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Figure 2-2. Control, Status, and Data Registers (Sheet 6 of 12)
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X X X X X X X X
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X X X X X X X X

CH1F
0 CH1IE MS1A ELS1B | ELS1A | TOV1 | CHIMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
X X X X X X X X
Bit7 6 5 4 3 2 1 Bit 0
X X X X X X X X
PLLF
PLLIE PLLON BCS PRET1 PREO VPR VPRO
0 0 1 0 0 0 0 0
LOCK — 0 0 0 0
AUTO ACQ R
0 0 0 0 0 0 0 0
0 0 0 0
MUL11 | MUL10 | MUL9 MULS
0 0 0 0 0 0 0 0
MUL7 MUL6 MUL5 MUL4 MUL3 MuL2 MUL1 MULO
0 1 0 0 0 0 0 0
VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS1 VRS0
0 1 0 0 0 0 0 0
X = Indeterminate = Unimplemented R = Reserved
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Central Processor Unit (CPU)

Table 6-1. Instruction Set Summary (Sheet 1 of 8)

Effect on o ° o

c
Source Operation Description CCR § ) 3 © ®
Form T3 S g S
H|1|N|Z|C 3 S 5 S |3
ADC #opr IMM A9 i 2
ADC opr DIR B9 |dd 3
ADC opr EXT C9 |hhil | 4
ADC opr,X . IX2 D9 |eeff | 4
ADC opr.X Add with Carry A<« (A)+ (M) +(C) I T e IX1 E9 |ff 3
ADC ,X IX F9 2
ADC opr,SP SP1 9EE9 |ff 4
ADC opr,SP SP2 9ED9 |eeff | 5
ADD #opr IMM AB i 2
ADD opr DIR BB |dd 3
ADD opr EXT CB |hhil | 4
ADD opr,X . IX2 DB |eeff | 4
ADD opr X Add without Carry A« (A) + (M) N I I A IX1 EB  |ff 3
ADD ,X IX FB 2
ADD opr,SP SP1 9EEB |ff 4
ADD opr,SP SP2 9EDB |eeff | 5
AIS #opr Add Immediate Value (Signed) to SP SP « (SP) + (16 « M) -|={=1-1-|IMM A7 i 2
AIX #opr Add Immediate Value (Signed) to H:X H:X « (H:X) + (16 « M) -|={=1-1-|IMM AF i 2
AND #opr IMM A4 il 2
AND opr DIR B4 |dd 3
AND opr EXT C4 |hhil | 4
AND opr,X . IX2 D4 |eeff | 4
AND opr X Logical AND A« (A) & (M) —|={t ]t |- IX1 Ea i 3
AND ,X IX F4 2
AND opr,SP SP1 9EE4 |ff 4
AND opr,SP SP2 9ED4 |eeff | 5
ASL opr DIR 38 |dd 4
ASLA INH 48 1
ASLX Arithmetic Shift Left . | INH 58 1

~ T[] -|-

ASL opr,X (Same as LSL) <0 IX1 68 |ff 4
ASL X b7 bo IX 78 3
ASL opr,SP SP1 9E68 |ff 5
ASR opr DIR 37 |dd 4
ASRA I INH 47 1
ASRX . . o %:D:D:\:D* INH 57 1
ASR opr,X Arithmetic Shift Right o7 b =1 e 67 |t 4
ASR opr,X IX 77 3
ASR opr,SP SP1 9E67 |ff 5
BCC rel Branch if Carry Bit Clear PC« (PC)+2+rel?(C)=0 —-|—-{-|-|—-|REL 24 |rr 3
DIR (b0O) 11 |dd 4
DIR (b1) 13 |dd 4
DIR (b2) 15 |dd 4
Lo DIR (b3) 17 |dd 4
BCLR n, opr Clear Bitnin M Mn « 0 171717~ |oR (b4 19 |dd 4
DIR (b5)| 1B |dd 4
DIR (b6)| 1D |dd 4
DIR (b7)| 1F |dd 4

Technical Data
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Table 6-2. Opcode Map

Bit Manipulation | Branch Read-Modify-Write Control Register/Memory
DIR DIR REL DIR INH INH IX1 SP1 IX INH INH IMM DIR EXT IX2 SP2 IX1 SP1 IX
VS8 0 1 2 3 4 5 6 9E6 7 8 9 A B C 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 SuUB SuUB 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 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 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 1IX2 |4 SP2|2 IX1 |3 SP1 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 1IX2 |4 SP2[2 IX1 |3 SP1 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 (3 SP1|1 IX (1 INH|1 INH |2 IMM|2 DIR |3 EXT|3 1IX2 |4 SP2[(2 1IX1 |3 SP1 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 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 |3 SP1|1 IX |1 INH 2 IMM|2 DIR|3 EXT|3 IX2 |4 SP2|2 IX1 |3 SP1 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 IX1 |3 SP1|1 IX |1 INH|1 INH|[2 IMM|2 DIR |3 EXT|3 IX2 |4 SP2|2 IX1 |3 SP1 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 1IX2 |4 SP2|2 1IX1 |3 SP1 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 1IX2 |4 SP2[(2 1IX1 |3 SP1 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 1IX2 |4 SP2[(2 IX1 |3 SP1 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 X2 |4 SP2|2 |IX1 |3 SP1 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 DIR|(2 REL[2 DIR|1 INH|1 INH|2 IX1 |3 SP1|1 IX |1 INH |1 INH 2 DIR |3 EXT|3 IX2 2 IX1 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 X1 |3 SP1|1 IX 1 INH|2 REL|{2 DIR |3 EXT|3 IX2 2 IX1 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 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 1IX2 |4 SP2[2 1IX1 |3 SP1 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
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Oscillator (OSC)

The reference clock for the CGM, real time clock module (RTC), and
other MCU sub-systems is driven by the crystal oscillator. The COP
module is always driven by internal RC oscillator.

The RC internal oscillator runs continuously after a POR or reset and is
always available in run and wait modes. In stop mode, it can be disabled
by setting the STOP_IRCDIS bit in CONFIG2 register.

Figure 7-1. shows the block diagram of the oscillator module.

From SIM

EN

SIMOSC

CONFIG2 .»@7
EN
|
STOP_IRCDIS : INTERNAL RC

|

|

: ICLK
OSCILLATOR :

|

|

» To SIM, COP

INTERNAL RC OSCILLATOR

CGMRCLK

To CGM PLL

I
I
I I
CONFIG2 : :
\ CGMXCLK
STOP_XCLKEN : } ° : » To RTC, ADC, LCD,
| | CGM Clock Selection MUX
I I
' Dl
MCU 'LCRYSTAL OSCILLATOR !

*Rg can be zero (shorted) when used with higher-frequency crystals.

Rg
——\AA—
X1
Refer to manufacturer’s data. D

q
See Section 23. for component value requirements.

;‘: c 7k ¢
T

Figure 7-1. Oscillator Module Block Diagram
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Clock Generator Module (CGM)

OSCILLATOR (OSC) MODULE
See Section 7. Oscillator (OSC).

SIMOSCEN ——»|
From SIM ICLK >
INTERNAL RC OSC » To SIM (and COP)

CRYSTAL OSCILLATOR

‘ CGMXCLK
0SsC2 » TO RTC, ADC, LCD

CGMRCLK
OSsC1 >
USER MODE:
CGMOUT =B
o B RESET:A | —— X
! PHASE-LOCKED LOOP (PLL) : RESET: A Ll A | CGMOUT
=2telA
! L »Blg | To SIM
[ | . »|Bl g [
' CGMRDV ™8 o
| REFERENCE |  CGMRCLK | I BASE | SIMDSIVZ
| DIVIDER [ : O CLOCK ,  From SIM
I I SELECT I
! ® | EES ’7 CIRCUIT I
| I |
| RDS[3:0] ' | coMPCLK e
: Voba | [CGMXFC| | Vssa | ! ' CONFIG2
| |
| VPR[lO] |
| |
| VRS[7:0] |
| @ |
| ®) |
| ) A A — N~ LT, ,
| : \i \i Y : |
| |
> | VOLTAGE ||
| DEpTFllecST%R > FIT(L)TOEPR > CONTROLLED |
| > | OSCILLATOR |1 |
I ! ! I
| | A PLLANALOG | |
I L e m = = _e,— e em e_m em —m e e e e ——— - 4 I
| |
| |
! > Lock | AhomaTic | INTERRUPT | CGMINT
| - Lt T |
| »| DETECTOR CONTROL CONTROL o SIM
: ) ) ) :
: Y A4 Y :
| Lock | auto | acQ | | PLLE | PLLF | ,
| |
: MUL[11:0] PRE[1:0] :
| |
: v® Y :
|| CGMVDV FREQUENCY | _ FREQUENCY | CGMVCLK :
. DIVIDER  [® DIVIDER  [® \
| |
| CGMPCLK |
| |
Figure 8-1. CGM Block Diagram
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8.7 Interrupts

NOTE:

Clock Generator Module (CGM)

When the AUTO bit is set in the PLL bandwidth control register (PBWC),
the PLL can generate a CPU interrupt request every time the LOCK bit
changes state. The PLLIE bitin the PLL control register (PCTL) enables
CPU interrupts from the PLL. PLLF, the interrupt flag in the PCTL,
becomes set whether interrupts are enabled or not. When the AUTO bit
is clear, CPU interrupts from the PLL are disabled and PLLF reads as
logic O.

Software should read the LOCK bit after a PLL interrupt request to see
if the request was due to an entry into lock or an exit from lock. When the
PLL enters lock, the divided VCO clock, CGMPCLK, divided by two can
be selected as the CGMOUT source by setting BCS in the PCTL. When
the PLL exits lock, the VCO clock frequency is corrupt, and appropriate
precautions should be taken. If the application is not frequency sensitive,
interrupts should be disabled to prevent PLL interrupt service routines
from impeding software performance or from exceeding stack
limitations.

Software can select the CGMPCLK divided by two as the CGMOUT
source even if the PLL is not locked (LOCK = 0). Therefore, software
should make sure the PLL is locked before setting the BCS bit.

8.8 Special Modes

8.8.1 Wait Mode

The WAIT instruction puts the MCU in low power-consumption standby
modes.

The WAIT instruction does not affect the CGM. Before entering wait
mode, software can disengage and turn off the PLL by clearing the BCS
and PLLON bits in the PLL control register (PCTL) to save power. Less
power-sensitive applications can disengage the PLL without turning it
off, so that the PLL clock is immediately available at WAIT exit. This
would be the case also when the PLL is to wake the MCU from wait
mode, such as when the PLL is first enabled and waiting for LOCK or
LOCK is lost.

MC68HC908LJ12 —Rev. 2.1 Technical Data
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Clock Generator Module (CGM)

8.8.2 Stop Mode

If the oscillator stop mode enable bit (STOP_XCLKEN in CONFIG2
register) is configured to disabled the oscillator in stop mode, then the
STOP instruction disables the CGM (oscillator and phase locked loop)
and holds low all CGM outputs (CGMOUT, CGMVCLK, CGMPCLK, and
CGMINT).

If the STOP instruction is executed with the divided VCO clock,
CGMPCLK, divided by two driving CGMOUT, the PLL automatically
clears the BCS bit in the PLL control register (PCTL), thereby selecting
the oscillator clock, CGMXCLK, divided by two as the source of
CGMOUT. When the MCU recovers from STOP, the crystal clock
divided by two drives CGMOUT and BCS remains clear.

If the oscillator stop mode enable bit is configured for continuous
oscillator operation in stop mode, then the phase locked loop is shut off
but the CGMXCLK will continue to drive the SIM and other MCU sub-
systems.

8.8.3 CGM During Break Interrupts

Technical Data

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state. (See 9.8.3 SIM Break Flag Control
Register.)

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 the PLLF bit during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
the PLL control register during the break state without affecting the PLLF
bit.

MC68HC908LJ12 — Rev. 2.1

126

Clock Generator Module (CGM) Freescale Semiconductor



Clock Generator Module (CGM)

8.9.3 Choosing a Filter

MC68HC908LJ12 — Rev. 2.1

As described in 8.9.2 Parametric Influences on Reaction Time, the
external filter network is critical to the stability and reaction time of the

PLL. The PLL is also dependent on reference frequency and supply
voltage.

Either of the filter networks in Figure 8-10 is recommended when using
a 32.768kHz reference clock (CGMRCLK). Figure 8-10 (a) is used for
applications requiring better stability. Figure 8-10 (b) is used in low-cost
applications where stability is not critical.

CGMXFC CGMXFC
10 kQ ae
—~ 0.01 puF == 047uF
0.033 uF
I\—a
Vssa Vssa

(@) (b)

Figure 8-10. PLL Filter
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9.2 Introduction

This section describes the system integration module (SIM). Together
with the CPU, the SIM controls all MCU activities. A block diagram of the
SIM is shown in Figure 9-1. Table 9-1 is a summary of the SIM
input/output (I/O) registers. The SIM is a system state controller that
coordinates CPU and exception timing. The SIM is responsible for:

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

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

* Interrupt control:
— Acknowledge timing
— Arbitration control timing
— Vector address generation
* CPU enable/disable timing

* Modular architecture expandable to 128 interrupt sources

Table 9-1 shows the internal signal names used in this section.

Technical Data MC68HC908LJ12 — Rev. 2.1
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System Integration Module (SIM)

N F e e e ___ .
| |
0SC2 |=— |
| |
' OSCILLATOR (OSC) MODULE
N | |
| |

0SC1 |— [ COMXCLK » TORTC, ADC
| |
—— | |
| |

o [smcounter]
! ' »| SIM COUNTER
STOP MODE CLOCK—*! ! SIMOSCEN
ENABLESIGNALS "~~~ "~ "7~ -~~~ ~°~~
FROM CONFIG2 CGMROLK SYSTEM INTEGRATION MODULE IT12
; | » TO REST
—————————————— - ==~ OF MCU
cemouT »| . » || BUSCLOCK IT23
PHASE-LOCKED LOOP (PLL) GENERATORS > TOREST

OF MCU

- PTC1
SIMDIV2
e — MONITOR MODE
|
| USER MODE

___________________

Figure 9-3. CGM Clock Signals

9.3.1 Bus Timing

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

9.3.2 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 ICLK 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.
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Timer Interface Module (TIM)

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 notsetthe TSTOP bit before entering wait mode if the TIM is required
to 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 11-2 shows. Reset clears the

PS[2:0] bits.
Table 11-2. Prescaler Selection

PS2 PS1 PSO 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 Not available
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Infrared Serial Communications Interface Module (IRSCI)

13.7.2.1 Character Length

The transmitter can accommodate either 8-bit or 9-bit data. The state of
the M bit in SCI control register 1 (SCC1) determines character length.
When transmitting 9-bit data, bit T8 in SCI control register 3 (SCC3) is
the ninth bit (bit 8).

13.7.2.2 Character Transmission

During an SCI transmission, the transmit shift register shifts a character
out to the TxD pin. The SCI data register (SCDR) is the write-only buffer
between the internal data bus and the transmit shift register. To initiate
an SCI transmission:

1. Enable the SCI by writing a logic 1 to the enable SCI bit (ENSCI)
in SCI control register 1 (SCC1).

2. Enable the transmitter by writing a logic 1 to the transmitter enable
bit (TE) in SCI control register 2 (SCC2).

3. Clear the SCI transmitter empty bit by first reading SCI status
register 1 (SCS1) and then writing to the SCDR.

4. Repeat step 3 for each subsequent transmission.

At the start of a transmission, transmitter control logic automatically
loads the transmit shift register with a preamble of logic 1s. After the
preamble shifts out, control logic transfers the SCDR data into the
transmit shift register. A logic O start bit automatically goes into the least
significant bit position of the transmit shift register. A logic 1 stop bit goes
into the most significant bit position.

The SCI transmitter empty bit, SCTE, in SCS1 becomes set when the
SCDR transfers a byte to the transmit shift register. The SCTE bit
indicates that the SCDR can accept new data from the internal data bus.
If the SCI transmit interrupt enable bit, SCTIE, in SCC2 is also set, the
SCTE bit generates a transmitter interrupt request.

When the transmit shift register is not transmitting a character, the TxD
pin goes to the idle condition, logic 1. If at any time software clears the
ENSCI bit in SCI control register 1 (SCC1), the transmitter and receiver
relinquish control of the port pins.
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Infrared Serial Communications Interface Module (IRSCI)

NOTE: When queueing an idle character, return the TE bit to logic 1 before the
stop bit of the current character shifts out to the TxD pin. Setting TE after
the stop bit appears on TxD causes data previously written to the SCDR
to be lost.

Toggle the TE bit for a queued idle character when the SCTE bit
becomes set and just before writing the next byte to the SCDR.

13.7.2.5 Transmitter Interrupts

The following conditions can generate CPU interrupt requests from the
SCI transmitter:

» SClI transmitter empty (SCTE) — The SCTE bit in SCS1 indicates
that the SCDR has transferred a character to the transmit shift
register. SCTE can generate a transmitter CPU interrupt request.
Setting the SCI transmit interrupt enable bit, SCTIE, in SCC2
enables the SCTE bit to generate transmitter CPU interrupt
requests.

* Transmission complete (TC) — The TC bit in SCS1 indicates that
the transmit shift register and the SCDR are empty and that no
break or idle character has been generated. The transmission
complete interrupt enable bit, TCIE, in SCC2 enables the TC bitto
generate transmitter CPU interrupt requests.

13.7.3 Receiver

Figure 13-8 shows the structure of the SCI receiver.

13.7.3.1 Character Length

The receiver can accommodate either 8-bit or 9-bit data. The state of the
M bit in SCI control register 1 (SCC1) determines character length.
When receiving 9-bit data, bit R8 in SCI control register 2 (SCC2) is the
ninth bit (bit 8). When receiving 8-bit data, bit R8 is a copy of the eighth
bit (bit 7).
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Infrared Serial Communications Interface Module (IRSCI)

Table 13-8. SCI Baud Rate Selection

SCR2, SCR1, and SCRO Baud Rate Divisor (BD)
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

Use this formula to calculate the SCI baud rate:

SCI clock source
16 x PD x BD

baud rate =

where:

SCI clock source = fg;g or CGMXCLK

(selected by CKS bit)
PD = prescaler divisor
BD = baud rate divisor

Table 13-9 shows the SCI baud rates that can be generated with a
4.9152-MHz bus clock when fg g is selected as SCI clock source.
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Serial Peripheral Interface Module (SPI)

14.13.3 SPSCK (Serial Clock)

The serial clock synchronizes data transmission between master and
slave devices. In a master MCU, the SPSCK pin is the clock output. In a
slave MCU, the SPSCK pin is the clock input. In full-duplex operation,
the master and slave MCUs exchange a byte of data in eight serial clock
cycles.

When enabled, the SPI controls data direction of the SPSCK pin
regardless of the state of the data direction register of the shared 1/0
port.

14.13.4 SS (Slave Select)

NOTE:

Technical Data

The SS pin has various functions depending on the current state of the
SPI. For an SPI configured as a slave, the SS is used to select a slave.
For CPHA = 0, the SS is used to define the start of a transmission. (See
14.6 Transmission Formats.) Since it is used to indicate the start of a
transmission, the SS must be toggled high and low between each byte
transmitted for the CPHA = 0 format. However, it can remain low
between transmissions for the CPHA = 1 format. See Figure 14-12.

misomosl BYTE 1 \ BYTE 2 | BYTE 3 |
MASTERSS [ \
sars A ) —
SLAVE SS /*
CPHA =1

Figure 14-12. CPHA/SS Timing

When an SPI is configured as a slave, the SS pin is always configured
as an input. It cannot be used as a general-purpose I/O regardless of the
state of the MODFEN control bit. However, the MODFEN bit can still
prevent the state of the SS from creating a MODF error. (See 14.14.2
SPI Status and Control Register.)

Alogic 1 voltage on the SS pin of a slave SPI puts the MISO pin in a high-
impedance state. The slave SPI ignores all incoming SPSCK clocks,
even if it was already in the middle of a transmission.
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Analog-to-Digital Converter (ADC)

15.2 Introduction

This section describes the analog-to-digital convert (ADC). The ADC is
a 6-channel 10-bit linear successive approximation ADC.

15.3 Features

Features of the ADC module include:

Technical Data

Six Channels with Multiplexed Input

High impedance buffered input

Linear Successive Approximation with monotonicity

10-Bit Resolution

Single or Continuous Conversion

Conversion Complete Flag Or Conversion Complete Interrupt

Selectable ADC Clock

Conversion result justification

8-bit truncated mode
Right justified mode
Left justified mode

Left justified sign mode
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Electrical Specifications

23.7 3.3V DC Electrical Characteristics
Table 23-5. 3.3V DC Electrical Characteristics

Characteristic® Symbol Min Typ®@ Max Unit
Output high voltage (I oap = —1.0 mA)
V Vpp-0.4 — —
All ports OH b v
Output low voltage
I =0.8mA) All ports
(ILoaD - ) All p VoL _ _ 04 v
(ILoap = 4.0 mA) PTB2-PTB5
(I.oap = 10.0 mA) PTBO/TxD-PTB1
Input high voltage
_— V 7 xV — V
All ports, RST, IRQ, OSC1 IH 0.7 Voo DD v
Input low voltage
—_— \% V — 3 xV
All ports, RST, IRQ, OSC1 IL ss 03xVpp |V
Vpp supply current
Run®, fop = 4 MHz
with all modules on — — 8 mA
with ADC on — — 6 mA
with ADC off — — 5 mA
Wait™, fop = 4 MHz (all modules off) Iop — — 35 mA
Stop, fop = 8 kHz®)
25°C (with OSC, RTC, LCD®), LVI on) — — 280 A
25°C (with OSC, RTC, LCD®) on) — — 38 A
25°C (with OSC, RTC on) — — 25 pA
25°C (all modules off) — — 1 uA
Digital I/O ports Hi-Z leakage current
All ports, RST he - - +10 nA
Input current
IFI)?—Q N — — +1 pA
Capacitance Cout — — 12 F
Ports (as input or output) CiN — — 8 P
POR re-arm voltage(”) Vpor 0 — 100 mvV
POR rise-time ramp rate(® Rpor 0.02 — — Vims
Monitor mode entry voltage (at IRQ pin) Vh 1.5 xVpp — 2 xVpp V
Pullup resistors(®
PTAO-PTAS3, PTD4-PTD7 configured as KBIO—-KBI7 Rpu1 — 26 — kQ
RST, IRQ Rpu2 — 28 — kQ
Low-voltage inhibit, trip falling voltage V1RriPE 2.40 2.57 2.88 \Y
Low-voltage inhibit, trip rising voltage VTRIPR 2.46 2.63 2.97 \%

Technical Data
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23.14 Timer Interface Module Characteristics

Electrical Specifications

Characteristic Symbol Min Max Unit
Input capture pulse width tTIHy tTIL 1 — teve
23.15 CGM Electrical Specifications
Characteristic Symbol Min Typ Max Unit
Reference frequency frRpv 30 32.768 100 kHz
Range nominal multiplies fnom — 38.4 — kHz
VCO center-of-range frequency fvrs 38.4k — 40.0M Hz
VCO range linear range multiplier L 1 — 255
VCO power-of-two-range multiplier 2E 1 — 4
VCO multiply factor N 1 — 4095
VCO prescale multiplier 2P 1 — 8
Reference divider factor R 1 1 15
VCO operating frequency fveLk 38.4k — 40.0M Hz
Manual acquisition time tLock — — 50 ms
Automatic lock time tLock — — 50 ms
freLk *
PLL jitter(D) fy 0 — 0.025% x Hz
2P N/a
Notes:

1. Deviation of average bus frequency over 2ms. N = VCO multiplier.
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23.17 3.3V SPI Characteristics

Electrical Specifications

Diagram . .
Nur?]ber(l) Characteristic® Symbol Min Max Unit
Operating frequency
Master fop(v) fop/128 fop/2 MHz
Slave fop(s) dc fop MHz
Cycle time
1 Master tCYC(M) 2 128 tCYC
Slave tCYC(S) 1 — tCYC
2 Enable lead time tLead(s) 1 — tcve
3 Enable lag time tLag(s) 1 — tcye
Clock (SPSCK) high time
4 Master tSCKH(M) tCYC -35 64 tCYC ns
Slave tSCKH(S) 1/2 tCYC -35 — ns
Clock (SPSCK) low time
5 Master tSCKL(M) tCYC -35 64 tCYC ns
Slave tSCKL(S) 1/2 tCYC -35 — ns
Data setup time (inputs)
6 Master tsuvy 40 — ns
Slave tsu(s) 40 — ns
Data hold time (inputs)
7 Master thovy 40 — ns
Slave th(s) 40 — ns
Access time, slave®
8 CPHA =0 tA(CPO) 0 50 ns
CPHA=1 tA(CPl) 0 50 ns
9 Disable time, slave® tois(s) — 50 ns
Data valid time, after enable edge
10 Master tym) — 60 ns
Slave®) ty(s) — 60 ns
Data hold time, outputs, after enable edge
11 Master thov) 0 — ns
Slave tho(s) 0 — ns
Notes:

1. Numbers refer to dimensions in Figure 23-1 and Figure 23-2.
2. All timing is shown with respect to 20% Vpp and 70% Vpp, unless noted; 100 pF load on all SPI pins.
3. Time to data active from high-impedance state

4. Hold time to high-impedance state

5. With 100 pF on all SPI pins
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