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ZAT 381/4 - Pengantar Mikropemproses

Masa: [3 jam]

Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH muka
surat yang bercetak sebelum anda memulakan peperiksaan ini. Satu set
jadual 21 muka surat juga dilampirkan.

s Malaysia.

1. (a)

‘ (b)

(c)

Jawa5 kesemua LIMA soalan. Kesemuanya wajib dijawab di dalam Bahasa

Berikan perbezaan di antara bahasa-bahasa berikut:

(i) Bahasa mesin dan bahasa penghimpunan.
(ii) Bahasa paras tinggi dan bahasa paras rendah.
: (20/100)

Tuliskan aturcara penghimpunan bagi menyelesaikan aritmatik
berikut:

244 + 300 + 120 - 321

dan simpankan jawapannya di lokasi ingatan mulai 20E2H.
(40/100)

Tuliskan aturcara penghimpunan bagi mendapatkan nombor
integer terbesar daripada senarai yang tersimpan di ingatan
20A0H hingga 20A9H dan simpan nombor tersebut di ingatan
20BOH.

(40/100)

Berikan dua kegunaan utama timbunan (stack).
(20/100)
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(b) Fahami aturcara di bawah kemudlan jawab soalan yang
o berikutnya:

2000H
2003H
2006H
2007H
2008H
200BH
200EH

2010H
2064H
2065H
2066H
2069H
206AH
206BH
206CH
206FH

2070H

(i)

(i)

. (i)

LXI SP, 2100H
LXI B, COOOH
PUSHB

POP PSW

LXI H, 200BH
CALL 2064H
OuT O1H

HLT

PUSH H
PUSH B
LXI B, OOFFH

DCXB
MOV A, B
ORAC

JNZ 2068H
POP B

POP HL
RET

:Tetapkan kedudukan penunjuk timbunan
:Kosongkan alat daftar B dan'C

:Simpan kandungan alat daftar B dan C
:Baca nilai perkataan status aturcara
-Berikan nilai alat daftar H dan L

;Panggil subrutin

-Keluarkan kandungan akumulator ke pot
:no. 1

:Berhenti pemprosesan

-Selamatkan kandungan alat daftar HL
-Selamatkan kandungan alat daftar BC
:‘Muatkan alat daftar BC dengan
:kandungan baru

:Kurangkan nilai alat daftar BC
:Pindahkan kandungan B kepada A
:Ataukan kandungan C dengan

:akumulator

:Ulang arahan di lokasi 2069H jlka
:bendera sifar reset

:Ambil kandungan asal alat daftar BC

:Ambil kandungan asal HL
‘Kembali ke aturcara utama

Apakah status bendera dan kandungan akumulator
selepas perlaksanaan arahan POP di lokasi 2007H?

Nyatakan kedudukan lokasi stack dan kandungannya
selepas perlaksanaan arahan CALL di lokasi ingatan

200BH.

Apakah kandungan alatdaftar penunjuk stack dan
penunjuk program selepas perlaksanaan arahan CALL

tersebut?
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(iv) Nyatakan lokasi ingatan di mana penunjuk program
kembali selepas perlaksanaan subrutin.

(v)  Nyatakan fungsi keseluruhan aturcara.
(50/100)

Kirakan masa yang diambil oleh sistem mikropemproses untuk
melaksanakan subrutin di alamat 2064H hingga 2070H.
(30/100)

Aturcara ujian berikut digunakan untuk menguiji antaramuka di }antara
mikropemproses 8085 berfrekuensi jam 2.5 MHz. dengan pot output

23H:

(a)

(b)

(c)

(d)

20A0H MVI A, 2AH
20A2H OUT 23H
20A4H JMP 20A2H

Tentukan dasar masa osiloskop yang sesuai supaya suatu
gelombang pegun terhasil daripada aturcara ujian tersebut.
(20/100)

Lakarkan bentuk gelombang pegun yang mungkin diperhatikan
dalam helaian gambarajah pemasa yang dilampirkan
(LAMPIRAN A), sekiranya pin-pin yang dinyatakan itu
disambung kepada penduga (probe) osiloskop. Serta berikan
kandungan bas alamat dan bas data yang sepadan.

(50/100)

"Be’rapa kalikah isyarat (R_D) diperlukan bagi setiap kitaran
pegun tersebut?

(15/100)

Terangkan maksud pertindihan ambil laksana (fetch-execute

overlap) yang berlaku dalam sebahagian arahan 8085. Berikan

dua contoh arahan yang melibatkan pertindihan tersebut.
(15/100)
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Rajah 1 menunjukkan suatu sistem penukar analog ke digital secara
berjabat tangan perisian yang berasaskan mikropemproses 8085.
Penukaran dimulakan dengan menghantar isyarat mula penukaran

kepada input WR . Kemudian isyarat tamat penukaran INTR periu

dibaca yang menyatakan data telah tersedia. Data digital
kemudiannya dibaca dan disimpan di dalam ingatan RAM. Bahagian
aturcara berikut memboiehkan operasi tersebut:

2000H = LXI DE 4000 :Setkan bilangan data

2003H MVIA, O01H ;Set bit-0 (sebagai output)

2005H OuUT 02H ;Sediakan pot-OH

2007H MVI A, OOH ;Reset bit-0 (pot 21 sebagai input)

2009H OuUT 20H ;Sediakan pot-21H

200BH MVI A, OOH :Reset bit-0

200DH OUT OOH ;Hantar isyarat rendah mula penukaran

200FH MVIA, 01H ;Set bit-0

2011H  OUT OCH ;Hantar isyarat tinggi mula penukaran

2013H IN OOH ;mula gelung

2015H  ANI 80H ; Topengkan kecuali bit-7

2017H JNZ 2013H ;Gelung jika isyarat akhir penukaran tinggi

201AH IN21H ;Inputkan data yang telah ditukarkan

201CH STAXD ;Simpan kandungan A

201DH INXD ;Kurangkan kandungan alat daftar DE

201EH MOV A, D ;Pindahkan kandungan alat daftar D ke
:dalam akumulator

201FH  CPIFFH ;Bandingkan kandungan akumulator
;dengan FFH

- 2021H  JNZ 200BH ;Ambil data berikutnya
2024H HLT ;Selesai pemprosesan data

o
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Terangkan fungsi keseluruhan arahan-arahan di alamat 2003H
- 2009H dan terangkan fungsi setiap arahan tersebuit. :
(20/100)

Terangkan fungsi keséluruhan arahan-arahan di alamat berikut:

()  200BH - 2011H
(i)  2013H-2017H
(i)  201AH - 2021H
(30/100)

Berapa banyakkah data analog yang ditukar kepada digital oleh

sistem mikropemproses tersebut?
(10/100)

...[6-




(d)

(a)

(b)

(c)
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Penukaran analog ke digital tersebut boleh juga dilakukan

- secara berjabat tangan perkakasan.

(i) Lukiskan litar berasakan ADC0801 serta get-get logik
yang bersesuaian bagi menukarkan data amalog kepada
digital. Isyarat sampuk RST7.5 hendaklah digunakan
bagi. membolehkan data dibaca melalui pot FFH dan
disimpan di ingataan RAM. '

(i) Tuliskan aturcara yang sesuai bagi membolehkan
perkakasan tersebut beroperasi dan data dibaca dan
disimpan sama seperti yang dilaksanakan oleh sistem
berjabat tangan perisian. '

(40/100)

Terangkan maksud ingatan berlipat di dalam
pengantaramukaan mikropemproses dan cip ingatan.

' (10/100)

Berdasarkan litar sistem mikropemproses yang ditunjukkan di
Rajah 2, tentukan alamat-alamat berikut:

(i) ROM i

(i) Nombor pot-pot dan alat daftar kawalan 8355

(iii) Nombor pot penimbal :
' (50/100)

Lakarkan litar nyahkod garis alamat yang sesuai bagi
mengantara mukakan cip 8156 kepada sistem mikropemproses
di Rajah 2 dengan ingatan RAM pada alamat 4000H - 40FFH
dan tidak berlipat. Nyatakan alamat pot-pot dan pemasa
daripada cip tersebut.

(40/100)

- 0ooQo0o0 -
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LAMPIRAN B’

8085 Instruction Set

YN

4.8 INSTRUCTION BET nocvcwnnu
In the ensuing dozen pages, the compiste
808SA instruction set {8 described, grouped. in

oraer uncer. five different functional headings.
as follows:

1. Data Transier Group — Moves data be-
twaen registers Or Dbetween memovy
locations and registers, inciudes moves,
ioads, stores, and exchanges.
betow.)

2. Nithmetie Group — Adds, subtracts, in-

crements, or decrements data in
registers or memory. (See page 4-13)
3. Logie Group — ANDs, ORs, XORs, com-
parss, rotates, or compiemaents data in
tegisters or between memory and 2
register. (See page 4-18)

4. Srench Group — initiates conditional or-
unoonditional jumgs, calls, returns, and
restarts. (See page 4-20.)

§. Stack, U0, and Machine Control Group
- inciudes instructions for maintaining
the steck, reading from input pons,
writing to output ports, setting and
resding interrupt Masks, and setting and
clearing flags. (See page 4-22.)

The formats described in the encyclopedia
reflect the assembly language processed by
ints-supptied assembdier, used with the inteilec®
deveigpment systems.

451 Dota Transter Qroup

This group of instructions transfers data 10 and
trom registars and memory. Condition flags are
mai!oetdwmummﬂonhuum

MOV, 2 (Move mmm
{(1) ~ (,2).

®<The content of ucm-v 2 is moved 16-
rogh\u s

MOV, M (Move from memary)
n -
‘The content of the memory iocation, whose
wdmohlnmmmuml..bmamm

register 1.
1 T T T T
0 1 D 0 O |1 1 [}
Cycles: 2
States: 7
Addressing: - reg. indirect
Flags: none
MOV M, ¢ (Mave to memory)
) -

The content of register r iS moves to the

memory location whose address is in
registers H and L.
T

o 171 1 o8 ' 8's

Cycles: 2

States: 7

Addressing: req. indirect
Flags: none
MVir, data = {Move immediate)

(n - (byte 2
The content of byte 2 of the instruction is
_ Moved 10 register r.

R LRI ! 1
o .0lo o.Df1 1.0

aats
) Cycles: 2
States: ?
Addressing: immediate
Flags: none
MVI M, data (Move to memory immaediate)
{(H) (L)) ~ (oyte 2)

The content of byte 2 of the- instruction is
moved (o tha memory location whose ad-
dress is in registers H and L.

! 1 1R 1 t i

—T —TT , —
o' v |pawp. 0|8 8.8 -'
Cycles: 1 " Gyeles:”
States: 4 o } 3 1 )
Addressing: registet. Addressing: immed./reg. indirect

[ZAT 381/4]

a0

LX! rp, dets 18 (Lood register pair mwmdlnm
(rh) - (byte 3).

(rh — (byte 2)
Byte 3 of the instruction |s moved into the
high-order {th) of the register pelr . ~%

rp. Byte 2 of the mstmethn is moved into
tm low-order nqlnu (ol the nem« paif
™.

T =t % T

0 olm PjO o0 O
low-order data
high-order dats
Cycies: 3
States: 10

Addressing: immediate

Flags: none

LDA addr (Load Accumulstor direct)

(A — (byte S)dyte 2)

The content ol the momety locauon, whose

address is specitied in.byte 2 and byte 3 of

the instruction, ;s moved to register A.
LI S T T T T

0 0 vl 1 ] 1 -0

" low-order adar
high-order addr -
Cycles: 4
States: 13
Addressing: direct
Flags: none

STA addr (Stou Accumullw dlnct)
(Syte axnm A - A ’
The content df the tccumulltov is mond to
the  memory location whoss address is
'nlpocmod inbyte2 lnd bn. 3ot the instruc.
on
T T T Y
0 [+] 1 1 0 [+} 1 0

” lowprder adar
high-orger adar A
- I s -3
Cyctes: 4 . N
States:. 3 B i
‘Addressing: ~ direct )
Flags: none '
- Th
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LHLD ader {Load H and L direct)
L)—=ibyte ibyte 2)
(H)=(®yte J(dyte 2} + 1)
The content of the memory tocation, whose
address is specified in byte 2 and byte J of .
the instruetion, is moved to register L. The
content of the memory iocation at the suc-
ceeding address is-moved to register H.

T 1 1 _ T 1 1T "1
o o + o0 1+ o 1 0

tow-order addr
Ngh-order sgdr
Cycies: -]
States: 18
4 direct
Flage: none

SHLD adde . (Store H and L direct)

((byte dyte 2)~(L)
{(oyts Adyte 2+ N=-(H) v
The content of register L is moved to the
memory location whose address s

in byte 2 and byte 3. The content

of register M is moved (o the succeeding
memory location.

T T T T T Y T
0. 0 1 o 0 1 0

low-order adds
high-order addr
Cycles: §
States: 16 .
Addressing: direct
Flags: none
LDA(!A? . {Losd weumuméf indireet)

&ph
The content of the memory location, whose
address is In the register pair rp; Is moved
to register A. Note: only register pairs

tp=B (registers B and C) or Tp=D
{registers O and E) may be specitied.
T T T 1 T
0- 0 R P t. © 1 [+]
Cycles: 2
States: 7 :
Addressing:  reg. indirect
Flags: none

STAX rp (Store accumulator indirect)
) -
The content of register A is moved to the
memory looation whose address (s in the
register pair rp. Note: only register pairs
m=8 (ngmm 8 and C) or tp=D
‘{rogisters D and &) may be specified.

I ) 1. i 1
] 0 R P o 0 1 ! 0

Cycles: 2 .
States: 7 ]
Addressing: reg. indirect
Flags: none
XCHG. [(Exchange H and L with O and £}
) - (O .

L} ~ (E) : .

!rm contents of registers H ana L are ex-
c!m?-d with the contents of registers D
and E. :

1 1 T T 1 T ]
1 ) 1 0 1 1
Cycles: 1
States: 4
Addressing: register
Flags: none

-2 -

4.8.2 Arithmetic Group

This group of instructions performs arithmaetic
operations on data in registers and memoty.

Uniess indicated otherwise, aill instructions in

m m m M id " (] c.ll'l
m m .Q‘mym.ee?ﬂnt:mm stan:

Al subtraction operations sre performed via
two's complement arithmetic and set the carry
flag to one 10 indicate & borrow and clear it to
indicate no borrow.

ADD ¢ (Add Regieter)

A -A + M

The content-of register ¢ is added 10 the
content of the accumuiator. The resuit is
placed In the accumuiator.

Cycles: 1
States: 4
Addressing: register
Flags: P.CY,AC
ADD M (Aad
) = (A) + (M) (LD

(A

The content of the memory location whose
address is contained in the H and L
registers is added to Ihe content of the ac-
cumuistor. The resuit is piaced in the ac-
cumulator. ’

Cycles: 2

States: 7
Addressing: reg. indirsct
Flags:, 28.PCY.AC

ADI date {Add immediate)
A) = (A) + (byte D) ) '
The content of the second byte of the in-
struction is added to the content of the ac-
cumulator. The resuit is placed in the ac-
cumulator.

Cycles: 2

States: 7 .
Addressing: immediate -

Flags: ZS.PCYAC

ADC ¢ (Add Register with carry)
A) ~ (A) + () + {CT)
The content of register r and the content of
the carry bit are added to the contemt of the
accumulator. The result is placed in the ac-
cumuliator.

Cyciles: 1
States. 4
Addressing register
28 PCY.AC

Fiags

i oo

264
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[
A

ADC M {Add memory with carry)
(A) = (A} + (M) (LY + (CY)
The content of the memaory location whose
address is contained in the MW and
registers and the content of the CY fiag are
added 10 the accumulator. The result is
. . placed in the accumulator.

1 1 T T T 1
1 6 0 0 ¥ + v @0

Cycles: 2

States: 7
Addressing: 1eQ. indirect
Flags: ZS,P.CYAC

AC! dita (Add immaediate with carry)
(A) = (A) + (byte ) + (CY)
The content of the second byte of the in
struction and the content of the CY tiag are
added to-ihe contents of the ator.
The resuit Is placed in the accumulator,

- datas
Cyclesa: 2
Siates: 7 .
Addressin . immediate
Flags: 2ZSPCYAC ©

SUB ¢ " (Subtract Registen ' -
A= (AN -0 : co
The content of register r is subtracted from
the content of the acoumulator. The result
is placed in the accumuiator. . -

1 T _1 r_ 1
1 9 ¢ t 0|8 8 8

Cycles: ]
States: - 4
4 registec .
Slags: . ZSP.CYAC
e R VR LY T T 1
suB M {Subtract modiocy) -

A) =~ (A = {(H) (L)

The content ot the memory I0Cation whoes
sddress Is contained in the W ané .
registers is subtracted from the content of

the accumuiator. The resuit is piaced inthe -

accumulstor.

Cycles: 27
- States: T
Addressing: - reg. indirect
Hg: Z,ng.P.CY.AC
SUI data Mrm immaediate)

A — (A) - (oyte 2) :

The content of the second byte of the in
struction is subtracted from the content of
the accumulator. The result is piaced in the
accumuiator.

data
Cyciles: 2
Siates: 14
Addressing: immaediate
Flags: 2.3,PCYAC

s

rYd




(11 X4 (Subtract Register with borrow)
(A = (A) - () - (€N
The t of register ¢ and ihe w ol

. _the CY fiag are both subtracted from the
-accumulator. The result in placed in the ac-

ocn:) " {Decrement Register)

nN-in-1 .

The content of register s is decremented by
ons. Note: All condition flags sxcept CY

are stffected.
cumuiator. o
T 1 T T T g
1 Te o 1'1]|s s s K Ty

Cycles: 1
States: 4.
Addressing: register
Flags: 28.PCY,AC

SeB M _{Subtract memory with dorrow)
(A - (A = () - CN
The content of the y ! ]
address is contained in the W and L
registers and the content of the CY flag are
votn subtracted from ihe sccumuiator. The
resuit is placed in the accumuiator.

0 0 o o O 10 1

Cycles: ]
States: 4
Addreasing: registar
Flags. ZSPAC

DCR M {Decrement memory)
HLN - DLy -1
The content of the memory {ocation whose
address is contained in the M ana L
registers |s decremented by one. Note: All
condition flags except CY are affected.

0o 0 1 1, .0 1 <] 1

 States: 7
Addressing: reg. indirect
fFlags: Z8,PCY.AC *
S31 data {Subtract immediate with
borrow

)
(A) = (A) = (byts D) ~ (CY]
The contents of the second byte of the in-
struction and the contents of the CY tiag
are both aubtracted from the accumulator.
The resuit is piaced in the accumuiator.

] T 1 T T 7 1
1 1 0 1 1 1 1 0
dsta
‘States: 7
Addressing: immediate

- Flags: 2.8.PCY.AC

INR ¢ (increment Register)
n=(n+1 :
The content of register r is incremented Dy
one. Note: All condition flags except CY
are affected. -

! T 1 ! 1
¢ o}0 O O 1 0 g

Cyoles: 1
N States: 4
Addressing: register
Flags: 2.8.PAC
R (ﬂ (incremaent memory)

i ALY = (HH(L) ¢ 1

;. The content of the memory location whose
addreas s contained in the H and L
rogiaters is incr ted by ona. Note: Al
conditian flags except CY are sftected.

Cycles: 3
States: 10
Addressing: reg. indirect -
Flags: 2.5,PAC

» {ncrement register pair)

() () — (Y () + 3

The content of the register pair rp is in-
cremented by one. Note: No condition tlags
sre affected.

INX

Cycles: 1 -
States: 8
Addressing: register
Flags: none
OCX rp (Decrament register pair)

(rh) () = () ¢y = 1

The content of the register pair rp is
dectemented by one. Note: No condition
flags are atfected.

1 T 1 1 _ 71 1
o of{R Fjt o0 1+ 1

Cycies: 1
States: 6
Addressing: register
Flags: none

DAD rp (Add register pair to M and L)
() (L) = (HY L) » (rh) (o0

The content af the register pair rp is added
tQ the of the regi paic H and L.
The result is piaced in the register pair M
ang-L. Note: Only the CY flag is attected. It
18 set it there 13 a carry out of the double
precision add. otherwise it is reset.

0o ¢ 1 t 0 1 0 O

T TStatee: 10
Addressing: reg. ndirect
2S.PAC

T T T 1 ¥
l [} Q R P 1 0 0 1

Cyctes: 3
States: 10
Addressing. register

Ftags:
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BAA {Decimal Adjust Accumulator)
The eight-bit number in the accumuiator is
sojusted to form two four-bit Binary-Coded:
Decimai digits by the following process:

1. ff the vatue of the isase significant 4 bits
of the accumutator is grester than 9 or it

the AC flag is set, 8 is added to the ac.
cumuiator.

2.1t the vaiue of the most signilicant 4 bits
of the sccumuialor is now greater than 8,
or it the CY fiag is set, 8 is added to the

most significant & Dbits of the ac.
cumuiator. E

NOTE: All flags are affécted.

Cycles: 1
States: 4
Flags: 25PCY.AC

48.3 Logi¢ Group R

This group of instructions performs logical
(Booisan) operations on data in regiaters and
memory and on condition flags.

Unless. indicated otherwise, all instructions in
this group atfect the Zero, Sign, Parity, Auxiliary
Carry. and Carry flags according to the stan.

" dard ruies. .
ANA ¢ {AND Register) *
Ay = (A A L}

The content ot registér r is logically ANDed
with the.content of ke accumulator. The
result is pleced in the accumulator. The CY
flag is clearsd and AC is set.

Cycles: 1
Siates: 4
Addressing: register
Flags: 2S.PCY.AC
ANA M {AND memory)

(A) = (A)A-{(H) (L)

The contents of the memory location
whase address is contained Inthe H and L
registers ia logically ANDed with the con-
tent of the accumulator. The result is
placed in the accumulator. !ho CY tiag is
ciearsd and AC is set. :

« Cycles: 2
States: 7
Addrassing: reg. inditect
Flags: 2.5.PCYAC
ANi data (AND immaediate)

{A) = (A) A (Dyte 2)
Tne content of the second byte of the in-
~ struction is logicaily ANDed with the con-
L. Cents of the accumulator. The result is
placed in the accumulator. The CY teg is
_cieared and AC ls set.

T T T T T T
Tt 1+ 1 09 66 1 v O

data
" Cycles: 2
States: 7
Addressing: immediate
Flags: 2.8.PCY.AC

]
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XRA ¢ {Exclusive OR Register)
AN - N
“The content of ragister.¢ in‘exclusivq-OR'd
with’ the content of the sccumuiator. The
_tesult is-placed in the sccumuiator. The CY
and AC tiags are dleared.

Cycles: 1
States: 4
Addressing: register
Flags: 28,PCYAC

XRA M V (Exclusive OR Memory)

registers is exciusive-OR’d with the con-
tent of the accumuistor. The resuit is
ptaced in the accumulator. The CY and AC

tiags sre cieared.
T T T T ]
1 [} 1 0 1 b} 1 Q
S Cycles: ..2
States:

Addressing: . reg. Indirect
Flags: 2.5.P.CY.AC

XAl dsta  (Exclusive OR immediate)
A) = (A) v (oyte 2 .
The content of the second byte of the in-
struction is exclusive-OR'd with the con-
tent of the accumuiator. The result is
placed in the accumulstor. The CY and AC
flags are cleared.

Cycles: 2
States 4

Addressing:  immediate
Flags: 2S.PCYAC

ORAT (OR Register)
= AV a
The content of register ¢ is inclusive-OR'a
with the content of the accumuiator. ‘The
cesuit is @ d in the iator The CY
and AC flags sre clearsd.

: I 1 1 1 1 1
] [ I 1 Q s S S

.- Cyeles: 1
: - States: 4
- Addressing: ~ legister
. Pags:'  ZSPCY.AC

ORA M {OR msmory)

(A} = (M) V (M) LD

The content of the y location whose
address |8 comtained in the M and L
registers is inclusive-OR'¢ with the content
of the accumuiator. The rasult is placed in'
the accumuiator. The CY and AC flags are
clesred.

T T T T T T T
1 o ! 1 0 1 T 0

" Cycles: 2

' ‘States: 7 i
Addressing: tog ingirect
Flags: ZS.PCY.AC

ORI data- (OR Immadiate)
(A) — AV (byte 2
The contant of the second byte ot the in-
struction is inclusive-OR'd with the content
of the accumulator. The resuit Is pleced in
the accumuistor. The CY and AC tiags are
cleared..

dats

Cycles: 2
States: ?
Addressing: immediate
Flags: 2.8,PCYAC

CMPr (Compare Register)

n
The content of registerris subtractedJdrom
1he accumuiator. The accumulator remaing
unchanged. The condition flags are set as
& resuit of the subtraction. The Z fag ls set
wwilHiA) = . The CY tiag is set to 1 WA
< (0.

Cycles: 1
States: 4
Addressing: register
Flags: 2S.PCYAC

CMP M ({Compare memory)
A - (M

The content of the memoky location whose
address is contsined in the H and L
registers 18 subdtracted from the &C:
cumuiator. The accumulator remains un-
changed. The condition liags arg set as 8
resuit of the subtraction, The Z flag is set
to 116 (A)= (M) (L)). The CY Hag is setto 1 il
A< M) (LR '

AGdressing:  req. indirect
" Flags:  ZSPCYAC
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CPt date (Compare immedsiate)

A) - (byte 2)

The content of the second byte of the In-
struction is subtracted from the ac.
cumuiatot. The condition lags are set by
the resuit of the subtraction. The Z fleg is
satto t i (A}a(oyie 2). The CY flag s sat 1o
1< Gyte D).

Cycies: 2
7

Addressing. - immediate
Flags: ZSPCYAC

aLc {Rotate left)

{An o 1) = (An) ilAd) — (A7}

€Y) = (A9

The content of the accumuiator is rotated
Jett one position. The low order bit and the
CY fiag are both set to the value shifted out
of the high order bit.position. Oniy the CY
flag is affected. .

ARC (Rotate tight)

(An) = (Anq 1) (AN = (Ao}

(CY) ~ (A

The content of the accumuiator is rotated
right one position. The nigh arder bit and
the CY flag are both set 1o the vaiue shifted
out of the low order dit position. Oniy the
CY tlag Is sffected. -

l‘l(-l-‘IV'
0000\‘111\

"

th“: 3
States: 4
Flags: cY
RAL (Rotate ieft through carry)

(An s )= (Ank (CY)= (A7}
(Ad)~{CN -

The content of the accumulator is rotated
lalt one position through the CY tizg. ™e
tow order Dit is set equal (o the CY 11ag

the CY flag is set to the value shilted out :"'

the high order bit. Oniy the CY Hag i6

fected. - s
T T T 1 T T T 1
[} o 0 o 1 1 1
Cyciles: ¥
. States: 4
- Fiags: cY
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RAR {Rotate ﬂgm mrougn cauy)
(An) = (A, JHHCY) = (M
A =€)
- The_content of the nccumulltor s romcd
” gt one position through the CY flag. The
“"Nigh order bit:is set 1o the CY flag-and the
CY tiag is set to the vaiue shifted oul of the
- touordorbu Onily the CY fiag is stfected.

Cycies: -1
States: 4
Flags: cyY
CMA (Complommt lccumumon
{A) ~ m
The of the mulator are com-

plemented (2ero bits become 1, one bits
become 0). No tiage are atfected.

Cycln:. = 1

States: 4
Filags: " - none
cMe @mbmmm carry)

cn ~

€
The CY flag i eomp(om.mod No other
Nags are affected.

Cycles: 1
States: 4
Fiags: cyY
sTe (s« carry)
€y -

The CY flmlouﬂc*l Nomm.m
atiected

Cyctles: R
States; 4
F!ags C

4.8.4 Oranch Group

This group of instructions aiter normai sequen-
tial program flow.

Condition flegs ars not affected by any instruc-
tion in this group.
The tyg types of Branch instructions sre uncon-
s ditional and conditional. Unconditional
<astranalers aimply perform the:specified opera-
tion on register PC (the program counter). Con-
ditional transters examine the status of one of
the four processor flags to determine it the
specified dranch is 10 ba executed. The condi-
tions that may be specified are as follows:

. QQNDH’ION cce
NZ « not zer0 (2=0) 000
N(t:- z."”z.(g‘l [+ 6“;;

- a
e - cmy(gvr\) om
PO — : parity 0dd (B % 0) . 100
PE ~-. u,mym(P:ﬂ 101
P— plus (83=0) 110

M= mins@nl) 111

comrol is transterred 10/ the instruction
. whose address is specified in dyte 3 and
" byte 2 of the current instruction.

low-order addt
Mgh-order adar
" Cycles: 3 .
States: 10
Addressing: immediate
Flags:

none

Jeondition adde (Conditional jump)
it (CCC),

(PC) — (dyte 3) (byte 2)

it the specified condition is true, control is
transterred to the instruction whose ad-
dress is specified in byte 3 and byte 2ot the
current instruciton; otherwise, control con-
tinues sequentially.

T T T T T
1 1 ¢ ¢ Ccj|o 1 0.
low-order addr
high-order addr ;
Cycles: n
States: ' 10
Addressing: immediate
Fiags: none
CALL adde {Caii)
(SP} -~ 1) — (PCH)
(5P -2) ~ (PCL)
(SP) ~ (SP) - 2
(PC) — (dyte J) (byte 2)

The high-order eight bdits of the next ln-
struction address are moved to the
memory location whose address is one
less than the contant of register SP. The
low-order sight bits of the next instruction
address are moved to the memory location
whose address is 1wo i8ss than the coment

of register SP. The content of register 8Pis -

decremented by 2. Control Is transferred to
the instruction whose-address is specified
»n‘\° Byte J'and Dyte 2 or the current instruc.
tion.

1 1 o o 1 1 0o
low-order addr
high-oraer agdr
Cycles: S
States: ,..10 )
.. Addressing: reg. hd.::cl:t
-Flags: none -

%;267
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Coondition
i - {CCC),
)
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addr (Conditich call)

(POH)
«sh - 3 - (PC
- @A - 2

SP) -

(PC) = (yte 3} (Byte 2) i
llthouocmncondmonlotm.mlc
tions specified in the CALL Instructidh'(see
above) are periormed; otherwise, control
continues sequentiaily.

T | CRpAR X T T

1 t1fe €~ Clt1 0-0
low-arder addr
nigh-order addr
Cycles: 28 '
States: 918 o
L e immedial
Addressing. oo indirect
Flags: none
AET (Return)
(PCL) - (8P, .
{PCN) -~ ((SH + 1
. 8P - + 2

R

The comom ol the memoary location whose .
address is spacitied in register SP Is moved O
10 the low-order eight bits of reglster PC. .
The content of the.memory location whoss
address is one more than the content of
register SP is moved to (he high-order eight

bits of register PC. The content ot register

SP is incremented by 2.

. Cycles: = 3 .

: States: 10 )

Addressing:  reg. indirect
Flags: none

Roeondition . ditional f.c.hm\
- (CCO), m . ,.

 eM -8R + 2

it the specitied commlon is mn. the ac- |
tions specified in the RET instruction (ses
above) are performed; o\huwiu. control

- continues uquonllally

1 T 7 LR
t i€ € C{0. 0. 0

n

Cycles:- -
- States: 812
Mdlmino: reg. inditect
none

Flags:
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' (Restart)
(8P - 1) ~ (PCH)
SP) - 2) - (PCL)

sm

(PC) ~ 8 * (NNN)

The high-order eight bits of the next in.
struction address are moved to the
memozy. location whosd address is one
iess than the content of register SP. The
low-order sight bits of the next instruction
address are moved (o the memory location
whose 8ddress is two less than the coment
of ragister SP. The content of register SP is

decremented by two. Control ls transferred:

10 the instruction whose address is sight
times the content of NNN.

I 1 1 1 1
1 1| N N N ] 1 1

- Cycles: 3
States: 12 .
Addressing: reg. indirect

Flags: none

1814131211109 8 7 8 $§ 4 3 2 1 0

-6 -

The content of register A is moved to the
memory location whose address is one
less than register SP. The contants of the
condition flage are assembled into a pro- .
cossor stalus word sng the word is moved
10 the memory location whose address is
two lssa than the content of register SP.
The content of register SP is decremented
by two.

[ZAT 381/4]

XTHL (Exchange stack top with K

and L)

T - (SPY

(H) = {SP) + 1) -

The content of the L register is exchanged
with the content of the memory: location
whoss address is specitied by the content
of regiatef SP. Tha content of the Hregister
is exchanged with the content the
memory location whose adGress is one
more than the content of register SP.

Cycles: 3
States: 12
Addressing: reg. indirect

Flags: none

FLAG WORD

Or Dy D3 Di D3 D D Do

sl{zix|aclx}P} xicCy

0i{0f{0j0j0j0|0{0]O[OIN|NINIOOIO

Program Counter After Restart
PCHL WJump W and | indirect —
move M and L to PC)
{PCH) ~ (H)

(PCL) — (L)

' . The content of register H is moved to the
. Mghorder eight bits ot register PC. The.-

‘content of register L is moved to the low-
order olohl_bm of register PC.

Cycles: 1
States: (]
Addressing: - register
Plags: nong

448 Stack, VO, and Machine Control Group

This group of instructions performa V0. manipu-
lates the Stack, and alters internal controi
fiage.

Uniess otherwise specified, condition flegs are
not afiscted by any instructions in this group.

PUSH rp (Push)

sP - 1) ~ (rh)
(SP) ~ 2) — (r})
(SP) - (SP) - 2

The content of the high-order register of
register pair tp is moved to the memory
location whose address is one less than
the content of register SR. The  content of
the low-orcier register of register pair rp is
_moved to the memoty location whose ad-
drees s tweo isss than the sentent of

" register SP. The content of reglster SP is

PUSH PEW

decrementsd by 2. Note: Register pair rp =
P may net be
B T T T 1
1 t )R P | O 1 0 Y
Cyclss: 3
States: .12
Addressing: regQ. indirect

' _Fvlqc: ‘none
{Push ﬁrotl:.unt status word)
(sPM - 1 - (A
(SP) = 2% ~(CYV). (8P - D = X
{SP) = 2)2 = (P}, ((SP) - 21y ~ X
s (AC). (8P = Dy - X
P) - g = &), USSP - 2 = (8)
X: Undelined.

X: undefined _
POP D PoP)
(i) — ((SP)
{rn) — {8 + 1)
{SP) - (8P + 2

The content of-the memory location, whose
address is specified by the content of
register SP, Is moved to the low-order
register of register pair rp. The content of
the memory location, whose address is one
more than the content of register SP, is
moved to the high-order register of register
rp. The content of register 8P is in.
cramented by 2. Nete: Register pait rp =
SP may not be specified.

i T 1 1 !
1 1 R P QO 0 ] 1

Cycles: 3
States: 10
reg.indirect

Addressing:
. Flags: none

{Pop processor status word)
P

+ 1)

8P - (8P + 2

_The content of 1he memary location whoss

" address |s specified by the content of

register SP is usad to restore the condition
flags. The content of the memory location
whose address Is one more than the con-
tent of register SP is moved to register A.
The content of register SP is incremented
by 2.

Cycles: S
States. L]
Addressing reg. indirect

Flags: nona
‘.

SPHL {Move HL 10 SP)

8P - ML)
The contents of registers H and L (16 bits)
are moved to register SP.

States [}
Addressing register -

(input)
{A)—(data)
The data piaced on the eight dit bi-
directional data bus by the spectlied port is
moved to register A. e LE

port
Cycles: 3
States: 10

Addressing: | al_rlci
Flags: none

OUTegont {Output)

(data) - (A) T
The content of register A is piaced.on-the
sight bit Di-directional gata bus :tor
transmission to the specitied port. .

[

1 1 1 1 e 0 0 1 port
Cycilea: 3 Cycles: 3 :
States: 10 States: - 10
Addressing: . indirect - Addressing: . direct

Fiags: ZS.P.CY.AC

‘268

Flags: none




LAMPIRAN'

€ The (Enable interrupts) -
ne interrupt system is enadled tollowing
the execution: of the next instruction. :

T T 1. 1 T T
1 1 1 1 1 0 1°
Cycies: 1
States: 4
Flags: none

NOTE: interrupts are not recognized during the
Ei instruction. Plaging an El instruction on the

bus in responsse to during an INA cycle is
prohibited.

ol (Disable interrupts)

The interupt system is disabled immediate-
wm the execution of the Dl instruc:

REDER] v T ]
1 1 1. 0 0 T 1

Cycles: 1
. States: 4
Flags: none

NOTE: interrupts are not recognized during the
B! instruction. Placing a Dl instruction on the

bus in response to during an INA cycie is
prohibited.
"t (Hait)

The processor is- stopped. The registers
and tiags are unatfected. A second ALE Is
- gensrated during the sxecution of HLT to
t|tfobo out the Halt cycle status informa.
tion.

Cyctes: 1 °
States: 4
Flags: none

{Read Interrupt Masks)

The RIM instruction ioads data into the ac-
cumulator releting 10 interrupts and the
serlal input. This data contains the follaw-
ing information:

o Current interrupt mash status (of the
RST 3.8, 6.5, and 7.5 hardware inter-
rupts (1 = mask disabled)

*  Current interrupt enabie flag status (1
= interrupls enabled) except im-
mediately following a TRAP interrupt.
(See below.)

o Hardware interrupts pending (i.e.,
signal recsived but not yet serviced),
on the RST 5.5, 6.5, and 7.5 lines.

*  Serial input dsta.

immediately foilowing & TRAP interrupt,
the RIM instruction must be executed as a
part of the service routine if you need to
retrieve current interrupt status later. Bit 3
of the accumulator is (in this special case

" only) losded with the interrupt snable (IE)

14
m:h'o‘|‘o'ojo

flag status that existed prior to the TRAP
interrupt. Following an RST 8.5, 6.5, 7.8, or
INTR interrupt, the interrupt flag flip-flop
refiocts the current interrupt enadie status.
Bit 8 of the accumuiator (17.5) is loaded
with the status of the RST 7.5 flip-ficp,
which is always sst (sdge-triggered) by an
Input on the RST 7.8 input line, even when
that interrupt.has been previously masked.
{See SIM instruction.)

I“lL]

Cyclos: 14
States: 5
Flags: none
NOP (No op)

No operation Is performed, The registers
and flags are unaffected.

H

E:’."..":.‘..-[ 0 !m {ws|usf e kulmluuj

lmumu Masks
‘e intorrupt Enabie Flag
- Senet input Date
Cycles:. .1
_States: 4
Flags: none

i - '[ZAT 381/4]

(Set \nterrupt Masks)

The exscution of the SiM instruction used
the contents of the accumutator {(which
must be praviously losded) to perform the
following tunctions: '

o Program the interrupt mask for the
RST 5.5, 6.5, and 7.5 hardwars inter-
rupts. ) :

¢ Reset'the edge-triggered RST 7.8 in-
put lateh. .

* Load the SOD output tatch.

To program the interrupt masks, first set ac-
cumuiator bit 3 to 1 and set to 1 any bits 0.
1, and 2, which disabie intercupts RSY 5.5,
4.5, and 7.5, respectively. Then do a SIM in-
steuction. if acoumuistor it 3 is 0 when the'
SiM instruction is executed, the interrupt
mask register will not change. It ac.
cumulator bit 4 is 1 when the SIM instruc:
tion is executed, the RST 7.5 iatch is then
reset. RST 7.8 Is distinguished Dy the fact
that its fatch is aiways set Dy a rising edge
on the RST 7.5 input pin, even if the jump to
service routine is inhidbited by masxing.
This latch remains high until ciearsd by a
AESET TN, by a SIM instruction with ac-
cumulator bit 4 high, or by an internai pro-
ceasor acknowiedge to an RST 7.8 interrupt
subsequent to the removai of the mask (dy
8 SIM instruction). The AESET IN signal
always sets all three RST mask dits.

If accumuiator bit 8 is at the ! level when
the SIM instruction is executed, the state
ot accumulator dit 7 is loaded into the SOB
tateh and thus becomes available for inter-
face to an external device. The SOD latch is
unaffected by the SiM instruction i it 8 is

0. SOD is always reset by the i =
signal.

.7 °
. T ) | 1 t 1 1
Opeote: ] 0 1 k) o 0 ) 0

ASCuTietor o ¢ 8

w tm{soi[x[n:slu:tr'a;iu‘“ﬁ:!]

L]
{RST 4.5 Mam»
ABT 83 Mask

t—a ST 7 § Masx
;——-mu(u

SO0 Ensdie

e

e g0t AST 7 § Fp-Firag

Sanet Ouipal Oata
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00 | NOP- . 28 1OCX M 88 | MQV oM 81 AQOD C AC {XRA M 07 [RST 2
ot |'Lxt !.D'q 2C INR L 57 MOV 0.A 82 ADD O AD IXRA L o8 RC
02 |STAX 8 20 jDCA L - sg. IMQV EB 83 AQD E AE IXRA M o9 |-
INX 8 26 |mMvi LD8 | %9 {MOV EC | 84 JADO H AF IXRA A 0A 4 Adr
[« ] INR ] 2F CMA sa [mMov ED [ ] ADD L 80 (ORA 8 D8 | IN o8
os ocR 8 30 SiM .88 |mOvV EE 88 ABD M [.}] ORA C oc | ecc Adr
o8 {Mvi sorlar Jua seDig] 3¢ jmOv EH 87 | ADD A 82 JORA D 0D § -~
o7 aLeC 32 STA Ade s jmov EL ] AOC 8 8l ORA € DE | 88 [+ ]
o8 |- 3 INX SP 56 MOV EM [ ADC C B84 [ORA M or |RST 3
W |bAD B8 M INR M SF MOV EA™ 8A | ADC D 85 (ORA L E0 | RPO
oA | LOAX B8 k1 DCR M 60, |IMOV KB as ADC €& a8 ORA M (3] POP - M
08 |oCx 8 kL MVI M08 ot MOV H,.C 8C ADC M 87 ORA A €2 0 Adr
0C |INR [ 37 sTC 62 MOV MO 80 [ADC L 88 [CMP B [ 3] XTHL
00 |OCR C s - [~} MOV HE 8E ADC M % CmMP C €4 cro Adr
0E | MVL co8 | DAD SPF o4 MOV HH sk ADC A 8A CMP O {19 PUSH M -
OF | RRC 3A JLDA Adr 6 MoV ML 90 sus 8 a8 jCmP € £6 | ANI 08
10 |- Ja jocx 8P 88 MOV HM [ 2] sus ¢C ac |CmP [ RST &
1" jwr poIC |INR A 81 {mov Ha ] 92 jsus © 8D lomp L €8 | ArE
12 |STAX D 3D |oCR A [ ] MOV LS 9 sUs €& BE |CMP M €9 PCHL
13 INX =] 3t MVI A DS [ ] MOV LC [ 2] suUs o BF [CMP A GA | JrE Adr
14 |[INR D 3F jcme eA [mOv LD ] 95 jsus L €0 {RNZ €8 | XCHG
18 10OCA D 40 |MOV B8 €8 |[MOV LE 90 SUR M [+4] POP B EC |[Cre Adr
16 [ mvi D.os | M1 MOV BC 6 MOV LK L 14 SUs A c2 INZ  Adr -] -
a»17 | RAL 42 MOV 8,0 80 |mOovV LL | s88 8 C3 |JMP  Aar EE | xR 2] ]
18 |- 43 [ MOV BE Gt MOV LM ¥ jsse C C4 JCNZ Adr EF [RST §
19 (A0 O 4 [ mov 8.H 8F MOV LA %A Jses O cs [PUSH B #0 RP
1A {LDAX O 45 MOV 8.0 0 MOV M8 9% ses € cs ADt 08 [ 4] ror sw
18 |OoCx O 48 MOV BM n MOV MC 9C 308 M [1] RST O £2 Fig Adr
1C {INR € 47 MOV 8.A 72. {MOV MD | 90 |SBS L c8 |R2 | & ] o1
10 {DCAR € 48 [ MOV CB 73 |MOV ME | O [S88 M C9 {RET Adr B4 fcCP Adt
] 3 Mavi g€08 | &% MOV C.C 74 MOV MM " 88 A Ca ]2 4.1 PUSH POW
1 | AsR 4A | MOV CO % MOV ML AD JANA B8 [+ I P Fe OR1 o8
2 |[Rm 48 | MOV Cég 6 [ HLT Al ANA C CC |CZ Adr k7 RST &
2" X MO &C [ MOV C.H 7 MOV MA A2 JANA O CD [CALL Adr Fe AM
22 |SHLD Adr 40 [ MOV CL ” MOV AS A3 FANA € CE lac D8 [ ] SPHL
23 jINX M 4 MOV CMm 7% |[MOV AC | M [ANA H CF |RrsT A M Ade
24 INR L) 4F MOV CA TJA MOV AD AB ANA L 00 [RNC 14 ]
23 JOCR M 30 |[moOVv DB 78 [MOV AL A8 JANA M D1 jPOP O fC |JCm Ade
% Ml H,08 { St MoV 0C 7€ MOV AH A7 ANA A 02 1INC Agr FO |-
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[ZAT 381/4]
A N s |
LAMPIRAN - 20 - ‘

RAJAH PIN LUAR CIP DACO0808, ADC 0801
DAN RAM STATIK 2114

Ry

DAC0808
ved 1 16 |[J COMPENSA T/ON
GNDO 2 150 Vaero)
Vee O 3 140 Vegg
lour 4 4 13 Vee
0,05 123 D,
Dg} 6 npgo,
D5 7 108 D,
p,0 8 o1 0,
- ADCO801
cs 1 . 200V, - |
— . cc: A 1 V.
RO U2 19 CLKR AGE wg cc
CLKIN ] 4 : 4 16 [J Ag
—— 7P D, A, [ 4 154
INTR O 5 16 {1 D, 33 114 °
Aq O 211
Vint+) 86 150D o 43 14H Do
Vine—y 047 140 Dj . A Qs 3P D,
A GND (18 “13bp - A2 g~ 121D,
y 9 > . csOs 11 3D,
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pevo Q0 © . 11fpop,. OV = S lopiwe
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