
PROGRAMMING THE l80 

Example: POP IY 

Before: After: 

lylL__....:0:::::3.::.2A~_---l IY~&;X~ 

S~L___3:::::00.::.:4=--_---I SP~~ 

3004 61 3004 61 

3005 40 3005 40f?j 3006 39 3006 39 

OBJECT CODE 
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Timing: 3 M cycles; II T states; 6.5 usec @ 2 MHz 

Addressing Mode: Indirect. 

Byte Codes: qq: BC DE Hl AF 

IC51 D5\ E5 IF5 I 

PUSH qq 

Function: 

Format: 

Description: 

Data Flow: 

THE ZSO INSTRUCTION SET 

Push register pair onto stack. 

(SP - I) -qqhigh; (SP - 2) +-qqlow; 

SP +- SP - 2 


Lilil~Jilil~ 
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 anyone of: 

Be - 00 HL IO 
DE - 01 AF II 

A 
I------+-----l 

BI--__ C
-----1 

D 

H 
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PROGRAMMING THE zao 

Flags: 5 Z H PN N C 

I I I I I I I (no effect). 

Example: PUSH DE 

Before: After: 

01 OA03 1E 01 

SP 1 00B1 SP 

,OA03 1E 

OOAF B6 OOAF 

OOBO 9A OOBO ~ OOB1 OF OOB1 

OBJECT CODE 
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THE l80 INSTRUCTION SET 

PUSH IX 	 Push IX onto stack. 

Function: (SP - I) -- IXhigh; (SP - 2) +- IXlow; 

SP -- SP - 2 


Format: 
i I II I0 I'J'HL~1~ byte I: DO 

I I I I I QiI~iEJ byte 2: E5 

Description: 	 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. 

Data Flow: 
A 
B 1-----_+------, C 

D 
H~----+------

------'-----' 

IX ,-I--.-.----'-_--.---.-_~-___>J 

SP~~ I 

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

Addressing Mode: 	 Indirect. 

II'------~ II-------Il 
_ 

Flags: 	 S Z H PIV N C

[rCr -I_~ r rl~ (no effect) 
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PROGRAMMING THE ZSO 

Example: PUSH IX 

Before: After: 

IX I ___O_4A_2__--l IX I 04A2 J
L-'____L 

spiL __-=00.;::9-=.6 __---1 sp~ 

@J 0094 8B 0094 

E5 0095 9F 0095 

0096 04 0096 

OBJECT CODE 
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THE laO INSTRUCTION SET 

PUSH IV 

Function: 

Format: 

Descript ion: 

Data Flow: 

Push IY onto stack. 

(SP - 1) +- IY high; (SP - 2) +- lYlow ; 

SP +- SP - 2 


8Q!I1 11 11]~ byte 1: FD 

I 1I 1I 1I 0 I 0 ! 1I 0 11 I byte 2: E5 

The stack pointer is decremented and the contents 
of the high order of the IY register are 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 IY register 
are loaded into the memory location addressed by 
the stack pointer. 

A I 
B cl 
D I 

H I 

IY 

SP 

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

Addressing Mode: Indirect. 

S Z H PlY N CFlags: 
(no effect) 
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PROGRAMMING THE Z80 

Example: PUSH IY 

Before: After: 

IY I 90BF IY I 90BF 


SP I 0086 SP~~~ 


0084 FF OOB4 

E5 OOB5 85 OOB5 

0086 90 00B6 ~ 
OBJECT CODE 

1-----1 
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THE zao INSTRUCTION SET 

RES b, S Reset bit b of operand s. 

Function: sb +- 0 

Format: s: 

r I 1 I 1 I 0 I 0 I 1 I 0 11 11 i byte 1: CB 

I 1 I 0 1-+b+-I-+ r +-1 byte 2 

(HL) 1 I 1 I 0 I 0 11 I 0 1 11 I byte 1: CB 

I I 0 I--+b+--I 1 1 I 0 I byte 2 

(IX + d) 1 I 1 I 0 11 11 11 011 I byte 1: DD 

111 101011 I 0 IE byte 2: CB 

I : : : ~: : byte 3: offset value 

I 1 0 l--+b~1 1I 1 0 byte 4 

(IY + d) 1 1 I1I1I I I I I0 I byte 1: FD 

I I I 0I0I I I0I I I byte 2: CB 

: : : 1 : :: byte 3: offset value 

I I 0 I~~I I I I I 0 byte 4 

b may be anyone of: 

0-000 4 - 100 
1 - 001 5 - 101 
2 - 010 6 - 110 
3 - 011 7 - 111 

r may be anyone of: 

A-Ill E - 011 
B - 000 H - 100 
C - 001 L - 101 
D - 010 
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PROGRAMMING THE zao 


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 
f------+---~ 

B 	 C 
Dr----;---~ 

H 
'-------'------' 

Timing: usec 
s: M cycles: T states: @2MHz: 

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), (IY + d): in­
dexed. 

Byte Codes: 	 RES b, r 
BCD E H L 

CB- o 87 80 81 82 83 84 85 

8F 88 89 8A 8B 8C 8D 

2 97 90 91 92 93 94 95 

3 9F 98 99 9A 9B 9C 9D 

4 A7 AO Al A2 A3 A4 A5 

5 AF A8 A9 AA AB AC AD 

6 B7 80 Bl B2 B3 B4 B5 

7 BF B8 B9 BAI BB BC BD 

b: r: A 

~ 0 1 2 3 4 567 

RES b, (HL) CB-18618E19619EIA61AEIB61BEI 
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THE zao INSTRUCTION SET 

RES b, (IX + d) DOCB - b: 0 1 2 3 4 5 6 7 

RES rl (HL) CB ­ ~ 196 19E 1A61 AE 1661 BE 1RES b, (IY + d) FOCB ­

S Z H PIV N CFlags: 
L-I--LI----L-I--LI----L-I-,-1--,-1-,-1__1(No effect) 

Examples: RES 1, H 

Before: After: 

M
Eg
OBJECT CODE 
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PROGRAMMING THE zeo 

RET 

Function: 

Format: 

Description: 

Data Flow: 

Return from subroutine 

PClow +- (SP); PChigh +- (SP + 1); SP +- SP + 2 

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 
byPC. 

A~____~______~ 


B C 


D~____-+______~ 
HL-____~______~ 

PC 

SP 

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

Addressing Mode: Indirect. 

Flags: s z H PN N C 

I I I I I I I I (no effect) 
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Example: 

OBJECT CODE 

RET 


Before: 


PC 08_B_l__--'1-1___ 

SP 1L..-__ __~3....:.3---'10 

3310~ 
3311~ 

THE zao INSTRUCTION SET 

After: 

PC "'(i~jW8A 

sp"'mJ~ 

3310~ 
3311~ 
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PROGRAMMING THE zao 

RETcc 	 Return from subroutine on condition. 

Function: 	 If cc true: Pctow +- (SP); PChigh +- (SP + 1); 
SP-SP + 2 

Format: 
1 1 11 1 0 1 0 1I-Tcc+-I 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. 

Data Flow: 

F 
f----I-----I C 

LOGIC 
PC 

SP 

cc may be anyone of: 

NZ - 000 PO 100 
Z - 001 PE 101 

NC - 010 P 110 
C - 011 M III 

Timing: 	 Condition met: 3 M cycles; 11 T states; 6.5 usec @ 
2 MHz. 
Condition not met: 1 M cycle; 5 T states; 2.5 usec 
@2MHz 

Addressing Mode: 	 Indirect. 
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THE ZSO INSTRUCTION SET 

Byte Codes: 

Flags: 

Example: 

~ 

OBJECT CODE 

CC: NZ Z NC C PO PE P M 

Imlalool~lffilffilffil~1 

s Z H PlY N C 

I I I I I I I (no effect) 

RET NC 

Before: After: 

PC 0_12_4__......J PC ..'gXi~L...I___ 

sP'-I__---=8:.=-51'-'-.1__---' sPWIA§%Jl~ 

8511~ 8511~ 
8512f;2g 8512~ 
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PROGRAMMING THE 180 

RETI 

Function: 

Format: 

Description: 

Data Flow: 

Return from interrupt. 

PCJow +- (SP); PChigh +- (SP + 1); SP +- SP + 2 

11 11 11 I 0 [ 1 11 [0 [1 I byte 1: ED 

[ 0 I 1 [ 0 [ 0 11 11 I 0 I 1 I byte 2: 4D 

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. 

A 

B C 

D 

H 

PC 

SP 

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


Addressing Modes: Indirect. 


Flags: 
 S Z H PlY N C 

~I--<-[--"------.LI__IlI IJ (no effect). 
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THE zao INSTRUCTION SET 

Example: RET! 

Before: After: 

pcl 84E1 

spl 89B2 

89B2M 

40 89B3 B1 ~~ 89B3~~ 
OBJECT CODE 
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PROGRAMMING THE zao 

RETN 

Function: 

Format: 

Description: 

Data Flow: 

Return from non-mask able interrupt. 

PCJow ~ (SP); PChigh ~ (SP + 1); SP +- SP + 
2; IFF'I ~ IFF2 

1 1 1 1 1 1 1 0 11 11 1 0 11 byte 1: ED 


1011101010111011 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 IFFl to restore the state of the interrupt 
flag before the non-maskable interrupt. 

A 

B C 

D 

H 

PC 

SP 

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

Addressing Mode: Indirect. 
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THE ZSO INSTRUCTION SET 

Flags: 

Example: 

~ 

~ 

OBJECT CODE 

s z H PlY N C 

I I I I I I I (no effect). 


RETN 


Before: After: 


PC 1L..-__ 5F_ __-l PC "'f,~2IWMA..::.... 1 


SP 8_84_C__-,
,-I___ spWMl!1tWM 

8B4C~ 8B4C~ 
8B4D t;.88B4D~ 
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PROGRAMMING THE zao 

RL s 	 Rotate left through carry operand s. 

Function: 

Format: s: 
r 11 1 0 0 1 I 0 I 1 I 1 Ibyte 1: CB 

I 0 o 0 1 0 1-+ r 7-1 byte 2 


(HL) I 1 1 0 0 1 I0 11 1 byte 1: CB 


I 0 0 0 1 0 I 1 11 0 byte 2: 16 

(IX + d) I 1 1 0 1 11 11 I0 1 byte 1: DD 

I 1 I 1 0 0 11 I0 1 1 byte 2: CB 

I :: 1: byte 3: offset value 

I 0 I 0 I 0 11 I 0 1 1 0 byte 4: 16 

(IY + d) 	 1 I 1 11 III1 1 0 1 byte 1: FD 

1 11 I 0 I 0 11 0 11 1 byte 2: CB 

. I: 1 1 i·: i' byte 3: offset value 

o I 0 I 0 I 1 I 0 11 11 I 0 byte 4: 16 

r may be anyone of: 

A - 111 E - 011 
B - ()()() 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 originaiiocation. s 
is defined in the description of the similar RLC in­
structions. 
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THE laO INSTRUCTION SET 

Data Flow: 

A 

Bt-----t------1L~ 


D 

H t-----j----i 


Timing: 	 usec 
s: M cycles: T states: @2MHz: 

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), (IY + d): in­
dexed. 

Byte Codes: 	 RL r r: ABC D E H t 

CBi 17110 111 11 21 131 141151 

Flags: S Z H ®'V N C 

1_1_1 101 1_101_1 
C is set by bit 7 of source. 

Example: RL E 

Before: After: 

h=1 41 IF _~1_F 

Eg 6E IE _§.§'_E 
OBJECT CODE 
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PROGRAMMING THE zao 

RLA 	 Rotate accumulator left through· carry flag. 

Function: 

Format: 

Description: 	 The contents of the accumulator are shifted left 
one bit position. The contents of the carry flag are 
moved into bit 0 and the original contents of bit 7 
are moved into the carry flag. (9 bit rotation.) 

Data Flow: 

A 


B 


D 


H 


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

Addressing Mode: Implicit. 

S Z H PIV 	 N C 
Flags: I I 101 I 101_1 

C is set by bit 7 of A. 

Example: RLA 

Before: After: 

ALI__oF_---'-_O_l_-'1 F 

OBJECT CODE 
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THE laO INSTRUCTION SET 

RLCA 

Function: 

Format: 

Description: 

Data Flow: 

Timing: 

Addressing Mode: 

Flags: 

Example: 

~ 

OBJECT CODE 

Rotate accumulator left with branch carry. 

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 o. 

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

Implicit. 

s z H PN N C 

I I 101 I 101_1 
C is set by bit 7 of A. 


RLCA 


Before: After: 


ALI__6B_--'--__01_----'1 F 

Note: 	This instruction is identical to RLC A, ex­
cept for the flags. It is provided for compat­
ibility with the 8080. 
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PROGRAMMING THE zao 

RLC r 

Function: 

Format: 

Description: 

Data Flow: 

Rotate register r left with branch carry. 

1 1 1 1 1 0 1 0 1 1 1 0 1 1 11 1byte 1: CB 

1 0 1 0 1 0 1 0 1 (} 1-;-,-71 byte 2 

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 o. r may be anyone of: 

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

A C F 
BI----+--~C 

D E 

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

Addressing Mode: Implicit. 

Byte Codes: r: ABC D E H L 

CB-I 071 00 I01 1021 03 104 1os 1 
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THE zao INSTRUCTION SET 

Flags: S Z H <bv N C

1_[_[ 101 [_10[_[ 
C is set by bit 7 of source register. 

Example: RLC B 

Before: After: 

B I 62 I I 56 IF 

OBJECT CODE 
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PROGRAMMING THE zao 


RLC (HL) 	 Rotate left with branch carry memory location 
(HL). 

Function: 

Format: 
byte 1: CB 

I 0 I 0 , 0 \ 0 , 0 I 1 \1 \ 0 I 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 O. 

Data Flow: 

A 	 ~c F 

B 	 C 
D~---t------iE 

H~L l'-------__ 
Timing: 	 4 M cycles; 15 T states; 7.5 usec @ 2 MHz 

Addressing Mode: 	 Indirect. 

Flags: s z H ®V N C 

10\ 1_\01_' 
C is set by bit 7 of the memory location. 

l 
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THE zao INSTRUCTION SET 

Example: RLC (HL) 

Before: After: 

D3 IF 

H~I_____6~1~14~__~IL H~I_____6_1_14____~IL 

OBJECT CODE 
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PROGRAMMING THE zao 

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

Function: 

Format: 
11 11 I 0 11 11 11 I 0 11 Ibyte 1: DD 

I 1 11 I 0 I 0 11 I 0 I 1 11 Ibyte 2: CB 

I, : ~ Ibyte 3: offset value 

I 0 I 0 I0 I 0 I 0 11 11 I 0 Ibyte 4: 06 

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 o. 

Data Flow: 

A 	 C F 
B'----l---~ 

I--__-l-__~C 


D 	 E 
H 

IxC====:J--i 
RLC 

d 
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THE zao INSTRUCTION SET 

Timing: 

Addressing Mode: 

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

Indexed. 

Flags: 

Example: 

s z H 0'v N C 

101 1_101_1 
C is set by bit 7 of memory location. 

RLC (IX + 1) 

Before: After: 

42 IF 

IxLI___04_BI__---1 IxlL___04_Bl__---' 

DD O4Bl~ 04Bl~ 
04B2~ 04B2~ 

OBJECT CODE 

CB 
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PROGRAMMING THE lao 

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

Function: 

D~~7.~~O~ 
C [ IY + d] 

Format: 
/ 1 /1 / 1 / 1 / 1 /1 / 0 / 1 / byte 1: FD 

/1 11 / 0 / 0 /1 / 0 /1 /1 / byte 2: CB 

---:-~ ------I byte 3: offset value 

1 0 1 0 1 0 1 0 1 0 11 11 / 0 1 byte 4: 06 

Description: 	 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 o. 

Data Flow: 

A 1--__--+-__-"'C""4 F 


BI--__-+-__---jc 

D 
HI-----+------j 

IYL_____j--i 

+ 


RLC 

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

Addressing Mode: Indexed. 

Flags: SZ H ®'V NC 

'---'• ...1-'• ......1-1--11_01 1·101·1 
C is set by bit 7 of memory location. 

Example: RLC (lY + 2) 

Before: After: 

,--_c_4_--,1 F 

Iyl IY __---'0021 c...1___00~21 
'------------' 

FD 

CB 

02 

06 

0021 

0022 

0023 

05 

B1 

A2 

0021 

0022 

0023 

OBJECT CODE 
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PROGRAMMING THE zao 

RLD 	 Rotate left decimal. 

Function: 

Format: byte 1: ED 

byte 2: 6F 

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

Data Flow: 

A 

B 
D 1-----+------1 

H 
'--------'-----' 

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

Addressing Mode: Indirect. 
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THE zao INSTRUCTION SET 

Flags: SZ H ®'VNC

reT.·=-01-1,--0-,-----1--'=-1.----'-10---'-1---' 

Examples: RLD 

Before: After: 

H _____I B_4F_2__---.JI L H 1'---__B4_F_2__-,I L 

OBJECT CODE 
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PROGRAMMING THE laO 

RR s 

Function: 

Format: 

r 


(HL) 


(IX + d) 


(IY + d) 

Description: 

Rotate right s through carry. 

q7-0kj] 
S c 

I' 1I 1I 0I 0 1I 0I 111 I 

I 0I 0I 011 1--+r~1 
I 1I 1I 0I 0 1 011 11 I 

1010 0 111 o I 
111 I 

1

0 1 110 1 
111 I 0 o 11 o 11 

.. 
: : i 1 : : : . 

0 o I 011 11 11 11 I 0 
111 11 11 11 I 011 

I 1 1I 0I 01 1I 0 I 111 
1---: -f-+-+--T-i-:--1 
I 0 I 0 I 0 11 11 11 11 10 I 

r may be anyone of: 

A-Ill E - 011 
B - 000 H - 100 
C - 001 L - 101 
0-010 

byte 1: CB 

byte 2 

byte 1: CB 

byte 2: IE 

byte 1: DO 

byte 2: CB 

byte 3: offset value 

byte 4: IE 

byte 1: FO 

byte 2: CB 

byte 3: offset value 

byte 4: IE 

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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Data Flow: 
r--.---r---....,b,!. 

Af--__-+-__~C~ F 

B C 

Df--__-+-__~ 
H L--__--'-__--.J 

Timing: 	 usec 
s: M cycles: T states: @ 2 MHz: 

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

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

Byte Codes: 	 RR r: r: ABC D E H L 

CB.\1 F \18 \19 \1 A \1 B \1 C \10 \ 

Flags: S Z H PN N C 

C is set by bit 0 of source data. 

Example: 	 RR H 

Before: 	 After: 

HI I I 6B 41 ~ 

~ 

OBJECT CODE 
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RRA 

Function: 

Format: 

Description: 

Data Flow: 

Timing: 

Addressing Mode: 

Flags: 

Example: 

OBJECT CODE 

Rotate accumulator right through carry. 

LIr-7====::;"~of-.GJ7 

A Cf 

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). 

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

Implicit. 

s z H PlY N C 

I I 101 I 101_1 
Cis set by bit 0 of A. 


RRA 


Before: After: 


AIL_~F4~--.L._9:..::5_....J1 F 

Note: This instruction is almost identical to RR A. It 
is provided for 8080 compatibility. 
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RRC s 	 Rotate right with branch carry s. 

Function: 
L:j7-0kJ 

S c 

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

r [1 0 0 1 1 0 11 11 1 byte 1: CB 

10 0 0 0 1 l--+r~1 byte 2 


(HL) 1 1 0 0 1 0 1 11 1 byte 1: CB 


1 0 0 0 	 0 1 1 1 0 1 byte 2: OE 

(IX + d) 	 1 1 11 0 1 0 11 1 byte 1: DD 

1 1 1 1 0 0 11 0 1 11 byte 2: CB 

I...: : : ~ : • byte 3: offset value 

o1 0 0 0 10 11 byte 4: OE 

(lY + d) 1 1 1 1 1 1 1 o 1 byte 1: FD 

11 0 10 11 0 1 	 byte 2; CB 

byte 3: offset value 1-: : 	 : ~--:-
1 0 ! 0 1 0 	 10 11 11 11 10 byte 4: OE 

r may be anyone of: 

A - 111 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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Timing: 	 usee 
s: M cycles: T slales: @ 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), (IY + d): in­
dexed. 

Byte codes: 	 RRC r r: ABC D E H l 

CB-I OF IOS I091O~T~B IOCIOD] 

s z H ®IV N CFlags: 

C is set by bit 0 of source data. 

Example: 	 RRC (HL) 

Before: 	 After: 

~ 
~ 

__F 

H=__3F_F2__-----'1 L 

OBJECT CODE 
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RRCA 

Function: 

Formal: 

Description: 

Data Flow: 

Timing: 

Addressing Mode: 

Flags: 

Example: 

Rotate accumulator right with branch carry. 

I 0 I 0 I 0 ! 0 I 1 I 1 ! 1 I 1 I 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. 

B 

D 

H 

A~£=~ 
C 

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

Implicit. 

s z H PIV N C 

101 101_1 

C is set by bit 0 of A. 


RRCA 


Before: After: 


AIL___D_4__~__5_1_·~IF 

OBJECT CODE 
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RRD Rotate right decimal. 

Function: 

Format: I 1 I 1 \1 I 0 11 11 I 0 11 byte 1: ED 

I 0 I 1 I 1 I 0 I 0 i 1 11 11 byte 2: 67 

Description: The 4 high order bits of the memory location ad­
dressed by the contents of the HL register pair are 
moved to the low order 4 bits of that location. The 
4 low order bits are moved 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. 

Data Flow: 

D 
Hr------+------~ 

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

Addressing Mode: Indirect. 
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Flags: S Z H ®v N C 

Example: RRD 

Before: After: 

OBJECT CODE 
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RST p 

Function: 

Format: 

/)escription: 

Data Flow: 

Restart at p. 

(SP - 1) +- PChigh; (SP - 2) +- Pqow; SP +- SP 
- 2; PChigh +- 0; PClow +- p 

l 1 I 1 I-+p;-'\ 1 I 1 I11 

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 anyone of: 

OOH - 000 20H - 100 
08H - 001 28H - 101 
IOH - 010 30H 110 
18H - 011 38H - 111 

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

A 
1-----+------, 

B f------+----I C 
D
1-----+----1 

H '--__-----'.___....J 
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Timing: 3 M cycles; II T states; 5.5 usec @ 2 MHz 

Addressing Mode: Indirect. 

Byte Codes: p: 00 08 10 18 20 28 30 38 

Iell CF ID71 DF IE7 IEF IF7 IFF I 

Flags: s z H PN N C 

I I I I I (no effect). 

Example: RST 38H 

Before: After: 

PC IL ___4_4_1A_.__---' pc~9§%~:" 

SP ,-I___02_6B__-----' SP":9%~?~ 

0269 

026A f--_B_F_--1 

0269 f--_S=-,-I_--1 
026A 

OBJECT CODE 026B026B f--_O=-,-3_--1 
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SHeA, s 	 Subtract with borrow accumulator and specified 
operand. 

Function: 	 A+-A-s-C 

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

r II I0 I0 II II I-+r-+--I 
n 11 II I 0 11 11 11 II I0 I 	byte I: DE 

byte 2: immediate 
I : : On: : : .. I data 


(HL) 11 I 0 I 0 II 11 II II I0 I byte 1: 9 E 


(IX+ d) II II I 0 II II II I 0 II I byte 1: DO 

1 I I 0 I0 I I I 1 11 I1 I 0 I 9E 

I : : :d: : : : I byte 3: offset value 

(IY + d) I I II I I I I I I I 1 I0 I I I byte I: FD 

II I0 I0 II II II II I0 I byte 2: 9E 

I.: : : d: : : :. I byte 3: offset value 

r may be anyone of: 

A-III E - 011 
B - 000 H - 100 
C - 001 L - 101 
0-010 

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. 

420 



THE laO INSTRUCTION SET 

Data Flow: 

Timing: usee I 
s: IM cycles: T states: @ 2 MHz: 

r 1 4 
n 2 7I
(HL) 2 7 3.5I 
(IX + d) 5 19 9.5III 

'-
(IY + d) I 5 19 9.5 i. -. 

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

Byte Codes: SBC A, r 	 r: ABC D E H l

I9F 19B 199 1 9A 19B -I 9C 1 9D I 
pJ@ NFlags: 	 S Z H C 

I_Ill_I 

Example: 	 SBC A, (HL) 

Before: 	 After: 

AI 	 IFB2 51 A 

H IL-__36_OO__----lll H IL-_---=-36=OO=---_---.Jll 

OBJECT CODE 
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Data Flow: r-----------------, 

A !,c
f------+------'--I 

B 
Dr----+---~E 

H 

SP,-I______-' 

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

Addressing Mode: Implicit. 

Byte Codes: ss: Be DE HL SP 

ED-- 1421521621721 

SHe HL, ss 

Function: 

Format: 

Description: 

Subtract with borrow HL and register pair ss. 

HL'- HL - ss - C 

1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1byte 1: ED 

1 0 1 lis : s 1 0 1 0 1 1 1 0 1 byte 2 

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 anyone of: 

BC - 00 HL - 10 

DE - 01 SP - 11 
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Flags: S Z H p,(j) N C1-'-' ,? , '_Ill_I 
H is set if borrow from bit 12. 
e is set if borrow. 

Example: SBe HL, DE 

Before: After: 

~ 
DH ~___06_B_9---ll El D~06B9 ~ E 

~ . 3142 . H~_l 
OBJECT 


CODE 
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SCF Set carry flag. 

Function: 

Formal: 

Description: The carry flag is set. 

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

Addressing Mode: Implicit. 

Flags: s z 

I I 
H P/V N C 

37 
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SETb, S Set bit b of operand s 

Function: sb +- 1 

Format: s: 

r 1 11 I 0 I0 11 \ 0 \1 11 I 
111 I--i-b+-I-i-, +-­

(HL) 1 11 I0 I0 11 I0 11 1 

111 I-+b+-Il 11 0 

(IX + d) 11 11 10 11 11 11 10 1 

11 11 I0 I0 11 I0 11 1 

I ; : ; 1 ; ; : I 
1 11 I--+b+-Il 1 I0 I 

(IY + d) 111 11 11 11 11 0 11 I 
111 I0 I0 11 I0 1 11 I 
. ; ; : 1: : ·1 

1111 I-+b+-Il 	11 10 1 

r may be anyone of: 

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

b may be anyone of: 

0-000 4 - 100 
1 - 001 5 - 101 
2 - 010 6 - 110 
3 - 011 7 - 111 

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 

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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Data Flow: 
,.::..:....:..:...:.....-~ 

A1--__-1-__---, 
B C 

D E 

HL-__--L__--..J 

Timing: 	 usec 
s: M cycles: T states: @2MHz: 

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), (lY + d): in­
dexed. 

Byte Codes: 	 SET b, r 

b: r: ABC D E 	 H l 

CB- 0 C7 CO C1 C2 C3 C4 C5 

CF C8 C9 CA CB CC CD 

2 D7 DO D1 D2 D3 D4 D5 

3 DF D8 D9 DA DB DC DD 

4 E7 I EO E1 E2 E3 E4 E5 

5 EF E8 E9 EA EB EC ED 

6 F7 FO F1 F2 F3 F4 F5 

7 FF F8 F9 FA FB FC FD 

SET b, (HL) 

b: 0 1 2 3 4 	 5 6 7 

SET b, (IX + d) lalal~I~I~lffl~I~1 

SET b, (lY + d) 
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s z PIV 	 N CFlags: 	 H 

L-J-------'--'---'---L---,---,-I--,I (no effect) 

Example: 	 SET 7, A 

Before: After: 

A8f_ 

e ~ 
OBJECT CODE 
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SLA s Arithmetic shift left operand s. 

Function: 
D---17_01--0 

c s 
Format: s: 

r 
0 0 1 1 0 11 11 1 byte 1: CB 

0 0 1 0 0 ~r+- byte 2 

(HL) 0 0 1 o 11 byte 1: CB 

0 0 0 0 1 11 0 byte 2: 26 

(IX + d) 1 11 1 0 1 1 0 byte 1: DD 

1 11 1 0 0 o 11 byte 2: CB 

I.. : : : : : : -I byte 3: offset value 

1 0 1 0 1 0 o 11 1 
1 0 byte 4: 26 

(lY + d) 11 11 1 11 o 11 byte 1: FD 

11 I 1 0 0 1 1 0 1 11 byte 2: CB 

I- i : : i : : - byte 3: offset value 

I 0 1 0 11 1 0 1 0 11 11 10 byte 4: 26 

r may be anyone 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 left with 
the contents of bit 7 being moved to the carry flag 
and a 0 being forced into bit O. 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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Timing: 	 usec 
s: M cycles: T slales: @ 2 MHz: 

r 2 8 4 
(HL) 4 IS 7.5 
(IX + d) 6 23 11.5 
(lY + d) 6 23 11.5 

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

Byle Codes: SLA r 

s z H @}v N CFlags: 

C is set by bit 7 of source data. 

Example: SLA (HL) 

Before: After: 

10 IF _]_F 

HI OFF2 IL HI OFF2 IL 

OBJECT CODE 
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SRA s 	 Shift right arithmetic s. 

Function: 
~j -o~D 
L..:::j s c 

Format: s: 
r 1 ]1 I 0 I 0 1 I 0 11 11 I byte 1: CB 

0 o 11 I 0 1 -+r+- byte 2 

(HL) 1 I 0 0 0 byte 1: CB 

0 o ! 1 0 0 byte 2: 2E 

(IX + d) 1 I 0 0 byte 1: DD 

1 I 0 o ]1 0 byte 2: CB 

... : .. byte 3: offset value: : : 1 : : 

o I 0 11 I 0 11 11 11 I 0 I byte 4: 2E 

(lY + d) 1 11 11 11 11 11 I 0 11 I byte 1: FD 

1 11 I 0 I 0 11 I 0 11 11 I byte 2: CB 

byte 3: offset value]---::----f- ~ --:-:--+-1 

I 0 I 0 ]1 I 0 11 11 11 I 0 I byte 4: 2E 

r may be anyone of: 

A-Ill E - 011 
B - ()()() H - 100 
C - DOl 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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Data Flow: 
A I 	 fC 
BI 

ID 

Hl 

Timing: usee 
s: M cycles: T states: @ 2 MHz: 

r 2 8 4 
(HL) 4 15 7.5 
(IX + d) 6 23 11.5 
(lY + d) 6 23 IJ.5 
~ 

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

Byte Codes: 	 SRA r 

SZ H (ihtNCFlags: 
1'-.--'-1.---'---1---'1-0neTo~ 
C is set by bit 0 of source data. 

Example: SRA A 

Before: After: 

A 1"---_BB_-"-_O_4_-'1F~ 

~ 

OBJECT CODE 
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SRL s 	 Logical shift right s. 

Function: 

c 

Format: s:
r [1J}]ololllolllll byte 1: CB 

I0 1011 II 11 I-+r-+-I byte 2 

(HL) 11 1I 0 I0 I 1 I0 11 I 1 I byte 1: CB 

I 0 0 11 II 11 II II 0 I byte 2: 3E 

(IX + d) 	 I 1 1I 0 I 1I 1 I 1 I0 1 I byte 1: DD 

I I I I 0 I 0 11 I0 II 1 I byte 2: CB 

E: : :~: :~I byte 3: offset value 

[D] 0 11 II 11 11 liJiJ byte 4: 3E 

(IY + d) L1iJ I I 1 I 1 I 1 lill byte 1: FD 

I I I 1I 0 I 0 I I I 0 I 1 11 I byte 2: CB 

E±J : 1-:+---71 byte 3: offset value 

liJ ol 1 111111111 0 1 byte 4: 3E 

r may be anyone 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 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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Timing: 	 usee 
s: M cycles: T slales: @ 2 MHz: 

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

-. ~-----

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

Byte Codes: 	 SRL r r" ABC D E H L 

CB1~1~1~1~1~lxlml 

Flags: SZ H (ilYvNC 

1-1-1 101 '-IOJi] 
C is set by bit 0 of source data. 

Example: 	 SRL E 

Before: 	 After: 

01 IF 	 _~F~ 
02 IE _2)_E~ 

OBJECT CODE 
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SUB s Subtract operand s from accumulator. 

Function: 	 A +- A - s 

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

r 11 10 I0 11 I0 	l~r71 

n I 1 I 1 I 0 I 1 10 I 1 I 1 I 0 I 	 byte 1: D6 

byte 2: immediate I., : : ~ : : ;'1 data 

(HL) 11 I 0 I 0 11 I 0 11 11 I 0 I 96 

(IX + d) 11 11 I 0 11 11 11 I 0 I 1 I byte 1: DD 

I 1I 0 I 0 I 1 I 0 I 1 I 1I 0 I byte 2: 96 

I.: : : 9 : : : - I byte 3: offset value 

(IY + d) I 1 I 1 I 1 11 I 1 I 1 I 0 I 1I byte 1: FD 

I 1 I 0 I 0 11 I 0 11 I 1 I 0 I byte 2: 96 

1+-:-; ~ : : : -I byte 3: offset value 

r may be anyone of: 

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

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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Data Flow: 

H'- ­ __--'-­ __...J 

Timing: 	 usec 
s: M cycles: T states: @2MHz. 

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): indirect; (IX + 
d), (IY + d): indexed 

Byte Codes: 	 SUB r r: ABC D E H l 

197190 191 192193194195\ 

Flags: S Z H P,@ N C 

I_Ill_I 

Example: 	 SUB B 

Before: 	 After: 

A~ A~ 
B~ B~ 

OBJECT CODE 
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XOR s Exclusive or accumulator and s. 

Function: A-A-V-s 

Format: §.: may be r, n, (HL), (IX + d), or (lY + d) 

r 11IoI1IoI11~r7--1 

n 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 byte 1: EE 

byte 2: immediateI,: : : 7 : : : ·1 data 

(HL) 11 1 0 11 10 1 1 1 1 1 1 1 0 1 AE 

(IX + d) 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 byte 1: D D 

11 10 11 10 11 11 11 10 1 byte 2: AE 

I,: : : 4 : : : 1 byte 3: offset value 

(IY + d) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 byte 1: FD 

1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1 byte 2: AE 

I : : : 1 : : :' 1 byte 3: offset value 

r may be anyone of: 

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

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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Date Flow: 

Timing: usec 
s: M cycles: T states: @2MHz: 

r 1 4 2 
n 2 7 3.5 
(HL) 2 7 3.5 
(IX + d) 5 19 9.5 
(lY + d) 5 19 9.5 

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

Byte Codes: 	 XOR r r: ABC D E H L 

IAFIAsIA91AAIABIAciADI 

Flags: 	 S Z H ®'V N C 

1_10101 

Example: 	 XOR B1H 

Before: After: 

~ 	AI 36 

Ra 
OBJECT CODE 
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ADDRESSING TECHNIQUES 

INTRODUCTION 

This chapter will present the general theory of addressing and the 
various techniques which have been developed to facilitate the retrieval 
of data. In a second section, the specific addressing modes available in 
the Z80 will be reviewed, along with their advantages and limitations. 
Finally, in order to familiarize the reader with the various trade-oft's 
possible, an applications section will demonstrate possible trade-offs 
between the various addressing techniques by studying specific applica­
tion programs. 

Because the Z80 has several 16-bit registers, in addition to the pro­
gram counter, which can be used to specify an address, it is important 
that the Z80 user understand the various addressing modes, and in par­
ticular, the use of the index registers. Complex retrieval modes may be 
omitted at the beginning stage. However, all the addressing modes are 
useful in developing programs for this microprocessor. Let us now 
study the various alternatives available. 

POSSIBLE ADDRESSING MODES 

Addressing refers to the specification, within an instruction, of the 
location of the operand on which the instruction will operate. The main 
addressing methods will now be examined. They are all illustrated in 
Figure 5.1. 

Implicit Addressing (or "Implied," or "Register") 

Instructions which operate exclusively on registers normally use im­
plicit addressing. This is illustrated in Figure 5.1. An implicit instruc­
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tion derives its name from the fact that it does not specifically contain 
the address of the operand on which it operates. Instead, its opcode 
specifies one or more registers, usually the accumulator, or else any 
other re!!ister(s). Since internal registers are usually few in number 
(commo'tly eight), this will require a small number of bits. As an exam­
ple, three bits within the instruction will point to one out of eight inter­
nal registers. Such instructions can, therefore, normally be encoded 
within eight bits. This is an important advantage, since an eight-bit in­
struction normally executes faster than any two- or three-byte instruc­
tion. 

An example of an implicit instruction is: 

LOA, B 

which specifies' 'transfer the contents of B into A" (Load A from B.) 

Immediate Addressing 

Immediate addressing is illustrated in Figure 5.1. The eight-bit op­
code is followed by an 8- or 16-bit literal (a constant). This type of 
instruction is needed, for example, to load an eight-bit value in an 
eight-bit register. Since the microprocessor is equipped with 16-bit reg­
isters, it may also be necessary to load 16-bit literals. An example of an 
immediate instruction is: 

ADD A, OH 

The second word of this instruction contains the literal "0", which is 
added to the accumulator. 

Absolute Addressing 

Absolute addressing usually refers to the way in which data is retrieved 
from or placed in memory, in which an opcode is followed by a 16-bit 
address. Absolute addressing, therefore, requires three-byte instruc­
tions. An example of absolute addressing is: 

LD (l234H), A 

It specifies that the contents of the accumulator are to be stored at 
memory location" 1234" hexadecimal. 

The disadvantage of absolute addressing is to require a three-byte in­
struction. In order to improve the efficiency of the microprocessor, 
another addressing mode may be made available, whereby only one 
word is used for the address: direct addressing. 
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IMPLICITIIMPLIED 

IMMEDIATE 

EXTENDEDIABSOLUTE 

DIRECT/SHORT 

INDEXED 

7 o 

OPCODEA 


OPCODE 

lITERAL 

I 
I LITERAL I'-___________ _ J 

OPCODE 


FULL 16-BIT 
 -
ADDRESS 


OPCODE 


SHORT ADDRESS 


r-------- --, 
I OPCODE I 

OPCODE IXREG 

DISPLACEMENT 

I OR ADDRESS IL.. ___________ .J 

Fig. 5.1: Basic Addressing Modes 
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Direct Addressing (or "Short," or "Relative") 

In this addressing mode, the opcode is followed by an eight-bit ad­
dress. This is also illustrated in Figure 5.1. The advantage of this ap­
proach is to require only two bytes instead of three for absolute ad­
dressing. The disadvantage is to limit all addressing within this mode to 
addresses 0 to 255 or else - 128 to + 127. When using 0 to 255 ("page 
zero"), this is also called short addressing, or O-page addressing. When­
ever short addressing is available, absolute addressing is often called ex­
tended addressing by contrast. The range - 128 to + 127 is used with 
branch instructions. This is called relative addressing. 

Relative Addressing 

Normal jump or branch instructions require eight bits for the op­
code, plus the 16-bit address to which the program has to jump. Just as 
in the preceding example, this mode has the disadvantage of requiring 
three words, i.e., three memory cycles. To provide more efficient 
branching, relative addressing uses only a two-word format. The first 
word is the branch specification, usually along with the test it is imple­
menting. The second word is a displacement. Since the displacement 
must be positive or negative, a relative branching instruction allows a 
branch forward to 127 locations (seven-bits) or a branch backwards to 
128 locations (usually + 129 or -126, since PC will have been incre­
cremented by 2). Because most loops tend to be short, relative branch­
ing can be used most of the time and results in significantly improved 
performance for such short routines. As an example, we have already 
used the instruction JR NC, which specifies a "jump if no carry" to a 
location within 127 words of the branch instruction (more precisely 
+ 129 to - 126). 

The two advantages of relative addressing are improved performance 
(fewer bytes used) and program relocatability (independence from ab­
solute addresses). 

Indexed Addressing 

Indexed addressing is a technique used to access the elements of a 
block or of a table successively. This will be illustrated by examples 
later in this chapter. The principle of indexed addressing is that the in­
struction specifies both an index register and an address. The contents 
of the register are added to the address to provide the final address. In 
this way, the address could be the beginning of a table in the memory. 
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The index register would then be used to access all the elements of a 
table successively in an efficient way. (This requires the availability of 
increment/decrement instructions for the index register). In practice, 
restrictions often exist which may limit the size of the index register, or 
the size of the address or displacement field. 

INDEX REGISTER 

BASE 

BASE --..

I 
d.splacemen I 

MEMORY 

Fig. 5.2: Addressing (Pre-indexing) 

Pre-Indexing and Post-Indexing 

Two modes of indexing may be distinguished. Pre-indexing is the 
usual indexing mode in which the final address is the sum of a displace­
ment or address and of the contents of the index register. It is shown in 
Figure 5.2, assuming an 8-bit displacement field and a 16-bit index 
register. 

Post-indexing treats the contents of the displacement field like the 
address of the actual displacement, rather than the displacement itself. 
This is illustrated in Figure 5.3. In post-indexing, the final address is the 
sum of the contents of the index register plus the contents of the mem­
ory word designated by the displacement field. This feature utilizes, in 
fact, a combination of indirect addressing and pre-indexing. But we 
have not defined indirect addressing yet. Let us do that. 
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MEMORV Y(index) 

I N I 
OPCOOE 

ADDRESS 


r-- POINTER ­
r-­ 8 

MEMORY 

I- ­
FINAL 
16BIT 

ADDRESS 

OATAN -POINTER =BASE ­

Fig. 5.3: Indirect Indexed Addressing (Post-Indexing) 

Indirect Addressing 

We have already seen that two subroutines may wish to exchange a 
large quantity of data stored in the memory. More generally, several 
programs, or several subroutines, may need to access a common block 
of information. To preserve the generality of the program, it is desira­
ble not to keep such a block at a fixed memory location. In particular, 
the size of this block might grow or shrink dynamically, and it may 
have to reside in various areas of the memory, depending on its size. It 
would, therefore, be impractical to try to access this block using abso­
lute addresses, that is without rewriting the program every time. 

The solution to this problem lies in depositing the starting address of 
the block at a fixed memory location. This is analogous to a situation in 
which several persons need to get into a house, and only one key exists. 
By convention, the key to the house will be hidden under the mat. Every 
user will then know where to look (under the mat) to find the key to the 
house (or, perhaps, to find the address of the scheduled meeting, to 
propose a stricter analogy). Indirect addressing, therefore, normally 
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uses an opcode followed by a 16-bit address. This address is used to 
retrieve a word from the memory. Usually, it will be a 16-bit word (in 
our case, two bytes) within the memory since it is an address. This is il­
lustrated by Figure 5.4. The two bytes at the specified address Al con­
tain "A2". A2 is then interpreted as the actual address of the data that 
one wishes to access. 

INSTRUCTION MEMORY 

OPCODE 

INDIRECT (A,) FINAL 

- ADDRESS A, ADDRESS (A,) - ­

A, DATA +­

Fig. 5.4: Indirect Addressing 

Indirect addressing is particularly useful any time that pointers are 
used. Various areas of the program can then refer to these pointers to 
access a word or a block of data conveniently and elegantly. The final 
address may also be obtained by pointing within the instruction to a 
16-bit register in which it is contained. This is called "register indirect." 

Combinations of Modes 

The above addressing modes may be combined. In particular, it 
should be possible in a completely general addressing scheme to use 
many levels of indirection. The address A2 could be interpreted as an 
indirect address again, and so on. 

Indexed addressing can also be combined with indirect access. This 
allows the efficient access to word n of a block of data, provided one 
knows where the pointer to the starting address is (see figure 5.2). 
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We have now become familiar with all usual addressing modes that 
can be provided in a system. Most microprocessor systems, because of 
the limitation on the complexity of an MPU, which must be realized 
within a single chip, do not provide all possible modes but only a small 
subset of these. The Z80 provides a good subset of possibilities. Let us 
examine them now. 

Z80 ADDRESSING MODES 

Implied Addressing (Z80) 

Implied addressing is essentially used by single-byte instructions 
which operate on internal registers. Whenever implicit instructions 
operate exclusively on internal registers, they require only one machine 
cycle to execute. 

Examples of instructions using implied (or "register") addressing 
are: LD r,r'; ADD A,r; ADC A,s; SUB s; SBC A,s; AND s; OR s; 
XOR s; CPs; INC r. 

Zilog further distinguishes between "register addressing" and "im­
plied addressing." Implied addressing is then limited, in that definition, 
to instructions that do not have a specific field to point to an internal 
register. This introduces one more addressing mode. This is one reason 
why the number of addressing modes is insufficient to characterize the 
capabilities of a microprocessor. 

Immediate Addressing (Z80) 

Since the Z80 has both single-length registers (eight bits), and double­
length register pairs (16 bits), it provides two types of immediate ad­
dressing, both with 8- bit and 16- bit literals. Instructions are then 
either two or three bytes long. The second (and sometimes the third) 
byte contains the opcode, followed by the constant, or literal, to be 
loaded in a register or used for an operation. Exceptions are LD IX and 
LD IY, which require 16-bit opcodes. 

Examples of instructions using the immediate addressing mode are: 

LD r,n (two bytes) 
LD dd,nn (three bytes) 

and 
ADD A,n (two bytes) 

When the literal is two bytes long, the mode is called "immediate ex­
tended," in the case of the Z80. 

445 



PROGRAMMING THE ZSO 


Absolute or "Extended" Addressing (Z80) 

By definition, absolute addressing requires three bytes. The first byte 
is the opcode and the next two bytes are the 16-bit address specifying 
the memory location (the "absolute address"). 

By contrast with "short addressing" (eight-bit address), this mode is 
also called "extended addressing." 

Examples of instructions using extended addressing are: 

LD HL, (nn) and JP nn 

where nn represents the 16-bit memory address, and (nn) represents the 
contents of the specified location. 

Modified Zero-Page Addressing (Z80) 

Zero-page addressing is not available in the Z80, except through the 
RST instruction. The special addressing mode used by this instruction 
is called "modified zero-page addresing." 

The RST instruction contains a 3-bit field in bit position b, b4 bl us­
ed to pint to one of 8 locations in page 0 memory. The effective 
address is b5b4b3000 and is loaded into PC. Since it requires only a 
single byte, this instruction executes rapidly, and is easily generated in 
hardware. It was generally used to respond to multiple interrupts (up to 
8.) Its disadvantage is either to limit the execution sequence to 8 loca­
tions, or to require a jump eliminating the speed advantage. This is 
because each of the 8 branch addresses are 8-bytes apart. 

Relative Addressing (Z80) 

By definition, relative addressing requires two bytes. The first one is 
the "jump relative" opcode, whereas the second one specifies the dis­
placement and its sign. 

In order to differentiate this mode from the absolute jump instruc­
tion, it is labeled"JR". 

From a timing standpoint, this instruction should be examined with 
caution. Whenever a test fails, i.e., whenever there is no branch, this in­
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struction requires only seven "T cycles." This is because the next 
instruction to oe executed is already pointed to by the program counter. 

However, when the test succeeds, i.e., whenever the jump takes 
place, this instruction requires 12 "T-states"; a new effective address 
must be computed and loaded into the program counter. 

When computing the duration of the execution of a program seg­
ment, caution must be exercised. Whenever one is not sure whether or 
not the jump will succeed, one must take into consideration the fact 
that sometimes the jump will require 12 T-states, (condition me!), 
sometimes 7 (condition not met). 

When designing a loop, execution will, therefore, be faster using a 
JR(JumpRelative) testing a condition usually not met, such as a non­
zero condition for the counter. 

When JR's are used outside of loops, and the condition under test is 
unknown, an average timing value is often used for the duration 
of JR. 

This timing problem does not apply to the unconditional jump JR e. It 
does not test any condition, and always lasts 12 T-states. 

Indexed Addressing (Z80) 

This addressing mode did not exist in the 8080, and was added to the 
Z80 (as well as the two index registers). As a result, it became necessary 
to add an extra byte to the opcode, making it a 16-bit opcode in the Z80 
instruction set (LDIR is another example of a 16-bit opcode). The 
structure of an indexed instruction is shown on Figure 5.5. 

OPCODE BYTE 1 

OPCODE BYTE 2 

DISPLACEMENT BYTE 3 

LITERAL BYTE 4L___________-' 

Fig. 5.5: Indexed Addressing Has 2-byte Opcode 
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Instructions allowing indexed addressing are: 

LD, ADD, INC, RLC, BIT, SET, CP, and others. 

This mode will be used extensively in the programs operating on 
blocks of data, tables or lists. 

Indirect Addressing (Z80) 

The Z80 provides a limited indirect addressing capability called 
"Register Indirect Addressing." In this mode, each of the 16-bit regis­
ter pairs BC, DE, HL may be used as a memory address. 

Whenever they point to 16-bit data, they point to the lower part. The 
higher part resides at the next (higher) sequential address. 

Combinations of Modes 

Combinations of modes are essentially non-existent, except that in­
structions referring to two operands may use a different type of ad­
dressing for each. 

Thus, a load or an arithmetic instruction may access one operand in 
the immediate mode, and the other one through an indexed access. 

Also, the bit addressing mechanism may access the eight-bit byte 
through one of the three addressing modes, as explained in the follow­
ing paragraph. The specific addressing modes available for each in­
struction are indicated in the tables of the preceding chapter. 

Bit Addressing 

Bit addressing is generally not considered an addressing mode if ad­
dressing is defined as accessing a byte. However, whether defined as a 
mode or a group of instructions, it is a valuable facility. Since it is de­
fined as an "addressing mode" in Zilog nomenclature, it will be so de­
scribed here. It is specific to the Z80 and was not provided on the 8080. 

Bit addressing refers to the access mechanism to specified bits. The 
Z80 is equipped with special instructions for setting, resetting and test­
ing specified bits in a memory location or a register. The specified byte 
may be accessed through one of three addressing modes: register, regis­
ter-indirect, and indexed. Three bits are used within the opcode to select 
one of eight bits. 
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USING THE Z80 ADDRESSING MODES 

Long and Short Addressing 

We have already used relative jump instructions in various programs 
that we have developed. They are self-explanatory. One interesting 
question is: What can we do if the permissible range for branching is 
not sufficient for our needs? On many microprocessors, the solution is 
to use a so called long jump. This is simply a jump to a location which 
contains an absolute or "long" jump specification: 

JRNC, $ + 3 BRANCH TO CURRENT ADDRESS 

+3 IF C CLEAR 


JP FAR OTHERWISE JUMP TO FAR 


(NEXT INSTRUCTION) 

The two-line program above will result in branching to location FAR 
whenever the carry is set. In the case of the Z80, JP may be used instead 
of JR to test all conditions and removes this problem. 

Use of Indexing for SequenHal Block Accesses 

Indexing is primarily used to address successive locations within a 
table. The restriction is that the maximum length must be less than 256 
so that the displacement can reside in an eight-bit index register. 

We have learned to check for a character. Now w~ will search a table 
of 100 elements for the presence of a '*'. The starting address for this 
table is called BASE. The table has only 100 elements. The program ap­
pears below: (see flowchart on Figure 5.6): 

SEARCH LD IX, BASE 
LD A, '*' 
LD B,COUNT 

TEST CP (IX) 
JR Z, FOUND 
INC IX 
DEC B 
JR NZ, TEST 

NOTFND 

An improved program will be presented below in the section on 
Block Transfer, using OJ NZ. 
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YES
1------STARFOUND 

NO 

NOT FOUND 

Fig. 5.6: Character Search Flowchart 

A Block Transfer Routine for Fewer Than 256 Elements 

We will call "COUNT" the number of elements in the block to be 
moved. The number is assumed to be less than 256. FROM is the base 
address of the block. TO is the base of the memory area where it should 
be moved. The algorithm is quite simple: we will move a word at a time, 
keeping track of which word we are moving by storing its position in 
the counter C. The program appears below: 

BLKMOV LD IX, FROM 
LD IY, TO 
LD BC,COUNT 

NEXT LD A, (IX) GET WORD 
LD (lY), A 
INC IX 
INC IY 
DEC C 
JR NZ,NEXT 

Let us examine it: 

BLKMOV LD IX, FROM 
LD IY,TO 
LD C,COUNT 

These three instructions initialize registers IX, IY, and C respectively, as 
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{J II:1Al "'<r 	 MEMORY 

Ii 
I i 

cj COUNT I, 11 

1 _ll-~!::--'i':'~l1_'"~ 
Ixi SOURCE'--__:....::....c'--'..:.___---'t--	 " FROM 

IYI DESTINATION 

I --'/~L(:{;';; ,'1,,;,::,;//79, TO 

L------+----=>-.(r 

Fig. 5.7: Block Transfer: Initializing the Register 

illustrated in Figure 5.7. Index register IX is used as the source pointer, 
and will be incremented regularly. Index register IY is used as the desti­
nation pointer, and would be incremented regularly. Register C is load­
ed with the maximum number of elements to be transferred (limited to 
256 since this is an eight-bit register) and will be decremented regularly. 
Whenever C decrements to zero, all elements have been transferred. 
The next two instructions: 

NEXT 	 LD A, (IX) 

LD (IY), A 


load the contents of the memory location pointed to by IX into the ac­
cumulator, then transfer it into the memory location pointed to by reg­
ister IY. In other words, these two instructions transfer an element of 
the source block into the destination block. The two index registers are 
then incremented: 

INC IX 

INC IY 


And the counter register is decremented: 

DEC C 

Finally, as long as the counter is not 0, the program loops back to the 
label NEXT: 

JR NZ, NEXT 
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This is an example of the possible utilization of index registers. How­
ever, let us compare it to the same program written for another micro­
processor, the MOS Technology 6502, which is also equipped with an 
indexing capability, but uses different conventions (i.e., has different 
limitations on a general-purpose indexing facility). The program appears 
below: 

LOX #NUMBER 
NEXT LOA FROM, X 

STA TO, X 
OEX 
BNE NEXT 

Without going into the details of the above program, the reader will 
immediately notice how much shorter it is than the previous one. This is 
because the index register X is used as a variable displacement, whereas 
FROM and TO are used as the fixed source and destination addresses. 

This example should point out that although in theory indexing is a 
powerful facility, it does not necessarily lead to efficient coding, due to 
the addressing limitations imposed on it in the case of various micro­
processors. Truly general-purpose indexing requires the possibility of a 
16-bit displacement or address field as well as a 16-bit index register. 

However, it should be noted that this specific problem is solved, in 
the Z80 by the presence of specialized instructions. A general-purpose 
block transfer will now be described which can be implemented in just 
four instructions. However, to be fair to the Z80, let us suggest addi­
tional exercises for the reader: 

Exercise 5. J: Write the block transfer program for the Z80 in the style 
of the above program for the 6502, i.e., assuming that the index register 
contains a displacement. Assume that the source and the destination 
block are located in page 0, i.e., at addresses 0 to 256. Naturally, it will 
be assumed that the number of elements within each block is small 
enough that they do not overlap. 

Exercise 5.2: Assume now that the source and the destination blocks are 
located anywhere in the memory, except that they are both within the 
same page. Rewrite the above program in that case. (Is there a dif­
ference, i.e., does page zero play any role for the Z80?) 

Generalized Block Transfer Routine (More Than 256 Elements) 

The register allocation and the memory map are shown in Figure 5.8. 
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Exercise 5.8: Modify the original program above so that BLKI and 
BLK2 are at the top ofeach block rather than the bottom (see Fig.5.lO). 

FROM-l-____~ 

COUNT = N ! SOURCE BLOCK 


TRANSFER 


A x 

I ELEMENT COUNTERI 

Fig. 5.10: Memory Organization for Block Transfer 

SUMMARY 

A complete description of addressing modes has been presented. It· 
has been shown that the Z80 offers many possible mechanisms, and the 
specific addressing modes available on the Z80 have been analyzed. 
Finally, several application programs have been presented to demon­
strate the value of the various addressing mechanisms. Programming 
the Z80 efficiently requires an understanding of these mechanisms. 
They will be used throughout the programs in the remainder of this 
book. 

EXERCISES 

5.9: Write a program to add the first 10 bytes of a table stored at loca­
tion "BASE". The result will have 16 bits. (This is a checksum com­
putation). 
5.10: Can you solve the same problem without using the indexing 
mode? 
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IN A, (INPUT) II 
PUSH AF I 1 
DEC B 4 
JR NZ, WATCH 7/12 

The minimum execution time is obtained by assuming that data is 
available every time that we sample STATUS. In other words, the first 
JP will be assumed to fail every time. Timing is then: 

13 + 4 + (11 + 8 + 7 + 11 + 4 + 12)· COUNT 

Neglecting the first 17 cycles necessary to initialize the counter regis­
ter, the time used to transfer one word is 64 clock cycles or 32 
microseconds with a 2 MHz clock. 

The maximum data transfer rate is, therefore: 

= 31 K bytes per second 

exercise 6.4: Assume that the number of words to be transferred is 
greater {han 256. Modify the program accordingly and determine the 
impact on the maximum dala transfer rate. 

I:xercise 6.5: l'vfodijy {his program in order to try Iii improve its speed: 
I-using JR ins{ead of JP 
2-using DJNZ 
3-using INI or IND 

Was the above program truly optimal? 

We have now learned to perform high speed parallel transfers. Let us 
consider a more complex case. 

BIT SERIAL TRANS.'ER 

A serial input is one in which the bits of information (O's or I 's) come 
in successively on a line. These bits may come in at regular intervals. 
This is normally called synchronous transmission. Or, they may come 
as bursts of data at random intervals. This is called asynchronous trans­
mission. We will develop a program which can work in both cases. The 
principle of the capture of sequential data is simple: we will watch an 
input line, which will be assumed to be line O. When a bit of data is de­
tected on this line, we will read the bit in, and shift it into a holding reg­
ister. Whenever eight bits have been assembled, we will preserve the 
byte of data into the memory and assemble the next one. In order to 
simplify, we will assume that the number of bytes to be received is 
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known in advance. Otherwise, we might, for example, have to watch 
for a special break character, and stop the bit-serial transfer at this 
point. We have learned to do that. The flowchart for this program ap­
pears in Figure 6.6. The program appears below: 

SERIAL LD C,O CLEAR INPUT WORD 
LD A, (COUNT) LOAD B WITH BYTE COUNT 
LD B,A 

LOOP IN A, (INPUT) READ PORT 
BIT 7, A BIT 7 IS STATUS, BIT 0 IS DATA 
JR Z, LOOP WAIT FOR A "1" 
SRL A SHIFT DATA BIT INTO CARRY 
RL C SAVE INPUT B INTO C 
JR NC, LOOP CONTINUE UNTIL 8 BITS IN 

POLLING OR SERVICE REQUEST 

STORE BIT 
iNCREMENT COUNTER 

NO 

STORE WORD 

RESET BIT COUNTER 


DECREMENT WORD COUNT 


NO 

DONE 

NO 

Fig. 6.6: Bit Serial Transfer-Flowchart 
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PUSH BC SAVE WORD IN STACK 
LD C, 01 H RESET MARKER BIT 
DEC B DECREMENT BYTE COUNTER 
JR NZ, LOOP ASSEMBLE NEXT WORD 

This program has been designed for efficiency and will use new tech­
niques which we will explain (see Fig. 6.7). 

The conventions are the following: memory location COUNT is as­
sumed to contain a count of the number of words to be transferred. 
Register C will be used to assemble eight consecutive bits coming in. 
Address INPUT refers to an input register. It is assumed that bit posi­
tion 7 of this register is a status flag, or a clock bit. When it is "0", data 
is not valid. When it is "1", the data is valid. The data itself will be as­
sumed to appear in bit position 0 of this same address. In many in­
stances, the status information will appear on a different register than 
the data register. It should be a simple task, then, to modify this pro­
gram accordingly. In addition, we will assume that the first bit of data 
to be received by this program is guaranteed to be a "1". It indicates 
that the real data follows. I f this were not the case, we will later see an 
obvious modification to take care of it. The program corresponds ex­
actly to the flowchart of Fig. 6.6. The first few lines of the program im­
plement a waiting loop which tests whether a bit is ready. To determine 
whether a bit is ready, we read the input register, then test the zero bit 
(Z). As long as this bit is "0", the instruction JR will succeed, and we 
will branch back to the loop. Whenever the status (or clock) bit 
becomes true (" I"), then JR will fail and the next instruction will be 
executed. 

This initial sequence of instructions corresponds to arrow 1 in Fig. 
6.7. 

At this point, the accumulator contains a "I" in bit position 7 and 
the actual data bit in bit position o. The first data bit to arrive is going 
to be a" 1". However, the following bits may be either "0" or "1". We 
now wish to preserve the data bit which has been collected in position O. 
The instruction: 

SRL A 

shifts the contents of the accumulator right by one position. This causes 
the right-most bit of A, which is our data bit, to fall into the carry bit. 
We will now preserve this data bit into register C (this process is illus­
trated by arrows 2 and 3 in Fig. 6.7): 

RL C 
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STATUS 
~-----1 OR 

CLOCK 

SERIAL 

DATA 


IN 


L____0~1~___r~00~~~1 

o 

Fig. 6.7: Serial-to-Parallel: The Registers 

The effect of this instruction is to read the carry bit into the right-most 
bit position of C. At the same time, the left-most bit of C falls into the 
carry bit. (If you have any doubts about the rotation operation, refer to 
Chapter 4!) 

It is important to remember that a rotation with carry operation will 
both save the carry bit, here into the right-most bit position, and also 
recondition the carry bit with the value of bit 7 (or bit 0). 

Here, a "0" will fall into the carry. The next instruction: 

JR NC, LOOP 

tests the carry and branches back to address LOOP as long as the carry 
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is "0". This is our automatic bit counter. It can readily be seen that, as a 
result of the first RL, C will contain "00000001". Eight shifts later, the 
"I" will finally fall into the carry bit and stop the branching. This is an 
ingenious way to implement an automatic loop counter without having 
to waste an instruction to decrement the contents of an index register. 
This technique is used in order to shorten the program and improve its 
performance. 

When JR NC finally fails, 8 bits will have been assembled into C. 
This value should be preserved in the memory. This is accomplished by 
the next instruction (arrow 4 on Fig. 6.7): 

PUSH BC 

We are here saving the contents of Band C into the stack. Saving into 
the stack is possible only if there is enough room in the stack. Provided 
that this condition is met, it is usually the fastest way to preserve a word 
in the memory, even though we save an unnecessary register (B). The 
stack pointer is updated automatically. If we were not pushing a word 
in the stack, we would have to use one more instruction to update a 
memory pointer. We could equivalently perform an indexed addressing 
operation, but that would also involve decrementing or incrementing 
the index, using extra time. 

After the first word of data has been saved, there is no longer any 
guarantee that the first data bit to come in will be a "I". It can be any­
thing. We must, therefore, reset the contents to ''00000001'' so that we 
can keep using it as a bit counter. This is performed by the next instruc­
tion: 

LD C,OIH 

Finally, we will decrement the word counter, since a word has been 
assembled, and test whether we have reached the end of the transfer. 
This is accomplished by the next two instructions: 

DEC B 
JR NZ, LOOP 

The above program has been designed for speed, so that one may 
capture a fast input stream of data bits. Once the program terminates, 
it is naturally advisable to immediately read away from the stack the 
words that have been saved there and transfer them elsewhere into the 
memory. We have already learned to perform such a block transfer in 
Chapter 2. 
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Exercise 6.6: Compute the maximum speed at which this program will 
be able to read serial bits. Look up the number of cycles required by 
every instruction in the table at the end of this book, then compute the 
time which will elapse during execution of this program. To compute 
the length of time which will be used by a loop, simply multiply the 
total duration of this loop, expressed in microseconds, by the number 
of times if will be executed. Also, when computing the maximum speed, 
assume that a dafa bit will be ready every time that the input location is 
sensed. 

This program is more difficult to understand than the previous ones. 
Let us look at it again (refer to Fig. 6.6) in more detail, examining some 
trade-offs. 

A bit of data comes into bit position 0 of "INPUT" from time to 
time. There might be, for example, three "Is" in succession. We must, 
therefore, differentiate between the successive bits coming in. This is 
the function of the "clock" signal. 

The clock (or STATUS) signal tells us that the input bit is now valid. 
Before reading a bit, we will therefore first test the status bit. If the 
status is "0", we must wait. If it is "1", then the data bit is good. 

We assume here that the status signal is connected to bit 7 of register 
INPUT. 

Exercise 6. 7: Can you explain why bit 7 is used for status, and bit 0 for 
data? Does it matter? 

Once we have captured a data bit, we want to preserve it in a safe 
location, then shift it left, so that we can get the next bit. 

Unfortunately, the accumulator is used to read and test both data 
and status in this program. If we were to accumulate data in the accu­
mulator, bit position 7 would be erased by the status bit. 

Exercise 6.8: Can you suggest a way to test status without erasing the 
contents of the accumulator (a special instruction)? If this can be done, 
could we use the accul1lulator to accumulate the successive bits coming 
in? Can you improve speed by using an "automated jump"? 

Exercise 6.9: Rewrite the program, using the accumulator to store fhe 
bits coming in. Compare it to the previous one in terms of speed and 
number of instructions. 

Let us address two more possible variations. 
We have assumed that, in our particular example, the very first bit to 

come in would be a special signal, guaranteed to be "1". However, in 
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general, it may be anything. 

f-xercise 6.10: Modify the program above, assuming that the very first 
bit to come in is valid data (not to be discarded), and can be "0" or 
"f". Hint: our "bit counter" should still work correctly, if you initial­
ize it with the correct value. 

Finally, we have been saving the assembled word in the stack, to gain 
time. We could naturally save it in a specified memory area. 

f-xercise 6. f I: Modify the program above, and save {he assembled word 
in the memory area starting at BASE. 

f-xercise 6.12: Modify the program above so that the transfer will stop 
when {he character "s" is detected in the input stream. 

The Hardware Alternative 

As usual for most standard input/output algorithms, it is possible to 
implement this procedure by hardware. The chip is called a UART. It 
will automatically accumulate the bits. However, when one wishes to 
reduce the component count, this program, or a variation of it, will be 
used instead. 

Exercise 6. /3: Modifv the program, assuming that data is available in bit 
position 0 oflocation INPUT, while the status information is available 
in bit position 0 ofaddress INPUT + 1. 

BASIC I/O SUMMARY 

We have now learned to perform elementary input/output opera­
tions as well as to manage a stream of parallel data or serial bits. We are 
now ready to communicate with real input/output devices. 

COMMUNICATING WITH INPUT/OUTPUT DEVICES 

In order to exchange data with input/output devices, we will first 
have to ascertain whether data is available, if we want to read it; or 
whether the device is ready to accept data, if we want to send it. Two 
procedures may be used: handshaking and interrupts. Let us study 
handshaking first. 

Handshaking 

Handshaking is generally used to communicate between any two 
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READY? 

(READ STATUS 

STATUS) 
 REGISTERD
YES/NO 

D 
OUTPUT 

MPU DATA DEVICE 

OUTPUT 
REGISTER 

I/QCHIP 

Fig. 6.8: Handshaking (Output) 

asynchronous devices, i.e., between any two devices which are not syn­
chronized. For example, if we want to send a word to a parallel printer, 
we must first make sure that the input buffer of this printer is available. 
We will, therefore, ask the printer: Are you ready? The printer will say 
"yes" or "no." If it is not ready we will wait. If it is ready, we will send 
the data (see Fig. 6.8). 

DATA 

INPUT 0KREGISTER 

INPUT 

MPU DEVICE 

~ READY? DSTATUS 
REGISTER 

--vEsiNo 

Fig. 6.8a: Handshaking (Input) 

Conversely, before reading data from an input device, we will verify 
whether the data is valid. We will ask: "Is data valid?" And the device 
will tell us "yes" or "no." The "yes or no" may be indicated by status 
bits, or by other means (see Fig. 6.8a). 

As an analogy, whenever you wish to exchange information with 
someone who is independent and might be doing something else at the 
time, you should ascertain that he is ready to communicate with you. 
The usual rule of courtesy is to shake his hand. Data exchange may then 
follow. This is the procedure normally used in communicating with in­
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put!output devices. 
Let us now illustrate this procedure with a simple example. 

Sending a Character To The Printer 

The character will be assumed to be contained in memory location 
CHAR. The program to print it appears below: 

WAIT IN A, (STATUS) 
BIT 7, A TEST IF READY 
JR Z, WAIT OTHERWISE WAIT 
LD A, (CHAR) GET CHARACTER 
OUT (PRNTD), A PRINT IT 
JR WAIT GO FOR NEXT 

The print program is straightforward and uses the handshaking pro­
cedure which has been described above. The data paths are shown in 
Figure 6.9. 

CHAR DATA 

STATUS 

PRNTD 

PRINTER 

MEMORY Z80 

.'ig. 6.9: Printer-Data Paths 

The character (called OAT A) is located at memory location CHAR. 
First, the status of the printer is checked. Whenever bit 7 of the status 
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register becomes 1, it indicates that the printer ready for input, i.e., its 
input buffer is available. At this point, the character is loaded into 
the accumulator, then output to the printer, via thc accumulator. As 
long as thc stalus bit remain~ 0, thc program will rcmain in a loop, 
called WAIT in the program. 

Exercise 6.14: How many instructions would be saved in the above pro­
gram by loading data directly into register C as well as outputing the con­
tents of register C directly? 

l:xercise 6.15: When using an actual printer, it is usually necessary to 
send a start order before using the device. Modify Ihis program to gen­
erate such an order, assuming that the start command is obtained by 
writing a 1 in bit position 0 of the STA TUS register, which is assumed 
to be bidirecl ional. 

Exercise 6.16: ~r the BIT instruction were not available, could you use 
another instruction instead, in line 2 of the program? If so, explain the 
advantage of using the BIT jnstruction, if any. 

Exercise 6.17: Modify the program above 10 print a string oj n charac­
ters, where n will be assumed 10 be less than 255. 

Exercise 6.18: Modify the above program /0 prim a string ojcharacters 
until a "carriage-re/urn" code is encountered. 

Let us now complicate thc output proccdure by requiring a code con­

version and by outputting to several devices at a time: 


Output To a Seven-Segment LED 

A traditional seven-segment light-emitting diode (LED) may display 
the digits "0" through "9", or even "0" through "F" hexadecimal by 
lighting combinations of its 7 segments. A seven-segment LED is shown 
in Figurc 6.10. The characters that may be generated with this LED 
appear in Figurc 6.11. 

The segments of an LED are labeled "a" through "g" in Figure 6.10. 
For example, dO" will be displayed by lighting the segments abcdef. 

Let us assume, now, that bit "0" of an output pan is connected to seg­
ment "a", that "1" i~ connected to segment "b", and so on. Bit 7 is 
not u~ed. The binary codc required to light up fedcba (to display "0") 
is, therefore, "0111111". In hexadecimal this is "3 F". Do the follow­
i ng cxerci,c. 
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A 

/'Vf A/ 
/'../ A./,

I
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Fig. 6.10: Seven-Segment LED 
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Fig. 6.11: Hexadecimal Characters Generated 
with a Seven-Segment LED 
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Exercise 6.19: Compute the seven-segment equivalent jor the hexadeci­
mal digits "0" through "F". Fill out the table below: 

Hex LED code Hex LED code Hex LED code Hex LED code 
0 3F 4 8 C 
1 5 9 D 
2 6 A E 
3 7 B F 

Let us now display hexadecimal values on several LED's. 

Driving Multiple LED's 

An LED has no memory. It will display the data only as long as its 
segment lines are active. In order to keep the cost of an LED display 
low, the microprocessor will display information on each oj the LED's 
in turn. The rotation between the LED's must be fast enough so that 
there is no apparent blinking. This implies that the time spent from one 
LED to the next is less than 100 milliseconds. Let us design a program 
which will accomplish this. Register C will be used to point to the LED 
on which we want to display a digit. The accumulator is assumed to 
contain the hexadecimal value to be displayed on the LED. Our first 
concern is to convert the hexadecimal value into its seven-segment rep­
resentation. In the preceding section, we have built the equivalence 
table. Since we are accessing a table, we will use the indexed addressing 
mode, where the displacement index will be provided by the h~adeci­
mal value. This means that the seven-segment code for hexadecimal 
digit "3" is obtained by looking up the third element of the table after 
the base. The address of the base will be called SEGBAS. The program 
appears below: 

LEDS 	 LD 
LD 
LD 
ADD 
LD 
LD 

DELAY 	OUT 
DEC 

E,A 
D,O 
HL, SEGBAS 
HL,DE 
A, (HL) 
B,50H 

(C), A 
B 

A CONTAINS HEX DIGIT 
USE "DE" AS DISPLACEMENT 
USE "HL" AS INDEX 
TABLE ADDRESS 
READ CODE FROM TABLE 
DELA Y VALUE = ANY 
LARGE NBR 
OUTPUT FOR SET DURATION 
DELAY COUNTER 
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JR NZ,DELAY KEEP LOOPING 
LD A,C C IS PORT NUMBER 
DEC C 
CP MINLED DONE FOR LAST LED? 
JR NZ, OUT 
LD BC, (MAXLED) IF SO, RESET C TO TOP LED 

OUT RET 

The program assumes that register C contains the address of the LED 
to be illuminated next, and that the accumulator A contains the digit to 
be displayed. 

The program first looks up the seven-segment code corresponding to 
the hexadecimal value contained in the accumulator. Registers D and E 
are used as a displacement field, and registers Hand L are used as a 
16-bit index register. The hexadecimal digit is added to the base address 
of the table: 

LEDS LD E,A 7-SEGMENT CODE 
LD D,O 
LD HL, SEGBAS 
ADD HL, DE 

A delay loop is then implemented, so that the code obtained from the 
table is displayed for an appropriate duration. Here the constant "50" 
hexadecimal has been arbitrarily chosen: 

LD A, (HL) READ CODE FROM TABLE 
LD B, SOH DELAY VALUE 

The delay is accomplished using a classic delay loop. the first instruc­
tiow 

DELAY OUT (C), A 

outputs the contents of the accumulator at the I/O port pointed to by 
register C (the LED number). The next two instructions implement the 
delay loop: 

DEC B 
JR NZ. DELAY 

Once the delay has been implemented, we must simply decrement the 
LED pointer, and make sure that we loop around to the highest LED 
address if the smallest LED address has been reached: 

LD A,C 
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DEC C 
CP MINLED 
JR NZ, OUT 
LD Be, (MAXLED) 

OUT RET 

It is assumed here that the above program has been written as a sub­
routine, and the last instruction is then RET:" return from subroutine" 

Exercise 6.20: It is usually necessary to turn off the segment drivers for 
the LED prior to displaying the digit. Modify the above program by 
adding the necessary instructions (output "00" as the character code 
prior to outputting the character). 

Exercise 6.21: What would happen to the display if the DELA Y label 
were moved up by one line position? Would this change the timing? 
Would this change the appearance of the display? 

Exercise 6.22: You will notice that the first four instructions of the pro­
gram are, in fact, performing a J6-bit indexed memory access. How­
ever, it seems'c1umsy, without using the indexing mechanism. Assume 
that the SEGBAS address is known in advance. Call SEGBSH the 
high-order part of this address, and SEGBSL the low part of this ad­
dress. Store SEGBSH in the high-order part of the JX register. Now 
write the above program, using the Z80 index-addressing mechanism, 
and using SEGBSL as the displacement field of the instrucion. What 
are the advantages and disadvantages of this approach? 

Exercise 6.23: Assuming that the above program is a subroutine, you 
will notice that it uses registers B, D, E, Hand L internally, and modi­
fies their contents. If the subroutine may freely use the memory area 
designated by address TJ, T2, T3, T4, T5, could you add instructions at 
the beginning and at the end of this program which will guarantee that, 
when the subroutine returns, the contents ofregisters B, D, E, Hand L 
will be the same as when the subroutine was entered? 

Exercise 6.24: Same exercise as above, but assume that the memory 
area TJ, etc., is not available to the subroutine. (Hint: remember that 
there is a built-in mechanism in every computer for preserving informa­
tion in a chronological order.) 

We have now solved common input/output problems. Let us con­
sider the case of a common peripheral: the Teletype. 
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Teletype Input-Output 

The Teletype is a serial device. It both sends and receives words of in­
formation in a serial format. Each character is encoded in an 8-bit 
ASCII format (the ASCII table appears at the end of this book). In ad­
dition, every character is preceded by a "start" bit, and terminated by 
two "stop" bits. In the so-called 20-milliamp current loop interface, 
which is most frequently used, the state of the line is normally a "1". 
This is used to indicate to the processor that the line has not been cut. A 
start is a "1"-to-"O" transition. It indicates to the receiving device that 
data bits follow. The standard Teletype is a lO-characters-per-second 
device. We have just established that each character requires 11 bits. 
This means that the Teletype will transmit 110 bits per second. It is said 
to be a IIO-baud device. We will design a program to serialize bits out 
to the Teletype at the correct speed. 

MARK STAjPU'" S~I 
sp~::~-~ til 12 13 14 151 6 171 81 9 10 

I 
I 

9.09MS -I 
I 
I 

Fig. 6.12: Format of a Teletype Word 

One-hundred-and-ten bits per second implies that bits are separated 
by 9.09 milliseconds. This will have to be the duration of the delay loop 
to be implemented between successive bits. The format of a Teletype 
word appears in Figure 6.12. The flowchart for bit input appears in 
Figure 6.13. The program follows: 

TTYIN IN A, (STATUS) 
BIT 7, A DATA READY? 
JR Z, TTYIN OTHERWISE WAIT 
CALL DELAYI CENTER OF PULSE 
IN A, (TTYBIT) START BIT 
OUT (TTYBIT), A ECHO IT 
CALL DELAY9 NEXT PULSE (9 MS) 
LD B,08H BIT COUNT 

NEXT IN A, (TTYBIT) READ DATA BIT 
OUT (TTY BIT), A ECHO IT 
SRL A SA VE IT IN CARRY 
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TTYIN 

YES 

WAIT 4.5ms 

ECHO START BIT 

WAIT9.09ms 

SHIFT IN DATA BIT 

ECHO IT 

NO 

YES 

WAIT9.09ms 

OUTPUT STOP BIT 

WAIT 13.59ms 

Fig. 6.13: TTY Input with Echo 
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RR C PRESERVE IT INTO C 
CALL DELAY9 NEXT PULSE (9 MS) 
DEC B DECREMENT BIT COUNT 
JR NZ,NEXT 
IN A, (TTY BIT) READ STOP BIT 
OUT (TTYBIT), A ECHO IT 
CALL DELAY9 SKIP SECOND STOP 
RET 

Fig. 6.14: Teletype Program 

Let us examine the program in detail. First, the status of the Teletype 
must be tested to determine if a character is available: 

TTYIN IN A, (STATUS) 
BIT 7, A 
JR Z, TTYIN 

The "BIT" instruction is a useful Z80 facility which allows testing 
any bit in any data register. It does not modify the contents of the regis­
ter under test. The Z flag is set if the specified bit is 0, and reset other­
wise. 

This program will, therefore, loop until the status finally becomes 
"I". It is a classic polling loop. 

Note that, since the STATUS does not need to be preserved, we 
could also use 

AND l()()()()()ooB 
instead of 

BIT 7, A 

However, using the AND instruction destroys the contents of A 
(acceptable here). 

When optimizing a program, remember that each new instruction 
may introduce side-effects. 

Next, a 4.5 ms delay is implemented in order to sense the start bit in 
the middle of the pulse. 

CALL DELAY I 

where DELA YI is the delay subroutine implementing the required 
delay. The first bit to come is the start bit. It should be echoed to the 
Teletype, but otherwise ignored. This is done by the next instructions: 

TTYIN 	 IN A, (TTYBIT) 
OUT (TTYBIT), A 
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We must then wait for the first data bit. The necessary delay is equal to 
9.09 milliseconds and is implemented by a subroutine: 

CALL DELAY9 

Register B is used as a counter and is loaded with the value 8 in order to 
capture the 8 data bits: 

LD B,08H 

Next, each data bit will be read in turn into the accumulator, then 
echoed. It is assumed to arrive in bit position 0 of the accumulator. The 
data bit will then be preserved into register C, where it will be shifted in. 
The transfer from A to C is performed through the carry bit: 
NEXT IN A, (TTY BIT) 

OUT (TTYBIT), A 

SRL A 

RR C 


This sequence is illustrated in Figure 6.15. 

A 1/0 SPACE 

x 

x 
TELETYPE 

DATA 

B C 


TTYBIT 
COUNTER X 

Fig. 6.15: Teletype Input 

Next, the usual 9 millisecond delay is implemented, the bit-counter is dec­
remented, and the loop is entered again as long as the eight bits have 
not been captured: 

CALL DELAY9 

DEC B 

JR NZ, NEXT 


Finally, the STOP bit is captured, and echoed. It is usually sufficient to 
send a single STOP bit, however both could be sent back using two 
more instructions: 

IN A, (TTY BIT) 

OUT (TTY BIT), A 

CALL DELAY9 

RET 


488 



INPUT/OUTPUT TECHNIQUES 

The program should be examined with attention. The logic is quite 
simple. The new fact is that whenever a bit is read from the Teletype (at 
address TTYBIT), it is echoed back to the Teletype. This is a standard 
feature of the Teletype. Whenever a user presses a key, the information 
is transmitted to the processor and then back to the printing mechanism 
of the Teletype. This verifies that the transmission lines are working 
and that the processor is operating when a character is, indeed, printing 
correctly on the paper. 

Fig. 6.16: Teletype Output 

Exercise 6.25: Write the delay routine which results in the 9.09 millisec­
ond delay. (DELA Y subroutine) 

Exercise 6.26: Using the example of the program developed above, 
write a PRINTC program which will print on the Teletype the contents 
of memory location CHAR (see Fig. 6.15). 

The answer appears below: 

PRINTC LD B,l1 COUNTER = 11 BITS 
LD A, (CHAR) GET CHARACTER 
OR A CLEAR CARRY = START BIT 
RLA CARRY INTO A 
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NEXT OUT (TTYBIT), A OUTPUT 
CALL DELAY 
RRA NEXT BIT 
SCF CARRY = 1 (STOP BIT) 
DEC B BIT COUNT 
JR NZ, NEXT 
RET 

Register B is used as a bit counter for the transmission. The contents 
of bit 0 of A will be sent to the Teletype line ("TTYBIT"). Note how 
the carry is used to provide a ninth bit (the START bit). Also, note that 
the carry is cleared by: 

OR A 

At the end of the program, the carry is set to one by: 

SCF 

in order to generate a stop bit. 

Exercise 6.27: Modify the program so that it waits for a START bit in­
stead of a STATUS bit. 

Printing a String of Characters 

We will assume that the PRINTC routine (see Exercise 6.26) takes 
care of printing a character on our printer, or display, or any output de­
vice. We will here printthe contents of memory locations (START) to 
(START + N). 

The program is straightforward (see Figure 6.17): 

PSTRING LD B,NBR LENGTH OF STRING 
LD HL, START BASE ADDRESS 

NEXT LD A, (HL) GET CHARACTER 
CALL PRINTC PRINT IT 
INC HL NEXT ELEMENT 
DEC B 
JR NZ,NEXT DO IT AGAIN 
RET 
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MEMORY 

B A 

COUNTER 

TO PRINTER 

Fig. 6.17: Printing a Memory Block 

PERIPHERAL SUMMARY 

We have now described the basic programming techniques used to 
communicate with typical input/output devices. In addition to the data 
transfer, it will be necessary to condition one or more control registers 
within each 110 device in order to condition the transfer speeds, the in­
terrupt mechanism, and the various other options correctly. The man­
ual for each device should be consulted. (For more details on the spe­
cific algorithms for exchanging information with all the usual peripher­
als, the reader is referred to our book, C207, Microprocessor Interfac­
ing Techniques.) 

We have now learned to manage single devices. However, in a real 
system, all peripherals are connected to the buses, and may request 
service simultaneously. How are we going to schedule the processor's 
time? 

INPUT/OUTPUT SCHEDULING 

Since input/output requests may occur simultaneously, a scheduling 
mechanism must be implemented in every system to determine in which 
order service will be granted. Three basic input/output techniques are 
used, which can be combined with each other. They are: polling, inter­
rupt, DMA. Polling and interrupts will be described here. DMA is 
purely a hardware technique, and as such will not be described here. (It 
is covered in the reference books C201 and C207.) 
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Polling 

Conceptually, polling is the simplest method for managing multiple 
peripherals. With this strategy, the processor interrogates the devices 
connected to the buses in turn. If a device requests service, the service 
is granted. If it does not request service, the next peripheral is exam­
ined. Polling is used not just for the devices, but for any device service 
routine. 

As an example, if the system is equipped with a Teletype, a tape re­
corder, and a CRT display, the polling routine would interrogate the 
Teletype: "Do you have a character to transmit?" It would interrogate 
the Teletype output routine, asking: "Do you have a character to 
send?" Then, assuming that the answers are negative so far, it would 
interrogate the tape-recorder routines, and finally the CRT display. If 
only one device is connected to a system, polling will be used as well to 
determine whether it needs service. As an example, the flowcharts for 
reading a paper-tape reader and for printing on a printer appear in Fig­
ures 6.20 and 6.21. 

DATA BUS 

V'------~'------------." POLLING 

DMA 

?L- _______ _ 

L- - - - _________ - - - - --J 

I---------"""T"-r-----r~-- INTERRUPT 

Fig. 6.18: Three Methods of I/O Control 
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Example: a polling loop for devices 1, 2, 3, 4 (see Fig. 6.19): 

POLL4 IN A, (STATUS 1) GET STATUS OF DEVICE 1 
BIT 7, A SER VICE REQUEST? 
CALL NZ,ONE BIT 7 = I? 
IN A, (ST A TUS2) DEVICE 2 
BIT 7, A 
CALL NZ, TWO 
IN A, (STATUS3) DEVICE 3 
BIT 7, A 
CALL NZ, THREE 
IN A, (ST ATUS4) DEVICE 4 
BIT 7, A 
CALL NZ, FOUR 
JR POLL4 NO REQUEST, TRY AGAIN 

Bit 7 of the status register for each device is "1" when it wants serv­
ice. When a request is sensed, this program branches to the device 
handler, at address ONE for device 1, TWO for device 2, etc. 

A fine point is worth noting here. For each instruction, it is impor­
tant to verify carefully the way in which it affects the condition codes. 
It should be noted that the IN A instruction does not change the flags. 
If an IN r instruction has been used instead of an IN A instruction, bit 7 
of the input would automatically be reflected as the SIGN bit in the 
flags register. The special instruction "BIT 7,A" would become un­
necessary. However, because the IN A instruction does not change the 
flags, this extra test must be included in the program. 

In some hardware implementations, input/output devices may be 
treated as memory devices for purposes of addressing. This is called 
memory-mapped input/output. In this case, the IN instruction would 
be replaced by an LD instruction and the rest of the program would be 
as above, since LD does not affect the flags. 

The advantages of polling are obvious: iris simple, does not require 
any hardware assistance, and keeps all input/output synchronous with 
the program operation. Its disadvantage is just as obvious: most of the 
processor's time is wasted looking at devices that do not need service. 
In addition, by wasting so much time, the processor might give service 
to a device too late. 

Another mechanism is, therefore, desirable in order to guarantee that 
the processor's time can be used to perform useful computations rather 
than polling devices needlessly all the time. However, let us stress that 
polling is used extensively whenever a microprocessor has nothing bet­
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Fig. 6.19: Polling Loop Flowchart 

SET READER 
ENABLE ON 

Fig. 6.20: Reading from a Paper-Tape Reader 
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NO 

LOAD PUNCH 

OR PRINTER 


BUFFER 


TRANSMIT 

DATA 


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 anyone 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). 

SP ~ It----:~----II 
Fig. 6.22: Z80 Stack After Interruption 

E 

D 


c 
B 


A 


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 (lNT). 

Let us examine these three types. 
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The Bus Request 

The bus request is the highest priority interrupt mechanism on the 
Z80. The interrupt sequence for the Z80 is shown in Figure 6.24. 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 

LASI 

1---------...:........:..'< ~~;~;i,~~ 
O::'\E 

&~I51~' J---"'::'1°--.--J.••••,,~,F 

~,~~'o~_________1 

~ "IL...'_51_''_T_',_'-.J 

r.,,:: yES MASl,ABLt] 
lNTEIlRUPT 

MODE 

Fig. 6.24: Interrupt Sequence 
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a direct memory access (DMA), and will cause the Z80 to go into DMA 
mode (see ref. C201 for an explanation of the DMA mechanism). If the 
end of an instruction has been reached, and if any NMI or INT were 
pending, they would be memorized internally in the Z80 by setting spe­
cialized flip-flops: the NMI flip-flop, and the INT flip-flop. In DMA 
mode, the Z80 suspends operation and releases its data-bus and 
address-bus in the high-impedance state. This mode is normally used by 
a DMA controller to perform transfers between a high-speed input­
output device and the memory, using the microprocessor data-bus and 
address-bus. The end of a DMA operation 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-Maskable Interrupt 

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

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

This interrupt mechanism has been designed for speed. as it is used in 
case of "emergencies" . Therefore, it does not offer the flexibility of the 
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 - 1 

(SP) - PCH push PC 
sp -SP - 1 


(SP) -PCL 
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MEMORY 

IFFI IFF2 

O~D ·0 0066 

NMI 

0066 HANDLER 

0 
" ~ 

l 
PC 

I 

(0 U 
PC stock 

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 • STACK (preserve program counter) 
IFF! • IFF2 (preserve IFF) 
o .. IFFl (reset IFF) 
JUMP TO 0066H (execute interrupt handler) 

Also, the status of interrupt-mask-bit flip-flop (IFF!) at the time that 
NMI was received is preserved automatically into IFF2. Then, IFF! 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 IFF! had been reset during execution 
of the NMI, no external INT's could be accepted during the NMI 
(unless the programmer uses an EI instruction within the NMI routine): 
there has been no loss of information. 
Upon termination of the interrupt handler, the sequence is: 

IFF2 .. IFFl (restore IFF) 
STACK .. PC (restore program counter) 

Note that, once IFF! 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 IFFl and 
IFF2 to a "l" will authorize interruptions. Setting them to a "0" 
(masking them) will prevent detection of INT. The EI instruction is 
used to set them, and the DI instruction is used to reset them. IFF! and 
IFF2 are set or reset simultaneously. During execution of theEI 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 IFFl is set to l, 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 Ml (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 full16-bit address. However, it requires three bytes and therefore 
executes less rapidly. 

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

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

MOOED MOD< 1 MODE 2 

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, e, D, E, 
Hand L will be used within the interrupt handler, they will have to be 
saved (see Figure 6.27). 
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Fig. 6.27: Saving the Registers 

The corresponding program is: 

SA VREG 	 PUSH AF 
PUSH Be 
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 Be 
POP AF 
EI (unless EI was used earlier in 

the routine) 

Additionally, if registers IX and IY are used by the routine they must 
also be preserved, then restored. 
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