
THE Z80 INSTRUCTION SET 

THE Z80 INSTRUCTIONS: INDIVIDUAL DESCRIPTION 

ABBREVIATIONS 

FLAG ON OFF 

Carry 
Sign 
Zero 
Parity 

C (carry) 
M (minus) 
Z (zero) 
PE (even) 

NC (no carry) 
P (plus) 
NZ (non zero) 
PO (odd) 

changed functionally according to operation 
0 	flag is set to zero 

flag is set to one 
flag is set randomly 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 

ADC A, s 

Function: 

Formal: 

Add accumulator and specified operand with 
carry. 

A.—A+s+C 

s: may be r, n, (HL),(IX + d), or (IY + d) 

I 	1 

r 

n 

 

byte I: CE 

byte 2: immediate 
data 

 

0 0 0 

LI  0 

 

0 

I 	I 	I 

(IY + d) 
	

0 

0 

I 	T 

111.111 

8E 

byte I: DD 

byte 2: 8E 

byte 3: offset value 

byte I: FD 

byte 2: 8E 

byte 3: offset value 

(HL) 

(IX + d) 

r may be any one of: 
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A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 101 



Byte Codes: 

Flags: 

Example: 

ADC A,r r: A B C 

ADC A, IA 

E H 

8F BB 89 BA BB 8C 80 

5 Z 
	

H 	 N C 

• • • • 0 • 

06 	1 	13 
	

F 	A 0 
	

F A 

OBJECT CODE 

 

THE Z80 INSTRUCTION SET 

Description: 

Data Flow: 

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 is defined in 
the description of the similar ADD instructions. 

B 
D 

Ar 

AIM E 

Timing: 
M cycles: T states: 

usec 
@ 2 MHz. 

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

Before: After: 
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SP 

fc 

,4r A 

PROGRAMMING THE Z80 

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

Function: 	 HL HL + ss + C 

Format: 
byte 1: ED 

0 	3 	5 
	 0 
	

0 
	

byte 2 

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 in HL. ss may be any one of: 

BC — 00 
	

HL — 10 
DE — 01 
	

SP— II 

Data Flow: 

Timing: 	 4 M cycles; 15 T states: 75 usec @ 2 MHz 

Addressing Mode: Implicit. 

Byte Codes: 
	

ss: 
	BC DE Hl SP 

ED- 4A 5A 6A 7A 
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S Z N C Flags: 
• • • 0 • 

After: 

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

ADC HL, DE 

Before: 

THE Z80 INSTRUCTION SET 

F 41 fSSIAi,  

E D 3291 D 3291 

H OF18 L H Attr/ 
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OBJECT 
CODE 

Example: 



PROGRAMMING THE Z80 

ADD A, (HL) Add accumulator with indirectly addressed 
memory location (HL). 

Function: 

Formai: 

 

A A + (HL) 

 

   

0 0 0 0 0 86 

Description: The contents of the accumulator are added to the 
contents of the memory location addressed by the 
HL register pair. The result is stored in the ac-
cumulator. 

Data Flow: 

           

DATA 

            

            

            

      

AU) 

    

          

  

E 

          

             

             

            

MEMORY 

             

             

             

             

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

Addressing Mode: Indirect. 

Flags: 5 Z H 	P/0 N C 

  

• • • • 0 

194 



H 
	

9620 H 
	

9620 

9620 9620 

THE Z80 INSTRUCTION SET 

Example: 	 ADD A, (HL) 

Before: 
	

After: 

A 02 A 

     

OBJECT CODE 
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byte I: DD 

byte 2: 86 

byte 3: offset value 

0 
	 0 

0 0 0 0 
	0 

I 	I 	IT
d I  

II 

PROGRAMMING THE Z80 

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

memory location (IX + d) 

Function: 	 A 4—  A + (IX + d) 

Format: 

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

Data Flow: 

Timing: 
	

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

Addressing Mode: Indexed. 

Flags: 5 Z H 	PeCDNC 

  

• • • 0 • 
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',AT A 
0861 

A II  I 

IX 
	

01361 

0861 

0862 

0863 

0864 

OBJECT CODE 

 

A 

IX 

OB61 

0862 

0863 

0864 

THE Z80 INSTRUCTION SET 

Example: 	 ADD A, (IX + 3) 

Before: 
	

After: 
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1 	1 	1 	1 	1 	1 	_I 

byte I: FD 

byte 2: 86 

byte 3: offset value 

0 

0 a 0 0 

Data Flow: 

DATA 

ALU 

PROGRAMMING THE Z80 

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

memory location (IY + d) 

Function: 	 A 4--  A + (IY + d) 

Format: 

Description: 
	

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

          

          

          

          

Iv 

         

         

          

         

ADD 

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

Addressing Mode: Indexed. 

Flags: S Z 1-1 	Plq) N C 

   

• • • • 0 • 
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THE Z80 INSTRUCTION SET 

Example: 	 ADD A, (IY + I 

Before: 
	

After: 

A 31 A ii 

   

IX 
	

002B  IX 
	

0026 

0026 

002C 

072B 

002C 

OBJECT 
CODE 
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Data Flow: 

— _ 
ADD 

n 

MEMORY 

E 

B 

D ALU 

PROGRAMMING THE Z80 

ADD A, n 	Add accumulator with immediate data n. 

Function: 	 A 4—  A + n 

Format: 
0 0 0 
	

byte I: C6 

byte 2: immediate 
data 

   

n 
111111  

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. 

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

Addressing Mode: Immediate. 

Flags: S Z H 	Pi® N C 

  

• • • • 0 • 

Example: 
	

ADD A. E2 

Before: 
	

After: 

    

A 43 A Alr A 

    

OBJECT CODE 

200 

    



ig 
Data Flow: 

B 

ADD A, r 

Function: 

Format: 

THE Z80 INSTRUCTION SET 

Add accumulator with register r. 

A A + r 

   

0 0 0 

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

A — 1 I I 	 E — 011 
B — 000 	 H — 100 
C — 001 	 L — 101 

D — 010 

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

Addressing Mode: Implicit. 

Byte Codes: 	r: 

Flags: S Z H 	P/0 N C 

  

• • • S 0 

ABC  C D E HL 

87 BO  1 81  82 83 84 85 
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PROGRAMMING THE Z80 

Example: 	ADD A, B 

Before: 
	

After: 

A 3D A 

 

tcialm 

 

02 e 02 

OBJECT CODE 
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S Z H 	PA/ N C Flags: 
• 0 

THE Z80 INSTRUCTION SET 

ADD HL, SS 	Add HL and register pair ss. 

Function: 	HL HL + ss 

Format: 
0 0 S S 0 0 

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 
DE — 01 

HL — 10 
SP — 11 

Data Flow: 

     

A 

B 

D 

    

   

C 

E 

   

     

     

     

SP 

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

Addressing Mode: Implicit. 

Byte Codes: 	ss: BC DE HI. SP 

 

09 19 29 39 

C is set by carry from bit 15, reset otherwise. 

H is set by a carry from bit 11 
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PROGRAMMING THE Z80 

Example: 	ADD HL, HL 

Before: 
	

After: 

0681 
	

L H OD62 H 

OBJECT 
CODE 
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THE Z80 INSTRUCTION SET 

ADD IX, rr 	Add IX with register pair rr. 

Function: 	 IX 4—  IX + rr 

Format: 
0 
	

0 
	

byte 1: DD 

0 0 
	 0 0 
	

byte 2 

Description: 
	The contents of the IX register are added to the 

contents of the specified register pair and the 
result is stored back in IX. rr may be anyone of: 

BC — 00 
	

IX—   t0 
DE — 01 
	

SP — 11 

( SP 

Timing: 	 4 M cycles: 15 T states: 7.5 usec @ 2 MI-1z 

Addressing Mode: Implicit. 

Byte Codes: 	rr• 	BC DE Ix SP 

DD- of; 19 29 39 

205 

Data Flow: 



0000 

3021 SP 

Before: 

ix 

SP 

After: 

i x 

3021 

PROGRAMMING THE Z80 

Flags: 5 z H 	P/V N C 

  

0 • 

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

Example: 	 ADD IX, SP 

OBJECT 
CODE 
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THE ZOO INSTRUCTION SET 

ADD IY, rr 	Add IY and register pair rr. 

Function: 	 IY 	IY + rr 

Format: 
byte 1: FD 

0 0 
	

0 
	

byte 2 

Description: 
	

The contents of the IY register are added to the 
contents of the specified register pair and the 
result is stored back in 1Y. rr may be any one of: 

BC — 00 
	

IY — 10 
DE — 01 
	

SP — 11 

Datg Flow: 

          

         

         

          

          

  

A 
IB 

H 

       

         

         

         

          

  

IIY 

SP 

   

g OA 

   

         

          

          

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

Addressing Mode: Implicit. 

Byte Codes: rr: BC DE IY SP 

  

FD- o; 19 29 39 
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E 	D 6122 

3051 

Before: 

D 

 

After: 

6122 

9173 

PROGRAMMING THE Z80 

Flags: 5 2 H 	P/V N C 

  

0 • 

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

Example: 	 ADD IY, DE 

OBJECT 
CODE 
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byte 1: E6 

byte 2: immediate 
data 

n 1 1 1 0 0 1 1 0 

IIIII 	r 
	 n 	  
III 	i 	1  

THE Z80 INSTRUCTION SET 

AND s 

Function: 

Format: 

Logical AND accumulator with operand s. 

 

A'—AAs 

 

 

s: may be r, n, (HL), (IX + d), or (IY + d) 

    

1 	i 
r 	0 1 0 0 

I 	I 

(IY + d) 

1 

0 i 0 0 i i 0 

1 
	

1 
	

0 
	

1 
	

1 
	

0 
	

1 

0 1 , 
	

0 
	

0 
	

1 
	

1 
	

0 

1 
	

I 
	

:i 
III  

     

1 
	

1 
	

t 
	

i 
	

0 

1 
	

0 

I 	I 	L_I
d  
iii 

A6 

byte 1: DD 

byte 2: A6 

byte 3: offset value 

byte I: FD 

byte 2: A6 

byte 3: offset value 

(HL) 

(IX + d) 

0 0 0 i 

r may be any one of: 

A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 101 

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 Z80 

Data Flow: 

A 

B 

H 

C 

E 

Timing: 
M cycles: T states: 

usec 
@ 2 MHz: 

r I 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: 

r: 	implicit; 
d), (IY + 

AND r 

n: immediate; (HLI: indirect; (IX + 
d): indexed. 

, ABCDE 	HI 

A7 AO Al A2 A3 Ad A5 

Flags: 5 	Z N C 

• • • 0 0 

Example: AND 4B 

Before: After: 

A 36 ;"v 

   

OBJECT 
CODE 

   

210 



Data Flow: 

A 

B 

D 

H 

DATA 

E 

THE Z80 INSTRUCTION SET 

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

(HL) 

Function: 

Format: 

Z (FIL)b 

 

0 
	0 	0 
	

byte 1: CB • 

0 
	

0 
	

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 
3 — 011 	 7 	111 

Timing: 	 3 M cycles; 12 T states; 6 usec GO 2 MHz 

Addressing Mode: Indirect. 

Flags: S Z H 	Ply N C 

• 0 
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H 
	

6A42 I H 
	

6A42 

6A42 6A42 

PROGRAMMING THE Z80 

Byte Codes: b: 0 I 2 3 4 5 6 7  

  

CB- 46 4E 56 5E 66 6E 76 7E 

Example: 	 BIT 3, (HL) 

Before: 	 After: 

CO F F 

OBJECT CODE 
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byte 1: DD 

byte 2: CB 

byte 3: offset value 

byte 4 

0 
	 0 

0 0 
	

0 

d 

0 
I 

•—• b 0 

THE Z80 INSTRUCTION SET 

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

Function: 	Z 4—  (IX + d)b 

Format: 

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 is set according 
to the result. b may be any one of: 

0 — 000 
1 — 001 

2 — 010 
3 — 011 
4 — 100 

5 — 101 
6 — 110 

7 — 111 
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Ix 
	

AAII IX 
	

AAII 

AA! I AAII 

OBJECT CODE 

PROGRAMMING THE Z80 

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

Addressing Mode: Indexed. 

Byte Codes: 	b: 0 I 2 3 4 5 6 7 

OD-CB-d- 46 4E 56 SE 66 6E 76 7E 

Flags: S Z P/V N C 

  

Example: BIT 6, (IX + 0) 

Before: 
	 After: 

    

CI F t.:11/4  F 
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0 0 0 

0 0 

byte 1: FD 

byte 2: CB 

byte 3: offset value 

byte 4 6-'- I  
1 	I  

Data Flow: 
A 

B  

H 

F 

	C 

E ATLI 
DATA 

THE Z80 INSTRUCTION SET 

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

Function: 	 Z 4-- (IY + d)b 

Format: 

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 is set ac-
cording to the result. b may be any one of: 

0 — 000 
	

4 — 100 
1 — 001 
	

5 — 101 
2 — 010 
	

6 — 110 
3 — 011 
	

7 — I 1 1 

BIT 

IY 
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IY 
	

FF12 Y 
	

FF12  

FF12 

FF13 

FF12 

FF13 

OBJECT CODE 

PROGRAMMING THE Z80 

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

Addressing Mode: Indexed. 

Byte Coder b 
FD-CB-d- 

0 I 2 3 4 5 6 7  

46 4ETS6 SE 66 6E 76 7E 

Flags: s z H 	P/V N C 

  

• 
	

7 

Example: 	 BIT 0, (IY + 1) 

Before: 	 After: 

    

92 F EA,[202;a1 F 
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F 

C 

E 

L 

THE Z80 INSTRUCTION SET 

BIT b, r 	Test bit b of register r. 

Function: 

Format: 

Z rb 

   

  

0 0 byte I: CB 

0 
I 

b- 
I  

I 	I byte 2 

  

Description: 
	The specified bit of the given register is tested and 

the zero flag is set according to the results. b and r 
may be any one of: 

b: 
	

0 — 000 	4 — 100 
1 — 001 	5 — 101 
2 	010 	6 — 110 
3 — 011 	7 — 1 1 1 

r: 
	

A 	I 1 1 	E — 011 
B-000 	H— 100 
C — 001 	L — 101 
D 010 

Data Flow: 
A 

B 

H 

Timing: 	 2 M cycles; 8 T states; 4 usec © 2 MHz 

Addressing Mode: Implicit. 

217 



B C 
	

E H 

47 40 41 42 43 44 45 

4F a 49 dA 4B 4C 4D 

57 50 51 52 53 54 55 

5F 58 59 5A 58 5C 5D 

67 60 61 62 63 64 65 

6F 68 69 6A bB 6C 6D 

77 70 71 72 73 74 75 

7F 7B 79 7A 78 7C 7D 

Byte Codes: b: r: A 

CB- 0 

1 

2 

3 

4 

5 

6 

B 61 

OBJECT CODE 

01 F 
	

8 
	

61 1551 

PROGRAMMING THE Z80 

Flags: Z H 	PA/ N C 

  

 

• 0 

Example: 
	

BIT 4, B 

Before: 	 After: 
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THE Z80 INSTRUCTION SET 

CALL cc, pq 	Call subroutine on condition. 

Function: 
	

if cc true: (SP — I1 	PChigh, (SP — 2) .— 
PCiow; SP — SP — 2; PC pq 

If cc false: PC — PC + 3 

Format: 

     

 

I 	I 

I 	I  
0 0 byte I 

byte 2: address, 
low order 
byte 3: address, 
high order 

 

I 	I 

   

     

  

I  

  

Description: If the condition is met, the contents of the pro-
gram counter are pushed onto the stack as de-
scribed for the PUSH instructions. Then, 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 loaded into the high 
order half of the PC. The next instruction fetched 
will be from this new address. If the condition is 
not met, the address pq is ignored and the follow-
ing instruction is executed. cc  may be any one of: 

	

NZ — 000 
	

PO — 100 

	

Z — 001 
	

PE — 101 

	

NC — 010 
	

P — 100 

	

C — 011 
	

M — Ill 

An RET instruction can be used at the end of the 
subroutine being called to restore the PC. 
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a rc 

 

D 
	

E 

PC 

MIS 5P 

CC. NZ . Z NC C PO 

Cd I CCI Dd Ed DC 

PE P M 

E-a-v7F-1  -4-13  
Byte Codes: 

PROGRAMMING THE Z80 

Data Flow: 

°FORM 
LOGIC 

- - a 
a 

CALL 

Timing: 
M cycles: T slates: 

usec 
© 2 MHz 

condition 
true: 5 17 8.5 
condition 
not true: 3 10 5 

Addressing Mode: Immediate. 

Flags: s z PA/ N C 

  

(no effect) 
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After: 

F F 

0801 

85 

PC 

SP BB12 

Before: 

PC 

SP 

F 85 

OB04 

131312 

THE Z80 INSTRUCTION SET 

Example: 	CALL Z, B042 

BBI 0 

BB11 

131312 

0010 

NI 1 

8812 

OBJECT CODE 
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CALL 

q 

p E 

":71./15;• 
P•41111111 

A 

B 

D 

PC 

SP 

PROGRAMMING THE Z80 

CALL pq 

Function: 

Format: 

Description: 

Data Flow: 

Call subroutine at location pq. 

(SP — I) PChigh; (SP — 2) 4—  PClow; SP 4—  SP 
— 2; PC 4—  pq 

0 0 

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

byte I: CD 1.4 1.1)‘ 

byte 2: address, low order 

byte 3: address, high order 

Timing: 	 5 M cycles; 17 T states: 8.5 usec @ 2 MHz 

Addressing Mode: Immediate. 
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PC 

SP 

THE Z80 INSTRUCTION SET 

Flags: P/V N C 

 

 

(no effect) 

Example: 	 CALL 4061 

Before: 
	

After: 

AA40 

0914 

PC 

SP 

     

OBI2 

OBI3 

0814 

OBI2 

01313 

OB14 

 

ISM 

Faro 

  

 

F4 

  

Pm11111111 

    

OBJECT CODE 
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Data Flow: 
A 

B 

D 

H 

PROGRAMMING THE Z80 

CCF 

Function: 

Format: 

Complement carry flag. 

 

C C 

  

0 
	

3F 

Description: 	The carry flag is complemented. 

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

Addressing Mode: Implicit. 

Flags: H 	PN N C 

 

0 • 
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n 
	 0 

(HL) 
	

0 	 0 

(IX + d) 
	

0 	 0 

0 
	 0 

(IY + d) 

0 	 0 

d 

0 

CP s 

Function: 

Format: 

THE Z80 INSTRUCTION SET 

Compare operand s to accumulator. 

A — s 

s: may be r, n, (HL), (IX + d), or (IY + d). 

    

IT 

r 
	0 

FE 

byte 2: immediate 
data 

byte 1: BE 

byte 1: DD 

byte 2: BE 

byte 3: offset value 

byte 1: FD 

byte 2: BE 

byte 3: offset value 

r may be any one of: 

A — 111 
B — 000 
C — 001 
D — 010 

E — 01 l 
H — 100 
L — 101 

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 ZOO 

Data Flow: 	

Wri  

Timing: 
M cycles: T states: 

usec 
@ 2 MHz: 

r 1 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), (IY + d): indexed 

Byte Codes: 	CP r: r: A B C D E 

  

BF  BB  B9  BA  BB  BC  BD 

Flags: 

 

Z 

  

N C 

 

• • • • • 

      

Example: CP (HL) 

Before: After: 

F 	AI 96 Ini,r6,40  P A 
	

96 
	

36 

H 
	

5203  H 
	

9203 

B203 9203 

OBJECT 
CODE 
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THE Z80 INSTRUCTION SET 

CPD 	 Compare with decrement. 

Function: 	 A — [HL]; HL'--HL—   1; BC --BC— 1 

Format: 
0 0 byte ED 

   

[ I 
	0 	0 	0 0 
	

byte 2: A9 

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. 
Then both the HL register pair and the BC register 
pair are decremented. 

Data Flow: 

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

Addressing Mode: indirect. 

Flags: 

s z 

1'

x  

H 
x 

P/V N C 

V II 	In Reset if BC = 0 after execution; set otherwise 
	 r Set if A = [HL] 

• 
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8665 6665 

OBJECT CODE 

PROGRAMMING THE Z80 

Example: 	 CPD 

Before: 
	

After: 

F 

C 

L 

A 2A 06 A 2A 	 6 

3154 B 

H 8665 H AS 7 
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a 

0 

• 
S Z 	H 	P/V N C 	ri Set if A = [HL] 

Reset if BC = 0 after 
execution; set otherwise 

THE Z80 INSTRUCTION SET 

CPDR 

Function: 

Format:  

Block compare with decrement. 

A — [HL]; 	HL — 1: BC •—• BC — 1: 
Repeat until BC = 0 or A = [HL] 

0 0 byte 1: ED 

  

0 0 0 byte 2: B9 

    

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 # 0 and A 
[HL], the program counter is decremented by two 
and the instruction is re-executed. 

Data Flow: 

Timing: 
	

BC = 0 or A = [1-IL]: 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 

Flags: 
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60FE 

60FF 

6100 

OBJECT CODE 

 

60FE 

60FF 

6100 

PROGRAMMING THE Z80 

Example: 
	

CPDR 

Before: 
	

After: 

A 9A 00 F 

C 

L 

A 

H 

9A 	r,"47, F 

C B 0002 

H 6100 
OsvifyvAeffeS /it /// 

/. I 
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/ , 
A C 

E 

DATA 

S Z 	H P/V N C 

• ]x 
 • X I Reset if BC = 0 after execution set otherwise 

Set if A = [1-1L] 

THE 280 INSTRUCTION SET 

CPI 	 Compare with increment. 

Function: 	A — 11-111; HL 	HL + 1; BC ^ BC — 1 

Format: 
a a byte 1: ED 

   

I 1 0 I a o 1 o  a 
	

byte 2: 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: 

a 
D 

Timing: 
	

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

Addressing Mode: indirect. 

Flags: 
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PROGRAMMING THE Z80 

Example: 	 CPI 

Before: 
	

After: 

A 

B 

H 

F A 

C B 

09 
	

00 

0510 

96B9 

09 F 

C 

136B9 86B9 

OBJECT CODE 
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O%/2 /2/7 ./ 
/ 	 / / 

CPIR 

Function: 

THE Z80 INSTRUCTION SET 

Block compare with increment. 

A — [HL]; HL HL + I; BC BC — 1; 
Repeat until BC = 0 or A = [HL] 

   

0 	0 
	

byte 1: ED 

a 
	

0(0 
	

byte 2: B1 

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. 
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. 

Data Flow: 

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 

Addressing Mode: indirect. 
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S Z 

SI X 

H 	Pr/ N C 

I X Ii i  r  Reset if BC = 0 after execution; set otherwise 

	I [ Set if A = [HL] 

After: 

Example: 	CP IR 

Before: 

039B 

039C 

0390 

PROGRAMMING THE Z80 

Flags: 

A 96 OD A 

B 0051 B 

H 039B 

234 

OBJECT CODE 

0398 

039C 

039D 

039D 

46 90 

004 

2A 

9B 

06 



E 

Data Flow: 

A 3D 

After: 

r 	A 

235 

Example: 

OBJECT 
CODE 

CPL 

Before: 

A 

THE Z80 INSTRUCTION SET 

CPL 

Function: 

Format: 

Complement accumulator. 

 

A 4-  A 

   

0 0 	0 
	

2F 

Description: 
	

The contents of the accumulator are com- 
plemented, or inverted, and the result is stored 

back in the accumulator (one's complement). 

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

Addressing Mode: Implicit. 

Flags: S Z H 	P/V N C 

  



PROGRAMMING THE Z80 

DAA 	Decimal adjust accumulator. 

Function: 	See below. 

Format: 
0 
	

0 0 
	 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. 

N C 
value of 

high nibble H 
value of 

low nibble 
ft added 

to A 
C after 

execution 

0 0 
o
h
 c
c
 pc
;
 ta.
 

4. 4.
 

e
q
 r?
 

rn 
6
  CS  

0
  ..:;(
 

ck  
<lc
 
6
  0
 
0
 

0 0-9 00 0 
(ADD, 0 0 A-F 06 0 
ADC, 0 1 0-3 06 0 
1NC) 0 0 0-9 60 1 

0 0 A-F 66 1 
0 1 0-3 66 1 
1 0 0-9 60 1 
1 0 A-F 66 1 
1 1 0-3 66 I 

1 0 0-9 0 0-9 00 0 
(SUB, 0 0-8 1 6-F FA 0 
SBC, 1 7-F 0 0-9 AO 1 
DEC. 1 6-F 1 6-F 9A 1 
NEG) 

Data Flow: 

B szrwr  
MI MI 
El III 

236 



A F B2 	I 	94 F A 

THE Z80 INSTRUCTION SET 

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

Addressing Mode: Implicit. 

Flags: 5  

  

N C  

• • • • • 

Example: 
	

DAA 

Before: 
	 After: 

OBJECT 
CODE 

237 



Data Flow. 
A 

8 
	

C 

D 
	

E 

H 

n 

PROGRAMMING THE Z80 

DEC m 	Decrement operand m. 

Function: 

Format: 

m-m - 

 

m: may be r, (HL), (IX+d), (IY+d ) 

    

r 0 

0 
	 0 

0 

0 0 	0 

/ 

0 0 

d 

r may be any one of:  

35 

byte 1: DD 

byte 2: 35 

byte 3: offset value 

byte 1: FD 

byte 2: 35 

byte 3: offset value 

(HL) 

(IX + d) 

(IY + d) 

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 Iocation.mis defined in the description of 
the similar INC instructions. 
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T:ABCOE 111. 

25 ID OD OS 20 15 3D 

N C 

• • 

DEC C 

Byte Codes: 

Flags: 

Example: 

DEC r 

5 Z 

THE Z80 INSTRUCTION SET 

Tuning: 
M cycles: T stales: 

uses 
@ 2 MHz: 

r 
(HLI 
(IX + d) 
(IY + d) 

I 
3 
6 
6 

4 
II 
23 
23 

2 
5.5 

11.5 
11.5 

Addressing Mode: r: 	(El LI: indirect; (IX + d), (IY + d): in- 
dexed. 

 

Before: After: 

 

OF • ar  

 

   

OBJECT 
CODE 
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PROGRAMMING THE Z80 

DEC rr 	Decrement register pair rr. 

Function: 	 rr rr — 

Format: 
0 0 
	

0 

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 

Data Flow: 

Timing: 	 1 M cycle; 6 T states; 3 usec @ 2 MHz 

Addressing Mode: Implicit. 

Byte Codes: 	rr- BC DE HI SP 

OB1181 28 38 
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After: 

3810 / 

Example: 

OBJECT CODE 

DEC BC 

Before: 

en 	3811 lc 	B 

THE Z80 INSTRUCTION SET 

Flags: S Z H 	P/V N C 

  

(no effect). 
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IX 6114 

PROGRAMMING THE Z80 

DEC IX 	Decrement IX. 

Function: 	 IX •— IX — I 

Format: 
byte I: DD 

byte 2: 2B 

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

0 
	 0 

0 0 	0 
	

0 

Data Flow: 
A 

B 

H 

IX 

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

Addressing Modes: implicit. 

Flags: S Z H 	P/V N C 

 

  

(no effect). 

Example: 
	

DEC IX 

Before: 
	

After: 
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THE Z80 INSTRUCTION SET 

DEC IY 	Decrement IY. 

Function: 	IY 	IY — 1 

  

Format: 

   

 

0 byte FD 

    

    

0 1 0 
	C 	0 	byte 2: 2B 

Description: 	The contents of the IY register are decrementea 
and the result is stored back in IY. 

Data Flow: 
A 

B 

H 

IY 

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

Addressing Mode: Implicit. 

Flags: 

Example: 

 

5 Z 	H 	P/V N C 

 

  

(no effect). 

DEC IY 

 

Before: 

IY 900F 

OBJECT CODE 

After: 

900E 

243 



PROGRAMMING THE Z80 

DI 	 Disable interrupts. 

Function: 

Format: 

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

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

Addressing Mode: Implicit. 

Flags: 5 Z H 	PN N C 

 

  

(no effect). 

IFF 4-  0 

F3 
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THE Z80 INSTRUCTION SET 

DJNZ e 	Decrement B and jump e relative on no zero. 

Function: 	 B —B — 1 : if B # 0: PC 	PC +e 

Format: 
0 	0 	0 	0 	0 0 	0 byte 1: 10 

byte 2: offset value e-2 

Description: The B register is decremented. If the result is not 
zero, the immediate offset value is 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 is -126 to +129 bytes. The as-
sembler automatically subtracts from the source 
offset value to generate the hex code. 

Data Flow: 

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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PROGRAMMING THE Z80 

Flags: 5 Z H 	P/V N C 

 

  

(no effect) 

Example: 	 DJNZ $ — 5 ($ = current PC) 

Before: 
	

After: 

 

51 B 

 

     

PC 00E1 

 

PC 

 

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

EI 

Function: 

Format: 

Enable interrupts. 

 

1FF 	1 

  

0 
	

FB 

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

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

Addressing Mode: Implicit. 

Flags: s z H 	P/V N C 

  

(no effect). 

Example: A usual sequence at the end of an interrupt routine is: 
EI 
RET1 
The maskable interrupt is re-enabled following 
completion of RET1. 
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PROGRAMMING THE Z80 

EX AF, AF' 	Exchange accumulator and flags with alternate 
registers. 

Function: 	 AF-•••-•-AF' 

Format: 
08 

Description: 	The contents of the accumulator and status 
register are exchanged with the contents of the 
alternate accumulator and status register. 

0 0 0 0 Ito 0 0 

F© A 

B' 

D' 

Data Flow: 
A 

B 

0 

H 

F' 

C' 

E' 

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

Addressing Mode: Implicit. 

Flags: S Z H 	P/V N C 

  

• • • • • • • • 

Example: 
	

EX AF, AF' 

Before: 
	

After: 

       

A 04 81 

 

F A 90 1 3A F 

     

04 	I 	81  

 

A 90 3A 

 

F' 	A F '  

      

OBJECT CODE 
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OBJECT CODE 

THE Z80 INSTRUCTION SET 

EX DE, HL 	Exchange the HL and DE registers. 

DE 	HL 

110 	0 	EB 

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

A 

H 

C 

EEL  

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

Addressing Mode: 	Implicit. 

Flags: 5 	Z 	H 	P/V N 	C 

(no effect). 

Example: EX DE, HL 

Before: 	 After: 

Function: 

Format: 

Description: 

Data Flow: 

D 9604 

R 
A4E6 

HI
D
H  9604 

 

AAE6 L 
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5 Z P/V N C Flags: 

L  (no effect). 

PROGRAMMING THE Z80 

EX (SP), HL Exchange HL with top of stack. 

Function: 	 (SP) 4--L; (SP + I) • H 

Format: 	 0 0 0 
	

E3 

Description: 

Data Flow: 

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. 

  

  

esa  

A-41  

/ 
5P 

  

  

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

Addressing Mode: Indirect. 
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THE Z80 INSTRUCTION SET 

Example: 	EX (SP), HL 

L 	H 

Before: 

8290 

8409 

After 

vAr 

spr 
	

B409 

H 

SP 

8409 

840A 

8409 

B40A 

OBJECT CODE 
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PROGRAMMING THE Z80 

EX 	(SP), IX 	Exchange IX with top of stack. 

Function: 	 (SP) —•IXiow; (SP + I) 4-• IXhigh 

Format: 
0 0 byte I: DD 

0 0 0 byte 2: E3 

The contents of the low order of the IX register 
are exchanged with the contents of the memory 
location 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 location 
immediately following the one addressed by the 
stack pointer. 

Description: 

Data Flow: 

C 

A 

B 

H 

IX 

SP 

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

Addressing Mode: Indirect. 

Flags: 5 Z H P/V N C 

  

(no effect). 
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THE Z80 INSTRUCTION SET 

Example: 	 EX (SP), IX 

Before: After: 

i 
	

016B 

5P 0402 SP 0402 

IX 	 9234 	 1 	IX 

OBJECT CODE 

0402 

0403 

0402 	34 

0403 	92 	I 

_......, J 
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Timing: 

Addressing Mode: 

Flags: 

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

Indirect. 

5 Z 
	

P/V N C 

PROGRAMMING THE Z80 

EX 	(SP), IY 	Exchange IY with top of stack. 

Function: 	 (SP) —1Y10w; (S13  + I) •- IYhigh 

Format: 
byte FD 

byte 2: E3 

0 

0 0 0 

Description: 

Data Flow: 

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

c 
E 

(no effect). 
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SP 
	

6211 SP 
	

6211 

6211 

6212 

6211 

6212 

THE Z80 INSTRUCTION SET 

Example: 	 EX (SP), IY 

Before: 
	

After: 

IY 	 BF03 	 IY 41P,; 

   

OBJECT CODE 
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B 

H 

B' 

DI  

H' OBJECT 
CODE 

PROGRAMMING THE Z80 

EXX 	 Exchange alternate registers. 

Function: 	 BC —BC': DE --DE'; HL 4—HL' 

Format: 
0 0 
	

D9 

Description: 
	

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

Data Flow: 
A 

B 

H 

D 

      

     

     

     

     

     

      

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

Addressing Mode: Implicit. 

Flags: s 2 H 	P/V N C 

  

  

(no effect). 

Example: EXX 

 

Before:  

04 28 

39 26 

54 02 

Fl DO 

3F 2A 

8C 00 

93 DO 

4F E3 

After: 

04 28 

8C 00 

93 DO 

4F E3 

3F 2A 

39 26 

54 02 

Fl DO 

F 
	

A 

C 

H 

F' 

C' Bo 

E' 	DI 

12 

C 

F' 
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HALT 
	

Halt CPU. 

Function: 
	

CPU suspended. 

THE Z80 INSTRUCTION SET 

Format: 
0 	0 76 

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

Timing: 	 1 M cycle; 4 T states; 2 usec @ 2 MHz + inde- 
finite Nop's. 

Addressing Mode: Implicit. 

Flags: S Z H 	P/V N C 

  

(no effect). 
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PROGRAMMING THE Z80 

IM 0 	 Set interrupt mode 0 condition. 

Function: 	 Internal interrupt control. 

Format: 
byte I: ED 

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. 

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

Addressing Mode: Implicit. 

Flags: 5 Z H 	P/V N C 

  

(no effect). 

0 	0 

0 	0 0 0 	0 
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Data Flow: 00 	38 

(at time of interrupt) 

   

0038 I NT 

ROUTINE 

 

   

THE Z80 INSTRUCTION SET 

IM1 

Function: 

Format: 

Set interrupt mode 1 condition. 

Internal interrupt control. 

 

   

byte 1: ED 

byte 2: 56 

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

0 
	

0 

0 
	

0 
	

0 
	

0 

STACK 

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

Addressing Mode: Implicit. 

Flags: S Z H 	PN N C 

  

(no effect). 
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PROGRAMMING THE Z80 

IM 2 	 Set interrupt mode 2 condition. 

Function: 
	

Internal interrupt control. 

Format: 

 

0 0 

 

byte I: ED 

byte 2: 5E 

    

0 

  

a 

     

Description: 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 is taken from the 
contents of the I register. This points to a second 
address stored in memory,which is loaded into the 
program counter and begins execution. 

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

Addressing Mode: Implicit. 

Flags: S Z H 	PA/ N C 

  

(no effect) 
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THE Z80 INSTRUCTION SET 

IN r, (C) 	Load register r [torn port(C) 

Function: 	 r (C) 

Format: 

   

1_1 Jo 1 I  121°I1 I byte l: ED 
I 

O 0 01  byte 2 

 

0 	I 

Description: The peripheral device addressed by the contents of 
the C register is read and the result is loaded into 
the specified register. 
C provides bits AO to A7 of the address bus. 
B provides bits A8 to A15. 

Data Flow: 
A 
	

PORT  
C 

E 

H 

r may be any one of: 

A — 111 
	

E — 011 
B — 000 
	

H — 100 
C — 001 
	

L — 101 
D — 010 

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

Addressing Mode: External. 

Byte Codes: 	 r: A 0 COE HI.  

ED 78 40 48 501 58  1601 68 
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A5 

A5 

A5 

A5 

PORT PORT D A 6A 6A 09 

PROGRAMMING THE Z80 

Flags: S Z H 	(EVV N C 

  

• • • • 0 

It is important to note that INA,(N) does not have 
any effect on the flags, while IN r. (C) does. 

Example: 	IN D, (C) 

Before: 
	 After: 

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

IN A, (N) 	Load accumulator from input port N. 

Function: 	A — (N) 

Format: 

   

0 

 

byte I: DB 

byte 2: port address 

     

   

I 	I 	I 

 

 

I 	I 	I 

 

I 	I 	I 

 

Description: 

Data Flow: 

The peripheral device N. is read and the result is 
loaded into the accumulator. 
The literal N is placed on lines AO to A7 of the 
address bus. A supplies bits A8 to A15. 

Tinting: 	 3 M cycles; I I T states; 5.5 usec @ 2 MHz 

Addressing Mode: External. 

Flags: 5 Z 	H 	P/V N C 

 

(no effect). 

Example: 	IN A, (B2) 

Before: 	 After: 

84 Fl PORT A Afr Fl PORT 

 

B2 

  

B2 

 

OBJECT CODE 
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PROGRAMMING THE Z60 

INC r 
	

Increment register r. 

Function: 
	 r r + I 

Format: 	 0 0 
I 	

0 0 

Description: 	The contents of the specified register are in-
cremented. r may be any one of: 

	

A — Ill 
	

E — 011 
B — 000 
	

H — 100 

	

C — 001 
	

L — 101 
D — 010 

Data Flow: 
A 

B 

  

  

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

Addressing Mode: Implicit. 

Byte Codes: 	r: A B 

3C 04 DC 14 1C 24 

• • 0 

After: 

Flags: 

Example: 

S Z 	 

•  

INC D 

Before: 

• 

CDE HL 

2C 

N C 

  

06 

  

OBJECT 
CODE 
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	1 

C 

THE Z80 INSTRUCTION SET 

INC rr 	Increment register pair rr. 

Function: 

Format: 

Description: 

rr 	rr + I 

0 0 
	

0 0 

The contents of the specified register pair are in-
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: 

AB  

0 

H 

SP 

Timing: 	 1 M cycle; 6 T states; 3 usec @ 2 MHz 

Addressing Mode: Implicit. 

Byte Codes: IT: BC DE HL SP 

  

03 13 23 33 

265 



PROGRAMMING THE Z80 

Flags: S Z H 	P/V N C 

 

  

(no effect). 

Example: 	INC HL 

Before: 	 After: 

 

0014 

  

H H ,c. ';;OB15 % 

    

OBJECT 
CODE 
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THE Z80 INSTRUCTION SET 

INC (HL) 

Function: 

Format: 

Description: 

Increment indirectly addressed memory location 
(HU. 

(HL) 	(HL) + I 

0 	 0 	0 0 34 

The contents of the memory location addressed by 
the HL register pair are incremented and stored 
back at that location. 

Data Flo w: 

A 

8 
D 

H 

  

  

  

  

   

Timing: 	 3 M cycles: I I T states; 5.5 usec © 2 MHz 

Addressing Mode: Indirect. 

Flags: 5 Z N C 

  

• • • • 0 

Example: 
	

INC (HL) 

Before: 

H 
	

06131 

After: 

0661 

0681 0661 

OBJECT 
CODE 
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PROGRAMMING THE Z80 

INC (IX + d) Increment indexed addressed memory location 
(IX + d). 

Function: 	(IX + d) 	(IX + d) + I 

Format: 
0 	 0 byte 1: DD 

byte 2: 34 

byte 3: offset value 

   

0 0 	0 
	0 0 

 

T 

 

   

Description: 
	

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. 

Data Flow: 
A 

B C 
DATA 

D E 

H 

INC 

IX 

d 
O 

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

Addressing Mode: Indexed. 

Flags: 5 z N C 

  

• • 
	

• 0 
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IX 

After: 

0381 

THE Z80 INSTRUCTION SET 

Example: 	 INC (IX + 2) 

Before: 

IX 
	

0381 

  

0391 

0352 

0383 

0381 

0382 

0383 

81 

85 

ff; A 
PRIM 

   

OBJECT 
CODE 
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byte 1: FD 

byte 2: 34 

byte 3: offset value 

0 

0 0 
	

0 0 

d 

Data Flow: 
A 

B  

D 

H 

   

   

C 

E 

 

ALU 

 

INC 

PROGRAMMING THE Z80 

INC (IY + d) Increment indexed addressed memory location (IY 

+ d). 

Function: 	 (IY +d) (IY + d) + 1 

Format: 

Description: 
	

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

Timing: 
	

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

Addressing Mode: Indexed. 

Flags: 	 5 Z 
	

H 	PAg N C 

• • • 0 
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THE Z80 INSTRUCTION SET 

Example: 	 INC (IY + 0) 

Before: 
	

After: 

IV 	0601 	 IY 0601 

   

0601 

0602 

OBJECT 
CODE 
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Before: 

8150 Ix 

OBJECT CODE 

 

After: 

Ix 8101 // A 

PROGRAMMING THE Z80 

INC IX 

Function: 

Format: 

Increment IX. 

1X 4-  IX + 

   

byte 1: DD 

byte 2: 23 

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

0 

0 0 	0 0 0 

Data Flow: 
A 

B 

D E All) 
H 

IX A 41NEImi 

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

Addressing Mode: Implicit. 

Flags: s Z H 	P/V N C 

  

(no effect). 

Example: 
	

INC IX 
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E 

Data Flow: 
A 

B 

D 

H 

Iv 

THE Z80 INSTRUCTION SET 

INC IY 

Function: 

Format: 

Increment IY 

IY 1Y + 1 

 

  

byte I: FD 

    

    

0 0 	0 0 0 
	

byte 2: 23 

Description: 	The contents of the IY register are incremented 
and the result is stored back in IY. 

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

Addressing Mode: Implicit. 

Flags: 5 Z H 	P/V N C 

  

(no effect). 

Example: 
	

INC IY 

Before: 
	

After: 

IY 36B1 IY 

OBJECT CODE 
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IND 

Function: 

Format:  

Input with decrement. 

(111,) 4-  (C); B 	B — 1; HL 	HL — 1 

  

0 

 

byte I: ED 

byte 2: AA 

    

0 0 

 

0 

     

Description: 

Data Flow: 

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. The B 
register and the HL register pair are then each 

decremented. 

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

Addressing Mode: External. 

Set if B = 0 after execution 
Reset otherwise 

Flags: 	S Z 
	

H 	P/V N C 
7 x 
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Example: 

After: 

AO A B5 B5 AI C 

PORT 

06BA 

26 

IND 

Before: 

B 

H 

C 

H 

PORT 26 

THE Z80 INSTRUCTION SET 

B5 
	

135 

  

06BA 06BA 26 / 

roll111111 

OBJECT CODE 
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Block input with decrement. 

(HL)• (C); B B — I; HL 4—  HL — 1 

Repeat until B = 0 

0 	, t 0 

 

o 
	 0 
	

0 

INDR 

Function: 

Format: 
byte 1: ED 

byte 2: BA 

COUNTER 

A 

PROGRAMMING THE Z80 

Description: 

Data Flow: 

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 is not zero, the program 
counter is decremented by 2 and the instruction is 
re-executed. 

DATA 

C 
PORT 	

.11111111111  

A 
rr_c3 47 	

A 

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

Addressing Mode: External 

Flags: H 	P/V N C 

 

7 
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THE Z80 INSTRUCTION SET 

Example: 	INDR 

	

Before: 
	

After: 

 

03 	I 	56 

   

B C 	B P 400/  56 

    

 

09F2 

    

H 

 

H 	 09EF 	 t 

     

     

86 PORT BF PORT 

56 
	

56 

09EF 

09F0 

09F1 

09F2 

09EF 

09F0 

09F1 

09F2 

6A 

OBJECT CODE 
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PROGRAMMING THE Z80 

INI 	 Input with increment. 

Function: 	(HL) (C); B B — 1; HL HL + 1 

Formal: 
byte 1: ED 

byte 2: A2 

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. The B 
register is decremented and the HL register pair is 
incremented. 

The contents of C are placed on the low half of the 
address bus. The contents of B are placed on the 
high half. I/O selection is generally made by C, 
i.e., by AO to A7. B is a byte counter. 

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

Addressing Mode: External. 

Flags: S Z H 	P/V N C 

  

 

7 

 

Z is set if B = 0 after execution, 
Reset otherwise 

278 
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, Before: 

B 
	

09 
	

21 

H 
	

Al 12 

86 	i 

After: 

ra 	21 

86 

C 	B 

H 

PORT 

C 

PORT 

THE Z80 INSTRUCTION SET 

Example: 	 INI 

21 
	

21 

Al 12 A112 

OBJECT CODE 
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Data Flow: 
A 

B 

          

DATA 

 

           

 

/counte,  

         

          

          

           

   

E 

    

PORT 

 

2 

 

fn /Az' a 

        

         

           

           

            

PROGRAMMING THE Z80 

INIR 	 Block input with increment. 

Function: 	 (HD (C); B B — 	HL HL + I; Repeat 
until B = 0 

Format: 
byte ED 

byte 2: B2 

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. The B 
register is decremented and the HL register pair is 
incremented. I f B is not zero, the program counter 
is decremented by 2 and the instruction is re-
executed. 

0 	0 

0 
	 0 0 	0 

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

Addressing Mode: External. 

Flags: s z H 	P/V N C 
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Before: After: 

B 51 C 	B ta,99ra 	 IC 

PORT W/A IF 51 
MPORT 

51 

91A5 
91A6 
91A7 

91A5 
91 AE 
9IA7 

OBJECT CODE 

H 	9I A5 	 ar A 

THE Z80 INSTRUCTION SET 

Example: 	 INIR 
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byte I 

byte 2: address, 
low order 

byte 3: address, 
high order 

0 	0 

	p 	  

PROGRAMMING THE Z80 

JP CC, pq 	Jump on condition to location pq. 

Function: 

Format: 

if cc true: PC 	pq 

 

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 
Z —001 

NC — 010 
C — 011 

PO — 100 
PE — 101 

P — 110 
M — Ill  

no zero 
zero 

no carry 
carry 

parity odd 
parity even 
plus 
minus 

• / 2 / 

Duia Flow: 

A ■ 
B 

CONTROL 
LOGIC 

E 
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Byte Codes: C C 	NZ Z NC C PO PE P M 

C2 CA D2 DA E2 EA F2 I FA 

F 

PC 0032 

51 

THE Z80 INSTRUCTION SET 

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

Addressing Mode: Immediate. 

Flags: Z 12/1/ N C 

  

Evaniple: 
	

JP C, 3824 

(no effect) 

Before: 
	

After: 

OBJECT CODE 

283 

  

51 F 

PC 

  



Data Flow: 
A 

B 

H 

PC 

JP 

Tuning: 

Addressing Mode: 

Flags: 

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

Immediate. 

s Z 
	

PA/ N C 

(No effect) 

OBJECT CODE 

284 

PROGRAMMING THE Z80 

JP pq 
	

Jump to location pq. 

Function: 
	

PC — pq 

Format: 	 0 0 0 0 
	

byte 1: C3 

11111 

111111 

byte 2: address, 
low order 

byte 3: address, 
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 instruction will be 
fetched from this new address. 

Example: 
	

JP 3025 

Before: 
	

After: 

PC 	 5520 	 PC /302 
	

VA 



(no effect). 

Example: JP (HLI 

0411 we E9 

OBJECT CODE 

0411 

8001 

0411 H 

PC 

L 	H 

PC 

THE Z80 INSTRUCTION SET 

JP (HL) 

Function: 

Format: 

Description: 

Data How: 
A 

B 

0 

H 

Jump to HL. 

PC—HL 

  

 

TO 
-  0 E9 

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

C 

C 

I M cycle; 4 T states; 2 uses @ 2 MHz 

Addressing Mode: Implicit. 

Flags: s z H 	P/V N C 

  

Before: After: 
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Addressing Mode: 

Flags: 

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

Implicit. 

5 Z 
	

PN N C 

Before: 

130F1 

3B4A 

After: 

IX 

PC 

IX 

PC 

OBJECT CODE 

 

80F I 

B0 F1 

PROGRAMMING THE Z80 

JP (IX) 	Jump to IX. 

Function: 	 PC 4.-  IX 

Format: 

   

    

byte DD 

byte 2: E9 

    

  

0 0 

     

Description: 

Data Flow:  

The contents of the IX register are loaded into the 
program counter. The next instruction is fetched 
from this new address. 

C 

A 

B 

H 

IX 

Q 
PC 

(no effect). 

Example: JP (IX) 
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THE Z80 INSTRUCTION SET 

JP (IV) 	Jump to IY 

Function: 	 PC — IY 

Format: 

     

byte I: FD 

byte 2: E9 

      

 

1111 

    

  

o 

  

     

       

Descripoon: 
	

The contents of the IY register arc moved into the 
program counter. The next instruction will be fet- 
ched from this new address. 

Data How: A 

B 

D 

C 

E 

IY 

PC 

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

Athkessing Mode: Implicit. 

s 2 	H 	P/N/ N C 

(no effect). 

Example: 	 JP (IV) 

Before: 

AA4B 

E410 

OBJECT CODE 

After: 

AA4B 

O6Brf  

IY 

PC 

IY 

PC 
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PROGRAMMING THE Z80 

JR cc, e 
	Jump e relative on condition. 

Function: 	if cc true. PC 4—  PC + e 

Format: 
0 0 
	

C C 0 0 0 
	

byte 1 

   

	  e 
III 	

-2 	
 byte 2: offset value 

Description: If the specified condition is met, the given offset 
value is 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 — 01 
	

C — II 

Data Flow: 
A 

B 

D 

H 

JR 

E 

CONTROL rl 
LOGIC  i; 

Timing: 
M cycles: T states: 

user 
@ 2 MHz: 

condition 
met: 3 12 6 
condition 
not met: 2 L 7 3.5 
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Addressing Mode: Relative. 

Byte Codes: 	cc: NZ Z NC C 

20 28 30 38 

Flags: 
	

S Z 
	

H 	P/V N C 

(no effect). 

Example: 
	

JR NC, $ — 3 
	

$ = current PC 

Before: 
	

After: 

     

F 

 

00 

        

PC 13000 

 

PC A FD 

       

OBJECT CODE 
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0 0 0 0 0 

Jump e relative. 

PC <— PC + e 

byte 1: 18 

JR e 

Function: 

Format: 

e 
I  

Data Flow: 

A 

B 

H 

JR 

e -2 E 

Tinnng: 

Addressing Mode: 

Flags: 

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

Relative. 

S Z 
	

P/V N C 

(no effect) 

After: 

PC 	 6100 	 PC 8004 

(This is a backwards jump.) 

Example: 

ISE 
is 
D2 

OBJECT CODE 

290 

JR D4 

Before: 

PROGRAMMING THE Z80 

byte 2: offset value 

Description: The given offset value is added to the program 
counter using two's complement arithmetic so as to 
enable both forward and backward jumps. The off-
set 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. 

PC 



THE Z80 INSTRUCTION SET 

LD dd, (nn) 

Function: 

Format: 

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

d dhow 	(nn); ddhigh 	(nn +1) 

    

byte I: ED 

Oi rid 	ell  11  0 I 	1 byte 2 

	 byte 3: address, 
	 low order 

	 byte 4: address, 
	 high order 

     

     

     

     

     

     

Description: The contents of the memory 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 — 01 
	

SP — 11 

Data Flow: 

 

 

A 

a 
0 

H 

SP 
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PROGRAMMING THE Z80 

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

Addressing Mode: Direct. 

Byte Codes: dd. BC DE HL. SP 

ED- 4B 58 6B 7B 

Flags: S Z N C 

 

  

(no effect) 

Example: 	 LD DE, (5021) 

Before: 
	

After: 

D DBE2  ,30F4 
	

VA 

5021 

5022 

5021 

5022 

OBJECT CODE 
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0 d d 0 

I 	I 	I 	A 	I 	I 	I 
1 	1 	1 	1 	1 	1 	1 

byte I 

byte 2: immediate 
data, low order 

byte 3: immediate 
data, high order 

Format: 
Di_0_1 1 I 

C  

E 

L 

A 

B 

H 

SP 

THE Z80 INSTRUCTION SET 

LD dd, nn 	Load register pair dd with immediate data nn. 

Function: 
	

dd nn 

Description: 

Data Flow: 

The contents of the two memory locations im-
mediately following the opcode are loaded 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 — 01 
	

SP— II 

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

Addressing Mode: Immediate. 

Byte Codes: dd: BC DE HL 5P 

  

01 11 21 31 

Flags: 5 Z H 	PA/ N C 

  

(no effect) 

293 
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Example: 	 LD DE, 4131 

Before: 	 After: 

0394 E D 4131 	 E 

    

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

LD r, n 	 Load register r with immediate data n. 

Function: 

Forman: 

r n 

 

0 0 

   

0 byte I 

   

      

     

byte 2: immediate data 

     

      

Description: 
	

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

	

A — Ill 
	

E — 011 
B —000 
	

H — 100 

	

C — 001 
	

L — 101 
D — 010 

Data Flow: 

    

A 

B 
0 

H 

   

    

    

    

     

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

Addressing Mode: Immediate. 

Byte Codes: 

Flags: 

rA BCD EH!. 

3E 06 10E 16 IE 1 26 1 2E 

S z 
	

H 	P/V N C 

(no effect). 
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PROGRAMMING THE Z80 

Exantple: 
	

LD C, 3B 

Before: 
	

After: 

C 01 C Ar 

    

OBJECT CODE 
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Data Flow: 
A 

B 

H 

A BC OEH L (source) 

7F 78 79 7A 7B 7C 7D 

47 40 41 42 43 44 45 

4F 48 49 4A 4ES 4C 4D 

57 50 51 52 53 54 55 

5F 58 59 5A 58 5C 5D 

67 60 61 62 63 64 65 

6F 68 69 6A 6B 6C 6D 

Byte Codes: 
A 

B 

C 

D 

E 
H 

(dest. I 

THE Z80 INSTRUCTION SET 

LD r, 	Load register r from register r'. 

Function: 

Format: 

r 4-  r 

   

 

a 
I 	I I 	I 

    

Description: 	The contents of the specified source register are 
loaded into the specified destination register. r and 
r' may be any one of: 

A — III 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 101 

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

Addressing Mode: Implicit. 

Flags: Z 	H 	P/V N C 

 

(no effect). 
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PROGRAMMING THE Z80 

Example: 	 LD H, A 

Before: 	After: 

A BC A 	BC 

67 
H BD 'Sr A 

OBJECT CODE 
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0 02 0 1 0 0   
I 

010 0 

THE Z80 INSTRUCTION SET 

LD (BC), A 	Load indirectly addressed memory location (BC) 
from the accumulator. 

Function: 

Format: 

Description: 

Data Flow:  

(BC) 4-  A 

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

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

Addressing Mode: Indirect. 

Flags: 5 	Z 	H 	PA,  N C 

 

Ell 	I 11-11J (no effect). 

Example: 	 LD (BC), A 

Before: 

    

After: 

   

         

3F 

   

A 3F 

   

 

4109 	 C 

  

4109 C 

4109 4109 

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

        

A 

B 

H 

       

       

    

   

E 

    

        

PROGRAMMING THE Z80 

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

Function: 	 (DE) 4-  A 

Format: 	 0 0 0 
	

0 0 
	

0 12 

Description: 

Data Flow: 

DATA 

Timing: 

Addressing Mode: 

Flags: 

Example:  

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

Indirect. 

S Z 
	

H 	P/V N C 

(no effect) 

LD (DE), A 

Before: 
	

After: 

ED A ED 

0392 E D 
	

0392 

0392 0392 

OBJECT CODE 

  

300 



ID 

C 

E 

n 

THE Z80 INSTRUCTION SET 

Load immediate data n into the Indirectly ad-
dressed memory location (HL). 

(HL) n 

[ 	rirroITT7 EDI byte I: 36 

I, 	I 	I 	r 	  byte 2: immediate 
	 L _1_1_ 	L  data 

The contents of the memory location immediately 
following the opcode are loaded into the memory 
location indirectly addressed by the HL data 
pointer 

LD (HL), n 

Function: 

Format: 

Description: 

Data Flow: 
A 

B 

D 

H 

DATA 

r.1111161/ 	A  

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

Addressing Mode: Immediate/indirect. 

Flags: 5 z H 	P/V N C 

  

(no effect). 
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PROGRAMMING THE Z80 

Example: 	 LD (HL), SA 

Before: 

H 
	

A342 

After: 

H 
	

A342 

  

A342 A342 y*SA SY/''JA,;,; ,,,, 

 

    

OBJECT CODE 

302 



Data Flow: 
A 

B 
	

C 
D 
	

E 
H 

A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 101 

DATA 

tea 
NMI 

THE Z80 INSTRUCTION SET 

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

Function: 	(HL) 4-  r 

Format: 

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: 

Timing: 

Addressing Mode: 

Byte Codes: 

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

Indirect. 

r:ABCDE HL 

   

77 70 71 72 73 74 75 

I 	I j 

I 	I 
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After: 

B 81 

PROGRAMMING THE Z80 

Flags: Z H 	E/V N C 

  

(no effect). 

Example: 	LD (HL), B 

Before: 

B 	81 

H 0501 L 	H 	 C501 

  

C501 0501 

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

LD r, (IX + d) Load register r indirect from indexed memory 

location (IX + d) 

Function: 	 r 	(IX + d) 

Format: 

0 

Description: 
	The contents of the memory location addressed by 

the IX index register plus the given offset value, 
are loaded into the specified register. r may be any 

one of: 

	

A — III 
	

E — 011 

B — 000 
	

H— 100 

	

C — 001 
	

L — 101 

D — 010 

0 	 o 

0 

byte 1: DD 

byte 2 

byte 3: offset value 

Data Flow: 
A 

H 

ix 

B 

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

Addressing Mode: Indexed. 

Byte Codes: A B C E H 

   

DO. 7E 46 4E 56 5E 66 6E -d 
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PROGRAMMING THE Z80 

Flags: $ z H 	P/V N C 

  

(no effect). 

Example: 
	

LD E, (IX + 5) 

Before: 

03 

IX 
	

3020 

After: 

E 
	

5 

IX 
	

3020 

3020 

3025 

3020 

3025 

OBJECT CODE 
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a 

a 

THE Z80 INSTRUCTION SET 

LD r, (IY + d) Load register r indirect from indexed memory 
location (IY + d) 

Function: 	 r (IY + d) 

Format: 
byte 1: FD 

byte 2 

byte 3: offset value 

Description: 
	

The contents of the memory location addressed by 
the IY 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 Flow: 
A 

B 

H 

IY 

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

Addressing Mode: Indexed. 
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A E3 

IT 6005 

Before: 

A 

IT 

After: 

r F9 

6005 

PROGRAMMING THE Z80 

Byte Codes: r:ABCDE HI 

  

FD - 7E 46 4E 56 56 66 6E -d 

Flags: S Z H 	P/V N C 

  

(no effect). 

Example: 	 LD A, (IY + 2) 

6005 

6007 

6005 

6007 

OBJECT CODE 
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0 I  I  I 

0 D I  I 0 0 

d 
Al l  1.11 

T 	V 	T T 	TIT 

lit 	A 

byte I: DD 

byte 2: 36 

byte 3: offset value 

byte 4: immediate 
data 

Data Flow: 
DATA 

A 

B 

H 

ix 

r, 
P"'1111 

THE Z80 INSTRUCTION SET 

LD (IX + d), n Load indexed addressed memory location (IX + 
d) with immediate data n. 

Function: 	 (IX + d) n 

Format: 

Description: 
	

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. 

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

Addressing Mode: Indexed/immediate. 

Flags: s z H 	P/V N C 

  

(no effect). 
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PROGRAMMING THE Z80 

Example: 	 LD (IX + 4), FF 

Before: 

IX 
	

8109 

After: 

IX 
	

8109 

8109 

8100 

8109 

1310D 

OBJECT CODE 
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0 

0 0 	0 
	0 

111113 

111111 

byte 1: FD 

byte 2: 36 

byte 3: offset value 

byte 4: immediate 
data 

THE Z80 INSTRUCTION SET 

LD (IY + d), n Load indexed addressed memory location (IY + 
d) with immediate data n . 

Function: 	(IY + d) 	n 

Format: 

Description: 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. 

es. Data Flow: 
LD 

d 

C 

E 

n 

A 

B 

D 

H 

IY 	 

O DATA 

 

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

Addressing Mode: Indexed/immediate. 

Flags: $ Z H 	P/V N C 

  

(no effect). 
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PROGRAMMING THE Z80 

Example: 	 LD (IY + 3), BA 

Before: 

IV 
	

0100 

After: 

IY 
	

0100 

0100 

0103 

0100 

0103 

OBJECT CODE 

312 



byte 1: DD 

byte 2 

byte 3: offset value 

0 	I 	I 

0 I 
I  

d 

THE Z80 INSTRUCTION SET 

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

Function: 	(IX + 

Format: 

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 Flow: 

DATA 

A 

B 

E 

H 

IX 

O LD 

d 

WWI 

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

Flags: 

Example: 

A B C D E 1-1 

LD (IX + 1), C 

(no effect). 

OD- 77 70 71 72 73 74 75 -d 

2 
	

H 	P/V N C 

IX 4462 IX 4462 

4462 

4463 

OBJECT CODE 

PROGRAMMING THE Z80 

Addressing Mode: Indexed. 

Before: 
	

After: 

6B C 66 

314 



0 

0 

	d 

E 

Data Flow: 
A 

B 

H 

IY 

°WO 

THE Z80 INSTRUCTION SET 

LD (IY + d), r Load indexed addressed memory location (IY + 
d) from register r. 

Function: 	 (IY + d) 	r 

Format: 

byte 1: FD 

byte 2 

byte 3: offset value 

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

DATA 

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

Addressing Mode: Indexed. 

Byte Codes: r: A B C D E 

  

FD- 77 70 71 72 73 74 75 -d 
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PROGRAMMING THE Z80 

5A134 5AB4 

5AB7 5AB7 

ISE 
21 

OBJECT CODE 

Before: 

3E 

5AB4 

A 

1 Y 

After: 

A 

1Y 

3E 

5AB4 

H 	PN N C 5 Z 

LD (111 + 3), A 

Flags: 

Example: 

(no effect). 
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0 	 0 

n 
I 	I 	I 

	  n 	  

byte 1: 3A 

byte 2: address, low 
order byte 
byte 3: address, high 
order byte 

THE Z80 INSTRUCTION SET 

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

Function: 	A 4—  (nil) 

Format: 

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: 

    

A 

a 
D 

H 

rze- 

 

    

     

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

Addressing Mode: Direct. 

317 



A OA A 

3301 3301 

OBJECT CODE 

PROGRAMMING THE Z80 

Flags: S Z H 	P/V N C 

I (no effect). 

 

Example: 
	

LD A, (3301) 

Before: After: 
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byte 1: 32 

byte 2: address, low 
order 
byte 3: address, high 
order 

0 0 	0 0 
	0 

lIf 

THE Z80 INSTRUCTION SET 

LD (nn), A 	Load directly addressed memory location (nn) 
from accumulator. 

Function: 	 (nal I—  A 

Format: 

Description: The contents of the accumulator are loaded into 
the memory location addressed by the contents of 
the memory locations immediately following the 
opcode. The low byte of the address immediately 
follows the opcode. 

Data Flow: 

 

 

A 

B 

0 

H 

  

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

Addressing Mode: Direct. 
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PROGRAMMING THE Z80 

Flags: 5 Z P/V N C 

  

(no effect) 

Example.• 
	

LD (0321), A 

Before: 
	

After: 

A l 	A4  A Al 

    

0321 0321 

OBJECT CODE 

320 



THE Z80 INSTRUCTION SET 

LD (nn), dd 	Load memory locations addressed by nn from 
register pair rr. 

Function: 	 (nn) 4—ddiow, (nn + 1) I—ddhigh 

Format: 
ri I 
	0 
	

0 
	

byte 1: ED 

byte 2 

byte 3: address, 
low order 

byte 4: address, 
high order 

Descriptions: 	The contents of the low order of the specified 
register pair 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 — II 

0 
	

d d 0 0 

n 

Data Flo iv: 

             

           

LD 

dd 

 

A 

B 

SP 

           

          

C 

E 

 

            

           

n 
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PROGRAMMING THE Z80 

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

Addressing Mode: Direct. 

Byte Codes: dd: BC DE HL SP 

ED- 43 53 63 73 

Flags: 5 2 H 	P/V N C 

  

(no effect). 

Example: 	 LD (040B), BC 

Before: 	 After: 

B 0221 C Bit 	0221 

 

  

040B 

040C 

0408 

040C 

OBJECT 
CODE 
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n 

n 

THE Z80 INSTRUCTION SET 

LD (nn), HL 	Load the memory locations addressed by nn from 
HL. 

Function: 	(nn) — L. (nn + 1) 	H 

Format: 

L1 L I I 

byte 1: 22 

byte 2. address, 
low order 

0 0 	0 0 0 	0 

r 

Description: 

	 1 byte 3: address, 
" 	-L 	-I  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 immediately following the location 
loaded from the L register. The low order of the 
tin address occurs immediately after the opcode. 

Data Flow: 

 

LD 

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

Addressing Mode: Direct. 
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PROGRAMMING THE Z80 

Flags: 5 Z H 	P/V N C 

 

  

(no effect). 

Example: 	 LD (40B9), HL 

Before: 	 After: 

HE 	304A 	L HE-  304A  

4089 

408A 

OBJECT 
CODE 

324 



n 

w 

DATA 

8 

H 

E 

0 0 	0 
	

0 
	o  I , 1 o 

I 	I 
	 n 	

 

THE Z80 INSTRUCTION SET 

LD (nn), IX 	Load memory locations addressed by nn from IX. 

Function: 	 (nn) •- !Now; (nn + 1) I-  IXhigh 

Format: 
0 	I 0 
	

byte I: DD 

byte 2: 22 

byte 3: address, 
low order 

byte 4: address, 
high order 

Description: The contents of the low order of the IX register 
are loaded into 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. 

Data Flow: 

 

LO 

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

Addressing Mode: Direct. 
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PROGRAMMING THE Z80 

Flags: 5 Z 

 

L 	ETNtl (no effect). 

  

    

Example: 	 LD (012B), IX 

 

 

Before: 

 

After: 

0406 IX [ 	0406 

      

0128 

012C 

012B 

012C 

OBJECT 
CODE 

326 



A 

B 

D 

H 

n C 

E 

s 
L.D 

Data Flow: 

THE Z80 INSTRUCTION SET 

LD (nn), W 	Load memory locations addressed by nn from IY. 

Function: 

Format: 

(nnI 	Pliow; (nn + 1) 4—  Whigh 

   

17-Ti  

0 	0 	
I  I °  

n 

byte 1: FD 

byte 2: 22 

byte 3: address. 
low order 

byte 4: address, 
high order 

o h 

	

0 

0 

I 

0 

Description: The contents of the low order of the IY register are 
loaded into the memory location addressed by the 
contents of the memory locations immediately 
following the opcode. The contents of the high 
order of the IY 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 opcode. 

DATA 

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

Addressing Mode: Direct. 
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PROGRAMMING THE Z80 

Flags: S Z H 	P/V N C 

 

  

(no effect) 

Example: 	 LD (BD04), IY 

Before: 

IV 
	

D204 

After: 

IY 
	

D204 

9004 

9005  

9004 

BDO5 /D2 

OBJECT CODE 

328 



Tuning: 

Addressing Mode: 

Flags: 

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

Indirect. 

S Z 
	

P/V N C 

3201 32D1 

A 7.12VA  

C B 

A 

 

AB 

  

B 

  

32D1 32DI 

THE Z80 INSTRUCTION SET 

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

Function: 	 A — (BC) 

Format: 

Description: 

 

The contents of the memory location addressed 
by the contents of the BC register pair are loaded 

into the accumulator. 

Data Flow: 
A 	 < 	 

a 	 C 

1E DATA 

 

 

         

         

         

         

         

1 ,10J 
	

OA 

(no effect). 

Example: 
	

LD A, (BC) 

Before: 
	

After: 

OBJECT CODE 
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A7/10(1/  	 
I  7\i  B 

H 

D 
	

6051 E 	D 
	

6051 
	

E 

6051 6051 

PROGRAMMING THE Z80 

LD A. (DE) 	Load the accumulator from the memory location 
indirectly addressed by the DE register pair. 

Function: 

Format: 

Description: 

Data Flow: 

A 4-  (DE) 

C 
	

0 
	

IA 

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

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

Addressing Mode: Indirect. 

Flags: 
$ Z 	H 	P/V N C 

 

 

(No effect). 

Example: LD A, (DE) 

 

Before: 
	

After: 

A D2 
	

A icc 

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

LD A, I 	Load accumulator from interrupt vector register I. 

Function: 	A -- 

Format: 

     

LL 1_1;1 

 

byte I: ED 

E-0-[ 	 byte 2: 57 1-1  PITT; _ 	_ _ 	_ _ _ _ 

Description: 	The contents of the interrupt vector register are 
loaded into the accumulator. 

Data How: 

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

Addressing Mode: Implicit. 

Flags: s z 
rilT)  

 

P/V N C 

	Set to the contents 
of IFF2 

  

 

0 x  

  

A 	 

Example: LD A,1 

Before: 

A 	30 	i ij 	dB  

After: 

 

    

7 4 

 

4B 

  

        

OBJECT CODE 

        

331 



E 

Description: 

Data Flow: 	A 

H 

The contents of the accumulator are loaded into 
the Interrupt Vector register. 

PROGRAMMING THE Z80 

LD L A 

Function: 

Format:  

Load Interrupt Vector register I from the ac-
cumulator. 

I 4-  A 

byte I: ED 

byte 2: 47 

0 	0 

0 	0 0 0 

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

Addressing Mode: Implicit. 

Flags: S Z H 	P/V N C 

  

(no effect) 

Example: LD I, A 

Before: 

AI 	06 

   

After: 

 

      

 

D2 	I  A 	06  

 

       

OBJECT CODE 

332 

       



0 0 byte I: ED% 

0 byte 2: 5F 

Before: After: 

A RI 4A dA 

OBJECT CODE 

Al 	62 	.R 

THE Z80 INSTRUCTION SET 

LD A, R 	Load accumulator from Memory Refresh register 
R. 

ASR 

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

A 

B 
"i":":27/-  

E 

R 

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

Addressing Mode: 	Implicit. 

Flags: $ 	2 	H 	P/V N 	C 

• • x 0 
4 	set to contents of IFF2 

Example: 	 LD 	A, R 

Function: 

Format: 

Description: 

Data Flow: 
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PROGRAMMING THE Z80 

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

sed by nn. 

Function: 	 L 	(nn): H 	(nn + I) 

Format: 
0 0 
	0 
	

0 
	0 
	

byte I: 2A 

byte 2: address, low 
order 

byte 3: address, high 
order 

Description: The contents of the memory location addressed by 

the memory locations immediately after the op-
code are loaded into the L register. The contents 
of the memory location after 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: 

 

LD 

   

B 

D 

WS A/  ra 

immLW4.1 

w 

Tuning: 
	

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

Addressing Mode: Direct. 

Flags: 	

fi 
	H 	P/V N C 

(no effect) 
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ONE 

Before: 

H 

0024 

0025 

After: 

L H17.5 6691/7, L 

0024 

0025 

THE Z80 INSTRUCTION SET 

Evample: 	 LD HL, (00241 

OBJECT CODE 

335 



I 

byte 2: 21 

byte 3. immediate 
data, low order 

byte 4: immediate 
data, high order 

0 0 	0 0 0 0 

IIIAIII 
Mil I 

Addressing Mode: Immediate. 

Flags: 
	

S Z 

(no effect) 
H 	P/V N C 

PROGRAMMING THE Z80 

LD IX, nn 	Load IX register with immediate data nn. 

Function: 	IX nn 

Format: 
0 byte I: DD 

  

  

Description: The contents of the memory locations immediate-
ly following the opcode are loaded into the IX 
register. The low order byte occurs immediately 
after the opcode. 

Data Flow: 
A 

B 

H 

C 

t 

IX LD 

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

OBJECT CODE 

IX 306F 

THE Z80 INSTRUCTION SET 

Example: 	LD IX, BOB 1 

Before: 	 After: 

337 



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

Data Flow: 

A n 
B 	 

DH  

IX 

c 

/41,M-5-7  

PROGRAMMING THE 780 

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

dressed by nn. 

Function: 

Format: 

Descriptions: 

ET,10 Etiflo 

EDT c7-1 	. -1;Trfol 
I 	I T 

Ti 
1 

1 / 

1 I 	T -T 

I 
Ti 

 

byte I: DD 

byte 2: 2A 

byte 3. address, 
low order 

byte 4: address, 
high order 

'Now 	(nn); IXhigh 	(nn + 1) 

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

follows the opcode. 

Addressing Mode: Direct. 
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THE Z80 INSTRUCTION SET 

Flags: 5 Z 

 

P/V N C 

    

    

(no effect). 

Example: 	 LD IX, (010B) 

Before: 
	

After: 

010B 

0100 
0108 

0100 

OBJECT CODE 
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IY 

PROGRAMMING THE ZEIO 

LD IY, nn 

Function: 

Format:  

Load IY register with immediate data nn. 

IY 	nn 

byte I: FD 

byte 2: 21 

0 

byte 3: immediate 
data, low order 
byte 4: immediate 
data, high order 

Description: 	The contents of the memory locations immediate- 
ly following the opcode are loaded into the IY 
register. The low order byte occurs immediately 
after the opcode. 

Data Flow: 

LI) 

A 

B 
	

C 

D 
	

E 

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

Addressing Mode: Immediate. 

340 



THE Z80 INSTRUCTION SET 

Flags: 
	

S z 
	

II 	P/V N C 

(no effect) 

Example: 
	

LD IY, 21 

Before: 	 After: 

 

0698 

     

it 

 

e /S665 

  

IV 

 

40 

       

OBJECT CODE 
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A 

B 

H 

Iv was 

PROGRAMMING THE Z80 

LD IV, (nn) 	Load register IY from memory locations addressed 
by nn. 

Function: 

Format: 

Description: 

Data Flow: 

lYlow 	(nn); IYhigh 4-  (nn + 1) 

'byte I: FD 

o 1 	11 j byte 2: 2A 

byte 3: address, 
low order 

byte 4: address, 
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 IY 
register. The contents of the memory location im-
mediately following the one loaded into the low 
order are loaded into the high order of the IY 
register. The low order of the nn address im-
mediately follows the opcode. 

0 0 
	0 

	0 
	i 	•  

1 
0 	

t 	t 	I 

342 



IT 

THE Z80 INSTRUCTION SET 

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

Addressing Mode: Direct. 

Flags: S z P/V N C 

  

(no effect). 

Example: 	 LD 1Y, (500D) 

Before: 	 After: 

IY 
	

6002 

500D 

500E 

500D 

500E 

OBJECT 
CODE 

343 



LD 

Function: 

Format: 

Load Memory Refresh register R from the ac-
cumulator. 

R 4—  A 

0 	0 
	

byte I: ED 

PROGRAMMING THE Z80 

0 0 0 byte 2: 4F 

Description: 

Data Flow: 

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

A 

B 

0 

H 

C 

E 

R 

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

Addressing Mode: Implicit. 

Flags: S z H 	P/V N C 

 

  

(no effect) 

Example: 
	

LD R, A 

Before: 
	

After: 

       

AI 	OF 	I R 40 A Al 	R 

    

       

OBJECT CODE 
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Example: LD SP, HL 

Before: 

4 
SP 
	

OBOE 

After: 

06AF 

SP r f  

06AF 
	

1L  H 

THE Z80 INSTRUCTION SET 

LD SP, HL 	Load stack pointer from HL. 

Function: 	SP HL 

Format: 

Description: 

Data Flow: 

F9 

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

A 
B 	 C 

SP  /V a< 

Timing: 	 I NI cycles; 6 T states; 3 usec @ 2 MHz 

Addressing Mode: Implicit. 

Flags: s z H 	PIV N C 

 

 

L (no effect) 

OBJECT 
CODE 

345 



PROGRAMMING THE ZBO 

LD SP, IX 	Load stack pointer from IX register. 

Function: 

Forman: 

Description: 

Data Flow: 

SP IX 

byte 1: DID 

1 0  N ti byte 2: F9 
The contents of the IX register are loaded into the 

stack pointer. 

211 
	 0 

ix 

SP 

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

Addressing Mode: Implicit. 

Flags: S Z 	H 	P/V N C 

EMI LIM Thno effect) 

Example: 	 LD SP, IX 

B  

H 

C 
E 

  

Before: 

 

After: 

ix L 	0902 	 1 

SP OPCn 

    

IX 

 

0902 

 

SP 

 

54A0 

OBJECT 
CODE 

346 



It 
	

09AB 	 i IT I 
	

09AB 

       

SP 6004 P  aC P9 34-A  

THE Z80 INSTRUCTION SET 

LD SP, IY 	Load stack pointer from IY register. 

Function: 	 SP 4—  IY 

Format: 

 

byte 1: FD 

0 byte 2: F9 

  

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

Data Flow: 

C 

E 

A 

H 

IT 

SP 

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

Addressing Mode: Implicit. 

Flags: 5 Z P/V N C 

  

(no effect) 

347 

Example: 
	

LD SP, IY 

Before: 
	

After: 

OBJECT CODE 



Data Flow: 

a 
E 

DATA 

DATA 

PROGRAMMING THE Z80 

LDD 	 Block load with decrement. 

Function: 	 (DE) — (HL); DE 4—  DE — I; HL'—  HL — I; 

BC .0—  BC — 1 

Format: 
0 	0 	byte I: ED 

0 0 	byte 2: A8 

Description: The contents of the memory location addressed by 
HL are loaded into the memory location address-
ed by DE. Then BC, DE, and I-IL are all 
decremented. 

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

Addressing Modes: Indirect. 

Flags.• S Z H 	P/V N C 

  

0 X 0 

t-- Reset if BC = 0 after 
execution, set otherwise. 
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6211 

OBJECT CODE 

8438 

6211 

6436 

THE Z80 INSTRUCTION SET 

Example: 	LDD 

Before: 
	

After: 

B 013041 C 0503 A C 
6211 E 0 / A E 

H 843B L H S A 

349 



(init./Arran; 
sbuiCia 

A 

B 

D 

„j: 

PROGRAMMING THE Z80 

LDDR Repeating block load with decrement. 

Function: 

Format: 

 

(DE) 4—  (1414; DE — DE — 1; HL HL — I; 
BC 4—  BC — 1; Repeat until BC = 0 

  

byte 1: ED 

    

    

0 
	 0 0 0 
	

byte 2: B8 

Description: The contents of the memory location addressed by 
HL are loaded into the memory location address-
ed by DE. Then DE, HL, and BC are all 
decremented. If BC * 0, then the program counter 
is decremented by 2 and the instruction re-
executed. 

Data Flow: 

Tinting: 
	 BC * 0: 5 M cycles; 21 T states; 10.5 usec @ 2 

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

Addressing Mode: Indirect. 

Flags: PN N C  

00  j 

5 Z 

350 



THE Z80 INSTRUCTION SET 

351 

LDDR 

Before: 

Example: 

9032 

9033 

9034 

9035 

9032 

9033 

9034 

9035 

After: 

C B 

E D 

H 

06AF 

0660 
0691 

0692 

BI r  DE/a 
r AW/ 
r AirtA 

B 

H 

06AF 

0660 

06131 

0662 

r /  
Sa 
%"7 /405r a 

/ coo37  

OBJECT CODE 

C 

E 

0003 

0692 

9035 



Data Flow: 

B 

E 

DATA 

COUNTER 

SOURCE 

A 
S 

,", 
DESTINATION 

X 0 

5 Z 	H 	P/V N C 

01  
Flags: 

PROGRAMMING THE Z80 

LDI 	 Block load with increment. 

Function: 	 (DE) (HL); DE DE + 1; HL HL + 1; 
BC 4-  BC - I 

Format: 
0 byte 1: ED 

  

  

0 0 
	

0 0 0 byte 2: AO 

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

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

Addressing Mode: Indirect. 

I 	 Reset if BC = 0 after 
execution, set otherwise. 
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346B1 

OBJECT CODE 

34B1 

3902 

THE Z80 INSTRUCTION SET 

Example: 	 LDI 

Before: 
	

After: 

B CCO6 C B C005 C 
34B1 E D 34B2 

H 3902 3903 
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2 
'a -• 

Data Flow: 
A 

D 

DATA 

	-J 
J 

Pm11111111 

E 

,COUNTER 

DESTINATION / 
re/ 	SOURCE 

PROGRAMMING THE Z80 

LDIR 

Function: 

Format: 

Repeating block load with Increment. 

(DE) (HL); DE 4—  DE + 1; HL HL + I; 
BC 	BC — 1; Repeat until BC = 0 

    

 

0 

 

0 

 

byte I: ED 

byte 2: BO 

     

0 

 

0 0 0 

      

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 is re-executed. 

Timing: 	 For BC # 0: 5M cycles; 21 T states; 10.5 usec @ 2 
MHz. 
For BC = 0: 4 M cycles; 16 T states; 8 usec @ 2 
MHz 

Addressing Mode: Indirect. 
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THE Z80 INSTRUCTION SET 

Flags: 
	

Z 
	

H 	P/V N C 

0 0 0 

Example: 
	

LD1R 

Before: 
	

After: 

0002 

4A03 

962A 

B 

D 

H 

C B 
E 

4A03 

4A04 

4A05 

4A03 

4A04 

4A05 

OBJECT CODE 

  

962A 

9628 

962C 

962A 

962B 

962C 
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PROGRAMMING THE Z80 

LD r, (HL) 

Function: 

Format: 

Load register r indirect from memory location 
(HL). 

r (HL) 

 

   

0 
	 0 

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

A —Ill 	E — 011 
B — 000 	H— 
C — 001 	L — 101 
D — 010 

Data Flow: 
A 

B 
	

C 

D 

H 
	

DATA 

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

Addressing Mode: Indirect. 

Byte Codes: 	r:  A B C DE HI 

7E 46 4E 56 5E 66 6E 
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3A 

OC 

gar, 4 
32 L H OC 32 

0C32 0C32 

OBJECT CODE 

THE Z80 INSTRUCTION SET 

Flags: S Z N C 

 

  

(no effect). 

Example: 
	 LD D, (HL) 

Before: 
	

After: 

357 



Data Flow: 

B 

D 

Example: 

OBJECT 
CODE 

PROGRAMMING THE Z80 

NEG 	 Negate accumulator. 

Function: 	 A 4-  0 - A 

  

Format: 

   

   

 

0 0 byte : ED 

0 	0 0 0 	0 0 
	

byte 2: 44 

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

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

Addressing Mode: Implicit. 

Flags: S z H 	 N C 

  

• • • • • 

C will be set if A was 0 before the instruction. 
P will be set if A was 80H. 

NEG 

Before: 	 After: 

A 	 A 32 414,4"I''o 
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No action 
C 

Function: 

Format: 

Description: 

Data Flow: 

Delay. 

1 0 0 0 0 0 010 	00 

Nothing is done for I M cycle. 

A 

B 

THE Z80 INSTRUCTION SET 

NOP 	 No operation. 

Timing: 	 I M cycle; 4 T states; 2 usec © 2 MHz 

Addressing Mode: Implicit 

Flags: 

 

S Z H 	P/V N C 

 

L 	 

  

(no effect). 
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PROGRAMMING THE Z80 

OR s 
	

Logical or accumulator and operand s. 

Function: 
	

A.—A Vs 

Format: 	 s: may be r, n, (HL), (IX+ d), or (1Y+ d) 

(IX + d) 

(IY + d) 

0 0 
TT 

0 0 

0 
IT 

1 I 0 0 

0 0 

, 	I 	0 0 

IF T 

I  

    

0 

0 
	

0 

r 

n byte 1: F6 

byte 2: immediate 
data 

byte 1: B6 

byte 1: DD 

byte 2: B6 

byte 3: offset value 

byte 1: FD 

byte 2: B6 

byte 3: offset value 

r may be any one of: 

A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 101 

Description: 
	

The accumulator and the specified operand are 
logically tor'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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AID 
V 

THE Z80 INSTRUCTION SET 

Data Flow: 

Al';117 4<r-- 
B 
D E 

Timing: 
M cycles: T states: 

usec 
@ 2 MHz: 

r 1 4 4 
n 2 7 3.5 

(HL) 2 7 3.5 
(IX + d) 5 19 9.5 
(IY + d) 5 19 9.5 

Addressing Mode. r: implicit; n: immediate; (Ht.): ind rect; (IX + 
d), (IY + dl: indexed. 

Byte Codes: 	OR r rABCDE HE 

  

B7 BO BI B2 B3 Bd B5 

Flags: S Z H 	edV N C 

  

• • 0 • 0 0 

Example: OR B 

OBJECT 
CODE 

Before: After: 

A 	06 A :"K A 
B 	B9 B B9 

361 



PROGRAMMING THE Z80 

OTDR Block output with decrement 

Function: 	 (C)e(HL); B c-B — 1; HL e HL — I; 

Repeat until B = 0. 

Format: 
0 byte 1: ED 

  

  

0 0 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 is re-
executed. C supplies bits AO to A7 of the address 
bus. B supplies (after decrementation) bits A8 to 
A15. 

Data Flow: 

A 

B 
	

C 

H 

Timing: 	 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 Z H 	P/V N C 
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02 ES 

0051 

THE Z80 INSTRUCTION SET 

Example: 	 OTDR 

Before: 

B 

H 

After: 

c Br 	E5  

L 	H 	/720.01K: -47  	I 

32 PORT 	 V PORT 

   

ES E5 

004F 

0050 

0051 

000 

0050 

0051 

OBJECT CODE 
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PROGRAMMING THE Z80 

OTIR 
	

Block output with increment. 

Function: 	(C1'—  (HL); B 	B — I; HL HL + I; Repeat 
until B = 0 

Format: 

1 I T0 	 byteLED  

     

     

FT° 	0 0 
	

byte 2: B3 

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. 
The B register is decremented and the HL register 
pair is incremented. If B # 0. the program counter 
is decremented by 2 and the instruction is re-
executed. C supplies bits AO to A7 of the address 
bus. B supplies (after decrementationi bits A8 to 
A15. 

Data Flow. 

      

A 

B 

D 

H 

     

     

 

';'4Counler 

  

     

  

/%•  

 

      

B = 0: 4 IVI 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: 5 z H 	P/V N C 
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THE Z80 INSTRUCTION SET 

03 AO 

PORT 

L H /1/ 15145"! // 

PORT 
	

9 

AO AO 

Example: OTIR 

Before: 

B 

H 

85 

5550 

5551 

5552 

5553 

5550 

5551 

5552 

5553 OBJECT CODE 

5550 

After: 

C B re'r A AO  
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PROGRAMMING THE Z80 

OUT (C), r 	Output register r to port C. 

Function: 	 (C) r 

Format: 
0 
	

0 
	

byte 1: ED 

0 
	

0 0 I byte 2 

Description: 
	

The contents of the specified register are output to 
the peripheral 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 AO to A7 of the address 
bus. Register B supplies bits A8 to A15. 

Data Flow: 
PORT  
	16k , 

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

A 

B 

H 
E 

Addressing Mode: External. 

Flags: 5 Z H 	P/V N C 

  

(no effect). 

Byte Codes: 
ED- 

366 

ABCDEHL. 

79 41 49 51 59 61 69 



Fl B C 	B 	09 	 F I 09 

PORT 09 PORT 

F I F I 

B8 

THE Z80 INSTRUCTION SET 

Example: 	 OUT (C), B 

Before: 
	

After: 

OBJECT CODE 
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OA OA 

PORT PORT A 51 V SO 51 FF 

PROGRAMMING THE Z80 

OUT (N), A 	Output accumulator to peripheral port N. 

Function: 	 (N).- A 

Format: 
0 

 

byte 1: D3 

byte 2: port address 

  

1 	1 	1 	' 	1 	1 	1 
1 	I 	I 	i 	I 	1 	1 

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: 

 

C 
	

OUT  
E 
	

N 

1. 	PORT 

 

A 

B 

H 

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

Addressing Mode: External. 

Flags: Z H 	P/V N C 

  

(no effect). 

Example: 	 OUT (OA), A 

Before: 
	

After: 

OBJECT CODE 
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Flags: 
5Z H 	P/VNC 

x 

1 	 

THE Z80 INSTRUCTION SET 

OUTD 	Output with decrement. 

Function: 	(C) (HL); BC 4—  B — HL HL — 1 

Format: 
I 	101101 	byte 1: ED 

0 	0 
	0 
	

byte 2: 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 AO to A7 of the 
address bus. B supplies (after decrementation) A8 

to A15. 

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

Addressing Mode: External. 

Set if B = 0 after execution, 
reset otherwise. 
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30 9A 

228E 

PROGRAMMING THE Z80 

Example: 	 OUTD 

C B 

L H 

PORT 

Before: 

B 

H 

06 
9A 

After: 

WA EVA 9A 

'6"1/ A 

C 

PORT 

228F 228F 

OBJECT CODE 
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Data Flo w: 

A 

B 

D 

re9upIr // 

E 

DATA 

PORT 

THE Z80 INSTRUCTION SET 

OUTI 	Output with increment. 

Function: 	 (C) (HL); B — B — 1 ; HL HL + 1 

Format: 
0 byte 1: ED 

  

  

0 0 0 0 byte 2: A3 

Description: The contents of the memory location addressed by 
the HL register pair are output to the peripheral 
device addressed by the C register. The B register 
is decremented and the HL register pair is incre-
mented. 

C supplies bits AO to A7 of the address bus. 
B (after decrementationi supplies bits A8 to A15. 

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

Addressing Mode: External. 

Flags: 
5 z  P/V N C 

Set if B = 0 after execution, 
reset otherwise. 
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C B/09ea Be  

H '   	L ',.0F913z9  

PORT 	 PORT 

B 9A 
	

BB 

H OF9A 

 

02 

PROGRAMMING THE Z80 

Example: 	 OUTI 

	

Before: 
	

After: 

BB 
	

BB 

OF9A OF9A 

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

POP qq 	Pop register pair qq from stack. 

Function: 	qqlow 	(SP); cighigh' (SP + I); SP•-  SP + 2 

Format: 

°J E 

Description: 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. qq may be any one of: 

BC — 00 
DE — 01 

HL — 10 
AF — 1 I 

Data Flow: 
A 

B 

D 

H 

F 

C 

E 

SP 

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

Addressing Mode: Indirect. 

Byte Codes: qq: BC DE HL AF 

  

CI DI El Fl 
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890A 

0156 

Before: 

B 

SP 

After: 

C Br.  a 

SP 

PROGRAMMING THE Z80 

Flags: S 2 	H 	P/V N C 

[-- [ [ I 1 I r -f_-] (no effect). 

Example: 	 POP BC 

0156 

015C 

0150 

015B 

015C 

015D OBJECT CODE 
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DATA 

THE Z80 INSTRUCTION SET 

POP IX 	POP IX register from stack. 

Function: 
IX  low (SP); IX high 	(SP + I); SP —SP + 2 

Format: 

 

byte I: DD 

   

   

D I D j 
	

j byte 2: El 

Description: 

Data Flow: 

The contents of the memory location addressed by 
the stack pointer are loaded into the low order of 
the IX register, and the stack pointer is in-
cremented. The contents of the memory location 
now addressed by the stack pointer are loaded in-
to the high order of the IX register, and the stack 
pointer is again incremented. 

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

Addressing Mode: Indirect. 
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Flags: 	
S Z I 	I 	II (no effect). 

H 	P/V N C 

PROGRAMMING THE Z80 

Example: 
	

POP IX 

Before: 

0001 

0906 

After: 

IX WIAA,W,vfci-711 

SP 	74'  lvfi5%%/ial 

IX 

SP 

09013 

0900 

090D 

0906 

0900 

090D 

OBJECT CODE 
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THE Z80 INSTRUCTION SET 

POP IY 	POP IY register from stack. 

Function• 	 IY 
low

— (SP); IY high 
(SP + I); SP SP + 2 

Format: 
0 byte I: FD 

  

  

0 0 	0 
	

byte 2: El 

Description: 

Data Flow: 

The contents of the memory location addressed by 

the stack pointer are loaded into the low order of 
the IV register, and then the stack pointer is incre-
mented. The contents of the memory location now 
addressed by the stack pointer are loaded into the 
high order of the IY register, and the stack pointer 
is again incremented. 

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

Addressing .Mode: Indirect. 

Flags: 5 Z H 	P/V N C 

  

(no effect). 
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.___ 	• 
FD 3004 

El 3005 

3006 

OBJECT CODE 

3004 

3005 

3006 

PROGRAMMING THE Z80 

Example: 	POP IY 

Before: 	 After: 

IY 	 032A 	IY reera rera 

   

SP 3004 sPrepReyS  
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A 

B 

H 

Pr 

SS/ / 

3 M cycles; 11 T states 6.5 usec @ 2 MHz Timing: 

SP 

Addressing Mode: Indirect. 

Bite Codes: qq: BC DE HI AF 

C5 I 05 I  ES 1.  F5 

THE Z80 INSTRUCTION SET 

PUSH qq 	Push register pair onto stack. 

Description: 

(SP — 	—clqhigh,  (SP — 	qq low; 
SP 	SP — 2 

!tot' 

The stack pointer is 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 pointer is again 
decremented and the contents of the low order of 
the register pair are loaded into the memory loca-
tion currently addressed by the stack pointer. qq 
may be any one of: 

Function: 

Format: 

BC — 00 
	

HL — 10 
DE —01 
	

AF — II 

Data Flow: 
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PROGRAMMING THE Z80 

Flags: 5 Z H 	P/V N C 

 

  

(no effect). 

Example: 
	

PUSH DE 

 

Before: After: 

OA03 D 	OA03 

   

   

SP 1--- 30131-1 	SP 

00AF 

00130 

0081 

00AF 

0060 

00131 

OBJECT CODE 
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DATA 

C B 

0 
H 

IX 

w 
SP r 

THE Z80 INSTRUCTION SET 

PUSH IX 	Push IX onto stack. 

antlion: 	 (SP — 11 2  IXhigh; (SP — 2) — 
SP 	SP — 2 

Format: 
0 byte I: DD 

  

  

oi o 	0 	byte 2: E5 

Description: 

Data Flow: 

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 is again decremented 
and then the contents of the low order of the IX 
register are loaded into the memory location ad-
dressed by the stack pointer. 

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

Addressing Mode Indirect. 

Flags: S Z 	H 	PA/ N C 

I. 	I 	(no effect)  
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0094 

0095 

0096 

DD 	 0094 

ES 	 0095 

0096 
_ / 

OBJECT CODE 

PROGRAMMING THE Z80 

Example: 	 PUSH IX 

Before: 

F 04A2 

After: 

Ix 	 04A2 

r 01294' SP 

382 



A / 

D.

B  

Data )'low: 

C 

THE Z80 INSTRUCTION SET 

PUSH 111 	Push IY onto stack. 

Function: 	(SP — 1 I — IY high; (SP — 2) — IY10„.; 
SP —SP — 2 

Format: 

ELL I it L. to 	byte I: FD 

  

tii 	I 	byte 2: E5 

Description: The stack pointer is decremented and the contents 
of the high order of the I Y register are loaded Into 
the memory location addressed by the stack 
pointer. The slack pointer Is again decremented 
and the contents of the low order of the I Y register 
are loaded into the memory location addressed by 
the stack pointer. 

Tuning: 	 3 M cycles; 15 T states; 7.5 uses @ 2 MHz 

Addressing Mode: Indirect. 

Flags: 5 Z P/V N C 

 

I 	I 	I 

 

(no effect) 
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PROGRAMMING THE Z80 

Example: 	 PUSH IY 

0064 

0085 

00136 

0084 

0085 

00136 

OBJECT CODE 

  

384 

Before: 

90BF 

0066 

IV 

SP 

After: 

IY 

SP 

908F 

00 



THE Z80 INSTRUCTION SET 

RES b, s 

Function: 

Reset bit b of operands. 

sb 4- 0 

Format: 	s: 

r 0 0 0 

0 

(HL) 0 0 

0 b 0 

(IX + d) 0 0 

0 0 0 

d 

0 b 

(IY + d) 

0 

I 

d 
I 	I 	I 

b 	
0 

0 

byte 1: CB 

byte 2 

byte 1: CB 

byte 2 

byte 1: DD 

byte 2: CB 

byte 3: offset value 

byte 4 

byte I: FD 

byte 2: CB 

byte 3: offset value 

byte 4 

b may be any one of: 

0 — 000 4 — 100 
1 — 001 5 — 101 
2 — 010 6 — 110 
3 — 011 7 — 	Ill 

r may be any one of: 

A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 10] 
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H 

87 80 81 82 83 84 85 

BF BB 89 BA BB BC BD 

97 90 91 92 93 94 95 

9F 98 99 9A 9B 9C 910 

A7 AO Al A2 A3 A4 A5 

AF A8 A9 AA AB AC AD 

B7 BO 1111 B2 B3 B4 135 

BF B8 89 BA BB BC BD 

Byte Codes: 	RES b, r 

CB— 

b r. A B C D E 

2 

3 

4 

5 

6 

7 

PROGRAMMING THE Z80 

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 

D 
	

E 

H 

ATA 

Timing: 
M cycles: T states: 

usec 
@ 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: implicit; 	indirec (IX + d), (IY + d): in- 
dexed. 

b: 0 I 2 3 4 5 6 7  

RES b, (HL) 	CB- 86 BE 96 9E A6 AE B6 BE 
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A6 AE 

S Z Flags: H 	P/V N C 

Examples: RES 1, H 

H 42 

THE Z80 INSTRUCTION SET 

(No effect) 

Before: 

OBJECT CODE 

387 

RES 	b, (IX + d) DDCB — 
RES r/ (HL) 	CB — 
RES b, (IY + d) 	EDCB — 

b: 0 I 2 3 4 

I 86 I 8E 96 1 9E 

5 6 7  

B6 I BE 

After: 

H 



Function: 

Format: 

PClow (SR); PChigh4--  (SP + I); SP SP + 2 

0 0 
	

0 
	

C9 

Data Flow: 

C 

E 

A 

B 

H 

PC 

SP 

STACK 

PCL 

PCH 

PROGRAMMING THE Z80 

RET 	 Return from subroutine 

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. 

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

Addressing Mode: Indirect. 

Flags: H 	PIV N C 

 

(no effect) 
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THE Z80 INSTRUCTION SET 

Example: 	RET 

3310 

3311 

3310 

3311 

OBJECT CODE 

  

389 

PC 0881 

SP 3310 

Before: 

PC 

SP 

After: 

arl 



B 

0 
C 
E 

Data Flow: 

WIESSISSM 

IMS 

CONTROL 
LOGIC 

SP A 

PROGRAMMING THE Z80 

RET cc 	Return from subroutine on condition. 

Function: 	 If cc true: PClow 	(SP); PChigh 	(SP + 1); 

SP—SP + 2 
Format: 

    

I 	I 

I 	I  
0 0 0 

Description: If the condition is 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 
sequence. 

cc may be any one of: 

	

NZ — 000 
	

PO — 100 

	

Z — 001 
	

PE — 101 

	

NC — 010 
	

P — 110 

	

C — 011 
	

M — III 

Tinung: 
	

Condition met: 3 M cycles; II T 	states; 6.5 usec @ 

2 MHz. 
Condition not met: 1 M cycle; 5 T states; 2.5 usec 
@ 2 MHz 

Addressing Mode: Indirect. 
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Example: RET NC 

Before: After: 

F co 

SP 8511 

F 00 

8511 

8512 

8511 

8512 

OBJECT CODE 

PC 	 0124 	 PC 

SP 

THE Z80 INSTRUCTION SET 

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

  

CO C8 DO D8 E0 ES FO F8 

Flags: $  H N C 

   

(no effect) 
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0 	0 0 	0 

RETI 

Function: 

Format: 

Return from interrupt. 

4—  (SP + I); SP 4—  SP + 2 PClow 4—  (SP); PChigh 

0 	0 

 

byte 1: ED 

byte 2: 4D 

Data Flow: 

C 

E 

A 

B 

H 

PC 

STACK 

PCL 

PCH 

PROGRAMMING THE Z80 

Description: The program counter is 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. 

SP 
	 ea 1̂1° 

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

Addressing Modes: Indirect. 

Flags: S Z 	H 	P/V N C 

 

 

(no effect). 
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THE Z80 INSTRUCTION SET 

Example: 	RETI 

PC 

SP 

84E1 

89B2 89:4 / 	A 

Before: After: 

r 

OBJECT CODE 

PC 

9 
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PROGRAMMING THE 2E0 

RETN 

Function: 

Format: 

Description: 

Return from non-maskable interrupt. 

PClow (SP); PChigh 4—  (SP + 1); SP SP + 
2; IFF'l 	IFF2 

byte I: ED 

byte 2: 45 

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 IFF1 to restore the state of the interrupt 
flag before the non-maskable interrupt. 

C 
	

0 

0 
	

0 0 0 
	

0 

Data Flow: 
A 

B 
	

C 

E 

PC 

     

     

      

      

      

      

          

STACK 

   

             

          

PCL 

   

             

             

              

  

PCH 

WINE 

   

 

SP 

   

              

Tinting: 	 4 M cycles; 14 T states; 7 usec (0 2 MHz 

Addressing Mode: Indirect. 

394 



RETN 

Before: 

PC 

SP 

Example: 

After: 

PC A5F 1 

SP 8B4C 

884C 

BB4D 

8B4C 

884D 

OBJECT CODE 

THE Z80 INSTRUCTION SET 

Flags: 	 S Z 
	

H 	P/V N C 

(no effect). 
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0 0 
	

0 

0 0 

0 0 0 

0 10 

0 0 

0 0 0 
	0 

r 

(HL) 

(IX + d) 

(IY + d) 

0 

0 

I 	I 	1 	' 	I 	1  
1 	I 	1 	I 	I 	1 

0 

0 

r may be any one of: 

PROGRAMMING THE Z80 

RL S 	 Rotate left through carry operand s. 

Function: 

Format: 

7 	0 

byte 1: CB 

byte 2 

byte 1: CB 

byte 2: 16 

byte 1: DD 

byte 2: CB 

byte 3. offset value 

byte 4: 16 

byte I: FD 

byte 2: CB 

byte 3: offset value 

byte 4: 16 

	

A — Ill 
	

E — 011 
B — 000 
	

H — 100 

	

C — 001 
	

L — 101 
D — 010 

Description: 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. 
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Data Flow: 

A 

B 

H 

11 10 12 13 15 14 CBI 17 

S Z Flags: H 	e'V N C 

• 0 • 0 • 

Example: 

C is set by bit 7 of source. 

RL E 

E 

After: 

E 

F triiia  

AV 4 

Before: 

41 

6E 

THE Z80 INSTRUCTION SET 

s: M cycles: T states: 
usec 

@ 2 MHz: 

r 2 8 4 
(HL) 4 15 7.5 
(IX + d) 6 23 11.5 
(IY + d) 6 23 11.5 

Timing: 

Addressing Mode. r: 	(HL): indirect (IX + d), IY + d): in- 
dexed. 

Byte Codes: 	RL r r: A B C D E Lit 

397 

OBJECT CODE 



r 

ME IM 

jf• ran md 
MI 1M 

I MI 

Ar/ ft 00 
A A OF 01 F 	A 

    

OBJECT CODE 

    

F 

PROGRAMMING THE Z80 

RLA 	Rotate accumulator left through• carry flag. 

Function: 
74-- 0 

A 

Format: 
0 0 0 
	

0 
	

17 

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: 

B 

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

Addressing Mode: Implicit. 

5 Z 
	

H 	P/V N C 
Flags: 
	

0 
	

0 • 

C is set by bit 7 of A. 

Example: 
	

RLA 

Before: 
	

After: 
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0 

THE Z80 INSTRUCTION SET 

RLCA 	Rotate accumulator left with branch carry. 

Function: 

   

C-1-17.-  0  -*I 

Format: 

 

A 

 

    

0 0 0 0 07 

Description: 	The contents of the accumulator are rotated left 
one bit position. The original contents of bit 7 is 
moved to the carry flag as well as to bit 0. 

Data Flow: 

	 F 
	 C 

E 

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

Addressing Mode: Implicit. 

Flags: Z H 	P/V N C 

  

0 0 • 

Example: 

C is set by bit 7 of A. 

RLCA 

Before: After: 

A 65 01 F AD6Ai00A F 

Note: This instruction is identical to RLC A, ex-
cept for the flags. It is provided for compat-
ibility with the 8080. OBJECT CODE 
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NT A 

B 

0 

H 

A — Ill 
B — 000 
C — 001 
D — 010 

Data Flow: 

E — 011 
H — 100 
L — 101 

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

PROGRAMMING THE Z80 

RLC r 

Function: 

Format: 

Rotate register r left with branch carry. 

  

     

0 0 
	

0 
	

byte 1: CB 

I 	I 
0 
	

0 
	

0 0 -0- I 
	

byte 2 

Description: 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: 

Addressing Mode: Implicit. 

Byte Codes: r: ABCDEHL 

 

CB- 07 00 01 02 03 04 05 

400 



Example: 

B 

OBJECT CODE 

 

THE Z80 INSTRUCTION SET 

Flags: S 2 N C 

  

• • 0 • 0 • 
C is set by bit 7 of source register. 

RLC B 

Before: 

62 

  

After: 

   

       

 

F 

 

Cir,A 
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PROGRAMMING THE Z80 

RLC (HL) 

Function: 

Format: 

Rotate left with branch carry memory location 
(HL). 

n-41_17.-- 0 
(HL) 

0 0 0 byte 1: CB 

   

0 0 0 0 byte 2: 06 

    

Description: 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. 

Data Flow: 

   

     

A 
8 
D 

H 

    

   

E 

   

    

     

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

Addressing Mode: Indirect. 

Flags: S Z H 	N C 

  

• 0 • 0 • 

C is set by bit 7 of the memory location. 
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THE Z80 INSTRUCTION SET 

Example: 	 RLC (HL) 

Before: 
	

After: 

I- D3  

 

F 	 '1rArr,A F 

  

H 6114 L 	H 	 6114 

   

6114 6114 

OBJECT CODE 
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byte I: DD 

byte 2: CB 

byte 3: offset value 

byte 4: 06 

0 
	 0 

0 0 	0 

r 
	 d 	 

0 0 0 0 0 
	

0 

PROGRAMMING THE Z80 

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

Function: 

F-1-4-17 	0 

ct 	(1X+d) 

Format: 

Description: The contents of the memory location 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. 

Data Flow: 

A 

B 

0 

H 

  

 

C 

  

  

  

    

    

    

C 

E 

L 
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Ix 
	

0461 0461 IX 

0461 

0462 

THE Z80 INSTRUCTION SET 

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

Addressing Mode: Indexed. 

Flags: S Z H 	(Pry N C 

  

• • O • 0 • 

C is set by bit 7 of memory location. 

Example: 	 RLC (IX + I) 

Before: 
	

After: 

42 F 0 F 

   

OBJECT CODE 
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Data Flow: 

A 

B 

H 

PROGRAMMING THE Z80 

RLC (IY + d) Rotate left with carry memory location (IY + d). 

Function: 

C 
	

IV + di 

	o FJ 

Format: 

Description: 

byte I: FD 

byte 2: CB 

byte 3: offset value 

byte 4: 06 

The contents of the memory location addressed by 
the contents of the IY 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. 

0 

0 0 
	

0 

0 0 0 0 0 	0 
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THE Z80 INSTRUCTION SET 

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

Addressing Mode: Indexed. 

Flags: S 2 H 	 N C 

  

• • 
	

0 
	

0 • 

C is set by bit 7 of memory location. 

Example: 	 RLC (IY + 2) 

Before: 
	

After: 

C4 F /50 % F 

Iv 
	

0021  Iv 
	

0021 

  

FD  

CB  

02 

06  

0021 

0022 

0023 

    

OBJECT CODE 
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Function: 4 3 	0 DI Li 

   

Formai: 

 

0 

 

0 

 

PROGRAMMING THE Z80 

RLD Rotate left decimal. 

   

Description: 

byte I: ED 

byte 2: 6F 

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 is moved to the 4 low order bits of the 

memory location originally specified. All of these 

operations occur simultaneously. 

Data Flotv: 

                         

                         

                            

A V  

8 

0 	 E 

                     

                     

                     

                     

                     

         

ALU 

           

                           

                            

                            

                            

                        

DATA 

 

                         

                            

                            

                            

                            

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

Addressing Mode: Indirect. 
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A 	61 	 A 

H 	 8412 

8412 

64 

B4F2 

8412 

OBJECT CODE 

THE Z80 INSTRUCTION SET 

Flags: 

  

H 	cry N C 

0 • 0 

  

    

Examples: 	RLD 

 

 

Before: After: 
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PROGRAMMING THE Z80 

RR s 

Function: 

Rotate right s through carry. 

11•••{ 7 -6"-  0 

Format: 

r 0 	0 0 

0 0 	0 
1...„H 

(HL) 0 	0 0 

0 0 	0 0 

(IX + d) 0 0 

0 	0 0 

I I 	I I 	I 

I II d

I 

I 	I 

0 0 	0 0 

(IY + d) 0 

0 	0 0 

I 	I I 	I 	I 
-6-- 

1 I 	I 1 	I 	I 

0 0 	0 0 

byte 1: CB 

byte 2 

byte 1: CB 

byte 2: 1E 

byte I: DD 

byte 2: CB 

byte 3: offset value 

byte 4: 1E 

byte I: FD 

byte 2: CB 

byte 3: offset value 

byte 4: 1E 

r may be any one of: 

	

A — Ill 
	

E — 011 
B — 000 
	

H — 100 

	

C — 001 
	

L — 101 
D — 010 

Description: 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 original location. s is 
defined in the description of the similar RLC in-
structions. 
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THE Z80 INSTRUCTION SET 

Data Flo w: 

A 

B 

    

 

Lc.  IF 

    

    

    

    

Tinting: 
M cycles: T states: 

usec 
@ 2 MHz: 

r 2 8 4 
(HD 4 15 7.5 
(IX + d) 6 23 11.5 
(IY + d) 6 23 11.5 

Addressing Mode r: 	(H1.1: indirect; (IX + d), IY + d): in- 
dexed. 

Byte Codes: 	RR r: r:ABCDE HL 

  

CB. IF 18 19 IA 1B 1C ID 

Flags:  
•  • 0 •  0  • 
S Z 
	

H 	P/V N C 

C is set by bit 0 of source data. 

Example: 
	

RR H 

Before: 
	 After: 

H 6B Ii F 	H 

OBJECT CODE 
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D E 
	

ALU 

Data Flow: 

A ,ffiX„;  

B 

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

A Fa I 95 F A 
	 Ar 

Note: This instruction is almost identical to RR A. It 
is provided for 8080 compatibility. OBJECT CODE 

PROGRAMMING THE Z80 

RRA 	 Rotate accumulator right through carry. 

Function: 

       

L 

      

       

       

A 	 Cf 

Format: 

Description: 	The contents of the accumulator are shifted right- 
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). 

Addressing Mode: Implicit. 

IF 

N C Flags: 5 Z 

0  0  • 
C is set by bit 0 of A 

Example: 
	

RRA 

Before: 
	

After: 
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1 	1 	1 	1 	1 	1 	1 

THE Z80 INSTRUCTION SET 

RRC s 	Rotate right with branch carry s. 

Function: 

     

 

LH' 	 

  

Format: s: 	s is any of r, (HL), (IX + d), (IY + 

r 

(HL) 

(IX + d) 

0 0 
	

0 

     

0 0l0  0 

 

1 	1 

 

I  

     

 

0 0 0 

 

     

     

     

I 	
I0 

0 0 
	

0 

I 
	

1 	I 
1  

0 

0 

o l o 0 0 
	

0 

r may be any one of: 

byte I: CB 

byte 2 

byte 1: CB 

byte 2: OE 

byte 1: DD 

byte 2: CB 

byte 3: offset value 

byte 4: OE 

byte 1: FD 

byte 2: CB 

byte 3: offset value 

byte 4: OE 

(IY + d) 

A — III 
	

E — 011 
B — 000 
	

H — 100 
C — 001 
	

L — 101 
D — 010 

Description: 	The contents of the location determined by the 
specified operand are rotated right and the result 
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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RRC 

5 Z 

• • 
H 	a11N  N C  

1-c -  To-  o • 
C is set by bit 0 of source data. 

RRC (HL) 

Byte codes: 

Flags: 

Example: 

r r.ABCDE HL 

CB-I OF 08 09 173A 11)B1 OC 10D1 

PROGRAMMING THE Z80 

Data Flow: 

   

 

A 

B 

D 

H 

 

c. 

   

   

   

    

Timing: 
NI cycles: T strifes: 

wee 
@ 2 MHz: 

r 2 8 4 

(HL) 4 15 7.5 

(IX + d) 6 23 11.5 

(IY 	+ ci) 6 23 11.5 

Addressing Mode: r: implicit; (HL): indirect; (IX + d), (IY + d): in-
dexed. 

Before: 
	

After: 

81 
	

F 

H 
	

3FF2 3FF2 
	 I L  

F 

3FF2 3FF2 

OBJECT CODE 
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Example: 

51 D4 

RRCA 

Before: 

A 

After: 

F AFT7H1BAy:24: 	F 

THE Z80 INSTRUCTION SET 

RRCA 

Function: 

Format: 

Description: 

Rotate accumulator right with branch carry. 

L. 7 --•01-1-2.-1-1 
A 

0 0 01 o 
	

OF 

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: 

AfP 
B 

0 la a E 

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

Addressing Mode: Implicit. 

Flags: Z H 	P/V N C 

  

0 
	

0 • 
C is set by bit 0 of A. 

OBJECT CODE 
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PROGRAMMING THE Z80 

RRD 	 Rotate right decimal. 

    

Function: 	AL 413 o  [HLI 

    

Format: 

Description: 

Data Flow: 

8 
0 

byte I: ED 

byte 2: 67 

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 to the 4 low order bits 
of the accumulator. The low order bits 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. 

0 

0 1 0 

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

Addressing Mode: Indirect. 
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THE Z80 INSTRUCTION SET 

S Z 	 

• • 

RRD 

Before: 

A 

H  

®VH 	N C 

A 

Flags: 

Example: 

0 • 0 

After: 

417 

FEBI 

92 

FEBI 

Vvra  
FEBI 

FEBI 

OBJECT CODE 



C 

A 

B 

0 

H 

Data Flow: 

1.1S.7.1711 

VS'IONSA lairea 
FS'S 

MN= 

STACK 

P 

0 

SP ry/ 

PROGRAMMING THE Z80 

RST p 

Function: 

Format: 

Restart at p. 

 

(SP — 11— PChigh; (SP — 21— PCiow; SP — SP 
— 2; PChigh — 0; PClow 	P 

    

II 
p 

 

      

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

OOH — 000 20H — 100 
08H — 001 28H — 101 
10H — 010 30H — 110 
18H — 011 381-1 	— 	111 

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

SP SP 
	

0268 

0269 

026A 

026B 

0269 

026A 

0268 OBJECT CODE 

PC 	 ARIA 	 PC 

p: 	00 08 10 18 20 28 30 38 

C7 FF DF D7 CF E7 F7 EF 

s z P/V N C 

RST 38H 

Byte Codes: 

Flags: 

Example: 

(no effect). 

THE Z80 INSTRUCTION SET 

Tinting: 	 3 M cycles; I I T states; 5.5 usec Cu 2 MHz 

Addressing Mode: Indirect. 
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n 0 0 

(HL) 0 0 

(IX + 0 0 

0 0 0 

0 0 0 

(IY + d) 0 

d 	 
III  

I 

1111.111 

PROGRAMMING THE Z80 

SBC A, s 	 Subtract with borrow accumulator and specified 
operand. 

Function: 
	

A—A—s—C 

Format: 	 .5: may be r, n, (HL), (IX + d), or (IY + d) 

r 0 0 

 

 

byte I: DE 

byte 2: immediate 

data 

byte 9E 

byte I: DD 

9E 

byte 3: offset value 

byte I: FD 

byte 2: 9E 

byte 3: offset value 

r may be any one of: 

A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 
H — 100 
L — 101 

Description: The specified operand s, summed with the con-
tents of the carry flag, is subtracted from the con-
tents of the accumulator, and the result is placed 
in the accumulator. s is defined in the description 
of the similar ADD instructions. 
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E 

Byte Codes: 

Flags: 

Example: 

SBC A r 	B C D E H 

9F 98 99 9A 

5 Z 
	

H 	PAY) N C 

• • • • • 

SBC A, (HL) 

98' 9C 9D 

THE Z80 INSTRUCTION SET 

Data Flow: 

B 

Timing: 
M cycles: T states: 

&see 
@ 2 MHz: 

r 1 4 2 
n 2 7 3.5 
(11L) 2 7 3.5 
(IX + d) 5 19 9.5 
(IY + d) 5 19 9.5 

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

Before: 
	

After: 

A B2 51 F A gr% ZEITiM F 

     

H 
	

3600  L 	H 
	

3600 

3600 

OBJECT CODE 
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C 
	4 

A 

B 

H 

F 

E 

PROGRAMMING THE Z80 

SBC 	HL, ss 	Subtract with borrow HL and register pair ss. 

Function: 	 HL HL — ss — C 

Forniat: 
byte I: ED 

s 	s 
	

byte 2 

Description: The contents of the specified register pair plus the 
contents of the carry flag are subtracted From the 
contents of the HL register pair and the result is 
stored back in HL. ss may be any one of: 

BC — 00 
	

HL — 10 
DE — 01 
	

SP— II 

sP 

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

Addressing Mode: Implicit. 

Byte Codes: SS: BC DE HI. SP 

  

ED--  42 52 62 72 

422 

Data Flow: 



D 

H 

OBJECT 
CODE 

THE Z80 INSTRUCTION SET 

Flags: S Z H 	pAg N C 

  

• • 
	

7 • • 

H is set if borrow from bit 12. 
C is set if borrow. 

Example: 	SBC HL, DE 

Before: 

66 F 

0689 

3142 

After: 

WOO F 

E 	D 
	

0699 
	

E 

L 	H 

423 



PROGRAMMING THE ZOO 

SCF 
	

Set carry flag. 

Function: 
	

C I 

Format: 
a 
	

37 

Description: 	The carry flag is set. 

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

Addressing Mode: Implicit. 

Flags: S Z H 	P/V N C 

  

0 0 
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0 0 

I r  I 

0 0 0 
T 	I 

ti  

0 0 

0 0 0 

THE Z80 INSTRUCTION SET 

SET b, s 
	

Set bit b of operand s 

Function: 	 sb 

Format: 	s: 

(IY + d) 

a 

0 

0 	0 

b I 

byte 1: CB 

byte 2 

byte 1: CB 

byte 2 

byte 1: DD 

byte 2: CB 

byte 3: offset value 

byte 4 

byte 1: FD 

byte 2: CB 

byte 3: offset value 

byte 4 

r 

(HL) 

(IX + d) 

r may be any one of: 

A — Ill 
B — 000 
C — 001 
D — 010 

b may be any one of: 

0 —000 
— OW 

2 — 010 
3 — 011 

E — 011 
H— 100 
L — 101 

4— 100 
5 — 101 
6 — 110 
7 — 11I 

Description: 
	

The specified bit of the location determined by s is 
set. s is defined in the description of the similar 
BIT instructions. 
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A B C D E H 

CO CE D6 DE E6 EE FO FE 

h: 

CB-  0 

2 

3 

4 

5 

SET b, (HL) 

7 

b: 

SET 

SET 

b, (IX + d) 

b, (IY + d) 

C7 CO CI C2 C3 C4 C5 

CF CB C9 CA CB CC CD 

07 DO DI D1 D3 D9 05 

DF DB 09 DA DB DC DD 

E7 ED El E2 E3 E4 E5 

EF EB E9 EA EB EC ED 

F7 FO El F2 F3 F4 F5 

FF FB F9 FA FB FC ED 

0 I 2 3 4 5 6 7 

PROGRAMMING THE Z80 

Data Flow: 

   

A 

B 

H 

    

   

C 

E 

   

    

     

Timing: 
M cycles: T states: 

usec 

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

Byte Codes: 	SET b, r 
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Evainple: SET 7, A 

Before: 

A 
	

61 

After: 

A 

THE Z80 INSTRUCTION SET 

427 

Flags: 
H 	P/V N C 

 

(no effect) 

OBJECT CODE 



PROGRAMMING THE Z80 

SLA s 
	

Arithmetic shift left operand s. 

Function: 

Format: 	S.' 

E..e-{7 .41-- 0 le- 0 

r 0 0 0 

0 	0 0 a 

(HL) 0 0 0 

0 	0 0 a 0 

(IX + d) 0 0 

0 0 0 

I 	I I 
I 

11111 

00 0 0 a 

(IY + d) 

0 0 

0 	0 0 0 

byte I: CB 

byte 2 

byte 1: CB 

byte 2: 26 

byte 1: DD 

byte 2: CB 

byte 3: offset value 

byte 4: 26 

byte 1: FD 

byte 2: CB 

byte 3: offset value 

byte 4: 26 

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 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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THE Z80 INSTRUCTION SET 

Data Hou•: 
A 

B 

H 

 

 

  

Ad cycles: T slates: 
user 

la 2 MHz: 

r 2 8 4 
(HL) 4 15 7.5 
(IX + d) 6 23 11.5 
(IY 	+ d) 6 23 11.5 

Addressing 	r: 	(H 	indirect; (IX + d), IY + d): in- 
dexed. 

Byte Codes: 	SLA r ABCDF 

CB127T20 1_21F2 [23 24 21 

      

N C Flags: S Z 

of • 0  • 

C is set by bit 7 of source data. 

Example: 
	

SLA (HL) 

Before: 
	

After: 

10 F ",/a/3 F 

H 
	

OFF2  L 	H 
	

OFF2 

OFF2 OFF2 

OBJECT CODE 
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0 0 0 
I 	I 
I 	I  

0 0 

0 0 0  

01 I 0 0 0 

0 0 

0 0 0 

I 	I 	1 

0 0 

0 

0 0 0 
I 	I 

I 	I 	I 

0 I 0  0 0 

Format: 
r 

(H L) 

(IX + d)  

(IY + d) 

byte I: CB 

byte 2 

byte 1: CB 

byte 2: 2E 

byte I: DD 

byte 2: CB 

byte 3: offset value 

byte 4: 2E 

byte I: FD 

byte 2: CB 

byte 3: offset value 

byte 4: 2E 

PROGRAMMING THE Z80 

SRA s 	Shift right arithmetic s. 

Function: 

   

rri 	0  -11.-E.  
	' 	s 

r may be any one of: 

	

A — Ill 
	

E — 011 
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 in the description of the similar RLC in-
structions. 
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THE Z80 INSTRUCTION SET 

Data How: 

Al 

B I 

D 

  

  

  

  

  

H 

   

    

    

Timing: 
M evcles: T states: 

"sec 
@ 2 MHz: 

r 2 8 4 
(HL) 4 15 7.5 
(IX + d) 6 23 I1.5 
(IY + d) 6 23 11.5 

Addressing Mode: r: implicit; HL): indirec ; (IX + d), (IY + d): in-
dexed. 

Byte Codes: SRA r rABCDE 

CB 	 2917A1 26 1-2-aY2
I  

Flags: 5 Z 	H GT N  C 

• • 	01 •  

 

   

C is set by bit 0 of source data. 

Example: 
	

SRA A 

Before: 	 After: 

      

A BB 04 F 	A rialleSSAr F 

   

OBJECT CODE 
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PROGRAMMING THE Z80 

SRL S 	 Logical shift right s. 

Function: 

Format: 

0 

0 

0 
	 0 

0 	0 
I 	I 	I 	 I 	 I 

1111111  

0 

byte I: CB 

byte 2 

byte I: CB 

byte 2: 3E 

byte I: DD 

byte 2: CB 

byte 3: offset value 

byte 4: 3E 

byte I: FD 

byte 2: CB 

byte 3: offset value 

byte 4: 3E 

r 0 

0 

(HL) 0 0 0 

0 0 

(IX + d) 0 

0 0 0 

0 

(IY + d) 

r may be any one of: 

A — Ill 	 E — 011 
B — 000 	H — 100 
C — 001 	 L — 101 
ID — 010 

Description: The contents of the location determined by the 
specific operand are logically shifted right. A zero 
is moved into bit 7 and the contents of bit 0 are 
moved into the carry flag. The final result is stored 
back in the original location. 
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Data Flo w: 

A 

B 

D 

H 

C 
C 

Byte Codes: 

Flags: 

Example: 

• • 	C • 0 • 
C is set by bit 0 of source data. 

SRL E 

Before: 
	

After: 

SRL r 	 AB C D E HL 

CB 1 3F 30 39 3A 36 3C 3D 

5 Z 
	

H 	Ceyv N C 

THE Z80 INSTRUCTION SET 

Tuning: 
A4 cycles: T states: 

usec 
@ 2 MHz: 

r 2 8 4 
(HLi 4 15 7.5 
(IX + d) 6 23 11.5 
(IY + d) 6 23 11.5 

Addressing Mode: r: implicit; HLi: indirect; (IX + d), (1Y + d): In-
dexed. 

01 

02 

F VAarA4 F 

 

E 

  

E 

 

      

OBJECT CODE 
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a 	0 
	

0 

(HL) 

(IX + d) 

(IY + d) 

0 

0 

0 

	

111'1 	r 

	

I 	II 

     

0 

0 0 
	

0 
	

0 

r may be any one of: 

	

A — Ill 
	

E — 011 

B — 000 
	

H — 100 

	

C — 001 
	

L — 101 
D — 010 

PROGRAMMING THE Z80 

SUB s 	Subtract operand s from accumulator. 

Function: 	 A 4—  A — s 

Format: 	 s: may be r, n, (HL), (IX + d) or (IY + d) 

r 
L 

a 

	

II 	1 

	

r 
I 	I 

    

byte 1: D6 

byte 2: immediate 
data 

96 

byte 1: DD 

byte 2: 96 

byte 3: offset value 

byte 1: FD 

byte 2: 96 

byte 3: offset value 

Description: 
	

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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fr91,7 Ar%:' Ad://it:WA A 

Data Flow: 

B 

D E ALU 

	1 

fej,4FW.,, 
31 

A 

B 

A B0 

 

31 

OBJECT CODE 

THE Z80 INSTRUCTION SET 

Timing: 
M cycles: T stales: 

"sec 
@ 2 MHz: 

r 1 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): ind'rect; (IX + 
d), (IY + d): indexed 

Byte Codes: 	SUB r r. A B C D E HI 

  

97 90 91 92 93 94 95 

Flags: 5 Z H 	PO N C 

  

• • • • • 

Example: 
	

SUB B 

Before: 
	

After: 
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0 0 

0 0 a 

0 0 

0 0 
	0 

(IX + d) 

(IY + d) 

n 

(HL) 

0 

0 

111 

PROGRAMMING THE Z80 

XOR s 

Function: 

Format: 

Exclusive or accumulator and s. 

A 	A -V—  s 

 

may be r, n, (HL), (IX + d), or (IY + d) 

   

r 
	a 	0 

byte 1: EE 

byte 2: immediate 
data 

AE 

byte 1: DD 

byte 2: AE 

byte 3: offset value 

byte 1: FD 

byte 2: AE 

byte 3: offset value 

r may be any one of: 

A — Ill 
B — 000 
C — 001 
D — 010 

E — 011 

H — 100 
L — 101 

Description: 
	

The accumulator and the specified operand s are 
exclusive '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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XOR r 

AF AD AA AC AB A9 AB 

H 	cpyv N C 5 Z 

• • • 0 0 0 

XOR 13111 

Byte Codes: 

Flags: 

Example: 

r:ABCDE HL 

OBJECT CODE 

A A 36 

THE Z80 INSTRUCTION SET 

Date Flow: 

B 
E 
	

ALU 

Timing: 
M cycles: T states: 

usec 
@ 2 MHz: 

r 1 4 2 
n 2 7 3.5 
(I-IL) 2 7 3.5 
(IX + d) 5 19 9.5 
(IY + d) 5 19 9.5 

Addressing Modes: r: implicit; n: immedia e; (HL): indirect; (IX + 
d), (IY + d): indexed 

Before: 
	

After: 
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Fig. 6.21: Printing on a Punch or Printer 

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

Interrupts 

The concept of interrupts is illustrated in Figure 6.18. A special hard-
ware line, the interrupt line, is connected to a specialized pin of the mi-
croprocessor. Multiple input/output devices may be connected to this 
interrupt 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 in-
put/output 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 to 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, therefore, cause the automatic preser-
vation of the program counter on the stack. In addition, the flag regis-
ter F should be also preserved automatically, 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). 

PCL 

PCH 

Fig. 6.22: Z80 Stack After Interruption 

Fig. 6.23: Saving Some Working Registers 

After all these registers have been preserved, one can branch to the 
appropriate interrupt-handling address. At 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. Let us exam-

ine in more detail the interrupt lines of the Z80. 

Z80 Interrupts 

An interrupt is a signal sent to the microprocessor, which may re-
quest service at any time and is asynchronous to the program. When-
ever a program branches to a subroutine, such branching is synchron-
ous to program execution, i.e., scheduled by the program. An inter-
rupt, however, may occur at any time, and will generally suspend the 
execution of the current program (without the program knowing it). 
Because it may happen at any time relative 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. 

SP 
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Fig. 6.24: Interrupt Sequence 
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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. As a 

general rule, no interrupt will be sensed by the Z80 until the current 
machine cycle is 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 
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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 DMA mechanism). If the 
end of an instruction has been reached, and if any NMI or INT were 
pending, they would be memorizedinternally 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 is 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 so, execute the corresponding inter-
rupts. 

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-Mnskable 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 
maskable interrupt mode, described below. 

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

NMI will first cause: 

	

SP 	SP — I 

	

(SP) 	PCH 	push PC 

	

SP 	SP — I 

	

(SP) 	PCL 
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NMI 

HANDLER 

oU  
— PC - 

PC 

IFFI 	IFF2 

o —pc 

0066 

O 

0066 

INPUT/OUTPUT TECHNIQUES 

MEMORY 

slack 

Fig. 6.25: NMI Forces Automatic Vectoring 

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

PC 	-0- STACK 	 (preserve program counter) 
IFFI 	 IFF2 	 (preserve IFF) 
0 	 IFFI 	 (reset 1FF) 
JUMP TO 1306614 	 (execute interrupt handler) 

Also, the status of interrupt-mask-bit flip-flop (IFFI) at the time that 
NMI was received is preserved automatically into IFF2. Then, IFFI 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 external hard-
ware: the status of a pending INT is preserved internally in the Z80. 

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

The return from an NMI 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 El instruction within the NMI routine): 
there has been no loss of information. 
Upon termination of the interrupt handler, the sequence is: 

IFF2 	 IFFI 	 (restore 1FF) 
STACK -01".  PC 	 (restore program counter) 

Note that, once IFFI 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 "1" will authorize interruptions. Setting them to a "0" 
(masking them) will prevent detection of INT. The El instruction is 
used to set them, and the DI instruction is used to reset them. IFFI and 
IFF2 are set or reset simultaneously. During execution of the El and DI 
instructions, INT's are disabled in order to prevent any loss of informa-
tion. 

Let us now examine the three interrupt modes: 

Interrupt Mode 0 

This mode is identical to the 8080 interrupt mode. The Z80 will 
operate in interrupt mode 0 either when initially started (when the RE-
SET signal has been applied) or else when an IMO instruction has been 
executed. Once mode 0 has been set, an interrupt will be recognized if 
the interrupt enable flip-flop IFFI is set to 1, 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 Ml signal), 
and then do nothing, except wait. 

It is the responsibility of an external device to recognize the IORQ 
and MI (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 instruction 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 0 through 255). The advantage of the CALL in-
struction is that it is a general-purpose branch instruction which speci-
fies a full 16-bit address. However, it requires three bytes and therefore 
executes less rapidly. 

Note that once the interrupt processing starts, all further interrupts 
are disabled. IFFI and IFF2 are automatically set to "0". It is then the 
responsibility of the programmer to insert an El instruction (Enable In- 
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MODE 0 //COE I 	 MOOR 2 

DISABLE INTERRUPTS 

DM, 	0 

DISABLE INosoun 
1,71. ERR] 	0 

KysTAG 

JUMP TO 033/111 

MAME INIIIIMPTS 
11171.1,1,2 

RIAD VECTOR 

PC -0 STACs 

El (ENABLE 1NIERRUPTS) 

FIRST OM 
O INSTRUCTION 

WI ORO LOW) 

JUMP TO NEW LOCATION 

START INTERRUPT 
MINCE ROUTINE 

FORM VICTOR 

TAM ADDRESS 
Inc YMCA 

GET STARTING 

ADDRESS FROM 

VICTOR TAUT 

INPUT/OUTPUT TECHNIQUES 

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. 

Ex/CUTE1 T 

   

PET 

STACK-0K 

  

It nun( 

 

   

 

GU 

STACK-7K 

 

    

Fig. 6.26: Interrupt Modes 

The return from the interrupt is accomplished by an RETI instruc-
tion. Let us remind the programmer at this point that he/she is usually 
responsible for explicitly clearing the interrupt which has been serviced 
on the I/O device, and always for restoring the interrupt 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 addition, should the interrupt-handling routine modify the con-
tents of any of the internal registers, the programmer is 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). 

     

S 

    

 

H 

   

 

E 

   

 

D 

 

DECREASING 

ADDRESSES 

 

C 

 

 

B 

   

     

 

F 

   

 

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 handler will terminate with the following se-
quence of instructions: 

POP HL 
POP DE 
POP BC 
POP AF 
El 	 (unless El was used earlier in 

the routine) 

Additionally, if registers IX and lY 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 IM I instruction. It is an 
automated interrupt 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). 

PC 

INTERRUPT 
ROUTINE 

LOCATION OF 
INTERRUPTION 

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). 
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Interrupt Mode 2 (Vectored Interrupts) 

This mode is 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 peripheral device which generated 
the interrupt, and used as a memory pointer 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 peripheral sup-
plies a seven-bit branching address which is appended to the 8-bit ad-
dress contained in the special I register in the Z80. The right-most bit of 

the final I6-bit address bit 0 is set to "0". This resulting address points 
to an entry in a table anywhere in the memory. This table may contain 

up to 128 double-word entries. Each of these double words is the ad-
dress of the interrupt handler for the corresponding device. This is il-
lustrated in Figures 6.29 and 6.30. 

MEMORY 

2X VECTOR 

Fig. 6.29: Mode 2 Interrupt 

The interrupt table may have up to 128 double-word entries. 
In this mode, the Z80 also automatically pushes the contents of the 

program counter into the stack. This is obviously necessary, since PC 
will be reloaded with the contents of the interrupt table entry corre-
sponding to the vector provided by the device. 

Interrupt Overhead 

For a graphic comparison of the polling process vs. the interrupt 
process, refer to Figure 6.18, where the polling process is illustrated 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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a 
04H 

52 
1000 
	

01 

DEVICE n 

CONTROLLER 

 

 

  

05 

01 
	

52 

10 	 00 	J 

BEFORE 

VECTOR i0 
TABLE 

0504 

/ 
/ 	/ 

/ , 	/ 
I #.7' 

PC 

SP 

INTERRUPT 

HANDLER 

DEVICE 

20 
	

04 

09 
	

98 

AFTER 

PC 

SP 
2004 
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0152 

STACK 

ET I 

MEMORY 

Fig. 6.30: Mode 2- A Practical Example 

Using interrupts, the program is interrupted, the interrupt is 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 is 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: 

I—How do we resolve the problem of multiple devices triggering an 
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interrupt at the same time? 
2—How do we resolve the problem of an interrupt 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 identify the device, as usual: a software 
method and a hardware method. 

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

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 POLLING 	 INTERRUPT 	VECTORED 

WHICH 
DEVICE] 

SERVICE 
ROUTINE P 

Fig. 6.31: Polled vs. Vectored 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. 

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

In most cases, the speed of reaction to an interrupt is not crucial, and 
a polling approach is used. If response time is a primary consideration, 
a hardware approach must be used. 

Simultaneous Interrupts 

The next problem which may occur is that a new interrupt can be trig-
gered during the execution of an interrupt-handling routine. Let us 
examine what happens and how the stack is used to solve the problem. 
We have indicated 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 to 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 time T1, interrupt II occurs. 
We will assume that the interrupt mask was enabled, authorizing II. 
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 least, plus any optional registers that might be 
saved by the interrupt handler or II itself. 

••••••-•••-.0".. 
MPU 	 I/O  
INT 	

INTERFACE 

ITM 

I/0 
INTERFACE  

Ni k 

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

At time T1, interrupt 11 starts executing until time T2. At time T2, in-
terrupt 12 occurs. We will assume that interrupt 12 has a higher priority 
than interrupt 11. If it had a lower priority, it would be ignored until 11 
had been completed. At time T2, the registers for II are stacked, and 
this appears at the bottom of the illustration. Again, the contents 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 to 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 II 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 
11 are pushed into the stack. Interrupt 13 executes from T4 to T5 and 

TIME 

PROGRAM P 

INTERRUPT I, 

INTERRUPT I. 

INTERRUPT 

STACK 

Fig. 6.33: Stack Contents During Multiple Interrupts 

terminates at T5. At that time, the contents of the stack are popped into 
Z80, and interrupt II resumes execution. This time it runs to comple-
tion and terminates at T6. At T6. 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 6.19: Assume that the area available to the stack is limited to 
300 locations in a specific program. Assume that all the registers must 
always be saved and that the programmer allows interrupts to be nest-
ed, i.e., to interrupt each other. Which is the maximum number of 
simultaneous interrupts that can be handled? Will any other factor con-
tribute to still reduce further the 1110X111111111 number of simultaneous in-
terrupts? 

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

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