









































































































































































































































































































































































































































































































































4-18

Since we now understand the LCD display, we can use the display to check
out the keypad interface. To read a keypad key, we must recognize a key
closure, delay to allow debounce, and decode the position (row/column) of
the key. This is an example of how the MCU can simplify the hardware design.
Software can be used to debounce the keys rather using complicated hard-
ware circuits. Software also allows many switches to be wired in a row/
column matrix so fewer 1/0 lines are needed.

The flowchart in Figure 4-9 shows how keypad keys are detected. Figure
4-10 is a listing of the keypad checkout program.

A real-time loop structure was chosen for the thermostat project main pro-
gram. This basic structure can be used for many applications. The timing of
the main loop determines the delays between activities in the complete ap-
plication program.

A real time-of-day clock can easily be developed using the main loop time
and simple software counters. Figure 4-11 is the flowchart for this basic loop
structure. The complete listing for the thermostat project is included at the
end of this section.

After a reset, there are a series of instructions to initialize ports, peripheral

systems, and software variables. After this initialization, the main loop is
entered and repeated continuously as long as power is applied.
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l INIT MCU HARDWARE (PORTS)

“ANYK®

LYY

A

-ﬂ‘-’-< ANY KEY 2 )
*YES

I DELAY 50 ms (DEBOUNCE) |

l POINT AT LAST TABLE ENTRY

.

> y "KYLOOP”

\

GET ROW/COL PATTERN FROM
TABLE & DRIVE COLUMNS

< ROW MATCH 2
* NO
NEXT TABLE ENTRY
(POINTER = POINTER - 2)

Y
ﬂ( END OF TABLE ? >
YEsf

"FOUND" v

YES

READ ASCII FROM TABLE
& DISPLAY ON LCD 1st ROW LEFT

> “TILRLS"
Y

£S_<

ANY KEY ? >

NO

Y

I DELAY 50 ms (DEBOUNCE) ]

Figure 4-9. Keypad Checkout

Flowchart
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0000
0001
0002
0004
0005
0006

0094
009%e
009f

0100

0100
0102
0104
0105
0107
0108
010a
010c
010e

0110
0112
0115
0117
Olla
0llc
011f
0121
0124
0126

4-20

a6
cd
a6

a6
cd
a6
cd
a6
cd

01
01
02
01
38
01
Oc

06
01

93

93

93

93

93

Kk kk kA A Ak hkhkhhkhAkkhkhhkhhkkhhkhkkkhkkkk kA Ak khkkkkhkkhkkkkkhkhkkkkkk
* KEYTRY - Try out keypad debounce and decode software *

* Detect and debounce keys. When a key found *
* change it to ASCII and display on LCD *
* Debounce release of key and look for more *

KAIAKRKA KK KKK KA KA KA KA AR AR A AR AR KA KRRk Ak Ak Ak kA kA kA kA kkkkk k%

* Register Equates

PORTA EQU $00 LCD display data
PORTB EQU $01 Keypad Row4,3,2,1;Coll,2,3,4
PORTC EQU 502 Fan*, Heat*,Cool*, Beep;ADen*, E,RS,R/W
DDRA EQU $04 Data direction, Port A (all output)
DDRB EQU 505 Direction, Port B (7-4in,3-0Oout)
DDRC EQU $06 Data direction, Port C (all output)
* RAM Equates
KEYVAL EQU $9D Keypad key (ASCII)
TEMPA EQU $9E One byte temp storage location
TEMPX EQU SOF One byte temp storage location
ORG $100
* Set Port data patterns and directions
INIT LDA #SE8 Fan*,Heat*,Cool*,Beep;ADen*, E,RS,R/W
STA PORTC Initial Thermostat control values
CLRA Row3,2,1,0;Col1,2,3,4
STA PORTB All cols initially off
DECA to $FF
STA DDRA Port A all outputs
STA DDRC Port C all outputs
LDA #SO0F Rows=in, Cols=outs
STA DDRB Port B half ins, half outs

* LCD display peripheral needs to be initialized

LDA #5$01

JSR WCTRL Clear

LDA #502

JSR WCTRL Home

LDA  #$38

JSR WCTRL Function Set- 8-bit,2-line, 5X7
LDA #50C

JSR WCTRL Display on, Cursor off

LDA  #$06

JSR  WCTRL Entry mode- Inc addr, no shift

%% END Of INITIALIZATION %k %ok k sk %k % k % Kk %k d % ok 3k ok % &k % ok % &k % k & & % %

Figure 4-10. Keypad Checkout Program Listing (Sheet 1 of 2)
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0129
012b
0124
012f
0131
0133
0136
0138
013b
013d
013f
0141
0142
0143
0145
0147
0l4a
0l4c
O0l4de
0151
0153
0156
0158
015a
015c¢c
0l1l5e
0160
0163

0173
0175
0177
0179
017b
017d
017f
0181
0183
0185
0187
0189
018b
018d
018f
0191

KEYTRY  LDA #S0F

STA PORTB Turn on all cols
ANYK LDA PORTB Reads rows in upper 4
AND #SFO Mask away cols
BEQ  ANYK Loop till a key is found
65 JSR DLY50 Debounce key
LDX #30 Pointer to last pair in KYTBL

73 KYLOOP  LDA KYTBL,X Get row/col pattern
STA PORTB Drive cols

CMP PORTB Check for row & col match
BEQ FOUND If =; key found

DECX Point to next pair of entries
DECX in KYTBL

BPL KYLOOP Loop if more entries
BRA KEYTRY Key gone; start over

74 FOUND LDA KYTBL+1,X Get key equiv from table
STA KEYVAL Save for now

LDA #580 Left end of 1st row
93 JSR WCTRL Position entry point
LDA KEYVAL Get the ASCII key value
ad JSR  WDAT Display the key
LDA #SO0F
STA PORTB Turn on all cols
TILRLS LDA PORTB Reads rows in upper 4
AND #SFO Mask away cols
BNE TILRLS Loop till no key pressed
65 JSR DLY50 Debounce release

BRA KEYTRY Look for another key
ARk AKA KA KKk AkAKKRkAkhkAkhkkkhkAhkhkkkkhkkkhkkk
* Keypad Correspondance Table
* 1st entry of each pair is Row/Col bit pattern

* 2nd entry of each pair is ASCII equiv of key
* COL # -> 1 2 3 4
* v v Vv Vv
* ROW 1 -> 1 2 3 A
* ROW 2 -> 4 5 6 B
* ROW 3 -> 7 8 9 C
* ROW 4 -> < 0 > !
KYTBL FCB $18,'1 Row 1, Col 1 (Top Left)
FCB $28,'4 Row 2, Col 1
FCB 548,'7 Row 3, Col 1
FCB 588, '< Row 4, Col 1
FCB $14,'2 Row 1, Col 2
FCB $24,'5 Row 2, Col 2
FCB $44,'8 Row 3, Col 2
FCB 584,'0 Row 4, Col 2
FCB $12,'3 Row 1, Col 3
FCB $22,'6 Row 2, Col 3
FCB $42,'9 Row 3, Col 3
FCB  $82,'> Row 4, Col 3
FCB $11,'a Row 1, Col 4
FCB $21,'B Row 2, Col 4
FCB $41,'C Row 3, Col 4
FCB $81,"! Row 4, Col 4 (Bot Right)

Figure 4-10. Keypad Checkout Program Listing (Sheet 2 of 2)
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4-22

NO

(AND CLEAR OCF FLAG)

Y

r

TIC=TIC+1

Y

<

TIC=207

>_N_Q_

YES
Y

I CLEAR TIC TO ZERO |

J L

"ARNCI" [
Y

1) UPDATE TIME AND DAY

2) SERVICE KEYPAD

3) SERVICE BEEPER

4) CHECK FOR USER ENTRY

5) SERVICE A/D TEMP. SENSORS

6) UPDATE HVAC OUTPUTS

7) SERVICE LCD DISPLAY

Y

)

vV

Measure 50 ms Intervals

Modulo 20 counter to count 50 ms ‘TICs'
TIC counts 0, 1, 2...18, 19, 0 efc.
Twenty 50 ms TICs equal 1 second.

Major task subprograms (modules).

Each is called once per 50 ms though

a subprogram may decide to do little or
nothing depending on the state of variables
such as TIC.

Figure 4-11. Main Program Flowchart
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hhkkhkhkkhkhkhkkkhkhkhkkkkhkhkhhkkkhkhkkhkkkkkhkkkkkkkhkkkkkkkkkk

* MC68HC705C8 Example Development Project

* A Home Thermostat with indoor/outdoor
temperature and time-of-day

This example uses an LCD display, a 4x4
keypad, a piezo beeper, and an MC145041
serial A/D converter.

*
*
*
*
*
*
* Software is configured in a real-time

* loop and demonstrates timing techniques
* and program modularity principles.

*

*

*

*

*

The project is complete enough to show
the development process but is not

intended to be a finished product.

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
% %k k Kk Kk Kk Kk k ok %k ok k Kk Kk %k ok ok Kk k k %k sk ok ok Kk dk ok ok ke ke ok ok ok ok ok ke ko ke ke ok ok

* Register Equates

0000 PORTA EQU $00 LCD display data

0001 PORTB EQU  $01 Keypad Row4,3,2,1;Coll,2,3,4

0002 PORTC EQU $02 Fan*,Heat*,Cool*,Beep;ADen*,E,RS,R/W
0003 PORTD EQU  $03 in,-,SS*, SCK;MOSI,MISO, TxD, RXD

0004 DDRA EQU 504 Data direction, Port A (all output)
0005 DDRB EQU $05 Data direction, Port B (7-4in, 3-0Oout)
0006 DDRC EQU 506 Data direction, Port C (all output)
000a SPCR EQU  $0A SPIE, SPE, -, MSTR; CPOL, CPHA, SPR1, SPR0
000b SPSR EQU  $0B SPIF,WCOL, -,MODF; -, -, ~, -

000c SPDR EQU $0C SPI Data

000d BAUD EQU  $0D -,-,SCP1, SCP0; -, SCR2, SCR1, SCR0

000e SCCR1 EQU  $OE R8,T8,-,M;WAKE, -, -, - '

000f SCCR2 EQU  $0F TIE, TCIE,RIE,ILIE; TE, RE, RWU, SBK
0010 SCSR EQU  $10 TDRE, TC, RDRF, IDLE; OR, NF, FE, —

0011 SCDR EQU $11 SCI Data

0011 RDR EQU $11 SCI Receive Data (same as SCDR)

0011 TDR EQU $S11 SCI Transmit Data (same as SCDR)
0012 TCR EQU  $12 ICIE,OCIE, TOIE,0;0,0,IEGE, OLVL

0013 TSR EQU  $13 ICF,OCF, TOF,0; 0,0,0,0

0014 ICAP EQU $14 Input Capture Reg (Hi-$14, Lo-$15)
0016 OCMP EQU S16 Output Compare Reg (Hi-$16, Lo-$17)
0018 TCNT EQU $18 Timer Count Reg (Hi-$18, Lo-$19)
00la ALTCNT EQU S1A Alternate Count Reg (Hi-$1A, Lo-$1B)

* RAM Equates
00a0 ORG SAQ
* Using 'A6 to debug and monitor uses lower RAM

00a0 TEMPA RMB 1 One byte temp storage location
00al TEMPX RMB 1 One byte temp storage location
00a2 TIC RMB 1 50mS Tics 00-19 20 Tics = 1 Sec
00a3 SEC RMB 1 Current Time Seconds 00-59
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00a4 BCDEQ RMB 1 BCD equivalent of ENTRY
* it's easier to roll in new digits to a BCD buffer vs binary.

* Next 7 entries are accessed by indexed addressing

* using a 1 byte

* offset from ENTRY. The offset is MODE (in X) and the value at
* ENTRY,X is the value that is subject to change in the selected

mode.
00as ENTRY RMB 1 Binary value being entered by user
00a6 HR RMB 1 Current Time Hour 1-12 (binary)
00a?7 MIN RMB 1 Current Time Minute 00-59 (binary)
00a8 AMPM RMB 1 Current Time AM=0, PM=1
00a9 DAY RMB 1 Day of Wk 1=Sun...7=Sat
00aa HVACM RMB 1 HVAC Equipment Mode

* Modes 0 - Off

* 1 - Heat

* 2 - Cool

* 3 - Fan Only
00ab GOAL RMB 1 Goal temp. setting (+)

* End of values accessed by offset from ENTRY
00ac INTMP RMB 1 Current Indoor Temperature (+)
00ad OUTMP RMB 1 Current Outdoor Temperature (+/-)
00ae ASC100 RMB 1 ASCII hundreds digit (-,<sp>,1, or 2)
00af ASC10 RMB 1 ASCII tens digit (0 thru 9)
00b0 ASC1 RMB 1 ASCII ones digit (0 thru 9)
00bl MODE RMB 1 Current Mode (for user interfce)

* Modes 0 - Inactive; display shows current time/temp/etc.

* 1 - Set Time HR

* 2 - Set Time MIN

* 3 - Set Time AM/PM

* 4 - Set Time DAY

* 5 - Set HVAC Mode - Off, Heat, Cool, Fan Only

* 6 - Set Target Temperature
00b2 HVACON RMB 1 0=0ff, 1l=on (running now)
00b3 KEYVAL RMB 1 Keypad key (ASCII) or debounce state
00b4 BEEPM RMB 1 Beeper request

* 2=>single 100mS beep, 8=>double beep, 26=>1 sec beep
00b5 ACTIMR RMB 1 Activity timer

* Set=60 sec on key, decrement 1l/sec, if 0 mode reverts to 0
00b6 ENTFLG RMB 1 New entry flag, O-new 1l-old

* Entries default to current value when new. If user enters

* a single digit the tens digit is cleared. If user enters

* more digits they shift in from rt. so new digit is 1's, old
* 1's becomes 10's, and old 10's falls off left (lost).
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0100

0100

0101
0103
0105
0106
0108
0109
010b
010d
010f

0111
0113
0115
0117

0119
011lb

011d
Olle

0120
0122
0125
0127
012a
0l12c
012f
0131
0134
0136

9c

a6
b7
4f
b7
4a

b7
a6
b7

b6
a4
al
26

a6
b7

4f
b7

a6
cd
a6
cd
a6
cd
a6
cd
a6
cd

e8
02

01

04

of
05

03
3C
20
£8

50
O0a

MOTOROLA
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20

20

20

20
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ORG $0100 Program will start at $0100
* $0100 is the start of EPROM in the '705C8

* Initialization done at reset & on detection of some errors
INIT RSP Reset stack pointer to $FF

* Set Port data patterns and directions

LDA #SE8 Fan*,Heat*,Cool*,Beep;ADen*,E,RS,R/W
STA PORTC Initial values for Thermostat controls
CLRA Row3,2,1,0;Co0l1,2,3,4

STA PORTB All cols initially off

DECA to SFF

STA DDRA Port A all outputs

STA DDRC Port C all outputs

LDA #S0F Rows=in, Cols=outs

STA DDRB Port B half ins, half outs

* Set up SPI to talk to ext serial A/D converter MC145041

* %

** CAUTION !! S3 thru S6 on PGMR Board can conflict with SPI
* %
WAITSW LDA PORTD Wait 'till S3-on, S4, S5, S6-off

AND #S$3C only care about S3,thru S6

CMP #3520 S3-on, S4, S5, S6-off ?

BNE WAITSW If not wait till they are
* Previous 4 lines only needed for development on PGMR board

LDA #3550 SPIE, SPE, -, MSTR; CPOL, CPHA, SPR1, SPRO
STA SPCR SPI on as Master, 2HUS norm low clock

* SCI not used in this application

* Timer output compare used to time 50mS loop
CLRA ICIE,OCIE,TOIE,0;0,0,IEGE,OLVL
STA TCR no timer interrupts or pins used

* LCD display peripheral needs to be initialized

LDA #501

JSR WCTRL Clear

LDA #502

JSR WCTRL Home

LDA #$38

JSR WCTRL Function Set- 8-bit,2-line, 5X7

LDA #S0C

JSR WCTRL Display on, Cursor off

LDA #$06

JSR WCTRL Entry mode- Inc addr, no shift
M68HC05 MICROCONTROLLER APPLICATIONS GUIDE 4-25
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0139
013b
013d
013f
0141
0143
0145
0147

0149
014b
014d
014f
0151
0153
0155

4-26

a2
a3
Oc
a6
a7l
a8
01
a9

Thermostat Example

Sheet 4 of 21

* Set time to 12:00 AM SUN

CLR
CLR
LDA
STA
CLR
CLR
LDA
STA

CLR
CLR
CLR
CLR
CLR
LDA
STA

TIC
SEC
#12
HR
MIN
AMPM
#1
DAY

MODE
KEYVAL
BEEPM
HVACON
HVACM
#72
GOAL

Init 50mS counter
Init seconds to 0
Hr=12

Min=00

AM (AMPM=0)
Sun-1, Sat-7
Day=Sunday

Set user interface to inactiwv
Say no key closed

Set beeper request to off
Indicate HVAC Equip not runni
Set HVAC Equip mode to off

Set default goal temp to 72°F

e

ng now

** END Of INITIALIZATION ***AkkAkkkkkhkkhkkhkhkkhkkk Xk kk Xk kkkk k%
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A K AR KA A AR A A A A A AR A A A A A A A AR A A AR AR A AR AR AR ARk ARk kA kkkk k%
* MAIN - Beginning of main program loop

* Loop is executed once every 50mS (exactly)

A pass through all major task routines takes
less than 50mS and then time is wasted until
the output compare flag gets set (every 50mS).
When an output compare triggers, the flag is
cleared & 12500 is added to the compare reg

so the next trigger will occur in exactly 50mS
(12500*4uS/cnt = 50mS) . (Xtal = 2MHz, bus = 1MHz)

The variable TIC keeps track of 50mS periods
when TIC increments from 19 to 20 it is cleared
to 0 and seconds are incremented.

The keypad is checked every 50mS pass and a new
closure or release is not acted upon until the
pass after it is first seen. This acts as a
switch debounce.

The display is updated only when seconds change.
Display call is at bottom of main loop so any
change caused by a key is reflected in the
display update.

L I O I S R T S I I I I
EE I . A T T R I T I O . A T T I

* Temperature readings are only taken once/sec
KA A KA A A A A A A KA A A A A A AR AR AR KA AR R A AR A Ak khkkhkkkhkkhkkhkkkhkkkkkkihkkk
0157 0d 13 fd MAIN BRCLR 6,TSR,MAIN Loop here till OCF flag set
015a b6 17 LDA OCMP+1 Low byte of OC register
015c ab d4 ADD #$D4 Low half of 12500
015e b7 a0l STA TEMPA Save till high half calculated
0160 b6 16 LDA OCMP High byte of OC register
0162 a9 30 ADC #3530 High half of 12500 (+carry)
0164 b7 16 STA OCMP Update OC reg
0166 b6 a0l LDA TEMPA Get low half of updated value
0168 b7 17 STA OCMP+1 Update low half of OC reg
* OC now = old OC + 12500, and OCF flag is clear
0l6a b6 a2 LDA TIC Get current TIC value
016c 4c INCA TIC=TIC+1
016d b7 a2 STA TIC Update TIC
016f al 14 CMP #20 20th TIC ?
0171 25 02 BLO ARNC1 If not, skip next clear
0173 3f a2 CLR TIC Clear TIC on 20th

* End of synchronization to 50mS TIC; Run main tasks and
branch back to main withinJSOmS. Sync OK as long as
* no 2 consecutive passes take more than 100mS.

0175 cd 01 8c ARNC1 JSR TIME Update time-of-day & day-of-week

0178 cd 01 c9 JSR KYPAD Check/service keypad

017b cd 02 16 JSR BEEP Update Beeper

01l7e cd 02 2f JSR USER User Interface to set time, temp, etc.
0181 cd 03 09 JSR  A2D Check Temp Sensors

0184 cd 03 34 JSR HVAC Update Heat/Air Cond Outputs

0187 cd 03 9d JSR  LCD Update LCD display

018a 20 cb BRA  MAIN Back to Top & wait for next TIC

** END Of Main Loop KAKKKAAKAKKRKKAAAKAAKRAAA AR AR AKX AR AR A Kk hkkhkkkhkx
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KRAIAK KKK KA KK KA A AR A Ak A AR AR A kA kA kA kA Ak Ak hkkhkkhkkkhk kA khkkkkkkkk

* TIME - Update Time-of-day & Day-of-week *
* If TIC not = 0, just skip whole routine *
* When SEC rolls 59->0, inc MIN *
* When MIN rolls 59->0, inc HR *
* When HR rolls 11->12, change AMPM 1->0 or 0->1 *
* When AMPM chgs 1->0, inc DAY *
* When DAY rolls 7->8, set to 1 (Sun) *
KA A AR KA A KA AR A A A AR KKK AR A A KRR A A AR A AAARR KA ARk Ak hkkhkkkhkhkkkkkxk

018c TIME EQU * Update Time-of-day & Day-of-week

018c 3d a2 TST TIC Check for TIC=zero

018e 26 38 BNE XTIME If not; just exit

0190 3c a3 INC SEC SEC=SEC+1

0192 a6 3c LDA #60

0194 bl a3 CMP SEC Did SEC -> 60 2

0196 26 30 BNE XTIME If not; Jjust exit

0198 3f a3 CLR SEC Seconds rollover

01%a 3c a7 INC MIN MIN=MIN+1

019¢c bl a7 CMP MIN A still 60; MIN=60 2

019%e 26 28 BNE XTIME If not; just exit

0la0 3f a7 CLR  MIN Minutes rollover

0la2 3c a6 INC HR HR=HR+1

0la4 b6 a6 LDA HR For comparisons

0la6 al 0d CMP #13 HR=13 ?

0la8 26 06 BNE ARNS1 If not; skip

0laa a6 01 LDA #1

O0lac b7 a6 STA HR Set HR=1

0lae 20 18 BRA XTIME Exit

01b0 al Oc ARNS1 CMP #12 HR=12 ?

01b2 26 14 BNE XTIME If not; just exit

01b4 b6 a8 LDA  AMPM

0lb6 a8 01 EOR #%00000001 1Invert AM/PM bit

01b8 b7 a8 STA AMPM 0=AM, 1=PM

0lba 26 Oc BNE XTIME If not AM now; Jjust exit

0lbc 3c a9 INC DAY DAY=DAY+1

Olbe b6 a9 LDA DAY

01c0 al 08 CMP #8 Day rollover ?

01lc2 26 04 BNE  XTIME If not; just exit

0lc4 a6 01 LDA #1

01c6 b7 a9 STA DAY Set Day to 1 (SUN)

01c8 81 XTIME RTS ** RETURN from TIME **
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01c9
01lc9
0lcb
Olcd
Olcf
01d1
01d3
0145
01d7
01d9
01db
0ldd
01df
Olel
Ole4d
0le6
0le8
Olea
O0leb
Olec
Olee
01£0
01£3
01£5
01£7
01£9
01fb
01fd
01ff
0201
0203
0205
0207
0209
020b
020d
020f
0211
0213
0215

MOTOROLA
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% %k %k Kk %k Kk Kk Kk k ok k Kk Kk Kk Kk k Kk Kk Kk k k k Kk Kk ok ok %k Kk Kk k Kk Kk k %k Kk Kk Kk Kk ok ok ok ok k ok ok ok kK ok ok ok ok k ok ok ok
* KYPAD - Check for & decode keys

* KEYVAL indicates ASCII equivalent of key or

* debounce status as follows

* $00 - no key pressed, look for any closure

*

*

*

$20-$7F - key found, debounced, & decoded (not seen)
SFE -~ key recognized by some task, wait for release
* SFF -~ key released 50mS ago (debounce release)

*
*
*
*
$01 - key closed 50mS ago (debounce), decode now *
*
*
*
*

AAA KK KK KKK KA AR AR AR KA ARKA KA KA KRR AR AN RA R AR A Rk kkkkkkkkkkkk*x

KYPAD EQU
LDA
BNE
LDA
STA
LDA
AND
BEQ
INC
BRA
CHK401 CMP
BNE
LDX
KYLOOP  LDA
STA
cMP
BEQ
DECX
DECX
BPL
CLR
FOUND LDA
STA
LDA
STA
BRA
CHK4FE CMP
BNE
1LDA
STA
LDA
AND
BNE
LDA
STA
BRA
CHK4FF CMP
BNE
CLR
XKYPAD RTS

* Check for & decode keys
KEYVAL KEYVAL indicates what to do
CHK401 If not 0; Check for $01

#S0F

PORTB Turn on all cols
PORTB Reads rows in upper 4
#SF0 Mask away cols

XKYPAD Exit if no key

KEYVAL To $01

XKYPAD Exit, key will be decoded in 50mS
#s01 KEYVAL=$01 ?

CHKAFE If not 0; Check for SFE

#30 Pointer to last pair in KYTBL
KYTBL,X Get row/col pattern

PORTB Drive cols

PORTB Check for row & col match

FOUND If =; key found
Point to next pair of entries
in KYTBL
KYLOOP Loop if more entries
KEYVAL No key found; set KEYVAL=0
KYTBL+1,X Get key equiv from table
KEYVAL $20 < KEYVAL £ §7F
#2
BEEPM Request beep as feedback
XKYPAD Exit

#SFE KEYVAL=SFE ?

CHKAFF If not check for S$FF
#SOF

PORTB Turn on all cols
PORTB Reads rows in upper 4
#SFO0 Mask away cols

XKYPAD Exit if key still closed
#SFF

KEYVAL Set KEYVAL=SFF

XKYPAD & Exit

#SFF KEYVAL=$FF ?

XKYPAD If not; exit

KEYVAL Set KEYVAL=$00

** RETURN from KYPAD **
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KA A IAA KKK AR AR KKK A KR AR A KA AR KA KA kAR A kA Ak hk kA khkhkkhkkhkkhkkkkkkkkx

* BEEP - Update audible beeper *
* Single 100mS beep on key closure (feedback) *
* Beep (100mS/on, 2000ff, 100on) entry accepted *
* Beep 1 second to indicate entry error *
KAKKA KK A A A kA kA Ak Ak A A kA AR AR A A Ak Ak Ak Ak hkhkhkkhkhkhkhkhkhkhkhkkkkhkkkk

0216 BEEP EQU * Update audible beep

0216 b6 b4 LDA BEEPM BEEPM indicates what to do

0218 26 04 BNE ACTIV Branch if beeper active

021a 19 02 BCLR 4,PORTC Turn off beeper

021c 20 10 BRA XBEEP & Exit

021e 3a b4 ACTIV DEC BEEPM Times beeps

* Accumulator has undecremented version of BEEPM
* Beeper should be on unless BEEPM is between 3 and 6

0220 al 03 CMP #3

0222 25 08 BLO BPRON If <3 turn beeper on
0224 al 06 CMP #6

0226 22 04 BHI BPRON If >6 turn beeper on
0228 19 02 BCLR 4,PORTC Turn beeper off

022a 20 02 BRA XBEEP & Exit

022c 18 02 BPRON BSET 4,PORTC Turn beeper on

022e 81 XBEEP RTS ** RETURN from BEEP **
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022f
022f
0231
0233
0235
0237
0239
023b
023d
023f
0241
0243
0245
0247

024a
024c
024e
0250
0252
0254
0256
0258
025a
025c
025e
0260
0262
0264
0265
0266
0267
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KAAKK I KA A AR KR A A A A AR A A A ARk kA kA Ak A Ak kkk kA Ak kk Ak Ak k kA kkk Ak kkkkkkk
* USER - User Interface to set time, temp, etc. *
* Variable named MODE identifies current user function *
* 0 - Inactive; display shows current time/temp/etc. *
* 1 - Set Time HR *
* 2 - Set Time MIN *
* 3 - Set Time AM/PM *
* 4 - Set Time DAY *
* 5 - Set HVAC Mode - Off, Heat, Cool, Fan Only *
* 6 - Set Target Temperature *
* MODE reverts to O-inactive if no keys for 1 min *
* To activate modes press A until desired value *
* to be changed is blinking. Next enter desired *
* setting numbers and press enter (!). *
* Current program does not use <,>,B, or C keys. *
K Kk Kk ok Kk ok kK k ok ok k ok k Kk ok ok ok Kk ke sk ok ke kK Kk ko ok sk ok Rk Kk ok kR ok ok kR ok ok ok ok ok ok ok ok ok ok ok ok ok
USER EQU * User Interface to set time, temp, etc.

TST SEC Seconds = 0 ?

BNE CHKEY If not, skip ACTIMR

DEC ACTIMR Decrement activity timer

BNE ARMCLR No activity for 1 minute

CLR MODE Force to inactive
ARMCLR BPL CHKEY Did ACTIMR roll neg ?

CLR ACTIMR If so clear it
CHKEY LDA KEYVAL Get key value

CMP #520 Ignore key if <$20 or >$7F

BLO XUSER2 Exit if <$20

CMP #S7F ? > $7F is invalid

BLS VALKEY valid
XUSER2  JMP XUSER May be too far to branch
* Valid key has been detected
VALKEY LDX #60 60 seconds

STX ACTIMR Set to timeout in 1 min.

CMP #'A KEYVAL = A ?

BEQ NXTMOD Advance to next setting

CMP #'0 ASCII 0

BLO TRYENT Branch if < 0

CMP #'9 ASCII 9

BHI TRYENT BRANCH IF > 9

TST ENTFLG First # in entry ?

BNE NOFST Skip if not

CLR ENTRY Clear ENTRY

CLR BCDEQ & its BCD equivalent

INC ENTFLG 0->1 (NO LONGER 1st)
NOFST ASLA Get hex 0-9 in left nibble

ASLA

ASLA

ASLA nnnn 0000 & BCDEQ = XXXX YYVV

M68HC05 MICROCONTROLLER APPLICATIONS GUIDE 4-31




Listing — Thermostat Example Sheet 10 of 21

0268 48 ASLA Roll new digit into BCD
0269 39 a4 ROL BCDEQ Equiv of ENTRY

026b 48 ASLA With 4 double byte

026c 39 a4 ROL BCDEQ left shifts

026e 48 ASLA

026f 39 a4 ROL BCDEQ

0271 48 ASLA

0272 39 a4 ROL BCDEQ BCDEQ now = yyyy nnnn
0274 b6 a4 LDA BCDEQ

0276 a4 Of AND #SO0F Mask off 10's

0278 b7 a5 STA ENTRY Temp save 1l's

027a b6 a4 LDA BCDEQ Get BCD again

027c 44 LSRA Right justify 10's

0274 44 LSRA

027e 44 LSRA

027f 44 LSRA

0280 ae 0Oa LDX #10

0282 42 MUL A <- 10 * BCD 10's

0283 bb a5 ADD ENTRY Add in ones

0285 b7 a5 STA  ENTRY Now binary equiv of BCDEQ
0287 20 2d BRA KEYFE Acknowledge key and leave
0289 al 21 TRYENT CMP #'! Enter key ?

028b 26 29 BNE KEYFE If not, Ack key & leave
028d cd 02 bb JSR CHKPNT Check for legal entry

* On return N-bit indicates legal (Positive) & X points
* at applicable value to be changed (HR,MIN,AMPM,DAY etc.)

0290 2a Oc BPL LEGENT Branch if legal

0292 e6 a5 LDA ENTRY,X Get current value

0294 b7 a$s STA ENTRY Revert to current (legal) value
0296 3f b6 CLR ENTFLG So next # treated as first
0298 a6 1la LDA #26 26 * 50mS = 1.3 sec

029a b7 b4 STA  BEEPM Beep 15/200mS-off/100mS-on
029c 20 18 BRA KEYFE Acknowledge entry attempt
029%e e7 a5 LEGENT STA ENTRY,X Update value being set

02a0 a6 08 LDA #8 100mS-on/200mS-off/100mS-on
02a2 b7 b4 STA BEEPM Double beep

02a4 3c bl NXTMOD INC MODE Adv to next setting

02a6 b6 bl LDA  MODE Check for past 6

02a8 al 07 CMP #7 <7?

02aa 25 02 BLO NOCLR If OK skip clear

02ac 3f bl CLR MODE Rollover to 0

02ae be bl NOCLR LDX MODE Use as index to current
02b0 e6 a5 LDA ENTRY,X Get current value of entry
02b2 b7 a5 STA ENTRY Use current as default setting
02b4 3f b6 CLR ENTFLG Indicate next # is 1st

02b6 a6 fe KEYFE LDA #SFE

02b8 b7 b3 STA KEYVAL Acknowledge key closures
02ba 81 XUSER RTS ** RETURN from USER **
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* % Kk

* CHKPNT - a utility subroutine used by USER routine

* Checks for entry within legal limits which

* depend on value being changed. HR=1-12, MIN=0-59
* and so on. If legal, N bit will be 0 (Positive).
* On return A has enrty value (or S$FF if illegal)
* and X points at value to be changed. ENTRY,X

* may be used to access value to be changed.

02bb b6 a5 CHKPNT LDA ENTRY For compares to chk limits
02bd be bl LDX MODE For compares & as return pointer
02bf a3 01 CPX #1 Set HR ?

02cl 26 08 BNE TRI2 If not

02c3 al 01 CMP #1 <1?

02c5 25 04 BLO TRI2 illegal (will ripple through)
02c7 al Oc CMP #12 1-12 2

02c9 23 3b BLS OKENT Valid HR entry

02cb a3 02 TRI2 CPX #2 Set MIN ?

02cd 26 07 BNE TRI3 If not

02cf 4d TSTA <0?

02d0 2b 04 BMI TRI3 illegal (will ripple through)
02d2 al 3b CMP #59 0-59 2

02d4 23 30 BLS OKENT Valid MIN entry

02d6 a3 03 TRI3 CPX #3 Set AMPM ?

02d8 26 07 BNE TRI4 If not

02da 4d TSTA <07

02db 2b 04 BMI TRI4 illegal (will ripple through)
02dd al 01 CMP #1 0 orl?

02df 23 25 BLS OKENT Valid AMPM entry

02el a3 04 TRI4 CPX #4 Set DAY ?

02e3 26 08 BNE TRIS If not

02e5 al 01 CMP #1 <12

02e7 25 04 BLO TRIS illegal (will ripple through)
02e9 al 07 CMP #7 1-7 2

02eb 23 19 BLS OKENT Valid DAY entry

02ed a3 05 TRIS5 CPX #5 Set HVAC Mode ?

02ef 26 07 BNE TRIG6 If not

02f1 4d TSTA <0?

02f2 2b 04 BMI TRI6 illegal (will ripple through)
02f4 al 03 CMP #3 0-3 2

02f6 23 Oe BLS OKENT Valid HVACM entry

02f8 a3 06 TRI6 CPX #6 Set GOAL Temp ?

02fa 26 08 BNE BADENT Illegal entry

02fc al 32 CMP #50 <50°F 2

02fe 25 04 BLO BADENT illegal

0300 al 63 CMP #99 < or = 99°F ?

0302 23 02 BLS OKENT Valid goal temp

0304 a6 ff BADENT  LDA #SFF A negative value to set N
0306 b7 a5 OKENT STA ENTRY Sets/or clears N

0308 81 RTS ** Return from CHKPNT **

* 11! There is more to this exit than is obvious. X=MODE
* so X points at entry to be changed HR,MIN,AMPM,DAY,HVACM, GOAL
* A has entry (or $FF if it was illegal). After return N-bit

* of CCR indicates whether entry was OK or not.
* STA ENTRY was used to make N bit reflect sign of ENRTY
* rather than the result of a compare.
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0309
0309
030b
030d
030f
0310
0311
0312
0313
0315
0317

0319
031c
031le
0320
0322
0324
0327
032a
032c
032e
0331
0333

4-34

a2

24

0b
02
Oc

fd

07
ea

eb
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K Kk K kK Kk k Kk Kk Kk %k Kk Kk Kk sk k Kk Kk Kk k %k %k Kk Kk k %k %k %k Kk Kk %k ok %k ok Kk Kk ok ok ok ok K ok ok sk ok %k ok ok ok ok ok ok ok ok k-

* A2D - Check temp. sensors (via SPI and MC145041) *
* If TIC = 0, send addr 0 ignore return data *
If TIC 1, send addr 1 return data is ch.0 val *
If TIC = 2, send addr 2 return data is ch.l val *
If TIC > 2, skip A2D routine *
*
*
*

To compensate for sensor & op-amp offset, A/D result

will be modified by subtracting an offset constant
KKK A KAKA KA A A AR AR A A AR KA R AR A AR A AR AR A A A Ak khk kA Xk hkhkhkkkhkkkkx

* % % % %

A2D EQU * Check temp. sensors
LDA TIC If Tic = 0, 1, or 2 write to SPI
CMP #2
BHI XA2D If Tic > 2; Exit
ASLA Move TIC # 0-2 to upper nibble
ASLA
ASLA
ASLA 4 bit left shift
TST SPSR Reads SPIF (part of SPIF clear)
BCLR 3,PORTC Drive low true SA/D CE* to 0
STA SPDR Initiates a transfer

* Requests conversion of next channel and returns data

* from previous channel Ch.0=Indoor Ch.l=Outdoor

SPIFLP BRCLR 7,SPSR,SPIFLP Wait for SPI Xfer complete
BSET 3,PORTC Drive low true SA/D CE* to 1

LDA TIC If 0-Exit, 1 or 2 Read A/D data
BEQ XA2D 0 so exit
LDA  SPDR Get A/D data
BRSET 1,TIC,ADCH1 If Tic=2, data is Ch.1l
SUB OFF0 A/D Ch.0; subtract offset
STA INTMP Update indoor temperature
BRA XA2D & Exit
ADCH1 SUB OFF1 A/D Ch.1l; subtract offset
STA OUTMP Update outdoor temperature
XA2D RTS ** RETURN from A2D **

M68HC05 MICROCONTROLLER APPLICATIONS GUIDE MOTOROLA



Listing

0334
0334
0336
0338
033a
033c
033e
0340
0342
0344
0346
0348
034a
034c
034e
0350

0353
0354
0356
0358
035a
035c
035e

0360
0361
0363
0365
0367
0369
036b
036d
036f
0371
0373
0375
0377
0379
037b
0374
037f

4a
bl

1f
1d
a6
b7
20
al

1f
1lc
la
20
lc
b6
Oa

0d
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* HVAC - Update Fan,

*

Heat, and Cool outputs

Low-true outputs will be buffered to drive 24VAC
relay coils in HVAC equipment. (high true in final)
Heat and Cool requests should not permit short-
cycle (ie a min delay is required between changes)

21

at least 30 sec.

L

* HVACM = 0 - Off,

Once Heat or Cool requested,

off time to restart.
* Allow *1° around target temp as hysteresis.
1 - Heat,

do not turn off for
Also enforce 30 sec. minimum

* %k % Ok Ok X X %

2 - Cool, 3 - Fan Only *

%k Kk ok Kk ke ok ok ok Kk k %k ok ok sk Kk Kk k ok %k sk sk k ke k ok sk ok sk ok ke ko ok ok ok kK ok ok ok ok ok ok ok sk ok ok ok k ok ke ok ok ok

HVAC EQU * Update Fan, Heat, and Cool outputs
LDA SEC Exit unless sec = 0 or 30
BEQ DOHVAC 0 so do HVAC
CMP #30
BNE XHVAC Exit if not 0 or 30
DOHVAC LDA HVACM 0-off, 1l-heat, 2-cool, 3-fan
BNE HM1Q If not 0 go see if 1
LDA PORTC Fan*,Heat*,Cool*, Beep;ADen*,E,RS,R/W
ORA #SE0 Set fan, heat, cool all high (off)
STA PORTC Update port
BRA XHVAC & Exit
HM1Q CMP #1 Check for mode 1 - heat
BNE HM2Q If not go see if 2
BSET 5,PORTC Turn off cool output
LDA GOAL Get target temp
BRSET 6,PORTC,HONQ If not; see if it should be

* Heat on; turn off when indoor temp > goal + 1

INCA Goal+l for hysteresis

CMP INTMP GOAL+1 < INTMP ? Turn off ?
BHS XHVAC NO; just leave

BSET 6,PORTC Turn off heat

BSET 7,PORTC Turn off fan

CLR HVACON Turn off flag to indicate off
BRA XHVAC Then leave

* Heat off; turn on when indoor temp < goal -1

HONQ DECA Goal-1 for hysteresis
CMP INTMP GOAL-1 > INTMP ? Turn on ?
BLS XHVAC NO; just leave
BCLR 7,PORTC Turn on fan
BCLR 6,PORTC Turn on heat
LDA #1
STA HVACON Set flag to indicate on
BRA XHVAC Then leave

HM2Q CMP #2 Check for mode 2 - cool
BEQ HCOOL Branch if cool mode 2
BCLR 7,PORTC Turn on fan
BSET 6,PORTC Turn off heat
BSET 5,PORTC Turn off cool
BRA XHVAC Then leave

HCOOL BSET 6,PORTC Turn off heat output
LDA GOAL Get target temp

BRSET 5,PORTC, CONQ

M68HC05 MICROCONTROLLER APPLICATIONS GUIDE
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* Cool on; turn off when indoor temp < goal -1

0382 4c INCA Goal-1l for hysteresis
0383 bl ac CMP INTMP GOAL-1 > INTMP ? Turn off ?
0385 23 15 BLS XHVAC NO; just leave
0387 1la 02 BSET 5,PORTC Turn off cool
0389 le 02 BSET 7,PORTC Turn off fan
038b 3f b2 CLR HVACON Turn off flag to indicate off
038d 20 0d BRA XHVAC Then leave

* Cool off; turn on when indoor temp > goal + 1
038f 4a CONQ DECA Goal+l for hysteresis
0390 bl ac CMP INTMP GOAL+1 < INTMP ? Turn on ?
0392 24 08 BHS XHVAC NO; just leave
0394 1f 02 BCLR 7,PORTC Turn on fan
0396 1b 02 BCLR 5,PORTC Turn on cool
0398 a6 01 LDA #1
03%a b7 b2 STA HVACON Set flag to indicate on
039¢c 81 XHVAC RTS *% RETURN from HVAC **

% %k Kk k Kk sk Kk k ok Kk Kk sk Kk ok k k Kk ok ke sk k ok ok Kk sk Kk sk ok ko ok ok Kk ok ke sk ok ok ok ke ok ok sk ok ok ok ok ok ke k ko ok ok ok ok
* LCD - LCD Display Update

* If value is being set now, display ENTRY rather than
* the current value and flash it like time colon.

* Flash time colon if time not being set now (else:on)
*

*

*

* % % * %

Update current time if time not being set now
Update HVAC active '*' unless HVAC mode being set now*

Flash value to set if user is changing a setting *
KA KKK A KA A A KA IR KA AA AR A A A A A AR AR A AR A AR AR A kA Ak Ak Ak khkhkhkhkhkhkkhkkk
039d LCD EQU * LCD Display Update
039d a6 80 LDA #3580 Left end of 1lst row
039f cd 06 20 JSR WCTRL Position entry point
03a2 b6 a2 LDA TIC 50mS periods 0-19
03a4 27 09 BEQ TICO Only update once/sec
03a6 al Oa CMP #10 TIC = 10 at mid second
03a8 26 08 BNE XLCD If not 0 or 10, just leave
03aa cd 03 b3 JSR BLINKR Blanks colon or value being set
03ad 20 03 BRA  XLCD Exit
03af cd 04 0f TICO JSR DSPLAY Update the LCD display
03b2 81 XLCD RTS ** RETURN from LCD **
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* % %

* Following subroutines support the LCD main task
* k Kk

03b3 BLINKR EQU * Blink colon or user entry
03b3 be bl LDX MODE Mode 0 ?

03b5 26 07 BNE CIF1 If not see if mode 1

03b7 a6 82 LDA #582 Cursor position of colon

03b9% cd 06 20 JSR  WCTRL Send cursor position to LCD
03bc 20 4b BRA SP1 Send 1 ASCII space and leave
03be 5a CIF1l DECX Mode 1 ?

03bf 26 07 BNE CIF2 If not see if mode 2

03cl a6 80 LDA #580 Cursor position of HR

03c3 cd 06 20 JSR  WCTRL Send cursor position to LCD
03c6 20 3c BRA SP2 Send 2 ASCII spaces and leave
03c8 5a CIF2 DECX Mode 2 ?

03c9 26 07 BNE CIF3 If not see if mode 3

03cb a6 83 LDA #583 Cursor position of MIN

03cd cd 06 20 JSR WCTRL Send cursor position to LCD
03d0 20 32 BRA Sp2 Send 2 ASCII spaces and leave
03d2 5a CIF3 DECX Mode 3 ?

03d3 26 07 BNE CIF4 If not see if mode 4

03d5 a6 86 LDA #586 Cursor position of AMPM

03d7 cd 06 20 JSR WCTRL Send cursor position to LCD
03da 20 2d BRA SP1 Send 1 ASCII space and leave
03dc 5a CIF4 DECX Mode 4 ?

- 03dd 26 07 BNE CIFS If not see if mode 5

03df a6 88 LDA #588 Cursor position of DAY

03el cd 06 20 JSR  WCTRL Send cursor position to LCD
03e4 20 16 BRA SpP4 Send 4 ASCII spaces and leave
03e6 5a CIFS DECX Mode 5 ?

03e7 26 07 BNE MUSTB6 If not, mode must be 6

03e9 a6 cO LDA #$CO Cursor position of HVAC Mode
03eb cd 06 20 JSR  WCTRL Send cursor position to LCD
03ee 20 07 BRA SP5 Send 5 ASCII spaces and leave
03f0 a6 cé6 MUSTB6 LDA #35C6 Must be mode 6

03f2 cd 06 20 JSR WCTRL Cursor position of Goal Temp
03f5 20 0d BRA Sp2 Send 2 ASCII spaces and leave
03f7 a6 20 SP5 LDA #$20 ASCII space <sp>

03f9 cd 06 3a JSR WDAT Send a space to LCD

03fc a6 20 Sp4 LDA #520 ASCII space <sp>

03fe cd 06 3a JSR  WDAT Send a space to LCD

0401 cd 06 3a JSR WDAT Send a space to LCD

0404 a6 20 Sp2 LDA #520 ASCII space <sp>

0406 cd 06 3a JSR  WDAT Send a space to LCD

0409 a6 20 SP1 LDA #$20 ASCII space <sp>

040b cd 06 3a JSR  WDAT Send a space to LCD

040e 81 RTS ** RETURN from BLINKR **
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% %k %k %k gk Kk k Kk ok ok ok ok k k Kk Kk sk ok k kK ok sk %k Kk ok sk sk ok Kk ke ok ok ok ok ok ok ke ok ke Kk ke k ok ok ok ke k ok ok ok ok ok ok ok

* DSPLAY - Writes full 40 character display of current *
* system conditions to the LCD display peripheral *
* Following is a typical LCD display... *
*12:00 A SUN IN 75°F *
* OFF 72° OUT 102°F *
% K K Kk k Kk Kk K Kk ok kK %k ok k ko k ok Kk ok Kk k% sk ok k ok Kk ok ok k k ok ok ok ok ok ok ok ok

040f a6 00 DSPLAY LDA #3500 Left end of 1lst line on LCD

0411 cd 06 20 JSR  WCTRL Position entry point

0414 be bl LDX MODE Use for mode compares

0416 b6 a6 LDA HR

0418 a3 01 CPX #1 Mode= HR set ?

041a 26 02 BNE AEl Skip if not 1

041c b6 a5 LDA ENTRY Use ENTRY rather than HR

04le cd 06 a6 AEl JSR CNVERT Convert HRs to ASCII

0421 cd 06 56 JSR SHOW2 Display as 2 digits

0424 a6 3a LDA ¥': ASCII colon

0426 cd 06 3a JSR WDAT To LCD

0429 b6 a7 LDA MIN

042b a3 02 CPX #2 Mode= MIN set ?

0424 26 02 BNE AE2 Skip if not 2

042f b6 a5 LDA ENTRY Use ENTRY rather than MIN

0431 cd 06 a6 AE2 JSR CNVERT Convert MINs to ASCII

0434 cd 06 56 JSR SHOW2 Display as 2 digits

0437 a6 20 LDA #520 ASCII <sp>

0439 cd 06 3a JSR  WDAT <sp> to LCD

043c b6 a8 LDA AMPM Current AMPM indicator

043e a3 03 CPX #3 Mode= AMPM set ?

0440 26 02 BNE AE3 Skip if not 3

0442 b6 a5 LDA ENTRY Use ENTRY rather than AMPM

0444 4d AE3 TSTA Check for AM (0)

0445 26 04 BNE ITSPM If not its PM

0447 a6 41 LDA #'A ASCITI A

0449 20 02 BRA SHOWAP Display A for AM

044b a6 50 ITSPM LDA #'pP If it wasn't AM

044d cd 06 3a SHOWAP JSR WDAT Show A or P

0450 a6 20 LDA #520 ASCII <sp>

0452 cd 06 3a JSR WDAT To LCD

0455 a6 fc LDA #-4 Offset from MDAY

0457 a3 04 CPX #4 Mode= DAY set ?

0459 26 04 BNE AE4 Skip if not 4

045b be a5 LDX ENTRY Use ENTRY rather than DAY

0454 20 02 BRA DAYLP Print Entry day

045f be a9 AE4 LDX DAY DAY = 1 to 7

0461 ab 04 DAYLP ADD #4 Advance pointer to next MDAY entry

0463 5a DECX 1->0 or n->(n-1)

0464 26 fb BNE DAYLP Loep till X=0 (A will = 4*DAY)

0466 97 TAX Move offset to X

0467 d6 06 8a SHODAY LDA MDAY, X Get next char

046a al 04 CMP #4 End of message ?

046c 27 06 BEQ DUNDAY If done printing day

046e cd 06 3a JSR WDAT Send char to LCD

0471 5c INCX Point at next char

0472 20 £3 BRA SHODAY Loop till $04 found

0474 S5f DUNDAY CLRX Loop index
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0475 d6 06 80 LPSIN LDA MSINS,X Get next ASCII char

0478 cd 06 3a JSR WDAT Loop prints ' 1IN '

047b 5c¢ INCX

047c a3 05 CPX #5

047e 26 £5 BNE LPSIN Loop till 5 chars

0480 b6 ac LDA INTMP Indoor temp

0482 cd 06 a6 JSR CNVERT Convert to ASCII

0485 cd 06 56 JSR SHOW2 Display as 2 digits

0488 cd 06 S5f JSR LCDDF Display '°F'

048b a6 c0 LDA #5C0 Left end of 2nd line

048d cd 06 20 JSR  WCTRL Reposition entry point
0490 a6 20 LDA #520 ASCII <sp>

0492 3d b2 TST HVACON Heat/cool running ?

0494 27 02 BEQ ARNAST If not go around asterisk
0496 a6 2a LDA #'x ASCII asterisk

0498 cd 06 3a ARNAST JSR  WDAT Show <sp> or *

049b 5f CLRX Message offset from MHVAC
049c b6 bl LDA MODE Get Mode in A

049%e al 05 CMP #5 Mode= HVACM set ?

04a0 26 04 BNE AES Skip if not 5

04a2 b6 a5 LDA ENTRY Use ENTRY rather than HVACM
04a4 20 02 BRA AESB

04a6 b6 aa AES LDA HVACM HVAC mode

04a8 27 Oe AESB BEQ  HVD If HVACM=0 display 'OFF '
04aa ae 06 LDX #6 Offset to 'HEAT '

O04ac al 01 CMP #1 Heat mode ?

04ae 27 08 BEQ HVD If so; display

04b0 ae Oc LDX #12 Offset to 'COOL '

04b2 al 02 CMP #2 Cool mode ?

04b4 27 02 BEQ HVD If so; display

04b6 ae 12 LDX #18 Offset to 'FAN ' (must be)
04b8 d6 06 68 HVD LDA MHVAC, X

04bb al 04 CMP #4 End of message ?

04bd 27 06 BEQ DUNHVD If so, skip ahead

04bf cd 06 3a JSR  WDAT Else display nxt char
04c2 5c INCX Point at next

04c3 20 £3 BRA HVD Continue loop

04c5 b6 ab DUNHVD  LDA GOAL Goal temp setting

04c7 be bl LDX  MODE Get mode in X

04c9 a3 06 CPX #6 Mode= GOAL set ?

04cb 26 02 BNE AE6 Skip if not 6

04cd b6 a5 LDA ENTRY Use ENTRY rather than GOAL
04cf cd 06 a6 AE6 JSR CNVERT Convert to ASCII

04d2 cd 06 56 JSR SHOW2 Display as 2 digits

04d5 cd 06 Sf ' JSR  LCDDF Display '°F'

0448 5f CLRX Loop index

04d9 d6 06 85 LPSOT LDA MSOUT,X Get message character
04dc cd 06 3a JSR WDAT Send to LCD

04df 5c INCX Nxt char of ' OUT '

04e0 a3 05 CPX #5 Check for done

04e2 26 f5 BNE LPSOT Loop for 5 characters
04e4 b6 ad LDA OUTMP Outdoor temp

04e6 cd 06 a6 JSR CNVERT Convert to ASCII

04e9 cd 06 52 JSR SHOW3 Display as 3 digits

Odec cd 06 S5f JSR LCDDF Display '°F°

O0d4ef 81 RTS ** RETURN from DSPLAY **
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Listing — Thermostat Example ; Sheet 18 of 21

0600 ORG $0600 Temp ORG to get subs away from main

% Kk %k Kk ok Kk ok Kk ke k ok ok k Kk sk Kk ok kK gk ok k Kk ok ok ok ok ok ok ok ok ok
* *

* SUBROUTINES & CONSTANT TABLES *
* *

ek Kk ok Kk Kk Kk Kk ok %k %k ok Kk Kk ok ok ok kK ok ok ok ko k ok ok ok ok ok ok ok

Keypad Correspondance Table
1st entry of each pair is Row/Col bit pattern
2nd entry of each pair is ASCII equiv of key

COL # -> 1 2 3 4

v v v v
This is layout of keypad
1 2 3 A
ROW 2 -> 4 5 6 B
ROW 3 =-> 7 8 9 C
ROW 4 -> < 0 > !

Port B layout is...

*

*

*

*

*

*

*

* ROW 1 ->
*

*

*

*

*

* R4,R3,R2,R1l; C1,C2,C3,C4 R's=ins, C's=outs
*

060018 31 KYTBL FCB $18,'l Row 1, Col 1 (Top Left)
0602 28 34 FCB $28,'4 Row 2, Col 1
0604 48 37 FCB $48,'7 Row 3, Col 1
0606 88 3c FCB 588, '< Row 4, Col 1
0608 14 32 FCB $14,'2 Row 1, Col 2
060a 24 35 FCB $24,'5 Row 2, Col 2
060c 44 38 FCB $44,'8 Row 3, Col 2
060e 84 30 FCB $84,'0 Row 4, Col 2
0610 12 33 FCB $12,'3 Row 1, Col 3
0612 22 36 FCB $22,'6 Row 2, Col 3
0614 42 39 FCB $42,'9 Row 3, Col 3
0616 82 3e FCB $82, > Row 4, Col 3
0618 11 41 FCB $11,'A Row 1, Col 4
06la 21 42 FCB $21,'B Row 2, Col 4
061c 41 43 FCB $41,'C Row 3, Col 4
06le 81 21 FCB $81,'! Row 4, Col 4 (Bot Right)
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Listing

0620
0622
0624
0626
0628
062a
062b
062d
062f
0631
0634
0635

bf
b7

15
ae
5a
26
al

cd
5a
26

0637
0639

be
81

063a
063c
063e
0640
0642
0644
0646
0648
064a
064b
064d
064f
0651

MOTOROLA

39

Thermostat Example

Sheet 19 of 21

IRA KKK KKK KA KA AR A KRK KK KRR KR KA R KRA KRR KA AR KRR A Rk A Ak kA khkkhkkkkk

* WCTRL - Write control word to LCD peripheral *
* Enter with control word in accumulator *
* Return with original value of X *
* Delay ~4.5mS if A=$01 or $02 else delay ~120us *
% %k Jk % %k K ok Kk ok sk ek kK %k ok ok kK Kk k ok ok Kk k ok sk ok Kk ok k ok ok ok kK Kk Kk Kk Kk k ok ok ko k k ok ke k ok ok ok ok
WCTRL STX TEMPX Save X
STA PORTA Write control word to LCD
BSET 2,PORTC E->1
BCLR 2,PORTC E->0
LDX #20 20*6~*1uS/~=120U8
L120U DECX Delay loop ~120uS
BNE L120U 20-19,19-18...1-0
CMP #502 Commands $01 & $02 req extra delay
BHI ARNSM If command > $02 skip long delay
L5M JSR ANRTS JSR+RTS TAKES 12~ (just want delay)
DECX TAKES 3~ (X=0->1 on first pass)
BNE L5M 3~ Loop 256*18~*1UuS/~=4.608mS Delay
ARNS5M LDX TEMPX Restore X
ANRTS RTS ** RETURN **

AA A A A A A A A KK AAA A KA IR AR AR A kA A Ak kkkkkkkkhkkkkkkkkkkkk

* WDAT - Write data word to LCD peripheral *
* Enter with data word in accumulator *
* Return with original values of X & A *
* Delay ~120uS after data write *
KKK AK KKK KA A KKK ARA KA KRR RKAKAKRKAA A A KAARA AR AR R AR AR AR Ak kkkkhhkkkk
WDAT STX TEMPX Save X

STA TEMPA Save A

STA  PORTA Write data word to LCD

BSET 1,PORTC RS->1

BSET 2,PORTC E->1

BCLR 2,PORTC E->0

BCLR 1,PORTC RS->0

LDX  #20 20*6~*1us/~=120uS
L120 DECX Delay loop ~120uS

BNE L120 20-19,19-18...1-0

LDA TEMPA Restore A

LDX TEMPX Restore X

RTS ** RETURN **
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Listing

0652
0654
0656
0658
065a
065¢c
065e

065f
0661
0663
0665
0667

0668
066d
066e
0673
0674
0679
067a
067f
0680
0685
068a
068d
068e
0691
0692
0695
0696
0699
069a
069d
069%e
06al
06a2
06a5

4-42

a6
ad
a6
ad
81

df

46
d3

46

45

4f

41

55

45

48

52

41

46
41
4f
de
49
55
de
de
45
44
55
49

54

Thermostat Example Sheet 20 of

A A KA KKK AKR AR AA AR KA AR AR KR KRR KA KRR AR AR A AR A AR AR A A Ak Ak kk kK

* SHOW3 - Display 3 ASCII chars on LCD *
* ASC100, ASC10; ASCl *
* SHOW2 - Display 2 ASCII chars on LCD *
* ASC10; AsCl *

% % K %k Kk Kk Kk ok kK Kk ok %k gk ke sk dk gk ok ke ok ok ok sk ok ke ke ke ok ok ok ke k ke ok ok ke ke ke ok ok ok ok ok ok ok ok ok ok ok ok

SHOW3 LDA ASC100 Get ASCII 100's digit
BSR WDAT Send to LCD

SHOW2 LDA ASC10 Get ASCII 10's digit
BSR WDAT Send to LCD
LDA ASCl Get ASCII 1's digit
BSR WDAT Send to LCD
RTS **%* RETURN **

KA KA KAKA KA KAA A A KRR A Ak kAR Ak kkkhhkhkkkkhkhkkkkkhkkkhkkkkhkkkkkkxk

* LCDDF - Display °F on LCD *
AAK A KKK KA A AKRAAKR KA AKRAA KA A AR A AR AR A A Ak Ak Ak khkkhkhkkhkhkkkhkkkkkkk

LCDDF LDA #S$DF Get ASCII degrees symbol

BSR WDAT Send to LCD
LDA #'F Get ASCII capitol F
BSR WDAT Send to LCD
RTS ** RETURN **

Normal LCD display format...

HH: MM A DAY IN 100°F

72°__0UT =-22°F

1st line of display is $00 (left)
2nd line of display is $40 - $53

*

*

* HERAT _
* - $13
*

*

Miscellaneous LCD message segments (Used in DSPLAY sub)

21

20 20 MHVAC FCC 'OFF ' These 4 messages accessed by
FCB 504 X offset from MHVAC. $04 is
54 20 FCC 'HEAT ' wused to mark the end of a string
FCB $04
4c 20 FCC 'COOL '
FCB  $04
20 20 FCC 'FAN '
FCB $04
4e 20 MSINS FCC ' IN '
54 20 MSOUT FCC ' ouT !
' MDAY FCC "SUN' These messages accessed by
FCB $04 X offset from MDAY. $04 is
FCC *MON" used to mark the end of a string
FCB  $04
FCC 'TUE'
FCB 504
FCC 'WED' ‘
FCB $04
FCC 'THU"'
FCB  $04
FCC 'FRI'
FCB  $04
FCC ‘SAT'
FCB  $04
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Listing

06a6
06a8
O6aa
06ac
O6ae
06b0
06b2
06b4
06b6
06b8
06ba
06bc
06be
06c0
06c2
06c4
06c6
06c8.
06c9
06cb
06cd

06cf
06d1
06d3
06d5
0647
0649
06db
06dd
06df
06el
06e3
06e5
06e7
06e9

O6ea
06eb

3c
3c

1ffe

1ffe 01 00

MOTOROLA

Thermostat Example Sheet 21 of 21
AKA A KKK K A KA KA A A A A AR AR AR AR A Ak A AR AR KA A AR AA Ak Ak kk kA kkhkk
* CNVERT - Convert a binary value to ASCII *
* Enter with binary value in A *
* Result stored in ASC100, ASC10, ASCl *
* ASC100 (100's digit) defaults to blank (<sp>) *
ol but could be 1 or minus (-) depending on valu *
* ASC10 and ASCl digits default to zeros *
* Result can be -99 through 127. *
KKK KA A KRR AR KR ARKR A KA A AR AAR AR AARKR A AARRAA R A AR A Ak Ak A Ak kA hkhkkkhkkkk
CNVERT STA TEMPA Save original binary value

LDA #520 ASCII <sp>

STA ASC100 Tenative 100's digit

LDA #'0 ASCII zero

STA  ASC10 Tenative 10's

STA ASC1 Tenative 1's

LDA TEMPA Get value to convert

BPL CVPOS Branch if value positive

LDA ¥'- ASCII minus sign

STA  ASC1l00

LDA TEMPA Get orig value again
LP10S INC  ASC1l0 Loop to find 10's digit

ADD #10 Trial addition

BMI LP10S Loop till addition fails

BEQ XVERT If 0 conversion done; exit

DEC ASC10 Too far; back up

SUB #10 Now between -9 & -1

NEGA Change to positive

ADD ASC1 Add to 1's digit

STA ASC1 Update RAM location

BRA XVERT Conversion done; exit
CVPOS CMP #100 Value >100 ?

BLO LPAS10 If less; skip 100's

LDA #'1

STA ASC100 Put ASCII 1 in 100's

LDA TEMPA Get value again

SUB #100 Take 100 away
LPAS10 INC ASC10 Increments 10's

SUB #10 Trial subtraction

BPL LPAS10 Loop till trial sub fails

DEC ASC10 Too far

ADD #10 Add back, now 0-9

ADD ASC1l Add to ASCII 1's

STA ASC1 Update RAM location
XVERT RTS ** RETURN from CNVERT **
* A/D Offsets to compensate sensors
* Analog temp = (A/D reading) - (Offset)
OFFO0 FCB 60 Offset correction for sensor 1
OFF1 FCB 60 Offset correction for sensor 2
* Kk ok Kk k k k) k kk

ORG $1FFE Reset vector address

FDB INIT Reset vector
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APPENDIX A
INSTRUCTION SET DETAILS

This appendix contains complete detailed information for all M68HCO5 in-
structions. The instructions are arranged in alphabetical order with the in-
struction mnemonic set in larger type for easy reference.

The nomenclature listed below is used in the following definitions:

(a) Operators
() =Contents of Register or Memory Location Shown inside
Parentheses
4 =Is Loaded with (read:"“gets"’)
o  =ls Pulled from Stack
%  =|[s Pushed onto Stack
. =Boolean AND
+ = Arithmetic Addition (Except Where Used as Inclusive-OR
in Boolean Formula)
®  =Boolean Exclusive-OR
X =Multiply
: =Concatenate
—  =Negate (Twos Complement)

(b) Registers in the MPU
ACCA =Accumulator
CCR =Condition Code Register
X =Index Register
PC  =Program Counter
PCH =Program Counter, Higher Order (Most Significant) 8 Bits
PCL =Program Counter, Lower Order (Least Significant) 8 Bits
SP  =Stack Pointer

(c) Memory and Addressing

M =A memory location or absolute data, depending on
addressing mode
Rel  =Relative offset (i.e., the twos-complement number stored

in the last byte of machine code corresponding to a
branch instruction)
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(d) Bits in the Condition Code Register (CCR)

H =Half Carry, Bit 4

I = Interrupt Mask, Bit 3

N =Negative Indicator, Bit 2
C = Carry/Borrow, Bit 1

Z =Zero Indicator, Bit 0

(e) Status of individual bits BEFORE execution of an instruction
(n=7,6,5,...0)
An  =Bit n of ACCA
Xn =Bit n of X
Mn =BitnofM

(f) Status of individual bits AFTER the execution of an instruction
Rn =Bit n of the result (n=7,6,5,...0)

(g) Notation used in CCR activity summary figures
—  =Bit not affected

0  =Bit forced to zero
1 =Bit forced to one
¢ =Bit set or cleared according to results of operation

(h) Notation used in machine coding
dd =Low-order 8-bits of a direct address $0000-$00FF (high
byte assumed to be $0000)
ee =Upper 8 bits of 16-bit offset
ff =Lower 8 bits of 16-bit offset or 8-bit offset
i =0ne byte of immediate data
hh =High-order byte of 16-bit extended address
I =Low-order byte of 16-bit extended address
re = Relative offset

(i) Notation used in source forms
(opr) =Operand (one or two bytes depending on address mode)
(rel) =Relative offset used in branch and bit manipulation
instructions
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A D C Add with Carry A DC

Operation: ACCA ¢ (ACCA) +(M)+(C)

Description:  Adds the contents of the C bit to the sum of the contents of ACCA and M
and places the result in ACCA.

Condition Codes and Boolean Formulae:

e Tslsls]

H A3+<M3+M3+R3+R3+A3
Set if there was a carry from bit 3; cleared otherwise.

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+<R6+R5+R4+R3+R2+R1-R0O
Set if all bits of the result are cleared; cleared otherwise.

C A7+M7+M7+R7+R7+A7
Set if there was a carry from the MSB of the result; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
ADC (opr) IMM A9 ii 2
ADC (opr) DIR B9 dd 3
ADC (opr) EXT c9 hh 1l 4
ADC,X IX F9 3
ADC (opr), X 1X1 E9 ff 4
ADC (opr),X IX2 D9 ee ff 5
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A D D Add without Carry AD D

Operation: ACCA 4 (ACCA)+ (M)

Description: Adds the contents of M to the contents of ACCA and places the result in
ACCA.

Condition Codes and Boolean Formulae:

C

W N2
Lol [ Jel-[sfs]s]

H A3:M3+M3+R3+R3+A3
Set if there was a carry from bit 3; cleared otherwise.

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5<R4<R3<R2+<R1+R0O
Set if all bits of the result are cleared; cleared otherwise.

C A7+M7+M7+R7+R7+A7
Set if there was a carry from the MSB of the result; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
ADD (opr) IMM AB i 2
ADD (opr) DIR BB dd 2
ADD (opr) EXT CB hh Il 3
ADD,X IX FB 1
ADD (opr).X X1 EB ff 2
ADD (opr),X 1X2 DB ee ff 3
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AND Logical AND AND

Operation: ACCA ¢ (ACCA) « (M)

Description:  Performs the logical AND between the contents of ACCA and the contents
of M and places the result in ACCA. (Each bit of ACCA after the operation will be the
logical AND of the corresponding bits of M and of ACCA before the operation.)

Condition Codes and Boolean Formulae:

H 1 N z C
Lol o f-T-Tsls]-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6°R5°R4-R3-R2+R1°RO
Set if all bits of the result are cleared; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
AND (opr) IMM Ad ii 2
AND (opr) DIR B4 dd 3
AND (opr) EXT Cca hh Il 4
AND, X IX F4 3
AND (opr),X X1 E4 ff 4
AND (opr),X IX2 D4 ee ff 5
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ASL

Operation:

Description:

Arithmetic Shift Left
(Same as LSL)

ASL

Shifts all bits of the ACCA, X, or M one place to the left. Bit 0 is loaded

with a zero. The C bit in the CCR is loaded from the most significant bit of ACCA, X,

or M.

Condition Codes and Boolean Formulae:

W1 N7
Lol ol -[-[els]

s |

N R7

Set if MSB of result is set; cleared otherwise.

Z R7-R6+R5+R4+R3+R2+R1+R0

Set if all bits of the result are cleared; cleared otherwise.

C b7

Set if, before the shift, the MSB of ACCA, X, or M was set; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
ASLA INH (A) 48 3
ASLX INH (X) 58 3
ASL (opr) DIR 38 dd 5
ASL, X IX 78 5
ASL (opr), X X1 68 ff 6

A-6
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ASR Arithmetic Shift Right ASR

—_—
Operation: ETN —————— bO' —»l C J

Description:  Shifts all of ACCA, X, or M one place to the right. Bit 7 is held constant.
Bit 0 is loaded into the C bit of the CCR. This operation effectively divides a twos-
complement value by two without changing its sign. The carry bit can be used to
round the resulit.

Condition Codes and Boolean Formulae:

W1 N 7 ¢
Lol [l -[-[elele]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5<R4<R3-R2-R1-RO
Set if all bits of the result and cleared; cleared otherwise.

C bo
Set if, before the shift, the LSB of ACCA, X, or M was set; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
ASRA INH (A) 47 3
ASRX INH (X) 57 3
ASR (opr) DIR 37 dd 5
ASR, X IX 77 5
ASR (opr),X 1X1 67 ff 6
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BCC ' 'k Branch if Carry Clear CC

(Same as BHS)

Operation: PC 4 (PC) +$0002 + Rel if (C)=0
Description: Tests the state of the C bit in the CCR and causes a branch if C is clear.
See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

T T ]

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BCC (rel) REL 24 rr 3

The following table is a summary of all branch instructions.

Test Bool M nic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C= BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
TRQ Pin High — BIH 2F 1RQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m = memory operand
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BCLR n Clear Bit(s) in Memory BCLR n

Operation: Mn ¢ 0

Description: Clearbitn(n=7,6,5,...0)inlocation M. All other bits in M are unaffected.
M can be any RAM or I/0 register address in the $0000 to $00FF area of memory (i.e.,
direct addressing mode is used to specify the address of the operand).

Condition Codes and Boolean Formulae:

| N z C

N B N B

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
BCLR 0,(opr) DIR (bit 0) 11 dd 5
BCLR 1,(opr) DIR (bit 1) 13 dd 5
BCLR 2,(opr) DIR (bit 2) 15 dd 5
BCLR 3,(opr) DIR (bit 3) 17 dd 5
BCLR 4,(opr) DIR (bit 4) 19 dd 5
BCLR 5,(opr) DIR (bit 5) 1B dd 5
BCLR 6,{opr) DIR (bit 6) 1D dd 5
BCLR 7,(opr) DIR (bit 7) 1F dd 5
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BCS | Branch if Carry Set BCS

(Same as BLO)

Operation: PC 4 (PC) +$0002+Rel  if (C)=1
Description:  Tests the state of the C bit in the CCR and causes a branch if C is set.
See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BCS (rel) REL 25 rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z= BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C= BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask I=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High - BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memeory operand

A-10 M68HC05 MICROCONTROLLER APPLICATIONS GUIDE MOTOROLA



B EQ Branch if Equal B EQ

Operation: PC ¢ (PC)+ $0002 + Rel if (Z)=1

Description:  Tests the state of the Z bit in the CCR and causes a branch if Z is set.
Following a compare or subtract instruction, BEQ will cause a branch if the arguments
were equal.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BEQ (rel) REL 27 r 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r+m BNE 26 Unsigned
rsm C+2Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F RQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m = memory operand
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BHCC Branch if Half Carry Clear BHCC

Operation: PC 4 (PC)+$0002 + Rel if (H)=0

Description: Tests the state of the H bit and causes a branch if H is clear. This instruction
is used in algorithms involving BCD numbers.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BHCC (rel) REL 28 re 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£#m BNE 26 Unsigned
r<m C+zZ= BLS 23 r>m BHI 22 Unsigned
r<m C= BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask I=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F iRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m = memory operand
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BHCS Branch if Half Carry Set BHCS

Operation: PC 4 (PC)+$0002 + Rel if (H)=1
Description: Tests the state of the H bit and causes a branch if H is clear. This instruction
is used in algorithms involving BCD numbers. See BRA instruction for further details

of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BHCS (rel) REL 29 rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask I=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memory operand
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B H I Branch if Higher B H I

Operation: PC 4 (PC) +$0002 + Rel if (C)+(Z)=0
i.e., if (ACCX)>(M) (unsigned binary numbers)

Description: Causes a branch if both C and Z are cleared. If the BHI instruction is exe-
cuted immediately after execution of a CMP or SUB instruction, the branch will occur
if the unsigned binary number represented by ACCA was greater than the unsigned
binary number represented by M.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BHI (rel) REL 22 rr 3

The following table is a summary of all branch instructions.

. Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C= BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple

Negative N=1 BMI 2B Plus BPL 2A Simple

| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple

Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple

IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m =memory operand
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BHS Branch if Higher or Same BHS

(Same as BCC)

Operation: PC ¢ (PC)+$0002 + Rel if (C)=0
i.e., if (ACCA)=(M) (unsigned binary numbers)
Description: If the BHS instruction is executed immediately after execution of a CMP

or SUB instruction, the branch will occur if the unsigned binary number represented
by ACCA was greater than or equal to the unsigned binary number represented by
M.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BHS (rel) REL 24 rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z= BLS 23 r>m BHI 22 Unsigned
r<m C= BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C= BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask =1 BMS 2D | Mask =0 BMC 2c Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m =memory operand
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BIH Branch if Interrupt Pin is High BIH

Operation: PC ¢ (PC)+$0002+Rel  if IRQ=1

Description: Tests the state of the external interrup pin and causes a branch if the pin
is high.

See BRA instsruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BIH (rel) REL 2F rre 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+2=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C= BCS 25 No Carry BCC 24 Simple
r=0 Z= BEQ 27 r0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
I Mask =1 BMS 2D | Mask=0 BMC 2¢ Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memory operand

A-16 M68HC05 MICROCONTROLLER APPLICATIONS GUIDE MOTOROLA



BlL Branch if Interrupt Pin is Low BIL

Operation: PC ¢ (PC)+$0002 + Rel if IRQ=0
Description: Tests the state of the external interrupt pin and branchs if it is low.
See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BIL (rel) REL 2E rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always o BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m =memory operand
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BIT Bit Test BIT

Operation: (ACCX)+(M)

Description:  Performs the logical AND comparison of the contents of ACCA and the
contents of M, and modifies the condition codes accordingly. Neither the contents of
ACCA or M are altered. (Each bit of the result of the AND would be the logical AND
of the corresponding bits of ACCA and M).

Condition Codes and Boolean Formulae:

Ho 1 N Z ¢
Lol - -Jels]-|

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6+*R5+R4+R3°R2+R1+RO
Set if result is $00; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
BIT (opr) IMM A5 ii 2
BIT (opr) DIR B5 dd 3
BIT (opr) EXT C5 hh I 4
BIT.X 1X F5 3
BIT (opr), X X1 E5 ff 4
BIT (opr),X 1X2 D5 ee ff 5
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B LO Branch if Lower B LO

(Same as BCS)
Operation: PC ¢ (PC)+$0002 + Rel if (C)=1
i.e., if (ACCX)<(M) (unsigned binary numbers)
Description: If the BLO instruction is executed immediately after execution of a CMP
or SUB instruction, the branch will occur if the unsigned binary number represented
by ACCA was less than the unsigned binary number represented by M.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BLO (rel) REL 25 rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r#m BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F iRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memory operand
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BLS Branch if Lower or Same BLS :

Operation: PC ¢ (PC)+$0002 + Rel if (C)+(2)]=1
i.e., if (ACCA)=<(M) (unsigned binary numbers)

Description:  Causes a branch if (C is set) or (Z is set). If the BLS instruction is executed
immediately after execution of a CMP or SUB instruction, the branch will occur if and
only if the unsigned binary number represented by ACCA was less than or equal to
the unsigned binary number represented by M.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BLS (rel) REL 23 r 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
1RQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r = register (ACCA or X)
m=memory operand
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BMC Branch if Interrupt Mask is Clear B MC

Operation: PC 4 (PC)+$0002 + Rel if 1=0

Description:  Tests the state of the | bit in the CCR and causes a branch if | is clear (i.e.,
if interrupts are enabled). See BRA instruction for further details of the execution of
the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BMC (rel) REL 2C rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z2=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+zZ=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F TRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m =memory operand
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BMI Branch if Minus BN"

Operation: PC 4 (PC) +$0002 + Rel if (N)=1
Description:  Tests the state of the N bit in the CCR and causes a branch if N is set.
See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

H |

Nz ¢
Lo o [ J-T-T-T-T-1]

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BMi (rel) REL 2B rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
iRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memory operand
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B MS Branch if Interrupt Mask is Set B M S

Operation: PC 4 (PC) +$0002 + Rel if (=1

Description:  Tests the state of the | bit in the CCR and causes a branch if | is set (i.e.,
if interrupts are disabled).

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BMS (rel) REL 2D T 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r+m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m =memory operand
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B N E Branch if Not Equal to Zero B N E

Operation: PC ¢ (PC) + $0002 + Rel if (Z)=0

Description:  Tests the state of the Z bit in the CCR and causes a branch if Z is clear.
Following a compare or subtract instruction, BEQ will cause a branch if the arguments
were not equal.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BNE (rel) REL 26 rr 3

The following table is a summary of all branch instructions.

Test Boolean M onic Opcod Compl tary Branch Comment
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z= BEQ 27 r£m BNE 26 Unsigned
r<m C+Z= BLS 23 >m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C= BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
1 Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F iRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m =memory operand
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BPL Branch if Plus BPL

Operation: PC 4 (PC) +$0002 + Rel if (N)=0
Description: Tests the state of the N bit in the CCR and causes a branch if N is clear.
See BRA instruction for details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BPL (rel) REL 2A rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z2=0 BHI 22 rsm BLS 23 Unsigned
rzm C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z= BEQ 27 r#m BNE 26 Unsigned
r<m C+2Z= BLS 23 r>m BHI 22 Unsigned
r<m C= BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
| Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memory operand
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B RA Branch Always B RA

Operation: PC 4 (PC) +$0002 + Rel

Description: Unconditional branch to the address given by the foregoing formula, in
which Rel is the relative offset stored as a twos-complement number in the last byte
of machine code corresponding to the branch instruction. PC is the address of the
opcode for the branch instruction.

The source program specifies the destination of any branch instruction by its absolute
address, either as a numerical value or as a symbol or expression which can be
numerically evaluated by the assembler. The assembler calculates the relative address,
Rel, from the absolute address and the current value of the location counter.

Condition Codes and Boolean Formulae:

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BRA (rel) REL 20 rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m Cc=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
1 Mask 1=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m = memory operand
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BRCLR n Branch if Bit n Clear BRCLR n

Operation: PC 4 (PC) +$0003 + Rel if bit n of M=0

Description: Tests bitn (n=7, 6,5, ...0) of location M and branches if the bit is clear.
M can be any RAM or I/O register address in the $0000 to $00FF area of memory (i.e.,
direct addressing mode is used to specify the address of the operand).
The C bit is set to the state of the bit tested. When used along with an appropriate
rotate instruction, BRCLR n provides an easy method for performing serial to parallel

conversions.

Condition Codes and Boolean Formulae:

W1 N Z ¢
Lol -J-T-T-1Ts]

C Setif Mn=1; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
BRCLR 0,(opr) | DIR (bit 0) 01 dd rr 5
BRCLR 1,(opr) | DIR (bit 1) 03 dd rr 5
BRCLR 2,(opr) | DIR (bit 2) 05 dd rr 5
BRCLR 3,(opr) | DIR (bit 3) 07 dd rr 5
BRCLR 4,(opr) | DIR (bit 4) 09 dd rr 5
BRCLR 5,(opr) | DIR (bit 5) [o]:] dd rr 5
BRCLR 6,(opr) | DIR (bit 6) 0D dd T 5
BRCLR 7,(opr) | DIR (bit 7) OF dd rr 5

MOTOROLA M68HC05 MICROCONTROLLER APPLICATIONS GUIDE A-27



B RN : Branch Never | B R N

Operation: PC 4 (PC) + $0002

Description: Never branches. In effect, this instruction can be considered as a two-byte
NOP (no operation) requiring three cycles for execution. Its inclusion in the instruction
set is to provide a complement for the BRA instruction. The instruction is useful during
program debug to negate the effect of another branch instruction without disturbing
the offset byte.

Condition Codes and Boolean Formulae:

H | N A C

I I N

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BRN (rel) REL 21 rr 3

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m C+2=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r#m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 rzm BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
1 Mask I=1 BMS 2D | Mask=0 BMC 2C Simple
Half Carry H=1 BHCS 29 No Half Carry BHCC 28 Simple
IRQ Pin High — BIH 2F IRQ Low BIL 2E Simple
Always — BRA 20 Never BRN 21 Unconditional

r=register (ACCA or X)
m=memory operand
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BRSET n Branch if Bit n Set BRSET n

Operation: PC 4 (PC)+$0003 + Rel if bitn of M=1

Description: Tests bitn (n=7, 6, 5, ... 0) of location M and branches if the bit is set.
M can be any RAM or I/O register address in the $0000 to $00FF area of memory (i.e.,
direct addressing mode is used to specify the address of the operand).

The C bit is set to the state of the bit tested. When used along with an appropriate
rotate instruction, BRSET n provides an easy method for performing serial to parallel
conversions.

Condition Codes and Boolean Formulae:

- -T=]

C Set if Mn=1; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
BRSET 0,(opr),(rel) DIR (bit 0) 00 dd rr 5
BRSET 1,(opr),(rel) DIR (bit 1) 02 dd rr 5
BRSET 2,(opr),(rel) DIR (bit 2) 04 dd rr 5
BRSET 3,(opr),(rel) DIR (bit 3) 06 dd rr 5
BRSET 4,(opr),(rel) DIR (bit 4) 08 dd rr 5
BRSET 5,(opr),(rel) DIR (bit 5) 0A dd rr 5
BRSET 6,(opr),(rel) DIR (bit 6) oC dd rr 5
BRSET 7,(opr),(rel) DIR (bit 7) OE dd rr 5
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BS ET n Set Bit in Memory BS ET n

Operation: Mn ¢ 1

Description: Setbitn(n=7,6,5,...0)in location M. All other bits in M are unaffected.
M can be any RAM or |/O register address in the $0000 to $00FF area of memory (i.e.,
direct addressing mode is used to specify the address of the operand).

Condition Codes and Boolean Formulae:

C

N N I I

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
BSET 0,(opr) DIR (bit 0) 10 dd 5
BSET 1,(opr) DIR (bit 1) 12 dd 5
BSET 2,(opr) DIR (bit 2) 14 dd 5
BSET 3,(opr) DIR (bit 3) 16 dd 5
BSET 4,(opr) DIR (bit 4) 18 dd 5
BSET 5,(opr) DIR (bit 5) 1A dd 5
BSET 6,(opr) DIR (bit 6) 1C dd 5
BSET 7,(opr) DIR (bit 7) 1E dd 5
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BS R Branch to Subroutine BS R

Operation: PC 4 (PC)+$0002 Advance PC to return address
w»(PCL) Push low-order return onto stack
SP ¢ (SP)—-$0001
= (PCH) Push high-order return onto stack
SP 4 (SP)—$0001
PC 4 (PC) + Rel Load PC with start address of requested subroutine

Description:  The program counter is incremented by two from the opcode address, (i.e.,
so it points to the opcode of the next instruction which will be the return address).
The least significant byte of the contents of the program counter (low-order return
address) is pushed onto the stack. The stack pointer is then decremented by one. The
most significant byte of the contents of the program counter (high-order return ad-
dress) is pushed onto the stack. The stack pointer is then decremented by one. A
branch then occurs to the location specified by the branch offset.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

| N A C

S T e

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

BSR (rel) REL AD rr 3
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CLC Clear Carry CLC

Operation: Cbit40

Description: Clears the C bit in the CCR. CLC may be used to set up the C bit prior to
a shift or rotate instruction involving the C bit.
Condition Codes and Boolean Formulae:
| N z

T

C o
Cleared

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

CLC INH 98 2
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CLI Clear Interrupt Mask Bit CLI

Operation: | bit4¢O0

Description: Clears the interrupt mask bit in the CCR. When the | bit is clear, interrupts
are enabled. There is a one E-clock cycle delay in the clearing mechanism for the | bit
so that, if interrupts were previously disabled, the next instruction after a CLI will
always be executed, even if there was an interrupt pending prior to execution of the
CLl instruction.

Condition Codes and Boolean Formulae:
| N z c

T

| 0
Cleared

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

CLI INH 9A 2
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CLR Clear CLR

Operation: ACCA 4 $00 or: M 4 $00 or: X 4 300
Description;  The contents of ACCA, M, or X are replaced with zeros.

Condition Codes and Boolean Formulae:

H 1L N Z ¢
Lol [ [T -Tof 1 ]-]

N 0
Cleared

Z 1
Set

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
CLRA INH (A) 4F 3
CLRX INH (X) 5F 3
CLR (opr) DIR 3F dd 5
CLR, X 1IX 7F 5
CLR (opr),X 1X1 6F ff 6
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CM P Compare Accumulator with Memory CM P

Operation: (ACCA) - (M)

Description: Compares the contents of ACCA to the contents of M and sets the condition
codes, which may be used for arithmetic and logical conditional branching. The con-
tents of both ACCA and M are unchanged.

Condition Codes and Boolean Formulae:

C

H | N z
L[ f-T-Jsls]s]

N R7
Set if MSB of result is set; cleared otherwise.
Z R7+R6+R5+R4+R3+R2+R7+R0
Set if result is $00; cleared otherwise.
C A7+M7+M7+R7+R7+A7
Set if the absolute value of the contents of memory is larger than the absolute
value of the accumulator; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
CMP (opr) IMM A1l i 2
CMP (opr) DIR B1 dd 3
CMP (opr) EXT C1 hh 1 4
CMP,X 1X F1 3
CMP (opr),X X1 E1 ff 4
CMP (opr),X X2 D1 ee ff 5
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COM : Complement COM

Operation: ACCA ¢ (ACCA)=$FF—(ACCA) or: M4 (M)=$FF—(M) or:
X € X=$FF - (X)

Description:  Replaces the contents of ACCA, X, or M with its ones complement. (Each
bit of the contents of ACCA, X, or M is replaced with the complement of that bit.)
Condition Codes and Boolean Formulae:

H | N z c
Lol -] -Tele]]
N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6+R5+R4+:R3°:R2+R1°+R0O
Set if result is $00; cleared otherwise.

C 1
Set

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
COMA INH (A) 43 3
COMX INH (X) 53 3
COM (opr) DIR 33 dd 5
COM, X IX 73 5
COM (opr), X 1X1 63 ff 6
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CPX Compare Index Register with Memory CPX

Operation: (X)—(M)

Description:  Compares the contents of the index register with the contents of memory
and sets the condition codes, which may be used for arithmetic and logical branching.
The contents of both ACCA and M are unchanged.

Condition Codes and Boolean Formulae:

| N z C

T - -Tel<l]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6°*R5+R4+R3+R2+R1+R0
Set if result is $00; cleared otherwise.
C IX7+*M7+M7+R7+R7-IX7

Set if the absolute value of the contents of memory is larger than the absolute
value of the index register; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
CPX (opr) IMM A3 i 2
CPX (opr) DIR B3 dd 3
CPX (opr) EXT C3 hh Il 4
CPX,X 1X F3 3
CPX (opr),X X1 E3 ff 4
CPX (opr),X 1X2 D3 ee ff 5
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D EC Decrement D EC

Operation: ACCA ¢ (ACCA)—$01 or: M4 (M)—$01 or: X 4(X)—%01
Description: Subtract one from the contents of ACCA, X, or M.

The N and Z bits in the CCR are set or cleared according to the result of this operation.
The C bit is in the CCR is not affected; therefore, the only branch instructions that are
useful following a DEC instruction are BEQ, BNE, BPL, and BMI.

Condition Codes and Boolean Formulae:

N JA C

T -~

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6°R5+R4+R3+R2+R1+R0O
Set if result is $00; cleared otherwise

Source Forms, Addressing Modes Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
DECA INH (A) 4A 3
DECX INH (X) 5A 3
DEC (opr) DIR 3A dd 5
DEC, X IX 7A 5
DEC (opr),X 1X1 6A ff 6

(DEX is recognized by the Assembler as being equivalent to
DECX)
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EOR Exclusive-OR EOR

Operation: ACCA 4 (ACCA) ® (M)

Description:  Performs the logical exclusive-OR between the contents of ACCA and the
contents of M and places the result in ACCA. (Each bit of ACCA after the operation
will be the logical exclusive-OR of the corresponding bits of M and ACCA before the
operation.)

Condition Codes and Boolean Formulae:

- -TeT=l-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5+R4+R3+R2+R1+R0
Set if result is $00; cleared otherwise

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
EOR (opr) IMM A8 ii 2
EOR (opr) DIR B8 dd 3
EOR (opr) EXT c8 hh Il 4
EOR,X IX F8 3
EOR (opr),X 1X1 E8 ff 4
EOR (opr),X 1X2 D8 ee ff 5
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INC Increment INC

Operation: ACCA ¢ (ACCA)+3%01 or: M4 (M)+3$01 or: X 4(X)+$01
Description:  Add one to the contents of ACCA, X, or M.

The N and Z bits in the CCR are set or cleared according to the results of this operation.
The C bit in the CCR is not affected; therefore, the only branch instructions that are
useful following a INC instruction are BEQ, BNE, BPL, and BMI.

Condition Codes and Boolean Formulae:

H | N z C

Lol fof-J-Tsls]-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6+R5+R4+R3°R2+R1-R0O
Set if result is $00; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
INCA INH (A) 4C 3
INCX INH (X) 5C 3
INC (opr) DIR 3C dd 5
INC, X IX 7C 5
INC (opr),X 1X1 6C f 6

(INX is recognized by the Assembler as being equivalent to
INCX)
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JMP Jump JMP

Operation: PC ¢ Effective Address

Description: A jump occurs to the instruction stored at the effective address. The ef-
fective address is obtained according to the rules for EXTended, DIRect, or INDexed
addressing.

Condition Codes and Boolean Formulae:

| N z C

N N N B I N

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
JMP (opr) DIR BC dd 2
JMP (opr) EXT CcC hh I 3
JMP, X IX FC 2
JMP (opr), X 1X1 EC ff 3
JMP (opr),X 1X2 DC ee ff 4
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JSR

Operation:

Description:

Jump to Subroutine

PC ¢« (PC)+n

w (PCL); SP 4 SP—$0001
= (PCH); SP 4« SP—$0001
PC ¢ Effective Addr

JSR

n=1, 2, 3 depending on address mode
Push low-order return address onto stack
Push high-order return address onto stack
Load PC with start address of requested

subroutine

The program counter is incremented by n so that it points to the opcode
of the instruction that follows the JSR instruction (n=1, 2, or 3 depending on the
addressing mode). The PC is then pushed onto the stack, eight bits at a time, least
significant byte first. Unused bits in the program counter high byte are stored as ones
on the stack. The stack pointer points to the next empty location on the stack. A jump
occurs to the instruction stored at the effective address. The effective address is ob-
tained according to the rules for EXTended, DIRect, or INDexed addressing.

Condition Codes and Boolean Formulae:

N B A

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
JSR (opr) DIR BD dd 5
SR (opr) EXT O hh I 6
JSR, X IX FD 5
JSR (opr), X 1X1 ED ff 6
JSR (opr), X X2 DD ee ff 7
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LDA Load Accumulator from Memory LDA

Operation: ACCA ¢ (M)

Description: Loads the contents of memory into the accumulator. The condition codes
are set according to the data.

Condition Codes and Boolean Formulae:

LT Telsl-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6+R5°R4<R3<R2+R1°+R0O
Set if result is $00; cleared otherwise

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) { Cycles
LDA (opr) IMM A6 ii 2
LDA (opr) DIR B6 dd 3
LDA (opr) EXT Cé hh Il 4
LDA X IX F6 3
LDA (opr), X 1X1 E6 ff 4
LDA (opr),X X2 D6 ee ff 5
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LDX

Operation;

Description:

The condition codes are set according to the data.

X 4 (M)

Load Index Register from Memory

LDX

Loads the contents of the specified memory location into the index register.

Condition Codes and Boolean Formulae:

C

W1 N 7
Lol o[ -[-[ele]

N R7

Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5+R4+R3+R2+R1+RO
Set if result is $00; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
LDX (opr) IMM AE ii 2
LDX (opr) DIR BE dd 3
LDX (opr) EXT CE hh It 4
LDX,X IX FE 3
LDX (opr),X 1X1 EE ff 4
LDX (opr), X 1X2 DE ee  ff 5

A-44

M68HC05 MICROCONTROLLER APPLICATIONS GUIDE

MOTOROLA



LS L Logical Shift Left LS L

(Same as ASL)

-

Operation: l C ‘4—‘b7 —————— b0|<«—0

Description: Shifts all bits of the ACCA, X, or M one place to the left. Bit 0 is loaded
with zero. The C bit is loaded from the most significant bit of ACCA, X, or M.

Condition Codes and Boolean Formulae:

| N z C

-l -Telsls]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6°R5°R4+R3+R2+R1°+RO
Set if result is $00; cleared otherwise.

C b7
Set if, before the shift, the MSB of ACCA or M was set; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
LSLA INH (A) 48 3
LSLX INH (X) 58 3
LSL (opr) DIR 38 dd 5
LSL, X IX 78 5
LSL (opr),X 1X1 68 ff 6
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LSR Logical Shift Right LSR

Operation: 0—b7 - - - - -~ bOl—-—»’ C ‘

Description: Shifts all bits of ACCA, X, or M one place to the right. Bit 7 is loaded with
zero. Bit 0 is shifted into the C bit.
Condition Codes and Boolean Formulae:

H | N Z C
Lol f o f-[-Tols[s]

N O
Cleared.

Z R7+*R6+*R5+R4+R3+R2+°R1+R0O
Set if result is $00; cleared otherwise.

C b0
Set if, before the shift, the LSB of ACCA, X, or M was set; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
LSRA INH (A) 44 3
LSRX INH (X) 54 3
LSR (opr) DIR 34 dd 5
LSR, X 1X 74 5
LSR (opr),X 1X1 64 ff 6
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M U L Multiply Unsigned M U L

Operation: X:A ¢ XxA

Description: Multiplies the eight bits in the index register by the eight bits in the ac-
cumulator to obtain a 16-bit unsigned number in the concatenated index register and
accumulator. After the operation, X contains the upper 8 bits of the 16-bit result.

Condition Codes and Boolean Formulae:

H I N Z ¢C
Lol T ol T -1 -To]

H 0
Cleared

co
Cleared

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

MUL INH 42 n
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N EG Negate N EG

Operation: ACCA ¢ —(ACCA); or: X4 —(X); or: M4 —-(M)

Description: Replaces the contents of ACCA, X, or M with its twos complement. Note
that the value $80 is left unchanged.
Condition Codes and Boolean Formulae:

W 1 N Z ¢
Lol o[- [-Tslsle]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5+°R4°R3°R2+R1+R0
Set if result is $00; cleared otherwise.
C R7+R6+R5+R4+R3+R2+R1+R0
Set if there is a borrow in the implied subtraction from zero; cleared otherwise.

The C bit will be set in all cases except when the contents of ACCA, X, or M (prior
to the NEG operation) is $00.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
NEGA INH (A) 40 3
NEGX INH (X) 50 3
NEG (opr) DIR 30 dd 5
NEG, X IX 70 5
NEG (opr),X IX1 60 ff 6

A-48 M68HC05 MICROCONTROLLER APPLICATIONS GUIDE MOTOROLA



N 0 P No Operation N O P

Description: This is a single-byte instruction that causes only the program counter to
be incremented. No other registers are affected.

Condition Codes and Boolean Formulae:

| N A C

N O S I A e

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

NOP INH 9D 2
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O RA Inclusive-OR 0 RA

Operation: ACCA 4 (ACCA) + (M)

Description: Performs the logical inclusive-OR between the contents of ACCA and the
contents of M and places the result in ACCA. Each bit of ACCA after the operation will
be the logical inclusive-OR of the corresponding bits of M and of ACCA before the

operation.

Condition Codes and Boolean Formulae:

W 1Nz ¢
Lol -[-[ele]-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5+R4+R3°R2+R1+R0O
Set if result is $00; cleared otherwise

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
ORA (opr) IMM AA i 2
ORA (opr) DIR BA dd 3
ORA (opr) EXT CA hh ] 4
ORA,X IX FA 3
ORA (opr),X 1X1 EA ff 4
ORA (opr),X IX2 DA ee ff 5
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RO L Rotate Left RO L

Operation: ‘ C '<—{b7 —————— b0}<——L C |

Description: Shifts all bits of ACCA, X, or M one place to the left. Bit 0 is loaded from
the C bit. The C bit is loaded from the MSB of ACCA, X, or M. The rotate instructions
include the carry bit to allow extension of the shift and rotate operations to multiple
bytes. For example, to shift a 24-bit value left one bit, the sequence {ASL LOW, ROL
MID, ROL HIGH} could be used where LOW, MID, and HIGH refer to the low-order,
middle, and high-order bytes of the 24-bit value, respectively.

Condition Codes and Boolean Formulae:

W1 N2
Lol o[ -[-[ele]

N R7
Set if MSB of result is set; cleared otherwise.

® o

|

Z R7+R6+R5+R4+R3+R2+R1+R0O
Set if result is $00; cleared otherwise.

C b7
Set if, before the rotate, the MSB of ACCA or M was set; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
ROLA INH (A) 49 3
ROLX INH (X) 59 3
ROL (opr) DIR 39 dd 5
ROL, X IX 79 5
ROL (opr),X 1X1 69 ff 6
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RO R Rotate Right RO R

Operation: ( C ‘—-—»)b7 —————— bOI——)\ C {

Description: Shift all bits of ACCA, X, or M one place to the right. Bit 7 is loaded from
the C bit. The rotate operations include the carry bit to allow extension of the shift
and rotate operations to multiple bytes. For example, to shift a 24-bit value right one
bit, the sequence {LSR HIGH, ROR MID, ROR LOW} could be used where LOW, MID,
and HIGH refer to the low-order, middle, and high-order bytes of the 24-bit value,
respectively.

Condition Codes and Boolean Formulae:

H | N A C

Ll l-[-Jsls]s]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6*R5+R4+R3+R2<R1+R0
Set if result is $00; cleared otherwise.

C bo
Set if, before the rotate, the LSB of ACCA, X, or M was set; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
RORA INH (A) 46 3
RORX INH (X) 56 3
ROR (opr) DIR 36 dd 5
ROR, X IX 76 5
ROR (opr), X IX1 66 ff 6
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RS P Reset Stack Pointer RS P

Operation: SP ¢ $00FF
Description: Resets the stack pointer to the top of the stack.

Condition Codes and Boolean Formulae:

4 C

N T N

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

RSP " INH 9C 2
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RTI Return from Interrupt RT'

Operation: SP 4 (SP)+$0001; = CCR Restore CCR from stack
SP 4 (SP)+$0001; » ACCA Restore ACCA from stack
SP 4 (SP)+$0001; & X Restore X from stack
SP 4 (SP)+$0001; =« PCH Restore PCH from stack
SP ¢ (SP)+$0001; = PCL Restore PCL from stack

Description: The condition codes, accumulator, the index register, and the program
counter are restored to the state previously saved on the stack. The I-bit will be reset
if the corresponding bit stored on the stack is zero.

Condition Codes and Boolean Formulae:

H | N A C

Lo Jrfefelsls]s]

Set or cleared according the the byte pulled from the stack.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

RTI INH 80 9
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RTS Return from Subroutine RTS

Operation: SP 4 (SP)+$0001; =« PCH Restore PCH from stack
SP 4 (SP)+$0001; =« PCL Restore PCL from stack

Description: The stack pointer is incremented by one. The contents of the byte of mem-
ory that is pointed to by the stack pointer is loaded into the high-order byte of the
program counter. The stack pointer is again incremented by one. The contents of the
byte of memory at the address now contained in the stack pointer is loaded into the
low-order 8 bits of the program counter.

Condition Codes and Boolean Formulae:

/4 C

N N B S N e

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

RTS INH 81 6
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S BC Subtract with Carry S BC

Operation: ACCA ¢ (ACCA)—(M)—(C)

Description: Subtracts the contents of M and the contents of C from the contents of
ACCA and places the result in ACCA.

Conditioh Codes and Boolean Formulae:
H I N z c
Lol ol -J-Jsle]e]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5+R4+<R3-R2+-R1+R0
Set if result is $00; cleared otherwise.

C A7+M7+M7+R7+R7+A7
Set if the absolute value of the contents of memory plus previous carry is larger
than the absolute value of the accumulator; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
SBC (opr) IMM A2 ii 2
SBC (opr) DIR B2 dd 3
SBC (opr) EXT c2 hh 1] 4
SBC,X IX F2 3
SBC (opr), X X1 E2 ff 4
SBC (opr), X IX2 D2 ee ff 5
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S EC Set Carry S EC

Operation: C bite1

Description: Sets the C bit in the CCR. SEC may be used to set up the C bit prior to a
shift or rotate instruction that involves the C bit.

Condition Codes and Boolean Formulae:

H | N Z ¢
Ll T -T-T-T-1:]

Cc 1
Set

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

SEC INH 99 2
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S E I ; Set Interrupt Mask | S El

Operation: | bit41

Description: Sets the interrupt mask bit in the CCR. The microprocessor is inhibited
from servicing interrupts while the | bit is set.

Condition Codes and Boolean Formulae:

I I I N I A

1
Set

Source Forms, Addressing Modes, Machine Code, and Cycles

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

SEI INH 9B 2
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STA Store Accumulator STA

Operation: M ¢ (ACCA)

Description:  Stores the contents of ACCA in memory. The contents of ACCA remain
unchanged.

Condition Codes and Boolean Formulae:

el

N A7
Set if MSB of result is set; cleared otherwise.

Z A7+A6°A5+A4<A3+A2+A1-A0
Set if result is $00; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
STA (opr) DIR B7 dd 4
STA (opr) EXT c7 hh Il 5
STA, X X F7 4
STA (opr), X IX1 E7 ff 5
STA (opr),X X2 D7 ee ff 6
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STO P Enable IRQ, Stop Oscillator STOP

Description: Reduces power consumption by eliminating all dynamic power dissipation.

This resultsin: 1) timer prescaler cleared, 2) timer interrupts disabled, 3) timer interrupt
flag cleared, 4) external interrupt request enabled, and 5) oscillator inhibited.

When the RESET or IRQ input goes low, the oscillator is enabled, a delay of 1920
processor clock cycles is initiated allowing the oscillator to stabilize, the interrupt
request vector or reset vector is fetched, and the service routine is executed, depending
on which signal was applied.

External interrupts are enabled following the STOP command.

Condition Codes and Boolean Formulae:

H Z C

R B O S U B

I 0
Cleared

Source Forms, Addressing Modes, Machine Code, and Cycles:

A-60

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

STOP INH 8E 2
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STX Store Index Register X STX

Operation: M ¢ (X)
Description: Stores the contents of X in memory. The contents of X remain unchanged.

Condition Codes and Boolean Formulae:

oL N 7
Lol [l -T-[els]-|

N X7
Set if MSB of result is set; cleared otherwise.

Z X7+X6eX5eX4eX3eX2+X1X0
Set if result is $00; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
STX (opr) DIR BF dd 4
STX (opr) EXT CF hh I 5
STX, X IX FF 4
STX (opr), X 1X1 EF ff 5
STX (opr),X X2 DF ee ff 6
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S U B Subtract s U B

Operation: ACCA ¢ (ACCA)— (M)

Description: = Subtracts the contents of M from the contents of ACCA and places the
result in ACCA.

Condition Codes and Boolean Formulae:

z C

H | N
Lol fof-T-Jsls]s]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°-R6°R5¢R4+<R3<R2<R1+R0O
Set if result is $00; cleared otherwise.
C A7+M7+M7+R7+R7+A7

Set if the abolsute value of the contents of memory plus the previous carry is
larger than the absolute value of the accumulator; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s} | Cycles
SUB (opr) IMM A0 i 2
SUB (opr) DIR BO dd 3
SUB (opr) EXT Co hh Il 4
SUB,X IX FO 3
SUB (opr),X IX1 EO ff 4
SUB (opr),X 1X2 DO ee f 5
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SWI Software Interrupt SWI

Operation: PC 4 (PC) +$0001 Advance PC to return address
w» (PCL); SP 4 (SP)—$0001 Push low-order return address onto stack
w« (PCH); SP 4 (SP)—$0001 Push high-order return address onto stack
w» (X); SP 4 (SP)—$0001 Push index register onto stack
w (ACCA); SP ¢ (SP)—$0001 Push accumulator onto stack
« (CCR); SP 4 (SP)—$0001 Push CCR onto stack

| bit41
PCH ¢ ($xFFC) Vector fetch (x=1 or 3 depending on
PCL 4 ($xFFD) HCO5 version)

Description: The program counter is incremented by one. The program counter, index
register, and accumulator are pushed onto the stack. The CCR bits are then pushed
onto the stack, with bits H, I, N, Z, and C going into bit positions 4-0 and bit positions
7, 6, and 5 containing ones. The stack pointer is decremented by one after each byte
of data is stored on the stack. The interrupt mask bit is then set. The program counter
is then loaded with the address stored in the SWI vector (located at memory locations
n-0002 and n-0003, where n is the address corresponding to a high state on all lines
of the address bus). The address of the SWI vector can be expressed as $xFFC:$xFFD,
where x is 1 or 3 depending on the version of 6BHC05 being used. This instruction is
not maskable by the | bit.

Condition Codes and Boolean Formulae:
H

| Nz ¢C
N I B B I I N

1
Set

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

Swi INH 83 10
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TAX

Operation:

Description:

Transfer Accumulator to Index Register

X 4 (ACCA)

TAX

Loads the index register with the contents of the accumulator. The contents
of the accumulator are unchanged.

Condition Codes and Boolean Formulae:

Source Forms, Addressing Modes, Machine Code, and Cycles:

A-64

| N 4

C

EEEEERES

None affected

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles
TAX INH 97 2
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TST Test for Negative or Zero TST

Operation: (ACCA)—$00 or: (X)—$00 or: (M)-$00

Description: Sets the condition codes N and Z according to the contents of ACCA, X,
or M. The contents of ACCA, X, and M are not altered.

Condition Codes and Boolean Formulae:

WL N 7 C
Lol fo ][ -Jele]-]

N M7

Set if the MSB of the contents of ACCA, X, or M is set; cleared otherwise.
Z M7eM6eM5eM4eM3eM2eMT e MO

Set if the contents of ACCA, X, or M is $00; cleared otherwise.

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS

Forms Mode Opcode Operand(s) | Cycles
TSTA INH (A) 4D 3
TSTX INH (X) 5D 3
TST (opr) DIR 3D dd 4
TST, X IX 7D 4
TST (opr), X 1X1 6D i 5
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TXA

Operation:

Description:

Transfer Index Register to Accumulator

ACCA ¢ (X)

TXA

Loads the accumulator with the contents of the index register. The contents
of the index register are not altered.

Condition Codes and Boolean Formulae:

z

C

H | N
I N I N

None affected

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles
TXA INH 9F 2

A-66
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WA'T Enable Interrupt, Stop Processor WAIT

Description: Reduces power consumption by eliminating most dynamic power dissi-
pation. The timer, the timer prescaler, and the on-chip peripherals continue to operate
because they are potential sources of an interrupt. Wait causes enabling of interrupts
by clearing the I bit in the CCR and stops clocking of processor circuits.

Interrupts from on-chip peripherals may be enabled or disabled by local control bits
prior to execution of the WAIT instruction.

When the RESET or IRQ input goes low or when any on-chip system requests interrupt
service, the processor clocks are enabled, and the reset, IRQ, or other interrupt service
request is processed.

Condition Codes and Boolean Formulae:

H [ Nz ¢C
T BN N A A B I

I 0
Cleared

Source Forms, Addressing Modes, Machine Code, and Cycles:

Source Addressing Machine Code HCMOS
Forms Mode Opcode Operand(s) | Cycles

WAIT INH 8F 2
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APPENDIX B
REVIEW QUESTIONS

The 50 review questions presented are based directly on the text of this
applications guide. These review questions are repeated with the proper
answers, indicating the portion of text from which the information was ob-
tained.

1. The instruction set of a CPU is
O A. a software program written by an end user.
O B. the same for all computers.
O C. determined by the wiring within the CPU.
O D. the data sheet for a microprocessor.

2. Which numbering system offers the best compromise between the needs
of a CPU and those of a human?
O A. Binary
O B. Octal
O C. Decimal
O D. Hexadecimal

3. A specific 8-bit value in a computer memory can mean different things
depending on its context. The value could be a number, a code repre-
senting an alphabetic character, a code for an instruction (opcode), etc.
The hexadecimal value $42 could be interpreted by an MC68HC705C8 to
mean any of the following things except one. Choose the one answer
which is not likely to be a correct interpretation of the value $42.

O A. The opcode for the MUL (mulitiply) instruction.
O B. The decimal value 66.

O C. The address of an on-chip control register.

O D. The letter “B".

4. Which of the following items requires the most memory bits?
O A. The BCD representation of 125.
O B. The binary representation of 254.
O C. The ASCII representation of the letter “A"".
O D. The binary equivalent of the octal number 75g.
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How many 8-bit memory locations would be needed to hold the ASCII
representation of the name “FRED"'?

O A 16

O B. 4

O C. 7

O D. 2

Which of these CPU registers in the MC68HC705C8 contains the most
its?

O A. The accumulator (A)

O B. The index register (X)

O C. The condition code register (CCR)
O D. The program counter (PC)

Which CPU register in the MC68HC705C8 would most likely point to the
next instruction that the CPU will execute?

O A. The accumulator (A)

O B. The index register (X)

O C. The stack pointer (SP)

O D. The program counter (PC)

During execution of a subroutine, where would the CPU save the return
address? All except one of the following address pairs is incorrect due
to improper memory type or address.

O A. $1FFE,1FFF

O B. $00EC,00ED

O C. $00AE,00AF

O D. $015E,015F

How many different opcodes correspond to the LDA (load accumulator)
instruction?
O A1

0O
oCoOow
- o w
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10. In the following partial listing, what 8-bit value or code is present in
memory location $01937?

018c TIME EQU * Update Time-of-day
018c 3d a2 TST TIC Check for TIC=zero
018e 26 38 BNE XTIME If not; just exit
0190 3c a3 INC SEC SEC=SEC+1

0192 a6 3c LDA #60

0194 bl a3 CMP SEC Did SEC -> 60 ?

O A. $A2

O B. $3C

O C. %93

O D. $01

11. The following instruction reads the current value of the 8-bit variable
“TIC" and internally tests for a negative or zero value. At what physical
address is the variable “TIC" located?

018c 3d a2 TST TIC Check for TIC=zero

O A. $01A2
O B. $018D
O C. $3DA2
O D. $00A2

12. After executing the following sequence of instructions, what value will
be in the accumulator?

BEGIN LDA #$80
BPL LABEL
INCA
LABEL DECA
DECA
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13.

14.

15.

16.

17.

After executing the following instruction sequence from “START"” to
“END", what value will be in memory location $00FF?

0100 9c¢ START RSP Reset SP to S$OOFF.
0101 cd 02 00 JSR SUB Call SUB
0104 cd 02 00 JSR SUB Call SUB again
0107 9d END NOP Done
" ” ” ” " ”
0200 81 SUB RTS Just Return
O A. $00
O B. $01
O C. $04
O D. $07

What frequency crystal would be used on an MC68HC705C8 to get a 500-
ns internal processor clock?

O A. 1.0 MHz

O B. 2.0 MHz

O C. 4.0 MHz

O D. 8.0 MHz

For an MC68HC705C8 with a 4.0-MHz crystal, what amount of time cor-
responds to a single count of the 16-bit timer?

O A. 500 ns

O B. 1.0 ps

O C. 2.0 ps

O D. 4.0 ps

For an MC68HC705C8 with a 4.0-MHz crystal, what is the fastest baud
rate available for the SCI (UART-type serial interface)?

O A. 131.072 kbaud

O B. 125 kbaud

O C. 19.2 kbaud

O D. 9600 baud

For an MC68HC705C8 with a 4.0-MHz crystal, what is the fastest master
mode bit rate available for the SPI (synchronous serial peripheral inter-
face)?

O A. 1 Mbit/sec

O B. 500 kbits/sec

O C. 250 kbits/sec

O D. 125 kbits/sec
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18.

19.

20.

21.

22.

MOTOROLA

many bit times are there in one SCI character frame?

How
O A 8
O B. 9
O C 1
O D. 1

o o

To assure an orderly startup, reset forces the CPU to begin executing

instructions in a predictable, repeatable way. Which of the following

statements best describes how the CPU proceeds from reset?

O A. The CPU fetches the instruction from $1FFF and executes it.

O B. The CPU loads the program counter (PC) with the address $1FFE
and begins executing instructions.

O C. The CPU begins executing instructions starting at address $0000.

O D. The CPU loads the program counter (PC) with the address stored
at $1FFE,1FFF and then begins executing instructions starting at
that address.

To change the SCI baud rate, what address would you write to?
O A. $000D
O B. $000E
O C. $0D00
O D. $100E

The half-carry bit (H) in the condition code register (CCR)

A. is used in rounding results of arithmetic operations.

B. indicates that the MSB of the accumulator is 1.

C. may be used to adjust the results of BCD add operations.
D. indicates a borrow occurred during a subtract operation.

OO00O

In an MC68HC705C8 system which uses no interrupts, what is the max-
imum possible nesting depth for subroutines (without causing errors)?
If one subroutine called a second subroutine, that would be a nesting
depth of 2.

O A. 2

O B. 32

O C. 64

O D. 128
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23.

Which of the following on-chip systems would be used to detect prob-
lems with the oscillator?

O A. Power-on reset

O B. COP watchdog timer

O C. Clock monitor

O D. IRQ interrupt

24. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003 SAM EQU $03 SAM equal an 8-bit value

1400 LARRY EQU $1400 LARRY equal a 16-bit value

0100 ORG $100 Set program starting point

0100 ae 02 TOP LDX #$02 Initialize index register

0102 a6 05 LDA #$05 Read value into A
O A. $0005
O B. $0102
O C. $0103
O D. $a605

25. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003 SAM EQU $03 SAM equal an 8-bit value

1400 LARRY EQU $1400 LARRY equal a 16-bit wvalue

0100 ORG $100 Set program starting point

0100 ae 02 TOP LDX #3$02 Initialize index register

0102 b6 05 LDA $05 Read value into A
O A. $0005
O B. $0102
O C. $0103
O D. $b605
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26. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003 SAM EQU $03 SAM equal an 8-bit value
1400 LARRY EQU $1400 LARRY equal a 16-bit value
0100 ORG $100 Set program starting point
0100 ae 02 TOP LDX #3502 Initialize index register
0102 c6 01 00 LDA TOP Read value into A

O A. 30003

O B. %0100

O C. $0103

O D. $0104

27. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003 SAM EQU $03 SAM equal an 8-bit value
1400 LARRY EQU $1400 LARRY equal a 1l6-bit wvalue
0100 ORG $100 Set program starting point
0100 ae 02 TOP LDX #$02 Initialize index register
0102 £6 LDA O0,X Read value into A

O A. $0000

O B. $0002

O C. $0003

O D. $0102

28. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003 SAM EQU $03 SAM equal an 8-bit value
1400 LARRY EQU $1400 LARRY equal a 16-bit wvalue
0100 ORG $100 Set program starting point
0100 ae 02 TOP LDX #$02 Initialize index register
0102 e6 03 LDA SAM,X Read value into A

O A. $0002

O B. $0003

O C. $0005

O D. %0105

MOTOROLA M68HC05 MICROCONTROLLER APPLICATIONS GUIDE B-7



29. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003 SAM EQU
1400 LARRY EQU
0100 ORG
0100 ae 02 TOP LDX
0102 d6 14 00 LDA

O A. $0002

O B. $1400

O C. $1402

O D. $1600
30.

31.

B-8

$03

$1400
$100
#502

LARRY, X

SAM equal an 8-bit value
LARRY equal a 16-bit value
Set program starting point
Initialize index register
Read value into A

After executing the following instruction sequence from “START” to
“END,” what value will be in the stack pointer (SP)?

0100
0101
0104
0107

0200

OO00O0>» O00O0

oW

A.
B.
C.
D.

9¢ START
cd 02 00

cd 02 00

9d END

” ” ”

81 SUB

$0200
$00FB
$00FD
$00FF

microcontroller is

RSP
JSR
JSR
NOP

RTS

SUB
SUB

Reset SP to $O00OFF
Call SUB

Call SUB again
Done

Just Return

the CPU part of a digital binary computer.

the same thing as a microprocessor.

any system that includes an MCU integrated circuit.

a computer system including a CPU, memory, and peripherals on

a single I.C.
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32. After executing the following instruction sequence from “TOP” to “BOT",
- what values will be in locations $00A0 and $00A1, respectively?

0100 a6 £3 TOP ILDA #%11110011 Initial wvalue
0102 b7 a0 STA $AO For $00A0

0104 a6 81 LDA #%10000001 Initial wvalue
0106 b7 al STA SAl For $00A1l

0108 38 al ASL $Al Comment left off
010a 39 a0 ROL $A0 intentionally
010c 38 al ASL $Al

010e 39 a0 ROL $A0

0110 9d BOT NOP

O A. $00A0;00A1=11110011 10000001
O B. $00A0;00A1=11001100 00000100
O C. $00A0;00A1=11001110 00000111
O D. $00A0;00A1=11001110 00000100

Refer to the following four program listings to answer questions 33 through
38. These programs demonstrate four different ways to generate pulses at
port A bit 0 of an MC68HC705C8. All four programs assume that port A has
been configured as outputs by the data direction register (DDRA) equal $FF.

0100 a6 01 PROG1 LDA #S01 [2] Pattern for bit 0 high
0102 b7 00 STA $00 [4] Write to port A

0104 a6 00 LDA #3500 [2] Pattern for bit 0 low
0106 b7 00 STA $00 [4] Write to port A

0108 20 f6 BRA PROG1 [3] Repeat loop continuously
0100 10 00 PROG2 BSET 0,$00 [5]1 Set port A bit O

0102 11 00 BCLR 0,$00 [5] Clear port A bit O

0104 20 fa BRA PROG2 [3] Repeat loop continuously
0100 a6 01 PROG3 LDA #$01 [2] Pattern for bit 0 high
0102 5f CLRX [3] Pattern for bit 0 low
0103 b7 00 LOOP3 STA $00 [4] Write to port A

0105 bf 00 STX $00 [4] Write to port A

0107 20 fa BRA LOOP3 [3] Repeat loop continuously
0100 b6 00 PROG4 1ILDA $00 [3] Read present port A data
0102 a8 01 EOR #5501 [2] Form new port A pattern
0104 b7 00 STA $00 [4] Write to port A

0106 20 £8 BRA PROG4 [3] Repeat loop continuously
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33.
ory?

34.

35.

36.

37.

Which of the four programs requires the fewest bytes of program mem-

O A. PROG1
O B. PROG2
O C. PROG3
O D. PROG4

Which of the four programs produces the shortest pulse width (logic one
at the pin)?
O A. PROG1

B. PROG2

C. PROG3

D. PROG4
hich of the four programs produces the longest period?
. PROG1
. PROG2
. PROG3
. PROG4

CO0O00=s 000

A
B
C
D

Sometimes it is important to change the level on a pin without disturbing
values in the CPU accumulator and other CPU registers. Which of the
four programs uses no CPU registers other than the program counter
(PC)?

O A. PROG1

O B. PROG2

O C. PROG3

O D. PROG4

Which of the four programs produces a square wave (equal high and
low times)?

O A. PROG1

O B. PROG2

O C. PROGS3

O D. PROG4
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38. Some instructions affect only a single bit in a memory location while
others affect all bits in a memory location. Which two of the four pro-
grams do not make any assumptions about other bits in port A?

O A. PROG1 & PROG2
O B. PROG2 & PROG4
O C. PROG3 & PROG4
O D. PROG4 & PROG1

39. On an MC68HC705C8, which of the following pins is an input-only pin?
O A. RESET
O B. Port D bit 4/SCK
O C. PortD bit7
O D. Port A bit 7

40. What does the following sequence of instructions do?

0100 a6 08 START LDA #$08 Comments left off intentionally
0102 b7 1le STA $1E
0104 8e STOP

O A. Reset the COP watchdog timer and return to normal program.
O B. Force a hardware RESET.

O C. Store a value $08 in RAM and stop processing.

O D. Enables the clock monitor and the COP watchdog timer.

41. For the four following addresses, which one would not allow you to read
back an arbitrary value which you just wrote to that address?
O A. $0004
O B. $0050
O C. $00FF
O D. $1000

42. For an MC68HC705C8, which of the four following addresses would be
the best address to store a product serial number and a variable which
changed once a second? Refer to the memory map on page 3-11 of the
applications guide.

O A. %0000
O B. $002F
O C. $00FF
O D. $015F
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43.

44,

45,

46.

47.

48.

If you discovered an incorrect value in a memory location as you were
starting volume production, which of the following memory types would
require the longest time to correct the error?

O A. RAM ‘

O B. ROM

O C. EPROM

O D. EEPROM

A microcontroller includes

O A. a central processor unit (CPU).
O B. memory.

O C. /0 devices.

O D. all of the above.

A central processor unit (CPU)

O A. is part of a microcontroller (MCU).
. is a complete computer system.

. contains memory and I/O devices.
. contains an MCU.

00O
UOw

A memory is said to be volatile if it forgets its contents when power is
removed for long periods of time. Which of the following memory types
is volatile?

O A. ROM

O B. RAM

O C. EPROM

O D. EEPROM

An EPROM memory is normally erased by

O A. software instructions.

O B. infrared light.

O C. ultraviolet light.

O D. application of high voltage.

To program the OPTION register on the MC68HC705C8

O A. program all bits as if they were EPROM.

O B. program all bits as if they were RAM.

O C. program one bit like RAM and the rest of the bits as if they were
EPROM.

O D. program one bit like EPROM and the rest of the bits as if they were
RAM.
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49. In the MC68HC705C8, bit manipulation instructions (BSET and BCLR)
O A. can be used to manipulate any on-chip I/O register or RAM location
in the $0000 through $00FF area of memory.
O B. can be used to manipulate any location in the 8K-byte memory
map.
QO C. can be used only with indexed addressing modes.
O D. can be used to manipulate any on-chip RAM location.

50. Which of the following statements best describes what happens during
an SPI data transfer between two MC68HC705C8 MCUs?
O A. A slave device transfers an 8-bit character to a master device.
(O B. A master device transfers an 8-bit character to a slave device.
O C. A master and a slave exchange 8-bit data characters.
O D. A master device sends a start bit, 8 data bits, and a stop bit to a
slave.
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REVIEW QUESTIONS, ANSWERS,

AND EXPLANATIONS

The questions that seem to give the most trouble are 40, 35, and 13 in that
order. The problem on 35 is that it is a tricky question. The loop in PROG4
must be executed twice to make one period on the port pin. On 40, some
persons who got the wrong answer seemed to be tricked by the indirect
nature of this operation and chose D, thinking it was the closest thing to a
correct answer. Almost all those who got 35 wrong chose A, which has the
longest loop time but not the longest period. The majority of those who
missed 13 seemed to think that the RAM locations in the stack are cleared
as values are recovered from the stack during a return from subroutine —
this assumption is incorrect. A few others got the stacking order reversed.
The key to getting 13 right was to play computer very carefully.

1. The instruction set of a CPU is
O A. a software program written by an end user.
O B. the same for all computers.
t> C. determined by the wiring within the CPU. (see p. 2-2 2nd Y and p.
2-4 last 1)
O D. the data sheet for a microprocessor.

2. Which numbering system offers the best compromise between the needs
of a CPU and those of a human?
O A. Binary
O B. Octal
O C. Decimal
v= D. Hexadecimal

See p. 2-2 last § and p. 2-5. A few engineers who were around in the
days of the PDP-8 or work a lot with minicomputers that still carry on
the octal tradition may argue about this answer. The text on p. 2-5 and
modern microcontroller data sheets explain why hexadecimal is the best
choice.
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A specific 8-bit value in a computer memory can mean different things
depending on its context. The value could be a number, a code repre-
senting an alphabetic character, a code for an instruction (opcode), etc.
The hexadecimal value $42 could be interpreted by an MC68HC705C8 to
mean any of the following things except one. Choose the one answer
which is not likely to be a correct interpretation of the value $42.

O A. The opcode for the MUL (multiply) instruction. (see p. A-47)

O B. The decimal value 66. (see Table 2-1 p. 2-3)

r= C. The address of an on-chip control register.

O D. The letter “B". (see Table 3-10 p. 3-67)

By elimination, the correct response is answer C. Looking at the memory
map (Figure 3-5 p. 3-11) you would find that address $42 is a RAM or
PROM location; whereas, all on-chip control registers (except OPTION
at $1FDF) are in the area from $0000 to $001F.

Which of the following items requires the most memory bits?

t= A. The BCD representation of 125. (0001 0010 0101 or 12 bits)

O B. The binary representation of 254. (1111 1110 or 8 bits)

O C. The ASCII representation of the letter “A”. (1000001 or 0100 0001,
7 or 8 bits)

O D. The binary equivalent of the octal number 75g. (111 101 or 6 bits)

See pp. 2-2 through 2-6.

How many 8-bit memory locations would be needed to hold the ASCII
representation of the name “FRED"'?

O A. 16

t= B. 4 (See p. 2-4 3rd Y. Each ASCII character takes one byte.)

O C. 7

O D. 2
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Which of these CPU registers in the MC68HC705C8 contains the most
bits?

O A. The accumulator (A)

O B. The index register (X)

O C. The condition code register (CCR)

= D. The program counter (PC)

See Figure 2-2 p. 2-8. The PC is 13 or 16 bits, depending on whether or
not you count the upper three bits that are fixed. A and X are 8 bits each,
and CCR is 5 or 8 (again depending on whether or not you count the
upper three bits that are fixed).

Which CPU register in the MC68HC705C8 would most likely point to the
next instruction that the CPU will execute?

O A. The accumulator (A)

O B. The index register (X)

O C. The stack pointer (SP)

r= D. The program counter (PC) (see p. 2-8 last )

During execution of a subroutine, where would the CPU save the return
address? All except one of the following address pairs is incorrect due
to improper memory type or address.

O A. $1FFE,1FFF

v B. $00EC,00ED

O C. $00AE,00AF

O D. $015E,015F

See p. 3-16 last  and Section 2.6.1.4 beginning on p. 2-27 if you need
help understanding subroutine calls.

How many different opcodes correspond to the LDA (load accumulator)
instruction?

O A1

O B. 3

t= C. 6 (see p. A-43 and p. 2-21 4th ¥)

O D. 16
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10. In the following partial listing, what 8-bit value or code is present in
memory location $0193?

018c TIME EQU * Update Time-of-day
018¢c 3d a2 TST TIC Check for TIC=zero
018e 26 38 BNE XTIME If not; just exit
0190 3c a3 INC SEC SEC=SEC+1

0192 a6 3c LDA #60

0194 bl a3 CMP SEC Did SEC -> 60 ?

O A. $A2

= B. $3C (see Sections 2.5.4 and 2.5.5 especially p. 2-22 4th )
O C. $93

O D. $01

11. The following instruction reads the current value of the 8-bit variable
“TIC"” and internally tests for a negative or zero value. At what physical
address is the variable “TIC" located?

018c 3d a2 TST TIC Check for TIC=zero

O A. $01A2
O B. $018D
O C. $3DA2
r= D. $00A2 (see p. 3-26 and p. A-65)

12. After executing the following sequence of instructions, what value will
be in the accumulator?

BEGIN LDA #$80
BPL LABEL
INCA
LABEL DECA
DECA

O A. $7E
= B. $7F
O C. $80
O D. $81

The first instruction loads A with the immediate value $80 (which is
negative). The second instruction will not branch because the N condition
code flag is set. The CPU then increments A (to $81), then decrements
A (to $80), and finally decrements A again (to $7F).
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13.

14.

15.

After executing the following instruction sequence from “START" to
“END", what value will be in memory location $00FF?

0100 9c START RSP Reset SP to S$OOFF
0101 cd 02 00 JSR SUB Call SUB

0104 cd 02 00 JSR SUB Call SUB again
0107 9d END NOP Done

0200 81 SUB RTS Just Return

O A. $00

O B. $01

O C. $04

= D. $07

See Section 2.6.2 especially p. 2-32 last { and p. 2-33 6th ¥; see also p.
2-9 3rd 1. In the course of executing this program segment, the CPU
would call a subroutine (and store the return address at $00FF and $O0FE),
then return from the subroutine (which causes the return address to be
recovered from the stack and the stack pointer to end up pointing at
$00FF again). When the second subroutine call is executed, the return
address (now $0107) is saved on the stack at $00FF and $00FE (with the
$07 at $00FF). The second return from subroutine causes this return
address to be read from the stack. Since no other value is stored to
location $00FF during this program, $07 will still be there at the end of
the sequence.

What frequency crystal would be used on an MC68HC705C8 to get a 500-
ns internal processor clock?

O A. 1.0 MHz

O B. 2.0 MHz

= C. 4.0 MHz (see p. 3-6 7th ¥ or Figure 3-18 p. 3-59)

O D. 8.0 MHz

For an MC68HC705C8 with a 4.0-MHz crystal, what amount of time cor-
responds to a single count of the 16-bit timer?

O A. 500 ns

O B. 1.0 us

= C. 2.0 us (see p. 3-82 upper right and p. 3-83 last ¥.)

O D. 4.0 ps
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16.

17.

18.

19.

MOTOROLA

For an MC68HC705C8 with a 4.0-MHz crystal, what is the fastest baud
rate available for the SCI (UART-type serial interface)?

O A. 131.072 kbaud

e+ B. 125 kbaud (see Table 3-8 p. 3-59 top entry in 4.0 column)

O C. 19.2 kbaud

O D. 9600 baud

For an MC68HC705C8 with a 4.0-MHz crystal, what is the fastest master
mode bit rate available for the SPI (synchronous serial peripheral inter-
face)?

r= A. 1 Mbit/sec (see table on p. 3-75)

O B. 500 kbits/sec

O C. 250 kbits/sec

O D. 125 kbits/sec

Only a master SPI device produces a serial clock. As a slave, the fastest
bit rate the SPI can accept would be the crystal frequency divided by 2
(or 2 MHz for a 4-MHz crystal). '

How many bit times are there in one SCI character frame?
O A. 8

O B.9

O C. 10

t= D. 10 or 11 (see Figure 3-24 p. 3-64)

Don't forget to count the start and stop bit times.

To assure an orderly startup, reset forces the CPU to begin executing
instructions in a predictable repeatable way. Which of the following state-
ments best describes how the CPU proceeds from reset?

O A. The CPU fetches the instruction from $1FFF and executes it.

O B. The CPU loads the program counter (PC) register with the address
$1FFE and begins executing instructions.

The CPU begins executing instructions starting at address $0000.
The CPU loads the program counter (PC) with the address stored
at $1FFE,1FFF and then begins executing instructions starting at
that address.

C.
= D.

2
e

See p. 3-18 item 14 and p. 2-8 last ¥. Think about the other three answers;
you should see that they do not make sense.
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20.

21.

22.

23.

To change the SCI baud rate, what address would you write to?
= A. $000D :
O B. $000E
O C. $0D00
O D. $100E

See memory map Figure 2-4 p. 2-12 or Figure 3-5 p. 3-11, or see Figure
3-17 p. 3-58. See also p. 2-13 4th {.

The half-carry bit (H) in the condition code register (CCR)
O A. isused in rounding results of arithmetic operations. (describes the
C bit)

O B. indicates that the MSB of the accumulator is 1. (describes the N
bit)

C. may be used to adjust the results of BCD add operations.

D. indicates a borrow occurred during a subtract operation. (de-
scribes the C bit)

See p. 3-14 2nd Y and p. 2-6 3rd ¥.

e
O

In an MC68HC705C8 system which uses no interrupts, what is the max-
imum possible nesting depth for subroutines (without causing errors)?
If one subroutine called a second subroutine, that would be a nesting
depth of 2.

O A2

= B. 32 (see p. 3-16 last 1)

O C. 64

O D. 128

Remember that each subroutine call uses two 8-bit memory locations to
store the return address.

Which of the following on-chip systems would be used to detect prob-
lems with the oscillator?

O A. Power-on reset

O B. COP watchdog timer

= C. Clock monitor (see p. 3-19 1st 1 and p. 3-20 6th )

O D. IRQ interrupt
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24. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003
1400
0100
0100
0102

25.

0003
1400
0100
0100
0102

26.

0003
1400
0100
0100
0102

MOTOROLA

SAM EQU

LARRY EQU

ORG

ae 02 TOP LDX

a6 05 LDA
O A. $0005
O B. $0102

$03
$1400
$100
#5502
#3505

SAM equal an 8-bit value
LARRY equal a 16-bit value
Set program starting point
Initialize index register
Read value into A

= C. $0103 (see immediate addressing mode p. 3-24)

O D. $a605

In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

SAM EQU

LARRY EQU

ORG

ae 02 TOP LDX
b6 05 LDA

S03
$1400
$100
#502
505

SAM equal an 8-bit wvalue
LARRY equal a 16-bit wvalue
Set program starting point
Initialize index register
Read value into A

= A. $0005 (see direct addressing mode p. 3-26)

O B. $0102
O C. $0103
O D. $b605

In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

$03
$1400
5100
#502
TOP

SAM equal an 8-bit wvalue
LARRY equal a 16-bit value
Set program starting point
Initialize index register
Read value into A

= B. $0100 (see extended addressing mode p. 3-25)

SAM EQU

LARRY EQU

ORG

ae 02 TOP LDX

c6 01 00 LDA
O A. $0003
O C. %0103
O D. $0104

Although this instruction sequence has no practical use, it would assem-
ble and function. The value loaded into A would be $AE (the opcode of
the LDX-immediate instruction). If you were not familiar with the use of
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27.

0003
1400
0100
0100
0102

28.

0003
1400
0100
0100
0102

B-22

labels, you could have looked at the machine code C6 01 00. The C6
indicates the extended addressing mode variation of the LDA instruction
and 0100 is the address of the operand that would be loaded into A.

In the following instruction sequence a value is read into the accumulator.
From what address is this value being read? (It may be helpful to look
at the machine code as well as the mnemonic instructions)
SAM EQU 503 SAM equal an 8-bit value
LARRY EQU $1400 LARRY equal a 16-bit value
ORG $100 Set program starting point
ae 02 TOP LDX #$02 Initialize index register
f6 ILDA 0,X Read value into A
O A. $0000
= B. $0002 (see indexed no-offset p. 3-28)
O C. $0003
O D. $0102
At the time the LDA 0,X instruction is executed, X contains $02 due to
the previous instruction.
In the following instruction sequence a value is read into the accumulator.
From what address is this value being read? (It may be helpful to look
at the machine code as well as the mnemonic instructions.)
SAM EQU $03 SAM equal an 8-bit value
LARRY EQU $1400 LARRY equal a 16-bit value
ORG $100 Set program starting point
ae 02 TOP LDX #5502 Initialize index register
e6 03 LDA SAM,X Read value into A
O A. $0002
O B. $0003
r= C. $0005 (see indexed 8-bit offset p. 3-30)
O D. $0105

Don't forget to add the current value of X ($02) to the value SAM ($03).
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29. In the following instruction sequence, a value is read into the accumu-
lator. From what address is this value being read? (It may be helpful to
look at the machine code as well as the mnemonic instructions.)

0003
1400
0100

0100 ae 02
0102 d6 14 00

30.

31.

MOTOROLA

O A
O B.

$0002
$1400

SAM
LAR

TOP

RY

EQU $03
EQU $14
ORG $10
LDX #S0

SAM equal an 8-bit value
00 LARRY equal a 16-bit value
0 Set program starting point
2 Initialize index register

LDA LARRY,X Read value into A

= C. $1402 (see indexed 16-bit offset p. 3-32)

O D.

$1600

Don’t forget to add the current value of X ($02) to the value LARRY
($1400).

After executing the following instruction sequence from “START"” to
"“END”, what value will be in the stack pointer (SP)?

0100
0101
0104
0107

0200

O A
O B.
O C.

rz D.

9¢c

cd 02 00
cd 02 00

9d

81

$0200
$00FB
$00FD
$00FF

”

START RSP

END

”

SUB

JSR
JSR
NOP

RTS

Reset SP to S$OOFF
SUB Call SUB
SUB Call SUB again
Done

Just Return

This is a variation of the exercise in Section 2.6.1.4 and Figure 2-11.
During execution the stack pointer will have the values FF-FE-FD-FE-FF-
FE-FD-FE-FF.

A microcontroller is
the CPU part of a digital binary computer.

the same thing as a microprocessor.

any system that includes an MCU integrated circuit.

a computer system including a CPU, memory, and peripherals on
a single I.C.

O A
O B.
O C.

D.

=

See p. 2-1 1st sentence and p. 1-2 2nd 1.
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32. After executing the following instruction sequence from “TOP" to “BOT",
what values will be in locations $00A0 and $00A1, respectively?

0100 a6 £3 TOP LDA #%11110011 Initial wvalue
0102 b7 a0 STA $SAQ For $00A0

0104 a6 81 LDA #%10000001 Initial value
0106 b7 al STA $Al For $00Al

0108 38 a1l ASL $Al Comment left off
010a 39 a0 ROL $A0 intentionally
010c 38 al ASL $Al

010e 39 a0 ROL $A0

0110 9d BOT NOP

O A. $00A0;00A1=11110011 10000001
B. $00A0;00A1=11001100 00000100
C. $00A0;00A1=11001110 00000111
D. $00A0;00A1=11001110 00000100

See ASL p. A-6 and ROL p. A-51. Play computer to see how this sequence
works. This is a 16-bit version of the multibyte shift sequence described
in the ROL instruction description.

Ed

§ OO

Refer to the following four program listings to answer questions 33
through 38. These programs demonstrate four different ways to generate
pulses at port A bit 0 of an MC68HC705C8. All four programs assume
that port A has been configured as outputs by the data direction register
(DDRA) equal $FF.

0100 a6 01 PROG1 LDA #$01 [2] Pattern for bit 0 high
0102 b7 00 STA $00 [4] Write to port A
0104 a6 00 LDA #3500 [2] Pattern for bit 0 low
0106 b7 00 STA $00 [4] Write to port A
0108 20 f6 BRA PROG1 [3] Repeat loop continuously
LDA LDA BRA | LDA
t$01l STA$00 |mo| STA$00 IPROG1 !notl STA$00 I
PROCESSOR
o JUUUUY 1
PAO
PIN
PROGL —> PULSE HIGH = 6~

[ €——————PERIOD = 15~ —————— >
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0100 10 00 PROG2 BSET 0,$00 [5] Set port A bit O

0102 11 00 BCLR 0,500 [5] Clear port A bit 0
0104 20 fa BRA PROG2 [3] Repeat loop continuously
I BSET 0,$00 I BCLR 0,500 |ngé2| BSET 0,500 I
PROCESSOR
socesser T U
PAO
PIN
PROG? —>»! PULSE HIGH = 5~
[€——————— PERIOD = 13~ —————— >
0100 a6 01 PROG3 LDA #5$01 [2] Pattern for bit 0 high
0102 5f CLRX [3] Pattern for bit 0 low
0103 b7 00 LOOP3 STA 300 [4] Write to port A
0105 bf 00 STX $00 [4] Write to port A
0107 20 fa BRA LOOP3 [3] Repeat loop continuously

LDAI CLRX I STA$00 I STX $00 I BRA l STA$00 | STX $00 | BRA |

#3501 PROG3 PROG3
PROCESSOR
CLOCK (INT)
PAQ
PIN
PROG3 —>»PULSE HI = 4~
[€——— PERIOD = 11~ ————
0100 b6 00 PROG4 LDA $00 [3] Read present port A data
0102 a8 01 EOR #3501 [2] Form new port A pattern
0104 b7 00 STA $00 [4] Write to port A
0106 20 £8 BRA PROG4 [3]1 Repeat loop continuously
EOR BRA EOR BRA EOR
ILDA$00 |#$01 | STA$00 l oA, I LDA $00 l o | STA$00 l oA lLDA$OO o | STA$00 '
PROCESSOR
CLOCK (INT)
PAO
PIN
PROG [€———— PULSE HIGH = 12~ ———»|
< PERIOD = 24~
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33.

34.

35.

36.

37.

B-26

Which of the four programs requires the fewest bytes of program mem-
ory?

O A. PROG1 (10)

= B. PROG2 (6)

O C. PROG3 (9)

O D. PROG4 (8)

Which of the four programs produces the shortest pulse width (logic one
at the pin)?

O A. PROG1 (6)

O B. PROG2 (5)

C. PROGS (4)

D. PROG4 (12)

hich of the four programs produces the longest period?

A. PROG1 (15)

B. PROG2 (13)

C. PROG3 (11)

D. PROG4 (24) (Notice the loop executes twice to make a single pe-
riod.)

Sometimes it is important to change the level on a pin without disturbing
values in the CPU accumulator and other CPU registers. Which of the
four programs uses no CPU registers other than the program counter
(PC)?

O A. PROGH1 (uses A)

> B. PROG2 (BSET and BCLR use no CPU registers)

O C. PROG3 (uses A and X)

O D. PROG4 (uses A)

Which of the four programs produces a square wave (equal high and
low times)?

O A. PROG1 (6/9)

O B. PROG2 (5/8)

O C. PROG3 (4/7)

= D. PROG4 (12/12)
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38. Some instructions affect only a single bit in a memory location; whereas,
others affect all bits in a memory location. Which of the four programs
does not make any assumptions about other bits in port A?

O A. PROG1 & PROG2
r= B. PROG2 & PROG4
O C. PROG3 & PROG4
O D. PROG4 & PROG1

Programs 1 and 3 force bits 7 through 1 of port A to zero; programs 2
and 4 affect only bit 0.

39. On an MC68HC705C8, which of the following pins is an input-only pin?
O A. RESET
O B. Port D bit 4/SCK
= C. Port D bit 7 (see Figure 3-1 p. 3-3)
O D. Port A bit 7

This guestion was intended to emphasize that reset is not an input-only
pin.

40. What does the following sequence of instructions do?

0100 a6 08 START LDA #S08 Comments left off intentionally
0102 b7 1le STA S$1E
0104 8e STOP

O A. Reset the COP watchdog timer and return to normal program.
t= B. Force a hardware RESET. (see p. 3-21 2nd )

O C. Store a value $08 in RAM and stop processing.

O D. Enables the clock monitor and the COP watchdog timer.

This question was intended to show a way to force a reset with software,
which may be useful in some applications. This question also reinforces
important aspects of the clock monitor system and the STOP instruction.

41. For the four following addresses, which one would not allow you to read
back an arbitrary value which you just wrote to that address?
O A. $0004
O B. $0050
O C. $00FF
r= D. $1000 (see Figure 3-5 p. 3-11)

$0050 and $00FF are RAM addresses and can obviously be read back
after being written. $0004 is the data direction register for port A (see p.
3-52).
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B-28

42.

43.

44.

45,

For an MC68HC705C8, which of the four following addresses would be
the best address to store a product serial number and a variable which
changed once a second? Refer to the memory map on p. 3-11 of the
applications guide.

O A. $0000

O B. $002F

O C. $00FF

= D. $015F (see description of RAM1 p. 3-98)

This question was intended to point out that the RAM1 control bit in the
OPTION control register can be controlled by software to alternately
enable RAM or PROM during normal operation. The result is that both
the RAM and the PROM are usable, although software is required to
choose which is active at any particular time. You could enable the PROM
and program a serial number into location $015F before shipping a prod-
uct. You could turn on the PROM during startup to read the serial number,
then change RAM1 to enable the RAM to use the RAM located at $015F
as the storage location for a software variable.

If you discovered an incorrect value in a memory location as you were

starting volume production, which of the following memory types would

require the longest time to correct the error?

O A. RAM (RAM values can be changed in a single bus cycle or about
1 ps)

= B. ROM (ROM changes require several weeks because new parts
must be manufactured.)

O C. EPROM (EPROM takes several minutes of exposure to UV light to
erase.)

O D. EEPROM (EEPROM can be changed in tens of milliseconds. See
p. 1-4 and p. 4-4 1st 9).

A microcontroller includes

O A. a central processor unit (CPU).

O B. memory.

O C. 1/0 devices.

= D. all of the above. (see Section 1.1 p. 1-2)

A central processor unit (CPU)

= A. is part of a microcontroller (MCU). (see Section 1.1 p. 1-2)
O B. is a complete computer system.

O C. contains memory and I/O devices.

O D. contains an MCU.
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46. A memory is said to be volatile if it forgets its contents when power is
removed for long periods of time. Which of the following memory types
is volatile?

O A. ROM

1 B. RAM

O C. EPROM
O D. EEPROM

See p. 1-4 2nd Y and p. 4-4 1st .

47. An EPROM memory is normally erased by
O A. software instructions.

O B. infrared light.
vz C. ultraviolet light. (see p. 1-4 5th ¥)
O D. application of high voltage.
48. To program the OPTION register on the MC68HC705C8
O A. program all bits as if they were EPROM.
O B. program all bits as if they were RAM.
O C. program one bit like RAM and the rest of the bits as if they were

EPROM.
= D. program one bit like EPROM and the rest of the bits as if they were
RAM. (see pp. 3-97 and 3-98)

49. In the MC68HC705C8, bit manipulation instructions (BSET and BCLR)
= A. can be used to manipulate any on-chip I/O register or RAM location
in the $0000 through $00FF area of memory.
O B. can be used to manipulate any location in the 8K-byte memory
map.
O C. can be used only with indexed addressing modes.
O D. can be used to manipulate any on-chip RAM location.

See pp. A-9 and A-30.

50. Which of the following statements best describes what happens during
an SPI data transfer between two MC68HC705C8 MCUs?
O A. A slave device transfers an 8-bit character to a master device.
O B. A master device transfers an 8-bit character to a slave device.
= C. A master and a slave exchange 8-bit data characters.
O D. A master device sends a start bit, 8 data bits, and a stop bit to a
slave.

See p. 3-71 2nd {.
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