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General Description

On-chip random-access memory (RAM)

Enhanced serial communications interface (ESCI) module

Serial peripheral interface (SPI) module

4-channel, 16-bit timer interface (TIM) module

10-channel, 10-bit analog-to-digital converter (ADC) with internal bandgap reference channel
(ADC10)

Up to 13 bidirectional input/output (I/O) lines and one input only:

— Six shared with KBI

— Ten shared with ADC

— Four shared with TIM

— Two shared with ESCI

— Four shared with SPI

— One input only shared with IRQ

— High current sink/source capability on all port pins

— Selectable pullups on all ports, selectable on an individual bit basis

— Three-state ability on all port pins

6-bit keyboard interrupt with wakeup feature (KBI)

— Programmable for rising/falling or high/low level detect

Low-voltage inhibit (LVI) module features:

— Software selectable trip point

System protection features:

— Computer operating properly (COP) watchdog

— Low-voltage detection with reset

— lllegal opcode detection with reset

— lllegal address detection with reset

External asynchronous interrupt pin with internal pullup (IRQ) shared with general-purpose input
pin

Master asynchronous reset pin with internal pullup (RST) shared with general-purpose input/output
(I/O) pin

Memory mapped I/O registers

Power saving stop and wait modes

MC68HC908QB8, MC68HC908QB4 and MC68HC908QY8 are available in these packages:
— 16-pin plastic dual in-line package (PDIP)

— 16-pin small outline integrated circuit (SOIC) package

— 16-pin thin shrink small outline packages (TSSOP)

Features of the CPUO08 include the following:

18

Enhanced HCO5 programming model

Extensive loop control functions

16 addressing modes (eight more than the HCO05)
16-bit index register and stack pointer
Memory-to-memory data transfers

Fast 8 x 8 multiply instruction

Fast 16/8 divide instruction

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

Efficient C language support
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General Description

1.4 Pin Assignments

The MC68HC908QB8, MC68HC908QB4, and MC68HC908QY8 are available in 16-pin packages.
Figure 1-2 shows the pin assignment for these packages.

%
Voo [ 1 16 ] Vgg
PTB7 [ ]2 15[ ] PTBO
PTB6 [ |3 14 ] PTB1
PTA5/0SC1/AD3/KBI5 [ 4 13[ ] PTAO/TCHO/ADO/KBIO
PTA4/0SC2/AD2/KBI4 [| 5 12 ] PTA1/TCH1/AD1/KBI1
PTB5 [ |6 1] PTB2
PTB4 [ |7 10|_] PTB3
PTA3/RST/KBI3 [ 8 9[ ] PTA2/IRQ/KBI2/TCLK
16-PIN ASSIGNMENT
MC68HC908QY8 PDIP/SOIC
%
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PTB6/TCH2 [ ]
PTA5/0SC1/AD3/KBI5 [ |
PTA4/0SC2/AD2/KBI4 [ ]
PTB5TX/ADY [ ]
PTB4/Rx/AD8 [ |

PTA3/RST/KBI3 [
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L1 Vgs

|1 PTBO/SCK/AD4

|1 PTB1/MOSI/AD5

] PTAO/TCHO/ADO/KBIO
] PTA1/TCH1/AD1/KBI1
|1 PTB2/MISO/ADE

|1 PTB3/SS/AD7

[ ] PTA2/IRQ/KBI2/TCLK

16-PIN ASSIGNMENT
MC68HC908QB8/MC68HC908QB4 PDIP/SOIC

1.5 Pin Functions

PTAO/TCHO/ADO/KBIO ] 1 @ 16
PTB1 — 2 15 1
PTBO — 3 14
Vss — 4 13
Vpp 15 12/
PTB7 C—| 6 1"
PTB6 7 10 —
PTA5/0SC1/AD3/KBI5> ] 8 9
16-PIN ASSIGNMENT
MC68HC908QY8 TSSOP
PTAO/TCHO/ADO/KBIO | 1 o 16
PTB1/MOSI/AD5 — 2 15[
PTBO/SCK/AD4 — 3 14—
Ves T 4 13 [
Vpp T 5 12 =
PTB7/TCH3 ] 6 L —
PTB6/TCH2 ] 7 10
PTA5/0SC1/AD3/KBI5 ] 8 9

16-PIN ASSIGNMENT

PTA1/TCH1/AD1/KBI1
PTB2

PTB3
PTA2/IRQ/KBI2/TCLK
PTA3/RST/KBI3

PTB4

PTB5
PTA4/0SC2/AD2/KBl4

PTA1/TCH1/AD1/KBI1
PTB2MISO/ADG
PTB3/SS/AD?
PTA2IRQ/KBI2ITCLK
PTA3/RST/KBI3
PTB4/RWADS
PTB5/TX/ADY
PTA4/0SC2/AD2/KBI4

MC68HC908QB8/MC68HC908QB4 TSSOP

Figure 1-2. MCU Pin Assighments

Table 1-2 provides a description of the pin functions.
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General Description

Table 1-2. Pin Functions (Continued)

N::e Description Input/Output
PTB4 — General-purpose /O port Input/Output
PTB4 RxD — ESCI receive data 1/0 Input/Output
AD8 — A/D channel 8 input Input
PTB5 — General-purpose 1/O port Input/Output
PTB5 TxD — ESCI transmit data 1/0 Output
AD9 — A/D channel 9 input Input
PTB6 — General-purpose /0O port Input/Output
PTB6 TCH2 — Timer channel 2 I/O Input/Output
PTB7 — General-purpose /O port Input/Output
PTBY TCH3 — Timer channel 3 I/O Input/Output

1.6 Pin Function Priority

Table 1-3 is meant to resolve the priority if multiple functions are enabled on a single pin.

22

NOTE

Upon reset all pins come up as input ports regardless of the priority table.

Table 1-3. Function Priority in Shared Pins

Pin Name Highest-to-Lowest Priority Sequence
PTAO(M ADO — TCHO — KBIO — PTAO
PTA1(M) AD1 - TCH1 — KBI1 — PTA1

PTA2 IRQ - TCLK — KBI2 — PTA2
PTA3 RST — KBI3 — PTA3
PTA4( 0SC2 —> AD2 — KBl4 — PTA4
PTA5(1) OSC1 — AD3 — KBI5 — PTA5
PTBO(" AD4 — SPSCK — PTBO
PTB1(" AD5 — MOSI — PTB1
pTB2(" AD6 — MISO — PTB2
PTB3(") AD7 - SS — PTB3
PTB4(" AD8 —> RxD — PTB4
PTB5(" AD9 — TxD — PTB5
PTB6 TCH2 — PTB6
PTB7 TCH3 — PTB7

1. When a pin is to be used as an ADC pin, the I/O port function should be left as
an input and all other shared modules should be disabled. The ADC does not
override additional modules using the pin.

MC68HC908QB8 Data Sheet, Rev. 3
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Memory

$°$°° IDIRECT PAGE REGISTERS
S0 64 BYTES
$°$4° RAM RESERVED $°$4°
$013F 256 BYTES 64 BYTES So07F
$°14° UNIMPLEMENTED \ RAM $°$8°
$27FF 9920 BYTES \ . 128 BYTES s00FF
$2$°° AUXILIARY ROM \ RESERVED $01°°
e 544 BYTES N 64 BYTES o1
$2ﬁ2° UNIMPLEMENTED
$2F7D 1374 BYTES
$257E AUXILIARY ROM
$OFFF 130 BYTES
$3$°° UNIMPLEMENTED
SODFF 44,544 BYTES
$Df°° FLASH MEMORY RESERVED $Df°°
SFOFF 8192 BYTES 4096 BYTES SEDFF

h $EE00
$FE°° MISCELLANEOUS REGISTERS N - FLASH MEMORY i
N 32 BYTES ‘ 4096 BYTES SFOFF
$F52° MONITOR ROM
. 350 BYTES
$FE7E UNIMPLEMENTED
SFrAF 50BYTES
$FEB° FLASH
sFFeD 14 BYTES
$FEBE MISCELLANEOUS REGISTERS
Srrot 4BYTES
$F502 FLASH
sFroF 14 BYTES
$FED° USER VECTORS
SFFFF 48 BYTES

MC68HC908QBS and MCEBHCI08QYS MC68HC908QB4
Memory Map Memory Map
Figure 2-1. Memory Map
MC68HC908QB8 Data Sheet, Rev. 3
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Addr.

$FEO07

$FEO08

$FE09

$FEOA

$FEOB

$FEOC

$FEOD

$FEOF

$FFBE

SFFBF

$FFCO

$FFC1

SFFFF

Register Name

Reserved

FLASH Control Register
(FLCR)

See page 31.

Break Address High
Register (BRKH)

See page 194.

Break Address low
Register (BRKL)

See page 194.

Break Status and Control
Register (BRKSCR)
See page 194.

LVI Status Register
(LVISR)

See page 91.

Reserved

FLASH Block Protect
Register (FLBPR)

See page 36.
Reserved

Internal Oscillator Trim

(Factory Programmed,
Vpp=3.0V)

Reserved

COP Control Register
(COPCTL)
See page 63.

Freescale Semiconductor

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

Read:
Write:
Reset:

Read:
Write:
Reset:

Read:
Write:
Reset:

Direct Page Registers

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 HVEN MASS ERASE PGM
0 0 0 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
BRKE BRKA 0 0 0 0 0 0
0 0 0 0 0 0 0 0
LvVIOUT 0 0 0 0 0 0 R
0 0 0 0 0 0 0 0
BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO
Unaffected by reset
TRIM7 TRIM6 TRIM5 TRIM4 TRIM3 TRIM2 TRIM1 TRIMO
Resets to factory programmed value

LOW BYTE OF RESET VECTOR

WRITING CLEARS COP COUNTER (ANY VALUE)

|:| = Unimplemented

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

Unaffecte

MC68HC908QB8 Data Sheet, Rev. 3

d by reset

= Reserved

U = Unaffected
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Functional Description

3.3.4.4 Code Width and Quantization Error

The ADC10 quantizes the ideal straight-line transfer function into 1024 steps (in 10-bit mode). Each step
ideally has the same height (1 code) and width. The width is defined as the delta between the transition
points from one code to the next. The ideal code width for an N bit converter (in this case N can be 8 or
10), defined as 1LSB, is:

1188 = (Vrerr—Vaery) / 2

Because of this quantization, there is an inherent quantization error. Because the converter performs a
conversion and then rounds to 8 or 10 bits, the code will transition when the voltage is at the midpoint
between the points where the straight line transfer function is exactly represented by the actual transfer
function. Therefore, the quantization error will be + 1/2LsB in 8- or 10-bit mode. As a consequence,
however, the code width of the first ($000) conversion is only 1/2LsSB and the code width of the last ($FF
or $3FF) is 1.5LsB.

3.3.4.5 Linearity Errors

The ADC10 may also exhibit non-linearity of several forms. Every effort has been made to reduce these
errors but the user should be aware of them because they affect overall accuracy. These errors are:

» Zero-Scale Error (Ezg) (sometimes called offset) — This error is defined as the difference between
the actual code width of the first conversion and the ideal code width (1/2LsB). Note, if the first
conversion is $001, then the difference between the actual $001 code width and its ideal (1LSB) is
used.

* Full-Scale Error (Egg) — This error is defined as the difference between the actual code width of
the last conversion and the ideal code width (1.5LSB). Note, if the last conversion is $3FE, then the
difference between the actual $3FE code width and its ideal (1LSB) is used.

» Differential Non-Linearity (DNL) — This error is defined as the worst-case difference between the
actual code width and the ideal code width for all conversions.

* Integral Non-Linearity (INL) — This error is defined as the highest-value the (absolute value of the)
running sum of DNL achieves. More simply, this is the worst-case difference of the actual transition
voltage to a given code and its corresponding ideal transition voltage, for all codes.

e Total Unadjusted Error (TUE) — This error is defined as the difference between the actual transfer
function and the ideal straight-line transfer function, and therefore includes all forms of error.

3.3.4.6 Code Jitter, Non-Monotonicity and Missing Codes

Analog-to-digital converters are susceptible to three special forms of error. These are code jitter,
non-monotonicity, and missing codes.

* Code jitter is when, at certain points, a given input voltage converts to one of two values when
sampled repeatedly. Ideally, when the input voltage is infinitesimally smaller than the transition
voltage, the converter yields the lower code (and vice-versa). However, even very small amounts
of system noise can cause the converter to be indeterminate (between two codes) for a range of
input voltages around the transition voltage. This range is normally around +1/2LSB but will
increase with noise.

¢ Non-monotonicity is defined as when, except for code jitter, the converter converts to a lower code
for a higher input voltage.

* Missing codes are those which are never converted for any input value. In 8-bit or 10-bit mode, the
ADC10 is guaranteed to be monotonic and to have no missing codes.

MC68HC908QB8 Data Sheet, Rev. 3
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Analog-to-Digital Converter (ADC10) Module

3.8.2 ADC10 Result High Register (ADRH)

This register holds the MSBs of the result and is updated each time a conversion completes. All other bits
read as 0s. Reading ADRH prevents the ADC10 from transferring subsequent conversion results into the
result registers until ADRL is read. If ADRL is not read until the after next conversion is completed, then
the intermediate conversion result will be lost. In 8-bit mode, this register contains no interlocking with
ADRL.

Bit7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write:
Reset: 0 0 0 0 0 0 0 0

\:| = Unimplemented

Figure 3-4. ADC10 Data Register High (ADRH), 8-Bit Mode

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 AD9 AD8
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 3-5. ADC10 Data Register High (ADRH), 10-Bit Mode

3.8.3 ADC10 Result Low Register (ADRL)

This register holds the LSBs of the result. This register is updated each time a conversion completes.
Reading ADRH prevents the ADC10 from transferring subsequent conversion results into the result
registers until ADRL is read. If ADRL is not read until the after next conversion is completed, then the
intermediate conversion result will be lost. In 8-bit mode, there is no interlocking with ADRH.

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

I:l = Unimplemented

Figure 3-6. ADC10 Data Register Low (ADRL)

MC68HC908QB8 Data Sheet, Rev. 3
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Central Processor Unit (CPU)

Table 7-1. Instruction Set Summary (Sheet 3 of 6)

Effect @ o T m
°

Sg:rr:le Operation Description on CCR g g S g S

T O o o >
HITIN|Z <= ] O |O
CLR opr M « $00 DIR 3F |dd 3
CLRA A « $00 INH 4F 1
CLRX X « $00 INH 5F 1
CLRH Clear H « $00 —-|-10]1 INH 8C 1
CLR opr,X M « $00 IX1 6F |ff 3
CLR X M « $00 IX 7F 2
CLR opr,SP M « $00 SP1 9EGF |ff 4
CMP #opr IMM A1 ii 2
CMP opr DIR B1 |dd 3
CMP opr EXT C1 |hhil | 4
CMP opr,X : IX2 D1 |eeff | 4
CMP oprX Compare A with M (A) = (M) -=11|? X1 E1 |ff 3
CMP X IX F1 2
CMP opr,SP SP1 9EE1 |ff 4
CMP opr,SP SP2 9ED1 [eeff | 5
COM opr M « (M) = $FF — (M) DIR 33 |dd 4
COMA A« (A= %FF - (M) INH 43 1
COMX ; X « (X) = $FF — (M) | INH 53 1
COM opr,X Complement (One’s Complement) M <« (M) = $FF — (M e X1 63 |ff 4
COM ,X M « (M) = $FF — (M) IX 73 3
COM opr,SP M « (M) = $FF — (M) SP1 9EG3 | ff 5
CPHX #opr N i . . IMM 65 |[iiii+1 | 3
CPHX opr Compare H:X with M (H:X) = (M:M + 1) —|—-({t]? DIR 75 |dd 4
CPX #opr IMM A3 i 2
CPX opr DIR B3 |dd 3
CPX opr EXT C3 |hhil |4
CPX X : IX2 D3 |eeff | 4
CPX opr.X Compare X with M (X) — (M) —|—-({t]2 X1 E3 |ff 3
CPX opr,X IX F3 2
CPX opr,SP SP1 9EES |ff 4
CPX opr,SP SP2 9ED3 |eeff | 5
DAA Decimal Adjust A (A)1o -]t INH 72 2
A—(A)—1TorM« (M)—1orX« (X)-1 5
DBNZ opr,rel PC « (PC) + 3 + rel ? (result) = 0 DIR 3B (ddrr 3
DBNZA rel PC « (PC) + 2 + rel ? (result) # 0 INH 4B |rr 3
DBNZX rel Decrement and Branch if Not Zero PC « (PC) + 2 + rel ? (result) = 0 === INH 5B |rr 5
DBNZ opr,X,rel PC « (PC) + 3 + rel ? (result) #0 IX1 6B |(ffrr 4
DBNZ X, rel PC « (PC) + 2 + rel ? (result) = 0 IX 7B |rr 6

DBNZ opr,SP,rel PC « (PC) + 4 + rel ? (result) = 0 SP1 9E6B |ff rr
DEC opr M « (M) -1 DIR 3A |dd 4
DECA A« (A) -1 INH 4A 1
DECX X« (X) -1 | INH 5A 1
DEC oprX Decrement M« (M) -1 1 ix A |ff 4
DEC ,X M « (M) -1 IX 7A 3
DEC opr,SP M« (M) -1 SP1 9EBA |ff 5
. A « (H:A)/(X) -l
DIV Divide H < Remainder ! INH 52 7
EOR #opr IMM A8 i 2
EOR opr DIR B8 |dd 3
EOR opr EXT C8 |hhil |4
EOR opr,X . . IX2 D8 |eeff | 4
EOR opr.X Exclusive OR M with A A (ADM) -1t X7 Es |ff 3
EOR ,X IX F8 2
EOR opr,SP SP1 9EES8 |ff 4
EOR opr,SP SP2 9ED8 |eeff | 5
INC opr M« (M) + 1 DIR 3C |dd 4
INCA A« (A)+1 INH 4C 1
INCX X« (X)+1 e INH 5C 1
INC opr,X Increment M« (M) + 1 = ixd 6C |ff 4
INC ,X M« (M) + 1 IX 7C 3
INC opr,SP M « (M) + 1 SP1 9E6C |ff 5
MC68HC908QB8 Data Sheet, Rev. 3
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Table 7-1. Instruction Set Summary (Sheet 4 of 6)

Instruction Set Summary

Effect @ o T m
°

Sg:rr:le Operation Description on CCR g g S g %
H|{I|N|{Z|C 2 § 3— 8- 5*

JMP opr DIR BC |dd 2
JMP opr EXT CC |hhil | 3
JMP opr, X Jump PC « Jump Address === 1=]IX2 DC |eeff | 4
JMP opr,X IX1 EC |[ff 3
JMP X IX FC 2
J3R opr PC (PC) 4 n(n=1,2 0r3) Ext | GD |mhil |5
JSR oer Jump to Subroutine Push (PCL); SP « (SP) —1 ol el el el e DD |eeff | 6
ISR oprX P Push (PCH); SP < (SP) — 1 X1 ED |ff 5
ISR )f PC « Unconditional Address IX FD 4
LDA #opr IMM A6 |ii 2
LDA opr DIR B6 |[dd 3
LDA opr EXT C6 |hhil | 4
LDA opr,X IX2 D6 |eeff | 4
LDA oprX Load A from M A« (M) ——=1t|T |- X1 E6 |ff 3
LDA X IX F6 2
LDA opr,SP SP1 9EE® |ff 4
LDA opr,SP SP2 9EDG6 [eeff | 5
LDHX #opr , , , B _[imm 45 liijj |3
LDHX opr Load H:X from M HX « (MM + 1) T|? DIR 55 |dd 4
LDX #opr IMM AE Jii 2
LDX opr DIR BE |dd 3
LDX opr EXT CE |hhil | 4
LDX opr,X IX2 DE |eeff | 4
LDX opr.X Load X from M X« (M) —=1t|T |- X1 EE |ff 3
LDX ,X IX FE 2
LDX opr,SP SP1 9EEE | ff 4
LDX opr,SP SP2 9EDE |eeff | 5
LSL opr DIR 38 |dd |4
LSLA - INH 48 1
LSLX Logical Shift Left Cle{ [T [T ] =0 1 INH 58 1
LSL opr:X (Same as ASL) - bO* ARARAIN 68 |ff 4
LSL ,X IX 78 3
LSL opr,SP SP1 9E68 | ff 5
LSR opr DIR 34 |dd |4
LSRA —_— INH 44 1
Lo oprX Logical Shift Right 0= [T TTTTTH=c ~|-fo]t|z]RH 2l |4
LSR X b7 bo IX 74 3
LSR opr,SP SP1 9E64 |ff 5
mg¥ nggﬁr M (M)Destination <« (M)Source il BB(_,_ gE gg dd ‘51
MOV #opr,opr ove , , |- ~|IMD 6E liidd |4
MOV X+,0pr H:X « (H:X) + 1 (IX+D, DIX+) IX+D 7E |dd 4
MUL Unsigned multiply X:A « (X) x (A) o|-|-]-{o[INH 42 5
NEQA”" M < ~(M) = $00 — () nn | a0 ||
NEGX A < —(A) =300 - (A) INH 50 1
NEG oprX Negate (Two’s Complement) X « —(X) = $00 — (X) -3 [t]|2 X1 60 |ff 4
NEG X M < —(M) = $00 — (M) IX 70 3
NEG 0pr,SP M « ~(M) = $00 — (M) SP1 | 9E60 |ff 5
NOP No Operation None —|=1{=]=1|=|INH 9D 1
NSA Nibble Swap A A « (A[3:0]:A[7:4]) —-1-1-1-]INH 62 3
ORA #opr IMM AA i 2
ORA opr DIR BA |dd 3
ORA opr EXT CA |hhil | 4
ORA opr,X . IX2 DA |eeff | 4
ORA oprX Inclusive OR A and M A« (A) I (M) —=1t|T |- X1 EA |# 3
ORA X IX FA 2
ORA opr,SP SP1 9EEA | ff 4
ORA opr,SP SP2 9EDA |eeff | 5
PSHA Push A onto Stack Push (A); SP « (SP) — 1 -1-1-1-1-|iNH 87 2
PSHH Push H onto Stack Push (H); SP « (SP) — 1 --1-1-1-|iNnH 8B 2
PSHX Push X onto Stack Push (X); SP « (SP) — 1 —=T=1-]=|INH 89 2

Freescale Semiconductor
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Table 7-1. Instruction Set Summary (Sheet 6 of 6)

Opcode Map

Effect @ o T m
°
Sg:rr:le Operation Description on CCR g g S g S
T O o o >
HITIN|Z <= ] O |O
PC « (PC) + 1; Push (PCL)
8P « (SP) — 1; Push (PCH)
SP « (SP) — 1; Push (X)
SP « (SP) — 1; Push (A) 1l o1
Swi Software Interrupt SP « (SP) - 1; Push (CCR) 1 INH 83 9
SP « (SP) —1; 1«1
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte
TAP Transfer A to CCR CCR « (A) TiE(T|T || T|INH 84 2
TAX Transfer A to X X« (A) —|=|-|=|—|—1|INH 97 1
TPA Transfer CCR to A A « (CCR) —|={=1={-|—|INH 85 1
TST opr DIR 3D |dd 3
TSTA INH 4D 1
¥§P§>pr,x Test for Negative or Zero (A)—%00o0r (X)—$000or (M)—$00 [O|—-|—-|2 |2 |- :)’\g‘ gg f :13
TST X IX 7D 2
TST opr,SP SP1 9E6D |ff 4
TSX Transfer SP to H:X H:X < (SP) +1 —|=|=|=|=|—1|INH 95 2
TXA Transfer X to A A« (X) —|=|=|=|=|—1|INH 9F 1
TXS Transfer H:X to SP (SP) « (H:X) — 1 —|=|=|=|=|—1|INH 94 2
. : I bit «— 0; Inhibit CPU clocking
WAIT Enable Interrupts; Wait for Interrupt until interrupted —|—=|0|—={—|—|INH 8F 1
A Accumulator n Any bit
C Carry/borrow bit opr Operand (one or two bytes)
CCR Condition code register PC  Program counter
dd Direct address of operand PCH Program counter high byte
dd rr Direct address of operand and relative offset of branch instruction PCL Program counter low byte
DD Direct to direct addressing mode REL Relative addressing mode
DIR Direct addressing mode rel  Relative program counter offset byte
DIX+ Direct to indexed with post increment addressing mode rr Relative program counter offset byte
ee ff High and low bytes of offset in indexed, 16-bit offset addressing SP1 Stack pointer, 8-bit offset addressing mode
EXT Extended addressing mode SP2 Stack pointer 16-bit offset addressing mode
ff Offset byte in indexed, 8-bit offset addressing SP  Stack pointer
H Half-carry bit U Undefined
H Index register high byte \ Overflow bit
hh 1l High and low bytes of operand address in extended addressing X Index register low byte
| Interrupt mask 4 Zero bit
ii Immediate operand byte & Logical AND
IMD Immediate source to direct destination addressing mode | Logical OR
IMM Immediate addressing mode @®  Logical EXCLUSIVE OR
INH Inherent addressing mode () Contents of
IX Indexed, no offset addressing mode —() Negation (two’s complement)
IX+ Indexed, no offset, post increment addressing mode # Immediate value
IX+D Indexed with post increment to direct addressing mode « Sign extend
IX1 Indexed, 8-bit offset addressing mode <« Loaded with
IX1+ Indexed, 8-bit offset, post increment addressing mode ? If
IX2 Indexed, 16-bit offset addressing mode : Concatenated with
M Memory location ! Set or cleared
N Negative bit —  Not affected

7.8 Opcode Map
See Table 7-2.

MC68HC908QB8 Data Sheet, Rev. 3

Freescale Semiconductor

75



Enhanced Serial Communications Interface (ESCI) Module

Slow Data Tolerance

Figure 13-7 shows how much a slow received character can be misaligned without causing a noise error
or a framing error. The slow stop bit begins at RT8 instead of RT1 but arrives in time for the stop bit data
samples at RT8, RT9, and RT10.

MSB >/ STOP

RECEIVER
RT CLOCK
EEEEREEREEZ2 = 22222
o o o o o o o o o E E E E E E E
DATA SAMPLES

Figure 13-7. Slow Data

For an 8-bit character, data sampling of the stop bit takes the receiver 9 bit times x 16 RT cycles
+ 10 RT cycles = 154 RT cycles.

With the misaligned character shown in Figure 13-7, the receiver counts 154 RT cycles at the point when
the count of the transmitting device is 9 bit times x 16 RT cycles + 3 RT cycles = 147 RT cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 8-bit
character with no errors is:
154 — 147
154

x 100 = 4.54%

For a 9-bit character, data sampling of the stop bit takes the receiver 10 bit times x 16 RT cycles
+ 10 RT cycles = 170 RT cycles.

With the misaligned character shown in Figure 13-7, the receiver counts 170 RT cycles at the point when
the count of the transmitting device is 10 bit times x 16 RT cycles + 3 RT cycles = 163 RT cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 9-bit
character with no errors is:

‘M x 100 = 4.12%
170

Fast Data Tolerance

Figure 13-8 shows how much a fast received character can be misaligned without causing a noise error
or a framing error. The fast stop bit ends at RT10 instead of RT16 but is still there for the stop bit data
samples at RT8, RT9, and RT10.

STOP \< IDLE OR NEXT CHARACTER
RT CLOCK meum
RT CLOCK
EE e EEE EREEE =22 22 2
DATA
SAMPLES

Figure 13-8. Fast Data
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Enhanced Serial Communications Interface (ESCI) Module

13.4.1 Transmitter Interrupts

These conditions can generate interrupt requests from the ESCI transmitter:

e ESCI 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 interrupt request. Setting
the ESCI transmit interrupt enable bit, SCTIE, in SCC2 enables the SCTE bit to generate
transmitter 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 bit to generate transmitter interrupt
requests.

13.4.2 Receiver Interrupts

These sources can generate interrupt requests from the ESCI receiver:

e ESCI receiver full (SCRF) — The SCRF bit in SCS1 indicates that the receive shift register has
transferred a character to the SCDR. SCRF can generate a receiver interrupt request. Setting the
ESCI receive interrupt enable bit, SCRIE, in SCC2 enables the SCRF bit to generate receiver
interrupts.

e Idle input (IDLE) — The IDLE bitin SCS1 indicates that 10 or 11 consecutive 1s shifted in from the
RxD pin. The idle line interrupt enable bit, ILIE, in SCC2 enables the IDLE bit to generate interrupt
requests.

13.4.3 Error Interrupts

These receiver error flags in SCS1 can generate interrupt requests:

* Receiver overrun (OR) — The OR bit indicates that the receive shift register shifted in a new
character before the previous character was read from the SCDR. The previous character remains
in the SCDR, and the new character is lost. The overrun interrupt enable bit, ORIE, in SCC3
enables OR to generate ESCI error interrupt requests.

* Noise flag (NF) — The NF bit is set when the ESCI detects noise on incoming data or break
characters, including start, data, and stop bits. The noise error interrupt enable bit, NEIE, in SCC3
enables NF to generate ESCI error interrupt requests.

* Framing error (FE) — The FE bit in SCS1 is set when a 0 occurs where the receiver expects a stop
bit. The framing error interrupt enable bit, FEIE, in SCC3 enables FE to generate ESCI error
interrupt requests.

* Parity error (PE) — The PE bit in SCS1 is set when the ESCI detects a parity error in incoming
data. The parity error interrupt enable bit, PEIE, in SCC3 enables PE to generate ESCI error
interrupt requests.

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

13.5.1 Wait Mode

The ESCI module remains active in wait mode. Any enabled interrupt request from the ESCI module can
bring the MCU out of wait mode.

If ESCI module functions are not required during wait mode, reduce power consumption by disabling the
module before executing the WAIT instruction.
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Enhanced Serial Communications Interface (ESCI) Module

Table 13-10. ESCI Baud Rate Selection Examples

Prescaler Baud Rate Baud Rate
PDS[2:1:0] PSSB[4:3:2:1:0] SCP[1:0] Divisor SCR[2:1:0] Divisor (faye= 4.9152 MHz)

(BPD) (BD)
000 XXX XX 00 1 000 1 76,800
111 00000 00 1 000 1 9600
111 00001 00 1 000 1 9562.65
111 00010 00 1 000 1 9525.58
111 11111 00 1 000 1 8563.07
00O XX X X X 00 1 001 2 38,400
000 XX XXX 00 1 010 4 19,200
000 XX XXX 00 1 011 8 9600
000 XX XXX 00 1 100 16 4800
000 XX XXX 00 1 101 32 2400
00O X X X X X 00 1 110 64 1200
000 XX XXX 00 1 111 128 600
000 XX XXX 01 3 000 1 25,600
000 XX XXX 01 3 001 2 12,800
000 XX XXX 01 3 010 4 6400
00O XX X X X 01 3 011 8 3200
000 XX XXX 01 3 100 16 1600
00O XX X X X 01 3 101 32 800
00O XX X X X 01 3 110 64 400
000 XX XXX 01 3 111 128 200
000 XX X X X 10 4 000 1 19,200
000 XX XXX 10 4 001 2 9600
00O XX X X X 10 4 010 4 4800
000 XX XXX 10 4 011 8 2400
000 XXX XX 10 4 100 16 1200
000 X X X X X 10 4 101 32 600
000 XX XXX 10 4 110 64 300
00O XX X X X 10 4 111 128 150
000 XX XXX 11 13 00O 1 5908
000 XX X X X 11 13 001 2 2954
00O X X X X X 11 13 010 4 1477
000 XX XXX 11 13 011 8 739
000 X X X X X 11 13 100 16 369
000 XX XXX 11 13 101 32 185
000 XX X X X 11 13 110 64 92
000 XX XXX 11 13 111 128 46
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ESCI Arbiter

13.9 ESCI Arbiter

The ESCI module comprises an arbiter module designed to support software for communication tasks as
bus arbitration, baud rate recovery and break time detection. The arbiter module consists of an 9-bit
counter with 1-bit overflow and control logic. The can control operation mode via the ESCI arbiter control
register (SCIACTL).

13.9.1 ESCI Arbiter Control Register

Bit 7 6 5 4 3 2 1 Bit 0
Read: ALOST AFIN ARUN AROVFL ARDS8
] AMA1 AMO ACLK
Write:
Reset: 0 0 0 0 0 0 0 0

\:| = Unimplemented

Figure 13-18. ESCI Arbiter Control Register (SCIACTL)

AM1 and AMO0 — Arbiter Mode Select Bits
These read/write bits select the mode of the arbiter module as shown in Table 13-11.

Table 13-11. ESCI Arbiter Selectable Modes

AM[1:0] ESCI Arbiter Mode
00 Idle / counter reset
01 Bit time measurement
10 Bus arbitration
11 Reserved / do not use

ALOST — Arbitration Lost Flag
This read-only bit indicates loss of arbitration. Clear ALOST by writing a 0 to AM1.

ACLK — Arbiter Counter Clock Select Bit
This read/write bit selects the arbiter counter clock source.
1 = Arbiter counter is clocked with one half of the ESCI input clock generated by the ESCI prescaler
0 = Arbiter counter is clocked with the bus clock divided by four

NOTE
For ACLK = 1, the arbiter input clock is driven from the ESCI prescaler. The
prescaler can be clocked by either the bus clock or BUSCLKX4 depending
on the state of the ESCIBDSRC bit in configuration register.

AFIN— Arbiter Bit Time Measurement Finish Flag
This read-only bit indicates bit time measurement has finished. Clear AFIN by writing any value to
SCIACTL.
1 = Bit time measurement has finished
0 = Bit time measurement not yet finished
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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 OSCILLATOR)
SIM
-
COUNTER [ COPCLOCK
A
BUSCLKX4 (FROM OSCILLATOR)
BUSCLKX2 (FROM OSCILLATOR)
+2
Vbp
T \ Y
SraoK. CLOCK GENERATORS [ > INTERNAL CLOCKS
INTERNAL
PULL-UP A
e '«—— ILLEGAL OPCODE (FROM CPU)
- POR CONTROL > ILLEGAL ADDRESS (FROM ADDRESS
PIN LOGIC MASTER [ MAP DECODERS)
RESET PIN CONTROL > Cgﬁ?g& <«—— COP TIMEOUT (FROM COP MODULE)
SIM RESET STATUS REGISTER <:> l«—— LVI RESET (FROM LVI MODULE)
l«—— FORCED MON MODE ENTRY (FROM MENRST MODULE)
RESET
\

INTERRUPT CONTROL INTERRUPT SOURGES

AND PRIORITY DECODE > GPU INTEREACE

Figure 14-1. SIM Block Diagram

14.3 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, BUSCLKX2, as shown in Figure 14-2.

FROM BUSCLKX4 |
OSCILLATOR —I SIM COUNTER |

FROM BUSCLKX2 »| o || BUSCLOCK
OSCILLATOR ’ GENERATORS

SIM

Figure 14-2. SIM Clock Signals
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Serial Peripheral Interface (SPI) Module

15.8.3 SPI Data Register

The SPI data register consists of the read-only receive data register and the write-only transmit data
register. Writing to the SPI data register writes data into the transmit data register. Reading the SPI data
register reads data from the receive data register. The transmit data and receive data registers are
separate registers that can contain different values. See Figure 15-2.

Bit 7 6 5 4 3 2 1 Bit 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T TO
Reset: Unaffected by reset

Figure 15-15. SPI Data Register (SPDR)

R7-R0/T7-T0 — Receive/Transmit Data Bits

NOTE
Do not use read-modify-write instructions on the SPI data register because
the register read is not the same as the register written.
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Timer Interface Module (TIM)

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.

16.3.4.2 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 output.

Setting the MSOB bit in TIM channel 0 status and control register (TSCO) links channel 0 and channel 1.
The TIM channel 0 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.

Channels 2 and 3 can be linked to form a buffered PWM channel whose output appears on the TCH2 pin.
The TIM channel registers of the linked pair alternately control the output.

Setting the MS2B bit in TIM channel 2 status and control register (TSC2) links channel 2 and channel 3.
The TIM channel 2 registers initially control the pulse width on the TCH2 pin. Writing to the TIM channel
3 registers enables the TIM channel 3 registers to synchronously control the pulse width at the beginning
of the next PWM period. At each subsequent overflow, the TIM channel registers (2 or 3) that control the
pulse width are the ones written to last. TSC2 controls and monitors the buffered PWM function, and TIM
channel 3 status and control register (TSC3) is unused. While the MS2B bit is set, the channel 3 pin,
TCHB3, is available as a general-purpose /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.
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Registers

Writing a 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

CHxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIM interrupt service requests on channel x.
1 = Channel x interrupt requests enabled
0 = Channel x interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TSCO and
TSC2 registers.

Setting MSOB causes the contents of TSC1 to be ignored by the TIM and reverts TCH1 to
general-purpose 1/0.

Setting MS2B causes the contents of TSC3 to be ignored by the TIM and reverts TCH3 to
general-purpose 1/0.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A
When ELSxB:A = 00, this read/write bit selects either input capture operation or unbuffered output
compare/PWM operation. See Table 16-2.
1 = Unbuffered output compare/PWM operation
0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level of the TCHx pin (see Table 16-2).
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).

Table 16-2. Mode, Edge, and Level Selection

MSxB | MSxA | ELSxB | ELSxA Mode Configuration
X 0 0 0 Pin under por.t control; initial
output level high
Output preset - —
Pin under port control; initial
X 1 0 0
output level low
0 0 0 1 Capture on rising edge only
0 0 1 0 Input capture | Capture on falling edge only
0 0 1 1 Capture on rising or falling edge
0 1 0 0 Software compare only
0 1 0 1 Output compare | Toggle output on compare
0 1 1 0 or PWM Clear output on compare
0 1 1 1 Set output on compare
1 X 0 1 Buffered output Toggle output on compare
1 X 1 0 compare or Clear output on compare
1 X 1 1 buffered PWM Set output on compare
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18.12 Supply Current Characteristics

Supply Current Characteristics

Bus
Characteristic(? Voltage | Frequency | Symbol Typ®@ Max Unit
(MHz)
®) 5.0 3.2 7.25 8.5
Run mode Vpp supply current 3.0 30 Rlpp 31 38 mA
. o 5.0 3.2 1.0 2.0
Wait mode Vpp supply current 3.0 30 Wipp 0.67 19 mA
Stop mode Vpp supply current®
—40 to 85°C 0.26 1.0
—40 to 105°C — 2.0
—40 to 125°C 5.0 _ 5.0 WA
25°C with auto wake-up enabled®) 12 —
Incremental current with LVI enabled S| 125 —
Stop mode Vpp supply current® bb
—40 to 85°C 0.23 0.8
—40 to 105°C — 1.0
—40 to 125°C 3.0 — 4.0 HA
25°C with auto wake-up enabled®) 2 —
Incremental current with LVI enabled 100 —

1. Vgg=0Vdc, Ty =T to Ty, unless otherwise noted.
2. Typical values reflect average measurements, 25¢C only. Typical values are for reference only and are not tested in pro-

duction.

3. Run (operating) Ipp measured using trimmed internal oscillator, ADC off, all modules enabled. All pins configured as inputs

and tied to 0.2 V from rail.

4. Wait Ipp measured using trimmed internal oscillator, ADC off, all modules enabled. All pins configured as inputs and tied

to 0.2 V from rail.

5. Stop Ipp measured with all pins configured as inputs and tied to 0.2 V from rail.

6. Values are based on characterization results, not tested in production.
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