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Chapter 2
Memory

2.1 Introduction

The central processor unit (CPU08) can address 64 Kbytes of memory space. The memory map is shown
in Figure 2-1.

2.2 Unimplemented Memory Locations

Executing code from an unimplemented location will cause an illegal address reset. In Figure 2-1,
unimplemented locations are shaded.

2.3 Reserved Memory Locations

Accessing a reserved location can have unpredictable effects on MCU operation. In Figure 2-1, reserved
locations are marked with the word reserved or with the letter R.

2.4 Direct Page Registers

Figure 2-2 shows the memory mapped registers of the MC68HC908QL4. Registers with addresses
between $0000 and $00FF are considered direct page registers and all instructions including those with
direct page addressing modes can access them. Registers between $0100 and $FFFF require non-direct
page addressing modes. See Chapter 7 Central Processor Unit (CPU) for more information on
addressing modes.
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Memory
$0$00 DIRECT PAGE REGISTERS
0051 81 BYTES
$0052
l
$007F
$0$80 RAM
otk 128 BYTES
$0100
l
$2B7D
$237E AUXILIARY ROM
SoEiF 674 BYTES
$2E20
l
$EDFF
$EE00 RESERVED $EEOO
2048 BYTES
. FLASH MEMORY .
4096 BYTES
FLASH MEMORY $re00
e 2048 BYTES $FDFF
$FEOO MISCELLANEOUS REGISTERS
SrE0F 16 BYTES
$FE10
l
$FE1F
$F520 MONITOR ROM
SFrD 350 BYTES
$FF7E
l
$FFBD
$FEBE MISCELLANEOUS REGISTERS
- 4BYTES
$FFC2
l
$FFCF
$FEDO USER VECTORS
srrer 48 BYTES
MCB8HC908QL4, MC68HCI08QL3 MC68HC9080L2
Memory Map Memory Map

Figure 2-1. Memory Map
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Memory

Addr.

$001C

$001D

$001E

$001F

$0020

$0021

$0022

$0023

$0024

$0025

28

Register Name

Keyboard Interrupt
Polarity Register (KBIPR)
See page 95.

IRQ Status and Control
Register (INTSCR)
See page 87.

Configuration Register 2
(CONFIG2)")
See page 63.

Configuration Register 1
(CONFIGT)(")
See page 64.

TIM Status and Control
Register (TSC)
See page 180.

TIM Counter Register High
(TCNTH)
See page 182.

TIM Counter Register
Low (TCNTL)
See page 182.

TIM Counter Modulo
Register High (TMODH)
See page 182.

TIM Counter Modulo
Register Low (TMODL)
See page 182.

TIM Channel 0 Status and
Control Register (TSC0)
See page 183.

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:

Bit7 6 5 4 3 2 1 Bit 0
0 0
KBIP5 KBIP4 KBIP3 KBIP2 KBIP1 KBIPO
0 0 0 0 0 0 0 0
0 0 0 0 IRQF 0
IMASK MODE
ACK
0 0 0 0 0 0 0 0
OSCENIN-
IRQPUD IRQEN R R R R STOP RSTEN
0 0 0 0 0 0 0 0
1. One-time writable register after each reset.
2. RSTEN reset to 0 by a power-on reset (POR) only.
COPRS | LVISTOP | LVIRSTD | LVIPWRD | LVITRIP | SSREC STOP COPD
0 0 0 0 0 0 0 0
1. One-time writable register after each reset.
2. LVITRIP reset to 0 by a power-on reset (POR) only.
TOF 0 0
TOIE TSTOP PS2 PS1 PSO
0 TRST
0 0 1 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1
CHoF
0 CHOIE MS0B MSOA ELSOB ELSOA TOVO CHOMAX
0 0 0 0 0 0 0 0

|:| = Unimplemented

|I| = Reserved

U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 2 of 7)
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Auto Wakeup Module (AWU)

COPRS (In Stop Mode) — Auto Wakeup Period Selection Bit, depends on OSCSTOPEN in
CONFIG2 and bus clock source (BUSCLKX4).

1 = Auto wakeup short cycle = 512 x (INTRCOSC or BUSCLKX4)

0 = Auto wakeup long cycle = 16,384 x (INTRCOSC or BUSCLKX4)

NOTE
LVISTOP, LVIRST, LVIPWRD, LVITRIP, SSREC and COPD bits are not
used in conjuction with the auto wakeup feature. For a description of these
bits, see Chapter 5 Configuration Register (CONFIG).
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Configuration Register (CONFIG)

IRQPUD — IRQ Pin Pullup Control Bit
1 = Internal pullup is disconnected L
0 = Internal pullup is connected between IRQ pin and Vpp

IRQEN — IRQ Pin Function Selection Bit
1 = Interrupt request function active in pin
0 = Interrupt request function inactive in pin

OSCENINSTOP— Oscillator Enable in Stop Mode Bit
OSCENINSTOP, when set, will allow the clock source to continue to generate clocks in stop mode.
This function can be used to keep the auto-wakeup running while the rest of the microcontroller stops.
When clear, the clock source is disabled when the microcontroller enters stop mode.
1 = Oscillator enabled to operate during stop mode
0 = Oscillator disabled during stop mode

RSTEN — RST Pin Function Selection
1 = Reset function active in pin
0 = Reset function inactive in pin
NOTE
The RSTEN bit is cleared by a power-on reset (POR) only. Other resets will
leave this bit unaffected.

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

U = Unaffected
Figure 5-2. Configuration Register 1 (CONFIG1)

COPRS (Out of Stop Mode) — COP Reset Period Selection Bit
1 = COP reset short cycle = 8176 x BUSCLKX4
0 = COP reset long cycle = 262,128 x BUSCLKX4

COPRS (In Stop Mode) — Auto Wakeup Period Selection Bit, depends on OSCSTOPEN in
CONFIG2 and external clock source

1 = Auto wakeup short cycle = 512 x (INTRCOSC or BUSCLKX4)

0 = Auto wakeup long cycle = 16,384 x (INTRCOSC or BUSCLKX4)

LVISTOP — LVI Enable in Stop Mode Bit
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 — LVI Reset Disable Bit
LVIRSTD disables the reset signal from the LVI module.
1 = LVI module resets disabled
0 = LVI module resets enabled
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Computer Operating Properly (COP)

The COP counter is a free-running 6-bit counter preceded by the 12-bit system integration module (SIM)
counter. If not cleared by software, the COP counter overflows and generates an asynchronous reset after
262,128 or 8176 BUSCLKX4 cycles; depending on the state of the COP rate select bit, COPRS, in
configuration register 1. With a 262,128 BUSCLKX4 cycle overflow option, the internal 12.8-MHz
oscillator gives a COP timeout period of 20.48 ms. Writing any value to location $FFFF before an overflow
occurs prevents a COP reset by clearing the COP counter and stages 12-5 of the SIM counter.

NOTE
Service the COP immediately after reset and before entering or after exiting
stop mode to guarantee the maximum time before the first COP counter
overflow.

A COP reset pulls the RST pin low (if the RSTEN bit is set in the CONFIG1 register) for 32 x BUSCLKX4
cycles and sets the COP bit in the reset status register (RSR). See 13.8.1 SIM Reset Status Register.

NOTE
Place COP clearing instructions in the main program and not in an interrupt
Subroutine. Such an interrupt subroutine could keep the COP from
generating a reset even while the main program is not working properly.

6.3 1/0 Signals

The following paragraphs describe the signals shown in Figure 6-1.

6.3.1 BUSCLKX4

BUSCLKX4 is the oscillator output signal. BUSCLKX4 frequency is equal to the crystal frequency or the
RC-oscillator frequency.

6.3.2 STOP Instruction

The STOP instruction clears the SIM counter.

6.3.3 COPCTL Write

Writing any value to the COP control register (COPCTL) (see Figure 6-2) clears the COP counter and
clears stages 12-5 of the SIM counter. Reading the COP control register returns the low byte of the reset
vector.

6.3.4 Power-On Reset

The power-on reset (POR) circuit in the SIM clears the SIM counter 4096 x BUSCLKX4 cycles after power
up.

6.3.5 Internal Reset

An internal reset clears the SIM counter and the COP counter.

6.3.6 COPD (COP Disable)

The COPD signal reflects the state of the COP disable bit (COPD) in the configuration register (CONFIG).
See Chapter 5 Configuration Register (CONFIG).
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Table 7-2. Opcode Map

Bit Manipulation | Branch Read-Modify-Write Control Register/Memory
DIR DIR REL DIR INH INH 1X1 SP1 IX INH INH IMM DIR EXT 1X2 SP2 1X1 SP1 IX
& 0 1 2 3 4 5 6 9E6 7 8 9 A B [ D 9ED E 9EE F
LSB
5 4 3 4 1 1 4 5 3 7 3 2 3 4 4 5 3 4 2
0 BRSETO | BSETO | BRA NEG NEGA | NEGX NEG NEG NEG RTI BGE SuB SuUB SUB SuB SUB sSuB SUB SuB
3 DIR|2 DIR[2 REL|2 DIR|1 INH|[1 INH |2 IX1]|3 SP1|1 IX |1 INH|2 REL|2 IMM|2 DIR|3 EXT|3 IX2 |4 SP2|2 IX1 |3 SP1|1 IX
5 4 3 5 4 4 5 6 4 4 3 2 3 4 4 5 3 4 2
1 BRCLRO | BCLRO | BRN CBEQ | CBEQA | CBEQX | CBEQ | CBEQ | CBEQ RTS BLT CMP CMP CMP CMP CMP CMP CMP CMP
3 DIR|2 DIR[2 REL|3 DIR|3 IMM[3 IMM|3 IX1+ |4 SP1|2 IX+ |1 INH|2 REL|2 IMM[2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |3 SP1|1 IX
5 4 3 5 7 3 2 3 2 3 4 4 5 3 4 2
2 BRSET1 | BSET1 BHI MUL DIV NSA DAA BGT SBC SBC SBC SBC SBC SBC SBC SBC
3 DIR|2 DIR|2 REL 1 INH |1 INH |1 INH 1 INH 2 REL|2 IMM|2 DIR|3 EXT|3 IX2 |4 SP2|2 IX1 |3 SP1|1 IX
5 4 3 4 1 1 4 5 3 9 3 2 3 4 4 5 3 4 2
3 BRCLR1 | BCLR1 BLS COM COMA | COMX | COM COM COM SWI BLE CPX CPX CPX CPX CPX CPX CPX CPX
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|[2 IX1 |3 SP1|1 IX |1 INH|2 REL|2 IMM|2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |83 SP1|1 IX
5 4 3 4 1 1 4 5 3 2 2 2 3 4 4 5 3 4 2
4 BRSET2 | BSET2 | BCC LSR LSRA LSRX LSR LSR LSR TAP TXS AND AND AND AND AND AND AND AND
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|[2 IX1 |83 SP1|1 IX |1 INH|1 INH|2 IMM|2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |83 SP1|1 IX
5 4 3 4 3 4 3 4 1 2 2 3 4 4 5 3 4 2
5 BRCLR2 | BCLR2 | BCS STHX | LDHX LDHX | CPHX CPHX TPA TSX BIT BIT BIT BIT BIT BIT BIT BIT
3 DIR|2 DIR[2 REL|2 DIR|3 IMM[2 DIR|3 IMM 2 DIR|1 INH|1 INH|2 IMM|2 DIR|3 EXT|3 IX2 |4 SP2|2 IX1 [3 SP1|1 IX
5 4 3 4 1 1 4 5 3 2 2 3 4 4 5 3 4 2
6 BRSET3 | BSET3 | BNE ROR RORA | RORX ROR ROR ROR PULA LDA LDA LDA LDA LDA LDA LDA LDA
3 DIR|2 DIR[2 REL|2 DIR|1 INH[1 INH|2 IX1 |83 SP1|1 IX |1 INH 2 IMM|2 DIR|3 EXT[3 IX2 |4 SP2|2 IX1 |3 SP1|1 IX
5 4 3 4 1 1 4 5 3 2 1 2 3 4 4 5 3 4 2
7 BRCLR3 | BCLR3 | BEQ ASR ASRA | ASRX ASR ASR ASR PSHA TAX AIS STA STA STA STA STA STA STA
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|2 X1 |83 SP1|1 IX |1 INH|1 INH|2 IMM[2 DIR|3 EXT|3 X2 [4 SP2|2 IX1 |3 SP1|1 IX
5 4 3 4 1 1 4 5 3 2 1 2 3 4 4 5 3 4 2
8 BRSET4 | BSET4 | BHCC LSL LSLA LSLX LSL LSL LSL PULX CLC EOR EOR EOR EOR EOR EOR EOR EOR
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|[2 IX1 |3 SP1|1 IX |1 INH|1 INH|2 IMM|2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |83 SP1|1 IX
5 4 3 4 1 1 4 5 3 2 1 2 3 4 4 5 3 4 2
9 BRCLR4 | BCLR4 | BHCS ROL ROLA | ROLX ROL ROL ROL PSHX SEC ADC ADC ADC ADC ADC ADC ADC ADC
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|[2 IX1 |3 SP1|1 IX (1 INH|1 INH|2 IMM|2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |83 SP1|1 IX
5 4 3 4 1 1 4 5 3 2 2 2 3 4 4 5 3 4 2
A BRSET5 | BSET5 BPL DEC DECA | DECX DEC DEC DEC PULH CLI ORA ORA ORA ORA ORA ORA ORA ORA
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|[2 IX1 |3 SP1|1 IX |1 INH|1 INH|2 IMM|2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |83 SP1|1 IX
5 4 3 5 3 3 5 6 4 2 2 2 3 4 4 5 3 4 2
B BRCLR5 | BCLR5 BMI DBNZ | DBNZA | DBNZX | DBNZ | DBNZ | DBNZ | PSHH SEI ADD ADD ADD ADD ADD ADD ADD ADD
3 DIR|2 DIR[2 REL|3 DIR|2 INH[2 INH|[3 IX1 |4 SP1|2 IX |1 INH|1 INH|2 IMM[2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |3 SP1|{1 IX
5 4 3 4 1 1 4 5 3 1 1 2 3 4 3 2
C BRSET6 | BSET6 | BMC INC INCA INCX INC INC INC CLRH RSP JMP JMP JMP JMP JMP
3 DIR|2 DIRf[2 REL|2 DIR|1 INH[1 INH|2 IX1 |83 SP1f1 IX |1 INH|1 INH 2 DIR|3 EXT|3 IX2 2 X1 1 IX
5 4 3 3 1 1 3 4 2 1 4 4 5 6 5 4
D BRCLR6 | BCLR6 | BMS TST TSTA TSTX TST TST TST NOP BSR JSR JSR JSR JSR JSR
3 DIR|2 DIR[2 REL|2 DIR|1 INH[1 INH|2 IX1 |3 SP1|1 IX 1 INH[2 REL|2 DIR|3 EXT[3 IX2 2 X1 1 IX
5 4 3 5 4 4 4 1 2 3 4 4 5 3 4 2
E BRSET7 | BSET7 BIL MoV MOV MOV MoV STOP * LDX LDX LDX LDX LDX LDX LDX LDX
3 DIR|2 DIR|2 REL 3 DD |2 DIX+ |3 IMD 2 IX+D |1 INH 2 IMM|2 DIR|3 EXT|3 IX2 |4 SP2|2 IX1 |3 SP1|1 IX
5 4 3 3 1 1 3 4 2 1 1 2 3 4 4 5 3 4 2
F BRCLR7 | BCLR7 BIH CLR CLRA | CLRX CLR CLR CLR WAIT TXA AIX STX STX STX STX STX STX STX
3 DIR|2 DIR[2 REL|2 DIR|1 INH|1 INH|[2 IX1 |3 SP1|1 IX |1 INH|1 INH|2 IMM|2 DIR|3 EXT|3 IX2 [4 SP2|2 IX1 |83 SP1|1 IX
INH Inherent REL Relative SP1 Stack Pointer, 8-Bit Offset MSB . . .
IMM Immediate IX  Indexed, No Offset SP2 Stack Pointer, 16-Bit Offset 0 High Byte of Opcode in Hexadecimal
DIR Direct IX1 Indexed, 8-Bit Offset  IX+ Indexed, No Offset with LSB
EXT Extended IX2 Indexed, 16-Bit Offset Post Increment 5 Cycles
DD Direct-Direct IMD Immediate-Direct IX1+ Indexed, 1-Byte Offset with Low Byte of Opcode in Hexadecimal 0 BRSETO | Opcode Mnemonic
IX+D Indexed-Direct DIX+ Direct-Indexed Post Increment 3 DIR |Number of Bytes / Addressing Mode

*Pre-byte for stack pointer indexed instructions

(ndD) Hun 10ss3204d [BNUD)



Keyboard Interrupt Module (KBI)

9.8.1 Keyboard Status and Control Register (KBSCR)

Features of the KBSCR:
* Flags keyboard interrupt requests
* Acknowledges keyboard interrupt requests
* Masks keyboard interrupt requests
* Controls keyboard interrupt triggering sensitivity

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 KEYF 0
IMASKK | MODEK
Write: ACKK
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 9-3. Keyboard Status and Control Register (KBSCR)

Bits 7-4 — Not used

KEYF — Keyboard Flag Bit
This read-only bit is set when a keyboard interrupt is pending.
1 = Keyboard interrupt pending
0 = No keyboard interrupt pending

ACKK — Keyboard Acknowledge Bit
Writing a 1 to this write-only bit clears the KBI request. ACKK always reads 0.

IMASKK— Keyboard Interrupt Mask Bit
Writing a 1 to this read/write bit prevents the output of the KBI latch from generating interrupt requests.
1 = Keyboard interrupt requests disabled
0 = Keyboard interrupt requests enabled

MODEK — Keyboard Triggering Sensitivity Bit
This read/write bit controls the triggering sensitivity of the keyboard interrupt pins.
1 = Keyboard interrupt requests on edge and level
0 = Keyboard interrupt requests on edge only

MC68HC908QL4 « MC68HC908QL3 « MC68HC908QL2 Data Sheet, Rev. 6
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Input/Output Ports (PORTS)

12.2.1 Port A Data Register
The port A data register (PTA) contains a data latch for each of the six port A pins.

Bit 7 6 5 4 3 2 1 Bit0
Read: AWUL PTA2
] R PTA5 PTA4 PTA3 PTA1 PTAO
Write:
Reset: Unaffected by reset

IIl = Reserved |:| = Unimplemented

Figure 12-1. Port A Data Register (PTA)

PTA[5:0] — Port A Data Bits
These read/write bits are software programmable. Data direction of each port A pin is under the control
of the corresponding bit in data direction register A. Reset has no effect on port A data.

AWUL — Auto Wakeup Latch Data Bit
This is a read-only bit which has the value of the auto wakeup interrupt request latch. The wakeup
request signal is generated internally (see Chapter 4 Auto Wakeup Module (AWU)). There is no PTA6
port nor any of the associated bits such as PTA6 data register, pullup/down enable or direction.

12.2.2 Data Direction Register A

Data direction register A (DDRA) determines whether each port A pin is an input or an output. Writing a
1 to a DDRA bit enables the output buffer for the corresponding port A pin; a 0 disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
) R R DDRA5 DDRA4 DDRA3 DDRA1 DDRAO
Write:
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved I:l = Unimplemented

Figure 12-2. Data Direction Register A (DDRA)

DDRA[5:0] — Data Direction Register A Bits
These read/write bits control port A data direction. Reset clears DDRA[5:0], configuring all port A pins
as inputs.
1 = Corresponding port A pin configured as output
0 = Corresponding port A pin configured as input

NOTE
Avoid glitches on port A pins by writing to the port A data register before
changing data direction register A bits from 0 to 1.

Figure 12-3 shows the port A 1/O logic.
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A
Slave LIN Interface Controller (SLIC) Module

ar P
PTAO/ADO/KBIO <€—] NTERNAL OSC
PTA1/AD1/TCH1/KBH ~—> <}:">
e = @ 4,8,12.8, or 25.6 MHz
PTA3/RST/KBI3 <—>] a
PTA4/OSC2/AD2KBI4 <> (| KEYBOARD NTERRLPT
MODULE
PTA5/0SC1/AD3/KBI5 <€—»-]
! EXTERNAL INTERRUPT
PTBO/TCHO ~<—»] — weercos Py K (I MODULE
PTB1 <«—>»
PTB2/AD4 <> AN @ AUTO WAKEUP
MODULE
PTB3/ADS <> o | @ [V
=)
PTB4/SLCRX <€ = | © <\l:> LOW-VOLTAGE
PTB5/SLCTX <3 INFIBIT
PTB6 =—>»
7 @ 2-CHANNEL 16-BIT
PTB7 <—> N @ TIMER MODULE
coP
MC68HC908QL4 MCsEHCo08L4 <5|> MODULE
198 BYTES <_—> 4096 BYTES
USER RAM USER FLASH <):|‘> 6-CHANNEL
10-BIT ADC
SLAVE LIN INTERFACE
CONTROLLER
Voo —
POWER SUPPLY <\’:> DEVELOPMENT SUPPORT
Veg — ol
ss MONITOR ROM
BREAK MODULE

RST, IRQ: Pins have internal pull up device
All port pins have programmable pull up device (pullup/down on port A)
PTA[0:5]: Higher current sink and source capability

Figure 14-1. Block Diagram Highlighting SLIC Block and Pins
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Slave LIN Interface Controller (SLIC) Module

instruction the CPU executes to cause the SLIC module to enter SLIC stop, the message which wakes
up the SLIC module (and the CPU) may or may not be received.

There are two different possibilities:
1. Wakeup from SLIC Stop with CPU in STOP

When the CPU executes the STOP instruction, all clocks in the MCU, including clocks to the SLIC
module, are turned off. Therefore, the message which wakes up the SLIC module and the CPU
from stop mode will not be received. This is due primarily to the amount of time required for the
MCU's oscillator to stabilize before the clocks can be applied internally to the other MCU modules,
including the SLIC module.

2. Wakeup from SLIC Stop with CPU in WAIT If the CPU executes the WAIT instruction and the SLIC
module enters the stop mode (SLCWCM = 1), the clocks to the SLIC module are turned off, but the
clocks in the MCU continue to run. Therefore, the message which wakes up the SLIC module from
stop and the CPU from wait mode will be received correctly by the SLIC module. This is because
very little time is required for the CPU to turn the clocks to the SLIC module back on after the
wakeup interrupt occurs.

NOTE
While the SLIC module will correctly receive a message which arrives when
the SLIC module is in stop or wait mode and the MCU is in wait mode, if the
user enters this mode while a message is being received, the data in the
message will become corrupted. This is due to the steps required for the
SLIC module to resume operation upon exiting stop or wait mode, and its
subsequent resynchronization with the LIN bus.

14.5.8 Normal and Emulation Mode Operation

The SLIC module operates in the same manner in all normal and emulation modes. All SLIC module
registers can be read and written except those that are reserved, unimplemented, or write once. The user
must be careful not to unintentionally write a register when using 16-bit writes to avoid unexpected SLIC
module behavior.

14.5.9 Special Mode Operation

Some aspects of SLIC module operation can be modified in special test mode. This mode is reserved for
internal use only.

14.5.10 Low-Power Options

The SLIC module can save power in disabled, wait, and stop modes. A complete description of what the
SLIC module does while in a low-power mode can be found in 14.5 Modes of Operation.

14.6 SLIC During Break Interrupts

The BCFE bit in the BSCR register has no affect on the SLIC module. Therefore the SLIC modules status
bits cannot be protected during break.
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The SLIC clock is the same as the CPU bus clock. The module is designed to provide better than 1% bit
rate accuracy at the lowest value of the SLIC clock frequency and the accuracy improves as the SLIC
clock frequency is increased. For this reason, it is advantageous to choose the fastest SLIC clock which
is still within the acceptable operating range of the SLIC. Because the SLIC may be used with MCUs with
internal oscillators, the tolerance of the oscillator must be taken into account to ensure that SLIC clock
frequency does not exceed the bounds of the SLIC clock operating range. This is especially important if
the user wishes to use the oscillator untrimmed, where process variations might result in MCU frequency
offsets of +25%.

The acceptable range of SLIC clock frequencies is 2—8 MHz to guarantee LIN operations with greater than
1.5% accuracy across the 1-20 kbps range of LIN bit rates. The user must ensure that the fastest possible
SLIC clock frequency never exceeds 8 MHz or that the slowest possible SLIC clock never falls below 2

MHz under worst case conditions. This would include, for example, oscillator frequency variations due to
untrimmed oscillator tolerance, temperature variation, or supply voltage variation.

To initialize the SLIC module into LIN operating mode, the user must perform the following steps prior to
needing to receive any LIN message traffic. These steps assume the MCU has been reset either by a
power-on reset (POR) or any other MCU reset mechanism.

The steps for SLIC Initialization for LIN operation are:
1. Write SLCC1 to clear INITREQ.
2. When INITACK = 0, write SLCC1 & SLCC2 with desired values for:
a. SLCWCM — Wait clock mode (default = leaving SLIC clock running when in CPU wait).
3. Write SLCP to set up prescalers for:
a. RXFP — Digital receive filter clock prescaler (default = SLIC divided by 3).
4. Enable the SLIC module by writing SLCC2:
a. SLCE =1 to place SLIC module into run mode.
b. BTM = 0 to disable byte transfer mode (default).
5. Write SLCC1 to enable SLIC interrupts (if desired).

14.9.6.2 Byte Transfer Mode Initialization

Bit rate synchronization is handled automatically in LIN mode, using the synchronization data contained
in each LIN message to derive the desired bit rate. In byte transfer mode (BTM = 1); however, the user
must set up the bit rate for communications using the clock selection, prescaler, and SLCBT.

More information on byte transfer mode is described in 14.9.15 Byte Transfer Mode Operation, including
the performance parameters on recommended maximum speeds, bit time resolution, and oscillator
tolerance requirements.

After the desired settings of prescalers and bit time are determined, the SLIC Initialization for BTM
operation is virtually identical to that of LIN operation.
The steps are:
1. Write SLCC1 to clear INITREQ.
2. When INITACK = 0, write SLCC2 with desired values for:
a. SLCWCM — Wait clock mode (default = leaving SLIC clock running when in CPU wait).
3. Write SLCICP to set up prescalers for:
a. RXFP — Digital receive filter clock prescaler (default = SLIC divided by 3).
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data bytes will fit in the buffer and only one interrupt should occur. At this time, the final interrupt may be
handled normally, continuing to use the software counter to read the proper number of bytes from the
appropriate SLCD registers.

NOTE
Do not write SLCDLC more than one time per LIN message frame. The
SLIC tracks the number of sent or received bytes based on the value written
to this register at the beginning of the data field and rewriting this register
will corrupt the checksum calculation and cause unpredictable behavior in
the SLIC module. The application software must track the number of sent
or received bytes to know what the current byte count in the SLIC is. If
programming in C, make sure to use the VOLATILE modifier on this
variable (or make it a global variable) to ensure that it keeps its value
between interrupts.

14.9.8.3 Possible Errors on Command Message Data

Possible errors on command message data are:
* Byte Framing Error
e Checksum-Error (LIN specified error)
* No-Bus-Activity (LIN specified error)
* Receiver Buffer Overrun Error

14.9.9 Handling Request LIN Message Frames

Figure 14-17 shows how to handle request message frames, where the SLIC module is sending data to
the master node.

Request message frames refer to LIN messages frames where the master node is “requesting” the slave
node to supply information. The implication is that the slave will then be transmitting data to the master
for this message frame. This can be a standard LIN message frame of 1-8 data bytes, a reserved LIN
system message (using 0x3D identifier), or an extended request message frame utilizing the reserved
0x3E identifier or perhaps the Ox3F LIN reserved extended identifier. The SLIC module is capable of
handling request message frames containing up to 64 bytes of data, while still automatically calculating
and/or verifying the checksum.

14.9.9.1 Standard Request Message Frames

Dealing with request messages with the SLIC is very similar to dealing with command messages, with
one important difference. Because the SLIC is now to be transmitting data in the LIN message frame, the
user software must load the data to be transmitted into the message buffer prior to initiating the
transmission. This means an extra step is taken inside the interrupt service routine after the identifier has
been decoded and is determined to be an ID for a request message frame.

Figure 14-17 deals with request messages, where the SLIC will be transmitting data to the master node.
If the received identifier corresponds to a standard LIN command frame (i.e., 1-8 data bytes), the
message processing is very simple. The user must load the data to be transmitted into the transmit buffer
by writing it to the SLCD registers. The first byte to be transmitted on the LIN bus must be loaded into
SLCDO, then SLCD1 for the second byte, etc. After all of the bytes to be transmitted are loaded in this
way, a single write to SLCDLC will allow the user to encode the number of data bytes to be transmitted
(1-8 bytes for standard request frames), set the proper checksum calculation method for the data
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The next SLIC interrupt which occurs, if unmasked, will indicate the end of the request message frame

and will either indicate that the frame was properly transmitted or that an error was encountered during

transmission. Refer to 14.9.9.4 Possible Errors on Request Message Data for more detailed explanation
of these possible errors. This interrupt also signals to the application that the message frame is complete
and all data bytes and the checksum value have been properly transmitted onto the bus.

The SLIC module cannot begin to transmit the data until the user writes a 1 to TXGO, indicating that data
is ready. If the user writes TXGO without loading data into the transmit buffer, whatever data is in storage
will be transmitted, where the number of bytes transmitted is based on the data length value in the data
length register. Similarly, if the user writes the wrong value for the number of data bytes to transmit, the
SLIC will transmit that number of bytes, potentially transmitting garbage data onto the bus. The checksum
calculation is performed based on the data transmitted, and will therefore still be calculated.

The identifier must be processed, data must be loaded into the transmit buffer, and the SLCDLC value
written to initiate data transmission in a certain amount of time, based on the LIN specification. If the user
waits too long to start transmission, the master node will observe an idle bus and trigger a Slave Not
Responding error condition. The same error can be triggered if the transmission begins too late and does
not complete before the message frame times out. Refer to the LIN specification for more details on timing
constraints and requirements for LIN slave devices. This is especially important when dealing with
extended request frames, when the data must be loaded in 8 byte sections (maximum) to be transmitted
at each interrupt.

14.9.9.2 Extended Request Message Frames

Handling of extended frames is very similar to handling of standard frames, providing that the length is
less than or equal to 64 bytes. Because the SLIC module can only transmit 8 bytes at a time, the transmit
buffer must be loaded periodically for extended message frames. This is not standard LIN operation, and
is likely only to be used for special cases, so the added steps required for processing should not be as
critical to performance. During these types of operations, the application code is likely very limited in
scope and special adjustments can be made to compensate for added message processing time.

When handling extended request frames, it is important to clear the SLCF flag first, before loading any
data or writing TXGO. The data length is still written only one time, at the time the identifier is decoded,
along with the TXGO and CHKMOD bits, after the first 8 data bytes are loaded into the transmit buffer.
When this is done, a software counter must also be initialized to keep track of how many bytes are to be
transmitted in the message frame. The SLIC will generate an interrupt, if unmasked, after 8 bytes are
transmitted or an error is detected. At this interrupt, the SLCSV will indicate an error condition (in case of
byte framing error or bit error) or that the transmit buffer is empty. If the data is transmitted successfully,
the user must then clear the SLCF flag, subtract 8 from the software byte count, load the next 8 bytes into
the SLCD registers, and write a 1 to TXGO to tell the SLIC that the buffers are loaded and transmission
can commence. When this software counter reaches 8 or fewer, the remaining data bytes will fit in the
transmit buffer and the SLIC will automatically append the checksum value to the frame after the last byte
is sent.

NOTE
Do not write the CHKMOD or data length values in SLCDLC more than one
time per message frame. The SLIC tracks the number of sent or received
bytes based on the value written to this register at the beginning of the data
field and rewriting this register will corrupt the checksum calculation and
cause unpredictable behavior in the SLIC module. The application software
must track the number of sent or received bytes to know what the current
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Registers

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

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

NOTE
Do not set the TSTORP bit before entering wait mode if the TIM is required
to exit wait mode. Also, when the TSTORP bit is set and the timer is
configured for input capture operation, input captures are inhibited until the
TSTORP bit is cleared.

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

NOTE
Setting the TSTOP and TRST bits simultaneously stops the 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 counter as
Table 15-1 shows.

Table 15-1. Prescaler Selection

PS2 PS1 PS0O TIM Clock Source
0 0 0 Internal bus clock + 1
0 0 1 Internal bus clock + 2
0 1 0 Internal bus clock + 4
0 1 1 Internal bus clock + 8
1 0 0 Internal bus clock + 16
1 0 1 Internal bus clock + 32
1 1 0 Internal bus clock + 64
1 1 1 TCLK (if available)

15.8.2 TIM Counter Registers

The two read-only TIM counter registers contain the high and low bytes of the value in the 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.
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