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Data Sheet — MC68HC908AP Family

Freescale Semiconductor, Inc.

1.1 Introduction

1.2 Features

Section 1. General Description

The MC68HC908AP64 is a member of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCUs). The M68HC08
Family is based on the customer-specified integrated circuit (CSIC)
design strategy. All MCUs in the family use the enhanced M68HC08
central processor unit (CPU08) and are available with a variety of
modules, memory sizes and types, and package types.

Table 1-1. Summary of Device Variations

Device Ré)l\;ltsge FLASH(lI;IIﬁrepsc)ory Size
MC68HC908AP64 2,048 62,368
MC68HC908AP32 2,048 32,768
MC68HC908AP16 1,024 16,384
MC68HC908AP8 1,024 8,192

Features of the MC68HC908AP64 include the following:

* High-performance M68HCO08 architecture

e Fully upward-compatible object code with M6805, M146805, and

M68HCO05 Families

e Maximum internal bus frequency:

— 8-MHz at 5V or 3V operating voltage
e Clock input options:

— RC-oscillator

— 32-kHz crystal-oscillator with 32MHz internal phase-lock-loop

MC68HC908AP Family — Rev. 2.5
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e User program FLASH memory with security1 feature
— 62,368 bytes for MC68HC908AP64
— 32,768 bytes for MC68HC908AP32
— 16,384 bytes for MC68HC908AP 16
— 8,192 bytes for MC68HC908AP8
* On-chip RAM
— 2,048 bytes for MC68HC908AP64 and MC68HC908AP32
— 1,024 bytes for MC68HC908AP16 and MC68HC908AP8

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

* Timebase module
e Serial communications interface module 1 (SCI)

e Serial communications interface module 2 (SCI) with
infrared (IR) encoder/decoder

» Serial peripheral interface module (SPI)

e System management bus (SMBus), version 1.0/1.1
(multi-master 1IC bus)

e 8-channel, 10-bit analog-to-digital converter (ADC)
e IRQ1 external interrupt pin with integrated pullup
e IRQ2 external interrupt pin with programmable pullup
* 8-bit keyboard wakeup port with integrated pullup
e 32 general-purpose input/output (I/O) pins:
— 31 shared-function 1/O pins
— 8 LED drivers (sink)
— 6 x 25mA open-drain I/0 with pullup

* Low-power design (fully static with stop and wait modes)

1. No security feature is absolutely secure. However, Motorola’s strategy is to make reading or
copying the FLASH difficult for unauthorized users.
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General Description
MCU Block Diagram

Master reset pin (with integrated pullup) and power-on reset
System protection features

— Optional computer operating properly (COP) reset, driven by
internal RC oscillator

— Low-voltage detection with optional reset or interrupt
— lllegal opcode detection with reset
— lllegal address detection with reset

48-pin low quad flat pack (LQFP), 44-pin quad flat pack (QFP),
and 42-pin shrink dual-in-line package (SDIP)

Specific features of the MC68HC908AP64 in 42-pin SDIP are:
— 30 general-purpose 1/Os only

— External interrupt on IRQ1 only

Features of the CPUO8 include the following:

Enhanced HCO05 programming model

Extensive loop control functions

16 addressing modes (eight more than the HCO05)
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

1.3 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC908AP64.

MC68HC908AP Family — Rev. 2.5
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General Description

INTERNAL BUS

M68HC08 CPU <> PTA7/ADC7 ¥
CPU ARITHMETIC/LOGIC 10-BIT ANALOG-TO-DIGITAL DRl i

- -10- l<«—» PTA5/ADC5
REGISTERS UNIT (ALU) CONVERTER MODULE <:> % E <> PTA4/ADCA
8| O | PTA3/ADC3 ¥
CONTROL AND STATUS REGISTERS — 96 BYTES TIMEBASE <> PTA2/ADC2 ¥
MODULE < PTA1/ADCT ¥

-« PTAQ/ADCO ¥

USER FLASH — (SEE TABLE)

2-CHANNEL TIMER INTERFACE

USER RAM — (SEE TABLE) MODULE 1

<> PTB7/T2CH1
<> PTB6/T2CHO
< PTB5/T1CH1

< PTB4/T1CHO

MONITOR ROM — 959 BYTES

2-CHANNEL TIMER INTERFACE

DDRB
PORTB

LY U

+
USER FLASH VECTOR SPACE — 48 BYTES MODULE 2 <’:> PTB3/RxD
> PTB2TXD
OSCILLATORS AND SERIAL COMMUNICATIONS PTBISCL |
<> t
CLOCK GENERATOR MODULE INTERFACE MODULE 1 <:> PTBO/SDA
| INTERNAL OSCILLATOR |
‘ ‘ <« PTC7/SCRxD
RC OSCILLATOR - MULTI-MASTER IIC (SMBUS) <« PTCEISCTXD T
0SC1 —»=
INTERFACE MODULE <:> PTCS/SPSCK
0sC2 <—| | XTALOSCILLATOR | (= olg PTOAS
(=]
CGMXFC —» ‘ PHASE-LOCKED LOOP ‘ SERIAL COMMUNICATIONS ol Elggjmgsol
¥ INTERFACE MODULE 2 <\;> - P
(WITH INFRARED DN
“RST —a|  SYSTEMINTEGRATION <:> MODULATOR/DEMODULATOR) < PTCO/IRQ2
MODULE
ROT SERIAL PERIPHERAL PTD7KBI7 ™
*IRQT — EXTERNAL INTERRUPT <:> INTERFAGE NODULE <‘;> <« PTD6/KBIG ***
~TRQ2 - - - » MODULE <> PTD5/KBI5 ***
<:> 2 | £ [=— PTD4KBI4 "
COMPUTER OPERATING KEYBOARD INTERRUPT <\;> 8 | S [« PTD3KBI3***
PROPERLY MODULE @ MODULE > PTD2/KBI2 ***
< PTD1/KBI ***
POWER-ON RESET PTDOKBIO ™**
- LOW-VOLTAGE INHIBIT
MODULE ) - MODULE -
VDD !
VDDA — * Pin contains integrated pullup device.
VSS —— ** Pin contains configurable pullup device.
VSSA —— POWER *** Pin contains integrated pullup device when configured as KBI.
T Pinis open-drain when configured as output.
VREG <— i LED direct sink pin.
VREFH — ADC REFERENCE Pin not bonded on 42-pin SDIP.
VREFL ——
USER RAM USER FLASH
DEVICE (bytes) (bytes)
MC68HC908AP64 2,048 62,368
MC68HC908AP32 2,048 32,768
MC68HC908AP16 1,024 16,384
MC68HC908APS 1,024 8,192
Figure 1-1. MC68HC908AP64 Block Diagram
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General Description
Pin Assignment

1.4 Pin Assignment

é o - © ¥ 0 © ~
O & m m m M M M M m
X E X X X X X x ¥ X
g K @6 = d < € & § B & KN
m O 0 0Q O oo 0N
O F F F F QO ®FFF EF F
O o o oo > > 0o oo o o o
I I I I ITIIII][S]
O § 2L T T T8 8 8
PTB6/T2CHO [ 1] 36] VREFH
VREG [ |2 35| | VREFL
PTB5/T1CH1 [_| 3 34| | NC
VDD [ | 4 33[ | NC
osci[ |5 32| ] PTAO/ADCO
oscz2[ |6 31 | NC
vss| |7 30| | PTA1/ADCH
PTB4/TICHO [ | 8 29| ] PTA2/ADC2
RQ1 [ |9 28| ] PTA3/ADC3
PTB3/RxD [ | 10 27| | PTA4/ADC4
RST [ | 11 26| ] PTA5/ADC5
PTB2/TxD [12} T L e~ o299 Q 25| PTA6/ADC6
e LT L &R
4 < O QO X | i O - |8 N O
35223882 pRg 3
= 83 O 0 a 5 =2 2 0ol <
mmp 9P DO E S A QLR
F F R © 5 o O O © <
o n O O ¢ [ N~
E F 2 o o o
o o o

NC: No connection

Figure 1-2. 48-Pin LQFP Pin Assignments
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é S —- o © ¥ v ©
O & m m m M MmO m m
< £ X X X < X x <
é K 6 - a < €< & § B ©
m O O QO Q o O oo A
O F F F F O ¢® F F F F
O o oo o > >0 oo o
I I I I P ]3]
o @ — o O o I ©
PTB6/T2CHO [1] ¥Y Y Y 00 000 33 PTD7/KBI7
VREG [ |2 32 [ ] VREFH
PTB5/T1CH1 [ |3 31 [ ] VREFL
vDD [ |4 30 | | PTAO/ADCO
OsC1 [ |5 29 | | PTA1/ADCH
osc2 [ |6 28 | | PTA2/ADC2
VsSsS [ |7 27| | PTA3/ADC3
PTB4/T1CHO [ |8 26 | | PTA4/ADC4
IRQT [ |9 25| | PTA5/ADC5
PTB3/RxD [ | 10 24| | PTA6/ADC6
RST [11] ® v o~ © o 9 23 PTA7/ADC7
SN NN NEE
9332958238358
E © o O = o0 F s s = |
n m@a DL 0 E S A Q
F F F R © 5 o O O Qo
I - < S
R oo i
Figure 1-3. 44-Pin QFP Pin Assignments
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General Description
Pin Assignment

-/
PTD2/KBI2 [ | 1 42 [ ] VDDA
PTD1/KBI1 [ | 2 41 | ] VSSA
PTDO/KBIO [ | 3 40 [ ] PTD3/KBI3
PTB7/T2CH1 [_| 4 39 | | PTD4/KBI4
CGMXFC [ | 5 38 | | PTD5/KBI5
PTB6/T2CHO [ | 6 37 || PTD6/KBI6
VREG [ | 7 36 | | PTD7/KBI7
PTB5/T1CH1 [_| 8 35 | ] VREFH
vDD [ | 9 34 | | VREFL
osc1 [ | 10 33 | | PTAO/ADCO
oscz2 [ | 11 32 [ ] PTA1/ADCT
vss [ | 12 31 | ] PTA2/ADC2
PTB4/T1CHO [_| 13 30 | ] PTA3/ADC3
IRQT [ | 14 29 | | PTA4/ADC4
PTB3/RxD [ | 15 28 | | PTA5/ADC5
RST[ | 16 27 | ] PTA6/ADC6
PTB2/TxD [ | 17 26 | | PTA7/ADC7
PTB1/SCL [ | 18 25 | ] PTC2/MISO
PTBO/SDA [ | 19 24 | ] PTC3/MOSI
PTC7/SCRxD [ | 20 23 | ] PTC4/SS
PTC6/SCTXD [ | 21 22 | ] PTC5/SPSCK
Pins not available on 42-pin package Internal connection
PTCO/RQ2 Unconnected
PTCA Unconnected

Figure 1-4. 42-Pin SDIP Pin Assignment
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General Description

1.5 Pin Functions

Description of the pin functions are provided in Table 1-2.

Table 1-2. Pin Functions

VOLTAGE
PIN NAME PIN DESCRIPTION IN/OUT LEVEL
451055
Vbp Power supply. In or
2.7103.3
Vss Power supply ground. Out oV
Vbpa Power supply for analog circuits. In Vbp
Vssa Power supply ground for analog circuits. Out Vss
VREFH ADC input reference high. In Vbpa
VREFL ADC input reference low. Out Vssa
Internal (2.5V) regulator output.
\Y (1)
REG Require external capacitors for decoupling. Out 2.5V
BST R'eset |_nput, active low; with internal pullup and schmitt In Voo
trigger input.
External IRQ1 pin; with internal pullup and schmitt trigger In v
BRAT input. oD
Used for mode entry selection. In Vpp to Vst
0OSCH1 Crystal or RC oscillator input. In VReG
Crystal OSC option: crystal oscillator output; inverted out Vheg
OSC1.
0sC2 RC OSC option: bus clock output. Out VREG
Internal OSC option: bus clock output. Out VReGg
CGMXFC CGM external filter capacitor connection. In/Out Analog
8-bit general purpose I/O port. In/Out Vbbp
PTAO/ADCO
: Pins as ADC inputs, ADCO-ADC?7. In VREFH
PTA7/ADC7
Each pin has high current sink for LED. Out Vpp
Data Sheet MC68HC908AP Family — Rev. 2.5
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General Description
Pin Functions

Table 1-2. Pin Functions

VOLTAGE
PIN NAME PIN DESCRIPTION IN/OUT LEVEL
8-bit general purpose I/O port; PTBO—PTB3 are open drain
when configured as output. PTB4—PTB7 have schmitt In/Out Vpp
trigger inputs.
PTBO/SDA
PTBO as SDA of MMIIC. In/Out Vbbp
PTB1/SCL
PTB2/TXD PTB1 as SCL of MMIIC. In/Out Vbbp
PTB3/RxD PTB2 as TxD of SCI; open drain output. Out Vbbp
PTB4/T1CHO | PTB3 as RxD of SCI. In Vbp
PTBS/TICHT | brR4 as T1CHO of TIMA. In/Out Voo
PTB6/T2CHO
PTBS5 as T1CH1 of TIM1. In/Out Vpp
PTB7/T2CH1
PTB6 as T2CHO of TIM2. In/Out Vpp
PTB7 as T2CH1 of TIM2. In/Out Vpp
PTCOIRQ2 9 put
PTC1 PTCO is shared with IRQ2 and has schmitt trigger input. In Vbp
PTC2/MISO PTC2 as MISO of SPI. In Vbp
PTC3/MOSI | pTC3 as MOSI of SPI. Out Vob
PTC4/SS PTC4 as SS of SPI. In Vbp
PTC5/SPSCK
\
PTC6/SCTXD PTCS5 as SPSCK of SPI. In/Out DD
PTC7/SCRxD | PTC6 as SCTxD of IRSCI; open drain output. Out Vbp
PTC7 as SCRxD of IRSCI. In Vbbp
PTDO/KBIO 8-bit general purpose I/0 port with schmitt trigger inputs. In/Out Vbp
PTD7./KBI7 Pins as keyboard interrupts (with pullup), KBIO—KBI7. In Vpp
Notes:
1. See Section 24. Electrical Specifications for Vygg tolerance.
MC68HC908AP Family — Rev. 2.5 Data Sheet
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General Description

1.6 Power Supply Bypassing (VDD, VDDA, VSS, VSSA)

Vpp and Vgg are the power supply and ground pins, the MCU operates
from a single power supply together with an on chip voltage regulator.

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 1-5
shows. Place the bypass capacitors as close to the MCU power pins as
possible. Use high-frequency-response ceramic capacitor for Cgypass,
CpguLk are optional bulk current bypass capacitors for use in applications
that require the port pins to source high current level.

Vppa and Vggp are the power supply and ground pins for the analog
circuits of the MCU. These pins should be decoupled as per the digital
power supply pins.

MCU
Vbp Vss Vbpa Vssa
| |
C1(a) C1(b)
0.1 uF 0.1 uF
[t [t
C2(a) C2(b)
O = @) =
VDD VDD

NOTE: Component values shown represent typical applications.

Figure 1-5. Power Supply Bypassing
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General Description
Regulator Power Supply Configuration (VREG)

1.7 Regulator Power Supply Configuration (VREG)

VReg is the output from the on-chip regulator. All internal logics, except
for the 1/0O pads, are powered by Vigg output. VReg requires an external
ceramic bypass capacitor of 100 nF as Figure 1-6 shows. Place the
bypass capacitor as close to the Vygg pin as possible.

MCU

VREG Vss

CvREGBYPASS
100 nF

O

Figure 1-6. Regulator Power Supply Bypassing
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Data Sheet — MC68HC908AP Family

Section 2. Memory Map

2.1 Introduction

The CPUO8 can address 64k-bytes of memory space. The memory map,
shown in Figure 2-1, includes:

* 62,368 bytes of user FLASH — MC68HC908AP64
32,768 bytes of user FLASH — MC68HC908AP32
16,384 bytes of user FLASH — MC68HC908AP 16
8,192 bytes of user FLASH — MC68HC908AP8

e 2,048 bytes of RAM — MC68HC908AP64 and MC68HC908AP32
1,024 bytes of RAM — MC68HC908AP16 and MC68HC908AP8

* 48 bytes of user-defined vectors
e 959 bytes of monitor ROM

2.2 Unimplemented Memory Locations

Accessing an unimplemented location can cause an illegal address
reset if illegal address resets are enabled. 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.

MC68HC908AP Family — Rev. 2.5 Data Sheet
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Memory Map

2.4 Input/Output (I/O) Section

Most of the control, status, and data registers are in the zero page area
of $0000-$005F. Additional I/O registers have these addresses:

e $FEOQO; SIM break status register, SBSR

e $FEO1; SIM reset status register, SRSR

e $FEO02; Reserved

e $FEO03; SIM break flag control register, SBFCR

e $FEO04; interrupt status register 1, INT1

e $FEO5; interrupt status register 2, INT2

e $FEOQ6; interrupt status register 3, INT3

e $FEO07; Reserved

e $FEO08; FLASH control register, FLCR

e $FEO09; FLASH block protect register, FLBPR

e $FEOA; Reserved

e $FEOB; Reserved

e $FEOC; Break address register high, BRKH

e $FEOD; Break address register low, BRKL

e $FEOE; Break status and control register, BRKSCR
e $FEOF; LVI Status register, LVISR

e $FFCF; Mask option register, MOR (FLASH register)
e $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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Input/Output (1/0) Section

80900 /O Registers MC68HC908AP32 MC68HC908AP16 MC68HC908APS
96 Bytes
$005F
$0060 RAM $0060 RAM $0060 RAM $0060
. 2 048 Bvtes RAM . 1,024 Bytes $045F 1,024 Bytes $045F
(MC6,8H090ya AP64) 2,048 Bytes Unimplemented Unimplemented
$085F $085F 1,024 Bytes 1,024 Bytes
$0860 $0860 $0860 | FLASH Memory |$0860
FLASH Memory | 8,192Bytes  |eogor
16,384 Bytes $2860
FLASH Memory 1 $485F
32,768 Bytes $4860
FLASH Memory
! 62,368 Bytes $gggg ,
(MCGBHCI08APG4) $ Untimpleienizd] | gy
Unimplemented . 54,176 Bytes
45,984 Bytes
Unimplemented 1
29,600 Bytes
$FBFF $FBFF $FBFF $FBFF
$F500 Monitor ROM 2
$FEQ0 SIM Break Status Register
$FEO1 SIM Reset Status Register
$FE02 Reserved
$FEO3 SIM Break Flag Control Register
$FE04 Interrupt Status Register 1
$FE05 Interrupt Status Register 2
$FE06 Interrupt Status Register 3
$FEO7 Reserved
$FE08 FLASH Control Register
$FE09 FLASH Block Protect Register
$FEOA Reserved
$FEOB Reserved
$FEOC Break Address Register High
$FEOD Break Address Register Low
$FEOE Break Status and Control Register
$FEOF LVI Status Register
$FE10 Monitor ROM 1
S$FFCE 447 Bytes
$FFCF Mask Option Register
$FED0 FLASH Vectors
$FFFF 48 Bytes
Figure 2-1. Memory Map
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit0
Read: PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTAO
$0000 Port A Data Register Write:
(PTA)
Reset: Unaffected by reset
Read: PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
$0001 Port B Data Register Write:
(PTB)
Reset: Unaffected by reset
Read: PTC7 PTC6 PTC5 PTC4 PTC3 PTC2 PTC1 PTCO
$0002 Port C Data Register Write:
(PTC)
Reset: Unaffected by reset
Read: P