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Chapter 1
General Description

1.1 Introduction

The MC68HCO08LTS8 is a member of the low-cost, high-performance M68HCO08 Family of 8-bit
microcontroller units (MCUs). All MCUs in the family use the enhanced M68HCO8 central processor unit
(CPUO08) and are available with a variety of modules, memory sizes and types, and package types.

1.2 Features

Features include:

High-performance M68HCO08 architecture

Fully upward-compatible object code with M6805, M146805, and M68HCO05 Families
Low-power design; fully static with stop and wait modes

Maximum internal bus frequency:

— 4-MHz at 5-V operating voltage

— 2-MHz at 3-V operating voltage

Dual oscillator module

— 32.768kHz crystal oscillator

— 1 to 16 MHz crystal oscillator

8,192 bytes user read-only memory (ROM) with security(!)

128 bytes of on-chip random-access memory (RAM)

Two 16-bit, 2-channel timer interface modules (TIM1 and TIM2) with selectable input capture,
output compare, and pulse-width modulation (PWM) capability on each channel
Programmable periodic interrupt (PPI)

4/3 backplanes and static with maximum 24/25 frontplanes liquid crystal display (LCD) driver
Up to 38 general-purpose input/output (I/O) ports:

— 4 keyboard interrupt with internal pull up

— 2 x 15 mA high current sink pins

System protection features:

— Optional computer operating properly (COP) reset

— Optional low-voltage detection with reset and selectable trip points for 3-V and 5-V operation
— lllegal opcode detection with reset

— lllegal address detection with reset

Master reset pin with internal pull-up and power-on reset

IRQ with schmitt-trigger input and programmable pull up

44-pin low-profile quad flat pack (LQFP)

1. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or copying the ROM difficult for
unauthorized users.

MC68HCO08LT8 Data Sheet, Rev. 1
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General Description

» Specific features in 44-pin package are:
— 34 general-purpose I/Os
— 4/3 backplanes and static with maximum 20/21 frontplanes liquid crystal display (LCD) driver

Features of the CPUO08 include the following:
* Enhanced HCO5 programming model
* Extensive loop control functions
* 16 addressing modes (eight more than the HC05)
* 16-bit index register and stack pointer
* Memory-to-memory data transfers
e Fast 8 x 8 multiply instruction
* Fast 16/8 divide instruction
e Binary-coded decimal (BCD) instructions
e Optimization for controller applications
» Efficient C language support

1.3 MCU Block Diagram
Figure 1-1 shows the structure of the MC68HCOS8LTS.

MC68HCO08LT8 Data Sheet, Rev. 1
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M68HC08 CPU
CPU ARITHMETIC/LOGIC
REGISTERS UNIT (ALU)

INTERNAL BUS

CONTROL AND STATUS REGISTERS — 96 BYTES

USER ROM — 8,192 BYTES

USER RAM — 128 BYTES

MONITOR ROM — 960 BYTES

USER ROM VECTOR SPACE — 48 BYTES

¢ LLULT U

R VRV

KEYBOARD INTERRUPT
MODULE

PROGRAMMABLE PERIODIC
INTERRUPT MODULE

2-CHANNEL TIMER INTERFACE
MODULE 1

2-CHANNEL TIMER INTERFACE
MODULE 2

SV

i

0SC MODULE
0SC1 —»
0502 16-MHz OSCILLATOR
XTALT —]
XTAL2 32.768-kHz OSCILLATOR
A— SYSTEM INTEGRATION
WRST — MODULE
— EXTERNAL INTERRUPT
MRQ —» MODULE
COMPUTER OPERATING
PROPERLY MODULE
POWER-ON RESET
MODULE
LOW-VOLTAGE INHIBIT
MODULE
@yLep — |
VDD POWER
VSS —

Figure 1-1. MC68HCO8LT8 Block Diagram
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LIQUID CRYSTAL DISPLAY
DRIVER MODULE

MCU Block Diagram

:

DDRA
PORTA

<> PTA7
<> PTAG
<> PTAS
<> PTA4
<> PTA3/KBI3®
<> PTA2/KBI2®
> PTA1/KBI1
| PTAO/KBIO®

DDRB

PORTB

<—> PTB7/FP214
<—> PTB6/FP1(4
< PTB3/T1CHI®

[~ PTB1/T2CH1
<> PTB0/T2CHO

DDRC
PORTC

<> PTC7

<> PTC6

<« PTC5/FP24(4)
<« PTC4/FP23)
<> PTC3/FP22
<> PTC2/FP21
~<—» PTC1/FP20
<> PTCO/FP19

DDRD

PORTD

<\':>PTD7/FP18

PTDO/FPA1

e g b3

DDRE

PORTE

¢>PTE7/FP1O

PTEO/FP3

>BP2

BPO

(1) Pin contains integrated pullup device.

2) Pin contains integrated pullup device if configured as KBI.

(
(8) High current sink pin, 15mA.
(

4) Pin not available on 44-pin packages

MC68HCO08LT8 Data Sheet, Rev. 1
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General Description

1.4 Pin Assignments

~
(@)
w
o
Q-
T 2%
S 8RR
EEEE o -
A — o@m Mm@ Q O »n O
o o A&  F F F 9 W o QO
m m oo oo o OO0 > >
EliNININININININIEIEE]
) O o - O O ® N ©
FPO/BP3 [1] ¥FY YT YO0 000 33 XTAL1
PTEO/FP3 [| 2 32 | | XTAL2
PTE1/FP4 [ |3 31 [ ] PTA7
PTE2/FP5 | 4 30 | | PTAG
PTE3/FP6 [ | 5 29 [ ] PTA5
PTE4/FP7 [_| 6 28| | PTA4
PTES/FP8 [ | 7 27 | ] PTA3/KBI3
PTE6/FP9 [ | 8 26 | | PTA2/KBI2
PTE7/FP10 | 9 25 | ] PTA1/KBI1
PTDO/FP11 | 10 24 | ] PTAO/KBIO
PTD1/FP12 E ® ¥ 0w O N~ 0 o Q T g‘ RST
HiNINININININEEEE
[ap] < [Te) [{e] N~ [e o] ()] o — (2] (@]
A Ao A a o aa s a |E
Lo Lo U
Al o < Lo [{=] N~ o ~— Al o
O 000000 O O o o
- F FE FE F F EF EF E
O O oo 0o oo oo
Pins not available on 44-pin package
PTC5/FP24
PTC4/FP23 | Set these unused port
nternal pads are unconnected
PTC7/FP2 1/0s to output low
PTC6/FP1
VLCD Internal pad connect to VDD —

Figure 1-2. 44-Pin LQFP Pin Assignment
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Pin Functions

1.5 Pin Functions

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

Table 1-1. Pin Functions

. . i Voltage
Pin Name Pin Description Input/Output Level
Vbp Power supply Input 5Vor3V
Vgs Power supply ground Output ov
Vico LCD bias voltage Input Vpp
BST il?]zzttat input, active low; with internal pull up and Schmitt trigger Input/output Voo
- E?(terngl IRQ pin; with programmable internal pull up and Schmitt Input Voo
RQ trigger input
Used for monitor mode entry Input Vpp to Vgt
OSC1 Crystal input for 16-MHz system clock Input Vbp
0OSC2 Crystal oscillator output; inverted OSC1 signal Output Vbp
XTALA1 Crystal input for 32.768-kHz for subsystem clock Input Vbp
XTAL2 Crystal oscillator output; inverted XTAL1 signal Output Vbp
BP0O-BP2 LCD backplane drivers Output Vbp
BP3/FPO LCD backplane driver BP3 or frontplane driver FPO Output Vbp
PTAO/KBIO 8-bit general-purpose 1/0 port Input/output Vbb
PTA1/KBI1
PTA2/KBI2
PTA3/KBI3
PTA4 PTAO-PTAS as keyboard interrupts with pull-up device, Inout Vv
PTAS KBIO-KBI3 P bD
PTA6
PTA7
8-bit general-purpose I/O port,
with high current sinks on PTB2-PTB3 Input/output Voo
PTBO/T2CHO PTBO as T2CHO of TIM2 Input/output Vpp
PTB1/T2CH1 PTB1 as T2CH1 of TIM2 Input/output Vop
PTB2/T1CHO/PPIECK
PTB3/T1CH1 PTB2 as PPIECK; external clock source input for PPI Input Vbp
PTB6/FP1
PTB7/FP2 PTB2 as T1CHO of TIM1 Input/output Vbp
PTB3 as T1CH1 of TIM1 Input/output Vbp
PTB6-PTB7 as LCD frontplane drivers, FP1-FP2 Output Vpp

Freescale Semiconductor
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General Description

Table 1-1. Pin Functions (Continued)

Voltage

Pin Name Pin Description Input/Output Level

PTCO/FP19 8-bit general-purpose 1/0 port Input/output Vbb
PTC1/FP20
PTC2/FP21
PTC3/FP22
PTC4/FP23 PTCO-PTC5 as LCD frontplane drivers, FP19-FP24 Output Vbp
PTC5/FP24
PTC6
PTC7

PTDO/FP11 8-bit general-purpose 1/0 port Input/output Vbb
PTD1/FP12
PTD2/FP13
PTD3/FP14
PTD4/FP15 PTDO-PTD? as LCD frontplane drivers, FP11-FP18 Output Vbp
PTD5/FP16
PTD6/FP17
PTD7/FP18

PTEO/FP3 8-bit general-purpose I/0 port Input/output Vop
PTE1/FP4
PTE2/FP5
PTE3/FP6
PTEA/FP7 PTEO-PTE? as LCD frontplane drivers, FP3-FP10 Output Vo
PTES/FP8
PTE6/FP9
PTE7/FP10

MC68HCO08LT8 Data Sheet, Rev. 1
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Chapter 2
Memory

2.1 Introduction

The CPUQ8 can address 64 k-bytes of memory space. The memory map, shown in Figure 2-1, includes:
e 8,192 bytes of user read-only memory (ROM)
* 128 bytes of random-access memory (RAM)
* 48 bytes of user-defined vectors
e 960 bytes of monitor ROM

2.2 1/0 Section

Addresses $0000-$007F, shown in Figure 2-2, contain most of the control, status, and data registers.

Additional I/O registers have the following addresses:
* $FEOF; Low-voltage inhibit status register, LVISR
e S$FFFF; COP control register, COPCTL

2.3 Monitor ROM

The 350 bytes at addresses $FE20-$FF7D are reserved ROM addresses that contain the instructions for
the monitor functions.

MC68HCO08LT8 Data Sheet, Rev. 1
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Memory

$0000
N
$007F
$0080
N
$00FF
$0100
N
$0B96
$0B97
N
$ODEF
$0DFO
N
$DDFF
$DE00
$FDFF
$FE00
$FEOE
$FEOF
$FE10
N
$FE1F

$FE20

$FF7D
$FF7E
$FF7F

$FF96
$FF97

$FFCF
$FFDO
N

SFFFF

1/0 REGISTERS
128 BYTES

RAM
128 BYTES

RESERVED FOR MONITOR ROM

601 BYTES

User ROM
8,192 BYTES

SYSTEM REGISTERS
15 BYTES

LVI STATUS REGISTER (LVISR)

MONITOR ROM
350 BYTES

MONITOR JUMP TABLE
24 BYTES

USER ROM VECTORS
48 BYTES

Figure 2-1. Memory Map
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Addr.

$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

$000A

Register Name

Port A Data Register
(PTA)

Port B Data Register
(PTB)

Port C Data Register
(PTC)

Port D Data Register
(PTD)

Data Direction Register A
(DDRA)

Data Direction Register B
(DDRB)

Data Direction Register C
(DDRC)

Data Direction Register D
(DDRD)

Data Direction Register E
(DDRE)

Port E Data Register
(PTE)

Unimplemented

U = Unaffected

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Monitor ROM

Bit 7 6 5 4 3 2 1 Bit 0
PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTAO
Unaffected by reset

0 0
PTB7 PTB6 PTB3 PTB2 PTB1 PTBO
Unaffected by reset
PTC7 PTC6 PTC5 PTC4 PTC3 PTC2 PTC1 PTCO
Unaffected by reset
PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO
Unaffected by reset
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
0 0 0 0 0 0 0 0
0 0
DDRB7 DDRB6 DDRB3 DDRB2 DDRB1 DDRBO
0 0 0 0 0 0 0 0
DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRCO
0 0 0 0 0 0 0 0
DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRDO
0 0 0 0 0 0 0 0
DDRE7 DDRE6 DDRE5 DDRE4 DDRE3 DDRE2 DDRE1 DDREO
0 0 0 0 0 0 0 0
PTE7 PTE6 PTES PTE4 PTE3 PTE2 PTE1 PTEO
Unaffected by reset
X = Indeterminate = Unimplemented R = Reserved
Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 7)
MC68HCO8LT8 Data Sheet, Rev. 1
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Memory
Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
$000B Unimplemented
Port-B High Current Drive Read: 0 0 0 0 HDB3 HDB2 0 0
$000C Control Register  Write:
(HDB) Reset: 0 0 0 0 0 0 0 0
$000D
3 Unimplemented
$0018
Read: 0
PPI1 Status and Control PPIIL | PPITMSK | PPICLKS1 | PPI1CLKSO PPHIE2 | PPHIET | PPHIEO
$0019 Register  Write:
(PPITSCR) Reset: 0 0 1 0 0 0 0 0
Keyboard Status and Control Read: 0
Register . IMASKK | MODEK
$001B (KBSCR) Write: ACKK
Reset: 0 0 0 0 0 0 0 0
Read:
Keyboard Interrupt Enable KBIE3 KBIE2 KBIE1 KBIEO
$001C Register  Write:
(KBIER) Reset: 0 0 0 0 0 0 0 0
Read:| sTOoP_ | STOP
coip  Configuraion Register2 | 01 kN | XTALEN PEE PDE PCEH | PCEL | LVISEL1 | LVISELO
(CONFIG2)(" :
Resett 0 0 0 0 0 0 0@ 1@
IRQ Status and Read: 0 0 0 0 IRQF 0 MASK MODE
$001E Control Register ~ Write: ACK
(INTSCR) Reset: 0 0 0 0 0 0 0 0
Read:
Configuration Register 1 | COPRS | LVISTOP | LVIRSTD | LVIPWRD | R SSREC | STOP | COPD
$001F (1) Wite:
(CONFIG1)
Resett 0 0 0 0@ 0 0 0 0
1. One-time writable register after each reset.
2. One time writable after each POR and reset by POR only.
U = Unaffected X = Indeterminate - = Unimplemented R = Reserved

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

$0020

$0021

$0022

$0023

$0024

$0025

$0026

$0027

$0028

$0029

$002A

Register Name

Timer 1 Status and Control
Register
(T1SC)

Timer 1 Counter
Register High
(TICNTH)

Timer 1 Counter
Register Low
(TICNTL)

Timer 1 Counter Modulo
Register High
(TIMODH)

Timer 1 Counter Modulo
Register Low
(T1IMODL)

Timer 1 Channel 0 Status and

Control Register
(T18C0)

Timer 1 Channel 0
Register High
(T1CHOH)

Timer 1 Channel 0
Register Low
(T1CHoL)

Timer 1 Channel 1 Status and

Control Register
(T18C1)

Timer 1 Channel 1
Register High
(TICH1H)

Timer 1 Channel 1
Register Low
(T1CH1L)

U = Unaffected

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Monitor ROM

Bit 7 6 5 4 3 2 1 Bit 0
TOF 0 0
TOIE TSTOP PS2 PS1 PS0
0 TRST
0 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 Bit 0
1 1 1 1 1 1 1 1
CHOF
CHOIE MS0B MS0A ELSOB ELSOA TOVO CHOMAX
0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
CH1F 0
CHIIE MS1A ELS1B ELS1A TOV1 CH1MAX
0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
X = Indeterminate = Unimplemented R = Reserved
Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 7)
MC68HCO8LT8 Data Sheet, Rev. 1
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Memory

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
) Read: TOF
Timer 2 Status and Control ead 0 TOIE TSTOP 0 0 PS2 PS1 PSO
$002B Register  Write: 0 TRST
(T28C) Reset: 0 0 1 0 0 0 0 0
Timer 2 Counter Read:| Bit15 14 13 12 11 10 9 Bit 8
$002C Register High ~ Write:
(T2CNTH) Reset: 0 0 0 0 0 0 0 0
Timer 2 Counter Read: Bit 7 6 5 4 3 2 1 Bit 0
$002D Register Low  Write:
(T2CNTL) Reset: 0 0 0 0 0 0 0 0
) Read:
Timer 2 Counter Modulo Bit 15 14 13 12 11 10 9 Bit 8
$002E Register High ~ Write:
(T2MODH) Reset: 1 1 1 1 1 1 1 1
) Read:
Timer 2 Counter Modulo ead Bit 7 6 5 4 3 2 1 Bit 0
$002F Register Low  Write:
(T2MODL) Reset: 1 1 1 1 1 1 1 1
' Read:| CHOF
Timer 2 Channel 0 Status and CHOIE MS0B MS0A ELSOB | ELSOA TOVO | CHOMAX
$0030 Control Register  Write: 0
(T2SC0) Reset: 0 0 0 0 0 0 0 0
) Read:
Timer 2 Channel 0 Bit 15 14 13 12 11 10 9 Bit 8
$0031 Register High ~ Write:
(T2CHOH) Reset: Indeterminate after reset
Timer 2 Channel 0 Read: Bit 7 6 5 4 3 2 1 Bit 0
$0032 Register Low  Write:
(T2CHoL) Reset: Indeterminate after reset
, Read:| CHIF 0
Timer 2 Channel 1 Status and CH1IE MS1A ELS1B | ELS1A TOV1 | CHIMAX
$0033 Control Register ~ Write: 0
(T28C1) Reset: 0 0 0 0 0 0 0 0
. Read:
Timer 2 Channel 1 Bit 15 14 13 12 11 10 9 Bit 8
$0034 Register High  Write:
(T2CH1H) Reset: Indeterminate after reset
. Read:
Timer 2 Channel 1 ead Bit 7 6 5 4 3 2 1 Bit 0
$0035 Register Low ~ Write:
(T2CHIL) Reset: Indeterminate after reset
U = Unaffected X = Indeterminate = Unimplemented R = Reserved

Figure 2-2. Control, Status, and Data Registers (Sheet 4 of 7)
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Addr.

$0036

$004E

$004F

$0050

$0051

$0052

$0053

$0054

$0055

$0056

$0057

$0058

Register Name

Unimplemented

LCD Clock Register
(LCDCLK)

Reserved

LCD Control Register

(LCDCR)

LCD Data Register
(LDAT1)

LCD Data Register
(LDAT2)

LCD Data Register
(LDAT3)

LCD Data Register
(LDAT4)

LCD Data Register
(LDATS)

LCD Data Register
(LDAT®6)

LCD Data Register
(LDAT?)

U = Unaffected

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Monitor ROM

Bit7 6 5 4 3 2 1 Bit 0
0
FCCTL1 | FCCTLO | DUTY1 DUTYO LCLK2 LCLK1 LCLKO
0 0 0 0 0 0 0 0
R R R R R R R R
0
LCDE FC LC LCCON3 | LCCON2 | LCCON1 | LCCONO
0 0 0 0 0 0 0 0
F1B3 F1B2 F1B1 F1BO FoB3 FoB2 FoB1 FoBO
U U U U U U U U
F3B3 F3B2 F3B1 F3B0 F2B3 F2B2 F2B1 F2B0
v v U v v v v v
F5B3 F5B2 F5B1 F5B0 F4B3 F4B2 F4B1 F4B0
U U U U U U U U
F7B3 F7B2 F7B1 F7B0 F6B3 F6B2 F6B1 F6BO
v v U U U v U v
FoB3 FoB2 FoB1 F9BO F8B3 F8B2 F8B1 F8BO
U U U U U U U U
F11B3 F11B2 F11B1 F11B0 F10B3 F10B2 F10B1 F10B0
v U v v v v v U
F13B3 F13B2 F13B1 F13B0 F12B3 F12B2 F12B1 F12B0
U U U U U U U U
X = Indeterminate = Unimplemented R = Reserved

Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 7)
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Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
Read: F15B3 F15B2 F15B1 F15B0 F14B3 F14B2 F14B1 F14B0
LCD Data Register ., 5 5 5 5
$0059 (LDATS) Write:
Reset: U U U U U u U U
Read F17B F17B F17B F17B F16B F16B F16B F16B
LCD Data Register o 17B3 17B2 17B1 17B0 16B3 16B2 16B1 16B0
$005A (LDATO) Write:
Reset: U v v v U v v U
Read F19B3 F19B2 F19B1 F198B0 F18B3 F18B2 F18B1 F18B0
LCD Data Register .
$005B (LDAT10) Write:
Reset: U U U U U U U U
Read F21B F21B F21B F21B F20B F20B F20B F20B
LCD Data Register o 21B3 21B2 21B1 21B0 20B3 20B2 20B1 20B0
$005C (LDAT11) Write:
Reset: U U v U v v v U
Read F23B3 F23B2 F23B1 F23B0 F22B3 F22B2 F22B1 F22B0
LCD Data Register .
$005D (LDAT12) Write:
Reset: U U U U U U U U
Read: 0 0 0 0 F4 Fa FouB FouB
LCD Data Register .. . 24B3 24B2 24B1 24B0
$005E (LDAT13) Write:
Reset: 0 0 0 0 u u U u
$005F
2 Unimplemented
$007F
Read: R R R R R R SBSW R
Break Status Register -
$FEQO (SBSR) Write: See note
Reset: 0

Note: Writing a logic 0 clears SBSW.

Read:| POR PIN CoP ILOP ILAD 0 LVI 0
Reset Status Register i
$FEO1 (SRSR) Write:
POR: 1 0 0 0 0 0 0 0
R R R R R R R R
$FE02 Reserved
U = Unaffected X = Indeterminate = Unimplemented R = Reserved

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

$FE03

$FE04

$FE05

$FE06

$FE07

$FEOB

$FEOC

$FEOD

$FEOE

$FEOF

$FFFF

Register Name

Read:
Write:

Break Flag Control Register
(SBFCR)

Reset:
Read:
Write:

Interrupt Status Register 1
(INT1)

Reset:
Read:
Write:

Interrupt Status Register 2
(INT2)

Reset:
Read:
Write:

Interrupt Status Register 3
(INT3)

Reset:

Reserved

Read:
High  Write:

Break Address Register

(BRKH)

Read:
Write:

Break Address Register Low
(BRKL)

Reset:

Read:

Break Status and Control

Register  Write:

(BRKSCR)

Read:

Low-Voltage Inhibit Status

Register  Write:

(LVISR)

Read:
Write:

COP Control Register
(COPCTL)

Reset:

U = Unaffected

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

Freescale Semiconductor

Monitor ROM

Reset:

Reset:

Reset:

Bit 7 6 5 4 3 2 1 Bit0
BCFE R R R R R R R
0
IF6 IF5 IF4 IF3 IF2 IF1 0 0
R R R R R R R R
0 0 0 0 0 0 0 0
0 0 0 0 IF10 IF9 IF8 IF7
R R R R R R R R
0 0 0 0 0 0 0 0
0 0 0 0 0 0 IF16 0
R R R R R R R R
0 0 0 0 0 0 0 0
R R R R R R R R
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0
BRKE BRKA
0 0 0 0 0 0 0 0
LVIoUT LVIIF 0 0 0 0 0
LVIIE
LVIIAK
0 0 0 0 0 0 0 0
Low byte of reset vector
Writing clears COP counter (any value)
Unaffected by reset
X = Indeterminate = Unimplemented R = Reserved
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Table 2-1. Vector Addresses

Vector Priority INT Flag Address Vector
Lowest $FFDC
IF16 KBI
$FFDD
A
$FFDE
— J Not used
$FFE9
$FFES
IF10 PP
$FFE9
$FFEA
IF9 TIM2 overflow
$FFEB
$FFEC
IF8 TIM2 channel 1
$FFED
$FFEE
IF7 TIM2 channel 0
$FFEF
$FFFO
IF6 TIM1 overflow
$FFF1
$FFF2
IF5 TIM1 channel 1
$FFF3
$FFF4
IF4 TIM1 channel 0
$FFF5
$FFF6
IF3 Not used
$FFF7
$FFF8
IF2 LvI
$FFF9
$FFFA o
IF1 IRQ
$FFFB
$FFFC
— SWI
$FFFD
v $FFFE
— Reset
Highest $FFFF

MC68HCO08LT8 Data Sheet, Rev. 1
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Random-Access Memory (RAM)

2.4 Random-Access Memory (RAM)
The 512 bytes RAM are located from $0080 through $027F. 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 128 bytes of RAM. Because the location of the stack RAM is programmable, all page
zero RAM locations can be used for I/O 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.

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.

2.5 Read-Only Memory (ROM)

The 8,192 bytes user ROM are located from $DEOQO through $FDFF, plus a block of 48 bytes for user
interrupt vectors from $FFDO through $FFFF.

MC68HCO08LT8 Data Sheet, Rev. 1
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Chapter 3
Configuration Register (CONFIG)

3.1 Introduction
This section describes the configuration registers, CONFIG1 and CONFIG2.

The configuration registers enable or disable these options:
e Computer operating properly module (COP)
« COP timeout period (2'3-2% or 21824 CGMXCLK cycles)
* Crystal oscillators during stop mode
* Low voltage inhibit (LVI) module power
* LVI module reset
e LVI module in stop mode
* LVI module voltage trip point selection
e STOP instruction
e Stop mode recovery time (32 or 4096 CGMXCLK cycles)
e LCD frontplanes FP3—FP10 on port E
e LCD frontplanes FP11-FP18 on port D
e LCD frontplanes FP19-FP24 on port C

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
. , Read:| gSTOP_ | STOP_
(CONFIG2)("
Reset: 0 0 0 0 0 0 0@ 1)
Read:
$001F (1) Write:
(CONFIG1)
Reset: 0 0 0 0 0 0 0 0
1. One-time writable register after each reset.
2. LVIT1, LVITO, and LVIPWRD reset to 0 by a power-on reset (POR) only.
IIl = Reserved
Figure 3-1. CONFIG Registers Summary
MC68HCO08LTS8 Data Sheet, Rev. 1
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Configuration Register (CONFIG)

3.2 Functional Description

The configuration registers are used in the initialization of various options. The configuration registers 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 these registers be written
immediately after reset. The configuration registers are located at $001D and $001F. The configuration
registers may be read at anytime.

NOTE
The options except LVIT[1:0] and LVIPWRD are one-time writable by the
user after each reset. The LVIT[1:0] and LVIPWRD bits are one-time
writable by the user only after each POR (power-on reset). The CONFIG
registers are not in the FLASH memory but are special registers containing
one-time writable latches after each reset. Upon a reset, the CONFIG
registers default to predetermined settings as shown in Figure 3-2 and
Figure 3-3.

The mask option register (MOR) is used to select the oscillator option for the MCU: crystal oscillator or
RC oscillator. The MOR is implemented as a byte in FLASH memory. Hence, writing to the MOR requires
programming the byte.

3.3 Configuration Register 1 (CONFIG1)

Address: $001F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wi COPRS | LVISTOP | LVIRSTD | LVIPWRD R SSREC STOP COPD
rite:
Reset: 0 0 0 U 0 0 0 0
POR: 0 0 0 0 0 0 0 0

IIl = Reserved U = Unaffected

Figure 3-2. Configuration Register 1 (CONFIG1)

COPRS — COP Rate Select
COPRS selects the COP time-out period. Reset clears COPRS.

1 = COP timeout period is (212 — 24) CGMXCLK cycles
0 = COP timeout period is (2'8 — 24) CGMXCLK cycles

LVISTOP — Low Voltage Inhibit Enable in Stop Mode
When the LVIPWRD bit is clear, setting the LVISTOP bit enables the LVI to operate during stop mode.
Reset clears LVISTOP.
1 = LVI enabled during stop mode
0 = LVI disabled during stop mode

LVIRSTD — Low Voltage Inhibit Reset Disable
LVIRSTD disables the reset signal from the LVI module. Reset clears LVIRSTOP.
1 = LVI module reset disabled
0 = LVI module reset enabled

MC68HCO08LT8 Data Sheet, Rev. 1
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Configuration Register 2 (CONFIG2)

LVIPWRD — Low Voltage Inhibit Power Disable
LVIPWRD disables the LVI module. This bit is reset to 0 by a POR only.
1 = LVI module disabled
0 = LVI module enabled

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.

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

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. Reset clears COPD.
1 = COP module disabled
0 = COP module enabled

3.4 Configuration Register 2 (CONFIG2)

Address: $001D
Bit 7 6 5 4 3 2 1 Bit 0

Read:| sTOP_ | STOP_

Wiite:| XCLKEN | xTaLEN | PEE PDE PCEH PCEL | LVISEL1 | LVISELO
Reset: 0 0 0 0 0 0 U U
POR: 0 0 0 0 0 0

|I| = Reserved U = Unaffected

Figure 3-3. Configuration Register 2 (CONFIG2)

STOP_XCLKEN — Crystal Oscillator Stop Mode Enable (OSC)
Setting STOP_XCLKEN enables the crystal oscillator on OSC1 and OSC2 to continue operating
during stop mode. Reset clears this bit.
1 = Crystal oscillator enabled on OSC pins during stop mode
0 = Crystal oscillator disabled on OSC pins during stop mode

STOP_XTALEN — Crystal Oscillator Stop Mode Enable (XTAL)
Setting STOP_XTALEN enables the crystal oscillator on XTAL1 and XTAL2 to continue operating
during stop mode. Reset clears this bit.
1 = Crystal oscillator enabled on XTAL pins during stop mode
0 = Crystal oscillator disabled on XTAL pins during stop mode

MC68HCO08LT8 Data Sheet, Rev. 1
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Configuration Register (CONFIG)

PEE — Port E Enable for LCD Drive
Setting PEE configures the PTEO/FP3—PTE7/FP10 pins for LCD frontplane driver use.
Reset clears this bit.
1 = PTEO/FP3—PTE7/FP10 pins configured as LCD frontplane driver pins: FP3—FP10
0 = PTEO/FP3-PTE7/FP10 pins configured as standard 1/O pins: PTEO-PTE7

PDE — Port D Enable for LCD Drive
Setting PDE configures the PTDO/FP11-PTD7/FP18 pins for LCD frontplane driver use.
Reset clears this bit.
1 = PTDO/FP11-PTD7/FP18 pins configured as LCD frontplane driver pins: FP11-FP18
0 = PTDO/FP11—-PTD7/FP18 pins configured as standard 1/O pins: PTDO-PTD7

PCEH — Port C High Nibble Enable for LCD Drive
Setting PCEH configures the PTC4/FP23—-PTC5/FP24 pins for LCD frontplane driver use. Reset clears
this bit.
1 = PTC4/FP23-PTC5/FP24 pins configured as LCD frontplane driver pins: FP23—-FP24
0 = PTC4/FP23—-PTC5/FP24 pins configured as standard 1/O pins: PTC4—-PTC5

PCEL — Port C Low Nibble Enable for LCD Drive
Setting PCEL configures the PTCO/FP19—-PTC3/FP22 pins for LCD frontplane driver use. Reset clears
this bit.
1 = PTCO/FP19—-PTC3/FP22 pins configured as LCD frontplane driver pins: FP19-FP22
0 = PTCO/FP19-PTC3/FP22 pins configured as standard 1/O pins: PTCO-PTC3

LVISEL1, LVISELO — LVI Trip Voltage Selection
These two bits determine at which level of Vpp the LVI module will come into action. LVISEL1 and

LVISELDO are set to the default configuration by a power-on reset only.

Table 3-1. Trip Voltage Selection

LVISEL1 LVISELO Comments(!)
0 0 Reserved
0 1 For Vpp = 3 V operation
(default after POR)
1 0 For Vpp = 5 V operation
1 1 Reserved

1. See Chapter 16 Electrical Specifications for full parameters.

MC68HCO08LT8 Data Sheet, Rev. 1
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Chapter 4

System Integration Module (SIM)

4.1 Introduction

This section describes the system integration module (SIM). Together with the CPU, the SIM controls all
MCU activities. 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:
— Stop/wait/reset/break entry and recovery
— Internal clock control

* Master reset control, including power-on reset (POR) and COP timeout
e Interrupt control:

— Acknowledge timing
— Arbitration control timing
— Vector address generation
e CPU enable/disable timing
* Modular architecture expandable to 128 interrupt sources

Table 4-1. Signal Name Conventions

Signal Name Description
CGMXCLK Oscillator clock from oscillator module
IAB Internal address bus
IDB Internal data bus
PORRST Signal from the power-on reset module to the SIM
IRST Internal reset signal
RW Read/write signal

Freescale Semiconductor
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System Integration Module (SIM)

» MODULE STOP
| » MODULE WAIT

STOP/WAIT | CPU STOP (FROM CPU)
CONTROL |« CPU WAIT (FROM CPU)
' » SIMOSCEN (TO OSC)
> coum . |——— CoP cLOCK
A
CGMXCLK (FROM OSC)
CGMXCLK (FROM OSC)
+2
\ Y
Voo CONTROL | CLOCK GENERATORS [ > INTERNAL CLOCKS
INTERNAL 1
PULLUP
DEVICE
RESET = POR CONTROL - <«—— LVI (FROM LVI MODULE)
PIN LOGIC ————— MRAESSTEETR l«—— ILLEGAL OPCODE (FROM CPU)
- ILLEGAL ADDRESS (FROM ADDRESS
PEN CONTROL [—— \MAP DECODERS)
SIM RESET STATUS REGISTER K — « COP (FROM COP MODULE)
RESET
INTERRUPT CONTROL < INTERRUPT SOURCES
AND PRIORITY DECODE < > CPU INTERFAGE
Figure 4-1. SIM Block Diagram
Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
' Read: R R R R R R SBSW R
$FE00 Break Status Register Write: NOTE
(BSR)
Reset: 0 0 0 0 0 0 0 0
Note: Writing a 0 clears SBSW.
Read: POR PIN COP ILOP ILAD MODRST LVI 0
Reset Status Register "
$FEO1 (RSR) Write:
POR:
$FE02 Reserved R R R R R R R R
Read: BCFE R R R R R R R
Break Flag Control .
$FE03 Register (BFCR) Write:
Reset: 0

Figure 4-2. SIM I/0 Register Summary
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SIM Bus Clock Control and Generation

Addr. Register Name Bit7 6 5 4 3 2 1 Bit0
Read:[  IF6 IF5 IF4 IF3 IF2 IF1 0 0
§FEQ4  terrupt Status Reg(ilslil‘“:rr11) wite| R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Read:[ 0 0 0 0 IF10 IF9 IF8 IF7
gFEQ5  IMerrupt Status Reg(ils;ﬁrzz) wite:| R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Read:[ 0 0 0 0 0 0 IF16 0
SFE0p  Merrupt Status Reg(ilslil‘?rr; wite| R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented Iil = Reserved

Figure 4-2. SIM I/O Register Summary (Continued)

4.2 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, CGMXCLK as shown in Figure 4-3. This clock can
come from either the oscillator module or from the on-chip PLL. (See Chapter 5 Oscillator (OSC).)

=I SIM COUNTER |

] cemxclk | [ | BuscLock
OSCXCLK — =2 ™ =2 ™| GENERATORS

osC SIM

Figure 4-3. SIM Clock Signals

4.2.1 Bus Timing

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

4.2.2 Clock Start-up from POR or LVI Reset

When the power-on reset module or the low-voltage inhibit 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.

4.2.3 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 4.6.2 Stop Mode.)
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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.

4.3 Reset and System Initialization

The MCU has these reset sources:
e Power-on reset module (POR)
« External reset pin (RST)
e Computer operating properly module (COP)
* Low-voltage inhibit module (LVI)
* lllegal opcode
* lllegal address

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.

An internal reset clears the SIM counter (see 4.4 SIM Counter), but an external reset does not. Each of
the resets sets a corresponding bit in the SIM reset status register (SRSR). (See 4.7 SIM Registers.)

4.3.1 External Pin Reset

The RST pin circuit includes an internal pull-up device. Pulling the asynchronous RST pin low halts all
processing. The PIN bit of the SIM reset status register (SRSR) is set as long as RST is held low for a
minimum of 67 CGMXCLK cycles, assuming that neither the POR nor the LVI was the source of the reset.
See Table 4-2 for details. Figure 4-4 shows the relative timing.

Table 4-2. PIN Bit Set Timing

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

CGMXCLK
RST
a1 po AR vee wveer L

Figure 4-4. External Reset Timing

4.3.2 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 4-5). An internal reset can be caused by an illegal address, illegal opcode, COP timeout, LVI,
or POR (see Figure 4-6).
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NOTE
For LVIor POR resets, the SIM cycles through 4096 + 32 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 4-5.

IRST ‘
RST RST PULLED LOW BY MCU ‘

|<«—— 32 CYCLES —}<«——— 32 CYCLES ——|

N e e R e R e O B
XA vecromme ¥

Figure 4-5. Internal Reset Timing

Al

@

The COP reset is asynchronous to the bus clock.

ILLEGAL ADDRESS RST

ILLEGAL OPCODE RST
COPRST INTERNAL RESET

LVI

POR

Figure 4-6. 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.

4.3.2.1 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 + 32 CGMXCLK cycles. Thirty-two CGMXCLK cycles later, the CPU and memories are released
from reset to allow the reset vector sequence to occur.

At power-on, these events occur:
* A POR pulse is generated.
e The internal reset signal is asserted.
* The SIM enables 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 SIM reset status register (SRSR) is set and all other bits in the register are
cleared.
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IRST

IAB . L L X $FFFE {  sFrFF

Figure 4-7. POR Recovery

4.3.2.2 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 SIM reset status register (SRSR). 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 bits 12 through 5 of the SIM counter. The SIM counter output, which occurs at least
every 213 — 24 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 IRQ pin is held at V1g7 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 IRQ pin. This prevents the COP from becoming disabled as a result of
external noise. During a break state, Vg1 on the RST pin disables the COP module.

4.3.2.3 lllegal Opcode Reset

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

If the stop enable bit, STOP, in the mask option register is logic 0, 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.

4.3.2.4 lllegal Address 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 SIM reset status register (SRSR) 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.
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4.3.2.5 Low-Voltage Inhibit (LVI) Reset

The low-voltage inhibit module (LVI) asserts its output to the SIM when the Vpp voltage falls to the
LVitripg voltage. The LVI bit in the SIM reset status register (SRSR) is set, and the external reset pin
(RST) is held low while the SIM counter counts out 4096 + 32 CGMXCLK cycles. Thirty-two CGMXCLK
cycles later, the CPU is released from reset to allow the reset vector sequence to occur. The SIM actively
pulls down the RST pin for all internal reset sources.

4.3.2.6 Monitor Mode Entry Module Reset (MODRST)

The monitor mode entry module reset (MODRST) asserts its output to the SIM when monitor mode is
entered in the condition where the reset vectors are blank ($FF). (See Chapter 15 Development Support.)
When MODRST gets asserted, an internal reset occurs. The SIM actively pulls down the RST pin for all
internal reset sources.

4.4 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 prescaler for the computer operating properly module (COP). The SIM counter overflow supplies the
clock for the COP module. The SIM counter is 12 bits long and is clocked by the falling edge of
CGMXCLK.

4.4.1 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 module (OSC) to drive
the bus clock state machine.

4.4.2 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
configuration register 1 (CONFIG1). If the SSREC bit is a logic 1, 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.

4.4.3 SIM Counter and Reset States

External reset has no effect on the SIM counter. (See 4.6.2 Stop Mode for details.) The SIM counter is
free-running after all reset states. (See 4.3.2 Active Resets from Internal Sources for counter control and
internal reset recovery sequences.)

4.5 Exception Control

Normal, sequential program execution can be changed in three different ways:
* Interrupts:
— Maskable hardware CPU interrupts
— Non-maskable software interrupt instruction (SWI)
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* Reset
e Break interrupts

4.5.1 Interrupts

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 RTl instruction recovers
the CPU register contents from the stack so that normal processing can resume. Figure 4-8 shows
interrupt entry timing, and Figure 4-9 shows interrupt recovery timing.

MODULE
INTERRUPT /
-BIT /

IAB  oummy ¥ sp ¥ sp-1 ) sp-2 | sp-3 ) sp-4 ) VECTH ) VECTL )sTARTADDR) X:

DB :X X oummy Yec-1afpc-ttselfl  x A f ccrR ) vDATAH ) vDATAL ) OpCODE )

RAW \ / \

Figure 4-8. Interrupt Entry Timing

MODULE
INTERRUPT

1BIT \
1B \ \ sp-4 f sp-3 f sp-2 f sp-1 f sp f pc ) Pcet | X '
DB :X X { ccr § A Y x  Ypc-1nss)Pc- 11701} OPCODE } OPERAND) )

RAW f \

Figure 4-9. Interrupt Recovery Timing

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).

(See Figure 4-10.)
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BREAK YES
INTERRUPT?

\

YES

I-BIT SET?

IRQ
INTERRUPT?

YES

Y

| NO -
| v
| STACK CPU REGISTERS
AS MANY INTERRUPTS SET I-BIT
AS EXIST ON CHIP | LOAD PC WITH INTERRUPT VECTOR
ol
FETCH NEXT
INSTRUCTION
SWI YES

INSTRUCTION?

YES

INSTRUCTION? UNSTACK CPU REGISTERS

Y

Y

——— | EXECUTE INSTRUCTION

Figure 4-10. Interrupt Processing

4.5.1.1 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 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 4-11 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.
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CLI

> BACKGROUND
> LDA #$FF ROUTINE

—™ INT1 PSHH

l INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI—

L’ INT2 PSHH

l INT2 INTERRUPT SERVICE ROUTINE

PULH
RTI

Figure 4-11. 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.

4.5.1.2 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.

4.5.2 Interrupt Status Registers
The flags in the interrupt status registers identify maskable interrupt sources.

Table 2-1 summarizes the interrupt sources and the interrupt status register flags that they set.
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4.5.2.1 Interrupt Status Register 1

Address:  $FE04

Bit 7 6 5 4 3 2 1 Bit 0
Read: IF6 IF5 IF4 IF3 IF2 IF1 0 0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

Iil = Reserved

Figure 4-12. Interrupt Status Register 1 (INT1)

IF6—-IF1 — Interrupt Flags 1-6
These flags indicate the presence of interrupt requests from the sources shown in Table 2-1.
1 = Interrupt request present
0 = No interrupt request present

Bit 0 and Bit 1 — Always read 0

4.5.2.2 Interrupt Status Register 2

Address:  $FE05

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 IF10 IF9 IF8 IF7
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 4-13. Interrupt Status Register 2 (INT2)

IF10-1F7 — Interrupt Flags 10-7
These flags indicate the presence of interrupt requests from the sources shown in Table 2-1.
1 = Interrupt request present
0 = No interrupt request present

4.5.2.3 Interrupt Status Register 3
Address:  $FE06

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 IF16 0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 4-14. Interrupt Status Register 3 (INT3)

IF16 — Interrupt Flag 16
This flag indicates the presence of an interrupt request from the source shown in Table 2-1.
1 = Interrupt request present
0 = No interrupt request present
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4.5.3 Reset

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

4.5.4 Break Interrupts

The break module can stop normal program flow at a software-programmable break point by asserting its
break interrupt output. (See Chapter 15 Development Support.) 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.

4.5.5 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 initialize the break clear flag
enable bit (BCFE) in the SIM break flag control register (SBFCR).

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 2-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.

4.6 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 in the following subsections. Both STOP and WAIT clear the interrupt mask (l) in the condition
code register, allowing interrupts to occur.

4.6.1 Wait Mode

In wait mode, the CPU clocks are inactive while the peripheral clocks continue to run. Figure 4-15 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 also can be exited by a reset or break. A break interrupt during wait mode sets the SIM break
stop/wait bit, SBSW, in the SIM break status register (SBSR). If the COP disable bit, COPD, in the mask
option register is logic 0, then the computer operating properly module (COP) is enabled and remains
active in wait mode.
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IAB WAITADDR ) WAITADDR+1 | SAME X SAME ><
IDB { PREVIOUS DATA } NEXT OPCODE SAME | samE
RAW y

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

Figure 4-15. Wait Mode Entry Timing
Figure 4-16 and Figure 4-17 show the timing for WAIT recovery.

IAB $6E0B | seE0C | S0OFF | $00FE ) $0OFD )} sooFc )
IDB  SA6) $A6 ) $A6 ) S$01 | $0B ) S$6E | X X:
EXITSTOPWAIT |

NOTE: EXITSTOPWAIT = RST pin OR CPU interrupt OR break interrupt
Figure 4-16. Wait Recovery from Interrupt or Break

32 32

CYCLES | CYCLES
((
IAB $6E0B M S;XXXXXXXXX_; : RSTVCTH)(RSTVCTL
\

she) sA6 | $A6| X:;Zj X ;;:X ) \ L

RST Y
| o \
CGMXCLK ( (
) ) )

Figure 4-17. Wait Recovery from Internal Reset

ID

[oe]

4.6.2 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 output (CGMXCLK) in stop mode, stopping the CPU and peripherals. Stop
recovery time is selectable using the SSREC bit in the configuration register 1 (CONFIG1). 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 start-up times from stop mode.

NOTE
External crystal applications should use the full stop recovery time by
clearing the SSREC bit.

A break interrupt during stop mode sets the SIM break stop/wait bit (SBSW) in the SIM break status
register (SBSR).
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The SIM counter is held in reset from the execution of the STOP instruction until the beginning of stop
recovery. It is then used to time the recovery period. Figure 4-18 shows stop mode entry timing.

NOTE
To minimize stop current, all pins configured as inputs should be driven to
a logic 1 or logic 0.

CPUSTOP |
IAB  STOPADDR ) STOPADDR+1 | SAME X SAME X
IDB | PREVIOUS DATA | NEXT OPCODE | SAME \ samE

R/W )

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

Figure 4-18. Stop Mode Entry Timing

—>‘ }47 STOP RECOVERY PERIOD

CGMXCLK -

(

INT/BREAK F ‘—‘
(

(
)
(

,§><STOP+2XSTOP+2X s f sp-1 f sp-2 | sP-3 X
)

IAB X STOP +1

Figure 4-19. Stop Mode Recovery from Interrupt or Break

4.7 SIM Registers

The SIM has three memory-mapped registers:
e SIM Break Status Register (SBSR)
* SIM Reset Status Register (SRSR)
* SIM Break Flag Control Register (SBFCR)

4.7.1 SIM Break Status Register

The SIM break status register (SBSR) contains a flag to indicate that a break caused an exit from stop
mode or wait mode.
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Address: $FE00

Bit 7 6 5 4 3 2 1 Bit 0
Read: SBSW
. R R R R R R 3 R
Write: Note(!)
Reset: 0

IIl = Reserved 1. Writing a clears SBSW.

Figure 4-20. Break Status Register (BSR)

SBSW — Break Wait Bit
This status bit is set when a break interrupt causes an exit from wait mode or stop mode. Clear SBSW
by writing a logic 0 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 interrupt routine. The user can modify the return address on the stack
by subtracting 1 from it. The following code is an example.

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
LOBYTE EQU
If not SBSW, do RTI

BRCLR  SBSW,SBSR, RETURN ;See 1f wait mode 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.
RTT

4.7.2 SIM Reset Status Register

This register contains six flags that show the source of the last reset provided all previous reset status bits
have been cleared. 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 CoP ILOP ILAD 0 LvI 0
Write:
POR: 1 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 4-21. Reset Status Register (RSR)
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POR — Power-On Reset Bit
1 = Last reset caused by POR circuit
0 = Read of SRSR

PIN — External Reset Bit
1 = Last reset caused by external reset pin (RST)
0 = POR or read of SRSR

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

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

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 SRSR

LVI — Low-Voltage Inhibit Reset Bit
1 = Last reset caused by the LVI circuit
0 = POR or read of SRSR

4.7.3 SIM Break Flag Control Register

Address: $FE03

Bit 7 6 5 4 3 2 1 Bit 0
Read:
] BCFE R R R R R R R
Write:
Reset: 0

III = Reserved

Figure 4-22. Break Flag Control Register (BFCR)

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

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
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Chapter 5
Oscillator (OSC)

5.1 Introduction

The oscillator module provides the reference clocks for the MCU system and bus. Two oscillators are
running on the device:

* 1-16MHz crystal oscillator (OSC) — built-in oscillator that requires an external crystal or
ceramic-resonator. This oscillator drives the main bus and other MCU subsystems except the LCD
and PPI modules.

* 32.768kHz crystal oscillator (XTAL) — built-in oscillator that requires an external crystal or
ceramic-resonator. This oscillator drives the LCD and PPl modules.

5.2 Functional Overview

The X-tal oscillator circuit is designed for use with an external crystal or ceramic resonator to provide
accurate clock source.

In its typical configuration, the X-tal oscillator is connected in a Pierce oscillator configuration, as shown
in Figure 5-1. This figure shows only the logical representation of the internal components and may not
represent actual circuitry. The oscillator configuration uses five components:

e Crystal, X1 & X5

* Fixed capacitor, C; & C3

* Tuning capacitor, C, & C4 (can also be a fixed capacitor)

* Feedback resistor, Rgq & Rgo

» Series resistor, Rq (for XTAL1 and XTAL2 only)
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From SIM

SIMOSCEN

CONFIG2

STOP_XTALEN

To all Modules

A A
CGMXCLK

D

To LCD and PPI Modules
A
32KXCLK

+2

T

CONFIG2
STOP_XCLKEN :}—0—1
OSCXCLK
MCU
0SCH Rg1 0SC2 XTALA1 Re2 XTAL2
— \N\N—o —\N\N—o
X1 F{81 X2 HS2
*—| D F——o *—| D F——o
g, oMKz ?% 6 -, S2768H _é 6

*Rg can be zero (shorted) when used with higher-frequency crystals. — =
Refer to manufacturer’s data.

See Chapter 16 for component value requirements.

Figure 5-1. Oscillator External Connections

The series resistor (Rg) is included in the diagram to follow strict Pierce oscillator guidelines and may not
be required for all ranges of operation, especially with high frequency crystals. Refer to the crystal
manufacturer’s data for more information.

5.3 I/O Signals

The following paragraphs describe the oscillator I/O signals.

5.3.1 Crystal Amplifier Input Pin (OSC1, XTAL1)

OSC1 and XTALT1 pin are input to the crystal oscillator amplifier. Schmitt trigger and glitch filter are
implemented on this pin in order to improve the EMC performance. See Chapter 16 Electrical
Specifications for detail specification of the glitch filter.

5.3.2 Crystal Amplifier Output Pin (OSC2 & XTAL2)
OSC2 or XTAL2 pin is the output of the crystal oscillator inverting amplifier.

5.3.3 Oscillator Enable Signal (SIMOSCEN)

The SIMOSCEN signal from the system integration module (SIM) enables/disables the x-tal oscillator
circuit.
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5.4 Low Power Modes
The WAIT and STOP instructions put the MCU in low power consumption standby mode.

5.4.1 Wait Mode

The WAIT instruction has no effect on the oscillator module.

5.4.2 Stop Mode

If STOP_XCLKEN = 1 CGMXCLK will keep on running during STOP mode else CGMXCLK will be
stopped during STOP mode.

If STOP_XTALEN = 1 32KXCLK will keep on running during STOP mode else 32KXCLK will be stopped
during STOP mode.

5.5 Oscillator During Break Mode

The oscillator will continue to drive CGMXCLK when the device enters the break state.
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Chapter 6
Timer Interface Module (TIM)

6.1 Introduction

This section describes the timer interface (TIM) module. The TIM is a two-channel timer that provides a
timing reference with Input capture, output compare, and pulse-width-modulation functions. Figure 6-1 is
a block diagram of the TIM.

This particular MCU has two timer interface modules which are denoted as TIM1 and TIM2.

6.2 Features

Features of the TIM include:
* Two input capture/output compare channels:
— Rising-edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action
* Buffered and unbuffered pulse-width-modulation (PWM) signal generation
* Programmable TIM clock input with 7-frequency internal bus clock prescaler selection
e Free-running or modulo up-count operation
* Toggle any channel pin on overflow
* TIM counter stop and reset bits

6.3 Pin Name Conventions

The text that follows describes both timers, TIM1 and TIM2. The TIM input/output (I/O) pin names are
T[1,2]CHO (timer channel 0) and T[1,2]CH1 (timer channel 1), where “1” is used to indicate TIM1 and “2”
is used to indicate TIM2. The two TIMs share four I/O pins with four I/O port pins. The full names of the
TIM I/O pins are listed in Table 6-1. The generic pin names appear in the text that follows.

Table 6-1. Pin Name Conventions

TIM Generic Pin Names: T[1,2]CHO T[1,2]CH1
Full TIM TIMA PTB2/T1CHO/PPIECK PTB3/T1CH1
Pin Names: TIM2 PTBO/T2CHO PTB1/T2CH1
NOTE

References to either timer 1 or timer 2 may be made in the following text by
omitting the timer number. For example, TCHO may refer generically to
T1CHO and T2CHO, and TCH1 may refer to TICH1 and T2CH]1.
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6.4 Functional Description

Figure 6-1 shows the structure of the TIM. The central component of the TIM is the 16-bit TIM counter
that can operate as a free-running counter or a modulo up-counter. The TIM counter provides the timing
reference for the input capture and output compare functions. The TIM counter modulo registers,
TMODH:TMODL, control the modulo value of the TIM counter. Software can read the TIM counter value
at any time without affecting the counting sequence.

The two TIM channels (per timer) are programmable independently as input capture or output compare

channels.
INTERNAL
BUSCLOCK — ™|  PRESCALER
4? \
TSTOP
TRST >
vy _
i| 16-BITCOUNTER [
16-BIT COMPARATOR -
TMODH:TMODL
CHANNEL 0
$ 16-BIT COMPARATOR >
TCHOH:TCHOL <
$ 16-BIT LATCH <
- CHANNEL 1
B $ 16-BIT COMPARATOR >
=
g TCHIH:TCH1L P
E $ 16-BIT LATCH <

&

PRESCALER SELECT

!

|

| ps2 | pst | Ppso

| EsoB | ELsoa |

K)

CHOF

| ELsoB | ELsoa |

<

R

CHIF

(e =0

Figure 6-1. TIM Block Diagram

Figure 6-2 summarizes the timer registers.

56

References to either timer 1 or timer 2 may be made in the following text by
omitting the timer number. For example, TSC may generically refer to both

T1SC and T2SC.
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Addr. Register Name
TIM1 Status and Control
$0020 Register
(T1SC)
TIM1 Counter Register
$0021 High
(TICNTH)
TIM1 Counter Register
$0022 Low
(TICNTL)
TIM Counter Modulo
$0023 Register High
(TMODH)
TIM1 Counter Modulo
$0024 Register Low
(T1IMODL)
TIM1 Channel 0 Status
$0025 and Control Register
(T1SC0)
TIM1 Channel 0
$0026 Register High
(T1CHOH)
TIM1 Channel 0
$0027 Register Low
(T1CHOL)
TIM1 Channel 1 Status
$0028 and Control Register
(T1SC1)
TIM1 Channel 1
$0029 Register High
(TICH1H)
TIM1 Channel 1
$002A Register Low
(T1CH1L)
TIM2 Status and Control
$002B Register
(T2SC)
TIM2 Counter Register
$002C High
(T2CNTH)
TIM2 Counter Register
$002D Low
(T2CNTL)
TIM2 Counter Modulo
$002E Register High
(T2MODH)

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

: 1 1
|:| = Unimplemented

Reset

Functional Description

Bit 7 6 5 4 3 2 1 Bit0
TOF 0 0
0 TOIE TSTOP TRST PS2 PS1 PS0
0 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 Bit 0
1 1 1 1 1 1 1 1
CHOF
0 CHOIE MS0B MSO0A ELSOB ELSOA TOVO CHOMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
CHI1F 0
0 CH1IE MS1A ELS1B ELS1A TOV1 CH1MAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
TOF 0 0
0 TOIE TSTOP TRST PS2 PS1 PS0
0 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8

1

Figure 6-2. TIM I/O Register Summary (Sheet 1 of 2)
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
TIM2 Counter Modulo  Read: . .
. . Bit 7 6 5 4 3 2 1 Bit 0
$002F Register Low  Write: ' '
(T2MODL) Reset: 1 1 1 1 1 1 1 1
TIM2 Channel 0 Status Read:| CHOF
. . CHOIE MS0B MSOA ELS0B ELSOA TOVO CHOMAX
$0030 and Control Register ~ Write: 0
(T2SCO) Reset: 0 0 0 0 0 0 0 0
TIM2 Channel 0 Read: . .
. . . Bit 15 14 13 12 11 10 9 Bit 8
$0031 Register High Wite:| ° !
(T2CHOH) Reset: Indeterminate after reset
TIM2 Channel 0 Read: . :
: . Bit 7 6 5 4 3 2 1 Bit 0
$0032 Register Low  Write: ' !
(T2CHOL) Reset: Indeterminate after reset
TIM2 Channel 1 Status Read:| CH1F 0
. . CH1IE MS1A ELS1B ELS1A TOV1 CH1MAX
$0033 and Control Register ~ Write: 0
(T2SC1) Reset: 0 0 0 0 0 0 0 0
TIM2 Channel 1 Read: . ,
. . . Bit 15 14 13 12 11 10 9 Bit 8
$0034 Register High  Write: ! '
(T2CH1H) Reset: Indeterminate after reset
TIM2 Channel 1 Read: . ,
. . Bit 7 6 5 4 3 2 1 Bit 0
$0035 Register Low Write:| '

(T2CH1L) Reset Indeterminate after reset

[ - Unimplemented
Figure 6-2. TIM I/O Register Summary (Sheet 2 of 2)

6.4.1 TIM Counter Prescaler

The TIM clock source can be one of the seven prescaler outputs. The prescaler generates seven clock
rates from the internal bus clock. The prescaler select bits, PS[2:0], in the TIM status and control register
select the TIM clock source.

6.4.2 Input Capture

With the input capture function, the TIM can capture the time at which an external event occurs. When an
active edge occurs on the pin of an input capture channel, the TIM latches the contents of the TIM counter
into the TIM channel registers, TCHxH:TCHxL. The polarity of the active edge is programmable. Input
captures can generate TIM CPU interrupt requests.

6.4.3 Output Compare

With the output compare function, the TIM can generate a periodic pulse with a programmable polarity,
duration, and frequency. When the counter reaches the value in the registers of an output compare
channel, the TIM can set, clear, or toggle the channel pin. Output compares can generate TIM CPU
interrupt requests.

6.4.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare pulses as described in 6.4.3
Output Compare. The pulses are unbuffered because changing the output compare value requires writing
the new value over the old value currently in the TIM channel registers.

MC68HCO08LT8 Data Sheet, Rev. 1
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An unsynchronized write to the TIM channel registers to change an output compare value could cause
incorrect operation for up to two counter overflow periods. For example, writing a new value before the
counter reaches the old value but after the counter reaches the new value prevents any compare during
that counter overflow period. Also, using a TIM overflow interrupt routine to write a new, smaller output
compare value may cause the compare to be missed. The TIM may pass the new value before it is written.

Use the following methods to synchronize unbuffered changes in the output compare value on channel x:

* When changing to a smaller value, enable channel x output compare interrupts and write the new
value in the output compare interrupt routine. The output compare interrupt occurs at the end of
the current output compare pulse. The interrupt routine has until the end of the counter overflow
period to write the new value.

* When changing to a larger output compare value, enable TIM overflow interrupts and write the new
value in the TIM overflow interrupt routine. The TIM overflow interrupt occurs at the end of the
current counter overflow period. Writing a larger value in an output compare interrupt routine (at
the end of the current pulse) could cause two output compares to occur in the same counter
overflow period.

6.4.3.2 Buffered Output Compare

Channels 0 and 1 can be linked to form a buffered output compare channel whose output appears on the
TCHO pin. The TIM channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIM channel 0 status and control register (TSCO) links channel 0 and channel 1.
The output compare value in the TIM channel O registers initially controls the output on the TCHO pin.
Writing to the TIM channel 1 registers enables the TIM channel 1 registers to synchronously control the
output after the TIM overflows. At each subsequent overflow, the TIM channel registers (0 or 1) that
control the output are the ones written to last. TSCO controls and monitors the buffered output compare
function, and TIM channel 1 status and control register (TSC1) is unused. While the MSOB bit is set, the
channel 1 pin, TCH1, is available as a general-purpose I/O pin.

NOTE
In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should track
the currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as generating
unbuffered output compares.

6.4.4 Pulse Width Modulation (PWM)

By using the toggle-on-overflow feature with an output compare channel, the TIM can generate a PWM
signal. The value in the TIM counter modulo registers determines the period of the PWM signal. The
channel pin toggles when the counter reaches the value in the TIM counter modulo registers. The time
between overflows is the period of the PWM signal.

As Figure 6-3 shows, the output compare value in the TIM channel registers determines the pulse width
of the PWM signal. The time between overflow and output compare is the pulse width. Program the TIM
to clear the channel pin on output compare if the state of the PWM pulse is logic 1. Program the TIM to
set the pin if the state of the PWM pulse is logic 0.

The value in the TIM counter modulo registers and the selected prescaler output determines the
frequency of the PWM output. The frequency of an 8-bit PWM signal is variable in 256 increments. Writing
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$00FF (255) to the TIM counter modulo registers produces a PWM period of 256 times the internal bus
clock period if the prescaler select value is $000. See 6.9.1 TIM Status and Control Register.

OVERFLOW OVERFLOW OVERFLOW
—»<——— PERIOD > >
PULSE
WIDTH
\ \ \
TCHx
A A
OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE

Figure 6-3. PWM Period and Pulse Width

The value in the TIM channel registers determines the pulse width of the PWM output. The pulse width of
an 8-bit PWM signal is variable in 256 increments. Writing $0080 (128) to the TIM channel registers
produces a duty cycle of 128/256 or 50%.

6.4.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as described in 6.4.4 Pulse Width
Modulation (PWM). The pulses are unbuffered because changing the pulse width requires writing the new
pulse width value over the old value currently in the TIM channel registers.

An unsynchronized write to the TIM channel registers to change a pulse width value could cause incorrect
operation for up to two PWM periods. For example, writing a new value before the counter reaches the
old value but after the counter reaches the new value prevents any compare during that PWM period.
Also, using a TIM overflow interrupt routine to write a new, smaller pulse width value may cause the
compare to be missed. The TIM may pass the new value before it is written.

Use the following methods to synchronize unbuffered changes in the PWM pulse width on channel x:

* When changing to a shorter pulse width, enable channel x output compare interrupts and write the
new value in the output compare interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the PWM period to write the new
value.

* When changing to a longer pulse width, enable TIM overflow interrupts and write the new value in
the TIM overflow interrupt routine. The TIM overflow interrupt occurs at the end of the current PWM
period. Writing a larger value in an output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same PWM period.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare also can
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.
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6.4.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the TCHO pin.
The TIM channel registers of the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIM channel 0 status and control register (TSCO) links channel 0 and channel 1.
The TIM channel O registers initially control the pulse width on the TCHO pin. Writing to the TIM channel
1 registers enables the TIM channel 1 registers to synchronously control the pulse width at the beginning
of the next PWM period. At each subsequent overflow, the TIM channel registers (0 or 1) that control the
pulse width are the ones written to last. TSCO controls and monitors the buffered PWM function, and TIM
channel 1 status and control register (TSC1) is unused. While the MSOB bit is set, the channel 1 pin,
TCHA1, is available as a general-purpose I/O pin.

NOTE
In buffered PWM signal generation, do not write new pulse width values to
the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as generating
unbuffered PWM signals.

6.4.4.3 PWM Initialization

To ensure correct operation when generating unbuffered or buffered PWM signals, use the following
initialization procedure:
1. Inthe TIM status and control register (TSC):
a. Stop the TIM counter by setting the TIM stop bit, TSTOP.

b. Reset the TIM counter and prescaler by setting the TIM reset bit, TRST.

2. Inthe TIM counter modulo registers (TMODH:TMODL), write the value for the required PWM
period.

3. Inthe TIM channel x registers (TCHxH:TCHxL), write the value for the required pulse width.

4. In TIM channel x status and control register (TSCx):

a. Write 0:1 (for unbuffered output compare or PWM signals) or 1:0 (for buffered output compare
or PWM signals) to the mode select bits, MSxB:MSxA. (See Table 6-3.)

b. Write 1 to the toggle-on-overflow bit, TOVx.

c. Write 1:0 (to clear output on compare) or 1:1 (to set output on compare) to the edge/level
select bits, ELSxB:ELSxA. The output action on compare must force the output to the
complement of the pulse width level. (See Table 6-3.)

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare can also
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

5. Inthe TIM status control register (TSC), clear the TIM stop bit, TSTOP.
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Setting MSOB links channels 0 and 1 and configures them for buffered PWM operation. The TIM channel
0 registers (TCHOH:TCHOL) initially control the buffered PWM output. TIM status control register O
(TSCRO) controls and monitors the PWM signal from the linked channels.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on TIM overflows. Subsequent output
compares try to force the output to a state it is already in and have no effect. The result is a 0% duty cycle
output.

Setting the channel x maximum duty cycle bit (CHxMAX) and setting the TOVx bit generates a 100% duty
cycle output. (See 6.9.4 TIM Channel Status and Control Registers.)

6.5 Interrupts

The following TIM sources can generate interrupt requests:

* TIM overflow flag (TOF) — The TOF bit is set when the TIM counter reaches the modulo value
programmed in the TIM counter modulo registers. The TIM overflow interrupt enable bit, TOIE,
enables TIM overflow CPU interrupt requests. TOF and TOIE are in the TIM status and control
register.

e TIM channel flags (CH1F:CHOF) — The CHXxF bit is set when an input capture or output compare
occurs on channel x. Channel x TIM CPU interrupt requests are controlled by the channel x
interrupt enable bit, CHxIE. Channel x TIM CPU interrupt requests are enabled when CHXIE = 1.
CHxF and CHXIE are in the TIM channel x status and control register.

6.6 Low-Power Modes
The WAIT and STOP instructions put the MCU in low power- consumption standby modes.

6.6.1 Wait Mode

The TIM remains active after the execution of a WAIT instruction. In wait mode, the TIM registers are not
accessible by the CPU. Any enabled CPU interrupt request from the TIM can bring the MCU out of wait
mode.

If TIM functions are not required during wait mode, reduce power consumption by stopping the TIM before
executing the WAIT instruction.

6.6.2 Stop Mode

The TIM is inactive after the execution of a STOP instruction. The STOP instruction does not affect
register conditions or the state of the TIM counter. TIM operation resumes when the MCU exits stop mode
after an external interrupt.

6.7 TIM During Break Interrupts

A break interrupt stops the TIM counter.

The system integration module (SIM) controls whether status bits in other modules can be cleared during
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status
bits during the break state. (See 21.5.4 SIM Break Flag Control Register.)
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To allow software to clear status bits during a break interrupt, write a logic 1 to the BCFE bit. If a status
bit is cleared during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a logic 0 to the BCFE bit. With BCFE at logic 0 (its
default state), software can read and write I/O registers during the break state without affecting status bits.
Some status bits have a 2-step read/write clearing procedure. If software does the first step on such a bit
before the break, the bit cannot change during the break state as long as BCFE is at logic 0. After the
break, doing the second step clears the status bit.

6.8 1/0 Signals

Port B shares four of its pins with the TIM. The four TIM channel 1/O pins are TICHO, T1CH1, T2CHO,
and T2CH1 as described in 6.3 Pin Name Conventions.

Each channel I/O pin is programmable independently as an input capture pin or an output compare pin.
T1CHO and T2CHO can be configured as buffered output compare or buffered PWM pins.

6.9 1/O Registers

NOTE
References to either timer 1 or timer 2 may be made in the following text by

omitting the timer number. For example, TSC may generically refer to both
T1SC AND T2SC.

These 1/O registers control and monitor operation of the TIM:
* TIM status and control register (TSC)
e TIM counter registers (TCNTH:TCNTL)
e TIM counter modulo registers (TMODH:TMODL)
* TIM channel status and control registers (TSCO, TSC1)
e TIM channel registers (TCHOH:TCHOL, TCH1H:TCH1L)

6.9.1 TIM Status and Control Register

The TIM status and control register (TSC):
e Enables TIM overflow interrupts
* Flags TIM overflows
e Stops the TIM counter
* Resets the TIM counter
* Prescales the TIM counter clock

Address: T1SC, $0020 and T2SC, $002B

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
TOIE TSTOP PS2 PS1 PS0
Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0

I:I = Unimplemented

Figure 6-4. TIM Status and Control Register (TSC)
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TOF — TIM Overflow Flag Bit
This read/write flag is set when the TIM counter reaches the modulo value programmed in the TIM
counter modulo registers. Clear TOF by reading the TIM status and control register when TOF is set
and then writing a logic 0 to TOF. If another TIM overflow occurs before the clearing sequence is
complete, then writing logic 0 to TOF has no effect. Therefore, a TOF interrupt request cannot be lost
due to inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic 1 to TOF has no effect.
1 = TIM counter has reached modulo value
0 = TIM counter has not reached modulo value

TOIE — TIM Overflow Interrupt Enable Bit
This read/write bit enables TIM overflow interrupts when the TOF bit becomes set. Reset clears the
TOIE bit.
1 = TIM overflow interrupts enabled
0 = TIM overflow interrupts disabled

TSTOP — TIM Stop Bit
This read/write bit stops the TIM counter. Counting resumes when TSTOP is cleared. Reset sets the
TSTOP bit, stopping the TIM counter until software clears the TSTOP bit.
1 = TIM counter stopped
0 = TIM counter active

NOTE
Do not set the TSTOP bit before entering wait mode if the TIM is required
fo exit wait mode.

TRST — TIM Reset Bit
Setting this write-only bit resets the TIM counter and the TIM prescaler. Setting TRST has no effect on
any other registers. Counting resumes from $0000. TRST is cleared automatically after the TIM
counter is reset and always reads as logic 0. Reset clears the TRST bit.
1 = Prescaler and TIM counter cleared
0 = No effect

NOTE
Setting the TSTOP and TRST bits simultaneously stops the TIM counter at
a value of $0000.

PS[2:0] — Prescaler Select Bits
These read/write bits select one of the seven prescaler outputs as the input to the TIM counter as Table
6-2 shows. Reset clears the PS[2:0] bits.

Table 6-2. Prescaler Selection

PS2 PS1 PS0 TIM Clock Source

Internal bus clock + 1

Internal bus clock + 2

Internal bus clock + 4

Internal bus clock =+ 8

Internal bus clock + 32

Internal bus clock + 64

0
1
0
1
0 Internal bus clock + 16
]
0
1

Not available
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6.9.2 TIM Counter Registers

The two read-only TIM counter registers contain the high and low bytes of the value in the TIM counter.
Reading the high byte (TCNTH) latches the contents of the low byte (TCNTL) into a buffer. Subsequent
reads of TCNTH do not affect the latched TCNTL value until TCNTL is read. Reset clears the TIM counter
registers. Setting the TIM reset bit (TRST) also clears the TIM counter registers.

NOTE
If you read TCNTH during a break interrupt, be sure to unlatch TCNTL by
reading TCNTL before exiting the break interrupt. Otherwise, TCNTL
retains the value latched during the break.

Address: T1CNTH, $0021 and T2CNTH, $002C

Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 6-5. TIM Counter Registers High (TCNTH)

Address: T1CNTL, $0022 and T2CNTL, $002D

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

Figure 6-6. TIM Counter Registers Low (TCNTL)
6.9.3 TIM Counter Modulo Registers

The read/write TIM modulo registers contain the modulo value for the TIM counter. When the TIM counter
reaches the modulo value, the overflow flag (TOF) becomes set, and the TIM counter resumes counting
from $0000 at the next timer clock. Writing to the high byte (TMODH) inhibits the TOF bit and overflow
interrupts until the low byte (TMODL) is written. Reset sets the TIM counter modulo registers.

Address: T1MODH, $0023 and T2MODH, $002E
Bit 7 6 5 4 3 2 1 Bit0

Read:
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 6-7. TIM Counter Modulo Register High (TMODH)

Bit 15 14 13 12 11 10 9 Bit 8

Address: TIMODL, $0024 and T2MODL, $002F
Bit 7 6 5 4 3 2 1 Bit 0

Read:

Write:

Reset: 1 1 1 1 1 1 1 1
Figure 6-8. TIM Counter Modulo Register Low (TMODL)

NOTE
Reset the TIM counter before writing to the TIM counter modulo registers.

Bit 7 6 5 4 3 2 1 Bit0
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6.9.4 TIM Channel Status and Control Registers

Each of the TIM channel status and control registers:
* Flags input captures and output compares
* Enables input capture and output compare interrupts
e Selects input capture, output compare, or PWM operation
* Selects high, low, or toggling output on output compare
* Selects rising edge, falling edge, or any edge as the active input capture trigger
* Selects output toggling on TIM overflow
* Selects 0% and 100% PWM duty cycle
* Selects buffered or unbuffered output compare/PWM operation

Address: T1SC0, $0025 and T2SC0, $0030

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
, CHOIE MS0B MS0A ELSOB ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 6-9. TIM Channel 0 Status and Control Register (TSCO0)

Address: T1SC1, $0028 and T2SC1, $0033

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH1F 0
. CH1IE MS1A ELS1B ELS1A TOV1 CH1MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 6-10. TIM Channel 1 Status and Control Register (TSC1)

CHxF — Channel x Flag Bit

When channel x is an input capture channel, this read/write bit is set when an active edge occurs on
the channel x pin. When channel x is an output compare channel, CHxF is set when the value in the
TIM counter registers matches the value in the TIM channel x registers.
When TIM CPU interrupt requests are enabled (CHXIE = 1), clear CHxF by reading TIM channel x
status and control register with CHxF set and then writing a logic 0 to CHxF. If another interrupt request
occurs before the clearing sequence is complete, then writing logic 0 to CHxF has no effect. Therefore,
an interrupt request cannot be lost due to inadvertent clearing of CHxF.
Reset clears the CHxF bit. Writing a logic 1 to CHxF has no effect.

1 = Input capture or output compare on channel x

0 = No input capture or output compare on channel x

CHXxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIM CPU interrupt service requests on channel x.
Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TIM1
channel 0 and TIM2 channel 0 status and control registers.
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Setting MSOB disables the channel 1 status and control register and reverts TCH1 to general-purpose
I/0O.
Reset clears the MSxB bit.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A
When ELSxB:ELSXA = 0:0, this read/write bit selects either input capture operation or unbuffered
output compare/PWM operation.
See Table 6-3.
1 = Unbuffered output compare/PWM operation
0 = Input capture operation
When ELSxB:ELSXA = 0:0, this read/write bit selects the initial output level of the TCHXx pin.
See Table 6-3. Reset clears the MSxA bit.
1 = Initial output level low
0 = Initial output level high

NOTE
Before changing a channel function by writing to the MSxB or MSxA bit, set
the TSTOP and TRST bits in the TIM status and control register (TSC).

ELSxB and ELSxA — Edge/Level Select Bits
When channel x is an input capture channel, these read/write bits control the active edge-sensing logic
on channel x.
When channel x is an output compare channel, ELSxB and ELSxA control the channel x output
behavior when an output compare occurs.
When ELSxB and ELSxA are both clear, channel x is not connected to an I/O port, and pin TCHx is
available as a general-purpose I/O pin. Table 6-3 shows how ELSxB and ELSxA work. Reset clears
the ELSxB and ELSxA bits.

Table 6-3. Mode, Edge, and Level Selection

MSxB:MSxA ELSxB:ELSxA Mode Configuration

X0 00 E|.n. under port control;

initial output level high
Output preset .

X1 00 I'Dlr'wlunder port control;
initial output level low

00 01 Capture on rising edge only

00 10 Input capture Capture on falling edge only

00 11 Capturg on rising or

falling edge
01 01 Toggle output on compare
Outputcompare

01 10 or PWM Clear output on compare

01 11 Set output on compare

1X 01 Buffered output Toggle output on compare

1X 10 compare or Clear output on compare

1X 11 buffered PWM Set output on compare
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NOTE
Before enabling a TIM channel register for input capture operation, make
sure that the TCHx pin is stable for at least two bus clocks.

TOVx — Toggle On Overflow Bit
When channel x is an output compare channel, this read/write bit controls the behavior of the channel
x output when the TIM counter overflows. When channel x is an input capture channel, TOVx has no
effect.
Reset clears the TOVx bit.
1 = Channel x pin toggles on TIM counter overflow
0 = Channel x pin does not toggle on TIM counter overflow

NOTE
When TOVx is set, a TIM counter overflow takes precedence over a
channel x output compare if both occur at the same time.

CHxMAX — Channel x Maximum Duty Cycle Bit
When the TOVx bit is at logic 1, setting the CHxMAX bit forces the duty cycle of buffered and
unbuffered PWM signals to 100%. As Figure 6-11 shows, the CHXMAX bit takes effect in the cycle
after it is set or cleared. The output stays at the 100% duty cycle level until the cycle after CHxMAX is
cleared.

OVERFLOW OVERFLOW OVERFLOW OVERFLOW OVERFLOW

«—PERIOD—»| l l
\i \i Y

A T T A

OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHxMAX |

Figure 6-11. CHxXMAX Latency

TCHx

6.9.5 TIM Channel Registers

These read/write registers contain the captured TIM counter value of the input capture function or the
output compare value of the output compare function. The state of the TIM channel registers after reset
is unknown.

In input capture mode (MSxB:MSxA = 0:0), reading the high byte of the TIM channel x registers (TCHxH)
inhibits input captures until the low byte (TCHXxL) is read.

In output compare mode (MSxB:MSxA = 0:0), writing to the high byte of the TIM channel x registers
(TCHxH) inhibits output compares until the low byte (TCHXxL) is written.
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Address: T1CHOH, $0026 and T2CHOH, $0031
Bit 7 6 5 4 3 2 Bit 0
Read: ) .
. Bit 15 14 13 12 11 10 Bit 8
Write:
Reset: Indeterminate after reset
Figure 6-12. TIM Channel 0 Register High (TCHOH)
Address: T1CHOL, $0027 and T2CHOL $0032
Bit 7 6 5 4 3 2 Bit 0
Read: ) .
. Bit 7 6 5 4 3 2 Bit 0
Write:
Reset: Indeterminate after reset
Figure 6-13. TIM Channel 0 Register Low (TCHOL)
Address: T1CH1H, $0029 and T2CH1H, $0034
Bit 7 6 5 4 3 2 Bit 0
Read: ) .
. Bit 15 14 13 12 11 10 Bit 8
Write:
Reset: Indeterminate after reset
Figure 6-14. TIM Channel 1 Register High (TCH1H)
Address: T1CH1L, $002A and T2CH1L, $0035
Bit 7 6 5 4 3 2 Bit 0
Read: ) .
. Bit 7 6 5 4 3 2 Bit 0
Write:
Reset: Indeterminate after reset

Freescale Semiconductor

Figure 6-15. TIM Channel 1 Register Low (TCH1L)
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Chapter 7
Programmable Periodic Interrupt (PPI)

7.1 Introduction

This section describes the programmable periodic interrupt (PPI) module. The PPI will generate periodic
interrupts at user selectable rates using a counter clocked by the selected clock.

7.2 Features

Features of the PPl include:
e Seven user selectable periodic interrupts

* User selectable clock source:
— 32kHz (32KXCLK) clock from crystal oscillator
— External clock from PPIECK pin

7.3 Functional Description

The PPI module generates periodic interrupt requests to the CPU. When PPI counter reaches the defined
count, it generates an interrupt request. The latched status of interrupt generation of the PPI can be read
directly from the PPI1L bit.

The PPI counter can count and generate interrupts even when the MCU is in stop mode if the
corresponding clock source is enabled.

Figure 7-1 is a block diagram of the PPI.
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PPI1CLKS[1:0]

SEL

COUNTER D Q \ ¢ > PPIL
PPIECK e

Vop
32KXCLK CLK ov ) :
OE CLR SEL { R l’ )— SYNCHRONIZER }

PP

INTERRUPT
ONE SHOT PPI1MSK > O REQUEST

1L
RST
RESET

| PPHL IJ\_YD | pritie2 | pritiEr | pPitiEo |

VECTOR
FETCH
DECODER

ik

INTERNAL ADDRESS BUS
Figure 7-1. Programmable Periodic Interrupt Block Diagram

7.4 1/0 Pins

The external clock input option of the PPl is from the PPIECK pin and is selected by the clock select bits,
PPI1CLKS[1:0]. The maximum PPIECK frequency is four times the bus frequency.

7.5 Low-Power Modes

The PPI module remains active (crystal clock source is not affected if crystal clock is enabled in stop
mode; counter can count and can generate interrupts) in wait and stop mode if proper clocking source is
supplied.
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7.6 PPI1 Status and Control Register (PPI1SCR)
The PPI1 status and control register (PPI1SCR) controls and monitors the operation of the PPl module.

Address: $0019

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
Wit PPI1L PPIHMSK | PPICLKS1 | PPI1CLKSO PPI1IE2 PPIIE1 PPI1IEQ
rite:
Reset: 0 0 1 0 0 0 0 0

Figure 7-2. PPI1 Status and Control Register (PPI1SCR)

PPI1L — PPI1 Interrupt Flag
This read/write bit indicates a interrupt request is generated by PPI1 and is pending for
acknowledgement. This bit generates an interrupt to the CPU if PPI1MSK=0.
The PPI1L bit is cleared by writing logic 1 to it.
1 = Read: PPI1 interrupt request is pending / Write: PPI1 interrupt acknowledge
0 = No PPI1 interrupt request is pending

PPI1MSK — PPI1 Interrupt Mask
Writing a logic one to this read/write bit disables PPI1 interrupt requests. Reset clears PPITMSK.
1 = PPI1 interrupt requests disabled
0 = PPI1 interrupt requests enabled

PPI1CLKS[1:0] — PPI1 Clock Source Select Bits
These two bits select the clock source for the PPI.

Table 7-1. PPI1 Clock Source Selection

PPI1CLKS[1:0] Clock Source for PPI1
00 Reserved
01 External clock from PPIECK pin
10 32KXCLK from OSC module
11 Reserved

PPI1IE[2:0] —PPI1 Interrupt Period Select Bits
These three bits select the PPI interrupt period. The PPl is disabled when PPI11E[2:0] are zero and no
interrupts are generated.

Table 7-2. PPI1 Interrupt Period Selection

PPIIE[2:0] Interrupt Period
000 PPI and its associated interrupts are disabled
001 512 PPI counts
010 1,024 PPI counts
011 2,048 PPI counts
100 4,096 PPI counts
101 8,192 PPI counts
110 16,384 PPI counts
111 32,768 PPI counts
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Chapter 8
Liquid Crystal Display (LCD) Driver

8.1 Introduction

This section describes the liquid crystal display (LCD) driver module. The LCD driver module can drive a
maximum of 25 frontplanes and 4 backplanes, depending on the LCD duty selected.

8.2 Features

Features of the LCD driver module include the following:
* Software programmable driver segment configurations:
— 24 frontplanes x 4 backplanes (96 segments)
— 25 frontplanes x 3 backplanes (75 segments)
— 25 frontplanes x 1 backplane (25 segments)
* LCD bias voltages generated by internal resistor ladder
* Software programmable contrast control

8.3 Pin Name Conventions and I/O Register Addresses

Three dedicated I/O pins are for the backplanes, BPO—BP2; twenty four frontplanes, FP1-FP24, are
shared with port B, C, D, and E pins. FP0 and BP3 shares the same pin and configured by the DUTY[1:0]
bits in the LCD clock register.

The full names of the LCD output pins are shown in Table 8-1. The generic pin names appear in the text
that follows.

Table 8-1. Pin Name Conventions

LCD Generic Pin Name Full MCU Pin Name Pin Selected for LCD Function by:
FPO/BP3 FPO/BP3 —
BP0-BP2 BPO-BP2 —
FP1-FP2 PTB6/FP1-PTB7/FP2 LCDE in LCDCR
PEE in CONFIG2
FP3-FP10 PTEO/FP3-PTE7/FP10 LCDE in LCDCR
PDE in CONFIG2
FP11-FP18 PTDO/FP11-PTD7/FP18 LCDE in LCDCR
FP19-FP24 PTCO/FP19-PTC5/FP24 PCEL:PCEH in CONFIG2

LCDE in LCDCR
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
LCD Clock Register 2200 FCCTL1 | FCCTLO | DUTY! | DUTYO | LCLK2 | LCLKI | LCLKO
$004F (LCDCLK) Vit
Resett 0 0 0 0 0 0 0 0
LD Control Register || LCDE 0 FC LC | LCCON3 | LCCON2 | LCCONT | LCCONO
$0051 (LCDCR) Write:
Reset: 0 0 0 0 0 0 0 0
LCD Data Register 1 2% | F183 F1B2 F1B1 F1B0 FOB3 FOB2 FOBH FOBO
$0052 (LDATH) Write:
Reset: U U U U U U U U
LCD Data Register2 c2%|  Fagg F3B2 F3B1 F3B0 F2B3 F2B2 F2B F2B0
$0053 (LDAT2) Write:
Reset: U U U U U U U U
LCD Data Register 3 C2%|  FsB3 F5B2 F5B1 F5B0 F4B3 F4B2 F4B1 F4BO
$0054 (LDAT3) Write:
Reset: U U U U U U U U
LCD Data Register4 C2%|  F783 F7B2 F7B1 F7B0 F6B3 F6B2 F6B1 F6B0
$0055 (LDAT4) Write:
Reset: U U U U U U U U
LCD Data Register 5 C2%|  FoBg FOB? FOB1 FOBO F8B3 F8B2 F8B1 F8B0
$0056 (LDATS) Write:
Reset: U U U U U U U U
LCD Data Register 6 2| Fi1B3 | Fi1B2 | F11B1 | F1180 | F10B3 | Fi0B2 | F10BY | F10BO
$0057 (LDATS) Write:
Reset: U U U U U U U U
LCD Data Register7 C2%| Fi3Bs | FisB2 | F13B1 | F13B0 | F1283 | Fi2B2 | F12B1 | F1280
$0058 (LDAT?) Write:
Reset: U U U U U U U U
LCD Data Register8 C2C| FisB3 | FisB2 | F15B1 | F15B0 | F1483 | F14B2 | F14B1 | F1480
$0059 (LDATS) Write:
Reset: U U U U U U U U
LCD Data Register9 C2%| Fi7B3 | Fi7B2 | F17B1 | F1780 | F16B3 | F16B2 | F16B1 | F1680
$005A (LDATY) Write:
Reset: U U U U U U U U
LCD Data Register 10 "C2C'| FioBs | Fi9B2 | F19B1 | F19B0 | F18B3 | Fi8B2 | F18BY | F18B0
$005B (LDAT10) Write:
Reset: U U U U U U U U
LCD Data Register 11 "C2C| FatBs | F2fB2 | F21B1 | F21B0 | F20B3 | F20B2 | F20BY | F20BO
$005C (LDAT11) Write:
Reset: U U U U U U U U
LCD Data Register 12 "C2%'| Fosgs | FosB2 | F23B1 | F23B0 | F22B3 | Fe2B2 | Fe2Bt | F22B0
$005D (LDAT12) Write:
Reset: U U U U U U U U
LCD Data Register 13 c2% L0 0 0 0 F24B3 | F24B2 | F24B1 | F24B0
$005E (LDAT13) Write:
Reset: 0 0 0 0 U U U U

U = Unaffected I:l = Unimplemented

Figure 8-1. LCD I/O Register Summary
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8.4 Functional Description

Figure 8-2 shows a block diagram of the LCD driver module, and Figure 8-3 shows a simplified schematic
of the LCD system.

The LCD driver module uses a 1/3 biasing method. The LCD power is supplied by the V| ¢p pin. Voltages
Vicp1: Vicpe, and V| cp3 are generated by an internal resistor ladder.

The LCD data registers, LDAT1-LDAT13, control the LCD segments’ ON/OFF, with each data register
controlling two frontplanes. When a logic 1 is written to a FxBx bit in the data register, the corresponding
frontplane-backplane segment will turn ON. When a logic 0 is written, the segment will turn OFF.

When the LCD driver module is disabled (LCDE = 0), the LCD display will be OFF, all backplane and
frontplane drivers have the same potential as Vpp. The resistor ladder is disconnected from Vpp to reduce
power consumption.
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