data 0 (write) data 1 z ...

RW ... 1 1 0 0 1 1 ...

Table 18-17. Interleaved Read-Write-Read Accesses (1 Cycle)
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,

 to the
Read data are not captured in emulation expanded mode until the specified setup time before the falling
edge of ECLK.

In emulation expanded mode, accesses to the internal flash or the emulation memory (determined by
EROMON and ROMON bits; see S12X_MMC section for details) always take 1 cycle and stretching is
not supported. In case the internal flash is taken out of the map in user applications, accesses are stretched
as programmed and controlled by external wait.

18.4.5 Data Select and Data Direction Signals

The S12X_EBI supports byte and word accesses at any valid external address. The big endian system of
the MCU is extended to the external bus; however, word accesses are restricted to even aligned addresses.
The only exception is the visibility of misaligned word accesses to addresses in the internal RAM as this
module exclusively supports these kind of accesses in a single cycle.

With the above restriction, a fixed relationship is implied between the address parity and the dedicated bus
halves where the data are accessed: DATA[15:8] is related to even addresses and DATA[7:0] is related to
odd addresses.

In expanded modes the data access type is externally determined by a set of control signals, i.e., data select
and data direction signals, as described below. The data select signals are not available if using the external
bus interface with an 8-bit data bus.

18.4.5.1 Normal Expanded Mode

In normal expanded mode, the external signalsRE,WE, UDS,LDS indicate the access type (read/write)
data size and alignment of an external bus access (Table 18-18).

18.4.5.2 Emulation Modes and Special Test Mode

In emulation modes and special test mode, the external signalsLSTRB, RW, and ADDR0 indicate the
access type (read/write), data size and alignment of an external bus access. Misaligned accesses

Table 18-18. Access in Normal Expanded Mode

Access RE WE UDS LDS
DATA[15:8] DATA[7:0]

I/O data(addr) I/O data(addr)

Word write of data on DATA[15:0] at an even and even+1 address 1 0 0 0 Out data(even) Out data(odd)

Byte write of data on DATA[7:0] at an odd address 1 0 1 0 In x Out data(odd)

Byte write of data on DATA[15:8] at an even address 1 0 0 1 Out data(even) In x

Word read of data on DATA[15:0] at an even and even+1 address 0 1 0 0 In data(even) In data(odd)

Byte read of data on DATA[7:0] at an odd address 0 1 1 0 In x In data(odd)

Byte read of data on DATA[15:8] at an even address 0 1 0 1 In data(even) In x

Indicates No Access 1 1 1 1 In x In x

Unimplemented 1 1 1 0 In x In x

1 1 0 1 In x In x
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s that
internal RAM and misaligned XGATE PRR accesses in emulation modes are the only type of acces
are able to produceLSTRB = ADDR0 = 1. This is summarized inTable 18-19.

18.4.6 Low-Power Options

The XEBI does not support any user-controlled options for reducing power consumption.

18.4.6.1 Run Mode

The XEBI does not support any options for reducing power in run mode.

Power consumption is reduced in single-chip modes due to the absence of the external bus interface.
Operation in expanded modes results in a higher power consumption, however any unnecessary toggling
of external bus signals is reduced to the lowest indispensable activity by holding the previous states
between external accesses.

18.4.6.2 Wait Mode

The XEBI does not support any options for reducing power in wait mode.

18.4.6.3 Stop Mode

The XEBI will cease to function in stop mode.

18.5 Initialization/Application Information
This section describes the external bus interface usage and timing. Typical customer operating modes are
normal expanded mode and emulation modes, specifically to be used in emulator applications. Taking the
availability of the external wait feature into account the use cases are divided into four scenarios:

• Normal expanded mode

Table 18-19. Access in Emulation Modes and Special Test Mode

Access RW LSTRB ADDR0
DATA[15:8] DATA[7:0]

I/O data(addr) I/O data(addr)

Word write of data on DATA[15:0] at an even and even+1
address

0 0 0 Out data(even) Out data(odd)

Byte write of data on DATA[7:0] at an odd address 0 0 1 In x Out data(odd)

Byte write of data on DATA[15:8] at an even address 0 1 0 Out data(odd) In x

Word write at an odd and odd+1 internal RAM address
(misaligned — only in emulation modes)

0 1 1 Out data(odd+1) Out data(odd)

Word read of data on DATA[15:0] at an even and even+1
address

1 0 0 In data(even) In data(even+1)

Byte read of data on DATA[7:0] at an odd address 1 0 1 In x In data(odd)

Byte read of data on DATA[15:8] at an even address 1 1 0 In data(even) In x

Word read at an odd and odd+1 internal RAM address
(misaligned - only in emulation modes)

1 1 1 In data(odd+1) In data(odd)
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Figure 18-5. Application in Emulation Single-Chip Mode

The timing diagram for this operation is shown in:

• Figure ‘Example 2a: Emulation Single-Chip Mode — Read Followed by Write’

The associated timing numbers are given in:

• Table ‘Example 2a: Emulation Single-Chip Mode Timing (EWAIT disabled)’

Timing considerations:

• Signals muxed with address lines ADDRx, i.e., IVDx, IQSTATx and ACCx, have the same timing.

• LSTRB has the same timing as RW.

• ECLKX2 rising edges have the same timing as ECLK edges.

• The timing for accesses to PRU registers, which take 2 cycles to complete, is the same as the timing
for an external non-PRR access with 1 cycle of stretch as shown in example 2b.

18.5.2.2 Example 2b: Emulation Expanded Mode

This mode is used for emulation systems in which the target application is operating in normal expanded
mode.

If the external bus is used with a PRU, the external device rebuilds the data select and data direction signals
UDS, LDS, RE, and WE from the ADDR0, LSTRB, and RW signals.

Figure 18-6 shows the PRU connection with the available external bus signals in an emulator application.

S12X_EBI

ADDR[22:0]/IVD[15:0]
DATA[15:0]

ECLK
ECLKX2

LSTRB
RW

ADDR[22:20]/ACC[2:0]
ADDR[19:16]/

PRR Ports

PRU

IQSTAT[3:0]

EMULMEM

Emulator
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Figure 18-6. Application in Emulation Expanded Mode

The timings of accesses with 1 stretch cycle are shown in

• Figure ‘Example 2b: Emulation Expanded Mode — Read with 1 Stretch Cycle’

• Figure ‘Example 2b: Emulation Expanded Mode — Write with 1 Stretch Cycle’

The associated timing numbers are given in

• Table ‘Example 2b: Emulation Expanded Mode Timing VDD5 = 5.0 V (EWAIT disabled)’ (this
also includes examples for alternative settings of 2 and 3 additional stretch cycles)

Timing considerations:

• If no stretch cycle is added, the timing is the same as in Emulation Single-Chip Mode.

S12X_EBI

ADDR[22:0]/IVD[15:0]
DATA[15:0]

ECLK
ECLKX2

LSTRB
RW

UDS
LDS

RE
WE

ADDR[22:20]/ACC[2:0]
ADDR[19:16]/

CS[3:0]

PRR Ports

PRU

IQSTAT[3:0]

EMULMEM

Emulator

EWAIT
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Chapter 19
Port Integration Module (S12XFPIMV2)
Revision History

19.1 Introduction

19.1.1 Overview

The S12XF-family Port Integration Module establishes the interface between the peripheral modules
including the non-multiplexed External Bus Interface module (S12X_EBI) and the I/O pins for all ports.
It controls the electrical pin properties as well as the signal prioritization and multiplexing on shared pins.

This document covers:

• Port A and B used as address output of the S12X_EBI

• Port C and D used as data I/O of the S12X_EBI

• Port E associated with the S12X_EBI control signals and the IRQ, XIRQ interrupt inputs

• Port K associated with address output and control signals of the S12X_EBI

• Port T connected to the Enhanced Capture Timer (ECT) module

• Port S associated with 2 SCI and 1 SPI modules

• Port M associated with 1 SPI, 1 MSCAN, 4 chip select lines and parts of the Pulse Width Modulator
with Fault Protection (PMF) module

• Port P connected to parts of the Pulse Width Modulator with Fault Protection (PMF) module

• Port H associated with parts of the FlexRay module

• Port J associated with parts of the FlexRay module and parts of the Pulse Width Modulator with
Fault Protection (PMF) module

• Port AD associated with the 16-channel ATD module

Table 19-1. Revision History Table

Rev. No.
(Item No.)

Date
(Submitted By)

Sections
Affected

Substantial Change(s)

V02.01 09 Oct 2006 19.2/19-836 Removed name KWP7 from pin map

V02.02 09 Nov 2006 19.1.1/19-835 Corrected typo

Rev 00.05 02-Nov-2010 19.2/19-836 Removed interrupt function from PJ description
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Chapter 19 Port Integration Module (S12XFPIMV2)
Most I/O pins can be configured by register bits to select data direction and drive strength, to enable and
select pull-up or pull-down devices.

NOTE
The implementation of the S12XF-family Port Integration Module is device
dependent. Therefore some functions are not available on certain derivatives
or 112-pin and 64-pin package options.

19.1.2 Features

A full-featured S12XF-family Port Integration Module includes these distinctive registers:

• Data and data direction registers for Ports A, B, C, D, E, K, T, S, M, P, H, J, and AD when used as
general-purpose I/O

• Control registers to enable/disable pull-device and select pull-ups/pull-downs on Ports T, S, M, P,
H, and J on per-pin basis

• Control registers to enable/disable pull-up devices on Port AD on per-pin basis

• Single control register to enable/disable pull-ups on Ports A, B, C, D, E, and K on per-port basis
and on BKGD pin

• Control registers to enable/disable reduced output drive on Ports T, S, M, P, H, J, and AD on per-
pin basis

• Single control register to enable/disable reduced output drive on Ports A, B, C, D, E, and K on per-
port basis

• Control registers to enable/disable open-drain (wired-or) mode on Ports S and M

• Control register to configure IRQ pin operation

• Free-running clock outputs

A standard port pin has the following minimum features:

• Input/output selection

• 5V output drive with two selectable drive strengths

• 5V digital and analog input

• Input with selectable pull-up or pull-down device

Optional features supported on dedicated pins:

• Open drain for wired-or connections

• Reduced input threshold to support low voltage applications

19.2 External Signal Description
This section lists and describes the signals that do connect off-chip.

Table 19-2 shows all the pins and their functions that are controlled by the S12XFPIMV2. Refer to the SoC
Guide for the availability of the individual pins in the different package options.
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NOTE
If there is more than one function associated with a pin, the priority is
indicated by the position in the table from top (highest priority) to bottom
(lowest priority).

Table 19-2. Pin Functions and Priorities

Port  Pin Name
Pin Function
& Priority(1) I/O Description

Pin Function
after Reset

- BKGD MODC (2) I MODC input during RESET BKGD

BKGD I/O S12X_BDM communication pin

A PA[7:0] ADDR[15:8]
mux

IVD[15:8] (3)

O High-order external bus address output
(multiplexed with IVIS data)

Mode
dependent (4)

GPIO I/O General-purpose I/O

B PB[7:1] ADDR[7:1]
mux

IVD[7:1] 3

O Low-order external bus address output
(multiplexed with IVIS data)

Mode
dependent 4

GPIO I/O General-purpose I/O

PB[0] ADDR[0]
mux

IVD0 3

O Low-order external bus address output
(multiplexed with IVIS data)

UDS O Upper data strobe

GPIO I/O General-purpose I/O

C PC[7:0] DATA[15:8] I/O High-order bidirectional data input/output
Configurable for reduced input threshold

Mode
dependent 4

GPIO I/O General-purpose I/O

D PD[7:0] DATA[7:0] I/O Low-order bidirectional data input/output
Configurable for reduced input threshold

Mode
dependent 4

GPIO I/O General-purpose I/O
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3 Memory Map and Register Definition
This section provides a detailed description of all S12XFPIMV2 registers.

H PH7 GPIO I/O General-purpose I/O GPIO

PH6 TXE_B O FlexRay channel B Tx enable, active low

GPIO I/O General-purpose I/O

PH5 TXD_B O FlexRay channel B Tx data

GPIO I/O General-purpose I/O

PH4 RXD_B I FlexRay channel B Rx data

GPIO I/O General-purpose I/O

PH3 GPIO I/O General-purpose I/O

PH2 TXE_A O FlexRay channel A Tx enable, active low

GPIO I/O General-purpose I/O

PH1 TXD_A O FlexRay channel A Tx data

GPIO I/O General-purpose I/O

PH0 RXD_A I FlexRay channel A Rx data

GPIO I/O General-purpose I/O

J

PJ7 GPIO I/O General-purpose I/O

GPIO

PJ6 STB3 O FlexRay debug strobe signal 3

GPIO I/O General-purpose I/O

PJ5 STB2 O FlexRay debug strobe signal 2

GPIO I/O General-purpose I/O

PJ4 STB1 O FlexRay debug strobe signal 1

GPIO I/O General-purpose I/O

PJ3 STB0 O FlexRay debug strobe signal 0

GPIO I/O General-purpose I/O

PJ[2:0] IS[2:0] O PMF current status outputs 2 to 0

GPIO I/O General-purpose I/O

AD PAD[15:00] GPIO I/O General-purpose I/O GPIO

AN[15:0] I ATD analog inputs
1. Signals in brackets denote alternative module routing pins.
2. Function active when RESET asserted.
3. Only available in emulation modes or in Special Test Mode with IVIS on.
4. Refer to S12X_EBI Block Guide.

Port  Pin Name
Pin Function
& Priority(1) I/O Description

Pin Function
after Reset
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.1 Memory Map

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

0x0000
PORTA

R
PA7 PA6 PA5 PA4 PA3 PA2 PA1 PA0

W

0x0001
PORTB

R
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PB0

W

0x0002
DDRA

R
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRA0

W

0x0003
DDRB

R
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0

W

0x0004
PORTC

R
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PC0

W

0x0005
PORTD

R
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

W

0x0006
DDRC

R
DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0

W

0x0007
DDRD

R
DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0

W

0x0008
PORTE

R
PE7 PE6 PE5 PE4 PE3 PE2

PE1 PE0

W

0x0009
DDRE

R
DDRE7 DDRE6 DDRE5 DDRE4 DDRE3 DDRE2

0 0

W

0x000A
0x000B
Non-PIM
Address
Range

R

Non-PIM Address Range
W

0x000C
PUCR

R
PUPKE BKPUE

0
PUPEE PUPDE PUPCE PUPBE PUPAE

W

0x000D
RDRIV

R
RDPK

0 0
RDPE RDPD RDPC RDPB RDPA

W

= Unimplemented or Reserved
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Chapter 19 Port Integration Module (S12XFPIMV2)
Table 19-3. Pin Configuration Summary

NOTE
All register bits in this module are completely synchronous to internal
clocks during a register read.

19.3.3 Port A Data Register (PORTA)

DDR IO RDR PE PS (1)

1. Always “0” on Port A, B, C, D, E, K, and AD.

Function Pull Device

0 X X 0 X Input Disabled

0 X X 1 0 Input Pull Up

0 X X 1 1 Input Pull Down

0 X X 0 0 Input Disabled

0 X X 0 1 Input Disabled

0 X X 1 0 Input Pull Up

0 X X 1 1 Input Pull Down

1 0 0 X X Output, full drive to 0 Disabled

1 1 0 X X Output, full drive to 1 Disabled

1 0 1 X X Output, reduced drive to 0 Disabled

1 1 1 X X Output, reduced drive to 1 Disabled

1 0 0 X 0 Output, full drive to 0 Disabled

1 1 0 X 1 Output, full drive to 1 Disabled

1 0 1 X 0 Output, reduced drive to 0 Disabled

1 1 1 X 1 Output, reduced drive to 1 Disabled

 Address 0x0000 (PRR) Access: User read/write(1)

7 6 5 4 3 2 1 0

R
PA7 PA6 PA5 PA4 PA3 PA2 PA1 PA0

W

Altern.
Function

ADDR15
mux

IVD15

ADDR14
mux

IVD14

ADDR13
mux

IVD13

ADDR12
mux

IVD12

ADDR11
mux

IVD11

ADDR10
mux

IVD10

ADDR9
mux
IVD9

ADDR8
mux
IVD8

Reset 0 0 0 0 0 0 0 0

Figure 19-1. Port A Data Register (PORTA)
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.4 Port B Data Register (PORTB)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

Table 19-4. PORTA Register Field Descriptions

Field Description

7-0
PA

Port A general purpose input/output data—Data Register
Port A pins 7 through 0 are associated with address outputs ADDR[15:8] respectively in expanded modes. In
emulation modes the address is multiplexed with IVD[15:8].
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

 Address 0x0001 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PB0

W

Altern.
Function ADDR7

mux
IVD7

ADDR6
mux
IVD6

ADDR5
mux
IVD5

ADDR4
mux
IVD4

ADDR3
mux
IVD3

ADDR2
mux
IVD2

ADDR1
mux
IVD1

ADDR0
mux
IVD0

or
UDS

Reset 0 0 0 0 0 0 0 0

Figure 19-2. Port B Data Register (PORTB)

Table 19-5. PORTB Register Field Descriptions

Field Description

7-0
PB

Port B general purpose input/output data—Data Register
Port B pins 7 through 0 are associated with address outputs ADDR[7:0] respectively in expanded modes. In
emulation modes the address is multiplexed with IVD[7:0]. In normal expanded mode pin 0 is related to the UDS
input.
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.5 Port A Data Direction Register (DDRA)

19.3.6 Port B Data Direction Register (DDRB)

 Address 0x0002 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRA0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-3. Port A Data Direction Register (DDRA)

Table 19-6. DDRA Register Field Descriptions

Field Description

7-0
DDRA

Port A Data Direction—
This register controls the data direction of pins 7 through 0.
The external bus function forces the I/O state to be outputs for all associated pins. In this case the data direction bits
will not change.
When operating a pin as a general purpose I/O, the associated data direction bit determines whether it is an input
or output.
1 Associated pin is configured as output.
0 Associated pin is configured as high-impedance input.

 Address 0x0003 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-4. Port B Data Direction Register (DDRB)
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.8 Port D Data Register (PORTD)

19.3.9 Port C Data Direction Register (DDRC)

 Address 0x0005 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

W

Altern.
Function DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATA1 DATA0

Reset 0 0 0 0 0 0 0 0

Figure 19-6. Port D Data Register (PORTD)

Table 19-9. PORTD Register Field Descriptions

Field Description

7-0
PD

Port D general purpose input/output data—Data Register
Port D pins 7 through 0 are associated with data I/O lines DATA[7:0] respectively in expanded modes.
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

 Address 0x0006 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-7. Port C Data Direction Register (DDRC)
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.10 Port D Data Direction Register (DDRD)

Table 19-10. DDRC Register Field Descriptions

Field Description

7-0
DDRC

Port C Data Direction—
This register controls the data direction of pins 7 through 0.
The external bus function controls the data direction for the associated pins. In this case the data direction bits will
not change.
When operating a pin as a general purpose I/O, the associated data direction bit determines whether it is an input
or output.
1 Associated pin is configured as output.
0 Associated pin is configured as high-impedance input.

 Address 0x0007 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-8. Port D Data Direction Register (DDRD)

Table 19-11. DDRD Register Field Descriptions

Field Description

7-0
DDRD

Port D Data Direction—
This register controls the data direction of pins 7 through 0.
When used with the external bus this function controls the data direction for the associated pins. In this case the data
direction bits will not change.
When operating a pin as a general purpose I/O, the associated data direction bit determines whether it is an input
or output.
1 Associated pin is configured as output.
0 Associated pin is configured as high-impedance input.
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.11 Port E Data Register (PORTE)

19.3.12 Port E Data Direction Register (DDRE)

 Address 0x0008 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
PE7 PE6 PE5 PE4 PE3 PE2

PE1 PE0

W

Altern.
Function XCLKS

or
ECLKX2

MODB
or

TAGHI

MODA
or
RE
or

TAGLO

ECLK

EROMCTL
or

LSTRB
or

LDS

RW
or

WE
IRQ XIRQ

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-9. Port E Data Register (PORTE)

Table 19-12. PORTE Register Field Descriptions

Field Description

7-0
PE

Port E general purpose input/output data—Data Register
Port E bits 7 through 0 are associated with external bus control signals and interrupt inputs. These include mode
select (MODB, MODA), E clock, double frequency E clock, Instruction Tagging High and Low (TAGHI, TAGLO),
Read/Write (RW), Read Enable and Write Enable (RE, WE), Lower Data Select (LDS), IRQ, and XIRQ.
When not used with the alternative functions, Port E pins 7-2 can be used as general purpose I/O and pins 1-0 can
be used as general purpose inputs.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.
Pins 6 and 5 are inputs with enabled pull-down devices while RESET pin is low.
Pins 7 and 3 are inputs with enabled pull-up devices while RESET pin is low.

 Address 0x0009 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
DDRE7 DDRE6 DDRE5 DDRE4 DDRE3 DDRE2

0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-10. Port E Data Direction Register (DDRE)
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.13 S12X_EBI ports, BKGD pin Pull-up Control Register (PUCR)

Table 19-13. DDRE Register Field Descriptions

Field Description

7-2
DDRE

Port E Data Direction—
This register controls the data direction of pins 7 through 2.
The external bus function controls the data direction for the associated pins. In this case the data direction bits will
not change.
When operating a pin as a general purpose I/O, the associated data direction bit determines whether it is an input
or output.
1 Associated pin is configured as output.
0 Associated pin is configured as high-impedance input.

1-0 Reserved—
Port E bit 1 (associated with IRQ) and bit 0 (associated with XIRQ) cannot be configured as outputs. Port E, bits 1
and 0, can be read regardless of whether the alternate interrupt function is enabled.

 Address 0x000C (PRR) Access: User read/write(1)

1. Read:Anytime in single-chip modes.
Write:Anytime, except BKPUE which is writable in Special Test Mode only.

7 6 5 4 3 2 1 0

R
PUPKE BKPUE

0
PUPEE PUPDE PUPCE PUPBE PUPAE

W

Reset 1 1 0 1 0 0 0 0

= Unimplemented or Reserved

Figure 19-11. S12X_EBI ports, BKGD pin Pull-up Control Register (PUCR)

Table 19-14. PUCR Register Field Descriptions

Field Description

7
PUPKE

Pull-up Port K Enable—Enable pull-up devices on all Port K input pins
This bit configures whether pull-up devices are activated, if the pins are used as inputs. This bit has no effect if the
pins are used as outputs. Out of reset the pull-up devices are enabled.
1 Pull-up devices enabled.
0 Pull-up devices disabled.

6
BKPUE

BKGD pin pull-up Enable—Enable pull-up devices on BKGD pin
This bit configures whether a pull-up device is activated, if the pin is used as input. This bit has no effect if the pin is
used as outputs. Out of reset the pull-up device is enabled.
1 Pull-up device enabled.
0 Pull-up device disabled.

5 Reserved—

4
PUPEE

Pull-up Port E Enable—Enable pull-up devices on all Port E input pins except on pins 5 and 6 which have pull-down
devices only enabled during reset. This bit has no effect on these pins.
This bit configures whether pull-up devices are activated, if the pins are used as inputs. This bit has no effect if the
pins are used as outputs. Out of reset the pull-up devices are enabled.
1 Pull-up devices enabled.
0 Pull-up devices disabled.
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.14 S12X_EBI ports Reduced Drive Register (RDRIV)

This register is used to select reduced drive for the pins associated with the S12X_EBI ports A, B, C, D,
E, and K. If enabled, the pins drive at about 1/6 of the full drive strength. The reduced drive function is
independent of which function is being used on a particular pin.

The reduced drive functionality does not take effect on the pins in emulation modes.

3
PUPDE

Pull-up Port D Enable—Enable pull-up devices on all Port D input pins
This bit configures whether pull-up devices are activated, if the pins are used as inputs. This bit has no effect if the
pins are used as outputs. Out of reset the pull-up devices are disabled.
1 Pull-up devices enabled.
0 Pull-up devices disabled.

2
PUPCE

Pull-up Port C Enable—Enable pull-up devices on all Port C input pins
This bit configures whether pull-up devices are activated, if the pins are used as inputs. This bit has no effect if the
pins are used as outputs. Out of reset the pull-up devices are disabled.
1 Pull-up devices enabled.
0 Pull-up devices disabled.

1
PUPBE

Pull-up Port B Enable—Enable pull-up devices on all Port B input pins
This bit configures whether pull-up devices are activated, if the pins are used as inputs. This bit has no effect if the
pins are used as outputs. Out of reset the pull-up devices are disabled.
1 Pull-up devices enabled.
0 Pull-up devices disabled.

0
PUPAE

Pull-up Port A Enable—Enable pull-up devices on all Port A input pins
This bit configures whether pull-up devices are activated, if the pins are used as inputs. This bit has no effect if the
pins are used as outputs. Out of reset the pull-up devices are disabled.
1 Pull-up devices enabled.
0 Pull-up devices disabled.

 Address 0x000D (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
RDPK

0 0
RDPE RDPD RDPC RDPB RDPA

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-12. S12X_EBI ports Reduced Drive Register (RDRIV)

Table 19-14. PUCR Register Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.16 PIM Reserved Register

19.3.17 IRQ Control Register (IRQCR)

5
DIV16

Free-running ECLK predivider—Divide by 16
This bit enables a divide-by-16 stage on the selected EDIV rate.
1 Divider enabled: ECLK rate = EDIV rate divided by 16
0 Divider disabled: ECLK rate = EDIV rate

4-0
EDIV

Free-running ECLK Divider—Configure ECLK rate
These bits determine the rate of the free-running clock on the ECLK pin. Divider is always disabled in emulation
modes and active as programmed in all other operating modes.
00000 ECLK rate = Bus Clock rate
00001 ECLK rate = Bus Clock rate divided by 2
00010 ECLK rate = Bus Clock rate divided by 3, ...
11111 ECLK rate = Bus Clock rate divided by 32

 Address 0x001D (PRR) Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-14. PIM Reserved Register

 Address 0x001E Access: User read/write(1)

1. Read: See individual bit descriptions below.
Write: See individual bit descriptions below.

7 6 5 4 3 2 1 0

R
IRQE IRQEN

0 0 0 0 0 0

W

Reset 0 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-15. IRQ Control Register (IRQCR)

Table 19-16. ECLKCTL Register Field Descriptions (continued)

Field Description
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.18 PIM Reserved Register

19.3.19 Port K Data Register (PORTK)

Table 19-17. IRQCR Register Field Descriptions

Field Description

7
IRQE

IRQ select edge sensitive only—
Special modes: Read or write anytime.
Normal & emulation modes: Read anytime, write once.
1 IRQ configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime IRQE = 1

and will be cleared only upon a reset or the servicing of the IRQ interrupt.
0 IRQ configured for low level recognition.

6
IRQEN

External IRQ enable—
Read or write anytime.
1 External IRQ pin is connected to interrupt logic.
0 External IRQ pin is disconnected from interrupt logic.

5-0 Reserved—

 Address 0x001F Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-16. PIM Reserved Register

 Address 0x0032 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
PK7 PK6 PK5 PK4 PK3 PK2 PK1 PK0

W

Altern.
Function

ROMCTL
or

EWAIT

ADDR22
mux

NOACC
ADDR21 ADDR20

ADDR19
mux

IQSTAT3

ADDR18
mux

IQSTAT2

ADDR17
mux

IQSTAT1

ADDR16
mux

IQSTAT0

Reset 0 0 0 0 0 0 0 0

Figure 19-17. Port K Data Register (PORTK)
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.20 Port K Data Direction Register (DDRK)

Table 19-18. PORTK Register Field Descriptions

Field Description

7-0
PK

Port K general purpose input/output data—Data Register
Port K pins 7 through 0 are associated with external bus control signals and internal memory expansion emulation
pins. These include ADDR[22:16], No-Access (NOACC), External Wait (EWAIT) and instruction pipe signals
IQSTAT[3:0]. Bits 6-0 carry the external addresses in all expanded modes. In emulation modes the address is
multiplexed with the alternate functions NOACC and IQSTAT on the respective pins.
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

 Address 0x0033 (PRR) Access: User read/write(1)

1. Read: Anytime. In emulation modes, read operations will return the data from the external bus, in all other modes the data source
is depending on the data direction value.
Write: Anytime. In emulation modes, write operations will also be directed to the external bus.

7 6 5 4 3 2 1 0

R
DDRK7 DDRK6 DDRK5 DDRK4 DDRK3 DDRK2 DDRK1 DDRK0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-18. Port K Data Direction Register (DDRK)

Table 19-19. DDRK Register Field Descriptions

Field Description

7-0
DDRK

Port K Data Direction—
This register controls the data direction of pins 7 through 0.
The external bus function controls the data direction for the associated pins. In this case the data direction bits will
not change.
When operating a pin as a general purpose I/O, the associated data direction bit determines whether it is an input
or output.
1 Associated pin is configured as output.
0 Associated pin is configured as high-impedance input.
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Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.21 Port T Data Register (PTT)

19.3.22 Port T Input Register (PTIT)

 Address 0x0240 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTT0

W

Altern.
Function IOC7 IOC6 IOC5 IOC4 IOC3 IOC2 IOC1 IOC0

— — VREG_API — — — — —

Reset 0 0 0 0 0 0 0 0

Figure 19-19. Port T Data Register (PTT)

Table 19-20. PTT Register Field Descriptions

Field Description

7-6
PTT

Port T general purpose input/output data—Data Register
Port T pins 7 through 0 are associated with ECT channels IOC7 and IOC6.
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

5
PTT

Port T general purpose input/output data—Data Register
Port T pins 5 is associated with ECT channel IOC5 and the VREG_API output.
The ECT function takes precedence over the VREG_API and the general purpose I/O function if the related channel
is enabled.
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

4-0
PTT

Port T general purpose input/output data—Data Register
Port T pins 4 through 0 are associated with ECT channels IOC4 through IOC0.
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

 Address 0x0241 Access: User read/write(1)

7 6 5 4 3 2 1 0

R PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTIT1 PTIT0

W

Reset u u u u u u u u

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-20. Port T Input Register (PTIT)
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19.3.23 Port T Data Direction Register (DDRT)

NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PTT or PTIT registers, when changing the
DDRT register.

1. Read: Anytime.
Write:Never, writes to this register have no effect.

Table 19-21. PTIT Register Field Descriptions

Field Description

7-0
PTIT

Port T input data—
This register always reads back the buffered state of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

 Address 0x0242 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRT0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-21. Port T Data Direction Register (DDRT)

Table 19-22. DDRT Register Field Descriptions

Field Description

7-0
DDRT

Port T data direction—
This register controls the data direction of pins 7 through 0.
The ECT forces the I/O state to be an output for each timer port associated with an enabled output compare. In this
case the data direction bits will not change.
The data direction bits revert to controlling the I/O direction of a pin when the associated timer output compare is
disabled.
The timer Input Capture always monitors the state of the pin.
1 Associated pin is configured as output.
0 Associated pin is configured as high-impedance input.
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19.3.24 Port T Reduced Drive Register (RDRT)

19.3.25 Port T Pull Device Enable Register (PERT)

 Address 0x0243 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRT0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-22. Port T Reduced Drive Register (RDRT)

Table 19-23. RDRT Register Field Descriptions

Field Description

7-0
RDRT

Port T reduced drive—Select reduced drive for outputs
This register configures the drive strength of output pins 7 through 0 as either full or reduced. If a pin is used as input
this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.

 Address 0x0244 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERT0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-23. Port T Pull Device Enable Register (PERT)

Table 19-24. PERT Register Field Descriptions

Field Description

7-0
PERT

Port T pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset no pull device is enabled.
1 Pull device enabled.
0 Pull device disabled.
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19.3.26 Port T Polarity Select Register (PPST)

19.3.27 PIM Reserved Register

19.3.28 PIM Reserved Register

 Address 0x0245 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPST0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-24. Port T Polarity Select Register (PPST)

Table 19-25. PPST Register Field Descriptions

Field Description

7-0
PPST

Port T pull device select—Determine pull device polarity on input pins
This register selects whether a pull-down or a pull-up device is connected to the pin.
1 A pull-down device is connected to the associated pin, if enabled and if the pin is used as input.
0 A pull-up device is connected to the associated pin, if enabled and if the pin is used as input.

 Address 0x0246 Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-25. PIM Reserved Register

 Address 0x0247 Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-26. PIM Reserved Register
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19.3.29 Port S Data Register (PTS)

 Address 0x0248 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PTS7 PTST6 PTS5 PTS4 PTS3 PTS2 PTS1 PTS0

W

Altern.
Function

SS0 SCK0 MOSI0 MISO0 TXD1 RXD1 TXD0 RXD0

Reset 0 0 0 0 0 0 0 0

Figure 19-27. Port S Data Register (PTS)

Table 19-26. PTS Register Field Descriptions

Field Description

7
PTS

Port S general purpose input/output data—Data Register
Port S pin 7 is associated with the SS signal of the SPI0 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

6
PTS

Port S general purpose input/output data—Data Register
Port S pin 6 is associated with the SCK signal of the SPI0 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

5
PTS

Port S general purpose input/output data—Data Register
Port S pin 5 is associated with the MOSI signal of the SPI0 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

4
PTS

Port S general purpose input/output data—Data Register
Port S pin 4 is associated with the MISO signal of the SPI0 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

3
PTS

Port S general purpose input/output data—Data Register
Port S pin 3 is associated with the TXD signal of the SCI1 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

2
PTS

Port S general purpose input/output data—Data Register
Port S bits 2 is associated with the RXD signal of the SCI1 module .
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.
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19.3.30 Port S Input Register (PTIS)

19.3.31 Port S Data Direction Register (DDRS)

1
PTS

Port S general purpose input/output data—Data Register
Port S pin 3 is associated with the TXD signal of the SCI0 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

0
PTS

Port S general purpose input/output data—Data Register
Port S bits 2 is associated with the RXD signal of the SCI0 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

 Address 0x0249 Access: User read/write(1)

1. Read: Anytime.
Write:Never, writes to this register have no effect.

7 6 5 4 3 2 1 0

R PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTIS0

W

Reset u u u u u u u u

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-28. Port S Input Register (PTIS)

Table 19-27. PTIS Register Field Descriptions

Field Description

7-0
PTIS

Port S input data—
This register always reads back the buffered state of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

 Address 0x024A Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 DDRS0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-29. Port S Data Direction Register (DDRS)

Table 19-26. PTS Register Field Descriptions (continued)

Field Description
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NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PTS or PTIS registers, when changing the
DDRS register.

19.3.32 Port S Reduced Drive Register (RDRS)

Table 19-28. DDRS Register Field Descriptions

Field Description

7-0
DDRS

Port S data direction—
This register controls the data direction of pins 7 through 0.This register configures each Port S pin as either input
or output.
If SPI0 is enabled, the SPI0 determines the pin direction. Refer to SPI Block Guide for details.
If the associated SCI transmit or receive channel is enabled this register has no effect on the pins. The pin is forced
to be an output if a SCI transmit channel is enabled, it is forced to be an input if the SCI receive channel is enabled.
The data direction bits revert to controlling the I/O direction of a pin when the associated channel is disabled.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

 Address 0x024B Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRS0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-30. Port S Reduced Drive Register (RDRS)

Table 19-29. RDRS Register Field Descriptions

Field Description

7-0
RDRS

Port S reduced drive—Select reduced drive for outputs
This register configures the drive strength of output pins 7 through 0 as either full or reduced. If a pin is used as input
this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.
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19.3.33 Port S Pull Device Enable Register (PERS)

Read: Anytime.

Write: Anytime.

19.3.34 Port S Polarity Select Register (PPSS)

 Address 0x024C Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 PERS0

W

Reset 1 1 1 1 1 1 1 1

Figure 19-31. Port S Pull Device Enable Register (PERS)

Table 19-30. PERS Register Field Descriptions

Field Description

7-0
PERS

Port S pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset all pull devices are enabled.
1 Pull device enabled.
0 Pull device disabled.

 Address 0x024D Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSS0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-32. Port S Polarity Select Register (PPSS)

Table 19-31. PPSS Register Field Descriptions

Field Description

7-0
PPSS

Port S pull device select—Determine pull device polarity on input pins
This register selects whether a pull-down or a pull-up device is connected to the pin.
1 A pull-down device is connected to the associated pin, if enabled and if the pin is used as input.
0 A pull-up device is connected to the associated pin, if enabled and if the pin is used as input.
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19.3.35 Port S Wired-Or Mode Register (WOMS)

19.3.36 PIM Reserved Register

 Address 0x024E Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMS1 WOMS0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-33. Port S Wired-Or Mode Register (WOMS)

Table 19-32. WOMS Register Field Descriptions

Field Description

7-0
WOMS

Port S wired-or mode—Enable wired-or functionality
This register configures the output pins as wired-or. If enabled the output is driven active low only (open-drain). A
logic level of “1” is not driven.This allows a multipoint connection of several serial modules. These bits have no
influence on pins used as inputs.
1 Output buffers operate as open-drain outputs.
0 Output buffers operate as push-pull outputs.

 Address 0x024F Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-34. PIM Reserved Register
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19.3.37 Port M Data Register (PTM)

 Address 0x0250 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PTM7 PTM6 PTM5 PTM4 PTM3 PTM2 PTM1 PTM0

W

Altern.
Function

SS1
SCK1 MOSI1

MISO1 FAULT3 FAULT2
TXCAN RXCAN

CS3 CS2 CS1 CS0

Reset 0 0 0 0 0 0 0 0

Figure 19-35. Port M Data Register (PTM)

Table 19-33. PTM Register Field Descriptions

Field Description

7
PTM

Port M general purpose input/output data—Data Register
Port M pin 7 is associated with the SS signal of the SPI1 module and the chip select output CS3. The SPI function
takes precedence over the chip select.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

6
PTM

Port M general purpose input/output data—Data Register
Port M pin 6 is associated with the SCK signal of the SPI1 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

5
PTM

Port M general purpose input/output data—Data Register
Port M pin 5 is associated with the MOSI signal of the SPI1 module.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

4
PTM

Port M general purpose input/output data—Data Register
Port M pin 4 is associated with the MISO signal of the SPI1 module and the chip select output CS2. The SPI function
takes precedence over the chip select.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

3-2
PTM

Port M general purpose input/output data—Data Register
Port M pins 3 and 2 are associated with the PMF fault inputs FAULT[3:2] and chip select outputs CS[1:0]. The PMF
function takes precedence over the chip selects. When not used with the alternative functions, these pins can be
used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.
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19.3.38 Port M Input Register (PTIM)

19.3.39 Port M Data Direction Register (DDRM)

1
PTM

Port M general purpose input/output data—Data Register
Port M pin 1 is associated with the TXCAN signal of the CAN module.
When not used with the alternative functions, these pins can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

0
PTM

Port M general purpose input/output data—Data Register
Port M pin 0 is associated with the RXCAN signal of the CAN module.
When not used with the alternative functions, these pins can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

 Address 0x0251 Access: User read/write(1)

1. Read: Anytime.
Write:Never, writes to this register have no effect.

7 6 5 4 3 2 1 0

R PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIM0

W

Reset u u u u u u u u

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-36. Port M Input Register (PTIM)

Table 19-34. PTIM Register Field Descriptions

Field Description

7-0
PTIM

Port M input data—
This register always reads back the buffered state of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

 Address 0x0252 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDRM7 DDRM6 DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRM0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-37. Port M Data Direction Register (DDRM)

Table 19-33. PTM Register Field Descriptions (continued)

Field Description
MC9S12XF - Family Reference Manual, Rev.1.20

872 Freescale Semiconductor



Chapter 19 Port Integration Module (S12XFPIMV2)
NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PTM or PTIM registers, when changing the
DDRM register.

19.3.40 Port M Reduced Drive Register (RDRM)

Table 19-35. DDRM Register Field Descriptions

Field Description

7-6
DDRM

Port M data direction—
This register controls the data direction of pins 7 through 6.
The PMF forces the I/O state to be an to be an input on the associated FAULT[3:2] pins if fault protection functions
are enabled. Refer to PMF Block Guide. In this case the data direction bit will not change.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

5-2
DDRM

Port M data direction—
This register controls the data direction of pins 5 through 2.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

1
DDRM

Port M data direction—
This register controls the data direction of pin 1.
The CAN forces the I/O state to be an output (TXCAN) if enabled . In this case the data direction bit will not change.
1 Pin is configured as output.
0 Associated pin is configured as input.

0
DDRM

Port M data direction—
This register controls the data direction of pin 0.
The CAN forces the I/O state to be an input (RXCAN) if enabled . In this case the data direction bit will not change.
1 Pin is configured as output.
0 Pin is configured as input.

 Address 0x0253 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRM0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-38. Port M Reduced Drive Register (RDRM)
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19.3.41 Port M Pull Device Enable Register (PERM)

19.3.42 Port M Polarity Select Register (PPSM)

Table 19-36. RDRM Register Field Descriptions

Field Description

7-0
RDRM

Port M reduced drive—Select reduced drive for outputs
This register configures the drive strength of Port M output pins 7 through 0 as either full or reduced. If a pin is used
as input this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.

 Address 0x0254 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PERM7 PERM6 PERM5 PERM4 PERM3 PERM2 PERM1 PERM0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-39. Port M Pull Device Enable Register (PERM)

Table 19-37. PERM Register Field Descriptions

Field Description

7-0
PERM

Port M pull device enable—Enable pull-up devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset no pull device is enabled.
1 Pull device enabled.
0 Pull device disabled.

 Address 0x0255 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSM0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-40. Port M Polarity Select Register (PPSM)
MC9S12XF - Family Reference Manual, Rev.1.20

874 Freescale Semiconductor



Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.43 Port M Wired-Or Mode Register (WOMM)

19.3.44 PIM Reserved Register

Table 19-38. PPSM Register Field Descriptions

Field Description

7-0
PPSM

Port M pull device select—Determine pull device polarity on input pins
This register selects whether a pull-down or a pull-up device is connected to the pin.
1 A pull-down device is connected to the associated pin, if enabled and if the pin is used as input.
0 A pull-up device is connected to the associated pin, if enabled and if the pin is used as input.

 Address 0x0256 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
WOMM7 WOMM6 WOMM5 WOMM4 WOMM3 WOMM2 WOMM1 WOMM0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-41. Port M Wired-Or Mode Register (WOMM)

Table 19-39. WOMM Register Field Descriptions

Field Description

7-0
WOMM

Port M wired-or mode—Enable wired-or functionality
This register configures the output pins as wired-or. If enabled the output is driven active low only (open-drain). A
logic level of “1” is not driven.This allows a multipoint connection of several serial modules. These bits have no
influence on pins used as inputs.
1 Output buffers operate as open-drain outputs.
0 Output buffers operate as push-pull outputs.

 Address 0x0257 Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-42. PIM Reserved Register
MC9S12XF - Family Reference Manual, Rev.1.20

Freescale Semiconductor 875



Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.45 Port P Data Register (PTP)

19.3.46 Port P Input Register (PTIP)

 Address 0x0258 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTP0

W

Altern.
Function

FAULT1 FAULT0 PW05 PW04 PW03 PW02 PW01 PW00

Reset 0 0 0 0 0 0 0 0

Figure 19-43. Port P Data Register (PTP)

Table 19-40. PTP Register Field Descriptions

Field Description

7-6
PTP

Port P general purpose input/output data—Data Register
Port P pins 7 and 6 are associated with the PMF fault inputs FAULT[1:0].
When not used with the alternative functions, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

5-0
PTP

Port P general purpose input/output data—Data Register
Port P pins 5 through 0 are associated with the PMF output channels PW0[5:0].
When not used with the alternative functions, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

 Address 0x0259 Access: User read/write(1)

1. Read: Anytime.
Write:Never, writes to this register have no effect.

7 6 5 4 3 2 1 0

R PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIP0

W

Reset u u u u u u u u

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-44. Port P Input Register (PTIP)

Table 19-41. PTIP Register Field Descriptions

Field Description

7-0
PTIP

Port P input data—This register always reads back the buffered state of the associated pins. This can also be used
to detect overload or short circuit conditions on output pins.
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19.3.47 Port P Data Direction Register (DDRP)

NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PTP or PTIP registers, when changing the
DDRP register.

19.3.48 Port P Reduced Drive Register (RDRP)

 Address 0x025A Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDRP7 DDRP6 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRP0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-45. Port P Data Direction Register (DDRP)

Table 19-42. DDRP Register Field Descriptions

Field Description

7-6
DDRP

Port P data direction—
This register controls the data direction of pins 7 through 6.
The PMF forces the I/O state to be an to be an input on the associated FAULT[1:0] pins if fault protection functions
are enabled. Refer to PMF Block Guide. In this case the data direction bit will not change.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

5-0
DDRP

Port P data direction—
This register controls the data direction of pins 5 through 0.
The PMF forces the I/O state to be an output for each pin associated with an enabled PW[05:00] channel. In this
case the data direction bit will not change. Refer to PMF Block Guide for details.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

 Address 0x025B Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDRP7 RDRP6 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRP0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-46. Port P Reduced Drive Register (RDRP)
MC9S12XF - Family Reference Manual, Rev.1.20

Freescale Semiconductor 877



Chapter 19 Port Integration Module (S12XFPIMV2)
19.3.49 Port P Pull Device Enable Register (PERP)

19.3.50 Port P Polarity Select Register (PPSP)

Table 19-43. RDRP Register Field Descriptions

Field Description

7-0
RDRP

Port P reduced drive—Select reduced drive for outputs
This register configures the drive strength of output pins 7 through 0 as either full or reduced. If a pin is used as input
this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.

 Address 0x025C Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERP0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-47. Port P Pull Device Enable Register (PERP)

Table 19-44. PERP Register Field Descriptions

Field Description

7-0
PERP

Port P pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset no pull device is enabled.
1 Pull device enabled.
0 Pull device disabled.

 Address 0x025D Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSP0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-48. Port P Polarity Select Register (PPSP)
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19.3.51 PIM Reserved Register

19.3.52 PIM Reserved Register

Table 19-45. PPSP Register Field Descriptions

Field Description

7-0
PPSP

Port P pull device select—Determine pull device polarity on input pins
This register selects whether a pull-down or a pull-up device is connected to the pin.
1 A pull-down device is connected to the associated pin, if enabled and if the pin is used as input.
0 A pull-up device is connected to the associated pin, if enabled and if the pin is used as input.

 Address 0x025E Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-49. PIM Reserved Register

 Address 0x025F Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-50. PIM Reserved Register
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19.3.54 Port H Input Register (PTIH)

19.3.55 Port H Data Direction Register (DDRH)

1
PTH

Port H general purpose input/output data—Data Register
This pin is associated with the FlexRay channel A transmit pin (TXD_A).
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

0
PTH

Port H general purpose input/output data—Data Register
This pin is associated with the FlexRay channel A receive pin (RXD_A).
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

 Address 0x0261 Access: User read/write(1)

1. Read: Anytime.
Write:Never, writes to this register have no effect.

7 6 5 4 3 2 1 0

R PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIH0

W

Reset u u u u u u u u

= Unimplemented or Reserved u = Unaffected by reset

Figure 19-52. Port H Input Register (PTIH)

Table 19-47. PTIH Register Field Descriptions

Field Description

7-0
PTIH

Port H input data—
This register always reads back the buffered state of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

 Address 0x0262 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDRH7 DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRH0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-53. Port H Data Direction Register (DDRH)

Table 19-46. PTH Register Field Descriptions (continued)

Field Description
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NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PTH or PTIH registers, when changing the
DDRH register.

19.3.56 Port H Reduced Drive Register (RDRH)

19.3.57 Port H Pull Device Enable Register (PERH)

 Address 0x0263 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDRH7 RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRH0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-54. Port H Reduced Drive Register (RDRH)

Table 19-49. RDRH Register Field Descriptions

Field Description

7-0
RDRH

Port H reduced drive—Select reduced drive for outputs
This register configures the drive strength of output pins 7 through 0 as either full or reduced. If a pin is used as input
this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.

 Address 0x0264 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PERH7 PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PERH0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-55. Port H Pull Device Enable Register (PERH)

Table 19-50. PERH Register Field Descriptions

Field Description

7-0
PERH

Port H pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset no pull device is enabled.
1 Pull device enabled.
0 Pull device disabled.
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19.3.58 Port H Polarity Select Register (PPSH)

19.3.59 PIM Reserved Register

19.3.60 PIM Reserved Register

 Address 0x0265 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSH0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-56. Port H Polarity Select Register (PPSH)

Table 19-51. PPSH Register Field Descriptions

Field Description

7-0
PPSH

Port H pull device select—Determine pull device polarity on input pins
This register selects whether a pull-down or a pull-up device is connected to the pin.
1 A pull-down device is connected to the associated pin, if enabled and if the pin is used as input.
0 A pull-up device is connected to the associated pin, if enabled and if the pin is used as input.

 Address 0x0266 Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-57. PIM Reserved Register

 Address 0x0267 Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-58. PIM Reserved Register
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19.3.61 Port J Data Register (PTJ)

 Address 0x0268 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PTJ7 PTJ6 PTJ5 PTJ4 PTJ3 PTJ2 PTJ1 PTJ0

W

Altern.
Function — STB3 STB2 STB1 STB0 IS2 IS1 IS0

Reset 0 0 0 0 0 0 0 0

Figure 19-59. Port J Data Register (PTJ)

Table 19-52. PTJ Register Field Descriptions

Field Description

7
PTJ

Port J general purpose input/output data—Data Register
This pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

6
PTJ

Port J general purpose input/output data—Data Register
This pin is associated with the FlexRay debug strobe signal 3.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

5
PTJ

Port J general purpose input/output data—Data Register
This pin is associated with the FlexRay debug strobe signal 2.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

4
PTJ

Port J general purpose input/output data—Data Register
This pin is associated with the FlexRay debug strobe signal 1.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

3
PTJ

Port J general purpose input/output data—Data Register
This pin is associated with the FlexRay debug strobe signal 0.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.

2
PTJ

Port J general purpose input/output data—Data Register
This pin is associated with the PMF current status signal IS2.
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
buffered pin input state is read.
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19.3.64 Port J Reduced Drive Register (RDRJ)

19.3.65 Port J Pull Device Enable Register (PERJ)

 Address 0x026B Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDRJ7 RDRJ6 RDRJ5 RDRJ4 RDRJ3 RDRJ2 RDRJ1 RDRJ0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-62. Port J Reduced Drive Register (RDRJ)

Table 19-55. RDRJ Register Field Descriptions

Field Description

7-0
RDRJ

Port J reduced drive—Select reduced drive for outputs
This register configures the drive strength of output pins 7 through 0 as either full or reduced. If a pin is used as input
this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.

 Address 0x026C Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PERJ7 PERJ6 PERJ5 PERJ4 PERJ3 PERJ2 PERJ1 PERJ0

W

Reset 1 1 1 1 1 1 1 1

Figure 19-63. Port J Pull Device Enable Register (PERJ)

Table 19-56. PERJ Register Field Descriptions

Field Description

7-0
PERJ

Port J pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset all pull device are enabled.
1 Pull device enabled.
0 Pull device disabled.
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19.3.66 Port J Polarity Select Register (PPSJ)

19.3.67 PIM Reserved Register

19.3.68 PIM Reserved Register

 Address 0x026D Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PPSJ7 PPSJ6 PPSJ5 PPSJ4 PPSJ3 PPSJ2 PPSJ1 PPSJ0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-64. Port J Polarity Select Register (PPSJ)

Table 19-57. PPSJ Register Field Descriptions

Field Description

7-0
PPSJ

Port J pull device select—Determine pull device polarity on input pins
This register selects whether a pull-down or a pull-up device is connected to the pin.
1 A pull-down device is connected to the associated pin, if enabled and if the pin is used as input.
0 A pull-up device is connected to the associated pin, if enabled and if the pin is used as input.

 Address 0x026E Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-65. PIM Reserved Register

 Address 0x026F Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-66. PIM Reserved Register
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19.3.69 Port AD Data Register 0 (PT0AD)

19.3.70 Port AD Data Register 1 (PT1AD)

 Address 0x0270 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PT0AD15 PT0AD14 PT0AD13 PT0AD12 PT0AD11 PT0AD10 PT0AD9 PT0AD8

W

Altern.
Function

AN15 AN14 AN13 AN12 AN11 AN10 AN9 AN8

Reset 0 0 0 0 0 0 0 0

Figure 19-67. Port AD Data Register 0 (PT0AD)

Table 19-58. PT0AD Register Field Descriptions

Field Description

7-0
PT0AD

Port AD general purpose input/output data—Data Register
This register is associated with ATD analog inputs PAD[15:08].
When not used with the alternative function, this pin can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

 Address 0x0271 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PT1AD7 PT1AD6 PT1AD5 PT1AD4 PT1AD3 PT1AD2 PT1AD1 PT1AD0

W

Altern.
Function

AN7 AN6 AN5 AN4 AN3 AN2 AN1 AN0

Reset 0 0 0 0 0 0 0 0

Figure 19-68. Port AD Data Register 1 (PT1AD)

Table 19-59. PT1AD Register Field Descriptions

Field Description

7-0
PT1AD

Port AD general purpose input/output data—Data Register
This register is associated with ATD analog inputs PAD[07:00].
When not used with the alternative function, these pins can be used as general purpose I/O.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.
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19.3.71 Port AD Data Direction Register 0 (DDR0AD)

NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PT0AD registers, when changing the
DDR0AD register.

NOTE
To use the digital input function on Port AD the ATD Digital Input Enable
Register (ATDDIEN1) has to be set to logic level “1”.

19.3.72 Port AD Data Direction Register 1 (DDR1AD)

 Address 0x0272 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDR0AD15 DDR0AD14 DDR0AD13 DDR0AD12 DDR0AD11 DDR0AD10 DDR0AD9 DDR0AD8

W

Reset 0 0 0 0 0 0 0 0

Figure 19-69. Port AD Data Direction Register 0 (DDR0AD)

Table 19-60. DDR0AD Register Field Descriptions

Field Description

7-0
DDR0AD

Port AD data direction—
This register controls the data direction of pins 15 through 8.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

 Address 0x0273 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
DDR1AD7 DDR1AD6 DDR1AD5 DDR1AD4 DDR1AD3 DDR1AD2 DDR1AD1 DDR1AD0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-70. Port AD Data Direction Register 1 (DDR1AD)
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NOTE
Due to internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct value is read on PT0AD registers, when changing the
DDR1AD register.

NOTE
To use the digital input function on Port AD the ATD Digital Input Enable
Register (ATDDIEN1) has to be set to logic level “1”.

19.3.73 Port AD Reduced Drive Register 0 (RDR0AD)

Table 19-61. DDR1AD Register Field Descriptions

Field Description

7-0
DDR1AD

Port AD data direction—
This register controls the data direction of pins 7 through 0.
1 Associated pin is configured as output.
0 Associated pin is configured as input.

 Address 0x0274 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDR0AD15 RDR0AD14 RDR0AD13 RDR0AD12 RDR0AD11 RDR0AD10 RDR0AD9 RDR0AD8

W

Reset 0 0 0 0 0 0 0 0

Figure 19-71. Port AD Reduced Drive Register 0 (RDR0AD)

Table 19-62. RDR0AD Register Field Descriptions

Field Description

7-0
RDR0AD

Port AD reduced drive—Select reduced drive for Port AD outputs
This register configures the drive strength of Port AD output pins 15 through 8 as either full or reduce. If a pin is used
as input this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.
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19.3.74 Port AD Reduced Drive Register 1 (RDR1AD)

19.3.75 Port AD Pull Up Enable Register 0 (PER0AD)

 Address 0x0275 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
RDR1AD15 RDR1AD14 RDR1AD13 RDR1AD12 RDR1AD11 RDR1AD10 RDR1AD9 RDR1AD8

W

Reset 0 0 0 0 0 0 0 0

Figure 19-72. Port AD Reduced Drive Register 1 (RDR1AD)

Table 19-63. RDR1AD Register Field Descriptions

Field Description

7-0
RDR1AD

Port AD reduced drive—Select reduced drive for Port AD outputs
This register configures the drive strength of Port AD output pins 7 through 0 as either full or reduced. If a pin is used
as input this bit has no effect.
1 Reduced drive selected (1/6 of the full drive strength).
0 Full drive strength enabled.

 Address 0x0276 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PER0AD15 PER0AD14 PER0AD13 PER0AD12 PER0AD11 PER0AD10 PER0AD9 PER0AD8

W

Reset 0 0 0 0 0 0 0 0

Figure 19-73. Port AD Pull Device Up Register 0 (PER0AD)

Table 19-64. PER0AD Register Field Descriptions

Field Description

7-0
PER0AD

Port AD pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset no pull device is enabled.
1 Pull device enabled.
0 Pull device disabled.
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19.3.76 Port AD Pull Up Enable Register 1 (PER1AD)

19.3.77 PIM Reserved Register

19.4 Functional Description

19.4.1 General

Each pin except PE0, PE1, and BKGD can act as general purpose I/O. In addition each pin can act as an
output from the external bus interface module or a peripheral module or an input to the external bus
interface module or a peripheral module.

 Address 0x0277 Access: User read/write(1)

1. Read: Anytime.
Write: Anytime.

7 6 5 4 3 2 1 0

R
PER1AD7 PER1AD6 PER1AD5 PER1AD4 PER1AD3 PER1AD2 PER1AD1 PER1AD0

W

Reset 0 0 0 0 0 0 0 0

Figure 19-74. Port AD Pull Up Enable Register 1 (PER1AD)

Table 19-65. PER1AD Register Field Descriptions

Field Description

7-0
PER1AD

Port AD pull device enable—Enable pull devices on input pins
These bits configure whether a pull device is activated, if the associated pin is used as an input. This bit has no effect
if the pin is used as an output. Out of reset no pull device is enabled.
1 Pull device enabled.
0 Pull device disabled.

 Address 0x0278 - 0x027F Access: User read(1)

1. Read: Always reads 0x00
Write: Unimplemented

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-75. PIM Reserved Register
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19.4.2 Registers

A set of configuration registers is common to all ports with exceptions in the expanded bus interface and
ATD ports (Table 19-66). All registers can be written at any time, however a specific configuration might
not become active.

Example 19-1. Selecting a pull-up device

This device does not become active while the port is used as a push-pull output.

19.4.2.1 Data register (PORTx, PTx)

This register holds the value driven out to the pin if the pin is used as a general purpose I/O.

Writing to this register has only an effect on the pin if the pin is used as general purpose output. When
reading this address, the buffered state of the pin is returned if the associated data direction register bit is
set to “0”.

If the data direction register bits are set to logic level “1”, the contents of the data register is returned. This
is independent of any other configuration (Figure 19-76).

19.4.2.2 Input register (PTIx)

This is a read-only register and always returns the buffered state of the pin (Figure 19-76).

19.4.2.3 Data direction register (DDRx)

This register defines whether the pin is used as an input or an output.

Table 19-66. Register availability per port(1)

1. Each cell represents one register with individual configuration bits

Port Data  Input Data
Direction

Reduced
Drive

Pull
Enable

Polarity
Select

Wired-Or
Mode

A � - �

� �

- -

B � - � - -

C � - � - -

D � - � - -

E � - � - -

K � - � - -

T � � � � � � -

S � � � � � � �

M � � � � � � �

P � � � � � � -

H � � � � � � -

J � � � � � � -

AD � - � � � - -
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If a peripheral module controls the pin the contents of the data direction register is ignored (Figure 19-76).

Figure 19-76. Illustration of I/O pin functionality

19.4.2.4 Reduced drive register (RDRx)

If the pin is used as an output this register allows the configuration of the drive strength.

19.4.2.5 Pull device enable register (PERx)

This register turns on a pull-up or pull-down device.

It becomes active only if the pin is used as an input or as a wired-or output.

19.4.2.6 Polarity select register (PPSx)

This register selects either a pull-up or pull-down device if enabled.

It becomes only active if the pin is used as an input. A pull-up device can be activated if the pin is used as
a wired-or output.

19.4.2.7 Wired-or mode register (WOMx)

If the pin is used as an output this register turns off the active high drive. This allows wired-or type
connections of outputs.

19.4.3 Pins and Ports

NOTE
Please refer to the SoC Guide to determine the pin availability in the
different package options.

PT

DDR

output enable

module enable

1

0

1

1

0

0

PIN

PTI

data out

Module
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the I-bit in the CPU condition code register. It is inhibited at reset so this pin is initially configured as a
simple input with a pull-up.

Port E pin PE[0] can be used for either general-purpose input or as the level-sensitive XIRQ interrupt input.
XIRQ can be enabled by clearing the X-bit in the CUP’s condition code register. It is inhibited at reset so
this pin is initially configured as a high-impedance input with a pull-up.

Port E pins PE[5] and PE[6] are configured for reduced input threshold in certain modes (refer to
S12X_EBI Block Guide).

19.4.3.5 Port K

Port K pins PK[7:0] can be used for either general-purpose I/O, or with the external bus interface. In this
case Port K pins PK[6:0] are associated with the external address bus outputs ADDR22-ADDR16 and PK7
is associated to the EWAIT input.

Port K pin PE[7] is configured for reduced input threshold in certain modes (refer to S12X_EBI Block
Guide).

19.4.3.6 Port T

This port is associated with the ECT module, or with the FlexRay subsystem.

Port T pins PT[7:0] can be used for either general-purpose I/O, or with the channels of the Enhanced
Capture Timer.

19.4.3.7 Port S

This port is associated with SCI0, SCI1 and SPI0.

Port S pins PS[7:4] can be used either for general-purpose I/O, or with the SPI0 subsystem.

Port S pins PS[3:2] can be used either for general-purpose I/O, or with the SCI1 subsystem.

Port S pins PS[1:0] can be used either for general-purpose I/O, or with the SCI0 subsystem.

19.4.3.8 Port M

This port is associated with the CAN0, SPI1, PMF and chip selects CS0, CS1, CS2 and CS3.

Port M pins PM[7:4] can be used for either general purpose I/O, or with the SPI1 subsystem.

Port M pins PM[3:2] can be used for either general purpose I/O, or as fault inputs of the PMF subsystem.

Port M pins PM[1:0] can be used for either general purpose I/O, or with CAN0 subsystem.

Port M pins PM[7] and PM[4:2] can also be used as chip select outputs.

19.4.3.9 Port P

This port is associated with the PMF.
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Chapter 20 Pulse Width Modulator with Fault Protection (PMF15B6C) Module
MC9S12XF - Family Reference Manual, Rev.1.20

956 Freescale Semiconductor













































































































Chapter 21 Freescale’s Scalable Controller Area Network (S12MSCANV2)
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Chapter 22 Enhanced Programmable Interrupt Timer (S12XEPIT24B8CV1)
MOVB #$01,PITINTE ; enable interrupt channel 0
MOVB #$80,PITCFLMT ; enable PIT
CLI ; clear Interrupt disable Mask bit

;******************** Main Program *************************************************************

MAIN: BRA * ; loop until interrupt

;******************** Channel 0 Interrupt Routine ***************************************************

CH0_ISR: LDAA PITTF ; 8 bit read of PIT time out ßags
MOVB #$01,PITTF ; clear PIT channel 0 time out ßag
RTI ; return to MAIN
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Chapter 23 Serial Communication Interface (S12SCIV5)

the
ister 1.

 single
native

e
led.
23.5.3.1.6 RXEDGIF Description

The RXEDGIF interrupt is set when an active edge (falling if RXPOL = 0, rising if RXPOL = 1) on 
RXD pin is detected. Clear RXEDGIF by writing a Ò1Ó to the SCIASR1 SCI alternative status reg

23.5.3.1.7 BERRIF Description

The BERRIF interrupt is set when a mismatch between the transmitted and the received data in a
wire application like LIN was detected. Clear BERRIF by writing a Ò1Ó to the SCIASR1 SCI alter
status register 1. This ßag is also cleared if the bit error detect feature is disabled.

23.5.3.1.8 BKDIF Description

The BKDIF interrupt is set when a break signal was received. Clear BKDIF by writing a Ò1Ó to th
SCIASR1 SCI alternative status register 1. This ßag is also cleared if break detect feature is disab

23.5.4 Recovery from Wait Mode

The SCI interrupt request can be used to bring the CPU out of wait mode.

23.5.5 Recovery from Stop Mode

An active edge on the receive input can be used to bring the CPU out of stop mode.
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Chapter 24 Analog-to-Digital Converter (ADC12B16C) Block Description
24.6 Interrupts
The interrupts requested by the ADC12B16C are listed inTable 24-23. Refer to MCU speciÞcation for
related vector address and priority.

SeeSection 24.3.2, ÒRegister DescriptionsÓ for further details.

Table 24-23. ATD Interrupt Vectors

Interrupt Source
CCR
Mask

Local Enable

Sequence Complete Interrupt I bit ASCIE in ATDCTL2

Compare Interrupt I bit ACMPIE in ATDCTL2
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Chapter 25 Serial Peripheral Interface (S12SPIV5)
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Chapter 26 Enhanced Capture Timer (ECT16B8CV3)
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Appendix F Ordering Information
Figure F-1. Order Part Number Example

S 9 S12X F512 J0 C AG R

Package Option

Temperature Option

Device Title

Controller Family

C = -40˚C to 85˚C
V = -40˚C to 105˚C
M = -40˚C to 125˚C

LH = 64 LQFP
LM = 112 LQFP

Status / Partnumber type:
S or SC = Maskset specific partnumber
MC = Generic / mask-independent partnumber
P or PC = prototype status (pre qualification

Main Memory Type:
9 = Flash
3 = ROM (if available)

Maskset identifier Suffix
First digit usually references wafer fab
Second digit usually differentiates mask rev
(This suffix is omitted in generic partnumbers)

Tape & Reel R = Tape & Reel
No R = No Tape & Reel
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Wake-Up Enable, 964
Wake-Up Function, 1007
Wake-up Interrupt Enable, 972
Wake-up Interrupt Flag, 970
warning condition, 1008
Wired-or mode register, 896
WUPE, 964, 965
WUPIE, 965
WUPIF, 970
WUPM, 966

X
XGATE Module Control Register (XGMCTL), 621
XGCCR register, 631
XGCHID Register, 623, 624
XGMCTL Register, 621
XGMCTL register, 621
XGPC register, 632
XGR1 register, 632
XGR2 register, 633
XGR3 register, 633
XGR4 register, 634
XGR5 register, 634
XGR6 register, 635
XGR7 register, 635
XGSEM register, 630
XGSWT register, 629
XNOR instruction, 720
XNORH instruction, 721
XNORL instruction, 722
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