THE Z80 INSTRUCTION SET

THE Z80 INSTRUCTIONS: INDIVIDUAL DESCRIPTION

ABBREVIATIONS

FLAG ON QFF
Carry C (carry) NC (no carry)
Sign M (minus) P (plus)
Zero Z (zero) NZ (non zero)
Parity PE (even) PO (odd)

® changed functionally according to operation

9] flag is set to zero

1 flag is set to one

? flag is set randomiy by operation

X special case, see accompanying note on that page

bit positions 3 and 5 are always random
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PROGRAMMING THE Z80

ADCA,s Add accumulator and specified operand with
carry.

Function: A+~ A +s5+C

Formati: s:may ber, n, (HL),(IX + d), or (1Y + o)

r [ efefo [ [= =]
n [oTefefefeft]e] bytet:cE
(S ] e immedae
ML) [Tofofo] Ji]i]o]
(IX + d Ll]l]oll]ITl]Du byte 1: DD
[ JooJoft]t]r]o] bye28E

L ‘ — d — I byte 3: offset value

[+ -]

E

L 1 L L

avy+d T el ] byte i FD
[Jofofoj:[ frjof bye2:8E

—T T T 1
L g
| S N N

: ] byte 3: offset value

r may be any one of:

A - I E - 0Ol
B - 000 H - 100
C - 001 L - 101
D - 010
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THE Z80 INSTRUCTION SET

Description: The operand s and the carry flag C from the status
register are added to the accumulator, and the
result is stored in the accumulator. s 15 defined in
the description of the similar ADD instructions.

Data Flow:

A X

B (o

D E ALY | |
H L +C

Tinung: usec
s: M cycles: | Tstates: | @ 2 MHz
r l 4 2
n 2 7 3.5
(HL) 2 7 3.5
(IX + d) 5 19 9.5
(IY + d) 5 19 9.5

Addressing Mode.

Byte Codes:

Flags.

Example:

N —

CE
1A

— ]
OBJECT CODE

r: impliait; n: immediate; (HL): indirect: (IX +
d), (IY + d): indexed.

ADC A,l’ f:

L;I;[ailail:a]aZEDI

s 2 H PO N C
(o/e] lo] |@lO[@]

ADC A, IA

Before: After:

Al [ 3 o Ap g
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PROGRAMMING THE 280

ADC HL,ss Add with carry HL and register pair ss.

Function: HL - HL +ss + C

Format:

(LT LT lel  owerien
LTl o) bne

Description. The contents of the HL register pair are added to
the contents of the specified register pair, and then
the contents of the carry flag are added. The final
result is stored back 1n HL. ss may be any one of:

BC - 00 HL — 10
DE - 01l SP - I1!
Data Flow: _
A CAF
: =\
D E ALU
L [_H D +

sel |

Timung: 4 M cycles; 15 T states: 75 usec @ 2 MHz
Addressing Mode: 1mplicit.

BC DE HL SP

58
o {aloa ]

Byte Codes:
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Flags:

Example:

ED

S5A

OBJECT
CODE

THE Z80 INSTRUCTION SET

H PO N C

COREEDE0

H is set if there is a carry from bit 11.

ADC HL, DE
Before: After:
[T Mg
D 3291 E D 3291 e
H OF18 v WY AT
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PROGRAMMING THE Z80

ADD A, (HL) Add accumulator with indirectly addressed
memory location (HL).
Function: A+ A+ (HL)
Formati:
noEoEnoaiE
Description: The contents of the accumuiator are added to the
contents of the memory location addressed by Lhe
HL register pair, The result 1s stored in the ac-
cumulator.
Daia Flow:
A (" oaii
8 C
o £ b —
H LL“ MEMORY
Tinung: 2 M cycles; 7 T states: 3.5 usec @ Z MHz

Addressing Mode:

Flags:

194

Indirect.
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THE Z80 INSTRUCTION SET

Example: ADD A, (HL)
Before: After:
A ~ LT

H w0 | H[_ 9620 ]

86 9620 Bl 9620 8
OBJECT CODE

195



PROGRAMMING THE 280

ADD A, (IX + d) Add accumulator with indexed addressed
memory location (IX + d)

Function: AA+(IX +d)

Farmat:

FhTo]u[Jﬂohl byte |: DD
fLLololo[olf[nloj byte 2: 86

[————d —————]| byte 3: offset value

. | 1 J—1 L L

Description: The contents of the accumulaior are added to the
contents of the memory location addressed by the
contents of the 1X register plus the immediate off-
set value. The result is stored in the accumulator.

Data Flow:
A — /-\_/
8 C | DATA
D E
H L
/_\_/ *
ADD
Ix[_ 4|L -
d
f\/
Timing: 5 M cycles; 19 T states: 9.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flags: s 2 H PO N ¢
OOROROE0

196



Example:

N

o}
;]
03

f\—/

OBJECT CODE

THE Z80 INSTRUCTION SET

ADD A, (IX + 3)

Before:

Al ]

X

0Bs1
0862
0843
0B&4

After:

A Wllzazi

[ 0861 | 1%{ 0861 ]
04 086! 04
B2 0842 B2
36 0B&3 36
91 0Bs4 9
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PROGRAMMING THE Z80

ADD A, (IY + d)  Add accumulator with indexed addressed
memory location (IY + d)

Function; A+ A + (IY + d)

Format:

T T [ [e]¢] byer:Fp

[u[o[u[ololllllol byte 2: 86

l—: I : ;‘ : : : ] byte 3: offset value

1

Description: The contents of the accumulator are added to the
contents of the memory location addressed by the
contents of the 1Y register plus the given offset
value. The result is stored in the accumulator.

Data Flow:
{L SN
A . DATA
B c \/
D E ALY
H L + TN
/\J
1y | | T
ADD d
’\—/
Timing: 5 M cycles; 19 T states; 9.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flags: H PADN C

OOEOE0E0
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Example:.

FD

ol

OBJECT
CODE

THE Z80 INSTRUCTION SET

ADD A, (1Y +1)

Before: After:
%22 =
Al 2] "EZ G
x| 0028 1 ] 0028 ]
/-\-_.__ /-\—
0028 06 0028 ¢
002¢ 9A 002 A
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PROGRAMMING THE 280

ADDA,n Add accumulator with immediate daia n.
Function: A+~A+n
Format:

IIIIIUIUIU[illIOJ byte 1: C6

r‘ T ‘_] byte 2: immediaie
1 L

data

Description: The contents of the accumulator are added to the
contents of the memory location immediately
following the op code. The result is stored in the

accumulator.

Data Flow:

A

8 c

D 3

H L

MEMORY

Tinmung: 2 M cycles; 7 T states: 3.5 usec @ 2 MHz

Addressing Mode: 1mmediate.

rless e[e] To[ Je[0[e]

Example: ADD A, E2
Before: After:
N .
£2
P —
OBJECT CODE

200



ADDA,r

Function:

Format:

Description:

Data Flow:

Timing:

Addressing Mode:

Byte Codes:

Flags:

I o ® >

THE 280 INSTRUCTION SET

Add accumulator with register r.

A+~A +r

L fe]ofo]oj—r]

The contents of the accumulator are added with
the contents of the specified register. The result 1s
placed in the accumulator. r may be any one of:

A — 111 E - 011
B — 000 H - 100
C - 001 L — 101
b - 010

F

U
1\ V

E ALY

L +

T

| M cycle; 4 T states: 2 usec @ 2 MHz.

Implicit.

A B C D E H L

[B?lBOIBIIBZIBGIBdIBSl

H PP N C

[e]e] To[ ®[0l®]
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PROGRAMMING THE 280

Example:

/\_1

80

b —
OBJECT CODE

202

ADD A,B

Before:



THE Z80 INSTRUCTION SEY

ADD HL, ss Add HL and register pair $s.

Function: HL < HL + ss
Format:
[ofofs sfi[ofe}]
Description: The contents of the specified register pair are

added to the contents of the HL register pair and
the result is stored in HL. ss may be any one of:

BC - 00 HL - 10
DE - Q1 SP - 11
Data Flow:
A
B C
D E
', Y ﬂ
sp ]
Timing: 3 M cycles: 11 T states: 5.5 usec @ 2 MHz
Addressing Mode: Implicit.
Byte Codes: §s; BC DE HL_SP

Flags:

EEEOERC0

Cis set by carry from bit 15, reset otherwise.

Hisset by a carry from bit 11
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PROGRAMMING THE Z80

Example: ADD HL, HL
Before:
(T — H 0681 I8
29
OBJECT
CODE

204

After:

L



THE Z80 INSTRUCTION SET

ADDIX, rr Add 1X with register pair rr.
Funcuon: IX+~IX + o1
Format:

[T Tel '] [o]]byter: DD
TeT T Tololbve 2

Description: The contents of the 1X register are added to the
conteats of the specified register pair and the
result is stored back in I1X. rr may be anyone of:

BC — 00 IX - 10
DE - 0l sSP - 11
Data Flow: {} F
A
o °
D E ALY
H L +
| |
_ } r
se[ ]
Timing: 4 M cycles; |5 T states: 7.5 usec @ 2 MHz

Addressing Mode: implicit.

Byte Codes: rr:  BC DE [X SP

SN EIED
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PROGRAMMING THE 280

Flees: ENEOERE0

H is set by carry out of bit 11,
C is set by carry from bit 15.

Example: ADD IX, SP
Before: After:
T~ 1] 0000 |\ XN
oD sp] 3021 | 3021 i
)
o —
OBJECT
CODE



THE Z80 INSTRUCTION SET

ADDIY,rr Add 1Y and register pair rr.
Function: IY ~ 1Y + 11
Format:

[‘["'['!'l'l"]'lbytel:FD

Lol T olo] Joyee

Description; The contents of the [Y register are added to the
contents of the specified register pair and the
result is stored back in Y. rr may be any one of:

BC — 00 Iy — 10
DE - 01 SP - 11
Data Flow: {} F
A
B C
{ o £ ALY
H L +
1 L <—-_—
- {
se[ ]
Timing: 4 M cycles; 15 T states: 7.5 usec @ 2 MHz

Addressing Mode: |lmplicit.

Byte Codes: rr: BC DE 1Y Sp

fo- [os] 0] 2] ]
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PROGRAMMING THE Z80

Flags:

Example:

FD

OBJECT
CODE

208

ENNEREE0

H is set by carry out of bit 11.
C is set by carry out of bit 15.

ADD 1Y, DE

Before: After:

o[ 5122 fe ol 8122

v s | w5




THE Z80 INSTRUCTIOMN SET

AND s Logical AND accumulator with operand s.
Function: A+ AAs
Format: s:may ber, n, (HL), (IX + d), or 1Y + d)
r L foftfolofrrr]
n [ ][ Jelel [ 1]o] byter1:E6
[ r_ v v 1t v byte 2: immediate
12 | data

®L) o Jofo]r]i]o] a6

(X + d) |;]||o]|];|||ol,| byte 1: DD
[t ]o]  Jojo+[1]o] bye2: A6
I — ——d—— }bytc3: offset value

1 1 L

(1Y + d) ||||1|li]|]i[o||| byte 1: FD

ln]o]n[o]olrlu—[ﬂ byte 2: A6

| : : —d — ' ' ] byte 3: offset value
r may be any one of:

A-11 E - 011

B — 000 H - 100

C - 001 L - 101

D — 010
Description: The accumulator and the specified operand are

logically *and’ed and the result is stored in the ac-
cumulator. s is defined in the description of the
similar ADD instructions.
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PROGRAMMING THE ZBO

——

Data Flow:

A
8
o E L s |
H
Tinung: usec
s M cycles: | Tstates: | @ 2 MHZz:
r | 4 2
n 2 7 3.5
(HL) 2 7 3.5
(IX + d) 5 19 9.5
(1Y + d) 5 19 9.5

Addressing Mode: r: implicit; n: immediate; (HL): indirect; (IX +
d}, (IY + d): indexed.

Byte Codes: AND E H L

riA?l:OlAll:ZlA:ilAA[AS

Flags.

s 2 H @v N C
[ofe] [:] [®]O0]

Example: AND 4B
Before: After:
a3 ] N
T —
E6
48
OBJECT
CODE
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THE Z80 INSTRUCTION SET

BIT b, (HL) Test bit b of indirectly addressed memory location
(HL)

Function: Z < (HL)

Formai:

L‘l‘["l“l'l"l' {1 ] byte 1: CB-
Iol’l‘_:'b:_’[‘ [' IO_I byte 2

Description: The specified bit of the memory location address-
ed by the contents of the HL register pair is tested
and the Z flag is set according to the result. b may
be any one of:

0 — 000 4 - 100
1 — 001 5 - 101
2 - 010 6 — 110
l-o0n 7 1l

Data Flow: f

A 7 F DATA

B C

D E ALU

" t l b —
Tinung: 3 M cycles; 12 T states; 6 usec @ 2 MHz

Addressing Mode: Indirect,

PNV N C

COl LI 1]

Flags:
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PROGRAMMING THE Z80

Byte Codes:

Example:

—

o]
S

—
OBJECT CODE

212

cn. [ e ao s Tro e |

BIT 3, (HL)
Before: After:
C o Jr ik
H( 6A42 L H[ 6A42Z I
. N
4A42 05 &A42 Qs
T ]




THE Z80 INSTRUCTION SET

BIT b, (IX + d) Test bit b of indexed addressed memory location

(X + d)
Function: Z ~(IX + d)
Format:
[1[|[ol|]| In lolu] byte 1: DD
F] |]o|o||lol|l| | byte 2: CB
| 'l : : :.’ : 1 : } byte 3: offset value
Lol r[-—e—[ ]:]e] bytea
Description: The specified bit of the memory location address-
ed by the contents of the IX register plus the given
offset value is tested and the Z flag s set according
to the result. b may be any one of’
c - 000 5 —101
[ - 001 6 — 110
2 — 010 7 - L1t
3 - 011
4 — 100
Data Flow: j ;: .
B C
D £ ALU
M L 41 I/‘\_J
X — 0
BIT
3
b
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PROGRAMMING THE Z80

Timing: S M cycles; 20 T states: 10 usec @ 2 MHz

Addressing Mode: Indexed.

B Codes: b: 0 | 2 3 4 5 & 7
vie Codes 0D-CB-d- Fblaisolsslmlos l?bl?El
Flags: s 2 H PV N €
e [] f~]ef |
Example: BIT 6,(I1X + O
Before: After:
o Jr g
ix | AATI | x [ AALT ]
. ~— T
DD AATL 42 AAl 42
CB P — /_\-.._____
0
76
OBJECT CODE
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THE Z80 INSTRUCTION SET

BIT b, (IY + d) Test bit b of the indexed addressed memory loca-
tion (IY + d)

Function: Z ~(IY + d)p

Format:

['I'I'ITT"'IOLT] byte 1: FD
L] {ojofi]or]r] byte2:cB
l L B gr —— | byte 3: offset value

LT [ o] byes

Description: The specified bit of the memory location ad-
dressed by the contents of the IY register plus the
given offset value is tested and the Z flag 1s set ac-
cording to the result. b may be any one of:

0 — 000 4 — 100
| — 001 5 - 101
2 - 010 6 — 110
3 - 011 7 — 111

Data Flow:
A F /-\
B C /
0 E ALY
H L DATA
/‘\__
i/ 1 {+ /\—1
BIT
d
v~
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PROGRAMMING THE Z80

Timing: 5 M cycles; 20 T states: 10 usec @ 2 MHz

Addressing Mode: Indexed.

Byte Codes: b 0 1 2 3 4 5 & 7
Fu-ca-d-[“["ETMISEIbblos [76]7EJ

Flags: s z H PV N C
HOEDEAOE
Example: BIT 0, (Y + 1)
Before: After:
o2 Jr
e[ FF12 | ry| FF12 ]
FD FF12 81 FF12 51
CB FF1J B2 FF13 B2
Ll T b — )
48
OBJECT CODE
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THE Z80 INSTRUCTION SET

BIT b, r Test bit b of register .
Function: A -r_b
Format:

lnln[o|o||lol1lll byte 1: CB

o t [——bo—f—nr——| byte2
1 1 i [

Description: The specified bit of the given register is tested and
the zero flag 1s set according to the resuits. band r
may be any one of:

b: 0 — 000 4 — 100
1 - 001 5 — 101
2 — 010 6 — 110
3 - 011 7 — 111
T A — Il E - 011
B — 000 H - 100
C - 00l L - 101
D - 010
Data Flow: (}_—__
A (2 |
B C
) E ALY
H L
I
Timing: 2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressing Mode: Implicit.
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PROGRAMMING THE Z80

Byte Codes: biA B C D E H L
CB- O [47]40(4) 42|43 44|45
i 4F | 48 | 49 | 4A | 4B | 4C| 4D
2 |s7|s50f51|52]|51|5a]55
3 [sF|s8|se|salse|sc|sp
4 |o7| 60| 61| 62| 83] 84|85
S {eF|o8|en|ealsB|ec]sp
s |7|70|71 ] 72{73| 7475
7 |7 7879 | 78] 78| 7| 7D
Flags: s 7 H PV N C
Clof [ [+]ef ]
Example: BIT 4,B
Before: After:
B & ] [ o Jr B[__e& | [__:ss
B
&0
—
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CALL cc,pq

Function:

Formaz:

Description:

THE Z80 INSTRUCTION SET
Call subroutine on condition.
if cc true: (SP — 1) = PCpyon; (SP - 2) =

PClow: SP <= SP — 2; PC + pq
If cc false; PC — PC +3

e [ 5] v

—T T byle 2: address,

T T T T

r Ly low order

{ LIS S S i byte 3: address,
P W S S S— high order

If the condition is mel, the contents of the pro-
gram counter are pushed onto the stack as de-
scribed For the PUSH instructions. Fhen, the con-
tents of the memory location immediately follow-
ing the opcode are loaded into the low order of the
PC and the contents of the second memory loca-
tion after the the opcode are foaded into the high
order half of the PC. The next instruction fetched
will be from this new address. 1f the condition 1s
not met, the address pq is 1gnored and the follow-
ing mstruction is executed. cc may be any one of:

NZ - 000 PO - 100
Z — 001 PE - 101
NC - 010 P - 100
C - 011 M - 111

An RET instruction can be used at the end of the
subroutine being called to restore the PC.
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PROGRAMMING THE Z80

Data Flow:

Tinung:

I O wm>»

PC

SP

[CONTROH

LOGIC

T

Vi i,

v

i i

.
///////

Addressing Mode:

Byte Codes:

Flags:

220

usec
M cycles: | Tsiales: | @ 2 MHzZ
condition
lrue: 5 17 8.5
condition
not true: 3 {y 5
)

Immediale.

CC.NZ,Z NC C PO PE P M

[ﬂ_cc]mjoc‘sa [Eclr.s fC |-ap

(T LTIT]

N_C
]:] (no effect)



Exampie:

T —

cC

42

BO

/\.____
OBJECT CODE

THE Z80 INSTRUCTION SET

CALL Z, B042
Before: After:

F F
pc | 0801 | el ce0a
sp” BB12 | sei BBI2 ]

T~ T~
BBIO 8F 8810 8F
BB11 04 Ben 04
BB12 32 BB12 32
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PROGRAMMING THE Z80

CALL pq Call subroutine at location pqg.

Function: (SP — 1)+ PChigp; (SP — 2) = PCjgy; SP - SP
- 2, PC~pq

Format:

r ‘:1 - ] byte 2: address, low order

l:n..-_.u_-_ _:___-:-__:ﬁ‘ ] byte 3: address, high order

Description. The contents of the program counter are pushed
onto the stack as described for the PUSH instruc-
unons. The contents of the memory location 1m-
mediately following the opcode are then loaded 1n-
to the low order half of the PC and the contents of
the second memory location after the opcode are
loaded n the high order half of the PC. The next
instruction will be fetched from this new address.

1]

oo [ [o]] bye 1: cp 2BS

Data Flow:
A
B
pC
L
W
Timing: 5 M cycles; 17 T states: 8.5 usec @ 2 MHz

Addressing Mode: |mmediate.
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THE Z80 INSTRUCTION SET

Flags: s 2 H PV N C
LLIL T T T 1] (noeffecty
Example: CALL 40B1
Before: After:
e | AA4D | WA
s oBt4 | YR
T~ S N—
<o oz 9a w2l 477
B omia o o813/ /AR ]
40 oBla[  F4 oBlal  Fs |
b~ P —
OBJECT CODE
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PROGRAMMING THE 280

CCF Complement carry flag.
Function: C -C
Format;

Lofofe [ e[ [r]aF
Description: The carry flag is complemented.

Data Flow: 1 [ - ‘ {}

A I F

B c

o} E ALY

H L
Timing: I M cycle; 4 T states: 2 usec @ 2 MHz
Addressing Mode: Implicit.
Flags: s 7 H PV N C

L1 | [*] [ [Oe
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THE ZB0 INSTRUCTION SET

CPs Compare operand s to accumulator.
Function: A -5
Format: s: may ber, n, (HL), (IX + d), or (1Y + d).

anonnnEss
N nnnnnono:

I v J byte 2: immediate
L 11 data
ot e[ i []o] bwer:ne
ax+o (Lol [ ] ]o]1] byetioD
I'I°l'l']'|'|']°1 byte 2: BE
— byte 3: offset value

.[.] ] [J byte 1: FD

l
[.[o[n[nlulfl:[ol byte 2: BE

o

ay+d) [i]]

[—r - l byte 3: offset value

r may be any one of:

A - [11 E - Ott
B — 000 H - 100
C - 001 L — 10t
D - 010
Description: The specified operand is subtracted from the ac-

cumulator, and the result is discarded. s is defined
in the description of the similar ADD instructions.
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PROGRAMMING THE Z80

Data Flow: u B

F

a G\ OV

0 E ALY | s |

H L —

Timing: usec

s M cycles: | T states: |@ 2 MHz:
r | 4 2
n 2 7 3.5
(HL) 2 7 3.5
(IX + d) 5 19 9.5
(IY + d) 5 19 9.5

Addressing Modes: r: implicit; n: immediate; (HL): indirect;
(IX + d), (1Y + d): indexed

Byte Codes: CP r:
[BF [EB lB‘? IBA]BB lBC IBDI

Flags: H PR N C

[o[e] o] o] [®]

Example: CP (HL)
Before: After:

AL % | 3 |F a9 PZZca72¢
W[ 8203 I H B203 it

o — /-\_1
BE B203 42 B203 42
QOBJECT
CODE
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CPD

Function:

Format:

Description:

Data Flow:

Bl

H

Timung:

Addressing Mode:

Flags :
H

THE Z80 INSTRUCTION SET

Compare with decrement.

— [HL]; HL =—HL — |; BC =—BC—1

[ ] To] ] To] ] bytel:ED
[iolﬂo] llﬂull] byte 2: A9

The contents of the memory location addressed by
the HL register pair are subtracted from the con-
tents of the accumulator and the resuit 1s discarded.
Then both the HL register pair and the BC register
pair are decremented.

——
Yl

F DATA
C

]

4 M cycles; 16 T states: 8 usec @ 2 MHz

indirect.

[. xj [® Ix]/T ] Reser if BC = 0 after execution; set otherwise
s

Setif A = fHL]

F¥y



PROGRAMMING THE Z80

Example: CPD

Before: After:

Al 2a | o |r Al 24 Pracii]r

%
B 3154 < ) c

H 86BS o WO 888
T T —— T
ED B&BS 2A 8685 2A
il b L
L
OBJECT CODE
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THE Z80 INSTRUCTION SET

CPDR Block compare with decrement.
Function: A —[HL]); HL=— HL. —|; BC=—BC —I;
Repeat until BC = Oor A = [HL]
Format:
Lelef ool o] of ] byte 1: ED
{lof il {iTofol ] byte2:Bo
Description: The contents of the memory location addressed by
the HL register pair are subtracted from the con-
tents of the accumulator and the result is discard-
ed. Then both the BC register pair and the HL
register pair are decremented. If BC # Oand A #
[HL], the program counter is decremented by two
and the instruction is re-executed.
Data Flow:
(oaa ]
of s =
H L —] L’—_\.i

Timing: BC = 0 or A = [HL]: 4 M cycles; 16 T states:
8 usec @ 2 MHz
BC # 0 and A # [HL]: 5 M cycles; 21 T states:
10.5 usec @ 2 MHz

Reset if BC = 0 after
execution; set otherwise

Flags: PV N C

O o[ *['L]
t

JSet ifA = [HL]
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PROGRAMMING THE Z80

Example: CPDR
Before: After:
B 0002 c s
T — T T
) SOFE 08 S0FE 08
a9 S0FF 00 SOFF 00
L — 8100 2A 4100 2A
OBJECT CODE ] p—
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THE Z80 INSTRUCTION SET

CP1 Compare with increment.
Function: — [HL]; HL =— HL + |; BC =—BC—1|
Format:
rprprjerprjejry| bytei:ED
rlel Jolelolaf | byte2 Al
Description: The contents of the memory location addressed by
the HL register pair are subtracted from the con-
tents of the accumulator and the result is discarded,
The HL register pair is incremented and the BC
register pair is decremented.
Data Flow:
" ) DATA
Bk
0 —— ¢
N W
Tirmng: 4 M cycles; 16 T states: 8 usec @ 2 MHz
Addressing Mode: ndirect.
Flags:

Reset if BC = 0 after execution set otherwise
Dnl[]lulll [~ Set if A =[HL]
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PROGRAMMING THE Z80

Example:

T .

ED

Al

L )
OBJECT CODE

232

3
C

CPI
Before: After:
A o | F oAl o ”/////m
) 0510 c 8 %///////W%//%
wl 8489 L
T
8689 98 86B9 98
/H\ V\




CPIR

Function:

Description:

Data Flow:

THE Z80 INSTRUCTION SET

Block compare with increment.

A —[HL]; HL-— HL + 1;BC ~—BC — |;
Repeat until BC = Oor A = [HL]

L‘l'l'["l'l'[oh] byte 1: ED
Lifol [rjefofo] ] byte2:m1

The contents of the memory location addressed by
the HL register pair are subtracted from the con-
tents of the accumulator and the result is discarded.
Then the HL register pair is incremented and the
BC register pair is decremented. If BC # 0 and A
# [HL], then the program counter is decremented
by 2 and the instruction is re-executed.

Timing:

Addressing Mode:

1
T - ~

J \/ ﬁL

Ve
LT
I

BC = Oor A = [HL] ;: 4 M cycles; 16 T states:
B usec @ 2 MHz

BC # Oand A # [HL]:5Mcycles; 21 T states:
10.5 usec @ 2 MHz

indirect.
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Flags:

H PNV N C . . ,
Reset if BC = 0after execution; set otherwise

s Z
FOI?I o] l:l'_l__r_[SetifA=[HL]

Example: CPIR
Before: After:
A | ® Al [k
B oos! i

H N H 555 i

/-_-\_ /\‘
ED 0398 2A 039 2A
Bl 039C 9B 03¢9C 98
L] 03%D o] 0390 06
QBJECT C
OBE —]
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CPL

Function:

Format:

Description:

Data Flow:

Timing:
Addressing Mode:

Flags:

Example:

T

2F

OBJECT
CODE

THE Z80 INSTRUCTION SET

Complement accumulator,

A+YA

Lolef fof ] [ o] ] 2F

The contents of the accurnulator are com-
plemented, or inverted, and the result 1s stored
back in the accumulator (one’s complement).

L
o ——

Alu

I o m® >
m

1 M cycle; 4 T stales; 2 usec @ 2 MHz

Implict.

s 2 H PV N C
LIl
CPL

Before: After:

Ao ] T
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DAA Decimal adjust accumulator.
Function. See below.
Format:

[T[ﬂl]ﬂlﬂmlll—l 27

Description; The instruction conditionally adds **6’’ to the right
and/or left nibble of the accumulator, based on the
status register, for BCD conversion after arithmetic
operations,
value of value of | # added | C after

N C | high nibble | H | low nibble | to A execution
0 0 0-9 0 0-9 00 0
(ADD, { O 0-8 0 A-F 06 0
ADC, | 0 0-9 l 0-3 06 0
INCY | O A-F 0 0-9 60 1
0 9-F 0 A-F 66 1
0 A-F l 0-3 66 |
l 0-2 0 0-9 60 1
1 0-2 0 A-F 66 l
l 0-3 | 0-3 66 |
1 0 0-9 0 0-9 00 0
(SUB, |0 0-8 | 6-F FA 0
SBC, I 7-F 0 0-9 AQ 1
DEC, I 6-F | 6-F 9A I
NEG)
Data Filow;
A (4 F
a NV
8] E ALL
H L DAA
!
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Timing:

Addressing Mode:

Flags:

Example:

27

OBJECT
CODE

THE Z80 INSTRUCTION SET

| M cycle; 4 T states; 2 usec @ 2 MHz
Implicit.

PV N C

[@[e] To] Jo[ [o]

DAA

Before: After:

A2 | % JralZZl8 YA
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DECm Decrement operand m.
Function: m+m- |
Format: m: may ber, (HL), (IX+d), (IY+d)

r oo [o]
@) [ofofiJefo]efo] ] 35
ax +d)y [1Jfofefe]efof ] byter:DD
loloiW'lolilol'IbvteZ:s

I I'_l_é T

(%]

, byte 3: offset value

ay +d [ ][0 [ L]jbytexFD

Lofolifr]efr LT (| byte 2: 35
f . 4—:i ’ [ byte 3: offset value
r may be any one of:
A - 111 E - 011
B — 000 H - 100
C - 001 L - 101
D - 010
Description: The contents of the location addressed by the

specific operand are decremented and stored back
at that location, mis defined in the description of
the similar INC nstructions.

Data Flow:

I © o >
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Tinung: usec
m: M cyeles: | T siates: |@ 2 MHZ:
T | 4 2
(HL) 3 11 5.5
(IX + d) 6 23 I1.5
(IY + d) ] 23 11.5

Addressing Mode: o imnlicit; (HL): indirect; (IX + d), (IY + d}:in-
dexed.

Byte Codes: DECTr

r:[:ol:sloco[?slfo[:sl;oj

Flags: s Z H P N C
(o]e] [of [® [ |
Example: DEC C
Before: Alter:
(T o e VB
oo
OBJECT
CODE
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DEC rr Decrement register pair rr.
Function: rr~—rr — 1|
Formati:

Lefele el efef ] ]

Description:. The contents of the specified register pair are
decremented and the result is stored back in the
register pair. rr may be any one of:

BC — 00 HL - 10
DE - 01 Sp - 11
Dara Flow:
A
B
D E ALY
H -1
s ]
Timing: | M cycle; 6 T states; 3 usec @ 2 MHz
Addressing Mode: Implicit.
Byte Codes: IT® BC DE HL SP
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PV N C

SLlZ[ [Hl l I | ] (no effect).

Flags:

Example: DEC BC

Before: After:

Bl: 811 —lc ac

oB

OBJECT CODE
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DECIX Decrement 1X.
Function: IX—=IX -1
Formai:

[Tl T [ [olr]oe 00
FlorrlolsTolrlllbyteZ:ZB

Description: The contents of the EX register are decremented
and the result is stored back in IX,

Data Flow:

A

) c

D E AlU

H L — 1
Tinung: 2 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Modes: Implicit.

Flags: s Z H PV N C
(T T LT L] troctteen
Lxample: DEC X
Before: After:
(T w[___ena | <)
oo
28
V\__‘

OBJECT COOE
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DEC 1Y

Function.

Format:

Description:

Data Flow:

Timmng:

Addressing Mode:

Flags:

Example:

N —

FD
28

Vo
OBJECT CODE

THE Z80 INSTRUCTION SET

Decrement 1Y,

IY < 1Y - |

LT T e [ v 10

tolo] o] jo] ] i]|byte2:2B

The contents of the 1Y register are decrementea
and the result 1s stored back in 1Y,

T O @ P

2 M cycles; 10 T states; 5 usec @ 2 MHz

Ilmplicit.

PV N C

I:S_lz | THL | [ ] ] noeffect.

DEC 1Y

Before: After:

Y[ 900F oW o el T
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DI Disable interrupts.
Funcrion: IFF ~ 0
Format:

Ll ofelefe] B3

Description: The interrupt flip-flops are reset, thereby disabling
all maskable interrupts. It is reenabled by an EI
instruction.

Tinung: | M cycle; 4 T states; 2 use¢c @ 2 MHz

Addressing Mode: Implicit.

F[ggs_- S 7 H PV N C

rl l l [ I l [ ] (no effect),
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DINZ e

Funcrion:

Format:

Description:

Data Flow:

THE Z80 INSTRUCTION SET

Decrement B and jump e relative on no zero.

B+~B -1:ifB#0:PC~PC + ¢

Io[olo[ol byte 1: 10

I byte 2: offset value

The B register is decremented. If the result 15 not
zero, the immediate offset value 1s added to the
program counter using two‘s complement
arithmetic so as to enable both forward and
backward jumps. The offset value is added to the
value of PC -+ 2 (after the jump). As a result, the
effective offset 1s -126 to + 129 bytes. The as-
sembler automatically subtracts from the source
offset value to generate the hex code,

DINZ

AU ALY e-2

Timing:

B # 0: 3 M cycles; 13 T states; 6.5 usec @ 2 MHz.
B = 0: 2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressing Modes: Immediate.
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Flags: s z H PV N C
L1 HEEE | (no effect)
Example: DINZ % - 5 (8 = current PC)
Before: After:
~ = e A

0 pC o0ET
Fo

il 85

OBJECT CODE
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El

Function:

Format:

Description:

Timing.

Addressing Mode:

Flags:

Example:

THE Z80 INSTRUCTION SET

Enable interrupts.

IFF -~ 1

Ll el jof ] ] s

The interrupt flip-flops are set, thereby enabling
maskable interrupts after the execution of the in-
struction following the EI instruction. In the mean-
time maskable interrupts are disabied.

1 M cycle; 4 T states; 2 usec @ 2 MHz
Implicit.

Z H PV N C

lsl I Il I ]ij (no effect).

A usual sequence at the end of an interrupt routine is:
El

RETI

The maskable interrupt is re-enabled following
completion of RETI.
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EX AF, AF’ Exchange accumulator and flags with alternate

registers.
Function: AF=-wAF
Format:
[eofeef fo]ofo] o8
Desceription: The contents of the accumulator and status
register are exchanged with the contents of the
alternate accumufator and status register.
Data Flow: -
B C B c
D 3 D' E
H L H' L
Timing: I M cycle; 4 T states; 2 usec @ 2 MHz

Addressing Mode: 1mplicit.

Flags: 5z H PY N C
[eee]e[e]e]e]e]
Example: EX AF, AF'
Before: After:
N Al oa [ s JF AT w | aa_ |r
2 Al %0 [ s |p A 6 | B |F
OBJECT CODE
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EX DE, HL

Function:

Format:

Description:

Data Flow:

Tinung:

Addressing Mode:

Flags:

Example:

/\/

EB

~_

OBJECT CQODE

I O >

THE Z80 INSTRUCTION SET

Exchange the HL and DE registers.

DE «— HL

[T e

The contents of the register pairs DE and HL are
exchanged.

C
E
L

| M cycle; 4 T states; 2 usec @ 2 MHz

Implicit.
s 27 H PV N C
I l l l l I | L l {no effect).
EX DE, HL
Before: After:
o A4ES E o 9504 c
H 9604 T AdE6 L
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EX (SP),HL

Function:

Formatr.

Descripnion:

Data Flow:

Tinung:

Addressing Mode:

Flags:

250

Exchange HL with top of stack.

(SPy+—L:{SP + '+ H

Ol TiTelolef 1] Es

The contents of the L register are exchanged with
the contents of the memory location addressed by
the stack pointer. The contents of the H register
are exchanged with the contents of the memory
location immediately following the one addressed
by the stack pointer.

I O m P
m

sp[_ 4'—'_I N

5 M cycles; 19 T states; 9.5 usec @ 2 MHz

Indirect.

[ l [ I [ [ | l ] {no effect).




Example:

O —

EJ

e
OBJECT CODE

THE Z80 iNSTRUCTION SET

EX (SP), HL
Before: After
H 8290 v M\
5| 8409 ] se[ B409 ]
T
Bao?|  3F s
B40Al  OF B40Al /827
] ]
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EX (SP),IX Exchange IX with top of stack.

Function: (SP) > X|gw: (SP + 1) <> 1 Xpeh
Format:

[llllOIlIllliOllI byte i: DD

[ el ol 1] by 2: ks
Description: The contents of the low order of the 1X register

are exchanged with the contents of the memory
jocation addressed by the stack pointer. The con-
tents of the high order of the IX register are ex-
changed with the contents of the memory tocation
immediately following the one addressed by the
stack pointer.

Data Flow. A

]

o) E

H L

X i |

i :; DATA ]

5P| — N

Tirung: 6 M cycles; 23 T states; 1.5 usec @ 2 MHz

Addressing Mode: Indirect.

Flags: s Z H PV N C

[TTTTTTT ] moetfen.
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Example:

TN

00

E3

V\/

QBJECT COOE

THE Z80 INSTRUCTION SET

EX (SP), IX
Before: After:
le 9234 J le s]1.1-} J
5| 0402 | s 0402 |
/XJ /_\j
04072 aB 0402 34
0403 Y D403} 92 |
- \—/
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EX (SP), 1Y

Function:

Format:

Descriprion:

Data Flow:

Tinung:

Addressing Mode:

Flags:

254

Exchange 1Y with top of stack.

(SP) ~* 1Y]owi (SP + 1) = IYhigh

LT L [olr] bvet:

I|I|I|lo|0]olllll byte 2: E3

The contents of the low order of the 1Y register
are exchanged with the contents of the memory
location addressed by the stack poinier. The con-
tents of the high order of the 1Y register are ex-
changed with the contents of the memory location
immediately following the one addressed by the
stack pornter.

T O @ >
]

5P }—‘ TN

6 M cycles; 23 T states; 11.5 usec @ 2 MHz

Indirect.

[ l l I [ l l [ ] (no effect).




Example.

TN

FD
E3

OBJECT CODE

THE Z80 INSTRUCTION SET

EX (SP), 1Y

Before: After:
| BFO3 Y fofiin 409 2 7]
sp 6211 sp| 6211 ]

N

&M 90
6212 4D

~__

g2, ;.08
6212 V500 BR
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EXX

Function:

Format:

Description:

Data Flow:

Tinung:

I 0>

Exchange alternate registers.

BC +-BC" DE «~DE" HL «-HL

Ll ol [eTefe] ] bo

The contents of the general purpose registers are
exchanged with the contents of the corresponding
alternate registers.

F Al Fl
c al c
E D E!
L H! L

| M cycle; 4 T states: 2 usec @ 2 MHz

Addressing Mode: Implicit.

Flags:

Example:

O —
D9

b~

OBJECT
CODE

256

LSTZI l H[ —fw’ Nl cl (no effect).

EXX

Before: After:
A 04 28 F A 04 78 F
8 3% 2 c 8 8C 00 c
D 54 02 £ D 93 oo E
H Fi Do L H 4F £3 L
Al 3F 2A Flooal IF 24 I3
at 8C 00 [oLEY a9 26 o
o! 93 23] E! pt 54 02 £
H! 4F ] | L S F1 Do L




HALT

Function:

Format:

Description:

Timiing:

Addressing Mode:

Flags:

THE Z80 INSTRUCTION SET

Halt CPU.
CPU suspended.
Llfe[rfe] fefe] %

CPU suspends operation and executes NOP's so
as to continue memory refresh cycles, until in-
terrupt or reset is received.

| M cycle; 4 T states; 2 usec @ 2 MHz + inde-
fimte Nop’s.

implicit.

5 I H PV N C

LT TTTT T moeffe.
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IMO Set interrupt mode 0 condition.
Function: Internal interrupt control.
Format.

LD ]e] ] [o]'] byter:ED

lo]ulolo]olllllol byte 2: 46

Description: Sets interrupt mode 0. In this condition, the in-
terrupting device may insert one instruction onto
the data bus for execution, the first byte of which
must occur during the interrupt acknowledge cycle.

Tinung: 2 M cycle: 8 T states; 4 usec @ 2 MHz

Addressing Mode: Implicit.

Flags: s z H PV N C

I l l l l ] l l I {no effect).

258



IM1

Function:

Format:

Description:

Data Flow:

Timung:

Addressing Mode:

Flags:

THE Z80 INSTRUCTION SET

Set interrupt mode 1 condition.

Internal interrupt control.

lu[u[l[O[lllIlJ]_ll byte 1: ED
[ulnlu[nlulnlu]o—‘ byte 2: 56

Sets interrupt mode 1. A RST 0038H instruction
will be executed when an interrupt occurs.

00

38
el
0038 INT
I —

{at time of interrupt)

/\1

PCH
PCL

STACK
2 M cycles; 8 T states; 4 usec @ 2 MHz
Implicst.

s 2 H PV N C

| I I I | | I [ ] (no effect).
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IM2

Function:

Format:

Description:

Timing:
Addressing Mode:

Flags:

260

Set interrupt mode 2 condition.

Internal interrupt ¢ontrol.

|||||u|o]|]|[o|r4l byte 1: ED

Lol [ 1 ]o] byte2:se

Set interrupt mode 2. When an interrupt occurs,
one byte of data must be provided by the peripheral
which is used as the low order of an address. The
high order of this vector address s 1aken from the
contents of the [ register. This points to a second
address stored 1n memory,which is loaded into the
program counter and begins execution.

2 M cycles: 8 T states; 4 usec @ 2 MHz

Implicit.

CTTTTTLL] troetec




THE Z80 INSTRUCTION SET

IN r, (C) Load register r from port(C)
Fuaction: r — {C)
Formai:
ora [u[1L1rola[|lolﬂbylel:ED
Lol 1[————{ojolo]|bye2
Description: The peripheral device addressed by the contents of

the C regisier 1s read and the result is loaded into
the specified register.
C provides bits A0 to A7 of the address bus.

B provides bits A8 to Al5.
Data Flow:
A PORT
]
b 3
H
r may be any one of:
A - |1 E - 011
B - 000 H - 100
C - 001 L — 10]
D - ¢lo
Tinung: 3 M cycles: 12 T states; 6 usec @ 2 MHz

Addressing Mode: External.

Byte Codes:

cof ] o] s so] s e 1]
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Flags: § 2 - H @v N C
o[®] [& [®/o] |
It is important to note that INA,(N) does not have
any effect on the flags, while IN 1, (C) does.
Example: IN D, (C)
Before: After:
T = e &
Zg o[ o | [ ea  |eort ofZEA77Z [ eA Rt
A5 AS
b —
OBJECT CODE
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IN A, (N) Load accumulator from input port N.
Function: A~ (N)
Format:
Lol fof ] ol [+]oyer: DB
I { ]L l 'I" : I Ij byte 2: port address

Description: The peripheral device N is read and the result is
loaded into the accumulator.
The literal N 15 placed on lines A0 to A7 of the
address bus. A supplies bits A8 to Al5.

Data Flow: A —
A
8 < l N
o E f I—_ N
H L
PORT ’-\-._..._—
Tinnng: 3 M cycles; t1 T states; 5.5 usec @ 2 MHz

Addressing Mode: External.

Flags: PV N C

CTTTITTII] ot

Example: IN A, (B2)

Before: After:

M~ A s | [ anlr \rort Al ZE 777 @PORT
o8
»’—\.___,

OBJECT CODE
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INCr Increment register r.
Function: r+~r +1
Format: elof—= =l To]o]
Description: The contents of the specified register are in-
cremented. r may be any one of:
A — 111 E - 011
B - 000 H - 100
C — 001 L — 101
D - 010

Data Flow: i;

Al

B

D £ ALU

H + 1
Timing: [ M cycle: 4 T states: 2 usec @ 2 MHz

Addressing Mode: Implicit.

Byte Codes: f2 A B C D E H L
lacloaloc[ulmlulzcl

Flags: § z H PO N C
o/e] [o] [@[C] ]
Example: INC D

Before: After:

14

OBJECT
COCE
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INC rr Increment register pair rr.
Function: rror + |
Format: .
Lofolr - fofofr] ]
Description: The contents of the specified register pair are 1n-

cremented and the result is stored back in the
register pair. rr may be any one of:

BC - 00 HL - 10
DE - 01 SP - 11
Data Flow: ‘,\}
A
B
] E ALU
H +
sP| ]
Tinung: I M cycle; 6 T states; 3 usec @ 2 MHz

Addressing Mode: 1mplicit.

Byte Codes: rr: 8C DE HL sP
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Flags:

Example:

23

OBJECT
CODE

266

s 2z H PV N C

l l [ [ [ ] I ] |(noeffect).

INC HL

Before:

H 0814 i




THE Z80 INSTRUCTION SET

INC (HL) Increment indirectly addressed memory location
(HL).

Function: (HL) = (HL) + |

Formai:

ool Tfofi]ofo] 34

Description: The contents of the memory location addressed by

the HL register pair are tncremented and stored
back at that location.

Data Flow:
A
8 c Y
D E ALY '
H L §| +1
Tinung: 3 M cycles; Il T states; 5.5 usec @ 2 MHz

Addressing Mode: Indirect.

Flags: s 2 H PO N T
[o]®] [e] [®[O] |
Example: INC (HL)
Before: After:
Hf 04B1 b H 0681 e
/\ o N——
34 04B! 3B
L\/
OBJECT
CODE
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INC (X + d)

Funcrion:

Format:

Description:

Dara Filow:

Increment indexed addressed memory location
(IX + d).

(IX + )~ (IX + d} + |

[ T el bre 00
lo[o[u[tlo[u[o]o—]byteZ:M

LI —— é#l : ]byte3:offsetvalue

The contents of the memory location addressed by
the contents of the IX register plus the given offset
value are incremented and stored back at that
location.

]
oAt ]

Timing:

Addressing Mode:

Flags:

268

6 M cycles; 23 T states; 11.5 usec @ 2 MHz
Indexed.

H PO N C

[o]o] [o] Joc] |




THE Z80 INSTRUCTION SET

Example: INC (IX + 2)
Before: After:
ix| 0381 ] ix| 0381
oD 0381 Bl 0381 Bl
34 0382 BS 0382 85
02 0383 B89 03B
— e
OBJECT
CODE
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INC (IY + d) Increment indexed addressed memory location (1Y

+ d).
Function. Iy +d) - dY +d) + 1
Format:
Ll delefeJefo] ] byter: ¥
|o|o]||||o| ! [o[ol byte 2: 34
|—— é 1 1 1 ] byte 3: offset vatue
Description: The contents of the memory location addressed by
the contents of the 'Y register plus the given offset
value are incremented and stored back at that
focation,
Data Flow: /- ]
A Gk
B | DaTA
D E
H
v -
d
b —
Tinung: 6 M cycles; 23 T states; 11.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flaps:

OOECEORE
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Example:

FD

14

OBJECT
CODE

INC (1Y + O)
Before:
| 0601

/—\_‘

0601 51
0602 BO
T —

THE Z80 INSTRUCTION SET
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INC IX Increment IX.
Function: IX+~IX + |
Format.
I.lulollI.ll]olllbytel:DD

[ofo [ [ofolo] ]| ]byte2: 23

Description; The contents of the 1X register are incremented
and the result is stored back in IX.

Data Flow:
A
B c ; \/
4] E ALY
H L + 0
A <—
Timing: 2 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Mode: Implicit.

Flags: s 2 H PV N C

LI T 1T 11T |moeffee.

Example: INC 1IX

Before: After:

T~ x[ e | X se

00
23

OBJECT CODE

m



INC 1Y

Function:

Format:

Description;

Data Flow.

Timing:

Addressing Mode:

Flags:

Example:

T

FD
23

—
OBJECT COOE

THE Z80 INSTRUCTION SET

Increment 1Y

IY < 1Y + 1

[T LT ol Jovee : F0

lolol |]o]o]o]1l ||byte2:23

The contents of the 1Y register are incremented
and the result is stored back in 1Y.

—=

] \/
E ALU
L + 1

v <

I o ® P

2 M cycles; 10 T states; 5 usec @ 2 MHz

Implicit.
s 2 H PPV N C
LLT LT T[] moeffen.
INC 1Y
Before: After:
ST | ~ s
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IND Input with decrement.
Function: (HL) <= (C); B+~ B — |; HL - HL - |
Format:

Description: The peripheral device addressed by the C register
15 read and the result is loaded into the memory
location addressed by the HL register pair. The B
register and the HL register pair are then each

decremented.
Data Flow:
! s
WO
Timing: 4 M cycles; 16 T states;: 8 usec @ 2 MHz

Addressing Mode: External.

Flags: s 7 H
HEANE
b

PV N_C
I T-1 [ ] Set if B = 0 after execution
r‘ Reset otherwise
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Example:

(T

ED
AA

OBJECT CODE

THE Z80 INSTRUCTION SET

IND

Before: After:

B A | e |c eZZR7ZA e |
H] owsa L WA A\

=
85 BS
(T (™
06BA 0o 0sBA Y967
— b~
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INDR Block input with decrement.

Funcuon. (HL)~ (C); B~ B - | HL ~ HL - |
Repeat untilB = 0

r|’|FIOJIIT!0]L} byte [: ED
l'!°l'|'l'ﬁ['l°l byte 2: BA

Format:

Description: The peripheral device addressed by the C register
is read and the result is loaded into the memory
location addressed by the HL register pair. Then
the B register and the HL register pair are
decremented. If B 1s not zero, the program
counter 1s decremented by 2 and the instruction is
re-executed.

Data Flow.

8 FCOUNTER ]

H

L

Tinung: B = 0:4 M cycles; 16 T states; 8 usec @ 2 MHz.
B # 0:5 M cycles; 21 T states; 10.5 usec @ 2 MHz,

Addressing Mode: External

Flags:

CLT LI LT

276



THE Z80 INSTRUCTION SET

Example: INDR

Before: After:

B o | s Jo {70 s c
H 09F2 I« WSS

[ Jeomr PORT
/?‘ S 9| 6A
” owro|  £8 ovFo Bt
O%F) 48 WP A
CM ooF2[ 9a 09F2( ///W
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INI Input with increment.
Function: (HLy = (C); B—B - {; HL--HL + 1
Format:

| 'l 'I ‘I°I 'l 'l°[']bytel:ED

[Tl [ele] ol o] bwee2: a2

Description: The peripheral device addressed by the C register
1s read and the resuit is loaded into the memory
location addressed by the HL register pair. The B
register is decremented and the HL register pair is
incremented.

The contents of C are placed on the low haif of the
address bus. The contents of B are placed on the
high half. I/0 selection is generally made by C,
1.e., by AOto A7. B is a byte counter.

Data Flow:
A DATA
8}/ COUNTER c
D E PORT
R

Timung: 4 M cycles; 16 T states; 8 usec @ 2 MHz

Addressing Mode: External.

Flags:

l M l?l l?l'l |
Z is set if B = 0 after execution,
Reset otherwise
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Example:

T —

ED

A2

b
OBJECT CODE

THE Z80 INSTRUCTION SET

INi

H A112 W WA
——

21

Al12 09 A2 Pz es
b -
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INIR

Function:

Block input with increment.

(HL) = (C); B— B — I: HL = HL + [; Repeat
untitB = 0

Formnat:
LTl el fe]e] ] byet:ED
Jol [ Je]o[ o] byte2: B2
Description: The peripheral device addressed by the C regisier
1s read and the result is loaded mto the memory
location addressed by the HL register pair. The B
register 1s decremented and the HL register pair is
incremented. If B is not zero, the program counter
1s decremented by 2 and the instruclion is re-
executed.
Data Flow:
A ( ami]
B [7.counier 7/} C ///ﬂ///%// i
° T 2 } € FoRT r ‘%//W 2
WO A (- -3

Tinng:

Addressing Mode:

Flags:

280

Ui
~_]

B = 0: 4 M cycles; 16 T siates; 8 used @ 2 MHz.
B #0 5 M cycles; 21 T siales; 10.5 usec @ 2 MHz.

Exlernal.

PV N C

HOEEROnN




Example:

T~
ED
B2

)
OBJECT CODE

THE Z80 INSTRUCTION SET

INIR

Before: Afler:

o W R
o 91A5 8 w7 a4

:1] ]pom 7//’/ PORT
Q1AS5 aF
9148 10
QP1A7 oe
b —
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JP cc, pg Jump on condition to location pq.
Function: if cc true: PC + pg
Format:

L1 l-—r<.—*l°l o] byte

I T - J byte 2: address,

o]

PO low order
— T T T T T 1 byte 3: address,
I T 1_] high order
Description: If the specified condition is true, the two-byte ad-

dress immediately following the opcode will be
loaded into the program counter with the first byte
following the opcode being loaded into the low
order of the PC, If the condition is not met, the
address is ignored. cc may be any one of:

NZ - 000 no zero
Z — 001 Zero
NC - 010 no carry
C - 0il carry
PO - 100 parity odd
PE - 101 parity even
P - 110 plus
M - Il minus
Data Flow: l {}
A F CONTROL
8 C LOGIC 1P CC
b E . q
H L c—onll P
~ D T
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Timing:

Addressing Mode:

Byte Codes:

Flaps:

Example:

T

DA
24
3.

/'\.__‘___J
OBJECT CODE

THE Z80 INSTRUCTION SET

3 M cycles; 10 T states; 5 usec @ 2 MHz

Immediate.

cc N2 Z NCC PO PE P m
HCA10210A152]EA1F22F1\

5 2 H PY N C

Ll [ l I l ] lj(noeffect)

JP (, 3B24

Before: Alter:
T st e
e oo 1 el R
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JP pq Jump to location pq.

Funcuon: PC ~— pg

Format: I.].loiolololllll byte 1: C3
[T~ T 7T T 1] byte 2: address,
T T low order
S S l byte 3: address,
s o % sy high order

Description. The contents of the memory location immediately

following the opcode are loaded into the low order
half of the program counter and the contents of
the second memory location immediately follow-
ing the opcode are loaded into the high order of
the program counter. The next mstruction will be
fetched from this new address.

Data Flow: A S N—
8 = Jp
D E q
H L P
Tinung: 3 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Mode: Immediate.

Flags: s 2z H PV N C
: [T TT 1L T Jovoetrecn
Example: JP 3025
Before: After:
/—\1 pc | 5520 V' 0
ca
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JP (HL) Jump to HL.
Function; PC — HL
Formalt:

nuuonoanic

Descripnion: The contents of the HL register pair are loaded in-
to the program counter. The next instruction is
letched from this new address.

Data Flow:

C
E
L

I oo@>

el

Titnng. I M cycle; 4 T states; 2 usee @ 2 MHz

Addressing Mode:  lmplicit.

Flags: s 2z H PV N C

LJ l TL[ l ] J (no effect).
Example: JP (HL)

Before: Alter:
p-._._ M oatl G 04N JL
!/_E"C. re| 8001 | el 0

OBJECT CODE
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JP (IX)

Function:

Formar:

Description.

Data Flow:

Tinung:

Jump to IX.

PC < IX

rlhlollllllloll—l byte I: DD
rlll—[1[0jll()|0]l1 byte 2: E9
The contents of the IX register are loaded into the

program counter. The next instruction is fetched
from this new address.

I o wP
a]

[ I |

{}
v

2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressing Mode: lmplicit.

Flags:

Example.

/\__‘
o~

OBJECT CODE

286

H PN N C

[jALZI I LI l l?(noaffect).

1P (X)

Before: After:

1 { 80F1 1 x| aoF1 ]
RC | sman | el SR




JP (1Y)

Function:

Format:

Description:

Deara Flow:

Timmtng:

Adcdressing Muode:

Flags:

Examnple:

T

FD
E¥

b —
OBJECT CODE

THE Z80 INSTRUCTION SET

Jump 1o 1Y
PC ~- 1Y

I | 1 -I !I !IE_[I_) byIEI:FD
{t‘llllolllololj byte 2; E9
The contents ol the 1Y register are moved 1nio the

program counter, The next instruction will be fel-
ched from this new address.

2 M cycles; 8 T states; 4 usec @ 2 MHz
implicit.

PsY N

lez‘ lHl 1 lcj(noerfect).

JP (1Y}

Before: After:

| AAB 1w AA4B |
rel E410 ] ec
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JR ce, e Jump e relative on condition.
Function: if cc true, PC+~ PC + ¢
Format.
[o]olulc:clololo] byte |
{ : : : e;2 I I : J] byte 2: offset value
Description: If the specified condition is mel, the given offset
value 1s added to the program counter using two's
complement arithmetic so as to enable both for-
ward and backward jumps. The offset value is
added to the value of PC + 2 (after the jump). As
a result, the effective offset is -126 to + 129 bytes.
The assembler automatically subtracts 2 from the
source offset value to generate the hex code. If the
condition is not met, the offset value is ignored
and instruction execution continues in sequence,
cc may any one of:
NZ — 00 NC — 10
Z -0l C - 11
Data Flow: i L S —
A Fl L
B o \/ JR
o] E ALU e-2
H L + T —
el
# s ____L _____ 1
27 CIIIITITl
Tinung: WSeT
M cycles: | T states: | @ 2 MHz;
condition
met: 3 12 6
condition
not met: p 7 3.5
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Addressing Mode: Relative.

Byte Codes: ce: NIT 2 NC C
[20] 28] s0] 8]
Flags: 5 2 H PV N C
(I T TTTTTT moetfe.
Example: JR NC, § -3 $ = current PC
Before: Afler:
[ o Jr o I
M~ [ e
30
F8
/—\-.__.J
OBJECT CGDE

289



PROGRAMMING THE 280

JRe

Function.!

Format:

Description:

Data Flow.

A

Jump e relative.
PC<PC + ¢

[o[o]ol-]ulolo]oJ byte 1: I8

I T T T 1 T T T ]

| e2 —| byte 2: offset value

1 1 1 1 1 'l

The given offset value is added to the program
counter using two's complement arithmetic so asto
enabie both forward and backward jumnps. The off-
set value is added to the vaiue of PC + 2 (after the
jump). As a result, the effective offset is -126 to
+ 129 bytes. The assembler automatically subtracts
2 from the source offset value to generate the hex
code.

B
D
H

C —
JR
£ ALU e-2
L +
/‘\_—_‘

v VA< |

Tinung:

Addressing Mode:

Flags:

Example:

TN

1B
D2

)
QBJECT CODE

290

3 M cycles; 12 T states; 6 usec @ 2 MHz

Relative.
s 2 H PV N C
[ I I [ [ l I | J (no effect)
JR D4
Before: After:
P B100 | T

(This is a backwards jump.)



LD dd, (nn)

Function:

Formai.

Description:

Data Flow:

THE Z80 INSTRUCTION SET

Load register pair dd from memory locations ad-
dressed by nn.

ddlo\v e (nn); ddhlgh e (nn +1)

CT L Te [T To ] e t: B

ﬁ]lld;dli'loll !l}bylez

| S B ERS S s byte 3: address,
r PNV ] lgw order ;
T T l byte 4: address,
C v 0 v high order

The contents of the memeory location addressed by
the memory locations immediately following the
opcode are loaded into the low order of the
specified register pair. The contents of the
memory location immediately following the one
previously loaded are then loaded into the
high order of the register pair. The low order byte
of the nn address immediately follows the opcode.
dd may be any one of:

BC - 00 HL - 10
DE - 0l SP - 11
TN
e ]
A I
B c i 0 ]
D 3 LN
H L /—\J
sel : ]
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Timing:

6 M cycles; 20 T states: 10 usec @ 2 MHz

Addressing Mode: Direct,

Byte Codes:

Flags.

Example:

£ED
58
21

OBJECT CODE

292

dd: BC DE HL SP

to- [40] 0] en] 7o]

5 Z H P N C

[—[ l 1 I l ] l_] (no effect)

LD DE, (5021)

Before: After:

o| DBE2 e o % 7 ¢

5021 Fa 5021 F4
5022 30 5022 30



LD dd, nn

Function:

Format:

Description:

Data Flow:

Tinung:

Addressing Mode:

Byte Codes:

Flags:

THE Z80 INSTRUCTION SET

Load register pair ¢d with immediate data nn.

dd = nn

| l ] OIOEberI

T 1 byte 2: immediate
1 I 1_1 | b1} data, low order

I T T Ibyte3: mmmediate
Y (DS S T data, high order

1]

1]

T
1

The contents of the two memory locations im-
mediately following the opcode are ioaded into the
specified register pair. The lower order byte of the
data occurs immediately after the opcode. dd may
be any one of:

BC - 00 HL - 10
DE - 0] SP - 11

/\d
3 E:_L1
L n

n

o[ ] .

I O ® »
2]

3 M cycles; 10 T states; 5 usec @ 2 MHz

Immediate.

dd: BC DE HL &P

H PY N C

[S—IZI T l | l IJ (no effect)
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Example; LD DE. 4131
Before: After:
N o[ 0394 e B =
n
ET)

41

OBJECT CODE

294



LDr,n

Function.

Format:

Description:

Data Flow:

Tinung:

Addressing Mode:

Byte Codes:

Flags:

THE Z80 INSTRUCTION SET

Load register r with immediate data n.

r+n
| 0 [~—i—I | byte 1
l — _'._ L — j byte 2: immediate data

The contents of the memory location immediately
following the opcode iocation are loaded into the
specified register. r may be any one of:

A — 111 E — 011

B — 000 H - 100

C - 001 L — 101

D - 010

T —

A
B c LD
] E<'_— n
H ¢ a—

2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Immediate.

r:l;[oil;[zsllea[;[:eJ

5 Z PV N C

l I [ l l ITJ] {no effect).
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Example: LD C,3B
Before: After:
(T o ] <7
[
38
L'\_/
OBJECT CODE
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LDr,r Load register r from register r’,
Function: r+~r
Format: — —_—
Lol ===
Description: The contents of the specified source register are
loaded into the specified destination register. r and
£’ may be any one of;
A — 111 E — 011
B - 000 H - 100
C - 001 L - 101
D - 010
Data Flow: A
B C |
o E
H L
Timing: I M cycle; 4 T states; 2 usec @ 2 MHz

Addressing Mode:

Implicit.

A B C D E H L (source)

Byte Codes:
A {7F| 78|79 |7a| 78] 7C| 7D
B |47]|a0|41]a2]a3|ada]as5
C |4 |48]a9]aalaB]ac]ap
O |57]|50)5 |52[53]|54](55
E |5F|58]|59]5a]s8|sc|sD
H [67]|e0]61]|62]63]06d]65
L |oF e8| a9 |eales]sc]en

{dest.)
Flags: $ Z H PPV N C

HEEEEEEN

(no effect).
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Example: LD H, A

Before: After:

Al e | Al e ]

o ] T

&7

e
OBJECT CODE
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LD (BO), A Load indirectly addressed memory location (BC)
from the accumulator.

Function: (BOY — A
Format:
:o'o]o[oh'olq lol 02
L ! . 1 l
Description: The contents of the accumulator are loaded tnto

the memory location addressed by the contents of
the BC register pair.

Data Flow:
A
8 C
0 | [ U]
. 1 oz
DATA
Tinung: 2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Addressing Mode. Indirect.

Flags: s .z M _PWN C
L1 L1 1] tmoeffeen.
Example: LD (BC), A
Before: After.
Al ] |
B 4109 Jc s 2109 Je
/\1 7N
02 4109 1E 4109 W

OBJECT CODE
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LD (DE). A

Function:

Format:

Description:

Data Flow:

Tinmng:

Addressing Mode:

Flags:

Example:

OBJECT CODE

300

A

D

Q392

I o md»

Load indirectly addressed memory location (DE)
from the accumulator.

(DE)~ A
Telol e To o]

The contents of the accumulator are loaded into
the memory location addressed by the contents of
the DE register pair.

. 51
L2

2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Indirect.

s Z H P/Y N C
[TTTTTTT] Gt
LD (DE), A
Before: After:
Al e ]
{ D392 1e of 0392 le
/\/

F7 0392




THE Z80 INSTRUCTION SET

LD{HL),n Load immediate data n into the indirectly ad-
dressed memory location (HL).

Function: (HL) < n

Format:

Lefol [ Te] i Te [e] by 1:36

I" T TrT v T byte 20 immediate
T S data
Description. The contents of the memory location immediately

following the opcode are loaded into the memory
location indirectly addressed by the HL data
pointer

Data Flow:

I QO ® »

Timing: 3 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Mode: Immediate/indirect.

Flags: s Z H P/Y N C
l I ] l I l [ l I (no effect).
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Example:

T——

k-]

5A

/\._‘___
OBJECT CODE

302

H

Ad42

Ju

LD (HL), 5A

Before: After:

( Ad42 Jo H A342
0 A2 [T

/—\_4




THE Z80 INSTRUCTION SET

LD (HL),r Load indirectly addressed memory location (HL)
from register r.

Function: (HL) < r

Format:

Lol fel=—]

Description. The contents of the specified register are loaded
into the memory location addressed by the HL
register pair. r may be any one of:

A - 111 E — 011
B - 000 H - 100
C — 00! L - 101
D - 0i0
Data Flow:
A
B
o E DATA
H L
| I
Timing: 2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Addressing Mode: Indirect.

Byte Codes: m A B8 C D E H L
lnlmlﬂlnlnlu[ul
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Flags: sz H PV N C
l l l [ [ [ | | | {no effect).
Example: LD (HL), B
Before: After:
s& ] s & ]
Ml cso1 o H| 501
/_\“—-—' /_\‘-—-_.
70 501 2A cs01
T — b —
OBIECT CODE
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LDr,(IX + d) Load register r indirect from indexed memory
location (IX + d)

Function. r—{UX + &

Format:

I | lo [ | I byte [: DD
ol i l——r—J i1 ]l1]o byle 2
[ ]e]
T T J byte 3: offset value

Description: The contents of the memory location addressed by
the 1X index register plus the given offset value,
are loaded into the specified register. r may be any

one of:
A — 111 E - 011
B - 000 H - 100
C — 001 L — 101
D - 010
DATA
Data Flow:
afa Flow N ) N.—}
8 c
5 : S /\—1
H L LD
x| } d
/‘\____J
Tinung. 5 M cycles; 19 T states; 9.5 usec @ 2 MHz
Addressing Mode: Indexed.
Byte Codes: r A B € D E H L

oo:ln].aolmlsolseloolés -d
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Flags.‘ 5 Zz H PvY N C
[(TITITTT] ot
Example: LD E, (X + 3
Before: After:
[ e 57
x| 3020 | x| 3020 |
oo 3020 2A 026 24
5€
05
—~_ 3025 15 3025 15
OBJECT CODE T~
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LDr, (Y + d)

THE Z80 INSTRUCTION SET

Load register r indirect from indexed memory
location (1Y + d)

Function: r+ (Y + d)
Format:
Lol el belefo]t] byrer: P
o] ']'_'T‘l ] o] byte2
[ — 99—/ ] byte 3: offset value
Description: The contents of the memory location addressed by
the 1Y index register plus the given offset value,
are loaded into the specified register. r may be any
one of:
A - 111 E - 011
B - 000 H - 100
C - 001 L - 101
D - 010
S
DATA
Darta Flow:
ala ow A /\‘_‘.~|
8 ¢ T
D E
H L )
Iy ] d
T —
Timing: 5 M cycles, 19 T states; 9.5 usec @ 2 MHz

Addressing Mode:

Indexed.
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B Codes: rr A B C D E H L
yie Lodes Fo-’75[4alaelso]s¢|oa|ael-d

Flags: 5 Z H PV N C

[TT T T[] oo
Example: LD A, (IY + 2)

Before: After:

wl[ BOOS 1 e[ B0OS

FD BOOS 61 BOOS 61

7E

02 8007 F9 BOO7 F9
] | N~
QBJECT CODE
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LD (X + d),n Load indexed addressed memory location (IX +

Function:

Format:

Description:

Data Fiow:

Tinmung:

Addressing Mode:

Flags:

d) with immediate data n.

(IX +dy=n

[|
| o

|:_ - : {’ ' ' Yﬁ| byte 3: offset value

I[ol| |I|Io[|]bytel:DD
[o] ] l

I
of Ti]o] [ 1To]byte2: 36

1
T T T oA T ] byte 4. immediate
A1 A A l 1 I A d

ata

The contents of the memory location immediately
following the offset are transferred into the
memory location addressed by the contents of the
index register plus the given offset value.

A DATA
. C;
o t
H /\
ix] | 0
7
N —

5 M cycles: 19 T states; 9.5 usec @ 2 MHz

Indexed/immediate.

s 2 PN N C

rl I FH] [ ] I ] (no effect).
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Example: LD (X + 4), FF

Before: After:

X[ e 1 ox[ BI09

DD B9 &0 B109 60

)

4

FF B10D 4 BIODEZZ Fr ]
b V\.\__J

OBJECT CODE
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LD (IY + d),n Load indexed addressed memory location (1Y +

Function:

Format:

Description:

Data Flow:

Timing:

Addressing Mode:

Flags:

d) with immediate data n.

(IY + d}) = n
vi1|r i |ijo |1 | bytel: FD
[T[o[1[1[o]1 [1 I[Ll byte 2: 36
[-—{ } } c'g { —z I ] byte 3: offset value
[ 11 ' T T 71| byte4: immediate
T T TR S N data

The contents of the memory location immediately
following the offset are transferred into the me-
mory location addressed by the contents of the
index register plus the given offset value.

A vl LD
B c ~
D E

d
H| L it .
v | ]

i

5 M cycles; 19 T states; 9.5 usec @ 2 MHz

Indexed/immediate.

Pv N C

| no effect).
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Example:

s

FD
6
03
BA

/\/

OBJECT CODE

312

LD (IY + 3), BA

Before: After:
iy [ 0100 1 | 0100
0100 D2 0100 D2
2 82
OF oF
0103 o4 0103 %



LDAX + d)r

THE Z80 INSTRUCTION SET

Load indexed addressed memory location (IX +
d) from register r.

Function.: (IX + dyw—r
Format:
Ll Jofilefife] ] bytet:DD
Lol e[ [ lof=ror] bye2
I ' 1 1 1 ] l byte 3: offset vatue
Description: The contents of specified register are loaded into
the memory location addressed by the contents of
the index register plus the given offset value. r may
be any one of:
A — 111 E - 011
B — 000 H - 100
C - 001 L - 101
D - 010
Data FI Vi
a N
a Flow R , ~
B d
o iy /\_I
H L ) )
x| ] d
/‘\-_.’
Tinung: 5 M cycles; 19 T states; 9.5 usec @ 2 MHz
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Addressing Mode: Indexed.

Byte Codes: rr A B C D E H L
oo-lrrlrolnl?:l?:;lnlwsl-d

Flags: s 2 H PAVN €

[ l I l [ I I l J (no effect).

Example: LD (IX + D, C
Before: After:
e e & e
x| 4462 | | 4462 |
/—\___ o —
DD 4462 9b
21 4463 OF
or P
b —
OBJECT CODE
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LD (IY + d),r Load indexed addressed memory location (IY +
d) from register r.

Function: (1Y + d) +~r

Formati:

[l
T T

[T T TeT] byero
TT Ll b

] byte 3: offset value

I 1

Description: The contents of the specified register are loaded
into the memory location addressed by the con-
tents of the index register plus the given offset
value. r may be any one of:

A — 1] E — 011
B - 000 H - 100
C - 001 L - 10!
D - 0l0
Data Fi D
{
ata Flow . ]
B C [ —— /-\-—.‘
o E
H L D
Y d
f'"\_‘_‘_/
Tinung: 5 M cycles; 19 T states; 9.5 usec @ 2 MHz
Addressing Mode: Indexed.
Byte Codes: w A B C D E H |

FD-,E]?O I7| l?2 I73 I74 l?S]-d
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Flags:

Example;

FD

03

OBJECT CODE

316

5 Z H

PV N C

[ ] | I l l I l l(noeffect).

LD (Y + 3), A

Before: After:
A ] N
[ SABA ] [ ABA
N I~
SAba 2! 5AB4 21
SAB7 5A 5AB7 W
-




THE Z80 INSTRUCTION SET

LD A, (nn) Load accumulator from the memory location
{nn).

Function: A~ {nn)

Format:

:[: sloln[O] byte 1: 3A
T lbyte 2: address, low

L TR order byte

T T '_J byte 3: address, high

' =t order byte
Description: The contents of the memory location addressed by

the contents of the 2 memory locations immediate-
ly following the opcode are loaded into the ac-
cumulator. The low byte of the address occurs im-
mediately after the opcode.

Data Flow: TN
A —— DATA
B8 C -t
D E
H !
/\
o
n
n
/\/
Timing: 4 M cycles; 13 T states; 6.5 usec @ 2 MHz

Addressing Mode: Direct,

7



PROGRAMMING THE Z80

Flags:

Examiple:

N

A

01

3

~

0BJECT COOE

318

H PAYN C

lslzl 1 I! l ] ] (no effect).

LD A, (330D

Before: Alter:

A N i

N

3301 28 330t 2B




LD (nn), A

Function:

Formai:

Description:

Data Flow:

Timing:

Addressing Mode:

T QO @ >

THE Z80 INSTRUCTION SET

Load directly addressed memory location (nn)
from accumulator.

{nm+~ A

] byte 2: address, low

order

] byte 3: address, high
order

|y = }—
—1— == p—
Y U [ S U W

o]  ]o] byte1:32
——
f T [
1 1 1

badbod —

The contents of the accumuiator are loaded into
the memory location addressed by the contents of
the memory locations immediately foliowing the
opcode. The low byte of the address immediately
follows the opcode.

:c(>=
N
~

4 M cycles; 13 T states; 6.5 usec @ 2 MHz

Direct.
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PROGRAMMING THE Z80

Flags: 5 z H PV N C

[l l I l l I Ij (no effect)

Example: LD (0321), A
Before: After:
N Am ]
/\_A /\/
32 0321 06 02
21
0 TN

OBJECT CODE

320



LD (nn), dd

Function:

Format:

Descriptions:

Data Flow:

THE Z80 INSTRUCTION SET

Load memory locations addressed by nn from
register pair rr.

(nn) *ddjgw; (nn + 1) —ddhigh

Pl T o] ] Jo]t] byte1: ED
iOJI[dZdIOlO]l [j byte 2

r 1 7717 byte 3: address,
L 1 1 1 r|‘ L 1 L low order
I S S J byte 4: address,
I I high order

The contents of the low order of the specified
register pait are loaded into the memory location
addressed by the memory locations immediately
following the opcode. The contents of the high
order of the register pair are loaded into the
memory location immediately following the one
loaded from the low order. The low order of the
nn address occurs immediately after the opcode.dd
may be anyone of:

BC - 00 HL - 10
DE - 01 SP - 11
e
R o
. c dd
o 3 n ]
H L n
sp | ] TN

L=
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PROGRAMMING THE 280

Tinung: 6 M cycles; 20 T states; 10 usec @ 2 MHz
Addressing Mode: Direct.

Byte Codes: dd: BC DE HL SP

- [o] sa] ] %]

Flags: s 2 H P/Y N_C

[ l [ I l ] [ [ ](noeffect).

Example: LD (040B), BC
Before: After:
B[ 0221 ool 0221 c
N
ED 0408| 08 04082 ]
4 040C AB 040C //JW/
0B
04 TN
QBJECT
CODE

322



LD (nn), HL

Function:

Format:

Description:

Data Fiow:

Tinmung:

Addressing Mode:

X O ®»

THE Z80 INSTRUCTION SET

Load the memory locations addressed by nn from
HL.

{(nn) = L;{nn + D+ H

Ledols FUIOTOl IOIbvtelzz

P ——— T byte 2: address,
N low order
1 byte 3: address,
LT high order

The contents of the L register are loaded into the
memory location addressed by the memory loca-
tions immediately following the opcode. The con-
tents of the H register are loaded into the memory
location 1mmediately following the location
loaded from the L register. The low order of the
nn address occurs immediatety after the opcode.

N

LD

5 M cycles; 16 T states; 8 usec @ 2 MHz

Direct.
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Flags:

Example:

OBJECT
CODE

324

Z H P/V N C

CTTTITII] woefeen.

LD (40B9), HL

Before: After:

nLmea oW mea

/\_, /\_/
4089 20 4089 [ 487
40BA 9F w08l 07

V\/

_



LD (on),IX

Function:

Format:

Description.

Data Flow.

Timing:

Addressing Mode:

r o ® >

THE Z80 INSTRUCTION SET

Load memory locations addressed by nn from 1X.

(nn) + IX|ow; (nn + 1) < 1Xpjph

(LTl [ [T [e]] bwe s: oD

o{o|rfolo]o [ | o byte 2: 22
[T byte 3: address,
e oy low order
[ T T byte 4: address,
{ i 1 1 : I 1 | hlgh order

The contents of the low order of the IX register
are loaded 1nto the memory location addressed by
the contents of the memory location immediately
following the opcode. The contents of the high
order of the IX register are loaded into the
memory location immediately following the one
loaded from the low order. The low order of the
nn address occurs immediately after the op code.

Y
7//////

6 M cycles; 20 T states; 10 usec @ 2 MHz

Direct.
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Flags:

Example:

DD

22

28

01

OBJECT
CODE

326

s 2 H PV N C

m l I l JJ_] (no effect).

LD (012B), IX

Before: After:

[ _oaoe ) x 0404

=

0128 D3 o128 U706 /)
oy %A ovzc 0




LD (nn), 1Y

Function.

Format:

Description:

Data Flow:

Tinung:

Addressing Mode:

I oW >

THE Z80 INSTRUCTION SET

Load memory locations addressed by nn from Y.

(nn < IY|gwi (nn + 1) = [Yhjop

LT el e 1 0
r—l—l—[ [oTo [ Jo] byte2: 22

L T_T_ 1T ) byte 3: address,
L+ 0 0 v 1 Jlow order
(T T 7T T T ] byte 4: address,
n
L 1 1 1 1 L 1 1 J h]gh order

The contents of 1he low order of the I'Y register are
loaded into the memeory location addressed by the
contents of the memory locanons immediately
following the opcode. The contents of the high
order of the IY register are loaded into the
memory location 1mmediately following the one
loaded from the low order. The low order of the
nn address occurs immedialtely after the opcode.

N

LD

N
_

6 M cycles; 20 T states; 10 usec @ 2 MHz

Direct.
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Flags:

Example:.

FO

22

04

80

/—\/

OBJECT CODE

328

5 Z H PV N C

[ l l J l [ I lJ (no effect)

LD (BD04}, 1Y

Before: After:

[ p2oe | | D204

8004 %
8005 8

N
TN




THE Z80 INSTRUCTION SET

LD A, (BO) Load accumulator from the memory location in-
directly addressed by the BC register pair.

Funcrion: A~ (BOY

Format:

(oo TeTs [ To] 5] oa

Descripuion. The contents of the memory location addressed
by the contents of the BC register pair are loaded
into the accumujator.

Data Flow:
B
8 ‘ C /\—’J
D |E DATA
H i it _l_.
’\J
Tinning: 2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Addressing Mode: Indirect.

Flags: s 2 H PV N €

LI T I I 111 toeffen.

Exariple: LD A (BO
Before: After;
a[ A ] NZZd 2
8 3201 lc s 3201 C
TN N N
0A 2201 4 3201 41

OBJECT CODE

329
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LD A, (DE)

Function:

Format.

Description:

Data Flow:

Tinung:

I <o ® P

Addressing Mode:

Flags:

Example:

1A

OBJECT CODE

330

A

D

6051

Load the accumulator from the memory location
indirectly addressed by the DE register pair.

A +~ (DE)

[elofol frfofi]of1a

The contents of the memory location addressed by
the contents of the DE register pair are loaded 1nto
the accumulator.

i

=1

L /_\__J

2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Indirect.

H PV N C

FSLZT l i—l ] IJ(Noeffect).

LD A, (DE)

Before: After:

57

[ eos e of 6as1 e
Q9 &051 o9

T —— ] b




THE Z80 INSTRUCTION SET

LD A,1 Load accumulator from interrupt vector register |.
Function: A-—1
Format:

Cleledel [ lol ] by oo
Lol [al [l de[ ] byre2: 57

Description; The contents of the interrupt vector register are
loaded into the accumulaltor.

Dara Flow:

Timng: 2 M cycles; 9 T states; 4.5 usec @ 2 MHz

Addressing Mode: Emplicit.

Flags: S zl H PV N C Setto th ent
el to the contents
(el Tol Lol I-Siete
Example: LD A,lI

Before: After:

T~ T W ® g [ e )

ED
57

OBJECT CODE
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LD ILA Load Interrupt Vector register [ from the ac-
cumulator.

Function: l+— A

Format. I|[|I|]ol|l|loluj byte 1: ED

[0|r|0]0|o||l.lglbyte2:47

Description: The contents of the accumulator are loaded into
the Interrupt Vectlor register,

Datag Flow:

I O @
N

VY

Timing: 2 M cycles; 9 T states; 4.5 usec @ 2 MHz
Addressing Mode: lmplicit.

Flags: s Z H PV N €
[TTTITLT] toetrecs
Example: LD LA
Before: After:
/\_4 al e [ p2 | al o | e
ED
a7

GBJECT CODE

3R



LD A,R

Function:

Format:

Description.

Dara Flow:

Tinming:
Addressing Mode:

Flags:

Example:

OBJECT CODE

THE Z80 INSTRUCTION SET

Load accumulator from Memory Refresh register
R.

A+—R

rj |I||o[|[110m byte 1: EDw
Gl LT by s

The contents of the Memory Refresh register are
loaded into the accumulator.

N

8 C

D E

H L
R

2 M cycies; 9 T states; 4.5 usec @ 2 MHz

Implicit.

H PV N C

e[l o I~[o ]

set to contents of 1FF2

LD A,R

Before: After:

Al &2 R[ e | AEZIRRZZAR A
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PROGRAMMING THE Z80

LD HL.(nn) Load HL register from memory locations addres-

sed by nn.
Function: L={mhiH<+~(an+1D
Format:
[olo[||oll l(]ll ILI byte 1: 2A
l—' L S SN J byte 2: address, low
H 2 y 1 i ] 1 order
[ LI S S S S ] byte 3: address, high
bt L 11| order
Description: The contents of the memory location addressed by
the memory locations immediately after the op-
code are {oaded into the L register. The contents
of the memory {ocation afler the one loaded into
the L register are loaded into the H register. The
low byte of the nn address occurs immediately
after the opcode.
Data Flow: 1
A
B c n
D E
H V77 ///// L
Tt ,
| v
Titning: 5 M cycles, 16 T states; 8 usec @ 2 MHz
Addressing Mode: Direct.
Flags: s 2 H PVN C

f l J l ] L [ —l {no effect)
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Example:

OBJECT CODE

THE Z80 INSTRUCTION SET

LD HL, (0024)

Betore: After:

M o8eF M Wl e

N

0024 69 0024

0025 4D 0025
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LD 1X, nn Load IX register with immediate data nn.
Function: IX < nn
Format:

(T To L o] owe -
[o]ol IOIOIO]OIbeteZ 21

(T 1 O beteli immediate
1

I - ' L1 data, low order
’ S I S S N S J byte 4: immediate
11 1 1t Jdata, high order
Description: The contents of the memory locations immediale-

ly following the opcode are loaded into the IX
register. The low order byte occurs immediately
after the opcode.

Data Flow:

I 0 o>
”m

Tinnng: 4 M cycles; 14 T states; 7 usec @ 2 MHz

Addressing Mode: Immediate.

Flags: s 2 H PY N C

LT T 1T T T 1] (oeffey

336
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Example: LD IX,BOB1

Before: After:

T~ x [ 306F | <

8] 2]
21

Bt
BO

OBJECT CODE

kX7)



PROGRAMMING THE Z80

LD IX, (nn) Load IX register from memory locations ad-
dressed by nn.

Funcrion; Xjow = (nnk Xpigh = (nn + 1)

Clelo el fr[of ] by r:op
F’T “7—[“'7@—'_'[;-[7_‘[3 byte 2: 2A

(T byte 3: address,
| T low order

[——v——r'-r"**r ~v—T 1 byle 4: address,
o 0 | high order

Format:

Descriptions: The contents of the memory location addressed by
the memory locations immediately following the
aopcode are loaded into the low order of the IX
register. The contents ol the memory location im-
mediately following the one loaded into the low
order are loaded into the high order of the IX reg-
tster. The low order of the nn address immediately
follows the opcode.

Data Flow: TN
- T3]
A ——————{
B C -
0 E
H e

n
n
N /_\_)
;
¥

Tinung: 6 M cycles; 20 T states; 10 usec @ 2 MHz

Addressing Mode: Direct.
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Flags: 5 2 H PAY N C

l l ] J I l l l ] (no effect).
Examiple: LD IX, (010B)

Before: After:

x| FF4B 1 Y

oo owe 00 0108 00

2A 010C 32 a0 2

08

¢l ’_\_) ’\_/
TN

OBJECT CODE
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PROGRAMMING THE 280

LDIY, nn

Function:

Formati:

Description:

Data Flow.

Tinung:

Addressing Mode:

340

Load 1Y register with immediate data nn.

1Y = nn

[ ST T T R T I I+ I I byte I: FD
lolurT'J_ololo 0 nlbyle2:21
[ S S A l byte 3: immediate
' daia, low order
Efr T J byte 4: immediate
bt L data, high order

The contents of the memory locations ummediate-
ly followtng the opcode are ioaded into the 1Y
register. The low order byte occurs immediately
after the opcode,

4 M cycles; 14 T states; 7 usec @ 2 MHz

Immediate.



THE Z80 INSTRUCTION SET

Flags: 5 2 H PV N C

U I l l I l lj (no effect)

Example: LD 1Y, 21

Before: After:

TN | 0498 | Y5

FD
21
21

OBJECT CODE

341



PROGRAMMING THE 780

LD 1Y, (nn)

Function:

Format:

Description:

Data Flow:

342

Load register IY from memory locations addressed
by nn.

lYlOW +~ (nn}); thigh —(nn +

G LT Lo ove 70
| [ BE }_ byte 2: 2A

S byte 3: address,
I T S low order
LA S, AL . l byte 4: address,
| I A high order

The contents of the memory location addressed by
the memory locations immediately following the
opcode are loaded into the low order of the 1Y
register, The contents of the memory tocation im-
mediately following the one loaded into the low
order are toaded into the high order of the IY
register. The low order of the nn address im-
mediately follows the opcode.

/

LD

0 3 .
H L V‘\_/
v )
[
TN



THE Z80 INSTRUCTION SET

Tinming: 6 M cycles; 20 T states; [0 usec @ 2 MHz

Addressing Mode: Direct.

Flags: s 2 H

HEEE ]PNLN Lcl (no effect).

Example: LD 1Y, (500D)
Before: After:
1Y | 6002 | Y s
= T
O 5000 03 5000 03
2A S00E 44 500€ 44
B TN
OBJECT
CODE

343
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LD R,A

Function:

Format:

Description:

Data Flow:

Tinung:
Addressing Mode.

Flags.

Exainple:

ED
4F

OBJECT CODe

344

Load Memory Refresh register R from the ac-
cumulator.

R+~A

Lu[.[rlOLL]uln] byte |: ED
T Tole [ [ L Tr] brez 4

The contents of the accumulator are loaded 1nto
the Memory Refresh register.

I o ® >
m

RG]

2 M cycles; 9 T states; 4.5 usec @ 2 MHz

[mpliait.

H PV N C

[TTTTT L] woeite

LD R. A

Before: After:

Al or | o Al o 1 RPZEGT




LD SP, HL

Function:

Format:

Description;

Data Flow:

Tirning:

THE Z80 INSTRUCTION SET

Load stack pointer from HL.

SP <~ HL

LB D el foe ] o

The contents of the HL register pair are loaded in-
to the stack pointer.

C

I o = »

E

B

I M cycles; 6 T states; 3 usec @ 2 MHz

Addressing Mode: Implicit,

Flags:

Example:

Fo
OBJECT
CODE

5 Z —H_l_

PV N C

_] _ , (no effect)

LD SP, HL

Before: After;
H[ Q6AF jL HF DOAF fL
5P | OBOE J SPW SAF A
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PROGRAMMING THE Z80

LD SP,IX Load stack pointer from IX register.
Function: Sp—1X
Format:

‘_'L' of | .Io[.|byle1:DD
O T Jeto] ] bye2Fo

Description: The contents of the 1X register are loaded into the
stack pointer.

Data Flow: o
A
B
o E
H !
1% P |
s Wg
Tinung: 2 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Mode: Implicit.

Flags: sz H_PvNC
I:_ L L_J ‘ r'_I_l J {no effect)
Example: LD SP,IX
Before: After:
(\/ T 0902 o[ e ]
0o
F9 s 54A0 | s w0277
CODE

346



THE Z80 INSTRUCTION SET

LD SP.1Y Load stack pointer from 1Y register.
Function: SP ~ 1Y
Format:

L e e v
O LT e o] ez b9

Description: The contents of the 1Y register are [oaded into the
stack pointer.

Data Flow:
A
8 C
o E
H L
i I
Timing: 2 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Mode: Implicit.

Flags: s 2 H__PYN C
[T LT IT L] wmoere
Example: iD SP,1Y
Before: Aflter:
N
o Y T

\\
N
N

AW

se 004 | w2

OBJECT CODE
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LDD Block load with decrement.

Function: (DEY+~ (HL); DE+< DE - |; HL+< HL - |;
BC <« BC -1

Forinat:

||T| l 1 lol | l'—I(LL'] byte I: ED
[Tel el ToTelo] byie2: a8
Description: The contents of the memory location addressed by

HL are loaded nto the memory location address-
ed by DE. Then BC, DE, and HL are all

decremented.
Data Flow: ,m
ata Floy N T
W// c ]
N s
W7 e
Timrnig: 4 M cycles; 16 T states; 8 usec @ 2 MHz

Addressing Modes: [ndirect.

Flags: PV N C
l l ITOLIXU—I

t Reset if BC = 0 after
executllon, set otherwise.
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THE Z80 INSTRUCTION SET

Example: LDD
Before: After:
B oBO4 c 8 A
D 8211 E D //////////// //////// E
H 8438 L W // g
£0 6211 90 sy
AB T ~— ] ~
b
OBJECT CODE /—\_l /\_1
8438 62 4438 62
b= ] T
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LDDR Repeating block load with decrement.
Function: (DE)« (HL); DE~DE — I; HL -~ HL - I;
BC < BC - I; Repeat until BC =
Format:
[elefofr[efolt] byet:ED
[I lolrlllllololol byte 2; B8
Description: The contents of the memory location addressed by
HL are ioaded into the memory location address-
ed by DE. Then DE, HL, and BC arc all
decremented. 1f BC # 0, then the program counter
15 decremented by 2 and the instrucnon re-
executed.
O et e s aoi I diinmhhni 1
. ;j//-////,w/; oty ] :
Dara Flow: 3 I;/////”/ gy i | E
SEN
IR
11
Pl
P
4 b
. 2R
N 7
L ]
~__/
Tinung: BC # 0: 5 M cycles; 21 T siates; 10.5 usec @ 2

MHz.
BC = 0: 4 M cycles; 16 T stales; 8 usec @ 2 MHz

Addressutg Mode:  Indirect.

Flags: s PV N C

[T folfolel ]

350



Example: LDDR

Before:

o} 06B2

Hl 9035

O8AF Bl
04BO 04
0681 DF
06B2 36
OBJECT CODE
TN

s012[ 92

%023| OE

o3| ©1 |
9035|  BF

THE Z80 INSTRUCTION SET

After:

< sl a7 )c
e WW&W%
W)

DoAF
06BO

00B1 //////ﬁy/
0882 /W

9032 92
9033 DE
9034 3
9035 BF
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LDI Block load with increment.

Function: (DE)~ (HL); DE+~ DE + |; HL - HL + [;
BC ~BC - 1|

Format.:

E[‘l‘["—r‘l'l"llj byte 1: ED

Illolllolo]u]o]oJ byte 2: AD

Description: The contents of the memory location addressed by
HI are loaded into the memory location addressed
by DE. Then both DE and HL are incremented,
and the register pair BC is decremented.

Dara Flow:
al ] .
By SQUNTERTZ /
DY DESTIINATION’ e
W SQURCE 774\ DATA |
Timing: 4 M cycles; 16 T states; 8 usec @ 2 MHz

Addressing Mode: Indirect.

Flags: s Z H PV N C

Reset if BC = 0 after
¢xecution, set otherwise.
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THE Z80 INSTRUCTION SET

Example: LDl
Before: After:
B 0006 B 0005 o
D 34B1 pf - 3482 3
H 3902 H 3903 L
34B1 0A 3481
b —
OBJECT CODE (\_
3902 42 02 a2
/_""\____‘ /—\__._‘
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LDIR Repeating block load with increment.

Function: (DE) < (HL); DE+—DE + I, HL — HL + {;
BC <« BC - !; Repeat until BC =0

Format.

[T Lo [ o] bwer:ep

[:lc]u'uLololoIOI byte 2: BO

Description: The contents of the memory location addressed by
HL are loaded into the memory location ad-
dressed by DE. Then both DE and HL are in-
cremented. BC is decremented. If BC # 0 -then
the program counter is decremented by 2 and the
instruction s re-executed.

Data Flow:

Timing: For BC # 0: M cycles: 21 T states; 10.5 usec @ 2
MHz.
For BC = 0:4 M cycles: 16 T states; 8 usec @ 2
MHz

Addressing Mode: |ndirect.
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Flags:

Example:

"

ED

BO

I~

OBJECT CODE

/,{K%V/////

s 2 PV N C
Lt IOI 10[0] |
LDIR
Before: After:
B 0002 %//////WW
e r
4AD4 F4 4A04 o0
4805 AA 4R05) AA |
\/ (\/
TN TN
9424 38 962A s
9628 %0 9628 %0
962¢ oF 962¢ &F
f\/ '—\/

THE ZB0 INSTRUCTION SET

E
L
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PROGRAMMING THE Z80

LDr,(HL) Load register r indirect from memory location
{HL).

Function: r = {(HL)

Format:

Lol [l [ ]

Description: The contents of the memory location addressed by
HL are loaded into the specified register. r
may be any one of:

A — 111 E —~ 011
B — 000 H - 100
C - 001 L - 101
D - 010
Data Flow:
A
B C T —
D E
H L————> DATA
S — ]
Timing. 2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Addressing Mode: Indirect.

Byte Codes: m A B C D E H 1

[ o] €] 5o [ oo ]
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Flags:

Example:

OBJECT CODE

THE 280 INSTRUCTICN SET

H P’V N C

CTTTIT 1] toetten

LD D, (HL)

Before: After:

0Caz] ocaz| 24
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PROGRAMMING THE Z80

NEG Negate accumulator.
Function. A+~ - A
Format:

1]1]1]0'1[1]0[l| byte 1: ED

[
[o[1JoJefo]1]o]o]| byte2: a4

Description: The contents of the accumulator are subtracted
from zero (two’s complement) and the result is
stored back in the accumulator.

Data Flow: | {}

A f { C—
B C
D E
H L
Timing: 2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressing Mode: Implicit.

Flags. 5 2 H ®wv N ¢
oo o (@ @
C will be set if A was 0 before the instruction.
P will be set if A was 80H.
Example: NEG
S Before: After:
44
OBJECT
CODE

358
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NOP No operation.
Function: Delay.
Format:

[o]ofoofefofo]e] o

Description: Nothing is done for 1 M cycle.

Datag Flow: No action

I o @ ¥
m O

S R

Timing: 1 M cycle; 4 T states; 2 usec @ 2 MHz

Addressing Mode: Implicit

FfﬂgS.' s Z PV N C

L[ LTH[ IJ I ] (no effect).
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PROGRAMMING THE Z80

OR s Logical or accumulator and operand s.
Function: A+ AVs
Forinat: s: may be r, n, (HL), (IX+ d), or (1Y + d)

r [ e =
junonoonn e

[ T lbyteZ immediate

f'l

L data

(HL) 1.1o]1| | o L] ﬁ byte I: B6
X+ [fr]o]]
MUlalulT[rlu[olbyteZ:B()

|l||0[|‘ byte I: DD

[————3————] byte 3: offset value
ay +a@ [ [ [fefefifof ] byer:FD

Lelol ffel[:]o] byte2: Bs

[————3————] byte 3: offset value

r may be any one of:

A - Il E - 011
B - 000 H - 100
C - 001 L - 101
D - 010
Description: The accumulator and the specified operand are

logically ‘or’ed, and the result is stored in the ac-
cumulator, s is defined in the description of the
similar ADD instructions.
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THE Z80 INSTRUCTION SET

Data Flow: {L
Al 7
B C
D £ ALY s ]
H L v
Timung: usec
s M cyeles: | T states: (@ 2 MHz:
r | 4 4
n 2 7 3.5
(HL) 2 7 33
(X + d) 5 19 9.5
(ay + d) S 19 9.5

Addressing Mode:

Byvie Codes:

Flags:

Example:

BO

OBJECY
CODE

r: implicit; n: immediate; (HL): indirect; (IX +
d), (1Y + d): indexed.

OR

" T oo Joa osoeos]

s 2 H v N C
(e{e®] [O] [@[0[0]

OR B

Before: After:
06 NS
® o[ o |
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OTDR Block output with decrement
Function: {(CQ)=(HL); B«B — |; HL<HL - 1;
Repeat untilB = 0.
Format:
[T Tl o[ ] owe i
[ [ol.] ]1 Iol IJ byte 2: BB
Description: The contents of the memory location addressed by
the HL register pair are output to the peripheral
device addressed by the contents of the C register.
Both the B register and the HL register pair are
then decremented. If B # 0, the program counter
is decremented by 2 and the instruction 1s re-
executed. C supplies bits AQ to A7 of the address
bus. B supplies (after decrementation) bits A8 to
AlS.
Dara Flow:
T~
DATA
— -3
. . -2
8 EGUNTER, c — < *
D E PORT /\'——‘l
W
Timmng: B = 0: 4 M cycles; 16 T states; 8 usec @ 2 MHz.
B # 0: 5 M cycles; 21 T states; 10.5 usec @ 2 MHz
Addressing Mode: External,
Flags: s 2 H PV N C
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Example: OTDR
Before: After:
s o2 [ & |c 8lZZooiz s |c

OBJECT CODE T~
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OTIR

Function:

Format:

Description;

Data Flow:

Block output with increment.

(Cy+~(HL; B+ B - I; HL < HL + I;

until B = ¢

Lo f

]+ 7o) ] bye 1:ED

[‘LLOI'['IOIOI'IJ byte 2: B3

Repeal

The contents of the memory location addressed by
the HL register pair are output to the peripheral
device addressed by the contents of the C register.
The B register is decremented and the HL register
pair 1s incremented. If B # 0, the program counter
is decremented by 2 and the instruction 1s re-
executed. C supplies bits Al to A7 of the address
bus. B supplies (after decrementation) bits A8 to

Alj,

“scoynters;

IUmb

// /////,///

A G
A

Tinung:

Addressing

Flags:

364

B
B

Mode:

External.

5 Z

P2y N C

LTI

HEIN

= 0: 4 M cycles; 16 T states; & usec @ 2 MHz.
#0: 5 M cycles; 21 T states; 10.5 usec @ 2 MHz



THE Z80 INSTRUCTION SET

Example: OTIR

Before: After:

80 [ m Jc slZ&IA a0 |c
Hi 5550 1w H e\

poRT ST Pom
AQ AQ
ED 5550 :! 5550 6B
B3 5551 02 5551 02
b — 5552 9A 5552 9A
OBJECT CODE 5553 65 5552 65
/‘\‘_— /\'—‘—.J
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ouT (O), r

Function:

Format:

Description:

Data Flow:

Tinung:

Addressing Mode:

Flags:

Byte Codes:
ED-

366

Output register r to port C.

(Cy+r

o[ Jof [ o] Joyer: ED
[ =

| |
Lo lefo] by

The contents of the specified register are output to
the peripherai device addressed by the contents of
the C register. r may be any one of:

A — 111 E - 011
B - 000 H - 100
C - 001 L — 101
D - 010

Register C supplies bits AQ to A7 of the address
bus. Register B supplies bits A8 to Al5.

PORT
7

I O® P
n

3 M cycles; 12 T states; 6 usec @ 2 MHz
External.

s Z H PV N C

[ ! | l ’ l l l | (no effect).

A B C D E H
l?‘?ldlld‘?lﬂli‘?léllé‘?l




Example:

/\1

£D
41

b —
OBJECT CODE

THE Z80 INSTRUCTION SET

OUT (C), B
Before: After:
Bf] w [ fm Jc 8 o [ B |c
(e Jeomr 7 eor
3 Fl

367
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OUT (N), A QOutput accumulator to peripheral port N.

Function: (N) — A

Format:

[ ] oyte 1: D3
I l byte 2: port address

Description: The contents of the accumulator are output to the
peripheral device addressed by the contents of the
memory location immediately following the op-

code,
Data Flow: T —
A
B c our
Y e Y N
H L PORT
f_"\__\‘_"
Timing: 3 M cycles, 11 T states; 5.5 usec @ 2 MHz
Addressing Mode: External.
Flags: 5 2 H PAY N C
[TITTTTT] woetten
Example: OUT (0A), A
Before: After:
T~ A st ][ FF Jporr Al s | 7 eor
” 0A 0A
04
b~

CBJECT CODE
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ouTD QOutput with decrement.
Function: (Cy+~ (HL); BC+~ B - i; HL - HL - 1|
Format:

nononnant

||lolqlol|[0||||lbyte2:AB

Description: The contents of the memory location addressed by
the HL register pair are output to the peripheral
device addressed by the contents of the C register.
Then both the B register and the HL register pair
are decremented. C supplies bits A0 to A7 of the
address bus. B supplies (after decrementation) A8

to AlS.
Data Flow:
: E COUNTER ¢ — —
D £ PORT /—-\_‘____*‘
L

Timing: 4 M cycles: 16 T states; 8 usec @ 2 MHz
Addressing Mode: Exlernal.

Flags:

psv N C

fvl}l T 100 ]

Set if B = Q after execution,
reset otherwise.
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Example: OuUTD

Before: After:

B[ o | 98 e sPZZH7] e |c
H 226F o Wl 508 77 ]\

poRT 757 v
9A
T~ N T~
£D 22BF 4A 228F 4A
AB b~ b

e
OBJECT CODE
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OUTI Output with increment.
Function; ()~ (HL); B=—B - I, HL — HL +
Formai:
el ]o] e[ To] /] byet:ED
L lof i fofefofr]r] bye2:as
Description: The contents of the memory locauon addressed by
the HL register pair are cutput to the peripheral
device addressed by the C register. The B register
15 decremented and the HL register pair is incre-
mented.
C supplies bits A0 to A7 of the address bus.
B (after decrementation) supplies bits A8 to AlS.
Data Fiow:
DATA
PORT
/\‘____’
Tinung: 4 M cycles; 16 T states; 8 usec @ 2 MHz
Addressing Mode: External.
Flags:
5 2 PPY N C
[ 2 ’ I I Ll [ l —— Set if B = 0 after execution,

reset otherwise.
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Example: OUT!
Before: After:
B[ 9a | 88 |c sfZZ%77] 8 |C
Hl OF9A o WA
PORT [/ en /i port
BB BB
5 . 7y OF9A [Ty
a3 | /‘\_

OBJECT CODE
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POP qq Pop register pair qq from stack.
Function: 9|5y + (SP); pgn~ (SP + 1); SP—SP + 2
Format:

L] Ja oo o] ]

Descripuon: The contents of the memory location addressed by
the stack pointer are loaded into the low order of
the specified register pair and then the stack
pointer is incremented. The contents of the
memory location now addressed by the stack
pointer are loaded into the high order of the
register pair, and the stack pointer is again in-
cremented. gqmay be any one of:

BC - 00 HL - 10
DE - 01 AF - 11
Data Flow:
A F
B C
0 E
H L
.
Tinung: 3 M cycles; 10 T states: S usec @ 2 MHz

Addressing Mode: Indirect.

Byte Codes: oa: BC DE HL AF

cforfern]
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Flags: 5 z H PV N

[— [ 1 lr _Lj (no effect).
Example: POP BC
Before: After:

o[ B70A LRSS

= - —
T N TN
<l 0158 0A 0158 0A
e 015C a2 015C 42
OBJECT CODE 0150 03 015D 03
/\/ f\/

314
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POP IX POP IX register from stack,

Function: leow — (SP); Ixhtgh +—(SP + 1); SP~SP + 2
Formal:
rl||lolnll|l|0[||bylc[:DD
i.[.inio|ojojoLbe:eZ:El
Description; The contents of the memory location addressed by

the stack pointer are Joaded 1nto the low order of
the 1X register, and the stack pointer 1s in-
cremented. The contents of the memory location
now addressed by the stack pointer are loaded 1n-
ta the high order of the 1X register, and the stack
pointer 15 again incremented.

Date Flow: .

I o ®@ >

L i

Tinung: 4 M cycles; 14 T states; 7 usec @ 2 MHz

Addressing Mode: Indirect.
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Flags: s 7z H PV N €
[ l ] I l I l I ] (no effect).
Example: POP IX
Before: After:

x [ 0001 |

5P r 0908 _l

i 0%0B| 36 I

& 0%C| 04 ooc| o4
r\_/ ool B2 090D B2
OBJECT CoDE TN L\_/
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POP 1Y

Function:

Format:

Description:

Data Flow:

Tirung:

Addressing Mode:

Flags:

THE Z80 INSTRUCTION SET

PQP 1Y register from stack.

1Y low ™™ (SP); thlgh._ (SP + 1); SP+SP + 2

[T [T fe] ] oytet: FD
r.luluTo]o[o]olul byte 2: El

The contents of the memory locauon addressed by
the stack pointer are loaded into the low order of
the 1Y register, and then the stack pointer is incre-
mented. The contents of the memory location now
addressed by the stack pointer are loaded nto the
tugh order of the 1Y register, and the stack pointer
15 again incremented.

4 M cycles, 14 T states: 2 usec @ 2 MHz

Indirect.

Lri[ f l ] | I ]—I(nocffecu.
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Example: POP 1Y
Before: After:
| 032A | w08
s¢f 004 | P

3004 81 3004 d

3005 40 3005 40
] 3006 39 3006 9
OBJECT CODE TN TN
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PUSH qq Push register pair onto stack.
Function: (SP — 1) =qqhigh: (SP — 2) —qdlow’
SP—SP -2
Formag:
[ L Tsrale] [o]:
Description; The stack pointer 15 decremented and the contents

of the high order of the specified register pair are
then loaded into the memory location addressed
by the stack pointer. The stack pomnter is agan
decremented and the contents of the low order of
the register pair are loaded into the memory loca-
uon currently addressed by the stack pointer.q4q
may be any one of:

BC - 00 HL - 10
DE - 01 AF - 11
Data Flow: e
A ] F
B 0 ) c
of | e
H N o ] L
'TN\t:_,>
| \———j z
N
S ///A—l N
Tinnpg: 3 M cycles; 11 T states; 6.5 usec @ 2 MHz

Addressing Mode: [ndirect.

Byte Codles: qQ: BC DE HL AF

ofos[esrs)

39
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c
[_] (no effect).

| €

Flags: lslzl I J ] l
Example: PUSH DE
Before:
b OAO3
SPE_ oo
N,
D5 QOAF B
008G ?A
T  00B) OF
OBJECT CODE
TN

380
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PUSH IX

Funcuaon:

Formnai:

Description:

Dara Flow:

Tinmung:

Addressing Mode -

Flags:

T o ® »

THE Z80 INSTRUCTION SET

Push 1X onto stack,

(SP = ) < IXpgh; (SP = 2) = [ X|gws
SP+—SP-2

i'l'IOI'_J'I'_J_U_J_l_!byteI:DD
L[ felof el Foyea: es

The stack pointer is decremented, and the contents
of the high order of the IX register are loaded into
the memory location addressed by the stack
pointer. The stack pointer 15 again decremented
and then the contents of the low order of the [X
register are loaded into the memory locauion ad-
dressed by the stack ponter.

4 M cycles; 15 T states; 7.5 usec @ 2 MHz

Indirect.

H Py N_C

[sﬁj[ | | [_T ] (no effect)
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Example: PUSH 11X
Before:
|x[_ 042 |
s 00% ]
/\/ /_\/
oD 0094 a8
| ES | 0005 5F
L o9 04
SN

OBJECT CODE N

382

After:

X [_ 04A2 |

W




PUSH 1Y

Funcrion:

Formai:

Description:

Daia Flaw:

Tinung:

Addressing Mode:

Flags:

w

THE Z80 INSTRUCTION SET

Push 1Y onio stack.

(SP -1y~ 1Y h|gh' (SP - 2) - 'Ylo\\-'.
SP—5SpP -2

LLLT Ll o] Joves:Fo

||(.|nio:ogn 01 byte2: ES

The stack pointer 1s decremented and the contents
of the lmgh order of the 1Y regsster are loaded into
the memory location addressed by the stack
pomnter. The stack pomter 1s again decremented
and the contents of the low order ol the VY regssier
are loaded into the memory location addressed by
the stack pointer,

8
D E
H | L

3 M cycles; 15 T states; 7.5 usee @ 2 MHz

Indirect.
5 2 H P O NC
[TTTIT ] toeftecy
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Example: PUSH 1Y

Before: After:

v J0BF 1w ooee ]
se__ ooms | P

N
| 0084 FF o084 EZ20F 2
£5 0085 85 0085 907
ooss [ o[ 0
r’\/
OBJECT CODE ’\/
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Reset bit b of operand s.

RES b,s

spb — 0

Function:

S:

Format:

[‘['l"l"l'[ol'l'i byte 1: CB

L[]

T

I byte 2

| T
— —
i !

l

1

T
—_——

Ll fofol Jol fr] byter:ca

(HL}

II[IIOI byte2

T
1

- b—

1

o]

Gl e[ o] bweet:o
[T lolol o ] w2 ca

(IX + d)

] byte 3: offset value

[ [ ]e] byes

[

L]

lrlnlnll[l['lﬂlil byte 1: FD
L] fefol «fet]] bye2:cB

(Iy + d)

1 byte 3: offset value

1

T LI
L

b may be any one of:

- Y — Hmm
8822 22
L b
< O -~ w T

0 - 000
I - 001
B - 000
C - 00t
D - 010

2 - 010
3 -011

A — 111

r may be any one of:
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Description: The specified bit of the location determined by s is
reset. s is defined in the description of the similar
BIT instructions,
Data Flow:
A
: c v
b E
H L ALY
Timing: usec
s M cycles: | T states: | @ 2 MHz:
r 2 8 4
(HL) 4 15 1.5
(X + d) 6 23 11.5
(Y + d) 6 23 11.5
Addressing Mode: r:implicit; (HL): indirect: (IX + d), (IY + d):n-
dexed.
Byte Codes: RES b,r
. rA B8 C D E H L
CB— o |87{80|81|02|a3}8s|as
1 | 8F| @88 |8v|eala6|8c 8D
2 |97 |90 |91 |92 |93 |94 |95
2 |or|v8|oe|oatonisc |v0
4 {AT[AD| A1} A2 | A3 | A4 A5
5 | aF| A8 |Av | AalaB|ac|aD
& 87| 80|®1|82[B3]Ba|BS
7 |BF| 68| B9 | BA (BB |8C|6D
b: 0 [ 2 1 4 5 & 7
RES b, (HL) CB— lsa[SEl%l?EIAélAE[Bblﬂil
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RES b,(IX + d)
RES r/ (HL)
RES b, (IY + d)

Flags:

Examples:

T~

CB
8C

e

QBJECT CODE

THE Z80 INSTRUCTION SET

DDCB~ b 0 1 2 3 4 5 & 7
:;C;_ 86 ssloolos]AolA5]a¢|aE]
s z H PV N C

LIT T T I T T JiNoetreen
RES I, H

Before: After

W2 ]
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RET Return from subroutine
Function: PClow * (SP): PChgh ~ (SP + 1);SP—SP + 2
Format:

nnaonoonk:

Description: The program counter is popped off the stack as
described for the POP instructions. The next in-
struction fetched is from the location pointed to
by PC.

Data Flow:
STACK
PCL
PCH
P b
Timing: 3 M cycles; 10 T states; 5 usec @ 2 MHz

Addressing Mode: Indirect.

Flags: s 2 H PAV N C

[T 1T [ [ ] |woeetn

388
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Example: RET
Before: After:
pcl 0BB1 \ e
Pl 3310 1 Vgm0
Cce 3310 Nn 30 21
e an B4 aan B4
OBJECT CODE e ]
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RET cc Return from subroutine on condition.

Funcnon: If cc true: PClgy + (SP); PChjgh < (SP + 1)
SP-SP + 2

Format: —

T [Feer=iefo o]

Description; If the condition 15 met, the contents of the pro-
gram counter are popped off the stack as described
for the POP instructions. The next instruction is
fetched from the address in PC. If the condition is
not met, instruction execution continues in
seqguence.

Data Flow:

A F
] c
o E
H t
CONTROL
LOGIC
STACK
o PCL
T PCH
7 —
s
cc may be any one of:
NZ - 000 PO — 100
Z - 001 PE — 10}
NC - 010 P -110
C - 0l M - 111
Tinung: Condition met: 3 M cycles; 11 T states; 6.5 usec @

Addressing Mode:

390

2 MHz.
Condition not met: | M cycle; 5 T states; 2.5 usec
@ 2 MHz

Indirect.



THE Z80 INSTRUCTION SET

Byte Codes: CC. NZ Z NC C PO PE P M

ICOICSIDUIDS[EOIEBIFOlFBJ

Flags. H
] I I I | I {no effect)
Example: RET NC
Before: After:
F ¢
Pl 0124 | «<Es
e 8511 | S
T —
1 Bsn :53
> g:: 2 L_g?— 8512 Y
OBJECT CODE L __| b —
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RETI

Function:

Format:

Description:

Data Flow:

Timing:

Return from interrupt.

PClow * (SP); PChigh * (SP + 1); SP <SP + 2

N ] v o |+ | byte I: ED

[—] lo[ol J—IO[J byte 2: 4D

The program couater 1s popped off the stack as
described for the POP instructions. This instruc-
tion is recognized by Zilog peripheral devices as
the end of a peripheral service routine so as to
allow proper control of nested priority interrupts.
An EI instruction must be executed prior to RETI
in order to re-enable interrupts.

4 M cycles; 14 T states; 7 usec @ 2 MHz

Addressing Modes: Indirect.

Flags:

392

H PV N C

lslzl ‘ IT‘ ] I (no effect).




Example:

ED

4D

b—
QBJECT CODE

RETI

Before:

PC[ 84E1

]

P 8982

|

8982 A4
B9B3 Bl

THE Z80 INSTRUCTION SET

After:

el A )
s

8982
8982

T —

Ad

81

b

393
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RETN

Function:

Format:

Description:

Data Flow:

Timing:

el

Return from non-maskable interrupt.

PCiow * (SP); PChjgp - (SP + 1); SP =~ SP +
2; IFF'1 « IFF2

Ll f]e]
L] To]o]

0

vfifo]1] bytel: ED
I,

o] ]ofi] byte2:4s

The program counter is popped off the stack as
described for the POP instructions. Then the con-
tents of the IFF2 (storage flip-flop) is copied back
into the IFFlto restore the state of the interrupt
flag before the non-maskable interrupt.

I o @ »
m

STACK
PCL
PCH

S

4 M cycles; 14 T states; 7 usec @ 2 MHz

Addressing Mode: Indirect.
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Flags:

Example:

T —

Eo
45

b~

OBJECT CQDE

THE Z80Q INSTRUCTION SET

PV N C

[T T 1] | | (noeffect).
RETN
Before: After:
e | ASEI | R
sP | 884C | SR
T — /\__
BB4C o1 884C o
884D 9A 8840 FA
| b ——

395
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RL s

Function:

Format:

Description:

396

Rotate left through carry operand s.

L Y9

.]Jo]n]o]iljbytel:CB
e[ o ] byee2
1lolollﬁlllljbytel:CB

j_—l byte 3: offset value
ol l ‘iﬂ ]byte 4: 16

|
+JJo]]byte1: FD
|

1 Jo [ ]byte2: B
] } J byte 3: offset value

of [+ ]o]oyte 4: 16

r may be any one of:

8
H-lo

A - 111 E - 011
B — 000 H - 100
C - 001 L - 101
D - 010

The contents of the location of the specific
operand are shifted left one bit place. The con-
tents of the carry flag are moved to bit 0 and the
contents of bit 7 are moved to the carry flag. The
final result is stored back in the original location. s
is defined in the description of the similar RLC in-
structions,



Data Flow:

I Q0 @ >

Tinung.

Addressing Mode:

Byte Codes:

Flags:

Example:

<8
3

—
OBJECT CQDE

THE ZB0 INSTRUCTION SET

usec
s: M cycles: | Tstates: | @ 2 MHz:
r 2 8 4
(HL) 4 5 7.5
(IX + d) 6 23 11.5
(IY + d) 6 23 11.5

r: implicit; (HL): indirect; (1X + d), (IY + d): in-

dexed.

RL

I A B C D E H L
CB-{IT[]O’H[IZIIS‘I&]ISI

Vv N C

[e]e[ Jo[ Te0[®)

C is set by bit 7 of source.

RL E

Before:

F

[ e

After:

diik

E

§

397
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RLA Rotate accumnulator left through- carry flag.
Function:
e
C A
Format:
Lelelofrfol [ifi] w
Description: The contents of the accumulator are shifted left
one bit position. The contents of the carry flag are
moved into bit 0 and the original contents of bit 7
are moved into the carry flag. (9 bit rotation.)
Data Flow:
A
8
D
H
Timing: 1 M cycle; 4 T states: 2 usec @ 2 MHz

Addressing Mode: Implicit.

as: s z H PV N €
Flags: LI [ [c] | [ole]
Cisset by bit 7 of A.
Example: RLA
Before: After:

- N T i s

17

OBJECT CODE
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RLCA Rotate accumulator left with branch carry.
Function:
L
T A
Format:
Lololo]o[o]|||[.] 07
Description: The contents of the accumulator are rotated left

one bit position. The original contents of bit 7 15
moved to the carry flag as well as to bit 0.

Data Flow: ?}
Al /,,/f/(; 3 & F
B C
s} E ALY
H L
Tinming: 1 M cycle; 4 T states; 2 usec @ 2 MHz
Addressing Mode: Implicit.
Flags: 5 7 H PVN C
L[ [ [of { [Ole]
Cissetbybit7 of A.
Example: RLCA
Before: After:
T~ Al e | o Jr alns7 %"
07 Note: This instruction is identical to RLC A, ex-
cept for the flags. It is provided for compat-
OBJECT OBt ibility with the 8080.

399



PROGRAMMING THE Z80

RICr

Function:

Format:

Description:

Data Flow:

Timing:

Addressing Mode:

Byte Codes:

400

Rotate register r left with branch carry.

] 7—0
< -

[ul.lo]olulollmwte!:CB

[ofofo]o]e]ezrar]byte2

The contents of the specified register are rotated
left. The original contents of bit 7 are moved to
the carry flag as well as bit 0. r may be any one of:

A - 11 E — 01l
B — 000 H - 100
C - 001 L - 101
D - 010

= )

A C4F

: ; \/
D E AlU
H L -

2

2 M cycles; 8 T states; 4 usec @ 2 MHz

Implicit.

. ca—‘owloolo1|oz|on[oi]$sj




THE ZBO INSTRUCTION SET

Flags: s 2 H v N C
o[®] [O] {e[Ce]
C is set by bit 7 of source register.
Example: RLC B
T Before: After:
gg o 2 [ % I s ZCe AU /% ¥
T

OBJECT CODE

401
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RLC (HL)

Function:

Format:

Description:

Data Flow.

Rotate left with branch carry memory location
(HL).

F['Iolol'lol'['l byte I: CB
lolololololllllol byte 2: 06

The contents of the memory location addressed by
the contents of the HL register pair are rotated left
one bit position and the result is stored back at
that location. The contents of bit 7 are moved to
the carry flag as well as to bit 0.

I O o >»

Timing:

Addressing Mode:

Flags:

402

4 M cycles; IS5 T states; 7.5 usec @ 2 MHz
Indirect.
H v N C

[e]e] o[ [e[o[e]

C is set by bit 7 of the memory location.




THE Z80 INSTRUCTION SET

Example: RLC (HL}
Before: After:
= )
H[ o114 ju H| o114 Ju
I sla] G5 sl4f 887
5 ] ]
P —
OBJECT CODE

403
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RLC (IX + d) Rotate left with branch carry memory location (1X

Function:

Format:

Description:

Data Flow:

+ d)

D-'ﬁE?]:‘

[« (lx-{-d

[ [r]o] ] [ i]o] ]bytet: DD

I'l']°l°l'l°l'J']byle2:CB

l : I : d : :_: Ibyte3: offset value

|°]°l°|°[°['['l°]byte4:06

The contents of the memory [ocation addressed by
the contents of the IX register plus the given offset
value are rotated left and the result is stored back
at that location. The contents of bit 7 are moved
to the carry flag as well as to bit 0,

B

I O wmp

404




Timing:

THE Z80 INSTRUCTION SET

6 M cycles; 23 T states; 11.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flags:

Example:

T —

[238)

ce

o

06

T — ]

OBJECT CODE

o[e] o] [e[o[®)

C is set by bit 7 of memory location.

RLC (IX + D

Before: After:
L2 YRS
1x| 04B1 I 048 |
e
0481 &3 04B1
0482 94 0482
""--..,_‘_____‘J
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RLC (IY + d) Rotate left with carry memory location (1Y + d).

Function:
-lg= o))
C fiy +d]
Format:
Ll fefefefe] Joyer:FD
Ll l°l K l [+ [¢]bye2:CB
{ «f ’ byle 3. offset value
IoloJo|o|ol| l. lolbyte4:06
Description: The contents of the memory location addressed by
the contents of the 1Y register plus the given offset
value are rotated left and the result is stored back
at the location. The contents of bit 7 are moved to
the carry flag as well as bit 0.
Data Flow: \lh
A
B
D
H
|
RLC

406
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Tinung: 6 M cycles; 23 T states; 11.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flags: 5 2 H EVv N ¢
[efe] [O [e|O]e]
C 1s set by bit 7 of memory [ocation.
Example: RLC (IY + 2)
Before: After:
[ ca Jr AN
v o021 ]| 0021 ]
o — /\__
FD 0021 Qs 0021 05
cB 0022 Bl 0022 B1
02 o0z3] A2 0023 {77745,
06 l/‘\,__‘

)
OBJECT CODE
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RLD Rotate left decimal.
Function: al7 aJa of [ 4[3 o]
Format: l. .l. Io[| l. 0 |] byte I: ED

l
t |+ ] byte2: 6F

Description: The 4 low order bits of the memory location ad-
dressed by the contents of HL are moved to the
high order bit positions of that same location. The
4 high order bits are moved to the 4 low order bits
of the accumulator. The low order of the ac-
cumulator 1s moved to the 4 low order bits of the
memory location oniginally specified. All of these
operations occur simultaneously.

Data Flow:
.
a] E - _
H ) .’ Vi
Timing: 5 M cycles; 18 T states; 9 usec @ 2 MHz

Addressing Mode: Indirect.
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Flags: s 2 H BV N C
loje] [O] [®[0] ]
Examples: RLD
Before: After:
Al ] S
H BaF2 ] H B4F2 e
~ = —
D B4F2 48 B4F2
4F T -
e
OBJECT CODE
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RR s

Function:

Format.

(HL)

(X + d)

(Y + d)

Description;

410

Rotate right s through carry.

7—5—-0

Ll fofof Jo[ []
Lolofol ] 1]
L] fofof fol ][]
Lofolol [ [ o]
LofJolefofofo]r]
Llrjofolefof [}
]
olofol [ ] ]o]
NEnnnnon
L] Jofof fof 1]
R o
Lofofol [+ ][]+ Te]

r may be any one of:

A-111 E — 0il
B - 000 H - 100
C - o001 L - 101
D — 010

byte I:
byte 2
byte I:
byte 2:
byte i:
byte 2:
byte 3:
byte 4:
byte |:
byte 2:
byte 3:
byte 4:

CB

CB
1E
DD
CB
offset value
1E
FD
CB
offset value

1E

The contents of the location determined by the
specific operand are shifted right. The contents of
the carry flag are moved to bit 7 and the contents
of bit 0 are moved to the carry flag. The final
result is stored back in the orginal location. s is
defined in the description of the similar RLC In-

structions.



Data Flow:

THE Z80 INSTRUCTION SET

rTrQo wp

Tinung:

Addressing Mode:

Byre Codes.

Flags:

Example:

usec

s: M cycles: | T states: § @ 2 MHZ:
T 2 8 4
{HL) 4 15 7.5
(IX + d) 6 23 1.5
(Y + d) 6 23 1.5

r: implicit; (HL): indirect; (1X + d), (1Y + d):in-
dexed.

RR . v A B C D E H L
' CE-IIFllB[19|1AllEllCllDl

PV N C

[e[e] [O] [e[0[e]

C is set by bit 0 of source data.

Before: After:

T~ H[

® |[ o F @R VRN

CB
1C

OBJECT CODE
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RRA

Function:

Format:

Description:

Data Flow:

Tinung:

Addressing Mode:

Flags:

Example:

T~
\F

o —
OBJECT CODE

412

Rotate accumuliator right through carry.

b

A ct

Iolo[ol|l|[|||lj IF

The contents of the accumulator are shifted nght-
one bit position. The contents of the carry flag
are moved to bit 7 and the contents of bit 0 are
moved to the carry flag (9-bit rotation).

\

AlLU

— -

[ M cycle; 4 T states; 2 usec @ MHz

Implicit.

5 Z H PV N C
Lol | [o]e)
Cisset by bit 0of A.

RRA

Before: After:

al_ra [ o v ZE7257 ¢

Note: Thisinstructionis almost identicalto RR A, [t
is provided for 8080 compatibility.



Function:

Format: 5.

(HL)

(X + d)

(dY + d)

Description:

THE Z80 INSTRUCTION SET

Rotate right with branch carry s.

.7 o' (]
S T

sisany of r, (HL), X + &), Y + d).
uufo]olulollij byte 1: CB
Iolo]olol|l*—‘f—1—'-l ]byteZ

L['i"r"l'T"l'[J byte {: CB
(oLo Lo o[ [ Te] ove 2 0
[T Lol L[ Tol] owe 00
|||| oo OIIII byte 2: CB

Lg' i r_cj'i_T_l : jj byte 3: offset value

olo|0foO ! | r|a byte 4: OE

[Ill III | ||o|||byleI:FD
CLolol o[ [ ] brez co
m byte 3: offset value
[ojo[oﬁlﬂ’.[r[ﬂ byte 4: QFE

r may be any one of:

(=]

A - 111 E - 011
B - 000 H - 100
C - 001 L - 101
D - 010

The contents of the location determined by the
specified operand are rotated right and the resuit
is stored back in the original location. The con-
tents of bit 0 are moved to the carry flag as well as
to bit 7. s is defined in the description of the
similar RLC instructions.
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Data Flow:
A
8
D
H
Tinng: usec
N M eveles: | T states: | @ 2 MHZ:
r 2 8 4
(HL) 4 15 1.5
(X + d) 6 23 1.5
(1Y + d) 6 23 [ 1.5

Addressmg Mode:

Byte codes:

Flags:

Exarnple:

H

s

(43

b — ]
OBJECT CODE

414

CB 3FF2

r; implicit; (HL): indirect; (IX + d), (1Y + d):an-
dexed.

m A B C D E H L
CB“OF OBIO?I—O-AIOB oC OD'
H FP¥YWwN C

ele] [o] Te[Cle)

C is set by bit 0 of source data.

RRC (HL)
Before: After:
e Jr
B 3IFF2 It Hf IFF2 Tt
06
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RRCA Rotate accumulator right with branch carry.

Funcuon:

A C
Formai:
[ofefolef [ ie] ]oF
Descripnon: The contents of the accumulator are rotated right
one bit position. The contents of bit 0 are moved
to the carry flag as well as to bit 7.
Data Flow: {}
o
E
L
Tinung: | M cycle; 4 T states; 2 usec @ 2 MHz
Addressing Mode: Implicit.
Flags: 5 zZ H PV N C

[ 1T [o] | [o]e]

Cissetby bit 0 of A.

Exariple: RRCA
Before: Afler:
T~ Al pba T st ]r a0: - JF
OF
b
OBJECT CODE
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RRD Rotate right decimal.
[ A | }
Function: AE af3 o E EE AT
% ]
T
Format: F!'L'l"]'r""iq byte {: ED

Lol Tefofel [ [ ] bye267

Description: The 4 high order bits of the memory location ad-
dressed by the contents of the HL register pair are
moved to the low order 4 bits of that location. The
4 low order bits are moved o the 4 low order bits
ol the accumulator. The low order bats of the ac-
cumulator are moved to the 4 high order bit posi-
tions of the memory location originally specified.
All of the above operations occur simultaneously.

Data Flow:
Eyse———l.

AFV/AZZ/M}/ A em— \/

B c

o) E ALY

: t ([

Yiiiin,

Timung: 5 M cycles; 18 T states; 9 usec @ 2 MHz

Addressing Mode: 1ndirect.

416



Flags:

Example:

M

ED

&7

OBJECT CODE

THE Z80 INSTRUCTION SET

H Bv N C

[ee] To[ JeJo] |

RRD
Before: After:
A AN
H FEB! Juo H] FEB! I
T —
FEB) 50 FEB!
b~

417
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RST p

Function:

Format:

Description:

Data Flow:

Restart at p.

(SP = 1) = PCygh; (SP — 2} = PClgy; SP -~ SP
— 2; PChigh =~ 0: PCloy = P

= [ ]

The contents of the program counter are pushed
onto the stack as described tor the PUSH instruc-
tions. The specilied value for p 1s then loaded into
the PC and the next instruction s fetched from
this new address. p may be any one ol:

00H - 000 20H - 100
08H - 001 28H — 101
10H - 010 30H - 110
18H - 011 J8H - 111

This instruction performs a jump to any of eight
starting addresses in low memory and requires only
a single byte. [t may be used as a fast response to
an interrupt.

418
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Tinung:

THE Z8Q INSTRUCTION SET

3 M cycles; 11 T states; 5.5 usec @ 2 MHz

Addressing Mode: Indirect.

Byvte Codes:

Flags:

Example:

FF

OB8JECT CODE

o0 08 10 18 20 28 30 38

|C7lCFLlDF E71EF lWJiI

H PrY N_C

[75[21 l [ I l I I {no effect).

RST 38H

Before: Alter:
P | 4414 | reli 0
sp | 0268 | e[S i

0269 51 0269 {5/ 1A7
026A BF o204 |47
0268 03 0268
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SBCA,s Subtract with borrow accumulator and specified
operand.

Function:’ A+~A—-s5-—-C

Forinat: 5: may be r,n,(HL), IX + d), or (1Y + d)

7]
o [TTe[ [ [ Te) bwer:oe

o] e
(it [ [ [ TiTe] bret:sE
ax+d [+Jefo[«]+]]e] '] byer:DD
mopnnnooiks
[FT ] v 3ottt vae
av+o [Tl owe s e

ll|l|0| byte 2: 9E

l \ : ‘ I :_ J byte 3: offset value
r may be any one ol:

INETE E - 0l

B — 000 H — 100

C - 001 L — 10l

D - 010
Description: The specified operand s, summed with the con-

tents of the carry fMag, is subtracted from the con-
tents of the accumulator, and the result is placed
in the accumulator. s 1s defined 1n the description
of the similar ADD instructions.
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Data Flow:
A
B c
D E ! 5 |
H L
Tinung: isec
S M cycles: | Tstates: | @ 2 MH::
r l 4 2
n 2 7 35
{HL) 2 7 3.5
(IX + d) 5 19 9.5
Ly + d) 5 19 | 9.5 |

Addressing Mode: r: implicit; n: immediate; (HL): tndirect; (1X +
d}, (1Y + d): indexed.

Byte Codes: SBC A,r nA B C D E H 1
9F|99|99 9A|9819C 90
Flags. H PAY N C

[e]e] o To[ [®]

Example: SBC A, (HL)
Before: After:
Al &2 ] s Jr
H 3600 T
% 3800 oF 3600 oF
OBJECT CODE
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SBC HL,ss Subtract with borrow HL and register pair ss.

Function: HL « HL — ss - C

Format.

l'l'{'l”l_‘[‘l“['betei:ED
F’['Is:slur‘ll'lﬂibytez

Description: The conlents of the specified register pair plus the
contents of the carry flag are subtracted from the
contents ol the HL repister pair and lhe result is
stored back 1n HL. ss may be any one of:

BC - 00 HL - 10
DE - 01 SP - Il
Data Flow: i} F
A cle
B C \/
o . ALY
( ﬁ_ﬁ L “c
sl B
Titning. 4 M cycles; 15 T states; 7.5 usec @ 2 MHz

Addressing Mode: |mplicit.

Byte Codes: 55. BC OE HL SP

- |42 [s2[e2 |72

422



Flags:

Example:

ED

52

QRJECT
CODE

THE Z80 INSTRUCTION SET

5 2z H P N C
@/e] [ [@] [@]
H is set if borrow from bit 12.
Cis set if borrow.

SBC HL, DE
Before: After:
F
06B9 E ; E

423



PROGRAMMING THE Z80

SCF Set carry flag.
Function: C-~—1
Formai:

ponnononiE

Description: The carry flag is set.
Tinung: 1 M cycle; 4 T states; 2 usec @ 2 MHz
Addressing Mode: lmplicit.

Flags: 5 7 H PPY N C

Ll [ o] | [ol]

424
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SET b,s Set bit b of operand s
Function: 5p + 1
Format: s:

r HI[OTCL[I[OII—FJ byte |: CB

| .-—ibL—--.—'rl—-l byte 2
(HL) ryrjojojijo byte |: CB
=L
(IX + 4 Lli"]L] o]
Lelefe]e] Jo] ]
l

byte 2

J
J byte I: DD
3

byte 2: CB
- 1 1 T T T T ]
TR T | byte 3: offset vaiue
Ll =t ] ]e] byea

(IY + d) D—]W byte 1: FD
Ll JoJel Je[ ] ] bye2cB

1 3’ 1 1| byte 3: offset value

(L[ ils] bves

r may be any one of:

A - 111 E - 011
B — 000 H - 100
C - 001 L — 101
D — 010

b may be any one of:

0 - 00D 4 — 100
I - 00l 5 — 101
2 — 010 6 — 110
3 — 0I1 T — 111
Description: The specified bit of the location determined by s is

set. 5 15 defined in the description of the similar
BIT instructions.
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Data Flow:
A
B C
D E
H L
Tinung: usec
s M cycles: | T states: | @ 2 MHz:
r 2 8 4
(HL) 4 15 7.5
(IX + d) 6 23 11.5
(IY + d) 6 23 11.5
Addressing Mode: r:mplicit; (HL): indirect; (iIX + d), {1Y + d):1n-
dexed.
Byte Codes: SET b.r

CB- 0 |C7|CO(QVjC2|Ca|Ca|Cs

Q
8

CP|CAIBICC |

210700V {D2 (D3| D4ID5

J |DF| DB} O DA{DB|DC|DD

5 |EF |EB [E9 | EA| EB | EC | ED

7 |FF{FB|F? | FA[FB {FC | FD

SET b, (HL)

HE ¢ 1 2 3 4 5 &6 7
SET b, (IX + d Icglcelmloe[sakElFa E]

SET b, (IY + d)
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F!ﬂg.f.' 5 2 H PV N C
rL’ I I I ] ,_] {no effect)
Example: SET 7, A
Before: Alter:
cB
FF
/"‘\_____‘
OBJECT CODE
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SLA s

Function.

Formalt: s

(HL)

(IX + d)

(IY + d)

Description.

428

Arithmetic shift left operand s.

n
n

—
=]

[=]
bt
=]

[=]

SIEEE
HEin
B

==
HEa0

=]
o

|~ ]
_'3_{
o

.
1=

SaEE

J

misiah
—

Eiip

=]

gis

A

|

3]
o
o

A8

: [o]
I may be any one of:

A — 111 E - 011
B - 000 H - 100
C - 001 L - 101
D - 010

byte L:
byte 2
byte 1:

byte 2:

byte L:
byte 2:
byte 3:
byte 4:
byte L:
byte 2:
byte 3:
byte 4:

CB

CB

26

DD

CB

offset value
26

FD

CB

offset value

26

The contents of the location determined by the
specific operand are arithmetically shifted left with
the contents of bit 7 being moved to the carry flag
and a 0 being forced into bit 0. The final result is
stored back in the original location. s is defined in
the description of the similar RLC instructions.
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Data Flow: ( e 6V bﬁl

A F
B C
D E ALL
H l 3 R
l
Thitng: usec
5 M cveles: T stares: | @ 2 MHz:
r 2 8 4
(HL) 4 [5 7.5
(IX + d) 6 23 11.5
ay + &y 6 23 {1.5

Aderessing Made:  r:mplicig (HL):indireet: (IX + d), (1Y + d):in-
dexed.

Byte Cudes: SLA

© A B € 0D E H I
ca| 27 ml_m 22 23[24 ﬂ

Flags: 5 2 H @V N C
eje] [o] [e[C[e]
C 15 set by bit 7 of source data.
Example: SLA (HLi
Betore: After:
M OFF2 i [
/\
cB OFF2 Fi OFF2
76
T — )
r"\_‘_'_)

OBJECT CODE
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SRA s Shift right arithmetic s.
Function:
]
5 C
Format: s

T [—l[l—m byte |: CB
Lofol [o] =] byie2

olo 1 fop || |0f byte2:2E

(X + 4y | ¢! '|°I'['I‘|°|'lbylcl:DD

[TrJelol ]o] ] | bye2:CB
lf'L.T : 7’1 T L Ij byte 3: offset value

0 i Jo ] .n byte 4: 2E
ay +ay [ [ [ ] Je ][] byet: FD

tlitofloeli|ofrv]i]| byte2: CB

byle 3: offset value

glolifof1]vii]o]| byted: 2E

r may be any one of:

A - 111 E - 0il
B — 000 H - 100
C - 001 L — 101
D - 010
Description: The contents of the location determined by the

specific operand are arithmetically shifted right.
The contents of bit 0 are moved to the carry flag
and the contents of bit 7 remain unchanged. The
final result is stored at the original location. s is
defined 1n the description of the simitlar RLC in-
structions.
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Data Flow:
Al
B!
D, i
Tinung: usec
5 M cveles: | T states: | @ 2 MH::
r 2 8 4
(HL) 4 15 7.5
(IX + d) 6 23 11.5
(I + b 6 23 1.5

Addressing Mode: 1 umpliait; (HL): indirect; (IX + d), (1Y + d):n-

dexed.
Byte Codes: SRA r r_A_B_C H L
CB.EE;__' wlelza f2clzm
Flags: H Bv N C
I olo[ O] Je|cle]
C 15 set by bit 0 of source data.
Example: SRA A
Be[are: After:
A 8B 04 F A R T
B
7F

OBJECT COOE
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SRL s

Function:

Format: Lh

(HL)

(IX + d)

(Y + d)

Description:

432

Logical shift right s.

ll[l]ﬂlﬂll’ﬂlllli byte |: CB
o[ [ [t by
o
|
I

[n—] ‘ l byte |: CB

ru o[u 0l ilolbyLEZ:JE
E]—slo v lolj byte |: DD

il ]Jofopi o]} byte2: CB
— d | byte 3: offset value

CTel L To] tweesse
CLL LT Lol bvte evp

! ofofcjof1|1] byte2: CB

d: : i ]1 ] byte 3: offset value
Lol [ ]o] byte4: 3E

r may be any one of:

A - 111 E - 011
B — 000 H - 100
C - 00l L - 101
D - 010

The contents of the location determined by the
specific operand are (ogically shified right. A zero
is moved into bit 7 and the contents of bit 0 are

moved into the carry flag. The final result 1s slored
back in the original location.
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Darta Flow:
A af
B! c
D 1€
H .
Timing: usec
s M cveles: | Tstares; | @ 2 MHz:
r 2 8 4
(HL)j 4 15 7.5
(IX + d) 6 23 11.5
Iy + d) 6 23 11.5
L - i _
Addressing Mode: roimplicu; (HL): indirect; (I1X + d), (1Y + d): 1n-
dexed.
Byvre Codes. SRL r r A B C D E H L
CB FF[ JEI Jqlil aa[ac[ JDI
Flags: 5 ¢ H @v N ¢
@@ [O] [®[O[e]
C is set by bit 0 of source data.
Exaniple: SRL E

Before: After:

(T

OdJECT CODE
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SUB s Subtract operand s from accumulator.
Function: A+ A -5
Format: s:may ber, n, (HL), (IX + d) or (1Y + d)

(HL)

(IX + d)

(IY + d)

Description.

434

Lelefol Jo =]
Clelefefel [t]e]
e e ———
L lefof Jof [ ]o]
Lefefefefeefol ]
Llofef Jof il i]e]
s e
aunnnnon
Liofofriofrf o]
=

r may be any one of:

A — 11 E — 011
B — 00 H - 100
C - 001 L - 101
D — 010

byte 1:

byte 2:
data

96

byte §:
byte 2:
byte 3;
byte 1:
byte 2:

byte 3:

D6

immediate

DD

96

offset value

FD

96

offset value

The specified operand s is subtracted from the ac-
cumulator and the result is stored in the ac-
cumulator. The operand s is defined in the
description of the similar ADD instructions.
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Data Flow:

B

D

H

Timing: 1sec

5 M cycles: | T states: | @ 2 MHZ
r | 4 2
n 2 7 3.5
{HL) 2 7 3.5
(IX + d) 5 19 9.5
(IX + d) 5 19 9.5

Addressing Mode: r: implicit; n: immediate; (HL): indirect; (IX +
d), (IY + d): indexed

Byte Codes: SUB r ¢ A B C D E H

|97 90|9'I |92|93|94]95l

Flags: s 2 H PN C
(o[®] (o] [o] ]9
Example: SUB B
Before: After:
A& R
JIT o3|

/\_]
~__

OBJECT CODE
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XOR s Exclusive or accumulator and s.
Funcrian: A+~ AVs
Formai: s: may be r.n, (HL), (IX + d), or (IY + d)
e [l fe[ =+
n l'l'l'l”l'l'l‘l“l byte 1: EE
I L S LS J byte 2: immediate
I R S W S S data
¢ [Tl [ ]e] s
ax+d  [«JsJe] [ [r]a]1] byel:DD
l‘lol'["l'l'l'lﬂl byte 2: AE
l I : : {f ' ] | byte 3: offset value
av+d) [ ][ [ ] ]e]lt] byer:FD
lllulllol|l|[|lul byte 2: AE
[ LT {1 : L I byte 3: offset value
r may be any one of:
A - 111 E - 011
B - 000 H - 100
C - 001 L - 10l
D - 010

The accumulator and the specified operand s are
exclusive ‘or‘ed, and the result is stored 1n the ac-
cumulator. s i1s defined in the description of the
similar ADD instructions.

Description:
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Date Flow:
A
B
o E [ s |
H L
Timng: usec
s M cycles:{ T states: | @ 2 MHz.
r | 4 2
n 2 7 35
(HL) 2 7 35
(IX + d) 5 19 9.5
(1Y + d) 5 19 9.5

Addressing Modes: r: implicit; n: immediate; {(HL): indirect; (IX +

Byte Codes:

Flags:

Example:

EE
Bl

V"\J

OBJECT CODE

d), (1Y + d): indexed

XOR 1

Tl

Before: After:
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READY NO

YES

LOAD PUNCH
OR PRINTER
BUFFER

y

TRANSMIT
DATA

|

Fig. 6.21: Printing on a Punch or Printer

ter to do, as it keeps the overall prgamization simple. Let us examine the
essenttal alternative to polling: interrupts.

Interrupts

The concepl of interrupts 1s illustrated in Figure 6.18. A special hard-
ware line, the interrupt line, is connecled to a specialized pin of the mi-
croprocessor. Multiple mput/output devices may be connected to this
interruplt line. When any one of them needs service, it sends a level or a
pulse on this line. An interrupt signal is the service request from an 1n-
put/autpul device to the processor. Let us examine the response of the
processor to this interrupt.

In any case, the processor completes the instruction that it was cur-
rently executing; otherwise, this would create chaos inside the micro-
processor. Next. the microprocessor should branch Lo an interrupt-han-
dling routine which will process the interrupt. Branching to such a sub-
routine implies that the contents of the program counter must be saved
on the stack. An interrupt must, therefare, cause the automaiic preser-
vation of the program counler on the stack. In addition, the flag regis-
ter F should be also preserved automalically, as its contents will be
altered by any subsequent instruction. Finally, if the interrupt-handling
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routine should modify any internal registers, these internal registers
should also be preserved on the stack (see Figures 6.22 and 6.23).

5P e—— PCL

PCH

Fig. 6.22: Z80 Stack After Interruption

\/\/

PI7n|mln|olm

/\/'\,’—-J

Fig. 6.23: Saving Some Working Registers

After all these registers have been preserved, one can branch to the
appropriate interrupt-handiing address. Al the end of this routine, all
the registers should be restored, and a special interrupt return should be
executed so that the main program will resume execution. Lel us exam-
ine i more detail the interrupt lines of the Z80.

Z80 Inlerrupts

An interrupt 15 a signal sent to the microprocessar, which may re-
quest service at any time and is asynchronous to the program. When-
ever a program branches to a subroutine, such branching 1s synchron-
ous o program execution, i.e., scheduled by the program. An inler-
rupt, however, may occur at any time, and will generally suspend the
execution of the current program (without the program knowing it).
Because 1t may happen al any lime relalive to program execution, it is
called asynchronous.

Three interruption mechanisms are provided on the Z80: the bus re-
quest (BUSRQ), the non-maskable interrupt (NMI) and the usual inter-
rupt (INT).

Let us examine these three types.
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The Bus Request

The bus request is the highest priority interrupt mechanism on the
Z80. The interrupt sequence for the Z80 is shown in Figure 6.24. Asa
general rule, no interrupt will be sensed by the Z80 until the current
machine cycle 1s completed, The NMI and INT interrupts will not be
taken into account until the current instruction is finished. However,
the BUSRQ will be handled at the end of the current machine cycle,
without necessarily waiting for the end of the instruction. It is used for

BusVy - @

watiak.d
PR
LAEL I TN
wid&aurt
MLE

Fig. 6.24: Interrupt Sequence
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a direct memory access (DMA), and will cause the Z80 to go into DMA
mode (see ref. C201 for an explanation of the DM A mechanism). If the
end of an instruction has been reached, and if any NMI or INT were
pending, they would be-memorized internally in the Z80 by setting spe-
cialized flip-flops: the NMI flip-flop, and the INT flip-flop. In DMA
mode, the Z80 suspends operation and releases its data-bus and
address-bus in the high-impedance state. This mode is normally used by
a DMA controller to perform transfers between a high-speed input-
output device and the memory, using the microprocessor data-bus and
address-bus, The end of a DMA operation 1s indicated to the Z80 by
BUSRQ changing levels. At this point, the Z80 will resume normal
operation. In particular, it will first check whether its internal NMI or
INT flip-flops had been set and, if 5o, execute the corresponding inter-
Tupts,

The DMA should normally not be of concern to the programmer, un-
less timing is important. If a DMA controller is present in the system,
the programmer must understand that the DMA may delay the
response to an NMI or an INT.

The Non-Maskable Interrupt

This type of interrupt cannot be inhibited by the programmer. It is
therefore said to be non-maskable, hence its name. It will always be ac-
cepted by the Z80 upon completion of the current instruction, assuming
no bus request was received. (If an NMI is received during a BUSRQ,
it will set the internal NMI flip-flop, and will be processed at the end of
the instruction following the end of the BUSRQ.}

The NMI will cause an automatic push of the program counter into
the stack and branch to address 0066H: the two bytes representing the
address 0066H will be installed in the program counter. They represent
the start address of the handling routine for the NMI (see figure 6.25).

This interrupt mechanism has been designed for speed, as it is used in
case of ‘‘emergencies’’. Therefore, it does not offer the flexibility of the
maskabie interrupt mode, described befow.

Note also that an interrupt routine must have been loaded at address
0066H prior to using the NMI.

NMI will first cause:

SP «—S8P - |

(SP) «— PCH

SP ~—SP — | push PC
(SP) =—PCL
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MEMORY
IFFI IFF2
o[ ]—»] 0066
NMI
HANDLER

:
<1 E
MO

- PC -« stock

Fig. 6.25: NMI Forces Automatic Vectoring

Then, NMI causes an automatic restart at locatipn 0066H. The com-
plete sequence of events 1s the following:

PC ———pe- STACK (preserve program counter)
IFF] -~ [FF2 (preserve [FFY

0 ———=p= |FF1 (reset IFF}

JUMP TO 0066H (execute interrupt handler)

Also, the status of interrupt-mask-bit flip-flop (IFF1) at the time that
NMI was received is preserved automatically into IFF2. Then, IFF1 is re-
set in order to prevent any further interrupts. This feature is important to
prevent the loss of lower-priority INT’s and simplifies the externai hard-
ware: the status of a pending INT is preserved internally in the Z80.

The NMI interrupt is normally used for hugh priority events such as a
real-time clock or a power failure.

The return from an NMI1 is accomplished by a special instruction, RETN:
“return from non-maskable interrupt.” The contents of IFFI are restored
from IFF2, and the contents of the program counter PC are restored from
their location in the stack. Since IFF1 had been reset during execution
of the NMI, no external INT’s could be accepted during the NMI
(unless the programmer uses an EI instruction within the NMI routine):
there has been no loss of information.

Upon termination of the interrupt handler, the sequence is:

fFF2 ———& [FFI (restore {FF}
STACK —» PC (restore program counter}

Note that, once IFF]1 is restored, maskable interrupt enable status is
restored.
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Interrupt

The ordinary, maskable,interrupt INT may operate in one of three
modes. They are specific to the Z80, as the 8080 is equipped with only a
single interrupt mode. The ordinary interrupt INT may also be masked
selectively by the programmer. Setting the interrupt flip-flops IFFI and
IFF2 to a “‘I”’ will authorize interruptions. Setting them to a ‘0"
(masking them) will prevent detection of INT. The EI instruction is
used to set them, and the DI instruction is used to reset them. IFF1 and
IFF2 are set or reset simultaneously. Durimg execution of the El and DI
instructions, INT’s are disabled in order to prevent any [oss of informa-
tion.

Let us now examine the three interrupt modes:

Interrupt Mode 0

This mode is identical to the 8080 mterrupt mode. The Z80 will
operate in interrupt mode O either when initially started (when the RE-
SET signal has been applied) or else when an IMQ instruction has been
executed. Once mode O has been set, an interrupt will be recognized if
the interrupt enable flip-flop IFF1 is set to [, provided no bus-request
or non-maskable interrupt occurs at the same time. The interrupt will
be detected only at the end of an instruction. Essentially, the Z80 will
respond to the interrupt by generating an IORQ (and an MI signal),
and then do nothing, except wait.

It is the responsibility of an external device to recognize the IORQ
and M1 (this is called an interrupt acknowledge or INTA) and to place
an instruction on the data-bus. The Z80 expects an instruction to be
placed on its data bus by the external device within the next cycle. Typi-
cally, an RST or a CALL mnstruction is placed on the bus. Both of these
instructions automatically preserve the program-counter in the stack,
and cause branching to a specific address. The advantage of the RST in-
struction is that it resides within a single byte, i.e., it executes rapidly.
Its disadvantage is to branch to only one of eight possible locations in
page zero (addresses O through 255). The advantage of the CALL in-
struction is that 1t is a general-purpose branch instruction which speci-
fies a full [6-bit address. However, it requires three bytes and therefore
executes less rapidly.

Note that once the nterrupt processing starts, all further interrupts
are disabled. IFF1 and IFF2 are automatically set to **0"*. It is then the
responsibility of the programmer to insert an EI instruction (Enable In-
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terrupts) at the appropriate location within his program if he wishes to
enable interrupts, and, in any case, before returning from the interrupt.

The detailed sequence corresponding to the mode 0 interrupt is
shown in Figure 6.26.

MODE D MODE 1 MCOE 2
OLSABLE INTERRUPTS DISABLE INTERRUFTS DISARLE [NTERRUFTS
WE1_[FF2 = 0 IFF1, IFF2 = IFF1, IFF2 = 0
READ FIRST BYTE L PC—o STACK ] [ READ VECTOR ]
OF INSTALICTION
11, 10RQ LOW) } }
[ RUMP 10 0038M J I PC ~#STACK ]
: ¥
-
FORM VECTOR
MOVE BYTES o TABLE ADORESS:
REQUIRED FOR WG + VECION
INSTRUCTION ‘
YES :'.:TSII.I'TING
READ NEXT BYTE m“ £55 HRD
0] TABME
[NORMAL MEM. READ
WITH PC STATIDNARY] ‘
N |
JUMF T NEW LOCATION
" START INTERRUPT
CALL A RST SERVICE ROUTINE
.
.
PC < STACK -
[5S]
Bl [ENABLE (NTENRUPTS)
EXECUTE INGTRUCTION
m‘ m
H
FON AL
OR st

e oray
STACK—#PC

Fig. 6.26: Interrupt Modes

The return from the nterrupt is accomplished by an RETI instruc-
tion. Let us remind the programmer at this point that he/she 1s usually
responsible for explicitly clearing the interrupt which has been serviced
on the 1/0 device, and always for restoring the mterrupt disable flag in-
side the Z80. However, the peripheral controller may use the INTA sig-
nal to clear the INT request, thus freeing the programmer of this chore.

In additon, should the interrupt-handling routine modify the con-
tents of any of the internal registers, the programmer 1s specifically re-
sponsible for preserving these registers in the stack prior to executing
the interrupt-handling routine. Otherwise, the contents of these regis-
ters will be destroyed, and when the interrupted program resumes exe-
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cution, it will fail. For example, assuming that registers A, B, C, D, E,
H and L will be used within the interrupt handler, they will have to be
saved (see Figure 6.27). \

D DECREASING
ADDRESSES

A

PCL
PCH

STACK
Fig. 6.27: Saving the Registers

The corresponding program is:

SAVREG PUSH AF
PUSH BC
PUSH DE
PUSH HL

Upon completion of the interrupt-handling routine, these registers must
be restored. The interrupt handier will terminate with the following se-
quence of 1nstructions:

POP HL
POP DE
POP BC
POP AF
El (unfess EI was used earlier in

the routine)

Additionally, if registers [X and [Y are used by the routine they must
also be preserved, then restored.
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Interrupt Mode I

This interrupt mode is set by executing the IMI instruction. It is an
automated mterrupt handler which causes an automatic branch to loca-
tion 0038H. It is therefore essentially analogous to the NMI interrupt
mechanism except that it may be masked. The Z80 automatically pre-
serves the contents of PC into the stack (see Figure 6.28).

1M1 INT °
]~
aulgmatic 38 INTERRUPT
vecloring ROUTINE
PROGRAM Sp
PCL LOCATICN OF
automalic > FCH ] INTERRUPTION
preserve % 77
STACK /
0038
{autamaohic) %
]

MEMORY

Fig. 6.28: Mode 1 Interrupt

This automated interrupt response, which *‘vectors” all interrupts to
memory location 38H, stems from the early 8080’s requirement to
minimize the amount of external hardward necessary for using inter-
rupts. Its possible disadvantage is to cause a branch to a single memory
location. In case several devices are connected to the INT line, the pro-
gram starting at location 38H will be responsible for determining which
device requested service. This problem will be addressed below.

One precaution must be taken with respect to the timing of this inter-
rupt: when performing programmed input/output transfers, the Z80
will ignore any data that may be present in the data bus during the cycle
which follows the interrupt (the interrupt acknowledge cycle).

503



PROGRAMMING THE Z80

Interrupt Mode 2 (Vectored Interrupts)

This mode 15 set by executing an IM2 instruction. It is a powerful
mode which allows automatic vectoring of interrupts. The interrupt
vector is an address supplied by the peripherai device which generated
the nterrupt, and used as a memory pomnter to the start address of the
interrupt-handling routine, The addresssing mechanism provided by
the Z80 in mode 2 is indirect, rather than direct. Each peripherai sup-
plies a seven-bit branching address which 1s appended to the 8-bit ad-
dress contained in the special | register in the Z80. The right-most bit of
the final 16-bit address bit 0 is set to **0"". This resulting address points
to an entry 1n a table anywhere in the memory. This table may contain
up to 128 double-word entries. Each of these double words (s the ad-
dress of the interrupt handler for the corresponding device. This is il-
lustrated in Figures 6.29 and 6.30.

" — e INT
DEVICE 2% VECTOR
'7 BIT VECTOR 00—

} ™ START ]
] ADDRESS 1 —

Rl

DEVICE
HANDLER

MEMORY
Fig. 6.29: Mode 2 Interrupl

The interrupt table may have up to 128 double-word entries.

In this mode, the Z80 aiso automatically pushes the contents of the
program counter into the stack. This 1s obviousiy necessary, since PC
will be reloaded with the contents of the mterrupt table entry corre-
sponding ta the vector provided by the device.

Interrupt Overhead

For a graphic comparison of the palling process vs. the mterrupt
process, refer to Figure 6.18, where the polling process is itlustrated on
the top, and the interrupt process underneath. It can be seen that in the
polling technique the program wastes a lot of time waiting.
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PROGRAM /

0152

rc| : ] VECTOR

Tage 0%
T
SP[ 10 . 0,4} J

BEFORE 0304

QEVICE n
CONTROLLER

—— 04H

autarmatic vectaring

A\

e[ 0 1 0|
sp o . 98 J %

MEMORY

Fig. 6.30: Mode 2~ A Practical Example

Using interrupts, the program 1s interrupted, the interrupt 1s serviced,
then the program resumes. However, the obvious disadvantage of an
interrupt is to introduce several additional instructions at the beginning
and at the end, resulting in a delay before the first instruction of the de-
vice handler can be executed. This 1s additional overhead.

Exercise 6.28:Using the tables indicating the number of cycles per in-
Struction, in Chapter 4, compute how much time will be lost to save and
then restore registers A, B, D, H.

Having clarified the operation of the interrupt lines, let us now con-
sider two important remaining problems:

| —How do we resolve the problem of multiple devices tniggering an
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interrupt at the same time?
2—How do we resolve the problem of an iterrupt occurring while
another interrupt is being serviced?

Multiple Devices Connected to a Single Interrupt Line

Whenever an interrupt occurs, the processor branches to a specified
address. Before it can do any effective processing, the interrupt han-
dling routine must determine which device triggered the interrupt. Two
methods are available to 1dentify the device, as usual: a software
method and a hardware method.

In the software method, polling s used: the microprocessor interro-
gates each of the devices in turn and asks them, **Did you trigger the in-
terrupt?'’ If the answer 1s negative, it interrogates the next one. This
process is illustrated in Figure 6.31. A sample program Iis:

POLINT IN A, (STATUSI) READ STATUS

BIT 7.A DID DEVICE REQUEST INT"
JP NZ, ONE HANDLE IT IF SO

IN A, (STATUS2)

BIT 7,A

JP NZ, TWO

etc. -—=

The hardward method provides the address of the interrupting device
simultaneously with the interrupt request.

INT 1 PILLING INTERRUPT VECTORED
? L POLLING 3

WHICH ROUTIHE

DEVICE? ]

SERVICE
ROUTINE P

SERVICE
ROUT [KE

SERVICE
HROUTINE N

Fig. 6.31: Polled vs. Yeciored Interrupt
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To be more precise, when operating in mode 0, the peripheral device
controller will supply a one-byte RST or a three-byte CALL on the data
bus in response to the interrupt acknowledge, thus automating the in-
terrupt vectoring, and minimizing the overhead.

MNoze that a subroutine call instruction is required as the Z80 does not
save the PC when operating in mode 0.

In most cases, Lhe speed of reaction to an interrupt 1s not crucial, and
a polling approach 1s used. 1f response time 1s a primary consideration,
a hardware approach must be used.

Simultaneous Interrupts

The next problem which may occur is 1hat a new mterrupt can be trig-
gered durning the execution of an interrupt-handling routine. Let us
examine whal happens and how the stack is used to solve the problem.
We have indicaled in Chapter 2 that this was another essential role of
the stack, and the time has come now to demonstrate its use. We will
refer to Figure 6.33 to illustrate multiple interrupts. Time elapses from
left 10 right in the illustration. The contents of the stack are shown at
the bottom of the illustration. Looking at the left, at time TO, program
P is in execution. Moving to the right, at ume T1, interrupt 11 occurs.
We will assume that the interrupt mask was enabled, authorizing I1.
Program P will be suspended. This is shown at the bottom of the illus-
tration. The stack will contain the program counter and the status reg-
ister of program P, at feast, plus any optional registers that might be
saved by the interrupt handler or 11 itself,

e 70
AI"\:.:‘_J INTERFACE] "®* |INTERFAC

t ug_n' ' § INT

Fig. 6.32: Several Devices May Use the Same Interrupt Line

At time T1, interrupt [1 starts executing until time T2. At time T2, in-
terrupt 12 occurs, We will assume thal interrupt 12 has a higher prionty
than interrupt 11, If it had a lower priorty, 1t would be ignored until I1
had been completed. At ume T2, the registers for 11 are stacked, and
this appears at the bottom of the illustration. Again, the conients of the
program counter and AF are pushed into the stack. In addition, the
routine for 12 might decide to save an additional few registers. 12 will
now execute Lo completion at time T3.
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When 12 terminates (with an RETI}, the contents of the stack are
automatically popped back into the Z80, and this is illustrated at the
bottom of Figure 6.33. Thus, automatically I1 resumes execution. Un-
fortunately, at time T4, an interrupt 13 of higher priority occurs again.
We can see at the bottom of the illustration that again the registers for
Il are pushed into the stack. Interrupt 13 executes from T4 to TS and

TIME £ T, T. T 1. T f.
PROGRAMP 1= - — - — = == — = == = = s e
INTERRUPT 1, P g
INTERRUPT 1, I —_—

INTERRUPT 1, ! —

!

Ao I

= O pe
L 7 [ P |

\ R . . 5

-

Fig. 6.33: Stack Conients During Multiple Enterrupts

terminates at T5. At that time, the contents of the stack are popped into
Z80, and interrupt I1 resumes execution. This time it runs to comple-
tion and terminates at T6. At T8, the remaining registers that have been
saved in the stack are popped into Z80, and progam P may resume ex-
ecution. The reader will verify that the stack is empty at this point. In
fact, the number of dashed lines indicating program suspension in-
dicates at the same time how many levels there are in the stack.

Exercise 6.29: Assume that the area available to the stack is limited to
300 locations in a specific programn. Assume that all the registers must
always be saved and that the progrannuner allows nterrupts to be nest-
ed, ie., to interrupt each other. Which 1s the maxunum number of
sinmtuftaneous interrupts that can be handled? Will auy other factor con-
tribute to stifl reduce further the maxumun number of sunultaneous in-
terruplis?

It must be stressed, however, that, 1n practice, microprocessor sys-
tems are normally connected to a small humber of devices using inter-
rupts, It is, therefore, unlikely that a high number of simultaneous in-
terrupts will occur in such a syslem.

We have now solved all the problems usually associated with inter-
rupts. Their use 15, in fact, simple and they should be employed to ad-
vantage even by 1he novice programmer.
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