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1.2 Introduction

The MC68HC(7)08KH12 is a member of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCUs). The M68HCO08
Family is based on the customer-specified integrated circuit (CSIC)
design strategy. All MCUs in the family use the enhanced M68HCO08
central processor unit (CPUO08) and are available with a variety of
modules, memory sizes and types, and package types.

1.3 Features
Features of the MC68HC(7)08KH12 include the following:

* High-Performance M68HCO08 Architecture

* Fully Upward-Compatible Object Code with M6805, M146805,
and M68HCO5 Families

* 6 MHz Internal Bus Operation
» Low-Power Design (Fully Static with Stop and Wait Modes)

» 12 KBytes of User ROM (MC68HCO08KH12) or One-Time
Programmable (OTP) ROM (MC68HC708KH12)

e On-Chip Programming Firmware for Use with Host Personal
Computer

« ROM/OTPROM Data Security!

» 384 Bytes of On-Chip Random Access Memory (RAM)

» 42 General Purpose 1/0, 29 with Software Configurable Pullups
* 16-Bit, 2-Channel Timer Interface Module (TIM)

» 20-Bit Keyboard Interrupt Port

» 5 LED Direct Drive Port Pins

* 48MHz Phase-Locked Loop

1. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or
copying the ROM/OTPROM difficult for unauthorized users.
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Full Universal Serial Bus Specification 1.1 Composite HUB with
Embedded! Functions:

1 ul2MHz Upstream Port

4 ul2MHz/1.5MHz Downstream Ports

1 uHub Control Endpoint (Endpoint0) with 8 byte transmit
buffer and 8 byte receive buffer

1 uHub Interrupt Endpoint (Endpointl) with 1 byte transmit
buffer

1 uDevice Control Endpoint (Endpoint0) with 8 byte transmit
buffer and 8 byte receive buffer

Device Interrupt Endpoints (Endpointl and Endpoint2) share
with 8 byte transmit buffer

On-chip 3.3V regulator for USB Transceiver

System Protection Features

Optional Computer Operating Properly (COP) Reset
lllegal Opcode Detection with Optional Reset
lllegal Address Detection with Optional Reset

Master Reset Pin with Internal Pullup and Power-On Reset

An External Asynchronous Interrupt Pin with Internal Pullup
(IRQ1)
64-pin plastic quad flatpack (QFP) package

1. Embedded device supports only bulk and interrupt transfers, and does not support
isochronous transfers.

MC68HC(7)08KH12 —Rev. 1.1
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Features of the CPUO8 include the following:

» Enhanced HCO5 Programming Model

» Extensive Loop Control Functions

* 16 Addressing Modes (Eight More Than the HCO5)
» 16-Bit Index Register and Stack Pointer

* Memory-to-Memory Data Transfers

* Fast 8 u8 Multiply Instruction

» Fast 16/8 Divide Instruction

» Binary-Coded Decimal (BCD) Instructions

* Optimization for Controller Applications

e Third Party C Language Support

1.4 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC(7)08KH12.
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1.5 Pin Assignments

1.5.1 Quad Flat Pack (QFP) Package

Figure 1-2 Shows the 64-pin QFP assignments.
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Figure 1-2. 64-Pin QF P Assignments (Top View)
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1.5.2 Power Supply Pins (V DDA VSSA! VDDl’ VSS]! VDDZ’ and V Ssé

Vppa and Vggp are the analog power supply and ground pins used by
the on-chip Phase-Locked Loop circuit.

Vpp2 and Vggo are the power supply and ground pins used by the
internal circuitry of the chip.

Vpp1 and Vgg; are the power supply and ground pins to the I/O pads.
The MCU operates from a single power supply.

Fast signal transitions on MCU pins place high, short-duration current
demands on the power supply. To prevent noise problems, take special
care to provide power supply bypassing at the MCU as Figure 1-3
shows. Place the bypass capacitors as close to the MCU power pins as
possible. Use high-frequency-response ceramic capacitors for Cgypass.
CguLk are optional bulk current bypass capacitors for use in applications
that require the port pins to source high current levels.

MCU
Vbba Vssa Vbp2 Vss2 Vop2 Vss1
0—' }—0 0—{ |—0 0—' }—0
Cavpass Cavpass Caypass
10nF 10nF 10nF
0—+| %ﬂ
CauLk

NOTE: Values shown are typical values.

O =
Vbus

Figure 1-3. Power Supply Bypassing
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1.5.3 Oscillator Pins (OSC1 and OSC2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator
circuit. (See Section 8. Clock G enerator Module (CGM) .)

1.5.4 External Reset Pin (RST)

A logic zero on the RST pin forces the MCU to a known start-up state.
RST is bidirectional, allowing a reset of the entire system. It is driven low
when any internal reset source is asserted. The RST pin contains an
internal pullup device. ((See Section 7. System Integration Module
(SIM).)

1.5.5 External Interrupt Pin (IRQ1 /V pp

IRQ1/Vpp is an asynchronous external interrupt pin. IRQ1/Vpp is also
the OTPROM programming power pin. The IRQ1/Vpp pin contain an
internal pullup device. (See Section 14. External Interrupt (IRQ) .)

1.5.6 USB Data Pins (DPLUSO-DPLUS4 and DMINUSO-DMINUS4)

DPLUSO-DPLUS4 and DMINUSO-DMINUS4 are the differential data
lines used by the USB module. (See Section 9. Universal Serial Bus
Module (USB) .)

1.5.7 Voltage Regulator Out (REGOUT)

REGOUT is the 3.3V output of the on-chip voltage regulator. It is used to
supply the voltage for the external pullup resistor required by the USB on
either DPLUS or DMINUS lines, depending on type of USB function.
REGOUT is also used internally for the USB data driver and the Phase-
locked Loop circuit. The REGOUT pin requires an external bulk
capacitor 1 FF or larger and a bypass capacitor. (See Section 9.
Universal Serial Bus Module (USB) .)

Advance Information MC68HC(7)08KH12 —Rev. 1.1
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1.5.8 Port A Input/Output (1/0O) Pins (PTA7—PTAOQ)

PTA7-PTAO are general-purpose bidirectional I/O port pins. (See
Section 12. I/O Ports .) Each pin contains a software configurable pull-
up device when the pin is configured as an input. (See 12.9 Port
Options .)

1.5.9 Port B I/0O Pins (PTB7-PTBO)

PTB7-PTBO are general-purpose bidirectional I/O port pins. (See
Section 12. I/O Ports .) Each pin contains a software configurable pull-
up device when the pin is configured as an input. (See 12.9 Port
Options .)

1.5.10 Port C I/O Pins (PTC4-PTCO)

PTC4-PTCO are general-purpose bidirectional I/O port pins. (See
Section 12. I/O Ports .) Port C pins are software configurable to be LED
Direct Drive ports. Each pin contains a software configurable pull-up
device when the pin is configured as an input. (See 12.9 Port Options .)

1.5.11 Port D I/O Pins (PTD7/KBD7-PTDO0/KBDO)

PTD7/KBD7-PTDO/KBDO are general-purpose bidirectional I/O port
pins. (See Section 12. I/O Ports .) Any or all of the port D pins can be
programmed to serve as external interrupt pins. (See Section 15.
Keyboard Interrupt Module (KBI) )

1.5.12 Port E I/O Pins (PTE4, PTE3/KBE3, PTE2/KBE2/TCH1,

PTE1/KBE1/TCHO, PTEO/KBEO/TCLK)

Port-E is a 5-bit special function port which shares three of its pins with
the Timer Interface Module and four of its pins with Keyboard Interrupt
Module (see Section 12. I/0O Ports , Section 15. Keybo ard Interrupt
Module (KBI) and Section 11. Timer In terface Module (TIM) ). In
addition, PTE3-PTEO has built-in optical coupling interface for optical
mouse application. (See Section 12. I/O Ports .)

MC68HC(7)08KH12 —Rev. 1.1 Advance Information
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1.5.13 Port F I/O Pins (PTF7/KBF7—PTFO/KBFO)

PTF7/KBF7-PTFO/KBFO are general-purpose bidirectional I/0 port pins.
(See Section 12. I/O Ports .) Any or all of the port F pins can be
programmed to serve as external interrupt pins. (See Section 15.
Keyboard Interrupt Module (KBI) )
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Advance Information — MC68HC(7)08KH12

Section 2. Memory Map

2.1 Contents

2.2 Introduction. . ... ... ... 33
2.3 /O SEeCtion . . ... o 35
2.4 Monitor ROM . . .. .. 43

2.2 Introduction

The CPUO08 can address 64 Kbytes of memory space. The memory
map, shown in Figure 2-1, includes:

e 11776 bytes of ROM or OTPROM
» 384 bytes of RAM
» 26 bytes of user-defined vectors

* 240 bytes of Monitor ROM

MC68HC(7)08KH12 —Rev. 1.1 Advance Information
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Advance Information

$0000

$005F
$0060

$01DF
$01EO0

$CDFF
$D000

$FDFF
$FE00
$FEO1
$FEO02
$FE03
$FE04
$FEO5
$FE06
$FEO7
$FE08

$FEOB
$FEOC
$FEOD
$FEOE
$FEOF
$FE10

$FEFF
$FF00

$FF8D

$FFES
$FFEG6

$FFFF

/O REGISTERS (80 BYTES)

RAM (384 BYTES)

UNIMPLEMENTED (52, 256 BYTES)

ROM/OTPROM (11776 BYTES)

BREAK STATUS REGISTER (BSR)

RESET STATUS REGISTER (RSR)

RESERVED

BREAK FLAG CONTROL REGISTER (BF

CR)

INTERRUPT STATUS REGISTER 1 (INT

1)

INTERRUPT STATUS REGISTER 2 (INT

P)

RESERVED

RESERVED

RESERVED (4 BYTES)

BREAK ADDRESS HIGH REGISTER (BRKH)

BREAK ADDRESS LOW REGISTER (BRKL)

BREAK STATUS AND CONTROL REGISTER (BSCR)

RESERVED

MONITOR ROM (240 BYTES)

$FFO0 to $FF8C
UNIMPLEMENTED (141 BYTES)

RESERVED

$FF8E to $FFE5S
UNIMPLEMENTED (88 BYTES)

VECTORS (26 BYTES)

Figure 2-1. Memory Map
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2.3 1/O Section

Addresses $0000-$005F, shown in Figure 2-2 , contain most of the
control, status, and data registers. Additional 1/0 registers have the
following addresses:

MC68HC(7)08KH12 —Rev. 1.1

$FEO0O0 (Break Status Register, BSR)
$FEO1 (Reset Status Register, RSR)
$FEO2 (Reserved)

$FEO3 (Break Flag Control Register, BFCR)
$FEO4 (Interrupt Status Register 1, INT1)
$FEO5 (Interrupt Status Register 2, INT2)
$FE06 (Reserved)

$FEO07 (Reserved)

$FEO08 (Reserved)

$FE09 (Reserved)

$FEOA (Reserved)

$FEOB (Reserved)

$FEOC and $FEOD (Break Address Registers, BRKH and BRKL)

$FEOE (Break Status and Control Register, BSCR)
$FF8D (Reserved)
$FFFF (COP Control Register, COPCTL)
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Addr. Name Bit 7 6 4 3 2 1 Bit O
R:
$0000 Port A Data Register (PAPTA7 | PTA6|  PTAS  PTA4PTA3 | PTA2l PTAL  PTAO
R:
$0001 Port B Data Register (BfB)PTB7 | PTB6 ~ PTBS ~ PTR4PTB3 | PTBZ PTBL  PTRO
, R 0O 0 0
$0002 Port C Data Register 5\;’ s PTC4 PTC3 PTCR PTC1 PTCO
R:
$0003 Port D Data Register (BID)PTD7 | PTD§ ~ PTD5  PTD4  PTD3  P[D2  PTD1  |PTDO
R:
30004 Data Direction Register A (FORBDRA7 DDRA6 DDRAS DDRA4 DDRA3 DDRA2 (DDRAL| DDRAO
R:
$0005| Data Direction Register B (FDRBDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 (DDRB1| DDRBO
. . . R: 0 0 0
$0006| Data Direction ReglsterC(:{/El)_ - DDRC4 DDRC3 DDRC2 DDRC1 DDRCO
R:
$0007|  Data Direction Register D (RBRDPRD7  DDRO6  DDRDS DDRD4 DDRD3  DDRD2 |DDRD1| DDRDO
, Rl 0 0 0 _
$0008 Port E Data Register {£= PTE4 | PTE3| PTEZ PTHEL PTEO
R:
$0009 Port F Data Register (RFF)PTF7 | PTF6|  PTF5  PTRAPTF3 | PTF2  PTFL  PTRO
o _ RL 0 0 0
$000A  Data Direction Register E (RDRR) DDRE4 DDRE3 DDRE2 DDRE1 DDREO
R:
$000B|  Data Direction Register F (S5RPPRF7| DDRF6 DDRF5 DDRF4 DDRF3 [DDRF2 |DDRFL | DDRFO
Port D Keyboard Statug &id O 0 0 0 KEYDF 0
$000G Control Register (KBD$GH ACKD IMASKD MODgD
$00op| POt D Keyboard Interrupt Engle o -7 gpiEs  KBDIES KBDKBDIES KBDIH2 KBD|EL KBDIEO
Register (KBDIE
Port E Keyboard Statug &d O 0 0 0 | KEYEF 0
$000E Control Register (KBESGH ACKE IMASKE MODEE
$000F| POrtE Keyboard Interrupt Endhle, oo oeoeh  pEpE1  PEPE0 KBEIE3 KBEIE2 |KBEIEL| KBEIEO
Register (KBEIER),
|:| = Unimplemented Ij| = Reserved

Figure 2-2. Control, Stat us, and Data Registers
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Addr.

$0010

$0011

$0012

$0013

$0014

$0015

$0016

$0017

$0018

$0019

$001A

$001B

$001C

$001D

$001E

$001F

Name Bit 7 6 5 4 3 1 Bit 0
TOF 0 0
TIM Status and Control RegRier ToIE | TSTOr PS2 ps1 PSO
(TSCw;| o TRST
R:
Unimplementeg
W:
TIM Counter Register }—ﬁb'h Bit 15 14 13 12 11 10 9 Bit 8
(TCNTHW;
TIM Counter Register LRy Bit 7 6 5 4 3 2 1 Bit {
(TCNTLUW
TIM Counter Modulo Register Righ,, . .
(TMODHY! hBlt 15 14 13 12 11 10 9 Bit|8
TIM Counter Modulo RegisterRow _. .
(TMODL)/V_; Bit 7 6 5 4 3 2 1 Bit Q
CHOF
TIM Channel 0 Status and Coitrol CHOIE| MSOH MSOA ELSOB ELSOA TOVO GHOMAX
Register (TSQQy: 0
TIM Channel 0 Register [HRgh _. .
(TCHOI-W Bit 15 14 13 12 11 10 9 Bit|8
TIM Channel 0 Register| IS _. .
(TCHOLW Bit 7 6 5 4 3 2 1 Bit Q
CH1F 0
TIM Channel 1 Status and Coitrol CH1IE MS1A| ELS1B ELSIA TOV1 CHIMAX
Register (TSCH:- 0
TIM Channel 1 Register|High . .
(TCHIH)™ Bit 15 14 13 12 11 10 9 Bit 8
TIM Channel 1 Register| IRjw Bit 7 6 5 4 3 2 1 Bit 0
(TCH1LWA
PORT E Optical Interface EMBble eyl yRepl  yREFO XREF2  XREF1 REFO | OIEY | OIEX
Register (EOIERY;
: ) R: 0 0 0 0
Port Option Control Register \%_""‘ LDD PCP PBP PAP
0 0 0 0 IRQF1 0
IRQ Status and Control Reghier Q IMASK1 MODEL
(ISCR)W| ACK1
Configuration Regist®y O 0 0 0
(CONFIGW: SSREC| COPRS STQP COPD
T One-time writable register
I:I = Unimplemented Ijl = Reserved

Figure 2-2. Contro |, Status, and Data Registers (Continued)
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Addr. Name Bit 7 6 5 4 3 2 1 Bit O
$0020 USB Embedded Device Endgdiyt §EOROY DEORD6 DEOR05 DEOREARO3 DEOR(2 DEORO1 DEPROO
Data Register O (DEQRRQ) DEOTOY DEOTD6 DEOT05 DEODEATO3 DEOT02 DEOTO01 DEPTO00
$0021 USB Embedded Device Endgdiyt PEOR1}Y DEOR6 DEOR15 DEORE@R13 DEOR12 DEOR11 DEPRI10
Data Register 1 (DEORA) DEOT1Y DEOT16 DEOT15 DEODEAT13 DEOT12 DEOT11 DEPT10
50022 USB Embedded Device Endgdiyt ’EOR2] DEORR6 DEOR25 DEOBREAR23 DEOR?2 DEOR21 DEPR20
Data Register 2 (DEQRZ) DEOT2Y DEOTR6 DEOT25 DEODE®OT23 DEOT22 DEOT21 DEQT20
$0023 USB Embedded Device Endgdiyt EOR3] DEORB6 DEOR35 DEOBRBAR33 DEOR32 DEOR31 DEPR30
Data Register 3 (DEQRB) DEOT3Y DEOTR6 DEOT35 DEODEOT33 DEOT32 DEOT31 DEPT30
$0024 USB Embedded Device Endpdiyt DEOR4Y DEOR46 DEOR45 DEOREAR43 DEOR42 DEOR41 DEPR40
Data Register 4 (DEORA) DEOT4Y DEOT46 DEOT45 DEODEQT43 DEOT42 DEOT41 DEQT40
50025 USB Embedded Device Endgdiyt §EORS] DEORSE6 DEOR55 DEOREAR53 DEOR52 DEOR51 DEPR50
Data Register 5 (DEQRQB) DEOT5Y DEOTE6 DEOT55 DEODEOT53 DEOT52 DEOT51 DEPT50
$0026 USB Embedded Device Endgdiyt ’EOR6] DEORB6 DEOR65 DEOREAR63 DEORG2 DEOR61 DEPR60
Data Register 6 (DEQRRS) DEOT6Y DEOTH6 DEOT65 DEODEAT63 DEOT62 DEOT61 DEQT60
USB Embedded Device Endgdiyt PEOR77Y DEORF6 DEOR75 DEORZAR73 DEOR72 DEOR71 DEPR70
$0027 . . . .
Data Register 7 (DEQ#) DEOT7Y DEOTF6 DEOT75 DEODE®T73 DEOT72 DEOJ71 DEQT70
$0028 USB Embedded Device Endgft
1/2 Data Register 0 (DEpRO)DE1ITOY DEATP6 DELTO5 DEIDEATO3 DEIT(2 DE1TO1 DELTOO
$0029 USB Embedded Device Endgt
1/2 Data Register 1 (DEBNY1)DE1T1Y DE1T16 DE1T15 DEIDEAT13 DE1T12 DE1T11 DELT10
$002A USB Embedded Device Endljpt
1/2 Data Register 2 (DEpNY2)DE1T2Y DE1TR6 DE1T25 DHIDEAT23 DE1T22 DE1T21 DELT20
$0028B USB Embedded Device Endgt
1/2 Data Register 3 (DEpRB)DE1T37 DEATBR6 DE1T35 DEIDBAT33 DE1T32 DE1T31 DELT30
$002C] USB Embedded Device Endgt
1/2 Data Register 4 (DEZNY4)DE1T4Y DE1T#6 DE1T45 DE1DEAT43 DE1T42 DE1T41 DELT40
$002D USB Embedded Device Endgt
1/2 Data Register 5 (DEAYS)DE1T5Y DE1TH6 DE1T55 DHIDEAT53 DE1T%2 DE1T51 DELT50
$002E USB Embedded Device Endgft
1/2 Data Register 6 (DEpRG)DE1T67Y DELITH6 DELT65 DEIDEAT63 DE1T62 DE1T61 DELT60
$002F USB Embedded Device Endgt
1/2 Data Register 7 (DEDDY)DE1T7Y DE1TF6 DE1T75 DE1DEAT73 DE1T72 DE1T71 DELT70
I:l = Unimplemented Ijl = Reserved

Figure 2-2. Contro |, Status, and Data Registers (Continued)
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Addr. Name Bit 7 6 5 4 3 2 1 Bit O
$0030 USB HUB Endpoint 0 pPRta HEOROY HEORD6 HEORO05 HEORBAR03 HEOR(O2 HEOROL HEPROO
Register 0 (HEODf)| HEOTO}Y HEOTP6 HEOT05 HEOMBOTO3 HEOT()2 HEOTO1 HEQTOO
$0031 USB HUB Endpoint 0 PRta HEOR1Y HEOR16 HEOR15 HEOREOR13 HEOR12 HEOR11 HEPRIO
Register 1 (HEODA) HEOT1y HEOTL6 HEOQT15 HEOMEAT13 HEOT12 HEOT11 HEPT10
$0032 USB HUB Endpoint 0 PRta HEOR2Y HEORR6 HEOR25 HEORPAR23 HEOR22 HEOR21 HEPR20
Register 2 (HEODR)| HEOT2Y HEOTP6 HEOQT25 HEOME®OT23 HEOT22 HEOT21 HEQT20
$0033 USB HUB Endpoint 0 PRta HEOR3Y HEORB6 HEOR35 HEORBOR33 HEORS2 HEOR31 HEPR30
Register 3 (HEOD&)| HEOT3yY HEOTBR6 HEOT35 HEOMBOT33 HEOT32 HEOT31 HEQT30
$0034 USB HUB Endpoint 0 PRta HEOR4Y HEOR#6 HEOR45 HEOREOR43 HEOR42 HEOR41 HEDRA40
Register 4 (HEODA) HEOT4y HEOT46 HEQT45 HEOMEOT43 HEOT42 HEOT41 HEQT40
$0035 USB HUB Endpoint 0 PRta HEOR57 HEOR56 HEOR55 HEOREAR53 HEOR52 HEOR51 HEPRS0
Register 5 (HEODR®) HEOTS5Y HEOQOTE6 HEQT55 HEOMEOT53 HEOT%2 HEOT51 HEPTS0
$0036 USB HUB Endpoint 0 PRta HEOR6Y HEORB6 HEOR65 HEOREAR63 HEORE2 HEOR61 HEPR60
Register 6 (HEOD&) HEOT67Y HEOTH6 HEOQT65 HEOMEOT63 HEOT62 HEOT61 HEQT60
$0037 USB HUB Endpoint 0 PRta HEOR7Y HEOR76 HEOR75 HEORFOR73 HEORY2 HEOR71 HEPR70
Register 7 (HEODK) HEOT7y HEOTF6 HEQT75 HEOMEOT73 HEOTT2 HEOT71 HEDT70
R:
$0038 Unimplememvevg
. R:
$0039 Unlmplememv?ﬁ
PLL Control Registgi PLLF PRE1 | PREQ 0 0
$003A (PCTLW: PLLIE PLLON| BCS
PLL Bandwidth Control Regfter LOCK| — 0 0 0 0 0
$003B (PBWOW AUTO ACQ
PLL Multiplier Select Registef R
$003C (PMSHW MUL11| MUL1p MUL9  MULS
$003p| LL Multiplier Select RegisterRow ) o |y d puls mulamulz| mutz muth mulo
(PMSLy:
. R:
$003E Unlmplemer%evg
PLL Reference Divider Sefié L
$003F Register (PROGY] RDS3| RDS2 RDS1 RD$0
I:l = Unimplemented Ijl = Reserved

Figure 2-2. Contro |, Status, and Data Registers (Continued)
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Addr. Name Bit 7 6 5 4 3 2 1 Bit 0
Port F Keyboard Status and Qdsirol O 0 0 0 | KEYFF 0
$0040 Register (KBFSOR) ACKE IMASKKF MODEHEF
s0041| POTtF Keyboard Interrupt ENBle oo o\ oile KBRIES KBFIE4 KBFIE3 KBFIE2 |KBFIEL| KBFIEO
Register (KBFIER):
so042| POt Pull-up Enable RegBter, oo/l orops  pepEs  prpE4  PRPE3  RFPE2  |PEPEL | PFPEO
(PFPER!
. R:
$0043 Unlmplememv?ﬁ
. R:
$0044 Unlmplememv%g
. R:
$0045 Unlmplemem\%e_
. R:
$0046 Unlmplememv?ﬁ
USB Embedded Device CoRiol 0O 0 0 0
$0047 Register 2 (DCRA) ENABLER ENABLE1 DSTADSTALL{1
s004g| USB Embedded Device AddRss -\ -\ pApps  pADPS DAPD4 DADD3 DADD2 |DADDI| DADDO
Register (DADDR):
i sRRiptTXDOH  RXDOF 0 0 0 0
$0049 USB Embedded Device IntefRipt TXDOIE  RXDOIE I
Register 0 (DIR®): TXDOFR RXDOFR
USB Embedded Device InteRiptTXD1H 0 0 0 0 0 0
$004A Register 1 (DIRY: TXD1I TXD1FF
USB Embedded Device CoRio
$004B Register 0 (DCFW I'I'OSEQ DSTALLO TXQE RXOE TPpPSIZ3 TPOSIZ2 |TPOSIZ1 TPOSIZO
USB Embedded Device CoRtio e O L
— 1 K 4 9
$004C Register 1 (DCRA)] I'I'lSEQ ENDADD TX TP1SIZ3 TP1SIZ2 TP1SIZ1 TP1SIZ0
USB Embedded Device StRUsPRSEQ DSETUP DTXLST 0 RPO0SIZ3 RPO0SIZ2 |[RP0SIZ1 RPO0OSIZ0O
$004D .
Register (DSy: DTX1ST
R:
$004E Unimplemer%@
. R:
$004F Unlmplemerrtveve_
|:| = Unimplemented Ijl = Reserved

Figure 2-2. Contro |, Status, and Data Registers (Continued)
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Addr. Name Bit 7 6 5 4 3 2 1 Bit 0
R:
$0050 Unimplememv?ﬁ
USB HUB Downstream Rdrf| 1 s lien? D1+ D1-
$0051 Control Register (HDPJﬁ) PEN1 | LOWSP1 RST1 RESUM1 S
USB HUB Downstream Rdtf 2 L liend D2+ D2-
$0052 Control Register (HDPZE) PEN2 | LOWSP2 RST2 RESUM2 S
USB HUB Downstream Rdtf3 L Lien? D3+ D3—
$0053 Control Register (HDP:W) PEN3 | LOWSP3 RST3 RESUM3 S
USB HUB Downstream Rd®f| 4 N Liend D4+ D4-
$0054 Control Register (HDPZ@) PEN4 | LOWSP4 RST4 RESUM4 S
R:
$0055 Unimplememvevg
imi terSOFF EOF2F EORF TRANF
$0056| USB SIE Timing Interrupt Redter SOFIE| EOF2IE EOPIE TRANIE
(SIETIRW!
USB SIE Timing Status RegRler RSTF 0 LOCKF 0 0 0 0 0
$0057
(SIETSRyv RSTFR LOCKFR SOFFR EOF2FR EOPFR TRANFR
$0058 USB HUB Address Regifter oo\l Appg  ADD5  ADD4  ADD3  ADD2 MDD | ADDO
(HADDR]
iste 0 TXDF RXDF 0 0 0 0
$0059 USB HUB Interrupt Regist&¥0 DIE| RXDIE
(HIRO)w TXDFR| RXDFR
R:
$005A Unimplemen%g
$0058B USB HUB Control RegistBf0 oo | sralo g RXE  TPSIZ3 ThSIZ2 TPSIZL |TPSIZO
(HCROW]
so0sc|  USBHUBEndpointl Contl& ) | pNew  pcHGS PCHG4 PEHG3 BCHG2 |PCHGL| PCHGO
Data Register (HCDRY
. R] RSEQ| SETUP TX1BET q RP5I1Z3 RPSIZ2 RPSIZ1 | RPSIZO
$005D| USB HUB Status Register{H&R
W: TX1STF
USB HUB Root Port Carftpl 0 0 0 1o 0 DO+ DO-
$005E Register (HRPGR)] RESUMD SUSPI
R:
$005F Unimplemerrtveve_
I:l = Unimplemented Ijl = Reserved

Figure 2-2. Contro |, Status, and Data Registers (Continued)
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Addr. Name Bit 7 6 5 4 1 Bit 0
Break Status Registi
$FEOO (BSRIW! R R R R R R SBSW R
Reset Status Registy POR PIN COR ILOP ILAD usB 0
$FEO1
(RSR)w:
R:
$FEO2 Reserved
W:
Break Flag Control Redi§ter
$FEO3 (BFCR)W! BCFE R R R R R R R
i R: IF6 IF5 IF4 IF3 IF2 IF1 Q d
$FEOQ4| Interrupt Status Register 1HINFH
: R R R R R R R R
. R: 0 0 0 IF11 IF10 IF9 IF8 IF
$FEO5| Interrupt Status Register 2 {INTF2)
i R R R R R R R R
R:
$FEOG Reserved
Wi
R:
$FEQ7 Reserved
Wi
. R:
$FEO8 Unlmplememv%e_
. R:
$FEO9 Unlmplememvt\e/e_
. R:
SFEOA Unlmplemerﬁv?ﬁ
. R:
$FEOB Ummplemer%e_
Break Addre&egister Highr;| _. .
$FEOQC (BRKHW: Bit 15 14 13 12 11 10 9 Bit
Break Address Register| lRw _. .
$FEOD (BRKL)W: Bit 7 6 5 4 3 2 1 Bit Q
Break Status and Control RegRster, 0 0 0 0 0
$FEOE (BRKSCR—W; BRKE BRK
R:
$FF8D Reservied-
Wi
COP Control RegisR Low byte of reset vector
$FFFF _
(COPCTIv: Writing clears COP counter (any value)

Advance Information
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Figure 2-2. Contro |, Status, and Data Registers (Continued)
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2.4 Monitor ROM

Table 2-1 is a list of vector locations.

Table 2-1. Vector Addresses

Address Vector
$FFE6 PLL Vector (High)
2 $FFE7 PLL Vector (Low)
- $FFES8 Port-F Keyboard Vector (High)
$FFE9 Port-F Keyboard Vector (Low)
$FFEA Port-D Keyboard Vector (High)
$FFEB Port-D Keyboard Vector (Low)
$FFEC Port-E Keyboard Vector (High)
$FFED Port-E Keyboard Vector (Low)
$FFEE TIM Overflow Vector (High)
$FFEF TIM Overflow Vector (Low)
$FFFO TIM Channel 1 Vector (High)
2 $FFF1 TIM Channel 1 Vector (Low)
g $FFF2 TIM Channel 0 Vector (High)
$FFF3 TIM Channel 0 Vector (Low)
$FFF4 USB Device Endpoint Interrupt Vector (High)
$FFF5 USB Device Endpoint Interrupt Vector (Low)
$FFF6 USB HUB Endpoint Interrupt Vector (High)
$FFF7 USB HUB Endpoint Interrupt Vector (Low)
$FFF8 USB SIE Timing Interrupt Vector (High)
$FFF9 USB SIE Timing Interrupt Vector (Low)
$SFFFA IRQ1 Vector (High)
$FFFB IRQ1 Vector (Low)
$FFFC SWI Vector (High)
= $FFFD SWI Vector (Low)
'% $FFFE Reset Vector (High)
$FFFF Reset Vector (Low)

The 240 bytes at addresses $FE10-$FEFF are reserved ROM
addresses that contain the instructions for the monitor functions. (See
Section 10. Monitor ROM (MON) .)

MC68HC(7)08KH12 —Rev. 1.1

Advance Information

Freescale Semiconductor

43




Advance Information MC68HC(7)08KH12 —Rev. 1.1

44 Freescale Semiconductor



Advance Information — MC68HC(7)08KH12

Section 3. Random-Access Memory (RAM)

3.1 Contents

3.2 Introduction. . ... ... ... 45

3.3 Functional Description . ......... ... .. . i 45

3.2 Introduction

This section describes the 384 bytes of RAM.

3.3 Functional Description

Addresses $0060 through $01DF are RAM locations. The location of the
stack RAM is programmable. The 16-bit stack pointer allows the stack to
be anywhere in the 64-Kbyte memory space.

NOTE: For correct operation, the stack pointer must point only to RAM
locations.

Within page zero are 160 bytes of RAM. Because the location of the
stack RAM is programmable, all page zero RAM locations can be used
for 1/0O control and user data or code. When the stack pointer is moved
from its reset location at $00FF, direct addressing mode instructions can
access efficiently all page zero RAM locations. Page zero RAM,
therefore, provides ideal locations for frequently accessed global
variables.

Before processing an interrupt, the CPU uses five bytes of the stack to
save the contents of the CPU registers.

NOTE: For M6805 compatibility, the H register is not stacked.
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During a subroutine call, the CPU uses two bytes of the stack to store
the return address. The stack pointer decrements during pushes and
increments during pulls.

NOTE: Be careful when using nested subroutines. The CPU may overwrite data
in the RAM during a subroutine or during the interrupt stacking
operation.
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Advance Information — MC68HC(7)08KH12

4.1 Contents

4.2 Introduction

Section 4. Read-Only Memory (ROM)

4.2 Introduction. . ... ... ... 47

4.3 Functional Description . ........ .. ... . . 47

This section describes the 11,776 bytes of read-only memory (ROM)
and 26 bytes of user vectors, available on the MC68HCO08KH12 device
(ROM part).

On the MC68HC708KH12 (OTP part), the ROM is replaced with 11,776
bytes One-Time Programmable (OTP) ROM. Programming tools are
available from Freescale. Contact your local Freescale representative
for more information.

4.3 Functional Description

These addresses are user ROM locations:
$D000 — $FDFF

$FFE6 — $FFFF (These locations are reserved for user-defined interrupt
and reset vectors.)

NOTE: A secutiry feature prevents viewing of the ROM contents.*
1. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or
copying the ROM contents difficult for unauthorized users.
MC68HC(7)08KH12 —Rev. 1.1 Advance Information
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Advance Information — MC68HC(7)08KH12

5.1 Contents

5.2 Introduction

Section 5. Configuration Register (CONFIG)

5.2 Introduction. . ... ... ... 49

5.3 Functional Description . ......... ... .. . . 49

This section describes the configuration register (CONFIG). The
configuration register enables or disables the following options:

* Stop mode recovery time (32 CGMXCLK cycles or 4096
CGMXCLK cycles)

* STOP instruction
» Computer operating properly module (COP)

« COP reset period (COPRS), (213-2%) u°CGMXCLK or
(218-2% LCGMXCLK

5.3 Functional Description

The configuration register is used in the initialization of various options.
The configuration register can be written once after each reset. All of the
configuration register bits are cleared during reset. Since the various
options affect the operation of the MCU it is recommended that this
register be written immediately after reset. The configuration register is
located at $001F. The configuration register may be read at anytime.

This configuration register exists on both the MC68HC708KH12
(OTP part) and MC68HCO08KH12 (ROM part).
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NOTE: The CONFIG register is a special register containing one-time writable
latches after each reset. Upon a reset, the CONFIG register defaults to
the predetermined settings as shown in Figure 5-1.

Address:  $001F

Bit 7 6 5 4 3 2 1 Bit O
Read 0 0 0 0
SSREC| COPRB STOP cO
Write
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 5-1. Configurat ion Register (CONFIG)

SSREC — Short stop recovery bit

SSREC enables the CPU to exit stop mode with a delay of 32
CGMXCLK cycles instead of a 4096 CGMXCLK cycle delay.
1 = Stop mode recovery after 32 CGMXCLK cycles
0 = Stop mode recovery after 4096 CGMXCLK cycles

NOTE: Exiting stop mode by pulling reset will result in the long stop recovery.
If using an external crystal, do not set the SSREC bit.

COPRS — COP reset period selection bit

1 = COP reset cycle is (213-2%) ”CGMXCLK
0 = COP reset cycle is (218-2%) WCGMXCLK

STOP — STOP instruction enable bit

STOP enables the STOP instruction.
1 = STOP instruction enabled
0 = STOP instruction treated as illegal opcode

COPD — COP disable bit

COPD disables the COP module. See Section 13. Computer
Operating Properly (COP) .

1 = COP module disabled

0 = COP module enabled

Advance Information MC68HC(7)08KH12 —Rev. 1.1
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Advance Information — MC68HC(7)08KH12

6.1 Contents

6.2 Introduction

Section 6. Central Processor Unit (CPU)

6.2 Introduction. . ........ . . ... 51
6.3 Features ... ... ... ... 52
6.4 CPURegISters .. ... i e 52
6.4.1 Accumulator (A). . ..o 53
6.4.2 Index Register (H:X) . ... ... 54
6.4.3 Stack Pointer (SP). . . ... .. . 55
6.4.4 Program Counter (PC) . ......... ... .. 56
6.4.5 Condition Code Register (CCR) .. ... 57
6.5  Arithmetic/Logic Unit (ALU) . ........ .. ... ... ...... 59

This section describes the central processor unit. The M68HC08 CPU is
an enhanced and fully object-code-compatible version of the M68HC05
CPU. The CPUO8 Reference Manual (Freescale document number
CPUOBRM/AD) contains a description of the CPU instruction set,
addressing modes, and architecture.
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6.3 Features

Features of the CPU include the following:

* Full Upward, Object-Code Compatibility with M68HCO05 Family

» 16-Bit Stack Pointer with Stack Manipulation Instructions

» 16-Bit Index Register with X-Register Manipulation Instructions

* 8-MHz CPU Internal Bus Frequency

* 64-Kbyte Program/Data Memory Space

* 16 Addressing Modes

* Memory-to-Memory Data Moves Without Using Accumulator

» Fast 8-Bit by 8-Bit Multiply and 16-Bit by 8-Bit Divide Instructions
* Enhanced Binary-Coded Decimal (BCD) Data Handling

* Modular Architecture with Expandable Internal Bus Definition for
Extension of Addressing Range Beyond 64 Kbytes

* Low-Power Stop and Wait Modes

6.4 CPU Registers

Figure 6-1 shows the five CPU registers. CPU registers are not part of
the memory map.
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7 0
[ TTTTTTT ] ACCUMULATOR (A)

15 0
[TTTHTTTTTTT xT 1 | INDEXREGISTER (H:X)

15 0
LTI T T T TTTTTT ][] STACKPOINTER (sP)

15 0
LITTTTTTITTT T ] ] PrROGRAMCOUNTER (PC)

7 0
[V[1][ 1] H [ ¥ Z &CONDITION CODE REGISTER (CCR)

CARRY/BORROW FLAG
—ZERO FLAG
NEGATIVE FLAG
INTERRUPT MASK
HALF-CARRY FLAG
TWO'S COMPLEMENT OVERFLOW FLAG

Figure 6-1. CPU Registers

6.4.1 Accumulator (A)

The accumulator is a general-purpose 8-bit register. The CPU uses the
accumulator to hold operands and the results of arithmetic/logic

operations.
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write:
Reset: Unaffected by reset
Figure 6-2. Accumulator (A)
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6.4.2 Index Register (H:X)

Advance Information

The 16-bit index register allows indexed addressing of a 64-Kbyte
memory space. H is the upper byte of the index register, and X is the
lower byte. H:X is the concatenated 16-bit index register.

In the indexed addressing modes, the CPU uses the contents of the

index register to determine the conditional address of the operand.

Bit Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read:

Write:

Reset: 0 0 0 0 0 0O O o0 X X X X X X X X

X = Indeterminate

Figure 6-3. Index Register (H:X)

The index register can serve also as a temporary data storage location.
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6.4.3 Stack Pointer (SP)

The stack pointer is a 16-bit register that contains the address of the next
location on the stack. During a reset, the stack pointer is preset to
$00FF. The reset stack pointer (RSP) instruction also sets the least
significant byte to $FF but does not affect the most significant byte. The
stack pointer decrements as data is pushed onto the stack and
increments as data is pulled from the stack.

In the stack pointer 8-bit offset and 16-bit offset addressing modes, the
stack pointer can function as an index register to access data on the
stack. The CPU uses the contents of the stack pointer to determine the
conditional address of the operand.

Bit Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read:
Write:

Reset 0 0 O O O O O O 1 1 1 1 1 1 1 1
Figure 6-4. Stack Pointer (SP)

NOTE: The location of the stack is arbitrary and may be relocated anywhere in
RAM. Moving the SP out of page zero ($0000 to $00FF) frees direct
address (page zero) space. For correct operation, the stack pointer must
point only to RAM locations.
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6.4.4 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the
next instruction or operand to be fetched.

Normally, the program counter automatically increments to the next
sequential memory location every time an instruction or operand is
fetched. Jump, branch, and interrupt operations load the program
counter with an address other than that of the next sequential location.

During reset, the program counter is loaded with the reset vector
address located at $FFFE and $FFFF. The vector address is the
address of the first instruction to be executed after exiting the reset state.

Bit

15 14 13 12 11

10 9 8 7 6 5 4 3 2 1

Read:

Write:

Reset:

Loaded with vector from $FFFE and $FFFF

Figure 6-5. Prog ram Counter (PC)
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6.4.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask and five
flags that indicate the results of the instruction just executed. Bits 6 and
5 are set permanently to logic one. The following paragraphs describe
the functions of the condition code register.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Vv 1 1 H | N Z C
Write:
Reset: X 1 1 X 1 X X X

X = Indeterminate

Figure 6-6. Condition Code Register (CCR)

V — Overflow Flag

The CPU sets the overflow flag when a two's complement overflow
occurs. The signed branch instructions BGT, BGE, BLE, and BLT use
the overflow flag.

1 = Overflow

0 = No overflow

H — Half-Carry Flag

The CPU sets the half-carry flag when a carry occurs between
accumulator bits 3 and 4 during an ADD or ADC operation. The half-
carry flag is required for binary-coded decimal (BCD) arithmetic
operations. The DAA instruction uses the states of the H and C flags
to determine the appropriate correction factor.

1 = Carry between bits 3 and 4

0 = No carry between bits 3 and 4
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| — Interrupt Mask

When the interrupt mask is set, all maskable CPU interrupts are
disabled. CPU interrupts are enabled when the interrupt mask is
cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but
before the interrupt vector is fetched.

1 = Interrupts disabled

0 = Interrupts enabled

NOTE: To maintain M6805 compatibility, the upper byte of the index register (H)
is not stacked automatically. If the interrupt service routine modifies H,
then the user must stack and unstack H using the PSHH and PULH
instructions.

After the | bit is cleared, the highest-priority interrupt request is
serviced first.

A return from interrupt (RTI) instruction pulls the CPU registers from
the stack and restores the interrupt mask from the stack. After any
reset, the interrupt mask is set and can only be cleared by the clear
interrupt mask software instruction (CLI).

N — Negative flag

The CPU sets the negative flag when an arithmetic operation, logic

operation, or data manipulation produces a negative result, setting bit
7 of the result.

1 = Negative result
0 = Non-negative result

Z — Zero flag

The CPU sets the zero flag when an arithmetic operation, logic
operation, or data manipulation produces a result of $00.

1 = Zero result

0 = Non-zero result
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C — Carry/Borrow Flag

The CPU sets the carry/borrow flag when an addition operation
produces a carry out of bit 7 of the accumulator or when a subtraction
operation requires a borrow. Some instructions — such as bit test and
branch, shift, and rotate — also clear or set the carry/borrow flag.

1 = Carry out of bit 7

0 = No carry out of bit 7

6.5 Arithmetic/L ogic Unit (ALU)

The ALU performs the arithmetic and logic operations defined by the
instruction set.

Refer to the CPUO8 Reference Manual (Freescale document number
CPUOBRM/AD) for a description of the instructions and addressing
modes and more detail about CPU architecture.
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Advance Information — MC68HC(7)08KH12

Section 7. System Integration Module (SIM)

7.1 Contents

7.2 Introduction. . ... ... 62
7.3  SIM Bus Clock Control and Generation . ................. 65
7.3.1 BusTiming ............ i 65
7.3.2 Clock Start-Up fromPOR .. ................ ... ..... 66
7.3.3 Clocks in Stop Mode and WaitMode . ................ 66
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7.2 Introduction

Advance Information

7.7
7.7.1
7.7.2

7.8

7.8.1
7.8.2
7.8.3

Low-Power Modes . .. ...t 79
Wait Mode. . ... . 80
StopMode. . ... .. 81

SIMREQIStersS . . ... 83
Break Status Register (BSR). . . ............... ... ... 83
Reset Status Register(RSR) . ...................... 84
Break Flag Control Register (BFCR). . ................ 85

This section describes the system integration module (SIM), which
supports up to 24 external and/or internal interrupts. Together with the

CPU,

the SIM controls all MCU activities. A block diagram of the SIM is

shown in Figure 7-1 . Figure 7-2 is a summary of the SIM I/O registers.
The SIM is a system state controller that coordinates CPU and exception
timing. The SIM is responsible for:

Bus clock generation and control for CPU and peripherals
— top/wait/reset/break entry and recovery
— Internal clock control

Master reset control, including power-on reset (POR) and COP
timeout

Interrupt control:

— Acknowledge timing

— Arbitration control timing
— Vector address generation

CPU enable/disable timing

Modular architecture expandable to 128 interrupt sources
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Figure 7-1. SIM Block Diagram
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read
$FE0D Break Status RegiSterWrite R R R R R R | SBSW R
(BSR)
Reset: 0
Read] POR PIN CcopP ILOP ILAD USB 0 0
Reset Status Register,, , .
$FEO1 (RSR) Write
Reset: 1 0 0 0 0 0 0 0
Read
$FE03 Break Flag Control Registe{/\mte BCFE R R R R R R R
(BFCR)
Reset: 0
Read IF6 IF5 IF4 IF3 IF2 IH1 D 0
SFE04 Interrupt Status Register JWrite R R R R R R R R
(INT2)
Reset: 0 0 0 0 0 0 0 0
Read 0 0 0 IF11] IF10 IF9 IH8 k7
SFEOS Interrupt Status Register %Nrite R R R R R R R R
(INT2)
Reset: 0 0 0 0 0 0 0 0
Read 0 0 0 0 0 0 0 0
SFE06 Interrupt Status Register ?Write R R R R R R R R
(INT3)
Reset: 0 0 0 0 0 0 0 0
= Unimplemented R = Reserved for factory test
Figure 7-2. SIM I/O Register Summary
Advance Information MC68HC(7)08KH12 —Rev. 1.1
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Table 7-1 shows the internal signal names used in this section.

Table 7-1. Signal Name Conventions

Signal Name Description

CGMXCLK Buffered OSC1 from the oscillator

The CGMXCLK frequency divided by two. This signal is again
CGMOUT divided by two in the SIM to generate the internal bus clocks
(Bus clock = CGMXCLK divided by four)

IAB Internal address bus
IDB Internal data bus
PORRST Signal from the power-on reset module to the SIM
IRST Internal reset signal
R/W Read/write signal

7.3 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and
peripherals on the MCU. The system clocks are generated from an
incoming clock, CGMOUT, as shown in Figure 7-3.

From CGMXCLK
PLLIOSCILLATOR — SIM COUNTER

From CGMOUT BUS CLOCK
PLL/OSCILLATOR GENERATORS

>y2 -

SIM

Figure 7-3. SIM Clock Signals

7.3.1 Bus Timing

In user mode, the internal bus frequency is the oscillator frequency
(CGMXCLK) divided by four.

MC68HC(7)08KH12 —Rev. 1.1 Advance Information

Freescale Semiconductor 65



7.3.2 Clock Start-Up from POR

When the power-on reset module generates a reset, the clocks to the
CPU and peripherals are inactive and held in an inactive phase until after
the 4096 CGMXCLK cycle POR timeout has completed. The RST pin is
driven low by the SIM during this entire period. The IBUS clocks start
upon completion of the timeout.

7.3.3 Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt, break, or reset, the SIM allows
CGMXCLK to clock the SIM counter. The CPU and peripheral clocks do
not become active until after the stop delay timeout. This timeout is
selectable as 4096 or 32 CGMXCLK cycles. (See 7.7.2 Stop Mode .)

In wait mode, the CPU clocks are inactive. The SIM also produces two
sets of clocks for other modules. Refer to the wait mode subsection of
each module to see if the module is active or inactive in wait mode.
Some modules can be programmed to be active in wait mode.

7.4 Reset and System Initialization

Advance Information

The MCU has these reset sources:

» Power-on reset module (POR)

« External reset pin (RST)

» Computer operating properly module (COP)
» lllegal opcode

* lllegal address

» Universal Serial Bus module (USB)
All of these resets produce the vector $FFFE-FFFF ($FEFE-FEFF in
monitor mode) and assert the internal reset signal (IRST). IRST causes

all registers to be returned to their default values and all modules to be
returned to their reset states.
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An internal reset clears the SIM counter (see 7.5 SIM Counter ), but an
external reset does not. Each of the resets sets a corresponding bit in
the reset status register (RSR). (See 7.8 SIM Registers .)

7.4.1 External Pin Reset

The RST pin circuits include an internal pullup device. Pulling the
asynchronous RST pin low halts all processing. The PIN bit of the reset
status register (RSR) is set as long as RST is held low for a minimum of
67 CGMXCLK cycles, assuming that the POR was not the source of the
reset. See Table 7-2 for details. Figure 7-4 shows the relative timing.

Table 7-2. PIN Bit Set Timing

Reset Type Number of Cycles Required to Set PIN
POR 4163 (4096 + 64 + 3)
All others 67 (64 + 3)

CGMOUT

RST

s e 000NN veeT HY veeT LY ) L

Figure 7-4. Extern al Reset Timing

7.4.2 Active Resets from Internal Sources

All internal reset sources actively pull the RST pin low for 32 CGMXCLK
cycles to allow resetting of external peripherals. The internal reset signal
IRST continues to be asserted for an additional 32 cycles. See Figure 7-
5. An internal reset can be caused by an illegal address, illegal opcode,
COP timeout, or POR. (See Figure 7-6. Sourc es of Internal Reset .)
Note that for POR resets, the SIM cycles through 4096 CGMXCLK
cycles during which the SIM forces the RST pin low. The internal reset
signal then follows the sequence from the falling edge of RST shown in
Figure 7-5.
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IRST
RST RSTPULLED LOW BY Mcq

|«—— 32CYCLES—»{<«—— 32CYCLES—»

CGMXCLK’—‘ ’—‘ . ’—‘ . ’—‘ ’—‘ (

) ) ) )

a8 AUMAUMAUMAMAAMAAMAAAAAMAMAAMAAAA

Figure 7-5. Inter nal Reset Timing

VECTOR HIGH ><

The COP reset is asynchronous to the bus clock.

ILLEGAL ADDRESS R
ILLEGAL OPCODE R
COPRST INTERNAL RESET

POR
UsB

Figure 7-6. Sources of Internal Reset

The active reset feature allows the part to issue a reset to peripherals
and other chips within a system built around the MCU.

7.4.2.1 Power-On Reset

When power is first applied to the MCU, the power-on reset module
(POR) generates a pulse to indicate that power-on has occurred. The
external reset pin (RST) is held low while the SIM counter counts out
4096 CGMXCLK cycles. Sixty-four CGMXCLK cycles later, the CPU and
memories are released from reset to allow the reset vector sequence to
occur. At power-on, the following events occur:

* A POR pulse is generated.

* The internal reset signal is asserted.

* The SIM enables the oscillator to drive CGMXCLK.

* Internal clocks to the CPU and modules are held inactive for 4096
CGMXCLK cycles to allow stabilization of the oscillator.

e The RST pin is driven low during the oscillator stabilization time.

» The POR bit of the reset status register (RSR) is set and all other
bits in the register are cleared.

Advance Information MC68HC(7)08KH12 —Rev. 1.1
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4096 32 32
CYCLES CYCLES CYCLES
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RST

IAB / / \ $FFFE \ sFrrF

Figure 7-7. POR Recovery

7.4.2.2 Computer Operating  Properly (COP) Reset

An input to the SIM is reserved for the COP reset signal. The overflow of
the COP counter causes an internal reset and sets the COP bit in the
reset status register (RSR). The SIM actively pulls down the RST pin for
all internal reset sources.

To prevent a COP module timeout, write any value to location $FFFF.
Writing to location $FFFF clears the COP counter and stages 12 through
5 of the SIM counter. The SIM counter output, which occurs at least
every 212 — 2* CGMXCLK cycles, drives the COP counter. The COP
should be serviced as soon as possible out of reset to guarantee the
maximum amount of time before the first timeout.

The COP module is disabled if the RST pin or the IRQ1/V,, pin is held
at Vpp + Vi, while the MCU is in monitor mode. The COP module can
be disabled only through combinational logic conditioned with the high
voltage signal on the RST or the IRQ1/V,, pin. This prevents the COP
from becoming disabled as a result of external noise. During a break
state, Vi + V,, on the RST pin disables the COP module.
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7.4.2.3 lllegal Opcode Reset

7.4.2.4 lllegal Address

The SIM decodes signals from the CPU to detect illegal instructions. An
illegal instruction sets the ILOP bit in the reset status register (RSR) and
causes a reset.

If the stop enable bit, STOP, in the mask option register is logic zero, the
SIM treats the STOP instruction as an illegal opcode and causes an
illegal opcode reset. The SIM actively pulls down the RST pin for all
internal reset sources.

Reset

An opcode fetch from an unmapped address generates an illegal
address reset. The SIM verifies that the CPU is fetching an opcode prior
to asserting the ILAD bit in the reset status register (RSR) and resetting
the MCU. A data fetch from an unmapped address does not generate a
reset. The SIM actively pulls down the RST pin for all internal reset
sources.

7.4.2.5 Universal Serial Bus Reset

Advance Information

The USB module will detect a reset signal on the bus by the presence of
an extended SEO at the USB data pins of the upstream port. The reset
signaling is specified to be present for a minimum of 10 ms. An active
device (powered and not in the suspend state) seeing a single-ended
zero on its USB data inputs for more than 2.5 F§ may treat that signal as
a reset, but must have interpreted the signaling as a reset within 5.5 .
For USB device, an SEO condition between 4 and 8 low speed bit times
or 32 and 64 high speed bit times represents a valid USB reset. After the
reset is removed, the device will be in the attached, but not yet
addressed or configured state (refer to Section 9.1 of the USB
specification). The device must be able to accept device address via a
SET_ADDRESS command (refer to section 9.4 of the USB specification)
no later than 10 ms after the reset is removed.

Reset can wake a device from the suspended mode. A device may take
up to 10 ms to wake up from the suspended state.
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7.5 SIM Counter

The SIM counter is used by the power-on reset module (POR) and in
stop mode recovery to allow the oscillator time to stabilize before
enabling the internal bus (IBUS) clocks. The SIM counter also serves as
a prescalar for the computer operating properly module (COP). The SIM
counter uses 12 stages for counting, followed by a 13th stage that
triggers a reset of SIM counters and supplies the clock for the COP
module. The SIM counter is clocked by the falling edge of CGMXCLK.

7.5.1 SIM Counter During Power-On Reset

The power-on reset module (POR) detects power applied to the MCU.
At power-on, the POR circuit asserts the signal PORRST. Once the SIM
is initialized, it enables the oscillator to drive the bus clock state machine.

7.5.2 SIM Counter During Stop Mode Recovery

The SIM counter also is used for stop mode recovery. The STOP
instruction clears the SIM counter. After an interrupt, break, or reset, the
SIM senses the state of the short stop recovery bit, SSREC, in the mask
option register. If the SSREC bit is a logic one, then the stop recovery is
reduced from the normal delay of 4096 CGMXCLK cycles down to 32
CGMXCLK cycles. This is ideal for applications using canned oscillators
that do not require long start-up times from stop mode. External crystal
applications should use the full stop recovery time, that is, with SSREC
cleared in the configuration register (CONFIG).

7.5.3 SIM Counter and Reset States

External reset has no effect on the SIM counter. (See 7.7.2 Stop Mode
for details.) The SIM counter is free-running after all reset states. (See
7.4.2 Active Resets from Internal Sources for counter control and
internal reset recovery sequences.)
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7.6 Exception Control

Normal, sequential program execution can be changed in three different
ways:

* Interrupts

— Maskable hardware CPU interrupts

— Non-maskable software interrupt instruction (SWI)
* Reset

* Break interrupts

7.6.1 Interrupts

An interrupt temporarily changes the sequence of program execution to
respond to a particular event. Figure 7-8 flow charts the handling of
system interrupts.

Interrupts are latched, and arbitration is performed in the SIM at the start
of interrupt processing. The arbitration result is a constant that the CPU
uses to determine which vector to fetch. Once an interrupt is latched by
the SIM, no other interrupt can take precedence, regardless of priority,
until the latched interrupt is serviced (or the | bit is cleared).
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Figure 7-8. Interrupt Processing
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At the beginning of an interrupt, the CPU saves the CPU register
contents on the stack and sets the interrupt mask (I bit) to prevent
additional interrupts. At the end of an interrupt, the RTI instruction
recovers the CPU register contents from the stack so that normal
processing can resume. Figure 7-9 shows interrupt entry timing. Figure
7-10 shows interrupt recovery timing.

MODULE
INTERRUPT /

I BIT /

IAB f bummyf sp Y sp-1 Y sp-2 f sp-3 | sp-4 {VECTH ) VECTL JSTART ADIR X:

IDB:X X DUMMYX PC - 1[7:%PC - 1[15>€i] X X A X CCR ><V DATA I->< V DATA L>< OF’CODE><

RIW \ / \

Figure 7-9 . Interrupt Entry

MODULE
INTERRUPT

I BIT \

IAB X { sp-a) sp-3) sp-2) sp-1) sp | pc ) pc+1) X '
e | >< [ ccr | A J  x Ypc-1r7dpc - 11158PPCODE OPERAND ><
RIW y \

Figure 7-10. In terrupt Recovery

7.6.1.1 Hardware Interrupts

A hardware interrupt does not stop the current instruction. Processing of
a hardware interrupt begins after completion of the current instruction.
When the current instruction is complete, the SIM checks all pending
hardware interrupts. If interrupts are not masked (I bit clear in the
condition code register), and if the corresponding interrupt enable bit is

Advance Information MC68HC(7)08KH12 —Rev. 1.1
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set, the SIM proceeds with interrupt processing; otherwise, the next
instruction is fetched and executed.

If more than one interrupt is pending at the end of an instruction
execution, the highest priority interrupt is serviced first. Figure 7-11
demonstrates what happens when two interrupts are pending. If an
interrupt is pending upon exit from the original interrupt service routine,
the pending interrupt is serviced before the LDA instruction is executed.

CLI

\J

LDA #$FF BACKGROUND ROUTINE

—> INTL PSHH

l INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI

—* INT2 PSHH

l INT2 INTERRUPT SERVICE ROUTINE

PULH
RTI

Figure 7-11 . Interrupt Recognition Example

The LDA opcode is prefetched by both the INT1 and INT2 RTI
instructions. However, in the case of the INT1 RTI prefetch, this is a
redundant operation.

NOTE: To maintain compatibility with the M6805 Family, the H register is not
pushed on the stack during interrupt entry. If the interrupt service routine
modifies the H register or uses the indexed addressing mode, software
should save the H register and then restore it prior to exiting the routine.
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7.6.1.2 SWI Instruction

The SWI instruction is a non-maskable instruction that causes an
interrupt regardless of the state of the interrupt mask (I bit) in the
condition code register.

NOTE: A software interrupt pushes PC onto the stack. A software interrupt does
not push PC — 1, as a hardware interrupt does.

7.6.2 Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt
sources. Table 7-3 summarizes the interrupt sources and the interrupt
status register flags that they set. The interrupt status registers can be
useful for debugging.

Table 7-3. Interrupt Sources

INT
Source Flag Mask (D Register Priority (@ | Vector Address
Flag
SWI Instruction — 0 $FFFC—$FFFD
IRQ1 Pin IRQF1 | IMASK1 IF1 1 $FFFA-$FFFB
HUB Start of Frame Interrupt SOFF SOFIE
HUB 2nd End of Frame Point Interrupt EOF2F | EOF2IE
IF2 2 $FFF8-$FFF9
HUB End of Packet Interrupt EOPF EOPIE
HUB Bus Signal Transition Detect Interrupt | TRANF | TRANIE
HUB Endpoint0 Transmit Interrupt TXDF TXDIE
IF3 3 $FFF6-$FFF7
HUB Endpoint0 Receive Interrupt RXDF RXDIE
Device Endpoint 0 Transmit Interrupt TXDOF | TXDOIE
Device Endpoint 0 Receive Interrupt RXDOF | RXDOIE IF4 4 $FFF4—$FFF5
USB Endpoint1/2 Transmit Interrupt TXD1F | TXD1IE
TIM Channel 0 CHOF CHOIE IF5 5 $FFF2-$FFF3
TIM Channel 1 CH1F CH1IE IF6 6 $FFFO-$FFF1
TIM Overflow TOF TOIE IF7 7 $FFEE-$FFEF
Port-E Keyboard Pin Interrupt KEYEF | IMASKE IF8 8 $FFEC-$FFED
Advance Information MC68HC(7)08KH12 —Rev. 1.1
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Table 7-3. Interrupt Sources

INT
Source Flag Mask® | Register | Priority @ | Vector Address

Flag
Port-D Keyboard Pin Interrupt KEYDF | IMASKD IF9 9 $FFEA-$FFEB
Port-F Keyboard Pin Interrupt KEYFF | IMASKF IF10 10 $FFE8-$FFE9
Phase-locked Loop Interrupt PLLF PLLIE IF11 11 $FFE6-$FFE7

(1) The I bitin the condition code register is a global mask for all interrupts sources except the SWI instruction.
(2) 0= highest priority

7.6.2.1 Interrupt St atus Register 1

Address: $FE04

Bit 7 6 5 4 3 2 1 Bit 0
Read IF6 IF5 IF4 IF3 IF2 IFL @
Write R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 7-12. Interrupt St atus Register 1 (INT1)

IF6—IF1 — Interrupt Flags 1-6

These flags indicate the presence of interrupt requests from the
sources shown in Table 7-3.

1 = Interrupt request present

0 = No interrupt request present

Bit 0 and Bit 1 — Always read 0
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7.6.2.2 Interrupt St atus Register 2

Address: $FEO05

Bit 7 6 5 4 3 2 1 Bit 0
Read 0 0 0 IF11 IF1d IF9 IF8 IR
Write R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 7-13. Interrupt St atus Register 2 (INT2)

IF11-1F7 — Interrupt Flags 11-7

These flags indicate the presence of interrupt requests from the
sources shown in Table 7-3.

1 = Interrupt request present
0 = No interrupt request present

7.6.2.3 Interrupt St atus Register 3

Address: $FE06

Bit 7 6 5 4 3 2 1 Bit 0
Read 0 0 0 0 0 0 0 0
Write R R R R R R R R
Reset: 0 0 0 0 0 0 0
R = Reserved

Figure 7-14. Interrupt St atus Register 2 (INT2)

Bits 7-0 — Always read 0
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7.6.3 Reset

7.6.4 Break Interrupts

All reset sources always have equal and highest priority and cannot be
arbitrated.

The break module can stop normal program flow at a software-
programmable break point by asserting its break interrupt output. (See
Section 16. Break Module (BREAK) .) The SIM puts the CPU into the
break state by forcing it to the SWI vector location. Refer to the break
interrupt subsection of each module to see how each module is affected
by the break state.

7.6.5 Status Flag Protection in Break Mode

The SIM controls whether status flags contained in other modules can
be cleared during break mode. The user can select whether flags are
protected from being cleared by properly initializing the break clear flag
enable bit (BCFE) in the break flag control register (BFCR).

Protecting flags in break mode ensures that set flags will not be cleared
while in break mode. This protection allows registers to be freely read
and written during break mode without losing status flag information.

Setting the BCFE bit enables the clearing mechanisms. Once cleared in
break mode, a flag remains cleared even when break mode is exited.
Status flags with a two-step clearing mechanism — for example, a read
of one register followed by the read or write of another — are protected,
even when the first step is accomplished prior to entering break mode.
Upon leaving break mode, execution of the second step will clear the flag
as normal.

7.7 Low-Power Modes

Executing the WAIT or STOP instruction puts the MCU in a low-power-
consumption mode for standby situations. The SIM holds the CPU in a
non-clocked state. The operation of each of these modes is described
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7.7.1 Wait Mode

Advance Information

below. Both STOP and WAIT clear the interrupt mask (1) in the condition
code register, allowing interrupts to occur.

In wait mode, the CPU clocks are inactive while the peripheral clocks
continue to run. Figure 7-15 shows the timing for wait mode entry.

A module that is active during wait mode can wake up the CPU with an
interrupt if the interrupt is enabled. Stacking for the interrupt begins one
cycle after the WAIT instruction during which the interrupt occurred. In
wait mode, the CPU clocks are inactive. Refer to the wait mode
subsection of each module to see if the module is active or inactive in
wait mode. Some modules can be programmed to be active in wait
mode.

Wait mode can also be exited by a reset or break. A break interrupt
during wait mode sets the SIM break stop/wait bit, SBSW, in the break
status register (BSR). If the COP disable bit, COPD, in the mask option
register is logic zero, then the computer operating properly module
(COP) is enabled and remains active in wait mode.

IAB WAITADDR | WAIT ADDR +1} SAME X SAME ><
IDB | PREVIOUS DATA{  NEXT OPCODE | SAME | SAME
RIW y

NOTE: Previous data can be operand data or the WAIT opcode, depending on the
last instruction.

Figure 7-15. Wait Mode Entry Timing

Figure 7-16 and Figure 7-17 show the timing for WAIT recovery.
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IAB $6E0B { seeoc | soorF | soore ) soorD J soorc |

DB $A6f $A6 | $A6 | so1  soB f SeE | X |

EXITSTOPWAIT ‘

NOTE: EXITSTOPWAIT =8OR CPU interrupt OR break interrupt

Figure 7-16. Wait Recovery from Interrupt or Break
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CGMXCLK&MCU[K . L
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Figure 7-17. Wait Recover y from Internal Reset

7.7.2 Stop Mode

In stop mode, the SIM counter is reset and the system clocks are
disabled. An interrupt request from a module can cause an exit from stop
mode. Stacking for interrupts begins after the selected stop recovery
time has elapsed. Reset or break also causes an exit from stop mode.

The SIM disables the oscillator signals (CGMOUT and CGMXCLK) in
stop mode, stopping the CPU and peripherals. Stop recovery time is
selectable using the SSREC bit in the configuration register (CONFIG).
If SSREC is set, stop recovery is reduced from the normal delay of 4096
CGMXCLK cycles down to 32. This is ideal for applications using canned
oscillators that do not require long startup times from stop mode.

NOTE: External crystal applications should use the full stop recovery time by
clearing the SSREC bit.
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A break interrupt during stop mode sets the SIM break stop/wait bit
(SBSW) in the break status register (BSR).

The SIM counter is held in reset from the execution of the STOP
instruction until the beginning of stop recovery. Itis then used to time the
recovery period. Figure 7-18 shows stop mode entry timing.

NOTE: To minimize stop current, all pins configured as inputs should be driven
to a logic 1 or logic O.

CPUSTOP |
IAB STOPADDR | STOP ADDR + 1) SAME X SAME ><
IDB | PREVIOUS DATAf NEXT OPCODE |} SAME | SAME

RIW y

NOTE: Previous data can be operand data or the STOP opcode, depending on the last
instruction.

Figure 7-18. Stop Mode Entry Timing

+‘ Fﬁ STOP RECOVERY PERIOD
Jguddyuuuuyyuy

((

INT/BREAK )

((

IAB X STOP +1 ();><STOP+2X stop+2f  sp | sp-1 ) sp—2 | sp-3 |
)

CGMXCLK

|

Figure 7-19. Stop Mode Recovery from Interrupt or Break
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7.8 SIM Registers

The SIM has three memory mapped registers. Table 7-4 shows the
mapping of these registers.

Table 7-4. SIM Registers

Address Register Access Mode
$FEOO BSR User
$FEO1 RSR User
$FEO3 BFCR User

7.8.1 Break Status Register (BSR)

The break status register contains a flag to indicate that a break caused
an exit from stop or wait mode.

Address: $FE00

Bit 7 6 5 4 3 2 1 Bit 0
Read SBSW
R R R R R R R
Write Note 1
Reset: 0
R = Reserved 1. Wriirlggic zero clears SBSW

Figure 7-20. Break Stat us Register (BSR)

SBSW — SIM Break Stop/Wait

This status bit is useful in applications requiring a return to wait
or stop mode after exiting from a break interrupt. Clear SBSW
by writing a logic zero to it. Reset clears SBSW.
1 = Stop mode or wait mode was exited by break interrupt
0 = Stop mode or wait mode was not exited by break

interrupt

SBSW can be read within the break state SWI routine. The user can
modify the return address on the stack by subtracting one from it. The
following code is an example of this. Writing zero to the SBSW bit clears

It.
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;  This code works if the H register has been pushed onto the stack in the break
;. service routine software. This code should be executed at the end of the
. break service routine software.

HIBYTE EQU 5
LOBYTE EQU 6
; If not SBSW, do RTI

BRCLR SBSW,BSR, RETURN ;Seeifwaitmode or stop mode was exited

; by break
TST LOBYTE,SP ; If RETURNLO is not zero,
BNE DOLO ; then just decrement low byte.
DEC HIBYTE,SP ; Else deal with high byte, too.
DOLO DEC LOBYTE,SP ; Point to WAIT/STOP opcode.
RETURN PULH ; Restore H register.

RTI

7.8.2 Reset Status Register (RSR)

This register contains six flags that show the source of the last reset.
Clear the SIM reset status register by reading it. A power-on reset sets
the POR bit and clears all other bits in the register.

Address: $FEO1

Bit 7 6 5 4 3 2 1 Bit 0
Read POR PIN Ccor ILQP ILAD UusB 0 0
Write
POR: 1 0 0 0 0 0 0 0
= Unimplemented
Figure 7-21. Reset St atus Register (RSR)
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POR — Power-On Reset Bit
1 = Last reset caused by POR circuit
0 = Read of RSR

PIN — External Reset Bit

1 = Last reset caused by external reset pin (RST)
0 = POR or read of RSR

COP — Computer Operating Properly Reset Bit
1 = Last reset caused by COP counter
0 = POR or read of RSR

ILOP — lllegal Opcode Reset Bit
1 = Last reset caused by an illegal opcode
0 = POR or read of RSR

ILAD — lllegal Address Reset Bit (opcode fetches only)

1 = Last reset caused by an opcode fetch from an illegal
address

0 = POR or read of RSR

USB —Universal Serial Bus Reset Bit

1 = Last reset caused by an USB module
0 = POR or read of RSR

7.8.3 Break Flag Control Register (BFCR)

The break control register contains a bit that enables software to clear
status bits while the MCU is in a break state.

Address: $FEO03
Bit 7 6 5 4 3 2 1 Bit 0
Read
BCFE R R R R R R R
Write
Reset: 0 0 0 0 0 0 0 0
R = Reserved

MC68HC(7)08KH12 —Rev. 1.1

Figure 7-22. Break Flag C ontrol Register (BFCR)
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BCFE — Break Clear Flag Enable Bit

This read/write bit enables software to clear status bits by
accessing status registers while the MCU is in a break state.
To clear status bits during the break state, the BCFE bit must
be set.

1 = Status bits clearable during break

0 = Status bits not clearable during break

Advance Information MC68HC(7)08KH12 —Rev. 1.1
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8.2 Introduction

This section describes the clock generator module (CGM). The CGM
generates the crystal clock signal, CGMXCLK, which operates at the
frequency of the crystal. The CGM also generates the base clock signal,
CGMOUT, which is based on either the crystal clock divided by two or
the phase-locked loop (PLL) clock, CGMPCLK, divided by two. This is
the clock from which the SIM derives the system clocks, including the
bus clock, which is at a frequency of CGMOUT/2. The PLL also
generates a CGMVCLK clock, at 48MHz, for use as the USBCLK. The
PLL is a fully functional frequency generator designed for use with
crystals or ceramic resonators.

This CGM is optimized to generate a 48 MHz reference frequency for the
USB module, from a 6MHz crystal.
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8.3 Features

Features of the CGM include:

VCO Center-Of-Range Frequuency tuned to 48 MHz for Low-Jitter
Clock Reference for USB Module

Low-Frequency Crystal Operation with Low-Power Operation and
High-Output Frequency Resolution

Programmable Reference Divider for Even Greater Resolution

Programmable Prescaler for Power-of-Two Increases in Bus
Frequency

Automatic Bandwidth Control Mode for Low-Jitter Operation
Automatic Frequency Lock Detector

CPU Interrupt on Entry or Exit from Locked Condition

8.4 Functional Description

The CGM consists of three major submodules:

Crystal oscillator circuit — The crystal oscillator circuit generates
the constant crystal frequency clock, CGMXCLK.

Phase-locked loop (PLL) — The PLL generates the
programmable VCO frequency clock, CGMVCLK and CGMPCLK.

Base clock selector circuit — This software-controlled circuit
selects either CGMXCLK divided by two or the PLL clock,
CGMPCLK, divided by two as the base clock, CGMOUT. The SIM
derives the system clocks from CGMOUT.

Figure 8-1 shows the structure of the CGM.
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Figure 8-1. CGM Block Diagram
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8.4.1 Crystal Oscillator Circuit

The crystal oscillator circuit consists of an inverting amplifier and an
external crystal. The OSC1 pin is the input to the amplifier and the OSC2
pin is the output. The SIMOSCEN signal from the system integration
module (SIM) enables the crystal oscillator circuit.

The CGMXCLK signal is the output of the crystal oscillator circuit and
runs at a rate equal to the crystal frequency. CGMXCLK is then buffered
to produce CGMRCLK, the PLL reference clock.

CGMXCLK can be used by other modules which require precise timing
for operation. The duty cycle of CGMXCLK is not guaranteed to be 50%
and depends on external factors, including the crystal and related
external components. An externally generated clock also can feed the
OSC1 pin of the crystal oscillator circuit. Connect the external clock to
the OSC1 pin and let the OSC2 pin float.

8.4.2 Phase-Locked Loop Circuit (PLL)

8.4.3 PLL Circuits

The PLL is a frequency generator that can operate in either acquisition
mode or tracking mode, depending on the accuracy of the output
frequency. The PLL can change between acquisition and tracking
modes either automatically or manually.

The PLL consists of these circuits:

» Voltage-controlled oscillator (VCO)
* Reference divider

» Frequency prescaler

* Modulo VCO frequency divider

* Phase detector

* Loop filter

* Lock detector
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The operating range of the VCO is programmable for a wide range of
frequencies and for maximum immunity to external noise, including
supply and CGM/XFC noise. The VCO frequency is bound to a range
from roughly 40MHz to 56 MHz, f,zs. Modulating the voltage on the
CGM/XFC pin changes the frequency within this range. By design, fxg
is tuned to a nominal center-of-range frequency of 48 MHz.

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK.
CGMRCLK runs at a frequency, fyc «, and is fed to the PLL through a
programmable modulo reference divider, which divides f,. « by a factor
R. This feature allows frequency steps of higher resolution. The divider’'s
output is the final reference clock, CGMRDV, running at a frequency

frov = frei/R-

The VCO’s output clock, CLK, running at a frequency f,,¢ « is fed back
through a programmable prescale divider and a programmable modulo
divider. The prescaler divides the VCO clock by a power-of-two factor P
and the modulo divider reduces the VCO clock by a factor, N. The
dividers’ output is the VCO feedback clock, CGMVDV, running at a
frequency f,p, = fyc /(N u2P). (See 8.4.6 Programming the PLL for
more information.)

The phase detector then compares the VCO feedback clock, CGMVDV,
with the final reference clock, CGMRDV. A correction pulse is generated
based on the phase difference between the two signals. The loop filter
then slightly alters the DC voltage on the external capacitor connected
to CGM/XFC based on the width and direction of the correction pulse.
The filter can make fast or slow corrections depending on its mode,
described in 8.4.4 Acquisition and Tracking Modes . The value of the
external capacitor and the reference frequency determines the speed of
the corrections and the stability of the PLL.

The lock detector compares the frequencies of the VCO feedback clock,
CGMVDV, and the final reference clock, CGMRDV. Therefore, the
speed of the lock detector is directly proportional to the final reference
frequency, frpy- The circuit determines the mode of the PLL and the lock
condition based on this comparison.
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8.4.4 Acquisition and Tracking Modes

The PLL filter is manually or automatically configurable into one of two
operating modes:

» Acquisition mode — In acquisition mode, the filter can make large
frequency corrections to the VCO. This mode is used at PLL
startup or when the PLL has suffered a severe noise hit and the
VCO frequency is far off the desired frequency. When in
acquisition mode, the ACQ bit is clear in the PLL bandwidth control
register. (See 8.6.2 PLL Bandwidth Control Register
(PBWC).)

» Tracking mode — In tracking mode, the filter makes only small
corrections to the frequency of the VCO. PLL jitter is much lower
in tracking mode, but the response to noise is also slower. The
PLL enters tracking mode when the VCO frequency is nearly
correct, such as when the PLL is selected as the base clock
source. (See 8.4.8 Base Clock Selector Circuit .) The PLL is
automatically in tracking mode when not in acquisition mode or
when the ACQ bit is set.

8.4.5 Manual and Automatic PLL Bandwidth Modes

This CGM is optimized for Automatic PLL Bandwidth Mode, and is the
mode recommended for most users.

In automatic bandwidth control mode (AUTO=1), the lock detector
automatically switches between acquisition and tracking modes.
Automatic bandwidth control mode also is used to determine when the
VCO clock, CGMVCLK, is safe to use as the source for the base clock,
CGMOUT. (See 8.6.2 PLL Bandwidth Co ntrol Register (PBWC) .) If
PLL interrupts are enabled, the software can wait for a PLL interrupt
request and then check the LOCK bit. If interrupts are disabled, software
can poll the LOCK bit continuously (during PLL startup, usually) or at
periodic intervals. In either case, when the LOCK bit is set, the VCO
clock is safe to use as the source for the base clock. (See 8.4.8 Base
Clock Selector Circuit .) If the VCO is selected as the source for the
base clock and the LOCK bit is clear, the PLL has suffered a severe
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