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Abstract

Regarding to stepping motor application for X-Y Plotter to
control a position of drilling unit and applied as PCB drilling
machine, this project divides into 2 sections of hardware and
software. Hardware section is position moving controlled by
Stepping Motor, Mechanical Unit, Driver and Single Board
Microcomputer. Software section is controller program which is
performed to control the Stepping Motor to move both of a shaft
to a position that we need to drill thole on Print Circuit Board.
The application program is created by an Assembly Language.
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wefle 23H wafindBn 1 Tufissifin 4 Port As Port 24H fudw 20H thuseaene
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Decode 1 yaun ET-Board #

CS furnden IC Port Iwviewusiszradrdy 1IC 4 Decode wuef Port
M1Taun ssoniues Port d sz3mudrduueninss 2 (dufided iy
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wissarily 3 Mode

Modg o fnuald Port uw ET-Board nn Port flu Port wsvinn uas
Bunn LUURUF Y

Mode 1 aisviwauees s2ss lu Mode $liilw Mode firinly Suwn-toinn &
msasnaeudygrm (Hand Shaking) Taeld Suwn-ievinnaes Port
A uaz B Jundn werly Port C uw Iudyga Hand Shake ves
Port A & Port C srafluiygra Hand Shake 183 Port B

- - o
Jelusunsn s2s5 Hulnuar Port C ssdiaumnneded

n nIflBuyn nydlioyingn
PC, INTRg INTRg
PC, IBFg OBFg
PC, STBg ACKp
PC, INTRA INTRA
PC, STBA 1/0
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PCL 1/0 ACKa
PA} 1/0 OBFa .

witwitlunsdl I/P PCe uaz PC7 swnsafinslisunsaliidn Sunn nie
wvinn Bnsclalaodlyt BIT fdwdn 1 fszidu Sunn dandudu o Azl
Yiyn dan werign O/P fsudwdowd BIT Alsldldegd PCa uas s
wnu wazfimanTadediygymlutnmeiiyiSet Ensable Mode 1

Port Armunlidu fygm INT vinnsfl Set/Reset
A Input INTE A PC 4
A Output INTE A "PC s
B Input INTE B PC 2
B Output INTE B PC 2

a3 Set/Reset $lvivinns Set W4 Control Word udnwmeidisadu
a3 Set/Reset BIT 4 Port C findanuds

Tu Mode vaens Set/Reset BIT INTR szqn Reset Tassalud@idonglu
Tenienisilien Mode w3s Reset
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MAIN START

INITIAL 8255

[

READY

GET KEY

CALL CALL CALL CALL CALL
PATTERN PATTERN PATTERN PATTERN PATTERN
XCYCCW YCCW XYCCW XCHW XCCW
I | l y l
SAVE ADDRESS SAVE ADDRESS SAVE ADDRESS SAVE ADDRESS SAVE ADDRESS
AND SEND TO AND SEND TO AND SEND TO AND SEND TO AND SEND TO
ACCUMULATOR ACCUMULATOR ACCUMULATOR ACCUMULATOR ACCUMULATOR
DELAY AND
ROTATE

[

CHECK SENSOR

1

SET MODE

INTERRUPT




KEY 8

KEY 9
CALL CALL CALL CALL
PATTERN PATTERN PATTERN PATTERN
XYCW YCW XCCYCW ZCW

|

I

SAVE ADDRESS

SAVE ADDRESS |

SAVE ADDRESS

—

SAVE ADDRESS

AND SEND TO AND SEND TO AND SEND TO AND SEND TO
ACCUMULATOR ACCUMULATOR ACCUMULATOR ACCUMULATOR
- ¥ 7 ] 1
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<:fUB ouT PHAS%:)

=]

OUT STEP

BUF <-- DATA

KE%/E//

l DELAY

SHIFT DATA 1

MORE
DELAY

SHIFT DATA 1

|

SUB RUN )

)
ILAST ADDRESS !

——
OUT FLAG ;
OUT MOTOR ;

DELAY

n

H

|

DEC ADDRESS DATA

IINC DATA ADDRESS

INC DATA ADDRESS

STEP = FIRST STEP

l INC STEP

‘ INC STEP
]

hE

l

FIRST DATA ADDRESS

| —

OUT PORT FLAG
AND MOTOR

DELAY

INC ADDRESS DATA




Sun Mar 15 1992 02:53

Version 4.02a

2500 A.D. Z80 Macro Assembler -

Input Filename : C:\ET\PROCOMM\DRILL.asm
Output Filename : C:\ET\UTIL\DRILL.obj

1 3T IR S2 2222222 LELESLLLLLLL

2 ; PCB DRILLING *

3 ; VER 1.0 ¥

4 ; RUN ON Z80 SINGLE BOARD £

5 ; DATE : MARCH 15, 1992 ¥

6 ; BY :  PONGTEP C. ¥

7 ; WICHAT  W. X

8 7 MONGKOL S. ¥

9 ; EE 3 W, KMIT’L *

10 CRERRKERRRRERERERRERERRRXRRRRE XX RERX

11 ;

12 2000 ORG  2000H

13 5 4

14 0000 MON EQU  OCH

15 0010 SYSCAL EQU  10H

16 2FFE SMBUF EQU  2FFEH

17 3000 SMDAT EQU  3000H

18 3FFD SYSFAG EQU  3FFDH

19 3FET DISPY EQU  3FE7H

20 0002 SCAN EQU  0O2H

21 0002 DIGIT EQU  02H
22 0001 SEGM EQU O1H
23 0003 CLEAR EQU O3H

24 0020 SMOP EQU  20H

25 0021 SSIN EQU 21H

26 0022 sSMZoP EQU  22H
27 po23 SMINT EQU  23H

28 ;

29 ; NOTE DELAY INTERVAL CAN BE SET AT ADDRESS - 219A -
30 ;

31 2000 3E 82 INI: \\\Ld\ A,82H ;INITIAL PORT
32 2002 D3 23 OUT ~ (SMINT),A

33 2004 DD 21 00 30 LD IX,SMDAT ;ADDRESS DATA
34 2008 DD 22 FE 2F LD (SMBUF), IX

35 ;

36 200C 3E 03 LD A,CLEAR ;CLEAR DISPLAY
37 200E D7 RST  SYSCAL

38 ;

39 200F 21 FD 3F GET: LD HL ,SYSFAG

40 2012 CB 86 RES 0, (HL) ;AUTO KEY
41 2014 3E 80 LD A,80H ; DOT

42 2016 32 E7 3F LD (DISPY),A

43 2019 3k 02 LD A, SCAN ;GET KEY
44 201B D7 RST  SYSCAL

45 ;

46 201C  FE 00 KEYO: cp 0 ; XCW YCCW
47 201E 20 1D JR NZ,KEY1

RO



Sun

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

Mar 15 1992 02:53

2020

2023
2025
2028
202A
202D
202F
2032
2034
2037
203A

203D
203F
2041

2044
2046
2049
204B
204E
2050
2053
2055
2058
205B

205E
2060
2062

2065
2067
206A
206C
206F
2071
2074
2076
2079
207C

207F
2081
2083

2086
2088
2088
208D
2090
2092
2095
2097
209A
209D

Ccbh

16
cD
16
cDh
16
cDh
16
cD
CcD
C3

FE
20
ch

16
cD
16
ch
16
Ccbh
16
Ccb
CcD
C3

FE
20
cD

16
CD
16
cD
16
cb
16
cD
CD
c3

FE
20
CcD

16
ch
16
ch
16
co
16
cD
CD
C3

23

33
66
69
66
cC
66
96
66
A3
1C

01
1D
44

30
66
60
66
co
66
90
66
A3
3D

02
1D
65

33
66
66
66
cC
66
99
66
A3
5E

04
iD
86

03
66
09
66
0cC
66
06
66
A3
TF

20

21
21
21
21

21
20

20

21
21
21
21

21
20

20

21
21
21
21

21
20

20

21
21
21
21

21
20

RUNO:

KEY1:

RUN1:

KEY2:

RUN2:

KEY4:

RUN4:

L

CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cP
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cP
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cP
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

RUNO

D,33H
SMRT
D,69H
SMRT
D,CCH

“SMRT

D, 96H
SMRT
SENSOR
KEYO

1
NZ,KEY2
RUN1

D,30H
SMRT
D,60H
SMRT
D, COH
SMRT
D, 90H
SMRT
SENSOR
KEY1

2
NZ,KEY4
RUN2

D,33H
SMRT
D,66H
SMRT
D,CCH
SMRT
D,99H
SMRT
SENSOR
KEY2

4
NZ,KEY6
RUN4

D,03H
SMRT
D,08H
SMRT
D,0CH
SMRT
D,06H
SMRT
SENSOR
KEY4

;STEP
;STEP
;STEP

;STEP

- YCCW

;STEP
;STEP
;STEP

;STEP

; XCCW

;STEP
;STEP
;STEP

;STEP

; XCW

; STEP
; STEP
;STEP

;STEP

YCCW
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
167
168
159
160
161

20A0
20A2
20A4

20A7
20A9
20AC
20AE
20B1
20B3
20B6
20B8
208BB
20BE

20C1
20C3
20C5

20C8
20CA
20CD
20CF
20D2
20D4
2007
20D9
200C
20DF

20E2
20E4
20E6

20E9
20EB
20EE
20F0
20F3
20F5
20F8
20FA
20FD
2100

2103
2104
2106

2109
210B
210E
2110
2113
2115
2118

FE
20
CcD

16
cD
16
cD
16
CD
16
CcD
cD
C3

FE
20
cD

16
CcD
16
CD
16
CD
16
CcD
CcD
C3

FE
20
cD

16
cD
16
cDh
16
cD
16
cD
CcD
C3

BF
20
cD

16
cD
16
cb
16
cD
16

06
1D
AT

03
66
06
66
0C
66
09
66
A3
AO

08
1D
c8

33
66
99
66
cC
66
66
66
A3
C1

09
1D
E9

30
66
90
66
Co
66
60
66
A3
E2

iD
09

33
66
96
66
cC
66
69

20

21
21
21
21

21
20

20

21

21

21

21

21.

20

20

21
21
21
21

21
20

21

21

21

21

KEY6:

éUN6:

KEYS:

RUNS:

KEY9:

RUNO:

kEYA:

RUNA:

CP
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cpP
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cp
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cp
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD

Al

6
NZ,KEY8
RUNG6

D,03H
SMRT
D,06H
SMRT
D,0CH
SMRT
D,09H
SMRT
SENSOR
KEY6E

8
NZ,KEY9
RUN8

D,33H
SMRT
D,99H
SMRT
D,CCH
SMRT
D,66H
SMRT
SENSOR
KEY8

9
NZ,KEYA
RUNS

D, 30H
SMRT
D, 90H
SMRT
D,COH
SMRT
D,60H
SMRT

" SENSOR

KEY9

A
NZ,KEY3
RUNA

D,33H
SMRT
D,96H
SMRT
D,CCH
SMRT
D,69H

; XCCW

;STEP
;STEP
;STEP

; STEP

1

2

3

4

; XCW YCW

;STEP
;STEP
;STEP

;STEP

;YCW

; STEP
; STEP
; STEP

; STEP

; XCCW

;STEP
;STEP
;STEP

;STEP

YCW
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162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

211A
211D
2120

2123
2125,
2127

212A
212C
212F
2131
2134
2136
2139
213B
213E
2141

2144
2146
2149

214C
214E
2151
2153
2156
2158
2158
215D
2160
2163

2166
2168
216A
216B
216E
2170
2172
2175

2176
2177
2179
217D
217E

217F
2181
2183
2184
2187
2189
2188B
218E

cD
cD
C3

FE
20
co

16
CcD
16
Ccb
16
CD
16
CD
CcD
C3

FE
CA
CcD

16
cD
16
CcD
16
cD
16
CD
cD
c3

3E
D3
TA
DD
D3
D3
ch
c9

57
DD
DD
03
c9

3E
D3
TA
DD
D3
D3
cD
C9

66
A3
03

03
1D
2A

03
TF
06
TF
0C
TF
09
TF
A3
23

07
1C
4C

03
TF
09
TF
0cC
TF
06
TF
A3
44

06
02

77
01
20
98

23
22

06
02

77
01
22
98

21
21
21

21

21
21
21
21

21
21

20
21

21

21

21

21
21
21

00

21

FE

00

21

2F

KEY3:

éUN3:

KEYT:

ﬁUN?:

éMRT:

SMRT1:

SMZRT:

CALL
CALL
JP

cP
JR
CALL

LD
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

cP
JP
CALL

LD .
CALL
LD
CALL
LD
CALL
LD
CALL
CALL
JP

LD
out
LD
LD
ouT
ouT
CALL
RET

LD
INC
LD
INC
RET

LD
ouT
LD
LD
ouT
ouT
CALL
RET

LN

SMRT
SENSOR
KEYA

3 ;DOWN DRILLING
NZ,KEY7
RUN3

D,03H ;STEP 1
SMZRT

D,06H ;STEP 2
SMZRT

D,0CH ;STEP 3
SMZRT

D,09H ;STEP 4
SMZRT

SENSOR

KEY3

7 ;UP DRILLING
Z,KEYO
RUNT7

D,03H ;STEP 1
SMZRT

D,09H ;STEP 2
SMZRT

D,0CH ;STEP 3
SMZRT

D,06H ;STEP 4
SMZRT

SENSOR

KEYT

A,6 :STEP ROTATE
(DIRIT),A -FLAG DISPLAY
A0
(I14+0),A
(SEGM), A
(SMOP), A
DELAY

;OUT STEPPING

D,A ;STEP EXCITE
IX

(SMBUF), IX ; STEP ADDRESS
BC ;STEP+1

A,6 :STEP ROTATE
(DIGIT),A ; FLAG DISPLAY
A,D
(IX+0),A
(SEGM),A
(SMZ0P),A
DELAY

;OUT STEPPING
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219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
248
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

218F
2190
2192
2196
2197

2198
2199

219C

219D
219EF

219F
21A1
21A2

21A3
21A5
21A6
21A7
21A8
21A8

21AC
21AE
21B0
21B3
21BS
21B8
21BA
218D
21BF
21C2
21C4
21C7

2108
21C9
21CA
21CB
21CC
21CE
21CF

21D1
21D4
21D5

57
DD
DD
03
C9

08
21

2B
7C
BS
20
08
C9

ED
F5
ES
D5
C5
CcD

DB
CB
CA
CB
CA
cB
CA
cB
CA
cB
CA
C9

c1
D1
E1
Fi
D3
FB
ED

C3
D7

23
22 FE 2F

00 70

FB

56

AC 21

21
47
D1 21
4F
D1 21
57
D1 21
5F
D1 21
TF
D1 21

FF

4D

OF 20

SMZRT1:

DELAY:

DELAY1:

SENSOR:

INTSUB:

SHUT:

LD
INC
LD
INC
RET

EX
LD

DEC
LD
OR
JR
EX
RET

M

PUSH
PUSH
PUSH
PUSH
CALL

IN
BIT
JP
BIT
JP
BIT
JP
BIT
JP
BIT
JP
RET

POP
POP
POP
POP
ouT
EI
RETI

JP

RST
END

LD

D,A :STEP EXCITE

IX

(SMBUF), IX :STEP ADDRESS

BC - STEP+1

AF,AF’

HL , TO00H : DELAY

HL

AH

L

NZ,DELAY1

AF,AF’

1 :SET INTERRUPT MODE -

AF :SAVE ALL REGISTOR

HL

DE

BC

INTSUB

A, (SSIN) :READ PORT 8

0,A :TEST BIT 0 = 1

Z,SHUT .

1,A :TEST BIT 1 = 1

Z,SHUT

2,A :TEST BIT 2 = 1

Z,SHUT

3,A :TEST BIT 3 = 1

Z,SHUT

7,A :TEST BIT 7 = 1

Z,SHUT

BC :POP ALL REGISTOR

DE

HL

AF

(OFFH) , A :CLEAR INTERRUPT
:ENABLE INTERRUPTS

GET :RESTART

SYSCAL
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intal”  silicon Gate MOs 8255
PROGRAMMABLE PERIPHERAL INTERFACE

R 24 Programmable 1/0 Pins & Direct Bit Set/Reset Capability

® Completely TTL Compatible Easing Control Application Interface

= Fully Compatible with MCS™ -8 and ® 40 Pin Dual In-Line Package
MCS™-80 Microprocessor Families  m Reduces System Package Count

The 8255 is a general purpose programmabie |/O device designed for use with both the 8008 and 8080
microprocessors. It has 24 1/0 pins which may be individually programmed in two groups of twelve and
used in three major modes of operation. In the first mode (Mode 0), each group of twelve /0 pins may be
programmed in sets of 4 to be input or output. in Mode T, the second mode, each group may be programmed
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt
control signals. The third mode of operation (Mode 2) is a Bidirectional Bus mode which uses 8 lines for a
bidirectional bus, and five lines, borrowing one from the other group, for handshaking.

Other features of the 8255 include bit set and reset capability and the ability to source TmA of current at
1.5 volts. This allows darlington transistors to be directly driven for applications such as printers and high
voltage displays.

PIN CONFIGURATION a 8255 BLOCK DIAGRAM
*a3(] S 407 rae
razl]2 [ ]ras 1
sar(]2 [ ] ras J r
rao(]a ar{Jrar Jomn l =4 { aroue
Ao(]s 36 [ wA 8 ———cno . :\ ont @ .,
s} 5[] meser = ;?:;_ <: . M
eno {7 uilo,
ar(]s n{lo, T
a0 (e 1u{]o, ]
=1nll} azse o, o
res 0 {7 o, C:D - ::> '
res iz L. Im] 0: s E .
rca]13 2{Jo, SLOMECTIONAL DATA BUS 2 L N
rco 14 n{} o, °'°'<.L > n.::‘(l C V]
rc1 (s 207 Vee mTtanaL caowe
rc2(1e 23[] rar BaTa sus : : : : o
3 {7 ree 1 :g::-': S R
reo[|1e 3{]res
re1]19 22 re4 t
rez(]20 2n{Jrs3 . L
A ::f?.' RO Enow
| conm contoo i e e
" LOGIC
PIN NAMES N . - o
MESET L .
0,-0, DATA BUS (BI-DIRECTIONAL) }
RESET AESET INPUT
= CHIP SELECT
AD AEAD INPUT B_____?
[ wn WRITE INPUT
A, At PORT ADDRESS

PATPAD PORT A (BIT)
r87-PBO PORT 8 (BIT)
PCT-PCO PORT C (84T
Vee +5 VOLTS
GNO IVOLTS

323



SILICON GATE MOS 8255

8255 BASIC FUNCTIONAL DESCRIPTION

“General

The 8255 is a Programmable Peripheral Interface (PPI) de-
vice designed for use in 8080 Microcomputer Systems. |ts
function is that of a general purpose [/O component to inter-
face peripheral equipment to the 8080 system bus. The
functional configuration of the 8265 is programmed by the
system software so that normally no external logic is nec-
essary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to inter-
face the 8255 to the 8080 system data bus. Data is trans-
mitted or received by the buifer upon execution of INput
or OUTput instructions by the 8080 CPU. Control Words
and Status information are also transferraed through the Data
Bus buffer,

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the 8080 CPU Address and
Control busses and in turn, issues commands t6 both of the
Control Groups.

(CS)
Chip Select: A “low’ on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

(RD)
Read: A “low” on this input pin enables the 8255 to send
the Data or Status information to the 8080 CPU on the

Data Bus. |n essence, it allows the 8080 CPU to "read from”
the 8255.

(WR)

Write: A “low” on this input pin enables the 8080 CPU to
write Data or Control words into the 8255.

{Ag and Aq)

Port Select 0 and Port Select 1: These input signals, in con-
junction with the RD and WR inputs, control the selection of
one of the three ports or the Controt Word Register. They
are normally connected to the least significant bits of the
Address Bus {A,and Aj).

8255 BASIC OPERATION
A1 | Ag| AD | WR | S | INPUT OPERATION (READ)
0 0 0 1 0 | PORT A~ DATA BUS
0 1 0 1 0 | PORTB = DATA BUS
1 0 0 1 t 0 | PORTC= DATA BUS
OUTPUT OPERATION
{WRITE)
0 0 1 9 0 ' DATA 3US=PORAT A
0 1 1 0 " 0 DATA3US=PORT3
1 0 1 0 ! J ! DATABUS=PORTC
3 1 1 ) 0 OATA BUS = CONTROL
DISABLE FUNCTION
X X X X 1 . DATA BUS = 3-STATE
1 1 o [ 1 0 : ILLEGAL CONDITION

-
1 DIRECTIONAL DATA SUS
0,0,

Lowee

19

i

s

s .
Y e tay e oy A

SO FAECE S Ao 21

8255 Block Diagram

10

St .

NUEY)

EQRUICIRS Y




SILICON GATE MOS 8255

(RESET)

Reset: A “high’’ on this input clears all internal registers in-
cluding the Control Register and all ports {A, B, C) are set
to the input mode.

Group A and Group B Controts

The functional configuration of each port is programmed
by the systems software. In essence, the 8080 CPU “out-
puts’’ a control word to the 8255. The control word con-
tains information such as ‘“‘mode’, “'bit set”, "'bit reset’”
etc. that initializes the functional configuration of the 8255.
iEach of the Control blocks {Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“contrcl words’ from the internal data bus and issues the
proper commands to its associated ports.

Control Group A — Port A and Part C upper (C7-C4)
Control Group B — Port 8 and Port C lower {C3-C0O)

The Control Word Register can Only be written into, No
Read operation of the Control Word Register is allowed.

8255 BLOCK DIAGRAM

Ports A, B, and C

The 8255 contains three 8-bit ports (A, 3, and C). All can
be configured in a wide variety of functional characteristics
by the system software but each has its own special features
or “personality” to further enhance the power and flexi-
bility of the 8255.

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B: One 8-bit data input/output latch/buffer and one
8-bit data input buffer.

Port C: One 8-bit data output latch/buifer and one 8-bit
data input buffer (no latch for input). This port can be di-
vided into two 4-bit ports under the mode control, Each 4-
bit port contains a 4-bit latch and it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B.

PIN CONFIGURATION

a3 S’ 137 eas
Pa2 "2 W ras
231 73 3 ras
»a0 '_‘ 3 17 t "ar
. L j Ws W
=3 38 aeser
o GND j ’ 34 E o,
. e n” o,
hH A0 3 ] 12(7 0,
i p #cr o nCo,
& \ 'ctgn 8255  xn[-o,
¥ »cs )2 (" oy
rca 3 ni o,
sco T "o,
st s 26{ Vee
. SLOMECTIONAL DATA BUS 0aTa »c2 : " E 13
o-% q;.-ursu - 3 ;n zq: e
. h:‘l‘l::; ( Zlgu’ ~ ra :50 :"‘: JIF ras
. sgere LA Et4 o4
. 1 N hib ol N s 02710 :xl: (%)
L———_—_——_—_I—
f
r
PIN NAMES
M arawe NN E
Lredingd coNTROL (‘r n.:-v < ’;‘_’“q 0,-0, DATA BUS (B1-DIRECTIONAL)
» . t RESET RESEY INPUT
| ‘ : C% CHIP SELECT
N ’ L) READ INPUT
. : . {WR WRITE INPUT
: - i AD, A} PORY ADDRESS
. o . ? » i PAT-PAD PORT A {BIT)
a #87.780 PORT B (BIT)
£ PCI-PCO PORT C {BIT)
. Ve -5 VOLTS
- o‘-::—-« . - - e - R ~ L - *_GND JVOLTS
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8255 DETAILED OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/Cutput
Mode 1 — Strobed input/Output
Mode 2 — Bi-Directional Bus

When the RESET input goes “high’* all ports will be set to
the Input mode {i.e., all 24 lines will be in the high im-
pedance state). After the RESET is removed the 8255 can
remain in the Input mode with no additional initialization
required. During the execution of the system program any
of the other modes may be selected using a single QUTput
instruction. This allows a.single 8255 to service a variety of
peripheral devices with a simple software maintenance rou-
tine.

The modes for Port A and Port 8 can be separately defined,
while Port C is divided into two portions as required by'the
Port A and Port 8 definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored’’ to almost any /O
structure. For instance; Group 8 can be programmed in
Mode O to monitor simpie switch closinés or display compu-
tational results, Group A could be programmed in Mode 1
fo monitor a keyboard or tape reader on an interrupt-driven
basis.

o ADORESS 8US )
; | [
{ CONTAOL BUS
1
DATA BUS
D, WA 0,-0, Ay A|J'
8255
MODE 0 "I 8 PR S A
o i:iuo @o Vo
P8P8,  PCyPC, PCPC,  PASPA,
mMoDE 1 —
2% 0 1 I 3%
PB,PB, CONTROL CONTROL  PA,PA,
OR VO
I [ H l I l :in OIRECTIONAL
10
comno'.

Basic Mode Definitions and Bus Interface

326

CONTROL WORD

Dg | Oy [ O] 03] 0;1] 0

GROUP 8

!—-——w— —] #

PORT C {LOWER}
1= INPUT
0 =QUTPUT

POAT B
1= INPUT
0= OUTPUT

MOOE SELECTION
0= MODE O
1=MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0= QUTPUT

PORT A
1= INPUT
0= OUTPUT

MODE SELECTION
00 =» MODE O
01 = MWOOE 1
1X = MOOE 2

MODE SET FLAG
1= ACTIVE

Mode Definition Format

The Mode definitions and possible Mode combinations may
seem confusing at first but after a cursory review of the
complete device operation a simple, logical 1/0 approach
will surface. The design of the 8255 has taken inte account
things such as efficient PC board layout, control signal defi-
nition vs PC layout arid complete functional flexibility to
support almost any peripheral device with no external logic.
Such design represents the maximum use of the available
pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single QUTput instruction. This feature reduces software
requirements in Control-based applications.
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CONTROL WORD

Dg 1 05 | Og | Dy | O | Oy | D

—
Bel
8y
B

=la|=fa

BIT SET/RESET FLAG
0= ACTIVE

Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255 is programmed to operate in Mode 1 or
Mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt request
signals, generated from Port C, can be inhibited or enabied
by setting or resetting the associated INTE flip-flop, using
the Bit set/reset function of Port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without effecting
any other device in the interrupt structure. "

INTE flip-flop definition:

(BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes
Mode 0 (Basic Input/Output)

This functional configuration provides simple input and
Output operations for each of the three ports. No “*hand-
shaking'’ is required: data is simply written to or read from
a specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

Any port can be input or output.

Outputs are latched.

Inputs are not latched.

16 different Input/Output configurations are possible
in this Mode.

BASIC INPUT
TIMING {D7-O¢

FOLLOWS INPUT

NO LATCHING)

——————

' 0;0p

PSR I

E

t DELAY TIME
FROM AD

I T DELAY TME
- FROM INPUT DATA

BASIC OUTPUT —— SN fbliocihiiitngl e
TIMING (OUTPUTS _ 0,0, )( )( B
LATCHED) ~——— ——— e —— e e
ouTruUT
tDATA - . |%TA
SET-UP D
OUTPUT DATA
1 CERou AT INVALID
Mode 0 Timing
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MODE 0 PORT DEFINITION CHART

A 8 GROUP A GROUP B
PORT C PORT C
3} [»] D D PORT A PORT B
M D e (weeer) | * (LOWER)
o} o] 0 4] QUTPUT QUTPUT 0 QUTPUT QUTPUT
o] [+ 0 1 QUTPUT QUTPUT 1 QUTPUT | INPUT
0 0 1 Q QUTPUT QUTPUT 2 INPUT OUTPUT
0 0 1 1 QUTPUT ouUTPUT 3 INPUT INPUT
4] 1 o} Q OUTPUT INPUT 4 QUTPUT QUTPUT
o] 1 o 1 OUTPUT INPUT S QUTPUT INPUT
o 1 1 ] QUTPUT INPUT 6 INPUT ouUTPUT
[} 1 1 1 QUTPUT INPUT 7 INPUT INPUT
1 o] o 0 INPUT QUTPUT 8 OUTPUT QUTPUT -
1 0 0 1 INPUT QUTPUT 9 QUTPUT INPUT
1 o] 1 0 INPUT OUTPUT 10 INPUT QUTPUT
1 0 1 1 INPUT OUTPUT |- 11 INPUT INPUT
1 1 0 0 INPUT INPUT 12 QUTPUT QUTPUT
1 1 ] 1 INPUT INPUT 13 ouTPUT INPUT
1 1 1 (4] INPUT INPUT 14 INPUT QUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 CONFIGURATIONS
CONTROL WORD =0 CONTROL WORD 22
% O, 0y 0, D, 0, D, O, . D, O O, ©, 0, 0, D, 0,
LlelefelefTeTr] Llelefefe[-T 4]
At Cara, Al e raea,
1258 8285
— et e, P, S L I e, P,
B0y ¢ { 070p - ¢ {
— ot o L 1 S C,-PC,
8 A, s, 8l rere,
CONTROL WORD #1 CONTROL WORD 23
D, O, o, D, D, D, O, D, % 9 D, O, 0, O, b, DB,
Llelele[eeTeT"] Hannnnn
s s
A \——_’;.. A, PA, A e PR, PAy
a2es s
—_’L‘._. PC,#C, ——.ﬁl_‘._. e, P,
0,0, c{ . 0,0, ¢ {
8 At ve, b, 8fo—rtt— o0,
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CONTROL WORD =4
O 9 05 O, O; O, O, O

A p——p e Pa,.Pay

9258

2 4

PCyPC,

0y-0y e 4

s_ﬁL. PCy-PCy

3 _+~' P8, P8y

CONTROL WORD =8
o, 05 0y 9, 0, 9, O 0O,

3

z

Aot pa,pa,

825§
L&

A pc,.¢,

[ R —— ¢

jrmden

+ 4
e bey pey

8
2
8 fr——i———= 8, 78,

CONTAOL WORD =5
o, o, oy O, O, O, D, D,

Llefedef o]l

CONTROL WORD x9
O, Dy Dy O, 0, D, Dy O,

Epanoonn

s
A PALPA Af—p b PA,PA,
8255 8238

L 4 ‘

fe—e——f—— ¥c, PC, r breeeeepfi——e PC,.PC,
0,0, [ 0y-04 ——————— [
4 i 4
¥ |n. 3

o 70,7, i 7 Cy 2%,

3 .8
8 [y P8, P8, e 8,48,

CONTROL WORD «6 CONTROL WORD 510

D; O¢ Oy DO, O O, D,
1

[LTLLTTT]

apb—pt o PALPA,

CETFLLLLT]

A -——/'——- PA,PA,

2255 82585
.__—,(L_ PC,PC, __,L.‘_._. [
0,0, c { 0,-0 c -{_
__+_. #C,PC, L S LI pe, ¢,
8 ¢_.7L.__ »8,.P8, 8 .—,l_.-__ re,-Pg,
CONTROL WORO =7 CONTROL WORD =11
O; Oy O; O, D, D, D, O O; Oy O3 D, O O O, 0

Llefelef el ]

0,0

329

Llefelefelel 1]

A -0——}L—. PA, IAo

8255

{.___./_‘_.pc'.pc‘
4
—-——7‘—‘——- PC,-PC,

sl — o e,
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CONTROL WORD #12 CONTROL WORD #14
O, Dy Oy B, D3 0; D; O D; O O O, D; 0, D, D
Llefeleffele]e] Ledefefrfofele]e]
) P L Iy Py SUSEYL I YT
5288 ”ss
po——rt— rcy e, s e,
0,0, c{ 0,0, [ {
ey, e 1y,
8 = re, %5, 8 [ ey
CONTROL WORD #13 CONTROL WORD #15
O; Dy Oy D, 03 D; Oy Oy O; Dy O Oy Dy O; 0O, D,
CleTel e ledeit] Llefef e [o0ol (]
B A N e
8255 [ 1
L oy, bt 1oy,
(- c { 0,0, | ¢ {
A reyre, et ey
s # . 8,8, o s r8, 8,
Operating Modes o ‘Mode 1 Basic Functionat Definitions:
. i Two Groups (Group A and Group B)
1 Input/Out °
Moda 1 (Strobed Input/ put) ® Each group contains one 8-bit data port and one 4-bit
This functional configuration provides a means for trans- control/data port.
ferring 1/0 data to or from a specified port in conjunction ® The 8-bit data port can be either input or output.
with strobes or “handshaking’ signals. In Mode 1, Port A Both inputs and cutputs are latched.
and Port B us the lines on Port C to generate or accept ® The 4-bit port’is used for control and status of the
these “"handshaking"’ signals. 8-bit data port.



SILICON GATE MOS 8255

Input Control Signal Definition
STB (Strobe Input)

A “low" on this input loads data into the input latch.
IBF (Input Buffer Full F/F)

A "high” on thik output indicates that the data has been
loaded into the inbut latch; in essence, an acknowledgement.
IBF is set by thé falling edge of the STB input and is reset
by the rising édgé of the RD input.

INTR (Intebrubt Request)

A "high’ on thif odtput can be used to interrupt the CPU
when an inpbt ice is requesting service. INTR is set by
the rising edge bf STB if IBF is a “one” and INTE is a
“one”. It is reset by the falling edge of RD. This procedure
,allows an input device to request service from the CPU by
simply strobihg its data into the port.

INTE A
Controlled by bit set/reset of PC .
INTEB
Controlled by bit set/reset of PC4.

MODE 1 {PORT A)
£

CONTROL WORD

0, Og Dy O, Dy O; O, D,

Lfol [ DX
PCer

1= INPUT
Q@ = OUTPUT

"7"‘0

e 578,

f— 125,

PG 2

F—a TR,

2
t—rF—= 110

MOODE § (PORTB) |

CONTROL WORD
O; Og Oy D, O3 O; D, D,

L XXX T

.1 PE——

s, 49,

A

Mode 1 Input

WMOOE 1 (STROBED IMPUT)

BASIC TIMING

or ’
(SMPUT BUFEER ML)
e

e =

=SPGK
=&

U

NO PROTECTION
FOR THIS OPERATION

WTERNAL
WPUT LATCH

m_.__f \
-/

pon ao - o o

Basic Timing Input
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QOutput Control Signal Definition

OBF {Output Buffer Full F/F)
The OBF output will go “low” to indicate that the CPU has
written data out to the specified port. The OBF F/F will be

set by the rising edge of the WR input and reset by the fall-
ing edge of the ACK input signal.

ACK (Acknowledge Input)

A “low” on this input informs the 8255 that the data from
Port A or Port B has been accepted. In essence, a response

*from the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
. when an output device has accepted data transmitted by the
CPU. INTR is set by the rising edge of ACK if OBF is a
“one’ and INTE is a “one”. It is reset by the falling edge
of WR.

INTE A
Controlled by bit set/reset of PCg.
INTE B
Controlled by bit set/reset of PC .

MOQOE 1 [PORT al

PA,PA, I>

CONTROL WORD

0; Oy Dy D, D; D; O, D,
1 orw o |1 | "G 8%,
-
1 INTE |
PCes [ || PCy fo—— T,
1= INPUT- T—-J —]
0= 0UTPUT !
PCy —— INTR
WR ——df

PCos famte

YOODE 1 (PORT 8} ’

8,98, —_s_">

CONTAROL WORD
Dz Og Og D, D3 Dy Oy Dy
T [ol: 1
DXOONIE o
L] |2
INTE
P8 e TR
—-2

8

[ NTRy

Mode 1 Output

g 7S

oBF
(GUTPUT BUFFER FULL)

-~ X

NO PROTECTION

FOR THIS QPERATION

(DOUBLE
WRITE
W/O ACK)

ouTPUT \

Basic Timing Output

332



SILICON GATE MOS 8255

Combinations of Mode 1

Port A and Port B can be individually defined as input or
output in Mode 1 %0 support a wide variety of strobed /0
applications.

S O
AD ——q PCy f— 578, WA ——f PC, fm e TBF,
PCy —— 1BF,, PCq le—— ACK,
CONTROL WORD CONTROL WORD
Oy Og Og Oy Dy 0, D, D, . Pe———NTR, D; Dy Dy O, Dy D, D, D, PCy e INTR,
t]ojv|jwojriol > 1lo]rjojwelr 1 2
l [ [ ‘[ I ‘>q PCer .—-’L. 10 [ l I T J‘ el M PCos '+’ 1o
PCq PCus R
1= INPUT 1= INPUT,
0= OuUTPUT For % I> 0= 0uTPUT o, P8y <I]
WR ——e #C, [———e OBF, [y po— PCy e 3T,
7, | iR, 26— 187,
PCo -——= INTR; PCy = INTR,
f PORT A ~ [STROBED INPUT} PORT A = ISTROBED OUTPUT)
POAT B - (STROBED OUTPUTI PORT 8 — .STROBED INPUT}
Operating Modes Output Operations

Mode 2 (Strobed Bi-Directional Bus 1/0)

This functional configuration provides a means for com-

municating with a peripheral device or structure on a single-

8-bit bus for both transmitting and receiving data (bi-direc-
tional bus 1/0). “Handshaking” signals are provided to main-
tain proper bus flow discipline in a similar manner to Mode
1. Interrupt generation and enable/disable functions are
also available.

Mode 2 Basic Functional Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port (Port A) and a 5-bit

. control Port (Port C).

o Both inputs and outputs are latched.

® The 5-bit control port {Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bi-Directional Bus 1/O Control Signal Definition

INTR {interrupt Request)

A high on this output can be used to interrupt the CPU for
both input or output operations.

OBF (Output Buffer Full)

The OBF output will go “low” to indicate that the CPU has
written data out to Port A,

ACK (Acknowiedge)

A "low” on this input enables the tri-state output buffer of
Port A to send out the data. Otherwise, the output buffer
will be in the high-impedance state.

INTE 1 (The INTE Flip-Flop associated with OBF)
Controlled by bit set/reset of PCg.

Input Operations

STB (Strobe Input)

A “low" on this input loads data into the input latch.

IBF (Input Buffer Full F/F)

A “’high’ on this output indicates that data has been loaded
into the input fatch.

INTE 2 (The INTE Flip-Flop associated with IBF)
Controlled by bit set/reset of PCy,.
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CONTROL WORD
O; Dy Oy Dy 03 0p Dy DO
BOXEEE

L :20
1 INPUT
Q = OUTPUT

L= PORT 8
1= INPUT
0= QUTPUT

e+~ GROUP 8 MODE
0=MODED
1= MO0E 1

o [—F—= w0

Mode 2 Control Word

Mode 2

18F5

;

STROBE

Bl

{ DATA BUS

e G eSS m

AND 1/0 DEVICE)

DATA
1/0 DEVICE - 1O CHIP

DATA
10 CHIP - 1O DEVICE

Mode 2 (Bi-directional) Timing
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MODE 2 AND MODE 0 {INPUT)

CONTAOL WORD
0y Dg Og O, Oy D, D, D,

[ LX)

PC20
1+ INPUT
0+ 0UTPUT

A ————eag

PCy b TR,

PA,PA <:>

pe, ——— OBF,

PCg f——— &TX,

o, t e,
pCy 185,
3

20 =0

re,en, ]

MODE 2 AND MODE 0 (QUTPUT)

CONTROL WORD
Oy Dy Oy O, O, D, D, O,

CL X o ]

PC20
1o NPUT
0 « OUTPUT

PA,-PA,

e,

PCr0

ropre,

o INTR,

K>

I &eF,

|o——— acx,

MODE 2 AND MODE 1 {OUTPUT)

CONTROL WORD

Py O Oy O, Oy Dy Dy Dy

|||t]_§|‘\_'l\\]tlo!f|

'C’
pa,PA,
'C’

"<

PCy

?8,P8,

<y

<,

b————— INTR,

(=

———— O8F,

f———— ACK,

SR—

MODE 2 AND MODE 1 {INPUT)

CONTROL WORD

D, Oy Og D, Dy O Dy Oy

L DX T X

AAD ey

[T e ——-

’e,

PA,LPA,

e,

v re,

f————— INTR,

b 18F,

F————InT,

Mode 2 Combinations
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MODE DEFINITION SUMMARY TABLE

MODE 0 MODE 1 MOOE 2
IN ouT IN our GROUP A ONLY
PAg N ouT . N ouTt -
PAq iN ourt IN out -
PA, IN ouT IN ouT -
PA3 IN ouTt IN ouTt -
PA4 IN ouTt IN ouTt e
" Pag IN ouT IN ouT e
PAg N ouT N out ~——
PA7 IN ouTt IN ouTr B
P8g | IN ouTt IN l out —_ B
P8y i IN ouT IN out e
PB; IN ouT IN ouT 2N
PB3 IN our IN ouT - MODE 0
PB4 IN ouT N ouT —_— I~ OR MOODE 1
PBg IN ouT IN ouT _ ONLY
PBg IN ouT IN. ouTt _
P84 IN out IN our _
PCo IN our INTRg INTRg 170
PC, IN ouT 18Fg 0BFpg e}
PC; 1 N ouT ST8g ACKg 110
PC3 ioING ' oouT INTRA | INTRp INTR A
PCs  , N OuT $T8p 1O ST8A
PCs IN ouT 1BF 1o 1BF 5
PCg | IN ouT 1o ACK o ACK 5
PC; L N} ouT 1/0 OBF 5 OBF 5

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as inputs —
All input lines can be accessed during a normal Port C
read.

if Programmed as Outputs — :
Bits in C upper {PC;-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port-C. \

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source TmA at 1.5 voits, This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

«In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hand-shaking” signals
with the periphera! device, Reading the contents of Port C

allows the programmer to test or verify the *‘status’ of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION
D; O Oy 0, o 0, O; O

t/o | o I 18F,
b

'"“.1'"";[‘"7‘-' 18F, lmm,

GROUP A GROUP 8
QUTPUT CONFIGURATION
0, Oy D 0, 0, 0, D, Oq

[Gﬂ‘ mrt‘l v | e ImmAl m'r:,l O%F, lmn,]
. T
GROUP A GROUP 3

Mode 1 Status Word Format

0, D¢ Oy 0,

[&T. Imrs, [ .ar.I-nrh

GROUP A

% 0, %, O

GROUP B

(DEFINED BY MODE 0 OR MOOE 1 SELECTION)

Mode 2 Status Word Format
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7.80-CPU
Z80A-CPU

Ya

Product Specification

Zilog

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z80A CPU’s are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU’s are very easy to implé-
ment into a system because of their single voltage require-
ment plus all output signals are fuily decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel; ion implanted, silicon
gate MOS process.

Figure | is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers oc
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU aiso contains a 16-bit
stack pointer which permits simple implementation of

muitiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The [ register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

® Single chip, N<hannel Silicon Gate CPU.

¢ 158 instructions—includes-all 78 of the 8080A instruc-
tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

® |7 internal registers.

® Three modes of fast interrupt response plus a non-
maskable interrupt.

® Directly interfaces standard speed static or dynamic
memories with virtually no external logic.

® 1.0 usinstruction execution speed.

® Single 5 VDC supply and single-phase 3 volt Clock.

® OQut-performs any other single chip microcomputer in
4-, 8-, or 16-bit applications.

e All pins TTL Compatible

® Built-in dynamic RAM refresh circuitry.

il

€Pu AND.
SYSTEM
CONTAOL
HONALS

emr
ADONESS BUS

280, Z8OA CPU BLOCK DIAGRAM

MAIN AEG SET

ALTEANATE REQ SET

(" ACCUMULATOR fLacs ACCUMULATOR FLAGS B
[ & r
. < " <
GEnEAAL
T PURPOSE
° ¢ o ¢ AtGisTIAS
8 H " [\
i
INTERRUPT | MEMOAY —_—
vecron | assmesn
[ A
IMDEX REGISTER x| oecia
ryAPOSE
INDEX AEGISTER w ASGISTERS
STACK POINTEN s»
PROGRAM COUNTER

Z80, Z80A CPU REGISTERS
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280, Z80A-CPU Pin Description
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280, Z80A CPU PIN CONFIGURATION

Ag-Ays
(Address Bus)

Dg-D7
(Data Bus)

My
(Machine
Cycle one)

MREQ
(Memory
Request)

IORQ
(Input/
Qutput
Request)

RD
(Memory
Read)

(Memory
Write)

Tri-state output, active high. Ag-Ajs
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

exchanges and for I/O device data exchanges.

Tri-state input/output, active high.

D - D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and [/O devices.

Output, active low.vl indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory’
read or memory write operation.

Tri-state output, active low. The IORQ
signal indicates that the lower half of the
address bus holds a valid 1/O address for
a 1/O read or write operation-An IORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an 1/O device, The addressed
1/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to
be stored in the addressed memory or 1/O
device.
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RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

Output, active low, RFSH indicates that
the lower ~ bits of the address bus con-
tain a refresh address for dvnamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories.

Output, active low. HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh
activity.

Input, active low. WAIT indicates to the
230 CPU that the addressed memory or
[/O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by /O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input.’active low. The non-maskabie
interrupt request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NM1 automaticaily forces the
Z-80 CPU to restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers I and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state.

Input, active low. The bus request signal has
a higher priority than NMI and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is

used to indicate to the requesting device

that the CPU address bus, data bus and
tri-state control bus signals have been set

to their high impedance state and the
external device can now control these signals.



Timing Waveforms

INSTRUCTION OP CODE FETCH

The program counter content (PC) is placed on the :
address bus immediately at the start of the cycle. One half : . .
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic " e e

memories. RD when active indicates that the memory sovan X ST S—
data should be enabled 6nto the CPU data bus. The CPU mw o T T | U

samples data with the rising edge of the clock state T3. .

. R . ~
Clock states T3 and T4 of a fetch cycle are used to refresh ‘i ; : i —
dynamic memories while the CPU is internaily decoding RO SN N \-—‘———--—‘ ----- b e
and executing the instruction. The refresh control signal & '—\._____f_F ; P S
RFSH indicates that a refresh read of all dynamic memories o0~ 07 : D !, d
should be accomplished. ' : i |
t

!

MEMORY READ OR WRITE CYCLES

Nustrated here is the timing of memory read or write = } My Worm Crcte et
cycles other than an OP code fetch (M cycle). The MREQ Mg 1Ny, " t { T
and RD signals are used exactly as in the fetch cycle. In £ _’_j_.f_'\__(_\_}'_'\__fw
the case of a memory write cycle, the MREQ also becomes e I — o T
active when the address bus is stable so that it can be used T g : ; ) :
directly as a chip enable for dynamic memories. The WR 3 \ T R W [
line is active when data on the data bus is stable so that it s T L N '
can be used directly as a R/W pulse to virtually any type of a® (. i
semiconductor memory. A\Y - T
— h - :
wi _T LiL T W, —— T : :
+ l 1 :

INPUT OR OUTPUT CYCLES

[llustrated here is the timing for an 1/O read or /O write aoel I N "
operation. Notice that during 1/O operations a single wait - ===y i S JaW N W N
state is automatically inserted (Tw*). The reason for this is . TFOAT 100AES Y T
tpat during [/O operations this extra state allows §ufﬁcicnt o —L————I\ i ,——+——-——
time, for an I/O port to decode its address and activate the 4 _!__1——_—_[_____\
WAIT line if a wait is required. 7 . o

- ] 17 ’
oe-07 7 ) ;
2 i /- 'r—t‘ﬂ“‘:::‘-{:—:_
wi \ 7T \wew
J e
00-07 —tfmme{" ouT

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the e

rising edge of the last clock at the end of any instruction. i Lot T Stose " "y e I 1, 1
When an interrupt is accepted, a special M cycle is . __4’_—\._1’_\__1"ﬁ_4’_\._.[_—‘;___1'—\__4’_"\__
generated. During this M cycle, the IORQ signal becomes - v . ———
active (instead of MREQ) to indicate that the interrupting T R N
device can place an 8-bit vector on the data bus. Two wait o~ ) L Lo
states (Tw*) are automatically added to this cycle so that a = 1 L —
ripple priority interrupt scheme, such as the one used in the s ' _
780 peripheral controllers, can be easily implemented. — 1 —

0o~ 07 @

o Y g i

1 I
w5 | !
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8-81T LOADS

16-B1T LOADS

EXCHANGES

780, Z80A Instruction Set

The following is a summary of the Z80, Z80A instruction

set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-’
tailed listing appears in the Z80-CPU technical manual, and
assemnbly language programming manual. The instructions
are divided into the following categories:

Miscellaneous Group

8-bit loads
16-bit foads Rotates
Exchanges Bit Set,

Memory Block Moves
Memory Block Searches

8-bit arithmetic and logic
16-bit arithmetic

General purpose Accumulator

Jumps
Calls

& Flag Operations

and Shifts
Reset and Test

Input and Output

Restarts
Returns

In the table the following terminology is used.

a
a
o

any 8-bit destination register or memory location
any 16-bit destinatiomregister or memory location
8-bit signed 2’s complement displacement used in

relative jumps and indexed addressing

o
|

= 8 special call locations in page zero. In decimai

notation these are 0. 8, 16. 24,32, 0. 48 and 36

=}
=]
m o

any 8-bit binary number
any 16-bit binary number
any 8-bit general purpose register (A.B,C.D. E.

H,orL)

(%3
o
nonen

subscript “L"”
subscript “H”

O =

nou

any 8-bit source register or memory location

a bit in a specific 8-bit register or memory location
any 16-bit source register or memory location

the low order 8 bits of a 16-bit register
the high order 8 bits of 1 16-0it register
the contents within the () are to be used asa

b = abit number in any 8-bit register or memory pointer to a memory location or /O port number
location 8-bit registers are A, B, C.D,E, H, L. [and R
cc = flag condition code 16-bit register pairs are AF, BC, DE and HL
NZ = non zero 16-bit registers are SP, PC, {X and IY
Z = zero
NC = non carry Addressing Modes implemented include combinations of
C = carry the (ollowing: Immediate Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Modified Page Zero  Implied
P = Positive Relative i Register [ndirect
M = Negative (minus) Extended- Bit
Mnemonic Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
LDr,s res s =0, (HL), LDt (DE) —(HL). DE «~ DE+1
(IX+e), ([Y+e) ; HL —HL+{,BC ~ BC-{
LDd,r d+~r d=(HL).r S| LDIR (DE) — (HL). DE — DE+!
(IX+e). (IY+e) | 2 HL ~ HL+!.BC — BC-1
LDd,n 4 d = (HL). 5‘ Repeat until BC =0
(IX+e), (IY+e) 2| LDD (DE) «~ (HL), DE ~ DE-1
LD A,s Aes s=(BC), (DE), | 2 HL ~HL-1.BC - BC-1
(nn), LR Z | LDDR (DE) + (HL), DE « DE-1
LDd, A d«A d=(BC),(DE). | = HL + HLl5,5C # BC-1
(nn), IR Repeat until BC =0
LDdd,nn | dd«nn dd=BC,DE, | | CH! A-(HL). HL « HL+1
. HL,SP,IX,IY | = BC < BC-I
LD dd,(nn) | dd « (nn) dd =BC, DE, Z1 CPIR A-(HL), HL « HL+! A~(HL) sets
HL.SP,IX, 1Y & BC < BC-1. Repeat the flags only.
LD (nn),ss | (nn)<«ss ss = BC, DE, % until BC =0 or A =(HL) A is not affected
HL,SP,IX, 1Y g
s CPD A-(HL), HL « HL-1
LDSP,ss | SP<ss ss=HL,IX,IY | Bc(~ B)C-l :
. — = =
PUSH ss (SP-1) =55y (SP-2) + 55 ;SL iCF ll);:. oy S| cpor A-(HL), HL « HL-1
il S5 BC « BC-1, Repeat
POP dd ddp « (SP);ddy +(SP+1) | dd = BC, DE, = until BC=0 or A = (HL)
HL, AF, 1X, 1Y
ADDs AvAts
EXDE.HL | DE~HL ADCs A<A+s+CY CY is the
EX AF,AF’ | AF «~ AF’ % SUB s A+—A-s carry flag
EXX BC BC’ =] SBCs A-A-s-CY s=r,n, (HL)
EIE - 35 3| ANDs AvwAAs (IX+e), (IY+e)
ORs A+-AVs
EX (SP).ss | (SP)=ss| , (SP+1) = ssy ss=HL, IX, 1Y XOR s AcA®s

358

3




8-BIT ALU

16-BIT ARITHMETIC

GP ACC. & FLAG

MISCELLANEQUS

ROTATES AND SHIFTS

maskable interrupt

Mnemonic Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
—
CPs A-s s=r.n(HL) =| BITb,s Z“% Zis zero tlag
INC d ded (IX+e), (1Y+e) | SETb.s sp = | s=r.(HL)
d =r, (HL) | RESb,s s, —0 (IX+e), (1Y+e)
(IX+e), (IY+e) a
DECd d+d-1 IN A, (n) A<(n)
INr,(C) r+(C) Set flags
ADDHL,ss | HL < HL +ss : NI (HL) <(C),HL < HL +1
ADCHL,ss | HL « HL + 55+ CY % ss=BC, DE BeB-l
' HL, SP -
SBCHL,ss | HL « HL -55-CY ks INIR B - (O.HL = HL*
ADDIX,ss | IX+[X+ss ?;(Esic- DE, Repeat until B=0
" IND (HL) «+(C),HL «HL - 1
ADDIY,ss | 1Y «IY +5ss ss = BC, DE, - BeB-1
1Y, SP =)
’ = HL) «(C).HL < HL -
INC dd dd < dd + 1 dd=BC,DE. | 5 —_— 53«)3 _(, J-HL = HL -1
DEC dd HL:_SP' X, 1Y % R Repeat untii B=0
. Hse ix v | 5| QT4 @4
SRR 2 | OUT(C), r (O«
DAA Converts A contents into Operands must Z! ouTI (C)«(HL), HL « HL + |
packed BCD following add | be in packed B«B-1
o BCD fi t
or subtract. SEE OTIR (C)+ (HL), HL < HL + 1
o 4 B<B-1
CPL A+ A Repeat until B=0
NEG A«<00-A OUTD (C)=(HL),HL ~HL - |
CCF CY «-CY B-B-1
SCF CY ~ 1 OTDR (C)~(HL),HL ~HL - 1
. B+~B-1
NOP No operation
R iiB=
HALT Hait CPU Eeieyupti fre 0
Dl Disable Interrupts JPnn PC «<nn NZ PO
ElL Enable Interrupts JP cc,nn If condition cc is true Z PE
; ce
M0 Set interrupt mode 0 8080A mode PC « nn, else continue ¢ SC ;
M1 Set interrupt mode | Callto 0038y | | K¢ ¥ P
M2 Set interrupt mode 2 Indirect Call Z|IRKk, e If condition kk is true Kk NZ NC
g 2 PC < PC + e, else continue Z C
R'LCS l'l-q—u. ]P(ss) PC «ss ss=HL, IX, 1Y
. ) DINZ B+B-1,ifB=0
RLs .- 7 - o. continue, else PC «PC +e
S
CALL nn (SP-1) « PCyy
NZ PO
RRC's -.. v (SP-2) ~ PC[ ,PC < nn 2 PE
s E CALL cc, nn | If condition cc is false ccSNe P
RRs o continue, else same as . cC M
s . CALL nn
SLAs AT ==l | s=1, (HL) E{RSTL (SP-1) <~ PCy
s (ix+e),(IY+e) | £ g:P'Z) ‘L‘ PCL.BCy <0
v -
SRA's ‘ =0 o L
s RET PCy «(SP),
SRLs o-{T 0 PCyy + (SP+1)
s RET ¢cc If condition cc is false NZ PO
. 4 continue, else same as RET ¥4 RPE
RLD 7 45 0 3 7jwu 2 e S ne P
A 5 RETI Return from interrupt, B\
o same as RET ¢ M
RRD 7 a3 o] [7 3 owuw RETN Return from non-
A
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A.C. Characteristics

780-CPU

iy

Jo

30

T, =0°C1070°C. Ve = +5V £ 5%, Unless Otherwise Noted.
Signal Symbot Paramerer Min Max Unie Test Condition
1 Chink Peniod A 112 wes 12 ot amy * fwiodl) " Y
t,, thily Clowh Pubse Widih, Cloch thgh 130 3] nsec
" w [
w Py Clik Pulse Width, Clwd Larw 180 2 niec
[ Cliwk Rise and Fall Time E0) nsec
< tADY Address OQutput Detay 148 nsec
A Delay 1o Fhest 110 nsec
tacm Addrens Stuble Prae (0 MRFO tMemury Cycle) 1T nseq
H-18 '4:'| Address Stuble Privn to TORO, RD we WR 1410 Cycley [N Asex €y = S0pF M tem® by * =15
[ Addresy S1able tumn RD W TORQ or 137 nsee
k- o Addrens Seable s RO oe WR During Float T nsec 121t =t 40
i Dats Gusput Delay 230 nse¢ [ N N R 4
i elay 40 Fliat During Wrie Cycle 0 nsey
1S 1) Data Setup Tume o Rising badge ot Chouk Burnng Mt Cycle 30 nsec Bt ® oty " e M@
Uy.s ST Dot Setup Tune to Falling t-dge of Chk Duning M2 1o M3 0 nsey Cy = 509F
om 1ata Stable Prior i BR (Memuny Cycled T37 = nsce 151 tgem =t - 210
(A Dats Siadhe Provw 1o WR O Cyaley iol nsee .
fet Dats Stable From WR m (o] tyei * tugor) * b - 210
i Amy 1iold Tame tr Setup Tune 0 nsec 7 tege= tor) i -30
LOLT (MR) MREQ MREQ Detay From Falling Edge of Cluck, M FO Low 100 nsex
DI IMR)Y MREQ Dxlay From Rising Edge of Cluck. MRFO High 100 asee
MRFG DU MR MRFQ Detay From Falling Edge of Cluxk, MRE ] High 100 nsec CL = 50pF
L {MRLY Pulse Width, MTREQ Low 18§ nsee 181ty (MR "t 10
I (MRTH Putse Width, MREQ High K18 nsec
91 MR * Woth "' "
ol s IORO Delay Erom Rising Edge of Clock. TORD Low 00 | nsec “
GRO DL (IR} R Delay From Falling Edge of Clock, IORO Low 110 nsec
'OR DHD (IR) IORO Delay From Rising Edge of Clock, TORQ High 100 asec Cp ® S00F
(DH® HR) iORQ Delay From Falling Fdge of Clock. IORQ High 11D nsec
‘oL (RO | KD Delay From Rasing Edge of Cluck, RD Luw 100 | nsec
) IDLT(RDY RD Delay Frum Falling Edge of Clock, RD Low 150 nsec ¢ = <0pF
1DH® 1RDY _9 Detav Frum Rising Edge of Clock. RO RO High 00 nsec L ‘op
LOHS (R RD Delay Frum Falling Edge of Clock, RO High 110 asec |
tDLO tWRY WR Detay From Rising £dge of Clock, “R Low 30 asec
R 1OLF (WR) WR Delay From Falling Edge of Clock. WR Low 90 nsec ¢, « S0oF
tpH® (WR) |  WR Delay From Falling Edge of Cluck, WR High 100 nsec [
Tw (WRL} Pulse Width. WR Low {10t nsec
(1o} t(WRL) ™ te- 40
i DL (M1} M1 Detay From Riung Edgzo{(‘lo-.k..\ﬂ Low 130 03¢ | ¢ »S00F
: DK M) M1 Delay From Rising Edge of Clock, MT High 130 nsec L P
) IDL(RF} RFSH Delay From Rising Edge of Cluck. RFSH Low. 180 nsec
RESH. | o Rey | RFSH Delsy From Rising Edge of Clock, RFSH High T30 [miee | CL = S0°F
wAIT Is (WT) WAIT Setup Time to Falling Edge of Clock ‘10 p nsec
ALY IDIHT) TALT Delay Time From Falling Edge of Cluck J00 | nsec Cy = S0pF "
IXT Y TRT Setup Time tv Rising Edge of Cluck 20 nsec .
» NMI- o (RFLY Pulse Widih, RMT Luw 80 nsec
BUSRO ts (BO) BUSRQ Setup Tirue tor Rising Edge of Cluck 80 nsec
1oL (8A) BUSAK Delay Frum Rising Fdge of Clck, B BUSAK Low 120 nsec
BUSAK | oiiba) | BUSAR Delay Frum Falling Edge of Clock, BUSAR High o [ maee | CL°S%F
RFSF 5 IRS) RFESET Setup Time tu Rising Edge uf Click 90 nse¢
) Delay to Float (MREQ, TORO. RD and WR) 100 | nsee
[ *| * M1 Stable Prior 1o TORQ Uinterrupt Ack.) tu asec Tt = T ¥ o * Hm
> .. et - e Al . v
NOTES:
—_— TEST FOnT LERAL LY
A. Daty thould he enabled onto the CPU dats bus when RD 15 acuve. Duning intesrupl acknowledge dsta
shuuld be enshied when M1 and JORQ are-bath active, hetiesiend

B. Al contrd upnals are snternaily syachrmuzed. so they awy be 1otally asynchronous with respect,
1 the ok,

¢

The RESET ugnal must be actve for 3 mmmnum of 3 cuck cycles.
D, Ouiput Delay v, Loaded (4
TA = T0°C

ance

Yee = +5V 25%
Add 10nsec delay for each 50pf increase in load up to 2 maximum of 200pf for the data bus & 100p( for
address & control lines

t. Although stz by dengn, testing guarantees 1 oy, oF 200 usec maximum
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A.C. Timing Diagram

Timing measurements are made at the following

Ld

Ag-ats

Ag-15

Do-7

U

voltages, unless otherwise specified: -t "
CcLOCK Ve -6Y 45V .
QUTPUT 20V v b
. INPUT 20V 8V
FLOAT av t0S5V
' (),
J :_./ r_/ L 1 L_/ -
Y (44) oy oy N
bg
0 (A0)
L L I
N AC 5 X M N 1R w»"'"
ﬂ,. 4 I )qr L k. gl N
¥ T3 7
2R -
——— - = e s
IN k ﬁ. E\_ .
o 0) T pusi wtryd B Wy o
et e 3 H—tF (o)
b (D1 $-F. LA 5|
ouT I
e A _q
‘DL 1) . toH (M1 — = - (]
. /l“ 1. e
I~ SF 'oH (RF) L 3 R P
0L (RF}—= |
Y0
T3 p. 7
= "o wRy 04k (A=) pEs), T MRI=~] };l
—
i | o e (AL~ \\. n A Mok
I 13} W (MRR) I "si N
—q:w RO} ‘O H (RO OHE (RO}~ -
o § m—ss \ — /__
.
L ¢ 5_”" dem
3T A ) 1
0ty 8 — }-—‘Dw?- WR)
q‘ N
tocm—et »J'w.(Fﬁu-;‘ o/
‘oL bR toLt ory | .
-ﬂ‘—‘n_u:«um—— ; toHT 1Ry~ =
. _/__
t N
= tmr ] 1T d—ﬂ_.('l ‘
l bq‘m.-v "o 'oqn'T 1RO} 4}
. _\\Nq—/
' L0 4 *
- oL+ wRY )
@ ToHTE (WR) =] }:\
‘\ /
'som || [P T
’ T '0 (4T '0 (WD)
Sun|| W i ¥ j_—
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-  —
. W 's (30!
- oy (N¥L) .
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. ‘o (sA
ot uA)q_‘
s (RS) | W ‘
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Absolute Maximum Ratings

Temperature Under Bias Specified vperating range. *Comment Note. For Z80-CPU .it AC and DC charactenstics reman the
Storage Temperature -65°C 1o +150°C Stresses above those listed under “Absolute wme for the military grade parts except | .
Voltage On Any Pin 0.3Vio eV Maxsmum Rating™ may cause permanent .
with Respect t0 Ground damage (o the device. This is 2 stress rating Iic = 200 mA
Power Dissipation 1.5W

only and functional operation of the device
at these o any other condition above those
indicated i the operational sections of this
specification 1s not implied. Exposure to
absolute maxumum rating conditions for
extended periods may affect device reliabitity.

Capacitance

To=25°C. =t MHz,
unmeasured pins returned to ground

Z80-CPU D.C. Characteristics

Ta* 0°C 10 70°C. V. = 5V = 5% unless utherwise specified

Symbel | Parameter Min. | Typ. | Max. | Unit | Test Condition Symbol ‘ Parameter Max. | Unit
ViLe Clock [nput Low Voltage 0.3 045 . v Co Clock Capacitance 35 pE
ViHe Clock Input High Voltege Ve =6 vcc"3 A clN Input Capacutance 5 oF
Vi lnput Luw Voltage =03 03 v Cout Qutput Capacitance 10 pF
Vi Input High Voltage 0 Ve v *
VoL Output Low Voltage 0.4 vl gy =i 8maA
v Output High Vuitage 2 v Loy * -~50uA Z80.CPU

> ' 4 Ordering Informati
|c'c Puwer Supply Current 150 mA r enng 0 ation
(1) Input Leukage Current 10 | uA VN0 10V . S - g::;:"c

: S — Standard SV 5% 0° to 70°C
I oH Tri-State Qutput Leakage Current m Float 10 A Vour=tdto V. E~ E:unaded 5V 15% —40° to 88°C
. M - Militacy 5V z10% -55° to 125°C

Lot Tn-Stute Outpur Leakage Current in Float -10 uA Vout=04Y
'to Duata Bus Leakage Current in input Mude 210 A 0 Vg SV,

.

Capacitance

Ty =25°C.0= 1 MHz,

Z80A-CPU D.C. Characteristics

TAT0CT0°C V=5V 2§ yaless ntherise spevified

. *unmeasuced pins returned to ground
Symbol | Parameter Min. Typ. | Max. | Unit Test Condition Symbot | Parameter Mav. | Unit
V"_(. Clock Input Low Voltage \ 0.3 0.4? v Cy Clook € span stane 35 oF
Ve Clwck Input High Voltage RN £ V3| v s ot Capsctanee < o
viL Input Lim Vultage 03 X v Corr ) Owput Capsartanee |10 p¥
A\ tuput Hhgh Vuliage 20 Vie v
v()L Output Low Voltage* 04 v IOL‘IJsmA
Vou Quiput Hlgh Voltage 24 v Ity = =250mA ;Z80A_CPU
e Pawer Supply Curremt a0 | 200 | ma Ordering Information
.lLI Input Leakage Current 10 HA Vg V.. € — Ceramic
Lon To-State Quipur Leahage Current an Fluge 10 uA Vour*s3 WV ; :;:::'d SV 25% 0° 10 70°C
hot Te-State Oytpur Leakage Cutrent III!Flu:'I -10 uA VOUT'O"W.
Yy a1z Bus Leukage Cusrent w Input Mude 210 uA 0V NSV .
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A.C. Characteristics Z80A-CPU

T =0°C to 70°C. Vee = +5V £ 5%, Unless Otherwise Noted.

Sgmail Symbol Prrameter Min | Max Unit Test Condition
T Clock Perod .25 [EB)] usex. {12] 1 =t Lx ri et
R o (SH) Clock Pulse Width, Clock High 110 16 | asee ¢ wieth T ety T
ty (9L) Clock Pulsz Width., Clock Low 110 2000 e
. Clock Rise and Fall Time K nsec
1D (AD) Address Output Delay 110 nsec
I'F (AD) Delay 1o Float 90 asec
tem Address Stable Prior to MREQ (Memory Cycle) [ nsec
Ao-15 taci Address Stable Pror to [ORQ. RD or WR (1/0 Cycte) 137 e ] €L 30PF (1] o ™ty t 1= 65
e Address Stable from RD, WR, IORQ or MREQ 37 Tiee
tesf Address Stable From RD or WR Duting Float 37 ntec (2] 1y *t. =70
D (D) Dsta Qutput Delsy 150 nsec 3y t., = +1 -50
'F(D) Delay to Float During Write Cycle 90 nsec @ M¢L) '
159 (D) Data Setup Time to Rising Edge of Clock During M1 Cyxle ‘15 nsec 4] tqe= o)t b= a5
Dg_7 1S3 (D) Data Setup Time to Failing Edge of Cluck Dunng M2 te M$ 50 asev CL = 50pF
tdem Data Stable Prior to WR (Memory Cycle) [81] A 51 tdem =tc - 170
tdet Data Stable Prior to WR (1/0 Cycle) 161 nsce
. el Data Stable Frum WR ki © L8 tgy® (w(QL)+ t,-170
tH Any Hold Time for Setup Time 0 nsev 7 tegf® ‘w(¢L) - 70
'DLT (MR) MREQ Delay From Falling Edge of Clock. MREQ Luw 85 nsec
.| ‘DH® (MR)| MREQ Delay From Rising Edge of Clock, MREQ High 85 nsec
MREG IDHD (MR) MREQ Delay From Falling Edge of Clock, MREQ High .85 nset €y = S0pF
tw (MRL) Pulse Width, MREQ Low 18] nyec 18] &, (MRL) =430
\ (MRH) Pulse Width, MREQ High o7 i
191 (TR = 'wqor * Y= 20
'OLS (IR) . TORQ Delay From Rising Edge of Clock, IORG Low 75 nsec e o
'DLS (IR) TORQ Delay From Falllng Edge of Clock, IORQ Low K nsec -
ioRq 'DH® (1R) | TORQ Delay From Rising Edge of Clock. TORQ High T T mec | (L7 IPF
IDHS (IR) [ORQ Delay From Falling Edge of Clock, IORQ High 5 nsec
— b & A}
'DLS (RDY RD Detay From Rising Edge of Clock, RD Low S nsec !
1) DL (RDY RD Delay From Falling Edge of Clock, RD Low H nsec + S0pF
1DHS (RD) RD Delay From Rinng Edge of Clock. RD High 3 nsec S A
IDH® (RD) RD Detay From Falling Edge of Clock, RD High 85 nsec
{DLS (WR) W__)_( Delay From Rising Edge of C!ock.W—iLcw [ nsec )
IDLE (WR) WR Delay From Falling Edge of Clock, WR Low 80 nsec .
R tpH(wR) |  WR Delay From Fafling Edge of Clock, WR High 80 [msec ] CL7I%F
tw (WRL) Pulse Width, WR Low [ nsec
— =X £ (10} L (WHRL) ™ ¢ -30
i3 DL (M1) M| Delay From Rising Edge of’ Clock, M1 Low 100 nsec le =50 F ) e
1DH (M1) M1 Detay From Rising Edge of Clock, M1 High 100 | wsec Ly COP
RESH IDL(RF) |  RFSH Delay From Rising Edge of Clock, RESH Low (30 nsec
1DH (RF) RFSH Delay From Rislng Edge of Clock, RFSH Hi 170 | e ] CL " 50PF
¥
JWATT 15 (WT) WAIT Setup Time to Falling Edge of Clock 10 nsec )
HALY DT HALT Dely Time From Falling Edge of Clock 300 | msee | € *30pF
Nt INT Setup Time 10 Rising Edge of Cluck 80 nsec
S(IT)
R | oLy | Pulse Width, T Low 80 nsec
" BUSRQ | v aq) BUSRQ Setup Time 1o Rising Edge of Clock 50 nsec ,
DL (BA) BUSAX Delay From Rising Edge of Clock, BUSAR Low 100 | nsec
BISAR | BUSAR Delay From Falling Edge of Clock, BUSAR High 100 | msec ] CL°3%PF
. DH (8A)
RESET Y4 (RS) RESET Setup Time to Rising Edge of Clock 60 o osec
() Delay to Float (MREQ, TORQ. RD and WR) 80 | nsec
tme M1 Stable Prive to IORQ {Interrupt Ack.) il L {11) =21+ ot * - 65
Yo
NOTES:
TEST rCenT nertxn
A. Data should be enabled onto the CPU data bus when RD is active. During interrupt acknowledge data .
thould be enabled when M1 and TORT are both active. . \:‘u Tesy '
B. Al control signals are internally synchromized, 30 they may be totally asynchronous with respect
to the clock e P,
C. The RESET signal must be active for 3 minimum of 3 ¢lock cycles. l
D. Output DellyYL Loaded Capacitance
TA=70"C  Vec=+5V 25% .
Add 10nsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 100pf for . -
address'& control lines. Load circuit for Output

E. Although static by design. testing guarantess L) Of 200 usec maximum
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