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Chapter 1
General Description

1.1 Introduction

The MC68HC08GP32A and MC68HCO8GP16A are members of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCUSs). All MCUs in the family use the enhanced
M68HCO08 central processor unit (CPUQ08) and are available with a variety of modules, memory sizes and
types, and package types.

1.2 Features

For convenience, features have been organized to reflect:

Standard features of the MC68HCO08GP32A and MC68HCO8GP16A
Features of the CPUO8

1.3 Standard Features of the MC68HCO08GP32A and MC68HCO8GP16A

High-performance M68HCO08 architecture optimized for C-compilers
Fully upward-compatible object code with M6805, M146805, and M68HCO05 Families
8-MHz internal bus frequency

System protection features:

— Optional computer operating properly (COP) reset

— Low-voltage detection with optional reset and selectable trip points for 3.0-V and 5.0-V
operation

— lllegal opcode detection with reset

— lllegal address detection with reset

Low-power design; fully static with stop and wait modes

Standard low-power modes of operation:
— Wait mode
— Stop mode

Master reset pin and power-on reset (POR)

On-chip read-only memory (ROM)
— MC68HC08GP32A — 32,256 bytes
— MC68HC08GP16A — 15,872 bytes

512 bytes of on-chip random-access memory (RAM)
Serial peripheral interface module (SPI)
Serial communications interface module (SCI)

Two 16-bit, 2-channel timer interface modules (TIM1 and TIM2) with selectable input capture,
output compare, and PWM capability on each channel
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General Description

8-channel, 8-bit successive approximation analog-to-digital converter (ADC)

BREAK module (BRK) to allow single breakpoint setting during in-circuit debugging
Internal pullups on IRQ and RST to reduce customer system cost

Clock generator module with on-chip 32-kHz crystal compatible PLL (phase-lock loop)

Up to 33 general-purpose input/output (I/O) pins, including:
— 26 shared-function I/O pins
— Five or seven dedicated 1/O pins, depending on package choice

Selectable pullups on inputs only on ports A, C, and D. Selection is on an individual port bit basis.
During output mode, pullups are disengaged.

High current 10-mA sink/10-mA source capability on all port pins
Higher current 15-mA sink/source capability on PTCO-PTC4

Timebase module with clock prescaler circuitry for eight user selectable periodic real-time
interrupts with optional active clock source during stop mode for periodic wakeup from stop using
an external 32-kHz crystal

8-bit keyboard wakeup port
5-mA maximum current injection on all port pins to maintain input protection
Available packages: 42-pin shrink dual-in-line package (SDIP) and 44-pin quad flat pack (QFP)

Specific features of the 42-pin SDIP
— Port Cis only 5 bits: PTCO-PTC4

Specific features of the 44-pin QFP
— Port Cis 7 bits: PTCO-PTC6

1.3.1 Features of the CPUOS
Features of the CPUOS8 include:

Enhanced HCO5 programming model

Extensive loop control functions

16 addressing modes (eight more than the HCQ5)
16-bit index register and stack pointer
Memory-to-memory data transfers

Fast 8 x 8 multiply instruction

Fast 16/8 divide instruction

Binary-coded decimal (BCD) instructions
Optimization for controller applications

Efficient C language support

1.4 MCU Block Diagram
Figure 1-1 shows the structure of the MC68HC08GP32A and MC68HCO8GP16A.
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1.5 Pin Assignments

Pin assignments are shown in Figure 1-2 and Figure 1-3. Note that the text in parentheses next to a signal
in Figure 1-2 indicates the module which uses the signal.

-/ __
VopaPLL | 1 42 [ ] PTATIKBD?
VssaPLL) | 2 4[] PTAG/KBD6
CGMXFC (PLL) | 3 40 || PTAS/KBDS
oscy | 4 39| | PTA4/KBD4
oscl | 5 38| | PTA3/KBD3
RST[ | 6 37 [ ] PTA2/KBD2
PTCO | 7 36 | | PTAL/KBDL
prcy | 8 35 [ | PTAO/KBDO
PTCZE 9 34 :I VssaBVRer(ADC)
PTC3 | 10 33 || Vooad\RerHADC)
PTc4 | 11 32 | ] PTB7/AD7
PTEO/TXD | 12 31 || PTB6/ADSE
PTELRx | 13 30 [ | PTBS/ADS
WQE 14 29 :l PTB4/AD4
PTDO/S$ | 15 28 | | PTB3/AD3
PTDIMISO | 16 27 [ ] PTB2/AD2
PTD2/MOSI | 17 26 [ ] PTBL/ADL
PTD3/SPSCK | 18 25 | | PTBO/ADO
Vss[ | 19 24 | ] PTD7/T2CH1
Voo[ | 20 23 || PTD6/T2CHO
PTD4/TICHO | 21 22 | ] PTD5/T1CH1

Figure 1-2. 42-Pin SDIP Pin Assignments
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General Description

1.6 Pin Functions

Descriptions of the pin functions are provided here.

1.6.1 Power Supply Pins (Vpp and Vgg)
Vpp and Vgg are the power supply and ground pins. 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 1-4
shows. Place the C1 bypass capacitor as close to the MCU as possible. Use a high-frequency-response
ceramic capacitor for C1. C2 is an optional bulk current bypass capacitor for use in applications that
require the port pins to source high current levels.

MCU
Vop Vss

[
[l
C1

0.1pF

1t
[\
Cc2

O =
Vbp

Note: Component values shown represent typical applications.
Figure 1-4. Power Supply Bypassing

1.6.2 Oscillator Pins (OSC1 and OSC2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator circuit. See Chapter 4 Clock
Generator Module (CGM).

1.6.3 External Reset Pin (RST)

A low on the RST pin forces the MCU to a known startup state. RST is bidirectional, allowing a reset of
the entire system. It is driven low when any internal reset source is asserted. This pin contains an internal
pullup resistor. See Chapter 15 System Integration Module (SIM).

1.6.4 External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. This pin contains an internal pullup resistor. See
Chapter 7 External Interrupt (IRQ)
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1.6.5 CGM Power Supply Pins (Vppa and Vggp)

Vppa and Vggp are the power supply pins for the analog portion of the clock generator module (CGM).
Connect the Vppa pin to the same voltage potential as Vpp, and the Vgga pin to the same voltage
potential as Vgg. Decoupling of these pins should be as per the digital supply. See Chapter 4 Clock
Generator Module (CGM)

1.6.6 External Filter Capacitor Pin (CGMXFC)

CGMXFC is an external filter capacitor connection for the CGM. See Chapter 4 Clock Generator Module
(CGM)

1.6.7 ADC Power Supply/Reference Pins (VDDAD/VREFH and VSSADNREFL)

Vppap and Vggap are the power supply pins for the analog-to-digital converter (ADC). Connect the Vppap
pin to the same voltage potential as Vpp, and the Vggap pin to the same voltage potential as Vgg.
Decoupling of these pins should be as per the digital supply. See Chapter 3 Analog-to-Digital Converter
(ADC).

VREerH IS the high reference supply for the ADC, and is internally connected to Vppap- VregL iS the low
reference supply for the ADC, and is internally connected to Vggap.

1.6.8 Port A Input/Output (1/0) Pins (PTA7/KBD7—PTAO/KBDO)

PTA7-PTAO are general-purpose, bidirectional 1/0 port pins. Any or all of the port A pins can be
programmed to serve as keyboard interrupt pins. See Chapter 12 Input/Output (I/O) Ports and Chapter 8
Keyboard Interrupt (KBI) Module.

These port pins also have selectable pullups when configured for input mode. The pullups are disengaged
when configured for output mode. The pullups are selectable on an individual port bit basis.

1.6.9 Port B I/O Pins (PTB7/AD7-PTB0/ADO)

PTB7—PTBO are general-purpose, bidirectional I/O port pins that can also be used for analog-to-digital
converter (ADC) inputs. See Chapter 12 Input/Output (I/0O) Ports and Chapter 3 Analog-to-Digital
Converter (ADC).

1.6.10 Port C /O Pins (PTC6-PTCO)

PTC6-PTCO are general-purpose, bidirectional I/O port pins. See Chapter 12 Input/Output (I/O) Ports.
PTC5 and PTC6 are only available on 44-pin QFP package.

These port pins also have selectable pullups when configured for input mode. The pullups are disengaged
when configured for output mode. The pullups are selectable on an individual port bit basis.

1.6.11 Port D I/O Pins (PTD7/T2CH1-PTDO0/SS)

PTD7-PTDO are special-function, bidirectional I/O port pins. PTDO-PTD3 can be programmed to be
serial peripheral interface (SPI) pins, while PTD4-PTD7 can be individually programmed to be timer
interface module (TIM1 and TIM2) pins. See Chapter 18 Timer Interface Modules (TIM1 and TIM2),
Chapter 16 Serial Peripheral Interface (SPI) Module, and Chapter 12 Input/Output (I/O) Ports.
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These port pins also have selectable pullups when configured for input mode. The pullups are disengaged
when configured for output mode. The pullups are selectable on an individual port bit basis.

1.6.12 Port E I/O Pins (PTE1/RXxD-PTEO/TxD)

PTEO-PTEL1L are general-purpose, bidirectional I/O port pins. These pins can also be programmed to be
serial communications interface (SCI) pins. See Chapter 14 Serial Communications Interface (SCI)
Module and Chapter 12 Input/Output (I/0O) Ports.
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Chapter 2
Memory

2.1 Introduction

The CPUOS8 can address 64 Kbytes of memory space. The memory map, shown in Figure 2-1, includes:
e 32,256 bytes user read-only memory (ROM) for MC68HC08GP32A
» 15,872 bytes ROM for MC68HCO8GP16A
» 512 bytes of random-access memory (RAM)
» 36 bytes of user-defined vectors
» 307 bytes of monitor ROM

2.2 Unimplemented Memory Locations

Accessing an unimplemented location can cause an illegal address reset. In the memory map (Figure 2-1)
and in register figures in this document, unimplemented locations are shaded.

2.3 Reserved Memory Locations

Accessing a reserved location can have unpredictable effects on MCU operation. In the Figure 2-1 and
in register figures in this document, reserved locations are marked with the word Reserved or with the
letter R.

2.4 Input/Output (I/O) Section

Most of the control, status, and data registers are in the zero page area of $0000—$003F. Additional I/0O
registers have these addresses:

* $FEOQO; SIM break status register, SBSR

e $FEO1; SIM reset status register, SRSR

* $FEO03; SIM break flag control register, SBFCR
» $FEO04; interrupt status register 1, INT1

» $FEO5; interrupt status register 2, INT2

» $FEOQG6; interrupt status register 3, INT3

» $FEOQ09; break address register high, BRKH

» $FEOA; break address register low, BRKL

* $FEOB; break status and control register, BRKSCR
* $FEOC; LVI status register, LVISR

* $FFFF; COP control register, COPCTL

Data registers are shown in Figure 2-2. Table 2-1 is a list of vector locations.
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$0000

$003F
$0040

$023F
$0240

$7FFF
$8000

$FDFF

$FEOO
$FEO1
$FEO2
$FEO3
$FEO4
$FEO5
$FEO06
$FEO7
$FEO8
$FEO09
$FEOA
$FEOB
$FEOC
$FEOD

$FEOF
$FE10

$FELF
$FE20

$FF52
$FF53

$FF7D
$FF7E
$FF7F

$FFDB
$FFDC

$FFFF

I/O REGISTERS
64 BYTES

RAM
512 BYTES

UNIMPLEMENTED
32,192 BYTES

ROM
32,256 BYTES

RESERVED $8000
16,384 BYTES $BFFE
ROM $C000
15,872 BYTES SEDEF

SIM BREAK STATUS REGISTER (SBSR

SIM RESET STATUS REGISTER (SRSR

RESERVED (SUBAR)

SIM BREAK FLAG CONTROL REGISTER (S

BFCR)

INTERRUPT STATUS REGISTER 1 (INT1)

INTERRUPT STATUS REGISTER 2 (INT2)

INTERRUPT STATUS REGISTER 3 (INT3)

RESERVED

RESERVED

BREAK ADDRESS REGISTER HIGH (BRKH)

BREAK ADDRESS REGISTER LOW (BRKL)

BREAK STATUS AND CONTROL REGISTER (

BRKSCR)

LVI STATUS REGISTER (LVISR)

UNIMPLEMENTED
3 BYTES

RESERVED FOR COMPATIBILITY
WITH MONITOR CODE

MONITOR ROM

(RESERVED FOR DEVICE TESTING ONLY)

307 BYTES

UNIMPLEMENTED
43 BYTES

RESERVED

UNIMPLEMENTED
93 BYTES

ROM VECTORS
36 BYTES

Note:$FFF6-$FFFD reserved for eight security bytes

MC68HCO08GP32A Memory Map

Figure 2-1. Memory Map

MC68HCO08G
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Addr.

$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

$000B

$000C

Input/Output (I/O) Section

Register Name Bit 7 6 5 4 3 2 1 Bit 0
. Read
Port A Data (F;fr@fst‘i,rv ] PTA7 PTA6 PTA5 PTA# PTA3 PTA2 PTA1 PTAO
ritef
See page 110Reset: Unaffected by reset
. Read
Port B Data (F;eTg;t?/rv _ PTB7 PTB6 PTB5 PTB# PTB3 PTB2 PTB1 PTBO
ritef
See page 112Reset: Unaffected by reset
.. Read: 0
Port C Data(ﬁ%it% _ PTC6 PTC5 PTC4 PTCB PTC2 PTC1 PITCO
rite
See page 114Reset: Unaffected by reset
Port D Data Redi Read|
ort ata(;%it% _ PTD7 PTD6 PTD5 PTD# PTD3 PTD2 PTD1 bTDO
ritef
See page 116Reset: Unaffected by reset
L . adf
Data Dlrectlon(RDleDgFI{Sg\‘)er%_ DDRA7| DDRA€ DDRA5 DDRA4 DDORA3 DDRA2 DDRA1 | DDRAO
ritef
See page 110 - o 0 0 0 0 0 0 0
L . ad;
Data Dlrectlon(RDleDgFI{Sé‘)erS‘f_ DDRB7| DDRB DDRB5 DDRB4 DDORB3 DDRB2 DPDRB1 | DDRBO
ritef
See page 113, - o 0 0 0 0 0 0 0
o . ad| 0
Data Dlrectlon(E%gFI{Sé?r\% DDRC6| DDRCY DDRC4 DDRC3 DORC2 DDRC1  DDRCO
rite
See page 114 . 0 0 0 0 0 0 0 0
L . ad;
Data Dlrectlon(E%gFI{SSr\? DDRD7| DDRD¢ DDRID5 DDRD4 DORD3 DDRD2 pDRD1 | DDRDO
ritef
See page 120 - o 0 0 0 0 0 0 0
Port E Data Registgread: 0 0 0 0 0 0 PTE1 PTEO
(PTE) Write
See page 119Reset: Unaffected by reset
Read
UnimplementedNritef
Reset: 0 0 0 0 0 0
Data Direction RegisterFi‘—_ead: 0 0 0 DDRE1 DDRE(
(DDRE) Write
See page 120 . 0 0 0 0 0 0 0 0

I:l = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 7)
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Memory

Addr.

$000D

$000E

$000F

$0010

$0011

$0012

$0013

$0014

$0015

$0016

$0017

$0018

Port A Input Pullup Enatﬁgad

Port C Input Pullup Enabﬁe

Port D Input Pullup Enakﬁgad

Register Name

Register (PTAPUBWTrite|

See page llzReset'

ead

Register (PTCPUBNTrite

See page 116Reset'

Register (PTDPUBNrite|

See page 119Reset'

SPI Control RegisteRread:

(SPCR) Write|

See page 195Reset'

SPI Status and Contr%fead:

Register (SPSCR)Vrite)

See page 196Reset'

SPI Data Registe'?ead:

(SPDR) Write|

See page 198Reset'

SCI Control Registerplead:
(SCC1) Write|

See page 150Reset'

SCI Control Register%ead:
(SCC2) Write|

See page 152Reset'

SCI Control Register%ead:

(SCC3) Write

See page 154Reset'

SCI Status Register%ead:
(SCS1) Write

See page 155Reset'

SCI Status Register%ead
(SCS2) Writef

See page 157Reset:

SCI Data Registe'?ead:

(SCDR) Write|

Bit 7 6 5 4 3 2 1 Bit 0
' PTAPUE] PTAPUE6 PTAPUE5S PTAPUE4 PTAPUE3 PTAPUE2| PTAPUEL PTAPUEO
0 0 0 0 0 0 0 0
0
PTCPUEG PTCPUE5 PTCPUE4 PTCPUE3 PTCPUE2 PTCPUELl| PTCPUEO
0 0 0 0 0 0 0 0
' PTDPUE} PTDPUE6 PTDPUE5 PTDPUE4 PTDPUE3 PTDPUE2| PTDPUE[L PTDPUEC
0 0 0 0 0 0 0 0
SPRIE R SPMSTR CPOL CPHA SPWOM SPE SPTIE
0 0 1 0 1 0 0 0
SPRF OVRF MODF SPTE
ERRIE MODFEN SPR1 SPRO
0 0 0 0 1 0 0 0
R7 R6 R5 R4 R3 R2 R1 RD
T7 T6 T5 T4 T3 T2 T1 T(
Unaffected by reset
LOOPS ENSCI TXINV M WAKE ILTY REN PTY
0 0 0 0 0 0 0 0
SCTIE TCIE SCRIKE ILIE TE RE RWU SBK
0 0 0 0 0 0 0 0
R8
T8 R R ORIE NEIE FEIE PEIE
U U 0 0 0 0 0 0
SCTE TC SCRF IDLE OR NF FE PE
1 1 0 0 0 0 0 0
BKF RPF
0 0 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RD
T7 T6 T5 T4 T3 T2 T1 T(

See page 158Reset'

I:l = Unimplemented

Figure 2-2. Control, Status, and Data Registers (Sheet 2 of 7)

Unaffected by reset

R = Reserved
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Input/Output (I/O) Section

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
SCI Baud Rate Regist8f2d
gister ) SCP1 SCPO R SCR2 SCR1 SCRO
$0019 (SCBR) Write}
Seepage 158056t 0 0 0 0 0 0
Keyboard Statugead: 0 0 KEYR 0 IMASKK MODE
$001A and Control RegistéNrite ACKK
(INTKBSCRee page 92p.qer. ¢ 0 0 0 0 0 0 0
ead;
Keyboard Interrupt Enatﬁe KBIE7 KBIE6 KBIES KBIE4 KBIE3 KBIE2 KBIE1 KBIEO
$001B Register (INTKBIER)'rite|
See page Npaset: 0 0 0 0 0 0 0 0
. Read; TBIF 0
Timebase Module Contrd TBR2 TBR1 TBR TBIE TBON R
$001C Register (TBCRWrite TACK
See page 20%paser 0 0 0 0 0
IRQ Status and COI’]tI%Fad: 0 0 IRQF 0 IMASK MODE
$001D Register (INTSCR)Vrite ACK
See page 86pager. 0 0 0 0 0 0 0 0
, TBM- 0OSC-
Mask Option Registeerad' 0 0 0 0 0 CLKSEL| STOPEN SSCIBDSRC
$001E (MOR2) ...
See page 103.Wrlte
Reset: Mask defined
Mask Option Registeﬂ.ead: COPRS LVISTOP LVIRSTD LVIPWRD LVI5S50OR3 SSREC STOP COPD
$001F (MOR1) Write
See page 104Reset: Mask defined
Timer 1 Status and COﬂtBO?ad: TOF TOIE TSTOP) 0 0 pPS2 PS1 PSO
$0020 Register (TLSCWrite| 0 TRST
See page 213%aset: 0 0 1 0 0 0 0 0
Timer 1 Countequead: Bit 15 14 13 12 11 10 9 Bit| 8
$0021 Register High (TLCNTMJrite
See page 214aset: 0 0 0 0 0 0 0 0
Timer 1 Countequead: Bit 7 6 5 4 3 2 1 Bit
$0022 Register Low (TLCNTWrite
See page 21l4paset: 0 0 0 0 0 0 0 0
Timer 1 Counter MOdUﬁ{Oeéd: Bit 15 14 13 12 11 10 9 Bit
$0023  Register High (TLMODWrite|
See page 2180set: 1 1 1 1 1 1 1 1
|:| = Unimplemented R = Reserved U = Unaffected
Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 7)
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Memory

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Timer 1 Counter MOdUrTaOead: Bit 7 6 5 4 3 2 1 Bit 0
$0024 Register Low (TIMODWritef
Seepage 21%eser 1 1 1 1 1 1 1 1
. Read:  CHOF
Timer 1 Channel 0 Status anoé CHOIE MSOB MS0A ELSOB  EL$OA  TPVO  CHOMAX
$0025  Control Register (T1SCO)rite| 0
Seepage 2195t 0 0 0 0 0 0 0 0
. ead;
_Timer 1 Channel ) | Bit15 14 13 12 11 10 9 Bit 8
$0026 Register High (T1LCHOMJrite|
See page 218Reset: Indeterminate after reset
Timer 1 Channel 5% 0. - 6 5 4 3 2 1 Bit 0
$0027 Register Low (T1LCHOWritef
See page 218Reset: Indeterminate after reset
. Read: CH1F 0
Timer 1 Channel 1 Status anoé CH1IE MS1A | ELS1B| ELSIA  TOV1  CHIMAX
$0028  Control Register (T1SC)rite| 0
Seepage 2195t 0 0 0 0 0 0 0 0
Timer 1 Channel T8 . -
_Timer 1 Channel 1 =1 pit 15 14 13 12 11 10 9 Bit 8
$0029 Register High (T1LCH1Mjrite|
See page 218Reset: Indeterminate after reset
Timer 1 Channel ﬁead: Bit7 6 5 4 3 2 1 Bit0
$002A Register Low (TICH1Writef
See page 218Reset: Indeterminate after reset
Timer 2 Status and Cont'rQoefad: TOF TOIE TSTOP 0 0 pPSs2 PS1 PSO
$002B Register (T2SCWrite| 0 TRST
Seepage 21%oser o 0 1 0 0 0 0 0
Timer 2 cOunteIr?ead: Bit 15 14 13 12 11 10 9 Bit 8
$002C Register High (T2CNTMrite
Seepage 2l4paser 0 0 0 0 0 0 0 0
Timer 2 Counte}r?ead: Bit 7 6 5 4 3 2 1 Bit
$002D Register Low (T2CNTWrite
Seepage 2l4paser 0 0 0 0 0 0 0 0
Timer 2 Counter ModdR$2d & -
imer 2 Counter Modulo™ ™"t pit 15 14 13 12 11 10 9 Bit 8
$002E  Register High (T2MODW)rite}
Seepage 219050t 1 1 1 1 1 1 1 1
. Read;
Timer 2 Counter Modulo Bit 7 6 5 4 3 2 1 Bit 0
$002F Register Low (T2MODWrite}
Seepage 219050t 1 1 1 1 1 1 1 1
I:l = Unimplemented R = Reserved U = Unaffected
Figure 2-2. Control, Status, and Data Registers (Sheet 4 of 7)
MC68HC08GP32A « MC6BHCO8GP16A Data Sheet, Rev. 1.0
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Input/Output (I/O) Section

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
. Read: CHOF
Timer 2 Channel 0 Status anoé CHOIE MSOB MS0A ELSOB  EL$0OA  TPVO  CHOMAX
$0030  Control Register (T2SCO)rite| 0
Seepage 21%peser 0 0 0 0 0 0 0 0
. ead;
_Timer 2 Channel ) | Bit15 14 13 12 11 10 9 Bit 8
$0031 Register High (T2CHOMJrite|
See page 218Reset: Indeterminate after reset
Timer 2 Channel Bead: Bit 7 6 5 4 3 2 1 Bit 0
$0032 Register Low (T2CHOWritef
See page 218Reset: Indeterminate after reset
. Read: CH1F 0
Timer 2 Channel 1 Status anoé CHLIE MS1A | ELS1B| ELSIA  TOV1  CHIMAX
$0033  Control Register (T2SC)rite| 0
Seepage 2195t 0 0 0 0 0 0 0 0
Timer 2 Channel T8 . -
_Timer 2 Channel 1 “™°I' pit 15 14 13 12 11 10 9 Bit 8
$0034 Register High (T2CH1Mjrite|
See page 218Reset: Indeterminate after reset
Timer 2 Channel ﬁead: Bit 7 6 5 4 3 2 1 Bit 0
$0035 Register Low (T2CH1Writef
See page 218Reset: Indeterminate after reset
. . Read; PLLF
PLL Control Register™™F  p| | | PLLON BCS PRE1 PREQ VPR1 VRRO
$0036 (PCTL) Writef
See page S9paset: 0 0 1 0 0 0 0 0
PLL Bandwidth Contr%fead: AUTO LOCK ACO 0 0 0 0 R
$0037 Register (PBWCWrite|
Seepage blpaser o 0 0 0 0 0 0 0
PLL Multiplier Select Highead: 0 0 0 0 MUL11 MUL1d MUL® MULS
$0038 Register (PMSHYVrite
Seepage blpaser o 0 0 0 0 0 0 0
Read;

PLL Multiplier Select Low ™™ yy| 7 MUL6 MULS MUL4 MUL3 MUL2 MUL1 MULO
$0039 Register (PMSLWrite}

Seepage 62p.cer 1 0 0 0 0 0 0
| R{ead:
PLL VCO Range Select 1 yRrs7 VRS6 VRS5 VRS§ VRE3 VRS2 VRS1 VRSO
$003A Register (PMRSYVrite|
Seepage 62p.cer 1 0 0 0 0 0 0
PLL Reference DiVidgl’ead: 0 0 0 0 RDS3 RDS2 RDS1 RDSO0
$003B Select Register (PMD$®rite]
Seepage 63p.qer o 0 0 0 0 0 0 1

I:l = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 7)
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Memory

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Analog-to-Digital Status aRdad;
Control Registey, . | COCO | AEN| ~ADCQ ~ ADCH4  ADCH3 ~ ADCH2 ~ ADCH1  |ADCHO
$003C (vritef
(ADSCR)
See page 43Reset: 0 0 0 1 1 1 1 1
Analog-to-Digital Daﬁaead: AD7 ADG6 AD5 AD4 AD3 AD2 AD1 ADO
$003D Register (ADRWrite
See page 4opeser 0 0 0 0 0 0 0 0
- ead 0 0 0 0
Analog-to-Digital Clof¥ | ADIV2 | ADIVI| ADIVD  ADIGHK
$003E Register (ADCLKyVrite;
See page 4opeser 0 0 0 0 0 0 0 0
Read
$003F Unimplementedrite;
Reset:
SIM Break Status Regisﬁe?ad: R R R R R R SBSW R
$FEOO (SBSR) Writef Note
See page 175Reset: 0
Note: Writing a O clears SBSW.
SIM Reset Status Regis%?ad: POR PIN COPR ILOP ILAD D LI 0
$FEO1 (SRSR) Writel
Seepage 176.p5p. 1 0 0 0 0 0 0 0
Reac) R R R R R R R R
$FEQ02 ReservedNrite}
Reset:
SIM Break Flag COﬂt%Fad: BCFE R R R R R R R
$FEO3 Register (SBFCRYVrite|
See page 177Reset: 0
Interrupt Status Registeerad IF6 IF5 IF4 IF3 IF2 IF1 0 g
$FEO4 (INT1) Write| R R R R R R R R
See page 13%05et: 0 0 0 0 0 0 0
Interrupt Status Registeerad: IF14 IF13 IF12 IF11 IF10 IR9 IF8 F7
$FEO05 (INT2) Write| R R R R R R R R
See page 134paset: 0 0 0 0 0 0 0 0
o =
Interrupt Status Registeerad' 0 0 0 0 0 0 IF16 IF13
$FE06 (INT3) Write| R R R R R R R R
See page 134paset: 0 0 0 0 0 0 0 0

|:| = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 6 of 7)
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Addr.
$FEO7

$FEOS8

$FEO09

$FEOA

$FEOB

$FEOC

$FFFF

Input/Output (I/O) Section

Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read;
) R R R R R R R R
Reserved Write|
Reset: 0 0 0 0 0 0 0 0
Read;
~ Break Address 1 gjt 15 14 13 12 11 10 9 Bit 8
Register High (BRKNYrite|
See page 222paset: 0 0 0 0 0 0 0 0
Break AddresRead; ) ]
Register Low (BRK'TR/rite' Bit 7 6 5 4 3 2 1 Bit O
See page 222.
Reset: 0 0 0 0 0 0 0 0
Break Status and ContkRéad; BRKE BRKA 0 0 0 0 0 0
Register (BRKSCRMite_
See page 221.
Reset: 0 0 0 0 0 0 0 0
LVI Status Registe$ead: LVIOUT 0 0 0 0 0 0 0
(LVISR) Write
Seepage 101p 50 g 0 0 0 0 0 0 0

COP Control Registg{read:

LOW BYTE OF RESET VECTOR

(COPCTL) Write|

WRITING CLEARS COP COUNTER (ANY VALUE)

See page 69Reset:

Unaffected by reset

|:| = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 7 of 7)
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Memory

Table 2-1. Vecfor Addresses

Vector Priority Vector Address Vector
Lowest IF16 $FFDC Timebase Vector (High)
$FFDD Timebase Vector (Low)
0 IF15 $FFDE ADC Conversion Complete Vector (High)
$FFDF ADC Conversion Complete Vector (Low)
F14 $FFEO Keyboard Vector (High)
$FFE1 Keyboard Vector (Low)
$FFE2 SCI Transmit Vector (High)
F13 $FFE3 SCI Transmit Vector (Low)
F12 $FFE4 SCI Receive Vector (High)
$FFES SCI Receive Vector (Low)
$FFE6 SCI Error Vector (High)
i $FFE7 SCI Error Vector (Low)
$FFES8 SPI Transmit Vector (High)
F10 $FFE9 SPI Transmit Vector (Low)
IFo $FFEA SPI Receive Vector (High)
$FFEB SPI Receive Vector (Low)
$FFEC TIM2 Overflow Vector (High)
"8 $FFED TIM2 Overflow Vector (Low)
$FFEE TIM2 Channel 1 Vector (High)
il $FFEF TIM2 Channel 1 Vector (Low)
$FFFO TIM2 Channel 0 Vector (High)
"o $FFF1 TIM2 Channel 0 Vector (Low)
$FFF2 TIM1 Overflow Vector (High)
> $FFF3 TIM1 Overflow Vector (Low)
$FFF4 TIM1 Channel 1 Vector (High)
o $FFF5 TIM1 Channel 1 Vector (Low)
$FFF6 TIM1 Channel 0 Vector (High)
"3 $FFF7 TIM1 Channel 0 Vector (Low)
$FFF8 PLL Vector (High)
72 $FFF9 PLL Vector (Low)
$FFFA IRQ Vector (High)
i $FFFB IRQ Vector (Low)
$FFFC SWI Vector (High)
N $FFFD | SWI Vector (Low)
' $FFFE Reset Vector (High)
Highest o $FFFF Reset Vector (Low)

MC68HC08GP32A « MC68HCO8GP16A Data Sheet, Rev. 1.0
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Random-Access Memory (RAM)

2.5 Random-Access Memory (RAM)

Addresses $0040 through $023F 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 192 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 out of page zero, direct addressing mode instructions can efficiently
access 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.

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.

2.6 Read-Only Memory (ROM)

The user ROM consists of:
« MC68HC08GP32A — 32,256 hytes
+ MC68HCO08GP16A — 15,872 bytes

The monitor ROM and vectors are located from $FE20-$FF52. See Figure 2-1.
Thirty-six bytes, $FFDC—$FFFF, are dedicated to user-defined reset and interrupt vectors.

Security has been incorporated to prevent external viewing of the ROM contents. This feature ensures
that customer-developed software remains proprietary. See 19.3.2 Security.
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Chapter 3
Analog-to-Digital Converter (ADC)

3.1 Introduction

This section describes the 8-bit analog-to-digital converter (ADC).

3.2 Features

Features of the ADC module include:
» Eight channels with multiplexed input
» Linear successive approximation with monotonicity
e 8-bit resolution
* Single or continuous conversion
» Conversion complete flag or conversion complete interrupt
» Selectable ADC clock

3.3 Functional Description

The ADC provides eight pins for sampling external sources at pins PTB7/AD7—PTB0/ADO. An analog
multiplexer allows the single ADC converter to select one of eight ADC channels as ADC voltage in
(Vapin)- Vapin is converted by the successive approximation register-based analog-to-digital converter.
When the conversion is completed, ADC places the result in the ADC data register and sets a flag or
generates an interrupt. See Figure 3-2.

3.3.1 ADC Port I/O Pins

PTB7/AD7-PTBO/ADO are general-purpose I/O (input/output) pins that share with the ADC channels. The
channel select bits define which ADC channel/port pin will be used as the input signal. The ADC overrides
the port 1/0O logic by forcing that pin as input to the ADC. The remaining ADC channels/port pins are
controlled by the port I/0 logic and can be used as general-purpose I/O. Writes to the port register or DDR
will not have any affect on the port pin that is selected by the ADC. Read of a port pin in use by the ADC
will return a 0.
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A
Analog-to-Digital Converter (ADC)

M68HCO08 CPU INTERNAL BUS

<
<|Z -
CPU ARITHMETIC/LOGIC@ <:> x| PTA7/KBD7
REGISTERS UNIT (ALU) <:> PROGRAMMOMDAUE;’_LEE TIMEBASE a9 PTAG/KBISH
CONTROL AND STATUS REGISTERS <\;> SINGLE BREAKPOINT BREAK < PTB7/AD7
64 BYTES MODULE < PTB6/AD6
USER ROM o E ¢ PTB5/AD5
MCB8HCO8GP32A — 32,256 BYTES <:> DUAL VOLTAGE <:> T | [<B= PTB4/ADA
MC68HC08GP16A — 15,872 BYTES <:> LOW-VOLTAGE INHIBIT MOPULE 0 |§ [ PTB3/AD3
SSER A <@ PTB2/AD2
512 BYTES <:> 8-BIT KEYBOARD @ < PTB1/AD1
INTERRUPT MODULE <& PTBO/ADO
MONITOR ROM )
307 BYTES :> “ PTC@)
2-CHANNEL TIMER |NTERF® <> PTCE
USER ROM VECTOR SPACE <:> MODULE 1 O O |« pTCE- 2
36 BYTES <:> a L |« pTCE-2
2-CHANNEL TIMER |NTERF® & («—» pTCH 2
CLOCK GENERATOR MODULE MODULE 2 <« pTC{l 2
OSC1—»| <> PTCE 2
0SCo—» 32-kHz OSCILLATOR SERIAL COMMUNICATION|

g;
1

PTD7/T2CH
<«—> PTD6/T2CID
<«—> PTD5/TICKH

INTERFACE MODULE

il

CGMXFC— PHASE-LOCKED LO®H

COMPUTER OPERATING ale
PROPERLY MODULE <:> x £ |[<—» PTD4/T1CIH0
Y 0|8 = PTD3/SPSER
BsF) SYSTEM INTEGRATION SERIAL PERIPHERAL @ <—> PTD2/MO8!
> MODULE INTERFACE MODULE <> PTD1/MISO
l«<—» PTDO/S®
T=3) SINGLE EXTERNAL @ <:>
IREY —» | NTERRUPT MODULE MONITOR MODULE w [
<:> x| ¢ [« PTEL/RXD
o
Q| [ PTEO/TXD
VooaBVRer=8> g gyt ANALOG-TO-DIGIT/<:> MEMORY MAP @ .
VosadVher,—=|  CONVERTER MODULE MODULE
POWER-ON RESET ¢> MASK OPTION REGISTER <:"> SECURITY
MODULE L MODULE <:> MODULE
Vop—»] MASK OPTION REGISTEF@
Vea—> MODULE
Voo POWER | |
Vssa—>

1. Ports are software configurable with pullup device if input port.
2. Higher current drive port pins
3. Pin contains integrated pullup device

Figure 3-1. Block Diagram Highlighting ADC Block and Pins
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INTERNAL DATA BUS

~_ READ DDRBx
RESET —»|  DDRBX
WRITE PTBx
> PTBx .
D
_ READ PTBx 1
R N
1t
DISABLE
< ADC DATA REGISTER
T X
ADC Y
CONVERSION VOLTAGE IN
INTERRUPT, COMPLETE ADC (Vapin CHANNE
LoGic | SELECT
b X
AIEN COCO ADC CLOCK
COMXCLE—— ooy
BUS CLOGK—»-| GENERATOF

3.3.2 Voltage Conversion

When the input voltage to the ADC equals Vrgpp, the ADC converts the signal to $FF (full scale). If the
input voltage equals Vreg, the ADC converts it to $00. Input voltages between Vigpy and Vgeg, are a
straight-line linear conversion.

ADIV2-ADIVO ADICLK
Figure 3-2. ADC Block Diagram

I

NOTE

Functional Description

ADC CHANNEL x

ADCH4-ADCHO

-~

Inside the ADC module, the reference voltages Vrggn is connected to the
ADC analog power, Vppap; and Vgeg, is connected to the ADC analog
ground, Vgsap- Therefore, the ADC input voltage should not exceed these

analog supply voltages.

Connect the Vppap pin to the same voltage potential as the Vpp pin, and
connect the Vggap pin to the same voltage potential as the Vgg pin.

The Vppap Pin should be routed carefully for maximum noise immunity.
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Analog-to-Digital Converter (ADC)

3.3.3 Conversion Time

Conversion starts after a write to the ADSCR. One conversion will take between 16 and 17 ADC clock
cycles. The ADIVx and ADICLK bits should be set to provide a 1-MHz ADC clock frequency.

16 to 17 ADC cycles
ADC frequency

Conversion time =

Number of bus cycles = conversion time x bus frequency

3.3.4 Conversion

In continuous conversion mode, the ADC data register will be filled with new data after each conversion.
Data from the previous conversion will be overwritten whether that data has been read or not.
Conversions will continue until the ADCO bit is cleared. The COCO bit is set after each conversion and
will stay set until the next read of the ADC data register.

In single conversion mode, conversion begins with a write to the ADSCR. Only one conversion occurs
between writes to the ADSCR. When a conversion is in process and the ADSCR is written, the current
conversion data should be discarded to prevent an incorrect reading.

3.3.5 Accuracy and Precision

The conversion process is monotonic and has no missing codes.

3.4 Interrupts

When the AIEN bit is set, the ADC module is capable of generating CPU interrupts after each ADC
conversion. A CPU interrupt is generated if the COCO bit is 0. The COCO bit is not used as a conversion
complete flag when interrupts are enabled.

3.5 Low-Power Modes

The WAIT and STOP instruction can put the MCU in low power-consumption standby modes.

3.5.1 Wait Mode

The ADC continues normal operation during wait mode. Any enabled CPU interrupt request from the ADC
can bring the MCU out of wait mode. If the ADC is not required to bring the MCU out of wait mode, power
down the ADC by setting ADCH4-ADCHO bits in the ADC status and control register before executing the
WAIT instruction.

3.5.2 Stop Mode

The ADC module is inactive after the execution of a STOP instruction. Any pending conversion is aborted.
ADC conversions resume when the MCU exits stop mode after an external interrupt. Allow one
conversion cycle to stabilize the analog circuitry.

3.6 1/0O Signals
The ADC module has eight pins shared with port B, PTB7/AD7—PTBO0/ADO.
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I/O Registers

3.6.1 ADC Analog Power Pin (Vppap)/ADC Voltage Reference High Pin (Vrggn)

The ADC analog portion uses Vppap as its power pin. Connect the Vppap pin to the same voltage
potential as Vpp. External filtering may be necessary to ensure clean Vppap for good results.

NOTE
For maximum noise immunity, route Vppap carefully and place bypass
capacitors as close as possible to the package.

3.6.2 ADC Analog Ground Pin (Vgsap)/ADC Voltage Reference Low Pin (Vrggl)

The ADC analog portion uses Vggap as its ground pin. Connect the Vggap pin to the same voltage
potential as Vgs.

NOTE
Route Vggap cleanly to avoid any offset errors.

3.6.3 ADC Voltage In (Vapin)
Vapin IS the input voltage signal from one of the eight ADC channels to the ADC module.

3.7 1/0 Registers

These /O registers control and monitor ADC operation:
» ADC status and control register (ADSCR)
» ADC data register (ADR)
* ADC clock register (ADCLK)

3.7.1 ADC Status and Control Register
Function of the ADC status and control register (ADSCR) is described here.

Address:  $003C

Bit 7 6 5 4 3 2 1 Bit 0
Read
Wit Ccoco AIEN ADC( ADCH4 ADCH3 ADCH2 ADCH1 ADCHO
rite
Reset: 0 0 0 1 1 1 1 1

Figure 3-3. ADC Status and Control Register (ADSCR)

COCO — Conversions Complete
In non-interrupt mode (AIEN = 0), COCO is a read-only bit that is set at the end of each conversion.
COCO will stay set until cleared by a read of the ADC data register. Reset clears this bit.
In interrupt mode (AIEN = 1), COCO is a read-only bit that is not set at the end of a conversion. It
always reads as 0.

1 = Conversion completed (AIEN = 0)
0 = Conversion not completed (AIEN = 0) or CPU interrupt enabled (AIEN = 1)

NOTE
The write function of the COCO bit is reserved. When writing to the ADSCR
register, always have a 0 in the COCO bit position.
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Analog-to-Digital Converter (ADC)

AIEN — ADC Interrupt Enable Bit
When this bit is set, an interrupt is generated at the end of an ADC conversion. The interrupt signal is
cleared when the data register is read or the status/control register is written. Reset clears the AIEN bit.
1 = ADC interrupt enabled
0 = ADC interrupt disabled

ADCO — ADC Continuous Conversion Bit
When set, the ADC will convert samples continuously and update the ADR register at the end of each
conversion. Only one conversion is completed between writes to the ADSCR when this bit is cleared.
Reset clears the ADCO bit.
1 = Continuous ADC conversion
0 = One ADC conversion

ADCH4-ADCHO — ADC Channel Select Bits
ADCH4-ADCHO form a 5-bit field which is used to select one of 16 ADC channels. Only eight
channels, AD7-ADO, are available on this MCU. The channels are detailed in Table 3-1. Care should
be taken when using a port pin as both an analog and digital input simultaneously to prevent switching
noise from corrupting the analog signal.
The ADC subsystem is turned off when the channel select bits are all set to 1. This feature allows for
reduced power consumption for the MCU when the ADC is not being used.

NOTE
Recovery from the disabled state requires one conversion cycle to stabilize.

The voltage levels supplied from internal reference nodes, as specified in
Table 3-1, are used to verify the operation of the ADC converter both in production test and for user
applications.

Table 3-1. Mux Channel Select

ADCH4 ADCH3 ADCH2 ADCH1 ADCHO Input Select
0 0 0 PTBO/ADO
PTB1/AD1
PTB2/AD2
PTB3/AD3
PTB4/AD4
PTB5/AD5
PTB6/AD6
PTB7/AD7

o
o

o|lo|o|o|lo|o|lo|o
rlolo|o|lo|lo|o|o
o|lr|r|r|lr|o|lo|o
o|lr|r|o|lo|r|r]|o
o|lr|o|r|lo|r|lo|r

Reserved

VREFH

VREFL
ADC power off

1
1
1
1

Rl R|R

1
1
1
1

R, |O|O
RO, |O

NOTE:
If any unused channels are selected, the resulting ADC conversion will be unknown
or reserved.
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I/O Registers

3.7.2 ADC Data Register

One 8-bit result register, ADC data register (ADR), is provided. This register is updated each time an ADC
conversion completes.

Address:  $003D

Bit 7 6 5 4 3 2 1 Bit O
Read AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
Write
Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 3-4. ADC Data Register (ADR)

3.7.3 ADC Clock Register
The ADC clock register (ADCLK) selects the clock frequency for the ADC.

Address:  $003E
Bit 7 6 5 4 3 2 1 Bit O
Read 0 0 0 0
) ADIV2 ADIV1 ADIVQ ADIGH
Write

Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 3-5. ADC Clock Register (ADCLK)

ADIV2—-ADIVO — ADC Clock Prescaler Bits
ADIV2-ADIV0 form a 3-bit field which selects the divide ratio used by the ADC to generate the internal
ADC clock. Table 3-2 shows the available clock configurations. The ADC clock should be set to
approximately 1 MHz.

Table 3-2. ADC Clock Divide Ratio

ADIV2 ADIV1 ADIVO ADC Clock Rate
0 0 0 ADC input clock + 1
0 0 1 ADC input clock + 2
0 1 0 ADC input clock + 4
0 1 1 ADC input clock + 8
1 X X ADC input clock + 16

X =don't care

ADICLK — ADC Input Clock Select Bit
ADICLK selects either the bus clock or CGMXCLK as the input clock source to generate the internal
ADC clock. Reset selects CGMXCLK as the ADC clock source.
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Analog-to-Digital Converter (ADC)

If the external clock (CGMXCLK) is equal to or greater than 1 MHz, CGMXCLK can be used as the
clock source for the ADC. If CGMXCLK is less than 1 MHz, use the PLL-generated bus clock as the
clock source. As long as the internal ADC clock is at approximately 1 MHz, correct operation can be
guaranteed.

1 = Internal bus clock

0 = External clock (CGMXCLK)

ADC input clock frequency _
ADIV2-ADIVO 1MHz
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Chapter 4
Clock Generator Module (CGM)

4.1 Introduction

This section describes the clock generator module. 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, CGMVCLK, divided by two. In user mode, CGMOUT is the clock from which the SIM derives the
system clocks, including the bus clock, which is at a frequency of CGMOUT/2. In monitor mode, PTC3
determines the bus clock. The PLL is a fully functional frequency generator designed for use with
low-frequency crystals. The PLL can generate an 8-MHz bus frequency using a 32.768-kHz crystal.

4.2 Features

Features of the CGM include:

Phase-locked loop with output frequency in integer multiples of an integer dividend of the crystal
reference

Low-frequency crystal operation with low-power operation and high-output frequency resolution
Programmable prescaler for power-of-two increases in frequency

Programmable hardware voltage-controlled oscillator (VCO) for low-jitter operation

Automatic bandwidth control mode for low-jitter operation

Automatic frequency lock detector

CPU interrupt on entry or exit from locked condition

Configuration register bit to allow oscillator operation during stop mode

4.3 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.

Base clock selector circuit — This software-contro