UNIVERSITI SAINS MALAYSIA

Peperiksaan Semester Kedua
Sidang Akademik 1998/99

Februari 1999

ZAT 281/4 - Pengantar Mikropemproses
Masa : [3 jam]

Sila pastikan bahawa kertas peperiksaan ini mengandungi DUAPULUH ENAM muka surat
yang bercetak sebelum anda memulakan peperiksaan ini.

Jawab kesemua LIMA soalan . Kesemuanya wajib dijawab dalam Bahasa Malaysia.

1.

a)

b)

Berikan perbezaan di antara bahasa penghimpunan dan bahasa paras tinggi
(20/100)

Tuliskan aturcara penghimpunan untuk mikropemproses 8085 bagi mengira 20 x 8.
Hasil darab tersebut hendaklah disimpan di alamat 20AAH. (30/100)

Tuliskan aturcara penghimpunan bagi menyalin data di ingatan 205AH hingga 207FH
ke ingatan 20BAH hingga 20DFH. (50/100)

Berikut adalah sebahagian daripada aturcara yang sedang dilaksanakan oleh
mikropemproses 8085:

XRA A

LXI HL, 2000H
SHLD 2020H
XCHG

LHLD 2020H
SPHL

STAXD
INXH
MOVM, H
XTHL

Nyatakan kandungan semua alat daftar, flip-flop bendera, dan ingatan yang terlibat
dalam bahagian aturcara tersebut selepas perlaksanaan arahan XTHL.
(50/100)

..2/-
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b) Berdasarkan aturcara berikut:

LOMPAT:

ORG: 2020H
ANI 00
MOVC A
INRC

NOP

MOV A,C

ANI 80H
JZ LOMPAT
RST 1

Tuliskan kod mesinnya di alamat yang bersesuaian.
Tentukan masa yang diambil oleh mikropemproses 8085 untuk

;Set alamat aturcara
;Kosongkan akumulator

;Set pembilang

;Tingkatkan pembilang

;Pelambatan masa

;Muatkan kandungan pembilang

;ke akumulator
;Uji pembilang

;Ulang jika belum selesai

[ZAT 281]

melaksanakan aturcara tersebut, sekiranya frekuensi jam mikropemproses

adalah 1IMHz.

(50/100)

3. Aturcara I/O berikut berperanan untuk memindahkan data daripada peranti sisian ke
ingatan RAM sistem mikropemproses di Rajah 1;

GEL.:

NANTI:

MVI A, FFH
OUT 02H
MVI A, 01H
OUT 20H

LXI, 20A0H
MVIC, 14H
MVI A 40H
OUT 21H
IN 22H
ANI80H
JZ NANTI
IN OOH
MOVM, A
INXH

MVI A, 00H
OUT 21H
DCRC
ORAC

JNZ GEL
RST 1

;Muatkan akumulator dengan FFH

;Keluarkan kandungan akumulator ke pot 02H

;:Muatkan akumulator dengan 01H

‘Keluarkan kandungan akumulator ke pot 20H

;Tetapkan penunjuk HL
;Tetapkan pembilang
;Setkan bit MULA
;Hantar bit MULA tinggi
;Ambil bit STATUS
;Pencilkan bit STATUS

;Tunggu sekiranya peranti tidak sedia

;Input data
;Simpan data

;Kemaskinikan penunjuk HL

;Set kembali bit MULA

;:Hantar bit MULA rendah

;Tingkatkan pembilang
;Uji jumlah data
;Kembali jika belum habis
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Terangkan secara ringkas bagaimana pemindahan data tersebut dilaksanakan oleh

mikropemproses.
(30/100)

Terangkan peranan empat arahan yang pertama dalam aturcara tersebut.
(20/100)

Nyatakan bilangan data yang dipindahkan dan di alamat manakah ia disimpan?
(20/100)

Ubahsuai aturcara tersebut, sekiranya 50 byte data di ingatan RAM beralamat
20A0H dan ke atas hendak dikeluarkan ke peranti sisian.
(30/100)

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

i) RAM
iy ROM
iii) Nombor-nombor pot, alat daftar perintah dan alat daftar pemasa bagi cip 8156.

iv)  Nombor - nombor pot dan alat daftar perintah cip 8355.
(50/100)

Tuliskan aturcara mudah untuk menguji antaramuka di antara mikropemproses dan
penukar analog ke digital ADC0801 dalam Rajah 2. Lakarkan satu kitaran isyarat

yang mungkin diperhatikan pada pin AD1 - AD7, A8 - Al5, ALE, WR , RD , dan

I0/M . (Gunakan lampiran yang diberi).
(50/100)

.4/
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[ZAT 281]

Terangkan, apakah yang dimaksudkan dengan restart perisian dan restart
perkakasan? Nyatakan lokasi-lokasi vektor bagi kedua restart tersebut.
(30/100)

Penukar analog ke digital ADC0801 di Rajah 2, dikawal oleh mikropemproses 8085
melalui suatu pot I/O serta beberapa bas kawalan. Tuliskan suatu aturcara
penghimpunan yang membolehkan mikropemproses merekodkan 10 data yang telah
ditukarkan ke bentuk digital untuk disimpan di mana-mana alamat dalam RAM

sistem tersebut.
(60/100)

Cip ADC0801 memerlukan sistem isyarat jamnya yang tersendiri. Kirakan frekuensi
jam bagi cip ADC0801 dalam Rajah 2.
(10/100)

...5/-
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8085 Instruction Set

48 INSTRUCTION SET ENCYCLOPEDIA

in the ensuing dozsn pages, the complete
8085A lastruction set is described, grouped in
c:rd'o;| under five different functional headings.
as follows:

1. Data Transfer Group — Moves data be-

tween registers or beétween memory
locations and registers. includes moves,
toads, storss, and exchanges. (See

below.}

2. Asithmetic Group — Adds, subtracts, in-
crements, of decrements data in
registers or memory. (See page 4-13.)

3. Logle Group — ANDs, ORs, XORs, com-
pares, rotates, or complements data in
registers or betwesn memory and 2
register. (See page 4-18)

4. Branch Group — initiates conditional or

. unconditional jumps, calls, returns, and

restarts. (See page 4-20.)
5. Stack, U0, and Machine Control Group
_ = includes instructions for maintaining
the stack, resding from input ports,
writing to output ports, setting and
reading Interrupt masks, and setting and
clearing flags. (See page 4-22)

The formats described in the encyclopedia
reflect the assembly: language processed by
intel-suppliad assembler, used with the Inteliec®
deveiopmeni systems,

4,8.¢ Data Transter Qroup

This group of instructions transters data to and
{rom registers and memory. Condition flags are
not affected by any instruction In this group.

MOV, M
n - (L)
The content of the memory location, whose
address is in registers H and L., is moved to
register r.

T T __ 7 T 1
o 1{({p o O}t 1 ©

Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
MOV M, ¢ (Move to memory)

e - (0

The content of register r is moved to the
memory location. whose sddress is in
registers H and L.

1 ] T 1
o' 171 1'0|s s s

Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none

MVLr, date . (Move immediate)
1 - (oyte 2)
The content of byte 2 of the instruction is
moved 10 ragister r.

1 ! 1 1 T
o0 lo D.Dj1 1.0

LXI rp, data 18 (Load register pair immediate)
(th) — (dyte 3),
{r) - (byte 2
Byte 3 of the instruction |s moved into the
high-order register (rh) of the register poir
rp. Byte 2 of the instruction is moved into
the low-otder register (rl) of the register pair
™. :

~T Y | 1 ] 1
0 olm PO 0 O 1

low-order dats
high-order data
Cycles: 3
States: 10
Addressing: immediate
Flags: none

LDA sddr (Load Accumutstor direct)

(A~ (byte byte 2} . . .

The content of the memeorty location, whose: -

address is specitied in.byts 2 and byte 3 O

the instruction, is.moved to register A.
T % 1 T T T T

] 0 -1 1 1 ] 1 -0

" iow-order addr

high-order addr

Cycles: 4
States: 13
Addressing: direct
Flags: none

data
Cycies: 2
States: 7
Addressing: immediate
Flags: none

MVI M, data (Move to memory immediate)
Y (L)} ~ (byte @)
The content of byte 2 of the instruction is

) X moved to the memory location whose ad-
"ov(,?)'f(m Move Register) dresa.is In registers M and L.
The content of register r2 is moved to T T T Y T T T
~ register 11. i 0 (1] 1 i 4] 1 1 [+]
T T T T T T : —
o 1]lo-D O}|Ss S sJ data
Cyctes: 1 _ Gycles: - 3
States: 4 States: 10 )
Addressing: register Addressing: immed./reg. indirect
Flags: none Flags: none

STA addr (Store Accumulator direct)
- (yte dyte 2 ~ (A)
The content of the accumulator is moved to
the memory location whose sddress is
:‘pecmod inbyte 2 and byte 3ot the instruc.
on. !
T T T . 1 T T T
[+] ] 1 1 0 0 1 0

" "lowsarder addr”

high-order addr

Cyctles: 4 s
States: 13
Addressing:  direct
Flags. none

.8/~
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LHLD addr {Load t and L direct)
(L)—{(byte 3Xbyte 2))
(H) - ((Dyte 3)byte 2)+ 1)
The content of the memory location, whose

address is specified in byte 2 and byts 3 of .

the instruction, is moved to register L. The

tent of the y tocation &t the suc-
ceeding address i3 moved to register H.
T T T T T T T
0 0 1 0 1 0 1 0
tow-order addr
high-order addr
Cycies: &
States: 16
Addressing: direct
Flags: none
SNLD addr . (Store M and L direct)
((byte byte 2))-(L) '

{(byte 3)byte 2)+ 1)~ (H)

The content of register L is moved to the
memory location whose address is
specified in byte 2 and byte 3. The content
of register M is moved (0 the succeeding
memory location.

e v o o
o o + © o0 o Y O

fow-arder addr
high-orcer addr
Cycles: ]
States: 186
Addressing. direct
Flags: none
LDAX p (Load accumulator indirect)
(A} = (P}

The content of the memory iocation, whose
address is in the register pair rp, is moved
to ragister A. Note: only register pairs
tp=8 (registers B and C) or m=D
(regisiers D and E) may be specified.

Al B T 1 t
] 0 R P 1 0 1 0

Cycles: 2
States: 7
Addressing: reg. indirect
Fiags: none
STAX rp (Store accumulator indirect)
@) —~ (A)

The content of register A is moved to the
memory location whose address is in the
register pair rp. Note: oniy register pairs
p=08 (registers B and C) or tp=D
{registers D and E) may be specified.

1 1 1 T i
o O]|]R PjO O 1 0

Cycles: 2
States. 7
Addressing: reg. indirect
Flags: none
XCHG {Exchange H and L with O and E)
(m) - (D)

(L) - (E) :

The contents of registers H and L are ex-
chansoed with the contents of registers D
and E. .

1 T _ 17 T _ T 1
1111 0 1 o 1 1

Cycles: 1
States: 4
Addressing: register
Fiags: none

- AD! dats

-8 -

482 Arthmetic Group

This group of instructions performs arithmetic
operations on data in registers and memory.
Uniess indicated otherwise, all instructions in
this group atfect the Zero, Sign, Parity, Carry,
::g‘ Auxtilary Carry 'ug. according to the sten-
All ﬁbtrlctbn opsrations are performed via
two's complemant arithmetic and set the carry
fiag to one to indicate a borrow and ciear it to
indicate no borrow.

ADDr (Add Register)
A -(A)+1{n
The content of register 7 is added 10 the
content of the accumuiator. The result is

'] lator.

p ¢ in the

Cycles: 1
States: 4
Addressing: register
Foags: Z2S8,PCYAC
Aoo M {Add memory)

A) = (A) + (H (L)

The content of the memory location whose
address is contained in the H and L
registers is added to the content of the ac-
cumulator. The result is placed in the ac-
cumulator. )

Cyclés: 2

States: 7
Addressing: rag. indirect
Fiags:

ZS.PCY.AC

(Add immediate)
{A) — (A) 4 (byte 2) ) N
The content of the second byte of the in-
struction is added to the content of the ac-
cumuiator. The resull is placed in the ac-
cumutator,

[ZAT 281]

ADC M (Add memory with carry)
(A) = (A} + {(H) (L) + (CY)
The content of the memaory tocation whose
address is contained in the H and
registers and the content of the CY tiag are
added to the accumulstor. The result is
placed in the accumulator.

Cycies: 2

Stetes: 4
Addressing: r0Q. indirect
Flags: ZS,P.CY,AC

AC! diita (Add immediate with carry)
{A) = (A) + (byte 2) + (CY)
The content o! the second byte of the in:
struction and the content of the CY fiag are
added to-the contents of the accumulator.
The resull is placed in the accumulator.

T 1 1 1T ¢ 1T 71
T T 6 0 1. 1t % Q-

dats

Cycles: 2 )
States: 7 .
Addressing: immaediate
ZSPCYAC

~ Flags:

susl s " (Subtract Register) - '
A - (A) - (1) )
The content of register r is subtracted trom
the content of the accumulator. The result
is placed in the accumutator,

Cyclea: 1
States: 4
Addressing: register
: Flags: - 28PCYAC .
ERAY AT N 1
sue M {Subtract memory)

(A) ~ (A - (W) (LD

The content of the memory jocation whose
sddress is contained in the H and
registers is subtracted from the content of
the accumulator. The result is placed in the
accumulator.

T T T T T _ |
T+ 0 0 t+ o0 s 1 0

Cycles: 2

States: 7 :
Addressing: immediate -
© Flags:  ZSPCYACT

ADC ¢

(Add Register with carry)
(A) — {(A) + {r). + {CV)

The content of register r and the content of
tha carry bit are added to the content of the
accumuiator. The result is placed in the ac-

cumuiator.

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

Cycles: 2

- States: 7
Addressing: - reg. indirect -
Flags: ZS.PCYAC

SU! data

{Subtract immediate}
(Al ~ (A) - (byte 2)

The content of the second byte of the in-
struction is subtracted from the content of
the accumutator. The result is ptaced in the

accumuyiator.
1 T T T T T
1 1 0 1 0 1 1 0
dnu
Cycies: 2
States: 14
Agdressing: immediste
Flags: 2.5PCYAC
«9/-




LAMPIRAN

SBB ¢

{Subtract Register with borrow)

A - (A - () - (CN

The content of register r and tne content of
the CY tiag are both subtracted from the
sccumulator. The result is placed in the ac-

cumulator.

OCR ¢

{Decrement Register)
n-i-1

The content of register ¢ is decremented by
one. Note: All condition ftags except cY
are affected.

1 s 8 S

1T _T1_71_ 71
{00000101

Cycles. 1
States: 4
Addressing: register
Flags: - 2ZS.PCYAC

(Subtract memory with borrow)

(A) - (A} - ) (L) - (CN

The content of the memory location whose
acdress is contained in the W and L
registers and the content of the CY tiag are
both subtracted from the accumulator. The

result is pi

d in the

lator.

OCR M

Cycles: 1
States: 4
Addressing: register
Fiags. 2SPAC

{Decrement memory)

(L) = (L) - ?

The content of the memory location whose
sddress is contained In the H and L
registers Is decremented by one. Note: All
condition flags except CY are atfected.

DAA

[zAT 281]

{Decimal Adjust Accumulator)

The eight-bit number in the accumuiator is
adjusted to form two tour-bit Binary-Coded:
Decimat digits by the foliowing Process:

1. 1t the value of the lease signit
of the accumutator is greatss

icant 4 bits
than g orif

the AC tlag is set, 8 is acded to the ac-

cumuiator.

2.1f the vaiue of the most signilicant 4 bits

of the accumulator is now grea!

tor than 8,

or it the CY fag is sot, 6 is added to the
most signiticant 4 Dbits of the ac-

cumulator.

NOTE: All fiags are affected.

T T T T T T T
0 0 1 4] 4] 1 1
Cycles: 1
States. 4
Flags: 2SPCYAC

4.8.3 Logic Group

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: ZS,PCYAC

S81 data

{Subtract immaediste with

borrow)
(A) — (A) = (byts 2) ~ (CY)
The contents of the second byte of the in:
struction and the contents of the CY tiag
are both subtracted from the accumulator.
The result is piaced in the sccumulator.

data
Cycies; 2
Siates: 7
Addressing: immediate
Flags: 2.8.PCYAC
INR¢ (Increment Register)
N =—()+1

The content of register 1 is incremented by
one. Note: All condition flags except cY

are aftected.

Cycles: 1
States: 4
Addressing:  register
Flags: Z5.PAC

(increment memory)

INX

Cycies: 3
States: 10
Addressing: reg. indirect
Flags: 2S.PAC

) {increment register pairn

(rh) (et} = (eh)(el) + A

The content of the register pair 1p is in-
cremented by one. Note: No condition flags
are &

Tsh_ls group of instructions pert

memory and on condition flags.

Uniess. indicated otherwise, all instructions in
this group atfect the Zero, Sign. Parity, Auxiliaty
Carry. and Carry flags according 1o the stan-

dard ruies.

orms logical
on data in registers and

ANA ¢ {AND Register)

(A) - (A} A (1) B :
The content of registar r is logically ANDed
with the content of the accumulator The
result is placed in the accumuiator. The CY
flag is cleared and AC ts set.

Cycles: 1
States: . 4
Addressing:. . register

Cycles: 1
States: [
Addressing: register
none

(R LY = (L) + 1 ) .
The content of the memory location: whose
sadress is contained in: the H and L
registers is incremented by one. Note: Alt
condition tiags except CY afe stfected.

Flags:

»n (Decrement register pair)
(rh) () = (M el) ¢ .
The content of the register pair 1 is

decremented by one. Note: No condition

flags are affected.

| I | I !
(] 0 R P \ 1 0 1 1
Cycles: 1
} States. 6
Addressing: register
Flags. none
° DAD (Add register pair to H and L)

44

(M) (L) —= (H) L)« (DI Leh

The content of the register pair 1p IS aoded
to the content of tha register pair H and L.
The result is piaced in the register pair H
and L. Note: Only the CY flag is sftected. It
s set if there 18 3 carry out of the doubte
pracision add. otherwise it.is reset.

T T T T LR T
(0 0 1 1 o v O Ll

“Cyciles.
States:
Addressing:
Flags:

3

10
reg. «ndirect
2S.PAC

oe]n -

T T T
1 0 0 1

Cyctes: 3
States: 10
Addressing: register
Flags: CcY

253

ANA M

Flags: Z,S.P,C._Y.Ac

{AND memory} -

A) — (AYA (M) (L) C

The contents o©f the memory tocation
whose address I8 contained inthe Hand L
registers is iogically ANDed with the con-
tent of the accumulator. The resull is
piaced in the iator. The CY fiag is
clearsd and AC is set.

Cycles: . 2

States: 7
Addressing: reg. indirect
Flags: 2S.PCYAC
AN| data (AND immaediate)

{A) — (A} A (byte 2)
The content of the second byte of the in-
struction is togically ANDed with the con-

" qents of the sccumulator. The result is

ptaced in the accumutator. The CY tisg Is
clearsd and AC Is set.

T T T ¥ T T )
tx T 10 6 1 v o
!
‘ dats J
" Cycles: 2
States: 7
Addressing: immediate
Flags: 28.PCYAC
00010/-
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(Exciusive OR Register)

(A = {A) w0

The content of register r is exclusive-OR'd
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are dleared.

Cyclas: 1
States: 4
Addressing: registes
.. Flags: 2.5,PCY.AC
XRA M {Exclusive OR Memory)
(A) — (A) v ((H) (L)

The content of the mamory location whose
sddress is contained in the H and L
registers is exglusive-OR'd with the con-

tent of

the accumutator. The result is

placed in the accumulator. The CY and AC

tisgs are cleared.

_Cycles: 2
. - States: 7
Addressing: reg. indirec!
Fiags: 2S.P.CYAC
XRi data {Exclusive OR immediate)

{A) = (A) v (byte-2)

The content of the second byte of the In-
struction is' exclusive-OR'd with the con-
tent of the accumulator. The result is
placed in the accumuiator. The CY and AC

flags are cleared.

" aata

Cycles: 2
States: 7
Addressing: immediate
Flags: 2S5P.CYAC
ORA T (OR Register)
T e =V

The content of ragister ¢ is inclusive-OR'd
with the content of the accumulator. The
resuit is placed in the accumulater The CV
and AC flags sre clearsd.

T 1 T 1 T 1
sy © 1 1 O0Ots s S

Cycles: 1
States: 4
. Addressing. regisier
) Flags:™™ ZSPCYAC

ORA

10

(OR memory}

M
(A) = AV ((H) (L8

‘. The content of the memory location whose

address -is comtained in the M and L
registers is inciusive-OR'd with the content
of the accumulator. The resuit is placed in’
the sccumutator. The CY and AC flags are
clesred.

Ll 1 1 1 L] 1 T
1 [ 1 1 0 1 1 0

Cycles: 2
States: 7 '
Addressing: reg. indirect
Flags: 2.S.PCYAC
ORI data (OR immediate)
A — (A V (byte 2

The content of the second byte of the in-
struction is inclusive-OR'd with the content
of the accumulator. The result is piaced in
the accumuiator. The CY and AC flags ere
clearsd..

data

CMP r

Cycles: 2
States: 7
Addressing: immediate
Flags:

" ZSPCYAC

(Compars Register)

A - .

The content of registerris subtracted from
the accumulator: The accumulator remains
unchanged. The:condition tags are set as
8 result of the subtraction. The Z flag is set
to1iH{A) = m.TMCYmghuuoH!(A)
< (0.

™

1 1 1
1 0 1 s S S
Cycles: .. !
States: 4
Addressing: ister
Flags: -~ ZS.PCYAC
P (Compare memory)

(A) - (W) (L)

The content of the memory location whose
address is contained in the W and L
registers s subtracted from the ac.
cumulator. The accumulator remains un-
changed. The condition fiags are set as &
resuil of the subtraction. The Z flag is set

to.1 M (A)= (M) (L). The CY tag is setto it - -
: ) lo_el.d. -

A} <) (L)

Cycles: 2 N

Siates: 7
Addressing: reQ. ingirect

"Flags: ZS,P.CYAC
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data {Compare immediate)
{A) - (byre 2) ;o

The content of the second Dyte of the in.
‘struction is subtracted from .the ac-
cumuiator. The condition tiags-~ars set by
the result of the subtraction. The.2 tiag is
sat to 1 1 (A)=(yte 2. The CY fiag is satto
1il(A) < (byte 2).

RLC

data
Cycles: 2 .. - .
" States:. . 7 A
Addressing: - immediate
Filags:  2.5.PCYAC . ..

(Rotate left)
(An + 1) = (A i) — (A7)
€N - A
The content of the accumutator is rotated
{eft one positian. The low-order bit and the
CY fiag are both set to the value shifted out
of the high order bit position. Only the CY
flag is aftected.

o o0 0O g © 1, v 1

T T T T 1

ARC

Cycles:
States:
Flags:

{Rotats right)

(Ag) = (Ans 1k (A7) = (Ag) -
€Y) ~ (Ag)

- Tha content of the accumulator is rotated

tight one position. The high orde’ bit and
the CY flag are both set 1o the vaiue shifted
out of the low order bit position. Only the
CY flag is sfiected.

RAL
L k= {CY)

- 1ow order il is set equat to the. CY tiag &

(Rotate teft 1hrough carry)
Ane )= {An) (CY)’(A'I) o

The content of the accumutator is rotated
ieft one position through the CY tiag.

the CY ftag is set to the-value shifted outof
the high-order bit. Only the CV fiag. is st

C e

———————T T T T
ovoo_-.o1‘1!

Cycles: ¥
. States: 4
* Flags: cy




. ditional and conditional.
7 transiera simply perform the . specitied opera-
“’tion on register PC (the program counter). Con- "~
ditional-transters examine the.status of one of -
the four processor flags to determine if the -

LAMPIRAN
RAR 7 {Rotate right through carry)
(An) ~ (An, JHCY) ~ (Ag)
(A7) — (CY)

The content of the accumulator s rotated
fight one position through the CY flag. The
" highorder bit is set to the CY flag and the
CY tag'is set to the vaiue shifted out of the
iow order bit. Only the CY flag is stiected.

Cycles: 1
States: 4
Flags: cy
CMA (Complemefh- iccumulatof)
A) - (K :

The contents of the accumulator are com-
plemented (zero bits become 1, one bits
become 0). No fiags are affected.

Cycles: -1
States: 4
Flags: none

cuc (Compiement carry)
€ - {CY)
The CY flag Is complemented. No other
fiags are affected.

Cyciles: 1
States: 4
Flags: cyY

-8¥¢ (Set carry)
€cY) ~ 1

The C¥ fiag Is set to 1. No other flags are
affected.

Cycles: 1
States: 4
Flags: cY

4.8.4 Branch Group

This group of instructions alter normal sequen-
tiat program fiow.
Condition fisgs are not aftected by any instruc-
tion in this group.
The two types of branch Instructions are uacon:

specilied branch i3 to be executed. The condi-
tions that may be specitied are as tollows:

CONOITION . cce
NZ — not zero (2= 0} 000
Z— z80(Z=1) 001
NC — no carry (CY =0) 010
G — carty (CY= 1) on
PO — .pacity 0dd (P=0) 100
PE — parity even (P=1) 101
P— plus{S=0)" 10
M— minus{(S=1) m

Unconditiona!

-11-

JMP sddr Jump) .
-{PC) '~ (byte 3) (byte 2) C
Control is transterred to the instruction
whose address is specilied in byte 3 and
byte 2 of the current instroction.

low-order addr
high-order addr
Cycles: 3.
States: 0
Addrassing: immediate
Flags: none

Jeondition sddr (Conditional jump)
if {CCC),

(PC) — (byte J) (byte 2)

It the specified condition is true, control is
transterred to the instruction whose ad-
dress is specitied in byte 3and byte 20f the
current instruciton; otherwise, control con-
tinues sequentially.

L T 1 T T
1 1 c ¢ ¢c}10 1 0.
low-order addr -
‘nigh-order aadr . '
n
States: - "0
Addressing: immediate
Flags: none
CALL addr (Catl)
{(SP) - 1) = (PCH)
(SP) - 2) ~ (PCL)
(SPy ~ (SP) - 2

(PC) — (byte J) (byte 2). -
The high-order eight bits of the next In-
struction address are moved to the
mermory | jon ddress is one
less than the conten of register-SP. The
low-order eight bits of the next instruction
address are moved 10 the memory iocation
whose address is two less than the content
of regi SP. The content ot register SP is
' decremented by 2.-Control is transferred to
the instruction whose sddress is specitied
- 4n Dyte 3 and byte 2 ot the current instruc-
tion.. - :

low-order addr
high-order adar
Cyctes:. S
States: 18
immadiate/
. AGGresSING:  reg ‘inditect
Flags:  none

259

[ZAT 281]

Ceondition addr (Condition cail)
it (ccC),
((SP) -~ 1) = {PCH)
(sP - 2 - (PCL)
(SP) —- (5P} -~ 2 i
_{PC) — (byte 3) (byte 2) SR
it the specified condition is true, e ac-
_tions specitied in the CALL instructivi(see
. above) are performed; otherwise, control
“continues sequentiatiy.

KRl T 1 & 1 V
1 vvfe €-C|1 o O

low-order addr .

)
high-order addr

Cycles: 5
States: 918
Addressing: "':g'“f:",fr‘:ét
Flags: none
RET (Return)

(PCL) — {(SP); ...
(PCH) — ((SP) + 1)
SP) - (SP) + 2

The content of tha memory location whose
address is specitied in register SP Is moved
to the iow-order eight bits of register PC.

.. The content of the memory location whose

addresa is one more than the content of
regiater SP is moved to the high-order sight
bits of register PC. The content of register
SP Is incremented by 2.

Cycles: 3
States: 16
ing:  reg. indirect
Flags: none

Rcondition (Conditionatl return)

- .{CCO).
- (PCL) - (SP)
(PCH) — (SP) + 1)

(SP) — (SP} + 2
. it the specitied condition is true, the &G-

tions specitied in the RET instruction (se¢

above) are performed; otherwise, control
continues sequentially.

1 T T 1 L
1 1 c C c 0 0 0

Cycles: 13

. States: &2
Addressing: reQ. indirect
Flags: none

w12/~
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RST n {Restart)

((SP) - %) ~ (PCH)

{(SP - 2) - (PCL)

(SP) — (8P - 2

{PC) ~ 8 * (NNN) ’ i

The high-order eight bits of the next in.
__struction address. are moved to -the
_.:.:.."" y | tion ‘whosé addre is one
“““igss (han the content of register SP. The
low-order eight bits of the next instruction
address are moved (o the memory location
whose sddress is two less than the content
of register SP. The content of register SP is
decrementsd by two. Control is transferred
to the instruction whose address is eight
times the content of NNN.

1 i 1 LR
1 1 N N N 1 1 1

Cycles: 3
States: 12
_Addressing:  reg. indirect

Flags: none

-i2-

The content of register A is moved to the
mamory location whose address is one
iess than register SP. The contents ot the
condition flags are assembied into a pro-
cessof status word ang the word is moved
1o the memory iocation whose address is
two leas than the content of register SP.
The content of register SP is decremented
by two.

[ZAT 281]

T

XTHL (Exchange stack top with H
) and L) : :
T L) - USPY)
(H) = {SP) + 1)

The content of the L register is exchanged
with the content of the memory location
whose address is specified by the content
of register SP. The content of the H register
i§ exchanged with the content of the
memory location whose address is one
more than the content of register SP.

Cycles: 3
States: 1
Addressing: reg. indirect

Flags: none
FLAG WORD

Ds O Dy D2 Oy Do

s{zixlac]x}|pP}| xicCy

1514131211109 8 7 6 5§ 4 3 21 0

oijojolojojojojo

OiO[N|NINIOjO{0O

Program Counter After Restart

PCHL Jump H and L indirect ~
move H and L to PC)

(PCH) — (H)
{PCL) — (L)

The content of register H is moved to the
high-order sight bits of register PC. The
content of register L is moved o the low-

order sight bits of register PC.

Cycles: 1
States: &
Addressing: - register
Flags:  none

463 Stack, /0, and Machine Control Group

This group of instructions parforms 1O, manipu-
lates the Stack, and aiters internal controi

flags.

Unless otherwise specified, condition ftiags are
not affected by any instructions In this group.

PUSH rp (Push)

X: undefined

POP rp (POP)

(rl) — (SP)
(rh} ~ (SP) + 1}
(SP) - (SP) + 2

The content of the memory location, whose
address is specified by the content of
cagister 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 SP is in.
cremented by 2. Note: Reglster pair rp =
SP may not de specitied. :

i T ¥ T ]
1 1 R P ¢} 0 o 1

(SPy ~ 1) ~ (th)

{{SP) - 2) — (1)

{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 SP. The content of

the low-order register of register pair rp is
" moved to the memory focation whose ad-
. dreew: is two .lses than the content of
.. register SP. The content of register SP is

decremented.by 2. Nots: Register pair rp =

SP may not be specified.

1 ) I IR
1 11 R 14 0 1 0 1

Cyciss: 3
-States: 12
reg. indirect

Addressing:
i, - Flags: none

PUSH PSW (Push processor status word)
{(SP) - 1) - (A

((SP) ~ 2} — (CY) . USP) - 2); = X

{(SP) — 2z — (P) . {{SP) ~ 2 ~ X

(SP) — 2}« — (AC) . ((SP) - 2y — X

(SP) = 2% ~ ). USP) - 21y — (8)

(SP) — (SP) - 2 X: Undetined.

POP PSW

Cycies: 3
States: 10
Addressing: reg.indirect
Flags: none

(Pop processor status word)

(CY) - ((SPi
(P)— (SP)y

(AC)~ (8P - -
@ - (5P

- (8
(S) — (SP)

(A - {iSP) + 1)

(8P ~ (SP) + 2

The content of the memory iocation whoss
address is ‘specified by the content of
register SPis used to restore the condition
flags. The content of the memery 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.

Cycies. 3
States: 10
Addressing: reg. indirect

Flags. 2S.PCY.AC

256

Cycles: 5
States. 16
Addressing: ‘reg. Indirect -

 Fiags:  none

SPHL {(Move HL to S/

{SP} - (M) (L) ]
The contents of regisiers H and L (16 dits)
are moved to register SP.

Cyc!es:' 1
States. 6 .
Addressing: register -

Flags: none

IN port (Input)

{A)—(data)

The data placed on the eight bdit bi
directional data bus by the specilied port is
moved to register A, e

OUT port

1 I 1 T 2] T
1 1 0 1 1 0 1 1
port
Cycles: 3
States: 10

Addressing: = direct
Flags: none

{Output)

(data) - (A)

The content of register A is placed on the
eight bit Ddi-girectional data bus tor
‘transmission 10 the specitied port.

port
"~ Cycles: 3
States: 10

Agcressing: . direct
Flags: none

...13/-
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8 (Enable interrupts)
: The interrupt system is enabied lollowing
the execution-of the next instruction. .

I H 1 1 1 v ¥
1 A | 1 1 0 17 1

Cycies: 1
States: 4
Flags: none

NOTE: interrupts are not recognized during the

El instruction. Placing an El instruction on the

tus in response to during an INA cycle is
_ prohidited.

ol (Disable interrupts)

The interupt system is disatled immediate.
g.l:uem the execution of the Bi instruc-

Cycles. 1
. States: 4
Flags: none

NOTE: Interrupts are not recognized during the
Bt instruction. Placing & D! instruction on the
bus in response 10 during an INA cycie is
prohitited.

nLy (Halt)

The processor is stopped. The registers
and fiags are unaffected. A second ALE is
gensrated during the execution of HLT to
l‘trobe out the Malt cycle status intorma-
tion.

Cycles: 1 -
States: 4
Flags: none

RIM {Read Interrupt Masks)

The RIM instruction loads data into the ac-
cumulator relating to interrupts and the
serial input. This data contains the follow-
ing information:

o Current interrupt mask status for the
RST 5.5, 6.5, and 7.5 hardware inter-
rupts (1 = mask disabled)

« Current interrupt enable fiag status (1
= interrupts enabled) except im-
mediately following & TRAP interrupt.
{See below.)

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

o Serisl input data.

immediately following & 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 accumuiator is (in this special case
only) loaded with the interrupt enable (IE)
flag status that sxisted prior to the TRAP
interrupt. Following an RST 8.5, 6.5, 7.5, or
INTR interrupt, the interrupt flag flip-flop
reflacts the current interrupt enable status.
Bit & of the accumulator (I7.5) (s loaded
with the status of the RST 7.5 flip-fiop,
which is always set (edge-triggered) by an
input on the RST 7.5 input line, even when
that interrupt has been previcusly masked.
{See SM instruction.) . N

? -
Opcods: ro'olulo'o'o'urul

0 1 1 1 0 1 1 ]

Cycles: e
States: $
Flage: none
NOP (No op)

No operation i3 performed. The registers
- and fiags are unaffected.

Aﬂm: m:[sm !I"l ll!.l [ l!i! 1€ !ms‘nulujﬂ

‘-lﬂlﬂvuﬂ Masks
L intartupt Ensbie Flag
Senat input M:
Cyctles: 1
States: 4
Flags: none

257
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(Set interrupt Masks)

The execution of the SIM instruction uses
the contents of the sccumulator {which
must be previously loaded) to perform the
following functions:

o Program the interrupt mask tor the
RST 5.5, 8.5, and 7.5 hardware inter:
rupts.

+ Reset the edge-triggered RST 7.5 in-
put lateh.

s Load the SOD output latch.

To program the Interrupt masks, firat set ac-
cumulator bit 3 to 1 and set to 1 any dits 0.
1, and 2, which disable interrupts RST 5.8,
8.5, and 7.5, respectively. Then do a SIM in-
struction. if accumulator bit 3 is 0 when the
SIM Instruction is executed, the interrupt
mask register will -not changs. M ac
cumuiator bit 4 I8 1 when the SIM nstruc-
tion is executed, the RST 7.5 iatch is then
reset. AST 7.5 is distinguished by the fact
that its latch is always set by & Aising esdge
on the RST 7.5 input pin, even if the jump to
service routine is inhidited by masking.
This latch remains high until cleared by 3
AESET N, by a SIM Instruction with ac-
cumulator bit 4 high, or by an internal pro-
cessor acknowledge to an RST 7.5 interrupt
subsequent to the removal of the mask (by
a SiM insteuction). The signal
siways sets st three RST mask bits.

it accumutator bit 8 is at the 1 level when
the SIM instruction is executed, the state
of accumulator bit 7 is loaded into the SOD
latch and thus becomes avallable for inter-
tace to an external device. The SOD latch is
unatfected by the SIM instruction if bit 8 is
0. SOD is slways reset by the

signal.

? ]

1 i 1 1 R ] 1
Opeode: ¢ 0o ] 1 [ e 0 [

mmw,

ot isoolsoz[i ln:qu:s}u:s[u:s]:i_sl

¥
1&5‘ 4.5 van
RST 69 Mask
L—RST 75 Mask
Mesk Sot Eradia
e R00t AST 7 § Fup-Freg

SO0 Enadie
Serial Owipat Oata

Cycles: 1
States: 4
Flags: none
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8085A CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE
_op or or o | or Ked
CODE WEﬁONIC cooe| MnEMONIC fcoDE] MNEMONIC CODE| MNEMONIC | CODE | MNEMONIC CODE ] MNEMONIC
"00 | NOP - JT28 jocx H 56 .[MOv DM 81]ADD C -AC {XRA H 0?7 [RST 2
(.3} Lxi.- 8,018 2C INR L 57 Mov DA 82 ADD D AD. | XRA L o8 fC
~02 |sTAax 8 20 {DeR L sg Imov EB | 83 |AaDD E AE |xRA M 09 |- :
03 |iINX 8 28 | mvi LOB s9 {mov EC 84 | ADD MW AF [XRA A DA | & Adr
ot INR 8 2F CMA sa |mov ED 85 ADD L 80 jORA 8 DB }IN 08
o5 OCR B k4] SiM 6B |MOV EE 86 ADD M 81t ORA C peC | Ccc Adr
06 {mvi B8] 31 Juxi sr,m’a‘ sc [mov EMH | 87 [ ADD A B2 |ORA D oo |-
. o7 RLC 32 STA Ade 8D jmov E.L 88 ADC B 83 ORA € DE | sar D8
o8 |- 33 INX SP 113 MOV . EM a9 ADC C B4 ORA H DOF | AST 3
08 |dAD 8 34 INR M §F MOV EA 8A JADC O 85 ORA L EO RPO
oA | LDAX B 3% DCR M 60 MOV - HB a8 ADC & ‘86 ORA M X Y {POP - H
‘o8 |ocx 8 36 MV M.D8 61 MOV MC 8C ADC M 87 ORA A | €2 3P0 Adr
oc INR [o 37 STC 62 MOV H.D 80 ADC L 88 CMP 8 €3 XTHL
o0 [OCR C 38 |~ 63 {MOV HE | BE [ADC M 89 Jomp ¢ e |cro  Agr
O mvi c,08 1 39 DAD SP 64 MOV M H 8F ADC A BA (CMP D €S PUSH M *
OF RRC 3A LDA Adr 85 MOV - H.L 90 sus B 88 CMP E E6 ANt 1]
10 - e oCcxX sP 66 MOV HM 8t |Jsus C 8C (CMP W E? RST 4
| 11 Lt D.O!d 3C INR A 6?7 MOV HA 92 sus O BD JCMP L E8 RPE
12 STAX O 3D {DCR A 68 MOV L8 93 sus E 8E jCMP ™M €9 PCHL
' 13 [iINx O 3 jmMvi Ap8 | 68 fMOV LC 94 |suB MW 8F [CMP A EA | FE Adr
4 [INR D 3F | omC 6A [MOV LD 95 suUs L €0 |RANZ €8 | XCHG
1 JOCR D 40 | Mmov B8 68 |MOV LE o8 Jsus M ci1 |jpOP B EC |crE Adr
16 MV 0,08 | 41 MOV B.C 6C MmOV LM 7 sUs A C2 [INZ Adr EO | -
17 | RAL 42 } MOV BD 60 |Mov L.L | 98 ]se8 B C3 [IMP Adr EE [ XRI D8
18 - 43 | MOV BE 6E [MOV M ¥ %88 C C4 JCNZ Adr €F |RST S
19 {pbAaD O 44 | MOV BH 6F |mov LA | 9A ]SBB O CE |PUSH B FO | RP
1A LDAX © &5 MOV B.L i) MOV MB 98 S88 E ce ADt D8 Ft POP PSW
18 |oCxX D 46 MOV BM 71 MOV MC 9C S88 M c? RST O £2 P Adr
1C {INR € 47 MOV B.A 72 MOV MD 90 |S8B L cs8 R2 F3 o]
10 {PCR E 48 MOV CB 73 MOV ME 9€ $88 M Cs RET Adr F4 cP Adr
\13 favi E,D8 | 49 MOV CC 74 MOV MM 8F SBE A CA 32 FS PUSH PSW
1F {R&R 4A MOV CD % MOV ML AO JANA B [+ - F& ORI =]
20 {Rim 48 MOV CE 76 HLT Al ANA C €C |CZ Agr F? ARST 6
k3l LX1 H,D16] 4C MOV CH 7 MOV MA A2 JANA © CO JCALL Adr F8 /M
2 SHLD Aar 4D MOV C.L 78 MOV AB Ad ANA € Ce ACt 0O8 [ SPHL
23 INX H A€ MOV CMm 7 MOV AC [ ANA H (13 RST 1 FA |IM Adr
24 {INR M 4F | MOV CA 74 [MOV AD | AS JANA L 00 |RNC FB | E!
% OCR H 50 MOV D8 78 MOV AE AS ANA M 23] POP O £C ™M Adr
2/ {Mmvi H,08 } S MOV OC C MOV AM A7 ANA A D2 {[JNC Agr FO |-
27 | DAA S2 MOV 00 70 [MOV AL A8 ] XRA 8 D3 jOUT D8 FE {CPi [}
28 - 83 MOV DE 7€ MOV  AM A8 XRA C D4 JCNC Aor FF AST 7
29 DAD H 54 MOV DH * MOV AA AA IXRA D D5 |PUSH D
24 JLHLO Adr 58 MOV D.L 80 ADD 8 AB | XRA E D6 {sut D8
D8 = constant, or logical/arithmetic expression that evalustes D16 = constant, or logical/arithmetic expression that evaluates

10 an 8 bit dats quantity.

t0 » 16 Dit data quantity.
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LAMPTRAN T - g6 -

RAJAH PIN LUAR CIP DAC0808, ADC 0801,

DAN RAM STATIK 2114

[ZAT 281]

DAC0808 |
ved 1 16 {1 COMPENSATION
GND [ 2 15 1 Vegr(-)
Vee 3 141 Veepw
lour 4 131 Ve
0,05 123 Dy
- Dg] 6 113 0,
D0 7 100 D,
D[]8 9P D,
ADCOBO1
Cs 1 20 [ Ve P
cs - As O
RD O2 9fPctkr  ° E- )
5
N WR .>3_ 18:]_0_0 A C3
CLK IN 4 17 A D, P o 4
INTR 5 160 D, A3 Os
Vines) O 6 500, O
W . Ay [Os
ING-) 47 14110, A, Q7
AGND Os 13po, - 2
y | | i csOs
REF2 H9 120 GND 9
DGND Q10 “1po, E

2114

18
17
16

15

14
13
12
11

10

- - 00000000 -
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