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Chapter 4
Reset, Clocking, and Initialization

The reset, clocking, and control signals offer maptjons for operating the device. Various modes and
features can be configuredring hard reset or power-on reset. Mostifigurable features are loaded to
the device through a reset configunatword, and a few devicggnals are used as reset configuration
inputs during the reset sequence.

4.1  External Signals

The following sections describe theset and clock signals in detail.

4.1.1 Reset Signals

Table 4-1describes the resegsials of the devicé&ection 4.3.2, “Reset Configuration Worddgscribes
the signals that alsioinction as reset configuration signals.

Table 4-1. System Control Signals

Signal /0 Description

PORESET I | Power-on reset. Initiates the power-on reset flow that resets the device and configures various
attributes of the device, including its clock modes.

State Meaning | Asserted—An external agent has triggered a power-on reset sequence.
Negated—No power-on reset.

Timing | For timing information, see MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification.

Reset State | Always input.

HRESET I/0 | Hard reset. Causes the device to abort all current internal and external transactions and set most
registers to their default values. HRESET can be asserted completely asynchronously with respect to
all other signals. The device can detect an external assertion of HRESET while the device is not
asserting hard reset. HRESET is an open-drain signal.

State Meaning | Asserted—An external agent or internal hardware has triggered a hard reset. The
internal hardware drives HRESET until the sequence completes.
Negated—No hard reset.

Timing | Assertion—Occur at any time, asynchronously to any clock.
Negation—Must be asserted for at least 32 SYS_CLK_IN cycles.

Requirements | An open-drain signal. An external pull-up is required.

Reset State | Output, driven low during power-on and hard reset flows. High impedance after reset
flow completes. Pull-up is enabled by default (out of reset) for these pins. It can be
changed at a later time by configuring General Purpose Register 1.
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Reset, Clocking, and Initialization

Table 4-1. System Control Signals (continued)

Signal /0 Description
CFG_RESET_ I | Reset configuration word source selection. These signals are on device pins that have other functions
SOURCE[0:3] when the device is not in reset. They are sampled during the assertion of PORESET to determine the

interface from which the device loads the reset configuration words.

State Meaning | See Section 4.3.1.1, “Reset Configuration Word Source.”

Timing | These signals are sampled during the assertion of PORESET after a stable clock is
supplied (PORESET flow) and must be pulled high or low by external resistors as
long as HRESET is asserted.

Requirements | During PORESET and HRESET flows, all other signal drivers connected to these
signals must be in the high-impedance state. For proper resistor values to pull reset
configuration signals high or low, see MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification.

Reset State | Input during power-on and hard reset flows. Functional signal after reset flow
completes.

4.1.2 Clock Signals

In Table 4-2 some clock signals are specific to bloekthin the device. Although some of their
functionality isdescribed irSection 4.4, “Clocking,they are defined in detail their respective chapters.
SeeFigure 4-7for the internal distribution of clocks in the device.

Table 4-2. External Clock Signals

Signal I/0 Description

SYS _CLK_IN | | System clock. In PCI host mode, SYS_CLK_IN is the primary input clock. SYS_CLK_IN
directly feeds the PCI output clock dividers and is driven out on the PCI_SYNC_OUT signal for
de-skewing external PCI clocks routing. If the device is used as PCI agent, PCI_CLK can be
provided from a PCI source. In this case, SYS_CLK_IN may no longer be needed and should
be tied low. If SYS_CLK_IN is the clock source, SYS_XTAL _IN should be tied low and
SYS_XTAL_OUT should be left unconnected.

Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC I
Pro Integrated Communications Processor Hardware Specification.

Requirements | Should be tied low in PCI agent mode.

Reset State | Always input.

SYS_XTAL_IN Crystal input. SYS_XTAL_IN allows the system clock to be provided using an external crystal
oscillator. If a crystal source is used, SYS_CLK_IN should be tied low.

Timing | Assertion/Negation—See the MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification for timing
information.

Reset State | Always input.
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Table 4-2.

Reset, Clocking, and Initialization

External Clock Signals (continued)

Signal

11O

Description

SYS_XTAL_OUT

Crystal output. SYS_XTAL_OUT allows the system clock to be provided through an external
crystal oscillator. If a crystal source is used, SYS_CLK_IN should be tied low.

Timing

Assertion/Negation—See the MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification for timing
information

Reset State

Always output.

PCI_SYNC_IN

PCl input synch

ronization clock

Timing

Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Reset State

Always input

PCI_SYNC_OUT

PCI output synchronization clock

Timing

Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Reset State | Always output, toggling in PCI host mode.
QE_CLK_IN I | QE_CLK_IN is the the reference clock for the QE PLL.
Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.
Reset State | Always input.
FEC1 RX_CLK, | | Ethernet Receive clock
FEC2_RX_CLK, - . . o .
FEC3 RX CLK Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
- - Pro Integrated Communications Processor Hardware Specification.
Reset State | Always input.
FEC1_TX_CLK, | | Ethernet Transmit Clock.
FEC2_TX_CLK, Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
FEC3_TX_CLK Pro Integrated Communications Processor Hardware Specification.
Reset State | Always input.
HDLC1_TCK, | |HDLC/TDM Transmit clock
HDLC2_TCK, Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
TDM1_TCK, Pro Integrated Communications Processor Hardware Specification.
TDM2_TCK -
Reset State | Always input.
HDLC1_RCK, | |HDLC/TDM Recieve clock
HDLC2_RCK, Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC I
TDM1_RCK, Pro Integrated Communications Processor Hardware Specification.
TDM2_RCK

Reset State

Always input.
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Reset, Clocking, and Initialization

Table 4-2. External Clock Signals (continued)

Signal I/0 Description

USBDR_CLK I | USB controller clock

Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Reset State | Always input.

RTC PIT CLOCK || This signal is used as timebase for real time clock module. RTC_PIT_CLK is used as the
-7 source for the following modules - RTC, PIT and FlexCAN. For FlexCAN, it is used as the
alternative source of CAN clock.

Timing | 32.768 KHz typical.

Reset State | Always input.

4.2  Functional Description

This section describes the various ways to riésetlevice, the power-on reset configurations, and
clocking.

4.2.1 Reset Operations

The device has the following inputs to the reset logic:
« Power-on reset (PORESET
« External hard reset (HRESET
» Software watchdog reset
» System bus monitor reset
* Checkstop reset
» Software hard reset
All of these reset sources are fed into the reset dtartemd, depending on the source of the reset, different

actions are taken. The resettas register, described $ection 4.5.1.3, “Reset Status Register (RSR),”
indicates the last sote to cause a reset.

4211 Reset Causes

Table 4-3describes reset causes.

Table 4-3. Reset Causes

Name Description
Power-on reset Input signal. Asserting this signal initiates the power-on reset flow that resets the entire device
(PORESET) except RTC and configures various attributes of the device including its clock modes.
Hard reset (HRESET) A bidirectional I/O signal. The device can detect an external assertion of HRESET only while it is
not asserting hard reset. HRESET is an open-drain signal.
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Table 4-3. Reset Causes (continued)

Name Description

Software watchdog reset After the device watchdog counts to zero, a software watchdog reset is signaled. The enabled
software watchdog event then generates an internal hard reset sequence.

System bus monitor reset | After the device CSB bus monitor reaches a timeout condition, a bus monitor reset is asserted.
The enabled bus monitor event then generates an internal hard reset sequence.

Checkstop reset If the core enters checkstop state and the checkstop reset is enabled (RMR[CSRE] = 1), the
checkstop reset is asserted. The enabled checkstop event then generates an internal hard reset
sequence.

Software hard reset A hard reset sequence can be initialized by writing to a memory-mapped register (RCR).

4.2.1.2 Reset Actions

The reset control logic determines the causes#tresynchronizes it if necessary, and resets the
appropriate internal hardwareach reset flow has a diffeftrempact on the device logic:

* Power-on reset has theegtest impact, resettiige entire device, includg clock logic and error
capture registers.

» Hard reset resets the entirevide, excluding RTC module, clocidic, and error capture registers.

Table 4-4identifies the reset actions for each reset source.

Table 4-4. Reset Actions

Reset Source

External Hard Reset
Action Software Watchdog
Power-On Reset Bus Monitor
Checkstop
Software Hard Reset

Resets: Yes No
PLLs, clocks, and error capture registers

Resets: Yes Yes
DDR controller, LBC, I/O multiplexors,
GTM, PIT, GPIO, system configuration,
and local access windows

Resets other internal logic Yes Yes
Reset configuration words loaded Yes Yes
HRESET driven by SoC Yes Yes
Hard reset to e300 core Yes Yes
SRESET: No No

High priority interrupt to the e300 core
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Figure 4-2shows a timing diagram of the hard reset flow.

SYS_CLK_IN |

Stable clock

PORESET .,
(Input)

ARESET T\ [ | E E r
(Input or Output) . . . . . . ; .

TRST .
(Input) !

Reset Configuration
Input Signals

Reset Configuration : : : / ! ! N
Words Loading - - b4\ ; /

. Start loading reset : End loading reset

= configuration words ! { configuration words.

| . . . Duration depends on
source

Figure 4-2. Hard Reset Flow

4.3 Reset Configuration

The device is initialized using two complemtary methods: latching CFG_RESET_SOURCE and
loading the reset configuration words. Initial§FG_RESET_SOURCE is sampled during the assertion
of the PORESEBignal. These signals determine whethersatreonfiguration word is required and the
device source interface from which it is loadedcérding to the value on these signals, the device
continues loading the reset configuration word.

4.3.1 Reset Configuration Signals

Reset configuration input signals ane device pins that have other ftinas when the device is not in
reset state. These input signate sampled into registers thg the assertion of PORESEATter a stable
clock is supplied (SYSCLK_IN), and must be pultehigh or low by external ststors as long as HRESET
is asserted. While the PORESBMTHRESETsignal is asserted, all othegsal drivers connected to these
signals must be in the high-impedance state. Fapgsrresistor values faulling reset configuration
signals high or low, sedPC8309 PowerQUICC Il Pro Integraté@iommunications Processor Hardware
Specification

This section describes the modes configured byebet configuration signals. Note that the reset
configuration input sampled valuase accessible to softwaredbhgh memory-mapped registers, as
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described irSection 4.5.1.3, “Reset Status Register (RS&)dSection 4.5.2.1, “System PLL Mode
Register (SPMR).”

NOTE

Implement one of the following methedo control the selection between
the reset and non-reset function of these pins.

* Resistors— Use pull-up or pull-dowrsrstors to set the desired value on
the reset configuration input signalxuring the power-on and hard reset
sequences, these signals are inputs to the device.

» Active driving device— Use HRESH®D control the driving device.
When HRESETs asserted, drive reset cmiration values on the pins;
when HRESETs negated, stop drivingetreset configuration input
signals.

43.1.1 Reset Configuration Word Source

The reset configuration worburce options, shown rable 4-5 select whether the device loads a reset
configuration word from NORlash, NAND Flash, or afC EEPROM or uses hard-coded default
options. The value of thesgnals also affects the duion of power-on and haréset sequences. In any
case, the reset sequence does not exceed 1ms.

Table 4-5. Reset Configuration Words Source

CFG_RESET_SOURCE[0:3] Meaning
0000 Reset configuration word is loaded from NOR Flash
0001 Reset configuration word is loaded from NAND Flash memory (8-bit small page).
0010 Reserved
0011 Reserved
0100 Reset configuration word is loaded from an I2C EEPROM. SYS_CLK_INisin the range of
24-66.666 MHz.
0101 Reset configuration word is loaded from NAND Flash memory (8-bit large page).
0110 Reserved
0111 Reserved
1000 Hard-coded option 0. Reset configuration word is not loaded.
1001 Hard-coded option 1. Reset configuration word is not loaded.
1010 Hard-coded option 2. Reset configuration word is not loaded.
1011 Reset configuration word is loaded from NOR Flash.
1100 Hard-coded option 4. Reset configuration word is not loaded.
1101 Hard-coded option 5. Reset configuration word is not loaded.
1110 Hard-coded option 6. Reset configuration word is not loaded.
1111 Hard-coded option 7. Reset configuration word is not loaded.
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4.3.1.2 Selecting Reset Configuration Input Signals

The example describedTable 4-6shows how the user should pull doampull up the reset configuration
input signal (CFG_RESET_SOURCE). The reset sequdartation is measured from the negation of
PORESETo the negation of HRESENote that the dation mentioned iffable 4-6is typical, and does
not represent cases in which the process of loadengetiet configuration word had to be retried due to
errors.

Table 4-6. Selecting Reset Configuration Input Signals

2
1<C EEPRQM SYS_CLK_IN . Reset quugnce '
Configuration Frequenc CFG_RESET_SOURCE[0:3] Duration in Duration
Words quency SYS_CLK_IN Cycles
No 33 MHz 0000 15210 456 B
(RCW loaded from NOR Flash)
Yes 33MHz |0100 (I°C EEPROM) 106534 196 B

4.3.2 Reset Configuration Words

The reset configuration words corittbe clock ratios and other bagievice functions such as boot
location and endian mode. The resenfiguration words are loadéicbm NOR Flash, NAND Flash, or
the FC interfaces or from hard-coded valuesidgithe power-on or hard reset flows. Ssxtion 4.3.1,
“Reset Configuration Signalsfor information on the reset cagéiration word source. Although the
configuration reset words are loaded during hasetrows, the clocks and PLL modes are reset only
when PORESETs asserted during a power-on reset flow. Seetion 4.2.1.2, “Reset ActionsThe
values of fields in the reseprfiguration words regists (RCWLR and RCWHREflect only their state
during the reset flow. Some of these parametersrartes can be modified lmphanging their values in
the memory-mapped registers of other ynitisich does not affect RCWLR and RCWHR.

The reset configuration settingse accessible to softwateough the following read-only
memory-mapped registers:

* Reset configuration word low register (RCWLR)

* Reset configuration word high register (RCWHR)

* Reset status register (RSR)

e System PLL mode register (SPMR)

SeeSection 4.5, “Memory Majplegister Definitions.”

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

4-10 Freescale Semiconductor



43.2.1

Field

Reset

Field

Reset

Reset, Clocking, and Initialization

Reset Configuration Word Low Register (RCWLR)

RCWLR is shown irFigure 4-3 This read-only register obtaiits values according to the reset
configuration word low loaded during the reset flow.

0 1 2 3 4 7 8 9 15
LBCM |DDRCM| SVCOD SPMF — COREPLL
n n n n n n n n n n n n n n n ‘ n
16 23 24 25 26 27 31
— CEVCOD |CEPDF CEPMF
n n n n n n n n n n n n n n n ‘ n

Figure 4-3. Reset Configuration Word Low Register (RCWLR)

Table 4-7defines the RCWLR bit fields.

Table 4-7. RCWLR Bit Settings

Bits Name Description
0 LBCM Local bus memory controller clock mode. Selects the local bus controller clock ratio. The local bus
memory controller operates with a frequency equal to the frequency of csb_clk. This bit should be cleared.
LBC controller clock: csb_clk
011
1 DDRCM | DDR SDRAM memory controller clock mode. Selects the DDR SDRAM memory controller clock ratio.
The DDR SDRAM memory controller operates at twice the frequency of the csb_clk.
0 Reserved
1 csb_clk ratio is 2:1
2-3 SVCOD | System PLL VCO division. See Section 4.3.2.1.1, “System PLL VCO Division.”
4-7 SPMF | System PLL multiplication factor.
See Section 4.3.2.1.1, “System PLL VCO Division,” for more information.
8 — Reserved, should be cleared
9-15 | COREPLL | Core PLL configuration. COREPLL sets the ratio between the e300 core clock and the internal csb_clk of
the device. For information on the encodings for COREPLL, see MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification.
16-23 — Reserved, should be cleared.
24-25 | CEVCOD | QUICC Engine PLL VCO division. Establishes the internal ratio between the QUICC Engine PLL VCO
point and the QUICC Engine PLL output.
00 2
01 4
10 8
11 Reserved
Notes:Set CEVCOD to 00 (Division factor of 2) for QE frequency below 150 MHz.
Set CEVCOD to 01 (Division factor of 4) for QE frequency above 150 MHz.
MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2
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Table 4-7. RCWLR Bit Settings (continued)

Bits Name Description

26 CEPDF | QUICC Engine PLL division factor. Selects whether the PLL output is halved. By setting this bit,
non-integer ratios between the primary clock input and ge_clk can be achieved.
0 ge_clk = primary clock input x CEPMF
1 qe_clk = (primary clock input x CEPMF)/ 2

27-31 | CEPMF |QUICC Engine PLL multiplication factor.
See Section 4.3.2.1.3, “QUICC Engine PLL Multiplication Factor,” for more information
432.1.1 System PLL VCO Division

The RCWLR field SVCOD (systefLL VCO division), shown iTable 4-§ establishes the internal ratio

between the system PLL VCO frequency and thie dutput clock frequency. The PLL output clock
frequency equalssb_clkfrequency if RCWLR[LBCM] and RCWR[DDRCM)] are both cleared or twice
thecsb_clkfrequency if RCWLR[LBCM] or RCWLFRDDRCM] or both of them are set.

Table 4-8describes the setting of SVCOD bits.
Table 4-8. System PLL VCO Division

Reset Configuration Value
Word Low Register Field Name (Binary) VCO Division Factor
(RCWLR) Bits y
2-3 SVCOD 00 2
01 4
10 8
11 Reserved
NOTE

For the frequency of operation for @B309, 00 is the only applicable value
of SVCOD.
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43.2.1.2 System PLL Configuration

The system PLL ratio reset, shownTiable 4-9 establishes the clock ratbetween the SYS CLK_IN
signal and the internakb_clkof the devicecsb_clkdrives internal units and feeds the e300 core PLL.

Table 4-9. System PLL Ratio

RCWLR Bits | Field Name (gi"’r‘]';‘fy) csb_clk : SYS_CLK_IN
4-7 SPMF 0000 Reserved
0001 Reserved
0010 2:1
0011 3:1
0100 4:1
0101 5:1
0110 6:1
0111-1111 Reserved, should not be set

43.2.1.3 QUICC Engine PLL Multiplication Factor

The RCWLR field CEPMF (QUICC EngirfeLL multiplication factor), shown ifiable 4-10 along with
the QUICC Engine PLL division factor EPPDF,) establishes the ratio betwegn clkand the primary
input clock.

Table 4-10. QUICC Engine PLL Multiplication Factor

27-31 CEPMF 00000 Reserved, should be cleared.
00001 Reserved, should be cleared.

00010 2

00011 3

00100 4

00101 5

00110 6

00111 7

01000 8
01001-11111 Reserved, should be cleared.
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4.3.2.2

word high loaded during the reset flow.

Offset 0x0_0904

Reset Configuration Word High Register (RCWHR)
RCWHR is shown iffrigure 4-4 This read-only register gets its vafuaccording to the reset configuration

Access: Read/Write

0 1 2 3 4 5 6 7 8 11 12 13 14 15
Field PCSI_|I:|O — PCIARB — C|§)|§E BMS |BOOTSEQ |SWEN ROMLOC RLEXT —
Reset n n n n n n n n n n n n n n n n
16 27 28 29 30 31
Field — TLE —
Reset n n n n n n n n n n n n n n n n

Figure 4-4. Reset Configuration Word High Register (RCWHR)

Table 4-11defines the reset configatron word high bit fields.

Table 4-11. Reset Configuration Word High Bit Settings

Bits Name

Description

0 PCIHOST

PCI host mode.

1 J—

Reserved, should be cleared.

2 PCIARB

PCI internal arbiter mode. Enables the on-chip PCI arbiter.

0 On-chip PCI arhiter is disabled. External arbitration is required.

1 On-chip PCI arbiter is enabled.

The value of PCIARB also defines the function of the PCI arbitration signals that are multiplexed with
CompactPCI signals, as follows:

Pin Function When
PCIARB =0

Pin Function When
PCIARB =1

CPCI_HS_ES

PCI_REQ[1]

CPCI_HS_LED

PCI_GNT[1]

CPCI_HS_ENUM

PCI_GNT[2]

3 —

Reserved, should be cleared.

4 COREDIS

Core disable mode. Specifies the e300 core mode out of reset. If COREDIS is set, the core cannot fetch

boot code until it is configured by an external master. The external master frees the core to boot by

clearing the COREDIS bit in the arbiter configuration register as described in Section 7.2.1, “Arbiter

Configuration Register (ACR).”

This bit must be set when the boot sequencer is enabled to initiate the device (BOOTSEQ is 01 or 10).

Otherwise, unpredictable behavior occurs.

0 The core can boot without waiting for configuration by an external master.

1 Core boot hold-off mode. The core is prevented from fetching instruction opcode until this bit is
cleared.
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Table 4-11. Reset Configuration Word High Bit Settings (continued)

Bits Name Description

5 BMS Boot memory space.
See Section 4.3.2.2.1, “Boot Memory Space (BMS),” for more information.

6-7 BOOTSEQ | Boot sequencer configuration.
See Section 4.3.2.2.2, “Boot Sequencer Configuration,” for more information.

8 SWEN Software watchdog enable. Selects whether the software watchdog is enabled to start counting down
immediately when coming out of reset. The user can override this value by writing to the system
watchdog control register (SWCRR[SWEN]) during system initialization.

0 Disabled

1 Enabled

9-11 ROMLOC |Boot ROM interface location.
This bit combined with bit RLEXT determines where the device boots from. See Section 4.3.2.2.3, “Boot
ROM Location,” for more information.

12-13 RLEXT Boot ROM location extension.

This bit combined with bit ROMLOC determines where the device boots from. See Section 4.3.2.2.3,

“Boot ROM Location,” for more information.

00 Legacy mode—allows for booting from on-chip peripherals. For more information, see Table 4-14.

01 NAND Flash mode—allows for booting from NAND flash devices. For more information, see
Table 4-14.

10 Reserved

11 Reserved

14-27 — Reserved, should be cleared.
28 TLE True little-endian. See Section 4.3.2.2.4, “e300 Core True Little-Endian,” for more information.
29-31 — Reserved, should be cleared.

43221 Boot Memory Space (BMS)

BMS defines the initial value of ¢he300 core MSR][IP] bit, which spies the location of the interrupt
vectors (including the hard reset exception vecidne device defines the default boot ROM memory
space to be 8 Mbytes at addresses 0x0000_@00¥007F FFFF or OxFF80_0000 to OxFFFF_FFFF.
When the core comes out of reset, if it is enabldubt, it fetches boot codeofin one of two addresses,
0x0000_010®r OxFFFO_0100, and exceptions are vesmido the physical addresses, 0x00@nnnor
OxFFF_nnnnappropriately. This bit specifi@ghether an interrupt vectorfeét is prepended with OxFFF
or 0x000. In the description below, nnnnis the offset of the exception vector.
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The boot memory space reset égafation word field, shown ifiable 4-12 specifies both the device boot
ROM address window and thatial e300 core boot address.

Table 4-12. Boot Memory Space

RCWHR Bit | Field Name V_alue Meaning
(Binary)

5 BMS 0 Boot memory space is 8 Mbytes at 0x0000_0000 to 0x007F_FFFF.

e300 core register MSR[IP] initial value is 0bO.

The core, if enabled to boot, begins fetching boot code from address 0x0000_0100
and exceptions are vectored to the physical address of 0x000n_nnnn.

1 Boot memory space is 8 Mbytes at 0xFF80_0000 to OXFFFF_FFFF.

€300 core register MSR[IP] initial value is Ob1.

The core, if enabled to boot, begins fetching boot code from address OxFFFO_0100
and exceptions are vectored to the physical address of OxFFFn_nnnn.

43.2.2.2 Boot Sequencer Configuration

The boot sequencer configuration options, showralrie 4-13 allow the boot sequencer to load
configuration data from theerial ROM located on théQ port before the host tries configure the device.
These options also specify normal or exten&@:laddressing modes. SBection 17.4.5, “Boot
Sequencer Mode.”

Table 4-13. Boot Sequencer Configuration

RCWHR Bits | Field Name V_alue Meaning
(Binary)
6-7 BOOTSEQ 00 Boot sequencer is disabled. No I2C ROM is accessed.

01 Normal 12C addressing mode is used. Boot sequencer is enabled and loads
configuration information from a ROM on the 1°C interface. A valid ROM must be
present.

10 Extended 12C addressing mode is used. Boot sequencer is enabled and loads
configuration information from a ROM on the I°C interface. A valid ROM must be
present.

11 Reserved, should be cleared.

NOTE

When the boot sequencereigabled, the e300 core must be prevented from
fetching boot code by setting the corsatile reset configation word field
(COREDIS) as described B#ection 4.3.2.2, “Reset Configuration Word
High Register (RCWHR).If the e300 core is gelired to proceed, the boot
sequencer should enaltdeot vector fetch by elaring ACR[COREDIS] as
described irSection 7.2.1, “Arbiter Confjuration Register (ACR).”

4.3.2.2.3 Boot ROM Location

The device defines the defabbot ROM address range to ®®1bytes at addresses 0x0000_0000 to
0x007F _FFFF or OXFF80 0000 to OXFFFF_FFFF (selectedebBMS reset configuration word field).
However, the on-chip peripheral that managesdihboot ROM accesses can be selected at power up.
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The boot ROM location reset contigation word field, shown iflable 4-14 establishes the location of
boot ROM. The exact boot ROM location table taibed is defined by éhsetting of RCWHR[RLEXT]
bits, as shown iffable 4-11 Accesses to the boot vector anddieéult boot ROM region of the local
address map are directed to thterface specified by this field.

Table 4-14. Boot ROM Location

RCWHR | _. Value Meaning
Bits Field Name (Binary)
y Legacy Mode (RLEXT = 00) NAND Flash Mode (RLEXT = 01)
9-11 ROMLOC 000 DDR SDRAM Reserved
001 PCI Local bus NAND Flash—=8-bit small page
ROM
010 |eSDHC Boot ; BMS has to be 1 for eSDHC | Reserved

boot.

011 SPI Boot ; BMS has to be 1 for SPI boot. Reserved

100 Reserved Reserved

101 Local bus GPCM—S8-bit ROM Local bus NAND Flash—8-bit large page
ROM

110 Local bus GPCM—16-bit ROM Reserved

111 Reserved Reserved

The local access window of the setstboot ROM interface is enablendanitialized with the proper base

address and size, as describe8ection 6.2, “Local Memory Map Overview and Example.”

43224 e300 Core True Little-Endian

The true little-endian reset cagdiration word field, shown iffable 4-15 selects whether the e300 core
operates in big-endian mode audrlittle-endian mode at reset.

Table 4-15. e300 Core True Little-Endian

Reset Configuration Value
Word High Register Field Name (Binary) Meaning
(RCWHR) Bit y
28 TLE 0 Big-endian mode
1 True little-endian mode

4.3.3 Loading the Reset Configuration Words

The device loads the reset configtion words from a local bus EEPRDa local bus NAND Flash, or an
1°C serial EEPROM, or uses hard-coded configanatas selected by the resenfiguration inputs
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described irSection 4.3.1, “Reset Configuration Signaltie following sections describe each of these
options.

4.3.3.1

The reset configuration words aresamed to reside in an EEPROMNSDR Flash or MND Flash device
connected to LCSOf the device local bus. Because the port size of this EEPROM is unknown, the device
reads all configuration words lerby-byte only from locations thate independent of port size.

Loading from Local Bus

Table 4-16shows addresses that shouldused to contain the reset cigifration words. Byte addresses
that do not appear in this table have no effect omanéguration of the device. The values of the bytes
in Table 4-16are always read on byte lane LD{Pregardless of the port size.

Table 4-16. Local Bus Configuration EEPROM Addresses

Reset Configuration Word

Bits [0:7] Address

Bits [8:15] Address

Bits [16:23] Address

Bits [24:31] Address

Low

0x00

0x08

0x10

0x18

High

0x20

0x28

0x30

0x38

Table 4-17shows the data structure of the local busatecontaining the reset configuration words
(RCWL and RCWH).

Table 4-17. Local Bus Reset Configuration Words Data Structure

EEPROM Data Bits
EEPROM Address
[0:7] [8:15] [16:23] [24:31]

0x00 RCWL[0:7]

0x04

0x08 RCWL[8:15]

0x0C

0x10 RCWL[16:23]

0x14

0x18 RCWL[24:31]

0x1C

0x20 RCWHI0:7]

0x24

0x28 RCWH[8:15]

0x2C

0x30 RCWH[16:23]

0x34

0x38 RCWHI[24:31]

0x3C
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433.1.1 Local Bus Controller Setting

The device uses GPCM to loa@tteset configuration from EEPRO& NOR Flash. The device reads 64
bytes in this case. The local bus contrddleegisters setting is set accordingrable 4-18

The device uses FCM to load the reset configmmgtom NAND Flash. The device reads 512 bytes if
small page size NAND Flash is used or 2048 biytesge page NAND Flash is used. The local bus
controller’s registers $iing are set according able 4-18

Table 4-18. Local Bus Controller Setting when Loading RCW

CFG_RESET_SOURCE Meaning BRO[PS] BRO[MSEL] ORO[SCY] ORO[PGS]
0000 NOR Flash 10 000 1111 NA
0001 NAND Flash, 8 bit, 01 001 0010 0
small page
0101 NAND Flash, 8 bit, 01 001 0010 1
large page

4.3.3.2 Loading from 1°C EEPROM

The device is capable of loading tleset configuratiomord from the {C interface. If the device is
configured to load the reset configuration word from fizihterface according the reset configuration
input signals, the device uses tR€ Linit boot sequencer in a special mode. In this mode?@hidot
sequencer is activated while the redhafdevice is still imeset state (HRESEASserted) to load the reset
configuration words from arfC serial EEPROM.

Note that this does not prevent using @ oot sequencer to initiate tevice in the normal functional
mode after reset state has completed. The only réstristthat the first two EEPROM data structures
contain dedicated reset information.

43.3.2.1 Using the Boot Sequencer Reset Configuration

For more information orfC interface and the boot sequencer,Seetion 17.4.5, “Boot Sequencer
Mode.”

NOTE
When reset configuration was are loaded from aA@ EEPROM, aniC
serial EEPROM of extended aédsing type must be used.

If the I°C interface is used for loadingetiieset configuration words, the€l module addresses the
EEPROM and reads the first two dateuctures (after reading thesamble). Upon being read, the reset
configuration words are latctiénside the device and th& module enters its set state until HRESET
is negated. There should be no otif€r traffic when the boot sequencer is active.

After HRESETis negated, the functional baggquencer, in extendetC] addressing mode, may be
activated if the BOOTSEQ field of theset configuration word high is set to 0b10.
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4.3.3.2.4 Reset Configuration Load Fail

Failure of reset configuration load by tRE€ Iboot sequencer can be caused by an incorrect EEPROM data
structure or4C bus problem. If a reset configtion load failure occurs, due poeamble faibr any other

12C bus error detection, the device gonbusly attempts to reload therlaeset configuration words from

the PC bus. The device does not negate HRE8Rd remains in hard reset state until the RCWs are
successfully loaded or the PORESET flow is restarted.

4.3.3.3 Default Reset Configuration Words

If the device is configured not toad the reset configuration wartom NOR Flash, NAND Flash, or an
1°C EEPROM, it can also be initialized with onefige hard-coded default opins, selected by the reset
configuration input signa)J CFG_RESET_SOURCE]JO0:3].

The reset configuration words are driveternally with the values shown irable 4-19 Table 4-20 and
Table 4-21

Table 4-19. RCW Values Corresponding to Hard Coded Options

CFG_RESET_SOURCE RCWLR [0:31] RCWHR [0:31]
0b1000 42040003 A4600000
0b1001 44040007 A4600000
0b1010 42230003 A4600000
0b1100 44050006 A4600000
0b1101 44040003 A4200000
0b1110 44050007 A4200000
Ob1111 44050007 A4300000

Table 4-20. Hard Coded Reset Configuration Word Low Fields Values

RCW bits 0 1 2-3 4-7 8 9-15 16-23 24-25 26 27-31
Fields LBCM | DDRCM | SVCOD | SPMF | Reserve | COREPL | Reserve | CEVCOD | CEPDF | CEPMF
L
Meaning LBC DDR System |csb_clk Core QUICC |QuICC | QuicC
Control | Controll | VCO : Clock: Engine | Engine | Engine
CFG_RESET | o |erclock: | PLL |SYS_C csb_clk VCOPLL| PLL | PLL
_SOURCE | ¢j5ck - csb_clk | division | LK_IN Division | Divisio | Multipli
value csb_clf 0 factor factor n cation
01:1 | Reserve Factor | Factor
121
1000 0 1 00 0010 0 0000100 | 0000000 00 0 00011
0
1001 0 1 00 0100 0 0000100 | 0000000 00 0 00111
0
1010 0 1 00 0010 0 0100011 | 0000000 00 0 00011
0
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Table 4-20. Hard Coded Reset Configuration Word Low Fields Values (continued)

1100 0 1 00 0100 0 0000101 | 0O00000 00 0 00110
0

1101 0 1 00 0100 0 0000100 | 0O00000 00 0 00011
0

1110 0 1 00 0100 0 0000101 | 0O0O0000 00 0 00111
0

1111 0 1 00 0100 0 0000101 | 0000000 00 0 00111
0

Table 4-21defines the hard-coded resehfiguration word high fieldsalues. These values select
hard-coded reset configation words optionsas described iSection 4.3.1.1, “Reset Configuration Word
Source.”

Table 4-21. Hard-Coded Reset Configuration Word High Field Values

Field Values when CFG_RESET_SOURCE[0-3] = 1000-1111
Bits Name Meaning
1000 1001 1010 1100 1101 1110 1111

PCIHOST

Reserved

PCIARB

Reserved

Al W| N| ]| O
O| O| k| Of F

e300 core is enabled
(boot hold-off)

COREDIS

5 BMS 1 Boot memory space is
0xFF80_0000—
OxFFFF_FFFF.
MSR[IP] initial value is

Ob1.
6—7 |BOOTSEQ 00 Boot sequencer is
disabled
8 SWEN 0 Software watchdog
disabled
9-11 | ROMLOC 110 010 011 Boot ROM interface
location
12-13 RLEXT 00 Legacy mode
14-15 | Reserved 00 —
16-27 | Reserved 0000_0000_0000 —
28 TLE 0 Big-endian mode
29-31 | Reserved 000 —
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4.4  Clocking

The following external clock smces are utilized on the MPC8309:
* System clock (SYS_CLK _IN)
* Real-time clock (RTC_PIT_CLOCK)
e QE_CLK_IN

All clock inputs can be supplied using an external cdmseillator, a clock generation chip, or some other
source that provides a stand&@MOS square wave input.

Figure 4-7shows the internal distribot of clocks within the device.

< r——————— — — a

: MPC8309 | e300¢3 core |

[ Core PLL |—>» core clk |

Rest of the System

L/
L 4

A I

N S S -
to DDR
In csb_clk memory
| controller
A
_ 325( » MEMC_MCK DDR
"| Divider VEME WER [ Memory
ddr_clk
Clock
Unit
System > lbc_clk > ﬂ
PLL }
to Idcal bus| LBC Local Bus
SYS_XTAL_OUT_'_—| Al Clock » LCLK[0:1] Memory
— Divider Device
CRYSTAL 1 csb_clk to rest
SYS_XTAL_IN of the device  PCI_SYNC_IN
SYS_CLK_IN —>D ] - I'
Y > PCI_SYNC_OUT
PCI Clock Divider | —— pm
CFG_CLKIN_DIV > PCI_CLK]0:2]
Ik
QE_CLK_IN | QEPLL _[CLK Gen 4K I QE Block

Figure 4-7. MPC8309 Clock Subsystem
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4.4.1 System Clock Domains

As shown inFigure 4-7 the primary clock input (SYS_CLK_INpequency is multiplied up by the system
phase-locked loop (PLL) and the clocktui create three major clock domains:

* The coherent system bus clockly cli

» The internal clock for the DDR controllestdr_clK)

* The internal clock for the local bus interface uhit(clk

Thecsb_clkfrequency is derived as follows:
csb_clk=[SYS_CLK_IN] x SPMF

Thecsb_clkserves as the clock input to the e300 cArsecond PLL inside the core multiplies up the
csb_clkfrequency to create the internal clock for the cooeg_clR. The system and core PLL multipliers
are selected by the SPMF and COREPLL fields enréset configuration word low (RCWL), which is
loaded at power-on reset or by aie¢he hard-coderkset options. Segection 4.3, “ReseaTonfiguration
Section 4.3, “Resedfonfiguration.”

Thege_clkfrequency is determined by the QUICC BEregPLL multiplication factor (RCWL[CEPMF])
and the QUICC Engine PLL division factor (RCYCEPDF]) according to the following equations:

When QE_CLK_IN is the primary input clock, the_clkfrequency is determined as follows:
ge_clk= (QE_CLK_IN x CEPMF)y(1 + CEPDF)

SeeSection 4.3.2.1.3, “QUICC Engine PLL Multiplication FactaridSection 4.3.2.1, “Reset
Configuration Word Low Register (RCWLR){dr more information.

The DDR SDRAM memory controller operates watlfrequency equal twice the frequency afsb_clk
Note thatdr_clkis not the externahemory bus frequencydr_clkpasses through the DDR clock divider
(y2) to create the differential DDR m@ry bus clock outputs (MCK and MGKHowever, the data rate
is the same frequency ddr_clk

The local bus memory controller operateiwa frequency equal to the frequencysib clk Note that
Ibc_clkis not the external local bus frequeni®g,_clkpasses through the LBC clodivider to create the
external local bus clock output (LCLK). The LB®ck divider ratio is comblled by LCRR[CLKDIV].
SeeSection 11.1.3.1, “eLBC Bus @tk and Clock Ratiosfor more information.

In addition, some of the internal t&®imay be required to be shut offoperate at lower frequency than
thecsb_clkfrequency. These units haveefault clock ratio that can lm®nfigured by a memory-mapped
register after the device comes out of regable 4-22specifies which units have a configurable clock
frequency. For more information, s8ection 4.5.2.3, “System Clocko@trol Register (SCCR).”

Table 4-22. Configurable Clock Units

Unit Default Frequency Options
12c csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
USB DR csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
DMA Engine 1 csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
DMA Engine 2 csb_clk Off, csb_clk
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Table 4-22. Configurable Clock Units (continued)

Unit Default Frequency Options
eSDHC csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
QUICC Engine ge_clk Off, qe_clk
NOTE

The clock ratios of these units mis set before they are accessed.

4.5

This section presents the memory maps agister descriptions fdooth reset and clocking.

Memory Map/Register Definitions

45.1 Reset Configuration Register Descriptions

The reset configuration andasiis registers are shownTiable 4-23

Table 4-23. Reset Configuration and Status Registers Memory Map

Address Register Access Reset Section/Page
Reset Configuration—Block Base Address 0x0_0900

0x0_0900 Reset configuration word low register (RCWLR) R Oxnnnn_nnnn 45.1.1/4-27
0x0_0904 Reset configuration word high register (RCWHR) R Oxnnnn_nnnn 45.1.2/4-27
0x0_0908— Reserved, should be cleared — — —
0x0_090C

0x0_0910 Reset status register (RSR) R/W 0x0000_000 45.1.3/4-28
0x0_0914 Reset mode register (RMR) R/W 0x0000_0000 4.5.1.4/4-29
0x0_0918 Reset protection register (RPR) R/W 0x0000_0000 4.5.1.5/4-30
0x0_091C Reset control register (RCR) R/W 0x0000_0000 4.5.1.6/4-30
0x0_0920 Reset control enable register (RCER) R/W 0x0000_0000 45.1.7/4-31
0x0_0924 Reserved. — — —
0x0_0928- Reserved, should be cleared — — —
0x0_09FC

45.1.1 Reset Configuration Word Low Register (RCWLR)

The reset configuration word lokegister (RCWLR) is shown iRigure 4-3and described in
Section 4.3.2.1, “Reset Configuratigvord Low Register (RCWLR).”

45.1.2

Reset Configuration Word High Register (RCWHR)

The reset configuration word higlgister (RCWHR) is shown irigure 4-4and described in
Section 4.3.2.2, “Reset Configuratigvord High Register (RCWHR).”
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45.1.3

RSR, shown ifrigure 4-8 captures various reset events indbeice. The RSR accumulates reset events.
For example, because software \iaaliog expiration results in a hard eSSWRS and HRS are all set after

Reset Status Register (RSR)

a software watchdog reset. This register returriis teeset value only when power-on reset occurs.

Address 0x0_0910

Access: Read/Write

0 3 4 ‘ ‘ 14 15

R
RSTSRC — BSF

w
Reset nl 0 0 0 0 \ 0 0 0 0 | 0 0 0 0
16 18 19 20 22 23 24 26 27 28 29 30 31

R
W — SWHR — JHRS — CSHR |SWRS|BMRS | — | HRS
Reset 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0

1 The reset value of this field is determined according to the reset configuration input signals CFG_RESET_SOURCE[0:2]
sampled during the reset flow.

Figure 4-8. Reset Status Register (RSR)

Table 4-24defines the reset statuegister bit fields.

Table 4-24. Reset Status Register Field Descriptions

Bits Name Description

0-3 RSTSRC |Reset configuration word source. Reflects the value of CFG_RESET_SOURCE input signal during the
reset flow. See Section 4.3.1.1, “Reset Configuration Word Source.” Changing this field has no effect.

4-14 — Reserved, should be cleared.

15 BSF Boot sequencer fail. If set, indicates that the 12C boot sequencer has failed while loading the reset
configuration words. Cleared by writing a 1 to it (writing zero has no effect).

16-18 — Reserved, should be cleared.

19 SWHR Software hard reset. If set, indicates a software hard reset. SWHR is cleared by writing a 1 to it (writing

zero has no effect).
20-22 — Reserved

23 JHRS JTAG HRESET. If set, indicates that a hard reset request arrived from the Test Module by a JTAG

command. Cleared by writing a 1 to it (writing zero has no effect).
24-26 — Reserved, should be cleared.

27 CSHR Check stop reset status. When the core enters a checkstop state and the checkstop reset is enabled by
the RMR[CSRE], CSRS is set and it remains set until software clears it. CSRS is cleared by writing a 1
to it (writing zero has no effect).

0 No enabled check stop reset event.
1 Enabled check stop reset event.

28 SWRS Software watchdog reset status. When a software watchdog expire event (which causes a reset) is
detected, SWRS is set and remains that way until the software clears it. SWRS is cleared by writing a
1 to it (writing zero has no effect).

0 No software watchdog reset event.
1 Software watchdog reset event.
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Table 4-24. Reset Status Register Field Descriptions (continued)

Bits Name Description

29 BMRS Bus monitor reset status. When a bus monitor expire event (which causes a reset) is detected, BMRS
is set and remains set until the software clears it. BMRS can be cleared by writing a 1 to it (writing zero
has no effect).

0 No bus monitor reset event.

1 Bus monitor reset event.

30 — Reserved

31 HRS Hard reset status. When an external or internal hard reset event is detected, HRS is set and remains
set until software clears it. HRS is cleared by writing a 1 (writing zero has no effect).

0 No hard reset event.

1 Hard reset event.

45.1.4 Reset Mode Register (RMR)

RMR, shown inFigure 4-9 enables a hard reset sequence ondévece when the e300 core enters
checkstop state.

Address 0x0_0914 Access: Read/Write
0 | | | 15
R
W —
Reset All zeros
16 30 31
R
W — CSRE
Reset All zeros

Figure 4-9. Reset Mode Register (RMR)

Table 4-25describes the RMR fields.
Table 4-25. RMR Field Descriptions

Bits | Name Function

0-30 — Reserved, should be cleared.

31 | CSRE |Checkstop reset enable. The core can enter checkstop mode as the result of several exception conditions.
Setting CSRE configures the device to perform a hard reset sequence when the core enters checkstop state.
0 Reset not generated when core enters checkstop state.

1 Reset generated when core enters checkstop state.
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45.1.5 Reset Protection Register (RPR)

RPR, shown irFigure 4-10 prevents unintended software resgfuests caused by writes to the reset

control register (RCR)To disable a write tthe reset control register (RERhe user should write a 1 to

RCER[CRE].
Address 0x0_0918 Access: Read/Write
0 | | | 15
R
RCPW
w
Reset All zeros
16 31
R
RCPW
w
Reset All zeros

Figure 4-10. Reset Protection Register (RPR)

Table 4-26defines the bit fields of RPR.
Table 4-26. RPR Bit Descriptions

Bits | Name Description

0-31 | RCPW | Reset control protection word. Prevents unintended software reset requests because of a write to the RCR.
The user should write the value 0x5253_5445 (RSTE in ASCII) to enable. Enable indication appears in the
reset control enable register (RCER[CRE]). Reading this register always returns all zeros.

45.1.6 Reset Control Register (RCR)

RCR, shown irFigure 4-11 can be used by softwareitdtiate a hard reset sequee. To allow writing to
this register, the user must enable it by writing the value 0x5253 5445 to the RPR.

Address 0x0_091C Access: Read/Write

0 | | | i

Reset All zeros

16 29 30 31

— SWHR| —

Reset All zeros

Figure 4-11. Reset Control Register (RCR)
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Table 4-27defines the bit fields of RCR.
Table 4-27. RCR Bit Settings

Bits | Name Description

0-29 — Reserved, should be cleared.

30 SWHR | Software hard reset. Setting this bit causes the device to begin a hard reset flow. This bit returns to its reset
state during the reset sequence, so reading it always returns all zeros.

31 — Reserved.

45.1.7 Reset Control Enable Register (RCER)

RCER, shown ifrigure 4-12indicates by the CRE fiettiat the RPR is accessed with a value that enables
RCR.

Address 0x0_0920 Access: Read/Write
0 | | | 15
R
W —
Reset All zeros
16 30 31
R
W — CRE
Reset All zeros

Figure 4-12. Reset Control Enable Register (RCER)

Table 4-28defines the bit fields of RCER.
Table 4-28. RCER Bit Settings

Bits | Name Description
0-30 — Reserved, should be cleared.
31 CRE | Control register enabled. When set, indicates that the RPR was accessed with a value that enables the RCR.
Writing 1 to this bit disables the RCR and clears this bit. Writing zero has no effect.

45.2 Clock Configuration Registers

The clock configuration andatus registers are shownTiable 4-29
Table 4-29. Clock Configuration Registers Memory Map

Address Register Access Reset Section/Page

Reset Configuration—Block Base Address 0x0_0A00

0x0_0AO0O0 | System PLL mode register (SPMR) R Oxnnnn_nnnn 45.2.1/4-32

0x0_0AO04 | Output clock control register (OCCR) R/W 0x0000_CO0CO0 4.5.2.2/4-33
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Table 4-29. Clock Configuration Registers Memory Map (continued)

Address Register Access Reset Section/Page

0x0_0A08 | System clock control register (SCCR) R/W 0x0542_0010 4.5.2.3/4-34

0x0_OAOC- |Reserved, should be cleared — — —
0x0_OAFC

45.2.1 System PLL Mode Register (SPMR)

SPMR is shown irfrigure 4-13 It obtains its values aording to the reset cagtiration input signal and
the reset configuration word low loadiduring the reset flow. Note thhis register isipdated only during
a power-on reset sequence and not bgrd reset sequence. It may holtbes different than those in the
RCWLR after a a hard reset sequence.

Address 0x0_0A00 Access: Read only
0 1 2 3 4 7 8 9 ‘ 15
R| LBCM |DDRCM — SPMF — COREPLL
w | [ ] [ [ [ ]
Reset! n n n n n n n n n n n n n n n n
16 ‘ 23 24 25 26 27 ‘ 31
R — CEVCOD |CEPDF CEPMF
w | [ | L[] L[]
Reset n n n n n n n n n n n n n n n n

Figure 4-13. System PLL Mode Register
1 See Table 4-30 for reset values.

Table 4-30defines the system PLL mode register bit fields.
Table 4-30. System PLL Mode Register Bit Settings

Bits Name Meaning Description
0 LBCM Local bus memory controller clock mode. Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)”
1 DDRCM | DDR SDRAM memory controller clock mode. Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)”
2-3 — Reserved, should be cleared. —
4-7 SPMF System PLL multiplication factor Section 4.3.2.1.2, “System PLL Configuration”
8 — Reserved —
9-15 | COREPLL |Core PLL configuration. For more information, see MPC8309
PowerQUICC Il Pro Integrated Communications
Processor Hardware Specification.
16-23 — Reserved, should be cleared. —
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Table 4-30. System PLL Mode Register Bit Settings (continued)

Bits Name Meaning Description
24-25 | CEVCOD |QUICC Engine PLL VCO division Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)
26 CEPDF QUICC Engine PLL division factor Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)
27-31 CEPMF | QUICC Engine PLL multiplication factor Section 4.3.2.1.3, “QUICC Engine PLL
Multiplication Factor”
45.2.2 Output Clock Control Register (OCCR)

The OCCR shown iffigure 4-14 controls the device ogoit clocks. It is possiblto control some output
clock modes by writing to this memonyapped register as described below.

Address

R
W
Reset

0x0_0A04 Access: Read/Write

0 1 2 3 ‘ ‘ ‘ 15
PCICOE | PCICOE | PCICOE

0 1 2 -

All zeros

16 17 ‘ 23 24 25 26 ‘ 31
MCKO0O
E, MCK_ — LCLKOE | LCLK1E —

BOOE

1 1 0 0 \ 0 0 0 0 1 1 0 0 \ 0 0 0

Figure 4-14. Output Clock Control Register (OCCR)

Table 4-31defines the bit fields of OCCR.

Table 4-31. OCCR Bit Settings

Bits Name Description
0 PCICOEQO |PCI_CLK_OUTO enable.
0 PCI_CLK_OUTO signal is disabled (drive constant zero).
1 PCI_CLK_OUTO signal is enabled to toggle.
1 PCICOE1 |PCI_CLK_OUT1 enable.
0 PCI_CLK_OUT1 signal is disabled (drive constant zero).
1 PCI_CLK_OUT1 signal is enabled to toggle.
2 PCICOE2 |PCI_CLK _OUT2 enable.
0 PCI_CLK_OUT2 signal is disabled (drive constant zero).
1 PCI_CLK_OUT2 signal is enabled to toggle.
3-15 — Reserved, should be cleared
16 MCKOOE, |Enable/Disable MCK]O0] pins clock out
MCK_BOOE |0 Disable MCK[0] and MCK]O0]
1 Enable MCKJ[0] and MCK|O]
17-23 — Reserved, should be cleared
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Table 4-31. OCCR Bit Settings (continued)

Bits Name Description

24 LCLKOE |Enable/Disable LCLK]0] pin clock out
0 Disable LCLK][0]
1 Enable LCLKJO]

25 LCLK1E |Enable/Disable LCLK][1] pin clock out
0 Disable LCLK[1]
1 Enable LCLK[1]

26-31 — Reserved, should be cleared

45.2.3 System Clock Control Register (SCCR)

The system clock controlgester (SCCR), shown iRigure 4-15 controls device units that have a
configurable clock ratio.

NOTE

SCCR is not meant for dymac on/off of the clocko the module. This can
be only disabled once after reset.uee the module again, a power-on reset
cycle has to take place.

Address 0x0_0A08 Access: Read/Write
0 3 4 5 6 7 8 9 10 ‘ 15
R
W — SDHCCM — USBDRCM — PCICM
Reset O 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0
16 25 26 27 31
R
— DMACCM —
W
Reset O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 4-15. System Clock Control Register (SCCR)

Table 4-32defines the bit fields of SCCR.
Table 4-32. SCCR Bit Descriptions

Bits Name Description

0-3 — Reserved

4-5 SDHCCM SDHC clock mode

00 SDHC core clock is disabled.

01 SDHC core clock/csb_clk ratio is 1:1.
10 SDHC core clock/csb_clk ratio is 1:2.
11 SDHC core clock/csb_clk ratio is 1:3.

67 — Reserved
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Table 4-32. SCCR Bit Descriptions (continued)

Bits Name Description
8-9 USBDRCM | USB DR clock mode. It also controls 1°C1 clock ratio.
00 USB DR clock is disabled. 1°C1 clock is 1:1.
01 USB DR clock/csb_clk ratio is 1:1. 12C1 clock is 1:1.
10 USB DR clock/csb_clk ratio is 1:2. 12C1 clock is 1:2.
11 USB DR clock/csb_clk ratio is 1:3. 12C1 clock is 1:3.
10-14 — Reserved
15 PCICM PCI clock mode. Define the clock mode for all of the PCI complex - PCl and DMA.
0 PCI complex clocks are disabled.
1 PCI complex clocks are enabled.
16-25 — Reserved
26-27 DMACCM | DMACCM. DMA Engine 1.
00 DMAC core clock is disabled.
01 DMAC core clock/csb_clk ratio is 1:1.
10 DMAC core clock/csb_clk ratio is 1:2.
11 DMAC core clock/csb_clk ratio is 1:3.
28-31 — Reserved
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Chapter 5

System Boot

This chapter describes the overall initialization of the MPC8309.

5.1

Booting from On Chip ROM

Selecting on-chip ROM in boot ROMcation causes the e300 CPU to lfied@ta from the on-chip ROM.
The on-chip ROM is selected bgrdiguring the POR config values RCWHR appropriately as shown
in Table 5-1 For more information, se®ection 4.3.2.2.3, “Boot ROM Location

The following different congurations are provided fdroot from the on-chip ROM:
* Boot from eSDHC

* Boot from SPI

Table 5-1. Boot Source Selection for On-Chip ROM Boot- RCWHR Settings

Bits! Name Description
5 BMS Boot Memory Space

1 : For booting from On-Chip ROM for both SPI and eSDHC boot.

9-11 ROMLOC Boot ROM interface location
010 Boot from eSDHC
011 Boot from SPI

12-13 RLEXT Boot ROM location extension.
IThis bit combined with bit ROMLOC determines where the device boots from.
00 Legacy mode—allows for booting from on-chip peripherals.
For booting from On Chip ROM, these bits must be set to 00.

1 This table shows only relevant bits for On-Chip Boot configuration.

5.2

This section explains how to boot from eSDH®e following is discussed in this section:

eSDHC Boot

e Section 5.2.1, “Overview”

* Section 5.2.2, “Features”

* Section 5.2.3, “SD/MMC Card Data Structure”

» Section 5.2.4, “eSDHC Controller Initial Configuration”
e Section 5.2.5, “eSDHC Controller Boot Sequence”

» Section 5.2.6, “eSDHC Boot Error Handling”
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52.1 Overview

The MPC8309 is capable of loadingtialization code from a memowevice that is connected to the
eSDHC controller interface. Thiswee can be either a S€ard, SDIO card, MMC cdr or other variants
compatible with these devices. The term SD/MM@sed when referring to the memory device.

Boot from eSDHC is supported byetMPC8309 using an on-chip ROMhich contains the basic eSDHC
device driver and the code to perform block copy fRRIMMC to any targenemory. Selecting on-chip
ROM in boot ROM location (sekable 5-) causes the e300 CPU to fettdta from the on-chip ROM.
Prior to boot, the user showthsure that the SBIMC card to boot from is inserted.

After the device has completecktreset sequence, if the ROM ltoa selects the onhip ROM eSDHC
boot configuration, the e300 core starts to exeonde drom the internal oohip ROM. The e300 core
configures the eSDHC controller, enabling ictimmunicate with the external SD/MMC card. The
SD/MMC card should contain a specific dataaiuve with control words, device configuration
information and initialization codd he on-chip ROM boot code ugbe information from the SD/MMC
card content to configure the deviesmd to copy the initialization code a target memory device (for
example, the DDR) through¢teSDHC interfaceifter all the code has beeopied, the e300ore starts
to execute the code from the target memory device.

There are several different ways a user may utilize 8i#HC boot feature. Thensplest is for the on-chip
ROM to copy an entire operating system boot imagesystem memory, and then jump to it to begin
execution. However, this may be nyamegabytes and in soraguations may bsub-optimal, since only
1-bit mode is used during booting.

A more advanced option is forgton-chip ROM to only copy a smaler-customized subroutine, which
configures the eSDHC in aptimal way. The user-ct@nised subroutine then cegithe rest of the boot
code potentially much faster than the on-dR{(PM software can achieve. For example, the
user-customised subroutine may utilize 4-bi8rit eSDHC interfaces, @upport new SD or MMC
format revisions, or increase thgternal clock frequency based on kihesge of the exact frequency at
which the MPC8309 is operating.

52.2 Features

The main features are as follows:

* Provides mechanism to load initializatioode from the following external devices:
— SD memory cards (up to and including version 2.0)
— MMC, RS-MMC (up to and including version 4.0)
— SDHC cards (SD High Capacityom 4 GByte to 32 GByte)

* Boot from the followingdevices is not supported
— SDIO and miniSDIO cards that are not SDntm cards and consequently have no memory
— Locked (password-protected) SD/MMC cards
— Secured Mode of SD cards (SD Card Speation Part 3: Security Specification)

» Simple data structure in SD/MMC card

» BOQOT signature is checked to validétat the SD/MMC card contains valid code
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System Boot

Supports variable codength in SD/MMC card

Flexible target memory device

Supports target memory configuration controlled by the user

Only 1-bit operation is supported for boot (evethé# SD/MMC card suppor# or 8-bit parallel
access).

Initial setting uses a serial clock below 400zlthe SD/MMC internal registers are read by
initialization code and parsed to determineadptimal clock frequerycsupported by the SD/MMC
card inserted.

High speed cards are supportad (o 50 MHz SD and 52 MHz MMC).

Control word allows for user modification

There must be precisely one device conneotethe eSDHC bus. In particular, multiple MMC
devices sharing the one bus are not supported.

Compatible with FAT12/FAT16/FA32 SD/MMC filesystems (provided40 configuration words
are used prior to copying user’s code to system memory).

Redundancy to support SD/MMC bad blocks, ésrshing for the BOOT signature in up to 24
blocks, and trying the next block if the BOO§rsature is not found, or if a read CRC error is
found.

SD/MMC Card Data Structure

The SD/MMC card should contain thtialization code length in bgs, source address in the SD/MMC
card, destination address in the target merdexgce, execution startireddress, and multiple
configuration words with pairs ofriget address and its respective data.

Figure 5-1shows the required SD/MMC card data structure.

0x00

Reserved
Ox3F
0x40

Control Words

0x63
0x64

Reserved
Ox7F
0x80

Configuration Words
Source Address

A

User’'s Code

Figure 5-1. SD/MMC Card Data Structure
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Table 5-2describes the SD/MCC card data structure.

Table 5-2. SD/MMC Card Data Structure

Address Data Bits [0-31]

0x00—0x3F Reserved.

0x40-0x43 BOOT signature
This location should contain the value 0x424F 4F54 , which is the ascii code for BOOT. The boot loader
code will search for this signature. If the value in this location doesn't match the BOOT signature, it means
that the SD/MMC card doesn't contain a valid user code. In such case the boot loader code will hang in
an infinite loop.

0x44-0x47 Reserved

0x48-0x4B User’s code length
Number of bytes in the user’s code to be copied. This must be a multiple of the SD/MMC card'’s block
size (and the user’s code zero-padded if necessary to achieve that length).
User’s code length d2 GBytes.

0x4C-0x4F Reserved

0x50—-0x53 Source Address. Contains the starting address of the user’s code as an offset from the SD/MMC card
starting address.
In Standard Capacity SD/MMC Cards, the 32-bit Source Address specifies the memory address in byte
address format. This must be a multiple of the SD/MMC card’s block size.
In high capacity SD(SDHC) cards (> 2Gbytes), the 32-bit source address specifies the memory address
in byte address format. However, it must be a multiple of block length, which is fixed to 512 bytes as per
the SDHC specification.

0x54-0x57 Reserved

0x58—-0x5B Target Address
Contains the target address in the system’s local memory address space in which the user’s code will be
copied to.

0x5C—-0x5F Reserved

0x60—0x63 Execution Starting Address
Contains the jump address in the system’s local memory address space into the user’s code first
instruction to be executed.

0x64—-0x67 Reserved

0x68-0x6B N. Number of Config Address/Data pairs.
Must be 1 dN d1024 (but is recommended to be as small as possible).

0x6C—-0x7F Reserved.

0x80—-0x83 Config Address 1

0x84-0x87 Config Data 1

0x88-0x8B Config Address 2

0x8C-0x8F Config Data 2

0x80 + 8 N-1)

Config Address N*

0x80 + 8 UN-1)+4

Config Data N (final Config Data N optional)

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

5-4

Freescale Semiconductor




System Boot

Table 5-2. SD/MMC Card Data Structure (continued)

Address Data Bits [0-31]

User’s code. Note that user's code must start on a 512-byte boundary.

1 N d40 if compatibility with FAT12/FAT16/FAT32 filesystems is required. Refer to “Notes on Compatibility with
FAT12/FAT16/FAT32 Filesystems” for details.

5.2.3.1 Configuration Words Section

The configuration words seeah is comprised of Configddress and Config Datmirs of adjacent 32-bit
fields. These are typically useddonfigure the local aess windows and the target memory controller’s
registers. They are therefore systeepehdent, as they need to be anafrthe type andonfiguration of
memory in a particular system.

The Config Address field has two madbat are selected by the least gigant bit in thefield (CNT). If
the CNT bit is clear, then the 30 si®ignificant bits are used to fotitme address pointand the Config
Data contains the data to be written to this addiedse CNT bit is set then the 30 most significant bits
are used for control instruction. This flexible sturetallows the user to configure any 4-byte aligned
memory mapped register, perform control instructiamsl specify the end of the configuration stage.

Note that it is illegal to changhke content of the IMMRBAR by usirtgis mechanism. Any attempt to do
so will cause the bogirocess to hang.

The upper 4 most-significant address bits ef3b-bit address are alwazsro. Consequently the
configuration words can only access memory indhest 4-GByte segment afemory. However, since
by default IMMRBAR maps all memomapped registers within the lostel-GByte segment of memory,
and the user is prohibited from changing IMMRBARMa& configuration access, this is not an issue.

The Config Address structure is showrFigure 5-2

0 1 2 29 30 31
CNT=0 Address —|CNT
CNT = 1|EC|DLY — CNT

Figure 5-2. Config Address Fields

Table 5-3defines the Config Address bitghen CNT = 0 (address mode), arable 5-4describes the
Config Address bits when CNT = 1.

Table 5-3. Config Address Field Description, CNT =0

Bits Name Description

0-29 Address Address bits 0-29. The data in the Config Data field is copied by the e300 core to this address. The
two least significant bits of the address (30:31) are always considered to be zero, as are the upper 4
bits of the 36-bit address.
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Table 5-3. Config Address Field Description, CNT = 0 (continued)

Bits Name Description
30 — Reserved. Must be zero.
31 CNT Control. Select between Address mode and Control mode.

0 Address mode
1 Control mode

Table 5-4. Config Address Field Description, CNT =1

Bits Name Description

0 EC End Configuration. Indicates the end of the configuration stage. Valid only if bit CNT is set.

0 Not the last Config Address field.

1 The Last Config Address field. The e300 core will stop the configuration stage and start to copy
the user’s code.

This must be set for Config Address Word N, and not be set for Config Address words prior to Config

Address Word N.

1 DLY Delay. Instruct the e300 core to perform delay according to the number that is specified in the
adjacent Config Data field. The adjacent Config Data field provides the delay measured in terms of
the number of 8 CSB clocks. Valid only if bit CNT is set.

0 No delay
1 Delay
2-30 — Reserved. Must be zero.
31 CNT Control. Select between Address mode and Control mode.

0 Address mode

1 Control mode

Note: When CNT = 1, bits 0-29 select the control instruction. Only one bit in the range of bits 0-29
can be set at any specific control instruction. A control instruction with bits 0-29 all cleared is
also illegal.

5.2.3.2 Notes on Compatibility with FAT12/FAT16/FAT32 Filesystems

Depending upon application, compdltth may be desiredhetween the SD/MMC Card data structure
defined here and the FAT12, FAT16FAT 32 filesystems (documented®D Card Specifications Part 2
- File System Specification v2.0, amg other places). This compatibilig/possible, but imposes a limit
on the number of Configuration Wordsitltan be parsed by the process@r to fetching the user’s code.
Compatibility is achieved by ensuring that the erdaea structure of Control Words and Configuration
Words is contained within the first 446 byte (Ox1B&gster boot record codeea of the filesystem.

Given that Configuration Words stat address 0x80, and all Configtion Words (except the last one
with EC = 1 to end the configuration) occupy 8 bytes Configuration Address/Data pair, this imposes
the limit of a maximum of 40 Configation Address words. More Cagdiration Words can be used in
applications for which compatibility with the FAWlaster Boot Record is not required. If exactly 40
Configuration Address wosdare used and FAT12/FAT16/FAT32 caatipility is required, then the final
Configuration Data word must be dted to ensure that the data sture fits in less than 446 bytes.

Note that FAT12, FAT16 and FAT32 standards imposhtiadal requirements on thdata structures that
must be present on the SD/MMC card, such as Parfliables and a fixed Signature Word at the end of
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the Master Boot Record. These features are hetgreted or required byereSDHC boot process, and
are outside the scope of this document.

Furthermore, FAT12 and FAT16 defiadoot sector with dimed fields in the fist 0x36 addressable bytes
(which does not conflict with the SD/MMC Card @a&tructure for boot fro8D/MMC defined in this
document). Therefore FAT12 and FET filesystems are completely coatible with the defined data
structure, even if they also caim a FAT boot sector. However, FAT82fines a boot sector with defined
fields in the first 0x52 addressalibytes. Therefore, FAT32 filesystarampatibility is only possible if
used in a system in which this baetctor information is not required.

Also note that the user codecizpied from one sequentarea of SD/MMC cardhemory space specified
by the Source Address. The boot RGbftware does not look for or parany File Allocation Table, and
furthermore, the boot ROM softwaassumes that the User Code isime contiguous range of memory
addresses.

5.2.4 eSDHC Controller Initial Configuration

The eSDHC controller configuratn is used by the boot ROM softiea After the boot from eSDHC has
finished, the user can change this configuratowrother uses of the &5C interface. The boot ROM
software also changesome of this configuration automatigalepending upon thieatures supported by
the SD/MMC card that is connected.
The eSDHC controller is initially configurdd operate in the following configuration:

* Address Invariant Mode (eSDHC.PROTCTL[EMODE] = 10)

 SDHC_DAT[3] does not monitor card insertion.

« 1-bit Mode (eSDHC.PROTCTL[DTW] = 00)

» SDCLK at 400 kHz or below, but higher than 100 kHz .

* There must be precisely onevite connected on the eSDHC bus (g device must be inserted
prior to boot). Multiple MMC devicesharing the one bus are not supported.

» The eSDHC DMA engines not used for Control or Cogfiration Word accesses; instead, all
eSDHC data transfers are initiated by thecpssor core polling eSDHC.PRSSTAT[BRR] and
accessing data through the DATPORT regi&¥tERTYP[DMAEN] = 0). The eSDHC DMA
engine is used for user code accesses.

5.2.5 eSDHC Controller Boot Sequence

The code in the eSDHC BoBROM configuration performs thellowing sequence of events:

1. The eSDHC controllas configured as pesection 5.2.4, “eSDHC Controller Initial
Configuration.”

Card-detect.

The SD/MMC card is reset.

SD/MMC card voltage validation is performed.

SD/MMC card identification.

With CMD9, the CSD (Card-Specific Data&gister of the SD/MMC card is read.

o gk wh
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7. Based on the values returned from the SD/MdA€I's CSD register, the eSDHC'’s registers are
updated to reflect the maximum clock frequejwgtly supported by the eSDHC controller, and
the SD/MMC card connected to it.

8. The eSDHC begins reiag the SD/MMC data structure from the card.
9. The eSDHC begins fetchingettuser Code from the card.
10. Following might be the possibilities becao$dad block on the SD/MMC memory card:
— BOOT signature is not found at memory offset 0x40
— Aread CRC error is detectadhile reading the control and cagdiration words or user’s code

To counteract this and provide error resilience, @B8DHC returns to st&p fetching data from an
address 0x200 greater than the previously feteldédess. For exampléthere have beerfailed
attempts, then on the following try the BO®ignature is checked at offset 0x40 + i x 0x200.

If this sequence fails 24 times, theseam boot is deemed have failed.
11. The processor core waits until tieer Code DMA transfer is complete.
12. The processor core jumps to the execution stpatildress to begin execution of the user’s code.

5.2.6 eSDHC Boot Error Handling

If at any stage the boot loader catttects an error and cannot continitievill hang. This may occur in
any of the following scenarios:

* BOQOT signature not found at offset 0x40 or C&®@r on any of the data read by the eSDHC 24
times.

» Timeout while waiting for the SIMMC card to respond at any stage.
* No card inserted.
» Incorrect type of card inserted thatot supported for boot (such as CE-ATA).

* There is no common protocol, vagje or frequency mutually supported by the SD/MMC card and
the eSDHC.

» The eSDHC reads as far as the source addre=sf{sd by the control wordf the SD/MMC data
structure) without seeing EC = 1 configuration word.

The boot loader code supports redundancy, which atbeesto succeed eventime presence of SD/MMC
bad blocks. It does this by searchiogthe BOOT signature in up to f#cations, and trying the next block
if the BOOT signature is not found, iba read CRC error is found. Ealdtation tried is aa fixed offset
of 512 bytes (0x200) from the previo(msuccessful) offset, irrespectiokthe actual block size of the
SD/MMC card.

For referencef-igure 5-3shows an example SD/MMC memory cdata structure that can be used for
maximum SD/MMC card data redundancy.

Note that if 0x40 + 8 x (N — 1) + 4 0x200 (where N is the number of configuration words), then care
needs to be taken to ensure that th&figuration words at 0x40 + i x 0x200 (for alld@ d24) must not
contain the BOOT signature. Thissemes that the boot loader cati®es not mistakenligetect a BOOT
signature. This also reduces the number of cagfié®ot code that can be used on one device.
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Each copy of the control/configuration words wouldiglly be identical except for the pointer to the
source address (offset 0x50) of the/BIDIC card, which may bdifferent for each copy. If the user’s code
section is sufficiently large that 2®pies of it do not fit in the capacity of the SD/MMC card (or if the
SD/MMC card capacity must also be utilized for ftimeal features other thanstgm boot), then it may
still be desirable to still support wp 24 copies of the control/cogfiration words, but only have them
reference a limited number ager’s code sections.

0x00 Control/Configuration

Words (Copy 1) Source Address 1

Reserved

0x200 Control/Configuration ]

Words (Copy 2) Source Address 2

Reserved
2 x 0x200 .

Control/Configuration
Words (Copy 24)

(24 - 1) x 0x200

Source Address 24

L |

Reserved

A

User’s Code (Copy 1)

Reserved

A

User's Code (Copy 2)

Reserved

A

User's Code (Copy 24)

Note: User’s code must begin on 512-byte boundary and its length must
be a multiple of 512 bytes.

Figure 5-3. SD/MMC Card Data Structure for Maximum Redundancy

5.3 SPI Boot ROM

This section explains how to boot from SPhe following is discussed in this section:

e Section 5.3.1, “Overview”

e Section 5.3.2, “Features”

e Section 5.3.3, “EEPROM Data Structure”

» Section 5.3.4, “SPI Controller Configuration”
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53.1 Overview

The MPC8309 is capable of loadingtialization code from a memory diee that is connected to the SPI
controller interface. This device can be eitheE&PROM or a serial flash with an SPI-compatible
interface. The term EEPROM will be usetien referring to the memory device.

Boot from SPI is supporteby the MPC8309 using an on-chip ROMiglcontains the basic SPI device
driver and the code to perform block copy from EPROM to any target memory. Selecting on-chip
ROM in boot ROM location, seBable 5-1 causes the e300 CPU to fetch data from the on-chip ROM.
After the device has completed the reset sequerntbe, ROM location selects the on-chip ROM SPI Boot
configuration, the e300 core starts to execute dauhe the internal on-chip ROM. The e300 core
configures the SPI controller, &pling it to communicate witthe external EEPROM. The EEPROM
should contain a speciftata structure with control words$evice configuration information and
initialization code. The on-chip ROM boot codesishe information from the EEPROM content to
configure the device, and to copy thiiialization code to a target memyadevice (for eample, the DDR)
through the SPI interface. After all tbede has been copied, the e300 staets to execute the code from
the target memory device.

There are several different ways &umay utilize the SPI boot featurghe simplest is for the on-chip
ROM to copy an entire operating system boot imagesystem memory, and then jump to it to begin
execution. However, this may be many megabgtekin some situations may sub-optimal.

A more advanced option fer the on-chip ROM to only copy a sthuser-customised subroutine, which
configures the SPI in an optimal w& he user-customised subroutine tlkepies the rest of the boot code
potentially much faster than tlee-chip ROM software can achieve.

53.2 Features

The main features are as follows:
» Provides mechanism to load initizdition code from external SPI| EEPROM
» Simple data structure in SPI EEPROM
» BOOT signature will be checked to valig that the EEPROM contains valid code
» Supports variable code length in EEPROM
* Flexible target memory device
* Supports target memory configuration controlled by the user

5.3.3 EEPROM Data Structure

The EEPROM should contain the initzation code length ibytes, source addse in the SPI EEPROM,
destination address in the target memory deviasgugion starting addressiédimultiple configuration
words with pairs of targetdaress and its respective data.
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Figure 5-4shows the required SPI EEPROM data structure.

0x00

Reserved
Ox3F
0x40

Control Words

0x63
0x64

Reserved
OX7F
0x80

Configuration Words
Source Address

A

User’s Code

Figure 5-4. SPI EEPROM Data Structure

Table 5-5describes the SPI EEPROM data structure.

Table 5-5. SPI EEPROM Data Structure

Address Data Bits [0-31]

0x00-0x3F Reserved.

0x40-0x43 BOOT signature. This location should contain the value 0x424F_4F54, which is the ASCII code for
BOOT. The SPI loader code will search for this signature, initially in 24-bit addressable mode. If the value
in this location doesn't match the BOOT signature, then the EEPROM is accessed again, but in 16-bit
mode. If the value in this location still does not match the BOOT signature, it means that the SPI device
doesn't contain a valid user code. In such case the SPI loader code will hang.

0x44-0x47 Reserved

0x48-0x4B User’s code length. Number of bytes in the user’s code to be copied.
Must be a multiple of 4.
4 dUser’s code length d2 Gbytes.

0x4C-0x4F Reserved

0x50-0x53 Source Address. Contains the starting address of the user’s code as an offset from the EEPROM
starting address.

0x54-0x57 Reserved

0x58-0x5B Target Address. Contains the target address in the system’s local memory address space in which the
user’s code will be copied to.

0x5C—-0x5F Reserved

0x60-0x63 Execution Starting Address. Contains the jump address in the system’s local memory address space
into the user’s code first instruction to be executed.

0x64—-0x67 Reserved
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Table 5-5. SPI EEPROM Data Structure (continued)

Address Data Bits [0-31]

0x68-0x6B N. Number of Config Address/Data pairs.
Must be d1024 (but is recommended to be as small as possible).

0x6C—-Ox7F Reserved.
0x80-0x83 Config Address 1
0x84—-0x87 Config Data 1
0x88-0x8B Config Address 2
0x8C—-0x8F Config Data 2

0x80 + 8 UN-1) Config Address N

0x80 + 8 UN-1) + 4 | Config Data N (Final Config Data N optional)

User’s Code

5.3.3.1 Configuration Words Section

The configuration words segh is comprised of Configddress and Config Datmirs of adjacent 32-bit
fields. These are typically useddonfigure the local aess windows and the target memory controller’s
registers. They are therefore systeapehdent, as they need to be anarthe type andonfiguration of
memory in a particular system.

The Config Address field has two madbat are selected by the least gigant bit in thefield (CNT). If
the CNT bit is clear, then the 30 si®ignificant bits are used to forime address pointand the Config
Data contains the data to be written to this addiedse CNT bit is set then the 30 most significant bits
are used for control instruction. This flexible sturetallows the user to configure any 4-byte aligned
memory mapped register, perform control instructiamsl specify the end of the configuration stage.

Note that it is illegal to chandgbe content of the IMMRBAR by usirtgis mechanism. Any attempt to do
so will cause the bogdrocess to hang.

The Config Address structure is showrFigure 5-5

o 1 2 3 30 31
CNT =0 Address —|CNT
CNT = 1|EC|DLY|CF — CNT

Figure 5-5. Config Address Fields
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Table 5-6shows the Config Addss field description, CNT = 0.
Table 5-6. Config Address Field Description, CNT =0

Bits Name Description
0-29 Address Address bits 0-29. The data in the Config Data field is copied by the e300 core to this address.
30 — Reserved. Must be zero.
31 CNT Control. Select between Address mode and Control mode.
0 Address mode
1 Control mode

Table 5-7shows the Config Addss field description, CNT = 1.
Table 5-7. Config Address Field Description, CNT =1

Bits Name Description

0 EC End Configuration. Indicates the end of the configuration stage. Valid only if bit CNT is set.

0 Not the last Config Address field.

1 The Last Config Address field. The e300 core will stop the configuration stage and start to copy
the user’s code.

This must be set for Config Address Word N, and not be set for Config Address words prior to

Config Address Word N.

1 DLY Delay. Instruct the e300 core to perform delay according to the number that is specified in the
adjacent Config Data field. The adjacent Config Data field provides the delay measured in terms
of the number of 8 CSB clocks. Valid only if bit CNT is set.

0 No delay.

1 Delay.

2 CF Change frequency. Instruct the e300 core to perform sequence of operations to setup the SPI CS1
mode register with the frequency related (PM and DIV16) bits as defined by the user. The adjacent
Config Data field will be written to the SPI mode register. Software will use DIV16 and PM bits and
mask all other bits such that they will not change. Software will perform the necessary steps which
are required by the SPI controller before and after changing the SPI mode register.

This only takes effect after all of the Configuration and Control words have been read.

3-30 — Reserved. Must be zero.

31 CNT Control. Select between Address mode and Control mode.

0 Address mode

1 Control mode

Note: When CNT = 1, bits 0-29 select the control instruction. Only one bit in the range of bits 0-29
can be set at any specific control instruction. A control instruction with bits 0-29 all cleared
is also illegal.

5.34 SPI Controller Configuration

The SPI controller configuration is used by 8fel boot ROM software. Aftehe boot from SPI has
finished, the user can change this configion for other uses of the SPI interface.

The SPI controller is configured tperate in master mode. The SPISkjut should be forced inactive
by an external pull up. The Setip select (SPISEL_BOQTmust be connectdd the EEPROM C&nd
selectively enables the EEPROM.
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Figure 5-6shows the external signal connection.

MPC8309
SPIMOSI
SPIMISO
SPICLK
SPISEL_BOOT
SPISEL

<

Y

EEPROM
D (Data In)
Q (Data Out)
C (Serial Clock)

S (Chip Select)

HOLD

Figure 5-6. External Signal Connection
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Chapter 6
System Configuration

6.1 Introduction

This chapter describes sevemahdtions that control the local assewindows, system configuration,
protection, and general utilities. These fuocs are discussed in the following sections:

e Section 6.2, “Local Memory Map Overview and Example”

» Section 6.3, “System Configuration”

» Section 6.4, “Software Watchdog Timer (WDT)”

» Section 6.5, “Real Tim€lock Module (RTC)”

» Section 6.6, “Periodic Interval Timer (PIT)”

* Section 6.7, “General-Purpose Timers (GTMs)”

» Section 6.8, “Power Management Control (PMC)”

6.2 Local Memory Map Overview and Example

The device provides a flexible local memory map. [Blsal memory map refers to the 32-bit address space
seen by the processor as it accesses memory andlé@. spternal DMA engines also see this same local
memory map. All memory accessed by the DDR SDRAMIlanal bus memory controllers exists in this
memory map, as do all memory-mapped aunation, control, and status registers.

The local memory map tefined by a set of sevéwocal access windows. Each of these windows maps a
region of memory to a particulargget interface, such as the DDR SDRA&ontroller. Note that the local
access windows do not perform any addrtranslation. The size of eagimdow can be configured from

4 Kbytes to 2 Gbytes. Each local acc@gndow is assigned to a spectii@rget interface as specified in
Table 6-1

Table 6-1. Local Access Windows Target Interface

Window Number Target Interface Comments

Configuration registers (IMMR) Fixed 2-Mbyte window size

Local bus —

Local bus —

Local bus —

Local bus —

PCI —

ol | | W|IDN| ]| O

PCI —
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Table 6-1. Local Access Windows Target Interface (continued)

Window Number Target Interface Comments
7 DDR2 SDRAM —
8 DDR2 SDRAM —

Figure 6-1shows an example memory map.

0 Example Local Memory Map

DDR2 SDRAM
Memory
0x8000_0000| _ |
Local Bus SRAM — |
0xA000_0000
I/0
Configuration Registers
Local Bus Flash IMMR

Boot ROM

OXFFFF_FFFF

Figure 6-1. Local Memory Map Example

Table 6-2shows one example ofdal access window settings.

Table 6-2. Local Access Windows Example

Window Base Address Size Target Interface
5 0x0000_0000 2 Gbytes DDR2 SDRAM
2 0x8000_0000 1 Mbyte Local bus
7 0xA000_0000 1 Mbyte PCI
3 0xC000_0000 256 Mbytes | Local bus
0 0xFF40_0000 2 Mbyte Configuration registers (IMMR)
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Table 6-2. Local Access Windows Example (continued)

Window Base Address Size Target Interface
1 0xFF80_0000 8 Mbytes Local bus boot ROM Flash
6,4 Unused

In this example, the local accegmdow of the boot ROM is definess window number 1, on a local bus
device, in the highest 8 Mbgg of memory as set by the resatftguration word high during the reset
sequence (seeection 4.3.2.2.3, “Boot ROM LocationandSection 6.2.4.3.1,
“LBLAWBARO[BASE_ADDR] Reset Value."The local access window, which describes the range of
memory used for memory-mapped registers (IMMRJ fixed 2-Mbyte space pointed to by the
IMMRBAR register, using its dault value (0xFF40_0000). S&ection 6.2.4.1, “Internal Memory Map
Registers Base AddreRegister IMMRBAR).”

6.2.1 Address Translation and Mapping

In addition to any address translation perforrgdhe e300 core MMU, onete distinct types of
translation and mapping operations ésperformed on transactions at thieegrated device level. These
are as follows:

* Mapping a local address to a target interface
» Translating the local 3Bit address to an external address space
» Translating externadddresses to the loca2-bit address space

The local access windows perform target mappingrémsactions within the local address space. The
local access windows do not perfoany address translation.

Outbound windows perform the mapping from the I@2bit address space to the address space of the
PCI Express interface, which may be much larger than the local space.

Inbound windows perform address tratigln from the external addsespaces of the PCI Express
interface to the local address space.

Outbound windows perform the mappiingm the local 32-bit addressase to the address space, which
may be much larger than the local space.

Inbound windows perform address tratisia from the external addressases to the localddress space.

All of the configuration registers that define ppang of local access windowslifmv the same register
format. Table 6-3summarizes the general format of these window definitions.

Table 6-3. Format of Window Definitions

Register Function

Base address High-order address bits defining location of the window in the initial address space
1

Window size/attributes Window enable, window size

1 An exception is the IMMR window, which is always enabled and has a fixed 2-Mbyte size.
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Windows must be a power-of-two size. To perform g@pivag function, the addres$ the transaction is
compared with the base addresgister of each window. The numberlofs used in the comparison is
dictated by each window’s size attribute. When anesfnits within a window, the transaction is directed
to the appropriate target.

6.2.2 Window into Configuration Space

The internal memory map registelbsise address regis@MRBAR) defines a wndow that is used to
access all memory-mapped cigiiration, control, and stas registers, referred &s internal memory map
registers or IMMR. This window iglways enabled with a fixed size dMbytes, and no other attributes
are attached so there is no assedaize/attribute register. This windalways takes precedence over all
local access windows. The IMMRBAR alysacome out of reset with a default base address value of
0xFF40_0000, and this base address value can bédieadaly writing to this register. For more
information, se&ection 6.2.4.1, “Internal Memory Map Regist Base Address Bister IMMRBAR).”

NOTE

Although it is legal to usthe 2-Mbyte space consecutive to the 2 Mbytes of
the IMMR (for example, if IMMRBAR is 0xFF40_0000, the 2-Mbyte
address space consecutive to it is OxFF60_0000-0OxFF7F_FFFF), it is not
recommended. This space may be usddture derivatives of the device
that require a larger internal memory space.

6.2.3 Local Access Windows

As demonstrated in theddress map overview Bection 6.2, “Local Memory Map Overview and
Example,”local access windows associate a eaofthe local 32-bit addressasye with a particular target
interface. This allows the internakterconnections of the device to rewt transaction fronts source to
the proper target. No address transhats performed. The base addrdsfines the high order address bits
that give the location of the windaw the local address space. Thaaow attributes enable the window
and define its size, while the windowmber specifies the target interface.

With the exception of configuratn space (mapped by IMMRBAR), all@resses used by the system must
be mapped by a local accegadow. PCIThis includes addresses tua mapped by PCI Express inbound
windows.

The local access window registers exist as pdtiefocal access block in the system configuration
registers. Se8ection 6.3.2, “System Configuration Registefsdetailed descrijmn of the local access
window registers is given ithe following sections. Note that thenimum size of avindow is 4 Kbytes,
so the low order 12 bits of thmse address cannot be specified.

6.2.3.1 Local Access Register Memory Map

Table 6-4shows the memory map for the local access registers.
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Table 6-4. Local Access Register Memory Map

Local Access—BIlock Base Address 0x0_0000

Local Memory . L
Offset (Hex) Register Access Reset Section/Page
0x0_0000 Internal memory map base address register (IMMRBAR) R/W | OxFF40_0000 | 6.2.4.1/6-6
0x0_0004 Reserved — — —
0x0_0008 Alternate configuration base address register (ALTCBAR) R/W | 0x0000_0000 6.2.4.2/6-7
0x0_000C-0x0_001C | Reserved — — —
0x0_0020 eLBC local access window 0 base address register R/W | 0x0000_0000' | 6.2.4.3/6-8
(LBLAWBARO)
0x0_0024 eLBC local access window O attribute register (LBLAWAROQO) | R/W 0x0000_0000? | 6.2.4.4/6-9
0x0_0028 eLBC local access window 1 base address register R/W | 0x0000_0000 6.2.4.3/6-8
(LBLAWBAR1)
0x0_002C eLBC local access window 1 attribute register (LBLAWAR1)| R/W | 0x0000_0000 6.2.4.4/6-9
0x0_0030 eLBC local access window 2 base address register R/W 0x0000_0000 6.2.4.3/6-8
(LBLAWBAR?2)
0x0_0034 eLBC local access window 2 attribute register (LBLAWAR2) | R/W | 0x0000_0000 6.2.4.4/6-9
0x0_0038 eLBC local access window 3 base address register R/W 0x0000_0000 6.2.4.3/6-8
(LBLAWBARS3)
0x0_003C eLBC local access window 3 attribute register (LBLAWAR3)| R/W | 0x0000_0000 6.2.4.4/6-9
0x0_0040-0x0_005C |Reserved — 0x0000_0000 —
0x0_0060 PCI local access window 0 base address register R/W OxOOOO_OOOO3 6.2.4.5/6-10
(PCILAWBARO)
0x0_0064 PClI local access window O attribute register (PCILAWARO) | R/W | 0x0000_0000%* | 6.2.4.6/6-11
0x0_0068 PCIl local access window 1 base address register R/W OXOOOO_OOOO5 6.2.4.5/6-10
(PCILAWBAR1)
0x0_006C PCl local access window 1 attribute register (PCILAWAR1) | R/W | 0x0000_0000 | 6.2.4.6/6-11
0x0_0070— Reserved — — —
0x0_00
0x0_00A0 DDR2 local access window 0 base address register R/W | 0x0000_0000° | 6.2.4.7/6-12
(DDRLAWBARO)
0x0_00A4 DDR?2 local access window O attribute register R/W OXOOOO_OOOO7 6.2.4.8/6-13
(DDRLAWARO)
0x0_00A8 DDR2 local access window 1 base address register R/W | 0x0000_0000 | 6.2.4.7/6-12
(DDRLAWBAR1)
0x0_00AC DDR?2 local access window 1 attribute register R/W | 0x0000_0000 | 6.2.4.8/6-13
(DDRLAWAR1)
0x0_00B0-0x0_O00FC | Reserved — — —

1 Depends on reset configuration word high values. See Section 6.2.4.3.1, “LBLAWBARO[BASE_ADDR] Reset Value,” for
details.

2 Depends on reset configuration word high values. See Section 6.2.4.4.1, “LBLAWARO[EN] and LBLAWARO[SIZE] Reset
Value,” for details.

8 Depends on reset configuration word high values.
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4 Depends on reset configuration word high values.

5 Depends on reset configuration word high values. See Section 6.2.4.6.1, “PCILAWARO[EN] and PCILAWARO[SIZE] Reset
Value,” for details.

6 Depends on reset configuration word high values. See Section 6.2.4.7.1, “DDRLAWBARO[BASE_ADDR] Reset Value,” for
details.

” Depends on reset configuration word high values. See Section 6.2.4.8.1, “DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset
Value,” for details.

6.2.4 Local Access Register Descriptions

This section describes the local access registers.

6.2.4.1 Internal Memory Map Registers Base Address Register IMMRBAR)

The IMMR window containsanfiguration, control, andatus registers, as wel internal device memory
arrays. The internal memory map occupiesMiB4e region of memory space. Its location is
programmable using the internal memory map reg{#viR). The default base address for the internal
memory map register is OxXFF40_0000. Because IMMRBAR offset Ox0 fronthe beginning of the
local access registers, IMMRBRalways points to itself.

6.2.4.1.1  Updating IMMRBAR

Updates to IMMRBAR that relocatbe entire 2-Mbyte region of theternal memory block require
special treatment. The effect okthpdate must be guaranteed twiséle by the mapping logic before
an access to the new location isrseTo make sure this happetig following guidelines should be
followed:

 IMMRBAR should be updated during initial cogtiration of the device when only one host or
controller has access to the device as follows:

— If the core is initializing thelevice, it should set IMMRBAR tilne desired final location before
enabling other 1/O devices to access the device.

* When the e300 core is writing to IMMRBA it should use the following sequence:

— Read the current value BIMRBAR using a load word instruction followed by esync. This
forces all accesses to configuration space to complete.

— Write the new value to IMMRBAR.

— Perform a load of an address that doesanoéss configuration spaor the on-chip SRAM,
but has an address mapping already in effectefample, boot ROM). How this load with
anisync.

— Read the contents of IMMRBAR froits new location, followed by anotheync.
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The IMMRBAR is shown irFigure 6-2

Offset 0x00 Access: Read/Write
0 ‘ ‘ 10 11 ‘ 15
R
W BASE_ADDR —
Reset 1 1 1 1 1 1 1 1 \ 0 1 0 0 \ 0 0 0 0
16 ‘ ‘ 31
R
" —
Reset All zeros

Figure 6-2. Internal Memory Map Registers’ Base Address Register (IMMRBAR)

Table 6-5defines the bit fields of IMMRBAR.
Table 6-5. IMMRBAR Bit Settings

Bits Name Description

0-10 BASE_ADDR | Identifies the 11 most-significant address bits of the base of the 2-Mbyte internal memory window.

11-31 — Reserved. Software must write all zeros.

6.2.4.2 Alternate Configuration Base Address Register (ALTCBAR)

The alternate configuration base agkir register (ALTCBAR) is used tiefine the base address for an
alternate 2-Mbyte region @onfiguration space to be used by lw®t sequencer. By loading the proper
boot sequencer command irtherial ROM, the base address m AL TCBAR can be combined with the
21 bits of address offset supplied from the seriaVRO generate a 32-biddress. Thus, by configuring
this register, the boot sequencer has access totihe memory map, one 2-Mbyte block at a time. See
Section 17.4.5, “Boot Sequencer Modf&i more information.

NOTE

ALTCBAR is not considered a locatcess window on its own, so the boot
sequencer must configure onetloé other seven local access windows
properly to reach the deed target peripherals.

The alternate configuration baaddress register is shownkigure 6-3

Offset 0x08 Access: Read/Write
0 ‘ ‘ 10 11‘ ‘ ‘ ‘ 31
R
BASE_ADDR —
W
Reset All zeros

Figure 6-3. Alternate Configuration Base Address Register (ALTCBAR)
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Table 6-6defines the bit fields of ALTCBAR.

Table 6-6. ALTCBAR Bit Settings

Bits Name Description

0-10 | BASE_ADDR | Identifies thell most-significant address bits of an alternate base address used for boot sequencer
configuration accesses.

11-31 — Reserved. Write has no effect, read returns 0.

6.2.4.3 LBC Local Access Window n Base Address Registers
(LBLAWBARO-LBLAWBAR3)

The LBC local access windowbase address registers (LBLBARO-LBLAWBAR3) are shown in
Figure 6-4

Offset 0x20, 0x28, 0x30, 0x38 Access: Read/Write
0 | | | | 19 20 | | a1
R 1
BASE_ADDR —
W
Reset All zeros

Figure 6-4. LBC Local Access Window n Base Address Registers (LBLAWBARO-LBLAWBAR3)

1 The LBLAWBARO[BASE_ADDR] reset value depends on the reset configuration word high values. See Section 6.2.4.3.1,
“LBLAWBARO[BASE_ADDR] Reset Value,” for a detailed description.

Table 6-7defines the bit fields of LBLAWBARO-LBLAWBARS.
Table 6-7. LBLAWBARO-LBLAWBARS3 Bit Settings

Bits Name Description

0-19 | BASE_ADDR | Identifies the 20 most-significant address bits of the base of local access window n. The specified
base address should be aligned to the window size, as defined by LBLAWARN[SIZE].

20-31 — Reserved. Write has no effect, read returns 0.

6.2.4.3.1 LBLAWBARO[BASE_ADDR] Reset Value

The core may also use a local bus peripheral dewitetch its boot vector. For this purpose, the
LBLAWBARO[BASE_ADDR] resd value is set according to the vahet in the reset configuration word

high BMS field.

Table 6-8defines the reset valwé LBLAWBARO[BASE_ADDR].
Table 6-8. LBLAWBARO[BASE_ADDR] Reset Value

RCWHR[BMS] BASE_ADDR Reset Value
0 0x00000
1 O0xFF800
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6.2.4.4 LBC Local Access Window n Attributes Registers
(LBLAWARO-LBLAWAR3)

The LBC local access windomattributes registers (LBLAWARO-LBLAWAR3) are shownHigure 6-5

Offset 0x24, 0x2C, 0x34, 0x3C Access: Read/Write
0 1 | | | | | B o
R
EN — SIZE
w

Resetolooo\oooo\oooo\ooo00000\0000\0000\00002

1 The LBLAWARO[EN] reset value depends on the reset configuration word high values. See Section 6.2.4.4.1, “LBLAWARO[EN]
and LBLAWARO[SIZE] Reset Value,” for a detailed description.

2 The LBLAWARO[SIZE] reset value is always 0b010110, meaning an 8-Mbyte local access window. See Section 6.2.4.4.1,
“LBLAWARO[EN] and LBLAWARO[SIZE] Reset Value,” for a detailed description.

Figure 6-5. LBC Local Access Window n Attributes Registers (LBLAWARO-LBLAWAR3)

Table 6-9defines the hit fields of LBLAWARO-LBLAWARS.
Table 6-9. LBLAWARO-LBLAWARS Bit Settings

Bits | Name Description

0 EN |0 Local bus local access window n is disabled.
1 Local bus local access window n is enabled and other LBLAWARO and LBLAWBARO fields combine to
identify an address range for this window.

1-25 — Reserved. Write has no effect, read returns 0.

26-31 | SIZE |Identifies the size of the window from the starting address. Window size is 2(S/ZE+1) pytes.
000000—001010 Reserved. Window is undefined.

001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

....... 2(SIZE+D) pytes

011110 2 Gbytes

011111-111111 Reserved. Window is undefined.

6.2.4.4.1 LBLAWARO[EN] and LBLAWARO[SIZE] Reset Value

The core may use a local bus peripheral devidettd its boot vector. For this purpose an 8-Mbyte
(2(22*1) |ocal access window is defined by the LBMBARO[SIZE] reset value, and LBLAWARDO is
enabled according to the value set in tteeteonfiguration word high ROMLOC field.
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Table 6-10defines the reset value for LBLAWARO[EN].
Table 6-10. LBLAWARO[EN] Reset Value

RCWHR[ROMLOC] | RLEXT!? LBLAWAROIEN] Description
Reset Value
001 01 1 e300 core boot performed from a local bus device. Local bus
8-Mbyte (2(22*1)y |ocal access window is enabled.

101 00

01
110 00

others 0 €300 core boot not performed from a local bus device.

1 For more information, see Section 4.3.2.2, “Reset Configuration Word High Register (RCWHR).”

6.2.4.5 PCI Local Access Window n Base Address Register
(PCILAWBARO-PCILAWBARL1)

The PCI local access windanbase address registers (PCWBARO-PCILAWBARL1) are shown in
Figure 6-6

Offset 0x60 Access: Read/Write
0x68
0 19|20 31
R
BASE_ADDR —
W
Reset All zeros?

1 The reset value of PCILAWBARO[BASE_ADDR] depends on the reset configuration word high values. See
Section 6.2.4.5.1, “PCILAWBARO[BASE_ADDR] Reset Value,” for a detailed description.

Figure 6-6. PCI Local Access Window n Base Address Registers (PCILAWBARO-PCILAWBARL1)

Table 6-11defines the bit fields of PCILAWBARO-PCILAWBAR1.
Table 6-11. PCILAWBARO-PCILAWBAR1 Bit Settings

Bits Name Description

0-19 | BASE_ADDR | Identifies the 20 most-significant address bits of the base of local access window n. The specified
base address should be aligned to the window size, as defined by PCILAWARN[SIZE].

20-31 — Reserved. Write has no effect, read returns 0.

6.2.4.5.1 PCILAWBARO[BASE_ADDR] Reset Value

The core may use a PCI peripheral devicketoh its boot vector. For this purpose, the
PCILAWBARO[BASE_ADDR] reset value is set accordinghe value set in the reset configuration word
high BMS field.
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Table 6-12defines the reset value of PCILAWBARO[BASE_ADDR].
Table 6-12. PCILAWBARO[BASE_ADDR] Reset Value

RCWHR[BMS] PCILAWBARO[BASE_ADDR]
Reset Value
0 0x00000
1 0xFF800

6.2.4.6 PCI Local Access Window n Attributes Registers
(PCILAWARO-PCILAWAR1)

The PCl local access windawattributes registers (PCIMMARO-PCILAWARL1) are shown iRigure 6-7

Offset 0x64 Access: Read/Write
0x6C
0 1 ‘ ‘ ‘ ‘ ‘ ‘ 25 26 ‘ 31
R
EN — SIZE
W
Reset All zeros12

1 The reset value of PCILAWARO[EN] depends on the reset configuration word high values. See Section 6.2.4.6.1,
“PCILAWARO[EN] and PCILAWAROI[SIZE] Reset Value,” for a detailed description.

2 The reset value of PCILAWARO[SIZE] is always 0b010110, meaning an 8-Mbyte local access window. See
Section 6.2.4.6.1, “PCILAWARO[EN] and PCILAWARO[SIZE] Reset Value,” for a detailed description

Figure 6-7. PCI Local Access Window n Attributes Registers (PCILAWARO-PCILAWAR1)

Table 6-13defines the bit fields of PCILAWARO-PCILAWARLI1.
Table 6-13. PCILAWARO-PCILAWAR1 Bit Settings

Bits | Name Description

0 EN |0 The PCI local access window n is disabled.
1 The PCIl local access window n is enabled and other PCILAWARN and PCILAWBARN fields combine to
identify an address range for this window.

1-25 — Reserved. Write has no effect, read returns 0.

26-31 | SIZE |Identifies the size of the window from the starting address. Window size is 2(S/ZE+1) pytes.
000000—001010 Reserved. Window is undefined.

001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

....... 2(SIZE+D) pytes

011110 2 Gbytes

011111-111111 Reserved. Window is undefined.

6.2.4.6.1 PCILAWARO[EN] and PCILAWARO[SIZE] Reset Value

The core may use a PCI peripheral device tdhfégscboot vector. For this purpose an 8-Mbyt@2(21))
local access window is defined by the PCILAWBARIZE] reset value, and PCILAWARO is enabled
according to the value set in the tesenfiguration word high ROMLOC field.
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Table 6-14defines the reset value of PCILAWARO[EN].
Table 6-14. PCILAWARO[EN] Reset Value

PCILAWRO[EN] I
RCWHR[ROMLOC] Reset Value Description
000 0 €300 core boot not performed from a PCI device.

6.2.4.7 DDR Local Access Window n Base Address Registers
(DDRLAWBARO-DDRLAWBAR1)

The DDR local access windombase address registers (DDRVBARO-DDRLAWBAR1) are shown
in Figure 6-8

Offset OxAO0 Access: Read/Write
OxA8
0 ‘ 19 | 20 31
R
BASE_ADDR —
w
Reset All zeros?

1 Thereset value of DDRLAWBARO[BASE_ADDR] depends on the reset configuration word high values. See Section 6.2.4.7.1,
“DDRLAWBARO[BASE_ADDR] Reset Value,” for a detailed description

Figure 6-8. DDR Local Access Window n Base Address Registers (DDRLAWBARO-DDRLAWBAR1)

Table 6-15defines the bit fields of DDRLAWBARMDRLAWBARL.
Table 6-15. DDRLAWBARO-DDRLAWBARLI Bit Settings

Bits Name Description

0-19 BASE_ADDR | Identifies the 20 most-significant address bits of the base of local access window n. The specified
base address should be aligned to the window size, as defined by DDRLAWARN[SIZE].

20-31 — Reserved. Write has no effect, read returns 0.

6.24.7.1 DDRLAWBARO[BASE_ADDR] Reset Value

The core may use a DDR SDRAM device tizlfeits boot vector. For this purpose, the
DDRLAWBARO[BASE_ADDR] reset valués set according to the valget in the reset configuration
word high BMS field.

Table 6-16defines the reset value DDRLAWBARDO.
Table 6-16. DDRLAWBARO[BASE_ADDR] Reset Value

RCWHR[BMS] DDRLAWBARO[BASE_ADDR]
Reset Value
0 0x00000
1 0xFF800
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6.2.4.8 DDR Local Access Window n Attributes Registers
(DDRLAWARO-DDRLAWAR1)

The DDR local access windowattributes registers (DDRLAWARDDRLAWAR1) are shown in
Figure 6-9

Offset OxA4 Access: Read/Write
OxAC
0 1 25 26 31
R
EN — SIZE
w
Reset All zeros2

1 The reset value of DDRLAWARO[EN] depends on the reset configuration word high values. See Section 6.2.4.8.1,
“DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset Value,” for a detailed description.

2 Thereset value of DDRLAWARO[SIZE] is always 0b010110, meaning an 8-Mbyte local access window. See Section 6.2.4.8.1,
“DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset Value,” for a detailed description.

Figure 6-9. DDR Local Access Window n Attributes Registers (DDRLAWARO-DDRLAWAR1)

Table 6-17defines the bit fields of DDRLAWARO-DDRLAWAR1.
Table 6-17. DDRLAWARO-DDRLAWAR1 Bit Settings

Bits | Name Description

0 EN |0 The DDR local access window n is disabled.
1 The DDR local access window n is enabled and other DDRLAWARN and DDRLAWBARN fields combine
to identify an address range for this window.

1-25 — Reserved. Write has no effect, read returns 0.

26-31 | SIZE |Identifies the size of the window from the starting address. Window size is 2(S'ZE*1) pytes.
000000-001010 Reserved. Window is undefined.

001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

....... 2(SIZE+D) pytes

011110 2 Gbytes

011111-111111 Reserved. Window is undefined.

6.2.4.8.1 DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset Value

The core may use a DDR SDRAM device to fatstboot vector. For this purpose an 8-Mbyt@?(215
local access window is defined by DDRLAWBARO[SIZteEet value, and DDRLAWARQO is enabled
according to the value set in the riesenfiguration word high ROMLOC field.
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Table 6-18defines the reset value DDRWARO[EN] and DDRLAWARO[SIZE].
Table 6-18. DDRLAWARO[EN] Reset Value

RCWHR[ROMLOC] RLEXT?! DDRLAWARO[EN] Description
Reset Value
000 00 1 e300 core boot performed from a DDR SDRAM device. DDR
8-Mbyte (2(22*1)) |ocal access window is enabled.
Else - 0 e300 core boot not performed from a DDR SDRAM device.

1 For more information, see Section 4.3.2.2, “Reset Configuration Word High Register (RCWHR).”

6.2.5 Precedence of Local Access Windows

If two local access windows overlap, the lowembered window takes precedence (&d#e 6-19for
window numbers). For instance, iftvwindows are set up as showrTable 6-19local access window 1
governs the mapping of the 1-Mbyte regfoom Ox7FF0_0000 to Ox7FFF_FFFF, even though the
window described in local access windowlS0 encompasses that memory region.

Table 6-19. Overlapping Local Access Windows

Window Base Address Size Target Interface
1 0x7FF0_0000 1 Mbyte Local bus
5 0x0000_0000 2 Gbytes |DDR SDRAM

6.2.6 Configuring Local Access Windows

After a local access window is enatblé should not be modified whikny device in the system may be
using the window. Accordingly, a wewindow should not be used until the effect of the write to the
window is visible to all blocks that use the wind@wis can be guaranteed bympleting a read of the
last local access windovefiguration register before enablingyaother devices to use the window. For
instance, if local bus local acsasindows 1-3 are being configuredorder during the initialization
process, the last write (to LBLAWAR3) should béddwed by a read of LBLAWARS before any devices
try to use any of these windows. If the configumatis being done by the local e300 core, the read of
LBLAWARS should be followed by aisync instruction.

6.2.7 Distinguishing Local Access Windows from Other Mapping
Functions

It is important to distinguish between the maggpiunction performed by the local access windows and
the additional mapping functions thHeatppen at the target interfadée local access windows define how
a transaction is routed thrgh the device internal interconnects frtima transaction’s source to its target.
Once the transaction has arrived at its target exterfthat interface contrel may perform additional
mapping. For instance, the DDR SDRAddntroller has chip select ratgrs that map a memory request
to a particular external device. &local bus controller has base stgis that perform a similar function.
The PCI Express interfad@s outbound address translation unigd thap the local address into an
external address space.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

6-14 Freescale Semiconductor



System Configuration

These other mapping functions amnfigured by programming the cagiiration, control, and status
registers of the individual interfaces. Note tha&tréhis no need to haaeone-to-one correspondence
between local access windows and ddefect regions. A single local access window can be further
decoded to any number of ctgplects at the target interface.

6.2.8 hasha®utbound Address Translation and Mapping Windows

Outbound address translation and magpefers to the translation afldresses from the local 32-bit
address space to the external addspase and attributes of a particul@ interface. On this device, the
PCI block has an outbound address translation unit.

The PCI controller has six outbound wawes plus a default window. S&ection 4.5, “Memory
Map/Register Definitions,for a detailed description of the PCI outbound windows.

6.2.9 Inbound Address Translation and Mapping Windows

Inbound address translation amadpping refers to the tralation of an addressdim the external address
space of an I/O interface (suchRSI address space) to the local &ddrspace understood by the internal
interfaces of this processor. It also refers to thppimg of transactions to a piadlar target interface and
the assignment of transactiotrégutes. The PCI controller kanbound address translation unit.

6.2.9.1 PCI Express Inbound Windows

The PCI Express controller hasuf inbound windows. In the PCI Exgas EP (End Point) mode, these
windows are same as the baslelress registers in the PCI Exprasgyramming model. In the PCI Express
RC (Root Complex) mode, there are feeparate registers, PEX_RCIWBARL[0:3].

6.2.9.2 PCI Inbound Windows

The PCI controller has three general inbound wivalplus a dedicated window for memory-mapped
configuration accesses (PIMMR). 8$e windows have a one-to-onerespondence witthe base address
registers in the PCI progmming model. Updating oeitomatically updates thehar. There is no default
inbound window; if a PCI address doeot match one of the inbound windows, this processor does not
respond with an asg@sn of PCI_DEVSEL SeeSection 23.4.6, “PCI Inbounélddress Translationfor

a detailed description of the PCI inbound windows.

6.2.10 hadnternal Memory Map

All of the memory mapped configuration, control, atatus registers in the wlee are contained within
a 2-Mbyte address region, refed as the IMMR. To allw for flexibility, the internal memory map block
can be relocated in the local address space. Thiedddeess map location dfis register block is
controlled by the internal memory map regist base address retgr (IMMRBAR); se€Section 6.2.4.1,
“Internal Memory Map Registers Ba Address Register IMMRBAR)The default value for the
IMMRBAR is 0xFF40_0000.
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NOTE

The internal memory map window is alygahe highest priity local access
window.

6.2.11 Accessing Internal Memory from External Masters

In addition to being accessible by the e300 psoe the IMMR memory window is accessible from
external interfaces. This allows external reeson the 1/0 ports to configure the device.

External masters do not need to krtbw location of the IMMR memotin the local address map. Rather,
they access this region of the local memory map thraugimdow defined by a regfier in the interface’s
programming model that is accessible to thereglemaster from its external memory map.

6.3  System Configuration
The following sections describe some general infdiom and configuration otins that affect system

behavior and performance.

6.3.1 System Configuration Register Memory Map

Table 6-20shows the memory map for the system configuration registers.
Table 6-20. System Configuration Register Memory Map

Local
Memory Register Access Reset Section/Page
Offset (Hex)
System Configuration—Block Base Address 0x0_0000
0x00100 | System general purpose register low (SGPRL) R/W 0x480E_FF20 6.3.2.1/6-17
or 0x0000_0000

0x00104 | System general purpose register high (SGPRH) R/W 0x0000_0000 6.3.2.2/6-18
0x00108 | System part and revision ID register (SPRIDR) R 0x8110_0010 6.3.2.3/6-18
0x0010C |Reserved — — —
0x00110 | System priority configuration register (SPCR) R/W 0x0000_0000 6.3.2.4/6-19
0x00114 | System I/O configuration register 1 (SICR_1) R/W 0x0000_000A 6.3.2.5/6-21

(other-boot)

0x0028_000A

(esdhc-boot)
0x00118 | System I/O configuration register 2 (SICR_2) R/W 6.3.2.6/6-24

0x9040_5500

(PCIARB=1)

0x9042_5500

(PCIARB=0)
0x00128 | DDR control driver register (DDRCDR) R/W 0x0000_0000 6.3.2.9/6-29
0x0012C | DDR debug status register (DDRDSR) R 0x3300_0000 6.3.2.10/6-30
0x00144 |eSDHC Control Regiser (SDHCCR) R/W 0x0000_0000 | 6.3.2.11/66-30
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Table 6-20. System Configuration Register Memory Map (continued)

Local
Memory Register Access Reset Section/Page
Offset (Hex)
0x00148 | CAN access control register (CAN_DBG_CTRL) R/W 0x0000_0000 | 6.3.2.12/66-32
0x0014C | SPI chip select register (SPI_CS) R/W 0x0000_0000 | 6.3.2.13/66-33
0x00150 | General purpose register 1 (GPR_1) R/W 0x0080_8001 | 6.3.2.14/66-34
0x00154— | Reserved — — —
0x00167
0x168 SIDCR2 R/W 0x0000 0000 6.3.2.16/66-36
(M66EN=0)
0xFCO00_0000
(MB6EN=1)
0x00169- |Reserved — — —
0x001BC
0x00154— |Reserved — — —
0x00164
0x00168 |SIDCR2 ()
0x0016C— | Reserved — — —
0x001BC
0x001CO | CAN interrupt status register (CAN_INT_STAT) R 0x0000_0000 | 6.3.2.16/66-36
0x001C4 |DUART interrupt status register (DUART_INT_STAT) R 0x0000_0000 | 6.3.2.17/66-38
0x001C8 |GPIO interrupt status register (GPIO_INT_STAT) R 0x0000_0000 | 6.3.2.18/66-39
0x001CC- | Reserved — — —
0x00IFC
6.3.2 System Configuration Registers

This section discusses thesgm configuration registers.

6.3.2.1

The system general purpose stgr low (SGPRL), shown fRigure 6-10 can be used by software for any
purpose. The values set in this registave no effect on the internal hardware.

System General Purpose Register Low (SGPRL)

Offset 0x00100 Access: Read/Write

0 | | | a

R
GP

w

Reset If esdhc-boot or spi-boot =>480E_FF20 else All Zeros

Figure 6-10. System General Purpose Register Low (SGPRL)
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Table 6-21defines the bit fields of SGPRL.
Table 6-21. SGPRL Bit Settings

Bits | Name Description

0-31 GP | General purpose

6.3.2.2 System General Purpose Register High (SGPRH)

The system general purpose stgr high (SGPRH), shown Figure 6-11 can be used by software for
any purpose. The values set in this registare no effect on the internal hardware.

Offset 0x00104 Access: Read/Write
0 | | 21
R
GP
w
Reset All zeros

Figure 6-11. System General Purpose Register High (SGPRH)

Table 6-22defines the bit fields of SGPRH.
Table 6-22. SGPRH Bit Settings

Bits | Name Description

0-31 GP | General purpose

6.3.2.3 System Part and Revision ID Register (SPRIDR)

SPRIDR, shown iffrigure 6-12 provides information aboutéhdevice and revision numbers.

Offset 0x00108 Access: Read only
0 23 24 31
R PARTID REVID
w
Reset See Table 6-24 and Table 6-25 for reset values of this register.

Figure 6-12. System Part and Revision ID Register (SPRIDR)
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Table 6-23defines the bit fields of SPRIDR.

Table 6-23. SPRIDR Bit Settings

System Configuration

Bits Name

Description

0-23 | PARTID | Part identification.
This read-only field is mask-programmed with a code corresponding to the device number. Itis intended to
help factory test and user code that is sensitive to device changes. The device number changes according
to manufacturing considerations. See Table 6-24 for values of this field.

24-31 | REVID [Revision identification.
This read-only field is mask-programmed with a code corresponding to the revision number of the part

defined in PARTID field. It is intended to help factory test and user code that is sensitive to device changes.
The mask number is programmed in a commonly changed layer, and changes with each mask set change.
See Table 6-25 for values of this field.

6.3.2.3.1

6.3.2.3.2

6.3.2.4

SPRIDR[PARTID] Coding

Table 6-24defines the reset values of SPRIDR[PARTID].
Table 6-24. PARTID Coding

PARTID

Device Name Package Type

0x811000

MPC8309 PBGA

SPRIDR[REVID] Coding
Table 6-25defines the reset values of SPRIDR[REVID].

Table 6-25. REVID Coding

REVID

Device Revision

0x10

1.0

System Priority and Configuration Register (SPCR)

The system priority and configation register (SPCR), shownkingure 6-13 controls the priority of
requests for transactions on the internal systemTiis priority is considered by the system arbiter
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whenever an internal unit requests mastershipeotterent system bus (CSBhe SPCR also includes
some other control functions.

Offset 0x00110 Access: Read/Write
0 1 2 3 7 8 9 10 11 12 15
R EN_SEONAK
— ~ RIX ~ | PCIHPE — PCIPR | OPT | TBEN | COREPR —
w
Reset All zeros
16 31
R
w
Reset All zeros

Figure 6-13. System Priority Configuration Register (SPCR)

Table 6-26defines the bit fields of SPCR.
Table 6-26. SPCR Bit Settings

Bits Name Description
0-1 — Reserved. Should be cleared.
2 EN_SEONAK_ | enable_seOnak_fix for USBDR
FIX If set, disables the SOF reporting when in SEO_NAK test mode.
3 PCIHPE PCI highest priority enable. If this bit is set, the PCI bridge is permitted to request the coherent system

bus (CSB) with highest priority, regardless of SPCR[PCIPR] value, when it needs to complete a posted
write transaction from an external PCI master. To follow PCI ordering rules specifications, the PCI bridge
must flush any outstanding write transactions before it can start a new read transaction. Setting this bit
allows faster flushing of the outstanding write transactions coming from the PCI bus onto the CSB and to
the device targets, such as DDR SDRAM and local bus memories.

4— — Reserved. Should be cleared.

6—7 PCIPR PCI bridge CSB request priority. The level of priority can be chosen from 4 possible levels.
00 Level O (lowest priority)
01 Level1
10 Level 2

11 Level 3 (highest priority)
Note: DMA has the same priority as PCI.

8 OPT Optimize. Setting this bit may enhance the performance of transactions issued to the internal coherent
system bus (CSB) by the and the . Performance is enhanced by reading more bytes on the bus than
actually needed by the master in the case that this is more efficient. The user may set this bit only if it is
known that transactions sent to the internal CSB are not accessing devices in which speculative reads
may change the state of the device (for example, FIFOs in which reading a byte may advance some
internal counter).

0 No performance enhancement.

1 Performance enhancement by speculative reading is enabled.

9 TBEN €300 core time base unit enable
0 Time base unit is disabled.
1 Time base unit is enabled.
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Table 6-26. SPCR Bit Settings (continued)

Bits Name Description

10-11 COREPR e300 core CSB request priority. The priority level for the core in accessing the CSB can be chosen from
4 possible levels.

00 Level O (lowest priority)

01 Level 1

10 Level 2

11 Level 3 (highest priority)

12-31 — Reserved. Should be cleared.

6.3.2.5 System 1/O Configuration Register 1 (SICR_1)

The system I/O configuration registe(SICR_1) controls the multiplexg of some of th device 1/O pins.
Each bit or set of bits in the GR_1 selects which functias used by a certain gup of the device pins.

Figure 6-14shows SICR_1.

Offset 0x00114 Access: Read/Write
0 1 2 3 4 5 6 7
R
W Reserved UART1 12C IRQ_A
Reset 0 0 0 0 0 0 0 0
8 9 10 11 12 13 14 15
R
W IRQ_B GPIO_A GPIO_B GPIO_C
Reset 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23
R
W GPIO_D GPIO_E GPIO_F USB_A
Reset 0 0 0 0 0 0 0 0
24 25 26 27 28 29 30 31
R
W USB_B USB_C FEC1 FEC2
Reset 0 0 0 0 1 0 1 0

Figure 6-14. System I/O Configuration Register 1 (SICR_1)
NOTE

In case of eSDHC boot, the reset for SICR_1 changes from 0000_000A to
0028_000A.
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Table 6-27defines the bit fields of SICR_1 for MPC8309.

Table 6-27. SICR_1 Bit Settings for MPC8309

SICR_1[Bits] Value 0b00 0b01 0b10 Obl1l
Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 Pin Function 3
0-1 — — — — — 00
2-3 UARTI[1] UART1_SOUT[2] UART1_RTS[1] — — 00
UART1_SIN[2] UARTL_CTS[1] — —
4-5 12C 12C_SDA[2] CKSTOP_OUT — — 00
12C_SCL[2] CKSTOP_IN — —
6-7 IRQ_A IRQ[1] MCP_OUT — — 00
8-9 IRQ B IRQ[2] CKSTOP_IN — — 00
IRQI[3] CKSTOP_OUT INTA —
10-11 GPIO_A GPIO[0] — SD_CLK MSRCIDI0] 00
(DDR ID) (101in
case of
GPIO[1] — SD_CMD MSRCID[1] eSDHC
(DDR ID) boot)
GPIO[2] — SD_CD MSRCIDI[2]
(DDR ID)
GPIO[3] — SD_WP MSRCID[3]
(DDR ID)
GPIO[4] — SD_DAT[0] MSRCID[4]
(DDR ID)
GPIO[5] — SD_DAT[1] MDVAL(DDR ID)
12-13 | GPIO_B GPIO[6] — SD_DAT[2] QE_EXT_REQ 3| 00
10in
GPIO[7] — SD_DAT[3] QE_EXT_REQ_1 C(ase of
eSDHC
boot)
14-15 | GPIO_C GPIO[8] RXCANJ[1] LSRCID[0] LCS[4] 00
(DDR ID)
GPIO[9] TXCANI1] LSRCID[1] LCS[5]
(DDR ID)
16-17 | GPIO_D GPIO[10] RXCAN[2] LSRCID[2] LCS[6] 00
(DDR ID)
GPIO[11] TXCAN][2] LSRCID[3] LCS[7]
(DDR ID)
18-19 | GPIO_E GPIO[12] RXCAN[3] LSRCID[4] LCLK[1] 00
(DDR ID)
GPIO[13] TXCAN[3] LDVAL(DDR ID)
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Table 6-27. SICR_1 Bit Settings for MPC8309 (continued)

SICR_1[Bits] Value 0b00 0b01 0b10 Ob11
Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 Pin Function 3

30-31 FEC2 FEC2_COL GTM2_TIN[1] GPIO[32] — 10

FEC2_CRS GTM2_TGATE[1] GPIO[33] —

FEC2_RX_CLK (CLK?7) — GPIO[34] —

FEC2_RX_DV*! GTM2_TIN[2] GPIO[35] —

FEC2_RX_ER?! GTM2_TGATE[2] GPIO[36] —

FEC2_RXD[0]* — GPIO[37] —

FEC2_RXD[1] GTM2_TIN[3] GPIO[38] —

FEC2_RXD[2] GTM2_TGATE[3] GPIO[39] —

FEC2_RXD[3] — GPI0[40] —

FEC2_TX_CLK (CLKS8) GTM2_TIN[4] GPIO[41] —

FEC2_TX_EN?! GTM2_TGATE[4] GPIO[42] —

FEC2_TX_ER GTM2_TOUT[4] GPIO[43] —

FEC2_TXD[0]* GTM2_TOUT[1] GPIO[44] —

FEC2_TXD[1] GTM2_TOUT[2] GPIO[45] —

FEC2_TXD[2] GTM2_TOUT[3] GPIO[46] —

FEC2_TXD[3] — GPIO[47] —

L For multiplexed QE_UART signals, refer to Table 6-29.

NOTE
An empty column cannot be used fbis register. A function should be

selected so that the column is non-empty.
6.3.2.6 System 1/O Configuration Register 2 (SICR_2)

The system 1/O configurain register 2, shown iRigure 6-15 controls the multiplexig of the rest of the
device 1/O pins. Each bit or set otdin this register select whid¢anction is used by a certain group of
the device pins.
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Offset 0x00118

System Configuration

Access: Read/Write

0 1 2 3 4 5 6 7
VF; FEC3 HDLC1_A eLBC_A elBC_B
Reset 1 0 0 1 0 0 0 0
8 11 12 13 14 15
VF; HDLC2_A o USB_D PCI
Reset 0 1 0 0 0 0 0 0
16 17 18 19 20 21 22 23
VF:I HDLC1_B HDLC1_C HDLC2_B HDLC2_C
Reset 0 1 0 1 0 1 0 1
24 25 26 27 ‘ 28 29 30 31
R
W QIESCE_B —
Reset 0 0 0 0 \ 0 0 0 0

Figure 6-15. System I/0O Configuration Register 2 (SICR_2)

NOTE

The reset value shown is for the case when PCIARB = 1. If PCIARB =0,
the reset for SICR_2 changes from 9040 5500 to 9042_5500.
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Table 6-28defines the bit fields of SICR_2. Each Pin Risrccolumn lists the name of the multi-function
pin used in this option.

Table 6-28. SICR_2 Bit Settings for MPC8309

SICR_2[Bits] Value 0b00 0b01 0b10 Ob11 Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 | Pin Function 3 Value
0-1 FEC3 FEC3_COL — GPIO[48] — 10

FEC3_CRS — GPIO[49] —

FEC3_RX_CLK — GPIO[50] —

(CLK11)

FEC3_RX_DV! — GPIO[51] —

FEC3 RX_ER! — GPIO[52] —

FEC3_RXDI0] — GPIO[53] —

FEC3_RXDI[1] — GPIO[54] —

FEC3_RXDI[2] TSEC_TMR_TRIG[1] GPIO[55] —

FEC3_RXD[3]! TSEC_TMR_TRIG[2] GPIO[56]] —

FEC3_TX_CLK TSEC_TMR_CLK GPIO[57] —

(CLK12)

FEC3_TX_EN?! TSEC_TMR_GCLK GPIO[58] —

FEC3_TX_ER TSEC_TMR_PP[1] GPIO[59] —

FEC3_TXD[0] TSEC_TMR_PP[2] GPIO[60] —

FEC3_TXD[1] TSEC_TMR_PPJ[3] GPIO[61] —

FEC3_TXD[2] TSEC_TMR_ALARM[1] GPIO[62] —

FEC3_TXD[3]! TSEC_TMR_ALARM[2] GPIO[63] —
2-3 HDLC1_A HDLC1_TXD?! GPIO[2] TDM1_TD — 01

HDLC1_RXD?! GPIO[3] TDM1_RD —

HDLC1_CD*! GPIO[4] TDM1_TFS —

HDLC1_CTS? GPIO[5] TDM1_RFS —

HDLCL_RTS?! GPIO[6] TDM1_STROBE —
4-5 eLBC_A LA[16] — — — 00
6-7 eLBC_B LCLKIO] — — — 00
8-9 HDLC2_A HDLC2_TXD?! GPIO[18] TDM2_TD — 01

HDLC2_RXD?! GPIO[19] TDM2_RD —

HDLC2_CD? GPIO[20] TDM2_TFS —

HDLC2_CTS? GPIO[21] TDM2_RFS —

HDLC2_RTS? GPIO[22] TDM2_STROBE —
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Table 6-28. SICR_2 Bit Settings for MPC8309

SICR_2[Bits] Value 0b00 0b01 0b10 0Ob11 Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 | Pin Function 3 Value
10-11 — — — — — 00
12-13 USB_D USBDR_TXDRXD[O0] — GPI0[32] 00
USBDR_TXDRXD[1] — GPIO[33]
USBDR_TXDRXD[2] — GPIO[34] QE_BRG_1
USBDR_TXDRXD[3] — GPIO[35] QE_BRG_2
USBDR_TXDRXD[4] — GPIO[36] QE_BRG_3
USBDR_TXDRXD[5] — GPIO[37] QE_BRG_4
USBDR_TXDRXD[6] — GPIO[38] QE_BRG_9
USBDR_TXDRXD[7] — GPIO[39] QE_BRG_11
14-15 PCI PCI_REQ[1] — CPCI_HS_ES — 00
PCI_GNT[1] — CPCI_HS_LED — é,lglg
PCI_GNT[2] — CPCI_HS_ENUM — R(E)‘):
16-17 HDLC1_B HDLC1_TXCLK GPIOI[0] QE_BRG_5 TDM1_TCK 01
(CLK16) (CLKA4)
18-19 HDLC1_C HDLC1_RXCLK GPIO[1] TDM1_RCK — 01
(CLK15) (CLK3)
20-21 HDLC2_B HDLC2_TXCLK GPIO[16] QE_BRG_7 TDM2_TCK 01
(CLK14) (CLK®6)
22-23 HDLC2_C HDLC2_RXCLK GPIO[17] TDM2_RCK QE_BRG_8 01
(CLK13) (CLKS5)
24-25| QUIESCE_B QUIESCE — — — 00
26-31 — — — — — 00

1 For multiplexed QE_UART signals, refer to Table 6-29.

Table 6-29. QE UART Multiplexing Details

UART UCC signals

Signals

UCC1 uccz UCC3 UCC5 uccr

CTS B |FEC1_RX DV |FEC2_RX_DV |FEC3_RX_DV |HDLC2_CTS_B |HDLC1_CTS_B

CD_B FEC1_RX_ER |FEC2_RX_ER|FEC3_RX_ER |HDLC2. CD B |HDLC1 CD B

SIN FEC1_RXDO |FEC2_RXDO |FEC3_RXDO HDLC2_RXD HDLC1_RXD
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Table 6-29. QE UART Multiplexing Details

UART UCC signals

Signals

UCC1 ucc2 UCC3 UCC5 UccC7

RTS B |FEC1_TX_EN |FEC2_TX_EN |FEC3_TX EN |HDLC2 RTS B |HDLC1 RTS_ B

SOuUT FEC1_TXDO FEC2_TXDO |FEC3_TXDO HDLC2_TXD HDLC1_TXD

6.3.2.7 Selection of Pin Functions During Reset

Few functions muxed with the 10s are needed onlynduthe period when the device is in reset state.
Those functionality are selected tbgfault during the resphase. Once the device comes out of reset, the
pad switches to the function needed for noroparation mode. The table below provides the list.

Pin Name Function selection during reset Norma,\l/lggeeration
USBDR_PCTL1 LB_POR_BOOT_ERR USBDR_PCTL1
USBDR_PCTLO LB_POR_CFG_BOOT_ECC USBDR_PCTLO

HDLC1_TXD CFG_RESET_SOURCE[0] HDLC1_TXD
HDLC1_RTS CFG_RESET_SOURCEJ1] HDLC1_RTS
HDLC2_TXD CFG_RESET_SOURCE[2] HDLC2_TXD
HDLC2_RTS CFG_RESET_SOURCEJ3] HDLC2_RTS

6.3.2.8 Debug Configuration

Debug information may be driven on the device pinss iftformation can identifghe internal source of

a transaction that reachéet DDR SDRAM or local busiterfaces. The device cae configured to drive
the MSRCID[0:4] and MDVAL, LSRCIDJ[0:4] and LDVAIsignals, respectively arsther device pins. The
coding of the source ID debug infornmat is the same as the coding of the MSTR_ID field in the AEATR
register of the arbiter (S&ection 7.2.6, “Arbiter Event Aibutes Regiter (AEATR)".
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6.3.2.9 DDR Control Driver Register (DDRCDR)

The DDR control driver register (RCDR) contains bitthat allow control ovethe driver of the DDR
SDRAM controller.

DDRCDR is shown irFigure 6-16

Offset 0x00128 Access: Read/Write
0 1 2 ‘ 5 6 9 10 11 12 13 14 15
R DDR_TYPE
W — DSO_EN DSO_PZ DSO_NZz — ODT | (Reserved —
to 0)
Reset All zeros
16 ‘ 28 29 30 31
R MVREF_S
W — EL M_odr| —
Reset All zeros

Figure 6-16. DDR Control Driver Register (DDRCDR)

Table 6-30shows the bit definition of the DDRCDR.
Table 6-30. DDRCDR Field Descriptions

Bits Name Description
0 — Reserved
1 DSO _EN 0 DDR driver software override disable

1 DDR driver software override enable

2-5 DSO_PZ DDR driver software p-impedance override
0000 Half strength—Highest Z

1000 Much higher Z than nominal

1100 Higher Z than nominal

1110 Nominal impedance setting

1111 Lower Z than nominal

6-9 DSO_Nz | DDR driver software n-impedance override
0000 Half strength—Highest Z

1000 Much higher Z than nominal

1100 Higher Z than nominal

1110 Nominal impedance setting

1111 Lower Z than nominal

10-11 — Reserved. Should be cleared.
12 oDT ODT termination value for I/Os
0 75 :
1 150 :

13 DDR_TYPE | Selects voltage level for DDR pads

0 DDR2 (1.8V mode) nominal impedance—18 :

Note: DDR_TYPE must be set according to the logical type of the DDR memory devices, as it effects
logic behavior of the DDR controller as well as the physical parameters of the DDR I/O pads.

14-28 — Reserved
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Table 6-30. DDRCDR Field Descriptions (continued)

Bits Name Description

29 MVREF_SEL | MVREF_SEL
0 MVREEF is i/p from external source
1 MVREF is generated internally from GVDD

30 M_odr Disable memory transaction reordering
0 Memory transaction reordering enabled
1 Memory transaction reordering disabled

31 — Reserved

6.3.2.10 DDR Debug Status Register (DDRDSR)
Figure 6-17contains the debugattis bits from the DDR SDRAM controller.

Offset 0x0012C Access: Read Only
0 1 2 ‘ 5 6 ‘ 9 10 ‘ ‘ ‘ ‘ | 31
Rl — | Pz | NZ | —
w

Reset0011\001 1\000 o\ooo o\oooo\oooo\oooo\o 0 0 O
Figure 6-17. DDR Debug Status Register (DDRDSR)

Table 6-31shows the bit settings of the DDRDSR.
Table 6-31. DDRDSR Field Descriptions

Bits | Name Description

0-1 — Reserved

2-5 PZ | Current setting of PFET driver impedance
0000 Half strength—highest Z

1000 Higher Z than nominal

1100 Nominal impedance setting

1110 Lower Z than nominal

1111 Much lower Z than nominal

6-9 NZ | Current setting of NFET driver impedance
0000 Half strength—nhighest Z

1000 Higher Z than nominal

1100 Nominal impedance setting

1110 Lower Z than nominal

1111 Much lower Z than nominal

10-31 — Reserved

6.3.2.11 eSDHC Control Register (SDHCCR)

The eSDHC control register can be used to comtinbus settings that affect the priority and DMA
operations. SDHCCRL is located at offset 0x144.
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Figure 6-18shows the SDHCCR bit settings.

Offset 0x00144

Access: Read/Write

Reset

Reset

0 1 2 3 4 5 6 7 13 14 15
RD_P|RD_PR|RD_S DMA ERR SNO
REFE | EFETC | AFE_ W OR_|  |OP_E - PRIORITY_
TCH_ |H_DISA| ENAB CTRL DISA NABL CTRL
VAL BLE LE BLE E
All zeros
16 31
All zeros

Figure 6-18. eSDHC Control Register (SDHCCR)

Table 6-32describes the bits dfhe SDHCCR register.

Table 6-32. SDHCCR Field Description

Bits

Name

Description

RD_PREFETCH_VAL

This determines the prefetch byte count to be used if RD_PREFETCH_DISABLE is
not set.

0 32 byte prefetch

1 64 byte prefetch

RD_PREFETCH_DISABLE

Read prefetch disable. This should be cleared if the target of read DMA operation
is a well behaved memory which is not affected by the read operation and returns
the same data if read again from the same location. This means that prefetch of
data can be done by the internal bus units and it results in faster read completion.
0 Itis allowed to prefetch data on DMA read operation

1 Itis not allowed to prefetch data on DMA read operation

RD_SAFE_ENABLE

Read Safe enable. This bit should be set only if the target of read DMA operation is
a well behaved memory which is not affected by the read operation and returns the
same data if read again from the same location. This means that unaligned reading
operation can be rounded up to enable more efficient read operations.

0 Itis not safe to read more bytes that were intended

1 Itis safe to read more bytes that were intended

DMA_W_CTRL

Write delay control bit.
0 No delay
1 Delay the Write/Read transaction till the interrupt is active

ERROR_DISABLE

Ignore or react to bus errors.
0 React to bus transaction errors
1 Ignore bus transaction errors

Reserved.

SNOOP_ENABLE

Snoop attribute.
0 DMA transactions are not snooped by e300 CPU data cache
1 DMA transactions are snooped by e300 CPU data cache

7-13

Reserved
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Table 6-32. SDHCCR Field Description (continued)

Bits Name Description

14-15 PRIORITY_CTRL Priority. This field is used to present priority level for CSB arbitration for eSDHC dma
requests.
00 Level O (lowest priority)
01 Level 1
10 Level 2
11 Level 3 (highest priority)

16-31 Reserved —

6.3.2.12 CAN Access Control Register (CAN_DBG_CTRL)

The CAN access control register, showkigure 6-19 contains the bits taoatrol the FlexCAN module.
The CAN module can be put to tlebug mode by settingglDBG_EN bit. For mie information on how
to use the FlexCAN module after it is poto the debug mode, see FlexCAN chapter.

FlexCAN module memory map can be set in® $hpervisor mode bytseg the SUP_EN bit.

Offset 0x00148

0

1

Access: Read/Write

R|{CAN1_DBG_|CAN1 _SUP_ _
w EN EN
Reset All zeros
8 9 10 15
R|CAN2_DBG_|CAN2_SUP_ _
w EN EN
Reset All zeros
16 17 18 23
R|{CAN3_DBG_|CAN3 SUP_ _
w EN EN
Reset All zeros
24 25 26 31
R|CAN4_DBG_|CAN4_SUP_ _
w EN EN
Reset All zeros

Figure 6-19. CAN Access Control Register (CAN_DBG_CTRL)
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Table 6-33defines the bit fields of CAN_DBG_CTRL.
Table 6-33. CAN_DBG_CTRL Field Descriptions

Bits Name Description
0 CAN1_DBG_ |0 CANL1isin normal mode
EN 1 CANL1 is in debug mode
1 CAN1_SUP_ |0 CAN1lisin normal mode
EN 1 CANL1 is in supervisor mode
2-7 — Reserved
8 CAN2_DBG_ |0 CAN2 s in normal mode
EN 1 CANZ2 is in debug mode
9 CAN2_SUP_ |0 CAN2 s in normal mode
EN 1 CANZ2 is in supervisor mode
10-15 — Reserved
16 CAN3_DBG_ |0 CAN3 s in normal mode
EN 1 CAN3 s in debug mode
17 CAN3_SUP_ |0 CAN3is in normal mode
EN 1 CAN3 is in supervisor mode
18-23 — Reserved
24 CAN4_DBG_ |0 CAN4 isin normal mode
EN 1 CAN4 is in debug mode
25 CAN4_SUP_ |0 CAN4 is in normal mode
EN 1 CAN4 is in supervisor mode
26-31 — Reserved

6.3.2.13 SPI Chip Select Register (SPI_CS)

The SPI chip select register, showrFigure 6-20Q is used to control SPISEL_BO@in. Any value
written to this registeis reflected on SPISEL_BOOT

Offset 0x0014C Access: Read/Write
0 ‘ ‘ 31
Rl spi_BooT _
wl _SEL
Reset All Zeros

Figure 6-20. SPI Chip Select Register (SPI_CS)

Table 6-35defines the bit fields of SPI1_CS.
Table 6-34. SPI_CS Field Descriptions

Bits Name Description
0 SPI_BOOT_ | Any value written to it is reflected on SPISEL_BOOT.
SEL 0 SPISEL_BOOT goes low
1 SPISEL_BOOT goes high
1-31 — Reserved
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6.3.2.14 General Purpose Register 1 (GPR_1)

The general purpose register 1, showRigure 6-2] contains the control bit for PULLUP_EN for a set
of pins, HDLC open drain seléan, QUICC Engine PIO (programtbig 10) selection, QUICC Engine
debug enable, and Ethernet management interface selection..

Offset 0x00150 Access: Read/Write

0 1 2 3 4 5 6 7
R . PULLUP_ PULLUP_ PULLUP_ PULLUP_ PULLUP_
w CTRL_1 CTRL_2 CTRL 3 CTRL_6 CTRL_7
Reset All zeros
8 9 10 11 12 15
R o L PULLUP_ L
w CTRL_11
Reset 1 0 0 0 0 0 0 0
16 17 ‘ 23
R
MDIO_SEL —
W _
Reset 1 0 0 0 ‘ 0 0 0 0
24 25 26 27 28 29 30 31
R| GPIO 0_ GPIO_16_ GPIO_32_ . HDLC1 HDLC2_ -
w 6 _SEL 22 SEL 39 SEL OD_EN OD_EN
Reset 0 0 0 0 0 0 0 1

Figure 6-21. General Purpose Register 1 (GPR_1)

Table 6-35defines the bit fields of GPR_1.

Table 6-35. GPR_1 Field Descriptions

Bits Name Description
0 — Reserved
1 PULLUP_ 1 Pull-up disable
CTRL_1 0 Pull-up enable for the following pads:
FEC1_COL, FEC1_CRS, FEC1_RX_CLK, FEC1_RX_DV, FEC1_RX_ER, FEC1_RXDI0],
FEC1_RXD[1], FEC1_RXD[2], FEC1_RXD[3], FEC1_TX_CLK, FEC1_TX_EN,
FEC1_TX_ER, FEC1_TXD[0], FEC1_TXD[1], FEC1_TXDI[2], FEC1_TXDI[3]
2 PULLUP_ 1 Pull-up disable
CTRL_2 0 Pull-up enable for the following pads:
FEC2_COL, FEC2_CRS, FEC2_RX_CLK, FEC2_RX_DV, FEC2_RX_ER, FEC2_RXDI0],
FEC2_RXD[1], FEC2_RXD[2], FEC2_RXD[3], FEC2_TX_CLK, FEC2_TX_EN,
FEC2_TX_ER, FEC2_TXD[0], FEC2_TXD[1], FEC2_TXDI[2], FEC2_TXDI3]
3 PULLUP_ 1 Pull-up disable
CTRL_3 0 Pull-up enable for the following pads:
FEC3_COL, FEC3_CRS, FEC3_RXD[1], FEC3_RX_DV, FEC3_TXD[1], FEC3_TXDI0],
FEC3_RXDI[0], FEC3_RXD[3], FEC3_RX_CLK, FEC3_TX_EN, FEC3_TX_ER,
FEC3_TXDI[3], FEC3_TXDJ[2], FEC3_TX_CLK, FEC3_RXD[2], FEC3_RX_ER
4-5 — Reserved
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6.3.2.16 CAN Interrupt Status Register (CAN_INT_STAT)

The CAN interrupt statusegister, shown ifrigure 6-22 indicates the interruptatus of the FlexCAN
modules (CAN1, CAN2, CAN3, and CAN4).

All the interrupts of the FlexCAN modes are ORed together and connetteldPIC. Once an interrupt is
detected by the software, the CAN_INT_STAT stegi is read to decode which CAN module has
generated the interrupt. And then, the interregister is read from the corresponding module.

Offset 0x001CO Access: Read Only
0 1 2 3 4 5 6 7
Vo [ o | o || o T oW -
BOFF_INT ERR_INT MBOR_INT - -
- - - INT INT
Reset All zeros
8 9 10 11 12 13 14 15
o [ oma | owe || o T o -
BOFF_INT ERR_INT MBOR_INT - -
- - - INT INT
Reset All zeros
16 17 18 19 20 21 22 23
[ om [ ome | owa [ | o T o -
BOFF_INT ERR_INT MBOR_INT - -
- - - INT INT
Reset All zeros
24 25 26 27 28 29 30 31
R CAN4_ CAN4_ CAN4_ CANA_ CANA_

— TXWARN_ | RXWARN_ —

BOFF_INT ERR_INT MBOR_INT INT INT

Reset All zeros

Figure 6-22. CAN Interrupt Status Register (CAN_INT_STAT)

Table 6-36defines the bit fields of C_INT_STAT. Refer to FlexCANhapter for more information.
Table 6-36. CAN_INT_STAT Field Descriptions

Bits Name Description
0 CAN1_BOFF_ | CAN1 bus Ored interrupt from MB. Refer to IFLAG1 and IFLAG 2 registers in FlexCAN module.
INT
1 CAN1_ERR_ |CANL1 error interrupt
INT
2 CAN1_MBOR_ | CAN1 MBOR interrupt
INT
— Reserved
4 CAN1_ CAN1 TX warning interrupt
TXWARN_INT
5 CAN1_ CAN1 RX warning interrupt
RXWARN_INT
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6.3.2.17

modules (DUART1 and DUART2).

All the interrupts of the DURT modules are ORed togettand connected to IPIOnce an interrupt is
detected by the software, the DUART _INT_STAT regjis$ read to decode which DUART has generated

DUART Interrupt Status Register (DUART_INT_STAT)
The DUART interrupt status register, showrFigure 6-23 indicates the interrupt status of the DUART

the interrupt. And then, the interrupt retgr is read from the corresponding DUART.

Offset 0x001C4

0

Access: Read/Write

DUART1_1

8

All zeros

15

DUART1_2

16

17

All zeros

23

DUARTZ2_1

24

25

All zeros

31

DUART2_2

Figure 6-23. DUART Interrupt Status Register (DUART _INT_STAT)

All zeros

Table 6-37defines the bit fields of DUART _INT_STAT.

Table 6-37. DUART_INT_STAT Field Descriptions

Bits Name Description
0 DUART1_1 |0 No interrupt
1 Interrupt asserted
1-7 — Reserved
8 DUART1_2 |0 No interrupt
1 Interrupt asserted
9-15 — Reserved
16 DUART2_1 |0 Nointerrupt
1 Interrupt asserted
17-23 — Reserved
24 DUART2_2 |0 No interrupt
1 Interrupt asserted
25-31 — Reserved
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6.3.2.18 GPIO Interrupt Status Register (GPIO_INT_STAT)

The GPIO interrupt status register, showigure 6-24 indicates the interrugtatus of the GPIO
modules (GPIO1 and GPIO2).

All the interrupts of the GPIO modzd are ORed together and connected to IPIC. Once an interrupt is
detected by the software, the GPIO_INT_STAT reyis read to decode which GPIO module has
generated the interrupt. And then, the interregister is read from the corresponding module.

Offset 0x001C8 Access: Read/Write
0 1 7 8 9 15
R| GPIO_INT_ L GPIO_INT_ L
w STAT_1 STAT 2
Reset All zeros
16 31
R
w
Reset All zeros

Figure 6-24. GPIO Interrupt Status Register (GPIO_INT_STAT)

Table 6-38defines the bit fields of GPIO_INT_STAT.
Table 6-38. GPIO_INT_STAT Field Descriptions

Bits Name Description

0 GPIO_INT_ | GPIO 1 interrupt (GPIO[0:31])
STAT_1 0 No interrupt
1 Interrupt asserted

1-7 — Reserved

8 GPIO_INT_ | GPIO 2 interrupt (GPIO[32:63])
STAT_2 0 No interrupt
1 Interrupt asserted

9-31 — Reserved

6.3.3 Multisite Muxing
Multisite muxing allows user to choose iaterface from mor¢han one location.

For example, UART1 interface govided at two locations: L&7] and USB. If the user chooses
LCS[4:7], then UART1 cannot be used. Therefore shme UARTL1 is also provided at another location,
multiplexed with USB. However, note thitthe user wants to use both USB and [€£%], UART1
cannot be used.

With MPC8309, the user has flexibility to choose fillowing interfaces fronmore than one location:
* CKSTOP_INand CKSTOP_OU®&re multiplexed at the following locations:
— IRQ[2] and IRQ3]
— [IC_SDA2 and IIC_SCL2
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There is no control bit teelect one of the twand any of the location can be selected using the
SICR_1 and SICR_2 registers. For more infation of SICR_1 and SICR_2 registers, see
Section 6.3.2.5, “System /O Configiion Register 1 (SICR_1¥ndSection 6.3.2.6, “System
I/O Configuration Register 2 (SICR_2).”

. GPIO[0:6], GPIO[1622], and GPIO[32:39]

Refer to GPIO_0_6_SEL, GPIO_16 _22_SEL, and GPIO_32_39_ SEL K&stion 6.3.2.14,
“General Purpose Register 1 (GPR_1).”

6.4  Software Watchdog Timer (WDT)

The following sections describe the theory oégtion of the software watchdog timer (WDT) in the
device, including a definition of thexternal signals and the functiotiey serve. Additionally, the
configuration, control, and statugyisters are also described. Notattmdividual chapters in this book
describe specific itialization aspects foeach individual block.

6.4.1 WDT Overview

The device provides a software watchtioger (WDT) feature to prevent sgsh lock in case the software
becomes trapped in loops with rantrolled exit. Watchdog timer operat®are configured in the system
watchdog control register (SWCRR).

The watchdog counter is a free-runnad@vn-counter that generates a tesea non-maskable interrupt
on underflow. To prevent a reset, software npgstodically restart the countdown. The WDT is
responsible for asserting a hardwaaset or machine-check interruptdp if the software fails to service
the software watchdog timer for a certpriod of time (for example, bause software is lost or trapped
in a loop with no controlled exit).

Figure 6-25shows a high-level block diagram of the WDT.

System Software Reset
—> Watchd >
clock gl’i(r:nerog or mcp

i

Register Interface
Figure 6-25. Software Watchdog Timer High-Level Block Diagram
The software watchdog timer is enabédter reset to cause a hardwarsetdf it times out. The user has
the option of disabling the software watchdog i§ihot needed. If used, the software watchdog timer

requires a special service sequetacbe executed periathlly. Without this periodic servicing, the
software watchdog timer times out and essa reset or a non-maskable interrupt.
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6.4.2 WDT Features

The WDT includes the following key features:
* Based on 16-bit prescaler and 16-bit down-counter
* Provides a selectable range for the time-out period
* Provides ~34.36-sec maximum softwaredtout delay for 125-MHz input clock
* Functional and programming compdlitly with MPC8260 watchdog timer

6.4.3 WDT Modes of Operation

The WDT unit can operaia the following modes:
* WDT enable/disable mode:

If the software watchdog timer is not needed, thex nan disable it witoftware after a system
reset. When the watchdog timer is disabledwthatehdog counter and prescaler counter are held
in a stopped state.

* WDT output reset/interrupt mode:

Without software periodic serving, the software watchdagner times out andssues a reset or a
nonmaskable interruptrcp

 WDT prescaled/non-pscaled clock mode:

The WDT counter clock can be prescatgdorogramming the SWCRR[SWPR] bit, which
controls the divide-by-65,536 of the WDT counter.

6.4.4 WDT Memory Map/Register Definition

The WDT programmable register map occupiebyités of memory-mapped space. Reading undefined
portions of the memory map retgrall zeros; writing has no effect.

All WDT registers are 16- or 32itb wide, located on 16#taddress boundarieand should be accessed
as 16- or 32-bit quantities. lldddresses used in this chapter afeet$ from the WDT bse, as defined in
Chapter 2, “Memory Map.”

Table 6-39shows the WDT memory map.
Table 6-39. WDT Register Address Map

Offset Register Access Reset Value Section/ Page

Watchdog Timer (WDT)—Block Base Address 0x0_0200

0x00-0x03 | Reserved — — _

0x004 System watchdog control register (SWCRR) R/W OxFFFF_0003 6.4.4.1/6-42
or OXFFFF_00071

0x008 System watchdog count register (SWCNR) R 0x0000_FFFF 6.4.4.2/6-43
0x00C-0x0 | Reserved — — —
0D
0x00E System watchdog service register (SWSRR) R/W 0x0000 6.4.4.3/6-43
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1 SWCRR[SWEN] reset value directly depends on RCWHR[SWEN] (reset configuration word high).

6.4.4.1

System Watchdog Control Register (SWCRR)

The system watchdog controbister (SWCRR), shown iRigure 6-26 controls the software watchdog
period and configures watchdog tinogreration. SWCRR can be readhay time but can be written only
once after system reset.

Offset 0x4 Access: Read/Write
0 ‘ ‘ ‘ 15 (16 ‘ ‘ ‘28 29 30 31
R
W SWTC — SWEN|SWRI|SWPR

Resetllll‘llll’llll‘l1110000’0000‘00000 ol

[EEY
[EnY

1 SWCRR[SWEN] reset value directly depends on RCWHR[SWEN] (reset configuration word high).

Figure 6-26. System Watchdog Control Register (SWCRR)

Table 6-40defines the bit fields of SWCRR.

Table 6-40. SWCRR Bit Settings

Bits

Name Description

0-15

SWTC | Software watchdog time count

The SWTC field contains the modulus that is reloaded into the watchdog counter by a service sequence.

When a new value is loaded into SWCRR[SWTC], the software watchdog timer is not updated until the

servicing sequence is written to the SWSRR. If SWCRR[SWEN] is loaded with 0, the modulus counter

does not count. The new value is also used at the next and all subsequent reloads. Reading the SWCRR

register returns the value in the system watchdog control register. Reset initializes the SWCRR[SWTC]

field to OXFFFF.

Note: The prescaler counter is reset any time a new value is loaded into the watchdog counter and also
during reset.

16-28

— Write reserved, read = 0

29

SWEN | Watchdog enable bit

Enables the watchdog timer. The reset value directly depends on the value of the RCWHR[SWEN] bit. It
should be cleared by software after a system reset to disable the software watchdog timer. When the
watchdog timer is disabled, the watchdog counter and prescaler counter are held in a stopped state.

0 Watchdog timer disabled

1 Watchdog timer enabled

Note: After software writes the SWRI bit, the state of SWEN cannot be changed.

30

SWRI Software watchdog reset/interrupt select bit

A WDT time out causes either a hard reset or machine check interrupt to the core.
0 Software watchdog timer causes a machine check interrupt to the core

1 Software watchdog timer causes a hard reset

31

SWPR | Software watchdog counter prescale bit

Controls the divide-by-65,536 WDT counter prescaler
0 The WDT counter is not prescaled.

1 The WDT counter clock is prescaled.
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6.4.4.2 System Watchdog Count Register (SWCNR)

The system watchdog count register (SWCNR), shovwaigare 6-27 provides visibiliy to the watchdog
counter value. SWCNR is a read¥pnégister. Writes to SWCNR have effect and terminate without
transfer error exception.

Offset 0x8 Access: Read only
0 ‘ ‘ ‘ 15 | 16 ‘ ‘ ‘ 31
R SWCN
" _
Resetoooo\oooo\oooo\oooo1111\1111\1111\1111

Figure 6-27. System Watchdo g Count Register (SWCNR)

Table 6-41defines the bit fields of SWCNR.
Table 6-41. SWCNR Bit Settings

Bits | Name Description

0-15 — Write reserved, read = 0

16-31 | SWCN | Software watchdog count field. The read-only SWCNR[SWCN] field reflects the current value in the watchdog

counter. Writing to the SWCNR register has no effect, and write cycles are terminated normally. Reset

initializes the SWCNR[SWCN] field to OxFFFF.

Note: Reading the 16 least-significant bits of 32-bit SWCNR register with two 8-bit reads is not guaranteed
to return a coherent value.

6.4.4.3 System Watchdog Service Register (SWSRR)

The system watchdog service @gr (SWSRR) is shown ffigure 6-28 When the watchdog timer is
enabled, a write of 0x556C followed by a write @X29 to the SWSRR register before the watchdog
counter times out preventslavice reset. If the SWSRRgister is not servicdukfore the timeout, a signal
from the watchdog timer to the resetinterrupt controller module ast®a system reset or interrupt
(depending on the setting of SWCRR[SWRI]).

Both writes must occur before the timeout in theeoiisted, but any numbef instructions can be
executed between the twaites. However, writing any valugther than 0x556C or OxAA39 to the
SWSRR register resets the servicing sequence, negunath values to be written to keep the watchdog
timer from causing a reset. Reset initializesSNeSRR[WS] field to 0x0000. SWSRR can be written at
any time, but returns all zeros when read.

Offset OxE Access: Write only
0 | | | 15
R
w WS
Reset All zeros

Figure 6-28. System Watchdog Service Register (SWSRR)
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Table 6-42defines the bit fields of SWCNR.
Table 6-42. SWSRR Bit Settings

Bits | Name Description

0-15 WS | Software watchdog service field.
The user should periodically write 0x556C followed by 0xAA39 to this register to prevent a software watchdog
timer timeout. SWSRR[WS] can be written at any time, but returns all zeros when read.

6.4.5 Functional Description

This section provides a functior@éscription of the software Wwandog timer (WDT) unit, including a
state diagram, block diagrammdadiscussion of modes of operation.

6.4.5.1 Software Watchdog Timer Unit

The device provides a software watchdioter (WDT) feature to prevent sgsh lock in case the software
becomes trapped in loops with rantrolled exit. Watchdog timer operat®are configured in the system
watchdog control register (SWCRR).

The software watchdog timer is enabbter reset to causesoft reset or non-maalile interrupt (MCP)

if it times out. If the software wehdog timer is not needed, the userst clear SWCRR[SWEN] to disable

it. If used, the software watchdog timer requiresexish service sequence to be executed periodically.
Without this periodic servicing, the software watchtoter times out and issues a reset or a nonmaskable
interrupt, as programmed in SWCRR[SWRI]. Onctveare writes SWRI, the ate of SWEN cannot be
changed.

The software watchdog timerrs&e sequence consiststag following two steps:

* Write Ox556C to the system teadog service register (SWSRR)
*  Write OXAA39 to SWSRR

The service sequence reloads the watchdog timer atithihg process begins agaif a value other than
0x556C or 0xAA39 is writteto the SWSRR, the entire sequence ratast over. Although the writes must
occur in the correct order befaamdime-out, any number of instruatis can be executed between the
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writes. This allows interrupnd exceptions to occur betwehbe two writes when necessafjgure 6-29
shows a state diagram for the watchdog timer.

Reset

N

0x556C / Do Not Reload

State 0
Waiting for Ox556C

State 1
Waiting for 0XAA39

0xAA39 / Reload

Not 0x556C / Do Not Relqad

Not 0xAA39 / Do Not Reload

Figure 6-29. Software Watchdog Timer Service State Diagram

Although most software disciplinesmp@t or even encourage the wiatiog concept, some systems require
a selection of time-out periods. Rbis reason, the software watchdoger must provide a selectable
range for the time-out perioBigure 6-30shows how to handle this need.

SWCRR[SWEN] SWCRR[SWPR] SWSRR[WS] SWCRR[SWRI]
Y ] Service i
System Clock 65,536 ! y =eTvee ! Y
o > > .

Clocking Disable Divider ! SWCNR Time-out ! | Event
, | 16-Bit Decrementer | Logic

- | A Reload : l
Reset
SWCRR[SWTC] or mcp

Figure 6-30. Software Watchdog Timer Functional Block Diagram

Figure 6-30shows that the range is determined by SWCRR[C]. The value in SWTC is then loaded
into a 16-bit decrementer clockby the system clock. An additiondivide-by-65,536 presaler value is
used when needed.

The decrementer begins counting when loaded avithlue from SWTC. After the timer reaches 0x0, a
software watchdog expiration requéestssued to the reset wrcp(machine check) control logic. Upon
reset, SWTC is set to the maximum value and @&ralgpaded into the system watchdog service register
(SWSRR), starting the process owhen a new value is loaded irfS89WTC, the softwae watchdog timer

is not updated until the servicing segae is written to the SWSRR.$WCRR[SWEN] is loaded with 0,
the modulus counter does not count.
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6.4.5.2 Modes of Operation

The WDT unit can operaia the following modes:
* WDT enable/disable mode:

If the software watchdog timer is not needie, user can disable iThe SWCRR[SWEN] bit
enables the watchdog timer. It should be clearesbiftyvare after a system reset to disable the
software watchdog timer. When the watchdaggt is disabled, the watchdog counter and
prescaler counter arelden a stopped state.

— WDT enable mode (SWCRR[SWEN] = 1)
— This is the default value after hard reset.
— Selectable by RCWHR][8].
— WODT disable mode (SWCRR[SWEN] = 0)
* WDT reset/interrupt output mode

Without software periodic serving, the software watchdagner times out andssues a reset or a
nonmaskable interruptrcp, programmed in SWCRR[SWRI].

According to the value of SWCRR[SWRI], the Wifner causes a hard reset or machine check
interrupt to the core.

— Reset mode (SWCRR[SWRI] =1).
Software watchdog timer causes a hard rebet i€ the default vakiafter hard reset).
— Interrupt mode (8/CRR[SWRI] = 0).
Software watchdog timer causes a machine check interrupt to the core.
» WDT prescaled/non-prescaled clock mode

The WDT counter clock can lpgescaled by programming the SRR[SWPR] bit that controls
the divide-by-65,536 of the WDT counter.

— Prescale mode (SWCRR[SWPR] = 1)
The WDT clock is prescaled.

— Non-prescale mode (SWCRR[SWPR] = 0)
The WDT clock is not prescaled.

6.4.6 Initialization/Application Information (WDT Programming
Guidelines)

The software watchdog timer is enabled (by tHawevalue of SWCRR[S\EN]) after reset. The
following initialization sguence of WDT is required:
 WDT disabling

If the software watchdog timer is not needed, dber must clear SWCRR[SWEN] bit to disable
the WDT not later than itsmer times out (34.36 sec. for a 125-MHz system clock).
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e WDT initial servicing
If the software watchdog timer is to be dsthe special service sequence, described in

Section 6.4.5.1, “Software Watchdog Timer Unifust be executed after system reset and not
later than the first WDT time-out 84.36 sec. for a 125-MHz system clock).

Subsequently, periodical WDT servicing shobé&performed according to the programming
guidelines given irsection 6.4.5.1, “Softwand/atchdog Timer Unit.”

6.5 Real Time Clock Module (RTC)

This section describes the theofyoperation of the reaime clock module (RTEincluding a definition
of the external signals and the functions it seréslitionally, the configurabn, control, and status
registers are described.

6.5.1 Overview

The device platform providesreal time clock (RTC) timer suitalfle timestamping otime and calendar
generation. It can maintain a oneeend count which is unique over aipd of approximately 136 years.

The RTC can be initialized by softwasgh an initial count value usingeireal time counter load register
(RTLDR). It can also be pgrammed to generate an interrupt gwacond. The real time counter control
register (RTCTR) is used to enator disable the various timerrfctions. The real time counter event
register (RTEVR) is used to repdine interrupt source. The RTC counteinitialized by software and can
be disabled if needed.

Figure 6-31shows the high level RTC block diagram.

RTC Input Second
Clock > Real Time Interrupt
Clock Module
CSB Bus Alarm
Clock Interrupt

Register Interface
Figure 6-31. Real Time Clock Module High Level Block Diagram

6.5.2 Features

The key features of the RTC module include the following:
* Maintains a one-second count, unicuer a period of thousand of years
» 32-bit RTC counter can be initialized byftseare to specific initial count value
* Provides an alarm function with pr@gnmable and maskable alarm interrupt
* Provides programmable and skable every second interrupt
» Uses two possible clock sources: theBdfiis clock or an external RTC clock
* RTC function can be disabled if needed
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6.5.3 Modes of Operation

The RTC unit can operate in the following modes:
* RTC enable/disable mode
* RTC every-second interrupt enable/disable mode
* RTC alarm interrupt enable/disable mode
* RTC internal/external input clock mode

6.5.4 External Signal Description

Table 6-43lists the external signals for the RTC module.
Table 6-43. RTC External Signals

Signal /0 Description

RTC_PIT_CLOCK| | |This signal is used as the timebase for the real time clock module.

State Meaning | —

Timing | 32.768 KHz typical

Requirements | —

Reset State | Always input

6.5.5 RTC Memory Map/Register Definition

The RTC programmable register map occupies 3@shyt memory-mapped space. Reading undefined
portions of the memory map retgrall zeros; writing has no effect.

All RTC registers are 32 bits widbat are located on 32-bit agds boundaries and should only be
accessed as a 3-quantities.

All addresses used in this section afseit from the RTC base, as define€hmapter 2, “Memory Map.”

Table 6-39shows the memory map of the RTC.
Table 6-44. RTC Register Address Map

Offset Register Access Reset Value S?:g;%n/
Real Time Clock (RTC)—Block Base Address 0x0_0300
0x00 Real time counter control register (RTCNR) R/W 0x0000_0000 6.5.5.1/6-49
0x04 Real time counter load register (RTLDR) R/W 0x0000_0000 6.5.5.2/6-49
0x08 Real time counter prescale register (RTPSR) R/W 0x0000_0000 6.5.5.3/6-50
0x0C Real time counter register (RTCTR) R 0x0000_0000 6.5.5.4/6-50
0x10 Real time counter event register (RTEVR) wlc 0x0000_0000 6.5.5.5/6-51
0x14 Real time counter alarm register (RTALR) R/W OXFFFF_FFFF 6.5.5.6/6-51
0x18-0x1F | Reserved — —
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6.5.5.1 Real Time Counter Control Register (RTCNR)

The real time counter contragister (RTCNR), shown iRigure 6-32 is used to enable RTC functions.
The register can be read at any time.

Offset 0x00 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 23| 24 25 26 ‘ 29 30 31
R
— CLEN|CLIN — AIM|SIM
w
Reset All zeros

Figure 6-32. Real Time Counter Control Register (RTCNR)

Table 6-45defines the bit fields of RTCNR.
Table 6-45. RTCNR Bit Settings

Bits | Name Description

0-23 — Write reserved, read = 0

24 CLEN | Clock enable control bit.

This bit controls the counting of the RTC. When the RTC’s clock is disabled, the counter maintains its old
value. When the counter’s clock is enabled, it continues counting using the previous value.

0 Disable counter.

1 Enable counter.

25 CLIN | Input clock control bit.

The input clock to the RTC may be either the CSB clock or an external RTC clock.
0 The input clock to the RTC is CSB input clock.

1 The input clock to the RTC is the external RTC clock.

26-29 — Write reserved, read = 0

30 AIM | Alarm interrupt mask bit.

Used to enable or disable (mask) the RTC alarm interrupt when the RTC’s 32-bit counter reaches
RTALR[ALRM] value.

0 Alarm interrupt generation disabled.

1 Alarm interrupt generation enabled.

31 SIM | Second interrupt mask bit.

Used to enable or disable (mask) the RTC periodic interrupt.
0 Periodic interrupt generation disabled.

1 Periodic interrupt generation enabled.

6.5.5.2 Real Time Counter Load Register (RTLDR)

The real time counter loadgister (RTLDR), shown iRigure 6-33 contains the 32-bit value to be loaded
in the 32-bit RTC counter.

Offset 0x04 Access: Read/Write
0 | | | | | | | a1
R
CLDV
w
Reset All zeros

Figure 6-33. Real Time Counter Load Register (RTLDR)
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Table 6-46defines the bit fields of RTLDR.
Table 6-46. RTLDR Bit Settings

Bits | Name Description

0-31 | CLDV |Contains the 32-bit value to be loaded in the 32-bit RTC counter.

6.5.5.3 Real Time Counter Prescale Register (RTPSR)

The real time counter prescatgister (RTPSR), shown Figure 6-34 is a read/write register used to
configure the RTC prescaler’s value.

Offset 0x08 Access: Read/Write
0 | | | | | | | &
R PRSC
w
Reset All zeros

Figure 6-34. Real Time Counter Prescale Register (RTPSR)

Table 6-47defines the bit fields of RTPSR.
Table 6-47. RTPSR Bit Settings

Bits | Name Description

0-31 | PRSC |RTC prescaler bits. Select the input clock divider for the RTC counter clock. The prescaler is programmed to
divide the RTC clock input by values from 1 to 4,294,967,296. The value 0x0000 divides the clock by 1 and
OxFFFF_FFFF divides the clock by 4,294,967,296.

To accurately predict the timing of the next count, change the RTPSR[PRSC] field only when the enable bit
RTCNR[CLE] is clear. Changing the RTPSR[PRSC] bits resets the prescaler counter. System reset and the
loading of a new value into the counter both reset the prescaler counter. Clearing RTCNR[CLE] stops the
prescaler counter.

6.5.5.4 Real Time Counter Register (RTCTR)

The real time counter regjer (RTCTR), shown iRigure 6-35is a read-only register that shows the
current value in the RTC counter.

The CNTV value is not affectdaly reads or writes to RTCTR.

Offset 0x0C Access: Read only
0 | | | | | a1
R CNTV
w
Reset All zeros

Figure 6-35. Real Time Counter Register (RTCTR)
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Table 6-48defines the bit fields of RTCTR.
Table 6-48. RTCTR Bit Settings

Bits | Name Description

0-31 | CNTV |RTC counter value field. RTCTR[CNTV] contains the current value of the time counter. This is a read-only
field. Writes have no effect on RTCTR[CNTV].

6.5.5.5 Real Time Counter Event Register (RTEVR)

The real time couet event register (RTEVR), shownFhigure 6-36 is used to report the source of the
interrupts. The register can be read at any time.

Offset 0x10 Access: wilc

0 | | | | | | | 20 %0 a1

R AlF [ SIF

W B wlc|wilc
Reset All zeros

Figure 6-36. Real Time Counter Event Register (RTEVR)

RTEVR bits are cleared by writing ones. Writing zedwes not affect the value of the status bits.

Table 6-49defines the bit fields of RTEVR.
Table 6-49. RTEVR Bit Settings

Bits | Name Description

0-29 — Write reserved, read = 0

30 AIF | Alarm interrupt flag bit.
Used to indicate the alarm interrupt. It is set if the RTC counter equals RTALR minus one.This bit can be
cleared by writing 1.

31 SIF | Second interrupt flag bit.
Used to indicate the every-second interrupt. This status bit is set each time that the prescaler count reaches
zero. This bit can be cleared by writing 1.

6.5.5.6 Real Time Counter Alarm Register (RTALR)

The real time counter alarragister (RTALR), shown ifrigure 6-37 contains the 3bit alarm (ALRM)
value. When the value of the RTC counter eqttdsRTALR[ALRM] value, a maskable interrupt is
generated.

Offset 0x14 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 31
R ALRM
w

Reset1111\1111\1111\1111\1111\1111\1111\1111
Figure 6-37. Real Time Counter Alarm Register (RTALR)
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Table 6-50defines the bit fields of RTALR.
Table 6-50. RTALR Bit Settings

Bits | Name Description

0-31 | ALRM |RTC alarm value.
The alarm interrupt is generated when the value of the RTC counter equals RTALR[ALRM].

6.5.6 Functional Description

This section provides a functional description @& tbal time counter unit (RTC), including a block
diagram.

6.5.6.1 Real Time Counter Unit

The RTC timer is suitabl®r time stamping or timand calendar generationcn maintain a one-second
count, which is unique over a periotlapproximately 136 years. Softveacan convert this count into
time-of-day or calendar informati, as required. An alarm functionakso provided. The RTC can be
clocked by the internal system bus clock or by#ernal clock source. The RTC consists of 32-bit
up-counter, which is incremented &pne-second couniak derived from the RT input clock. The RTC
can be programmed to generate a maskable intemhgn the time value matches the value in its
associated alarm register.

The RTC can be initialized by software with an iniialint value in the realntie counter load register
(RTLDR). It can also be pgrammed to generate an interrupt g\scond. The real time counter control
register (RTCTR) is used to enabledisable various timdunctions. The real timeounter event register
(RTEVR) is used to report the interrupt sourcee RTC counter is reset f@ro on hard reset or
PORESET. RTC registers are initialized by sloétware. The RTC function can be disabled by
programming the RTC registers.

Figure 6-38shows the functional RTC block diagram.

RTCNR[SIM]
RTCNR[CLIN] RTPSR[PRSC] | | RTLDR[CLDV] _I_,} second
Interrupt
Y > RTEVRISIF |
RTC v |
neut 3 Clock 32-bit 32-bit
System Disable > Prescaler > Counter > RTCTR[CNTV]
Bus Clock — > ¢
RTCNR[CLEN] RTEVRIAIF]
_I_>D_> Alarm
Interrupt
RTCNRAIM] ]
RTALR[ALRM]

Figure 6-38. Real Time Clock Module Functional Block Diagram
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6.5.6.2 RTC Operational Modes

The RTC unit can operate in the following modes:

6.5.7

RTC enable/disable mode

RTCNR[CLEN] enables the RTC timédt.should be set by softwaretafan RTC reset, to enable
the RTC timer.

— RTC disable mode (RTCNR[CLEN] =0)
When the RTC'’s clock is disabled, coentaintains its old value (default).
— RTC enable mode (RTCNR[CLEN] = 1)
When the counter’s clock is enabled,aontinues counting using the previous value.
RTC every-second interrupt enable/disable mode
— RTC every-second interrupt enable mode (RTCNR[SIM] = 1)

In this mode, RTC sets the RTEVR][SIF] flagdagenerate an interrupt after the RTC’s 32-bit
counter reaches zero.

— RTC every-second interruptsdible mode (RTCNR[SIM] = 0)

In this mode, the RTC sets the RTEVR[SIF] flagt does not generate an interrupt after the
RTC’s 32-bit counter reaches zero.

RTC alarm interrupt enable/disable mode
— RTC alarm interrupt enédmode (RTCNR[AIM] = 1)

In this mode, the RTC sets the RTEVRJAIF] flagd generates an interrgztch time when the
RTC’s 32-bit counter reaches the RTALR[ALR] value.

— RTC alarm interrupt disde mode (RTCNR[AIM] = 0)

In this mode, the RTC sets the RTEVRJ[AIF] flagt does not generate an interrupt when the
RTC’s 32-bit counter reaches the RTALR[ALR] value.

RTC internal/external input clock mode

The input clock to the RTC may be the CSB clock or an external RTC_PIT_CLK.
— RTC uses the internal inpalock mode (RTCNR[CLIN] = 0)

— RTC uses the external RTC_PIT_CLK (RTCNR[CLIN] = 1)

RTC Initialization Sequence

The recommended initialization sequence for the RTC is as follows:

Ao

Write to RTPSR to set the RTC prescaler to the desired value
Write to RTLDR to initialize the RTC initial value
Write to RTALR to program thRTC alarm value, if needed

Write to RTCNR to configure and start the@dperation: RTC input otk source, second/alarm
interrupt mask, and RTC clock enable
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6.6  Periodic Interval Timer (PIT)

The following sections describe theory of openatbf the periodic interval timer (PIT) including a
definition of the external signalsid the functions it serves. Additionglthe configuration, control, and
status registers are described. Nbsg individual chapters in thisfezence manual describe additional
specific initialization aspestfor each individual block.

6.6.1 PIT Overview

The periodic interval timer (PIT) that generatesqid interrupts for a real-timmoperating system or an
application software.

The PIT consists of a 32-bit dowwunter which is decremented by aak derived from a CSB clock or
from an external 32.768-kHz crystal. The 32-bit coudemrements to zero when loaded with a initial
value from the periodic interval timer load regigeTLDR). The periodic inteal timer control register
(PTCTR) is used to enable or digathe various timer futions. The periodic intervdiimer event register
(PTEVR) is used to report theterrupt source. The PIT funoti can be disabled if needed.

Figure 6-39shows the functional PIT block diagram.

PIT___ ]
Clock Periodic Periodic
Interval > Interrupt
System Timer
Clock

Register Interface

Figure 6-39. Periodic Interval Timer High Level Block Diagram

6.6.2 PIT Features

The key features of the PIT include the following:
* Maintains a 32-bit down-counter, cked by a 32-bit presled input clock
» 32-bit PIT counter can be initialized byfsware to specific initial count value
* Provides programmable anghskable periodic interrupt
* Uses two possible clock sources: theBG$ock or an external RTC_PIT_CLOCK
» PIT function can be disabled

6.6.3 PIT Modes of Operation

The PIT unit can operate in the following modes:
* PIT enable/disable mode
» PIT periodic interrupt enable/disable mode
* PIT internal/external input clock mode
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PIT External Signal Description

System Configuration

This section provides an overview andailed descriptionsf the PIT signals.

There is one distinct externalgut signal (PIT clock), defined ifable 6-51
Table 6-51. PIT Signal Properties

Name

Function

1/0 Reset Pull Up

RTC_PIT_CLOCK

Periodic interval timer.

| N/A —

Table 6-52describes of the external PIT signal.

Table 6-52. PIT External Signal—Detailed Signal Descriptions

Signal I/O Description
RTC_PIT_ | | This signal is used as the timebase for the periodic interval timer module.
CLOCK
6.6.5 PIT Memory Map/Register Definition

The PIT programmable register map occupies 329t memory-mapped space. Reading undefined
portions of the memory map retgrall zeros; writing has no effect.

All PIT registers are 32 bits widend reside on 32-hétddress boundaries and shibahly be accessed as

32-bit quantities.

All addresses used in this chapter @ifeets from PIT base, as definedGhapter 2, “Memory Map.”

Table 6-53shows the PIT memory map.
Table 6-53. PIT Register Address Map

Offset Register Access Reset Value Sg;’c;]cén/
Periodic Interval Timer (PIT)—Block Base Address 0x0_0400
0x000 Periodic interval timer control register (PTCNR) R/W 0x0000_0000 6.6.5.1/6-56
0x004 Periodic interval timer load register (PTLDR) R/W 0x0000_0000 6.6.5.2/6-56
0x008 Periodic interval timer prescale register (PTPSR) R/W 0x0000_0000 6.6.5.3/6-57
0x00C Periodic interval timer counter register (PTCTR) R 0x0000_0000 6.6.5.4/6-57
0x10 Periodic interval timer event register (PTEVR) wlc 0x0000_0000 6.6.5.5/6-58
0x014-0x01F | Reserved — —
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6.6.5.1 Periodic Interval Timer Control Register (PTCNR)

The periodic interval timer controegister (PTCNR), shown irigure 6-4Qis used to enable the different
PIT functions. The regist&an be read at any time.

Offset 0x00 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 23| 24 25 26 ‘ 30 31
R
— CLEN|CLIN — PIM
w
Reset All zeros

Figure 6-40. Periodic Interval Timer Control Register (PTCNR)

Table 6-54defines the bit fields of PTCNR.
Table 6-54. PTCNR Bit Settings

Bits Name Description
0-23 — Write reserved, read = 0
24 CLEN | Clock enable control bit. Controls the counting of the PIT. When the PIT’s clock is disabled, the counter

maintains its old value. When the counter’s clock is enabled, it continues counting using the previous value.
0 Disable counter.
1 Enable counter.

25 CLIN | Input clock control bit. The input clock to the PIT can be either an internal system clock or an external PIT
clock.

0 The input clock to the periodic interrupt timer is internal system clock.

1 The input clock to the periodic interrupt timer is external RTC_PIT_CLOCK.

26-30 — Write reserved, read = 0

31 PIM Periodic interrupt mask bit. Used to enable or disable (mask) the PIT periodic interrupt.
0 Periodic interrupt generation disabled.
1 Periodic interrupt generation enabled.

6.6.5.2 Periodic Interval Timer Load Register (PTLDR)

The periodic interval timer loagtgister (PTLDR), shown iRigure 6-41 contains the 32-bit value to be
loaded in a 32-bit PIT counter.

Offset 0x04 Access: Read/Write
0 | | | | | | | 31
R
CLDV
w
Reset All zeros

Figure 6-41. Periodic Interval Timer Load Register (PTLDR)
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Table 6-55defines the bit fields of PTLDR.
Table 6-55. PTLDR Bit Settings

Bits | Name Description

0-31 | CLDV |Contains the 32-bit value to be loaded in a 32-bit PIT counter.

6.6.5.3 Periodic Interval Timer Prescale Register (PTPSR)

The periodic interval timer preseategister (PTPSR), shownkigure 6-42 is a read/write register that
used to configure the PIT prescaler’s value.

Offset 0x08 Access: Read/Write
0 | | | | | | | 3
R PRSC
w
Reset All zeros

Figure 6-42. Periodic Interval Timer Prescale Register (PTPSR)

Table 6-56defines the bit fields of PTPSR.
Table 6-56. PTPSR Bit Settings

Bits | Name Description

0-31 | PRSC | PIT prescaler bits. Selects the input clock divider to generate the PIT counter clock. The prescaler is
programmed to divide the PIT clock input by values from 1 to 4,294,967,296. The value 0x0000 divides the
clock by 1 and OxFFFF_FFFF divides the clock by 4,294,967,296.

To accurately predict the timing of the next count, change the PRSC bit only when the enable bit PTCNR[CLE]
is clear. Changing PRSC resets the prescaler counter. System reset and the loading of a new value into the
counter also reset the prescaler counter. Clearing the PTCNR[CLE] bit stops the prescaler counter.

6.6.5.4 Periodic Interval TimerCounter Register (PTCTR)

The periodic interval timer counteggister (PTCTR), shown fRigure 6-43is a read-only register that
shows the current value in the PIT counter. ThREPR counter is not affeetl by reads or writes.

Offset 0x0C Access: Read only
0 | | | | | | | a1
R CNTV
w
Reset All zeros

Figure 6-43. Periodic Interval Timer Counter Register (PTCTR)

Table 6-57defines the bit fields of PTCTR.
Table 6-57. PTCTR Bit Settings

Bits | Name Description

0-31 | CNTV | PIT counter value field. Contains the current value of the time counter. This is a read-only field. Writes have
no effect on PTCTR[CNTV].
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6.6.5.5 Periodic Interval TimerEvent Register (PTEVR)

The periodic interval timer everegister (PTEWR), shown inFigure 6-44 is used to report the source of
the interrupts. The registean be read at any time.

PTEVR bits are cleared by writing ones. Writing zedoss not affect the value of the status bits.

Offset 0x10 Access: wilc
0 | | | | | | _w
R PIF
W o wlc
Reset All zeros

Figure 6-44. Periodic Interval Timer Event Register (PTEVR)

Table 6-58defines the bit fields of PTEVR.
Table 6-58. PTEVR Bit Settings

Bits | Name Description
0-30 — Write reserved, read = 0
31 PIF |Periodic interrupt flag bit. Used to indicate the periodic interrupt. It is asserted after the SPMPIT counter

counts to zero. If PTCNR[PIM] bit is enabled, then an interrupt would be generated. This status bit should be
cleared by software.

6.6.6 Functional Description

This section provides a functionalsgeiption of the PIT uib, including a block dagram and discussion of
operational modes.

6.6.6.1 Periodic Interval Timer Unit

The PIT generates periodic interrufiisuse with a real-tim operating system oralapplication software.
It consists of a 32-bit down-countehich is decrementdualy a clock derived from thCSB clock or from
the RTC_PIT_CLOCK. The 32-bit counter decrementzt@ when loaded with a initial value from the
periodic interval timer load regest (PTLDR). After the timer reachesro, PTEVR[PIF] is set and an
interrupt is generated if PTCNR[PIM] = 1. At thexteount cycle, the value in the PTLDR[CLDV] is
loaded into the counter and the prss repeats. When a new valule&led into the PTLDR[CLDV], the
PIT is updated, the prescaler counter is resetft@dounter begins counginSetting of PTEVR[PIF]
generates an interrupt, that rensapending until PTEVR[M] is cleared. If PTEVR[PIF] is set again
before being cleared, the interrupt remains pendmd PTEVR[PIF] is cleared. Any write to the
PTLDR[CLDV] stops the current countdown ati@ count resumes with the new value in
PTLDR[CLDV]. If PTCNR[CLEN] = 0, the PIT cannatount and retains the old count value. PTCTR
contain the PIT current value. The RUhction can be disabled if needed.
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Figure 6-45hows the functional PIT block diagram.

Figure 6-45. Periodic Interval Timer Functional Block Diagram

PERIODIC
PTCNR[CLIN] PTPSR[PRSC] PTLDR[CLDV] PTCNR[PIM] —L)%teiipt
REEBFQI_’ Y Y J—> PTEVRI[PIF]
- 5 Clock > 32-Bit o 32-Bit
System Disable Prescaler ~1 Counter
Clocking A |—> PTCTR[CNTV]
PTCNR[CLEN]

6.6.6.2 PIT Operational Modes

The PIT unit can operate in the following modes:

6.6.7

PIT enable/disable mode:

The PTCNR[CLEN] bit enables thePtimer. It should beset by software aftea system reset to
enable the PIT timer.

— PIT disable mode (PTCNR[CLEMN] 0). When the PIT’s clock disabled, counter maintains
its old value.

— PIT enable mode (PTCNR[CLEN] = 1). Whthe counter’s clock is enabled, it continues
counting using the previous value.

PIT periodic interrupt enable/disable mode:

— PIT periodic interrupt enable mode (PTCNR[RHVL). After the PIT’s 32-bit counter reaches
zero, the PIT sets the PTEVR[PIi§g and generates an interrupt.

— PIT periodic interrupt disablmode (PTCNR[PIM] = 0). After #a PIT’s 32-bit counter reaches
zero, the PIT sets the PTEVRJ[PIF] flagt does not generate an interrupt.

PIT internal/external input clock mode:

The input clock to the PIT may be an imal system clock or the RTC_PIT_CLOCK.
— PIT use the internal input clock mode (PTCNR[CLIN] = 0)

— PIT use the RTC_PIT_CLOCK (PTCNR|[CLIN] = 1)

PIT Programming Guidelines

The following initialization sguence of PIT is recommended:

1.
2.
3.

Write to PTPSR to set the Ppfescaler to the desired value
Write to PTLDR to initialize the PIT initial value

Write to PTCNR to configurena start the PIT operation: PIT inplock source, periodic interrupt
mask, PIT clock enable.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 6-59



System Configuration

6.7  General-Purpose Timers (GTMSs)

The following sections describe theory of opieraof the general purpogglobal) timer module,
including a definition of thexternal signals and the functionalitydditionally, the configuration, control,
and status registers are describedeNbat individual chapters in thi®ok describe additional specific
initialization aspects for each individual block.

6.7.1 GTM Overview

Each global timer module (@) includes four identical 16-bit gerad-purpose timergywo 32-bit timers
or one 64-bit timer. Each @ timer consists of a timer prescalgister (GTPSR), a tisar mode register
(GTMDR) a timer capture regfier (GTCPR), a timer cowertregister (GTCNR), imer reference register
(GTRFR), a timer event register (GTEVR), andnagti global configuratioregister (GTCFR). The
GTPSRs and the GTMDRs contain the primargt aecondary prescalempgrammed by the user.

Figure 6-46shows the functional GTM block diagram.
Figure 6-46. Global Timers Block Diagram

General
GTCFR1 . . )
GTCER2 | Global Configuration Register 1 > Syst¢|em|CI|ock
Y |
GTEVR1 Event Register - |
@
N ]
- Timer s TGATE1
GTPSR1 Prescale Register <> Clock £ TGATE?2
; Generator | & TGATE3
GTMDR1 Mode Register - - u>f — TGATE4
clock
Divider < - EN%
TIN3
Y TIN4
GTCNR1 16-Bit Counter <> Capture » TOUT
Detection | o %g
- > » TOUT2
GTRFR1 Reference Register » TOUT1
GTCPR1 Capture Register - >
Timerl
[ Timer2
[ Timer3
| Timer4

Registers Interface

6.7.2 GTM Features

The key features of the timer include the following:
* The maximum input clock is the system bus clock
* Four 16-bit programmable timers
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Two timers cascaded internally or externdllging TIN and TOUT external signals) to form a
32-bit timer

One timer cascaded internally or externally to form a 64-bit timer
Maximum period of ~549.6 (d25-MHz bus clock and preseal= 256) for 16-bit timer
Maximum period of ~8796 seconds {&5-MHz bus clock and preseal= 256) for 32-bit timer

Maximum period of thousands of years (at MHz bus clock and prescaler = 256) for 64-bit
timer

8-nanosecond timer resolution (@5-MHz bus clock and no prescaler)
Resolution and maximum period can kaed off by selecting prescaler divisor
Three programmable input cloc&sces for the timer prescalers

Input capture capability

Output compare with programmable mode for the output pin

Free run and restart modes

Functional and programming comitmtity with MPC8260 timers

GTM Modes of Operation

The GTM unit can operata the following modes:

Cascaded modes
Clock source modes
Reference modes
Capture modes

6.7.3.1 Cascaded Modes
GTCFR[PCAS] and GTCFR2[SCAS] are used to thé timers into different cascaded modes:

Non-cascaded mode: Each timémgr 1, timer 2, timeB, and timer 4), funabin as a independent
16-bit timer with a 16-bit GTRFR, GTCPB,TMDR, and GTCNR. In this mode, the
non-cascaded GTRFR, GTCPRdaBTCNR should be referencedth correponding 16-bit bus
cycles.

Pair-cascaded mode: In this mode, two 16-bit tincarsbe internally cascaded to form a 32-bit
counter: timer 1 can be internally cascadedn@ti2 and timer 3 may be internally cascaded to
timer 4. Because the decision to cascade timermade independently, the user has the option of
selecting two 16-bit timers arahe 32-bit timer, or two 32-bit timers. When working in the
pair-cascaded mode, the cascaded GTRFR, GT&@RRSTCNR should befexenced with 32-bit
bus cycles.

Super-cascaded mode: In this mode, all four 1@hiers can be internally cascaded to form a
64-bit counter. When working in the super-a$ed mode, the cascaded GTRFR, GTCPR, and
GTCNR should be referencedttviiwo 32-bit bus cycles.
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6.7.3.2 Clock Source Modes

The clock input to the timer’s prescatam be selected from three sources:
* The system clock
* The system slow go clock (systdras clock internally divided by 16)
» The corresponding TINX pin

6.7.3.3 Reference Modes

Each timer can be configured to count until a refeeda reached and then either begin a new time count
immediately or continue to run. The FRR diithe corresponding GTMR selects each mode.

» Freerun reference mode. The corresponding timantacontinues to increment after the reference
value is reached.

* Resetreference mode. The copasding timer count is reset immatgly after the reference value
is reached.

6.7.3.4 Capture Modes

Each timer has a 16-bit fitin GTCPR, used to latch the valuetlodé counter when a defined transition
of TINX is sensed by the corganding input capture edge detector.

* Normal gate mode enables the coomia falling edge of the TGATRIn and disables the count on
the rising edge of TGATET his mode allows the timer to cowtnditionally, basgé on the state of
TGATE.

* The restart gate modenperms the same functicas normal mode, excepsitso resets the counter
on the falling edge of the TGATRIn. This mode has applicatiomspulse interval measurement
and bus monitoring.

6.7.4 GTM External Signal Description
This section provides an overview andailed descriptions of the GTM signals.

There are four distinct externalgut timer capture signals (TIN1, TINZIN3, and TIN4), four distinct
external input timer gate signals (TGATHIGATE2 TGATE3 and TGATE4, and four dighct external
timer output signals (TOUTTTOUT2 TOUT3 and TOUT4. The GTM interface signals are defined in
Table 6-59

Table 6-59. GTM Signal Properties

Name Port Function I/O Reset Eiﬂu&rg
TIN1 TIN1 Global timer 1 capture control signal I 0 No
TIN2 TIN2 Global timer 2 capture control signal I 0 No
TIN3 TIN3 Global timer 3 capture control signal I 0 No
TIN4 TIN4 Global timer 4 capture control signal I 0 No
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Table 6-59. GTM Signal Properties (continued)

Name Port Function I/0 Reset Eiﬂugs
TGATE1 TGATE1 Global timer 1 counter gate control signal I 0 No
TGATE2 TGATE2 Global timer 2 counter gate control signal I 0 No
TGATE3 TGATE3 Global timer 3 counter gate control signal I 0 No
TGATE4 TGATE4 Global timer 4 counter gate control signal I 0 No
TOUT1 TOUT1 Global timer 1 counter output signal o) 1 No
TOUT2 TOUT2 Global timer 2 counter output signal o) 1 No
TOUT3 TOUT3 Global timer 3 counter output signal o) 1 No
TOUT4 TOUT4 Global timer 4 counter output signal o) 1 No

Table 6-60provides detailed description$the external GTM signals.
Table 6-60. GTM External Signals—Detailed Signal Descriptions
Signal I/O Description
TINn I | Global timer capture control signal. Used to latch the value of the counter when a defined transition of

TINn is sensed by the corresponding input capture edge detector.

State | Asserted/Negated —According to the programmed polarity by the corresponding
Meaning GTMDRN[CE]). Each timer has a 16-bit GTCPR used to latch the value of the counter
when a defined transition of TINn is sensed by the corresponding input capture edge
detector. Upon a capture or reference event, the corresponding GTEVR bit is set and
a maskable interrupt request is issued to the interrupt controller.

Timing | Assertion/Negation—Asynchronous to internal bus clock. TINn is internally synchronized to
the system bus clock. If TINn meets the asynchronous input setup time, the value of
counter is captured after one system bus clock when working with the internal clock.

TGATEN | | Global timer counter gate control signal. Used to gate/restart the counter when a defined transition of
TGATERN is sensed by the corresponding input capture edge detector.

State | Asserted/Negated—According to the programmed polarity by the corresponding
Meaning GTCFR[GMX] bits. In a restart gate mode (GTCFR[GMn] = 0), the TGATERn pin is used
to enable/disable count. A falling TGATEnN pin enables and restarts the count and a
rising edge of TGATEN disables the count. In a normal gate mode (GTCFR[GMn] = 1),
the TGATEN have similar functionality, except the falling edge of TGATEn does not
restart the appropriate count value in GTCNRN[CNVn].

Timing | Assertion/Negation—Asynchronous to internal bus clock. TGATER is internally
synchronized to the system bus clock. If TGATEn meets the asynchronous input setup
time, the counter begins counting or stops counting depending on the signal state and
the configured mode .

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 6-63



System Configuration

Table 6-60. GTM External Sighals—Detailed Signal Descriptions (continued)

Signal I/0 Description

TOUTn O | Global timer counter output signal. The GTM output a signal on the timer output pin TOUTn when the
reference value is reached.

State | Asserted/Negated—According to the programmed polarity by the corresponding

Meaning GTMDRN[OMn].

1. Active-low pulse on TOUTn for one timer input clock cycle as defined by the
GTMDRN[ICLKnN] bits (GTMDRn[OMn] = 1). Thus, TOUTn may be low for one general
system clock period, one general system slow go clock period, or one TINn pin clock
cycle period.

2. Toggle the TOUTn pin (GTMDRn[OMn] = 0). TOUTn changes occur on the rising edge of
the timer input clock.

Timing | Assertion/Negation—TOUTn changes occur on the rising edge of the timer input clock.

6.7.5 GTM Memory Map/Register Definition

The GTM programmable register pnaccupies 64 bytes of memory-mapped space. Reading undefined
portions of the memory map retgrall zeros; writing has no effect.

All GTM registers are 8 dt6 bits wide, located on 8-bit or 16-bildress boundariesiédshould only be
accessed as 8-bit or bi-quantities. All addresses used in tthigpter are offsets from GTM, as defined
in Chapter 2, “Memory Map.”

Table 6-61shows the memory map of the GTM.
Table 6-61. GTM Register Address Map

Reset Section/

Offset Register Access Value Page

General Purpose (Global) Timer Module 1—Block Base Address 0x0_0500
General Purpose (Global) Timer Module 1—Block Base Address 0x0_0600

0x000 Timer 1 and 2 global timers configuration register (GTCFR1) R/W 0x00 6.7.5.1/6-65
0x001-0x003 | Reserved — — —

0x004 Timer 3 and 4 global timers configuration register (GTCFR2) R/W 0x00 6.7.5.1/6-65
0x005-0x00F | Reserved — — —

0x010 Timer 1 global timers mode register (GTMDR1) R/W 0x0000 | 6.7.5.2/6-69

0x012 Timer 2 global timers mode register (GTMDR2)

0x014 Timer 1 global timers reference register (GTRFR1) R/W OXFFFF | 6.7.5.3/6-70

0x016 Timer 2 global timers reference register (GTRFR2)

0x018 Timer 1 global timers capture register (GTCPR1) R/W 0x0000 | 6.7.5.4/6-70

0x01A Timer 2 global timers capture register (GTCPR2)
0x01C Timer 1 global timers counter register (GTCNR1) R/W 0x0000 | 6.7.5.5/6-71

O0x01E Timer 2 global timers counter register (GTCNR2)
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Table 6-61. GTM Register Address Map (continued)

Offset Register Access \R/zﬁjeet Si(;:ézn/
0x020 Timer 3 global timers mode register (GTMDR3) R/W 0x0000 | 6.7.5.2/6-69
0x022 Timer 4 global timers mode register (GTMDR4)
0x024 Timer 3 global timers reference register (GTRFR3) R/W OXFFFF | 6.7.5.3/6-70
0x026 Timer 4 global timers reference register (GTRFR4)
0x028 Timer 3 global timers capture register (GTCPR3) R 0x0000 | 6.7.5.4/6-70
0x02A Timer 4 global timers capture register (GTCPR4)
0x02C Timer 3 global timers counter register (GTCNR3) R/W 0x0000 | 6.7.5.5/6-71
0x02E Timer 4 global timers counter register (GTCNR4)
0x030 Timer 1 global timers event register (GTEVR1) wlc 0x0000 | 6.7.5.6/6-71
0x032 Timer 2 global timers event register (GTEVRZ2)
0x034 Timer 3 global timers event register (GTEVR3)
0x036 Timer 4 global timers event register (GTEVR4)
0x038 Timer 1 global timers prescale register (GTPSR1) R/W 0x0003 | 6.7.5.7/6-72
0x03A Timer 2 global timers prescale register (GTPSR2)
0x03C Timer 3 global timers prescale register (GTPSR3)
0x03E Timer 4 global timers prescale register (GTPSR4)
General Purpose (Global) Timer Module 2:
All registers defined for GTM1 are also defined for GTM2; the base address of GTM2 registers is 0x0_0600. The offset for
the registers of Global Timer Module 2 timers (GTM 5-8) remains the same.

6.7.5.1 Global Timers Configuration Registers (GTCFRn)

The global timers configation registers (GTCFR1 and GTCFR2), showigure 6-47andFigure 6-48
contain configuration parametersddyy the timers. Thesegisters allow simudineous starting, stopping
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and resetting of a pair oftiers (1 and 2 or 3 and 4) afra groups of timers (2, 3, and 4) if one bus cycle
is used. GTCFR is cleared by reset.

NOTE

For proper operation of the timers, do aoénge the modes of operation and
enable the timer in the same registeite operation. The modes can be
changed when GTCHRSTN] is cleared. However, when

GTCFR[RSTn] are set, they are the only bits that can be changed.

Offset 0x00 Access: Read/Write
0 1 2 3 4 5 6 7
R
PCAS BCM STP2 RST2 GM2 GM1 STP1 RST1
w
Reset All zeros

Figure 6-47. Global Timers Configuration Register 1 (GTCFR1)

Table 6-62defines the bit fields of GTCFR1.
Table 6-62. GTCFRL1 Bit Settings

Bits Name Description

0 PCAS | Pair-cascade mode

0 Normal operation

1 Timers 1 and 2 cascade to form a 32-bit timer.

Note: This bit is ignored in super-cascade mode (GTCFR2[SCAS] = 1).

Note: It is allowed to change the value of this bit only when the corresponding timers are in reset mode.
Thus, the user should first clear the RST1 and RST2 bits (without changing PCAS) and then, in a
separate write to the register, change the value of PCAS.

1 BCM | Backward compatible mode

0 Provide backward compatibility to PowerQUICC Il family timers. In this mode GTCFR1[GM2] bit controls
the gate mode for timers 1 and 2 and GTCFR2[GM4] bit will control the gate mode for timers 3 and 4.
GTCFR1[GM1] and GTCFR2[GM3] bits are ignored.

1 Normal operational mode

2 STP2 | Stop timer 2

0 Normal operation

1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 2, except the
Register Interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.

3 RST2 |Resettimer 2

0 Resetthe timer 2, including GTMDR2, GTRFR2, GTCNR2, GTCPR2, and GTEVR?2 (a software reset is
identical to an external reset).

1 Enable the corresponding timer if the STP2 bit is cleared.

4 GM2 | Gate mode for TGATE2

0 Restart gate mode. The TGATE2 pin is used to enable/disable count. A low level of TGATE2 enables and
a falling edge of TGATE?2 restarts the count (reset the dynamic counter’s count value to 0) and a high
level of TGATEZ2 disables the count.

1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE2 does not restart the
appropriate count value in GTCNR2[CNV2].
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Table 6-62. GTCFRL1 Bit Settings (continued)

Bits Name

Description

5 GM1

Gate mode for TGATE1

0 Restart gate mode. The TGATEL1 is used to enable/disable count. A low level of TGATE1 enables and a
falling edge of TGATEL1 restarts the count (reset the dynamic counter’s count value to 0) and a high level
of TGATEL1 disables the count.

1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE1 does not restart the
appropriate count value in GTCNR1[CNV1].

Note: In backward compatible mode (GTCFR1[BCM] = 0) this bit is ignored. GTCFR1[GM2] bit will control

the gate mode for timers 1 and 2.

6 STP1

Stop timer 1

0 Normal operation

1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 1, except the
register interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.

7 RST1

Reset timer 1

0 Resetthe timer 1, including GTMDR1, GTRFR1, GTCNR1, GTCPR1, and GTEVRL1 (a software reset is
identical to an external reset).

1 Enable the corresponding timer if the STP1 bit is cleared.

The GTCFR2 register is shownkigure 6-48

Offset 0x04 Access: Read/Write
0 1 2 3 4 5 6 7
R
PCAS SCAS STP4 RST4 GM4 GM3 STP3 RST3
w
Reset All zeros

Figure 6-48. Global Timers Configuration Register 2 (GTCFR2)
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Table 6-63defines the bit fields of GTCFR2.

Table 6-63. GTCFR2 Bit Settings

Bits Name Description
0 PCAS | Pair-cascade mode
0 Normal operation.
1 Timers 3 and 4 cascade to form a 32-bit timer.
Note: This bit is ignored in super-cascade mode (GTCFR2[SCAS] = 1).
Note: It is allowed to change the value of this bit only when the corresponding timers are in reset mode.
Thus, the user should first clear the RST3 and RST4 bits (without changing PCAS) and then, in a
separate write to the register, change the value of PCAS.
1 SCAS | Super cascade mode
0 Normal operation
1 Timers 1, 2, 3 and 4 cascade to form a 64-bit timer.
Note: In super-cascade mode (GTCFR2[SCAS] = 1) the pair-cascade mode bits are ignored,
(GTCFR1/2[PCAS] = Don't Care).
Note: It is allowed to change the value of this bit only when the corresponding timers are in reset mode.
Thus, the user should first clear the RST1, RST2, RST3, and RST4 bits (without changing SCAS)
and then, in a separate write to the register, change the value of SCAS.
2 STP4 | Stop timer 4
0 Normal operation
1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 4, except the
register interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.
3 RST4 |Resettimer 4
0 Reset the timer 4, including GTMDR4, GTRFR4, GTCNR4, GTCPR4, and GTEVR4 (a software reset is
identical to an external reset).
1 Enable the corresponding timer if the STP4 bit is cleared.
4 GM4 | Gate mode for TGATE4
0 Restart gate mode. The TGATEA4 is used to enable/disable count. A low level of TGATE4 enables and a
falling edge of TGATEA4 restarts the count (reset the dynamic counter’s count value to 0) and a high level
of TGATEA4 disables the count.
1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE4 does not restart the
appropriate count value in GTCNR4[CNV4].
5 GM3 | Gate mode for TGATE3
0 Restart gate mode. The TGATE3 is used to enable/disable count. A low level of TGATE3 enables and a
falling edge of TGATE3 restarts the count (reset the dynamic counter’s count value to 0) and a high level
of TGATE3 disables the count.
1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE3 does not restart the
appropriate count value in GTCNR3[CNV3].
Note: In backward compatible mode (GTCFR1[BCM] = 0) this bit is ignored. The GTCFR2[GM4] bit
controls the gate mode for timers 3 and 4.
6 STP3 | Stop timer 3
0 Normal operation
1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 3, except the
register interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.
7 RST3 |Resettimer 3

0 Reset the timer 3, including GTMDR3, GTRFR3, GTCNR3, GTCPR3, and GTEVR3 (a software reset is
identical to an external reset).
1 Enable the corresponding timer if the STP3 bit is cleared.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

6-68

Freescale Semiconductor



System Configuration

6.7.5.2 Global Timers Mode Registers (GTMDR1-GTMDR4)

The global timers mode registers (GTMDRETMDR2, GTMDR3, and GTMDR4) are shown in
Figure 6-49

Erratic behavior may occur @TCFR1 and GTCFR2 are naitialized before the GTMDR Only
GTCFR[RSTn] and GTCFR[STPn] can be modified at any time.

Offset 0x10(GTMDR1) 0x20(GTMDR3) Access: Read/Write
0x12(GTMDR2) 0x22(GTMDR4)
0 ‘ 7 8 9 10 11 12 13 14 15
R
W SPS CE OM | ORI | FRR ICLK GE
Reset All zeros

Figure 6-49. Global Timers Mode Registers (GTMDR1—GTMDR4)

Table 6-64defines the bit fields of GTMDR.
Table 6-64. GTMDR Bit Settings

Bits | Name Description

0-7 SPS | Secondary prescaler value
The secondary prescaler is programmed to divide the clock input to corresponding timer by values from 1 to
256. The value 0x00 divides the clock by 1 and OxFF divides the clock by 256.

8-9 CE | Capture edge and enable interrupt

00 Disable interrupt on capture event; capture function is disabled

01 Capture on rising TINn edge only and enable interrupt on capture event.

10 Capture on falling TINn edge only and enable interrupt on capture event.

11 Capture on any TINn edge and enable interrupt on capture event.

Note: The frequency of TINn should be slower than system clock (TINn is sampled internally by system clock
to detect TINn’s rising/falling edge before updating the counter)

10 OM | Output mode

0 Toggle TOUTN every time when the corresponding timer matches its reference value.

1 Active-low pulse on TOUTn for one timer input clock cycle (4 input clock cycles for the system clock) as
defined by the ICLKn bits. Thus, TOUTn may be low for four general system clocks, one general system
slow go clock period, or one TINn pin clock cycle period.

Note: TOUTn changes are internally synchronized to the rising edge of the system clock

11 ORI | Output reference interrupt enable
0 Disable interrupt for reference reached (does not affect interrupt on capture function).
1 Enable interrupt on reaching the reference value.

12 FRR |Free run/restart mode
0 Free run. The timer count continues to increment after the reference value is reached.
1 Restart. The timer count is reset immediately after the reference value is reached.
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Table 6-64. GTMDR Bit Settings (continued)

Bits | Name Description

13-14 | ICLK |Input clock source for the timer.

00 Internally cascaded input. This selection means: For ICLK1, the timer 1 input is the output of timer 2. For
ICLK2, the timer 1 input is the output of timer 2, the timer 2 input is the output of timer 3, the timer 3 input
is the output of timer 4. For ICLKS3, the timer 3 input is the output of timer 4. For ICLKA4 this selection means
no input clock is provided to the timer.

01 Internal general system bus clock.

10 Internal slow go clock (divided by 16 system bus clock).

11 TINn: corresponding TIN1, TIN2, TIN3, or TIN4 pin (falling edge).

15 GE | Gate enable
0 The TGATERN signal is ignored.
1 The TGATER signal is used to control the timer.

6.7.5.3 Global Timers Reference Registers (GTRFR1-GTRFR4)

Global timers referenaegisters, shown iRigure 6-50 are 16-bit memory-mapgeread/write registers
containing the 16-bit reference valdes each timer’s timeout. The reénce value is not reached until
GTCNRN[CNV] increments to the value in GTRRR RV].

Offset 0x14(GTRFR1) 0x24(GTRFR3) Access: Read/Write
0x16(GTRFR2) 0x26(GTRFR4)
0 | | | 15
R
TRV
W
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

Figure 6-50. Global Timers Reference Registers (GTRFR1-GTRFR4)

Table 6-65defines the bit fields of GTRFR.
Table 6-65. GTRFR Bit Settings

Bits | Name Description

0-15 TRV | Timeout reference value.
16-hit timeout reference value for the corresponding timer. Set to all ones by reset.

6.7.5.4 Global Timers Capture Registers (GTCPR1-GTCPR4)

Global timers capture registers (GTCPRBI,CPR2, GTCPR3, and GTCPR4), showirigure 6-51 are
used to latch the value tfe counters according to GTMDECE].

Offset 0x18(GTCPR1) 0x28(GTCPR3) Access: Read only
0x1A(GTCPR2) 0x2A(GTCPR4)
0 ‘ ‘ 15
R LCV
w
Reset All zeros

Figure 6-51. Global Timers Capture Registers (GTCPR1-GTCPR4)
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Table 6-66defines the bit fields of GTCRR
Table 6-66. GTCPRn Bit Settings

Bits | Name Description

0-15 LCV |Latched counter value. Corresponding timer’s 16-bit latched value.

6.7.5.5 Global Timers Counter Registers (GTCNR1-GTCNRA4)

Global timers counteregisters (GTCNR1, GTCNR2, ®NR3, and GTCNR4), shown Figure 6-52
are four 16-bit, memory-maed, read/write up-countes.read cycle to a GTCNRCNV] fields yields
the current value of the appropriate timer but dugsaffect the counting operation. A write cycle to a
GTCNRN[CNV] field sets the registdo the written value, causj its corresponding primary and
secondary prescaler counters to be reset.

Offset O0x1C(GTCNR1) 0x2C(GTCNR3) Access: Read/Write
Ox1E(GTCNRZ2) O0x2E(GTCNR4)
0 ‘ 15
R
CNV
w
Reset All zeros

Figure 6-52. Global Timers Counter Registers (GTCNR1—GTCNR4)

Table 6-67defines the bit fields of GTCNR.
Table 6-67. GTCNR Bit Settings

Bits | Name Description

0-15 CNV | Counter value.
Corresponding timer’s 16-bit read/write up-counter value.

6.7.5.6 Global Timers Event Registers (GTEVR1-GTEVR4)

Global timers event registers (GTEVRITEBVR2, GTEVR3, and GTEVR4), shown ngure 6-53 are
used to report events recognizeddny of the timers. On recognition af output reference event, the
appropriate timer sets GTEVIHREF], regardless of the corresponding GTMIPBRI]. The capture
event is only set if its enabled by GTMDR[CE]. GTEVRs appear as memenyapped registers to users,
which can be read at any time.

GTEVRnN bits are cleared by writing onestteem (writing zeros does not affdxt values). Both bits must
be reset before the timer negatesitierrupt to the interrupt controller.

Offset 0x30(GTEVR1) 0x34(GTEVR3) Access: wlc
0x32(GTEVR2) 0x36(GTEVR4)
0 ‘ ‘ 13 14 15
R REF | CAP
w o wlc | wlc
Reset All zeros

Figure 6-53. Global Timers Event Registers (GTEVR1—GTEVR4)
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Table 6-68defines the bit fields of GTEMR
Table 6-68. GTEVRn Bit Settings

Bits | Name Description

0-13 — Reserved, should be cleared.

14 REF | Output reference event

0 No event

1 The counter reached the GTRFRNn[TRV] value. GTMDRN[ORI] is used to enable the interrupt request
caused by this event.

15 CAP | Counter capture event

Corresponding timer’s 16-bit read/write up-counter value.

0 No event

1 The counter value has been latched into the GTCPRn[LCV]. GTMDRnN[CE] is used to enable generation
of this event.

6.7.5.7 Global Timers Prescale Registers (GTPSR1-GTPSR4)

The global timers prescale registers (GTRSBTPSR2, GTPSR3, and GTPSR4) are shown in
Figure 6-54

Erratic behavior may occur if GTP&HS not initialized before the corresponding GTMDR

Offset 0x38(GTPSR1) 0x3C(GTPSR3) Access: Read/Write
0x3A(GTPSR2) OX3E(GTPSR4)
0 ‘ 7 8 ‘ 15
R
— PPS
w

Reset 0 0 0 o o0 0 0 0 0 0 0 o o 0 1 1
Figure 6-54. Global Timers Prescale Registers (GTPSR1-GTPSR4)

Table 6-69defines the bit fields of GTPSR
Table 6-69. GTPSRn Bit Settings

Bits | Name Description

0-7 — Reserved, should be cleared.

8-15 PPS | Primary prescaler bits
The primary prescaler is programmed to divide the clock input to corresponding timer by values from 1 to 256.
The value 0x00 divides the clock by 1 and OxFF divides the clock by 256.

NOTE

The total timer prescale value is calculated as follows:
GTMnyescarer= GTPSR PPS+1 ~GT@®IDRn SPS+1

This gives a total prescale range from 1 (GTRIBRS] = 0x00,
GTMDRN[SPS] = 0x00) to 65,536 (GTPBPPS] = OxFF,
GTMDR[SPS] = OxFF).
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6.7.6 Functional Description

This section provides a functional description @& ¢feneral-purpose timer units, including detailed
description of itsnodes of operation.

6.7.6.1 General-Purpose Timer Units

The clock input to the timer’s prescaler danselected frorthe following sources:

* The system clock
* The system slow go clock (internally divided by 16)

The general system clock is gerterhin the clock synthesizer andaldts to the system frequency.
However, the general system clocls ltlae option to be divided befordgaves the clock synthesizer. This
mode, called slow go, is used toeegower. Whatever the resultingdreency of the general system clock,
the user can either choose that frequency or tlgedércy divided by 16 as the input to the prescaler of
each timer. Alternativelythe user may prefer TiNo be the clock source. TiNs internally synchronized
to the internal clock. If the user helsosen to internally cascade two 16thiters to a 32-bit timer, then a
timer can use the clock generated by the output of another timer.

The clock input source isleeted by the corresponding GTMBRCLK] bits. The prescalers
(GTMDRN[SPS] and GTPSRPPS]) can be programmedddvide the clock inpuby values from 1 to
65,536 and the output of the prescalersed as an input to the 16-boumters. The best resolution of the
timer is one clock cycle (8 ns atl25-MHz system clock, for exangpl The maximum period (when the
reference value is all onesdithe prescaler divides by 26856, and slow go modewides by 16) for one
16-bit timer is ~549.6 sec at 125 MHz.

6.7.6.2 Reference Modes

Each timer can be configured to count until a refeeds reached and then either begin a new time count
immediately or continue to run. The FRR diithe corresponding GTMR selects each mode.
* Free run reference mode (GTMBRRR] = 0)
The corresponding timer count continues toenoent after the reference value is reached.
* Reset reference mode (GTMBDRRR] =1)
The corresponding timer countrisset immediately after threference value is reached.

Upon reaching the referencelwg, the corresponding GTEVIREF] bit is set and aimterrupt is issued
if GTMDRN[ORI] = 1. The timers can outpusanal on the timeoutput pin TOUT if the reference value
is reached (selected by the corresponding GTMDIM]). This signal can be an active-low pulse or a
toggle of the current output. The output can alsodmmected internally to the input of another timer,

resulting in a 32er 64-bit timer.

6.7.6.3 Capture Modes

In addition, each timer hasl&-bit field in GTCPR, used to latchetivalue of the counter when a defined
transition of TINh is sensed by the corresponding input capadge detector. The timers may be
gated/restarted by an ewxtal gate signals (TGATH that controls the timers. The type of transition
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triggering the capture is selected by the corresponding GTMWICH bits. Upon a capture or reference
event, corresponding GTEVWRREF] or GTEVR[CAP] is set and a maskable interrupt request is issued
to the interrupt controller.

* Normal gate mode enables ttmunt on a falling edge of TGAT&nd disables the count on the
rising edge of TGATEThis mode allows the timer to cowunditionally, based on the state of
TGATE.

* The restart gate modenp@ms the same functiaas normal mode, excepsitso resets the counter
on the falling edge of TGATE
This mode has applications in pulse inldmeasurement and bus monitoring as follows:

— Pulse measurement—The restart gatele can measure a low pulse on TGATEe rising
edge of TGATEcompletes the measurement and if TGAT&connected a@grnally to TIN,
it causes the timer to capture the cowalie and generate a rising-edge interrupt.

— Bus monitoring—The restart gateode can detect a signal thestuck abnormally low. The
bus signal should beonnected to TGATEThe timer count is resen the falling edge of the
bus signal and if the bus signal does not g lsigain within the number of user-defined
clocks, an interrupt can be generated.

The gate function is enabled in the GTMDR,; ¢fage operating mode selected in the GTCHR

NOTE

TGATE is internally synchronized the system clock. If TGATEeets the
asynchronous input setupnig, the counter begims stops counting after
one system clock when working with the internal clock.

6.7.6.4 Cascaded Modes

GTCFR[PCAS] and GTCFR2[SCAS] are used to fhe timers into different cascaded modes:
* Non-cascaded mode (GTCRRCAS] = 0 and GTGCF2[SCAS] = 0)

If GTCFRN[PCAS] = 0 and GTCFR2[SCAS] = 0, thadh timer (timer 1, timer 2, timer 3, and
timer 4), function as a independent 16-bit timéth a 16-bit GTRFR, GTCPR, GTMDR, and
GTCNR for each ond~gure 6-55. When working in the none-cascaded mode, the non-cascaded
GTRFR, GTCPR, and GTCNR should be referd with appropriate 16-bit bus cycles.

Timerl «— Clock Timer2 «<— Clock
GTRFR1, GTCPR1, GTCNR1 T GTRFR2, GTCPR2, GTCNR2 T
Capture Capture
Timer3 <— Clock Timer4 <— Clock
GTRFR3, GTCPR3, GTCNR3 T GTRFR4, GTCPR4, GTCNR4 T
Capture Capture

Figure 6-55. Timers Non-Cascaded Mode Block Diagram
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» Pair-cascaded mode (GTCFR1[PCAS] =tl/ar GTCFR2[PCAS] = 1, GTCFR2[SCAS] = 0)

In this mode, two 16-bit timers gde internally cascaded to foa82-bit counter: timer 1 may be
internally cascaded to timer 2caimer 3 may be internally cascaded to timer 4, as shown in
Figure 6-56 Since the decision to casesiimers is madendependently, the usbas the option of
selecting two 16-bit timers and one 324biter (GTCFR1[PCAS] = 1IGTCFR2[PCAS] =0 or
GTCFR1[PCAS1] = 0, GTCFR2[PCAS] = 1), two 32-bit timers (GTCFR1[PCAS] = 1 and
GTCFR2[PCAS] = 1).

If GTCFR1[PCAS] =1 and/or GTCFR2[SCAS] = 1gthlwo 16-bit timers (tirar 1 and timer 2 or
timer 3 and timer 4) function as a 32-bit timetiwa 32-bit GTRFR, GTCPR, and GTCNR. In this
case, GTMDR1/GTMDR3 is ignored, and thedes and functions are defined using
GTMDR2/GTMDR4, and GTCFR1/GTCFR2. The captare controlled from TIN2, and the
interrupts are generated from GTEVR2. Whemkirg in the pair-cascaded mode, the cascaded
GTRFR, GTCPR, and GTCNR should fegerenced with 32-bit bus cycles.

Timerl - Timer2 <— Clock
GTRFR1, GTCPR1, GTCNR1 GTRFR2, GTCPR2, GTCNR2 T
connected to D[31-16] connected to D[15-0]
Capture
Timer3 < Timer4 <«— Clock
GTRFR3, GTCPR3, GTCNR3 GTRFR4, GTCPR4, GTCNR4 T
connected to D[31-16] connected to D[15-0]
Capture

Figure 6-56. Timer Pair-Cascaded Mode Block Diagram

» Super-cascaded mode (GTCFR2[SCAS] =1)

In this mode, all four 16-bit timre can be internally cascadediéom a 64-bit counter, as shown

in Figure 6-57

If GTCFR2[SCAS] = 1, the all four 16-bit timersriction as a 64-bit timevith a cascaded 32-bit
GTRFR, GTCPR, and GTCNR. In this cassgisters GTMDR1, GTMDR2, GTMDR3, and
GTCFR1 are ignored, and the modes and funcaomslefined using GTMDR4 and GTCFR2 only.
The capture are controlled from TIN4, and thterrupts are generated from GTEVR4. When
working in the super-cascaded mode, the cascaded GTRFR, GTCPR, and GTCNR should be
referenced with two 32-bit bus cycles.

Timerl - Timer2 -
GTRFR1, GTCPR1, GTCNR1 GTRFR2, GTCPR2, GTCNR2
connected to D[63-48] connected to D[47-32]
L Timer3 < Timer4 <— Clock
GTRFR3, GTCPR3, GTCNR3 GTRFR4, GTCPR4, GTCNR4 T
connected to D[31-16] connected to D[15-0]

Capture

Figure 6-57. Timers Super-Cascaded Mode Block Diagram

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 6-75



System Configuration

6.7.7 Initialization/Application Information (Programming Guidelines for
GTM Registers)

The following initialization squence of GTM is recommended:

» Write to GTCFRu in order to reset, to stop or tordigure the appropriatiémer’s operation:
cascaded timers configurati, gate mode configuration.

* Write to GTPSR[PPS] fields in order to program thepappriate timer’s clock primary prescaler.
* Write to GTMDRnhin order to choose an inpelbck, to program the sesdary prescaler and to set
a desirable appropriate timer’s operational mode.
NOTE

Erratic behavior may occur if GTCIRRnd GTPSR are not initialized

before the GTMDR. Only GTCRRRRSTn] can be modified at any time
* Clear GTEVR[REF] and GTEVR[CAP] by writing 1s in order telear the previous events.
» Write to GTRFR and to GTCNRaccording to appropriate timer's GTMBDRrogramming.

NOTE

A write cycle to a GTCNR[CNV] fields sets the register to the written
value, causing its correspondingrpary and secoraty prescalers,
(GTPSR[PPS] and GTMDR[SPS]), to be reset.

*  Write to GTCFRI[STPn] and to GTCFR[RSTn] in order to initialize the appropriate timer’s
operation.
» Write to GTCFRu register in order to start the corresponding timer (GTI§ERP1] = 0).

6.8 Power Management Control (PMC)

The device provides a power managat@ntrol (PMC) unit, which enéds the device temoothly enter
and exit low power modekow power modes may be used whenrin& units in the device temporarily
or permanently do not perform any action.
The device uses one or more df following methods for power saving:

» Dynamic power management

» Shutting down clocks to unused blocks

» Software-controlled powetown states for the e300 core
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6.8.1 External Signal Description

Table 6-70describes the power management signals.

Table 6-70. System Control Sighals—Detailed Signal Descriptions

Signal I/O Description

QUIESCE | O |Quiesce state. Indicates that the processor system and e300 core are in low power state.

State | Asserted—The system and e300 core are in low power state.
Meaning | Negated—The system and e300 core are not in low power state.

Timing | The timing between a quiesce request from the e300 core and the assertion of the external
indication or between negation of the core’s quiesce request and negation of the external
indication depends on the current state of the internal system units and may vary accordingly.

6.8.2 PMC Memory Map/Register Definition

Table 6-71shows the memory map for the powesinagement cordller registers.

Table 6-71. Power Management Controller Registers Memory Map

Offset Register Access Reset Section/Page

PMC—BIlock Base Address 0x0_0B00

0x00B00 Power management controller configuration register (PMCCR) R/W | 0x0000_0000 | 6.8.2.1/6-77

0x00B04-0x00 | Reserved — _ _
BFC

6.8.2.1 Power Management Controller Configuration Register (PMCCR)

The power management caolter configuration regiter (PMCCR), shown iRigure 6-58 controls
whether only the e300 core will entew power state upon quiesce requestduiitional parts of the device
will also enter low power state.

Offset 0x00B0O Access: Read/Write
0 | | | | | | 2 0 3
R _ DLPEN|SLPEN
w
Reset All zeros

Figure 6-58. Power Management Controller Configuration Register

Table 6-5defines the bit fields of PMCCR.
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Table 6-72. PMCCR Bit Settings

Bits Name Description

0-29 — Reserved. Write has no effect, read returns 0.

30 DLPEN | DDR SDRAM low power enable

0 The DDR SDRAM memory controller is prevented from entering low power state.

1 The DDR SDRAM memory controller will enter low power state when the rest of the system enters low
power, according to SLPEN setting. DDR SDRAM will enter self-refresh mode (if enabled by
DDR_SDRAM_CFG[SREN] memory controller register) and DDR clocks (MCKn) are shut off. This bit is
cleared when the device exits from low power state. Note that setting this bit without setting SLPEN has
no effect.

31 SLPEN | System low power enable

0 The system is prevented from entering low power state.

1 The system will enter low power state when a quiesce signal is generated from e300 core. This bit is
cleared when the device exits from low power state.

6.8.3 Functional Description

The device has features to minimp@ver consumption at geral levels. Softwarean shut down clocks
to individual blocks when they are not neetledugh a memory-mapped register in the clock unit
(SCCR). Additionally, software runmg on the e300core can access the€&®Rs to put the device into
doze, nap, or sleep power down states. These powegament features are delsed in further detalil
in this section.
There are four power states in the MPC8309:

* DO : Full-power state

* D1: Corein doze mode, e300 PLL running

e D2 : Core in nap mode, e300 PLL running

e D3: Core in sleep mode, e300 PLL not running

Table 6-73. Software-Controller Power-Down States—Basic Description

Core Core Responds To DDR Quiesce
System Mode Mode Description SDRAM Signal
Snoop | Interrupt State State
Full On | The e300 core is operating normally Yes Yes Active Negated
Doze Core stops dispatching new instructions (core Yes Yes Active Negated
is halted), and most of the core functional units
are disabled. System operates normally.
Full On
(PMCCR[SLPEN] Nap Core is stopped with its clocks off except to
=0) time base. System operates normally.
Sleep Core is stopped with its clocks off. Core clocks No Yes Active Negated
to all blocks (including core time base) are
stopped except to the interrupt unit. System
operates normally.
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Table 6-73. Software-Controller Power-Down States—Basic Description (continued)

Core Core Responds To DDR Quiesce
System Mode Mode Description SDRAM Signal
Snoop | Interrupt State State
Low Power Nap _que operation as described above. System is According
(PMCCR[SLPEN] inidle state, DDR $DRAM memory operates in No Yes to PMCCR | Asserted
= 1) S self-refresh mode if enabled. [DLPEN]
eep

6.8.3.1 Shutting Down Clocks to Unused Blocks

As described irbection 4.5.2.3, “System Cloclo@trol Register (SCCR)3CCR provides a way to shut
down certain functional blocks withthe device when they are not neddn a particular system. SCCR
can be written by the300 core or by an extermabster. Powering down a blokthis way turns off all
clocks to that block. It does not rem@opower. It is required that the SC@Rwritten to shut down a certain
functional block only when that block is idle.

NOTE

Functional blocks disabled usiSCCR cannot respond to configuration
accesses. Any access to configuratammtrol, and status registers of a
disabled block is a programming error.

6.8.3.2 Software-Controlled Power-Down States

e300 core software can place the dardoze, nap, or sleep power-dostates by writing to HIDO in the
core, as described in detailtime section “Hardware Implemetitm Register 0 (HIDO),” of the300
PowerPC Core Reference Manuhld addition, if PMCCR[SLPEN] is $evhen the e300 core request to
enter nap or sleep modes, g@kauses the DDR2 controllergoter low power mode. The basic
relationships between core and sysmower managementates is shown ifable 6-73

To preserve cache coherency and tiige avoid loss of system statiee core transitions to low-power
modes is coordinated with DDR2 controller. The pomanagement controllerlaivs the core to enter
power down mode only when the rest of the system is idle.

When the power management contgpliietects that the internal system bus is idle, and there are no
outstanding transactions, it signals thernmét logic units to enter low power state.

If PMCCR[DLPEN] and/or PMCCR[SLPEN] is s¢he DDR SDRAM and/osecondary DDR SDRAM
is first set to self-refresh mode (if enableddiyR_SDRAM_CFG[SREN] memory controller register)
before the memory controlleragts driving refresh comamds. Self-refresh mode guarantees that the
memory content remains valid while the memory aalgr and its clocks areff. The DDR clocks are
then disabled. The DLL is thehwt off and stops driving clocks &MCKn pins. Finaly the DDR SDRAM
memory controller enters low power statw aacknowledges the power management controller.

The power management controlleethsignals the corend acknowledges it's request to enter power
down mode. Finally the QUIESCautput signal is asserted.
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6.8.3.3 Exiting Core and System Low Power States

The device can exit low power state and returfulieon mode for one of the following reasons:
» The core internal time base univvokes a request to exit low power state.

* The power management controltexrs detected that the systemasidle and there are outstanding
transactions on the internal bus.

The actions taken to exit low powsate depend on the moaled whether the systeon only the core are
in this state. The following seotis describe the various scenarios.

6.8.3.3.1 Exiting Low Power States—Core-Only Mode

Exit from Doze mode is contr@tl only by the core itself and dasst involve the power management
controller or other blocks in the device.

Nap mode is exited accorgj to the internal time Isa unit of the core. When the core returns to full-on
state, it signals to the power mgeanent controller that it is rdg and is immediately acknowledged to
access the DDR2 controller.

6.8.3.3.2 Exiting Low Power States—Core and System Mode

The power management controller dkss to exit low power state wherdgtects that the system is not
idle anymore. The device may exit idle state whea of the peripheral interfaces makes a request to
access the internal bus or when the core returfudlton state, as described above, and makes a request
to access the internal busrfexample, the QUICC Engine bloaceives an Ethernet frame, and requires
to store it on the DDR SDRAM memory.

If the particular DDR SDRAM memory controllerirslow power state (PMCCR[DLPEN] was set when
entering low power state), the paweanagement controller initiglenables the DDR SDRAM memory
controller and its DLL, allowing it ttock. When locked, DDR SDRAM clocks (M@K are enabled and
the memory controller exit self-refle and returns to auto-refresh mode.

The power management controller then enables ottegnal units and interrupthe e300 core. When all
internal units, including the core gaready, the power management cdigr@nables the device to return
to full-on state, negate the QUIES®Htput, and clear PMCCR[SLRE Outstanding requests for
transactions are now grantedeicecute on the internal bus.
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Chapter 7
Arbiter and Bus Monitor

This chapter describes operation ttyeaf the arbiter in the device. &ddition, it deschies configuration,
control, and status registers of the arbiter.

7.1 Overview

The arbiter is responsible for providi coherent system bus arbitratitirtracks all address and data
tenures and provides all the arbitoatisignals to masters and slavesadidlition, it monitors the bus and
reports on errors and protocol violations.
The arbiter includes the following features:

* Supports a programmable piipe depth (from 1 to 4)

» Supports four levels of priority for bus arbitration

» Supports repeat-request mode: number of prograole consecutive trargans from the same
master (up to eight transactions)

* Supports data streaming operations

» Supports programmable address bus parking mosiegblei, park to last bus owner, park to
software selected master

» Claims address only, rased and illegal transaction typesport on it and can raise maskable
interrupt

* Provides timers for address teaudime out and data tenure timet detection and can issue
maskable interrupt, if any timer expired

* Reports on transfer errona can issue maskable interrupt
» Canissue regular or machine check interfapeach type of errcevent (programmable)

7.1.1 Coherent System Bus Overview

The coherent system bus is the cdriits of the device. Any data tratsion from master to slave in the
device passes through the cohessrstem bus. The device cohersystem bus supports pipelined
transactions. It has independent a&ddrand data tenures. Pipeline bejgtermines theumber of address
tenures that can be started befiie first data tenure is finished.

Basic burst size is equal to cache line length otdre, which is 32 bytes. g repeat request mode
enables up to eight consecutive bursts to be ¢sddry the same master. The maximum number of
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consecutive transactions canlimeited by progranming arbiter configwation register. Se@ection 7.2.1,
“Arbiter Configuration Register (ACR)for more details.

NOTE
Write accesses to different interfaces aot guaranteed to finish in order.

7.2  Arbiter Memory Map/Register Definition

Table 7-1shows the memory map for arbiter’s agnfation, control ad status registers.
Table 7-1. Arbiter Register Map

System Arbiter—Block Base Address 0x0_0800

Ofl\fAsZT?l-?e/x) Register Access Reset Section/Page
0x00 Arbiter configuration register (ACR) R/W 0x0000_0000/ 7.2.1/7-3
0x0010_0000?
0x04 Arbiter timers register (ATR) R/W FFFF_FFFF 7.2.27-4
0x0C Arbiter event register (AER) wilc 0x0000_0000 7.2.3/7-5
0x10 Arbiter interrupt definition register (AIDR) R/W 0x0000_0000 7.2.4/7-6
0x14 Arbiter mask register (AMR) R/W 0x0000_0000 7.2.57-7
0x18 Arbiter event attributes register (AEATR) R OXOOOO_OOOO2 7.2.6/7-8
0x1C Arbiter event address register (AEADR) R OxOOOO_OOOO2 7.2.77-9
0x20 Arbiter event response register (AERR) R/W 0x0000_0000 7.2.8/7-10

1 Reset value is determined from the core PLL configuration of the reset configuration word. See Chapter 4, “Reset, Clocking,
and Initialization,” for details.

2 The registers AEATR and AEADR are affected only by the assertion of PORESET.
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7.2.1 Arbiter Configuration Register (ACR)

Arbiter configuration registgfACR) defines the arbiter modaad parked master on the bEgure 7-1
shows the fields of ACR.

Offset 0x00 Access: Read/Write
0 ’ 6 7 8 9 10 11 12 13 15
R
— COREDIS — — — PIPE_DEP
w
Reset All zeros?
16 20 21 23 24 25 26 27 28 31
R
W — RPTCNT — APARK PARKM
Reset All zeros?

1 Note that the reset value of COREDIS and bits 10-11 are determined from reset configuration word. (See
Section 4.3.2, “Reset Configuration Words,” for more details on reset configuration word.)

Figure 7-1. Arbiter Configuration Register (ACR)

Table 7-2describes ACR fields.
Table 7-2. ACR Field Descriptions

Bits Name Description

0-6 — Write reserved, read = 0

7 COREDIS | Core disable. Specifies whether CPU is disabled. When CPU is disabled, it cannot be granted on the
bus by the arbiter. After reset, this bit receives it's value from the reset configuration bit of COREDIS
and can be configured by software. Also, if boot source is boot sequencer, COREDIS must be set to
1 at reset and the last transaction of the boot sequencer must set COREDIS to 0, if CPU enable is
needed.

0 CPU enabled.

1 CPU disabled.

8-9 — Write reserved, read = 0

10-11 — Reserved. Write should preserve reset value. The reset value is a function of the core PLL
configuration, which is part of the reset configuration word. When the core is set to operate at 1:1 or
3:2 bus clock, these bits are set to ‘01’ during reset; otherwise, they are set to ‘00'.

12 — Write reserved, read = 0

13-15 PIPE_DEP | Pipeline depth (number of outstanding transactions).
000 Pipeline depth 1 (1 outstanding transaction)
001 Pipeline depth 2 (2 outstanding transactions)
010 Pipeline depth 3 (3 outstanding transactions)
011 Pipeline depth 4 (4 outstanding transactions)
1xx Reserved

16-20 — Write reserved, read = 0
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Table 7-2. ACR Field Descriptions (continued)

Bits Name Description

21-23 RPTCNT Repeat count. Specifies the maximum number of consecutive transactions, that any master can
perform, using REPEAT request mode.

000 1 consecutive transactions (REPEAT request mode disable)

001 2 consecutive transactions

010 3 consecutive transactions

011 4 consecutive transactions

100 5 consecutive transactions

101 6 consecutive transactions

110 7 consecutive transactions

111 8 consecutive transactions

Note: It is recommended not to program this field for more than four consecutive transactions.

24-25 — Write reserved, read = 0

26-27 APARK Address parking. Specifies arbiter bus parking mode.

00 Park to master. Arbiter parks the address bus to the master, that is selected by numeric value of
PARKM field.

01 Park to last owner. Arbiter parks the address bus to last bus owner.

10 Disable. Arbiter does not assert BG to any master, if no BR is present.

11 Reserved

28—31 PARKM Parking master.

0000 e300 core

0001 PCI/IOS

0010 Reserved

0011 USB/I12C1_BOOT

0100 DMA, eSDHC

0101-0110 Reserved

0111 CE_COMPLEX_WRAPPER
1000-1111 Reserved

7.2.2 Arbiter Timers Register (ATR)

The arbiter timers register (ATRIgfines the arbiter address time @ATO) and data time out (DTO)
values Figure 7-2shows the fields of ATR.

Offset 0x04 Access: Read/Write
0 ‘ ‘ ‘ 15 | 16 ‘ ‘ ‘ 31
R
DTO ATO
W
Resetl111\1111\1111\11111111\1111\1111\1111

Figure 7-2. Arbiter Timers Register (ATR)
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Table 7-3describes ATR fields.
Table 7-3. ATR Field Descriptions

Bits | Name Description

0-15 DTO | Data time out. Specifies the time-out period for the data tenure. The granularity of this field is128 bus clocks.
The maximum value is8355840 coherent system bus clocks. Data time_out occurs if the data tenure does
not end before the specified time-out period. When DTO = n, the timeout cycle is n ul28.

0000 Reserved

0001 128 clock cycles

0002 256 clock cycles

0003 384 clock cycles

FFFF 8355840 clock cycles

16-31 | ATO |Address time out. Specifies the time-out period for the address tenure. The granularity of this field is128 bus
clocks. Maximum value is 8355840 coherent system bus clocks. Address time-out occurs if the address
tenure did not end before the specified time-out period. When ATO = n, the timeout cycle is n ul28.

0000 Reserved

0001 128 clock cycles

0002 256 clock cycles

0003 384 clock cycles

FFFF 8355840 clock cycles

7.2.3 Arbiter Event Register (AER)

The arbiter uses arbiter event register (AER) to tepoerroneous transactiodis register is cleared
by writing ones to the fields to be clearétyure 7-3shows the fields of AER.

Offset 0x0C Access: Wlc

25 26 27 28 29 30 31

R ETEA|RES|ECW| AO [DTO|ATO
W wlc |wlc | wlc |wlc|wlc |wlc
Reset All zeros

Figure 7-3. Arbiter Event Register (AER)

Table 7-4describes AER fields.
Table 7-4. AER Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA | Transfer error. Reports on detection of transfer error by one of the slaves.

0 No transfer error detected by one of the slaves.
1 Transfer error detected by one of the slaves.

27 RES Reserved transfer type. Reports on transaction with reserved transfer type. See Section 7.3.2.5,
“Reserved Transaction Type,” for more information.

0 No transaction with reserved transfer type occurred.

1 Transaction with reserved transfer type occurred.
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Table 7-4. AER Field Descriptions (continued)

Bits Name Description

28 ECW External control word transfer type. Reports on transaction with external control word transfer type. See
Section 7.3.2.6, “lllegal (eciwx/ecowx) Transaction Type,” for more information.

0 No transaction with external control word transfer type occurred.

1 Transaction with external control word transfer type occurred.

29 AO Address Only transfer type. Reports on transaction with address only transfer type. See Section 7.3.2.4,
“Address Only Transaction Type,” for more information.

0 No transaction with address only transfer type occurred.

1 Transaction with address only transfer type occurred.

30 DTO Data time out. Reports on data tenure time out.
0 Data time out timer is not expired.
1 Data time out timer is expired.

31 ATO Address time out. Reports on address tenure time out.
0 Address time out timer is not expired.
1 Address time out timer is expired.

7.2.4 Arbiter Interrupt Definition Register (AIDR)

Arbiter interrupt definitiorregister (AIDR) determines the intapt that responds to different error
conditions. Setting a bit defines the correspondingrmpé as MCP interrupt; clearing a bit defines the
corresponding interrus regular interrupEigure 7-4shows the fields of AIDR.

Offset 0x10 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 25 26 27 28 29 30 31
R
W — ETEA|RES|ECW/|AO|DTO|ATO
Reset All zeros

Figure 7-4. Arbiter Interrupt Definition Register (AIDR)

Table 7-5describes AIDR fields.
Table 7-5. AIDR Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA | Transfer error. Detection of transfer error by one of the slaves interrupt definition.

0 Detection of transfer error by one of the slaves causes regular interrupt.
1 Detection of transfer error by one of the slaves causes MCP interrupt.

27 RES | Reserved transfer type. Transaction with reserved transfer type interrupt definition.
0 Transaction with reserved transfer type causes regular interrupt.
1 Transaction with reserved transfer type causes MCP interrupt.

28 ECW | External control word transfer type. Transaction with external control word transfer type interrupt definition.
0 Transaction with external control word transfer type causes regular interrupt.
1 Transaction with external control word transfer type causes MCP interrupt.
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Table 7-5. AIDR Field Descriptions (continued)

Bits Name Description

29 AO Address only transfer type. Transaction with address only transfer type interrupt definition.
0 Transaction with address only transfer type causes regular interrupt.
1 Transaction with address only transfer type causes MCP interrupt.

30 DTO | Data time out. Data tenure time out interrupt definition.
0 Data tenure time out causes regular interrupt.
1 Data tenure time out causes MCP interrupt.

31 ATO Address time out. Address tenure time out interrupt definition.
0 Address tenure time out causes regular interrupt.
1 Address tenure time out causes MCP interrupt.

7.2.5 Arbiter Mask Register (AMR)

Arbiter mask register (AMRis used to mask interrupts or resjuests. Setting a mask bit enables the
corresponding interrupt or reset regye&learing a bit masks it. Regulinterrupts, MCP interrupts and
reset requests can be masked by AMR regisSigure 7-5shows the fields of AMR.

Offset 0x14 Access: Read/Write
0 ‘ ’ ’ ‘ ‘ ’ 25 26 27 286 29 30 31

R
W — ETEA|RES |[ECW|AO|DTO|ATO

Reset All zeros

Figure 7-5. Arbiter Mask Register (AMR)

Table 7-6describes AMR fields.
Table 7-6. AMR Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA | Transfer error. Detection of transfer error by one of the slaves interrupt mask bit.

0 Detection of transfer error by one of the slaves interrupt disabled.
1 Detection of transfer error by one of the slaves interrupt enabled.

27 RES Reserved transfer type.Transaction with reserved transfer type interrupt mask bit.
0 Transaction with reserved transfer type interrupt disabled.
1 Transaction with reserved transfer type interrupt enabled.

28 ECW External control word transfer type.Transaction with external control word transfer type interrupt mask bit.
0 Transaction with external control word transfer type interrupt disabled.
1 Transaction with external control word transfer type interrupt enabled.

29 AO Address only transfer type. Transaction with address only transfer type interrupt mask bit.
0 Transaction with address only transfer type interrupt disabled.
1 Transaction with address only transfer type interrupt enabled.
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Table 7-6. AMR Field Descriptions (continued)

Bits Name Description

30 DTO Data time out. Data tenure time out interrupt mask bit.
0 Data tenure time out interrupt disabled.
1 Data tenure time out interrupt enabled.

31 ATO Address time out. Address tenure time out interrupt mask bit.
0 Address tenure time out interrupt disabled.
1 Address tenure time out interrupt enabled.

7.2.6 Arbiter Event Attributes Register (AEATR)

Arbiter event attributes gester (AEATR) reports the type of trsection that causes error, which is
specified in the event register. S&ection 7.2.3, “Arbiter Event Register (AERjgr more information.
AEATR is cleared only by power-on res&he attributes of the first error event are stored. Note that this
means that AEATR does not change its value when ARt clear. As AEATR isot affected by soft or
hard reset, software can read tleigister and determine the cause efbls failure, even if the failure
caused a deadlock situation. For more informationSgetion 7.4.2, “Error Handling Sequence.”

Figure 7-6shows the fields of AEATR.

Offset 0x18 Access: Read/Write
0 ‘4 5 718 10 11‘ 15| 16 19| 20 21 23|24 26 27 31
R
W — EVENT — MSTR_ID — TBST| TSIZE — TTYPE
Reset All zeros

Figure 7-6. Arbiter Event Attributes Register (AEATR)

Table 7-7describes AEATR fields.
Table 7-7. AEATR Field Descriptions

Bits Name Description

04 — Write reserved, read = 0

5-7 | EVENT |Event type.

000 Address time out 100 Reserved transfer type
001 Data time out 101 Transfer error
010 Address only transfer type 11c Reserved

011 External control word transfer type

8-10 — Write reserved, read = 0
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Table 7-7. AEATR Field Descriptions (continued)

Bits Name Description

11-15 | MSTR_ID | Master Id.

00000 e300 core data transaction 01010 JTAG

00001 Reserved 01011 Reserved

00010 e300 core instruction fetch 01100 eSDHC

00011-00110 Reserved 01101 PCI1

00111 USB DR 01110-01111 Reserved

01000 Reserved 10000 QEOO

01001 12C (boot sequencer) 10001 Reserved
10010-11110 Reserved
11111 DMA

Note: Master Id reflects the source of transaction and is used for debug purposes.

16-19 — Write reserved, read = 0

20 TBST | Transfer burst.
0 Burst transaction. Transfer size is greater than 8 bytes
1 Single-beat transaction. Transfer size is up to 8 bytes

21-23 TSIZE | Transfer size. Transfer size encoding depends on the value of the field TBST.

TBST =1: TBST =0:
001 1 byte 000 16 bytes
010 2 bytes 001 24 bytes
011 3 bytes 010 32 bytes
100 4 bytes 011-111 Reserved
101 5 bytes
110 6 bytes
111 7 bytes
000 8 bytes

24-26 — Write reserved, read = 0

27-31 | TTYPE |Transfer type.
00000 Address-only 01111 Reserved
00001 Address-only 10000 Address-only
00010 Single-beat or burst write 1XX01 Reserved
00011 Reserved 10010 Single-beat write
00100 Address-only 1XX11 Reserved
00101 Reserved 10100 ecowx—Illegal single-beat write
00110 Burst write 10110 Reserved
00111 Reserved 11000 Address-only
0100x Address-only 11010 Single-beat or burst read
0101x Single-beat or burst read 11100 eciwx—Illlegal single-beat read
0110x Address-only 11110 Burst read

01110 Burst read

71.2.7 Arbiter Event Address Register (AEADR)

Arbiter event address regest(AEADR) reports the address of trao8on that causes the error, which is
specified in the event register. S&ection 7.2.3, “Arbiter Event Register (AERjgr more information.
AEADR is cleared only by power-on rés&he address of the first errevent is stored. Note that this
means that AEADR does not change its value wheR Aot clear. As AEADR is not effected by soft
or hard reset, software can reais ttegister and determine the causéhefbus failure, even if the bus
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failure had caused a deadlock atian. For more information, s&ection 7.4.2, “Error Handling
Sequence.”

Figure 7-7shows the fields of AEADR.

Offset 0x1C Access: Read/Write
0 | | | a1
R
ADDR
w
Reset All zeros

Figure 7-7. Arbiter Event Address Register (AEADR)

Table 7-8describes AEADR fields.
Table 7-8. AEADR Field Descriptions

Bits Name Description

0-31 ADDR | Address of the event reported in AEATR register. See Section 7.2.6, “Arbiter Event Attributes Register
(AEATR),” for more information.

7.2.8 Arbiter Event Response Register (AERR)

Arbiter event response register (AERdetermines whether differenter conditions cause interrupt or
reset request. Setting a bit defitles corresponding error condition tausa reset request; clearing a bit
defines the corresponding eramndition to cause interrugtigure 7-8shows the fields of AERR.

Offset 0x20 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 25 26 27 286 29 30 31

R
W — ETEA|RES|ECW|AO|DTO|ATO

Reset All zeros

Figure 7-8. Arbiter Event Response Register (AERR)

Table 7-9describes AERR field.
Table 7-9. AERR Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA | Transfer error. Detection of transfer error by one of the slaves event response.

0 Detection of transfer error by one of the slaves causes interrupt.
1 Detection of transfer error by one of the slaves causes reset request.

27 RES Reserved transfer type. Transaction with reserved transfer type interrupt definition.
0 Transaction with reserved transfer type causes interrupt.
1 Transaction with reserved transfer type causes reset request.
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Table 7-9. AERR Field Descriptions

Bits Name Description

28 ECW External control word transfer type. Transaction with external control word transfer type interrupt
definition.

0 Transaction with external control word transfer type causes interrupt.

1 Transaction with external control word transfer type causes reset request.

29 AO Address only transfer type. Transaction with address only transfer type interrupt definition.
0 Transaction with address only transfer type causes interrupt.
1 Transaction with address only transfer type causes reset request.

30 DTO Data time out. Data tenure time out interrupt definition.
0 Data tenure time out causes interrupt.
1 Data tenure time out causes reset request.

31 ATO Address time out. Address tenure time out interrupt definition.
0 Address tenure time out causes interrupt.
1 Address tenure time out causes reset request.

7.3  Functional Description

The following sections describe arbition policy and bus error detection.

7.3.1 Arbitration Policy

The arbitration process involves the masters and thieearMasters arbitrate dhe privilege to own an
address tenure. For data tenures,aftbiter uses the same ordetrahsactions as address tenures.
Figure 7-9shows the interface signalstiveen the arbiter and masteratthre involved in address bus
arbitration.

BR
REPEAT
Master 1 PRIORITY[0:1]
BG

Y

Y

A

BR
REPEAT
Master 2 PRIORITY[0:1]
BG

Y

Y

> Arbiter

A

BR
REPEAT
Master N PRIORITY[0:1]
BG

Y

Y

<
<

Figure 7-9. Address Bus Arbitration
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A master has to acquire adds bus ownership beforestarts any transactiomhe master asserts its own
bus request signal along with théignation attribute signals REPEAINd PRIORITY[0:1]. The arbiter
later asserts the corresponding addigus grant signal to the requegtmaster depending on the system
states and arbitration scheme. Seetion 7.3.1.1, “Address Bus Arl@ition with PRIORITY][0:1],"for
details on arbitration scheme. When address bus igregtteived the master can start the address tenure.

7.3.1.1 Address Bus Arbitration with PRIORITY[0:1]

Whenever a master asserts its bus requestdoire address bus owaRip, it can drive its
PRIORITY[0:1] signals to indicate request priorithe master would be sed sooner because of its
higher priority level. The arbiter takes this extra mfation into consideratioim order to yield better
service for a higher priority requebtan a lower priority request. Theoeé, the arbiter operates according
to the following priority based arbitration scheme:

1. For every priority level a fair arbitrationrsame is used (a simple round robin scheme)

2. For every priority level other than 0, oneqaas reserved as a place holder for lower level
arbitration rings.

3. Each master can change its priority level at any time.
Figure 7-10shows an example of priority-based arbitra@gorithm with four priority levels. In this

example, if all masters requesethus continuously, the following omdef bus grants occurs with the
specific bandwidth:

* M6 gets ¥ of the bus bandwidth

* M4 and M5 each gets 1/6 of the bus bandwidth
* MO and M3 each gets 1/18 of the bus bandwidth
M1 and M2 each gets 1/36 of the bus bandwidth
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M6 Z M6 Z ...

M6 M4 M6 M5 M6 MO M6 M4
M6 M5 M6 M3 M6 M4 M6 M5
M6 M1 M6 M4 M6 M5 M6 MO
M6 M4 M6 M5 M6 M3 M6 M4
M6 M5 M6 M2 ...

Level 3

M4 M5Y M4AMSY ...

Level 2

M4 M5 MO M4 M5 M3 M4 M5 M1
M4 M5 MO M4 M5 M3 M4 M5 M2 ...

Level 1 MO M3 X MO M3 X ...

MO M3 M1 MO M3 M2 MO M3 M1 ...

Level O

M1 M2 M1 M2 ...

M1 M2
Figure 7-10. An Example of Priority-Based Arbitration Algorithm

NOTE

See each bus master’s chapter adtion 6.3.2.4, “System Priority and
Configuration Register (SPCRYor more details about priority
programming.

7.3.1.2 Address Bus Arbitration with REPEAT

When a master owns the address bus and wantsftwrpeanother transaction,gan assert bus request
along with REPEATto make a repeat request to the arb@ensequently, the arbitasserts bus grant to
the same master if the current address tenure is not being ARTIRMs happens regardless of the priority
level of bus request fromther masters. In another word, “repesguest” overrides the priority scheme.

Even though repeat request can improve the pagatiutand the overall memory bandwidth efficiency,
it can increase the worst case latency of indiViduaster. Therefore, therbiter has programmable
counter to limit the maximum number of conseegeitiransactions that are performed by masters.
Whenever the counter expiresbiter ignores the REPEASignal and falls back tihe regular arbitration
scheme.

7.3.1.3 Address Bus Arbitration after ARTRY

The ARTRY protocol is used primdy by the CPU to interrupt a transaartithat hits to a modified line in
its D-cache, so that it can m&ain data coherency by performitige snoop copyback. When CPU asserts
ARTRY, the bus is immediately granted to the CPigedorm snoop copyback. After the completion of
snoop copyback, the arbiter grants the bus battketonaster that had its transaction ARERY
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3. lIssues reset request, MCP or regular inpraccording to AERR[DTO] and AIDR[DTO], if
enabled by AMR[DTO].

4. Updates transaction attributasd address of AEATR and APR for the first error event.

7.3.2.3 Transfer Error

The arbiter tracks the transfer error asserted by otteeaflaves. In this case, the arbiter performs as
follows:
1. Reports on the event to AER[ETEA.

2. lIssues reset request, MCP or regular inpraccording to AERR[EEA] and AIDR[ETEA] if
enabled by AMR[ETEA].

3. Updates transaction attributasd address of AEATR and APR for the first error event.

7.3.2.4 Address Only Transaction Type

Table 7-10shows transaction types, whiare defined as address only:
Table 7-10. Address Only Transaction Type Encoding

ttype[0:4] Bus Commands
00000 Clean block
00100 Flush block
01000 Sync
01100 Kill block
10000 eieio
11000 TLB Invalidate
00001 Iwarx reservation set
01001 tibsync
01101 icbi

The arbiter allows address-only @) transactions on the bus and the G2 core has ability to issue
address-only (AO) transactions (see HIDO [ABE] in@&PowerPC Cor&eference ManuaRev 1). As
there is no advantage in using AO transaction indyssem, the bus monitor@ls the detection of AO
transactions and treats them as an error.
The transaction with an address only transype, the arbiter performs as follows:

1. Ends the address tenure by asserting AACK

2. Reports on the event to AER[AQ].

3. lIssues reset request, MCRegular interrupt according to AR[AO] and AIDR[AQ] if enabled

by AMR[AQ].
4. Updates transaction attributeasd address of AEATR and APR for the first error event.
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7.3.25 Reserved Transaction Type

Table 7-11shows transaction types defined as reserved.

Table 7-11. Reserved Transaction Type Encoding

ttype[0:4] Bus Commands
00101 Reserved
1xx01 Reserved for customer
10110 Reserved
00011 Reserved
00111 Reserved
01111 Reserved
Ixx11 Reserved for customer

The transaction with a reserved transfgre, the arbiter performs as follows:

1.
2.
3.

4.

Ends the address tenure by asserting AACK
Reports on the event to AER[RES].

Issues reset request, MCP or regular inpgraccording to AERR[RES] and AIDR[RES], if
enabled by AMR[RES].

Updates transaction attribuisd address of AEATR and AR for the first error event.

7.3.2.6 lllegal (eciwx/ecowx) Transaction Type

Table 7-12shows transaction typelefined as illegal.

Table 7-12. lllegal Transaction Type Encoding

ttype[0:4] Bus command
10100 External control word write (ecowx)
11100 External control word read (eciwx)

The transaction with an illega¢¢iwx, ecowy transfer type, the arbiter performs as follows:

P wbdhPE

5.

Ends the address tenure by asserting AACK
Starts data tenure and enldda tenure by asserting TEA
Reports on the event in AER[ECW].

Issues reset request, MCP or regular inpgraccording to AERR[ECW] and AIDR[ECW], if
enabled by AMR[ECW].

Updates transaction attribuiesd address of AEATR and AR for the first error event.

For more information, see the following sections:

Section 7.2.3, “Arbiter Event Register (AER)”

Section 7.2.4, “Arbiter Interrugefinition Register (AIDR)”
Section 7.2.5, “Arbiter Mask Register (AMR)”

Section 7.2.6, “Arbiter Event Albutes Register (AEATR)”

Section 7.2.7, “Arbiter Event Address Register (AEADR)”

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

7-16

Freescale Semiconductor



7.4

Arbiter and Bus Monitor

Section 7.2.8, “Arbiter EverResponse Register (AERR)”

Initialization/Applications Information

The following sections descritibe initialization and error malling sequences for the arbiter.

7.4.1

Initialization Sequence

The following initialization sequence is recommended:

1.

71.4.2

Write to ACR to configure peline depth, address bus padkimode, global maximum repeat
count.

Write to AERR defines whethdifferent error events causeeset request or an interrupt.

Write to AIDR defines the kind of interrupt (regubr MCP) caused by each error event. Note that
this is necessary only if interrupts are enabladl AERR defines error events to cause interrupt.

Write to AMR to enable interrupts.

Write to ATR to set the ATO and DTO timers. Nttat this is only necessaifythe required timers
are less than the maximum value (which is default).

Error Handling Sequence

The following error handfig sequence is recommended:

1.

2.

Read to AER to find out about the error thedwred in the system. Also, read the values of
AEATR and AEADR to check on the first error event in the system.

If those registers are not accbtsbecause of a bus deadlockaiiton, reset the chip and read the
values of the AEATR and AEADR registers to chea the event that causes this problem to the
system. Use HRESED reset the chip to guarantee tthegt information stored in AEATR and
AEADR is not lost.

3. Clear all the previous events by writing ones ®WAER. This register is also cleared after reset.
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Chapter 8
e300 Processor Core Overview

This chapter provides an overview of features feraimbedded microprocessors in the e300 core family,
which are PowerPC microprocessbuiit on Power Architecture technolagyhroughout this chapter, the
terms ‘€300 core’, ‘core’, and ‘processor’ are usgerchangeably. The term, 'e300c3’ is used when
describing an implementation-spicifeature or when a differee exists between different
configurations. The term ‘e300’ is used when déseg a feature that pertaits the family of e300
processors. The MPC8309 uses e300c3 core.

8.1 Overview

This section describes the detafshe e300 core, provide block diagram showing the major functional
units, and briefly describdsw these units interact. For additional information,es2@) Power
Architecture Core Family Reference Manual

The e300 core is a low-power implentation of this microprocessomfidy of reduced instruction set
computing (RISC) microprocessoifi$e core implements the 32-bit portion of the PowerPC architecture,
which defines 32-bit effeiste addresses, integer data type8,af6, and 32 bits, and floating-point data
types of 32 and 64 bits.

The core is a superscalar processat tlan issue and retire as manyhase instructions per clock cycle.
Instructions can execute out of program ordeirforeased performance; however, the core makes
completion appear sequential.

The e300 core integrates independ®cution units including: an irger unit (1U) a fbating-point unit
(FPU), a branch processing unit (BPU), a load/store(LSU), and a systenegister unit (SRU). The
e300c3 integrates an additial integer unit for a total of two IUghe ability to execute instructions in
parallel and the use of simple ingttions with rapid execution timggeld high efficierty and throughput

for e300-core-based systems. Most integer instmstexecute in one clock cycle. The additional 1Us
along with enhanced multipliers in the e300c3 impnaonatiply instructions to a maximum two-cycle
latency, a significant improvemenbmm previous processoils.the e300c3 core, the FPU is pipelined so

a single-precision multiplyed instruction can be issued and completed every clock cycle. The e300c3
core provide hardwaraipport for all single- and dotgsprecision floating-point operations for most value
representations and all rounding modes.
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Figure 8-1shows a block diagram ofdhe300c3 core. Note that tt800c3 supports floating-point
operations and includes two integer units.
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Figure 8-1. e300c3 Core Block Diagram
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The e300c3 includes 16-Klgytfour way set-associative instrioct and data cacheshe MMUSs contain
64-entry, two-way, set-assiative, data and instruction transtett lookaside buffers (DTLB and ITLB)
that provide support for demand-pdgeirtual-memory, address traagbn, and variable-sized block
translation. The TLBs use a leastently used (LRU) reptement algorithm arttie caches use a pseudo
least recently used algorithm (PLRU).

The core also supports block address translati@ugifir the use of two independenstruction and data
block address translatiorB/AT and DBAT) arrays, eaatontaining eight pairs @ATs, an increase from
four pairs of each type of BATs in the G2 corais increase provides mailexibility in protecting
accesses and providing translation on a segmextk,bbr page basis for memory accesses and 1/0
accesses. Effective addresses ampared simultaneously with all eight entries in the BAT array during
block translation. In accoashce with the PowerPC architecture, iediective addresstsin both the TLB
and BAT array, the BAT translation takes priority.

As part of the coherent system bus (CSB), B@0ecore has a 64-bit data barsd a 32-bit address bus.
During normal operation, the e300 core provides a thege-ghodified, exclusivend invalid) coherency
protocol which is a compatible sudi®f a four-state (modified/exclysi/shared/invalid) MESI protocol.
However, the e300 data cache @am$ a programmable ME8ktension that supports the shared cache
coherency state (similar to otheniReyPC processors). Both protocoleogte coherently in systems that
contain four-state caches. Although MESI is supmbitethe e300 core, it is not implemented on the
MPC8309. The core also supports seafjeat and burst data transfeEmsmemory accesses and supports
memory-mapped I/O operations.

The true little-endian mode is another enhareaguhbility of the e300 core. Unlike the PowerPC
little-endian mode (whicimanipulates only the address bitg),longer supported on the e300, the true
little-endian mode actually operates on trudeligindian instructions and data from memory.

The critical interrupt is an addnal interrupt in the e300 core and has higher priority order than the
system management interrupt. dlslebug features are improvedtfie e300. Additional SPRG interrupt
handling registers are provided for enhagdlexibility for the operating system.

The e300c3 include a performance monitor faciligt provides the ability to monitor and count
predefined events such as core clocks, misses ingtraction cache, data caghypes of instructions
dispatched, mispredicted branchasd other occurrences. The counsoeth events (which may be an
approximation) can be used to trigglee performance monitor interru@ection 8.1.7.5, “Core
Performance Monitor,tlescribes the operation of the performance monitor diagnostic tool.

8.1.1 Features

This section describes the miafeatures of the e300 core:
» High-performance, superscalar microprocessor core

— As many as three instructions issued and ikt clock (two instructions plus one branch
instruction)

— As many as five instructions in execution per clock
— Single-cycle executiofor most instructions
— Pipelined floating-point unit (FPU) fall single- and double-precision operations
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Independent execution unasid two register files

— Branch processing unit (BPU) fegihg static branch prediction

— Two 32-bit integer units (1U) in the e300c3

— FPU based on the IEEE Std 754™ fortbsingle- and double-precision operations

— Load/store unit (LSU) for data transfer betm data-cache and gealepurpose registers
(GPRs) and floating-pot registers (FPRS)

— System register unit (SRU) that executes dimuregister (CR), special-purpose register
(SPR), and integer add/compare instructiordd/8ompare instructions are also executed in
the IUs.

— Thirty-two 32-bit GPRs for integer operands

— Thirty-two 64-bit FPRs for singl or double-precision operands

High instruction and data throughput

— Zero-cycle branch capability (branch folding)

— Programmable static branch preaio on unresolved conditional branches

— Two integer units with enhancedlultipliers in the e300c3 for increased integer instruction
throughput and a maximum two-cycle latency for multiply instructions

— Instruction fetch unit capable of fetching two mustions per clock fronthe instruction cache
— A six-entry instruction queue (IQhat provides lookahead capability

— Independent pipelines with feed-forwardingttheduces data dependencies in hardware
— 16-Kbyte, four-way set-associativestruction and data caches on the e300c3

— Cache write-back or write-tbugh operation programmable on a-page or per-block basis
— Features for instruction andtdacache locking and protection

— BPU that performs CR lookahead operations

— Address translation facilities for 4-Kbytegmsize, variable block size, and 256-Mbyte
segment size

— A 64-entry, two-way, set-associative ITLB and DTLB

— Eight-entry data and instruction BATrays providing 128-Kbyte to 256-Mbyte blocks
— Software table search operations and tgglaupported through fast trap mechanism
— 52-bit virtual address32-bit physical address

Facilities for enhanced system performance

— A 64-bit split-transaction internal data bus nfaee to the coheresiystem bus (CSB) with
burst transfers

— Support for one-level addrespplining on the CSB interface

— True little-endian mode for compatibylitvith other true little-endian devices
— Critical interrupt support

— Hardware support for misglned little-endian accesses

— Configurable processor bus frequegmaultipliers as defined in tfHdPC8309 PowerQUICC I
Pro Integrated Communications Processor Hardware Specification
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* Integrated power management
— Internal processor/bugock multiplier ratios
— Three power-saving modes: doze, nap, and sleep
— Automatic dynamic power reduction whemernal functional units are idle
* In-system testability and debuggin@feres through JTAG boundary-scan capability

Features specific to the e300 core m@sent on the G2 processors follow:
* Enhancements to the register set
— The e300 core has one more HIDO bit than the G2:

— The enable cache parity checking (ECPE)HIDO[1], gives the e300 core the ability to
enable the taking of a machine check interbgsted on the detection@ftache parity error

* Enhancements to cache implementation
— 16-Kbyte, four-way set-associativestruction and data caches on the e300c3.
— Full parity checking is performed on batistruction and data cache memory arrays

— Lockable L1 instruction and data caches—erd@ehe or on a per-way basis up to 3 of 4 ways
on the e300c3

— Newicbt instruction supports initization of instruction cache
— Data cache supports four-state MESI coheyeprotocol (not implemented on MPC8309)

— The instruction cache is blocked only utiié critical load completes (hit under reloads
allowed)

— Instruction cancel mechanimsimproves utilization oinstruction cache by supporting
hits-under-cancels and misses-under-cancels.

— The critical double word is simultaneously wnitt® the cache and forwarded to the requesting
unit, thus minimizing stalls due to load delays.
— Data cache queue sharing makes oas$-and snoop pushes more efficient

— Provides for an optional datache operation broadcast feat{geabled by HIDO[ABE]) that
allows for coherent system magement. All of the data caehontrol instructions, excegitbz
(dcbi, dcbf, anddcbst) require that HIDO[ABE] be enabled to broadcast.

— Instruction fetch burst featurda@lvs all instruction fetches fromaching-inhibited space to be
performed on the bus as burst transactions

* Interrupts

— The e300 core offers hardware support fasatigned little-endian aesses. Little-endian
load/store accesses that aremot word boundary, except forisgs and multiples, generate
interrupts under the same circuarstes as big-endian accesses.

— The e300 core supports truglétendian mode to minimizée impact on software porting
from true little-endian systems.

— Aninput interrupt signakint, is provided to trigger the crital interrupt exception on the e300
core. The pm_event_in input sigiean be used by the perfornt@monitor counters to trigger
an interrupt upon overflow on the e300c3 .

* Bus clock—PLL configuration ghals include seven signdts settingsand controlpll_cfg[0:6].
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* Debug features
— Breakpoint status recordedDdBCR and IBCR control registers
— Two signals for the debug interfacgoppedandext_halt
— Performance monitor registers fystem analysis in the e300c3

Figure 8-1provides a block diagram tife e300 core that shows how the execution units—IU, FPU, BPU,
LSU, and SRU—operate indepently and in parallel. It should be adtthat this is a conceptual diagram
and does not attempt to show how these featare physically implemented on the device.

The e300 core provides addresssiation and protection facils, including an ITLB, DTLB, and
instruction and data BAT arrays. Instruction fetghand issuing are handled in the instruction unit.
Translation of addresses for cachexternal memory accesses aredied by the MMUs. Both units are
discussed in more detail Bection 8.1.2, “Instruction UnitAndSection 8.1.5.1, “Memory Management
Units (MMUSs).”

8.1.2 Instruction Unit

As shown inFigure 8-1 the e300 core instruction unit, whicantains a fetch uniinstruction queue,
dispatch unit, and BPU, providesntralized control ahstruction flow to the execution units. The
instruction unit determines the adsisef the next instruction to beéd¢aed based on information from the
sequential fetcher and from the BPU.

The instruction unit fetches the ingttions from the instruction cacheo the instruction queue. The BPU
receives branch instructions from the fetcher and sts¢i€ branch predictioio allow fetching from a
predicted instruction sgam while a conditional branch is evalled. The BPU foldsut for unconditional
branch instructions and conditiorbanch instructions unaffectéy instructions in the execution
pipeline.

Instructions issued beyond a predicted branch camomoplete execution until the branch is resolved,
preserving the programming el of sequential execution. If anytbiese are branch instructions, they
are decoded but not issued. Instructions to leewed by the FPU, IU, LS@nd SRU are issued and
allowed to progress up to the registeite-back stage. Write-backalowed when a correctly predicted
branch is resolved, and executmontinues along the predicted path.

If branch prediction is incorrect, the instruction unisthes all predicted path insttions, and instructions
are issued from the correct path.

8.1.2.1 Instruction Queue and Dispatch Unit

The instruction queu@Q), shown inFigure 8-1 holds as many as six instructions and loads up to two
instructions from the instruction unit during a singyele. The instruction fetch unit continuously loads
as many instructions as space in the 1Q allowsruasbns are dispatched to their respective execution
units from the dispatch urdit a maximum rate of two structions per cycle. Digiching is facilitated to
the IUs, FPU, LSU, and SRU by the provision of gsergation station at eacimit. The dispatch unit
performs source and destinatiogister dependency checking, deteresirispatch serializations, and
inhibits subsequent instruch dispatching as required.

For a more detailed overvies¥ instruction dispatch, seection 8.4.6, “Instruction Timing.”
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8.1.2.2 Branch Processing Unit (BPU)

The BPU receives branch instructions fromfeteh unit and performs CR lookahead operations on
conditional branches to resolve thewarly, achieving the effect of a zero-cycle branch in many cases.

The BPU uses a bitin the instruntiencoding to predict the directiontbé conditional branch. Therefore,
when an unresolved conditional branktruction is encountered, theredetches instructions from the
predicted target stream untiktltonditional branch is resolved.

The BPU contains an adder to compute branch tadpresses and three usenirol registers: the link
register (LR), the count registerTR), and the conditional registerRE The BPU calculates the return
pointer for sub-routinealls and saves it into the LfBr certain types of brandhstructions. The LR also
contains the branch targaddress for the Brancho@ditional to Link Registeroclrx) instruction. The
CTR contains the branch target addresgifeiBranch Conditional to Count Registiecdtrx) instruction.
The contents of the LR and CTR can be copiear toom any GPR. Because the BPU uses dedicated
registers rather than GPRs or FP&®cution of branch ingtctions is largely indgendent from execution
of integer and floating-point instructions.

8.1.3 Independent Execution Units

The PowerPC architecture’s support for independestgion units allows implementation of processors
with out-of-order instruction exedat. For example, because bramt$tructions do not depend on GPRs
or FPRs, branches can often be resolved ,ealityinating stalls caed by taken branches.

The four other execution units and the completioit are described in ¢hfollowing sections.

8.1.3.1 Integer Unit (IU)

The IU executes all integer instructions. The U exes one integer instrugh at a time, performing
computations with its arithmetlogic unit (ALU), multiplier, divider, and XER register. Most integer
instructions are single-cycle institions. The 32 GPRs hold integer opatsa Stalls due to contention for
GPRs are minimized by the automatic allocation of meneegisters. The core writes the contents of the
rename registers to the appropri@gfeR when integer instructions astired by the completion unit. The
e300c3 provides two integer units for greaweeger instruction throughput along with enhanced
multipliers in each IU for fast multiply-instruction execution.

8.1.3.2 Floating-Point Unit (FPU)

The FPU contains a singlegmision multiply-add array and the flaagtpoint status andontrol register
(FPSCR). The multiply-add array allows the coreffaiently implement multiply and multiply-add
operations. The FPU is pipelinedthat single- and double-preasiinstructions can be issued
back-to-back. The 32 FPRse provided to support fliag-point operations. Stalls due to contention for
FPRs are minimized by the automatic allocation of renaagisters. The core writes the contents of the
rename registers to the appropria®R when floating-poinnhstructions are reticeby the completion unit.

The e300c3 core supports fidlating-point data types based e IEEE 754 standard (normalized,
denormalized, NaN, zero, and infinity) in hardware, glating the latency incurred by software interrupt
routines.
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8.1.3.3 Load/Store Unit (LSU)

The LSU executes all load and store instructions@ovides the data transfer interface between the
GPRs, FPRs, and the cache/memailysystem. The LSU calculateseaffive addresses, performs data
alignment, and provides sequencing for loaalésstring and multiple instructions.

Load and store instructions areugd and executed imogram order; however, the memory accesses can
occur out of order. Synchronizing instracts are provided to &rce strict ordering.

Cacheable loads, when free of data bus deperegman execute out ofder with a maximum

throughput of one per cycle and with a two-cycle tot@ray. Data returned from the cache is held in a
rename register until the completilmgic commits the valu® a GPR or FPR. Stes cannot be executed

in a predicted manner and are held in the store quitilehe completion logic signals that the store
operation is to be completed to memory. The coee@bes store instructiomgth a maximum throughput

of one per cycle and withtaree-cycle total latency. The time required to perform the actual load or store
depends on whether the operation involvestehe, system memory, or an 1/O device.

8.1.3.4 System Register Unit (SRU)

The SRU executes various system-level instructimesuding condition register logical operations and
move to/from special-purposegister instructions. It also execsiiateger add/compare instructions. In
order to maintain system state, most instructexecuted by the SRU are completion-serialized; that is,
the instruction is held for executiamthe SRU until all prior instruains issued have completed. Results
from completion-serialized instructions execuly the SRU are not available or forwarded for
subsequent instructionmtil they complete.

8.1.4 Completion Unit

The completion unit tracks instructions in prograrder from dispatch through execution and then
completes. Completing an instructioommits the core to any architecturagdjister changecaused by that
instruction. In-order completion ensarne correct architectural stateemithe core must recover from a
mispredicted branch or an interrupt.

Instruction state and other information required fonptetion is kept in a five-entry FIFO completion
gueue. A single completion queue entry is allocate@dch instruction once it enters the execution unit
from the dispatch unit. An available completion quen®y is a required resource for dispatch; if no
completion entry is availab) dispatch stalls. A maxium of two instructions pecycle are completed in
order from the queue.

8.1.5 Memory Subsystem Support

The core provides separate instruction and dateesaaid MMUs. The coresal provides an efficient
processor bus interface to facilitate access o mamory and other bus subsystems. The memory
subsystem support functions are dimd in the following sections.
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8.1.5.1 Memory Management Units (MMUS)

The core MMUSs support up to 4 Petabyte®)®f virtual memory and 4 Gigabytes3gpof physical
memory (referred to as real memamythe architecture specificatiofor instruction ad data. The MMUs
also control access privileges for these spacesamk bind page granularitieReferenced and changed
status is maintained by the processor for each fmagssist implementatiarf a demand-paged virtual
memory system. Note that softwassistance is required for the deuizenaintain reference and changed
status. A key bit is implementedpoovide information about memorygiection violations prior to page
table search operations.

The LSU calculates effective addresses for data laadstores, performs data alignment to and from
cache memory, and provides the sequencing for lnddi@re string and multiple word instructions. The
instruction unit calculates effecévaddresses for instruction fetching.

After an EA is generated, its higherder bits are translated by thgpaopriate MMU into physical address
bits. The lower-order EA bits aredlsame on the physical address whidhdirected to the on-chip cache
and formed the index into a four-way set-assoaatiig array. After translating the address, the MMU
passes the higher-order physicadigess bits to the cache ahe cache lookup completes. For
caching-inhibited accesses or accesses that miss aatihe, the untranslated lower-order address bits are
concatenated with the translatedter-order address bits; the resgt32-bit physical address is then
used by the memory unit and the core interface to access external memory.

The MMU also directs the addresanslation and enforces the gration hierarchyrogrammed by the
operating system in relation to the supervisor/userl@ge level of the accessa@in relation to whether
the access is a load or store.

For instruction fetches, tHMMU looks for the address in the ITL&1d in the IBAT array. If an address
hits both, the IBAT array tranglan is used. Data acsges cause a lookup in tb&LB and DBAT array.
In most cases, the translation isaif LB and the physical address bits are available to the on-chip cache.

The e300 core implements four more IB&Md four more DBAT entries than the G2.
When the EA misses in the TLBs, the core provideswanrel assistance for software to perform a search
of the translation tables in memory. The hardweassist consists of the following features:

» Automatic storage of the missedesftive address in IMISS and DMISS

* Automatic generation of the primaand secondary hashed reatissses of the page-table entry
group (PTEG), which are readable frone tHASH1 and HASH2 register locations.

The HASH data is generated fralre contents of the IMISS or DIES register. The register that
is selected depends on the miss (instoncor data) thaivas last acknowledged.

» Automatic generation of the first word of thegeaable entry (PTE) dhe tables being searched
* Areal page address (RPA) register that imesche format of the lower word of the PTE

* TLB access instructionslifli andtlbld) that are used to load an address translation into the
instruction or data TLBs

» Shadow registers for GPRO-GPRatthllow miss code to execuathout corrupting the state of
any of the existing GPRs. Shadow regisi@re used only for servicing a TLB miss.
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For more information about memonyanagement for the core, seection 8.4.5.2,
“Implementation-Specific Memory Management.”

8.1.5.2 Cache Units

The e300c3 provides 16-Khyte, foumyset-associative instructiondadata caches. The cache block is
32 bytes long. The caches adhere wige-back policy, but the e300 coaflows control of cacheability,
write policy, and memory coherency at the pagd block levels. The caches use a pseudo LRU
replacement policy.

As shown inFigure 8-1 the caches provide a 64-bit interface to the instruction fetch unit and LSU. The
surrounding logic selects,ganizes, and forwards tihequested information the requesting unit. Write
operations to the cache can be peried on a byte basis, and a conglead-modify-write operation to
the cache can occur in each cycle.

The load/store and instruction fetchitsrprovide the caches with the adss of the data or instruction to
be fetched. In the case of a cache hit, tleeaeturns two words to the requesting unit.

Because the data cachgdare single-ported, simaiteous load/store and snoop accesses cause resource
contention. Snoop accesses have the highest priodtar@ given first accessttee tags, unless the snoop
access coincides with a tag write;tins case the snoop is retried andst rearbitrate for cache access.
Loads or stores deferred due to snoop accessgeeormed on the cloakycle following the snoop.

The e300 core includes a new instruction cancehsida. The instruction cancel extension improves
utilization of the instructin cache during canceperations. It allows a new imgttion fetch tde issued
to the cache or to the bifsa canceled instruction fetch ismméing or active on the bus. This supports

hit-under-cancel and miss-under-cdnnstruction fetch operations.

8.1.6 Bus Interface Unit (BIU)

Because the caches are on-chiptesback caches, the most commamnsactions are burst-read memory
operations, burst-write memory opgoas, and single-beat (noncacheal@rite-through) memory read
and write operations. There can atmaddress-only operations, vatgaf the burst and single-beat
operations, (for example, global memoperations that are snooped aitoimic memory operations), and
address retry activity (for example, when agped read access hitsnadified cache block).

Memory accesses can occur in singéat (1-8 bytes) and four-beat byB2 bytes) data transfers on the
64-bit data bus. The address and data busestepedapendently toupport pipelining and split
transactions during memory accesses.

The e300 bus interface unit (BIU) has been enhancaliiotw a pipeline slot tbecome available once a
previous transaction has been granted the data btiss(tha early as when the data tenure starts rather
than after the data tenure completes), thus allowingrigater bus utilization isystems that support it.
This is sometimes referred as 1 1/2-level pipelining.

Typically, memory accesses are weakly ordemegining that sequencesoperations, including
load/store string and multiple instructions, do not nemely complete in the order they begin. This weak
ordering maximizes the efficiency tife bus without sacrificing coherey of the data. The core allows
read operations to precede stoperations (except when a dependency exists, or in cases where a
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noncacheable access is penfied), and provides support for a wrdperation to proceed a previously
gueued read data tenure (for example, allowiagap push to be envelopeythe address and data
tenures of a read operation). Because the psotean dynamically optige run-time ordering of
load/store traffic, overafperformance is improved.

8.1.7 System Support Functions

The e300 core implements several supporttfans that include power management, time
base/decrementer registers $gstem timing tasks, a JTAG (leason IEEE Std 1149.1™) interface,
hardware debug, and a phase-locked loop (PLL) alaakiplier. These system support functions are
described in the following sections.

8.1.7.1 Power Management

The e300 core provides four poweodes, selectable by seigithe appropriate controits in the machine
state register (MSR) and the haate implementation register 0I(D). When entering into a power
mode other than full-powethe core requests entry via@qsignal and enters arsr power mode after
an acknowledgeg@ch is received. The four power modes are as follows:

e Full-power

This is the default power state of the e300 cbhe e300 core is fullpowered and the internal
functional units are operating at the full preser clock speed. If the dym& power management
mode is enabled, functional unitgt are idle automatically trs a low-power state without
affecting performance, softwaexecution, or external hardware.

e Doze

All the functional units of the e30fdre are disabled exddpr the time base&trementer registers
and the bus snooping logic. When the processim doze mode, an external asynchronous
interrupt, system management int@tiudecrementer interrupt, hardsmft reset, or machine check
brings the e300 core into the full-power stdtee core in doze mode maintains the PLL in a
fully-powered state and locked time system external clock inpsy6clR, so a transition to the
full-power state takes onlyfaw processor clock cycles.

* Nap
The nap mode further reduces power conswniy disabling bus snoopirigaving only the time
base register and the PirLa powered state. Thereoreturns to the full-power state on receipt of
an external asynchronous interrupt, system manageinterrupt, decremesr interrupt, hard or
soft reset, or mchine check inputifcp signal. A return to full-powestate from a nap state takes
only a few processor clock cycles.

* Sleep
Sleep mode reduces power congtion to a minimum by disablingil internal functional units;
then external system logic may disable the PLLsstlk.Returning the core to the full-power
state requires the enabling of the PLL agdclk followed by the assertion of an external
asynchronous interrupt, system managerimgatrupt, hard or soft reset, mrcpsignal after the
time required to relock the PLL.
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8.1.7.2 Time Base/Decrementer

The time base is a 64-bitgister (accessed as two 324agisters) that is inemented once every four bus
clock cycles; external control of the time basprisvided through the time be/decrementer clock base
enable (ben signal. The decrementer i82a-bit register that generataslecrementer interrupt after a
programmable delay. The cents of the decrementer register @eeremented once every four bus clock
cycles, and the decrementeterrupt is generated #ise count passes through zero.

8.1.7.3 JTAG Test and Debug Interface

The core provides JTAG and hardware debug funcfamigcilitating boardesting and chip debugging.
The JTAG test interface (based on IEEE 1149.1) pesya means for boundary-scan testing of the core
and the attached system logic. The hardwabaigiéunction accesses the JTAG test port, providing a
means for executing test routines dacilitating chip and software debugging.

All instruction and data address breakpoants accessible in the IBCR and DBCR. Seetion 8.4.8,
“Debug Features,for more information.

8.1.7.4 Clock Multiplier

The internal clocking of the e300reois generated from and synched to the external clock signal,
sysclk by means of a voltage-contralleoscillator-based PLL. The Pldrovides programmable internal
processor clock multiplier ratios which multiply teeternally supplied clock équency. The bus clock is
the same frequency and is synchronous syttlk The configuration of thelR. can be read by software
from the hardware implemaation register 1 (HID1).

8.1.7.5 Core Performance Monitor

The performance monitor provides thality to count predefined everdsid processor clocks associated
with particular operations, such as cache missespredicted branches, orthumber of cycles an
execution unit stalls. The count ofckuevents can be used to trigtjfee performance monitor interrupt.
The performance monitor can be used to do the following:

* Improve system performance bonitoring software executiomd then recoding algorithms for
more efficiency. For example, memory hietardehavior can be monitored and analyzed to
optimize task scheduling or @eadistribution algorithms.

» Characterize processors in environmeraseasily characterized by benchmarking.
* Help system developers bg up and debug their systems.

The performance monitor usthge following resources:

* The performance monitor mark bit in the M@RSR[PMM]). This bit controls which programs
are monitored.

* The move to/from performance mdori registers (PMR) instructionsitpmr andmfpmr.
» The external core inpubm_event_in
* PMRs
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— The performance monitor cowmtregisters (PMCO0-PMC3) aB2-bit counters used to count
software-selectable events. Each couotemts up to 128 events. UPMCO-UPMC3 provide
user-level read access to these registers. They are identifiedia8-2

— The performance monitor global controgjiger (PMGCO) controls the counting of
performance monitor events. It takes priootyer all other performance monitor control
registers. UPMGCO providesearslevel read access to PMGCO.

— The performance monitor lolceontrol registers (PMLCa0—-PMLa3) control each individual
performance monitor counter. Each cauriias a corresponding PMLCa register.
UPMLCa0-UPMLCa3 provide user-levedad access to PMLCa0-PMLCa3).

* The performance monitor interruptassigned to interrupt vector 0xOF00.

Software communication with theerformance monitor is achieveddhgh PMRs ratheéhan SPRs. The
PMRs are used for enabling conditions thattceyger the performance monitor interrupt.

8.2 e300 Processor and System Version Numbers

Table 8-1lists the revision codes in the processor versgrster (PVR) and the stem version register
(SVR) to the revision level markexh the device. These registers ¢t accessed as SPRs through the
e300 core (sekigure 8-2.

Table 8-1. Device Revision Level Cross-Reference

Device Revision Processor Version System Version
Register (PVR) Reglster (SVR)
MPC8309 11 0x8085_0020 0x8110_0011
MPC8309 1.0 0x8085_0020 0x8110_0010

8.3  PowerPC Architecture Implementation

The PowerPC architecture consists of the followiggis, and adherence to fhewerPC architecture can
be measured in terms of whiof the following levels of # architecture is implemented:

» User instruction set architecture (UISA)

Defines the base user-level instiantset, user-level registers tdaypes, floating-point interrupt
model, memory models for a uniprocessovironment, and programming model for a
uniprocessor environment.

* Virtual environment architecture (VEA)

Describes the memory model for a multiprocessmironment, defines cache control instructions,
and describes other aspeof virtual environmentsmplementations that conform to the VEA also
adhere to the UISA but may not necessarily adhere to the OEA.

» Operating environment architecture (OEA)
Defines the memory managent model, supervisor-level retgrs, synchronizi@n requirements,
and interrupt model. Implementaiis that conform to the OEA aladhere to the UISA and VEA.

The PowerPC architecture allows a wide range ofydedior such features as cache and core interface
implementations.
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8.4  Implementation-Specific Information

This section describes the PowerPC architectureriargéand specific detaibbout the implementation
of the e300 core as a low-power, B2 member of this ReerPC core family. Thenain topics addressed
are as follows:

» Section 8.4.1, “Register Modeldescribes the registers for thygerating environment architecture
common among e300 cores that implemeeatRbwerPC architecture and describes the
programming model. It also describes the adddl registers that are unique to the core.

» Section 8.4.2, “Instruction $and Addressing Modesgescribes the PowerPC instruction set and
addressing modes for the OEA, atelines and describése instructions implemented in the core.

» Section 8.4.3, “Cache Implementatiodgscribes the cache modedtins defined generally for
cores that implement the PowerPC architecturth®WEA. It also provide specific details about
the e300 core cache implementation.

e Section 8.4.4, “Interrupt Modeldescribes the interrupt modeltbe OEA and the differences in
the core interrupt model.

* Section 8.4.5, “Memory Managementiéscribes generally tliwnventions for memory
management among these cores. This sectioafswibes the core implementation of the 32-bit
PowerPC memory management specification.

» Section 8.4.6, “Instruction Timingprovides a general descrimi of the instruction timing
provided by the superscalar, pebexecution supported by tiRowerPC architecture and the
e300 core.

» Section 8.1.6, “Bus Interface Unit (BlU)describes the signals implemented on the core.

The e300 core is a high-performansuperscalar processor corbe PowerPC architecture allows
optimizing compilers to schedulesinuctions to maximize performee through efficient use of the
PowerPC instruction set and register model. Theiptejtindependent execution units allow compilers to
optimize instruction throughput. Compilers that taki¥antage of the flexibility of the PowerPC
architecture can additionalbptimize system performance.

The following sections summarize the featurethefcore, including both those that are defined by the
architecture and those that are unituée various core implementations.

Specific features of the core are listecBection 8.1.1, “Features.”

8.4.1 Register Model

The PowerPC architecture defines register-to-regigperations for most ogputational instructions.
Source operands for these instructions are accessethizagyisters or are praled as immediate values
embedded in the instructi@mpcode. The three-register instruction fatrallows specifiation of a target
register distinct from #two-source operands. Loaadsstore instructions traresfdata between registers
and memory.

The e300 core has two levels of privilege: supervisode of operation (typically used by the operating
system) and user mode of operation (used bwapipdication software)l'he programming models
incorporate 32 GPRs, 32 FPRs, spepiaipose registers (SPRs), andesal miscellaneous registers.
Each core also has its own unique sdtariware implementation (HID) registers.
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/ USER MODEL

General-Purpose

Registers (32-Bit)
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GPR31
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Registers (64-Bit)
FPRO
FPR1

FPR31

Condition Register
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Floating-Point Status
and Control Register
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x
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XE SPR 1

Link Register

LR SPR 8

Count Register

CTl SPR 9
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(for Reading)
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(read-only)

UPMGCO (PMR384

UPMCs PMR 0-3

UPMLCas

Performance Monitor?
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~

SUPERVISOR MODEL

Hardware Machine State System/Processor
Impl.ementation Register Version Register
Registers MSR SVR! |SPR 286
HIDO' | SPR 1008 Memory Base Address PVR SPR 287
HID1! | SPR 1009 Register
HID2! | SPR1011 SPR 311
Instruction BAT Memory Management RegISterSSOftware Table
Registers Data BAT Registers Search Registers
IBATOU SPR 528 DBATOU SPR 536 DMISS SPR 976
IBATOL | SPR 529 DBATOL | SPR 537 DCMP | SPR 977
IBATIU | SPR 530 DBAT1U | SPR538 HASH1 | SPR 978
IBAT1L SPR 531 DBAT1L SPR 539 HASH?2 SPR 979
IBAT2U SPR 532 DBAT2U SPR 540 IMISS SPR 980
IBAT2L | SPR533 DBAT2L | SPR541 ICMP | SPR 981
IBAT3U | SPR534 DBAT3U SPR 542 RPA SPR 982
IBAT3L |SPR535 DBAT3L | SPR 543 SDR1
IBAT4U 1 | SPR 560 DBAT4U ! | SPR 568 SPR 25
IBATAL! | SPR 561 DBAT4L! | SPR 569 _
IBAT5U L | SPR 562 DBATSU ! | SPR 570 Segment Registers
IBATSL 1 | SPR 563 DBATSL! | SPR571 SRO
IBAT6U 1 | SPR 564 DBAT6U ! | SPR 572 SR1
IBAT6L ! | SPR 565 DBAT6L® | SPR573 E
IBAT7U | SPR 566 DBAT7U! | SPR574 SR15
IBAT7L! | SPR 567 DBAT7L! | SPR575
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Interrupt Handling Registers

SPRGs

SPRGO | SPR 272

SPRG1 | SPR 273

SPRG2 | SPR 274

SPRG3 | SPR 275

SPRG41! | SPR 276

SPRG51 | SPR 277

SPRG6! | SPR 278
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Critical Interrupt
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CSRR01!
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%
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CSRR11 | SPR59

DSISR

DSISR SPR 18

Save and Restore Registers

SRRO SPR 26
SRR1 SPR 27
Data Address Register

SPR19 Breakpoint Registers

Instruction/Data Address
Breakpoint Register

IABR  [SPR 1010
IABR2! |SPR 1018
DABRT | SPR 1013
DABR2! |SPR 317

\

Miscellaneous
Registers

Decrementer
DEC SPR 22

Time Base Facility
(for Writing)

TBL SPR 284
TBU SPR 285

Instruction/Data Address
Breakpoint Control

IBCR! |SPR 309
DBCR! |SPR 310

Performance Monitor?

1 These registers are e300 core implementation-specific (not defined by the PowerPC architecture).

Figure 8-2. e300 Programming Model—Registers
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The following sections describe ta800-core-implementation-specific feeds as they apply to registers.

8.4.1.1 UISA Registers

UISA registers are user-level retgrs that include the following.

84.1.1.1 General-Purpose Registers (GPRs)

The PowerPC architecture defines 38rdsvel GPRs that are 32 bits wide32-bit cores. The GPRs serve
as the data source or destiaatfor all integer instructions.

8.4.1.1.2 Floating-Point Registers (FPRSs)

The PowerPC architecture also defines 32 user-16¢dbit FPRs. The FPRs seras the data source or
destination for floating-point instruons. These registers can contaitedabjects of either single- or
double-precision floatig-point formats.

8.4.1.1.3 Condition Register (CR)

The CR is a 32-bit user-level register that provideseahanism for testing anddmching. It consists of
eight 4-bit fields that reflect theesults of certain operations, stahmove, integer and floating-point
comparisons, arithmetiend logical operations.

8.4.1.14 Floating-Point Status and Control Register (FPSCR)

The user-level FPSCR containsfdhting-point exception signal bitsxception summary bits, exception
enable bits, and rounding corltlits needed for compliance with the IEEE 754 standard.

84.1.15 User-Level SPRs

The PowerPC architecture definesmarous special purpose registetat therve a variety of functions,
such as providing controls, indigag status, configuring the corand performing special operations.
During normal execution, a program can access the registers, as sHogurén8-2 depending on the
program’s access privilege (supervisouser, determined by the priviledevel bit, MSR[PR]). Note that
GPRs and FPRs are accessed through operands that arfetiparhstructions. Access to registers can be
explicit (that is, though the use of specific instructions foatipurpose such as Move to Special-Purpose
Register (ntspr) and Move from Speal-Purpose Registemfspr) instructions) or imptit, as the part of
the execution of an instruction. Some registers aresaedéoth explicitly and imigitly. In the e300 core,

all SPRs are 32 bits wide.

The following SPRs are accessible by user-level software:
* Link register (LR)

The LR can be used to provide the branch taxrdétess and to hold the retaddress after branch
and link instructions. The LR is 32tbiwide in 32-bit implementations.

* Countregister (CTR)

The CTR is decremented and tested automatiaalyresult of branch-amdunt instructions. The
CTR is 32 bits wide in 32-bit implementations.
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* XER register

The 32-bit XER contains the summary overflow lniteger carry bit, overflow bit, and a field
specifying the number of bytes to be stred by a load string word indexds\x) or Store
string word indexedstswx) instruction.

8.4.1.2 VEA Registers

The VEA introduces the time base 1égi(TB) for reading. The TB is 4-bit register pawhose contents
are incremented once every four core input clockesycfhe TB consists divo 32-bit registers—time
base upper (TBU) and time base loweBJ. Note that the time base rstgrs are read-onlg user state.

8.4.1.3 OEA Registers

OEA registers are supervisor-leveyigers that include the following.

8.4.1.3.1 Machine State Register (MSR)

The MSR is a supervisor-level registbat defines the state of the cofbe contents of this register are
saved when an interrupt is taken, and restored Wieeimterrupt handling compies. A critical interrupt
interrupt is taken in the e300 core whendhe signal is asserted and MSR[CE] is set. The e300 core
implements the MSR as a 32-bit register.

Table 8-2shows the bit definitions for MSR.
Table 8-2. MSR Bit Descriptions

Bits | Name Description
ot — | Reserved. Full function.
1-4t — | Reserved. Partial function.
5-91 | — |Reserved. Full function.
10-12'| — |Reserved. Partial function.

13 POW | Power management enable (implementation-specific)

0 Disables programmable power modes (normal operation mode)

1 Enables programmable power modes (nap, doze, or sleep mode).

This bit controls the programmable power modes only; it has no effect on dynamic power management (DPM).
MSR[POW] may be altered with an mtmsr instruction only. Also, when altering the POW bit, software may alter
only this bit in the MSR and no others. The mtmsr instruction must be followed by a context-synchronizing
instruction.

14 | TGPR | Temporary GPR remapping (implementation-specific)

0 Normal operation

1 TGPR mode. GPRO-GPR3 are remapped to TGPRO-TGPRS3 for use by TLB miss routines.

The contents of GPRO—GPR3 remain unchanged while MSR[TGPR] = 1. Attempts to use GPR4-GPR31 with
MSR[TGPR] = 1 yield undefined results. Temporarily replaces TGPRO-TGPR3 with GPRO-GPRS3 for use by
TLB miss routines. The TGPR bit is set when either an instruction TLB miss, data read miss, or data write miss
interrupt is taken. The TGPR bit is cleared by an rfi instruction.

15 ILE |Interrupt little-endian mode. When an interrupt occurs, this bit is copied into MSR[LE] to select the endian
mode for the context established by the interrupt.
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Table 8-2. MSR Bit Descriptions (continued)

Bits | Name Description

30 Rl | Recoverable interrupt (for system reset and machine check interrupts)
0 Interrupt is not recoverable
1 Interrupt is recoverable

31 LE |Little-endian mode enable
0 The processor runs in big-endian mode
1 The processor runs in little-endian mode.

1 All reserved bits should be set to zero for future compatibility.

8.4.1.3.2 Segment Registers (SRs)

For memory management, 32-bit processors implésigteen 32-bit SRs. To speed access, the core
implements the SRs as two arrays: a main arragdta memory accesses, and a shadow array, for
instruction memory accesses. Loading a segmtny with the move to segment regigiatsr)
instruction loads both arrays.

8.4.1.3.3 Supervisor-Level SPRs

The e300 core, like the G2_LErephas additional supervisor-eh&PRs, which are shownhigure 8-3
Two critical interrupt SPRs (CSRRO and CSRRght SPRGs (SPRGO-SPRG7), eight pairs of
instruction BATs (IBATO-IBAT7), eight pairs afata BATs (DBATO—-DBAT7), one system version
register (SVR), one system memdase address (MBAR), one ingttion address breakpoint control
(IBCR), one data addrebseakpoint control (DBCRp new instruction breakpoint register (IABR2), and
two data address breakpoingiisters (DABR and DABR?2) ariategrated into the core.

The following list discusses the supervisor-level SPRs.

» The DSISR defines the causadata access and alignment intersufthe cause of a DSI interrupt
for a data breakpoint (match with DABR and BR2) can be determined by the value of the
DSISR[DABR] bit (bit 9).

* The data address regist¥AR) holds the address of an accaftsr an alignment or DSI interrupt.
For example, it contains the adds of the breakpoint match condition.

* The decrementer register (DEC) is a 32-bitr@menting counter that provides a mechanism for
causing a decrementer interr@fter a programmable delay.

» SDR1 specifies the page tablerfmt used in virtuale-physical addressanslation for pages.
(Note that physical addressreferred to as ‘real address’the architecture specification.)

* The machine status save/restagister O (SRRO) is used for sagithe address of the instruction
that caused the interrupt, and the addresstton to when a Return from Interrui § instruction
is executed.

* The machine status save/restore register 1 (SRR$eto save machistatus on interrupts and
to restore machine status whenrinnstruction is executed.

* The SPRGO-SPRGY registers previded for operating system ugdiey reduce the latency that
may be incurred in the saving of registersi®mory while in a handler. Note that the e300
implements four more SPRGs than the G2 (SPRGO-SPRG23).
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» The time base register (TB)as4-bit register thahaintains the time of day and operates interval
timers. It consists of two 32-bit fieldsnte base upper (TBU) anidne base lower (TBL).

» The processor version registeM@®) is a read-only register thaentifies the version (model) and
revision level of the processor. SEsble 8-Sfor the version and revisn level of the PVR for the
e300 processor core.

* The PowerPC architecture defin&6 block addressanslation (BAT) registers. The e300 core
includes a total of eight pairs of DBAINd eight pairs of IBT registers. Sekigure 8-2for a list
of the SPR numbers for the BAT arrays.

The following supervisor-level SPRs are implemad¢ion-specific (not dined in the PowerPC
architecture):

* DMISS and IMISS are read-onlygisters that are loaded autongatly on an instruction or data
TLB miss.

* HASH1 and HASH2 contain the phgal addresses oféprimary and secondapage table entry
groups (PTEGS).

* ICMP and DCMP contain a duplicatéthe first word in the pagable entry (PTE) for which the
table search is looking.

* The required physical address (RPA) registerasiéal by the core with the second word of the
correct PTE during a page table search.

» The system version registeB) is available on the e300 corehich identifies the specific
version (model) and revision level oftystem-on-a-chip (SOC) integration.

* System memory base address (MBAR) is aplé@mentation-specific regfier available on the
e300 core. It supports a temporary ag® for the system-level memory map.

» The instruction and data a@dss breakpoint registers (IABRBR2, DABR, DABR?2) are loaded
with an instruction or data address, respectitbbt is compared to instruction addresses in the
dispatch queue or to the datddress in the LSU. When atdress match occurs, a breakpoint
interrupt is generated.

* One instruction breakpoint control registdBQJR) and one data breakpoint control register
(DBCR) are implemented in the e300 core.

» To support critical interruptsywo registers (CSRR&nd CSRR1) are included in the e300 core.
» Eight SPRG registers (SPRG0O-SPRG7) are in the e300 core.

* Block address translation (BAByrays—The e300 core has eight instruction and eight data BAT
registers.

* The hardware implementation I(BD and HID1) registers providéde means for enabling core
checkstops and features and allow softwareaa the configuration dhe PLL configuration
signals. The HID2 register enables the fitile-endian mode, cache way-locking, and the
additional BAT registers.
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Table 8-3shows the bit definitions for HIDO.

Table 8-3. e300 HIDO Bit Descriptions

Bits

Name Function

EMCP Enable mcp. The purpose of this bit is to mask out machine check interrupts caused by assertion of
mcp, similar to how MSR[EE] can mask external interrupts.

0 Masks mcp. Asserting mcp does not generate a machine check interrupt or a checkstop.

1 Asserting mcp causes checkstop if MSR[ME] = 0 or a machine check interrupt if ME = 1

ECPE Enable cache parity errors.

0 Disables instruction and data cache parity error reporting

1 Allows a detected cache parity error to cause a machine check interrupt if MSR[ME] =1 or a
checkstop if MSR[ME] = 0

EBA Enable ap_in[0:3] and ape for address parity checking.

0 Disables address parity checking during a snoop operation

1 Allows an address parity error during snoop operations to cause a checkstop if MSR[ME] = 0 or a
machine check interrupt if MSR[ME] = 1

EBD Enable dpe for data parity checking.

0 Disables data parity checking

1 Allows a data parity error during reads to cause a checkstop if MSR[ME] = 0 or a machine check
interrupt if MSR[ME] = 1

SBCLK clk_out output enable. Used in conjunction with HIDO[ECLK] and hreset to configure clk_out. See
Table 8-4 for settings.

— Reserved, should be cleared

ECLK clk_out output enable. Used in conjunction with HIDO[SBCLK] and the hreset signal to configure
clk_out. See Table 8-4 for settings.

PAR Disable precharge of artry_out

0 Precharge of artry_out enabled

1 Alters bus protocol slightly by preventing the processor from driving artry_out to high (negated) state.
If this is done, the integrated device must restore the signals to the high state.

DOZE Doze mode enable. Operates in conjunction with MSR[POW].

0 Doze mode disabled

1 Doze mode enabled. Doze mode is invoked by setting MSR[POW] while this bit is set. In doze mode,
the PLL, time base, and snooping remain active.

NAP Nap mode enable. Operates in conjunction with MSR[POW].

0 Nap mode disabled

1 Nap mode enabled. Nap mode is invoked by setting MSR[POW] while this bit is set. In nap mode, the
PLL and time base remain active.

10

SLEEP Sleep mode enable. Operates in conjunction with MSR[POW].

0 Sleep mode disabled

1 Sleep mode enabled. Sleep mode is invoked by setting MSR[POW] while this bit is set. greq is
asserted to indicate that the processor is ready to enter sleep mode. If the system logic determines
that the processor may enter sleep mode, the quiesce acknowledge signal, gack, is asserted back to
the processor. Once gack assertion is detected, the processor enters sleep mode after several
processor clocks. At this point, the system logic may turn off the PLL by first configuring pll_cfg[0:6]
to PLL bypass mode, then disabling sysclk.
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Table 8-3. e300 HIDO Bit Descriptions (continued)

Bits Name Function
21 DCFI Data cache Flash invalidate

0 The data cache is not invalidated. The bit is cleared when the invalidation operation begins (usually
the next cycle after the write operation to the register). The data cache must be enabled for the
invalidation to occur.

1 An invalidate operation is issued that marks the state of each data cache block as invalid without
writing back modified cache blocks to memory. Cache access is blocked during this time. Bus
accesses to the cache are signaled as a miss during invalidate-all operations. Setting DCFI clears all
the valid bits of the blocks and the PLRU bits to point to way LO of each set.

For the e300 core, the proper use of the ICFl and DCFI bits is to set and clear them with two consecutive

mtspr operations.

22-23 — Reserved, should be cleared.
24 IFEM Enable M bit on bus for instruction fetches

0 M bit not reflected on bus for instruction fetches. Instruction fetches are treated as nonglobal on the
bus.

1 Instruction fetches reflect the M bit from the WIM settings

25 DECAREN | Decrementer auto reload
0 Normal operation.
1 Decrementer loads last mtdec value for precise periodic interrupt.
26 — Reserved, should be cleared.
27 FBIOB Force branch indirect on the bus
0 Register indirect branch targets are fetched normally
1 Forces register indirect branch targets to be fetched externally
28 ABE Address broadcast enable. Controls whether certain address-only operations (such as cache
operations) are broadcast on the bus.

0 Address-only operations affect only local caches and are not broadcast

1 Address-only operations are broadcast on the bus

Affected instructions are dcbi, dcbf, and dcbst. Note that these cache control instruction broadcasts

are not snooped by the e300 core. Refer to Section 4.3.3, “Data Cache Control,” for more information.

29-30 — Reserved, should be cleared.
31 NOOPTI | No-op the data cache touch instructions

0 The dcbt and dcbtst instructions are enabled
1 The dcbt and dcbtst instructions are no-oped internal to the e300 core

Table 8-4shows how HIDO[ECLK] and HIDO[BCLK] are used to configure tratk_outsignal.

Table 8-4. Using HIDO[ECLK] and HIDO[SBCLK] to Configure clk_out

hreset ECLK SBCLK clk_out
Asserted X X Bus clock (small pulse for every rising edge of sysclk)
Negated 0 0 Clock output off
0 1 Core clock/2
1 0 Core clock
1 1 Bus clock
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Table 8-5shows the bit definitions for HID1
Table 8-5. HID1 Bit Descriptions

Bits Name Description
0 PCO PLL configuration bit O (read-only)
1 PC1 PLL configuration bit 1 (read-only)
2 PC2 | PLL configuration bit 2 (read-only)
3 PC3 | PLL configuration bit 3 (read-only)
4 PC4 PLL configuration bit 4 (read-only)
5 PC5 PLL configuration bit 5 (read-only)
6 PC6 PLL configuration bit 6 (read-only)
7-31 — Reserved, should be cleared

Note: The clock configuration bits reflect the state of the pll_cfg[0:6] signals.

Table 8-6shows the bit definitions for HID2.
Table 8-6. e300HID2 Bit Descriptions

Bits Name Description

0-3 — Reserved, should be cleared.

4 LET True little-endian. This bit enables true little-endian mode operation for instruction and data accesses.
This bit is set to reflect the state of the tle signal at the negation of hreset. This bit is used in
conjunction with MSR[LE] to determine the endian mode of operation.

0 No function

1 True little-endian mode, when MSR[LE] = 1

Changing the value of this bit during normal operation is not recommended

5 IFEB Instruction fetch burst extension. This bit enables the instruction fetch burst extension.
0 Instruction fetch burst extension disabled
1 Instruction fetch burst extension enabled

6 — Reserved, should be cleared.

7 MESISTATE | MESI state enable. This bit enables the four-state MESI cache coherency protocol.
0 MESI disabled. The data cache uses a three-state MEI coherency protocol.
1 MESI enabled. The data cache uses a four-state MESI protocol.

8 IFEC Instruction fetch cancel extension. This bit enables the instruction fetch cancel extension.
0 Instruction fetch cancel extension disabled
1 Instruction fetch cancel extension enabled

9 EBQS Enable BIU queue sharing. This bit enables data cache queue sharing.
0 Data cache queue sharing disabled
1 Data cache queue sharing enabled

10 EBPX Enable BIU pipeline extension.This bit enables the bus interface unit pipeline extension.
0 BIU pipeline extension disabled; 1 level pipeline
1 BIU pipeline extension enabled; 1-1/2 level pipeline

11-12 — Reserved for e300c1, should be cleared.
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Table 8-6. e300HID2 Bit Descriptions (continued)

Bits Name Description

11 ELRW Enable weighted LRU. This bit enables the use of an adjusted (weighted) LRU.

0 Normal operation.

1 The dcbt, dcbtst, and dcbz instructions use and adjusted (weighted) LRU such that they always
select and replace the lowest unlocked way in the data cache.

12 NOKS No kill for snoop. This bit enables the forcing of kill-type snoops to flush data instead of killing it.
0 Normal operation.
1 Forces write-with-kill snoops to flush instead of kill (snoop can never kill data).

13 HBE High BAT enable. Regardless of the setting of HID2[HBE], these BATs are accessible by mfspr and
mtspr.

0 IBAT[4-7] and DBAT[4-7] are disabled

1 IBAT[4—7] and DBAT[4-7] are enabled

14-15 — Reserved, should be cleared.

16-18 | IWLCK[0-2] | Instruction cache way-lock. Useful for locking blocks of instructions into the instruction cache for
time-critical applications that require deterministic behavior.
000 no ways locked

001 way O locked

010 way 0 through way 1 locked

011 way 0 through way 2 locked

100 way O through way 2 locked in e300c3.

101 way O through way 2 locked in e300c3.

110 way 0 through way 2 locked in e300c3.

111 way 0 through way 2 locked in e300c3.

Setting HIDO[ILOCK] locks all ways.

19 ICWP Instruction cache way protection. Used to protect locked ways in the instruction cache from being
invalidated.

0 Instruction cache way protection disabled

1 Instruction cache way protection enabled

20-23 — Reserved, should be cleared.

24-26 | DWLCK][0-2] | Data cache way-lock. Useful for locking blocks of data into the data cache for time-critical applications
where deterministic behavior is required.

000 no ways locked

001 way O locked

010 way 0 through way 1 locked

011 way 0 through way 2 locked

100 way O through way 2 locked in e300c3.
101 way O through way 2 locked in e300c3.
110 way O through way 2 locked in e300c3.
111 way O through way 2 locked in e300c3.
Setting HIDO[DLOCK] locks all ways.

27-31 — Reserved, should be cleared.

8.4.2 Instruction Set and Addressing Modes

The following sections describe the PowerP§rinction set and addsging modes in general.
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— User-level cache instructions
— Segment register manipulation instructions

The e300 core implements the following instructideined as optional by ¢nlPowerPC architecture:
— Floating selectféel)
— Floating reciprocal ¢gnate single-precisiorfres)
— Floating reciprocal square root estimdtsdrte)
— Store floating-point as integer worstffwx)

Note that this grouping of insittions does not indicate the exeoutunit that executes a particular
instruction or group of instructions.

Integer instructions operate on bytalf-word, and word operands. Himg-point instructions operate on
single-precision (one word) and double-precisimme(double word) floating-point operands. The
PowerPC architecture uses instructions thattdrgtes long and word-aligdelt provides for byte,
half-word, and word operand loads atdres between memory and acfe22 GPRs. It also provides for
word and double-word operand loads and stbe#eeen memory and a set of 32 FPRs.

Computational instructions do nimtodify memory. To use a memaoperand in a computation and then
modify the same or another memdogation, the memory contents ste loaded into a register,
modified, and then written back to theget location with ditinct instructions.

The core follows the program flow when it istire normal execution state. However, the flow of
instructions can be interrupted directly by the@xion of an instruction or by an asynchronous event.
Either kind of interrupt may caasone of several components af gystem software to be invoked.

8.4.2.2 Implementation-Specific Instruction Set

The e300 core instruction set is defined as follows:
* The core provides hardware supdortall 32-bit PowerPC instructions.

» The core provides two implemgtion-specific instructions usddr software table search
operations following TLB misses:

— Load Data TLB Entryt{bld)
— Load Instruction TLB Entryt(bli )

» The core implements the following instructioniatis added to support critical interrupts (also
supported on the G2_LE). This is a supagvel, context syrfwonizing instruction.

— Return from Critical Interruptr{ci)

* The core implements the follamg instruction which is added smpport easy statp initialization
or reloading of the instruction cache.

— Instruction Cache Block Touclkcbt)

* The core provides the followingerformance monitor instructions:
— Move to Performance Monitor Registentpmr)
— Move from Performare Monitor Registernafpmr)
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8.4.3 Cache Implementation

The following sections describe the general eadtaracteristics as implemented in the PowerPC
architecture and the core implementation.

8.4.3.1 PowerPC Cache Characteristics

The PowerPC architecture does not define hardaspects of cache implementations. The e300 core
controls the following memory accemodes on a page or block basis:

» Write-back/write-through mode
e Caching-inhibited mode
¢ Memory coherency

Note that in the core, a cache block is defiase@ight words. The VEAefines cache management
instructions that provide a means by which theiappbn programmer can &ift the cache contents.

8.4.3.2 Implementation-Specific Cache Organization

The e300c3 provides 16-Kbyte, foumyset-associative instructioncadata caches. The caches are
physically addressed, ancetdata cache can operate in eitlate-back or write-through mode as
specified by the PowerPC architecture.

The data cache is configured as 128 sets of 4 blesiis on the e300c3. Eaclodit consists of 32 bytes,
2 state bits, and an address tag. Thedtate bits implement the three-state MEI
(modified/exclusive/invalid) protocoEach block contains eight 32-lrords. Note that the PowerPC
architecture defines the term ‘bloc&s the cacheable unit. For the cdine, block size is equivalent to a
cache line. A block diagram of thetdaache organitian is shown irFigure 8-3

The instruction cache is configured as 128 setslibcks each on the e300&ach block consists of

32 bytes, an address tag, and a valid bit. The icistrucache may not be itten to, except through a
block fill operation. In the e300 cottbe instruction cache docked only until the crital load completes.
The e300 core supports instructiotcfeng from other instretion cache lines follouwg the forwarding of
the critical-first-double-word of a caetine load operation. Successimstruction fetche from the cache
line being loaded are forwardetdaaccesses to other instruction alihes can proceed during the cache
line load operation. The instruction cache issmaioped, and cache coherency must be maintained by
software. A fast hardware inkdation capability is providetb support cache maintenance.
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The e300c3 data cache is configuasdL28 sets of four blls per set. The organizan of the data cache
is shown inFigure 8-3

128 Sets * | | | ° | | | |
L J [ | LJl [ I [ I
° °
[ l [ \ ‘
T T T T T T T
Block 0 Address Tag 0 | | | State Words [0-7] ||

| | | | | | |
\ \ \ \ 1 \ \

Block1| AddressTagl | | [ State Words [0-7] L[]
| | | | | | |
[ [ I I I [ [

Block 2 AddressTag2 || | State Words [0-7] L]
| | | | | | |
\ \ \ \ | \ \

Block 3| AddressTag3 | [ State Words [0-7] L[

| | |
‘ -< 8 Words/Block > ‘

Figure 8-3. e300c3 Data Cache Organization

Each cache block contains eigbthtiguous words from memory thate loaded from an 8-word boundary
(that is, bits A[27-31] of the effective addresseszaro); thus, a cacheolok never crosses a page
boundary. Misaligned accesses across a page bgurataincur a performance penalty.

The e300 core cache blocks are loaiefdur beats of 6&its each on the 64-bit abus. The burst load
is performed as critical-double-word-first. The dadalte is blocked to internal accesses until the load
completes; the instruction cache allows sequefgiehing during a cache block load. In the core, the
critical-double-word is simultaneously written tetbache and forwarded tloe requesting unit, thus
minimizing stalls due to load delays.

To ensure coherency among caches in a multiprocéssmultiple caching-dégce) implementation, the
core implements the MErotocol during normal operation of thetal@ache. The nedata cache MESI
extension supports the additional flbucache coherency slealr state for the data cache. To support this
feature, the shared signahd has been added to the bus irgeé. Although the MESI protocol is
supported by the e300 core, it is mplemented on MPC8309. The followifayur states indiate the state
of the cache block:

* Modified—The cache block is modified with resy to system memory; that is, data for this
address is valid only in the cache and not in system memory.

* Exclusive—This cache block holds \aliata that is identical to tlkata at this address in system
memory. No other cache has this data.

» Shared—Only available if HID2[MBSTATE] register bit is set. Thaddress block is valid in the
cache and in at least oather cache. This block is always cistesnt with system memory. That is,
the shared state is shared-udtified; there is no shared-modiél state. Although the MESI
protocol is supported by the e300eait is not implemented on MPC8309.

* Invalid—This cache block does not hold valid data.
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Cache coherency is enforced by on-chip bus snoopiig.IBecause the e300 core data cache tags are
single-ported, a simultaneous load/store and sacopss represents a rest® contention. The snoop
access is given first access to the tags. The loatbmr then occurs on the clock following the snoop.

Parity is now integrated into both instruction atada cache memory. A machine check interrupt is now
taken upon the detection of an instrantbr data cache parity error. Rais checked whenever valid data
is returned from the instruction data cache for a cache hit or whenexadid data is read out of the cache
for a castout or snoop-push operation.

8.4.3.3 Instruction and Data Cache Way-Locking

The e300 core implementsstruction and data cache way-lockimdyich guarantees that certain memory
accesses hits in the cache. This providésraenistic access timder those accesses.

8.4.4 Interrupt Model
This section describes the PowerPC interrupt rinaxale the e300 core imgainentation specifically.

8.44.1 PowerPC Interrupt Model

The PowerPC interrupt mechanism allows the core dao@é to supervisor state as a result of external
signals, errors, or unusual conditi@sing in the execution of instruahs. The conditionthat can cause
interrupts are called exceptions. Wheterrupts occur, information abougtstate of the core is saved to
certain registers and the core lreggéxecution at an address (intgtrvector) predetermined for each
interrupt type. Interrupts areguessed in supervisor mode.

Some interrupts, such as program interrupts, caridgered by a broad rangé exception conditions.
Other interrupts, such as tdecrementer interrupt, have ormaysingle exception condition. Although
multiple exception conditions can map to a singterrupt vector, a more specific condition may be
determined by examining a register associatéd thie interrupt—for example, the DSISR and the
FPSCR. Additionally, some exception conditions caexjicitly enabled or disabled by software.

The PowerPC architecture requithat interrupts be handled inqgram order; therefore, although a
particular implementation may recognieception conditions out of ordeiney are presented strictly in
order. When an instrucin-caused interrupt is recognized, any unetegtinstructions that appear earlier

in the instruction stream,¢fuding any that have notentered the execute stage, are required to complete
before the interrupt is k&n. Any interrupts causdyy those instructions are handled first. Likewise,
asynchronous, precise interrupts aeognized when they occur, bug arot handled until the instruction
currently in the completion stage successfully coteglexecution or generatan interrupt, and the
completed store queue is emptied.

Unless a catastrophic condition causesystem reset or machine check interrupt, only one interrupt is
handled at a time. If, for example, a single indinn encounters multiplaterrupt conditions, those
conditions are handled sequentially. After the intethandler completes, the instruction execution
continues until the next interrupbndition is encounteretiowever, in many caséisere is no attempt to
re-execute the instruotn. This method of recognim and handling interruptscpeentially guarantees that
interrupts are recoverable.
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To prevent the program state frdraing lost due to a system resetnachine check interrupt, or an
instruction-caused interrupt in tirgerrupt handler, interrupt handlesisould save the information stored
in SRRO and SRR1 early and before enabling external interrupts.

The PowerPC architecture supisdiour types of interrupts:

Synchronous, precise

These are caused by instructions. All instructiorsedunterrupts are handled precisely; that is,
the machine state at the time the interrupt ocisuksown and can be comepely restored. This
means that (excluding theap and system call imipts) the address ofdHaulting instruction is
provided to the interrupt handleméneither the faulting instructioror subsequent instructions in
the code stream completes execution before teerupt is taken. Once thaterrupt is processed,
execution resumes at the addreflsthe faulting instruction (or a@n alternate address provided by
the interrupt handler). When an interrupt is takentdwetrap or system tanstruction, execution
resumes at an address provided by the handler.

Synchronous, imprecise

The PowerPC architecture defines two imprefteaging-point exception wdes: recoverable and
nonrecoverable. Even though the core provide®ans to enable the imprecise modes, it
implements these modes identically to the geemode (that is, ainabled floating-point
exceptions are always precise on the core).

Asynchronous, maskable

The external system management interrumlf&nd decrementer interrupts are maskable,
asynchronous interrupts. When these interruptsrptioeir handling is postponed until the next
instruction and any of its associated interruptagiete execution. If therare no instructions in
the execution units, the interrupt is taken indmeely upon determination of the correct restart
address (for loading SRRO).

Asynchronous, nhonmaskable

The system reset andcetmachine check interrupt are nonmds&aasynchronous interrupts. They
may not be recoverable, or they may provide @diddegree of recoveraity. All interrupts report
recoverability through MSR[RI].

8.4.4.2 Implementation-Specific Interrupt Model

As specified by the PowerPC architecture, all interrag@itsbe described as eitlpgecise or imprecise and
either synchronous or asynchronoéisynchronous interrupts (somewlich are maskable) are caused
by events external to the processexecution; synchronous interruptghich are all handled precisely by
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the e300 core, are caused by instructions. A systanmagement interrupt is amplementation-specific
interrupt. The interrupt classes are showmable 8-7

Table 8-7. Interrupt Classifications

Synchronous/Asynchronous Precise/Imprecise Interrupt Type
Asynchronous, nonmaskable Imprecise Machine check
System reset
Asynchronous, maskable Precise External interrupt
Decrementer

System management interrupt
Critical interrupt

Synchronous

Precise Instruction-caused interrupts

Although interrupts have other charatgcs, such as whether they anaskable, the distinctions shown

in Table 8-7define categories offarrupts that the core hdles uniquely. Note thdable 8-7includes no
synchronous, imprecise imgttions. While the PowerPC archite supports imprecise handling of
floating-point exceptions, theore implements dlating-point exception modes as precise.

The e300 core interrupts and exception ctoa that cause them are listedlable 8-8

Table 8-8. Exceptions and Interrupts

Vector Offset

Interrupt Type (hex) Exception Conditions
Reserved 00000 —
System reset 00100 Caused by the assertion of either hreset.
Machine check 00200 Caused by the assertion of the tea signal during a data bus transaction, assertion of mcp,
an address or data parity error, or an instruction or data cache parity error. Note that the

€300 has SRR1 register values that are different from the G2/G2_LE cores’ when a

machine check occurs.

DSl 00300 Determined by the bit settings in the DSISR, listed as follows:

1 Setifthe translation of an attempted access is not found in the primary hash table entry
group (HTEG), or in the rehashed secondary HTEG, or in the range of a DBAT register;
otherwise cleared

4 Set if a memory access is not permitted by the page or DBAT protection mechanism;
otherwise cleared

6 Set for a store operation and cleared for a load operation

9 Setif a data address breakpoint interrupt occurs when the data [0-28] in the DABR or
DABR2 matches the next data access (load or store instruction) to complete in the
completion unit. The different breakpoints are enabled as follows:

» Write breakpoints enabled when DABR[30] is set
» Read breakpoints enabled when DABR[31] is set
ISI 00400 Caused when an instruction fetch cannot be performed for any of the following reasons:

» The effective (logical) address cannot be translated. That is, there is a page fault for this
portion of the translation, so an ISl interrupt must be taken to load the PTE (and possibly
the page) into memory.

« The fetch access violates memory protection (indicated by SRR1[4] set). If the key bits
(Ks and Kp) in the segment register and the PP bits in the PTE are set to prohibit read
access, instructions cannot be fetched from this location.
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Table 8-8. Exceptions and Interrupts (continued)

Interrupt Type

Vector Offset

Exception Conditions

(hex)
Data store 01200 Caused when the effective address for a data store operation cannot be translated by the
translation miss DTLB, or when a DTLB hit occurs and the change bit in the PTE must be set due to a data
store operation.

Instruction 01300 Occurs when the address (bits 0—29) in the IABR matches the next instruction to complete
address in the completion unit, and IABR[30] is set. Note that the e300 core also implements
breakpoint IABR2, which functions identically to IABR.

System 01400 Caused when MSR[EE] = 1 and the smi input signal is asserted.

management

interrupt

Reserved 01500-02FFF —
8.4.5 Memory Management

The following sections describe the memory managerfeatures of the PowerPC architecture and the
e300 core implemeation, respectively.

8.45.1

PowerPC Memory Management

The primary functionsf the MMU are to translate logical (effeat) addresses to physical addresses for
memory accesses and to provide accesteption on blocks and pages of memory.

The core generates two types ofesses that require address tramsiatnstruction accesses and data
accesses to memory generated by load and store instructions.

The PowerPC MMU and interrupt model suppornhded-paged virtual memory. Virtual memory
management permits executionppbgrams larger than the siaéphysical memory; demand-paged
implies that individual pages arealted into physical memory fromstgm memory only when they are
first accessed by an executing program.

The hashed page table is a variable-sized datetste that defines the ping between virtual page
numbers and physical page numberse phge table size is a powertwb, and its starting address is a
multiple of its size.

The page table contains a numbgpage-table entry gups (PTEGSs). A PTEG caihs eight page-table
entries (PTEs) of 8 bytes each; therefore, each P$B& bytes long. PTEG addresses are entry points

for table search operations.

Address translations are enabled by settingiitise MSR. MSR[IR] enables instruction address
translations, and MSR[DR] enabldata address translations.

8.4.5.2

Implementation-Specific Memory Management

The instruction and data memory management unttsei®300 core provide 4b$tes of logical address
space accessible to supervisor aadr programs with a Kbyte page size argb6-Mbyte segment size.
Block sizes range from 128 Kbytes to 256 Mbytes ardsaftware selectable. In addition, the core uses
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an interim 52-bit virtuahddress and hashed page tables foegging 32-bit physical addresses. The
MMUSs in the e300 core rely on the interrupt praeg mechanism for the implementation of the paged
virtual memory environment and for enforg protection of designated memory areas.

Instruction and data TLBs providdd@ress translation in parallel withe on-chip cache access, incurring

no additional time penalty in the evexia TLB hit. A TLB is a cache dhe most recently used page table
entries. Software is responsible for maintainirgd¢bnsistency of the TLB ti memory. The core TLBs

are 64-entry, two-way, set-assdoia caches that contain instructiand data address translations. The
core provides hardware assist $oftware table search operations through the hashed page table on TLB
misses. Supervisor software canalidate TLB entries selectively.

For instructions and data that correspond to blockess translation, the e300re provides independent
eight-entry BAT arrays. These entridefine blocks that can vaipm 128 Kbytes to 256 Mbytes. The
BAT arrays are maintained by systepftware. HID2[HBE] is added the e300 for enabling or disabling
the four additional pairs of BAT regfers. However, regardless of gedting of HID2[HBE], these BATs
are accessible bynfspr andmtspr.

As specified by the PowerPC architgetuthe hashed page table is dalale-sized data structure that
defines the mapping between vidtpage numbers and physical pagenbers. The page table size is a
power of two, and its starting adds is a multiple of its size.

Also as specified by the PowerPC architectureptge table contains a nber of PTEGs. A PTEG
contains 8 PTEs of 8 bytes eaclerdfore, each PTEG is 64 byteag. PTEG addressare entry points
for table search operations.

8.4.6 Instruction Timing

The e300 core is a pipelined superscalar processer Because instation processing is reduced into a
series of stages, an ingttion does not require all die resources of an exeicun unit at the same time.
For example, after an instruction completes the destadge, it can pass on to the next stage, while the
subsequent instruction can advance into the destade. This improves therdughput of thenstruction
flow. For example, it may take three cycles for algiffigating-point instructin to execute, but if there
are no stalls in the floatingeint pipeline, a series fibating-point instructionsan have a throughput of
one instruction per cycle.

The core instruction pipeline has fourjorgpipeline stages, described as follows:

» The fetch pipeline stage primarily involves reting instructions from the memory system and
determining the location of the xtanstruction fetch. Additionallyif possible, the BPU decodes
branches during the fetch stage and folds candir instructions before the dispatch stage.

* The dispatch pipeline stageresponsible for decoding the insttions supplied by the instruction
fetch stage and determining which of the instructaneseligible to be dispatched in the current
cycle. In addition, the source operafithe instructions are readm the appropriate register file
and dispatched with the instruction to the execuielpe stage. At the ermd the dispatch pipeline
stage, the dispatched instruets and their operands are latchgdhe appropriate execution unit.

» In the execute pipeline stage, each executiahwith an instructiorexecutes the selected
instruction (perhaps over multiple cycles), writles instruction's result into the appropriate
rename register, and notifies tt@mpletion stage when the exeoutihas finished. lthe case of
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an internal interrupt, the exeaooti unit reports the interrupt togttompletion/write-back pipeline
stage and discontinues instruction execution timtilinterrupt is handled. The interrupt is not
signaled until that instruction is the nextid® completed. Execution of most floating-point
instructions is pipelined within the FPU, allowing to three instructions to execute in the FPU
concurrently. The FPU pipeline stages ardtiply, add, and round-convert. The LSU has two
pipeline stages: the first segor effective adaiss calculation and MMWtanslation, and the
second, for accessing data in the cache.

» The complete/write-back pipeline stage madimgahe correct architectural machine state and
transfers the contents of the remaregisters to the GPRs and FRRs$nstructions are retired. If
the completion logic detects an instruction causingnterrupt, all subsequent instructions are
canceled, their execution resultsr@name registers are discatdand instructins are fetched
from the correct instruction stream.

A superscalar processor core issues multiple, indepéendgructions into multiple pipelines, allowing
instructions to execute in parallel. The e300ck dw@ms independent exeicun units for: integer
instructions, floating-point instruans, branch instructions, load/stamstructions, and system register
instructions. The e300c3 provides two 1Us, whiclpiiaves the throughput of integer instructions. The
e300c3 provides two integer units for greatéeger instruction throughput along with enhanced
multipliers in each U that reduce the multiply instran latency to a maximuwof two cycles. The IU and
the FPU each have dedicated stgji files for maintaining operan{iSPRs and FPRs, respectively),
allowing integer and floating-pdircalculations to occur simalbeously without interference.

The core provides support feingle-cycle store, and it provides adar/comparator in thsystem register
unit that allows the dispatch and exion of multiple integer add andmmpare instructions on each cycle.

Because the PowerPC architecture lvamapplied to such a wide vasieaif implementations, instruction
timing among processor cores varies accordingly.

8.4.7 Core Interface
The core interface is specific feach processor core implementation.

The MPC8309 contains an internaherent system bus (CSB) that ifidéees the processor core to the
peripheral logic. In the case of the MPC8309, th8 Gfstem logic decode8@0-initiated transactions
and directs all accessesth® appropriate interface.

The e300 core can operate at a variety of frequemtiewing the designer toade off performance for
power consumption. The processor cgrelocked from a separate PLL, which is referenced to the CSB
frequency. This allows the processore and the peripheral logicaperate at different frequencies.

The e300 core provides a versatile core interfaceallats for a wide rangef implementations. The
interface includes a 32-bit address bus, a 64-bitlilz&gaand 56 control and information signals (see
Figure 8-4. The core interface allowsrfaddress-only transactions,wasll as address and data
transactions. The core control and information dggmeclude the addresshatration, address start,
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address transfer, transfer attribaedress termination, data arbitratidata transfer, data termination, and
core state signals. Test and control signadside diagnostics for selected internal circuits.

Address Arbitration €«————> <«——> Data Arbitration
Address Start «———> <«——> Data Transfer
Address Transfer «————> <«——— Data Termination
Transfer Attribute €«———> <«— Interrupt, Checkstops
L e300 Core
Address Termination €«——— «——— Reset
Clocks —— ———————> Processor Status
Output Enable «—— ——> Debug Control
Input Enable €«—— «—— JTAG/Debug Interface
Debug Control €«——— «—— Test Interface
| L
io0v ~

Figure 8-4. Core Interface

The core interface supports bus pipieg, allowing the addi®s tenure of one transaction to overlap the
data tenure of another. The extehthe pipelining depends on exteraabitration and control circuitry.
Similarly, the core supports split-btransactions for systems with tiple potential bus masters; one
device can have mastershupthe address bus while another hesstership of the data bus. Allowing
multiple bus transactions to oc@imultaneously increases the avaiablis bandwidth for other activity
and, as a result, improves performance.

The core clocking structure allows the bus to ojgeaainteger multiples of the core cycle time.

The following sections describe the core bus sudpomemory operations. Note that some signals
perform different functions depemdj on the addressing protocol used.

8.4.7.1 Memory Accesses
The e300 core CSB is a 64-bit data bus.

With a 64-bit CSB, memory accesses allow trarsitass of 8, 16, 24, 32, 40, 48, 56, or 64 bits in one bus
clock cycle. Data transfers occur in either singdet transactions or fodeat burst transactions.
Single-beat transactions are caubgaoncached accesses thatess memory direct{yhat is, reads and
writes when caching is disked, caching-inhibited accesses, andestam write-through mode). Four-beat
burst transactions, which aly&transfer an entire cache block (32dsyt are initiated when a line is read
from or written to memory.

8.4.7.2 Signals

The e300 core signals are grouped as follows:
* Interrupts/Resets
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These signals include theternal interrupt signaiit), critical interrupt signaldint), checkstop
signals, performance monitor signpir{_event_invia the PM counters, and both soft reset and
hard reset signals. They are used to interanpt, under various conditions, to reset the core.

» JTAG/debug interface signals

The JTAG (based on the IEEE49.1 standard) interfaeed debug unit providesserial interface
to the system for performing monitoring and boundasgs. Two additional signals are added to
the e300 core to allow observation of thternal clock state of the comtdppedl and to allow the
external input to force the core into a halted staxe pal}.

e Core status and control

These signals include the memory reservagignal, machine quieso®ntrol signals, time
base/decrementer clock base enable signal, arithisyncsignal.

* Clock control
These signals provide for systafock input and frequency control.
» Test interface signals

Signals like address matching, camdiional matching, and watchpoint are used in the core for
production testing.

» Transfer atfbute signals

These signals provide informatiohaut the type of transfer, suchtag transfer size and whether
the transaction is bursted, iterthrough, or cache-inhibited.

8.4.8 Debug Features

Some new debug features are spetifithe e300 core. Accesses to dedug facilities a available only
in supervisor mode by using thespr andmfspr instructions. The e300 prales the following additional
feature in the JTAG/debug interface: Inctusof breakpoint statuend control pinsstoppedandext_halt.

8.4.8.1 Breakpoint Signaling

The breakpoint signaling provided on the e300 corevallabservability of brdgoint matches external
to the core. Thabr, iabr2, dabtr anddabr2breakpoint signals are asserteddbleast one bus clock cycle
when the respective breakpoint occurs. The stattieeafun state of the e300 core is indicated by the
stoppedpin. An asynchronous externaeakpoint can be assertiedhe e300 core using tle&t_haltpin:

* When DBCR and IBCR amdnfigured for an OR combinatiorsgnal type, théreakpoint signals
iabr, iabr2 anddabr, dabr2reflect their respective breakpoints.

 When the DBCR and IBCR are configured AND combinationakignal type, only the&abr2 and
dabr2breakpoint signals are asserted after théAfdndition is met (thias, both instruction
breakpoints occurred or botlata breakpoints occurred).

* When the core_stopped pin is asserted, the e3@0hes entered a stopped state and all internal
clocking has stopped, indicating thatardware debug event has occurred.

» Theext_haltinput pin can be used to force the core imated state. The head state may be a
hardstop, conditional upon the HARDSTOP conditieing set through the JTAG/debug interface
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8.5 Differences Between Cores

The e300 core has similar furmnality to the G2_LE corélable 8-9describes the differences between
the G2_LE and the e300.

Table 8-9. Differences Between e300 and G2_LE Cores

e300 Core G2_LE Core Impact

New HIDO bits — The e300 core has a new HIDO bit defined to enable cache parity
error reporting (ECPE).

New HID1 bits — The e300 core has new HID1 bits defined to extend the number of
PLL configuration signals to seven (PC5, PC6).

New HID2 bits — The e300 core has new HID2 bits defined to support instruction
fetch bursting (IFEB), MESI coherency protocol (MESI),
instruction fetch cancels (IFEC), data cache queue sharing
(EBQS), pipelining extension (EBPX), additional cache way
locking (IWLCK and DWLCK), and instruction cache way
protection (ICWP).

New PVR register value — The processor version register values differ.

New IBCR and DBCR bits — The e300 core has new IBCR[IABRSTAT, IABR2STAT] and
DBCR[DABR1STAT, DABR2STAT] fields to provide instruction and
data address breakpoint status.

— 16-Kbyte, four-way, Some e300 cores may have different cache sizes than the G2_LE.

set-associative, instruction | For more information, see e300 PowerPC Core Reference
and data caches Manual.

L1 cache parity — The e300 core supports parity for both instruction and data

caches; the G2_LE does not support cache parity.

MEI or MESI coherency MEI protocol only The e300 supports two coherency protocols: MEI and MESI; the

protocols G2_LE only supports the MEI protocol.

Instruction cancel extension — The e300 instruction cancel mechanism improves utilization of

instruction cache by supporting ‘hits-under-cancels’ and
‘misses-under-cancels’; the G2_LE requires the cancel to
complete before new instruction fetches can begin.

Instruction fetch bursts to Single-beat instruction The e300’s instruction fetch burst extension allows all
caching-inhibited space fetches to caching-inhibited | caching-inhibited instruction fetches to be performed on the bus as
space burst transactions, even though the instructions are not cached.

This improves performance for instruction space that is
caching-inhibited, because up to eight instructions are returned
with one bus operation. The G2_LE core must use single-beat
instruction fetches for caching-inhibited space, returning only two
instructions per bus operation.

Instruction cache way — The e300 core can protect locked ways in the instruction cache
protection from invalidation; the G2_LE does not support instruction cache
way protection.
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Chapter 9
Integrated Programmable Interrupt Controller (IPIC)

This chapter describes the integrated programmatdeupt controller (IPIC)including a definition of
the external signals andeiin functions. Also, the coigjuration, control, and stas registers are described
in this chapter. Note that individual chapters iis teference manual describe specific initialization
aspects for each individual block.

9.1 Introduction

This chapter describes the IPIC imtgot protocol, various types of imtept sources controlled by the IPIC
unit, and the IPIC registers widlome programming guidelines. The mtgpt controller provides interrupt
management that is responsible fieceiving hardware-generated intgats from different sources (both
internal and external). It also prioritizes and dais/the interrupts to the CPU for servicing. The IPIC

prioritizes and manages interruptsrfr the following controller units:

» DDR SDRAM memory controller (DDR2)

* Enhanced local bus memory controller (eLBC)
« PCI

» DMA Engine 1

« DMA Engine 2

* DUART communication module

* USB 2.0 dual role controller (USB DR )

» System bus arbiter (SBA)

» Periodic interval timer (PIT)

* Real time clock timer (RTC ALR and RTC SEC)
» Two global timer blocks

» Software watchdog timer (WDT)

« Two I°C controllers #C1 and fC2)

« SPI

» Power management controller (PMC)

* General-purpose 1/0O controller (GPIO)

* QUICC Engine block

« External pins (IRQ, IRQL, IRQ2, and IRG)

* Enhanced secure digitaost controllere (SDHC)
* FlexCAN
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SPI 7| wmpcesos |<—< RTC
Interrupt
eSDHC > Controller
FlexCAN
WDT >
< Global
Timers
PMC >
DMA Engine 2
GPIO >
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4
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System Bus Arbiter| > Enhanced
Local Bus
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Figure 9-1. Interrupt Sources Block Diagram for MPC8309

The IPIC receives the following types of interrupts:
« External interrupt—triggered by the off-chip signals (Hi}@sted inTable 9-1
* Internal interrupts—on-chip interruptsiggered by the sources listedTiable 9-8andTable 9-10
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« External and internal non-maskable machine klvenditions, signaled by the sources listed in
Table 9-24throughmcp

The interrupt controller provides tladility to mask each interrupt saa. Any source that can be caused
by multiple events are also maskable.

When the IPIC receives an internal or external iofgrrits configuration registés checked to determine
if it should be serviced as a normaidmupt by the processor core (throughititesignal) or if the
incoming interrupt has been configurasia critical or system managent interrupt, the IPIC completes
the processing of the interrupt by assertimg or smito the core. The assertion of tiat or smisignal

to the core causes the interrupt toskeviced as a critical or a sgst management interrupt, respectively.

9.2 Features

The IPIC unit implements the following features:
» Support for external and internal diste vectorizedhterrupt sources
« Support for external and internal non-maisle machine check conditions, signaledrinp
» Support for dedicated external interrupts

« Programmable highest prioritgquest (can be programdi® support a criticalc{nt) or system
management interrupsifi) type)

» Two programmable priority mixed gups of four on-chip and foaxternal interrupt signals with
two priority schemes for each group: grouped and spread

* Four programmable priority internal groups ajtgion-chip interrupt sigt&with two priority
schemes for each group: grouped and spread

» Two highest priority interruptsom each group can beqgrammed to supportaitical or system
management interrupt type

* External and internal interrupts directed to host processor
* Unique vector number for each interrupt source

9.3 Modes of Operation

The IPIC unit can operate in the core enable or core disable mode.

9.3.1 Core Enable Mode

In core enable mode, all internatenrupts are routed to and from RC; the interrupts are sent to the
e300C3 Power Architecture processarecon this mode all machine chieiaterrupts are ghered by the
IPIC unit and sent to the e300@8wer Architecture processor core.

9.3.2 Core Disable Mode

MPC8309 supports Core Disable Mode onlydebug purposes. The e300C3 Power Architecture
processor core may be put in Core Disable mode®W. In this mode, JTAG will have access to the
registers for reads and writes.
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9.4  External Signal Description

The following sections provide an overview atetailed descriptionsf the IPIC signals.

9.4.1 Overview

The device has 4 distinct exterivgerrupt requeshput signals (IRQ, IRQL, IRQ2, and IR@@). The IPIC
interface signals are definedTable 9-1

Table 9-1. IPIC Signal Properties

Name Port Function /0 | Reset | Requires Pull Up
IRQO, IRQ1, |IRQO, IRQ1, |External interrupts I — Yes
IRQ2, and IRQ2, and
IRQ3 IRQ3
MCP_OUT |MCP_OUT | Interrupt request output 0] z Yes

9.4.2 Detailed Signal Descriptions

Table 9-2provides detailed description§the external IPIC signals.
Table 9-2. IPIC External Signals—Detailed Signal Descriptions

Signal | I/O Description
@0, I |Interruptrequest0,1,2, and 3. The sense (level or edge) of each of these signals is programmable. All of these
IRQ1, inputs can be driven completely asynchronously.
IRQ2, and ) - ) o
IRQ2 State | Asserted—When an external interrupt request signal is asserted, the priority is checked by the
IRQ3 . . . - o
Meaning IPIC unit, and the interrupt is conditionally passed to the processor.

Negated—There is no incoming interrupt from that source.

Timing | Assertion—All of these inputs can be asserted completely asynchronously.
Negation—Interrupts programmed as level-sensitive must remain asserted until serviced.

MCP_OUT | OD | Non-maskable Interrupt (machine check) request out. Active-low, open drain. When the IPIC is programmed
in core disable mode, this output reflects the mcp interrupts generated by on-chip sources. See Section 9.3,
“Modes of Operation.”

State | Asserted—At least one machine check interrupt is currently being signalled to the external system.
Meaning | Negated—Indicates no interrupt source currently routed to MCP_OUT.

Timing | Because external interrupts are asynchronous with respect to the system clock, both

assertion and negation of MCP_OUT occurs asynchronously with respect to the interrupt source.

All timing given here is approximate.

Assertion—Internal interrupt source: 2 system bus clock cycles after interrupt occurs. External
interrupt source: 4 cycles after interrupt occurs.

Negation—Follows interrupt source negation with the following delay:

Internal interrupt: 2 system bus clock cycles. External interrupt: 4 cycles.

9.5 Memory Map/Register Definition

The IPIC programmable registerap occupies 256 bytes of memamapped space. Reading undefined
portions of the memory map retgrall zeros; writing has no effect.
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All IPIC registers are 32 bits wide and they aretedan 32-bit adarss boundaries. Software can perform
byte, half-word or worcccesses to any IPIC registedll addresses used inglthapter are offsets from
the IPIC base, as defined@hapter 2, “Memory Map.”

Table 9-3shows the memory map of thd@unit. A special set of regests are the QUIC Engine Ports
Interrupts registers. These registease a different base address ia ¢fhobal memory map, and they are
detailed inTable 9-4

Table 9-3. IPIC Register Address Map

Offset Register Access | Reset Value S?Dc:ézn/
Integrated Programmable Interrupt Controller—Block Base Address 0x0_0700

0x00 System global interrupt configuration register (SICFR) R/W 0x0000_0000 9.5.1/9-7

0x04 System regular interrupt vector register (SIVCR) R 0x0000_0000 9.5.2/9-8

0x08 System internal interrupt pending register (SIPNR_H) R 0x0000_0000 | 9.5.3/9-11

0x0C System internal interrupt pending register (SIPNR_L) R 0x0000_0000 | 9.5.3/9-11

0x10 System internal interrupt group A priority register (SIPRR_A) R/W 0x0530_9770 | 9.5.4/9-14

0x14 System internal interrupt group B priority register (SIPRR_B) R/W 0x0530_9770 | 9.5.5/9-15

0x18 System internal interrupt group C priority register (SIPRR_C) R/W 0x0530_9770 | 9.5.6/9-15

0x1C System internal interrupt group D priority register (SIPRR_D) R/W 0x0530_9770 | 9.5.7/9-16

0x20 System internal interrupt mask register (SIMSR_H) R/W 0x0000_0000 | 9.5.8/9-17
0x24 System internal interrupt mask register (SIMSR_L) R/W 0x0000_0000 | 9.5.8/9-17
0x28 System internal interrupt control register (SICNR) R/W 0x0000_0000 | 9.5.9/9-18
0x2C System external interrupt pending register (SEPNR) R/W Special 9.5.10/9-20

0x30 System mixed interrupt group A priority register (SMPRR_A) R/W 0x0530_9770 | 9.5.11/9-21

0x34 System mixed interrupt group B priority register (SMPRR_B) R/W 0x0530_9770 | 9.5.12/9-22

0x38 System external interrupt mask register (SEMSR) R/W 0x0000_0000 | 9.5.13/9-22
0x3C System external interrupt control register (SECNR) R/W 0x0000_0000 | 9.5.14/9-23
0x40 System error status register (SERSR) R/W 0x0000_0000 | 9.5.15/9-25
0x44 System error mask register (SERMR) R/W 9.5.16/9-26
0x48 System error control register (SERCR) R/W 0x0000_0000 | 9.5.17/9-27
0x4C System external interrupt polarity control register (SEPCR) R/W 0x0000_0000 | 9.5.18/9-27

Ox4F Reserved — — —

0x50 System internal interrupt force register (SIFCR_H) R/W 0x0000_0000 | 9.5.19/9-28
0x54 System internal interrupt force register (SIFCR_L) R/W 0x0000_0000 | 9.5.19/9-28
0x58 System external interrupt force register (SEFCR) R/W 0x0000_0000 | 9.5.20/9-30
0x5C System error force register (SERFR) R/W 0x0000_0000 | 9.5.21/9-30
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Table 9-3. IPIC Register Address Map (continued)

Offset Register Access | Reset Value S?D;téc;n/
0x60 System critical interrupt vector register (SCVCR) R 0x0000_0000 | 9.5.22/9-31
0x64 System management interrupt vector register (SMVCR) R 0x0000_0000 | 9.5.23/9-31

0x68-0xBF |Reserved — — —

Table 9-4. QUICC Engine Ports Interrupts Register Address Map

Offset Register Access | Reset Value Sizt;c;n/

0x0C QUICC Engine ports interrupt event register (CEPIER) wlc Special 9.5.24/9-32
0x10 QUICC Engine ports interrupt mask register (CEPIMR) R/W 0x0000_0000 | 9.5.25/9-33
0x14 QUICC Engine ports interrupt control register (CEPICR) R/W 0x0000_0000 | 9.5.26/9-35

9.5.1 System Global Interrupt Configuration Register (SICFR)

SICFR, shown irrigure 9-2 defines the highest priority interrugnd whether interrupts are grouped or
spread in the priority table.

Offset 0x00 Access: Read/write
01 718 9 10 11| 12 13 14 15 |16 ‘ 21 22 23|24 31
R
— HPI —|MPSB |MPSA| — | IPSD|IPSC|IPSB | IPSA — HPIT —
W
Reset All zeros

Figure 9-2. System Global Interrupt Configuration Register (SICFR)
Table 9-5defines the bit fields of SICFR.

Table 9-5. SICFR Field Descriptions

Bits | Name Description

0 — | Write ignored, read =0

1-7 HPI | Highest priority interrupt. Specifies the 7-bit unique interrupt number/vector (see Table 9-7) of the single
interrupt controller interrupt source that is advanced to the highest priority in the IPIC priority table (see
Table 9-38). HPI can be modified dynamically.

8 — | Write ignored, read = 0

9 MPSB | Mixed interrupts priority scheme for group B. Selects the relative MIXB priority scheme. It cannot be changed
dynamically.

0 Grouped. The MIXBs are grouped by priority at the top of the table.

1 Spread. The MIXBs are spread by priority in the table.
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Table 9-5. SICFR Field Descriptions (continued)

Bits

Name

Description

10

MPSA

Mixed interrupts priority scheme for group A. Selects the relative MIXA priority scheme. It cannot be changed
dynamically.

0 Grouped. The MIXAs are grouped by priority at the top of the table.

1 Spread. The MIXAs are spread by priority in the table.

11

Write ignored, read =0

12

IPSD

Internal interrupts priority scheme for group D. Selects the relative SYSD priority scheme. It cannot be changed
dynamically.

0 Grouped. The SYSDs are grouped by priority at the top of the table.

1 Spread. The SYSDs are spread by priority in the table.

13

IPSC

Internal interrupts priority scheme for group C. Selects the relative SYSC priority scheme. It cannot be changed
dynamically.

0 Grouped. The SYSCs are grouped by priority at the top of the table.

1 Spread. The SYSCs are spread by priority in the table.

14

IPSB

Internal interrupts priority scheme for group B. Selects the relative SYSB priority scheme. It cannot be changed
dynamically.

0 Grouped. The SYSBs are grouped by priority at the top of the table.

1 Spread. The SYSBs are spread by priority in the table.

15

IPSA

Internal interrupts priority scheme for group A. Selects the relative SYSA priority scheme. It cannot be changed
dynamically.

0 Grouped. The SYSAs are grouped by priority at the top of the table.

1 Spread. The SYSASs are spread by priority in the table.

16-21

Write ignored, read = 0

22-23

HPIT

HPI priority position IPIC output interrupt type. Defines which type of IPIC output interrupt signal (int, cint, or
smi) asserts its request to the core in the HP!I priority position. These bits cannot be changed dynamically. (If
software really wants to change it, it has to make sure the corresponding interrupt source is masked or it won’t
happen during the change).

The definition of HPIT is as follows:

00 int request is asserted to the core for HP!I.

01 smi request is asserted to the core for HPI.

10 cint request is asserted to the core for HPI.

11 Reserved.

24-31

Write ignored, read = 0

9.5.2

SIVCR, shown irFigure 9-3 contains a 7-bit cod&d#ble 9-§ representing the regular unmasked interrupt

System Global Interrupt Vector Register (SIVCR)

source (INT of the highest priority level.

NOTE

Note that in core disabil mode the user shouldeuSIVCR only in order to
read an updated interrupt vectoCMBCR and SMVCR should not be used).
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Offset 0x04 Access: Read only
0 5 6 24 25 31
R IVECx IVEC
w _
Reset All zeros

Figure 9-3. System Global Interrupt Vector Register (SIVCR)

Table 9-6defines the bit fields of SIVCR.
Table 9-6. SIVCR Field Descriptions

Bits | Name Description

0-5 |IVECx | Backward (MPC8260) compatible regular interrupt vector. Specifies a 6-bit unique number of the IPIC’s highest
priority regular interrupt source, pending to the core. When a regular interrupt request occurs, SIVCR can be
read. If there are multiple regular interrupt sources, SIVCR latches the highest priority regular interrupt. Note
that IVECx field correctly reflects only the first 64 interrupt vectors (See Table 9-7 for details).

The value of SIVEC cannot change while it is being read.

6-24 — | Write ignored, read =0

25-31 | IVEC | Regular interrupt vector. Specifies a 7-bit unique number of the IPIC’s highest priority regular interrupt source,
pending to the core. Note that the when a regular interrupt request occurs, SIVCR can be read. If there are
multiple regular interrupt sources, SIVCR latches the highest priority regular interrupt. Note that the IVEC field
correctly reflects all interrupt vectors (see Table 9-7 for details).

The value of SIVCR cannot change while it is being read.
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Table 9-7shows the definition of IVEC.

Table 9-7. IVEC/CVEC/MVEC Field Definition

Interrupt ID Number

Interrupt Meaning

Interrupt Vector

0 Error (no interrupt) 0b000_0000
1-2 Reserved 0b000_0001-0b000_0010
3 DMA Engine 1 0b000_0011
4-8 Reserved 0b000_0100-0b000_1000
9 UARTX 0b000_1001
10 FlexCANXx 0b000_1010
11-13 Reserved 0b000_1011-0b000_1101
14 12C1 0b000_1110
15 12C2 0b000_1111
16 SPI 0b001_0000
17 IRQ1 0b001_0001
18 IRQ2 0b001_0010
19 IRQ3 0b001_0011
20-31 Reserved 0b001_0100-0b001_1111
32 QUICC Engine High 0b010_0000
33 QUICC Engine Low 0b010_0001
34-37 Reserved 0b010_0010-0b010_1111
38 USB DR 0b010_0110
3941 Reserved 0b010_0111-0b010_1001
42 eSDHC 0b010_1010
43-47 Reserved 0b010_1011-0b010_1111
48 IRQO 0b011_0000
49-63 Reserved 0b011_0001-0b011 1111
64 RTC SEC 0b100_0000
65 PIT 0b100_0001
66 PCI 0b100_0010
67 MSIRO 0b100_0011
68 RTC ALR 0b100_0100
69 MU 0b100_0101
70 SBA 0b100_0110
71 10U/ DMAC 0b100_0111
72 GTM4 0b100_1000
73 GTM8 0b100_1001
74 QUICC Engine Ports 0b100_1010
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Table 9-7. IVEC/CVEC/MVEC Field Definition (continued)

Interrupt ID Number Interrupt Meaning Interrupt Vector
75 GPIOx 0b100_1011
76 DDR 0b100_1100
1 eLBC 0b100_1101
78 GTM2 0b100_1110
79 GTM6 0b100_1111
80 PMC O0b101_0000
81 MSIR2 O0b101_0001
82 MSIR3 0b101_0010
83 Reserved 0b101_0011
84 GTM3 0b101_0100
85 GTM7 0b101_0101
86 MSIR4 0b101_0110
87 MSIR5 0b101_0111
88 MSIR6 0b101_1000
89 MSIR7 0b101_1001
90 GTM1 0b101_1010
91 GTMS 0b101_1011

92-93 Reserved 0b101_1100-0b101_1101
94 DMA Engine 1 ERR 0b101_1110
95 DPTC Ob101_1111
96-127 Reserved 0b110_0000-0b111 1111

9.5.3 System Internal Interrupt Pending Registers (SIPNR_H and
SIPNR_L)

Each bit in SIPNR_H and SIPNR_L, showrfigure 9-4andFigure 9-5 may be assigned an internal
interrupt source (implemented bits are listedable 9-8) When an interrupt request is received, the
interrupt controller sets the corpmding SIPNR bit. Whea pending interrupt is Inalled, the user clears
the SIPNR bit by clearing tr@mrresponding event register bit.

Note that SIPNR bit posdns are not changed according to relative priority.
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Offset 0x08 Access: Read only
0 31
R INTn (Implemented bits are listed in Table 9-8.)
W
Reset All zeros

Figure 9-4. System Internal Interrupt Pending Register (SIPNR_H)

Table 9-8lists implemented SIPNR_H fields. Note that thitsld descriptions are also valid for SIFCR_H
and SIMSR_H.

Table 9-8. SIPNR_H/SIFCR_H/SIMSR_H Bit Assignments

Bits Field
0 QUICC Engine High
1 QUICC Engine Low
2-5 Reserved
6 USBDR
7-9 Reserved
10 eSDHC
11-17 Reserved
18 DMA Engine 1
19 MSIR1
20-23 Reserved
24 UARTX
25 FlexCANXx
26-28 Reserved
29 12C1
30 12C2
31 SPI

Table 9-9defines the bit fields of SIPNR_H.
Table 9-9. SIPNR_H Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit (listed in Table 9-8) corresponds to an internal interrupt source. When an interrupt is
received, the interrupt controller sets the corresponding SIPNR bit. When a pending interrupt is handled, the
user clears the SIPNR bit by clearing the corresponding event register bit.

SIPNR bits are read only. Writing to this register has no effect.

Note that the SIPNR bit positions are not changed according to their relative priority.

For unimplemented bits, writes are ignored, read = 0.
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SIPNR_L is shown ifrigure 9-4

Offset 0x0C Access: Read only
0 31
R INTn (Implemented bits are listed in Table 9-10.)
W
Reset All zeros

Figure 9-5. System Internal Interrupt Pending Register (SIPNR_L)

Table 9-10lists implemented SIPNR_L figé. Note that these field assignments are also valid for
SIFCR_L and SIMSR_L.

Table 9-10. SIPNR_L/SIFCR_L/SIMSR_L Bit Assignments

Bits Field
0 RTC SEC
1 PIT
2 PCI
3 MSIRO
4 RTC ALR
5 MU
6 SBA
7 10U/ DMAC
8 GTM4
9 GTMS8
10 QUICC Engine Port
11 GPIONn
12 DDR
13 eLBC
14 GTM2
15 GTM6
16 PMC
17 MSIR2
18 MSIR3
19 —
20 GTM3
21 GTM7
22 MSIR4
23 MSIR5
24 MSIR6
25 MSIR7
26 GTM1
27 GTM5
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Table 9-10. SIPNR_L/SIFCR_L/SIMSR_L Bit Assignments (continued)

Bits Field

28-29 —
30 DMA Engine 1 ERR
31 —

Table 9-11defines the bit fields of SIPNR_L.
Table 9-11. SIPNR_L Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit (listed in Table 9-10) corresponds to an internal interrupt source. When an interrupt is
received, the interrupt controller sets the corresponding SIPNR bit. When a pending interrupt is handled, the user
clears the SIPNR bit by clearing the corresponding event register bit.

SIPNR bits are read only. Writing to this register has no effect.

Note that the SIPNR bit positions are not changed according to their relative priority.

For unimplemented bits, writes are ignored, read = 0.

9.5.4 System Internal Interrupt Group A Priority Register (SIPRR_A)

The system internal interrupt group Aqity register (SIPRR_A), shown fRigure 9-6 defines the
priority between USBDR, QUICEngine High and QUICC Engine ointernal interrupt signals.

Offset 0x10 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15 | 16 18 19‘ 21 22 ‘24 25 27| 28 31
R
SYSAOP | SYSAL1P | SYSA2P | SYSA3P — SYSA4P | SYSASP | SYSAGP | SYSATP —
w
ResetOOOO‘O101‘001100001001‘0111‘01110000

Figure 9-6. System Internal Interrupt Group A Priority Register (SIPRR_A)

Table 9-12defines the bit fields of SIPRR_A.
Table 9-12. SIPRR_A Field Descriptions

Bits Name Description

0-2 SYSAOP SYSAO priority order. Defines which interrupt source asserts its request in the SYSAO
priority position. The user should not program the same code to multiple priority positions
(0-7). These bits can be changed dynamically. The definition of SYSAOP is as follows:
000 QUICC Engine High asserts its request in the SYSAO position.

001 QUICC Engine Low asserts its request in the SYSAO position.

010-101 Reserved

110 USB DR

111 Reserved

3-11, 16-27 | SYSALP-SYSA7P | Same as SYSAOP, but for SYSA1P-SYSATP.

12-15, 28-31 — Write ignored, read = 0
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9.5.5 System Internal Interrupt Group B Priority Register (SIPRR_B)

The system internal interrupt group Bapity register (SIPRR_B), shown Figure 9-7 defines the
priority between interal interrupt signals.

For more information, se®ection 9.6.3, “Internal Inteupts Group Relative Priority

Table 9-13defines the bit fields of SIPRR_B.

Offset 0x14 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15| 16 18 19‘ 21 22 ‘24 25 27|28 31
R
SYSBOP | SYSB1P | SYSB2P | SYSB3P — SYSB4P | SYSB5P | SYSB6P | SYSB7P —
w
ResetOOOO‘O101‘001100001000‘1011‘01110000

Figure 9-7. System Internal Interrupt Group B Priority Register (SIPRR_B)

Table 9-13. SIPRR_B Field Descriptions

Bits Name Description

0-2 SYSBOP | SYSBO Priority order.Defines which interrupt source asserts its request in the SYSBO priority
position. The user should not program the same code to more than one priority position
(0-7). These bits can be changed dynamically. The definition of SYSBOP is shown as follows:
000-001 Reserved

010 eSDHC asserts its request in the SYSBO position.

011-111 Reserved

3-11, SYSB1P- |Same as SYSBOP, but for SYSB1P-SYSB7P.
16-27 SYSB7P

12-15, — Write ignored, read = 0
28-31

9.5.6 System Internal Interrupt Group C Priority Register (SIPRR_C)

The system internal interrupt group Gapity register (SIPRR_C), shown Kigure 9-8 defines the
priority between interal interrupt signals.

For more information about interrupt priorities, Smtion 9.6.3, “Internal Inteupts Group Relative
Priority.”
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Table 9-14defines the bit fields of SIPRR_C.

Access: Read/write

Offset 0x18
0 2 3‘ 5 6 ‘8 9 11|12 15 | 16 18 19‘ 21 22 ‘24 25 27|28 31
R
SYSCOP | SYSC1P | SYSC2P | SYSC3P — SYSC4P | SYSC5P | SYSC6P | SYSC7P —
w

ResetOOOO‘OlOl‘OOll

0 0 0O

1000‘1011‘0111

Figure 9-8. System Internal Interrupt Group C Priority Register (SIPRR_C)

Table 9-14. SIPRR_C Field Descriptions

0 0 0O

Bits Name Description
0-2 SYSCOP | SYSCO priority order.Defines which interrupt source asserts its request in the SYSCO priority
position. The user should not program the same code to more than one priority position
(0-7). These bits can be changed dynamically. The definition of SYSCOP is shown as follows:
000-001 Reserved
010 DMA Engine 1
011-111 Reserved
3-11, SYSC1P- |Same as SYSCOP, but for SYSC1P-SYSCT7P.
16-27 SYSC7P
12-15, — Write ignored, read = 0
28-31
9.5.7 System Internal Interrupt Group D Priority Register (SIPRR_D)

SIPRR_D, shown ifrigure 9-9 defines the priority among theterrupt sources listed ifable 9-15

Access: Read/write

Offset 0x1C
0 2 3‘ 5 6 ‘8 9 11|12 15| 16 18 19‘ 21 22 ‘24 25 27|28 31
R
SYSDOP | SYSD1P | SYSD2P | SYSD3P — SYSD4P | SYSD5P | SYSD6P | SYSD7P —
w

ResetOOOO‘OlOl‘OOll
Figure 9-9. System Internal Interrupt Group D Priority Register (SIPRR_D)

0 0 0O

1001‘0111‘0111

0 0 0O
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Table 9-15defines the bit fields of SIPRR_D.
Table 9-15. SIPRR_D Field Descriptions

Bits Name Description

0-2 | SYSDOP |SYSDO priority order. Defines which interrupt source asserts its request in the SYSDO priority position. The
user should not program the same code to more than one priority position (0O—7). These bits can be changed
dynamically. SYSDOP is defined as follows:

000 UARTX asserts its request in the SYSDO position.

001 FlexCANXx asserts its request in the SYSDO position.

010-100 Reserved

101 12C1 asserts its request in the SYSDO position.

110 12C2 asserts its request in the SYSDO position.Reserved

111 SPI asserts its request in the SYSDO position.Reserved

3-11, | SYSD1P- | Same as SYSDOP, but for SYSD1P-SYSD7P.
16-27 | SYSD7P

12-15, — Write ignored, read = 0
28-31

9.5.8 System Internal Interrupt Mask Register (SIMSR_H and SIMSR_L)

Each implemented bit in SIMS H and SIMSR_L, shown fRigure 9-10andFigure 9-1] corresponds to
an internal interrupt source. Theer masks an interrupy clearing the corresponding SIMSR bit. When
an interrupt request occurs, the cepending SIPNR bit is set, regardlegthe SIMSR bit. However, if
the corresponding SIMSR bit is cleared, norintpt request is passed to the core.

When an SIMSR bit is cleared by the user atstmae time corresponding interrupt source requests an
interrupt service, the request stops. If the usertbetSIMSR bit later, the core processes any pending
corresponding interrupt requests according to its priority.

Offset 0x20 Access: Read/write
0 31
R
INTn (Implemented bits are listed in Table 9-8.)
w
Reset All zeros

Figure 9-10. System Internal Interrupt Mask Register (SIMSR_H)
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Table 9-16defines the bit fields of SIMSR_H.
Table 9-16. SIMSR_H Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit (listed in Table 9-8) corresponds to an external interrupt source. The user masks an
interrupt by clearing the corresponding SIMSR bit. An interrupt is unmasked (enable) by setting the

corresponding SIMSR bit. The SIMSR can be read by the user at any time.
Note:

« SIMSR bit positions do not change according to their relative priority.

« The user can clear pending register bits that were set by multiple interrupt events only by clearing all
unmasked events in the corresponding event register.

« If an SIMSR bit is masked at the same time that the corresponding SIPNR bit causes an interrupt request to
the core, the error vector is issued (if no other interrupts are pending). Thus, the user should always include

an error vector routine, even if it contains only an rfi instruction. The error vector cannot be masked.
Unimplemented bits, shown as reserved in Table 9-8, are ignored on writes; read = 0.

Figure 9-11shows SIMSR_L.

Offset 0x24 Access: Read/write
0 31
R
INTn (Implemented bits are listed in Table 9-10.)
w
Reset All zeros

Figure 9-11. System Internal Interrupt Mask Register (SIMSR_L)
Table 9-17defines the bit fields of SIMSR_L.
Table 9-17. SIMSR_L Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit (listed in Table 9-10) corresponds to an external interrupt source. The user masks an

interrupt by clearing the corresponding SIMSR bit. An interrupt is unmasked (enabled) by setting the

corresponding SIMSR bit. The SIMSR can be read by the user at any time.

Note:

« SIMSR bit positions are not changed according to their relative priority.

e The user can clear pending register bits that were set by multiple interrupt events only by clearing all unmasked
events in the corresponding event register.

« If an SIMSR bit is masked at the same time that the corresponding SIPNR bit causes an interrupt request to

the core, the error vector is issued (if no other interrupts are pending). Thus, the user should always include
an error

Unimplemented bits, shown as reserved in Figure 9-11, are ignored on writes; read = 0.

9.5.9 System Internal Interrupt Control Register (SICNR)

SICNR, shown irFigure 9-12 defines the IPIC output interrupt type (ioint, or sm) in the
SYSAO-SYSAL, SYSBO-SYSB1, SYSCO-SYSC1, &ED0-SYSD1 priority positions. All other
priority positions assert ino the core.
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Note that in core disabledade the userr®uld use the imutput interrupt typ¢should not use cirar smi
output interrupt types) to read an updated SIVCR.

Offset 0x28 Access: Read write
0 1 2 3 |4 7 8 9 10 11 (12 15| 16 17 18 19 |20 23| 24 25 26 27 |28 31
R
SYSDOT |SYSDI1T — SYSCOT |SYSCI1T — SYSBOT | SYSBIT — SYSAOT | SYSAILT —
w
Reset All zeros

Figure 9-12. System Internal Interrupt Control Register (SICNR)

Table 9-18defines the bit fields of SICNR.
Table 9-18. SICNR Field Descriptions

Bits Name Description

0-1 |SYSDOT | SYSDO priority position IPIC output interrupt type.Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the SYSDO priority position. These bits cannot be changed
dynamically. (to change it, software must make sure the corresponding interrupt source is masked or it cannot
happen during the change).

The definition of SYSDOT is as follows:

00 int request is asserted to the core for SYSDO.

01 smirequest is asserted to the core for SYSDO.

10 cint request is asserted to the core for SYSDO.

11 Reserved

2-3 | SYSDIT | Same as SYSDOT, but for SYSD1T.

4-7 — Write ignored, read = 0

8-9 | SYSCOT | SYSCO priority position IPIC output interrupt Type.Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the SYSCO priority position. These bits can not be changed
dynamically. (If s/w really wants to change it, it has to make sure the corresponding interrupt source is masked
or it won't happen during the change).

The definition of SYSCOT is as follows:

00 int request is asserted to the core for SYSCO.

01 smirequest is asserted to the core for SYSCO.

10 cint request is asserted to the core for SYSCO.

11 Reserved

10-11 | SYSCIT | Same as SYSCOT, but for SYSCI1T.

12-15 — Write ignored, read = 0

16-17 | SYSBOT | SYSBO priority position IPIC output interrupt Type.Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the SYSBO priority position. These bits can not be changed
dynamically. (If s/w really wants to change it, it has to make sure the corresponding interrupt source is masked
or it won't happen during the change).

The definition of SYSBOT is as follows:

00 int request is asserted to the core for SYSBO.

01 smi request is asserted to the core for SYSBO.

10 cint request is asserted to the core for SYSBO.

11 Reserved

18-19 | SYSBI1T | Same as SYSBOT, but for SYSB1T.

20-23 — Write ignored, read = 0
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Table 9-18. SICNR Field Descriptions (continued)

Bits Name Description

24-25 | SYSAOT | SYSAO priority position IPIC output interrupt type. Defines which type of the IPIC output interrupt signal (int,
smi, or cint) asserts its request to the core in the SYSAQ priority position. These bits can not be changed
dynamically. (If s/w really wants to change it, it has to make sure the corresponding interrupt source is masked
or it won't happen during the change).

The definition of SYSAOQT is as follows:

00 int request is asserted to the core for SYSAO.

01 smirequest is asserted to the core for SYSAO.

10 cint request is asserted to the core for SYSAOQ.

11 Reserved.

26-27 | SYSALT | Same as SYSAQOT, but for SYSALT

28-31 — Write ignored, read = 0

9.5.10 System External Interrupt Pending Register (SEPNR)

Each bit in the SEPNR, shownhingure 9-13 corresponds to an external interrupt source. When an
interrupt is received, the interruptraroller sets the corresponding SEPNR bit.

Offset 0x2C Access: Read/write
0 1 2 3 4 15
R
IRQO!| IRQ1 | IRQ2 | IRQ3 —
W
Reset The reset values of implemented bits reflect the values of the external IRQ signals. Reserved bits are zeros. 2
16 31
R
w —
Reset All zeros

1 This bit is valid only if the IRQO signal is configured as an external maskable interrupt (SEMSR[SIRQO] = 0)
2 The user should drive all IRQ inputs to an inactive state prior to reset negation

Figure 9-13. System External Interrupt Pending Register (SEPNR)
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Table 9-19defines the bit fields of SEPNR.
Table 9-19. SEPNR Field Descriptions

Bits | Name Description

o
=

IRQn | Each bit corresponds to an external interrupt source. When an external interrupt is received, the interrupt
controller sets the corresponding SEPNR bit.

When a pending interrupt is handled, the user must clear the corresponding SEPNR bit. For level triggered cases,
the software needs to cause the IRQn to negate which automatically clears the bitin SEPNR. For edge-triggered
cases, the software needs to clear the corresponding bit in SEPNR.

SEPNR bits are cleared by writing ones to them. Because the user can only clear bits in this register, writing zeros
to this register has no effect.

Note that the SEPNR bit positions are not changed according to their relative priority.

N
w

4-31| — |Write ignored, read =0

9.5.11 System Mixed Interrupt Group A Priority Register (SMPRR_A)
The SMPRR_A, shown iRigure 9-14 defines the priority among the sources listedlahle 9-20

Offset 0x30 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15 | 16 18 19‘ 21 22 ‘24 25 27| 28 31
R
MIXAOP | MIXA1P | MIXA2P | MIXA3P — MIXA4P | MIXA5P | MIXA6P | MIXA7P —
w
ResetOOOO‘O101‘001100001001‘0111‘01110000

Figure 9-14. System Mixed Interrupt Group A Priority Register (SMPRR_A)

Table 9-20defines the bit fields of SMPRR_A.
Table 9-20. SMPRR_A Field Descriptions

Bits Name Description

0-2 | MIXAOP | MIXAO priority order. Defines which interrupt source asserts its request in the MIXAO priority position. The

user must not program the same code to more than one priority position (0—7). These bits can be changed

dynamically. The definition of MIXAOP is as follows:

000 RTC SEC asserts its request to the MIXAO position.

001 PIT asserts its request to the MIXAO position.

010 Reserved

011 Reserved.

100 IRQO asserts its request to the MIXAOQ position. This field for MIXAO position is valid (must not be
ignored) if IRQO signal configured as an external maskable interrupt (SEMSR[SIRQQ] = 0).

101 IRQL1 asserts its request to the MIXAOQ position.

110 IRQ2 asserts its request to the MIXAOQ position.

111 IRQ3 asserts its request to the MIXAOQ position.

3-11, | MIXA1P- | Same as MIXAOP, but for MIXA1P-MIXAT7P.
16-27 | MIXA7P

12-15, — Write ignored, read =0
28-31
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9.5.12 System Mixed Interrupt Group B Priority Register (SMPRR_B)
SMPRR_B, shown ifrigure 9-15 defines the priority anng the sources listed irable 9-21

Offset 0x34 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15| 16 18 19‘ 21 22 ‘24 25 27|28 31
MIXBOP | MIXB1P | MIXB2P | MIXB3P — MIXB4P | MIXB5P | MIXB6P | MIXB7P —

w

ResetOOOO‘O101‘001100001001‘0111‘01110000

Figure 9-15. System Mixed Interrupt Group B Priority Register (SMPRR_B)

Table 9-21defines the bit fields of SMPRR_B.
Table 9-21. SMPRR_B Field Descriptions

Bits Name Description

0-2 | MIXBnP | MIXBn priority order. Defines which interrupt source asserts its request in the MIXBn priority position. The
3-11, user must not program the same code to more than one priority position (0-7). These bits can be changed
16-27 dynamically. The definition of MIXBnP is as follows:

000 RTC ALR asserts its request to the MIXBn position.

001 Reserved.

010 SBA asserts its request to the MIXBn position.

011 DMA Engine 2 asserts its request to the MIXBn position.
100-111 Reserved

12-15, — Write ignored, read = 0
28-31

9.5.13 System External Interrupt Mask Register (SEMSR)

Each bit in the system external intgst mask registfiSEMSR), shown ifrigure 9-13 corresponds to an
external interrupt source. The user masks @rrmpt by clearing the corresponding SEMSR bit. An
interrupt is unmasked (enabled) $stting the corresponding SEMSR bit.

When an external interrupt requesturs, the corresponding SEPNR b#es regardless of the setting of
the corresponding SEMSR bit. However, if the esponding SEMSR bit is cleat, no interrupt request
is passed to the core.

When an SEMSR bit is cleared by tieer at the same time that atemupt source reqsés an interrupt
service, the request stops. If thewusets the SEMSR bit later, a pasly pending interrupt request is
processed by the core according to its assignedtyriSBEMSR can be read by the user at any time.
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Offset 0x38 Access: Read/write

0 1 2 3 4 15

IRQO® | IRQ1 | IRQ2 | IRQ3 —

w
Reset All zeros
16 17 31
R
SIRQO _
w
Reset All zeros

3 This bit is valid only if the IRQO signal is configured as an external maskable interrupt (SEMSR[SIRQO] = 0)
Figure 9-16. System External Interrupt Mask Register (SEMSR)
Table 9-22defines the bit fields of SEMSR.
Table 9-22. SEMSR Field Descriptions

Bits | Name Description

°
P
|

Each bit corresponds to an external interrupt source. The user masks an interrupt by clearing the SEMSR bit.

An interrupt can be enabled by setting the corresponding SEMSR bit.

SEMSR can be read by the user at any time.

Note:

» SEMSR bit positions are not affected by their relative priority.

« The user can clear pending register bits that were set by multiple interrupt events only by clearing all
unmasked events in the corresponding event register.

« If an SEMSR bit is masked at the same time that the corresponding SEPNR bit causes an interrupt request
to the core, the error vector is issued (if no other interrupts pending). Thus, the user must always include an
error vector routine, even if it contains only an rfi instruction. The error vector cannot be masked.

N
w

4-15 — | Write ignored, read = 0

16 | SIRQO | Steer IRQO.
0 IRQO is used as external interrupt request
1 IRQO is used as external MCP request

17-31| — |Write ignored, read =0

9.5.14 System External Interrupt Control Register (SECNR)

SECNR, shown ifrigure 9-17 defines the edge detect mode for externaliR@errupt signals and
determines whether the corresponding fR@nal asserts an interruptjeeest upon either a high-to-low
change or assertion on the pin. It alsbraes the IPIC output interrupt type (jrint, or sm) in the
MIXAO—MIXA1 and MIXBO—MIX B1 priority positions.

Note that in core disabled modEoperation the user should use ifeoutput interrupt type (should not
usecint or smioutput interrupt types) in der to read an updated SIVCR.
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Offset 0x3C Access: Read/write
0 1 2 3 4 7 8 9 10 11 12 15
MIXBOT MIXB1T — MIXAOT MIXALT —
w
Reset All zeros
16 17 18 19 20 31
R
EDIO | EDI1 | EDI2 | EDI3 —
w
Reset All zeros

Figure 9-17. System External Interrupt Control Register (SECNR)

Table 9-23defines the bit fields of SECNR.
Table 9-23. SECNR Field Descriptions

Bits Name Description

0-1 MIXBOT | MIXBO priority position IPIC output interrupt type. Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the MIXBO priority position. These bits can be changed
dynamically. The definition of MIXBOT is as follows:

00 int request is asserted to the core for MIXBO.

01 smi request is asserted to the core for MIXBO.

10 cint request is asserted to the core for MIXBO.

11 Reserved

2-3 MIXBL1T | Same as MIXBOT, but for MIXB1T.

4-7 — Write ignored, read = 0

8-9 MIXAOT | MIXAO priority position IPIC output interrupt Type. Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the MIXAO priority position. These bits can be changed
dynamically. The definition of MIXAQOT is as follows:

00 int request is asserted to the core for MIXAO.

01 smi request is asserted to the core for MIXAO.

10 cint request is asserted to the core for MIXAO.

11 Reserved

10-11 | MIXALT | Same as MIXAOT, but for MIXALT.

12-15 — Write ignored, read = 0

16-19 EDIx |Each bit defines the edge detect mode for the external IRQn interrupt signals, determines whether the

corresponding IRQn signal asserts an interrupt request upon either a high-to-low (high assertion for active

high polarity) change or low assertion (high assertion for active high polarity) on the pin. The corresponding

IRQn signal asserts an interrupt request as follows:

0 Low assertion (high assertion for active high polarity)on IRQn generates an interrupt request (level
sensitive).

1 High-to-low (low to high assertion for active high polarity)change on IRQn generates an interrupt request
(edge sensitive).

20-31 — Write ignored, read = 0
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9.5.15 System Error Status Register (SERSR)

The bits in the SERSR, shownkigure 9-18 correspond to the external and internal non-maskable error
source machine check (mamnditions listed ifable 9-24 When an error interrugignal is received, the
interrupt controller sets the corresponding SERSR bit.

Offset 0x40 Access: Read/write
0 ‘ ‘ 31
R
INTn (Implemented bits are listed in Table 9-24)
w
Reset All zeros

Figure 9-18. System Error Status Register (SERSR)

Table 9-24lists the implemented SERSR%iNote that these field agaments are valid for SERMR and
SERFR.

Table 9-24. SERSR/SERMR/SERFR Bit Assignments

Bits Field
0 IRQO?!
1 WDT
2 SBA
3 CIEE
4 CMEE
5 _

6 —_
7 N
8-31 —

L This bit is valid only if the IRQO signal is
configured as an external MCP interrupt
(SEMSR[SIRQO0] = 1)

Table 9-25defines the bit fields of SERSR.
Table 9-25. SERSR Field Descriptions

Bits | Name Description

0-31| INTn |Eachimplemented bitin the SERSR, listed in Table 9-24, corresponds to an external and an internal error source
(mcp). When an error interrupt signal is received, the interrupt controller sets the corresponding SERSR bit.
SERSR bits are cleared by writing ones to them. Unmasked event register bits should be cleared before clearing
SERSR bits. Because the user can only clear bits in this register, writing zeros to this register has no effect.
SERSR bhits are cleared by power-on reset. Subsequent soft and hard resets do not affect SERSR bit states.
For unimplemented bits (listed as reserved in Table 9-24), writes are ignored, read = 0
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9.5.16 System Error Mask Register (SERMR)

Each implemented bit in SERMR, showrFiilgure 9-19 corresponds to an external and an intemmep
source (MCP). The user masksM@P by clearing and enbds an interrupt bgetting the corresponding
SERMR bit. When a masked MCP occurs, the correspor@8HRSR bit is set, regardless of the setting of
the corresponding SERMR bit although no MCP requgstssed to the core in this case. The SERMR
can be read by the user at any time.

Offset 0x44 Access: Read/write
0 | | 2
R
INTn (Implemented bits are listed in Table 9-24.)
w
Reset Implemented bits reset to ones; unimplemented (reserved) bits reset to zeros.

Figure 9-19. System Error Mask Register (SERMR)

Table 9-26defines the bit fields of SERMR.
Table 9-26. SERMR Field Descriptions

Bits Name Description

0-31 INTn | Each implemented SERMR bit, listed in Table 9-24, corresponds to an external and an internal MCP source.
The user masks an MCP by clearing and enables an interrupt by setting the corresponding SERMR bit.
When a masked MCP occurs, the corresponding SERSR bit is set, regardless of the setting of the SERMR
bit although no MCP request is passed to the core. The SERMR can be read by the user at any time.
Writes to unimplemented (reserved) bits are ignored; read = 0
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9.5.17 System Error Control Register (SERCR)

SERCR, shown ifrigure, defines the control bits that rolMECP requests in comisable mode to
MCP_OUT.

Table 9-27defines the bit fields of SERCR.

Offset 0x48 Access: Read/write
0 30 31
R
— MCPR
w
Reset All zeros

System Error Control Register (SERCR)

Table 9-27. SERCR Field Descriptions

Bits Name Description
0-30 — Write ignored, read = 0
31 MCPR MCP route. Route MCP request to MCP_OUT.

0 MCP is not available at MCP_OUT.
1 MCP routed to MCP_OUT.

9.5.18 System External interrupt Polarity Control Register (SEPCR)

SEPCR, shown iRigure 9-2Q defines the polarity for eacine of the external IRQnterrupt signals and
determines whether the corresponding fR@nal is treated as activen@r active high signal. The active
low signals will assert ainterrupt request upon eithahigh-to-low change orsaertion (low state) on the
pin. The active high signals Wassert an interrupt regsieupon either a low-toigh change or assertion
(high state) on the pin. S&ection 9.5.14, “System External Interr@antrol Register (SECNR),” on
page 9-23or more details.

NOTE

Note that the IR@ signals are overbarrettleough the SEPCR could be
programmed to accept actikiggh signals. The overbahould be ignored in
this case.
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Table 9-28defines the bit fields of SEPCR.

Offset 0x4C Access: Read/write
0 1 2 3 4 15
R
EIPO | EIP1 | EIP2 | EIP3 —
W
Reset All zeros
16 31
R
W
Reset All zeros
Figure 9-20. System External Interrupt Polarity Control Register (SEPCR)
Table 9-28. SEPCR Field Descriptions
Bits Name Description
0-3 EIPx |Each bit defines the active state for the external IRQn interrupt signals.
0 Active Low.
1 Active High.
4-31 — Write ignored, read = 0

9.5.19 System Internal Interrupt Force Registers (SIFCR_H and SIFCR_L)

Each implemented bit SIFCR_H and SIFCR_L, showrgure 9-21andFigure 9-22 corresponds to an
internal interrupt source. When a bit is set,itlterrupt controller generageghe corresponding interrupt
(sets the corresponding SIPNR bit).The SIF€@R be read by the user at any time.

Offset 0x50 Access: Read/write
0 ‘ ‘ 31
R
INTn (Implemented bits are listed in Table 9-8.)
w
Reset All zeros

Figure 9-21. System Internal Interrupt Force Register (SIFCR_H)
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Table 9-29defines the bit fields of SIFCR_H.
Table 9-29. SIFCR_H Field Descriptions

Bits | Name Description

0-31 | INTn |Each implemented bit, listed in Table 9-8, corresponds to an internal interrupt source. The user forces an
interrupt by setting the corresponding SIFCRx bit. SIFCRn bit positions are not changed according to their
relative priority.

Writes to unimplemented (reserved) bits are ignored; read = 0

SIFCR_L is shown ifrigure 9-22

Offset 0x54 Access: Read/write
0 31
R
INTn (Implemented bits are listed in Table 9-10).
w
Reset All zeros

Figure 9-22. System Internal Interrupt Force Register (SIFCR_L)

Table 9-30defines the bit fields of SIFCR_L.
Table 9-30. SIFCR_L Field Descriptions

Bits |Name Description

0-31 | INTn | Each implemented bit, listed in Table 9-10, corresponds to an internal interrupt source. The user forces an
interrupt by setting the corresponding SIFCRx bit. SIFCRXx bit positions are not changed according to their
relative priority.

Writes to unimplemented (reserved) bits are ignored; read = 0
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9.5.20 System External Interrupt Force Register (SEFCR)

Each implemented bihn SEFCR, shown iRigure 9-23 corresponds to an external interrupt source. When
a bit is set, the interrupt contretlgenerates the corresponding exemterrupt (sets the corresponding
SEPNR bit). SEFCR can be read by the user at any time.

Offset 0x58 Access: Read/write
0 1 2 3 4 ‘ ‘ 15
R
IRQO! | IRQ1 | IRQ2 | IRQ3 —
W
Reset All zeros
15 | | 2
R
w —
Reset All zeros

1 This bit is valid only if IRQQO is configured as an external maskable interrupt (SEMSR[SIRQO] = 0)

Figure 9-23. System External Interrupt Force Register (SEFCR)

Table 9-31defines the bit fields of SEFCR.
Table 9-31. SEFCR Field Descriptions

Bits | Name Description
0,1, | IRQn | Each bit corresponds to an external interrupt source. The user force an interrupt by setting the SEFCR bit.
2,3 Note: SEFCR bit positions are not affected by their relative priority.

=31 — | Write ignored, read = 0

9.5.21 System Error Force Register (SERFR)

Each bitin the system erronte register (SERFR), shownkigure 9-24 corresponds to an external MCP
source. When a bit is séhe interrupt controller generate® ttorresponding MCP interrupt (sets the
corresponding SERSR bit). The SERFR barread by the user at any time.

Offset 0x5C Access: Read/write
0 ‘ 31
R
INTn (Implemented bits are listed in Table 9-24.)
w
Reset All zeros

Figure 9-24. System Error Status Register (SERFR)
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Table 9-32defines the bit fields of SERFR.
Table 9-32. SERFR Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit, listed in Table 9-24, corresponds to an external MCP source. The user forces an MCP by
setting the SERFR bit.

SERFR bit positions are not affected by their relative priority.

Attempts to write to unimplemented (reserved) bits are ignored; read = 0

9.5.22 System Critical Interrupt Vector Register (SCVCR)

SCVCR, shown irfFigure 9-25 contains a 7-bit codd#ble 9-33 representing the unmasked critical
interrupt (CINT) source of the highest priority level.

Note that in core-disabled mode the user shos&SIVCR only to read an updated interrupt vector
(SCVCR should not be used).

Offset 0x60 Access: Read only
0 5 6 ‘ 24 25 31
R CVECx CVEC
w _
Reset All zeros

Figure 9-25. System Ciritical Interrupt Vector Register (SCVCR)

Table 9-33defines SCVCR bit fields.
Table 9-33. SCVCR Field Descriptions

Bits | Name Description

0-5 | CVECx | Backward (MPC8260) compatible critical interrupt vector. Specifies a 6-bit unique number of the IPIC’s
highest priority critical interrupt source, pending to the core. When a critical interrupt request occurs, SCVCR
can be read. If there are multiple critical interrupt sources, SCVCR latches the highest priority critical
interrupt. Note that CVECXx field will correctly reflect only first 64 interrupt vectors (See Table 9-7 for details).
The value of SCVEC cannot change while it is being read.

6-24 — Write ignored, read =0

25-31 | CVEC | Critical interrupt vector. Specifies a 7-bit unique number of the IPIC’s highest priority critical interrupt source,
pending to the core. When a critical interrupt request occurs, SCVCR can be read. If there are multiple critical
interrupt sources, SCVCR latches the highest priority critical interrupt. Note that CVEC field correctly reflects
all of the interrupt vectors (See Table 9-7 for details).

The value of SCVEC cannot change while it is being read.

9.5.23 System Management Interrupt Vector Register (SMVCR)

SMVCR, shown irFigure 9-26 contains a 7-bit codd#ble 9-34 representing the unmasked system
management interrupt (SM$ource of the highest priority level.
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Note that in core disabled motte user should use SIVCR only readupdated interrupt vector (SMVCR
should not be used).

Offset 0x64 Access: Read only
0 5 6 ‘ 24 25 31
R MVECx MVEC
W _
Reset All zeros

Figure 9-26. System Management Interrupt Vector Register (SMVCR)

Table 9-34defines the bit fields of SMVCR.
Table 9-34. SMVCR Field Descriptions

Bits | Name Description

0-5 | MVECx | Backward (MPC8260) compatible system management interrupt vector. Specifies a 6-bit uniqgue number of the
IPIC’s highest priority system management interrupt source, pending to the core. When a system management
interrupt request occurs, SMVCR can be read. If there are multiple system management interrupt sources,
SMVCR latches the highest priority system management interrupt. Note that MVECKX f correctly reflects only
the first 64 interrupt vectors (See Table 9-7 for details).

The value of SMVEC cannot change while it is being read.

6-24 — Write ignored, read = 0

25-31 | MVEC | System management interrupt vector. Specifies a 7-bit unique number of the IPIC’s highest priority system
management interrupt source, pending to the core. When a system management interrupt request occurs,
SMVCR can be read. If there are multiple system management interrupt sources, SMVCR latches the highest
priority system management interrupt. Note that MVEC field will correctly reflect all interrupt vectors (See
Table 9-7 for details).

The value of SMVEC cannot change while it is being read.

9.5.24 QUICC Engine Ports Interrupt Event Register (CEPIER)

The QUICC Engine ports interruptev register (CEPIER), shownkigure 9-27 carries information on
the QUICC Engine ports events tlialised an interrupt. Each bitGiEPIER, corresponds to one QUICC
Engine port, which may be the soerof an interrupt. CEPIER bitseacleared by writing ones. However,
writing zero has no effect.
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Table 9-35defines the bit fields of CEPIER.
Offset oxoc? Access: wlc

0 1 2 3 4 5 6 7 8 9 10 15

R|HDLC |HDLC HDLC HDLC
1 CTS/1.CD 2 CTS 2 CD

W| wlc | wlc | wlc | wic

Reset Undefined (the user should write 1s to clear before using)
16 31
R
W —
Reset Undefined (the user should write 1s to clear before using)

Figure 9-27. QUICC Engine Ports Interrupt Event Register (CEPIER)

1 Note that the base address for CEPIER is not the same as the base address of other registers in the IPIC. Instead, this register
uses a base address which is specific to QUICC engine ports interrupts registers. See Chapter 2, “Memory Map.”

Table 9-35. CEPIER Bit Settings

Bits Name Description

0-3 HDLCx Interrupt is asserted to indicate change in level of the HDLC CTS/CD pins. Refer to CEPICR
for more details.

4-31 — Reserved. Should be cleared.

9.5.25 QUICC Engine Ports Interrupt Mask Register (CEPIMR)

The QUICC Engine ports interrupt slaregister (CEPIMR), shown Figure 9-28 defines the interrupt
masking for the individual QUICC Engine ports Bn&Vhen a masked interrupt request occurs, the
corresponding CEPIER bit is seegardless of the CEPIMR state. When one or more non-masked
interrupt events occur, the ‘QE Ports’ internal eusmgenerated. The ‘QE Ports’ internal event is one
source in the SIPNR register (Seection 9.5.3, “System Internal Intept Pending Registers (SIPNR_H
and SIPNR_L).”
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Table 9-36defines the bit fields of CEPIMR.

Offset 0x10% Access: Read/write
0 1 2 3 4 5 6 7 8 9 10 15
R ZLCI}? HDLC ;LCI}? HDLC .
w5 1cD|5 2D
Reset All zeros
16 31
R
W —
Reset All zeros

Figure 9-28. QUICC Engine Ports Interrupt Mask Register (CEPIMR)

1 Note that the base address for CEPIER is not the same as the base address of other registers in the IPIC. Instead, this register
uses a base address which is specific to QUICC engine ports interrupts registers. See Chapter 2, “Memory Map.”

Table 9-36. CEPIMR Bit Settings

Bits | Name Description

0-3 | HDLC | Interrupt mask. Indicates whether an interrupt event is masked or not masked.
X |0 The input interrupt signal is masked (disabled).
1 The input interrupt signal is not masked (enabled).

4-31 — | Reserved. Should be cleared.
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9.5.26 QUICC Engine Ports Interrupt Control Register (CEPICR)

The QUICC Engine ports interrupbatrol register (CEPICR), shown igure 9-29 determines whether
the corresponding QUICC Engipert line asserts an interrupt requapon either a high-to-low change
or any change on the state of the signal.

Table 9-37defines the bit fields of CEPICR.

Offset 0x14! Access: Read/write
0 1 2 3 4 5 6 7 8 9 10 15
R ZLC%'(I': HDLC ZLC%'(I': HDLC .
w5 1cD|°5 2D
Reset All zeros
16 31
R
W —
Reset All zeros

Figure 9-29. QUICC Engine Ports Interrupt Control Register (CEPICR)

1 Note that the base address for CEPIER is not the same as the base address of other registers in the IPIC. Instead, this register
uses a base address which is specific to QUICC engine ports interrupts registers. See Chapter 2, “Memory Map.”

Table 9-37. CEPICR Bit Settings

Bits | Name Description

0-3 | HDLC | Edge detection mode. The corresponding QUICC Engine port line asserts an interrupt request according to the
x | following:

0 Any change on the state of the QUICC Engine port generates an interrupt request.

1 High-to-low change on the QUICC Engine port generates an interrupt request.

4-31 — | Reserved. Should be cleared.

9.6  Functional Description

The following sections describeetlypes of interrupts, interruppefigurations, and their priorities.

9.6.1 Interrupt Types

The IPIC is responsible for recaig hardware-generated interrupts frdifierent sources (both internal
and external) along with prioritizing and deliveringminto the CPU for servicing. The interrupt sources
are controlled by the IP1Gnit and may cause three types afeptions in the processor core. Tihesignal

is the main interrupt output from the IPIC t@throcessor core and causes the external interrupt
exception.Theint signal is the critical interrupt output fromethPIC to the processor core and causes the
critical external interrupt exception. Thmisignal is the system managearh@terrupt output from the
IPIC to the processor core and causes the syst@nagement interrupt exception. The machine check
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exception is caused by the internadpsignal generated by the IPIC, informing the processor of error
conditions, assertion of the exterf&CP request, and other conditions.

9.6.2 Interrupt Configuration

Figure 9-30shows the interrupt configuration.

(QUICC Engine Instruction/

Multi-user RAM double ECC Error) 2 MCP

CIEE, CMEE

System Bus Arbiter mcp
(SBA)
mcp

WDT ——— >

MCP Interrupts
(Internal and External)

ext mep

Y

IRQ[0] mep
MPC8309
Interrupt

Controller €300 Core

RGO, IROL extint | _ _ _

IRQ2, IRQ3 4 4
PIT 5

RTC ﬁz;»

QEHigh — >
QELow —  »
QEPorts ———— >
DMA Engine 1 ﬁz‘;)
DMA Engine 2 —5———>
GTM —F4——>

DDR ——— >

eLBC ———— >

eSDHC ——— >
UARTX ——% >

12C —L»

SPl ————>

System Bus Arbiter
(SBA)

GPIO —————>

PMC — 5

USB2.0 ——— >
FIexCANX ——— >

int cint smi

>
>

> MCP_OUT

System Interrupts
(Internal and External)

Figure 9-30. Interrupt Structure for MPC8309

The interrupt controller allows masking of eachiinipt source. When an unnkasl interrupt source is
pending in the SIPNR register, the interrupt contratsds an interrupt request to the core. When an
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interrupt is taken, the interrupt masik in the machine stategister is cleared tisable further interrupt
requests to the e300C3 Power Architecture ggscor core until software can handle them.

All interrupt sources are prioritizeghd bits are set in the systamerrupt pending mgister (SIPNR,
SEPNR) as interrupts occur regardless/hether they are maskedtive IPIC. The prioritization of the
interrupt sources is flexible within the following groups:

* The relative priority of the , USB DR, QUICENgine High, and QUICC Engine Low internal
interrupt signals can be modified.

» The relative priority of the eSDHCimtnal interrupt signalsan be modified.
» The relative priority of the DMA Enging internal interrupts can be modified.

» The relative priority of the URTX, FlexCANX, SPI, 12C1, and I2Chternal interrupt signals can
be modified.

* The relative priority of the IRQO, IRQ1, IRQand IRQ3 external inteupts, and RTC SEC and
PIT internal interrupts can be modified.

* The relative priority of the RTC ALR, SBAnd DMA Engine 2 intamal interrupts can be
modified.

* One interrupt source can be assignebedhe programmable highest priority.

The SIVCR is updated with a 7-biéetor corresponding to the sub-blockwthe highest current priority.

9.6.3 Internal Interrupts Group Relative Priority

The relative priority in each internal grougi®grammable and can beaciged dynamically. The group
priorities are programmed in the IPIC imtal interrupt priority registers (SIPRRand can be changed
dynamically to implemera rotating priority.

In addition, the grouping of the locations of theerrupt entries has ¢hfollowing two options:

» Grouped. In the group scheme, all intersugite grouped together at the togable 9-38 ahead
of most other interrupt sources. This scheniddal for applications wdre all interrupt sources
function at a very high data rate anterrupt latency is very important.

» Spread. In the spread scheipeorities are spread ov&able 9-38s0 other sources can have lower
interrupt latencies. This scheme is gisogrammed but cannot be changed dynamically.

9.6.4 Mixed Interrupts Group Relative Priority

The relative priority betweemp to four internal anfibur external interrupts ieach group is programmable
and can be changed dynamically. Bineup priorities are programmed iretiPIC mixed interrupt priority
registers (SMPRK and can be changed dynamicallyrtgplement a rotating priority.

In addition, the grouping of the laians of the mixed interrupt eis has the following two options:

» Grouped. In the group scheme, all interrupts are gobtgmgether at the top of the priority table,
ahead of most other interrupt sources. Bd#e 9-38for more information. This scheme is ideal
for applications where all interrupburces function at a very highata rate and interrupt latency
is very important.
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e Spread. In the spread sohe, priorities arspread over the table sdiet sources can have lower
interrupt latencies. This scheme is gisogrammed but cannot be changed dynamically.

9.6.5 Highest Priority Interrupt

In addition to the group relative priority option, SICIHRI] can be used to sp&cone interrupt source
as having the highest priority. Thigerrupt remains within the sameerrupt level as th other interrupt
controller interrupts, but is secad before any other interruptTable 9-38

If the highest priority feaire is not used, the IPIC selects therinfgt request in MIXA to be the highest
priority interrupt and thetandard interrupt priority order is used fradable 9-38 SICFR[HPI] can be
updated dynamically tallow the user to changenormally low priority sourceto a high priority-source
for a period as needed.

9.6.6 Interrupt Source Priorities

Each of the IPIC’s internal and external interruatrses can independently assert one interrupt request to
the coreTable 9-38shows the prioritization of these interruptisces. As described in previous sections,
flexibility exists in the relative ordering of the intepts, but, in general, rela& priorities are as shown.

A single interrupt priority number &ssociated with each table entry.

Table 9-38. Interrupt Source Priority Levels

Priority Interrupt Source Description
1 Highest
2 MIXAO (Grouped/Spread)
3 MIXA1 (Grouped)
4 MIXA2 (Grouped)
5 MIXA3 (Grouped)
6 MIXBO (Spread)
7 SYSBO (Grouped)
8 SYSB1 (Grouped)
9 SYSB2 (Grouped)
10 SYSB3 (Grouped)
11 MIXA1 (Spread)
12 SYSB4 (Grouped)
13 SYSB5 (Grouped)
14 SYSB6 (Grouped)
15 SYSB7 (Grouped)
16 MIXBO (Grouped)
17 MIXB1 (Grouped)
18 MIXB2 (Grouped)
19 MIXB3 (Grouped)
20 MIXB1 (Spread)
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9.6.7 Masking Interrupt Sources

By programming the system imtapt mask registers, SIMSRnd SEMSR, the user can mask interrupt
requests to the core. Each SIM&khd SEMSR bit corresponds to an interrupt source. To enable an
interrupt, set the corresponding SIMSR or SEMSRWIten a masked interrupt source has a pending
interrupt request, the corresponding SIRMNMIR SEMSR bit is set, even though the interrupt is not
generated to the core. The user can mask all iptesaurces to implementmolling interrupt servicing
scheme.

When an interrupt source has mukinterrupting events, the usemndadividually mask these events by
programming a mask registerthin that particular blocklable 9-38shows which inteupt sources have
multiple interrupting events.

Figure 9-31shows an example of how the maskigurs, using a DDR block as an example.

DDR EVENT
SIPNR
Event
Bit
XX Input (or
XX Event Bits) — I Request to
the core
(Other Unmasked Requests)
DDR MASK
SIMSR
Mask
Bit
Mask N
Bit
Figure 9-31. DDR Interrupt Request Masking
9.6.8 Interrupt Vector Generation and Calculation

Pending unmasked interrupts are presented toditeein order of priority according fable 9-38 The
interrupt vector that allows the core to locate therinf# service routine is made available to the core by
interrupt handler software reading SIVCR. Thiirupt controller passean interrupt vector
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Chapter 10
DDR Memory Controller

10.1 Introduction

The fully programmable DDR SDRAM cawtler supports most JEDEC standa] and uL6, and (B2
DDR2 memories available. In addition, unbuftend registered DRANodules are supported.
However, mixing different memory types or unbuffeaad registered DRAM modules in the same system
is not supported. Dynamic power management andm@eitharge modes simplify memory system design.
A large set of special feaes support rapid system debug.

NOTE

* In this chapter, the word ‘bank’fexs to a physicabank specified by a
chip select; ‘logical bank’ refers to onéthe four or eight sub-banks in
each SDRAM chip. A sub-bank is spiesdl by the 2 or 3 bits on the bank
address (MBA) pins during a memory access.

*  MPCB8309 supports only DDR2 controller. In this chapter, usage of the
word ‘DDR’ is generic and refers to the DDR2 controller.
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Figure 10-1is a high-level block @igram of the DDR memory controller with its associated interfaces.

Request from = I\D/IDR SDiAM
master Address | 00::] | Address e'\T:?/S. Orray
Address from Decode - Tapb|e ~|_Control MB,[A 2.'0]
master [2:0]
DDR SDRAM
Memory Control
MCSJ[0:1]
MCAS
<58 | sprAMm {>—> %S
1 Control MDM[0:3]
MDMES]
MCKE
EN MODT[0:1]
Data Qualifiers
l_ Delay chain MDQS[[OiB]
MDQSI[8
Data from
SDRAM < FIFO |= Data Signals
-<—> MDQ[0:31]
MECCI0:7]
EN
Data from > SDRAM
master Control Clock
ocks

Clock MCK]O0:1]
Control MCKI[0:1]

Figure 10-1. DDR Memory Controller Simplified Block Diagram

10.2 Features

The DDR memory controller includes these distinctive features:
» Support for DDR2 SDRAM
* Supports 8-bit ECC
* Supports 16-/32-bit data interface
* Programmable settings for meef all SDRAM timing parameters
* The following SDRAM configurations are supported:

— As many as two physical banks (chip seleaarh bank independentgdressable up to
512 Mbytes

— 64-Mbit to 2-Gbit dewies depending on internahdee configuration withu8/ UL6/ 82 data
ports (no directy} support)

— One 32-bit device, two 16-bit devioe four 8-bit devices on a 32-bit bus
— Unbuffered and registered
* Chip select interleaving support
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e Support for data mask signals and read-modifyewor sub-double-word writes. Note that a
read-modify-write sequence is omgcessary when ECC is enabled.

» Support for double-bit error deteati and single-bit error correci ECC (8-bit check word across
64-bit data)

* Open page management (dedécaentry for each logical bank)

* Automatic DRAM initializaton sequence or software-coniied initialization sequence
» Automatic DRAM data initialization

» Support for up to eight posted refreshes

* Memory controller clock frequeey of two times the SDRAM cléowith support for sleep power
management

10.2.1 Modes of Operation

The DDR memory controller supports the following modes:

* Dynamic power management modée DDR memory controlleran reduce power consumption
by negating the SDRAM CKE signal when tnansactions are pending to the SDRAM.

* Auto-precharge mode. Clearing DDR_SDRAINTERVAL[BSTOPRE] causes the memory
controller to issue an auto-precharge canthwith every readr write transaction.
Auto-precharge mode can be enalftadseparate chip selects by setting
CSh_CONFIG[AP n_EN].

10.3 External Signal Descriptions

This section provides descriptions of the DDR menuamytroller’s external signals. It describes each
signal’s behavior when the signal is asserted ortedgand when the signal is an input or an output.

10.3.1 Signals Overview

Memory controller signalare grouped as follows:
* Memory interface signals
» Clock signals
» Debug signals
Table 10-1shows how DDR memory controllexternal signals are grouped. TMEC8309

PowerQUICC Il Pro Integrated Communigans Processor Hardware Specificatibas a pinout diagram
showing pin numbers. It also lists aleetrical and mechanical specifications.

Table 10-1. DDR Memory Interface Signal Summary

Name Function/Description Reset Pins 110
MDQI0:31] DDR data bus All zeros 32 110
MDQSJ0:3] DDR data strobe All zeros 4 110
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Table 10-2shows the memory address signal mappings.

Table 10-2. Memory Address Signal Mappings

DDR Memory Controller

Signal Name (Outputs)

JEDEC DDR DIMM Signals (Inputs)

msb MA13 A13
MA12 A12
MA11 A1l
MA10 A10 (AP for DDR)*
MA9 A9
MAS8 A8 (alternate AP for DDR)?2
MA7 A7
MA6 A6
MA5 A5
MA4 Ad
MA3 A3
MA2 A2
MA1 Al
Isb MAO A0
msb MBA2 MBA2
MBA1 MBA1
Isb MBAO MBAO

1 Auto-precharge for DDR signaled on A10 when DDR_SDRAM_CFG[PCHB8] =0

2 Auto-precharge for DDR signaled on A8 when DDR_SDRAM_CFG[PCHBS] = 1
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10.3.2 Detailed Signal Descriptions

The following sections desbe the DDR SDRAM controdlr input and output sigrelthe meaning of their
different states, and relative timingformation for assertion and negation.

10.3.2.1 Memory Interface Signals

Table 10-3describes the DDR controller memory interface signals.

Table 10-3. Memory Interface Signals—Detailed Signal Descriptions

Signal /0 Description

MDQJ0:31] 1/0 |Data bus. Both input and output signals on the DDR memory controller.

O | As outputs for the bidirectional data bus, these signals operate as described below.

State | Asserted/Negated—Represent the value of data being driven by the DDR memory controller.
Meaning

Timing|Assertion/Negation—Driven coincident with corresponding data strobes (MDQS) signal.
High impedance—No READ or WRITE command is in progress; data is not being driven by
the memory controller or the DRAM.

I | As inputs for the bidirectional data bus, these signals operate as described below.

State|Asserted/Negated—Represents the state of data being driven by the external DDR
Meaning SDRAMSs.

Timing|Assertion/Negation—The DDR SDRAM drives data during a READ transaction.
High impedance—No READ or WRITE command in progress; data is not being driven by the
memory controller or the DRAM.

MDQSJ0:3] 1/0 |Data strobes. Inputs with read data, outputs with write data.

O |As outputs, the data strobes are driven by the DDR memory controller during a write transaction. The
memory controller always drives these signals low unless a read has been issued and incoming data

strobes are expected. This keeps the data strobes from floating high when there are no transactions on
the DRAM interface.

State | Asserted/Negated—Driven high when positive capture data is transmitted and driven low
Meaning when negative capture data is transmitted. Centered in the data “eye” for writes;
coincident with the data eye for reads. Treated as a clock. Data is valid when signals
toggle. See Table 10-36 for byte lane assignments.

Timing|Assertion/Negation—If a WRITE command is registered at clock edge, data strobes at the
DRAM assert centered in the data eye. For more information, see the JEDEC DDR2
SDRAM specification.

I |Asinputs, the data strobes are driven by the external DDR SDRAMSs during a read transaction. The data
strobes are used by the memory controller to synchronize data latching.

State | Asserted/Negated—Driven high when positive capture data is received and driven low when
Meaning negative capture data is received. Centered in the data eye for writes; coincident with
the data eye for reads. Treated as a clock. Data is valid when signals toggle. See
Table 10-36 for byte lane assignments.

Timing|Assertion/Negation—If a READ command is registered at clock edge n, and the latency is
programmed in TIMING_CFG_1[CASLAT] to be m clocks, data strobes at the DRAM
assert coincident with the data on clock edge n + m. See the JEDEC DDR SDRAM
specification for more information.
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Table 10-3. Memory Interface Signals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MCS|0:1]

(0]

Chip selects. Two chip selects are supported by the memory controller.

State | Asserted—Selects a physical SDRAM bank to perform a memory operation as described in
Meaning Section 10.4.1.1, “Chip Select Memory Bounds (CSn_BNDS),” and Section 10.4.1.2,

“Chip Select Configuration (CSn_CONFIG).” The DDR controller asserts one of the
MCSJ0:1] signals to begin a memory cycle.
Negated—Indicates no SDRAM action during the current cycle.

Timing|Assertion/Negation—Asserted to signal any new transaction to the SDRAM. The transaction

must adhere to the timing constraints set in TIMING_CFG_0-TIMING_CFG_3.
High impedance—Always driven unless the memory controller is disabled.

MWE

Write enable. Asserted when a write transaction is issued to the SDRAM. This is also used for mode
registers set commands and precharge commands.

State | Asserted—Indicates a memory write operation. See Table 10-41 for more information on the
Meaning states required on MWE for various other SDRAM commands.

Negated—Indicates a memory read operation.

Timing|Assertion/Negation—Similar timing as MRAS and MCAS. Used for write commands.

High impedance—MWE is always driven unless the memory controller is disabled.

MDM[8]

DDR SDRAM data output mask. Masks unwanted bytes of data transferred during a write. They are
needed to support sub-burst-size transactions (such as single-byte writes) on SDRAM where all /0
occurs in multi-byte bursts. MDMO corresponds to the most significant byte (MSB). Table 10-36 shows
byte lane encodings.

State | Asserted—Prevents writing to DDR SDRAM. Asserted when data is written to DRAM if the
Meaning corresponding byte(s) should be masked for the write. Note that the MDMn signals are

active-high for the DDR controller. MDMn is part of the DDR command encoding.
Negated—Allows the corresponding byte to be written to the SDRAM.

Timing|Assertion/Negation—Same timing as MDQx as outputs.

High-impedance—Always driven unless the memory controller is disabled.

MODTI[0:1]

On-Die termination. Memory controller outputs for the ODT to the DRAM. MODT[0:1] represents the
on-die termination for the associated data, data masks, and data strobes.

State | Asserted/Negated—Represents the ODT driven by the DDR memory controller.
Meaning

Timing|Assertion/Negation—Driven in accordance with JEDEC DRAM specifications for on-die

termination timings. It is configured through the CSn_CONFIG[ODT_RD_CFG] and
CSn_CONFIG[ODT_WR_CFG] fields.
High impedance—Always driven.

10.3.2.2

Clock Interface Signals

Table 10-4contains the detailed descriptiongtod clock signals of the DDR controller.

Table 10-4. Clock Sighals—Detailed Signal Descriptions

Signal /0 Description
MCK]JO0:1], O |DRAM clock output and its complement. See Section 10.5.4.1, “Clock Distribution.”
MCK][0:1]

State
Meaning

Asserted/Negated—The JEDEC DDR SDRAM specifications require true and complement
clocks. A clock edge is seen by the SDRAM when the true and complement cross.

Timing

Assertion/Negation—Timing is controlled by the DDR_CLK_CNTL register at offset 0x130.
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Table 10-4. Clock Signals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MCKE (0]

clocking the DDR SDRAM.

Clock enable. Output signals used as the clock enables to the SDRAM. MCKE can be negated to stop

State
Meaning

Asserted—Clocking to the SDRAM is enabled.
Negated—Clocking to the SDRAM is disabled and the SDRAM should ignore signal transitions
on MCKO or MCKO. MCKO/MCKO are don't cares while MCKE is negated.

Timing

High impedance—Always driven.

Assertion/Negation—Asserted when DDR_SDRAM_CFG[MEM_EN] is set. Can be negated
when entering dynamic power management or self refresh. Are asserted again when
exiting dynamic power management or self refresh.

10.4 Memory Map/Register Definition

Table 10-5shows the register memory map for the DDR memory controller.

In this table and in the registigures and field descriptions,aHollowing access definitions apply:

Reserved fields are always ignoredtfug purposes of determining access type.

R/W, R, and W (read/write, reaahly, and write only) indicate thatl the non-reservefields in a

register have the same access type.

wlc indicates that all of the non-reserved figida register are cleared by writing ones to them.

Mixed indicates a combination of access types.
Special is used when no other ¢atey applies. In this case theyister figure andield description

table should be read carefully.

Table 10-5. DDR Memory Controller Memory Map

Offset Register Access Reset Section/Page
DDR Memory Controller—Block Base Address 0x0_2000
0x000 |[CSO_BNDS—Chip select 0 memory bounds R/W | 0x0000_0000 |10.4.1.1/10-11
0x008 |[CS1_BNDS—Chip select 1 memory bounds R/W | 0x0000_0000 |10.4.1.1/10-11
0x080 |CSO_CONFIG—Chip select 0 configuration R/W | 0x0000_0000 |10.4.1.2/10-11
0x084 |CS1_CONFIG—Chip select 1 configuration R/W | 0x0000_0000 |10.4.1.2/10-11
0x100 |TIMING_CFG_3—DDR SDRAM timing configuration 3 R/W | 0x0000_0000 |10.4.1.3/10-13
0x104 |TIMING_CFG_0—DDR SDRAM timing configuration O R/W | 0x0011_0105 |10.4.1.4/10-14
0x108 |TIMING_CFG_1—DDR SDRAM timing configuration 1 R/W | 0x0000_0000 |10.4.1.5/10-16
0x10C |TIMING_CFG_2—DDR SDRAM timing configuration 2 R/W | 0x0000_0000 |10.4.1.6/10-18
0x110 |DDR_SDRAM_CFG—DDR SDRAM control configuration R/W | 0x0200_0000 |10.4.1.7/10-19
0x114 |DDR_SDRAM_CFG_2—DDR SDRAM control configuration 2 R/W | 0x0000_0000 |10.4.1.8/10-22
0x118 |DDR_SDRAM_MODE—DDR SDRAM mode configuration R/W | 0x0000_0000 | 10.4.1.9/10-23
0x11C |DDR_SDRAM_MODE_2—DDR SDRAM mode configuration 2 R/W | 0x0000_0000 |10.4.1.10/10-2
4
0x120 |DDR_SDRAM_MD_CNTL—DDR SDRAM mode control R/W | 0x0000_0000 |10.4.1.11/10-2
5
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10.4.1 Register Descriptions

This section describes the DDR memooptroller registers. Shading idies reserveddids that should
not be written.

10.4.1.1 Chip Select Memory Bounds (CSn_BNDYS)

The chip select bounds registers (CBNDS) define the starting andding address of the memory space
that corresponds to the individual chipesst$. Note that th&ize specified in % BNDS should equal the
size of physical DRAM. Also, note that BAnust be greater &m or equal to SA

If chip select interleaving is enableall fields in the lower interleavagthip select are @sl, and the other
chip selects’ bounds regissesire unused. For exampleclfip selects 0 and 1 arderleaved, kfields in
CS0_BNDS are used, and all fields in CS1_BNDS are unused.

CSh_BNDS are shown ifrigure 10-2

Offset 0x000, 0x008 Access: Read/Write
0 ’ 7|8 ’ 15 | 16 23|24 31
R
— SAn — EAN
w
Reset All zeros

Figure 10-2. Chip Select Bounds Registers (CSn_BNDS)

Table 10-6describes the GEBNDS register fields.
Table 10-6. CSn_BNDS Field Descriptions

Bits | Name Description

0-7 — Reserved

8-15 SAn |Starting address for chip select (bank) n. This value is compared against the 8 msbs of the 32-bit address.

16-23 — Reserved

24-31 | EAn |Ending address for chip select (bank) n. This value is compared against the 8 msbs of the 32-bit address.

10.4.1.2 Chip Select Configuration (CSn_CONFIG)

The chip select configuration (BSCONFIG) registers shown Figure 10-3nable the DDR chip selects
and set the number of row and column bits used for@&aptselect. These registers should be loaded with
the correct number of row and colutnits for each SDRAM. Because RELONFIG[ROW_BITS _CSn,
COL_BITS_CSn] establish address multipleyg, the user should take greatre to set these values
correctly.

If chip select interleaving is enabled, then all figldthe lower interleaved chip select are used, and the
other registers’ fields are ures, with the exception of the ODRD _CFG and ODTWR_CFG fields.
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For example, if chip selects 0 and 1 are intedéaall fields in CS0_CONE are used, but only the
ODT_RD_CFG and ODT_WR_CFG fad in CS1_CONFIG are used.

Offset 0x080, 0x084 Access: Read/Write
0 1 ‘ 7 8 9 1| 12 13 15
VF; CS n_EN — AP _n_EN| ODT_RD CFG | — ODT_WR_CFG
Reset All zeros
16 17 18 20 21 23 24 28 29 31
VF; BA BITS CS n — ROW_BITS_CS_n — COL_BITS_CS_n
Reset All zeros

Figure 10-3. Chip Select Configuration Register (CSn_CONFIG)

Table 10-7describes the G5 CONFIG register fields.
Table 10-7. CSn_CONFIG Field Descriptions

Bits Name Description

0 CS_n_EN Chip select n enable
0 Chip select n is not active
1 Chip select n is active and assumes the state set in CSn_BNDS.

1-7 — Reserved

8 AP_n_EN Chip select n auto-precharge enable

0 Chip select n is only auto-precharged if global auto-precharge mode is enabled
(DDR_SDRAM_INTERVAL[BSTOPRE] = 0).

1 Chip select n always issues an auto-precharge for read and write transactions.

9-11 ODT_RD_CFG |ODT for reads configuration. Note that CAS latency plus additive latency must be at least
3 cycles for ODT_RD_CFG to be enabled.

000 Never assert ODT for reads

001 Assert ODT only during reads to CSn

010 Assert ODT only during reads to other chip selects

011 Reserved

100 Assert ODT for all reads

101-111Reserved

12 — Reserved

13-15 ODT_WR_CFG |ODT for writes configuration. Note that write latency plus additive latency must be at least
3 cycles for ODT _WR_CFG to be enabled.

000 Never assert ODT for writes

001 Assert ODT only during writes to CSn

010 Assert ODT only during writes to other chip selects

011 Reserved

100 Assert ODT for all writes

101-111Reserved

16-17 BA_BITS_CS_n |Number of bank bits for SDRAM on chip select n. These bits correspond to the sub-bank bits
driven on MBAn in Table 10-38

00 2 logical bank bits

01 3 logical bank bits

10-11Reserved
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Table 10-7. CSn_CONFIG Field Descriptions (continued)

Bits Name Description

18-20 — Reserved

21-23 | ROW_BITS_CS_n |Number of row bits for SORAM on chip select n. See Table 10-38or details.
000 12 row bits

001 13 row bits

010 14 row bits

011-111 Reserved

24-28 — Reserved

29-31 | COL_BITS_CS_n [Number of column bits for SDRAM on chip select n. For DDR, the decoding is as follows:
000 8 column bits

001 9 column bits

010 10 column bits

011 11 column bits

100-111 Reserved

10.4.1.3 DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)

DDR SDRAM timing configurabn register 3, shown iRigure 10-4 sets the extended refresh recovery
time, which is combined with TIMING_CFG_1[REFRE determine the full refresh recovery time.

Offset 0x100 Access: Read/Write
0 ‘ ‘ ‘12 13 15| 16 ‘ ‘ ‘ 31
R . EXT_RE- .
w FREC
Reset All zeros

Figure 10-4. DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)

Table 10-8describes TIMING CFG_ 3 fields.
Table 10-8. TIMING_CFG_3 Field Descriptions

Bits Name Description

0-12 — Reserved, should be cleared.

13-15 | EXT_REFREC |Extended refresh recovery time (trgc). Controls the number of clock cycles from a refresh command
until an activate command is allowed. This field is concatenated with TIMING_CFG_1[REFREC] to
obtain a 7-bit value for the total refresh recovery. Note that hardware adds an additional 8 clock
cycles to the final, 7-bit value of the refresh recovery. tgec = {EXT_REFREC || REFREC]} + 8, such
that tyec is calculated as follows:

000 O clocks

001 16 clocks
010 32 clocks
011 48 clocks
100 64 clocks
101 80 clocks
110 96 clocks
111 112 clocks

16-31 — Reserved, should be cleared.
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10.4.1.4 DDR SDRAM Timing Configuration 0 (TIMING_CFG_0)

DDR SDRAM timing configuraon register 0, shown iRigure 10-5 sets the number of clock cycles
between various SDRAM control commands.

Offset 0x104

R
W

Access: Read/Write

01 2 3|4 5 6 7 8 9 11 |12 13 15 |16 19| 20 23 |24 2728 31
RWT|WRT| RRT |WWT | — |ACT_PD_EXIT|—|PRE_PD EXIT| — |ODT_PD _EXIT| — |MRS_CYC
Reset 0 0 000 0O 0 0/0 O O 1/0 0O O 1 0000/ 0 0 0 1/0000/0101

Figure 10-5. DDR SDRAM Timing Configuration 0 (TIMING_CFG_0)

Table 10-9describes TIMING_CFG_O0 fields.

Table 10-9. TIMING_CFG_0 Field Descriptions

Bits

Name

Description

0-1

RWT

Read-to-write turnaround (tgyy)- Specifies how many extra cycles are added between a read to write
turnaround. If O clocks is chosen, then the DDR controller uses a fixed number based on the CAS
latency and write latency. Choosing a value other than 0 adds extra cycles past this default
calculation. As a default the DDR controller determines the read-to-write turnaround as CL — WL +
BL y2 + 2. In this equation, CL is the CAS latency rounded up to the next integer, WL is the
programmed write latency, and BL is the burst length.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

2-3

WRT

Write-to-read turnaround. Specifies how many extra cycles are added between a write to read
turnaround. If O clocks is chosen, then the DDR controller uses a fixed number based on the, read
latency, and write latency. Choosing a value other than 0 adds extra cycles past this default
calculation. As a default, the DDR controller determines the write-to-read turnaround as WL — CL +
BL y2 + 1. In this equation, CL is the CAS latency rounded down to the next integer, WL is the
programmed write latency, and BL is the burst length.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

RRT

Read-to-read turnaround. Specifies how many extra cycles are added between reads to different
chip selects. As a default, 3 cycles are required between read commands to different chip selects.
Extra cycles may be added with this field. Note: If 8-beat bursts are enabled, then 5 cycles are the
default. Note that DDR2 does not support 8-beat bursts.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

6-7

WWT

Write-to-write turnaround. Specifies how many extra cycles are added between writes to different
chip selects. As a default, 2 cycles are required between write commands to different chip selects.
Extra cycles may be added with this field. Note: If 8-beat bursts are enabled, then 4 cycles are the
default. Note that DDR2 does not support 8-beat bursts.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

Reserved, should be cleared.
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10.4.1.5 DDR SDRAM Timing Configuration 1 (TIMING_CFG_1)

DDR SDRAM timing configuraon register 1, shown iRigure 10-6 sets the number of clock cycles
between various SDRAM control commands.

Offset 0x108 Access: Read/Write
0 1 3|4 718 9 11 |12 1516 1920 21 23(24 25 27 |28 29 31
R
wli™ PRETOACT| ACTTOPRE |—|ACTTORW/| CASLAT REFREC |—|WRREC|—|ACTTOACT |—|WRTORD
Reset All zeros

Figure 10-6. DDR SDRAM Timing Configuration 1 (TIMING_CFG_1)

Table 10-10describes TIMING _CFG _1 fields.
Table 10-10. TIMING_CFG_1 Field Descriptions

Bits Name Description

0 — Reserved, should be cleared.

1-3 |PRETOACT |Precharge-to-activate interval (tgp). Determines the number of clock cycles from a precharge command
until an activate or refresh command is allowed.

000 Reserved
001 1 clock

010 2 clocks
011 3clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks

4-7 |ACTTOPRE |Activate to precharge interval (tgas). Determines the number of clock cycles from an activate command
until a precharge command is allowed.

0000 16 clocks 0101 5 clocks

0001 17 clocks 0110 6 clocks

0010 18 clocks 0111 7 clocks

0011 19 clocks

0100 4 clocks 1111 15 clocks
8 — Reserved, should be cleared.

9-11 | ACTTORW |Activate to read/write interval for SDRAM (trcp). Controls the number of clock cycles from an activate
command until a read or write command is allowed.

000 Reserved
001 1 clock

010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks
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10.4.1.6 DDR SDRAM Timing Configuration 2 (TIMING_CFG_2)
DDR SDRAM timing configuration 2, shown Figure 10-7 sets the clock delay to data for writes.

Offset 0x10C Access: Read/Write

0 1 3|4 ‘8 9 10 ‘12 13 15| 16 18 19‘ 21 22 23‘ 25 26 ‘ 31
R
wl — ADD_LAT CPO —| WR_LAT — RD_TO_PRE|WR_DATA_DELAY |—|CKE_PLS| FOUR_ACT
Reset All zeros

Figure 10-7. DDR SDRAM Timing Configuration 2 Register (TIMING_CFG_2)

Table 10-11describes the TIMING _CFG_2 fields.
Table 10-11. TIMING_CFG_2 Field Descriptions

Bits Name Description
0 — Reserved
1-3 ADD_LAT Additive latency. The additive latency must be set to a value less than TIMING_CFG_1[ACTTORW].
000 O clocks
001 1 clock
010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 Reserved
111 Reserved
4-8 CPO MCAS-to-preamble override. Defines the number of DRAM cycles between when a read is issued
and when the corresponding DQS preamble is valid for the memory controller. For these decodings,
“READ_LAT” is equal to the CAS latency plus the additive latency.
00O0O00READ_LAT +1 01100READ_LAT + 5/2
00001Reserved 01101READ_LAT +11/4
00010READ_LAT 01110READ_LAT + 3
00011READ_LAT + 1/4 01111READ_LAT + 13/4
00100READ_LAT + 1/2 10000READ_LAT + 7/2
00101READ_LAT + 3/4 10001READ_LAT + 15/4
00110READ_LAT +1 10010READ_LAT + 4
00111READ_LAT +5/4 10011READ_LAT + 17/4
01000READ_LAT + 3/2 10100READ_LAT + 9/2
01001READ_LAT + 7/4 10101READ_LAT + 19/4
01010READ_LAT + 2 10110-11111 Reserved
01011READ_LAT +9/4
9 — Reserved
10-12 WR_LAT Write latency. Note that the total write latency for DDR2 is equal to WR_LAT + ADD_LAT.
000 Reserved
001 1 clock
010 2 clocks
011 3clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks
13-15 — Reserved
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Table 10-11. TIMING_CFG_2 Field Descriptions (continued)

Bits Name Description

16-18 RD_TO_PRE Read to precharge (tgtp). For DDR2, with a non-zero ADD_LAT value, takes a minimum of
ADD_LAT + tgrp cycles between read and precharge.

000 Reserved 100 4 cycles

001 1 cycle 101-111 Reserved
010 2 cycles

011 3cycles

19-21| WR_DATA_DELAY |Write command to write data strobe timing adjustment. Controls the amount of delay applied to the
data and data strobes for writes. See Section 10.5.7, “DDR SDRAM Write Timing Adjustments,” for

details.
000 O clock delay 100 1 clock delay
001 1/4 clock delay 101 5/4 clock delay
010 1/2 clock delay 110 3/2 clock delay
011 3/4 clock delay 111 Reserved
22 — Reserved

23-25 CKE_PLS Minimum CKE pulse width (tckg)-
000 Reserved 011 3cycles
001 1cycle 100 4 cycles
010 2 cycles 101-111 Reserved

26-31 FOUR_ACT Window for four activates (tgaw)- This is applied to DDR2 with eight logical banks only.
000000 Reserved

0000011 cycle 010011 19 cycles
0000102 cycles 01010020 cycles

0000113 cycles 010101-111111 Reserved
0001004 cycles

10.4.1.7 DDR SDRAM Control Configuration (DDR_SDRAM_CFG)

The DDR SDRAM control confjuration register, shown figure 10-8 enables the interface logic and
specifies certain operating featusegh as self refreshing, retgred DIMMSs, and dynamic power
management.

Offset 0x110 Access: Read/Write
0 1 2 3 4 5 7 8 9 10 11 ‘ 12 13 14 15
R DYN
w|MEM_EN |SREN|ECC_EN|RD_EN|—| SDRAM_TYPE — P DBW — NCAP —
WR
Reset 0 0 0 0 0 O 1 0O/0 O O 0 ‘ 0 0 0 0
16 17 23 | 24 26 27 28 29 30 31
W 2T_EN BA_INTLV_CTL — PCHB8| HSE — |MEM_HALT| BI
Reset All zeros

Figure 10-8. DDR SDRAM Control Configuration Register (DDR_SDRAM_CFG)
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Table 10-1describes the DDR_SDRAM_CFG fields.

Table 10-12. DDR_SDRAM_CFG Field Descriptions

Bits Name Description
0 MEM_EN DDR SDRAM interface logic enable.
0 SDRAM interface logic is disabled.
1 SDRAM interface logic is enabled. Must not be set until all other memory configuration
parameters have been appropriately configured by initialization code.
1 SREN Self refresh enable (during sleep).
0 SDRAM self refresh is disabled during sleep. Whenever self-refresh is disabled, the system is
responsible for preserving the integrity of SDRAM during sleep.
1 SDRAM self refresh is enabled during sleep.
2 ECC_EN ECC enable. Note that uncorrectable read errors may cause an interrupt.
0 No ECC errors are reported. No ECC interrupts are generated.
1 ECCis enabled.
3 RD_EN Registered DRAM module enable. Specifies the type of DRAM module used in the system.
0 Indicates unbuffered DRAM modules.
1 Indicates registered DRAM modules.
Note: RD_EN and 2T_EN must not both be set at the same time.
4 — Reserved
5-7 | SDRAM_TYPE |Type of SDRAM device to be used. This field is used when issuing the automatic hardware
initialization sequence to DRAM through Mode Register Set and Extended Mode Register Set
commands.
For DDR2 SDRAM, the field is set to 011.
8-9 — Reserved
10 DYN_PWR Dynamic power management mode
0 Dynamic power management mode is disabled.
1 Dynamic power management mode is enabled. If there is no ongoing memory activity, the
SDRAM CKE signal is negated.
11-12 DBW DRAM data bus width.
00 Reserved
01 32-bit bus is used
10  16-bit bus is used
11 Reserved
13 — Reserved
14 NCAP Non-concurrent auto-precharge. Some older DDR DRAMSs do not support concurrent auto
precharge. If one of these devices is used, then this bit needs to be set if auto precharge is used.
0 DRAMs in system support concurrent auto-precharge.
1 DRAMs in system do not support concurrent auto-precharge.
15 — Reserved
16 2T_EN Enable 2T timing.
0 1T timing is enabled. The DRAM command/address are held for only 1 cycle on the DRAM bus.
1 2T timing is enabled. The DRAM command/address are held for 2 full cycles on the DRAM bus
for every DRAM transaction. However, the chip select is only held for the second cycle.
Note: RD_EN and 2T_EN must not both be set at the same time.
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10.4.1.8

DDR SDRAM Control Configuration 2 (DDR_SDRAM_CFG_2)

The DDR SDRAM control configation register 2, shown frigure 10-9 provides more control
configuration for the DDR controller.

Offset 0x114

Access: Read/Write

0 1 2 3 4 5 6 ‘ 8 9 10 11 ‘ 15
R
W FRC_SR| — |DLL_RST_DIS|— |DQS_CFG — ODT_CFG —
Reset All zeros
16 19| 20 26 27 28 31
R
NUM_PR — D_INIT —
w
Reset All zeros

Figure 10-9. DDR SDRAM Control Configuration Register 2 (DDR_SDRAM_CFG_2)
Table 10-13describes the DDR_SDRAM_CFG_2 fields.

Table 10-13. DDR_SDRAM_CFG_2 Field Descriptions

Bits

Name

Description

FRC_SR

Force self refresh
0 DDR controller operates in normal mode.
1 DDR controller enters self-refresh mode.

Reserved. Should be cleared.

DLL_RST_DIS

DLL reset disable. The DDR controller typically issues a DLL reset to the DRAMs when exiting self
refresh. However, this function may be disabled by setting this bit during initialization.

0 DDR controller issues a DLL reset to the DRAMs when exiting self refresh.

1 DDR controller does not issue a DLL reset to the DRAMs when exiting self refresh.

Reserved

DQS_CFG

DQS configuration

00 Only true DQS signals are used.
01 Reserved

10 Reserved

11 Reserved

6-8

Reserved

9-10

ODT_CFG

ODT configuration. This field defines how ODT is driven to the on-chip 10s. See Section 6.3.2.9,
“DDR Control Driver Register (DDRCDR),” which defines the termination value that is used.

00 Never assert ODT to internal 10s

01 Assert ODT to internal 10s only during writes to DRAM

10 Assert ODT to internal IOs only during reads to DRAM

11 Always keep ODT asserted to internal 10s

11-15

Reserved.
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Table 10-13. DDR_SDRAM_CFG_2 Field Descriptions (continued)

Bits

Name

Description

16-19

NUM_PR

Number of posted refreshes. This determines how many posted refreshes, if any, can be issued at
one time. Note that if posted refreshes are used, then this field, along with
DDR_SDRAM_INTERVAL[REFINT], must be programmed such that the maximum t,,5 specification
cannot be violated.

0000 Reserved

0001 1 refresh is issued at a time

0010 2 refreshes is issued at a time

0011 3refreshes is issued at a time

1000 8 refreshes is issued at a time
1001-1111 Reserved

20-26

Reserved, should be cleared.

27

D_INIT

DRAM data initialization. This bit is set by software, and it is cleared by hardware. If software sets this

bit before the memory controller is enabled, the controller automatically initializes DRAM atfter it is

enabled. This bit is automatically cleared by hardware once the initialization is completed. This data

initialization bit should only be set when the controller is idle.

0 There is not data initialization in progress, and no data initialization is scheduled

1 The memory controller initializes memory once it is enabled. This bit remains asserted until the
initialization is complete. The value in DDR_DATA_INIT register is used to initialize memory.

28-31

Reserved

10.4.1.9

DDR SDRAM Mode Configuration (DDR_SDRAM_MODE)

The DDR SDRAM mode configation register, shown iRigure 10-10 sets the values loaded into the
DDR’s mode registers.

Offset 0x118

Reset

0

Access: Read/Write

‘ ‘ 15|16 ‘ ‘ ‘ 31

ESDMODE SDMODE

All zeros

Figure 10-10. DDR SDRAM Mode Configuration Register (DDR_SDRAM_MODE)
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Table 10-14describes the DDR_SDRAM_MODE fields.
Table 10-14. DDR_SDRAM_MODE Field Descriptions

Bits Name Description

0-15 |ESDMODE |Extended SDRAM mode. Specifies the initial value loaded into the DDR SDRAM extended mode register.
The range and meaning of legal values is specified by the DDR SDRAM manufacturer.

When this value is driven onto the address bus (during the DDR SDRAM initialization sequence), MA[O]
presents the Isb of ESDMODE, which, in the big-endian convention shown in Figure 10-10, corresponds to
ESDMODE[15]. The msb of the SDRAM extended mode register value must be stored at ESDMODE[0].

16-31| SDMODE |[SDRAM mode. Specifies the initial value loaded into the DDR SDRAM mode register. The range of legal
values is specified by the DDR SDRAM manufacturer.

When this value is driven onto the address bus (during DDR SDRAM initialization), MA[O] presents the Isb
of SDMODE, which, in the big-endian convention shown in Figure 10-10, corresponds to SDMODE[15]. The
msb of the SDRAM mode register value must be stored at SODMODE[0]. Because the memory controller
forces SDMODE([7] to certain values depending on the state of the initialization sequence, (for resetting the
SDRAM'’s DLL) the corresponding bits of this field are ignored by the memory controller. Note that
SDMODE([7] is mapped to MA[8].

10.4.1.10 DDR SDRAM Mode 2 Configuration (DDR_SDRAM_MODE_2)

The DDR SDRAM mode 2 corguration register, shown Figure 10-1] sets the values loaded into the
DDR’s extended mode 2 and 3 registers (for DDR2).

Offset 0x11C Access: Read/Write
0 ‘ ‘ ‘ 15 |16 ‘ ‘ ‘ 31
R
W ESDMODE?2 ESDMODE3
Reset All zeros

Figure 10-11. DDR SDRAM Mode 2 Configuration Register (DDR_SDRAM_MODE_2)

Table 10-15describes the DDR_SDRAM_MODE_ 2 fields.
Table 10-15. DDR_SDRAM_MODE_2 Field Descriptions

Bits Name Description

0-15 | ESDMODE2 |Extended SDRAM mode 2. Specifies the initial value loaded into the DDR SDRAM extended 2 mode
register. The range and meaning of legal values is specified by the DDR SDRAM manufacturer.
When this value is driven onto the address bus (during the DDR SDRAM initialization sequence),
MA[Q] presents the Isb bit of ESDMODEZ2, which, in the big-endian convention shown in Figure 10-11,
corresponds to ESDMODEZ2[15]. The msb of the SDRAM extended mode 2 register value must be
stored at ESDMODEZ2[0].

16-31 | ESDMODE3 |Extended SDRAM mode 3. Specifies the initial value loaded into the DDR SDRAM extended 3 mode
register. The range of legal values of legal values is specified by the DDR SDRAM manufacturer.
When this value is driven onto the address bus (during DDR SDRAM initialization), MA[O] presents the
Isb of ESDMODES3, which, in the big-endian convention shown in Figure 10-11, corresponds to
ESDMODES3[15]. The msb of the SDRAM extended mode 3 register value must be stored at
ESDMODES3|0].

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

10-24 Freescale Semiconductor



DDR Memory Controller

10.4.1.11 DDR SDRAM Mode Control Register (DDR_SDRAM_MD_CNTL)
The DDR SDRAM mode control register, showrFigure 10-12 allows the user to carry out the
following tasks:

* Issue a mode register set conmuid@o a particular chip select

* Issue an immediate refreshagarticular chip select

* Issue an immediate precharge or prechaliggommand to a particular chip select

» Force the CKE signal® a specific value

Table 10-16&describes the fields of this registéable 10-17shows the user how to set the fields of this
register to accomplish the above tasks.

Offset 0x120 Access: Read/Write
0 1 2 3|4 5 7 8 9 10 11 12 15|16 ‘ ‘ ‘ 31
R
W MD_EN|—|CS_SEL|—|MD_SEL|SET_REF|SET_PRE|CKE_CNTL — MD_VALUE
Reset All zeros

Figure 10-12. DDR SDRAM Mode Control Register (DDR_SDRAM_MD_CNTL)
Table 10-16describes the DDR_SDRAM_MD_CNTL fields.

NOTE

Note that MD_EN, SETREF, and SET_PRE are mutually exclusive; only
one of these fields oabe set at a time.

Table 10-16. DDR_SDRAM_MD_CNTL Field Descriptions

Bits Name Description

0 MD_EN |Mode enable. Setting this bit specifies that valid data in MD_VALUE is ready to be written to DRAM as one
of the following commands:

* MODE REGISTER SET

 EXTENDED MODE REGISTER SET

« EXTENDED MODE REGISTER SET 2

* EXTENDED MODE REGISTER SET 3

The specific command to be executed is selected by setting MD_SEL. In addition, the chip select must be
chosen by setting CS_SEL. MD_EN is set by software and cleared by hardware once the command has
been issued.

0 Indicates that no mode register set command needs to be issued.

1 Indicates that valid data contained in the register is ready to be issued as a mode register set command.

1 — Reserved

2-3 CS_SEL |Select chip select. Specifies the chip select that is driven active due to any command forced by software in
DDR_SDRAM_MD_CNTL.

00 Chip select 0 is active

01 Chip select 1 is active

10 Reserved

11 Reserved

4 — Reserved
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Table 10-16. DDR_SDRAM_MD_CNTL Field Descriptions (continued)

Bits

Name

Description

5-7

MD_SEL

Mode register select. MD_SEL specifies one of the following:

« During a mode select command, selects the SDRAM mode register to be changed

« During a precharge command, selects the SDRAM logical bank to be precharged. A precharge all
command ignores this field.

¢ During a refresh command, this field is ignored.

Note that MD_SEL contains the value that is presented onto the memory bank address pins (MBAN) of the

DDR controller.

000 MR

001 EMR

010 EMR2

011 EMR3

SET_REF

Set refresh. Forces an immediate refresh to be issued to the chip select specified by
DDR_SDRAM_MD_CNTL[CS_SEL]. This bit is set by software and cleared by hardware once the
command has been issued.

0 Indicates that no refresh command needs to be issued.

1 Indicates that a refresh command is ready to be issued.

SET_PRE

Set precharge. Forces a precharge or precharge all to be issued to the chip select specified by
DDR_SDRAM_MD_CNTL[CS_SEL]. This bit is set by software and cleared by hardware once the
command has been issued.

0 Indicates that no precharge all command needs to be issued.

1 Indicates that a precharge all command is ready to be issued.

10-11

CKE_CNTL

Clock enable control. Allows software to globally clear or set all CKE signals issued to DRAM. Once
software has forced the value driven on CKE, that value continues to be forced until software clears the
CKE_CNTL bits. At that time, the DDR controller continues to drive the CKE signals to the same value
forced by software until another event causes the CKE signals to change (such as, self refresh entry/exit,
power down entry/exit).

00 CKE signals are not forced by software.

01 CKE signals are forced to a low value by software.

10 CKE signals are forced to a high value by software.

11 Reserved

12-15

Reserved

16-31

MD_VALUE

Mode register value. This field, which specifies the value that is presented on the memory address pins of
the DDR controller during a mode register set command, is significant only when this register is used to
issue a mode register set command or a precharge or precharge all command.

For a mode register set command, this field contains the data to be written to the selected mode register.
For a precharge command, only bit five is significant:

0 Issue a precharge command; MD_SEL selects the logical bank to be precharged

1 Issue a precharge all command; all logical banks are precharged

Table 10-17shows how DDR_SDRAM_MD_CNTL fields shoubeé set for each of the tasks described

above.
Table 10-17. Settings of DDR_SDRAM_MD_CNTL Fields
Field Mode Register Set Refresh Precharge Clock IE(:rljr:):reOISignals
MD_EN 1 0 0 —
SET_REF 0 1 0 —
SET_PRE 0 0 1 —
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Table 10-17. Settings of DDR_SDRAM_MD_CNTL Fields (continued)

Clock Enable Signals

Field Mode Register Set Refresh Precharge Control
CS_SEL Chooses chip select (CS) —
MD_SEL Select mode register. — Selects logical bank —

See Table 10-16.

MD_VALUE | Value written to mode — Only bit five is significant. —
register See Table 10-16.

CKE_CNTL 0 0 0 See Table 10-16.

10.4.1.12 DDR SDRAM Interval Configuration (DDR_SDRAM_INTERVAL)

The DDR SDRAM interval confjuration register, shown Figure 10-13 sets the number of DRAM
clock cycles between bank refreshes issugdedDR SDRAMs. In adtdon, the number of DRAM
cycles that a page is maintainetkait is accessed is provided here.

Offset 0x124 Access: Read/Write
0 15|16 17 18 31
R
REFINT — BSTOPRE
w
Reset All zeros

Figure 10-13. DDR SDRAM Interval Configuration Register (DDR_SDRAM_INTERVAL)

Table 10-18Jescribes the DDR_SDRAM_INTERVAL fields.
Table 10-18. DDR_SDRAM_INTERVAL Field Descriptions

Bits Name Description

0-15 | REFINT |Refresh interval. Represents the number of memory bus clock cycles between refresh cycles. Depending on
DDR_SDRAM_CFG_2[NUM_PR], some number of rows are refreshed in each DDR SDRAM physical bank
during each refresh cycle. The value for REFINT depends on the specific SDRAMs used and the interface
clock frequency. Refreshes are not issued when the REFINT is set to all Os.

16-17 — Reserved

18-31 |BSTOPRE |Precharge interval. Sets the duration (in memory bus clocks) that a page is retained after a DDR SDRAM
access. If BSTOPRE is zero, the DDR memory controller uses auto-precharge read and write commands
rather than operating in page mode. This is called global auto-precharge mode.
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10.4.1.13 DDR SDRAM Data Initialization (DDR_DATA_INIT)

The DDR SDRAM data initialiation register, shown iRigure 10-14 provides the value that is used to
initialize memory if DDR_SDRAM_CFG2[D_INIT] is set.

Offset 0x128 Access: Read/Write
0 | | | | | | | 3
R
INIT_VALUE
"
Reset All zeros

Figure 10-14. DDR SDRAM Data Initialization Configuration Register (DDR_DATA_INIT)

Table 10-19describes the DDR_DATA _INIT fields.
Table 10-19. DDR_DATA_INIT Field Descriptions

Bits Name Description

0-31 |INIT_VALUE [Initialization value. Represents the value that DRAM is initialized with if DDR_SDRAM_CFG2[D_INIT]
is set.

10.4.1.14 DDR SDRAM Clock Control (DDR_SDRAM_CLK_CNTL)

The DDR SDRAM clock control corgfuration register, shown Figure 10-15provides a 1/4-cycle clock
adjustment.

Offset 0x130 Access: Read/Write
0 4 s ar | | | | | 31
R
— CLK_ADJUST —
w
Resetoooo\oo1ooooo\oooo\oooo\oooo\oooo\oooo

Figure 10-15. DDR SDRAM Clock Control Configuration Register (DDR_SDRAM_CLK_CNTL)

Table 10-2(describes the DDR_SDRAM_CLK_CNTL fields.
Table 10-20. DDR_SDRAM_CLK_CNTL Field Descriptions

Bits Name Description

0-4 — Reserved

5-7 | CLK_ADJUST |Clock adjust.

000 Clock is launched aligned with address/command

001 Clock is launched 1/4 applied cycle after address/command
010 Clock is launched 1/2 applied cycle after address/command
011 Clock is launched 3/4 applied cycle after address/command
100 Clock is launched 1 applied cycle after address/command
101-111Reserved

8 — Reserved, should be cleared.

9-31 — Reserved
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10.4.1.15 DBDR Initialization Address (DDR_INIT_ADDR)

The DDR SDRAM initializatioraddress register, shownkigure 10-16provides the address that is used
for the automatic CA%o preamble calibration after POR.

Offset 0x148 Access: Read/Write

0 | | | | | 2
R INIT_ADDR
w
Reset All zeros

Figure 10-16. DDR Initialization Address Configuration Register (DDR_INIT_ADDR)
Table 10-21describes the DDR_INIT_ADDR fields.

Table 10-21. DDR_INIT_ADDR Field Descriptions

Bits Name Description

0-31 | INIT_ADDR |[Initialization address. Represents the address that is used for the automatic CAS to preamble calibration
at POR.

10.4.1.16 DDR IP Block Revision 1 (DDR_IP_REV1)

The DDR IP block revisin 1 register, shown fRigure 10-17 provides read-only fidks with the IP block
ID, along with major and mor revision information.

Offset OxBF8 Access: Read Only

0 ‘ ‘ ‘ 1516 ‘ 23|24 ‘ 31
R IP_ID IP_MJ IP_MN
W

Resetnlnnn‘nnnn‘nnnn‘nnnnnnnn‘nnnnnnnn‘nnnn

Figure 10-17. DDR IP Block Revision 1 (DDR_IP_REV1)
1 For reset values, see Table 10-22.

Table 10-2describes the DDR_IP_REV1 fields.
Table 10-22. DDR_IP_REV1 Field Descriptions

Bits | Name Description

0-15 | IP_ID [IP block ID. For the DDR controller, this value is 0x0002.

16-23 | IP_MJ | Major revision. This is currently set to 0x02.

24-31 | IP_MN | Minor revision. This is currently set to 0x01.
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10.4.1.17 DDR IP Block Revision 2 (DDR_IP_REV2)

The DDR IP block revisin 2 register, shown fRigure 10-18provides read-only fids with the IP block

integration and coiduration options.

Offset OXBFC Access: Read Only
0 ‘ 7|8 ‘ 15|16 ‘ 23|24 ‘ 31
R IP_INT IP_CFG
W _ _
Reset 0 0 O O‘O 0 0 O|n nnn‘nnnnoOOO‘OOOOnnnn‘nnnn

Figure 10-18. DDR IP Block Revision 2 (DDR_IP_REV2)

Table 10-23describes the DDR_IP_REV?2 fields.
Table 10-23. DDR_IP_REV2 Field Descriptions

Bits Name Description

0-7 — Reserved

8-15 | IP_INT |[IP block integration options. This is currently set to 0x0000.

16-23 — Reserved

24-31 | IP_CFG |[IP block configuration options. This is currently set to 0x82.

10.4.1.18 Memory Data Path Error Injection Mask High (DATA_ERR_INJECT_HI)

The memory data path error injextimask high register is shownkigure 10-19

Offset OXEOO Access: Read/Write
0 | | | | | | | a1
R
EIMH
W
Reset All zeros
Figure 10-19.
Table 10-24describes the DATA_ERR_INJECT _Hl fields.
Table 10-24.
Bits | Name Description

0-31 | EIMH |Error injection mask high data path. Used to test ECC by forcing errors on the high word of the data path.
Setting a bit causes the corresponding data path bit to be inverted on memory bus writes.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

10-30 Freescale Semiconductor



DDR Memory Controller

10.4.1.19 Memory Data Path Error Injection Mask Low (DATA_ERR_INJECT_LO)

The memory data path error injection mask low register is showigume 10-20

Offset OxE04 Access: Read/Write
0 | | | | | | | a1
R
EIML
"
Reset All zeros

Figure 10-20. Memory Data Path Error Injection Mask Low Register (DATA_ERR_INJECT_LO)

Table 10-25describes the DATA_ ERR_INJECT _LO fields.
Table 10-25. DATA_ERR_INJECT_LO Field Descriptions

Bits | Name Description

0-31 | EIML |Errorinjection mask low data path. Used to test ECC by forcing errors on the low word of the data path. Setting
a bit causes the corresponding data path bit to be inverted on memory bus writes.

10.4.1.20 Memory Data Path Error Injection Mask ECC (ERR_INJECT)

The memory data path error injection mask ECC register, shokigune 10-2] sets the ECC mask,
enables errors to be written to ECC memory, andvalilhe ECC byte to mirrdhe most significant data
byte.

Offset OXE08 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 21 22 23 |24 ‘ 31
R
— EMB | EIEN EEIM
w
Reset All zeros

Figure 10-21. Memory Data Path Error Injection Mask ECC Register (ERR_INJECT)

Table 10-26describes the ERR_INJECT fields.
Table 10-26. ERR_INJECT Field Descriptions

Bits | Name Description

0-21 — Reserved

22 EMB |ECC mirror byte
0 Mirror byte functionality disabled.
1 Mirror the most significant data path byte onto the ECC byte.

23 EIEN |[Error injection enable

0 Error injection disabled.

1 Errorinjection enabled. This applies to the data mask bits, the ECC mask bits, and the ECC mirror bit. Note
that error injection should not be enabled until the memory controller has been enabled through
DDR_SDRAM_CFG[MEM_EN].

24-31 | EEIM |ECC error injection mask. Setting a mask bit causes the corresponding ECC bit to be inverted on memory
bus writes.
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10.4.1.21 Memory Data Path Read Capture High (CAPTURE_DATA_HI)

The memory data path readotare high register, shown iigure 10-22 stores the high word of the read
data path during error capture.

Offset OxE20 Access: Read/Write
0 | | | | | | | 3
R
ECHD
W
Reset All zeros

Figure 10-22. Memory Data Path Read Capture High Register (CAPTURE_DATA_HI)

Table 10-27describes the CAPTURE_DATA_HI fields.
Table 10-27. CAPTURE_DATA_HI Field Descriptions

Bits | Name Description

0-31 | ECHD |Error capture high data path. Captures the high word of the data path when errors are detected.

10.4.1.22 Memory Data Path Read Capture Low (CAPTURE_DATA_LO)

The memory data path read tae low register, shown iRigure 10-23 stores the low word of the read
data path during error capture.

Offset OxE24 Access: Read/Write
0 | | | a1
R
ECLD
w
Reset All zeros

Figure 10-23. Memory Data Path Read Capture Low Register (CAPTURE_DATA_LO)

Table 10-28describes the CAPTURE_DATA_LO fields.
Table 10-28. CAPTURE_DATA_LO Field Descriptions

Bits | Name Description

0-31 | ECLD |Error capture low data path. Captures the low word of the data path when errors are detected.
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10.4.1.23 Memory Data Path Read Capture ECC (CAPTURE_ECC)

The memory data path read capture ECC register, shokigune 10-24 stores the ECC syndrome bits
that were on the data bus when an error was detected.

Offset OxE28 Access: Read/Write
0 | | | | | | | 5
R
ECE
W
Reset All zeros

Figure 10-24. Memory Data Path Read Capture ECC Register (CAPTURE_ECC)

Table 10-29describes the CAPTURE_ECC fields.
Table 10-29. CAPTURE_ECC Field Descriptions

Bits | Name Description

0-31 ECE [Reserved

» 0-7: 8-bit ECC for first 16 bits in 16-bit bus mode; should be ignored for 32-bit

» 8-15: 8-bit ECC for second 16 bits in 16-bit bus mode; 1st 32 bits in 32-bit bus mode
» 16-23: 8-hit ECC for third 16 bits in 16-bit bus mode; should be ignored for 32-bit

» 24-31: 8-bit ECC for fourth 16 bits in 16-bit bus mode; 2nd 32 bits in 32-bit bus mode

10.4.1.24 Memory Error Detect (ERR_DETECT)

The memory error detect register stores the tletebits for multiple memory errors, single- and
multiple-bit ECC errors, and memory select errorgs # read/write registeA bit can be cleared by
writing a one to the bit. System software catedaine the type of memory error by examining the
contents of this register. If an error is disabhth ERR_DISABLE, the corresponding error is never
detected or captured in ERR_DETECT.

ERR_DETECT is shown iRigure 10-25

Offset OXE40 Access: wlc
0 1 ‘ ‘ ‘ ‘ 23 | 24 25 27| 28 29 30 31
R|MME ACE MBE | SBE MSE
W/ wic o wic|  [wic|wic| [wic
Reset All zeros

Figure 10-25. Memory Error Detect Register (ERR_DETECT)

Table 10-30describes the ERR_DETECT fields.
Table 10-30. ERR_DETECT Field Descriptions

Bits | Name Description

0 MME |Multiple memory errors. This bit is cleared by software writing a 1.
0 Multiple memory errors of the same type were not detected.
1 Multiple memory errors of the same type were detected.

1-23 — Reserved
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Table 10-30. ERR_DETECT Field Descriptions (continued)

Bits | Name Description

24 ACE |Automatic calibration error. This bit is cleared by software writing a 1.
0 An automatic calibration error has not been detected.
1 An automatic calibration error has been detected.

25-27 — Reserved

28 MBE |Multiple-bit error. This bit is cleared by software writing a 1.
0 A multiple-bit error has not been detected.
1 A multiple-bit error has been detected.

29 SBE |Single-bit ECC error. This bit is cleared by software writing a 1.
0 The number of single-bit ECC errors detected has not crossed the threshold set in ERR_SBE[SBET].
1 The number of single-bit ECC errors detected crossed the threshold set in ERR_SBE[SBET].

30 — Reserved

31 MSE [Memory select error. This bit is cleared by software writing a 1.
0 A memory select error has not been detected.
1 A memory select error has been detected.

10.4.1.25 Memory Error Disable (ERR_DISABLE)

The memory error disable register, showifrigure 10-26 allows selective disabling of the DDR
controller’s error detectioaircuitry. Disabled errorare not detected or reported.

Offset OxE44 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 23 24 25 27| 28 29 30 31
R
W — ACED — MBED |SBED |—|MSED
Reset All zeros

Figure 10-26. Memory Error Disable Register (ERR_DISABLE)

Table 10-31describes the ERR_DISABLE fields.
Table 10-31. ERR_DISABLE Field Descriptions

Bits | Name Description

0-23 — Reserved

24 ACED |Automatic calibration error disable
0 Automatic calibration errors are enabled.
1 Automatic calibration errors are disabled.

25-27 — Reserved

28 MBED |Multiple-bit ECC error disable

0 Multiple-bit ECC errors are detected if DDR_SDRAM_CFG[ECC_EN] is set. They are reported if
ERR_INT_EN[MBEE] is set.

1 Multiple-bit ECC errors are not detected or reported.

29 SBED |Single-bit ECC error disable
0 Single-bit ECC errors are enabled.
1 Single-bit ECC errors are disabled.
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Table 10-31. ERR_DISABLE Field Descriptions (continued)

Bits | Name Description

30 — Reserved

31 MSED [Memory select error disable
0 Memory select errors are enabled.
1 Memory select errors are disabled.

10.4.1.26 Memory Error Interrupt Enable (ERR_INT_EN)

The memory error interrupt enable register, showfignire 10-27 enables ECC interrupts or memory
select error interrupts. When an enadhlgerrupt condition occurs, the interivat signal is asserted to the
programmable interrugontroller (PIC).

Offset OXE48 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 23 24 25 27| 28 29 30 31
R
W — ACEE — MBEE |SBEE |—|MSEE
Reset All zeros

Figure 10-27. Memory Error Interrupt Enable Register (ERR_INT_EN)

Table 10-32escribes the ERR_INT_EN fields.
Table 10-32. ERR_INT_EN Field Descriptions

Bits | Name Description

0-23 — Reserved

24 ACEE |Automatic calibration error interrupt enable
0 Automatic calibration errors cannot generate interrupts.
1 Automatic calibration errors generate interrupts.

25-27 — Reserved

28 MBEE |Multiple-bit ECC error interrupt enable.
0 Multiple-bit ECC errors cannot generate interrupts.
1 Multiple-bit ECC errors generate interrupts.

29 SBEE |Single-bit ECC error interrupt enable
0 Single-bit ECC errors cannot generate interrupts.
1 Single-bit ECC errors generate interrupts.

30 — Reserved

31 MSEE |Memory select error interrupt enable
0 Memory select errors do not cause interrupts.
1 Memory select errors generate interrupts.
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10.4.1.27 Memory Error Attributes Capture (CAPTURE_ATTRIBUTEYS)

The memory error attributespture register, shown kigure 10-28 sets attributes for errors including
type, size, source, and others.

Offset OXE4C Access: Read/Write

0 1 3|4 5 7.8 10 11‘ 15(16 17 18 19|20 ‘ ‘ 30 31
R
wli™ BNUM |[— TSIZ — TSRC — |TTYP — VLD
Reset All zeros

Figure 10-28. Memory Error Attributes Capture Register (CAPTURE_ATTRIBUTES)

Table 10-33describes the CAPTURE_ATTRIBUTES fields.
Table 10-33. CAPTURE_ATTRIBUTES Field Descriptions

Name Description

Reserved

1-3 | BNUM |Data beat number. Captures the doubleword number for the detected error. Relevant only for ECC errors.

Reserved

5-7 TSIZ |Transaction size for the error. Captures the transaction size in double words.
000 4 double words

001 1 double word

010 2 double words

011 3 double words

Others Reserved

8-10 — Reserved

11-15 | TSRC |Transaction source for the error

00000
00001
00010

e300 core data transaction
Reserved

e300 core instruction fetch
00011 Reserved

00100 eTSEC1

00101-01000 Reserved
010011%C (boot sequencer)
01010JTAG

01011Reserved
01100eSDHC
01101-11100 Reserved
11101PCI Express
11110 Reserved

11111 DMA

16-17

Reserved

18-19

TTYP

Transaction type for the error.
00 Reserved

01 Write

10 Read

11 Read-modify-write

20-30

Reserved

31

VLD

Valid. Set as soon as valid information is captured in the error capture registers.
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10.4.1.28 Memory Error Address Capture (CAPTURE_ADDRESS)

The memory error address tae register, shown iigure 10-29holds the 32 Isbs of a transaction when
a DDR ECC error is detected.

Offset OXE50 Access: Read/Write
0 | | | | | | | 3
R
CADDR
W
Reset All zeros

Figure 10-29. Memory Error Address Capture Register (CAPTURE_ADDRESS)

Table 10-34describes the CAPTURE_ADDRESS fields.
Table 10-34. CAPTURE_ADDRESS Field Descriptions

Bits | Name Description

0-31 |CADDR|Captured address. Captures the 32 Isbs of the transaction address when an error is detected.

10.4.1.29 Single-Bit ECC Memory Error Management (ERR_SBE)

The single-bit ECC memory erroranagement register, showrfHigure 10-30stores the threshold value
for reporting single-bit errors and thamber of single-bit errg counted since the last error report. When
the counter field reaches the threshold, it wraps batleteset value J0If necessary, software must clear
the counter after it has managed the error.

Offset OXE58 Access: Read/Write
0 ‘ 718 ‘ 15 | 16 23|24 31
R
— SBET — SBEC
w
Reset All zeros

Figure 10-30. Single-Bit ECC Memory Error Management Register (ERR_SBE)

Table 10-3=describes the ERR_SBE fields.
Table 10-35. ERR_SBE Field Descriptions

Bits | Name Description

0-7 — Reserved

8-15 | SBET [Single-bit error threshold. Establishes the number of single-bit errors that must be detected before an error
condition is reported. As a special case, setting this to zero means error threshold is set to 256.

16-23 — Reserved

24-31 | SBEC |Single-bit error counter. Indicates the number of single-bit errors detected and corrected since the last error
report. If single-bit error reporting is enabled, an error is reported and an interrupt is generated when this value
equals SBET. SBEC is automatically cleared when the threshold value is reached.
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10.5 Functional Description

The DDR SDRAM controller controls processor ar@ iiteractions with syetn memory. It provides
support for JEDEC-compliant DDR2 SDRAM. The meaynsystem allows a wide range of memory
devices to be mapped amy arbitrary chip select, and suppsrprovided for registered DIMMs and
unbuffered DIMMs. However, registered DN#4 cannot be mixed with unbuffered DIMMs.

Figure 10-1is a high-level block diagraof the DDR memory controlleRequests are received from the
internal mastering device and the address is dedodgzherate the physidadnk, logical bank, row, and
column addresses. The transactiocampared with values in the row open table to determine if the
address maps to an open page. If the transactiadenap to an open page, an active command is
issued.

The memory interface supportsraany as two physical b&s of 16-/24-/32-/4®it wide memory. Bank
sizes up to 512 Mbytes are supported, providing uprtaximum of 1 Gbytes of DDR main memory.

Programmable parameters allow &ovariety of memory organitzans and timings. Optional error
checking and correcting (ECC) pegtion is provided for the DDR SDRAM data bus. Using ECC, the
DDR memory controller detects andrrects all single-bit errors withthe 32-bit data bus, detects all
double-bit errors within the 32-bit davais, and detects all errors witl@mibble. The contiter allows as
many as 16 pages to be open simultaneously. Thermtof time (in clock cycles) the pages remain open
is programmable with DDR_SDRAM_INTERVAL[BSTOPRE].
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DDR SDRAM
Request from Address Row Address Memory Array

Master Decode (1?;;2 ™| control i>—> MA[13:_O]
Address from MBA[2:0]

Master

Y

Debug Signals

MSRCID[0:4]
MDVAL

DDR SDRAM
Memory Control
MCS[0:1]
_| SDRAM MCAS
MRAS
MWE
MDMI[O0:3]
MDM[8]
EN MCKE
Data Strobes
<> MDQSJ[0:3]
MDQSJ[8]

CSB >
< Control

Delay Chain

POS
FIFO
I

Data Signals
Data from «—DQ ¥
SDRAM NEG | / ~—> MDQI0:15]
EIEO MECC[0:7]
EN
DQ | Clocks
SDRAM >—> MCK[0:1]
Control
>_> MCK[0:1]

Data from >
Master

Figure 10-31. DDR Memory Controller Block Diagram

Read and write accesses to menamg/ burst oriented; accesses staa s¢lected location and continue
for a programmed number of higher locations (4 programmed sequence. Accesses to closed pages
start with the registration of an ACTIVE coranmd followed by a READr WRITE. (Accessing open
pages does not require an ACTIVE command.) Theeadduits registered caiadent with the activate
command specifies the logical bamidarow to be accessed. The addisacident with the READ or
WRITE command specify the logical bankdastarting column for the burst access.

The data interface is source syraiwus, meaning whatever sourcesdhta also provides a clocking

signal to synchronize data reception. These bideal data strobes (MDQS[0:3] and MDQS[8]) are
inputs to the controller duringads and outputs duringites. The DDR SDRAMspecification requires
the data strobe signals to be cerdexghin the data tenumuring writes and to beffset by the controller

to the center of the data tenure dgrreads. This delay is implementedhe controller for both reads and
writes.

When ECC is enabled, 1 clock cy@deadded to the read path to ch&<CC and correct single-bit errors.
ECC generation does not addyale to the write path.
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The address and command interface is alsace@aynchronous, although8ldycle adjustments are
provided for adjusting the clock alignment.

Figure 10-32hows an example DDR SDRAM cagdiration with four logical banks.

Data Bus
A
T Y
|Data-Out Registers| | Data-In Registers |
SDRAM
MUX, MASK,
Read Data Latch
o A A A
ADDR ~ Y Y Y
COMMAND: o
MCS, MRAS, MCAS, MWE Logical | | Logical | | Logical | | Logical
Bank O | |Bank1| |Bank2 | | Bank 3
DQM > Control
BAL,BAO > T A A A
CKE, MCK, MCK >

Figure 10-32. Typical Dual Data Rate SDRAM Internal Organization

Figure 10-33hows some typical signal connections.

64M x 1 Byte
512 Mbit

ADDR —¢ 5l A[12:0] DQ[7:0] le——> DATA

— 2 > :
BANK ADDR BA[1:0]

. DATA
MRAS ————— > DQS [«——— sTROBE

MCAS > Command
MWE ————>| | Bus

MCS ——— > —

DM ——— > Write Enable
CKE ——— > —
MCK — %> CKJ[0:1]
MCK ——2c—»{ |

Figure 10-33. Typical DDR SDRAM Interface Signals

Figure 10-34shows an example DDR SDRAddnfiguration with two physicddanks each comprised of
four 8M u8 DDR modules for a total of 64 Mbytes of srstmemory. One of the nine modules is used
for the memory’s ECC checking function. Certaddress and control lines may require buffering.
Analysis of the device’s AC timg specifications, desired memory cgterg frequency, capacitive loads,
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and board routing loads can asHistsystem designer in deciding saghbuffering requirements. The DDR
memory controller drives 14 addepins, but in this exnple the DDR SDRAM devices use only 12 bits.

MDQS[0:3]
Ml()g([QOS:E)S]] q Memory Data Bus and Strobes -
MD 31 >
ECC[0:7] d
MA[13:0] > |
MBA[2:0] >
MRAS >
__ To all SDRAM
MCAS > Devices in
MWE > [ Common
MCKE >
MCK][0:1] >
MCK][0:1] >
r————-=- - — — = — — — — T - —-——-—"—"— - — — 1
MCSJ[0:1] T T P
I 8M 8 SDRAM | 8M B SDRAM |
| A[11:0] i | A[11:0] i I
BA[1:0] i BA[1:0] i
: RAS  MDQs [H[l-MDQSIOl : RAS  mpQs [1]-MERS(0l :
A CAS .
: We oo [HImooo:] | WE  DQUrio) |HH—MRQIT] |
DDR CKE MDQI[8:15] CKE MDQI[8:15]
| CK MDQ[16:23] I CK MDQ[16:23] I
Controller CKR = -
I 51¢cs MDQ[24:31] I o |CS _MDQ[24:31] | |
| ~ LDM MDOQS[3] | . LDM MDQSI3] I
1 Towm 11 |pm
I i DM I g— DM I
I DM I ~— DM I
| | |
| | |
| | |
MDM[0:3], [— | >
MDMI[8] | Bank 0 | Bank 1 I
| 8M 18 SDRAM | 8M 18 SDRAM |
I A[11:0] I A[11:0] I
| BA[1:0] MOS8 | BA[1:0] MDOS(E |
|z wees| et |1 e woos | voese
il . : ~- . :
: We Do) |—E<cld - | we  DQo] [—ECClOl - |
CKE CKE
| CK | CK |
cs cs
I 8! pm | 8 [ om I
L -  — — = — — e — = L - L e e e e e = d

Two Banks of 8M ul6 (32 Mbytes each)

1. All signals are connected in common (in parallel) except for MCS[0:1], MCKJ0:1], MCK][0:1], MDM[0:3], MDM[8],
and the data bus signals.

2. Each of the MCS[0:1] signals correspond with a separate physical bank of memory.

3. Buffering may be needed if large memory arrays are used.

Figure 10-34. Example 64-Mbyte DDR SDRAM Configuration With ECC
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For information on how the DDR2 memargntroller handis errors, seBection 10.5.12, “Error
Management.”

10.5.1 DDR SDRAM Interface Operation

The DDR memory controller supports many diffier DDR SDRAM configuattions. SDRAMSs with
different sizes can be used in #ane system. Fourteen multiplexeldigess signals and three logical bank
select signals support devicendgties from 64 Mbits to Bbits. Two chip select (QSignals support two
banks of DIMM of memory. The DDR SDRAM physil banks can be built from standard memory
modules or directly-attached mematgvices. The data path to indivial physical banks is 32 bits wide,
40 bits with ECC. The DDR mempcontroller supports physicbbnk sizes from 16 Mbytes to

512 Mbytes. The physical bankan be constructed using, uL6, or LB2 memory devices. The memory
technologies supported a&8é Mbits, 128 Mbits, 256 Mbits, 512 Mbitand 1 Gbit. Some 2-Gbit devices
are supported depending on the inted®lice configuration. Four datmalifier (DQM) signals provide
byte selection for memory accesses.

NOTE

An 8-bit DDR SDRAM device hasQM signal and eight data signals
(DQI0:7]). A 16-bit DDR SDRAM dewie has two DQM signals associated
with specific halves of the 16 @asignals (DQ[0:7] and DQ[8:15]).

When ECC is enabled, all memaagcesses are perforchen double-word boundarié¢that is, all DQM
signals are set simultaneously). However, whef Edisabled, the memory system uses the DQM
signals for byte lane selection.

Table 10-36hows the DDR memory controller’s retatships between data byte lane0-3, MDM]JO0:3],
MDQS[0:3], and MDQ[0:31] when DR SDRAM memories are used witl8 or uL6 devices.

Table 10-36. Byte Lane to Data Relationship

Data Byte Lane | Data Bus Mask | Data Bus Strobe Data Bus
0 (MSB) MDM][0] MDQS[0] MDQI0:7]

1 MDM[1] MDQS[1] MDQ[8:15]

2 MDM[2] MDQS[2] MDQ[16:23]

3 MDM[3] MDQS[3] MDQ[24:31]

10.5.1.1 Supported DDR SDRAM Organizations

Although the DDR memory controllenultiplexes row and column adsls bits onto 14 memory address
signals and 3 logical bank selsggnals, a physical bank may beplemented with memory devices
requiring fewer than 30 address bitse physical bank may be configarto provide from 12 to 14 row
address bits, plus 2 to 3 logical bank-seldts and from 8—11 column address bits.

Table 10-37describe DDR SDRAM deviceonfigurations supported bydlDDR memory controller.

NOTE
DDR SDRAM is limited to30 total address bits.
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Table 10-37. Supported DDR2 SDRAM Device Configurations

SDRAM Device | Device Configuration Rovgaun(lt(ollalijtr:n Y| 32-Bit Bank Size | Two Banks of Memory
256 Mbits 32 Mbits u8 13 ul0 u2 128 Mbytes 256 Mbytes
256 Mbits 16 Mbits ul6 13 u9 u2 64 Mbytes 128 Mbytes
512 Mbits 64 Mbits u8 14 ul0 u2 256 Mbytes 512 Mbytes
512 Mbits 32 Mbits ul6 13 ul0 u2 128 Mbytes 256 Mbytes
1 Gbits 128 Mbits u8 14 ul0 u3 512 Mbytes 1 Ghyte
1 Gbits 64 Mbits ul6 13 ul0 u3 256 Mbytes 512 Mbytes
2 Ghits 128 Mbits ul6 14 ul0 u3 512 Mbytes 1 Gbytes

If a transaction request is issuedhe DDR memory controller andetladdress does not lie within any of
the programmed address ranges for an enabled dbgi,sememory select enrts flagged. Errors are
described in detail i®ection 10.5.12, “Error Management.”

Using a memory-polling algorithm apbwer-on reset or by queryingetdEDEC serial presence detect
capability of memory modules, stgm firmware uses the memdrgundary registers to configure the
DDR memory controller to map the size of each bankemory. The memory controller uses its bank
map to assert the appropriate MCssgnal for memory accesses accogdio the provided bank starting
and ending addresses. The memumagks are not required to be magpe a contiguous address space.

10.5.2 DDR SDRAM Address Multiplexing

The following tablesTable 10-38andTable 10-39 show the address bit encodings for each DDR
SDRAM configuration. Th address presented at the memory ctetrsignals MA[13:0] use MA[13] as
the msb and MAJ[0] as the Isb. Also, MA[10] is useglthe auto-precharge bit in DDR2 modes for reads
and writes, so the colummldress can never use MA[10].

Table 10-38. DDR2 Address Multiplexing for 32-Bit Data Bus with Interleaving and Partial Array Self Refresh

Disabled
Row msb Address from Core Master Isb
cgl 0 |1]|2|3|4|5|6|7]|8|9|10[11]|12|13|14|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29|30-31
14 u [MRAS 13(12|11|10{ 9|8 |7|6|5|4|3|2|1]|0
10 U3 A 2]1]0
MCAS 9(8|7|6|5|4|3|2|1]|0
14 u|MRAS 13|12|11|10(9|8|7|6|5[4|3|2|1|0
10 u2 A 1|0
MCAS 9(8|7|6|5|4|3|2|1]|0
13 u|MRAS 12|11|10|9|8|7|6|5|4|3|2|1|0
10 U3 A 2|10
MCAS 9(8|7|6|5|4]3|2|1]0
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Table 10-38. DDR2 Address Multiplexing for 32-Bit Data Bus with Interleaving and Partial Array Self Refresh
Disabled

Row msb Address from Core Master Isb
u
Col

13 u
10 u2

BOEEECEEED
Y EECBOEDEOEEED
Bg

Table 10-39. DDR2 Address Multiplexing for 16-Bit Data Bus (with Interleaving Disabled)

Row msb Address from Core Master Isb

9]8]7[6]5]4]3]2]1]0

1312[12j10]0 8] 76 [543 ]2] 10
0]
9]8]7[6]5]4]3]2]1]0

i2]iijio]o]s|7]6]s]4]3]2]1]0)
2

1

28] 7]e]s]4[3]2]1]0

i2)itjwo]o]8]7]6]s 4]3]2]1]0
0]
28] 7]e]s]4[3]2]1]0

2110l 8 ]7[6]s]4[3]2]1]0]
0]

Chip select interleaving is supported foe tnemory controller, and is programmed in
DDR_SDRAM_CFG[BA_INTLV_CTL]. Interleaving isiugpported between chigelects 0 and 1. When
interleaving is enabled, the chipeets being interleaved must use $hene size of memory. One extra bit
in the address decode is used for the inteimgato determine which chip select to access.
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Table 10-40llustrates examples of address decatien interleaving between two chip selects.

Table 10-40. Example of Address Multiplexing for -Bit Data Bus Interleaving between
Two Banks with Partial Array Self Refresh Disabled

14 ulO|MRAS 13(12(11{10{9 (8| 7|6|5|4[3|2|1|0
u3 CS
MBA SEL 2 |10
MCAS 9(8|7|6(5|4|3|2|1]|0
14 ulO|MRAS 13|12|11{10/9 |8 |76 |5(4|3|2|1| O
u2 CS
MBA SEL 1|0
MCAS 918(7|6|5(4(3|2(1|0
13 ul0|MRAS 12|11|10|/9|8|7|6|5|4|3|2|1]|0
u3 CS
MBA SEL 2 |1]0
MCAS 9|18(7|6|5(4(3|2|1]0
13 ul0|MRAS 12f11|10|{9|8|7|6|5|4|3|2|1| O
u2 CS
MBA SEL 1|0
MCAS 9|18|7|6|5|4[3|2]|1]0

10.5.3 JEDEC Standard DDR SDRAM Interface Commands

The following section describes themmands and timingsetcontroller uses when operating in DDR2
mode.

All read or write accesses to [RBEDRAM are performed by the DDRemory controller using JEDEC

standard DDR SDRAM interface commands. ThdR8M device samples cormand and address inputs
on rising edges of the memory clodgta is sampled using both th&mg and falling edges of DQS. Data
read from the DDR SDRAM is stb sampled on both edges of DQS.

The following DDR SDRAM interfae commands (summarizedTiable 10-4) are provided by the DDR
controller. All actions for these commands are dbed from the perspectvof the SDRAM device.

* Row activate
Latches row address and initiataemory read of that row. Row data is latched in SDRAM sense
amplifiers and must be resear by a precharge command before another row activate occurs.

* Precharge
Restores data from therse amplifiers to the appropriate row. Also initializes the sense amplifiers
in preparation for reading another row i tinemory array (performing another activate
command). Precharge must occuenfead or write, if the roddress changes on the next open
page mode access.

* Read

Latches column addressdtransfers data frometselected sense amplifie the output buffer as
determined by the column address. During eacheseding clock edge, additional data is driven
without additional read commandshe amount of data transferredlstermined byhe burst size
which defaults to 4.
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Write

Latches column address and transfers data froméatzepins to the selett sense amplifier as
determined by the column address. During eaateeding clock edge, additional data is
transferred to the sense amplifiers from thia giéns without additinal write commands. The
amount of data transferred is deténed by the data masks and buest size, which is set to four
by the DDR memory controller.

» Refresh (similar to MCA®efore MRAS

Causes a row to be read in all logical baf#DEC SDRAM) as deterimed by the refresh row
address counter. This refresh raddress counter is internalttee SDRAM. After being read, the
row is automatically rewritten in the memory arral.logical banks mudbe in a precharged state
before executing a refresh. The memory contralleo supports posted refreshes, where several
refreshes may be executed at once,thadefresh interval may be extended.

* Mode register set (for configuration)

Allows setting of DDR SDRAM ojons. These options are: MCA&ency, additive latency, write
recovery, burst type, and burst length. MClag&ncy may be chosen povided by the preferred
SDRAM (some SDRAMs provide MCARtency {1,2,3}, some provide MCAlatency
{1,2,3,4,5}, and so on). Burst type is always seqia¢. Although some SDRAMSs provide burst
lengths of 1, 2, 4, 8, and pageesithis memory controller supp®@ burst length of 4. For DDR2
in 32-bit bus mode, all 32-byte buestcesses from the platform ait into two 16-byte (that is,
4-beat) accesses to the SDRAMs in the memongroller. The mode gister set command is
performed by the DDR memory cooller during system itialization. Parameters such as mode
register data, MCA&tency, burst length, and butgpe, are set by software in
DDR_SDRAM_MODE[SDMODE] and transferred toe SDRAM array by the DDR memory
controller after DDR_SDRAM_CFG[MEM_EN] iset. If DDR_SDRAM_CFG|BI] is set to
bypass the automatic initialization, then the MOf@gisters can be cogiired through software
through use of the DDR_SDRAM_MD_CNTL register.

» Self refresh (for long periods of standby)

Used when the device is in stby for very long periods of timA&utomatically generates internal
refresh cycles to keep the datall memory banks refreshdglefore execution of this command,
the DDR controller places all logal banks in a precharged state.

Table 10-41. DDR SDRAM Command Table

Operation CKE | CKE MCS | MRAS | MCAS | MWE MBA MA10 MA
Prev. | Current

Activate H H L L H H Logical bank select Row Row
Precharge select H H L L H L Logical bank select L X
logical bank
Precharge all logical H H L L H L X H X
banks
Read H H L H L H Logical bank select L Column
Read with H H L H L H Logical bank select H Column
auto-precharge
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Table 10-41. DDR SDRAM Command Table (continued)

Operation CKE CKE MCS | MRAS | MCAS | MWE MBA MA10 MA
Prev. | Current

Write H H L H L L Logical bank select L Column
Write with H H L H L L Logical bank select H Column
auto-precharge
Mode register set H H L L L L Opcode Opcode | Opcode and mode
Auto refresh H H L L L H X X X
Self refresh H L L L L H X X X

10.5.4 DDR SDRAM Interface Timing

The DDR memory controller supports four-beatdtsito SDRAM. For single-beat reads, the DDR
memory controller performs a fouedt burst read, but ignoréee last three beatSingle-beat writes are
performed by masking the last three beats of thelfeat burst using the data mask MDM[0:3]. If ECC
is disabled, writes smaller than double words aréop@ed by appropriately actiting the data mask. If

ECC is enabled, the controllperforms a read-modify write.

NOTE

If a second read or waetis pending, reads shorter than four beats are not
terminated early even if some data is irrelevant.

To accommodate available memaoeghnologies across a wide spantrof operating frequencies, the
DDR memory controller allows thetsiag of the intervals defined ifable 10-42wvith granularity of one
memory clock cycle, except for CASLAT, whichan be programmed withi2 clock granularity.

Table 10-42. DDR SDRAM Interface Timing Intervals

Timing Intervals Definition
ACTTOACT The number of clock cycles from a bank-activate command until another bank-activate command within
a physical bank. This interval is listed in the AC specifications of the SDRAM as trrp.
ACTTOPRE The number of clock cycles from an activate command until a precharge command is allowed. This
interval is listed in the AC specifications of the SDRAM as tgas.

ACTTORW The number of clock cycles from an activate command until a read or write command is allowed. This
interval is listed in the AC specifications of the SDRAM as trcp.

BSTOPRE The number of clock cycles to maintain a page open after an access. The page open duration counter
is reloaded with BSTOPRE each time the page is accessed (including page hits). When the counter
expires, the open page is closed with an SDRAM precharge bank command as soon as possible.

CASLAT Used in conjunction with additive latency to obtain the READ latency. The number of clock cycles
between the registration of a READ command by the SDRAM and the availability of the first piece of
output data. If a READ command is registered at clock edge N, and the read latency is M clocks, the
data is available nominally coincident with clock edge n + m.

PRETOACT The number of clock cycles from a precharge command until an activate or a refresh command is
allowed. This interval is listed in the AC specifications of the SDRAM as tgrp
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assume the CLK_ADJUST is set to 1/2 DRAM cycleadditive latency of 0 DRAM cycles is used, and
the write latency is 1 DRAM cycle.

0 1 2 3 4 5 6 7 8 9 10 11 12

SDRAMClock | [ [ L[ LI LT LI L L L

MCsS N /T N/ N\

| AcTTORW | ' '
MRAS | | | — ~
MCAS _/
MAn YRow XcoLY coL ‘ |
NN EEEE
MWE J: ‘ ! < CASLAT ;: ‘ : . | ‘
MDQn :@ po)p1)D2Yb3} ‘ :
woes | |l e L

Figure 10-35. DDR SDRAM Burst Read Timing—ACTTORW = 3, MCAS Latency = 2

0 1 2 3 4 5 6 7 8 9 10 11 12

SDRAM Clock | | | | | | | | | } | | | |
mes N/ N/ TN
| ACTTORW | ; } ; ' PRECHARGE ; ; }

s N e T
MCAS J} _%_ 3 ‘ L\.NR‘REC‘EI PF:QETIOAICT o |

1 : : 1 1 ‘ h | O | C T 1

MAn X row coL | Xa10=0% row X
v /0 I N U A R O R VAV A B O
MDQn I
MDQS |

MDMI0:7]

Figure 10-36. DDR SDRAM Single-Beat (Double Word) Write Timing—ACTTOR
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sora ek | 17 LT ML LT LL L
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MRAS | | | |
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we DT e

MDQI[0:63]

MDQS

MDMI[0:7]

0
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Figure 10-37. DDR SDRAM Single-Beat (Double Word) Write Timing—ACTTORW = 3

10.5.4.1 Clock Distribution

The following list discusses rewonendations for clock distribution.

* If running with many devices, zedelay PLL clock buffers, JEDEJESD82 standard, should be
used. These buffers weresitgned for DDR applications.

» PCB traces for DDR clock signals should be stalipn the same layer, and of equal length and
loading.

DDR SDRAM manufacturers providietailed information on PCByaut and termination issues.

A[13:0], BA[2:0], MRAS, MCAS, MWE, CKE
cs[o] ' Cs[1]

Y . Y
MCK][0], MCK[0] — DDOR | 21071 DQSIO], DM(O]

>| —— MCK][1], MCK[1]

DQ[8:15], DQS[1], DM[1]

DQ[16:23], DQS[2], DM[2]

ot

DQ[24:31], DQSI[3], DM[3]

A

Y

ae B e I S

Figure 10-38. DDR SDRAM Clock Distribution Example for 8 DDR SDRAMs
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10.5.5 DDR SDRAM Mode-Set Command Timing

The DDR memory controller transfers the mode regisét commands to the BBM array, and it uses
the setting of TIMING_CFG_O[MRS_CYC] fahe Mode Register Set cycle time.

Figure 10-3%hows the timing of the mode-set commanaek flitst transfer cogsponds to the ESDMODE
code; the second corresponds to SDIBE. The Mode Register Set cytime is set to 2 DRAM cycles.

0 1 2 3 4 5 6 7 8 9 10 11 12

SDRAM Clock mmﬂﬂmm_mﬂmﬂmmj

MCAS

MAnR XCode X CodeY

MBARN X Ox4 X 0x0

MWE\:/

MDQn

MDQS

Figure 10-39. DDR SDRAM Mode-Set Command Timing

10.5.6 DDR SDRAM Registered DIMM Mode

To reduce loading, registered DIMNégch the DDR SDRAM control signailsternally before using them
to access the array. Setting DOBFDRAM_CFG[RD_EN] compensates for this delay on the DIMMS’
control bus by delaying the data and data mages (on SDRAM buses) by an extra SDRAM clock
cycle.
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Figure 10-40shows the registered DDR SDRIREDIMM single-beat write timing.
0 1 2 3 4 5 6 7 8 9 10 11 12

SDRAM Clock Imﬂmmﬂmmﬂmmu_

MCS \_ ; \ | ‘
' ACTTORW '

IS

MRAS

MCAS J
MAn XROW
MWE J

MDQn

MDQS

MDM[]

/
‘ ‘ ‘ ‘ ‘ ! T ‘
Figure 10-40. Registered DDR SDRAM DIMM Burst Write Timing

10.5.7 DDR SDRAM Write Timing Adjustments

The DDR memory controller facilitates system dadiexibility by providing a write timing adjustment
parameter, write data delay, (TIMING_CFZBWR_DATA DELAY]) for data and DQS. The DDR
SDRAM specification requires DQS be receivedsnoner than 75% of an SDRAM clock period—and
no later than 125% of a clock period—from the ceptuclock edge of the command/address at the
SDRAM. TIMING_CFG_2[WR_DATA DELAY] specifiehow much to delay thlaunching of DQS and
data from the first clock edge occurring one SINMR&lock cycle after the command is launched. The
delay increment step sizes arelid SDRAM clock periods stang with the default value of 0.
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Figure 10-41shows the use of the WR_DATA DELAY parameter.
0 1 2 3 4 5 6 7 8 9 10 11 12
SDRAM Clock muj_mmmmmmmmmmu—
vcs / ‘ ‘ i 1 | 1 1 1 1 1 1

ACTTORW

A

MRAS
wcas [
MAn >(wa ‘ ‘ B e XC(SLX ‘
e

MDQn DoD1)D2)D3YD0XD1YD2YD3

MDQS 1/4 Delay

MDMn

MDQn

MDQS 1/2 Delay

MDMn

N

Figure 10-41. Write Timing Adjustments Example for Write Latency = 1

10.5.8 DDR SDRAM Refresh

The DDR memory controller supports auto-refrestt self-refresh. Auto refresh is used during normal
operation and is cordlled by the DDR_SDRAM_INTERAL[REFINT] value; selfrefresh is used only
when the DDR memory controller is set to entstep power managemenatst. The REFINT value,
which represents the number of meynbus clock cycles lt@een refresh cycles, rauallow for possible
outstanding transactions to complieé&fore a refresh requastsent to the memory after the REFINT value
is reached. If a memory transaction is in progressnvithe refresh interval is reached, the refresh cycle
waits for the transaction to complebe the worst case, the refresh &mwoiust wait the number of bus clock
cycles required by the longesbgrammed access. To ensure thatlatency caused by a memory
transaction does not violate thevabe refresh period, it is recomm#ed that the programmed value of
REFINT be less than that required by the SDRAM.

When a refresh cycle is required, the ®Bhemory controller does the following:

1. Completes all current memory requests.

2. Closes all open pages with a PRECHARGH-Aommand to each DDR SDRAM bank with an
open page (as indicatbg the row open table).

3. Issues one or more auto-relre®mmands to each DDR SDRAANk (as identified by its chip
select) to refresh one row in eadgical bank of the selected physical bank.
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The auto-refresh commands are staggered across the two possible banks to reduce the system’s
instantaneous power requirementstehsets of auto refresh commaads issued on consecutive cycles
when the memory is populated with one DIMM#$e initial PRECHARGE-ALL commands are also
staggered in three groups for conwsge. It is important to note thahen entering serefresh mode,
only one refresh command is issuad@itaneously to all physical bankor this entire refresh sequence,
no cycle optimization occurs for the usual case wheaverféhan two banks arestalled. After the refresh
sequence completes, any pending memory requiestiagded after an inactive period specified by
TIMING_CFG_1 [REFREC] and MING_CFG_3[EXT_REFREC]. Imddition, posted refreshes are
supported to allow the refresh intahto be set to a larger value.

10.5.8.1 DDR SDRAM Refresh Timing

Refresh timing for the DDR SDRAM is conlied by the programmable timing parameter
TIMING_CFG_1 [REFREC], which spés the number of memory baock cycles from the refresh
command until a logical Ink activate command is allowed. The RInemory controller implements
bank staggering for refsbes, as shown Figure 10-42TIMING_CFG_1 [REFREC] = 10 in this
example).

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

SDRAM Clock umj_mmm_u_l_mﬂ_l_l_mﬂ_'_u_ur

MCKE |
O T D I O I O O O A
meso \ | ST T T WY
MeS() \_J | | REI;REC ‘ |
was \ LT
MCAS \ | ‘ ‘ | : ‘ : | | ‘ | | |
MAN — ey
Lo

[ T I D D D R
Figure 10-42. DDR SDRAM Bank Staggered Auto Refresh Timing

System software is responlglfor optimal configuratioof TIMING_CFG_1 [REFREC] and
TIMING_CFG_3[EXT_REFREC] at reset. Configuion must be completed before DDR SDRAM
accesses are attempted.

10.5.8.2 DDR SDRAM Refresh and Power-Saving Modes

In full-on mode, the DDR memory controller supplies normal auto refresh to SDRAM. In sleep mode,
the DDR memory controller can be configured teetadvantage of self-refleimg SDRAMS or to provide
no refresh support. Self-refresh support is ertaieh the SREN memory control parameter.
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Table 10-43ummarizes the refresh types available in each power-saving mode.
Table 10-43. DDR SDRAM Power-Saving Modes Refresh Configuration

Power Saving Mode | Refresh Type SREN

Sleep Self 1

None —

Note that in the absence of retiesipport, system softmamust preserve DD8DRAM data (such as by
copying the data to disk) before entering the power-saving mode.

The dynamic power-saving mode uses the CKE [HIDIRAM pin to dynamically power down when there
is no system memory activity. €1CKE pin is negated when bothtbe following conditions are met:

* No memory refreshes are scheduled

* No memory accesses are scheduled

CKE is reasserted whemaw access or refreghscheduled or the dynamic pemamode is disabled. This
mode is controlled witbDR_SDRAM_CFG[DYN_PWR_MGMT].

Dynamic power management mode offers tight m@dmf the memory system’s power consumption by
trading power for performance through the us€KE. Powering up the DDR SDRAM when a new
memory reference is scheduled sesian access latency pinalepending on whethactive or precharge
powerdown is used, along withe settings of TIMINGCFG_O[ACT_PD_EXIT] and
TIMING_CFG_O[PRE_PD_EXIT]. A periy of 1 cycle is shown ifrigure 10-43

Mem Bus Clock | | | | | l |
CKE _V\ \ \ \ '\, | \/_V—V_
\
COMMAND :|XNOPX ‘ ‘ Q‘ l ‘X NOP|X ACT X

Figure 10-43. DDR SDRAM Power-Down Mode
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10.5.8.2.1 Self-Refresh in Sleep Mode
The entry and exit timing for setéfreshing SDRAMs is shown figure 10-44andFigure 10-45

0 1 2 3 4 5 6 7 8 9 10 11 12

soramClock | [ [ [T LI LI LI LT L L L
s
MRAS |/ u
McAs /| | N\
MAnN
MWE J ‘ . ‘
MDOnN ! (HiF]h Imp;)edanc;e)
MDQS ——— — .
Figure 10-44. DDR SDRAM Self-Refresh Entry Timing
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MCAS | /] N .
MAnN | :
MWE _/ '\‘
MDQnN (H?gh ImF)edan(?e) \
MDQS : N 1
A | A

200 Cycles
Figure 10-45. DDR SDRAM Self-Refresh Exit Timing

10.5.9 DDR Data Beat Ordering

Transfers to and from memory are always perfarmeour-beat bursts (four beats = 16 bytes when a
32-bit bus is used). For transfer szgher than four beats, the datnsfers are still operated as four-beat
bursts. If ECC is enableghd either the accessnot doubleword ajined or the size isot a multiple of a
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doubleword, a full read-modify-write {gerformed for a write to SDRAME ECC is disabled or both the
access is doubleword aligned wélsize that is a multiple of a doubleword, the data masks (MDM[0:4]
for 32-bit bus) can be used to prevent the ngitf unwanted data to SDRAM. The DDR memory
controller also uses data maskptevent all unintendefdill double words fronwriting to SDRAM. For
example, if a write transaction is desired withze $f one word (4 bytes), then the second, third, and
fourth beats of data are not writttenDRAM (assuming a 32-bit data bus).

Table 10-44ists the data beat sequamgito and from the DDR SDRANMd the data queues for each of
the possible transfer sizes wihch of the possibkarting double-word offsets. All underlined
double-word offsets are kd for the transaction.

Table 10-44. Memory Controller—-Data Beat Ordering

Double-Word Sequence? to/from

Transfer Size Starting Double-Word Offset DRAM and Queues

1 double word

[ T T
= O WN K
[ T T

2 double words

=
1
N

' '
N [@RCVRN \V] P OWN
' [ T T T

N
[OV)

o
'
=

3 double words

= O NPFPO| WNEFE O
o

'

o w = O Ww NP OW

=
'

N
'

W

1 All underlined and bolded Double-word offsets are valid for the transaction.

10.5.10 Page Mode and Logical Bank Retention

The DDR memory controller supports an open/clgssge mode with an allowable open page for each
logical bank of DRAM usedn closed page moder DDR SDRAMSs, the DDR mmory controller uses
the SDRAM auto-precharge feature, which allowsatwetroller to indicate that the page must be
automatically closed by the DDR SDRAM after READ or WRITE access. This is performed using
MA[10] of the address durintpe COMMAND phase of the access to enable auto-precharge.
Auto-precharge is non-persistent in that it is eiv@abled or disabled feach individual READ or
WRITE command. It can, however, be enabledisabled separately for each chip select.

When the DDR memory controller operates in opegepaode, it retains the currently active SDRAM
page by not issuing a prechargentoand. The page remains opens wni of the following conditions
OCCUrs:

* Refresh interval is met.
* The user-programmable DDR_SDRAM_INTERVAL[BSTOPRE] value is exceeded.
* There is a logical bank row collision wigmother transaction that must be issued.
Page mode can dramatically reduce access lagefaipage hits. Depending on the memory system

design and timing parameteusing page mode can save two t@éhclock cycles for subsequent burst
accesses that hit in an active padjso, better performanazan be obtained using more banks, especially
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in systems which use many different chdanBage mode is skbled by clearing
DDR_SDRAM_INTERVAL[BSTCPRE] or setting C& CONFIG[AP nEN].

10.5.11 Error Checking and Correcting (ECC)

The DDR memory controller suppoesor checking and correcting (ECfo)y the data path between the
core master and system memory. The memory deddiadouble-bit errors, deates all multi-bit errors

within a nibble, and corrects all simgbit errors. Other errors may fetected, but are not guaranteed to
be corrected or detected. Multighé errors are always reported whemor reporting is enabled. When a
single-bit error occurs, the single-bitror counter register is incremented, and its value compared to the
single-bit error trigger register. Agrror is reported when these veduare equal. The single-bit error
registers can be programdisuch that minor memory faults a@rected and ignored, but a catastrophic
memory failure generates an interrupt.

For writes that are smaller th&d bits, the DDR memory controlleerforms a double-word read from
system memory of the address for the write (checkingriors), and merges the write data with the data
read from memory. Then, a new ECC code is geeerfar the merged double word. The data and ECC
code is then written to memory. If a multi-bit erre@detected on the read, the transaction completes the
read-modify-write to keep the DDiRemory controller fronmanging. However, the owpt data is masked

on the write, so the original contents in SDRAM remain unchanged.

The syndrome encodings foretliECC code are shown Tiable 10-45andTable 10-46

In 32-bit mode;Table 10-45s split into 2 halves. The first half, consisting of rows 0-31, is used to
calculate the ECC bifsr the first 32 data bits @ny 64-bit granule of data. Balways applies to the odd
data beats on the DDR data bus. Téwoad half of the tablepnsisting of rows 32—68 used to calculate
the ECC bits for the second 32 bitsaofy 64-bit granule of da. This always applide the even data beats
on the DDR data bus.

Table 10-45. DDR SDRAM ECC Syndrome Encoding

Data Syndrome Bit Data Syndrome Bit

Bit ol1]|2|3[4|5]6]7 Bit lol1]|2|3[4|5]6]7
0 ¢ ° 32 ¢

1 33 ¢

2 34 ¢ ¢

3 35 * *

4 o | . . 36 o | . .

5 ¢ 37 ¢

6 ¢ 38 ° ¢

7 ¢ 39 ¢ ¢

8 . . 40 .« | . .
9 . . . a1 . . .
10 42 ° ¢ ° ¢
11 43 ‘ ¢ ° ¢
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Table 10-45. DDR SDRAM ECC Syndrome Encoding (continued)

Data Syndrome Bit Data Syndrome Bit
Bit 1 o|1]2|3|4|5]|6]|7 Bit 1o|1|2|3|4|5]|6]|7
12 .« | o | e e 44 . | o | e
13 . . e | o [ 45 . o | e | o | o
14 . . o | o [ 46 . . o« | o [ .
15 . N N 47 . | N
16 . | . . 48 . .« |
17 . . . 49 . .« |
18 . . . 50 . .« | .
19 .« | . . 51 . .« | .
20 . | . 52 . . .
21 . . . 53 . . .
22 . o« | 54 . . .
23 .« | . | . . 55 . . .
24 . | . . 56 . . | .
25 . . . 57 . . | .
26 . . . 58 . . | .
27 .« | . o | 59 . . | .
28 .« | e | o [ 60 o« | .
29 . . e | e [ 61 . o« | . | .
30 . N N 62 . o« | . |
31 .« | o | o [ 63 o | e . | .

Table 10-46. DDR SDRAM ECC Syndrome Encoding (Check Bits)

Check Syndrome Bit

Bt 1o l1|2|3|a|[5]|6]7
0 .

1 .

2 .

3 .

4 .

5 .

6 .

7 .
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10.5.12 Error Management

The DDR memory controller detects four differenids of errors: training, sgle-bit, multi-bit, and
memory select errors. The following discussion as=siall the relevant emrdetection, correction, and
reporting functions are enabled as describeskiction 10.4.1.26, “Memory Error Interrupt Enable
(ERR_INT_EN),”Section 10.4.1.25, “Memory Err@is able (ERR_DISABLE),andSection 10.4.1.24,
“Memory Error Detect (ERR_DETECT).”

Multi-bit errors can generate an MCP while singlegoibrs generate a normatenrupt to the e300 core.
Single-bit errors are counteddreported based on the ERR_SBE value. When a single-bit error is
detected, the DDR memory controller does the following:

» Corrects the data

* Increments the single-karror counter ERR_SBE[SBEC]

» Generates a critical interruiitthe counter value ERR_SB&EBEC] equals the programmable
threshold ERR_SBE[SBET]

» Completes the transaction normally

If a multi-bit error is detected for a read, the DBRRmMory controller logs the error and generates the
interrupt (if enabled, as describedSaction 10.4.1.25, “Memory Error Dis able (ERR_DISABLE)”
Another error the DDR memory coalier detects is a memory set error, which causes the DDR
memory controller to log the error and genegateitical interrupt (if enabled, as described in

Section 10.4.1.24, “Memory Err@etect (ERR_DETECTY): This error is deteetl if the address from
the memory request does not fall into anyhaf enabled, programmed clsplect address ranges.

Table 10-47shows the errors with their sieriptions. The final error the mmry controller detects is the
automatic calibration error. This error is set if themoey controller detects agrror during its training
sequence.

Table 10-47. Memory Controller Errors

Error Descriptions Action Detect Register
Single-bit ECC | The number of ECC errors has reached the The errorisreported | The error control
threshold threshold specified in the ERR_SBE. through interrupt if | register only logs

. . X - enabled. read versus write
Multi-bit ECC A multi-bit ECC error is detected during a read, or

error read-modify-write memory operation.

Memory select | Read, or write, address does not fall within the
error address range of any of the memory banks.

10.6 Initialization/Application Information

System software must configure the DDR memoryrodiet, using a memory plang algorithm at system
start-up, to correctly map the size of each bank imamg. Then, the DDR memory controller uses its bank
map to assert the appropriate MCsgnal for memory accesses accogdio the provided bank depths.
System software must also capfre the DDR memory controller system start-up to appropriately
multiplex the row and column address bits fattebank. Refer to row-address configuration in

Section 10.4.1.2, “Chip Selecbo@figuration (CSn_CONFIG) Address multiplexing occurs according to
these configuration bits.
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At system reset, initialization software (boot cpdwrist set up the programmable parameters in the
memory interface corduration registers. Segection 10.4.1, “Register Description$t more detailed

descriptions of the corguration registers. Thegarameters are shownTable 10-48

Table 10-48. Memory Interface Configuration Register Initialization Parameters

Name Description Parameter Section/page
CSn_BNDS Chip select memory bounds SAn 10.4.1.1/10-1
EAN 1
CSn_CONFIG Chip select configuration CS_n_EN BA BITS_ CS n |10.4.1.2/10-1
AP_n_EN ROW_BITS_CS_n 1
ODT_RD_CFG COL_BITS_CS_n
ODT_WR_CFG
TIMING_CFG_3 Extended timing parameters for fields EXT_REFREC 10.4.1.3/10-1
in TIMING_CFG_1 3
TIMING_CFG_0 Timing configuration RWT ACT_PD_EXIT 10.4.1.4/10-1
WRT PRE_PD_EXIT 4
RRT ODT_PD_EXIT
WWT MRS_CYC
TIMING_CFG_1 Timing configuration PRETOACT REFREC 10.4.1.5/10-1
ACTTOPRE WRREC 6
ACTTORW ACTTOACT
CASLAT WRTORD
TIMING_CFG_2 Timing configuration ADD_LAT WR_DATA_DELAY | 10.4.1.6/10-1
CPO CKE_PLS 8
WR_LAT FOUR_ACT
RD_TO_PRE
DDR_SDRAM_CFG Control configuration SREN NCAP 10.4.1.7/10-1
RD_EN 2T_EN 9
SDRAM_TYPE BA_INTLV_CTL
DYN_PWR HSE
DBW BI
DDR_SDRAM_CFG_2 Control configuration DLL_RST_DIS NUM_PR 10.4.1.8/10-2
DQS_CFG D_INIT 2
ODT_CFG
DDR_SDRAM_MODE Mode configuration ESDMODE 10.4.1.9/10-2
SDMODE 3
DDR_SDRAM_MODE_2 |Mode configuration ESDMODE?2 10.4.1.10/10-
ESDMODE3 24
DDR_SDRAM_INTERVAL |Interval configuration REFINT 10.4.1.12/10-
BSTOPRE 27
DDR_DATA_INIT Data initialization configuration INIT_VALUE 10.4.1.13/10-
register 28
DDR_SDRAM_CLK_CNTL |Clock adjust CLK_ADJUST 10.4.1.14/10-
28
DDR_INIT_ADDR Initialization address INIT_ADDR 10.4.1.15/10-
29
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10.6.1 DDR SDRAM Initialization Sequence

After configuration of all parametersé®mplete, system software must set
DDR_SDRAM_CFG[MEM_EN] to enable ¢hmemory interface. Note that 20® must elapse after
DRAM clocks are stable (DDRORAM_CLK _CNTL[CLK_ADJUST] isset and any chip select is
enabled) before MEM_EN can be set, so a delay Io the initialization code may be necessary if
software is enabling the memory controlleDDR_SDRAM_CFGIBI] is not set, the DDR memory
controller conducts an automatitialization sequence to the memory, which follows the memory
specifications. If the bypadgsitialization mode is used, then ss@fire can initialize the memory through
the DDR_SDRAM_MD_CNTL register.
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Chapter 11
Enhanced Local Bus Controller

This chapter describes the enhanced local bus cant(ellBC) block. It describes the external signals
and the memory-mapped registers as well as difunat description of thgeneral-purpose chip-select
machine (GPCM), NAND Flash control machine (FCB)d user-programmableathines (UPMSs) of the
eLBC. Finally, it includes an initialization angalications information s#ion with many specific
examples of its use.

11.1 Introduction

Figure 11-1is a functional block diagram of the eLBC, iaslinsupports three intextes: GPCM, FCM, and
UPM controllers.

LCS[0:3]
LBCTL
¢ UPM CTRL
- y Confi LGPLO/LFCLE
imers/ |« onfig >
> [ UPM | | UPM LGPLULFALE
Counters Regs CTRL M RAM H—> g LGPL2/LOE/LFRE
= LGPL3/LFWP
Refresh =5 LGPL4/LUPWAIT
efres FeM [[Fem L] Lol §€ ey | LOELS
Memory CTRL||RAM || 7 n 2 [0:1]
Banks and Local > 58 FCM CTRL
Compare —> Memory ‘g‘
Controller GPCM “ 3 —
’ © LFWE
LFRE
f ) i o
Clock LFRB
Divider GPCM CTRL
Y Y LOE
Local Address - > LGTA
@ x - > LWE[0:1]
82 Address and
e 9:’8 ~_Local Data | DataMachine | - 3[16 25]
£Eg [T > < > :
(Transfer Acknowledge LALE
= LDVAL
— B, . LSRCID[0:4]
§§ LAD[0:15]
< LCLK[0:1]

Figure 11-1. Enhanced Local Bus Controller Block Diagram
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11.1.1 Overview

The main component of the eLBCitis memory controller, which pwides a seamless interface to many
types of memory devices and pdrerals. The memory cantler is responsibléor controlling four
memory banks shared by a GPCM, an FCM, and tipréee UPMs. As such, supports a minimal glue
logic interface to SRAM, EPROM, NOR FlaBiEPROM, NAND Flash EEPROM, burstable RAM,
regular DRAM devices, extended dataput DRAM devicesand other peripherals. The external address
latch signal (LALE) allowsnultiplexing of addressesith data signals to redutiee device pin count. The
eLBC also includes a number of data checking aneption features such asite protection, and a bus
monitor to ensure that each bus cycleersninated within a user-specified period.

11.1.2 Features

The eLBC main features are as follows:
» Memory controller with four memory banks
— 32-bit address decoding with mask

— Variable memory block size64Kbytes to 2 Gbytes in FCM mod#g2 Kbytes to 64 Mbytes in
GPCM and UPM modes)

— Selection of control signg@eneration on a per-bank basis
— Data buffer controls actated on a per-bank basis

— Automatic segmentation of large transactiorie memory accesses optimized for bus width
and addressing capability

— Wirite-protection capability
* General-purpose chip-select machine (GPCM)
— Compatible with SRAM, EPROMIOR Flash EEPROM, and peripherals
— Global (boot) chip-select ailable at system reset
— Boot chip-select support for 8- and 16-bit devices
— Minimum three-clock accego external devices
— Two byte-write-enable signals (LWE&E1])
— Output enable signal (LQE
— External access termination signal (LGTA
* NAND Flash control machine (FCM)

— Compatible with sm&(512 + 16 bytes) and large (2048 +I6¢tes) page parallel NAND Flash
EEPROM

— Global (boot) chip-select avable at system reset, with 4-Kbyte boot block buffer for
execute-in-place boot loading

— Boot chip-select support for 8-bit devices

— Dual 2-Kbyte/eight 512-byte buffers allow simanteous data transfduring flash reads and
programming

— Interrupt-driven block trasfer for reads and writes

— Programmable command and data transéguences of up to eight steps supported
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— Generic command and address regssupport proprieta flash interfaces
— Block write locking to ensure system security and integrity
* Three user-programmable machines (UPMs)

— Programmable-array-based machine controlgeatsignal timing with a granularity of up to
one quarter of an external bus clock period

— User-specified control-signal patterns run whennternal master requests a single-beat or
burst read or write access.

— UPM refresh timer runs a esspecified control signalattern to support refresh
— User-specified control-signal pattarcan be initiated by software

— Each UPM can be defined to support DRAlVices with depths of 64, 128, 256, and 512
Kbytes, and 1, 2, 4, 8, 16, 32, 64, 128, and 256 Mbytes

— Support for 8- and 16-bit devices
— Page mode support for successive transfers within a burst

— Internal address multiplexirsppporting 64-, 128-, 256and 512-Kbyte, ant, 2-, 4-, 8-, 16-,
32-, 64-, 128-, and 256-Mbyte page banks

» Optional monitoring of transfers tyegeen local bus internal mastersd local bus slaves (local bus
error reporting on interrupt and status registers)

» Different machines (FCM/GPCM/UPM) share tiddress, data, and control signals. While the
eLBC is servicing a transaction, subsequent #retiens are queued until the current transaction
has completed.

11.1.3 Modes of Operation

The eLBC provides one GPCM, one FCM, and ttwe&s for the local bus, with no restriction on how
many of the four banks (chip seleatan be programmed tperate with any givemachine. The internal
transaction address is lirad to 32 bits, so all chigelects must fall withithe 4-Gbyte window addressed
by the internal transaction address. When a memangaction is dispatched to the eLBC, the internal
transaction address is compared with the esklimformation of each bank (chip select). The
corresponding machine assigriedhat bank (GPCM, FCMyr UPM) then takes awership of the external
signals that control the access and maintains contribtlb@transaction ends. Thus, with the eLBC in
GPCM or FCM, or UPM mode, only omé the four chip selects is actiat any time for the duration of
the transaction except in the case of UPM refrvesére all UPM machines thate enabled for refresh
have concurrent chigelect assertion.

11.1.3.1 eLBC Bus Clock and Clock Ratios

The eLBC supports ratios of 2, 4, and 8 between sterfanternal (CSB) clocknd slower external bus
clock (LCLK[O:1]). This ratio is softwarprogrammable through tledock ratio register
(LCRR[CLKDIV]). This ratio affects the resolution of signal ting shifts in GPCM and FCM modes and
the interpretation of UPM array words in UPM modiee bus clock is driven identically onto pins,
LCLK][O0:1], to allow the clock load to be sharegually across a set of signats, thereby enhancing the
edge rates of the bus clock.
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11.1.3.2 Source ID Debug Mode

The eLBC provides the ID of a treaction source on exterr@gvice pins. Wherhbse pins are selected,
the 5-bit internal ID of the currétransaction source appears on LSBf014] whenevewralid address or
data is available on the eLBC extalpins. The reserved value of Oxi#hich indicates invalid address
or data, appears on the source IBspat all other times. The combiiwat of a valid sowe ID (any value
except 0x1F) and the value of ext@raddress latch enable (LALBN data valid (LDVAL) facilitate
capturing useful debug data as follows:

» Ifavalid source ID is detectexh LSRCID[0:4] and LALE is assed, a valid full 26-bit address
may be latched from LAD[0:15nd combined with LA[16:25].

» Ifavalid source ID is detected on LSRCID[Oafld LDVAL is asserted, valid data may be latched
from LAD.

The LSRCID[0:4] and LDVAL signals are multiplexedth other functions sharing the same external
pins. Refer taChapter 3, “Signal Descriptions,” and Cheqp4, “Reset, Clocking, and Initializatiortd
learn how to enable the LSRCID/LDVAL pins.

11.2 External Signal Descriptions

Table 11-1contains a list of externalgials related to the eLBC and summarizes their function.The table
also shows the reset state of all exéé signals duringssertion of HRESEFor more information on the
use of some of these signals as reset configuratgnals on the device, see “Power on Reset Flow.”

Table 11-1. Signal Properties—Summary

Alternate s No. of Reset State
Name Function(s) Mode Descriptions Signals /0 (Outputs)
LALE — — External address latch enable 1 (0] Reset_cfg
LCS[0:3] — — Chip selects 0-3 4 (0] Reset_cfg
LWEO/ LWEO GPCM Write enable 0 1 ) Reset_cfg
LFWE/ —— -
iBS0 LFWE FCM Write enable 1
LBSO UPM Byte (lane) select 0 1
LWE1/ LWE GPCM Write enable 1 1 (0] Reset_cfg
LBS1 ——
LBS UPM Byte (lane) select 1 1
LGPLO/ LGPLO UPM General purpose line 0 1 (0] Reset_cfg
LFCLE
LFCLE FCM Flash command latch enable 1 —
LGPLY/ LGPL1 UPM General purpose line 1 1 (0] Reset_cfg
LFALE
LFALE FCM Flash address latch enable 1 —
LOE/ LOE GPCM Output enable 1 (0] —
LGPL2/ ——
LFRE LFRE FCM Flash read enable 1 —
LGPL2 UPM General purpose line 2 1 —
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Table 11-1. Signal Properties—Summary (continued)

Enhanced Local Bus Controller

Name Fﬁ:(f':ir(])?]t(es ) Mode Descriptions S’\ilgﬁglfs /0 R(eosl:attpittz;;e
LGPL3/ LGPL3 UPM General purpose line 3 1 (0] Reset_cfg
LEWP LFWP FCM Flash write protect 1 —
LGTA/ LGTA GPCM Transaction termination 1 I High-Z
LLC';:PRLBL{/ LFRB FCM Flash ready/busy, open-drain shared pin 1 I —
LUPWAIT LGPL4 UPM General purpose line 4 1 (0] —
LUPWAIT UPM External device wait 1 | —
LGPL5 — UPM General purpose line 5 1 (0] Reset_cfg
LBCTL — — Data buffer control 1 o —
LA[16:25] — — Non-multiplexed address bus 10 (0] —
LADJ[0:15] — — Multiplexed address/data bus 16 I/1O —
LCLK[0:1] — — Local bus clocks 2 (0] —
LDVAL — eLBC debug |Local bus data valid 1 (0] —
LSRCID[0:4] — eLBC debug |Local bus source ID 5 (0] —

Table 11-2shows the detailed external signal descriptions for the eLBC.

Table 11-2. Enhanced Local Bus Controller Detailed Signal Descriptions

Signal I/O Description
LALE O |External address latch enable. The local bus memory controller provides control for an external address
latch, which allows address and data to be multiplexed on the device pins.
State | Asserted/Negated—LALE is asserted with the address at the beginning of each memory
Meaning controller transaction. The number of cycles for which it is asserted is governed by the
ORN[EAD] and LCRR[EADC] fields. Note that no other control signals are asserted
during the assertion of LALE.
LCSJ[0:3] O | Chip selects. Four chip selects are provided that are mutually exclusive.

State
Meaning

ORO.

Asserted/Negated—Used to enable specific memory devices or peripherals connected to the
eLBC. LCSJ0:3] are provided on a per-bank basis with LCSO corresponding to the chip
select for memory bank 0, which has the memory type and attributes defined by BRO and
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11.3 Memory Map/Register Definition

Table 11-3shows the memory mapped registers of tHe@LUndefined 4-byte address spaces within
offset 0xOO0—OxFFF are reserved.

Table 11-3. Enhanced Local Bus Controller Registers

Enhanced Local Bus Controller—Block Base Address 0x0_5000
Offset Register Access Reset Section/Page
0x000 BRO—Base register 0 R/W 0x0000_nnnn 11.3.1.1/11-9
0x008 BR1—Base register 1 R/W All zeros 11.3.1.1/11-9
0x010 BR2—Base register 2 R/W All zeros 11.3.1.1/11-9
0x018 BR3—Base register 3 R/W All zeros 11.3.1.1/11-9
0x020 BR4—Base register 4 R/W All zeros 11.3.1.1/11-9
0x028 BR5—Base register 5 R/W All zeros 11.3.1.1/11-9
0x030 BR6—Base register 6 R/W All zeros 11.3.1.1/11-9
0x038 BR7—Base register 7 R/W All zeros 11.3.1.1/11-9
0x004 ORO—Options register 0 R/W 0x0000_OFF7 11.3.1.2/11-11
0x00C OR1—Options register 1 R/W All zeros 11.3.1.2/11-11
0x014 OR2—Options register 2 R/W All zeros 11.3.1.2/11-11
0x01C OR3—Options register 3 R/W All zeros 11.3.1.2/11-11
0x024 OR4—Options register 4 R/W All zeros 11.3.1.2/11-11
0x02C OR5—Options register 5 R/W All zeros 11.3.1.2/11-11
0x034 OR6—Options register 6 R/W All zeros 11.3.1.2/11-11
0x03C OR7—Options register 7 R/W All zeros 11.3.1.2/11-11
0x068 MAR—UPM address register R/W All zeros 11.3.1.3/11-19
0x06C Reserved — — —
0x070 MAMR—UPMA mode register R/W All zeros 11.3.1.4/11-20
0x074 MBMR—UPMB mode register R/W All zeros 11.3.1.4/11-20
0x078 MCMR—UPMC mode register R/W All zeros 11.3.1.4/11-20
0x07C-0x080 | Reserved — — —
0x084 MRTPR—Memory refresh timer prescaler register R/W All zeros 11.3.1.5/11-22
0x088 MDR—UPM/FCM data register R/W All zeros 11.3.1.6/11-22
0x08C Reserved — — —
0x090 LSOR—Special operation initiation register R/W All zeros 11.3.1.7/11-23
0x094-0x09C | Reserved — — —
0x0AO0 LURT—UPM refresh timer R/W All zeros 11.3.1.8/11-24
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Table 11-3. Enhanced Local Bus Controller Registers (continued)

Enhanced Local Bus Controller—Block Base Address 0x0_5000
Offset Register Access Reset Section/Page
0x0A4—0x0AC | Reserved — — —
0x0BO LTESR—Transfer error status register wlc All zeros 11.3.1.9/11-25
0x0B4 LTEDR—Transfer error disable register R/W All zeros 11.3.1.10/11-27
0x0B8 LTEIR—Transfer error interrupt register R/W All zeros 11.3.1.11/11-28
0x0BC LTEATR—Transfer error attributes register R/W All zeros 11.3.1.12/11-29
0x0CO0 LTEAR—Transfer error address register R/W All zeros 11.3.1.13/11-30
0x0C4— Reserved — — —
0xoCcC
0x0DO0 LBCR—Configuration register R/W 0x0004_0000 11.3.1.14/11-30
0x0D4 LCRR—Clock ratio register R/W 0x8000_0008 11.3.1.15/11-32
0x0D8-0x0DC | Reserved — — —
OxOEO FMR—Flash mode register R/W 0x0000_0n00 11.3.1.16/11-33
OxOE4 FIR—Flash instruction register R/W All zeros 11.3.1.17/11-34
OxOE8 FCR—Flash command register R/W All zeros 11.3.1.18/11-35
OxOEC FBAR—Flash block address register R/W All zeros 11.3.1.19/11-36
0x0FO0 FPAR—FIlash page address register R/W All zeros 11.3.1.20/11-36
O0xOF4 FBCR—Flash byte count register R/W All zeros 11.3.1.21/11-38
0xOF8-0x0OFC | Reserved — — —

11.3.1

This section provides a detailed description of thB@Iconfiguration, statusnd control registers with
detailed bit and &ld descriptions.

Register Descriptions

Address offsets in the eLBC address range that are not defifiatlen11-3should not be accessed for
reading or writing. Similarlypnly zero should be written to resendsts of defined registers, as writing
ones can have unpredictabésults in some cases.

Bits designated as write-otte-clear are cleared only by writing orteghem. Writing zess to them has
no effect.

11.3.1.1 Base Registers (BRO-BR3)

The base registers (BIR shown inFigure 11-2 contain the base addressd address types for each
memory bank. The memory controller uses this inftram to compare the address bus value with the
current address accessed. Each reg(sank) includes a memory d@tiite and selects the machine for
memory operation handling. Note tladtier system reset, BlV] is set, BR1[V]-BR3[V] are cleared, and
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the value of BRO[PS] reflects thditial port size configured by th@oot ROM location field of the reset
configuration word.

Offset BRO: 0x000 Access: Read/Write
BR1: 0x008
BR2: 0x010
BR3: 0x018
0 ‘ ‘ ‘ ‘16 17 18 19‘20 21 22 23 |24 26 2728 29 30 31
R
W BA — | ps |DECC|WP| MSEL |—| — |—|V
Resetoooo]oooo]oooo\oooo\ooop\soo 0/o oMolo o oW

1 BRO has its valid bit (V) set for RCWH[ROMLOC] = LBC. Thus bank 0 is valid with the port size (PS) configured from
RCWH[ROMLOC] as loaded during reset. M = 0 for MSEL of GPCM, 1 for MSEL of FCM at boot. All other base registers
have all bits cleared to zero during reset.

Figure 11-2. Base Registers (BRn)

Table 11-4describes BRfields.
Table 11-4. BRn Field Descriptions

Bits | Name Description

0-16 BA |Base address. The upper 17 bits of each base register are compared to the address on the address bus to
determine if the bus master is accessing a memory bank controlled by the memory controller. Used with the
address mask bits ORn[AM].

17-18 — Reserved

19-20 PS |Portsize. Specifies the port size of this memory region. For BRO, PS is configured from the boot ROM location
field in the reset configuration word as loaded during reset. For all other banks the value is reset to 00 (port
size not defined).

00 Reserved

01 8-bit (supported for GPCM, UPM, FCM)

10 16-bit (supported for GPCM, UPM)

11 Reserved

21-22 | DECC | Specifies the method for data error checking.

00 Data error checking disabled. No ECC generation for FCM.

01 ECC checking is enabled, but ECC generation is disabled, for FCM on full-page transfers.
10 ECC checking and generation are enabled for FCM on full-page transfers.

11 Reserved

23 WP | Write protect.

0 Read and write accesses are allowed.

1 Only read accesses are allowed. The memory controller does not assert LCSn on write cycles to this
memory bank. LTESR[WP] is set (if WP is set) if a write to this memory bank is attempted, and a local bus
error interrupt is generated (if enabled), terminating the cycle.
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Table 11-4. BRn Field Descriptions (continued)

Bits | Name Description

24-26 | MSEL | Machine select. Specifies the machine to use for handling memory operations.
000 GPCM (possible reset value)

001 FCM (possible reset value)

010 Reserved

011 Reserved

100 UPMA

101 UPMB

110 UPMC

111 Reserved

27 — Reserved

28-29 — Reserved

30 — Reserved

31 \% Valid bit. Indicates that the contents of the BRn and ORn pair are valid. LCSn does not assert unless V is set
(an access to a region that has no valid bit set may cause a bus time-out). After a system reset, only BRO[V]
is set.

0 This bank is invalid.

1 This bank is valid.

11.3.1.2 Option Registers (OR0-OR3)
The ORhregisters define the sizes of mambanks and access attributes. Then@Rribute bits support
the following three modes aiperation as defined by BRMSEL]:
* GPCM mode
* FCM mode
UPM mode
The ORh registers are interpreted differently dependingvbich of the three machine types is selected

for that bank. Because bank O carused to boot, the reset value@R0 may be different depending on
power-on configuration option$able 11-5shows the reset values for ORO.

Table 11-5. Reset value of OR0 Register

Boot Source ORO Reset Value
FCM (small page NAND Flash) 0000_03AE
FCM (large page NAND Flash) 0000_07AE
GPCM 0000_OFF7
eLBC not used as a boot source 0000_OF07

11.3.1.2.1 Address Mask

The address mask field thfe option registers (QfRAM]) masks up to 17 corresponding BfBA] fields.
The 15 LSBs of the 32-hihternal transaction address do natiipgate in bank address matching in
selecting a bank for access. Maskingl@ss bits independently allowgenal devices of different size
address ranges to be used. Addmask bits can be set or clearecgny order in the field, allowing a
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resource to reside in moreatihhone area of the address niggble 11-6shows memory bank sizes from
32 Kbytes to 4 Gbytes. Memory block sizes veiom 32 Kbytes to 4 Gbytes in FCM mode, and
32 Khytes to 64 Mbytegsy GPCM and UPM modes.

Table 11-6. Memory Bank Sizes in Relation to Address Mask

AM Memory Bank Size
0000_0000_0000_0000_0 4 Gbytes
1000_0000_0000_0000_0 2 Gbytes
1100_0000_0000_0000_0 1 Gbyte
1110_0000_0000_0000_0 512 Mbytes
1111_0000_0000_0000_0 256 Mbytes
1111_1000_0000_0000_0 128 Mbytes
1111_1100_0000_0000_0 64 Mbytes
1111 _1110_0000_0000_0 32 Mbytes
1111 1111 0000_0000_O 16 Mbytes
1111 1111 _1000_0000_O 8 Mbytes
1111 1111 _1100_0000_O 4 Mbytes
1111 1111 1110_0000_0 2 Mbytes
1111 1111 1111 0000_O 1 Mbyte
1111 1111 1111 1000 0 512 Kbytes
1111 1111 1111 1100 0 256 Kbytes
1111 1111 1111 1110 0 128 Kbytes
1111 1111 1111 1111 0 64 Kbytes
1111 1111 1111 1111 1 32 Kbytes

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

11-12 Freescale Semiconductor



Enhanced Local Bus Controller

11.3.1.2.2 Option Registers (ORN)—GPCM Mode
Figure 11-3shows the bit fields for ORwhen the corresponding BRMSEL] selects the GPCM machine.

Offset OR0: 0x004 Access: Read/Write

OR1: 0x00C
OR2: 0x014
OR3: 0x01C
0 15
R
AM
w
Reset All zeros
16 17 18 19 20 21 22 23 24 27 28 29 30 31
R
W AM — BCTLD|CSNT ACS XACS SCY SETA | TRLX | EHTR | EAD
Reset All zeros

1 Refer to Table 11-5 for the ORO reset value. All other option registers have all bits cleared.

Figure 11-3. Option Registers (ORn) in GPCM Mode

Table 11-7describes ORfields for GPCM mode.

Table 11-7. ORn—GPCM Field Descriptions

Bits | Name Description
0-16 AM | GPCM address mask. Masks corresponding BRn bits. Masking address bits independently allows external
devices of different size address ranges to be used. Address mask bits can be set or cleared in any order in
the field, allowing a resource to reside in more than one area of the address map.
0 Corresponding address bits are masked and therefore don’t care for address checking.
1 Corresponding address bits are used in the comparison between base and transaction addresses.
17-18 — Reserved
19 BCTLD | Buffer control disable. Disables assertion of LBCTL during access to the current memory bank.
0 LBCTL is asserted upon access to the current memory bank.
1 LBCTL is not asserted upon access to the current memory bank.
20 CSNT | Chip select negation time. Determines when LCSn and LWE are negated during an external memory write

access handled by the GPCM, provided that ACS z00 (when ACS = 00, only LWE is affected by the setting
of CSNT). This helps meet address/data hold times for slow memories and peripherals.

0 LCSn and LWE are negated normally.

1 LCSn and LWE are negated earlier depending on the value of LCRR[CLKDIV].

[CII_CP:(TDTV] CSNT Meaning

X 0 LCSn and LWE are negated normally.

2 1 LCSn and LWE are negated normally.
40r8 1 LCSn and LWE are negated one quarter bus clock cycle earlier.
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Table 11-7. ORn—GPCM Field Descriptions (continued)

Bits | Name Description

30 EHTR | Extended hold time on read accesses. Indicates with TRLX how many cycles are inserted between a read
access from the current bank and the next access.

TRLX EHTR Meaning
0 0 The memory controller generates normal timing. No additional
cycles are inserted.
0 1 1 idle clock cycle is inserted.
1 0 4 idle clock cycles are inserted.
1 1 8 idle clock cycles are inserted.
31 EAD | External address latch delay. Allow extra bus clock cycles when using external address latch (LALE).

0 No additional bus clock cycles (LALE asserted for one bus clock cycle only)

1 Extra bus clock cycles are added (LALE is asserted for the number of bus clock cycles specified by
LCRR[EADC]).

11.3.1.2.3 Option Registers (ORn)—FCM Mode
Figure 11-4shows the bit fields for OiRwhen the corresponding BRMSEL] selects the FCM machine.

Offset OR0: 0x004 OR4: 0x024 Access: Read/Write
OR1: 0x00C ORS5: 0x02C
OR2: 0x014 OR®6: 0x034
OR3: 0x01C OR7: 0x03C

0 15
R
AM
W
Reset All zeros
16 17 18 19 20 21 22 23 24 25 27 28 29 30 31
R
W AM — BCTLD| — PGS |CSCT| CST | CHT SCY RST TRLX | EHTR —
Reset All zeros

1 Refer to Table 11-5 for the ORO reset value. All other option registers have all bits cleared.

Figure 11-4. Option Registers (ORn) in FCM Mode
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Table 11-8describes ORfields for FCM mode.

Table 11-8. ORn—FCM Field Descriptions

Bits

Name

Description

0-16

AM

FCM address mask. Masks corresponding BRn bits. Masking address bits independently allows external
devices of different size address ranges to be used. Address mask bits can be set or cleared in any order
in the field, allowing a resource to reside in more than one area of the address map.

0 Corresponding address bits are masked.

1 Corresponding address bits are used in the comparison between base and transaction addresses.

17-18

Reserved

19

BCTLD

Buffer control disable. Disables assertion of LBCTL during access to the current memory bank.
0 LBCTL is asserted upon access to the current memory bank.
1 LBCTL is not asserted upon access to the current memory bank.

20

Reserved

21

PGS

NAND Flash EEPROM page size, buffer size, and block size.

0 Page size of 512 main area bytes plus 16 spare area bytes (small page devices);
FCM RAM buffers are 1 Kbyte each; Flash block size of 16 Kbytes.

1 Page size of 2048 main area bytes plus 64 spare area bytes (large page devices);
FCM RAM buffers are 4 Kbytes each; Flash block size of 128 Kbytes.

22

CSCT

Chip select to command time. Determines how far in advance LCSn is asserted prior to any bus activity
during a NAND Flash access handled by the FCM. This helps meet chip-select setup times for slow
memories.

TRLX | CSCT Meaning

0 The chip-select is asserted 1 clock cycle before any command.

The chip-select is asserted 4 clock cycles before any command.

0
0 1
1 0 The chip-select is asserted 2 clock cycles before any command.
1 1

The chip-select is asserted 8 clock cycles before any command.

23

CST

Command setup time. Determines the delay of LFWE assertion relative to the command, address, or data
change when the external memory access is handled by the FCM.

TRLX | CST Meaning

0 0 The write-enable is asserted coincident with any command.

0 1 The write-enable is asserted 0.25 clock cycles after any command, address, or
data.

1 0 The write-enable is asserted 0.5 clock cycles after any command, address, or
data.

1 1 The write-enable is asserted 1 clock cycle after any command, address, or data.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

11-16

Freescale Semiconductor






Enhanced Local Bus Controller

Table 11-8. ORn—FCM Field Descriptions (continued)

Bits Name Description
30 EHTR |Extended hold time on read accesses. Indicates with TRLX how many cycles are inserted between a read
access from the current bank and the next access.
TRLX | EHTR Meaning
0 0 1 idle clock cycle is inserted.
0 1 2 idle clock cycles are inserted.
1 0 4 idle clock cycles are inserted.
1 1 8 idle clock cycles are inserted.
31 — Reserved
11.3.1.2.4  Option Registers (ORn)—UPM Mode

Figure 11-5shows the bit fields for OiRwhen the corresponding BRMSEL] selects a UPM machine.

Offset OR0: 0x004 OR4: 0x024 Access: Read/Write

OR1: 0x00C ORS5: 0x02C
OR2: 0x014 ORG6: 0x034
OR3: 0x01C OR7: 0x03C

0 15
R
AM
w
Reset All zeros
16 17 18 19 20 22 23 24 28 29 30 31
R
W AM — BCTLD — BI — TRLX | EHTR | EAD
Reset All zeros

1 Refer to Table 11-5 for the ORO reset value. All other option registers have all bits cleared.

Figure 11-5. Option Registers (ORn) in UPM Mode

Table 11-9describes BRfields for UPM mode.

Table 11-9. ORn—UPM Field Descriptions

Bits | Name Description
0-16 AM | UPM address mask. Masks corresponding BRn bits. Masking address bits independently allows external
devices of different size address ranges to be used. Address mask bits can be set or cleared in any order in
the field, allowing a resource to reside in more than one area of the address map.
0 Corresponding address bits are masked.
1 The corresponding address bits are used in the comparison with address pins.
17-18 — Reserved
19 BCTLD | Buffer control disable. Disables assertion of LBCTL during access to the current memory bank.
0 LBCTL is asserted upon access to the current memory bank.
1 LBCTL is not asserted upon access to the current memory bank.
MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2
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Table 11-9. ORn—UPM Field Descriptions (continued)

Bits | Name Description
20-22 — Reserved
23 BI Burst inhibit. Indicates if this memory bank supports burst accesses.

0 The bank supports burst accesses.
1 The bank does not support burst accesses. The selected UPM executes burst accesses as a series of
single accesses.

24-28 — Reserved

29 TRLX | Timing relaxed. Works in conjunction with EHTR to extend hold time on read accesses.

30 EHTR | Extended hold time on read accesses. Indicates with TRLX how many cycles are inserted between a read
access from the current bank and the next access.

TRLX | EHTR Meaning

0 | The memory controller generates normal timing. No additional cycles are inserted.

1 idle clock cycle is inserted.

o

4 idle clock cycles are inserted.

PR, O O

A

8 idle clock cycles are inserted.

31 EAD |External address latch delay. Allow extra bus clock cycles when using external address latch (LALE).

0 No additional bus clock cycles (LALE asserted for one bus clock cycle only)

1 Extra bus clock cycles are added (LALE is asserted for the number of bus clock cycles specified by
LCRR[EADC]).

11.3.1.3 UPM Memory Address Register (MAR)
Figure 11-6shows the fields of the UPMemory address register (MAR).

Offset 0x068 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 31
R
A
W
Reset All zeros

Figure 11-6. UPM Memory Address Register (MAR)

Table 11-10describes the MARelds.
Table 11-10. MAR Field Descriptions

Bits | Name Description

0-31 A Address that can be output to the address signals under control of the AMX bits in the UPM RAM word.
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11.3.1.4 UPM Mode Registers (MxMR)

The UPM machine mode registers (MAMR, MBMR, and MCMR), showligiure 11-7 contain the
configuration for the three UPMs.

Offset MAMR: 0x070 Access: Read/Write
MBMR: 0x074
MCMR: 0x078
0 1 2 3 4 5 7 8 9 10 12 13 14 15
R
wl RFEN OoP UWPL AM DS GOCL GPL4 RLF
Reset All zeros
16 17 18 21 22 25 26 31
R
RLF WLF TLF MAD
w
Reset All zeros

Figure 11-7. UPM Mode Registers (MxMR)

Table 11-11describes UPMnode fields.

Table 11-11. MxMR Field Descriptions

Bits | Name Description
0 — |Reserved
1 RFEN | Refresh enable. Indicates that the UPM needs refresh services. This bit must be set for UPMA (refresh
executor) if refresh services are required on any UPM assigned chip selects. If MAMR[RFEN] = 0, no refresh
services can be provided, even if UPMB and/or UPMC have their RFEN bit set.
0 Refresh services are not required
1 Refresh services are required
2-3 OP | Command opcode. Determines the command executed by the UPMn when a memory access hits a UPM
assigned bank.
00 Normal operation
01 Write to UPM array. On the next memory access that hits a UPM assigned bank, write the contents of the
MDR into the RAM location pointed to by MAD. After the access, MAD is automatically incremented.
10 Read from UPM array. On the next memory access that hits a UPM assigned bank, read the contents of
the RAM location pointed to by MAD into the MDR. After the access, MAD is automatically incremented.
11 Run pattern. On the next memory access that hits a UPM assigned bank, run the pattern written in the
RAM array. The pattern run starts at the location pointed to by MAD and continues until the LAST bit is
set in the RAM word.
4 UWPL | LUPWAIT polarity active low. Sets the polarity of the LUPWAIT pin when in UPM mode.
0 LUPWAIT is active high.
1 LUPWAIT is active low.
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Table 11-11. MxMR Field Descriptions (continued)

Bits | Name Description

18-21 | WLF |Write loop field. Determines the number of times a loop defined in the UPMn will be executed for a burst- or
single-beat write pattern.

0000 16

0001 1

0010 2

0011 3

1110 14
1111 15

22-25 | TLF |Refresh loop field. Determines the number of times a loop defined in the UPMn will be executed for a refresh
service pattern.

0000 16

0001 1

0010 2

0011 3

1110 14
1111 15

26-31 | MAD |Machine address. RAM address pointer for the command executed. This field is incremented by 1, each time
the UPM is accessed and the OP field is set to WRITE or READ. Address range is 64 words per UPMn.

11.3.1.5 Memory Refresh Timer Prescaler Register (MRTPR)

The refresh timer prescalemgister (MRTPR), shown ifigure 11-8is used to divide the csbclock (or
twice csb_clk (if RCWL[LBCM] is set) tprovide the UPM refresh timers clock.

Offset 0x084 Access: Read/Write
0 | 78 | | | | | 2
R
PTP —
w
Reset All zeros

Figure 11-8. Memory Refresh Timer Prescaler Register (MRTPR)

Table 11-12describes MRTPRelds.
Table 11-12. MRTPR Field Descriptions

Bits | Name Description

0-7 PTP |Refresh timers prescaler. Determines the period of the refresh timers input clock. The csb clock (or twice
csb_clk (if RCWL[LBCM] is set) is divided by PTP except when the value is 00000_0000, which represents
the maximum divider of 256.

8-31 — Reserved

11.3.1.6 UPM/FCM Data Register (MDR)

The memory data register (MDR), showriigure 11-%ndFigure 11-10Qcontains data written to or read
from the RAM array for UPM read avrite commands. MDR also contaidata written to or read from
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an external NAND Flash BHEROM for FCM write addigs, write data, and reathtus commands. MDR
must be set up before issuing atescommand to the UPM, or be®issuing a FCM operation sequence
that uses MDR to sour@ldress or data bytes.

Offset 0x088 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 31
R
D
W
Reset All zeros

Figure 11-9. UPM Data Register in UPM Mode (MDR)

Offset 0x088 Access: Read/Write
0 718 15 | 16 ‘ 23|24 31
R
AS3 AS2 AS1 ASO
w
Reset All zeros

Figure 11-10. FCM Data Register in FCM Mode (MDR)

Table 11-13describes MDR[D].
Table 11-13. MDR Field Description

Bits | Name Description

0-31 D In UPM mode, D is the data to be read or written into the RAM array when a write or read command is
supplied to the UPM (MXMR[OP] = 01 or MXMR[OP] = 10).

0-7 AS3 |In FCM mode, AS3 is the fourth byte of address sent by a custom address write operation, or the fourth byte
of data read from a read status operation.

8-15 AS2 |In FCM mode, AS2 is the third byte of address sent by a custom address write operation, or the third byte of
data read from a read status operation.

16-23 | AS1 |In FCM mode, AS1 is the second byte of address sent by a custom address write operation, or the second
byte of data read from a read status operation.

24-31 | ASO |In FCM mode, ASOQ is the first byte of address sent by a custom address write operation, or the first byte of
data read from a read status operation.

11.3.1.7 Special Operation Initiation Register (LSOR)

The special operation initiation register (LSOR), showfigure 11-11is used by software to trigger a
special operation on the indicated bank. Writmd. SOR activates a special operation on bank
LSOR[BANK] provided that tk bank is valid and controlled by a mewnoontroller whos mode OP field

is set to a value other than “moal operation.” If eLBC is curremntlbusy with a memory transaction,
writing LSOR completes imediately, but the speciaperation request is quealientil eLBC can service
it. To avoid race conditions between software abdsy eLBC, registers thaffect currently running
special operation and LSOR must hetrewritten before a pending sp@a@peration has been completed.
The UPM and FCM have differemtdications of when such special operations are completed. The
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behavior of eLBC is unpredictablesipecial operation modes are altebetween LSOR being written and
the relevant memory controller completing that access.

UPM special operation modes are set in registeddR{OP], seeSection 11.3.1.4, “UPM Mode Registers
(MxMR).” FCM special operation mosl@re set in FMR[OP], s&ction 11.3.1.16, “Flash Mode
Register (FMR)."Writing LSOR has the samefett as setting a speciadmtroller mode and performing
a dummy access to a bank associated with the cantmoluestion, but use of LSOR avoids changing
settings for the addressasye occupied by the bank. Matetails of special opetian sequences appear in
Section 11.4.4.2.1, “UPM Programming Example (T®emuential Writes to the RAM Array).”

Offset 0x090 Access: Read/Write
0 | | | | | | 28 20 a1
R
— BANK
W
Reset All zeros

Figure 11-11. Special Operation Initiation Register (LSOR)

Table 11-14describes LSOR.
Table 11-14. LSOR Field Description

Bits | Name Description

0-28 — Reserved

29-31 | BANK | Bank on which a special operation is initiated. If the bank identified by BANK is marked valid (BRn[V] set) and
the bank is controlled by a memory controller whose current mode OP is non-zero—or a special
operation—eLBC will request the special operation to be activated on the selected bank when this field is
written. Otherwise, writing this field has no effect.

000 Bank 0 is triggered for special operation

011 Bank 3 is triggered for special operation
100-110Reserved

11.3.1.8 UPM Refresh Timer (LURT)

The UPM refresh tintg LURT), shown irFigure 11-12generates a refresh requies all valid banks that
selected a UPM machine and are refresh-enableM®JRFEN] = 1). Each time the timer expires, a
gualified bank generates dnesh request using the selected URAMe qualified banks rotate their
requests.

Offset 0x0AO Access: Read/Write
0 | ik | | | | | 3
R
LURT _
W
Reset All zeros

Figure 11-12. UPM Refresh Timer (LURT)
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Table 11-15describes LURTields.
Table 11-15. LURT Field Descriptions

Bits | Name Description

0-7 LURT | UPM refresh timer period. Determines, along with the timer prescaler (MRTPR), the timer period according
to the following equation:

LURT

Fsystemclocksg
MRTPR PTP®

Example: For a 266-MHz system clock and a required service rate of 15.6 us, given MRTPR[PTP] = 32, the
LURT value should be 128 decimal. 128/(266 MHz/32) = 15.4 us, which is less than the required service
period of 15.6 ps.

Note that the reset value (0x00) sets the maximum period to 256 x MRTPR[PTP] system clock cycles.

TimerPeriod =

8-31 — Reserved

11.3.1.9 Transfer Error Status Register (LTESR)

The transfer error status register (LTESR) indictiescause of an error or event. LTESR, shown in
Figure 11-13is a write-1-to-clear register. ReadingHIR occurs normally; however, write operations
can clear but not set bits. A bitokeared whenever the register istien, and the data in the corresponding
bit location is a 1. For example, to clear onlywrée protect error bit (LTER[WP]) without affecting
other LTESR bits, 0x0400 0000 should be written &r#yister. After any error/event reported by
LTESR, LTEATR[V] must be cleared for LTESR to updated again.

Offset 0xOBO Access: wilc
0 1 2 3 ‘ 4 5 6 ‘ 11 12 13 15
R
BM | FCT | PAR — WP — CSs —
w
Reset All zeros
16 30 31
R
— cC
w
Reset All zeros

Figure 11-13. Transfer Error Status Register (LTESR)

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 11-25



Enhanced Local Bus Controller

Table 11-16describes LTESHelds.
Table 11-16. LTESR Field Descriptions

Bits | Name Description

0 BM | Bus monitor time-out

0 No local bus monitor time-out occurred.

1 Local bus monitor time-out occurred. No data beat was acknowledged on the bus within
LBCR[BMT] x LBCR[BMTPS] bus clock cycles from the start of a transaction.

1 FCT |FCM command time-out

0 No FCM command time-out occurred.

1 A CWO0, CW1, CW2, or CW3 command issued to FCM timed-out with respect to the timer configured by
FMR[CWTO].

2 PAR |ECC error for FCM mode

0 No local bus ECC error

1 U ECC error (FCM). LTEATR[PB] indicates the block that caused the error and LTEATR[BNK] indicates
which memory controller bank was accessed.

34 — Reserved

5 WP | Write protect error

0 No write protect error occurred.

1 A write was attempted to a local bus memory region that was defined as read-only in the memory
controller. Usually, in this case, a bus monitor time-out will occur (as the cycle is not automatically
terminated).

6-11 — Reserved

12 CS | Chip select error
0 No chip select error occurred.
1 A transaction was sent to the eLBC that did not hit any memory bank.

13-30 — Reserved

31 CC | FCM command completion event
0 No FCM operation in progress, or operation pending.
1 FCM operation has completed, allowing software to continue processing of results.
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11.3.1.10 Transfer Error Check Disable Register (LTEDR)

The transfer error check disahiegister (LTEDR), shown iRigure 11-14is used to disable error/event
checking. Note that control of errewent checking is independent ohtrol of reportingpf errors/events

(LTEIR) through the interrupt mechanism.

Offset 0x0B4 Access: Read/Write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 15
R
W BMD |FCTD|PARD — WPD — — — — CSD —
Reset All zeros
16 30 31
R
— CCD
W
Reset All zeros

Figure 11-14. Transfer Error Check Disable Register (LTEDR)

Table 11-17describes LTEDRelds.
Table 11-17. LTEDR Field Descriptions

Bits | Name Description

0 BMD | Bus monitor disable
0 Bus monitor is enabled.
1 Bus monitor is disabled, but internal bus time-outs can still occur.

1 FCTD | FCM command time-out disable
0 FCM command timer is enabled.

1 FCM command time-out is disabled, but internal FCM command timer can terminate command waits.

2 PARD |ECC error checking disabled.
0 ECC error checking is enabled.
1 ECC error checking is disabled.

3-4 — Reserved

5 WPD | Write protect error checking disable.
0 Write protect error checking is enabled.
1 Write protect error checking is disabled.

6-11 — Reserved

12 CSD | Chip select error checking disable.
0 Chip select error checking is enabled.
1 Chip select error checking is disabled.

13-30 — Reserved

31 CCD |FCM command completion checking disable.
0 Command completion checking is enabled.
1 Command completion checking is disabled.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor

11-27



Enhanced Local Bus Controller

11.3.1.11 Transfer Error Interrupt Enable Register (LTEIR)

The transfer error interrupt erlalregister (LTEIR), shown iRigure 11-15is used to send or block
error/event reporting through the eLBC internalintpt mechanism. Software should clear pending
errors/events in LTESR before enabling interrupfter an interrupt has @trred, clearing relevant
LTESR error/event bits negates the interrupt.

Offset 0xOB8

Access: Read/Write

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 15
R
BMI | FCTI | PARI — WPI — — — — Csl —
W
Reset All zeros
16 30 31
R
— CClI
W
Reset All zeros

Figure 11-15. Transfer Error Interrupt Enable Register (LTEIR)

Table 11-18describes LTEIRields.
Table 11-18. LTEIR Field Descriptions

Bits

Name

Description

BMI

Bus monitor error interrupt enable.
0 Bus monitor error reporting is disabled.
1 Bus monitor error reporting is enabled.

FCTI

FCM command time-out interrupt enable.

0 FCM command time-out error reporting is disabled.
1 FCM command time-out error reporting is enabled.

PARI

ECC error interrupt enable.
0 ECC error reporting is disabled.
1 ECC error reporting is enabled.

3-4

Reserved

WPI

Write protect error interrupt enable.

0 Write protect error reporting is disabled.
1 Write protect error reporting is enabled.

6-11

Reserved

12

Csl

Chip select error interrupt enable.
0 Chip select error reporting is disabled.
1 Chip select error reporting is enabled.

13-30

Reserved

31

CCl

FCM command completion Event interrupt enable.
0 Command completion reporting is disabled.
1 Command completion reporting is enabled.
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11.3.1.12 Transfer Error Attributes Register (LTEATR)

The transfer error attributesgister (LTEATR) capturesource attributesf an error/event-igure 11-16
shows the LTEATR. After LTEATR[V] has been sebftware must clear this bit to allow LTESR,
LTEATR, and LTEAR to update following any subsequent events/errors.

NOTE

LTEATR may not capture accurate information for errors that occur when
an FCM special operation is in progress.

Offset 0xOBC Access: Read/Write
0 2 3 |4 ’ 10 11’ 15| 16 19 | 20 23 |24 30 31
R
— RWB — SRCID PB BNK — \
W
Reset All zeros

Figure 11-16. Transfer Error Attributes Register (LTEATR

Table 11-19describes LTEATRields.
Table 11-19. LTEATR Field Descriptions

Bits | Name Description

0-2 — Reserved

3 RWB | Transaction type for the error:
0 The transaction for the error was a write transaction.
1 The transaction for the error was a read transaction.

4-10 — Reserved

11-15 | SRCID | Captures the source of the transaction when this information is provided on the internal interface to the eLBC.
The coding of the source ID debug information is the same as the coding of AEATR[MSTR_ID] (see
Section 7.2.6, “Arbiter Event Attributes Register (AEATR).")

16-19 PB |Error on block for FCM. For FCM, there are at most four 512-byte page blocks (for a large page device)
checked by ECC. A bit is set for the 512-byte block that had an non-correctable ECC error on read (bit 16
represents block 0, the first 512 bytes of a page; if ORX[PGS] = 0, bits 17-19 are always 0).

20-23 | BNK |Memory controller bank. There is one error status bit per memory controller bank (bit 20 represents bank 0).
A bit is set for the local bus memory controller bank that had an error.

24-30 — Reserved

31 \% Error attribute capture is valid. Indicates that the captured error information is valid.
0 Captured error attributes and address are not valid.
1 Captured error attributes and address are valid.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 11-29




Enhanced Local Bus Controller

11.3.1.13 Transfer Error Address Register (LTEAR)

The transfer error address register (LTEAR) cegstdhe address of a transaction that caused an
error/event. The transfer error adds register (LTEAR) is shown kigure 11-17
NOTE

LTEAR may not capture acaate information for errors that occur when an
FCM special operation is in progress.

Offset 0x0CO Access: Read/Write
0 | | | | 3
R
A
w
Reset All zeros

Figure 11-17. Transfer Error Address Register (LTEAR)

Table 11-20describes LTEAR fields.
Table 11-20. LTEAR Field Descriptions

Bits | Name Description

0-31 A Transaction address for the error. For GPCM and UPM, holds the 32-bit address of the transaction resulting
in an error. For FCM, this register is undefined.

11.3.1.14 Local Bus Configuration Register (LBCR)
The local bus configurationgester (LBCR) is shown ifrigure 11-18

Offset 0xODO Access: Read/Write
0 1 ‘ 7 8 9 10 11 ‘ 15
R
LDIS — BCTLC AHD —
W
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 O ] 0 1 0 0
16 ‘ 23 24 27 28 31
R
BMT — BMTPS
W
Reset All zeros

Figure 11-18. Local Bus Configuration Register
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Table 11-21describes LBCRields.

Table 11-21. LBCR Field Descriptions

Bits Name Description
0 LDIS Local bus disable
0 Local bus is enabled.
1 Local bus is disabled. No internal transactions will be acknowledged.
1-7 — Reserved
8-9 BCTLC | Defines the use of LBCTL
00 LBCTL is used as W/R control for GPCM or UPM accesses (buffer control).
01 LBCTL is used as LOE for GPCM accesses only.
10 LBCTL is used as LWE for GPCM accesses only.
11 Reserved
10 AHD Address hold disable. Removes part of the hold time for LAD with respect to LALE in order to lengthen the
LALE pulse.
0 During address phases on the local bus, the LALE signal negates one platform clock period prior to the
address being invalidated.
1 During address phases on the local bus, the LALE signal negates half platform clock period prior to the
address being invalidated.

11-15 — Reserved. Reads to bit 13 return 1.

16-23 BMT Bus monitor timing. Defines the bus monitor time-out period. Clearing BMT (reset value) selects the
maximum count of bus clock cycles. For non-zero values of BMT, the number of LCLK clock cycles to count
down before a time-out error is generated is given by:
bus cycles = BMT x PS, where PS is set according to LBCR[BMTPS].

The value of BMT x PS must not be less than 40 bus cycles for reliable operation.

24-27 — Reserved

28-31 | BMTPS |Bus monitor timer prescale. Defines the multiplier, PS, to scale LBCR[BMT] for determining bus time-outs.
0000 PS =8
0001 PS =16
0010 PS =32
0011 PS =64
0100 PS =128
0101 PS =256
0110 PS =512
0111 PS=1024
1000 PS =2048
1001 PS =4096
1010 PS =8192
1011 PS =16,384
1100 PS =32,768
1101 PS =65,536
1110 PS =131,072
1111 PS =262,144
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11.3.1.15 Clock Ratio Register (LCRR)

The clock ratio register, shown kigure 11-19sets the csb clock to eLBC bus frequency ratio. It also
provides configuration bits for extra dglaycles for address and control signals.

NOTE

For proper operation of the system, itegjuired that thisegister setting
will not be altered while local bus mMm®ries or devices are being accessed.
Special care needs to be taken wheming instructions from an eLBC

memory.
Offset 0x0D4 Access: Read/Write
0 ‘ ‘ ‘ 13 14 15|16 ‘ ‘ 26 27‘ 31
R — EADC — CLKDIV
W
Reset 1 0 0 0 \ 0 0 0 o]oooo\oo 0 0 oooo]oooo\ooo o]nnoo

Figure 11-19. Clock Ratio Register (LCRR)

Table 11-22describes LCRFRelds.
Table 11-22. LCRR Field Descriptions

Bits Name Description

0-13 — Reserved.
Note bit 0 must remain set for proper operation.

14-15 EADC External address delay cycles of LCLK. Defines the number of cycles for the assertion of LALE.
00 4
011
10 2
11 3

16-26 — Reserved

27-31 CLKDIV | Clock divider. Sets the frequency ratio between the csb clock (or twice csb_clk (if RCWL[LBCM] is set)

and the local bus clock. Only the values shown below are allowed.

Note: It is critical that no transactions are being executed via the local bus while CLKDIV is being
modified. As such, prior to modification, the user must ensure that code is not executing out of
the local bus. Once LCRR[CLKDIV] is written, the register should be read, and then an isync
should be executed.

00000-00001 Reserved
00010 2

00011 Reserved
00100 4
00101-00111 Reserved
01000 8
01001-11111 Reserved
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11.3.1.16 Flash Mode Register (FMR)
The local bus Flash mode register (FMR), showRigure 11-20 controls global operation of the FCM.

Offset OxOEO

0

Access: Read/Write

‘ ‘ ‘ 15|16 19 20 21 22 23 24 25 26 27|28 29 30 31

R
w

— CWTO BOOT| — |ECCM| — AL — oP

Resetoooo\oooo\oooo\oooooooo RI 00 0O 0O0OOGOOOT OO

Figure 11-20. Flash Mode Register

1 BitR (field BOOT) is set if power-on-reset configuration selects FCM as the boot ROM target.

Table 11-23describes FMRields.

Table 11-23. FMR Field Descriptions

Bits

Name

Description

0-15

Reserved

16-19

CWTO

Command wait time-out. For FCM commands that wait on LFRB being sampled high (CW0, CW1, RBW, and
RSW), FCM pauses execution of the instruction sequence until either LFRB is sampled high, or a timer
controlled by CTO expires, whichever occurs first. The time-out in the latter case is as follows:

0000 256 cycles of LCLK

0001 512 cycles of LCLK

0010 1024 cycles of LCLK

0011 2048 cycles of LCLK

0100 4096 cycles of LCLK

0101 8192 cycles of LCLK

0110 16,384 cycles of LCLK

0111 32,768 cycles of LCLK

1000 65,536 cycles of LCLK

1001 131,072 cycles of LCLK

1010 262,144 cycles of LCLK

1011 524,288 cycles of LCLK

1100 1,048,576 cycles of LCLK

1101 2,097,152 cycles of LCLK

1110 4,194,304 cycles of LCLK

1111 8,388,608 cycles of LCLK

20

BOOT

Flash auto-boot load mode. During system boot from NAND Flash EEPROM, this bit remains set to alter the
use of the FCM buffer RAM. Software should clear BOOT once FCM is to be restored to normal operation.
Setting BOOT without auto-boot in progress only alters the mapping of the buffer RAM.

0 FCM is operating in normal functional mode, with an 8 Kbyte FCM buffer RAM.

1 eLBC has been configured—either from reset or by a special operation OP = 01—to autoload a 4-Kbyte
boot block into the FCM buffer RAM, which maps only the 4 Kbytes of NAND Flash main data region
comprising the boot block. Any access to the buffer RAM is delayed until the entire boot block has been
loaded.

21-22

Reserved
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Table 11-23. FMR Field Descriptions (continued)

Bits Name Description

23 ECCM | ECC mode. When hardware checking and/or generation of error correcting codes (ECC) is enabled (that is,

when BRN[DECC] is 01 or 10, and full page transfers are specified with FBCR[BC] = 0), ECCM sets the ECC

block size and position of the ECC code word(s) in the NAND Flash spare region for both checking and

generation functions. The format of the ECC code word conforms with the Samsung/Toshiba spare region

assignment specifications.

0 ECC is checked/calculated over 512-Byte blocks. A 24-bit ECC is assigned to spare region bytes at offsets
(N x 16) + 6 through (N x 16) + 8 for spare region N, N = 0-3.

1 ECC is checked/calculated over 512-Byte blocks. A 24-bit ECC is assigned to spare region bytes at offsets
(N x 16) + 8 through (N x 16) + 10 for spare region N, N = 0-3.

24-25 — Reserved

26-27 AL Address length. AL sets the number of address bytes issued during page address (PA) operations. However,

the number of address bytes issued for column address (CA) operations is determined by the device page

size (for ORN[PGS] = 0, 1 CA byte is issued; for ORn[PGS] = 1, 2 CA bytes are issued).

00 2 bytes are issued for page addresses, thus a total of 3 (ORN[PGS] = 0) or 4 (ORn[PGS] = 1) address
bytes are issued for a {CA,PA} sequence

01 3 bytes are issued for page addresses, thus a total of 4 (ORN[PGS] = 0) or 5 (ORn[PGS] = 1) address
bytes are issued for a {CA,PA} sequence

10 4 bytes are issued for page addresses, thus a total of 5 (ORn[PGS] = 0) or 6 (ORn[PGS] = 1) address
bytes are issued for a {CA,PA} sequence

11 —

28-29 — Reserved

30-31 OoP Flash operation. For OP not equal to 00, a special operation is triggered on the next write to LSOR or dummy
access to a bank controlled by FCM. Once a special operation has commenced, OP is automatically reset to
00 by FCM. Individual blocks may be temporarily unlocked for erase and reprogramming operations.

00 Normal operation. All read and write accesses to banks controlled by FCM access the shared FCM buffer
RAM. No bus activity is caused by this operation.

01 Simulate auto-boot block loading, and set FMR[BOOT]. Boot block loading occurs from the bank triggered
on the special operation, therefore the appropriate bank configuration must be initialized prior to issuing
this operation.

10 Execute the command sequence contained in FIR, but with write protection enabled (pin LFWP asserted
low) so that all Flash blocks are protected from accidental erasure and reprogramming.

11 Execute the command sequence contained in FIR, but permit the single block identified by FBAR[BLK] to
be erased or reprogrammed, with pin LFWP remaining high during the access.

11.3.1.17 Flash Instruction Register (FIR)

The local bus Flash instruoti register (FIR), shown iRigure 11-21 holds a sequence of up to eight
instructions for issue by the FCM. Setting FNIF] non-zero and writing LSOR or accessing a bank
controlled by FCM causes FCM to read FIR 4 bitstaha, starting at bit 0 antbntinuing with adjacent
4-bit opcodes, until only NOP opcodes remain. pfagrammed instructiosequence of OPO, OP1,...,
OP7 is performed on the activateahk, using the data buffer addsed by FPAR. If LTEIR[CCI] = 1 and
LTEDR[CCD] = 0, eLBC will generate an interrupt anihe entire sequence l@snpleted, and software
should examine LTEATR and clear its V bit.

Software must not alter the conteiof the addressed FCM buffétR, MDR, FCR, FBAR, FPAR, or
FBCR while an operation is in progress—or eLBilt behave unpredictably—bwsoftware can freely
modify the contents of any currently unused FERM buffer in preparation for the next operation.
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Access: Read/Write

0 34 11|12 15 | 16 19 | 20 23 |24 27|28 31
R
W OPO OP1 oP2 OP3 OP4 OP5 OP6 OP7
Reset All zeros

Figure 11-21. Flash Instruction Register

Table 11-24describes FIRields.

Table 11-24. FIR Field Descriptions

Bits Name Description
0-3 OPO0 |FCM operation codes. OPO is executed first, followed by OP1, through to OP7.
0000 NOP—No-operation and end of operation sequence
4-7 OP1 10001 CA—Issue current column address as set in FPAR, with length set by ORX[PGS]
8-11 op2 |0010 PA—Issue current block+page address as set in FBAR and FPAR, with length set by FMR[AL]
0011 UA—Issue user-defined address byte from next AS field in MDR
12-15 | OP3 |0100 CMO—Issue command from FCR[CMDO]
16-19 oPa 0101 CM1—lIssue command from FCR[CMD1]
0110 CM2—Issue command from FCR[CMD2]
20-23 ops |0111 CM3—lIssue command from FCR[CMD3]
1000 WB—Write FBCR bytes of data from current FCM buffer to Flash device
24-27 | OP6 |1001 WS—Write one byte (8b port) of data from next AS field of MDR to Flash device
28-31 op7 1010 RB—Read FBCR bytes of data from Flash device into current FCM RAM buffer
1011 RS—Read one byte (8b port) of data from Flash device into next AS field of MDR
1100 CWO0—Wait for LFRB to return high or time-out, then issue command from FCR[CMDO]
1101 CW1—Wait for LFRB to return high or time-out, then issue command from FCR[CMD1]
1110 RBW—Wait for LFRB to return high or time-out, then read FBCR bytes of data from Flash device into
current FCM RAM buffer
1111 RSW—Wait for LFRB to return high or time-out, then read one byte (8b port) of data from Flash device
into next AS field of MDR

11.3.1.18 Flash Command Register (FCR)
The local bus Flash commaregister (FCR), shown iRigure 11-22 holds up to four NAND Flash

EEPROM command bytes that may be refereitgedpcodes in FIR during FCM operation. The values
of the commands should follow the manufacturdésasheet for the relevant NAND Flash device.

Offset OxXOES8 Access: Read/Write

0 ‘ ‘ 15| 16 ‘ 23 | 24 ‘ 31
R
W CMDO CMD1 CMD2 CMD3
Reset All zeros

Figure 11-22. Flash Command Register
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Table 11-25describes FCRelds.
Table 11-25. FCR Field Descriptions

Bits Name Description

0-7 CMDO | General purpose FCM Flash command byte 0. Opcodes in FIR that issue command index 0 write CMDO to
the NAND Flash command/data bus.

8-15 | CMD1 |General purpose FCM Flash command byte 1. Opcodes in FIR that issue command index 1 write CMD1 to
the NAND Flash command/data bus.

16-23 | CMD2 | General purpose FCM Flash command byte 2. Opcodes in FIR that issue command index 2 write CMD2 to
the NAND Flash command/data bus.

24-31 | CMD3 |General purpose FCM Flash command byte 3. Opcodes in FIR that issue command index 3 write CMD3 to
the NAND Flash command/data bus.

11.3.1.19 Flash Block Address Register (FBAR)

The local bus Flash block addsaggister (FBAR), shown ieigure 11-23locates the NAND Flash block
index for the page currently accessed.

Offset OXOEC Access: Read/Write
0 | A | | | | | a1
R
— BLK
W
Reset All zeros

Figure 11-23. Flash Block Address Register

Table 11-26describes FBARields.
Table 11-26. FBAR Field Descriptions

Bits Name Description

0-7 — Reserved

8-31 BLK |Flash block address. The size of the NAND Flash, as configured in ORN[PGS] and FMR[AL], determines the
number of bits of BLK that are issued to the EEPROM during block address phases.

11.3.1.20 Flash Page Address Register (FPAR)

The local bus Flash page address register (FPAR), showgure 11-24andFigure 11-25locates the
current NAND Flash page in both the exi@ NAND Flash device and FCM buffer RAM.

Offset OxOFO Access: Read/Write
0 ‘ ‘ ‘ 16 17 ‘ 21 22 23 ‘ ‘ ‘ 31
R
— Pl MS Cl
wW
Reset All zeros

Figure 11-24. Flash Page Address Register, Small Page Device (ORxX[PGS] = 0)
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Access: Read/Write

0 13 14 19|20 21 31
R
— PI MS Cl
w
Reset All zeros

Figure 11-25. Flash Page Address Register, Large Page Device (ORX[PGS] = 1)

Table 11-27describes FPARelds for smé page devices.

Table 11-27. FPAR Field Descriptions, Small Page Device (ORx[PGS] = 0)

Bits

Name

Description

0-16

Reserved

17-21

Pl

Page index. Pl indexes the page in NAND Flash EEPROM at the current block defined by FBAR, and locates
the corresponding transfer buffer in the FCM buffer RAM.

The 3 LSBs of Pl index one of the eight 1 Kbyte buffers in the FCM buffer RAM as follows:
000 The page is transferred to/from FCM buffer 0, address offsets 0Ox0000—0x03FF

001 The page is transferred to/from FCM buffer 1, address offsets 0x0400-0x07FF

010 The page is transferred to/from FCM buffer 2, address offsets 0Ox0800—0x0BFF

011 The page is transferred to/from FCM buffer 3, address offsets 0x0C00—-0x0FFF

100 The page is transferred to/from FCM buffer 4, address offsets 0x1000—0x13FF

101 The page is transferred to/from FCM buffer 5, address offsets 0x1400—-0x17FF

110 The page is transferred to/from FCM buffer 6, address offsets 0x1800—0x1BFF

111 The page is transferred to/from FCM buffer 7, address offsets 0x1CO0—O0x1FFF

22

MS

Main/spare region locator. In the case that FBCR[BC] = 0, MS is treated as 0.

0 Data is transferred to/from the main region of the FCM buffer; that is, the first 512 bytes of the buffer are
used as the starting address.

1 Data is transferred to/from the spare region of the FCM buffer; that is, the second 512 bytes of the buffer
are used as the starting address, but only an initial 16 bytes of spare region are defined.

23-31

Cl

Column index. Cl indexes the first byte to transfer to/from the main or spare region of the NAND Flash
EEPROM and corresponding transfer buffer. In the case that FBCR[BC] = 0, Cl is treated as 0. For MS =0,
ClI can range 0x000-0x1FF; for MS = 1, Cl can range 0x000—-0x00F.

Table 11-28describes FPARelds for large page devices.

Table 11-28. FPAR Field Descriptions, Large Page Device (ORX[PGS] = 1)

Bits Name Description
0-13 — Reserved
14-19 PI Page index. PA indexes the page in NAND Flash EEPROM at the current block defined by FBAR, and locates

the corresponding transfer buffer in the FCM buffer RAM.

The LSB of Pl indexes one of the two 4 Kbyte buffers in the FCM buffer RAM as follows:
0 The page is transferred to/from FCM buffer 0, address offsets 0x0000—0x0FFF

1 The page is transferred to/from FCM buffer 1, address offsets 0Ox1000—0x1FFF
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Table 11-28. FPAR Field Descriptions, Large Page Device (ORX[PGS] = 1) (continued)

Bits Name Description

20 MS Main/spare region locator. In the case that FBCR[BC] = 0, MS is treated as 0.

0 Data is transferred to/from the main region of the FCM buffer; that is, the first 2048 bytes of the buffer are
used as the starting address.

1 Data is transferred to/from the spare region of the FCM buffer; that is, the second 2048 bytes of the buffer
are used as the starting address, but only an initial 64 bytes of spare region are defined.

21-31 Cl Column index. Cl indexes the first byte to transfer to/from the main or spare region of the NAND Flash
EEPROM and corresponding transfer buffer. In the case that FBCR[BC] = 0, Cl is treated as 0. For MS =0,
Cl can range 0x000-0x7FF; for MS = 1, Cl can range 0x000—0x03F.

11.3.1.21 Flash Byte Count Register (FBCR)

The local bus Flash byte count register (FBCR), showigare 11-26 defines the size of FCM block
transfers for reads and writes to the NAND Flash EEPROM.

Offset OxOF4 Access: Read/Write
0 | | | 19 20 | | | a1
R
_ BC
W
Reset All zeros

Figure 11-26. Flash Byte Count Register

Table 11-2%describes FBCHelds.
Table 11-29. FBCR Field Descriptions

Bits Name Description

0-19 — Reserved

20-31 BC Byte count determines how many bytes are transferred by the FCM during data read (RB) or data write (WB)
opcodes.

The first byte accessed in the NAND Flash EEPROM is located by the FPAR register, and successive bytes
are transferred until either BC bytes have been counted, or the end of the spare region of the currently
addressed Flash page has been reached.

If BC = 0, an entire Flash page and its spare region will be transferred by FCM, in which case FPAR[MS] and
FPAR[CI] are treated as zero regardless of their values. BC = 0 is the only setting that permits FCM to
generate and check ECC.

11.4 Functional Description

The eLBC allows the implementation of memeggstems with very specific timing requirements.

* The GPCM provides interfacing for simplewer-performance memories and memory-mapped
devices. It has inherently lower performanceéuse it does not suppdudrsting. For this reason,
GPCM-controlled banks are uspdmarily for boot-loading fom NVRAM or NOR Flash, and
access to low-performanoeemory-mapped peripherals.

» The FCM interfaces the eLBC to NAND FlaEBEPROMSs with 8-bit data bus. The FCM has an
automatic boot-loading feature that allows @feU to boot from high desity EEPROM, loading
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the boot block into 4 Kbytes of RAM for exeauti of the first level boot code. Following boot,
FCM provides a flexible instruatn sequencer that allows a uslefined command, address, and
data transfer sequence of up to 8 steps texkbeuted against a memory-mapped buffer RAM.
Programmable set-up time, hdiche, and wait states permit the FCM to maximize the
performance of NAND Flash bl&dransfers, which can procesdparallel with software
processing of the multiple RAM buffers. Angile-pass ECC engine in the FCM permits
zero-overhead error checking, reporting, and coordti both boot blocksal page data transfers
if enabled.

The UPM supports refresh timeeddress multiplexing of the &xnal bus, and generation of
programmable control sigreafor row address and column adsfrstrobes, to allow for a minimal
glue logic interface to DRAMdyurstable SRAMs, and almost aother kind of peripheral with
asynchronous timing or single datde clocking. The UPM can be used to generate flexible,
user-defined timing patterns for control signak tjovern a memory devicéhese patterns define
how the external control signals behave durimgaal, write, burst-ready burst-write access.
Refresh timers are also available to periotiraaitiate user-defined refresh patterns.

Internal Memory Access Request Select

32-bit System
Address =
)
Address
Comparator UPM A/B/C FCIEA/At\Jlaffer GPCM
Bank Select
, Y
MSEL FCM
Field
/ ) /
> Signals Timing Generator
32-bit Physical
RAM Address (A) ¢

External Signals

Figure 11-27. Basic Operation of Memory Controllers in the eLBC

Each memory bank (chip select) damassigned to any of these thitgpes of machines through the
machine select bits of thedmregister for that bank (BRMSEL]), as illustrated ifrigure 11-271f a bank
match occurs, the corresponding machine (GPCM, FEMPM) then takes ownership of the external
signals that control the access and maistaontrol until the transaction ends.
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NOTE

Different machines (FCM/GPCM/UPM) share the address, data, and
control signals. While the eLBC servicing a transaction, subsequent
transactions are queued until therent transaction has completed.

11.4.1 Basic Architecture

The following subsections describesthasic architecture of the eLBC.

11.4.1.1 Address and Address Space Checking

The defined base addresses are written to therBgisters, while the corresponding address masks are
written to the OR registers. Each time a Iddaus access is requested, theiinal transaction address is
compared with each bank. Addresses are decodednyyacimg the 17 MSBs of the address, masked by
ORN[AM], with the base address for each bank (E\]). If a match is bund on a memory controller
bank, the attributedefined in the BR and OR for that bank are used tormrol the memory access. If a
match is found in more than one bank, the lowestibered bank handles themmay access (that is, bank

0 has priority over bank 1).

11.4.1.2 External Address Latch Enable Signal (LALE)

The local bus uses a multiplexedtaess/data bus. Therefore the eLBGst distinguish between address
and data phases, which take planghe same bus (LAD pins). The LAlsignal, when asserted, signifies
an address phase during which th&8€ldrives the memorgddress on the LAD pindn external address
latch uses this signal to capture #uglress and provide it to the addrps1s of the memory or peripheral
device. When LALE is nedged, LAD then serves as the (bietitional) data bus for the access. Any
address phase initiates the assertion of LALE, Wwhas a programmable duratiof between 1 and 4 bus
clock cycles.

To ensure adequate hold time on the external addliech, LALE negateearlier than the address changes
on LAD during address phases. By default, LALE tegaarlier by 1 platformatk period. For example,

if the platform clock is operating 483 MHz, then 7.5 ns of addressdh@ime is introduced. However, at
higher frequencies, the duration of the shortdr®ldE pulse may not meet the minimum latch enable
pulse width specifications of sonteches. In such cases, saftLBCR[AHD] = 1 increases the LALE
pulse width by 1 platform clock cycle, but decreabesaddress hold time Iblye same amount. If both
longer hold time anadhger LALE pulse duration are needed, tthenaddress phase can be extended using
the ORN[EAD] and LCRR[EADC] fields, and the LBCR[AHDIt can be left at 0. However, this will add
latency to all address tenures.

The frequency of LALE assertion variasross the three memory controllers:

* For GPCM, every assertion of LB% considered an indepemde@ccess, and accordingly, LALE
asserts prior to each such accéss.example, GPCM driving a&bit port would assert LALE and
LCSn 32 times in order to satisfy a 32-byte cache line transfer.

* For FCM, LALE asserts prior to each muttimmand operation sequence, but LALE can be
ignored on NAND Flash EEPROBRtcesses asdlsignal doemsotenable address latching in such
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devices. The value on the LAD abA pins during LALE assertiois driven low-impedance, but
otherwise not defined for FCM banks.

* Inthe case of UPM, the frequency of LB assertion depends on how the UPM RAM is
programmed. UPM single accessgsically assert LALE once, upon commencement, but it is
possible to program UPM tesert LALE several times, amalchange the values of InAvith and
without LALE being involved.

In general, when using the GPCM controller it ismetessary to use LA if a sufficiently wide latch is
used to capture the entire adsks during LALE phases. The UPMsymaquire LA if the eLBC is
generating its own burst address sequence.

To illustrate how a large traaction is handled by the eLBEigure 11-28hows eLBC signals for the
GPCM performing a 32-byte e starting at address 0x5420.

AT RTATAVATRVARAAVA

L

L R
S

| 5430 | 543 | sasF [

LCLK

|

LALE /_\ /_\

@ [

= T

La0:25] ©f sa20 | s | saz2 | s2g

LAD[0:7] D(Bo) D(By) D(B) @: D(Bzo) D(Bso) D(Bay) F
|

noto151 —{ g oo -

Note: All address and signal values are shown in hexadecimal.
D(Bk) = k" of 32 data bytes

|
[
LJ

EHJ

Figure 11-28. Example of 8-Bit GPCM Writing 32 Bytes to Address 0x5420 (LCRR[PBYP] = 0)

If the RCW is loaded by the eLBC, LALE may remat an unknown value for up to 8 cycles after
PORESET negation. In general, itescommended that a latch be impéted for this adjustment and not
a state machine triggered by LALE.

If the RCW is not loaded by the eLBC (for examp®€ or hard-coded options are used), then LALE is
at an unknown value until the PLli& locked and should be ignoradtil the negation of HRESET.

11.4.1.3 Data Transfer Acknowledge (TA)

The three memory controllers in taeBC generate an internal traesticknowledge signal, TA, to allow
data on LAD to be either sampl@dr reads) or changed (on wrije$he data sampling/data change
always occurs at the endithe bus cycle in which the eLBC asseTA internally.In eLBC debug mode,
TA is also visible externally on the LDVAL piifthe GPCM controller autoatically generates TA
according to the timing paramet@re@grammed for them in the optiondamode registers; FCM generates
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TA whenever data read and writstructions are executed out of rtgr FIR; a UPMyenerates TA only
when a UPM pattern hasslty TA RAM word bit setFigure 11-2%hows LALE, TA (nternal), and LC&
Note that TA and LALE are nevasserted together, and tf@tthe duration of LALE, LC8 (or any other
control signal) remamnegated or frozen.

| |

| |

| | |
LAD:< Address >< Data /‘
| |
|

|

|

|

I

|

[
LALE // I\
|
\ |
I \
LCSn | \—/—‘
| |
|

Figure 11-29. Basic eLBC Bus Cycle with LALE, TA, and LCSn

11.4.1.4 Data Buffer Control (LBCTL)

The memory controller provides a data buffer cdrdignal for the local bus (LBCTL). This signal is
activated when a GPCM-, FCM-, biPM-controlled bank is accessé®CTL can be disabled by setting
ORN[BCTLD]. LBCTL can be further configureby LBCR[BCTLC] to act as an extra LW@ an extra
LOE signal when in GPCM mode.

If LBCTL is configured as a data buffer cont(@tBCR[BCTLC] = 00), the signal is asserted (high) on the
rising edge of the bus clock on the first cycle @ themory controller operat, coincident with LALE.

If the access is a write, LBCTLm&ins high for the whole duration. However, if the access is a read,
LBCTL is negated (low) with the negation of LALE s@tlthe memory device is able to drive the bus. If
back-to-back read accesses are pending, LBCTL istadghigh) one bus clock cycle before the next
transaction starts (that e bus clock cycle before LALE) to allaa whole bus cycle fahe bus to turn
around before the next address is driven.

11.4.1.5 Bus Monitor

A bus monitor is provided to ensutet each transaction is terminateithin a reasonable (user defined)
period. When a transaction stattse bus monitor starts coumgi down from the time-out value
(LBCR[BMT] x LBCR[BMT PS]) until a data beat is acknowledgedtanbus. It then reloads the time-out
value and resumes the countdown until the data texwmgletes and then idles if there is no pending
transaction. Setting LTEDR[BMD] dibées bus monitor error checkingét is, the LTESHM] bit is not
set by a bus monitor time-out); however, the bus morststill active and cagenerate a UPM exception
(as noted irSection 11.4.4.1.4, “Exception Requestsy’ terminate a GPCM access.

It is very important to ensure that the value. BCR[BMT] is not set too lav; otherwise spurious bus
time-outs may occur during normal spgon—resulting in incomplete datiansfers. Accordingly, the
time-out value represented by tBCR[BMT], LBCR[BMTPS] pair mushot be set below 40 bus cycles
for time-out under any circumstances.
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NOTE

When the FCM is in the middle of ang transaction (such as NAND erase,
write, etc.), another transaction oet6PCM or UPM will trigger the bus
monitor to start, even though the GP@KMUPM is waiting for the FCM to
finish. If the bus monitor times out,dbuld corrupt theurrent NAND flash
operation as well as terminate the@W® or UPM operation. To avoid such
cases, it is recommendi¢hat while using FCM #hbus monitor timeout be
programmed to its maximumttiag of LBCR[BMT] = 0 and
LBCR[BMTPS] = OxF.

11.4.2 General-Purpose Chip-Select Machine (GPCM)

The GPCM allows a minimal glue logic anéxible interface to SRAM, EPROM, FEPROM, ROM

devices, and external ppherals. The GPCM contains twosiaconfiguration register groups—BRnd
ORnN.

Figure 11-3Gshows a simple connection between an ®duit size SRAM devicand the eLBC in GPCM
mode. Byte-write enable signals (L\W&re available for each byte weih to memory. Also, the output
enable signal (LOEs provided to minimize external gllegic. On system reset, a global (boot)
chip-select is available thatquides a boot ROM chip-select (LCSfrior to the system being fully
configured.

LCSn > CE
LOE > OE
LWEO > WE
LA[16:25] [« > A[9:0]
eLBCin GPCM  LALE Memory/Peripheral
Mode ¢
[6:15]
LAD[0:15] [« > < > A[19:10]
[0:7] Latch
> Data[7:0]

Figure 11-30. Enhanced Local Bus to GPCM Device Interface

Figure 11-31shows LCSas defined by the sgi time required betweehe address lines and CEhe user
can configure OR[ACS] to specify LCS0 meet this requirement. Gealy, the attributes for the
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memory cycle are taken from @RThese attributes include the &g ACS, XACS, SCY, TRLX, EHTR,
and SETA fields.

| |

| |

| |

LAD (  Address ( ReadData )

| | |

LALE y—‘\ : :

| | T T
| |

A[19:10]< >< Latched Address

| |

ACS\= 10 :ACSI= 11 ! : |

S ﬁ
: 3 W

Figure 11-31. GPCM Basic Read Timing (XACS = 0, ACS = 1x, TRLX = 0, CLKDIV = 4,8)

11.4.2.1 GPCM Read Signal Timing

The basic GPCM read timing parates that mape set by the ORattributes are shown Figure 11-32
The read access cyclersmences upon latching of the memodgeess (LALE negated), and concludes
when LBCTL returns high to turn the local bus arddior a subsequent address phase. Read data is
captured by eLBC on the falling edge of TA. L@id LCS$ negate high simultanesly, in some cases
before the end of the read access to proadtitional hold time for the external memory.

| | | |
| | 1/ \
TA | | | |
i T |
|

|

|

|

|

| |
LAD ( Address ) \ Read Data f
| | | |
|

|

|

|

|

LALE :/—\I{IARCS;{ | fesrp }'L
|\ | |
| | | |
A ' Latched Address
| | T T |
I t | | t
LCSn | I I I |
| | | |
| | | | |
LO_E | | | | |
l . taoe e CE
t | |
LBCTL | \e : RC >/
f AN f f '
Notes:

trc = Read cycle time. tcsrp = Read chip-select assertion period.
tarcs = Address valid to read chip-select time.  togy = Output enable negated time.
taoe = Address valid to output enable time.

Figure 11-32. GPCM General Read Timing Parameters
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Table 11-3dists the signal timing parametdos a GPCM read access as tipdion register attributes are

varied.

Table 11-30. GPCM Read Control Signal Timing

Option Register Attributes

Signal Timing (LCLK clock cyo::les)1

TRLX EHTR XACS ACS taArcs tesrp thoE toen tre

0 0 0 0X 0 2 + SCY 1 0 2 +SCY

0 0 0 10 Ya 134+ SCY 1 0 2 +SCY
(%2) (2+SCY)

0 0 0 11 Y2 12 + SCY 1 0 2 +SCY

0 0 1 (0),4 0 2+ SCY 1 0 2 +SCY

0 0 1 10 1 1+ SCY 1 0 2 +SCY

0 0 1 11 2 1+ SCY 2 0 3+ SCY

0 1 0 (0),4 0 2+ SCY 1 1 3+ SCY

0 1 0 10 Ya 1% + SCY 1 1 3+ SCY
(¥2) (1%2+SCY)

0 1 0 11 Y2 1¥%2 + SCY 1 1 3+ SCY

0 1 1 (0),4 0 2+ SCY 1 1 3+ SCY

0 1 1 10 1 1+ SCY 1 1 3+ SCY

0 1 1 11 2 1+ SCY 2 1 4 + SCY

1 0 0 (0),4 0 2+2xSCY 1 4 6 +2 x SCY

1 0 0 10 1Y, 1%+ 2 x SCY 2 4 7+2xSCY
(1%2) (1%2+2xSCY)

1 0 0 11 1% 1% + 2 x SCY 2 4 7+2x%xSCY

1 0 1 0X 0 2+2xSCY 1 4 6 +2 x SCY

1 0 1 10 2 1+2xSCY 2 4 7+2xSCY

1 0 1 11 3 1+2xSCY 3 4 8 +2 x SCY

1 1 0 0X 0 2+2xSCY 1 8 10 + 2 x SCY

1 1 0 10 1Y 1% + 2 x SCY 2 8 11 +2 x SCY
(1%) (1%4+2xSCY)

1 1 0 11 1% 1% + 2 x SCY 2 8 11 +2 x SCY

1 1 1 0X 0 2+2xSCY 1 8 10 + 2 x SCY

1 1 1 10 2 1+2xSCY 2 8 11 +2 x SCY

1 1 1 11 3 1+2xSCY 3 8 12 + 2 x SCY

1 Timesin parentheses are specific for the case LCRR[CLKDIV] = 2; other times apply to all CLKDIV values.
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11.4.2.2 GPCM Write Signal Timing

The basic GPCM write timing paratees that may be set by the @&tributes are shown Figure 11-33
The write access cycle commences ulabching of the memory addie@_ALE negated), and concludes
when LCS returns high. LBCTL remains stalfla the entire cyd to drive data ontany secondary data
bus. Write data becomes invalid foling the falling edge of TA. LWIEay, in some cases, negate high
before the end of the writeeess to provide additional hold time for the external memory.

A K >K Latched Address ><

T T
t | |
LCSn ! I I I 1/
[ [ L !
\ \ \ [ \
Twe | | \5 | F |
LWE | | t | | |
| | AWE | ‘ twen |
LecTL | | | | |
Notes:
twe = Write cycle time. tcswe = Write chip-select assertion period.

tawcs = Address valid to write chip-select time.  tygy = Write enable negated time wrt chip-sele
tawe = Address valid to write enable time.

Figure 11-33. GPCM General Write Timing Parameters
Table 11-31lists the signal timing parametdos a GPCM write access as thation register attributes are
varied.
Table 11-31. GPCM Write Control Signal Timing

Option Register Attributes Signal Timing (LCLK clock cyo::les)1
TRLX | XACS | ACS | CSNT tawcs teswe tawE twen twe
0 0 00 0 0 2 +SCY 1 0 2 +SCY
0 0 10 0 Ya 1%+ SCY 1 0 2+ SCY
(%2) (2+SCY)
0 0 11 0 Y2 1¥2 + SCY 1 0 2 +SCY
0 1 00 0 0 2+ SCY 1 0 2+ SCY
0 1 10 0 1 1+ SCY 1 0 2+ SCY
0 1 11 0 2 1+ SCY 2 0 3+ SCY
0 0 00 1 0 2+ SCY 1 Ya 2+ SCY
©)
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* One half of a clock cycle lat¢for LCRR[CLKDIV] =2, 4, or 8).
* One clock cycle later (fdcCRR[CLKDIV] = 4), when OR[XACS] = 1.
» Two clock cycles later(for LCRR[CLKDIV] = 2, 4, or 8), when GRACS] = 1.

* Three clock cycles later(for LCRR[CLKDIV] = 2, 4, or 8), when @RACS] =1 and
ORN[TRLX] = 1.

The timing diagram ifrigure 11-31shows two chip-select assertion timings for the case
LCRR[CLKDIV] =4 or 8. If LCRR[CLKDIV] = 2, LCSn asserts identically for OffACS] = 10 or 11.

11.4.2.3.1 Programmable Wait State Configuration

The GPCM supports internal generation of transfenaskedge. It allows betweezero and 30 wait states
to be added to an access by programming[SRY] and OR[TRLX]. Internal geneation of transfer
acknowledge is enabled if @FSETA] = 0. If LGTA is asserted externally dabus clock cy@s or more
before the wait state cowanthas expired (to allow for synchronipait latency), the current memory cycle
is terminated by LGTAotherwise it is terminated by the epgiion of the wait state counter. Regardless
of the setting of OR[SETA], wait states prolong tressertion duration of both LC#d LWE in the same
manner. When TRLX = 1, the numberwdit states inserted by the memaontroller is doubled from
ORN[SCY] cycles to 2 x OR[SCY] cycles, allowing a marium of 30 wait states.

11.4.2.3.2 Chip-Select and Write Enable Negation Timing

Figure 11-30shows a basic connection between the locabbdsa static memory device. In this case,
LCSnis connected directly to C&f the memory device. The LWE1] signals are connected to the
respective WEL:0] signals on the mempdevice where each LWE& 1] signal corresponds to a different

data byte.

LAD3< Address ><
|

LALE |/ \
|

Write Data

Figure 11-34. GPCM Basic Write Timing
(XACS =0, ACS =00, CSNT =1, SCY =1, TRLX =0, CLKDIV = 4, 8)

As Figure 11-34shows, the timing for LO%is the same as for the latched address. The strobes for the
transaction are supplied by LQIE LWEn, depending on the transactiometition—read owrite (write

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

11-48 Freescale Semiconductor






Enhanced Local Bus Controller

the ACS = 11 case. The exampldrigure 11-36also shows address and data multiplexing on LAD for a
pair of writes issued consecutively.

|
LAD {Address [ Read'Data > Address
[pdress) \ | fpaaress

LALE y—;\
A

I —t
turnaround[

Latched /Address
|

TA i i ACS =10 '/ I‘\
|

| | J B | |

I N o A

LBCTL

l««——+— extended hold time —)l/*)i
| |

|
|
|
|
|
|
./

Figure 11-35. GPCM Relaxed Timing Back-to-Back Reads
(XACS =0, ACS=1x,SCY =1, CSNT =0, TRLX =1, EHTR =0, CLKDIV =4, 8)

ew L S R |

!

LWEnN

—————

e ’
m
—_

| | | | | | |
LAD { Address 1 >< Write Data 1 X Address 2 >< Write Data 2

| | | | | | | |
| | | | | |
LALE |/ 1\ | | i/ I\ | |
| t t { | t i

| L } } : : }

A < Lached Address‘ 1 Latched ,ﬁ\ddress 2

| | | | | | | |
| | | = | | | | |
TA | [ \ACSI 10 i/ I\ [ [ [
| | | | | | | |
I T } (ACS =11 | T |
LCSn | \ \ \( [ / \ [ \ \ [
| | t t { | t {
LBCTL | | | | | ; ; ;
| | | | | | | |
| | | | | | | |
A= | | | it I/ | | |
LWEn \/ | | | | | | |
| | | | | |
T T T T T 1
| | | | | |

\
LOE V

Figure 11-36. GPCM Relaxed Timing Back-to-Back Writes
(XACS =0, ACS = 1x, SCY =0, CSNT =0, TRLX = 1, CLKDIV =4, 8)
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When TRLX and CSNT are seta write access, the LWE1] strobe signals areegated one clock earlier
than in the normal case, as showikrigure 11-37andFigure 11-381f ACS z00, LCS is also negated
one clock earlier.

e\ L L

| | |
LAD < Address >< Write Data :
| | | | | |
| | | | |
LALE |/ I\ | [ [ \
| T T T T
| : } } } }
A < La‘ttched Address ! !
| | |
| | | | | |
| | | — | | |

TA | | ACS=10 conT=1 \
| | | [ | |
JE— | | | | |
LCSn [ [ [ / [ [
| | | f \ | |
LBCTL ! [ [ [ [ [
| | | | | |
| | | | | |
s | | | I\ [ 1 |
LWEn \/ | | | | |
| | | |
T T T T
| | | |

\
LOE V

Figure 11-37. GPCM Relaxed Timing Write
(XACS =0, ACS=10,SCY =0,CSNT =1, TRLX = 1, CLKDIV =4, 8)

ST U R U U B U A U U

| |
LAD < Address >< Write Data \
|

\{

SCY=1, TRLX=1
o \>

|

[

T

|

|
! !
[ [ [ [
[ [ [ [
TA | [ [ [
[ [ [ [ [
[ [ [ [
LCSn | I\ [ [ [ /
| | T T T 1
[ [ [ [ [ [
LBCTL | | |  CSNT=1 |
[ [ | [ [
LWEn }/ | / | |
[ [ [
T T T
[ [ [

|
Figure 11-38. GPCM Relaxed Timing Write
(XACS=0,ACS=00,SCY =1,CSNT =1, TRLX =1, CLKDIV =4, 8)
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SRR Y N v R

| | | |

LAD <Rd' Address) : Read Data (Wr. Addressy Wr. Data )

| | | [ | | | |

| | > | |

LALE |/ \ | | Extended hold | BUS turnaround m
| } } } / |

|
A K Latched Read Address:
|
|
|
I

‘Wr. Address

—

[

| I
| | : |
[ [ [ [
TA [ [ [ [ [
\ [ \ T T \
- | | T T T 1
LCSn | I\ [ \/ [ [ [ [
[ [ ‘ [ [ [ [
| | | | | | | |
[ [ [ [ [ [ I\ [
LCSy [ [ [ [ [ [ [ |
| [ [ [ [ [ [ |
[ [ [ [ [ [ \
LBCTL , [ [ [ \/ [ [ [
[ [ T T \ [ [ [
— f | t t f 1
LOE | [ )\ 1/ [ [ [ [

Figure 11-40. GPCM Read Followed by Write
(TRLX =0, EHTR =1, One-Cycle Extended Hold Time on Reads)

11.4.2.4 External Access Termination (LGTA)

External access termination is suppdiby the GPCM using the asynchronous LAnput signal, which

is synchronized and sampled internallythg local bus. If, dung assertion of LO§ the sampled LGTA

signal is asserted, it is converted to an internaégaion of transfer acknowdge, which terminates the
current GPCM access (regaess of the setting of GIRSETA]). LGTA should be assertddr at least one
bus cycle to be effective. Note that because L@&®ynchronized, bus terminan occurs two cycles after
LGTA assertion, so in case of read cycle,dieice still must drivelata as long as LOI asserted.

The user selects whether traarshcknowledge is generated miglly or externally (LGTA by
programming OR[SETA]. Asserting LGTAalways terminates an access, even ih[3ETA] =0
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(internal transfer acknowledge geation), but it is the only means lhich an access can be terminated
if ORN[SETA] = 1. .

In PLL bypass mode, the timing of LGTiA illustrated by the example Fgure 11-41

1st 2nd
Sample Sample

Point Point
| | |
| | |
| | |
| | |
|

to- g ook
>

LAD IK Address )
I I T T T
I I | I
LALE | | | | |
I + i
I I I I | I I I
A K><><><><><><>< Latched Address :
I I I I | I I I
I I I I | I | I
TA I I I | I \ I
! ' ! I ! W : !
LGTA | I I I | I I I
I | I T I I I
ﬁ I | I I | I 1/ I
I I I I | I I
I I I I | I I I
I I | I I 1
LBCTL I 1\ I I | I I I
I I T T T T i I
— } | I | I I
LOE 1 I I I | I 1/ I

Figure 11-41. External Termination of GPCM Access(PLL Bypass Mode)

11.4.2.5 GPCM Boot Chip-Select Operation

Boot chip-select operation allows address decofting boot ROM before system initialization. LCIS
the boot chip-select output; its operatibffiers from other extmal chip-select outputdter a system reset.
When the core begins accessingmoey after system reset, LO% asserted for every local bus access
until BRO or OR(s reconfigured.

The boot chip-select also providepragrammable port size, which isrdigured during reset. The boot
chip-select does not prale write protection. LC&operates this way until the first write to ORO and it
can be used as any other chip-selegister after the prefexd address range is loaded into BRO. After the
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first write to ORO, the boot chip-select damrestarted only with a hardware re3able 11-32escribes
the initial values of the bodtank in the memory controller.

Table 11-32. Boot Bank Field Values after Reset for GPCM as Boot Controller

Register Field Setting
BRO BA 0000_0000_0000_0000_0
PS From RCWH[ROMLOC]
DECC 00
WP 0
MSEL 000
\% 1
ORO AM 0000_0000_0000_0000_0
BCTLD 0
CSNT 1
ACS 11
XACS 1
SCY 1111
SETA 0
TRLX 1
EHTR 1
EAD 1

11.4.3 Flash Control Machine (FCM)

The FCM provides a glueds interface to parallel-bus NAND FlaBEPROM devices. The FCM contains
three basic configurian register groups—BiR ORn, and FMR.

Figure 11-42hows a simple connection between ant ®drt size NAND Flash EEPROM and the eLBC
in FCM mode. Commands, address bytes, data are all transferred on LAD[0}7{vith LFWE asserted

for transfers written to the device, or LFREserted for transfers refidm the device. eLBC signals
LFCLE and LFALE determine whether writes areygf¢ command (only LFCLE asserted), address (only
LFALE asserted), or write dafaeither LFCLE nor LFALE assted). The NAND Flash RDY/BSYin is
normally open-drain, ancheuld be pulled high by a 4.7-Kresistor. On system reset, a global (boot)

1. Note bit numbering reversal: LAD[0] (msb) connects to Flash IO[7], while LAD[7] (Isb) connects to 10][0].
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chip-select is available thatquides a boot ROM chip-select (LGSorior to the system being fully
configured.

LCSn > CE
LFCLE > CLE
LFALE > ALE
LFWE > \WE
LFRE o > RE 8-bit
eLBC in FCM . NAND Flash EEPROM
Mode 4.7K:
LFRB | RDY/BSY
LFWP > \WP
LALE —> N.C.
LA —> N.C.
LAD[0:7] | > 10[7:0]
LAD[8:15] [« N.C.

Figure 11-42. Local Bus to 8-Bit FCM Device Interface
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Basic read access timing for FCM is showirigure 11-43 Although LCLK is $iown for reference,
NAND Flash EEPROMSs do not make use of the clock.
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LALE [ \ CMDO = 1st command CA = column address
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Figure 11-43. FCM Basic Page Read Timing
(PGS=1,CSCT=0,CST=0,CHT =1,RST=1, SCY =0, TRLX =0, EHTR = 1)

Following the assertion of LALE, FCM asserts L@@ commence a command sequence to the Flash
device. After a delay ogtcy the first command can be writtemthe device on assertion of LFWE
followed by any parameters (typicaligldress bytes and dgtand concluded with a secondary command.
In many cases, the second commandhit@s a long-running operation insithe Flash deeie, which pulls

the wired-OR pin LFB low to indicate that the device is busy. Sinc€igure 11-43+CM is now

expecting a read response, it takes LBCTL low toatound any bus transceivéingt are present. Upon
LFRB indicating ready status, FCM asserts LRRReatedly to recover bytes of read data, and the bytes
are stored in eLBC’s FCM buffer RAM while an E@Coptionally computed on the bytes transferred.
Finally, FCM negates LQ8and delays eLBC by:{;rr before any subsequent memory access occurs.

11.4.3.1 FCM Buffer RAM

Read and write accesses to eLBC banksrothetl by FCM do not access attached NAND Flash
EEPROMSs directly. Rather, thesecasses read and write the FCM buffer RAM—a single, shared 8-Kbyte
space internal to eLBC and mapped by the bdseess of every FCM bank. Even though each
FCM-controlled bank will hava different base addretsdifferentiate it, all accesses to such banks will
access the same buffer space. ExtezhBIC signals, such as LALE and L& Swill not assert upon
accesses to the buffer RAM. The FCM buffer RAsMogically divided into two or more buffers,
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small and large-page devices, a large-page 4-Kbyterbuftist be assigned to either the first 4 or last 4
small-page buffers.

Bank Base Address —»

buffer #0/page 0
offset 0x0400 —»-
buffer #1/page 1 1 Kbyte page buffer:
offset 0x0800 —» - -
buffer #2/page 2 -7
offset 0X0C00 —» -
buffer #3/page 3 512-byte main region (FPAR[MS] = 0)
offset 0x1000 —» .
buffer #4/page 4 N
» N —
offset 0x1400 —» buffer #5/page 5 N T 16-byte spare region (FPAR[MS] = 1)
offset 0x1800 — AN
et Ox1C00 buffer #6/page 6 AN 496-byte reserved region (FPAR[MS] = 1)
offset Ox > N
buffer #7/page 7 AN
offset 0x2000 —» -
| |
