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Peperiksaan Semester Kedua
Sidang Akadenik L992 193

April 1993

IQK 2o5l3 TEXIToLOCI ttIxROPEldPROgEg

Masa : [3 jan]

SiIa pastikan bahawa kertas soalan in,i mengandungi TUJUH
BELAS (L7l mukasurat (termasuk lanpiran) yang bercetak sebe-
Ium anda memulakan peperiksaan ini.

Jawab I{IUA (5) soalan. Semua soalan mesti dijawab di dalan
Bahasa MaLaysia.

Nota: Appendiks mengandungi

(i) Perincian set-set suruhan

(ii) Perincian bagi pendaftar-pendaftar khusus dan
vektor-vektor sampuk.

1

147,



1.

rQK 2osl3

(a) Model programan bagi suatu nikropemproses mengan-

dungi penbilang program (PC) 2o-bit, empat daftar

indeks 20-bit (W, X, Y, Zl , dua penumpuk (accumula-

tor) 16-bit (A dan B).

Berapa bitkah yang dikandungi oleh

alamat (address bus)?

(ii) Berapa bitkah yang dikandungi oleh bas data?

(iii) Berapakah lokasi ingatan nyata yang boleh

dialarnatkan oleh PemProses ini?

(i)

( iv)

(v)

Apakah julat alamat di dalam hex?

Apakah julat (single Precision) bagi nombor-

nornbor binari tak bertanda bagi mesin ini?

(sila beri jawapan di dalaur desimal) '

Apakah julat (single Precision) bagi nombor-

nombor BcD ta]< bertanda bagi mesin ini?

(Sila beri jawapan di dalan desinal) '

(vi)

(vii) Apakah julat (single Precision) bagi nombor-

nomborbinaripel'engkap2(twoIscomplernent)

bagi mesin ini? (sila beri jawapan di dalan

desinal) .

(50 markah)
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1. (b) secara ringkas jelaskan mod_mod

beri satu contoh suruhan di dalarn

dan bahasa mesin bagi setiap satu.
(i) Pengalanatan terus (Direct addressing)
(ii) Pengaranatan terpanjang (Extended address-

ing)

(iii) pengalamatan indeks dengan daftar y.

(50 narkah)

2 ' Tulis satu prograrn di daran bahasa penghinpun Mc 6BHcr-1
untuk menukar tempat (swap) dua jadual data (dengan
panjang yang sarna) yang disiurpan di dalam ingatan. Anda
boleh rnemirih sendiri aramat-aramat permuraan bagi
jadual dan panjang jadual tersebut. Tulcarkan program
anda ke bahasa mesin (Guna Appendiks).

NorA; Anda dikehendaki nerukis carta arir (frow-chart).

(1O0 narkah)

3. (a) Tulis satu suruhan atau satu siri suruhan di dalam
bahasa penghinpun untuk mencapai tiap-tiap yang
berikut. Buat anggapan_anggapan yang perlu menge_

nai rokasi-rokasi ingatan untuk memudahkan penuri-
san aturcara bahasa mesin.

(i) Bersihkan (clear) bit_bit 2, S, 7 di dalam
daftar B. Jangan ubah bit-bit yang lain.

rQK 2O5l3

alanat berikut,
bahasa penghirnpun
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3. (a) (ii)

=47
=65: 1OOO

= 1000
: O2OO
=OF
= 01FF

Suruhan-suruhan

(i) ASRA

(ii) LSRA

(iii) PSHB

(iv) BRSET $23, X s34 $12

(v) BSET 928, Y $rs

rQK 205/3

Lengkapkan bit-bit (complenent bitsl 2, 3, 5

pada ACC A. Jangan ubahkan bit-bit yang

lain.
(iii) Load A dengan 9oo jika B mengandungi nombor

positif atau dengan 9rr jika B mengandungi

nonbor negatif.
(iv) Bahagikan nombor di dalarn AcC B dengan 2 dan

tempatkan bakinya di dalam bit carry'

(5o narkah)

Tentukan kandungan hex bagi daftar-daftar yang

dinyatakan selepas pelaksanaan setiap suruhan-

suruhan berikut. Guna keadaan-keadaan yang sama

yang diberi sebelum nenjawab setiap bahagian'

ttilai-ttilai Daftar Pemproses Lokasi-Lokasi Ingatan
(Semua nilailnilai di dalam HEx)

(b)

A
B
x
Y

PC
cc
SP

LO23
LOz4
1025
]-oz5
LO27
L028

=85:EF
=35
=51
=24
=83

4
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4. (a) Terangkan

di dalan

rQK 205/3

nod output rsimple strobet yang digunakan

68HC11 bagi operasi-operasi. output.

(25 markah)

(b) Tulis satu program untuk memaparkan kandungan lima

Iokasi ingatan berturutan pada LED yang disambung

ke Port B bagi tempoh minimum 1 ms. Anggaplcan

jan-E beroperasi pada 1 MHz.

(75 narkah)

5. (a) Senaraikan 5 jenis sampuk (interrupt) yang terdapat

pada MC58HC11 MPU dan beri keterangan yang ringkas

rnengenainya. Sampuk manakah yang tidak diperduli-
kan (ignored) oleh MPU jika bit topeng (mask bit)
disetkan?

(50 narkah)

Senaraikan turutan-turutan kejadian yang berlaku

apabi Ia t int,errupt request IRQ I ter j adi . ( Guna

garnbarajah alir) .

(5O narkah)
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rQK 205/3

6. (a) Secara ringkas terangkan sifat-sifat Perangkapan j

Input(InputCapture)danPerbandinganoutput
(output Compare) yang terdapat pada Modul Timer

MC68HCl,1.
(40 narkah)

(b) Terangkan fungsi setiap langkah di dalarn program

berikut. Apakah yang dicapai oleh program ini'

nujuk kepada Appendiks bagi keterangan yang

diperlukan.

LDX #$1oOO

BSET $21, X, $20

BCLR 921, X, 910

LDA #4

srAA $23, X

Ll BRCLR s23, X 4 LL

LDY 910, X

srAA $23, X

L2 BRCLR 923, X 4 L2

LDD $1O, X

STY Tn{P

SUBD TEMP

(60 rnarkah)

ooooooooooOOOOOOoOOOoooooooooo
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Table 3-2. Instruction Set (1 5)of
a

llncmonlc Oporrllon D.rcrlptlon Addrcrrlng

llodr
fn.lructlon Cordlllon Cod.r

ABA
Opcodr OD.trnd Gyehr slxlll I ,{lzlv c

ABX AddBroX
INH 1B 2 --6- AAAA

ABY
lX+(0O:B)=.tX I tNH 3A 3

4

2
3
4
4
5

AOOUIOY lY + (O0: B) .a lY INH 18 3AADCA (opr) Add wih Carry toA A+M+C.*A A IMM
A DIR
A EXT
A INOJ(
A INDJ

89
99
B9
A9

'r8 A9

tl
dd
th tl

tf

-6- AAAd

ADCS (opr) Add wih Cany ro B tt+M+c=.8 B IMM
8 DIR
B ETT
B IND.X
B INDJ

c9
DS
F9
E9

r8 E9

ii
dd
t*r ll
ff
It

2
3
4
4
5

--d- 6AAA

ADoA (op4 Add l\ilomory lo A A+M=A A IMM
A DIR
A EXT
A IND,X
A IND,Y

8B
98
BS
AS

18 A8

tl

dd
htr ll
ll
1I

2
3
4
4
5

--6- AAAA

ADDB (opO Add l'remory to B B+M'oB B IMM
B DIH
8 EXT
B INO,X
8 IND,Y

CB
DB
FB
E8

18 E8

u
dd
tfi[
tl
tf

2
3
1
4
5

--a- AAAA

AODD (opd Add 18-gr ro D D+(M:M+1)aD IMM
DIR
EXT
IND.X
IND,Y

c3
D3
F3
E3

18 E3

ttl.,(
dd
hh ll
tl
ft

4
5
6
6
7

AAAA

ANDA (opr) ANOA with Momo.ry A.MeA A IMM
A DIR
A EXT
A IND,X
A IND.Y

84
94
B4
A4

18 A4

dd
l*r ll
n
ff

2
3
4
4
5

A A O -lr:

ANDB (opr) AND B with lr,,lemory B.MaB 8 IMM
B DIR
B EXT
B IND,X
B IND,Y

c4
D,l
F4
E{

18 E4

dd
rh tl

2
3
4
4
5

A A O_

ASL (opr) Arithmetic Shilt Lotr EXT
IND,X
INDY

78 lhhtl68 ltff0 68 ln
6
6

AAAA

ASI.A Arithmotic Shift L€tr A rcrrrEtr)FoDzb
A INH 48 2 66A6

ASLB Adthmeric Shifr Left B Effifleobtm
B INH 50 2 AAA6

;;-;' 6

A A]-;

ASLO Arihmotic Shilt Lefr D +-
Elr-CI]f- - --T-I-ir-o

!r5 b

INH o5 3

ASR Arithmeilc Shitr Righr EXT
IND.X
INO,Y

77
67

18 67

rh tl
tf
u

6
6
7

ASRA Arithrnoilc Shill Bighr A A INH 47 2 AAAA
ASRB Arithmeric Shilr Righ( B INH 57 2 AAAA

BCC koD Brandt if Carry Clear ?c-0 REL 24 (t 3
BCLR (op0

(msk)
Clear Bit{s) M. (ffi) ..+M DIR

IND.X
INO.Y

15
ID

18 1D

dd mm
tt mm
It mm

6
7
I

A A O-

BCS (rel) Erandr il Carry Set ?C-1 REL 25 It 3
BEO (rell Bnnch if - Zero ? z-r REL 27 tf 3gGE (rel) Branch if: Zero ?NeV-0 REt 2C il 3
BGT {rel) Brandr il > Zaro ?Z+fle$-0 REL 2E tf 3
BHI kel) Branch if Hioher ? C +Z-0 REL 22 ff 3

BHS {rall Brancfi il Higher or Samo ?c-0 BEL 24 ff 3
BITA (opr) Bi(s) Test A wilh Memory A.M A IMM

A DIR
A EXT
A IND.X
A IND,Y

85
95
B5
A5

18 A5

ii
dd
hh tl
tl
tl

2
3
4
4
5

a A 0-

BITB (op4 git(s) Tost B with Memory 8.M B IMM
B OIR
B EXT
B IND,X
B IND.Y

c5
05
F5
E5

1E E5

ii
dd
t*r ll
n
ft

2
3
4
4
5

A A O-

PROCESSING
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Mnrmonls Oprrrtlon D.rcrlp$on Addr...lng
llodr

ln.tructlon Condltlon Cod..

Opcod. Op.rrnd Cycl.. slxlHlt Nlzlvlc
BLE (rel) Branch if < Zeto ?Z+(NeB-1 REL 2F af 3

8LO (rol) granch it Lower ?c- t REL 25 It 3

BLS (rcll Brandt ll Lo'ver or Same ?C+Z-1 REL 23 t, 3

BLT (rel) Brandt il < Zero ? N(EV-1 REL 20 It 3

BMI (rol) Branch il Minus ?N-1 REL 2B ft 3

BNE (rel) Brarich il not - Zero ?z-a REL 26 lf 3

BPL (rol) &andr if Plus ?N-0 REL 2A t( 3

BRA(rol) Branch Ahrvavs ?1-l REL 20 ff 3

BRCLR(opr:
(msk)
kol)

Brandr if Bil(s) Clear ?M.rm-0 )rR
NDJ
ND.Y

13
1F

18 1F

ddmmr
llmmn
lfmmr

6
7
I

BRN (rel) Branch Never ?1 -0 REL 21 ]J 3

BBSEI(op4
(msk)
(rel)

Branch lf Blt(s) Sol ? (M).mm-0 )rR
NDJ
ND,Y

12
1E

18 lE

ddmmn
lfmmn
ffmmr

6
7
8

BSET (op4
(msk)

Sol 8it(s) M+mm-.M DIR
IND"X
IND,Y

l4
1c

18 tc
dd mm
It mrn
tf mm

6
7
8

A A O-

BSR (rel) Brench !o Subroudne See Fioure 3-2 REL 8D t( 6

BVC {rel) Branch il Owrllow Clear ? v-o REL 28 It 3

BVS (rell &Ench ll Orcrilo$ S€t ?v-r REL 29 t( 3

c8A Codrparo A to I A.B INH 2 AAA6
cLc Cloar Carrv 8il 0aC INH 0c 2 --- o

cLt Ctgar Intonupt Magk 0.+ | INH OE 2 ---0
CLR (op4 Cleat i'tomory Byto 0*M EXT

tNox
INDJ

7F
6F

18 6F

hh ll

tl
q

6
6

0r00

CLRA Cloar Accumulabr A 0eA A INH 4F 2 0r00
CLRS Cl6sr Accumulator B 0o8 8 INH SF 2 0100
cLv Clear Overflow Flao 0eV INH OA 2 -- 0 -

CMPA (opr) Compare A to M€mory A-M A IMM
A DIR
A EXT
A INO,X
A IND,Y

81
9'l
B1
AI

18 A1

ii
dd
hh tl
fl
ff

2
3
4
4
5

AAAA

CMPB (opr) Compare B ro Msmory 8-M B IMM
B DIB
B EXT
B IND.X
B INDJ

c1
D1
FI
E1

18 E1

il
dd
t!|| ll
]l
ff

2
3
4
4
5

AAAA

COfYI (op0 Oner Complemenl l{omory Byle fFF-MaM :XT
NDJ
NDJ

73
63

18 63

tfi tl
ll
tl

6
6
7

AAO J

COI'rA Onec Complement A $FF-A aA A INH 43 2 6A0t
COMB Oner Complement B $FF-B,cB B INH 53 2 AAO'I

CPD (opr) Comparo D to lremory 16-Bit D-M:M +1 MM
)tR
:XT
NO.X
ND.Y

1A 83
rA 93
1A B:I
1A A3
CD A3

i ld(
dd
hh tl
tl
ff

5
6
7
7
7

AAAA

CPX (opr) Compare X to tthtnory 16-Bit lX-M:M+1 IMM
DIR
EXT
IND.X
IND-Y

8c
9C
sc
AC

CD AC

iH(
dd
tfi tl
tf
tl

4
5
6
I
7

AAAA

CPY (opr) Compare Y to lromory t6-Bit lY-M:M + 1 IMM
DIR
EXT
INDJ
IND.Y

r8 8C
18 9C
18 BC
1A AC
t8 AC

i kl(
dd
hh tl

tf
tl

5
6
7
7
7

AAA6

DAA Decimal Adjust A Adiusr Sum lo BCD INH 19 z AAAA

DEc (op4 Decremen! Memory Byte M-1'cM :XT
NDX
NO,Y

7A
6A

r8 6A

hh tl

tl
tl

6
6
7

A A A-

D€CA Docrement Accumulalor A A-1,aA A INH 4A 2 A A A_
DECB Decrement Aodmulator I B-1sB B INH 5A 2 A A A_
DES Decrement S lick Pointet SP-1aSP INH 34 3

D€X Dgcroment lnder Register X lX- l =lX INH 09 3 -a--
o€Y Oecremont Index Registsr Y lY-1+ff INH 18 09 4 -6--

rQK. 20513
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Table 3-2. Instruction Set 3of5)
llnatnonlc Op.frtlon O..crlptlon Add....lng

toda
lnrlrucllon Condlilon Cod.r

Opcod. Qparrnd Cycl.. slxlxll r{lzlvlc
EoRA (op4 Exdusive OR A with lrlennry A(E M.aA A IMM

A DIR
A E}iT
A IND,X
A INDJ

88
98
88
A8

18 A8

ii
dd
hh tl
tf
tt

2
3
4
4
5

a 6 0-

EoRB (opO Exdugive OR B with lvlemory BO MsB B IMM
B DIR
B EXT
B IND.Xg IND.Y

c8
08
F8
E8

18 E8

ii
dd
hh tl
fl
ll

?
3
4
4
5

a 6 0-

FDIV Fractional Divide 16 by t6 D/ lX g X; r ..rD INH 03 41 _A A A
IDIV Integer Ovldc 16 by 1 6 D/lXalX:r.rD INH o2 41 -a 0 6

INC (oy) lncromont llemory Byte M+1=M txl
INO,X
rNoJ

7C
6c

18 6C

tfi ll
tl
ff

6
6
7

A A A_

INCA Increment Acqrmulator A A+ l =cA A INH 4C 2 A 6 A_
ll.lCB Incrsmsnt Accumulalor B B+1:oB 8 INH 5C z AAA-
rNs Incroment Stad( Pointer SP +'l aSP INH 31 3
INX lneremenl lndex Registor X lX+1=lX INH 08 3 - a --
INY Incromont lndex Register Y lY+ I aU INH 18 08 4 - a --JMP (opr) Jump Soo Figure 3-2 EXT

IND,,\
IND,Y

7E
6E

18 6€

hh tl
fl
tf

3
3
1

JsR (opd .fump to Subroutine See Figure 3-2 DIR
EXT
INDJ
rNoJ

9D
BD
AD

18 AD

dd
hh tl
tl
tl

5
6
6
7

LDAA (opO Load Acq/mulator A M=rA A IMM
A DIR
A EXT
A IND,X
A IND.Y

86
96
86
A6

18 A5

ii
dd
hhI
q

tl

2
3
4
4
5

AAO_

LDA8 (op4 Load Accumulator g MaB B IMM
8 DIR
8 EXT
B INOI
B IND,Y

c6
D6
F6
E6

18 E6

ii
dd
t*r ll
ff
tf

2
3
4
4
5

A A O-

LDD (opr) M=A.M+1=B IMM
DIR
EXT
tNo"x
IND.Y

oc
DC
FC
EC

18 EC

j k(
dd
thI
tl
lt

3
4
5
5
6

6 A.,0 -

tDS (opr) Load Slack Pointef M:M+1:aSP IMM
DIR
EXT
IND,X
IND.Y

8E
9E
BE
AE

18 AE

ikk
dd
hh rl

tl
tt

3
4
5
5
6

A A O_

LDX (op4 Load Inder Begister X M:M+ I *X IMM
DIR
EXT
IND.X
IND.Y

UE
D€
FE
EE

CD EE

I td(

dd
lfi ll
ff
tf

3
4
5
5
6

a 6 0-

LDY (opr) Load lndex Register Y M:M+ 1.rff IMM
DIR
EXT
INDJ(
INDJ

t8 CE
18 DE
18 FE
1A EE
18 EE

i ld(
dd
hhil
tf
ff

4
5
6
6
6

A A 0-

LsL (op4 Logical Shift Left Gffifl}+O
D7 d)

EXr
IND,X
IND.Y

78
68

18 68

tfi ll
tf

6
6
7

AAAA

LSI-A Logical Shilt Lelt A A INH 48 2 AAAA

LSLB Logical Shift Lell B +
EmE[ffmFob,D

B INH 58 2 AA6A

LSLD Logical Shilt Lolt Double (-
Oetltr-- -lEftr-o

hr5 D

INH 05 3 AAd6

LSR (opr) Logical Shifl Right 'ffi.o EXT
IND.X
IND.Y

74
64

18 64

f*t U

tt
tl

6
6
7

OA6A

LSRA Logical Shin Right A +o-ffiffffffil
!t x,

A INH 44 2 0a6A

MC6SHC1 1 E9 CENTRAL PROCESSING UNIT MOTOROLA
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Table 3-2. lnstructisn Set (4 of

CENTRAL PROCESSING UNIT

5)
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MC68HC11E9

TECHNICAL DATA
MOTOffOLA

Addr...lng
llod.

ln.t?ucilon Condltlon Codrl
llncmonlc

-TsRB

Og.rrtlon D.3crlptlon
op..d. T ;p--.t'dT cy!!!:- slxlxlt xlzlvlc

Logkxl Shih Righl B B INH 54 2 OAAA

LSRO Logical Shitl Right Double ,affi,s INH

INH

04 3 OAAA

3D --- a
MUL Muldply 8 by 8 A. B slJ AAA6

NEG (opd Twos Complemont lvlemorY BYte 0-M eM EXT
IND,X
IND.Y

70
60

18 60

th ll
,,

tl
o
T

A INH 40 2 AAAA
AAAAI.EGA TwosComdemsntA 0.-A,*A

NEGB Tvvos Comdement B 0- I 'sB B INH 50 2

NOP No operalion No Operation INH 0r 2
A A 0-

OtlAA (opr)

offi(opr)

OR Accumulalor A (lndusive) A+M=rA A IMM
A DIB
A ETT
A INDJ
A IND.Y

8A
9A
BA
AA

18AA

ii
dd
hh ll
ff
ff

2
3
4
4
5

OR Acsrmulator g (lndusivs) B + M'*B B IMM
8 DIR
B EXT
B IND,X
B INDJ

CA
DA
FA
EA

18 EA

ii
dd
tfr ll(
ff

2
3
4
4
5

A A O-

A INH 36 3
PS|{A Push A onto Slack A :+ SKSP - Sl'

PSHB

PSF'X

Push B onto Stadr B=rStrqSP-SP-1 B INH 37 3

Push X onto Stad( (Lo Fkst) tx€sd(sP-sP-2 INH

tNH

3C 4

18 3C 5
PSFIY Push Y onlo Snd (Lo Firso lY=Sd<.SP-SP-2

PUI-A Pdl A fom Stack SP-SP+1,AcsSd( A INH 32 4

SP-SP+ l,BeStk B INH 33 4

tPULB Prll B horn Shck
PTJLX Putl X From Stack (Hi Fk30 SP-SP+2.lXeS0< INH 38

PULY Putl Y l'om Slsck (Hi First) qP-qP-2 MeStk INH 18 38 5

E}C
IND,X
INO.Y

79
69

18 69

hh ll
tl
fl

6
I
7

AAAA
ROL (opr) Rolate Loll

ROI.A Rotate Lolt A A INH 49 2 AA6A

ROLB Botato Lelt B B 
'NH

59 2 AAA6

RoR (opr) Rotate Right EXT
IND.X
INDJ

76
66

18 85

hh ll
fl
tf

6
6
7

A6AA

RORA Rotato Rhht A A INH 48 2 AAAA

B INH 56 2 AAAA
BORB Rotats Ri0ht B

INH 3B t2 AJAA AAAA
RTI Return lrom InterruPl |-ryUre

RTS Renrm kom Subrauline See Fiqure 3-2 INH 39

s8A Subuac{ B hom A A-B,+A INH 10 2

SBCA (op0 Subtract with Carry kom A A_M-C,+A A IMM
A DIR
A EXT
A INDJ(
A INDJ

82
92
82
A2

18 A2

I
dd
hh llr
ff

2
3
4
4
5

AAAA

SBCB (oPr) Subtracl wilh Cstry kom B B-M-C.:lB B IMM
B OIR
B EXT
I rND,X
B IND.Y

c2
D2
F2
E2

r8 E2

il
dd
hh tl

ft
tl

2
3
4
4
5

AAAA

INH oo 2
sEc S€t Cetry laC
sEl Sat lnterrupl Mask lel tNH OF z

SEV Set Owrnorv Flag 1aV INH OB 2 1-

STAA (opr)

STAB (op0

Storo Accumulatot A ApM A DIH
A EXT
A INDI
A INDJ

97
B7
A7

18 A7

dd
hh ll
tl
fl

3
4
4
5

A A O-

Stor€ Accumulalot B BaM 8 DIR
B EXT
B INDX
B INDJ

07
F7
E7

18 E7

dd
hh ll
tl
It

3
4
4
5

A A O-

10
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Cycle
' Intinity or unlil r€set ocqJrs
" t 2 Cyclos ore used beginning wirh tho opcode fetctr. A wait state is entered which rsmains in etlsct tor an integsr number ol MPU E.Clock c7cles (n)

untl an interrupt is recognizo-d. Finally, two additional cycles aro used lo lgtch the appropriato int€nupt voctor (14 + n tolal).

Operands
dd . 8.Bit Dirscl Address ($o000 - $O0FF) (High Byte Assumed lo bs $00)
ff - B-Bit Positivs otlsot $0o (0) to $FF (255) (ls Addgd to lndex)
hh - High-Order Bylo of lg-git Extendod Address
ii - Ona Byte ol lmm€diate Dala
ij - High.o'der Byte ot l6-Bil lmmediats Data
kk - Lor-Order Byte ol 1o-git lmmedials Data
ll - Lovr-Order Byte ol 16-Bit Exlendod Address
mm = 8-Bit Mask (Set Bib to be Altected)
rr - Signed Relatiw Offset $80 ( - 128) lo $7F ( + 127)

{Olfs€t Retativo to Addrese Following Machine Code Oltsel Byle)

Operators
( ) Contents ol regisler shown inside parenthoses
e ls translerred to
ll ls pulled lrom slack
ll ls pushed onto stack. Boolean AND

Condition Codes
git nol changed

0 Bit always d€ared
1 Bit ahilays ssl
4 8it dearsd or sel, depending on oPeradon
I Bit can bo dear€d. cannot bocome sot

Arithm6tic Addilion Symbol oxcept where us€d as lndusive-OR symbol
in Boolean Formula

o Exclusiv€-On
r Multiply
: Concatenation
- Arithmetic sublraction symbol or Ncgation symbol ffwos Complomenl)

CENTRAL PROCESSING UNITMC6BHCl 1 E9

TECHNICAL DATA 15?
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Table 3-2. Instruction Set (5 of 5)
l,lnemonic Opcretlon Dcrcrlpllon Addrrmlng

llo d.
ln.trucllon Condltlon Cod.t

Opcod. Op.rrnd CYclar slxlHll xlzlvlc
sTD (op4 Stors Accumulator D A*M,BaM+1 DIR

EXT
INDJ(
INDJ

DD
FD
ED

18 ED

dd
hh tl
tf
x

4
5
5
6

6 A 0-

STOP StoD Internal Clocks INH CF 2

STS (opo Stors Slack Pointor SP=cM:M+'l otR
EXT
IND,X
IND.Y

9F
BF
AF

18 AF

dd
hh ll
ff
4

4
5
5
6

A A O_

STX (opr) Store lndex Register X lX=eM:M+1 DIR
EXT
tNo,x
IND,Y

DF
FF
EF

CO EF

dd
hh tl
ff
tl

4
5
5
6

A d 0-

STY (opr) Store Index Register Y lY'cM:M+1 DIR
EXT
INDJ
IND,Y

18 DF
18 FF
1A EF
18 EF

dd
hh tl
ff
tl

5
6
6
6

a 6 0-

SUBA (opr) Subtract Memory kom A A-M=aA A IMM
A DIR
A EXT
A IND,X
A IND.Y

80
90
BO
AO

18 A0

tl
dd
hh tl

lf
tl

2
3
4
4
5

6AAA

SUBB (opr) Sublrad Mernory from B B-MaB A IMM
A DIR
A EXT
A INDX
A IND,Y

c0
DO
FO
EO

r8 E0

ti
dd
t*r ll
ff
ft

2
3
4
4
5

AAAA

SUBD (op4 Subtract Momory Irom D D-M:M+ I =O IMM
rIR
EXT
IND,X
IND.Y

83
93
83
A3

18 A3

Ikk
dd
rh tl

tl
IT

4
5
6
6
7

AANA

SW Soltware lnterruDt Soo Fiouro 3-2 INH 3F 14 I
TA8 Translof A lo I AaB INH 16 2 6 A o-
TAP Transler A to CC Reoister. A aCCR INH 06 2 AJAI\ dAAA
TBA Transler B lo A BoA INH 17 2 A A O-

TEST TEST (OnY h Tost lilrdos) Addr$3 gu3 Counlg INH 00
TPA Transfer CC Fegisler to A CCRgA INH 07 2

TST (opr) Tesl for Zero or Minus M-0 EXT
IND,X
INDJ

7D
6D

18 60

t$[
ff
at

6
6
7

6A00

TSTA Tesl A lor Zero or Minus A-O A INH 4D 2 AAOO
TSTB Test B tor Zoro or Minus B-0 B INH 5D 2 AAOO
TSX Translor Stack Poinlor to X SP+1slX INH 30 3

TSY Translor Stack Poinler lo Y SP+l slY INH 18 30 4

TXS Transler X to Stadt Pointcr lX- I =SP INH 35 3

TYS Transler Y to Stad Poinrer N-1'aSP INH 18 35 4

wAl Wait for lntenupt Steck Rsgs & WAIT INH 3E

XGDX Exchanqo D with X lX.+D.D=]X INH 8F 3

XGDY Exchango D with Y lY+D.D=+[Y INH 18 0F 4

MOTOROLA



Table 4-1. Register and control Bit Assignments (1

The register block can be remapped to any 4K boundary

$1 000

rQK 205/3

ot 2)

Bn0BirT 6 5 4 3 2 , 1

PORTB

PORTCL
$1 004

$1 00s

gioo6 Beserved

glooT oonc

$1008

$1 009

$1 00A

$1 008

PORTD

DDFD

PORTE

CFORC
PE7 I PE6 PE5 PE4 PE3 PE2 PE1 PEO

_9

$1ooc oc1M

$1 000

$1 00E

$1 00F

$1010
$1011

$1012
$1013

$1014
$1015

$1016
$1017

$1018
$1019

$101A
$1018

$101 c
$101 D

$101 E

$101 F

$1 02o

$1 021

$1 022

oclD

TCNT(High)

TCNT (tow)

TlCl (Hish)

TlCl (tow)

Tlc2 (High)

TlC2 (Low)

TlC3 (Hish)

TlG3 (Low)

rocl(Huh)
TOC1 (Low)

TOC2 (Hish)

TOC2 (Low)

Tocs (Hisft)

T@3 (tow)

ToC4 (High)

TOC4 (tow)

Tl4lOs (High)

Tl4rO5 (Low)

TCTLl

TCT12

TMSKl
ocll oc2l

MC68HC11E9

TECHNICAL DATA

OPERATING MODES
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Table z1-1. Regisler and Control Bit Assignments (2 ot 2)
$1 023

$1024

$1 02s

s1 026

$1 027

$1 028

$1 029

$1 02A

$1 028

s102c

$102D

$1 02E

$102F

$1 030

$1031

$1 032

$1 033

$1034

$1 03s

$1 036-8

$1 039

$103A

ppRAzl pneN l pn

to' l rt,' Iro
rorl nrrlpA

eilz i e i s

SPtr iwpor_t o

eirz l e l s

selelspelo

TFLGl

TMS}<2

TFLG2

PACTL

PACNT

SPCR

SPSR

SPDR

BAUD

SCCRl

s@R2

scsR

SCDR

ADCTL

ADRl

ADR2

ADR3

ADR4

BPROT

Reserved

rcLRl o i scpi

0 l 0 l 0 [P

netrelo
le l rcrE I

ronel rc I no

RzlrzlR6n6 lR
ccrl o lscAr,r
BirT l 6 l s

BirT l 6 l

eirz l 0 l s

BhT l 6 l s l

nopulcser-llnoe
Bir7 l.6 J

OPTION

COPRST
$losB 

PPRoG
$tosc 

HpRtO
$103D nn[ag l RoM2 _l RA

$1o3E 
rEsr1

$103F 
@NFIG

Hardware priority is built into RAM and l/O remapping. Registers have priority
over RAM and RAM has priority over RoM. When'tre o+-ojrte register block is
mapped at the same location as the RAM, a read of the dual-maf,ped location
results in a read of the register. lf RAM is relocated on ROM, RAM has priority.

OPERATING MODES AND ON.CHIP MEMORY

15e
13

MC68HC11E9

TECHNICAL DATA

MOTOROLA
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Paraltel ll9 Control Register

The parallel handshake functions are available only in the single-chip operating

mode. PIOC is a read/write register except for bit 7, which is read only. Table

6-2 shows a summary of handshake operations.

PIOC - Parallel l/O Control $1002

BirT 6 s 4 3 2 1 Bito

STAF STAI cwoM HNDS otN PLS EGA INVB

RESET:oOo00U11

STAF - Strobe A Interrupt Status Flag
0 = No edge on strobe A
1 = Selected edge on strobe A

STAF is set when the selected edge occurs on Strobe A. This bit can be cleared by

a read of plOC with STAF set followed by a read of PORTCL (simple strobed or full

input handshake mode) or a write to PORTCL (output handshake mode).

STAI - Strobe A lnterrupt Enable Mask
0 = STAF does not request interrupt
1 = STAF requests interrupt

cwoM - Port c wired-oR Mode (affects all eight port c pins)

0 = Port C outputs are normal CMOS outputs
1 = Potl C outputs are open-drain outputs

HNDS - Handshake Mode '

0 = Simple strobe mode
1 = Full input or output handshake mode

OIN - Output or Input Handshake Select
HNDS must be set to one for this bit to have meaning.

g = lnput handshake
1 = Output handshake

PLS - Pulsed/lntertocked Handshake Operation
HNDS must be set to one for this bit to have meaning. When interlocked

handshake is selected, strobe B is active until the selected edge of strobe A is
det0cted.

0 = Interlocked handshake
1 = pulsed handshake (Strobe B pulses high for two E-clock cycles.)

160
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TMSK1 - Timer Interrupt Mask 1

TqK 2O5/S

$1 022

a hardware interrupt

4 interrupt enable bit.
interrupt enable bit.

a hardware interrupt

oc1 l-oc4l - output compare x rnterrupt Enabre
lf the ocxl enable bit is set when the ocxF ftag bit is set,
sequence is requested.

l4lo5l - lnput capture 4 or output compare 5 Interrupt Enable
when l4los in pAcTL is one, l4losl is the inpui capture
when l{ros in pACTL is zero, rLlosr is the output compare 5

lCl l-lO3l - lnput Capture x Interrupt Enable
If the lcxl enable bit is set when the lcxF flag bit is set,
sequence is requested.

TFLG1 - Timer Interrupt Flag 1 $1023

Bir 7 Bir 0

oclF oc2F oc3Floc.rFltfitosF tcl F lczF lc3F
RESET:

clear flags by writing a one to the corresponding bit position(s).

OC1 F-OCSF - Output Compare x Flag
set each time the counter matches output compare x value.

\4|OSF - lnput Capture 4/Output Compare 5 Flag
Set by lC4 orOCs, depending on the.function enabfed by WlOS bit in PACTL.

lCl F-|C3F - lnput Capture x Flag
Set each time a selected active edge is detected on the lCx input line.

161
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Timer Control Register 1

The bits of this register specify the action taken as a resutt of a successful OCx
compare.

TCTLI -Timer Control I $1020

BirT 6 5 4 3 2 1 Bito

oM2 oL2 oM3 oL3 oM4 oL4 oMs oL5

RESET:00000000

OM[2:5] - Output Mode
OL[2:5] - Output Level

These control bit pairs are encoded to specify the action taken after a successful
OCx compare. OCs functions only if the l4lo5 bit in the PACTL register is clear.
Refer to the following table for the coding.

OMx OLx Actlon Taken on Succsssful Compare
U Timor disconnected from oulput pin logic
a
I Toggle OCx output lino

1 Clear OCx output line to zero

1 1 Set OCx outpul line to one

TCTL2 - Timer Control 2 ,,
$1021

BitT 6 5 4 3 2 , 1 , Bito

EDG4BIEOCANIEDG1B EDGlA eocze I eoczn I eocee I EDG3A

RESET:-;* o o o o o o o

t62
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Table g-2. Tinrer Control Configuration

EDGXB EDGXA Conllguratlon
n Capturo disablod

0 1 Capturo on rising odgos onlY

1
I 0 Capturo on falling odges onlY

,|
I 1 Capturo on any odgo
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Table 2-3. Bootstrap Mode
lnterrupt Vectors

Address Vector

00c4 scl

00c7 SPI

00cA Pulse Accumulator Input Edge

OOCD Pulse Accumulator Overflow

00D0 Timer Overflow

00D3 Timer Output Compare 5

00D6 Timer Output Compare 4

00D9 Timer Output Compare 3

00Dc Timer Output Compare 2

OODF Timer Output Compare 1

00E2 Timer Input Capture 3

00E5 Timer Input Capture 2

00E8 Timer Input Capture 1

OOEB Real Time Interrupt

OOEE tRo

00F1 XIRO

00F4 SWI

00F7 lllegal Opcode

OOFA COP Fail

OOFD Clock Monitor

BF40 (Boot) Reset

t63
t7


