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ZI-7 Z-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

COMPARING THE Z-80, 8080 AND 6800 MICROPROCS$SSORS

The 8080 and the 6800 are two of the most popular micro-
processors on the market today. Incorporated in the 2-80
architecture and instruction set are some of the best features
of both of these popular machines. We will make a brief
comparison of these processors at this point.

Minimum Systems

One method of comparing microprocessors is by the amount of
hardware required for a minimum system.
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Z-80 MICROPROCESSOR
ZI-9 FUNDAMENTALS AND APPLICATIONS

Comparison of 2-80, 8080 and 6800 CPU Chips
A, Similarities

1. 8 and 16 bit addressing capabilities

2. Stack addressing

3. 65K of directly addressable memory space
4. Interrupt capabilities

5. Tristate address and data bus buffering
6. A 40 pin CPU chip

7. N-channel MOS technology

B. Differences ~80 8080 6800
No. of Instructions 158 78 72
8 bit registers 14 7 2
16 bit registers 8 "5 . 2
Index registers 2 0 : 1
Address Modes 10 7 8
I/0 addresses . 256 256 *
Flag Bits 6 5 6
Voltage requirements +5V +5V, =5V, +12v +5V
Non Maskable Interrupt Yes No Yes
TTL compatible inputs Yes No No
Asynchronous inputs Yes No No
3 state control lines Yes No Yes
Clock phases - One Two Two
Static operation . Yes No No
Dynamic memory refresh - Yes No No

C. Instruction Capabilities
8080

The 8080 has a simple instruction set. Lack of relative and
index addressing capabilities, however, limits its flexibility
to some degree. The 8080 is most efficiently programmed by
making extensive use of stack save operations in conjunction
with subroutine operations. A variety of conditional Call

and Return instructions are available for this purpose.

800

The 6800 instruction set is characterized by extensive use of
read/write memory, both for programmable register operations
and for I/O. The 6800 uses memory mapped I/0 exclusively.
The 6800 has one of the largest varieties of Branch on con-
dition instructions. For relatively simple programs the 6800
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ZI-11 Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

The diagrams which follow illustrate the timing of basic CPU
ioperations.
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Z-80 MICROPROCESSOR

21-13
FUNDAMENTALS AND APPLICATIONS
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Z-80 MICROPROCESSOR
FUNDAMENTALS & APPLICATIONS
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Introduction To Programming
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The 2-80 Instruction Set
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Z-80 MICROPROCESSOR
ZPI-1 FUNDAMENTALS AND APPLICATIONS

INTRODUCTION TO PROGRAMMING

Levels of Programmin

As we will illustrate , the instruction set for a particular
microprocessor is a list of mnemonic statements. Each mnemonic
identifies one of the instructions in the set. Associated

with each instruction mnemonic are one or more bytes of data
(binary words) which are the actual "machine language" instructions.
These binary coded instructions are decoded by the CPU which
initiates the necessary commands and timing signals to execute
the instructions. Machine language is the only form of instr=-
uction to which the machine can respond. No matter what level
of language is used by the programmer, it must ultimately be
converted to machine language.

Machine Language Programming

A programmer may enter his program into the machine in the form
of ones and zeros of the machine code. Generally this is a slow
tedious process.

Hand Assembly.-

A program can be written in the instruction mnemonics. Each
instruction would then be coded in the octal or hexadecimal
equivalent of the machine code and be entered into the machine
via a key board. The coding procedure is known as hand assembly.

Assembly Language Programming

A more efficient form of programming is Assembly language prog-
ramming. In this form of programming an assembler, either
resident in the machine or available as ‘a cross-assembler, takes
over the task of machine language coding and assignment of the
memory locations. In the field of dedicate microcontrollers
assembly language programming is the most efficient method to use.

Programming in Higher order Languages

Higher languages such as Basic, PLM, Algol, Fortram IV, Cobol

and APL are conversational languages, as such, they are simple
to use. The programmer must have a thorough knowledge of the

syntax of the language, but he need not have any knowledge of

the architecture of the machlne to be used.
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Z-80 MICROPROCESSOR

ZPI-3 ) FUNDAMENTALS AND APPLICATIONS

Relative Addressing

Relative addressing is a mode used in jump or branch instruc-
tions. One byte of data following the opcode specifies a
displacement (e) which is added to the current contents of
the program counter. The displacement has a range between
+127 and -128.

Program .
Memory Current Address pointed to by PC
‘OPCode 18 P——-——'
Displ. e-2
Next = +e

Inst.

e-2 (Displacement from next
instruction in Program Memory)

‘hk\ Displacement Address pointed to by PC+e

Extended Addressing

Extended addressing is required for program jumps to any
location in memory space, or to load or store data in any
location.in memory space. The actual source or destination
is specified in the instruction as a two byte address (nn).

OPCode
Low Addr.
High Addr.
nn ——— :
Address pointed to after
execution of instruction

lﬁhl u
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THE 2-80 INSTRUCTION SET - (MAPPED)

Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

8-BIT LOAD OPERATIONS
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2PI-7

2~80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

8-BIT ARITHMETIC AND LOGIC OPERATIONS

8- BIT REGISTER ADDRESSING I:IEMGR INDEXED IMMED.
ARITH )
AND
LOG!C A B [+ D E H L (HL) | (1X+dd) | (1Y 4d) n
oo | FD
‘ADD’ 87 | % | 8 |8 | s | s | 8s |8 |88 |88 cs
d d n
. DD | FD
ADDwCARRY | 8F 88 a9 8A 88 8C 8D 8E 8E 8E Ce
‘ADC’ d d n
) DD | FD
SUBTRACT 97 20 (-1} 92 93 | o4 95 % 28 2% D6
‘sus’ d d n
DD | FD
SUBwCARRY | 9F 98 | 99 | 9a | s | oc | o |8 [9E |9E DE
‘SBC* d d n
oD |FD -
‘AND’ A7 | a0 | a1 | A2 | A3 | As | as | A6 [As |as €8
‘ld d n
oo |FD
XOR' AF | a8 | a9 | Aa | aB | ac| ap | aE |ae |aE €E
d d n
oo |FfD
‘OR* 87 g0 | 81 | B2 | B3 | Ba Bs |68 |as 8
d d o
oD | FD
COMPARE BF | 88 | 8 | Ba | 88 | Bc | BD |BE [BE |BE <FE
‘cP d d LR
oD FO
INCREMENT 3¢ 04 oc 14 1c F.} k.4 3 x k]
‘INC* d d
: - oo | FD
DECREMENT | 30 | os { oo | 15 [ 0 | 25 | 20 |3 |35 |35
DEC’ d . |da
16-BIT ARITHMETIC OPERATIONS
GENERAL PURPOSE AF
16BIT ARITHMETIC | B¢ | DE | WL | & | ix | ¥
. g Decimal Adjust Ace, DAA’ 2]
HL [ o0 [ 19 |2 | = .
Complement Ace, ‘CPL’ 2¥
ADD* x- | oo | oo oo | oo
IR ® | »
Negate Acc, NEG® €0
w FO FD FD D {2's complement) 44
0 | 19 » 2 -
Comi tCarry Flag, 'CCF* | 3F
ApowiTHCARRYAND | HL | ED | ED | eo | ED i -
SET FLAGS  “ADC’ A | 5A [ 8a | 7A .
Set Carry Flag, 'SCF’ 7
sUBWITHCARRYAND | HL | &0 | €0 | eo | e © Carry Tlos.
| seTFLaGs  ‘sac’ @2 |52 |e |n
INCREMENT  “INC’ [ ] 13 b~} k<] DD £D
2 =z
DECREMENT ‘DEC’ o8 | 18 | 28 | 3 |oo | Fo
P F

Courtesy 2ilog Corp.
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ZPI-9

Z-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

ROTATE AND SHIFT OPERATIONS

ROTATES AND SHIFTS
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IMPLIED ADDRESSING
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2-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS
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ZIN-1

FUNDAMENTALS AND APPLICATIONS

Z-80 MICROPROCESSOR

PROGRAMMING THE Z-80

To effectively program the Z-80, we must first learn what each

instruction does.

The best approach will be to examine the
instructions in small groups, using them in exercises as we
proceed.

8 Bit Load Instructions

: mp T orce % | |y
Mnemonic Operation ZP/VS|N|H |76 543 210 | Bytes Cycles | Cycles | Comments
LDrr rer elejojefajol r 1 1 4 nLr Reg.
LDt n r—n efejejele |00 r 110 | 2 2 7 000 B
e - n - 001 c
LD, (HL) re(HL) eje(ofe|e 01 r 110 | 1 2 7 010 D
LD 1, (IX+d) { e (IX+d) ejeie oo |1l 01t 101 3 5 19 011 E
01 r 110 100 H
- 4 - 101 L
LD 1, (1Y+d) | r—(IY+d) ejfe|o|eiefll 111 101 3 H 19 301 A
01 r 110
- d -
LD (HL), r (HL) ~r efef{o|o|el0r 110 ¢ 1 2 7
LD (IX+d) 1 | (IX+d) s olefelelelironor |3 19
01 110 r
- d -
LD aY+d),r | (IY+d) =7 elejefeieill 111 101 3 s 19
o1 110 r
- d -
LD (HL).n (HL)=n eieleleje |00 110 110 | 2 3 10
- n -
LD UXed),n | (X} =n ofelejofe]itonntor | 4 5 19
00 110 110
- d -
- a -
LD (1Y) n | (IY+d)«=n elejejelaill 111 101 4 5 19
00 110 110
- d =
- n -
LD A, (BO) A« (BC) ejefefs|e 00 001 010 1 2 7
LD A, (DE) A ~(DE) ejle|efeoje |00 011 010 { 1 2 7
LD A, (n) A ~(nn) ejelejele |00 111010 | 3 4 13
- n -
. - n -
LD (BC). A (BCY+~A e|e|e|e|e |00 000 010 1 2 7
LD(DE) A (DE)=A o|ef{elefe 000010010 | } 2 7
LD (nn), A {nn)=A ejelefe|e |00 110010 | 3 4 13
- n - :
- n -
LDA,I A~1l ${IFF ¢ 0| 0|11 101 101 2 2 9
01 010111
LD A.R AR $JIFF $| 0] O |11 101 101 2 2 9
o1 011 111
LDLA - 1=A o| o] ol @] o |11 101 101 2 2 9
01 000 111
LDR. A R=A o of e[ o) ¢ 1] 101 10I 2 2 9
01 001 111

Notes:

t, I' means any of the registers
A.B,C,D.E.H L

IFF the-content of the interrupt
enabile Aip-flop (IFF) is copied

into the P/V flag

Flag Notation:

® = flag not affected,

0 = flag reset. | = flag set.

X = flag is unknown,

$ = flag is affected according to
the result of the operation.

¢

1

Courtesy 2Z2ilog Corporation
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Z2IN-3

Z2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

Many of the 16-bit load instructions of the Z2-80 are
identical to those available on the 8080, however,
additional instructions are available for moving data
to and from sixteen bit registers such as the IX, IV,
and the Stack Pointer.

16 Bit Load Instructions

Symbolic ] et o | o"i'i- :
Maemonic | Opemstion | {z{ M s N 1|76 543 210 | Byras | Cycies | Seatms | Comments] Notas:
1be,m | &esa ole]e <[00 &0 001 | 3 3 10 | 6 FPur
-2 - 0 3C [ ddisany of the reister peirs BC, DE, HL, SP
- - o1 DE Qq is any of the register pairs AF, BC, DE, HL
WXm | Xew ofefe duontion]| ¢ |4 W |0 om
, 00 100 001 11 2 | ARy (PAIR) tefer 10 bigh order sad low order
- - . sight bits of the registar peis respectively.
- 2 - Eg.BC) =G AFg* A
DY, | IYoom ofofe eftiunnon| 4 ‘. I
:“:""l' Flag Nottion: @ = fiag 5ot affected, 0 = flag resst,
oz 1 flag ont, X = fag ie unkmown, ¢ flag s affosted
LDHL Ga) | Hegaol) [o]efe elootor om0 3 s M secerding (0 the sesuh of the opucation.
Le=(am) - B -
- a -
1Da, om) | ddyecmet|ofe|e ef11101 101 ] 4 6 20
day - Gm) o 441 011
-s -
- n -
WX, | Dy-cueh) | ofo]o ofnmonion] ‘ )
X, ~ () 00 101 010
- -
- -
O, om) | Nymiamen) | ofofe efuniion] 4 i 2
1Yy o) 00 101 010
- a. -
- -
LD a), HL | (smet)=it” [ ofef @ of00 100 010) 3 s "
() =L -8 -
. b
LD (am), 44 (-'1)-““ - . {11 101 10t 4 [ »
() - ddy o1 a0 011
-2 -
- -
)X | e miXg | olele ofnnoon| o ] »
i X, 00 100 010
- -
' - ¥ -
L@ 1¥ | (menymivy | ofee sfunton] 4 6 »
(-)—"’. 00 100 010
- n -
- -
weH | e ofele ejunton| 1 1 6
Wwex | seix ofefo ojunottion| 2 2 10
11 111 001
Lpse 1Y SPelY . . of 11 111 101 2 2 10
1 111 001 « P
PUHe | SPDeaq |ofe|e of11ee0 101 | 1 3 u e
(P -qay o oe
x| En-x, | efefe Juotia] 2 ‘ is |10 m
(SP+1) = DRy 11 100 101 n_AF
rusHIY | (sPneiY, |o]o]e oJumia| 2 4 1
(sP-)-I¥y 11 100 101
oPqq aay (1) | oo} o110 001 | 1 ) 10
=P
PP IX lx“—(”‘l) . . . ’ll o11 101 2 4 i4
X, - P t1 100 001
rorty Iyt | ofs]e om0 2 4 1
1v, -(sh 11 100 001 .

Courtesy Zilog Corporation
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ZIN-5

2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

16 Bit Load Instructions

11H line 32H.

1. LD dd,nn 3 Byte, Load Immediate
2., LD IX,nn 4 Byte, Load Immediate
~——— —
02 02
01 o1
. 00 00 1400
. 13FF
1 7 1 [~ 1T 7+ ,
ol E 1 o € T I
H L H L )
4”“—’—__——_-_~ )
]
I 1 I l/zﬂ’r AJ . -==5§L_.._;|""
< x ~
0§
B sp |
- 1000,
| PC ] OFFF
o000 ]
Exercise:
1. 1Initialize the B register to zero and the C register
to contain ABH.
2. Cause the IX register to point to memory location page

s |
P
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ZIN=-7 Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

b PUSH INSTRUCTION

PUSH HL 1 Byte Register Pair Save Instruction

FEFF -
02 02
o1 01
00 00
[« G s
A
P IS B T / ', SP-2 \
0’ E BE /l/ E [ '
H v Hd Lé !
{
1T+ 1
C |
iX ’
v /’
Lo, st o 1/
‘\“‘~—}-“"/ 1000
| o e o ] OFFF

*SP Stack pointer location prior to PUSH instruction ———
- oo0o [ —"]

This instruction saves the contents of the designated
register pair in a portion of RAM Memory Space reserved
for stack operations. The stack pointer is decremented ’
automatically. ’
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2-80 MICROPROCESSOR |
ZIN-9 FUNDAMENTALS AND APPLICATIONS ;

There is no counterpart in the 8080 instruction set for the Ex-
b change, Transfer and Search instructions of the 2Z-80%*,

Exchange, Block Transfer and Search Instructions
m

Flags Op<Cade
m No. No, No. Notes:
Symbolic ﬂl;[ of of M of T .
i Operation C{Z|V|S|NJH|[76 543 210 | Bytes Cycles | States | Comments © PV Nagis 0if the result
EX DE, HL DE--HL eiejejofofe |11 101 O11 1 1 4
EXAF.AF" | AF=AF  |o|e|eje|e]e}00 001 000 | 1 1 4 BC-1 = 0. otherwise PIV = |
EXX ofelefejefe 11 011 001 1 1 4 Register bank and @ ZfNagmlifA=(HL),
(%-) auxiliary register otherwise Z = Q.
Hi L bank exchange
EX(SP), HL | He~(SP+) o|ole|e|e|e {11 100 O1] 1 s 19
L~ (sP)
EX(SP)IX | IXy~(SP+1) |efefeiefeje]ilOt1 101 |2 6 23
XXL"(SP) 11 100 01t
EX(SP), 1Y IYHMSPQI) e|lofeje]ote |1l 111 101 2 [3 23
l\'L-(SP) 1t 100 011 M
0
Lot (DE}=(HL} |efe|t]efo]0{I1 101 101 2 4 16 Load (HL) into
DE = DE+1 10 100 000 (DE), increment the
pointers and
HL - HL+1 . deczement the byte
BC - BC-1 counter (BC)
LDIR (DE)—(HL) |o]|e]|Ole|n|Oft2 10t 101 2 5 12 IfBC»0
DE =~ DE+ 10 10 000 | 2 4 16 IfBC=0
HL — HL+t :
BC = BC-1
Repeat uatil
BC=0
) ;
b LDD (DE)—=(HL) [eje}lsfelofo |11 101 101 2 4 i6 ) ‘\
: DE = DE-1 10 101 000 :
HL —~HL-{
BC - B
LLDR (DE)=(HL) lejefojefajofrl 101 101 | 2 s . 21 fBCw»0
DE - DE-1 10 111 000.} 2 4 16 IBC=0
HL =~ HL-1
BC - BC-1
Repeat until
BC=0
Lo (0
CPt A -(HL) elsisisfifsn 101 101 2 4 16
HL - HL+) 10 100 003
BC - BC-1
yeienn
CPIR A-(HL) el3{tj el 1]l to1 10 2 -l s 21 IfBC » 0 and A » (HL)
HL = HL+t 10 110 001 2 4 16 IFBC=00orA =(HL)
BC — BC-1
Reprat until
A= HL)or
BC=0
A
[§4}) A - (HL) efsft|sft] 1t 101 108 2 4 16
HL - HL-1 10 101 001
BC - BC-1
. &[0
CPDR A= (HL) RIRIEIRIERRIIRIIi] 2 s 21 ] IfBC» Oand A » (HL)
HL —HL-1 10 111001 | 2 4 16 IfBC=0or A =(HL)
8C = BC-|
b Repeat until
A = tHL)or
B( =0 ~d

*Except for EX DE, HL and EX(SF), HL 9
Courtesy Zilog' Corporation F
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ZIN-11 Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

(_/EXX 1 Byte Working Register Block Exchange

C

.02 02
01 o1
00 oo}

OUTPUT PORTS

precen

{ s |
L Pe |

This instruction swaps the contents of the
BC, DE, HL register pairs with the contents

of the BC', DE' HL' register pairs.

Exercise:

Copy Registers DE, HL into DE' and HL' respectfully.-

Do not change either BC or BC'.

FFFF
O
J

. 1400

13FF

1000

OFFF f

0000 A :
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ZIN-13 2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

Search Instructions

CPI - 2 Byte Compare and Increment Instruction
(_/ CPIR - 2 Byte Compare, Increment and Repeat Instruction
02 02
01 01
00 00 1400
. T “13FF
LA [ = | |4 | ¢ |
¥
- A-d
8 c’ B c Q
1 d . £ D £ Compare !
: . ’ []
H L L ~} {
) BO)
1T 1 ~
C -
1Y
| . sp 1
) : 1000
. L PC ] OFFF|
lm\—---//

ooso [ ——]

The CPI instruction compares the contents of a memory location
specified by the HL register pair with the contents of the
Accumulator., The HL pointer is incremented, and the Byte Counter’
BC is decremented. If A = (HL), Z is set, otherwise it is reset.
P/V is set if BC-l1 ¥ 0, otherwise it is reset.

The CPIR instruction is the same as the CPI, except execution

: of the instruction is repeated untill a match is found, or
(/ untill BC-1 = 0, at which time the instruction is terminated.
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2-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

Z2IN-15

BIT SET, RESET AND TEST

Py S I o e e e e S A S S S e e
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ZIN-17
Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

C

16 Bit Arithmetic Operations

No. No.
Symbolic s Op-Cods oM | ofT
Mnemonic Operation ic 2“’N S|N|H|76 543 210 | Bytss Cycles | States | Comments
ADDHL,ss |HL~HLtss [t|efeje]0 |X]00 31 001 |1 3 11 = Reg.
. 00 B
ADCHL.ss | HL-HLss+CY|t|t| V]t |0 {X|11 101101 | 2 4 15 "’3 ﬁf,
o1 =1 010 I s
SBCHL,ss HL-HL-ssCY [t]¢] Vis |1 |X]|11 101 101 | 2 ) 15
01 0 010 “
ADDIX,pp |IX—I1X+pp [t]o|efe]o X1 011101 | 2 4 15 3 Reg._
00 ppl 001 . 00 BC
(]} DE -
10 X
. n sp
ADDIY,or 1IYefY+ 1z tlefo|ejo|x}i11 112108 | 2 4 18 [ Reg.
00 i 001 00 8C
[]] bE
. 10 1w
n sp
- INCss sentl o] e} of{e]o fe]00 500 011 | 1 1 6
L/ T LINCKX XelX+1 Jo|lolefefefef11 orr 101 | 2 2 10 :
. 100 100 011 A
INCTY IYelY+1 o] e{ejo|o |ojtl 111101 | 2 2 10
! . 00 100 011
DEC s sl o|loleolejele |00 351 011 1 1 6
DECIX IXe-lX-1 ejolofe o e |11 011 101 2 2 10
00 101 Ot1 .
DECIY WelY-1 o{olo|ejeleill 111 101 2 12 10
00 101 Of1 |*
Notas: 33 is any of the register pairs BC, DE, HL, SP
. pp isany of the register pains BC, DE, 1X, SP
e isany of the register pairs BC, DE, 1Y, SP. .
f Flag Notstion: o-ﬂ.n;nonfﬁmed.o-ﬂumm.l-nuwnx-m;hmknovn.
. . ¢ = flag is affected weording 1 the result of the opermtion.

Courtesy Zilog Corp.
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ZIN-19

2-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

Bit Set, Reset and Test Instructions

Op-Code

No. No. -
.| symbotic 7 of ofM | ofT
Mnemonic Opention ciziv]s H|76 543 210 | Bytes | Cycles | States | Comments
BITb, 1 Z-%, els|x|x{of1]11 001 081 2 2 8 T Reg.
01 b ¢ 000 B
-0 001 c
BITb, (HL) | Z~(HL), efsix|xlej1f11 001011 ] 2 3 12 o s
o1 v 110 o1l E
BIT b, (IX+d) Z-(Rod;b eltix|xfof1{11 011 101 | s 2 100 H
11 001 o011 101 L
m A
- d -
o1 b 110 b Bit Testod
BITB. Y+ | 2—-TV3d), [e| s X{X{0f1 11 110101 ] 4 s 2 000 [
001 1
11 001 01t ot 2
“ 4 = o11 3
o1 b 110 100 4
101 s
110 6
m 7
SETb, ¢ lb'-l elefeleleje]1]l OO 011 | 2 2 8
s -
SETDH, (HL) (HL)b—l ojeojojolofelit 001 O] 2 4 15
) v 110
SETb, (IX%d) | (IXed)y -1 [efefefofefefiionn 101 | 4 3 2
11 001 011
- d -
i v 110
SET b, (IY+d) (IY+d)y =1 [ofelelofafe]ti1nl 101 | ¢ ' 23
{11001 ont
- d -
g v 10
RES®S, s =0 ; ol To form new OR
s | code replace
-(;3‘(11‘1;). z-rhb.;wm
. ‘ 0. Flags and time
v states for SET
instruction

Notes:  The notation s, indicates bit b (0 to 7) ot location .

Flag Notation:

® = flag not affected, 0 = flag reset, | = Nug sct, X = flag is unknown,
4 = flag is affected according to the result of the operation.

Courtesy Zilog Corp.
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Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS
ZIN-21

C Jump Instructions

l1. JP nn 3 Byte Unconditional Jump to nn.
2. JP cc, nn - 3 Byte Conditional Jump to nn.
02 02 ' '
01 : 01
00 00 1400
: 13FF
[ 2 [ = 1 [« T 1]
B c’ 8 c
D E' D
W v H L Jump
Adi/r Op code
C Lt | ® ] 4
/
]
I 'l .
§
Y J_—————T‘_‘— o)
» s on.
[ }(/;’}/I"_: JP 0P CODE
i
*Location of program /. yd | 1000
counter prior to ex- XS ‘o | I OFFF
ecution of Jump in- : < —r y
struction. \\ ( . ,
~o \ 4 . .
\ﬁ\ﬂ..-o’,

oooo [ —1

The unconditional Jump instruction JP nn advances the Program
Counter to the Jump Address nn. Program execution proceeds
from this point. The conditional Jump instruction requires a
specified flag condition cc be met to initiate the Jump: other-
wise program execution proceeds with next instructlon after

(,{ the Jump instruction.

1

R




22

*anx3 ST patsyToads uoTITPUOD
oy} SSOTUN PO3INODSX3 aq TTTM UOTIONIISUT Fuadelpe 3Ixau ayl
‘1oA®MOY ‘TRUOT3ITPUOD ST uoTzonxzsut duml sy3z Ir °9+od Aq

petsToads UOT3IEDOT a2yl WOIF POIDSTSS uUSY} ST UOTIONIISUT
3xsu ay3 :Isjunop wexbHoxg ay3 03 peppe ST @ uswedeldsIp
oy 30 anTea ayz ‘suorionazsur (dumf SAT3IETSI) UL 9Y3 UI

[;:Qooon
T —

*uot3onIisur dunp
] Jo uot3nnexa o3 xotad
uoT3Eed0T Iajuno) wexboids

30040 ¥
(D]
] ) Al
: 3404 X1
L ’l
7 L 4 I ! |
I" - sunf

1 Al M
3 3 0
9 ] 3 8

[T v 1 T ]

34Et ;
o0y . 00 00
10 10

20 20

4443 g "

uoT3onI3zsul dump SATIBTSY [BRUOTITPUOD 93&g-z o ‘O0 ¥ur
uoTionIzsur dump SATIRI9YW TeUOTITPUODUn ¥3Ag-Z @ Al

SNOIIVDITAAY ANV STYLNINVANAL 2Z-NIZ2
YOSSADOYJOUOIN 082




Z-80 MICROPROCESSOR
ZIN-23 FUNDAMENTALS AND APPLICATIONS

(_ DINZ, e 2-Byte Conditional Decrement and Jump Instruction

= -
INPUT PORTS OUTPUT PORTS

02 02
01 01
o ool i
. . . .
L [ = 3 L& 1 ¢ 1
B - c & 8 c
0’ E : D - E
W v L
Jump -
’
Addr
/
I /
. !
' X ‘ ‘
L/‘ ' : Pore
: ) 1 f—
| ¢2
*Program Counter location 10
prior to execution of l
Jump Instruction. 1000
I£B #£0 OFFF
.-\——/

In the DJNZ instruction, the B register is used to determine

branching. The B register is decremented and if a non-zero

value remains, the value of the displacement e is added to

the Program Counter; the next instruction is selected from

location specified by PC+e. If B=0 after decrementing the
C/ next adjacent instruction is executed.
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Z-80 MICROPROCESSOR
ZIN-25 FUNDAMENTALS & APPLICATIONS

CALL nn

02 02
01 01 ’
00 | oo 1400
13FF
T+ 17
. . sp
. ' B . SP-1 [
: : T =
3 § ; L i L
L/

0000 g

CALL nn is used to call a subroutine. Execution of the in-
struction stores the contents of the program counter in the
stack, then jumps to the location of the subroutine specified

by nn.-
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C

ZIN-27

Z-80 MICROPROCESSOR
FUNDAMENTALS & APPLICATIONS

Input/Output Instructions

Flags Op-Code
L‘ P Lad No. No. No,
Symbolic g of ofM | ofT
Mnemonic | Opention clz|{v|s|N|n|76 543 210 | Bytes | Cycies | States | Comments
IN A, (n) A=(n) elelojeleleillOtrony} 2 3 10 ntoAg ~ Ay
- n - Ao A =A)
INL(O) r=(0 eltiPft{ojtfmnto1 101 | 2 3 u Cloa ~A,
ifr=110 only 01 r 000 BlnAB-Au
the flags will
be affected
NI (HL) - (©) e|sfX{X{1]x]11 101 101 | 2 L 15 CtoAy~A,y
B~B-1 10 100 010 BloAy~Ayg
HL ~HL+1
INIR HL~©) [ef1|x|x{1{X|11 101 101 2 s 20 CloAy~ A,
Be-B-1 10 110 010 (rB »0) BioAy~Ayg
HL ~HL+1 2 4 15
Repeat until ars = 0)
B=0
IND ML ~© - |oft|x|x}1|x]{1t 101 101 ] 2 4 ] Ctoa, - A,
B~B-1 ) 10 101 010 BloAg=~A
HL~HL-1
INDR ML~© Jeft|x{x|t{x{1s 101 101] 2 s 20 Cloa,~ A,
B=B-1 10 111 010 (I B » 0) BloAg~Ag
Ropeut v N RN
s - {ars=0)
QUT (n), Al () =aA elefofelelelrr olo0n1 | 2 3 1 nto Ay~ A,
. . Accto Ag ~ A
OUT (C), ¢ ©=-r elejejelofefll 101 101} 2 3 12 CloA,~ A,
o1 r o001 .“’AB-AIS
ouTt ©«ML | eofs|x{x}1]x]11 101 101 | 2 4 15 Cloay~ A,
BeB-1 10 100 01} BloAg=~ A
HL=HL+1|
OTIR ©«~@HL el t|{x{x|1|{x]11 101 101 | 2 s 1) Cloay~A,
B~B-1 10 110 011 (If B » 0) BloAg~ A
:-L-?:a:n‘ 2 . 15
Bog ‘ ars =0
outp ©-@L)  |els|x|{x|1]x{11 101 101] 2 4 1s CwAy=
B~B-1 10 101 ont BioAg~ A
HL ~HL-1 . :
OTDR ©~-HL el t]x[x]t]x{1t 101 101 | 2 s 20 Clohy~ A,
R B-B-1 10 111 o011 (1B # 0) BloA,~ A
::;:"":' 2 4 15
un -
e (1fB=0)
Notes: (@) If the result of B - 1 is zero the Z flag is set, otherwise it is reser.
Courtesy of Zilog Corp.
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ZIN-29 Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

(¢/ 1.IN r (C) - 2 Byte Input Instruction (Indirect Address)

2. OUT (C) r - 2 Byte Output Instruction (Indirect Address)
. ’ . - FEFF :
02 02
ot O) ot X
/1 00 L + 00 AN 1400
{ BER ’ 13FF
\ 1 \-\ 2
1T+ N
~N .
: < 7 43
- 2 0
B c’ \ B'“*-._éc/ 4' - :
o' E N p od—TF : .
Hl L! “ l

Let
r = D Register

b (C) = 01 : — 1X

[ . '?P ] Fi

A 1000}
: | PC ] OFFF

\—/
oooo [ —1

In this instruction the C Register is used as an Address
Pointer for port selection.
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- Z-80 MICROPROCESSOR
Zm-31 FUNDAMENTALS AND APPLICATIONS

DECIMAL CONVERSION DECIMAL CONVERSION  DECIMAL  CONVERSION
o COUNT  FRWD BKWD COUNT  FRWD BKWD COUNT FRUD BKWD
0oo - -
001 01 FF 049 31 CF 097 61 9F
ooz 02 FE 050 32 CE 098 62 SE
0o3 03 FD 051 33 ) 099 63 9
004 o4 FC 052 34 cC 100 64 9c
0os s FB 053 35 C8 101 65 98
006 06 FA 054 36 CA | 102 66 9A
007 a7 F9 055 37 9 103 67 99
0o8 08 FB 056. 38 c8 104 68 98
009 09 F7 os7 - 39 c7 105 &9 37
010 OA F6& 058 "3A s 106 BA - 96
011 08 F5 059 38 cs -107 68 95
012 oC Fb 0&D 3C c4 108 6C 94
013 op F3 061 3D c3 109 &D 93
D14 Ot F2 062 3E L2 . 110 - &E 92
015 - OF F1 063 3F 1 111 6F 91
016 10 . FB 064 40 co 112 70 S0
017 1 EF 065 44 BF 113 74 aF
018 12 EE D66~ 42 BE 114 72 8E
019 13  ED 087 43 8D 115 73 8D
020 1 EC 068 Ly BC 16 - 74 8C
021 15 EB 06S 45 88 117 . 75 88
(_/ 022 16 EA o070 L6 BA 118 76 B8A
023 17 ES 071 47 B9 119 77 89
p24 - 18 E8 072 48 . B8 120 78 &8
025 19 E7 073 49 87 21 - 79 87
026 1A E6 074 LA 86 122 78 86
027 18 E5 075 48 85 123 78 85
028’ 1T Eb 076 AR - TA 124 7. 84
029 1D | E3 077 4 B3 125 7 83
030 1E E2 . 078 4E B2 126 7 82
031  IF E1 079’ &F g1 127 7F a1
032 20. €O 080 50 BO - 128 8o
033 21 OF D81 - 51 AF
o3k 22 DE ps2 52 AE
03 | 23 oD 083 - 53 AD
036 24 DC 084 st AC
037 25 D8 085 55 A8
038 26 DA 086 56 AR B“Sgﬁssggggﬁss
039 27 D9 087 57 A9 CHART
040 28 D8 088 58 A8 .
041 29 D7 083 59 A7
‘oLz 2A D6 0g90 SA - A6
ou3 28 D5 091 S8 A5
oL 2C DY 092 5C AL
045 2D D3 093 50 A3
C 046 26 D2 094 5€ A2
047 2F D1 094 5 A1 v 31
gu8 30 i} 0g96 60  AD
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Z2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

SECTION 2ZPR

Programming Instruction Set ’ ZPR







- 2PR-1 Z~-80-MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

280—-CPU INSTRUCTION SET

INSTRUCTION clz|%|sin|n COMMENTS o8y SOURCE
’7V ‘CODE STATEMENT OPERATION
ADD A, 3; ADC A, 3 BB of: 3-bit 2dd or add with carry ry "
SUB1:SBCA, 5 CPa,NEG | 1| : | v 1] 8-t subtracy, subwact with BDEDBEO " :gg :‘::*XL: " a::':'zcc'"y Oper
carry, compare and 4 .
negate sccumulator FDBEODS ADC A1Y+d)
AND s cloln Logecal operations 8F ADC  AA
OR 3 XORs ijofe And sets differant flags pol ADC A.B
INC s o] 8-bt incremen . ;
DEC m L] ] 8w decrament 89 ADC  AC
ADD 0D, 38 elofx 16-tut acd 8A ADC A.D
ADCHL. 53 o[ x| 16-bitadd with carry 88 . ADC AE
SBCHL thrfx 16-bit subteact with carry 8c ADC AMH
ALA; ALCA, RRA, RRCA /0|0 | Routesccumuistor &0 ADC AL
AL m:ALCm: AR m:RRCm} @ | ¢ tlofo Rotate and shift location s CE20 A0C A‘"
SLA m; SRA m; SRL m -
;Au:, RRD . : (] :::::m feft and right ED4A ADC HL,BC Add with Carry Reg.
: : sdjust accumulator
o o1 1 {1 ] Complemant accumulator EDSA ADC HL.0E Pair to HL
= L] = I
ccF H efoix Compiement carry D7A ,
INe. (€ . 2100 | taput repater inirect
INI: IND; OUTI: OUTD . X[ 1]% || Glock mput snd outaut 86 ADD  A.(HL) Add Operand 1o Acc.
INIR; INDR; OTIR; OTDR | @ X[ 15x [f 22018+ 0othermsez1 DD8605 ADD  A[IX+d)
LDL. LDD . X|0F0 [} Block wanster imstructions FDBEOS ADD AflY+d)
LDIA, LODR . X100 |§ Pve1it8C + 0, otherwise 87 ADD  AA
€M, CPR. CPD, CPOR oflifIxt]x n.:'.vx::‘nnmum : 0 ADD  AB
Zetitas(HL), ) 81 ADD AC
atherwise 2= 0 82 ADD AD
prve q
G . 0 83 ADD  AE
DA LLDAR ol:fierii jo]o The content of the interrupt 84 ADD AH
enable thp-flop (1FF} i
capied 110 the P/V Tlag. 8s ADg :'L
wThs ss]x{x[o]r| T comsiomemotonsor cs20 A0 ,”
ion v o
NEG RERCRRE Zting 09 ADD HL,BC Add Reg. Paw 10 HL
Negate scoumulator 19 ADD HL.DE
" . 2 ADD HL HL
+ The following natation it used in this table: a8 . ADD HL.SP
3 0008 ADO 1X,BC Add Rey. Pair to IX
L/.vmm. . OPERATION oo1e ADD  IX.DE
c Corry/linik fiag.” C1 it the aperstion preduced » cwry from the MSB of the operand or rewult. o029 ADD 1X,1X
z 2aeo flag. 21 if the result of the operation is tero.
s Sign flog. $=1 if the MEB of the resit is one. . Dbo39 A0D 1%
PV Purity or everfiow flag. Parity (P) and overtiow (V) share the same flag. - Logical omerations FDO9 ADD 1Y.8C Add Reg. Pair t0 1Y
‘sttoct this flag with the gerity of the result whils errthmatis operstions affect this fisg with . FO19 ADOD - IY.DE
the avertiow of the rewult. 1f P/V heids parity, P/V=1 if the resuit of the operation is even, . .
PIVS0 il resut is ode. 11 PV hoidh averfiow, PIVa) i the result of the operation prosserd FD29 ADD Yy
" ;;-ﬂh-. it . : FD39 ADD 1Y.SP
fanrry =1 if the sdd or subtract operstion preduced e or borrow from
moumn:umm-. - ” s i A6 AND (HL} Logical ‘AND’ of
3 flog. N=1H ; wes » subtract. 0DASOS AND  {IX+d) Operand and Acc.
i and N flags are usad in eanjunction with the decimal adiust instruction (DAA} 10 properly . FDABOS AND (1Y+d) :
Sarreat the result into peeked BCO format failowing addition or sulbtraction usng operends A7 AND A
with packed 8CD format. - B
1 The flag is attected acourding 1 the rewlt of the opsratien. A0 AND
. The flag 15 unchanged by the speration. A1 LAND €
° The flag is reset by the eperation. A2 AND =]
1 The Hag is set by the spereton. A3 AND E
X The fleg is & “don't aare.”
¥ PIV fieg sftected secording to the overfiow resuit of the operation. . A4 AND  H
4 PIV fiag stfected sccording 10 the parity resuit of the operstsen. AS AND L
' Any one of the CPU repstars A, 8, C, D, E, M, L. €620 AND n
] Any 8-tnt location for ail the addressing modes silowed for the partieulsr
[ Any 18-it location fer ol the sddressing modes siiowed for that instruction. . cB4s 8IT 0,(HL) Test Bit b of Location
N R at the twe inden repemers X o1 1Y. . DOCBOS46  BIT 0,(1X+d} o Rag.
n $-0it vakse in renge <0, 255>, . FDCBOS46 BIT 0,(1Y+d)
~ 1604t valuw in range <0, 68535, CB4? BIT 0A . N
m Any 8-bit location for sil the sddreming modes sllowed for the particulsr- instruction. 840 BIT 0.8
CB41 BIT oc
CB42 8T 6.0
SUMMARY OF FLAG OPERATION gaaz a0
€844 8IT o.M
Ls] 2] x[ v x]ervInTc] b e

Sequence of flags in F register
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ZPR-3 2-80 MICROPROCESSOR
. FUNDAMENTALS AND APPLICATIONS
o8J SOURCE o8J SOURCE
CODE STATEMENT OPERATION CooE STATEMENT OPRRTION
10 DEC € Decrement Operand EDBA INDR Load Location (HL)
% DEC H with input from Port
28 DEC HL {C), Decrement ML
o028 DEC X and Decrement B,
FD2B DEC (04 Repeat unti 8 0
20 DEC L EDA2 NI Load Location (HL}
38 DEC SP with lnput trom Port
F3 [:]] Disable interrupts (C): Increment
102E DINZ e Decrement B and ML and ‘Decrement 8
Jump Relative i{ 8 =0
i E Enable tnwerrupts E£082 INIR Laad Location (HL
E3 EX {SP)HL Exchange Location with input from Port
DOE3 EX 1SP)IX and (SP) (€1, Increment HL
FDE3 EX (SP)1Y and Decrement 8,
) € AFAF' Exchange the Con- fepeatuni 80
tents of AF and AF' €9 » (HL) Uncondstional Jump
) EX  DEHL Exchange the Con- s O o ocatian
tents of DE and HL FDE9 » ay)
09 EXX Exchange the Con- DAB405 » Coon Jumo 10 Location if
* tents of BC,0E,HL. FAB40S 4P M.nn Condition True
with Contents of D28405 ELd NC.nn
BC".DE’,HL" Respec: C28405 P NZ,nn
tively F28405 *P Pon
EAB40S » PE,nn
76 HALT HALT (Wait for inter- E28405 » PO.nn
rupt or Reset) CAB40S » Z.an
ED4S ™M 0 Set Interrupt Mode 382€ JR Ce Jump Relative t0 N
EDS6 ™ ! 3026 R NC.e PCre 4t Condition
EDSE L 2 202€ JR NZe True
£D78 N A(C) Load Reg. with Inpu 282 = Ze
g | . W t
ED4O IN 8.0) from Device (C) . 1828 JR e Unconditonal Jump
ED48 - N cio Relative to PCte
€080 N o.(C) o2 Lo 8C)LA Load Source to Des-
EDS8 INT O EC 12 Lo (DE).A nation
EDEO IN H(C) ” Lo {HL),A
EDE8 N Lic 70 Lo (HL).B
n Lo {HLLC
34 INC (HL) + Increment Operand 7 Lo {HL),D
003405 INC UX+d) 73 Lo (MLLE
FO3405 INC (1Y+d} 74 Lo (HL)H
3c INC A s . Lo HLLL
04 INC B 3520 w0 (HL}n
Q3 INC BC DD7705 Lo {IX+d) A
oc INC [ DO7005 ) {1X+d} B
14 INC o] DD7105 [Xs] (IXed) C
13 INC DE DD7205 LD (1X+d),0
1c INC E DD7305 Lo (1X+d).E
24 INC H 007405 LD (IX+d) H
23 INC . HL 007508 Lo, (IX+d),L
oD23 INC [£4 00360520 LD 1X+d) 0
FD23 INC v FD7708 Lo (1Y+d) A
FD7008 Lo (1y+d) 8
oML e to meas
0820 N Alnt Losd Acc. with ;g;x tg :::::::
input from Device n FD7405 w0 Y+l H
EDAA IND Load Location (HL) FD7505 Lo y+di L
with input from Port FD360520 Lo {1Y+cdhn
{C), Decrement HL 328408 [X>) inn) A
and 8 EDA38405 [Re] {nn) ,BC

"Courtesy Zilog Corp.
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ZPR-5 2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

o8y SOURCE o8s SOURCE
OPERATION P
cooe STATEMENT cope STATEMENT OPERATION
FDBBO0S OR (1Y+d) Logical “OR" of cass RES 1.8 Reset Bit b of
87 oR A Operand snd Acc. . - casg RES 1.c Opersnd  *
80 oR B cs8A RES 1.0
B oR c c8ss RES 1€
82 OR D cB8C RES 1M
83 OR 3 €880 RES 1L
B4 OR H €896 RES  2,(HL)
85 OR L DDCBOS96  RES  2{1X+d)
F620 OR n FDCBOSS6  RES  2(IY+d)
EDBB OTOR . Load Output Port (C) ces7 RES 2A
with Location (HL) €890 RES 28
Decrement HL and B, CBg1 RES 2,C
Repeat until B = 0 ces2 RES 2.0
€083 oTIR Loed Output Port (C1 e it
with Location (ML), : :
€895 RES 2.0
incrament HL., Decre- R 0
ment B, Repeat until v CB9E ES 3mu
Beo DDCBOS9E  RES  3.(IX+d)
FDCBOS9E  RES  3,1v+d)
ED79 OUT  (CLA Load Output Port (C) © caoF RES  3.A
ED41 OUT (€18 withReg. cass RES 38
ED48 out  ©.C cas9 RES  3C°
EDS1 ouT  (©.0 c89A RES 3,0
EDS9 our (€)1L,E . - C89B RES 3E ‘
ED61 oUT (LM : c8sc RES  3H
ED6Y ouT (L - €890 RES 3L
D320 oUT  im.A Losd Output Port (n} CBAS RES 4 HL)
with Ace, .| DOCBOSAS  RES  4liXed)
EDAB GUTD Load Output Port (C1 FOCB0SAG  RES.  4(1V+d)
° c8a7 RES  4,A
. with Location (ML), CBAC RES a8
Decrement HL and 8 c8a1 RES  4C
EDA3 ouT! Load Qutput Port (C) CBA2 RES 4.0 .
with Location (HL), DBA3 RES &E -
increment HL and - . CBAs RES 4H
Decrement 8 cBAs RES 4L
F POP  AF Losd Destination : CBAE RES  §,(HL)
€1 POP  BC with Top of Stack DDCBOSAE  RES  S5(iXed)
ot POP  .DE FOCBOSAE  RES  5{1¥ed) .
E1 POP WL ] CBAF RES  5A
DDE1 POP  IX . csag RES 58
FOE1 pOP  IY - . . cBAg RES  5C
Fs PUSH  AF Loed Source to Stack ‘ csaa Res 5D
p pusH  8C csas RES S,
peed pUSH  DE csac © RES  SH
o PUSH ML cBAD RES S
" oDES pUSH  Ix €886 RES ° 6,(HLI
FDES PUSH 1Y DDCB0S86  RES  6.(1X+d)
) RES  0(HL) Reset Bitbof Cocsosse :2: shrved)
DDCBO0SSE RES - O,tX+d) Operand - . cago REs  ce
FDCBOSSS  RES  O(iY+d) . :
881 RES  6C
ces? RES  0A
. cas2 RES 6.0
caso AES 0.8
c883 RES 6,
c881 RES  0C .
€884 RES  6H
c882 RES 0.0 .
c88s RES 6L
coea RES OF : csse RES  7.0HL)
caz4 RES  OM 1 oy
cass REs oL . DDCBOSBE  RES  7.(IXsd)
g . FDCBOSBE  RES  7(IY+d)
ceae RES  1,HL) casr pEs 1A
DDCBOSBE  RES  1.(1X+d) . caes Res 18
FOCBOSSE  RES  1,1Y+d .
cosF REE 1A c88s RES 7€
: c88A RES 7.0

Courtesy Zilog Corp.
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ZPR-7 Z2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS
o84 SOURCE oBJ SOURCE
CODE STATEMENT OPERATION cope STATEMENT OPERATION
cB8D3 SET 2,E Set 81t b of Location - CB2E SRA (ML) Shitt Qperand Right
c8D4 SET  2H DDCBOS2E  SRA  (iX+dl Arithmetic
cBDS SET 2L FOCBOSZE  SRA  (IY+d)
csos8 SET 3.8 CB2F SRA A
CBDE SET 3.4HL) cB28 SRA 8
DOCBOSOE SET 3.41X+d) cB28 SRA [
FDCBOSDE SET 3.01Y+d) CB2A SRA D
CBOF SET 3A c8z8 SRA 13
C8D9 SET 3c CB2C SRA H
CBDA SET 30 CB2D SRA L
g:gg e 3 CcB3E SRL  HL) Shitt Oparand Right
caoo SET 3L DDCBOS3E  SRL  (1X+d) Logicat
cBes SET  ammu FDCBOSIE  SRL  Uiv+d)
DDCBOSES  SET  4.(xed) ce3r sAL A
FDCBOSES  SET  4Vsd) csas SRL 8
CcBE7 SET 44 casn SRL ¢
c8e0 SET a8 cB3A AL o
c8Er SET  ac ce38 o
cae2 SET 4D poied it
CBE3 SET  4f =
CBE4 SET 4H 96 sus {HL) Subtract Operand
CBES SET 4L DD860S SUB  (IXed) from Acc.
CBEE SET  5(HL FOs608 sus  (ivsd)
DOCBOSEE  SET  S,(iXed) 87 sus A
FDCBOSEE  SET  5(1v+d) 80 sue B
CBEF SET 5.A 9 sus ¢
cses SET 58 92 sus D
cBes SET  sc 83 sus  E
CBEA SET  §D o4 sus M
CBEB SET  sg bl sus L
CBEC SET  §H . D620 sue n
CBED SET s AE XOR (ML) Exclusive “OR"
CBF6 SET  6.(ML) DDAEOS XOR  (1X+d) Opersnd snd Acc.
DOCBOSFE  SET  6,(1X+d) FDAEDS XOR  (iY+d)
FDCBOSF6  SET  6.{iVed) AF XOR A
Cc8F7 SET  6A - A8 XOR B .
c8FO SET 68 A9 XOR ¢
cBF1 SET  6c AA XOR D
ceF2 SET 6.0
CBF3 SET  6E ' :2 :g: 5
care SET  6M A0 XOR L
caFs SET 6L gE20. XOR  n
CBFE SET (WL
DDCBOSFE  SET  21X+d)
FOCBOSFE  SET 7.(1V+d)
CBFF SET 7.4
carFs SET 78
cery SET  7¢
c8Fa SET - 7D
cars SET 7€
cafc SET M
CBFD SET 7L
c826 SLA (ML Shift Operand Left
DDCBOS26  SLA  (IX+d) Arithmetic
FOCB0526 SLA (1¥+d)
€827 SLA A
€820 SLA 8
c821 StA ¢
€822 SLtA D
c823 SLA  §
€824 . SLA M
c82s SLA L

Courtesy Zilog Corp.







Z-80 MICROPROCESSOR
FUNDAMENTALS & APPLICATIONS

SECTION zZX
Description of the Z-80 Instruction Set
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Z-80 MICROPROCESSOR
‘2X-1 FUNDAMENTALS AND APPLICATIONS

Lg‘ Z-80 INSTRUCTION SET

The 2-80 microprocessor was designed to be software compatible
with the Intel 8080 microprocessor. In fact, the 8080 instruc-
tion set is a Subset of the instructions for the 2-80 although
the Intel mnemonics are not the same. In the study of the 2-80
instruction set we will examine those instructions which are
identical to the 8080 instructions as well as those which are
unique to the 2-80. :

Z-80 8 Bit Load Instruction

A. One Byte Load Instructions

2-80 ' . 8080

1D r,r' r e 1 - MOV REG],REG2 ’(Rzél) « (REG2)

LD r,(HL) «r + (HL) MOV REG,M (REGp) « [(HL)]

LD (HL),} (ML) * MOV M,REG [ (HL)] . [(REG]
C W A, (BC) A+ (BO)  IoaxB (&) ¢ [(30)]

LD A,(DE) A+~ (DE) =~ LpaXx D (a) « [(BC)]

LD (Bé),A (BC) » A stax B [(BC)] « [a]

LD (DE),A (DE) « A STAX D [(pE)] « [A]

B. Two Byte Load Instructions v
IDr,n r + n MVI REG, DATA (REG) €~ DATA

LD (HL), n (HL) «'n MVI M,DATA [(HL)] « DaTA

C. Three Byte Load Instructions '
LD A, (nn) A ¢+ (nn) LDA (addr) (A) « (addr)

LD (nn),A (nn) ¢ A STA (addr) (addr) « (a)
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2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

ZX-3

DI, A I « A
LDR,A R ¢« A

Contents of accumulator are loaded into the I or the R register.

2-80 16 Bit Load Instructions
A. Four Byte 16 Bit Load Instructions
LD IX,nn IX + nmn . .

‘LD IY,nn IY ¢ nn

16 Bits of data (nn) are loaded into IX or IY (Byte 3 and Byte 4 -
identify immediate data) _ _ .

LD IX (nn) IXyg « (nn+l) IXp «. (nn)

1D I¥ (nn) IYyg « (nn+l) Iy « f(nn)

16 Bits of data are loaded from two consecutive memory locations
into- Index Register (IX) or (IY). (Byte 3 and Byte 4 identify
Adry -and Adry respectively.)

LD (nn),dd (nn+l) * ddy

Load into address locations nn+l and nn the high and low order
bytes respectively of register pair d4d.

‘LD 4d,(nn) ddy * (nn+l) ddy + (nn)

Load into register palr dd the contents of address locatlons
nn and nn+l respectively.

==}
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2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

2-80 Exchange Instructions

Only two of the six 2-80 exchange instructions have a counter-
part in the 8080 instruction set. These are:

Z80

EX DE, HL

(s

EREEER

In each of these instructions the contents of specified registers

AF AF!

P) ,HL

(sp),IxX
(sp),TY

8080 280 " 8080
XCHG EX(spP) ,HL  XTHL

DE,HL DE + HL

,AF ~ AF"

H e (SP+1), L & (SpP)
IXg = (SP+1), 1IXy & (SP)
I¥g  (SP+1),IVL e (SP)

BC & BC' DE e DE' HL e HL'

are exchanged with a single instruction.

Block Transfer and Search Instructidns

LDI (DE) «

(HL) DE « DE+1,HL « HL+l, BC « BC-1

A byte of data is transferred from the memory location specified
by the HL register pair to the memory location specified by the
. HL and DE are incremented, BC (Byte Counter) is de~
cremented.

DE pair

LDIR

(DE) *

(HL) DE « DE+1 HL + HL+1l BC ¢ BC-1

Data is transferred from the memory location specified by HL to
the location specified by DE. HL and DE are incremented. If
BC is not zero the program counter, PC, is decremented by two
and the instruction is repeated. -

LDD

(DE) «

(HL) DE « DE-1, HL 4~ HL-1l, BC - BC-1

Data is transferred from the memory location specified by HL to
the location specified by DE. Both HL and DE are decremented

as well

LDDR

as BC.

(DE) «

(HL) DE « DE-1, HL + HL-1, BC « BC-l

9
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Z-80 MICROPROCESSOR

ZX-7 FUNDAMENTALS AND APPLICATIONS

8 Bit Arithmetic Instructions

A. Add Operations

2-80 8080
ADD A,r A « A+r ADD REG A « (a) + (REG)
ADD A,n A « A+n ADI A « (n) + (DATA)
app A,(HL) A « A+(HL) ADD M A« (a) + (M)

The contents of a specified register, a memory location specified
by HL or immediate data described by the second byte of the
two byte add instructions are added to theicontents of the

accumulator.:

ADD A, (IX+D) A « A + (IX+D)
ADD A, (IY+D) A ¢ A + (IY+D)

The contents of the ﬁemory addressed by (IX+D) or (I¥Y+D) are
added to the contents of the accumulator.

B. Add with Carry Operations

Z-80

ADC A,r A ¢ A+r+Cy aDC A ¢ (A) + (REG) + (CY)
ADC A,n A « A+n+CY ACI A « (A) + DATA + (CY)
ADC A,(HL) A « 2A+(HL)4CY ADC M A « (A) + (M) + (cY)

The contents of a sﬁecified register, memory location, or immediate
data plus the carry is added to the accumulator.

ADC A, (IX+D) A+« A+ (IX+D)+ Cy

ADC A, (IY+D) A « A+ (IY+D)+ Cy
The contents of the memory location addressed by (IX+D) or (IY+D)
plus the carry are added to the accumulator.

C. Subtraction Operations

SUB r A ¢« A-r SUB REG A ¢ (A) - (REG)
SUB n A ¢ A-n SUI A + (A) - DATA
SUB (HL) A ¢« A-(HL) SUB M A « (A) - (M)
These instructions are parallel to the ADD operations. 4
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Z2-80 MICROPROCESSOR

2%-9 FUNDAMENTALS AND APPLICATIONS
CP r A~-r CMP REG (a) - (REG)
CP n A-n CPI DATA  (A) - DATA
CP (HL) A - (HL) CMP M (a) - (M)

The contents of the specified register, memory location or
immediate data is subtracted from the contents of the Accumulator
setting or resetting condition flags as determined by the results
of the subtraction.

B. Index Register Logic Operations

AND (IX+D) A ¢ AA(IX+D)
AND (IY+D) A « AA(TIY4+D)
OR (IX+D) , A ¢ AV(IX+D)
OR (IY+D) A « AV(IY+D)

The content of the Accumulator are "ANDed" or "ORed" with the
contents of the memory location addressed by (IX+D) or (IY+D).

C XOR (IX+D) A « A©® (IX+D)
XOR (I¥+D) A e 209 (I¥+D)
A logical "Exclusive OR" is executed between the memory location
addressed by (IX+D) or (I¥+D) and the Accumulator.

CP (IX+D) A - (IX+D)
CP (IY+D). A - (IY+D)

The contents of the memory location addressed by (IX+D) or
(IY+D) is compare with the contents of the Accumulator. Con-

dition flags are set or reset depending on the results of
the comparison.

C. Increment and Decrement Instructions

Z-80 ' 8080

INC r r « r+l INR REG (REG) + (REG) + 1

INC (HL) (HL) +« (HL)+1 INR M (M) « (M) + 1

DEC r r e :5-1 DCR REG (REG) « (REG) -1
b DEC (HL) (HL) « (HL)-1 DCR M - (M) e (M) =1

The content of a specified register r, or the memory location
addressed by HL are either incremented.or decremented by one.
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Z-80 MICROPROCESSOR

S ZX-11 - FUNDAMENTALS AND APPLICATIONS

EI IFF « 1

EI enables the maskable interrupt by setting the interrupt
enable flip-flops IFF 1 and IFF 2.

IM O —

The IM O instruction sets interrupt mode.O0. In this mode the

interrupting device can insert any instruction onto the data bus
for execution by the CPU.

IM 2 —

The interrupt lnstructzon IM 2 sets 1nterrupt mode 2. This mode
permits an indirect call to any location in memory. The upper
eight bits are the contents of the Interrupt Vector Register, I.
The lower elght bits are supplied by the interruptlng device.

Sixteen Bit Arithmetic Operations

ADD HL, .ss HL « HL + SS DAD RP

The content of a selected register pair SS are added to the
contents of the HL register pair without  carry.

ADC HL, ss  HL « HL + S8 4+ CY

The contents of SS plus the carry from. the flag reglster are
added to the contents of HL.

SBC HL, ss HL ¢ HL - s8s - CY

The contents of register pair SS and the carry CY are sub-
tracted from the contents of the HL reg pair.

ADD IX, PP IX « IX + pPp

Thé conténts of any register pair pp, (BC, DPE, IX, or SP) are
added to the contents of index register IX. .

ADD IY, rr IY « I¥ 4+

The contents of any register pair ri, (BC, DE, IY or SP) are
added to index register IY.

INC ss ss ¢ 85 + 1

The contents of any register pair SS (BC, DE, HL, SP) are 11
incremented by 1. -
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Z-80 MICROPROCESSOR

2X-13 FUNDAMENTALS AND APPLICATIONS

B. Register and Memory Rotate Instructions

RLC 1
1AEG) or [THLI) )
Contents of any 8 bit register r are rotated left on position.
The contents of bit position b7 are copied into  the carry flag
and the carry is copied into bit position bg. . :

RIC (L) Bl
RLC (IX+D) ({1} + DISPY or ([IY)+ OIS
RLC (IY+D) .

The contents of the memory location addressed'by (HL), (Ix+Df,
or (IY+D) is rotated left. b7 is copied into carry flag and
the carry is copies into position bg. :

RL r -

RL (HL)
RL (Ix+D) [REG) or ([HLI]

RL (IY+D) '

The contents of the register specified by'r, or the memory
location addressed by HL, IX+D or IY+D are rotated left one
position, through the carry flag.

RRC r :

RRC (HL)
RRC (IX+D) IREGT or HALY)

RRC (IY+D)

The contents of a register specified by r, or the memory
location addressed by HL, IX+D .or IY+D are rotated right one
position. The contents of bp are copied into the carry flag
and the carry is copied into b7.

RR r

RR (HL)
RR (IX+D) (REG] or (LHLI]

RR (IY+D)

The contents of a register specified by r; or the memory
location addressed by HL, IX+D or IY+D are rotated right one
position through the carry flag.
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2-80 MICROPROCESSOR
ZX-15 FUNDAMENTALS AND APPLICATIONS

Bit Set & Test Instructions

A. Test Instructions

Bit b, r zZ « Ty

Bit b, (HL) 2 « (AL)y
Bit b, (IX+D) 2 « (IXFD)p
Bit b, (IY+D) Z ¢ (I¥¥D)y

After execution of the instructions, the 2 flag will contain the
complement of the indicated bit within the register specified
or the memory location pointed to by HL, IX+D or: IY+D. The
indicated bit is not affected. :

B. Bit Set, Reset -Instructions

SET b, r r, « 1

SET b, (HL) (HL)y « 1
SET b, (IX+D) (IX4D)p « .1
SET b, (I¥4D)  (Iv+D)p ¢ 1

After completion of the instruction the designated bit in the
register or memory location addressed will be set. '

RES b, r rp, ¢ O
RES b, (HL) (HL)p « 0

' RES b, (IX+D) (IX+D)p « O
RES b, (IY4D) (I¥+D)y, .« ©

These instructions are analogous to the bit set instructions
Set b, m. :
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Z-80 MICROPROCESSOR

ZX-17 FUNDAMENTALS AND APPLICATIONS

D. Conditional Relative Jump °

JR C, e PC ¢ PC+e
JR NC, e
JR Z, e
JR NZ, e

If the specified condition is true, the next instruction is

fetched from the location identified by the new contents of
the PC. ) . .

E. Indirect Jump

%-80 ' 8080
JP (HL) PC + HL PCHL '~ PC + (HL)

The PC is loaded with the contents of the HL register pair. The
next instruction is fetched from the location identified by the
new contents of the PC.

JP (IX)  PC + IX
JP (1Y) PC + IY

The PC is loaded with the contents of the IX (IY) register pair.
The next instruction is fetched from the location designated by
the new contents of the PC. : .

F. Relative Condition Jump
DJINZ, e PC ¢ PC+e I£f B #£0

This instruction permits relative branching to a location designated
by the displacement e, relative to the PC, if the B register is
not zero. On execution of the instruction, the B register is
decremented and the displacement e is added to the PC. . If the con-
dition is true. 1In this case the next instruction will be fetched
from the location designated by the new contents of the PC, other-
wise the next instruction to be executed will be the one following
this instruction.
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Z-80 MICROPROCESSOR
ZX-19 FUNDAMENTALS AND APPLICATIONS

C

D. Conditional Return

Z-80 - 8080

RET NZ pCp, « (SP) RET N2 rcg, « [(sp)]
RET Z  BCy + (SP+1) RET Z pCy « [(sP+1)]
RET NC " RET NC

RET C RET C

RET PO ’ . RET PO

RET PE ' RET PE

RET P RET P

RET M RET M

Execution of this instruction causes a return to the program of
a point designated by the external stack memory if the specified
condition is true.

(_/ E. Return from Interrupt
RETI
The return from interrupt instruction is identical to an uncon-

ditional return except it also controls the interrupt enable out
control signal, used for priority interrupt structures.

F. Return from Non Maskable Interrupt
RETN

This instruction is used at the end of a service routine for non
maskable interrupts and executes an unconditional return.
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Z-80 MICROPROCESSOR
2X-21 FUNDAMENTALS AND APPLICATIONS

C. 1Input to Memory and Increment

INI (HL) + (C) B ¥ B-1, HL * HL+l
This instruction inputs a byte of data from a port specified by
the C register writes it to a memory location designated by the
HL register. The HL register then is incremented. The B register

operates as a byte counter and is autoatically decremented. When
the B register equals zero, the 2 flag is set.

D. Input to Memory Increment and repeat

INIR (HL) « (C) B ¢ B-1, HL ¢ HL+1
This instruction is identical to the INI instruction except, if
the B register is not zero, the PC is decremented by two and the
instruction is repeated. If decrementing causes the B register

to go to zero the instruction is terminated and the next instruc-
tion is executed. . :

E. Input to Memory and Decrement
IND (HL) « (C) B ¢ B-1 HL * HL-1

This instruction is identical to the INI instruction except, the
AL register is decremented instead of being incremented.

F. Input to Memory Decrement and Repeat
INDR (HL) * (C) B ¢ Bl HL ¢ HL-1

This instruction is identical to the IND instruction except, the
instruction is repeated until the byte counter B equals zero.

G. Output from the Accumulator
our (n), A (n) *a OUT (port addr)

One byte of data is written from the Accumulator to a port selected
by the port address (n). . . :
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Z-80 MICROPROCESSOR
FUNDAMENTALS & APPLICATIONS

SECTION CTC

The Counter Timer Circuit
CTC Timing

CTC Operating Modes

CTC Interface

Programming The CTC

CTC-1

CTC-4

CTC-7

CTC-9
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Z-80 MICROPROCESSOR

cre-1 FUNDAMENTALS AND APPLICATIONS

C

Z-80 CTC - COUNTER TIMER CIRCUIT

This circuit is a programmable four channel device which pro-
vides counting and timing functions. The four independent
channels of the device can be configured for operation in
various modes as required.

.

Internal ‘ /T

Contr

fome  C1K/Trg
Logic ‘

e 10/10

Dats cPY Pt Clk/Trg
(~/ BuUS )
Control 170 Internal Bus
/10
Cik/Trg
interrupt
Control c?. t— Clk/Trg
Z-80
CTC
Interrupt -
Centrel
Lines
Counter Timer Circuit - CTC

PR




° (ATuo spou zawt3l UT pPasn) 96z X0 9T Aq
¥00T> we3sAs Sy3 SOPTATP 3IBYF II93UNOD 3ITq-§ UY — IS[edssag /p

*3unod sYy3 s3eadsl pue SpeOTaI 3T oWl
YOTym 3e ‘OI9Z ST IUNOD Y3 [TIUN SnTea POZTTETITUT S3T
 WOXF UMOP SIUNOD ISIUNOCD IJIUNOD 3T-§ STYL - ISIUNODH umoqg /o

. *0I8Z JO JUNOD ® e
SPEOTSI PUR IS3UNOD umoq SY3 SIZTTETITUT Io3stbox sTyz o3
-uT ndd Y3 Aq popeoT pIom 3ITG-g UY - I93sTHay jue3suod swigl /q

) S *ndd
Aq z93stb6e1 o3 pepeol paom 3Tg-g uo paseq uoriezsado TaUURYD
I03 SUOT3ITPUCD Ppue Spow 53D9T8S - I93sTHey TOIJuos suueyy /e

wesbe)g yosyg. jemsen]

I JaBBiL Jowi)/ 33019 |eEsdix]

1930y
R0 smyy 7 jumeg a5p pd 13eney X
3 a7 %' sneg o sajessayg -

4 sng I jeulajeg
]

. 28
5183y pue 1918ty
ystysweg  swyy . 1853009 jowreqy

:umoys se OTHOT TOIFUOD PUR SISIUNOD
omy ‘s1e3sTHOI om3 FO S3ISTSUOD TauUeyd ydes JI03F FTNOITD oYL

o1boT TauURYD - OID

SNOIIVOITAdVY QNV STVLNIWVANNL Z=0d40
JOSSID0UJOEOIN 082




cTC-3

2-80 CTC

Z-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

CTC Pin Descri?tion

CLK/Trig,_,
zC/Toy_,

€s1 = Cs2

| nemame i 1 TA [}
Data Bus LA I 1”"'“
[}
CE ——a amm—— ﬂlt/ml

r—— l:ll’al

7-80 et Blk/Tu!
s cTC

e
[ P—— e G 1k / TI’I:
s RESEE

_.-—.——ZQ/'h2

e §
i |

Gad

Ext Clock or Timer Strobe Input
Channel - Zero Count or Time Out Output
Channel Seleét Input

CPU Data Bus

Chip Enable

System Clock-

M1l Cycle from CPU

Input/Output Request from CPU

Read Mode Control from CPU

Interrupt Enable Out

Interrupt Enable Out

Interrupt Request to CPU

RESET - stops ali cﬁannels from Coﬁnting.

(Resets channel Interrupt Enable bits on
all channels)
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: Z-80 MICROPROCESSOR
cTC-5 FUNDAMENTALS AND APPLICATIONS

External Clock or Time Out Activation

Counter Mode

In this mode, the rising edge of the clock input causes the counter
to be decremented. Since the counter is synchronous with @, the
set up time required prior to the activation of § must be met.
(approx. 150 ns)

INTERNAL / \
COUNTER 2ZERO COUNT

Timer Mode

In the Time Mode, the prescaler will be enabled by the rising
(or falling) edge on the TRG inputs depending on the slope
selected. When timing is to start, with respect to the next
rising edge of #, set up time requirements must be met.

(210 ns Min) :

I e N

INTERNAL
TIMER STARY TIING
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CTC-7

Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

CTC Operating Mode Selection

The mode of operation of the CTC is determined by the
characteristics of the Control Word stored in the Channel
Control Register. Control is specified at the bit level
as shown:

Int |Mode |Rnge|Slpe |Trig|Time |Rst | 1
En Cnst

Channel Interrupt Enable (D.,=1). Enable occurs each
time Down Counter reaches zero count.

Timer Mode - D=0 Down Counter .is clocked by prescaler.
Period of counger is A:tc-P-TC t_=system clock period.
=Prescale of 16 or 256. TC=8bit programmable time con-
stant. :

-Counter Mode - Dg=1 Down Counter is clocked by ex-

ternal clock signal (Prescaler is not used)

Range - Prescale = 16 for D5 =@
Prescale = 256 for D5 =1

Slope - for D,=0 The negative edge of the external clock/
trigger decrements the counter, or starts the timer.

D,=1 The positive edge of clock/trigger decrements the
counter or starts the timer. ’

Trigger Valid (Timer Mode Only) - D,=0 Timer starts
operation on rising edge of the machine cycle. T,

clock pulse following the one that loads TC to Time
Constant Register. D.,=1 The external trigger is valid
for starting timer opération after the rising edge of the
T, clock pulse following the one that loads the time. con-
stant

: for D.=0 No time constant will be loaded into the Time

Constgnt Register following the Channel Control Word

for D.=1 The Time Constant for the Down Counter will be
the ngxt word written to the selected channel. Time con-
stants are loaded only after the current count has been
completed. .

7

i
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C

CTC-9

CTC Interface

Z2-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

2-80
ZPU

Addr

¥
*
ol

Decode

2-80
cTC
=CS$,

o
=n
S

-

o
»
H)

]

b
2

The interface shown permits the selection of any one of the
four channels using A9 and A, as channel select inputs.

coding for the channe

Select Table.

Channel Select Decode |

Chip Select-CS

Csy Cs2

A, AG AS A, A3 A, Ay Ry Port Chan
0 0 00 1 O 0 0 08H 0-.
0o 0 0 0 1 O 0 1 09H 1
0o 0 0 0 1 0 1 0 OAH 2
0o 0 0 01 O 1 1 OBH 3

De-

ports could be as shown in the Channel
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Z-80 MICROPROCESSOR
FUNDAMENTALS & APPLICATIONS

SECTION PIO

Z2-80 PIO ' _ PIO-1
Modes of Operation PIO-3
.Programming The PIO : i . PIO-5

- I/0 Port Interface ' ) PIO-6







Z-80 MICROPROCESSOR

FUNDAMENTALS & APPLICATIONS

PIO-1

Z-80 PERIPHERAL INPUT/OUTPUT CONTROLLER - PIO

PIO Block Diagrams

By =0
Port A /0
Part 8 4 Sel <—>
Contr/Data Sei
P10 Contr J __ChID Enable ;%
L1 E— Z-80 . S18
10RQ
Ll PIO
———]
Nt Port B 170 (.
N Cantr ) <= <ﬁ
{nt En Qut 0y
s —————-
& T8
INTERNAL Vo Bus
CONTROL PORT <_:>
A ROY
<_GL_£‘> Vol ST
BUS cru <
P10 CONTR /e
: 1A BUS :
LINES o
B | RDY
INTERRUPT ""“‘-’Eﬁ :
CONTROL V4 0 U 1 -
Z-80 PlO

E=
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2-80 MICROP OCESSOR

PIO-3 FUNDAMENTALS AND APPLICATIONS

PIO Modes of Operation

The desired mode of operation is established by writing a
control word to the PIO in the following format.

Immofx [xJ1f{1]1]1]

Mode Selection Table

D7 D6 Mode

0 O 0 - Output

0 1 1 - Input

1 0 2 - Bidirectional
1 1 3 - Control

Mode 0 ~ In the Output Mode, the output cycle is initiated by an
output instruction from the CPU. The CPU WR signal latches data
into the PIO Output Register. Termination of WR activates the
RDY handshake signal which remains high untill the peripheral
device signal STB is received. The rising edge of STB generates
an interrupt to the CPU and deactivates the RDY signal. A very
simple output port_timing structure can be effected by tying the
RDY output to the STB input. The common signal can be used.to
latch data to the output device and initiate an interrupt as well.

Mode 1 - In the Input Mode the input cycle is started by an

STB from the interrupting device. The transition of this signal
to a low loads data from the peripheral into the Data Input
Register. The rising edge of the strobe initiates the interrupt,
apd disables the RDY signal indicating the Input Data Register

is full. During the interrupt subroutine the CPU read signal
will cause the RDY to go high, indicating the Data Input Register
is ready to accept new data.

Mode 2 - Mode 2 is a bi-directional mode which uses all four
handshake signals. Only Port A can be used for the bi-directional
mode. Port A handshake signals are for output control, and Port
B handshake signals are for input control. Due to the bi-direc-
Tional nature of the mode, data from the Port A Output Data
Register is allowed on the port data bus only when STB is active.
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Z2-80 MICROPROCESSOR
PIO-5 FUNDAMENTALS AND APPLICATIONS

Programming The PIO

The 2-80 PIO resets automatically when power is applied. The
reset conditions are as follows:

1. Both port Mask Registers are reset.

2. Port Data Bus lines enter the high impedance state and
the RDY signals become inactive (low).

3. Vector Address Registers are not reset.

4, Both Interrupt Flip-Flops are reset.

5. Both port Output Registers are reset.

The PIO can also be reset by applying the Ml signal without RD
or IORQ being present. The PIO will remain reset until it re-
ceives a control word from the CPU.

Forming The Interrupt Vector

Normally the PIO operates in Interrupt Mode 2, which requires
an address vector to be supplied by the interrupting device.
The desired interrupt vector is entered into the PIO by writ-
ing a control word to the selected port PIO.

v.lo Identifies contents as

v 2}V1]” |~ an Interrupt vector

VoV VLIV

5|Va|Vs|V

71°6

The interrupt vector is automatically loaded into the Vector
Address Register. ’

Interrupt Control Word Format

En And |High | MSK
Int]| /or | /Low | Flws

D7 = 1 Sets Interrupt Enable F.F.

D6, D5, and D4 are used in Mode 3 only. D6 defines the
logic operation for masking interrupts. D5 defines the
active polarity of the port data bus lines to be monitored,
and if D4 = 1, a mask will immediately follow the interrupt
control word. It will be formated as shown:

MB7|MB6|MBS |MB4|MB3|MB2|MB1 |MBO

Only those port lines whose mask bits are Zero will be mon-
itored for generating an interrupt. D
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C

PIO-7 Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

Port
Output

RDY-5TB

Wt

.’ . i
WR* = RD « CE - C/D - IORQ
a - Data to Port A Output Register.
b - Ready signal to device. "Data ready for transfer"
c - Interrupt enabled. (if INT FF set.)

Input Timing - Port»B

=RD - CE - C/D . TORQ

&l
*

Data from device into Data.Input Register
Ready signal low. "Input Register Full;"
.=~ Interrupt enabled. .
- Ready signal high. "Input Register Empty."

0o
'
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Z-80 MICROPROCESSOR
PI0O-9 FUNDAMENTALS AND APPLICATIONS

The decoder for this assignment could decode as follows:

CE

Decode A7 - Az

Cc/D = Al

B/A = AO‘

Port A would require the following Control Words:

Mode Select M 6 5 4 '3 2 1 0
| 1| o] x‘ xl 1| 1| 1[ 1J Mode 2

Interrupt Vector Select

7 6 2 1 0
Iv7|V6|v5|V4lV3IV2IVIIYQJ Designated Vector

Interrupt Control Word

7 6 5 4 3 2 1 0
l l} X' Xl X 0‘ 1| l| LJ Set Interrupt F.F.

Port B would be initialized in the bit control mode with
these Control Words: )

Mode Select
5 4 3 2-1°0 .
[ 1] 2] x| x]1]1]1]1] moge s
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2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

SECTION CKT

Typical Microprocessor Interface Chips CKT-1







C

CKT-1

Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

TYPICAL MICROPROCESSOR INTERFACE AND MEMORY CHIPS
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Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

SECTION MA

Memory Applications ) ) . MA-1
' RAM and ROM Interface Circuit ' : MA-2
Interfacing n'ymic ROMS ' MA-3
Interface Tim;'.ng . MA-6

Slow Memory Interface MA-7







MA-1 2-80 MICROPROCESSOR
: FUNDAMENTALS AND APPLICATIONS

C

Memory Applications

Most microprocessors use both Read Write memories (RAM) and Read
Only Memories (ROM). Data that is expected to be changed frequently
should be stored in RAM. Data that is not likely to be changed,
such as programs, look-up tables, monitors and other similar data,
would be written into ROM.

Processors with modest memory requirements can use static RAMS

for temporary storage. Static RAMs are easily interfaced and

do not require memory refresh. Where large memories are needed,
dynamic RAMs are more effective. They require less physical space,
consume less power, and are often faster than the static RAMs.
Interface requirements for these memories will be discussed.

Static RAM:'and ROM Interface

Interface for these types of memory are straightforward and will
be illustrated by example. .

Example:

LJ memory system consisting of 1K of static RAM and 4K of EROM
will be interfaced with the 2-80 CPU.

Requirements:

4 - 2708 1K x 8 bit EROMS

- 2102 1K x 1 bit static RAMs

- 8216 Bidirectional 4 Bit Bus Drivers
- DM8131 6 Bit Address Comparators

- 7455 Dual 4 to 1 Decoder

HNNDO

b
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MA-3 Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

Interfacing Dynamic RAMs to the Z-80 System

The primary requirement for interfacing dynamic RAM to micro-
processor systems is some means for refreshing the data stored
in the RAM at repeated intervals no greater than 2 milliseconds
in duration. This requirement makes the interface design more
complex for dynamic RAMs than it is for static RAMs. :

Dynamic RAM interface with the 2-80 has been simplified consid-
erably by providing for automatic refresh during the instruction
OP Code Fetch cycle. During T, and T, of this cycle a dedicat-
ed line, RFSH is activated to initiaté the memory refresh oper-
ation. At this time a 7 bit Refresh Vector register is auto-
matically incremented during the memory cycle and points to the
next row to be refreshed when another Op Code Fetch cycle occurs.
Since there are only 64 rows in a 4K RAM and 128 rows in a 16K
RAM, refresh of the entire memory will be accomplished in less
':ﬂan 2 msec. This entire process is completely transparent to
e user.

Dynamic RAM Add;essing

To select unigue bit locations within a 4K RAM chip requires

12 address lines. A 16K RAM chip would need 14 address lines.
To accomodate this number of lines in a 16 pin package, it is
necessary ‘to divide the address lines into two equal groups,

Row Addresses and Column Addresses. Each address group is appl-
ied to the input lines in sequence, Row Address first followed
by the Column Address; this is accomplished with a switching
Address Multiplexer. The address information is then latched
into the RAM by applying two clock strobes in succession. The .
Row Address Strobe (RAS) latches the Row Address information and
the Column Addresg Strobe (CAS) latches the Column Address in-
formation. When RAS activates one of the 64 rows in a 4K RAM,
all of the bit locations in the selected row are gated to sense
amplifiers where the logic level of each cell is determined,
latched and written back into the cell from which it was taken.
CAS then activates the column decoders which select one of 64
semse amplifiers from each RAM chip and gates it to an output
buffer. During refresh the interface logic will enable ROW
Address lines only. The RFSH line when it becomes active, en-
ables the ROW ADDRESS of the row to be refreshed.
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MA-5S Z.80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

(w’ Dynamic Memory Control Signals

A control circuit is required to develop the three control
strobes just discussed. The circuit must produce RAS synchro-
‘nously with the system clock, followed almecst immediately by
CAS. Since tRCD is on the order of 100 ns. or less, CAS can-
not be derived directly from the clock. (At 4 mHz the clock
pulse width is 125 ns.). Although one-shots might be used to
to produce CAS, to obtain precise delays of less than 100 ns.
might be difficult. One simple approach to the problem would
be to develop a stable clock signal at a frequency of 8 mHz or
greater. The. system clock (@) and the delayed strobe TAS could
then be derived directly from the high frequency clock. The
circuit shown employs this method.
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MA-7 , Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

Slow Memory Interface -

Memory devices with long access times - slow static RAMS and
‘EROMs such as the 2708 cannot respond to the CPU operating at
4 mHz without introducing Wait states. This problem must be
considered in the overall design of the memory interface The
simple circuit shown will provide one wait state (TW) during
an Op Code Fetch cycle. :
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Z-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

SECTION INT

Interrupts INT-1

Interrupt Interface ‘ ) ¢ INT-3







Z2-80 MICROPROCESSOR

INT-1 FUNDAMENTALS AND APPLICATIONS

INTERRUPTS

Interrupts are needed to permit peripheral devices to tempor-
arily suspend CPU operation in an ordered and systematic manner.
During this interval, the CPU executes a peripheral service
routine whic¢ch may include the transfer a of data or status in-
formation and the initiation of prescribed control operations.

Z2-80 Interrupt Structure

The 2-80 has two interrupt inputs; one provides a software
maskable interrupt, and the other a non-maskable interrupt (NMI).
The maskable interrupt (INT) can be selectively enabled or dis-
abled by the programmer, the non-maskable interrupt (NMI) cannot.

There are two enable flip-flops in the Z~80 CPU. The first one
called IFF) actually enables (or disables) the incoming interrupt.
The second flip-flop, IFF; is used as temporary storage for IFFj.
Temporary storage of IFF is required during a non-maskable in-
terrupt.

Interrupt Flip-Flop Operation :J
Action IFF) IFF, Flag Op.
.CPU Reset 0 0 ——
D1 0 0 —
El 1 1 ——
1D A, I C . . IFF, » P Flag
LD A' R . . " "
NMI Accepted 0 .
RETN IFF, . ' IFF, * IFF;

Z-80 Interrupt Modes
Non-Maskable Interrupt

The NMI will be accepted at all times by the CPU. When the
NMI occurs, the CPU does a restart to memory location 0066H.
This is an automatic call to a memory location in Page O.

Maskable Interrupts
There are three modes of maskable interrupt:

Mode 0 - In this mode, the interrupting device can place any
instruction on the Data Bus and the CPU will execute it.

Normally, this mode is initiated either by a restart instruction

RST p, which is a one byte call to one of 8 specified locations '
in page 0, or with a 3 byte call instruction. . Ny
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Z~-80 MICROPROCESSOR

INT-3 FUNDAMENTALS AND APPLICATIONS

The lower address is put on the data bus in response to an
interrupt acknowledge by the CPU.

INTERRUPT INTERFACE
There are three basic requirements for an interrupting I/O port:
A, The port must be able to initiate an interrupt.

B. The CPU must be able to identify the port which
initiated the interrupt in order to provide the
necessary interrupt service.

C. The port must be able to latch the data received if
it is an output port, or place data on the data bus
thru tri-state drivers if it is an input port.

The interrupt is automatically timed by the CPU. Data input
and oqEEuQL_however must be timed by the interface using the
IORQ, MI, Rd and WR. signals appropriately.

Mode 0 Interrupt

This interrupt mode is known as the 8080 mode. It requires
either a RST p instruction or a 3 byte call instruction from

the peripheral to initiate the interrupt service routine. The
circuit illustrated below uses 8212 I/0 ports for port latches
and drivers and an 8205 8-to- 1 decoder as an I/0 device selector.
In this circuit the 1nput ports have interrupt capabilltles the
outports do not., The circuitry could have been simplified
considerably by using the Z-80 PIOs.
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Z2-80 MICROPROCESSOR
INT-5 FUNDAMENTALS AND APPTICATIONS

Mode 1 Interrupt

This interrupt mode causes the CPU to vector automatically to
memory location 0038H, therefore no interrupt instruction is
required from the interrupting port. The service routine,
however, would have to poll the peripheral devices to determine
which device required service. .

.
—
Ag=iy Dey D— Data I . . .
= st P =y un D = 212 ==b0nm
D— —OR 18t e -ol r
7T '8l
Yee
I ™ ,
v
i ‘___CE'nthr Dev
— MODE 1

Mode 2 Interrupt

This interrupt mode can be implemented with minimal hardware
using the Z-80 PIO. This is illustrated on the following page.
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2-80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

SECTION DMA

The Direct Memory Access Controller ﬁMA-l
2-80 DMA Pin-Out DMA-4
DMA Command Bytes DMA-5

V ' DMA-8

DMA Programming







Z-80 MICROPROCESSOR
DMA-1 FUNDAMENTALS AND APPLICATIONS

DIRECT MEMORY ACCESS CONTROLLER

The principle function of the Direct Memory Access Controller is

to provide direct data transfers to and from the CPU working memory
and the I/O device being controlled. It becomes more versatile

if it can also provide direct transfers from one I/O device to
another, and from one memory block to another. The Z-80 DMA has
this capability. ’

The Z-80 DMA

The 2Z-80 DMA circuit i a programmable two port single channel
device which provides all address, timing, and control signals
required to transfer blocks of data between two ports within a
2-80 CPU system. The either or both of the two ports may be
identified as Main Memory or any system peripheral.

+5V GND & INT 1Er  1EO BUSAQ BAI BAG RDY
_ _BYTE_ _ BYTE/PULSE INT PRIORITY
COUNTER |- COMPARATOR LOGIC BUS 'géogmr .
BLOCK INT CONTROL LoGI
- NG " ] PULSE INTERVAL T vEcTon ]
CONTROL
AND
STATUS
REGISTERS
pm— e —————————
[ PORT A START ] [ PORT BSTART COMPARE DATA .
ADDRESS L] ADDRESS COMPARE MASK 8uUs fggJ:ROL
| _ PORTA _ |~ - FoRTB__ | COMPARATOR
COUNTER COUNTER
SOURCE/DEST ADDRESS muxl !

[...}o Poeet ! I ! 1_ {

A5 o7 [+1] Mi MEMRG IORQ RD WR CE/WAIT

DMA Internal Block Diagram

Courtesy Zilog Corp. .
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Z-80 MICROPROCESSOR
DMA-3 FUNDAMENTALS AND APPLICATIONS

Compare Register: Holds the byte for which match is being
sought in a search operation.

Mask Register: Holds the 8 bit mask to determine which bits
in the compare register are to be matched.

Starting Address Registers (Ports A and B): Hold the starting
addresses for the ports involved in a Transfer Operation. (These
are 16 bit addresses.) 1In a Search Operation, 'only one port
address is required.

Address Counters (Ports A and B): These Counters are loaded with
the contents of the corresponding Starting Address Register when-
ever Search or Transfer Operations begin. These counters are
programmed to increment, decrement, or remaln fixed.

Pulse Control Register: Holds program supplied length of block
for which the DMA will provide a pulse on INT output. (This
pulse will not generate an interrupt since both BUSRQ and BUSAK
will be active.

Status Register: Contains the Status bits Match, End of Block,
Ready Active, Interrupt Pending, and Write Address Valid.
(~/ Status bits are valid when set.

DMA Memory and Peripheral Timing

The DMA timing is identical to the standard 2-80 timing for Memory
Read and Write and I/0 Read and Write, except when in the
Variable Timing Mode. -

Variable Timing Mode

The DMA can be programmed to increase the timing cycle from
3 time states to four or more, if wait states are introduced.

Modes of Operation
The DMA may be programmed for one of four modes of operation:

Byte at a time: Control is returned to the CPU after each
one-byte cycle.

‘Burst: Operation continues as long as DMA RDY input is active.
Control returns to the CPU when RDY is inactive or at end of
block, or if match occurs, depending on the programming..

Continuous: The entire Search and/or Transfer of a block is
(~j completed before control is returned to the CPU.

Transparent: DMA operatlon occurg during normal refresh tlme
without visible loss of CPU time.
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Z-80 MICROPROCESSOR

DMA-5 FUNDAMENTALS AND APPLICATIONS

either in the "enable" or "disable" states. Programming
automatically places the DMA in a "disable" until an enable
command has been issued. The CPU programs the DMA by addressing
it as an I/0 port and sending a sequence of 8 bit commands via
the system Data Bus, using output instructions. DMA transactions
are initiated after the device has been programmed. When the DMA
is powered up or reset by an means, it will be automatically
placed in a "disable" state.

DMA Command Bytes

The command bytes contain information to be loaded into the DMA
registers. The command structure is designed so that certain
designated bits in some commands can be set to alert the DMA to
expect the next byte to be written to a particular register.

There are six command bytes. Two of these are defined as Group
1 and contain the basic DMA set-up information. The other four
are designated as Group 2 and specify additional detailed set-up
information.

(_jmmand Byte 1A ' Command Byte 1B
0y 05 [ 04 03 0; 0 0p 0y o s 0¢ 03 0; 0 [ .
sLock | siock | JORTA | PORTA
LENGTH | LENGTH | STARTING | STARTING | gnypce | CLASS | ELASS TMING | \oomess | a0 | oon | romT R .
o Juren | LOWER) QE:,’,:,:,E',‘S Eli’,l',‘sa poRT [COYTROL "’":;"“'- O | ANiEws| FIXED [Sicnimcins| MEMORY | AORS
Specities Group 1 ' Byte 1A - Specifies Group | Specifies Byte 1B
cunnot be 00 .
Cp Ca Function Dy=1 Address for this port increments after each byte.
Dy =0 Address for this port decrements after each byte.
00 Not allowed. (Command Byte 1B) 4 o P ) yle-.
01 Transfer Onl Di=1 This'port addresses an 1/O peripheral.
ransfer Only.
. . D; =0 This port addresses main memory.
tou Search Only. - .
R Dy=1 This word programs Port A.
bt Search and Transfer. - .
- D=0 This word programs Port B.
Dy=1 Port A is read from. Port B is written 1o (unless
the Search Only Mode has been selected. in
which case Port B is never addressed). Command Byte 2A
D=0 Port B is read from. Port A is written to (unless

the Search Only Mode has been selected, in o O k) 0 2 ke 2 %0

which case Port A is never addressed). enasLe | eame | MATEM | MASK | g 0y
CHIP

TE E 0 ]
! FoLLOWS | FOLLows | COMPARE
~————— [ ——
Specifies Group 2 Specifies Byte 2A

Courtesy Zilog Corp.
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Z-80 MICROPROCESSOR

DMA-7
Read Byte
0y g [ 04 03 0, 0 0y
PORTE | PORTS | PORTA | PORTA | BYTE vre
ar, | ueeem | LoweR | uerem | LowER | ueea | LOWER | syatus
A0OR | ADDR | ADOR | ADOR | counT | COUN

A 1" in any bit position enables that register to be read.

Interrupt Control Byte

07 Os DO 04 03 L] 9y Oy

FUNDAMENTALS AND APPLICATIONS

Mask Byte

A zero in a given bit position will cause a compare to be

.performed between that bit position in the compare word

register and the same bit position in the data being read.

‘Match Byte

Up to an 8-bit word to be compared to Dg — D7 during
a read. See MASK BYTE.

NG | ennort | Satus dmveanver | PULSE wrennver | mrennwy
ekt achuliiel ittt | 00 [ SOUT, feelibleo) STLOIEY | S0
A *“1” in a bit position selects the option. .
. P Status Byte (Status Bits Active—Low)
Timing Control Byte
L] g Og 0y 03 Dy [ Dy [} g 0g [N 0y 5; 0, 0y
— T — T ‘ - . WRITE
LR L - - R B R N e e sl
Ty To Cycle Length
0 0 4
o 3 Pulse Count
This 8-bit word is loaded into a register. At the comple-
1 0 2 tion of each operation, the register is compared with the
1 1 1 Jower 8-bits of the byte counter. When it compares, the

A “0” in Dj, D3, Dg, or D7 will cause the corresponding
control signal to end % clock time before the end of the

bcycle. Note: the total operation (Read and Write in Trans-

fer or Read in Search) must be at least 2 cycles long.

NT line is pulsed (but no interrupt is yenerated).

Interrupt Vector

This 8-bit byte is supplied to the CPU-during Interrupt
acknowledge if the DMA is the highest priority interrupt-
ing device.

If bit § of the Interrupt Control Byte (see p. 7) has been
set and the DMA has been programmed to interrupt on a
given status condition then D and D of the vector will be
modified as follows:

. Vector Bits D, Dy
-0 0 INT.onRDY -

0 1 Match
1 .0 End of Blk
1 1 Match, End of Blk

Courtesy Zilog Corp.
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DMA-9 Z-80 MICROPROCESSOR

FUNDAMENTALS AND APPLICATIONS

b 56 1 1 0 0 1 1 0 1
Grp! Burst Mode; No Int !Port B ! Byte 2b
2 Ctr Byte Addr follows
57 0 1 0 1 0 0 0 0
Port B Address Lower 8 Bits
s8 | o 0 0 1 0 0 0 0
Port B Address Upper 8 Bits
59 1 0 o] o] 1 0 1 0
Grp X | No Auto; No ! RDY X Byte 2c
2 RST Wait High
5a 1 1 0 0 1 1 1l 1
Grp, Load Starting Addr. { Byte 2a
2 Reset Block Counter :
5B 1 0 (o] 0 0 1 1 1
b DMA Byte 2D

‘Grp: Enable
2 .

CD

50

10

8a

CF

87







Z 80 MICROPROCESSOR
FUNDAMENTALS AND APPLICATIONS

SECTION APP

8-Bit Operation ' APP-1
16-Bit Operation APP-2
8-Bit Multiply Worksheet APP-3
Multiply Program : v ’ APP-4
Controller Application - APP-5
20-Bit PN Sequence | APP-6
-Random ﬁumber Generation v ' APP-7
Statistical Analysis Program ‘ APP-8







Z-80 MICROPROCESSOR

APP-1 - FUNDAMENTALS & APPLICATIONS»

8-Bit Operation

The following exercise in eight bit arithmetics can be used to
demonstrate the z-80 capability to handle binary signed and
unsigned numbers as well as decimal in both addition andsubtraction.

The program is assumed to be in R/W memory where it can easily
"be altered.

‘The two operands are on Port O and Port 1. Note the subtract
assumes the quantity on Port 0 is the subtrahend. -

‘The result (eight bits) is displayed on Port 3, while all the
' flags .are displayed on Port 4. . .

The program is caused to loop continuously to allow easy changing
of the operands to obserwve different results.

PROGRAM:

1000 DB 00 START: IN  O00H,A iGET X
.1002 47 : ID B,A ;SAVE IT
1003 DB 01 IN OlH,A sGET Y
1005 80 /90. ADD B /SUB B

©1006 00 /27 . - NoOP /bAn :

;1007 D3 03 OUT A,03H .  ;DISPLAY RESULT .
1009 Fs5 ' PUSH AF ;GET FLAGS AND PUT THEM
looAn c1 POP BC sOUT ONTO PORT 4
100B 79 D A,c
'100Cc D3 04 ' OUT A,04H
100E €3 00 10 JP  START :REPEAT PROCESS
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APP-5

Z-80 MICROPROCESSOR
FUNDAMENTALS & APPLICATIONS

Controller Application

Z-80 Seguential Controller using the stack pointer to retrieve
the time-code and display state from a look-up table.

PROGRAM:
10 00 31 00 11 START : ID SP, TABLE
10 03 ci NEXT : POP BC
10 04 78 ID A,B
10 05 A0 AND B
"10 06 28 F8 JR Z,F8H
10 08 79 b A,C
16 09 D3 03 our - 3,A
10 OB 11 FF FF CONT : ‘LD DE,FFFFH
10 OE 21 FF FF 1D HL,FFFFH
10 11 19 LOOP: ADD HL,DE
10 12 38 FD JR C,FDH
., 10 14 10 Fa DJNZ ,P4H
10 16 18 EB JR ,EBH
TABLE : Tt -
11 00 01 TABLE : sl o R =4
11 01 o1 Tl
11 02 OF s2 - o
11 03 02 T2 : e
11 04 OA s3 Sa s 5
11 05 FO T3
11 06 00 " 00 ,
11 07 00 00 : "END "
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1000
1003
1005
1006
1008
1009

APP-10

010008
DBOO
17
3001
oc
10Fa

Z2-80 MIC

o

- FAIRS. MU

ROPROCESSOR =~ . %

FUNDAMENTALS AND APPLICATIONS

TALLY COUNTER PROGRAM

START: LD  BC,O0800H

TEST:

ONE:
ZERO:

IN
RLA

JR’

INC

S A,OOH R ir,-’

N, ER0

o

DINZ’ TEST - -

Get data - T ¢ T
- 3Tally number of 1's " °

4 b ey B

s 4 - RGN

- R - e o

B i o M p I alia
- ¢ st « <
2 [= IR A s S 4 =

;Preset BIT CTR B%’q§1;y c .-

100B

100E
1010
1012
1014
1016
1018

T;J/ 101a

100c

79

FEO4
3E02
2806

‘3E04- ’

3802
3EO01
D303
18k4

‘LD

-

cPf

D
JR

JR
ID
ouT
JR

I
04H
A,02H
Z,DSPLY
A,04H
c,DSPLY -
A,O0lH
03H,A
START

#l's > #o's U TR

. . . E - pvie] e 1

" ;Compare to Ehrésﬁé}é;\ =
;Equal condition. SR TET

#l's =#0's .

.’ - . “ ) "v‘l',: (“: ) ‘ T % ‘,‘T{
Wi's <#0's e

1 Loop contintously.




N

9

b’ ;oWT3 uoIljoEsl uewny aqﬁ moTs sAeTsp 8yj seoq ¢pepssu sAelsp
y3oq eIy 30330 SU3 °OTI0U O3 PSION 29 PINOYs sART2p om3 SUL

NOIIOY  ¥p g38T 9T0T

supg TIVD 000S@ £€T0T

. *IH 03 3TeMm! T&LSAL’'ON ¥L gd0¢ 1101
Wy 4T 0T0T

HOO'Y NI :1ISEL 00€d F00T

swog TIVD 000Sad €00T

*01 303 3TeM! OLSEL'D ¥l g48¢ 600T
vy - 4T 800T

HOO'Y NI :0LSEI 00€a 9001

g’(d) Ino L 1PaE 00T

g ONI :NOILOY 70 £00T

‘zéqugod'qzbd;o":aqunoa:ﬁl;ﬂnggaa'oaf

al VLS 44€0TO 000T

i FWED0dd
DRI R FnoELTO . AQATY pE

© " -p0"I¥od Fo Og yoatms ay3 o #16Hox yoes 103
UOT3IOR BUO SAISSCO O3 ‘US3JTIM SE 3ISATF unI 39 pinoys wexboad .STUL.

e

‘yo3ImMs © JO Aelop 9DUNOGep B IQF POSU I3 aqe::sixoma_p 03 °oSTDISXd™

uoTlRISUOWSQ dOUNOgRQ

L

hrces R S Yo I« (sTe ) §

©Xxd" 6d O00T

S °Y .Ul I9qunu UIN3}SY: S oT'v gl IIXE aL €00t
, ' TH ONI , €2 ¥00T

;3893 @aT3eTSX ON! LIXE'Ed d4r 0THOVE LOOT

0 aNvY TY 90071

 HEO‘Y a1 603 00T

i T - S . 118D zoOoT

THIH 'ady¥ B 62 TOOT

-3es 79351681 sjeuzsjTe 3I09TES! XXE XANWE  6Q 000T

*ndd 08-7 @2u3 utyzTm Aro3eTdwod pejnduod aq ued 3I038ISYI
pue sxa@3sTbex o 38s 93jBUISITE SYIF YITM pamum;ﬁo_:& ST UDTUM
‘spusnbos Isqunu wopuel opsunsd 3IT-A3usmi e ST ‘Burmoftos oyl

sousnbeg Nd 3T€ 0T

SNOTIVOITAAY ¥ STVINIWNYANAd . © . 97dav
WOSSIOOUIOWIIH 08-Z







