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Lampiran 1 

Program Pengendali Kecepatan Motor AC Melalui IBM PC; 

uses crt,Graph,dos; 

const 
Porta 
Portb 
Portc 
Portcw 
Cw 
jumlahdata 
sampling 

$300; 
$301; 
$302; 
$303; 
$ 99; 
1000; 
14; 

Real; var lag,rpm,t 
data_time, data rpm 
data adc 
data_temp 
set_up,N,h grid,v_grid,i 
tol,data,xp,yp,xp1,yp1,j 
grDriver,grMode,max speed 
temp,k,l 

array[l .. jumlahdata] of real; 
array[l .. jumlahdata] of integer; 
array[O .. sampling] of integer; 
Integer; 

o 
rev 
tulisan sementara 
tulisan sementara2 
tulisan sementara3 

integer; 
Integer; 
integer; 
char; 
pointer; 
string; 
string; 
string; 

er1,er2,de : integer; 
kurangi,tambahi,tetap:boolean; 
error,arah: string; 

Procedure inisial PPI; 
begin 

port [Portcw] .- CW; 
End; 

procedure internal timer; interrupt; 
begin 

data temp[j] :=port[porta]; 
inc (j ) ; 
port[$20]:= $20; {end of interrupt} 

end; 

procedure kotak(xl,yl,x2,y2,w:integer); 
begin 

Set color (w) ; 
rectangle(x1,y1,x2,y2) ; 

end; 

PROCEDURE judul; 
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BEGIN 
setbkcolor(7); 
kotak(0,0,639,479,1) ; 
kotak(10,10,630,470,1) ; 
kotak(12,12,60,468,1); 
settextstyle(triplexfont,1,2) ; 
setcolor(l) ; 
outtextxy(lS,SO, 'AC MOTOR SPEED CONTROLLER '); 
settextstyle(defaultfont,l,l); 
outtextxy(50,110, 'COHPUTER APPLICATION 'VHTH PP1'); 
kotak(62,12,628,60,1) ; 
kotak(67,30,623,55,1); 
kotak(62,62,290,468,1) ; 
kotak(67,92,285,463,1) ; 
kotak(292,62,628,468,1) ; 
kotak(297,92,623,463,1); 
settextstyle (defaultfont, 0, 1) ; 
setcolor(l) ; 
outtextxy(240,18, 'P R 0 G RAM 
outtextxy(120,75, 'ADC DATA TABLE'); 
outtextxy(400,75, 'ADC DATA GRAPH' ); 
settextstyle(triplexfont,O,l) ; 
setcolor(lS); 
outtextxy(120,30, 'RUN'); 
outtextxy(270,30, 'SPEED SETUP'); 
outtextxy(480,30, 'EXIT'); 
setcolor(4) ; 
outtextxy(120,30, 'R'); 
outtextxy(270,30, 'S'); 
outtextxy(480,30, 'E'); 
END; 

function realToStr(1: longint;koma:integer): String; 
{ Convert any integer type to a strinq 
var 

S: string[ll]; 
a,b:integer; 

begin 
Str(I, S); 
a:=length(s) ; 
if a«koma+l) then for b:=l to (koma-a+l) do s:='O'+s; 
insert ('.', s, (length (s) -koma+l)); 
realToStr .- S; 

end; 

function IntToStr(I: Longint): String; 
{ Convert any integer type to a string 
var 

S: string [Ill; 
begin 

Page 2 



Str(I, S); 
IntToStr .- S; 

end; 

Herirnoto ' 

procedure dasar(x1,y1,x2,y2,hg,vg,w,bawah,atas:integer; awal,akhi 
r:real); 
var a,b,c,d,f:integer; 

r-. r-c. -y-.",-., l • c:,y . ...LCO....L, 

S:String; 
begin 
rectangle(x1,y1,x2,y2) ; 
c:=abs(x2-x1) div vg; 
d:=abs(y2-y1) div hg; 
e:=abs(akhir-awal)/vg; 
f:=abs(atas-bawah) div hg; 
for a:=1 to hg do 
begin 
s:=inttostr(bawah+f*a) ; 
line(xl,yl+(a*d) ,x2,yl+(a*d)); 
settextstyle(srnallfont,1,3) ; 
outtextxy(xl-15,y2-( (a)*d)-10,s); 
end; 
outtextxy(xl-1S,y2-S, '0'); 
for a:=1 to vg do 
begin 
s:=realtostr(round( (awal+e*a)*100) ,2); 
line(xl+(a*c) ,y2,xl+(a*c),yl); 
settextstyle(srnallfont,O,3) ; 
outtextxy(x1+( (a)*c)-10,y2+10,s); 
end; 
s:=realtostr(round( (awal)*lOO),2); 
outtextxy(x1-10,y2+10,s); 
end; 

PROCEDURE awal_grafik(awal:boolean); 
var s:string; 
BEGIN 
cleardevice; 
judul; 
kotak(67,92,285,463,1); 
kotak(297,92,623,463,1) ; 
if not (awal) then 
begin 
setcolor(7); 

{Buat Grafik} 

dasar(340,120,600,360,h grid,v_grid,7,0,3000,t-lag,t); 
end; 

setcolor(l) ; 
dasar(340,120,600,360,h grid,v grid,7,O,3000,t,t+lag); 
settextstyle(defaultfont,1,1) ; 
outtextxy(31S,140,' Kecepatan Motor (RPM) '); 
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settextstyle(defaultfont,O,l); 
outtextxy(440, 395, 'Waktu (detik)'); 

setcolor(4) ; 
s:=inttostr(set up); 
settextstyle(smallfont,O,5) ; 
outtextxy(80,125, 'Speed Setup 
i:=O; 
END; 

PROCEDURE proses; 
VAR awal:boolean; 

s:string; 
tunda,range:integer; 

BEGIN 
awal:=truei 
kotak(67,92,285,463,1) ; 
kotak(297,92,623,463,1) ; 
i:=26it:=OiN:=lij:=O; 
0:='*'; 
erl:=round(rpm-(set_up/10)) ; 
er2:=O; 
de:=erl-er2; 
tunda:=Oi 
tambahi:=falsei 
kurangi:=false; 
tetap:=true; 
error:='O'; 
Getintvec($lc,rev) ; 
Setintvec($lc,@internal timer); 
REPEAT 

'+s+' RPM'); 

IF keypressed THEN o:=readkeYi 
IF i>25 THEN 
BEGIN 

awal grafik(awal); 
awal:=false; 
t:=t+lag; 

END; 

setcolor(O); 
settextstyle(smallfont,O,5) ; 

temp:=O; 
for k:=l to sampling do 
begin 
temp:=temp+data temp[k]; 
end; 

rpm:=(temp/sampling)*1.5; 
if rpm>300 then rpm:=300; 
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er1:=round(rpm-(set_up/10) ); 
de:=er1-er2; 
er2:=er1; 
range:=5; 
if (er1>70) Lhen error:='2'; 
if (er1<=70) and (er1>range) then error:='l'; 
if (er1<=range) and (er1>=-range) then error:='O'; 
if (er1<-range) and (er1>=-70) then error:='3'; 
if (er1<-170) then error:='4'; 

setcolor(4) ; 
settextstyle(smallfont,0,5); 

if (de>70) then arah:='naik2'; 
if (de<=70) and (de>=O) then arah :='naik1'; 
1 [ ( de < 0) and (d 8 > == - 7 0) t_1-1 e fl a _c a 1-1 : == , L u 1:' u nl ' ; 
if (de<-"70) theIl dLdll :='tul.'un2'; 

if error='2' then 
begin 
if arah='naik2' Lhen begin tun6a:=90;kurangi:=true; end; 
if arah='naik1' then begin tunda:=70;kurangi:=true; end; 
if arah='turun1' then begin tunda:=30;kurangi:=true;end; 
if arah='turun2' then begin tunda:=5;kurangi:=true;end; 
end; 

if error='l' then 
begin 
if arah~'naik2' then begin tunda:=50;kurangi:=true; end; 
if arah='naik1' then begin tunda:=40;kurangi:=tr~e; end; 
if arah='turun1' Lhen begin tunda:=5;kurangi:=true;end; 
i£ arah='turun2' then begin tunda:=15;tetap:=true; end; 
end; 

if error='O' then 
begin 
if arah='naik2' then begin Lunda:=~;Kurangi:=LruE~; end; 
if arah='naikl' then begin tunda:=15;tetap:=true; end; 
if arah='turunl' then begin tunda:=15;tetap:=true;end; 
if arah='turun2' then begin tunda:=l;tambahi:=true; end; 

if error='3' then 
begin 
if arah='naik2' then begin tunda:=15;tetap:=true; end; 
if arah='naik1' then begin tunda:=5;tambahi:=true; end; 
if arahcc-'turun1' then begin tunda:=30;tambahi:=true;end; 
if arah='turun2' then begin tunda:=50;tambahi:=true; end; 
end; 
if error='4' then 
begin 
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if arah='naik2' then begin tunda:=5;tambahi:=true; end; 
if arah='naikl' then begin tunda:=20;tambahi:=true; end; 
if arah='turunl' then begin tunda:=70;tambahi:=trueiendi 
if arah='turun2' then begin tunda:=90itambahi:=truei endi 
end; 

if kurangi then 
begin Port [PortB] :=l;delay(tunda);Port[PortB] :=3;· 
setcolor(O)i 
settextstyle(smallfont,O,5); 
outtextxy(80,155, 'kecepatan 
setcolor(4); 
tulisan sementaral:~'lebih'; 
settextstyle(smallfont,O,5); 
outtextxy(80,155, 'kecepatan 

end; {Oil} 

if tetap then 
begin Port [PortB] :=3;delay(10); 
setcolor(O) ; 
settextstyle(smallfont,O,5); 

'+tulisan sementara3)i 

'+tulisan sementara3); 

outtextxy(80,155, 'kecepatan '+tulisan Sementara3); 
setcolor(4) ; 
tulisan sementara3:='tetap'; 
settextstyle(smallfont,O,5); 
outtextxy(80,155, 'kecepatan 

end; {stop} 

if tambahi then 

'+tulisan sementara3); 

begin Port [PortB] :=O;delay(tunda);Port[PortB] :=3; 
setcolor(O) ; 
settex~style(smallfont,O,5); 

outtextxy(80,155, 'kecepatan 
setcolor(4) ; 
tulisan_sementara3:='kurang'; 
settextstyle(smallfont,O,5) ; 
outtextxy(80,155, 'kecepatan 

end; { CCvv} 

tambahi:=false; 
kurangi:=false; 
tetap : =false; 

xp:=340+round(260/25*i); 
yp:=360-trunc(rpm*O.B); 
if i>O then 
begin 
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) ; 

) ; 

seteolor(14); 
line(xp1,yp1,xp,yp) ; 
end; 

HeriITLoto 

seteolor(O) ; 
settextstyle(srnallfont,O,5) ; 
outtextxy(80,140, 'Speed '+tulisan sementara+' RPM' 

seteolor(4); 
tulisan_sernentara:=inttostr(round(rprn*10) ); 
settextstyle(srnallfont,O,5) ; 
outtextxy(80,140, 'Speed = '+tulisan sementara+' RPM' 

seteolor(O); 
settextstyle(smallfont,O,5) ; 
outtextxy(80,110, 'Data_ADC = '+tulisan sernentara2); 
seteolor(4) ; 
tulisan sementara2:=inttostr(round(ternp/sarnpling)); 
settextstyle(srnallfont,O,5) ; 
outtextxy(80,110, 'Data_ADC - '+tulisan sernentara2); 

xp1:=xp; yp1:=yp; 
i:=i+1; 
port[$21] := port[$2l] and $DF; {enable Int1ch} 
while j<sampling do begin end;. 
port[$21] .- port[$21] or $20; {disable Int 1eh} 
j:=O; 
UNTIL 0""#27; 
port[$21] .- port[$21] or $20; {disable Int leh} 
setintvec($lc,rev) ; 
Port [Po.r::tB] :=3; 
cleardevice; 
judul; 
END; 

{STOP} 

function tanya integer(x,y:integer;z:string) :integer; 
var s:string; 

o:ehar; 
I, Code: Integer; 

begin 
outtextxy(x,y,z) ; 
s: =' , ; 
repeat 
if keypressed then 
begin 
o:=readkey; 
setcolor(7) ; 
outtextxy(x+8*length(z) ,y,s); 
if 0 =#8 then Delete(s,length(s),l); 
if 0 in ['0','1','2','3','4','5','6','7','8','9'J then s:=s+o; 
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setcolor(l); 
outtextxy(x+8*length(z) ,y,s); 
end; 
until (0=#13) or (length(s»3); 
setcolor(7) ; 
outtextxy(x,y,z) ; 
outtextxy(xT 8*length(z),y,s) ; 
outtextxy(310,140, 'Speed Set Up I); 

setcolor(l) ; 
Valis, I, Code); 
if i>max_speed then i:=O; 
tanya_integer:=i; 
end; 

PROCEDURE set grid; 
BEGIN 
cleardevice; 
judul; 
kotak(297,92,623,463,1) ; 
settextstyle(defaultfont,O,l); 
outtextxy(310,140, 'Speed Set Up I); 
set_up:=tanya_integer(310,160, 'Speed I); 
kotak(297,92,623,463,1); 
END; 

{---------- PROGRAM UTAMA ---------------------------------------
-----------} 
BEGIN 
clrscr; 

v_grid:=10;h grid:=8; 
max_speed:=3600; 
tol:=10; 
lag:=18; 
Inisial PPI; 
Port [PortB] :=0; 
delay(1250); 
Port [PortB] :=3; 
delay(10000); 

delay(10000); 
Port [PortB] :=1; 
delay(200);} 
Port [PortB] :=3; 
grDriver := Detect; 
InitGraph(grDriver, grMode, 'd:\tp\bgi'); 
judul; 
0 ·=' *' . . , 
REPEAT 

IF keypressed THEN 
BEGIN 
o:=readkey; 
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IF upcase(o)='R' THEN proses;; 
IF upcase(o)='S' THEN set grid; 
END; 

UNTIL (upcase(o)='E') {or (0=#27)}; 
Port [PortB] :=1; 
delay(3000) ; 
Port [PortB] :=3; 
closegraph; 

END. 
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Lampiran 4 
Data Sheet Komponen yang digunakan 

r---------------------------------------------~---=--~-------------------__, C1 

~
NatiOnal 
semiconductor 
Corporation 

DM54ALS689/DM74AlS689 8-Bit Comparator 

General Description 
This comparator performs an "equal to" comparison of two 
eight-bit words with provision for expansion or external en
abling. The matching of the two e-bit inputs plus a logic 
LOW on the Bii input produces the output A = B. The 
ALS689 has an open collector output for wire AND cascad
ing. 

Connection Diagram 

Features 
• Switching specifications at 50 pF 
• Switching specifications guaranteed over full tempera· 

ture and Vee range 
• Advanced oxide-isolated, ion-implanted Schottky TIL 

process 
• Functionally and pin for pin compatible with LS family 

TIL counterpart 
• Improved output transient handling capability 

Dual-In-Llne Package 

Function Table 

Vee W B) Iq B8 AS B 5 A 5 • 4 A 4 

10 

TLlF/6238-1 

Order Number OM54ALS689J, DM74ALS689WM or OM74/.LS689N 
See NS Package Number J20A, M20B or N20A 

Inputs Output 

EN Data A=B 

L A=B L 
L A* B H 
H X H 

H = High Level, l '"" Low Level, X ;::: Don't Care 

2-247 

3: 
U1 

"'" > r
oo 
.." 
00 
CD ........ 
C1 =: ..... 
"'" > r
en 
en 
00 
CD 

E 



--
Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Note: The "Absolute Maximum Ratmgs" are those valuos 
contact the National Semiconductor Sales Office I beyond which the safety of the device cannot be guaran-
Distributors for availability and specifications. teed. The device should not be operated at these limits. Tile 

Supply Voltage 7V parametnc values defined in the "£lectrical Characteristics" 

Input Voltage 7V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Off State Output Voltage 7V the conditions for actual device operation. 
Operating Free Air Temperature Range 

DMS4ALS -SS'C to + 125'C 
DM74ALS O'Cto +70'C 

Storage Temperature Range -65'Cto + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
OM54ALS689 DM74ALS689 

Units 
Min Nom MAX Min Nom Max 

Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 v 

VIH High Level Input Voltage 2 2 V 

VII Low Lovollnput Voltage 0.7 0.8 V 
---"----

VOH Higll Level Output Voltage 5.5 5.5 V 
~~.~.-

10l. Low Level Output Current 12 24 mA 
.. ~.--

Ttl Froo Air Operating Temperature -55 125 0 70 °c 
----- --- ----~------ --"-_._- -

Electrical Characteristics 
avo' 'UCOIlH"ullumJ opurat,ng froo air tornporaturo rango. Alilypical values aro moasuro" al Vee 5V, T" 2~)"C 

--." --

Symbol Parameter Conditions Min Typ Max Unlls 
------

V 11< Input Clamp Voltage Vee = 4.5V.11 = -18 mA -1.5 V -_. 
IOH High Level Output Current Vee = 5.5V, VOH = 5.5V 0.1 r' - ---

VOL Low Level Output Vee = 4.5V 
Voltage 

54174ALS 
0.25 

IOl = 12mA 
UA V 

- -
74ALS 

0.35 
IOl = 24mA 

0.5 V 

II Max High Input CUrrent Vee = 5.5V, VIH = 7V 0.1 mA 

IIH High Levellnpul Cl.!rrent Vee = 5.5V. VIH = 2.7V 20 f.LA 

III Low Level Input Current Vee = 5.5V. VIL = 0.4V -0.1 mA 

Icc Supply Current Vee = 5.5V (Note 1) 12 19 mA 

Note 1: Icc IS mea::;ured with EN grounded, A and 6 inputs at 4.SV. 

..------
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Switching Characteristics over recommended operating free air temperature range (Note 1) 

ymbol Parameter Conditions 
From To DM54ALS689 DM74AL!>689 

Units 
(Input) (Output) Min Max Min Max 

'LH Propagation Delay Time Vee = 4,5V to 5.5V AorB 
A=B 10 30 10 25 

Low to High Level Output CL = 50pF Data 
ns 

'HL Propagation Delay Time RL = 6670 AorB 
High to Low Level Output Data 

A=B 5 25 5 23 ns 

'LH P,opagation Delay Time EN A=B 8 30 8 25 ns 
Low to High Level Output 

PHL Propagation Delay Time 
EN A=B 8 30 8 25 ns 

High to Low Level Output 

Note 1: Se<o SecUon 1 tor 10.1 wavotorma and outpul load. 

Logic Diagram 

Ao 
z 

~ So 
3 

A1 
4 

~ 81 
5 

Az 
6 

~ 8% 
7 

'--

~ • 
~ 9 . 

sa r:;;a 
1\ I 

19 

TUF/6236-2 

·Output is open coll4:)Ctor 

------------------------------------~ 
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• Compatible with aI1lntel and Most 
OtherM~ 

• Hl;h SpHd. "ZerO Walt Stat." 
OperatIon with' MHz 8086/88 and 
80188/188 

• 24 Programmable I/O PI". 

• Control Word Read-BKk capability 

• DIrect BIt Set/Ruet Capability 

• 2.5 rnA DC Drtve capability on all I/O 
Port Outputs . 

• Available In 4O-Pln DIP and 44-Pln PLCC 

• Available In EXPRESS 
-Standard Temperature Range 

• Completely TTL Compatible - Extended Temperature Range 
The Intel 82C55A Is a hlgh-performance, CHMOS version of the Industry standard 8255A general purpose 
proorammabIe I/O d4N\C8 which Is dNIgned fO!' use with all Intel and most other ~ H provides 
24 110 pinS which may be \ndMdUaI1y programmed In 2 groupt of 12 and used in 3 major modes of operallon. 
The 82C55A II pin compatible with the NMOS 8255A and 8255.\-5. 

• Low Power CHMOS 

In MODE 0, each group of 12110 pIna may be programmed In iets of 4·and 8 to be InputS Of outputs. In 
MODE 1, each group may be programmed to have 8 \IneS of Input Of output. 3 of the remaining 4 pins are used 
fO!' handshaking and II'\tefTI,Ipt controIlignaIs. MODE 2 is a strobed bkIIrectional bus configuration. 

The 82C55A is fabricated on Intel'. advanCed CHMOS III technology which provides \oW power consumption 
with performance equal to Of greatet than the equivalent NMOS product. The 82C55A Is available in 4O-pin 
DIP and «-pIn plastic leaded chip cerri« (PLCC) pacllages. 

82C55A FUNCTIONAL DESCRIPTION 

Group A and Group 8 Controls 
The control word register can be both written and 
read as shoWn In the address decode table in the 
pin ~ rtgUte 6 shoWS the control word 
Ionnat for both Read and Write operations. When 
the control word is read. bit 07 wHI alWays be a logic 
"1", as this Implies control word mode information. 

Ports A. B, and C 

Port A. One 8-bit data ou1put latch/buffer and one 
&-bit Input Jatch buffer. Both "pull-up" and "pull
down" bus hokI ckMCeS .,.. present on Port "-

Port 8. One 8-bit data lnputloutput latch/buffer. 
Only "puIkIp" bus hokI dev\OM are present on Port 
B. 

UUIIIIIII 

-• 

figure a.12CI5A PInOUt . 

200 

Port C. O:N 8-bit data output latch/buffer and one 
8-bit ~ta Input buffer (no latch fOf input). This port 
can be divided intO two 4-bit ports under the mode 
control. Each 4-bit port contains a 4-bit latch and It 
can be used fO!' the control signal outputs and status 
signal InputS in conjunction with ports A and B. Only 
"pull-up" bus hold deviceS are present on Port c. 
See figure 4 for the bus-ho\d circuit cormguration for 
Port A. B, and C. -
-=~~ .. 
~--bo---' 

v"" 

-~ 

~ 

L.o4-4-t-:"" 

--= ~o ..I 

iiii 
-NOTE: 
~pn Ioeded wMh more IlWlZO pF ~ may not 
'- their \ogIc IeWI pr8IIIMd toIIowing • hInIwW'e ..-. 

.Agure 4. Port A. B, Co BuHtOId ConfIguratIon 
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Symbol 

PA:J-o 

Rn 

~ 

GND 

A1-O 

PC,-4 

PCo-3 
PBo.7 

Vee 
0,-0 

RESET 

WR 

PA7-4 . 

NC 

Table 1. Pin Deacrfption 

PIn Number I Type I Name and Function Dip PLCC 

1-4 2-5 I/O PORT A. PINS 0-3: Lower nibble of an 8-bIt data output latch/ 

5 
6 

7 8 

8-9 9-10 

10-13 111,13-15 I/O 

'.-11 16-19 I 110 

18-25 20-22, I I/O 
2.-28 . 

26 29 

8-34 30-33, I/O 
35-38 

35 39 I 

38 40 T 
I 

37-40 41-44 I 110 

1,12, 
23,34 

buffer and an 8-bIt data Input latch. 

READ CONTROL: ThI8Input is low during CPU read operations. 

CHIP SELECT: A low On this Input enables the 82C55A to 
respond toRn and WA signals. Rn and WR are ignored 
otherwise. 

System Ground 

ADDRESS: These input signals, In conJunction Fin and WA, 
control the selection of one of tt ... tlhee porta or the control 
word registers. 

At Ao Jm WR ~ Input OperatIon (Read) ! 
0 0 0 1 0 Port A • Data Bus 

0 1 0 1 0 Port B • Data Bus 

1 0 0 1 0 Port C • Data Sus 

1 1 0 1 0 Control Word • Data Bus 

Output OperatIon (Write) 

0 0 1 0 0 Data Bus· Port A 

0 1 1 0 0 Data Bus· Port B 

1 o. 1 0 0 Data Bus· Port C 

1 1 1 0 ·0 Data Bus· Control 

DIsable Function 

X I X I X I X I 1 I Data Bus· 3 • State 

X I X I 1 I 1 I 0 I DataBus·3·State 

PORT C, PINS 4-7: Upper nibble of an 8-bit data output Iatchl 
buffer and an 8-bIt data Input buffer (no latch for Input). This port 
can be divided Into two 4-bIt porta 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 sIgnaIlnputa in conjunction with porta 
A and B. 

PORT C. PINS 0-3: Lower nibble of Port C. 

PORT 8, PINS 0-7: An 8-bIt data output 1atc:h/tK:ffer and an &
bit data Input buffer. 

SYSTEM POWER: + 5V Power Supply. 

DATA IMt BkllIICIioIIli. trJ.atate data buS Inee, connected to 
syIlem data bus. 

RElET: A high on thlIlnput cleats the control ,... and d 
porta are set to the Input mode. 
WRITE CONTROL: ~ Input II low during CPU write 
opera1lona. 

PORT A, PINS .-r: Upper nibble of an 8-bIt data output Iatchl 
buffer and an 8-bit data input latch. 

No Connect 
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When the reset inptrt goes "high" all ports will be set 
to the input mode with aU 24 port lines held at a logic 
"one" level by the intemaJ bus hold devices (see 
Fl9Ure 4 Note). After ~ reset is removed the 
82C55A can remain in the input mQde with no addi
tional initialization required. This eliminates the need 
IOf pullup or puUdown devices in "all CMOS" de
signs. During the execution 01 the system program. 
any of the other modes may be selected by using a 
single output instruction. 

~--

... 1"- .. 10.1,,10,1 ... 1 .. 1 
L.J I / ....... \ 

I PO«T C CLOWI"I 1 
~ , . ..,., 

I 

I 
'·OUTPUT 

i..-.-

_TO 
, ..... , '·OUTPUT 
IIIOOIUUCTlQIII 

I 

'-JiIIOO! • ,-MOOt, 

I / ..-,p. ~ 
POlItTe""",,,, 

I .. ..,. 
'·OUTPUT 
_u .. """, 
.·OUTPUT 
MOOI ML.KTlON , 

."MOOI' ''-1I00I' 
lJ1.~J 

aooI .-T'LAO .. -
figure 6. Mode Deftnltlon Format 

SpKUN Mode CornbINItIon COneIcIeratIona 

Thef_ ..... eeveraI combinations 01 modes possible. 
For any cornbinaIion, aome or aU 01 the Port C lines 
.,.. used lor control or statui. The remaining bita 1/'8 
eItI\er Inputa or outputs IS defined by a "Set Mode" 
command. 

During • reed of Port C. the ..... of at the Port C 
Inea, -=ept Iht ~ Ind m ~ will be placed 
on #Ie data but. In place 01 the ~ and m line 

t'Vl. ~. aM P(;6 bit positions as illustrated by 
Figure 18. 

Through a "Write Port C" command, only the Port C 
pins programmed as outputs In a Mode 0 group can 
be written. No other pins can be affected by a "Write 
Port C" command, nor can the inlanupl enable lIags 
be acce5$9d, To write 10 any Port C output pro
grammed as an output in a Mode 1 group Of to 
chMge an inlanupt enable flag, the "Sel/Reset Port 
C 8it" command must be used. 

With a "Set/Reset Port C 8it" command, any Port C 
line ~ramrr.Jd 35 an output ~ncluding INTR, 18F 
and 08F) can be written, or an Intanupt enable lIag 
can be either set Of reool Port C lines programmed 
as Inputs, Including ~ and m lines, associated 
with Port C are not affected by a "Sel/Reset Port C 
8it" command. Writl"!l..!Q. the corresponcfrng Port C 
bit positions 01 the ACK and m Unes with the 
"Set/Reset Port C Bit" command will affect the 
Group A and Group B interrupt enable flags, as illus
trated In FtglJl'8 18. 

Current DrIv. Capability 

Arry oulpl.:1 on Port A, B Of C can sink Of 1IOIIrc9 2.5 
rnA. This feature allows the 82C55A 10 directly drive 
Darlington type drivers and high-voltage displays 
that require slJch sink or IIO\Irc9 current 

INPUT CONFIOURATIOH 
D7 De Os O. 0, 0, 0, Do 

11101110 IIBF ... 1 INTE ... I INTR ... IINTEa I IBFal INTRe I 
I ( I 

GROUP... GROUPB 

OUTPUT CONFIGURATIONS 
Dr De Os O. 0, 0, D, Do 

1~ ... IINTE ... I'/ol'/ollNTR ... I'NTEa I ~811NTR81 
I I I 

GROUP... GROUPB 

figure 17L MODE 1 Statui Word Format 

Dr De Os O. 0, ~ D, Do 

101D! ... IINTE,\IBF ... 11NTE21INTR ... 1 I I 
,t' 

GAOUPA GROUP 8 
~.,. ... o CIt u:=: , IWKtort 

figure 17b. MODE 2 Statu. Word format 

EnIbIe POIIItIon AIterMte Port C PIn 
INTEB 
INlEA2 
INTEA1 
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PC2 ~ (Output Mode 1) or me (J~-~ Mode 1) 
PC4 STS ... (Input Mode 1 or Mode 2) 
Pee ACR..lOutPut Mode 1 or Mode 2 

figure 11.1ntefTupt EMbIe flip In ModH 11nd 2 

(I" . , 

i 
, 
;' 

-11 I: 
Ii ·1 

!\ 
'I 

l i 
1\ .. 
f ~ 

! ! 
: I 1 
! 

I 
I 

I 
I 
" 

Ambient Temperature Under 8ias .•.. O"C to + 70"C 

Storage Temperature ......... - 65"C to + 15O"C 

Supply Voltage .................. - 0.5 to + 8.0V 
Operating Voltage ................. + o4V to + 7V 

VoItageonany'nput .......... GND-2VIo + 8.5V 

Voltage on any Output .. GND-0.5V 10 Vex; + 0.5V 
Power DissIpation ........................ 1 Walt 

D.C. CHARACTERISTICS 

lute Maximum Rstings" rosy cauS8 permsnent dan 
8ge to the ckJvice. This is a strsss rating only an 
functionsl op8fBtion of the ckJvice at theS8 or an 
oth8r conditions sboV9 those indicat8d In the op«J 
IionsJ S8Ctfons of this spBCificstion Is not impIi8d. E>. 
posure to sbsolute maximum rating conditions fc 
extsnd8d pgriods fTl8y 8ffect ckJvice ffIIi8bility. 

T A - O"C 10 70"C, Vex; - + 5V ± 10%. GND - OV (T A - - 4O"C to + 8S'C for Extended T emperture) 

Symbol Param.ter Min Max Units Teet Condltlona 

VIL 'nput low Voltage -0.5 0.8 V 

VIH 'nput High Voltage 2.0 Vex; V 

VOL Output Low Voltage 0.4 V IOL - 2.5 mA 

VOH Output High Voltage 3.0 V IOH - -2.SmA 
Vex; - 0.4 V IoH - -100pA 

'IL 'nput leakage Current ±1 p.A VIN - Vex; to OV 
(Note 1) 

loFL Output Float leakage Current ±10 p.A VIN - Vex; to OV 
(Nole2) 

'DAR Darlington Drive Current ±2.5 (Note 4) rnA Ports A. 8, C 
Am - soon 
Vm'" 1.7V 

IPHL Port Hold Low Leakage Current +50 +300 p.A Vour '" 1,OV 
PortA only 

'PHH Port Hold High Leakage Current -50 -300 p.A Vour - 3.0V 
Ports A, B, C 

'PHLO Port Hold Low Overdrive Current -350 pA Vour - a.8i1 

'PHHO Port Hold High 0vardriYe Current +350 pA Vour - 3.0V 

lex; Vex; Supply Current 10 mA (Note 3) 

Iccse Vex; Supply Current-Standby 10 p.A Vex; - 5.5V 
VIN - Vex;orGNO 
Port Conditions 
HI/P - ~/~ 

O/P - Open Only 
WIth Data But -

HlghlLow 
~- HIgh 
R8Mt- Low 

Pure Inputs -
low/HIgh 

NOTES.! 
,. PIrw A,. Ao. ~, WR. 1m, ReMl 
2. 0eIa Sua; Pcrb B, C. 
3. 0uIputa open. 
4. UmIt output current 10 4.0 rnA. 
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A.C. CHARACTERISTICS 
TA ... 0" to 70"C. Vet;; - +SV ±10%. GND = OV 

TA'" -4O"C to +8S'C for Extended Temperature 

BUS PARAMETERS 

READ CYCLE 

Symbol Parameter 

tAR Address Stable Before '1m .l. 
IRA Address Hold TIme After m:i i 
IAR 1m Pulse Width 

lAD Data Delay from m:i J. 
!of m:i t to Data Floating 

IRv RecoYery lime between m:i/vm 

WRITt CYCLE 

Symbol Parameter 

tAW AddresS Stable Before mi ! 
tWA Address Hold Ttme After vm t 

tww vm Pulse Width 

tow Data Setup Ttme Before vm i 
~ Data Hold Ttme After ViR t 
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82C55A-2 

Min Max 

0 

0 

150 

120 

10 75 

200 

82C55A-2 

Min Max 

0 

20 

20 

100 

100 

30 

30 

Test 
, 

Unn. 
Conditions 

ns -
ns I 

ns' I 

ns j 

ns I 
ns I 

Units 
Test 

Conditions 

ns 

ns Ports A & B 

ns porte 

ns 

ns 

ns PortsA&B 

os PortC 

FUNCTIONAL DESCRIPTION 

Since data input and display are an integral part of 
many microprocessor designs. the system designer 
needs an Interface thatcan control these functions 
withOUt placing a large load on ihe CPU. The 8279 
provideS this function for &-bit microprocessors 

The 8279 has two sections: keyboard and cisplay. 
The keyboard section can interface to regular type
writer style keyboards or random toggle or thumb 
switches. The display section drives alphanumeric 
displays or a bank of indiCator lights. Thus the CPU 
is relieved from scanning the keyboard or refreshing 
the display. 

The 8279 is designed to directly connect 10 the ml
croprocessor bus. The CPU can program all operat
ing modes for the 8279. These modes include: 

Input Modes 
• Scanned Keyboard-with encoded (8 x 8 key 

keyboard) or decoded (4 x 8 key keyboard) scan 
lines. A key depression generates a &-bit encod
ing of key position. Position and shift and control 
status era stored in the. FIFO. Keys are automati
cally debounced with 2.Jiey \ockoIJt or N-key roll
ov .... 

• Scanned Sensor Matrix-with encoded (8 x 8 ma
trix switches) or decoded (4 x 8 matrix switches) 
scan lines. Key status (open or cIoS&d) stored in 
RAM addressable by CPU. 

• Strobed Input-Oata on return Hnes during coo
troIline strobe is transferred to FIFO. 

Output Modes 
• 8 or 16 character multiplexed displays that can 

be organized ~ dual 4-bit or single 8-bit (So -
Do. Aa - (7). 

• Right entry or left entry display formats. 

Other fealures of the 8279 include: 

• Mode programming from the CPU. 

• Clock PreecaIer 
•. \ntemIpt ouIpUt 10 IignIII CPU when there Is leer

board 01 MnIOI deta aYIIIIebI& 
• An 8 byte AFO 10 store keyboIrd Informatlor .. 
• 18 byte Internal Display RAM for d\IpIay refresh. 

This RAM can also be reed by the CPU. 

PRINCIPLES OF OPE~noN 

The following Is a description of the mafc; eIemenII 
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face deVice. Refer to the block diagram in Figure 3. 

I/O Control and Data Buffers 

The \/0 control section uses the ~ Ao. M and 
wn lines to control data flow to and from the various 
internal registers and buffers. All data flow to and 
from the 8279 is enabled by ~. The character of 
the information. given or desired by the CPU. is ideo
tffied by A(). A logic one means the information is a 
command or status. A logic z ... o means the informa· 
tion Is data. m:i and wn determine the direction of 
data flow through the Data Buffers. The Data Buffers 
are bi-directionaI buffers that connect the intemal 
bus to the extemaJ bus. When the chip Is not select
ed (~ - 1). the devices are in a high impedance 
state. The drivers Input during ~ • CS and output 
during 1m • CS. 

Control and Timing Registers and 
Timing Control 

These registers store the keyboard and display 
modes and other operating conditions programmed 
by the CPU. The modes are programmed by pre
senting the proper command on the data tines with 
A() - 1 and then sending a mi. The command is 
latched on the rising edge of ViR. The command is 
then'decoded and the appropriate function is set. 
The timing control contains the basic timing counter 
chain. The first counter Is a + N prescaler that can 
be programmed to yield an intemaI frequency of 100 
kHz which gives a 5.1 ms keyboard scan time and a 
10.3 ms debounce time. The other counters dMde 
down !he basic Intemal frequency to provide the 
proper key scan. row scan. keyboard matrix scan. 
and display scan times. 

Scan Counter 
The ICIII1 counter hili two modes. In !he encoded 
mode. the counter prcI'IidN • b\naIy count that must 
be IIXIamIIIy decoded 10 provide the ICIII1 linea for 
the ~ II'Id dIIpIay. In the decoded mode, the 
scan counter decodeI the /eaSt eIgnIfIcant 2 bits II1d 
prO'IideI a deCoded 1 of" ecan. Note Ihet when !he 
~ Is In deCoded sCan. to Is the display. ThIs 
means that 0I'Iy the first .. charaCterS In the Display 
RAM ant depIayed. 

In the encoded mode. th8 scan lIneS are active high 
outputs. In the decoded mode. !he scan lines ar. 
active low outputs. 



"'" "'..:; '" IS pacKaged in a 40 pin DIP. The following is a functional description of each pin. 

BUS 

REI 

Table 1. Pin DeSCription 

Symbol 
Pin 

Name and Function 
No. 

DBo-DB7 19-12 SI·DIRECTIONAL DATA SUS: All data and commands between the CPU 
and Ins 8279 are transmitted on these lines. 

CL~ 3 CLOCK: Clock from system used to generate inte~1 timing. 

RESET 9 RESET: A high signal on this pin resets the 8279. After being reset the 8279 is 
placed in the follOwing mode: 
t) 16 8·bit character display-left entry. 
2) Encoded scan keyboard-2 key lockout 

WI 
Along with this the program clock prescaler is sello 31. 

~ 

~ 
[ 

CS 22 CHIP SELECT: A low on this pin enables the interface functions 10 rece;v8 or 
transmit. 

110 21 SUFFER ADDRESS: A high on this line indicates ih8 signals in or out are 
interpreted as a command or status. A low lndicales that they are data. 

ml.WR 10-11 INPUT 1000PUT READ AND WRITE: These signals 4Hlable the data buffers 
to either send data 10 the external bus or receive It from the external bus. 

IRO .. INTERRUPT REQUEST: In a keyboard mode, the Interrupt line is high when 
there is data in the FIFO/Sensor RAM. The interrupt line goes low with each 
FIFO/Sensor RAM read and returns high if there is sti\I information In the 
RAM. In a sensor mode, the interrupt line goes high whenever a change in a 
sensor is detected. 

Vss-Vr:;c 20,40 GROUND AND POWER SUPPLY PINS. 

SLo-Sl3 32-35 SCAN LINES: Scan ~nes which are used to scan the key switch or sensor 
meUix and the display digits. These lines can be either encoded (1 of 18) or 
decoded (1 of 4). 

RLo-RL7 38,39, RETURN UHE: Return line Inputs which are connected to the scan Hnes 
1,2,5-8 through the keys or sensor switches. They have active internal putlups to 

keep them high until a switch closure pulls one low. They also I8fV8 as an 8-
bit input in the Strobed Input mode. 

SHIFT 36 SHIFT: The shift input status is stored along with the key position on key I 

closure In the Scanned Keyboard modes. It has an active Internal pullup to 
keep It high until a switch closure pulls it low. 

CNTUSTB 37 CONTROLISTAOBED IHPUT MODE: For keyboard modes thIe line is used 
IS. comroIlnput.m Itorad Ike atatua on • key CIO&In. The Ina is alia the 
8I1Ob4t .... !hat enters the da1a into the FlF91n the StrobecIInpuI mode. 
(Rieing Edge). It has an actIYe lntemIII puIIup aD keep It high until. awitd\ 
c:foeIn pulls It low. 

OUT Ag-OUT AG 27·24 OUTPUTS: TheIle two ports are the outputs lor the 18 x 4 display refresh 
OUT Bo-OUT e, 31-28 register$. The da1a from these outputs is synchronized to the scan lines (SLo-

.. Sl.:i) lor multiplexed digit displays. The two 4 bit ports may be blanked 
ioc1epend4Hlt/y. These two ports may also be considered as one 8-bit port. 

go 23 BLANK 0ISPt..A Y: This output is used to blank the <isplay during digit 

-
. ~ or by a display blanking COI1'mIIld. 

-
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out .... aut .. , 

TIMeNG ...., 
CONTROl. 

III 
$l<o. 

lC£v8OAltO 
DlOOOOOC" 

AND 
CONTROL 

F\gU~ 3. Inlemal Block tl\IIgf8m 

Return Buffera and KeybOard 
Debounce and control 
The 8 "'tum \in8S are bUttered and latched by the 
. Return Buffers. In the k~ mode. theS8 lineS 
are 1)C8M8CI. \oOkIf"og lor k8'I c:IoIW8S In that rCNI· " 
the debOUflC8 cirCuit detects • c;IoIed switch. It waitS 
abOUt 10 ms to ~ if the ~ remaJnS c;IoSed. if 
it does. the addf8$1I of the twitch in the matrix pIuS 
the status of SHIFT and CONTROL are tnY"I$ferr

ed 

to the FIFO. In the scanned Sensor Matrix modeS. 
the contents of the return lineS is direCtlY tranSferred 
to the COfF88POndinO rCNI of the $enIOF RAM (FIFO) 
each key seen time. In Strobed \npUt mode. the coo
tents of the return 1\n8S are ttanSferr8d to the FIFO 
on the n.Jng edge of the ctmJStB line pulSe. 

F1FO/SeMOl' RAM and StatUS 
ihiS blOCk is a duel tunc:IIon a x 8 RAM. In K~ 
or strobed \npUt moctes.lt Is a FIFO. Each new entrY 
is wrttten iI1to ~ AAM positionS and each is 
then read In 0f0er of emry. FIFO status keeps track 
of the numb« of cI\8rIICleI'S In the FIFO end wnetner 
It is tuII Of empty. Too many reada Of wI'\t9I will be 
recognized as an error. The status can be read by 

an m:; with tS loW and Ao high. The status logic al 
provides an IRO signal when the FIFO is not ern~ 
In Scanned Sensor Matrix mode, the memorY H 
Sensor RAM. Each rCHI of the Sensor RAM is \o8ll 
with the status of the corresponding rCNI of senso 
the sensor rna1rix. In tills mode. IRO is high j 

change in a sensor is detected. 

Display Address Registers and mspll 

RAM 
The Display Addr$SS Registers hOld the adQnm 
the word QJTent/y beinIJ wri\ten or read by the C 
end the \WO 4-bit nIIbIeI being ~ The r. 
wri\8~are ~byCPU comrM 
TheY -"0 can be 18\ to auto ~ afW • 
read or write- ~!:"spIaY RAM CIn be dIrecIIY " 
by the CPU after the COfI'8Cl mode and eddres 
set. Tt)e addfeIS8S for the A and B n/IlbI4II are -
ma1k:aIIY updated by the 8279 to match data e 
by the CPU. The A and B nW8S cnn be erru 
independentlY Of as ~ -.vord. acc:ordIn9 to 
mode that is se\ by the Cf'U. Ot!ta entrY \0 the 
play can be se\ to either left or right 4Hl1I"Y. see II 
face Consic\er8t1onS for details. 

2 
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8279 Commands 

The following commands program the 8279 operat
ing modes. The commands are sent on the Data Bus 
with ~ low and f1vJ h~ and are loaded to the 6279 
on the rising edge of WR. 

Keyboard/Display Mode Set 
MSB LSB 

COde: I 0 I 0 I 0 I DID I K I K I K I 
Where DD is the Display Mode and KKK is the Key
board Mode. 

DD 
o 0 8 8-bit character display-Left entry 

o 1 16 8-bit character display-Left entry· 

1 0 8 8-bit character display-Aight entry 

16 8-bit character display-Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set 
in keyboard mode, the display IS reduced to 4 char
acters independenl of display mode set. 

KKK 
000 Encoded Scan Keyboard-2 Key lock· 

out' 
o 0 1 Decoded Scan Keyboard-2·Key Lock· 

out 
0 0 Encoded Scan Keyboard-N-Key Roll-

CNer 

o 1 1 Decoded Scan Keyboard-N-Key Roll· 
CN« 

o 0 Encoded Scan Senaor Matrix 

o 1 Decoded Scan Senaor Matrix 

0 Strobed Input, Encoded Display Scan 

1 1 1 Strobed Input, Decoded Display Scan 
'OefIIUII Iller reMt. 

Program Clock 

Code: '-1 o'lr"'o-'I-,'I-p'"l-p'T'l-p "T"I -p "'1 --'p I 

AI IIrr*Ig Md nQtIpIexIng IignaIs for the 8Z78 .. 
~ by. an IntemIII preeicH'. ThIa preecaIef 
dMdeIthe -.mal clock (pin 3) by • programmable 
Imager. BIts ppppp detemiroe the ..,.. of this lnte
ger-which ranges from 2 to 31. ChooIIng • dIvieOI. 
!hId-)IIeIcIa 100kHz will ~ the ip8CIIIed IC8lI and 
debounce lImN. For instMce. If PIn 3 of the 8279 is 
being clocked by • 2 MHz IignaI. PPPPP IhouId ~ 
let to 10100 to dlvlde'the clock by 20 to yield !he 
~100 kHz operating frequency. 

21.9." 

Code: foGJOJAijxjAJAJAJ X = Don'tCare 

The CPU sets the 6279 for a read of the FIFO/Sen
sor RAM by first writing this command. In the Scan 
Keyboard Mode, the Auto-Increment flag (AI) and 
the RAM address bits (AAA) are irrelevant The 8279 
will automatiCally drive tho data bus for each subse
quent read (f1vJ ~ 0) in the seme sequence in which 
the data first entered the FIFO. All subsequent reads 
will be from the FIFO until another command is is
sued. 

In the S6nsor Matrix Mode, the RAM address bits 
AAA select one of the 6 rows of the Sensor RAM. If 
the AI flag is set (AI - 1), each successive read will 
be from the subsequent row of the sensor RAM. 

n.ad Dllpfay RAM 

Code: ~~O~,-",-,'~'-AI"-A~I-A"T"'-A~'--'AI 

The CPU sets up the 8279 for a read of the Display 
RAM by first writing this command. The address bits 
AAAA select 0Illt oltha 16 rows of tha Display RAM. 
It the Alllag is set (A 1 - 1), this row address will be 
incremented aher each following read or write to tJ oe 
Display RAM. SiI)C8 the same counter is us.KI for 
both reading ·an:l writing. this comr.18nd sets the 
next read or write address and the sense of the 
Auto-Increment mode for both operations. 

Wrft. OIsplay RAM 
Code: 1i-1-'I-o-r,-0 "T"I -A,-r,-A "T",-A ~I -A ...-, A--'I 

The CPU sets up the 8279 for a write to the Display 
RAM by first writing this command. Aft« writing the 
command with Ao'~ 1, all subsequent writes with Ao 
- 0 wiD be to the ,Display RAM. The addresaIng and 
Auto-Increment fuJK:tiona are kIentIcaI to those tor 
the RNd OilplatRAM_ How.ver, this command 
does not .ffect .Itie IOUI'Ce of subsequent Data 
Reads; the CPlfWill read from whichever RAM (Dis
play of AFO/sentor) which was last specified. If, 
indeed, the Display RAM was last epecIfied, the 
Writ. Display RMt will, ~ dlange the 
next Read JocaIi9n-

DIepIa, Wrn. InhIIIItIBIankInt 
A 8 A 8 

Code: [1 , 0 , f I X I rw I rw '.Bl rBt>, 
The rw Bita can be ueed to masI< nibble A and nibble 
B in applications rwquIring eeparate +bit display 
ports. By MttIng the IW flag (IW - 1) tor one of the 
porta, the port becomes rna/1(ed 10 ~t entrIe8 to 
the Display RAM from the CPU dO:not affect thet 
port. Thua. If each nibble is input to • BCD decoder, 

;'t ;it~ting· the other olgl1 OOtn9 U'"f'''''Y''''' ... ~ .... 
portant to note that bit So corresponds 10 bit Do on 
the CPU bus, and that bit A3 corresponds to bit D7' 

If the user wisheS to blank the display, the BL flags 
are available for each nibble. The last CI98I' com· 
mand Issued determines the code to be used as a 
"blank." This code defaults to all zeros after a reset. 
Note that both BL flags must be set to blank a diS

play formatted with a single 8-bit port. 

Clear 

Code: 
CD 1 I 0 ! Co I Co I Co I CF I CA 1 

The Co bits are availl'ble in this command to clear 
all rows of the Display RAM ,0 It selectable blanking 

code as follv NS: 

Co::O ,Co, 

[

X An Z" .. IX • 00.', C.,I 

I 0 Aa - Hex 20 100'0 QOOOI 

1 1 AIiOnn 

E".bIt d •• ditpllY ¥tMn • 1 tof by C •• 1) 

During the time the Display RAM is bei~ cleared 
( -160 ).Ls), it may not be written to. The most signifi
cant bit of the FIFO status word is set during this 
lime. When the Display RAM becOmeS available 

again, it automatically resets. 

If the c.: bit is asserted (CF - 1), the FIFO status is 
cleared and the int8lNpt outpUt line is reset. AlSO, 
the Sensor RAM pointer is set to row O. 

CA. the Clear All bit. haS the combined effect of Co 
and Ct=: it uses the Co c;Iearing code on the Display 
RAM and also ctears FIFO status. Funnermor

e
• it 

resynchronlzes the internal timing chain. 

End Interrupt/Error Mode Set 

Code: GJt 11IElxlx\xl~ x - Don'tcare 

Interface Considerations for more oet811 0" ~\, 

word, 

Data Read 
Data is read when A{j. ~ and ru5 are all low. 
source of the data is specified by the Read FIF 
Read Display commands. The trailing edge 0: 
will cause the address 01 the RAM being read' 
incremented if the Auto-Increment flag is set. I 
reads always increment (if no error occurs) inde 

dent of AI. 

Data Write 
Data that is written with Ao. CS and i1m low 
ways written to the Display RAM. The addre 
specifoed by the latest Read Display or Write Di 
command. Auto-Incrementing on the rising 
of \VA occurs if AI is set by the latest d 

command. 

INTERFACE CONSIDERATIONS 

scanned KeybOard Mode, 2-Key 
Lockout 
There are three possible combinations 01 con 
that can occur durin9 debQunC9 ecanning· VI 
key is depressed, the deI)OUnce logic is set. 
depressed keys are loOked for during the "" 
scans. If none are encountered, it is 8 sin!; 
depreSsion and the key positiOn is entered iI 

For the sensor matriX rnode9 this cornmand IowfKS 
the IRQ line and enab\eII further wrIiino into RAM. 
(The lAO line would have been ralsed upon the de
tection of • chan!Ie In • I8MOf veIue. ThiS would 
have alsO inhibited U1her writing Into the RAM untI 

FIFO along with the status of CNTl and SHIF 
If the FIFO was empty,lRQ will be set to sig 
CPU that there is an entry in the FIFO. If ttl< 
was full, the key will not be entered and ttl 
flag wi. be set If another ctoeed switCh is • 
tared. no entry to the FIFO can ocaI'. II • 
keys are reIeaI8d before ths one, then it will 
tared to the FIFO. If this key is re/e8S8d bet, 
other, It wiD be entirely ignored. A key Is en1 
the FIFO oriY once per depreaion. no mat 
many keya were pressed alOng with it Ot 
order they were re\eUed. II two keya ar. de! 
within the det)oUi'lC8 cycle. It Ie • IitrIUItane 
preeIIon. Neith8I' key wII be rec:ognIad u 
key ten\8InI ctfIInI8ed aIon8- 1M IaIt kel 
treated ... lingle keyclepran'on. reset). 

For the N-key roI\OY8I' moc:te-II thfI E bit Is pr0-
grammed to "I" the chip will operate in the special 
Error mode. (For fur1h« details. see 1nter1aca C0n-
sideratIonS SectIon-) 

Statu. Word 
The status word contaInS the FIFO status. error, and 

Scanned KeybOard Mode, N-I(ey 

Rollover 
WIth N-key R()IIover each key deP •• lIIon , 
\ndep8I'tdeIItI from all o\hefS, When • lei 
prested, the cIebOUnC8 cIrc:Uit waIlS 2 I 



scans at!dthen checks to see if the key is still down. 
It it is , the key is entered into the FIFO. Any number 
01 keys can be depressed and another can be rec
ognized and entered into the FIFO. If a simultaneous 
depression occurs, the keys are recognized and en
tered according to the order the keyboard scan 
found them. 

Scanned Keyboard-Speclal Error 
Modes 

For N-key rollover mode the user can program a 
special error mode. This is done by the "End Inter
ruptlErrcr Mode Set" command. The debounce cy
cle and kay-validity check are as in normal N-key 
mode. If during a single cIBbouncfI cycle, tw:> keys 
are found depressed, this is considered a simulta
neous multiple depression. and &eta an error flaS. 
This ftag will prevent any further writing Into the FIFO 
and will set interrupt [If not yet &el). The error flag 
could be read in this mode by reading the FIFO 
STATUS word. (See "FIFO STATUS" for further de
tails.) The error flag Is reset by &ending the normal 
CLEAR convnand with CF ~ 1. 

Sensor Matrix Mode 

In Sansor Matrix mode. the debounce logic Is inhibit
ed. The status 01 the sensor switch is inputted di
rectly to the Sensor RAM. In this way the Sensor 
RAM keeps an image 01 the state 01 the switches in 
the sensor matrix. Although debouncing is not pro
vided, this mode has the advantage that the CPU 
knowS how long the sensor was closed and when it 
was released.. A keyboard mode can only indicate a 
validated closure. To make the software easier, the 
designer should functionally group the sensors by 
row since this is the format in which the CPU will 
read them. 

The lAO line goes high If any sensor vaiue change is 
detected at the end 01 a sensor matrix scan. The 
IRQ line is cleared by the IIrst data read operation If 
the AuII>Incnwnent ftag is set to zero, or by the End 
InteIrupt command If the Auto-Increment flag is aet 
to one. 

NOTE: 
Multiple changes In the ma1rIx AddreaIed by 
($lo-s - 0) may cauee multiple Interrupts. (Slo -
o in the Decoded Mode.) Reaet may cause the 
8219 to ... multiple dIangeL 

oat8Format 
In the &:.nned Keyboard mode. the character en
tered Into the RFO con.pollda to the poIition of 
the IWiIdI in the ~ pilla the stalUl of the 
afTl 8nd SHIFT lines (norHwerted). ~TL II the 
t.4S8 of the chIncter and SiW-. II the next moat 
aigllificwtl bil The next three bits are from the IIC8Il 
c:ourar Ind indicate the row the key was found in. 
The Iaf.t It1nIe bits .. from the column COIMIter and 
indicate to which reun line the key was connected. 
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MS8 L~t:I 

PNTL'SHIFTi :SCAN: ~ETUR~ I 
SCANNED KEYBOARD DATA FORMAT 

In Sensor Matrix mode, the data on the return lines 
is entered directly in the row of the Sensor RAM that 
O()(responds to the row in the matrix being scanned. 
Therefcre, each switch position maps directly to a 
Sensor RAM position. The SHIFT and CNTL inputs 
are i9nored in this mode. Note that switches are not 
necessarily the only thing that can be oonnected to 
the retum lines in this mode. Any logic that can be 
trigg<tred by the scan lines can enter data to the 
return line inputs. Eight multiplexed input ports oould 
be tied to the return lines and scanned by the 11279. 

MSB l~b 

I~I~I~I~I~I~I~I~I 
In Strobed Input mode. the data is also entered to 
the FIFO from the return lines. The data is entered 
by the rising edge 01 a CNTLlSTB line pulse. Data 
can CO'1lB from another enooded keyboard or simple 
switdl matrix. The return lines can also be used as a 
general purpose strobed Input. 

MSS LSB 

I~I~I~I~I~I~I~I~I 

Display 

Left Entry 

Left Entry mode is the simplest display format in that 
each display position !irectIy corresponds to a byte 
(or nibble) in the Display RAM. Address 0 in the 
RAM is the Ieft-most display charac:ter and address 
15 (or address 7 in 8 charac:ter display) is the right 
most display character. Entering charactenllrom p0-
sition zero causes the display to fill from the iefl The 
17th (9th) character is entered baCk In th8 left most 
position and filling again proc:eeds from there. 

o I I. l6_o;,p.y 
r.-r-r- - - -ill 11-11t tntry L!..w _ _ _ _ AOtIt .. 

01_ ,.15 

JIod..., QI!I= = = =m 
o ,I .. '. I. " 

""'..., m= = = =~ 
0""':::>.. I. " 

17111..., @1!I====EEJ 
0-'. 1416 

111ft..., I:!?EI= = = =EE1 .!i, 

!All Er*Y Mode CAaIID "-'0 

Right Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in 
the right most character after the display is shifted 
left one character. The left most character is shifted 
off the end and is losl 

h1.ntf'f' 

\ 2 14 15 O"Oiu>ll~ 

[1]----ITER"''' 
_ _ _ _ Addte-u 

2 3 IS 0 1 

[1]= -= =ITEJ 2nd ""try 

~d~try 

3 • 

m~~~~r¥rb 
le,h ,,,try 

o 1 13 14 IS 

CE=~==GEEJ 
I 2 I. " 0 

[!0= = = ~EE0 17\h .. ,..tty 

'lin .,-tr'W 

2 3 IS 0 1 

~=~~]~ 
Righi Entry IoIodo (Auto -Q 

Note that rtC1'N the display position and register ad
dress do not O()(respond. Consequently, entering a 
character to an arbitrary position in the Auto incre
ment mode may have unexpected results. Entry 
starting at Dispiay RAM address 0 with sequential 
entry is recommended. 

Auto~t 

In the Left Entry mode, Auto Incrementing causes 
the addreSS where the CPU will next write to be in
cremented by one and the c;hatact8r appears in the 
next location. With norw\uto Incrementing the entry 
is both to the same RAM ICIdresS 8nd cispIay poe!
lion. Entry to an 8/bitraIy IddreU in the Auto Incre
ment mode has no undesirable side effects and the 
result is predjc+.able: 

1st entry 

2nd entry 

Command 
10010101 

01234587 - OIIpIay 

[1\ \ I 1\ I I] =... 
o 1 2 3 " 5 8 7 

1112\ \ 1 I I 1 ] 
o 1 234 5 8 7 

11121 1 I I I 1 I 
Enter next at Location 5 Auto Increment 

3rdentry GJ2\ \ I \3\ \ I 
o 1 234 567 

4th entry 11 121 1 1 13141 I 
LEFT ENTRY MODE 
(AUTO INCREMENn 

In the Right Entry mode. Auto Incrementing and non 
Incrementing have the same effect as in the Left 
Entry except if the address sequence is interrupted. 

12345670 - Display 

1 5t entry 1 I 1 1 1 I I 11 I RAM Address 

23456701 

2nd entry I I I I I I 11 121 

2 3 4 5 6 7 0 1 

Command I 1 1 1 1 1 11121 
10010101 

-Enter next at Location 5 Auto Increment 

3 4 5 670 1 2 

3rdentry 1113111 1 12 11 

4 5 6 7 0 1 2 3 

4th entry I 13141 \1 12\ 1 1 

RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Starting at an arbitrary location operates as shoWn 
below: 

01234567 - Display 

Command 111111111 RAM 
10010101 Address 

Enter next at Location 5 Auto Increment 

_, 2 3 4 5 8 7 0 

1stentry I 1 1 1 111 I I 1 

2 3 456 7 0 1 

2ndentrY I 1 1 11121 I I 1 

8th~ 141518(71ej112131 

9thentrY 1518171e18121314~ 
RIGHT ENTRY MODE 
(AUTO INCREMENT) . 

Entry appeart to be from the IntIaI entry point 

tl11 CMr8CtW DtepIay Fonnata 

If the diIpIay mode is set to an 8 c:toaracter display 
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l~ 

~h~;;;~t~;'di;p;;;y (~.g~,-5.1 ms scan time 'or 8 char. 
acters vs. 10.3 ms for 16 characters with 100 kHz 
internal frequency). 

G. FIFO Statu. 

FIFO status is used in the Keyboard and Strobed 
Input modes to indicate the number of characters in 
the FIFO and to indicate whethBf an Bfror has oc. 
CUrred. There are two types 01 Bfrors possible: over. 
run and undBfrun. Overrun occurs when the entry of 
another character into a lull FIFO is a\tBfnpte:i. Un
dBfrun occurs when the CPU tries to read an empty 
FIFO_ 

The FIFO status word also has • bit to indicate that 
the Display RAM was unavailable because a Oear 
Display or Oear All command had not completed its 
clearing operation. 

In a Sensor Matrix mode, a bit is set In the FIFO 
status word to indicate that at feast one sensor clo
sure indication is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is .showing the 
error flag and serves as an indication to whether a 
simultaneous multiple closure error has OCCUtTed. 

INT SHIFT CNTl 
lilT 

.. alT O ... TA'II$ 
MICII(). OATA 

!L 0 •. 1 ",OCESIOII I\J$ 
SYSTEM r 

CONT IIOt.S { 

Aii 
RIll 

WIt 
& 

1211 
IIESlT· . 

IIESIT 

ADDII::{ a 
eI At 
At 

CLOCII CLK 
cue ... , -'.-, 

I -- [ I Number 01 

Error· Under,un 
Error·Overrun 

c:n.,acter, in F I F 0 

Sensor Closura/Error Flag for 
Multiplt Closures 
Di$play unanillblt 

ABSOLUTE MAXIMUM RATINGS. 

Ambient Temperature ................ erc to 7erC 
Storage Temperature ............. - 6S·C to 12S.C 
Voltage on any Pin with 

Respect to GrOUnd .............. -O.SV to +]V 

Power Dissipation ........................ 1 Watt 

• No/ice: Stresses SboV8 those listfJd und8r '~ 
luta Msximum Ratings" may cause permanent dam
SrJ6 to the dBvic6. This is II SIr8$.t rsling on.)' and 
functional opsrstion of the dBvic6 st these or any 
other conditions aboV8 those ioolCStfJd in the opiNS_ 

tional sections of Ihi$ specilicstion is not implied. Ex
posure to BbsoJute ITI8Ximum rsling COfIditions for 
ext9ndeci P6ff0ds may IIReef device relisbility. 

SHIfT ItEYIO ... RO 
..... TlIIlI 

CONTIIOL 

!L • COLUMNS 
IIETUIIN 

LINES allOWS 

~ '?' 

0 
Va 

" .. , 
~ 1· aOECODER 

~n j, ~ f1'o/ 
iLb· s,,_, 4J 

SCAN LINES t, 
• ." DICODEII 1 

e 
IIUN« V l' 

·00 not drMt IIIe 
llleWS8O«IIIe 

... .,..... ... 
f L D'~Y ~ ~ 

• ADOIIUSlI 
. / ....... 10ECOO£O' 

-.,. OIJPLAY - • CHAR ... CTERS 
/ OATA 

BIoct 0IItgrMt 
T " OI$l'LAY FIgIn .. Syatem 
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Symbol Parameter Min "'GA -"'. 
V,L1 Input Low Voltage for Return Unes -0.5 1.4 V 

VIL2 Input Low Voltage for All Others -0.5 0.8 V 

VIHI Input High Voltage for Return Lines 2.2 V 

V'H2 Input High Voltage lor MOthers 2.0 V 

VOL Output Low Voltage 0.45 V (Note 1) 

VOHI Output High Voltage on Interrupt Une 3.5 'J (Nota 2) 

VOH2 Other Outputs 2.4 _ - 400 f<A 8279 
1(lH - - 100 fLA 8279 

I,L 1 Input Current on Shift, Control and +10 )LA V'N = Va::, 
Return Lines -100 )LA V'N = OV 

"L2 Inpu1 Leakage Current on All QthBfS ±10 fLA V'N = Va::, to OV 

IOFL Output Float Leakage ±10 IJ.A VOUT = Vee to O.4SV 

ICC POWBf Supply Current 120 rnA 

C,N Input Capacitance 10 pF fe = 1 MHz Unmeasu 

Covr Output CIlpacitance 20 pF Pins Returned to VSS!' 

A_C. CHARACTERIS71CS TA = erc to 7erc, Vss = OV (Note 3)· 

Bus Parameters 

CYCLE 
827i 8279-5 

Symbol Parameter 
Min Max Min Max 

I.J 

tAR Address Stable Before ~ 50 0 

\fv. Address Hold Time for ~ 5 0 

tAR A"EAD Pulse Width 0420 250 

lAo(4) Data Delay from m:AD 300 150 
t,.o(~) Address to Data Valid 450 250 

I{)F A"EAD to Data Floating 10 100 10 100 

lAcY Reed Cycle TII'II9 1 1 

tAW Address Stable Before wron: 50 -0 

tWA Address Hold Tme lOt' WRiTE 20 0 

WRITE CYClE 

IZ7t 127M I 
SymbOl ......",...,. 

MIn .... MIn .... I 
tww WRITE Pulse Width 400 250 

tow Data Set Up Time lor wmT£ 300 150 
, 

two Data Hold Time for WRITE 40 0 

twcY Write Cycle Tme , , J 



OTHER TIMINGS 

827~ 827i-5 
Symbol Parameter Unit 

Min Mall Min Mall 

'4>w Clock Pulse Width 230 120 ns 

IcY Clock Period 500 320 ns 

Keyboard Scan TIme ...................... 5.1 rns Digil-oo TIme ............................ 480 JLS 
Keyboard Debounce TIme .........••..... 10.3 ms Blanking TIme ........................... 160 JLS 
Key Scan TIme ........................... 80 1'8 Internal Oock Cycle(5) ..................... 101'5 

Display Scan TIme ....................... 10.3 rns 

NOTES: 
1. 8279, lot.. - 1.6 rnA; 8279-5, lot.. - 2.2 mA. 
2. !ott • -100,.A 
3.8279,Voc· +5Vt5"";8279-S,Voc· +SV tl0'!\. 
4.8279, Ct. - 100 pF; 8279-S, Ct. - 150 pF. 
S. The PretcaIer IhouId be programmed to provide a 10 p.s intemal clock cycle. 
8. Sampled not 100"" tested. T A - 25"C . 
• Fa Extended Temperature EXPRESS, we M8279A electrical parameters. 

A.c. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
IHPIJT 10UTPUT 

:~=X:>nn~<:X= MYleI -~ 
["::'I," I"". 

A.c. Tedng: 1npuIo ... _ at 2.4V lor Il.ogIc "1" _ O.4SV 
lor I logic "0". TIn*'g __ .... ...- II 2.OV lor I 
logic "I" _ O.IJV lor I logic "0". 

WAVEFORMS 
READ OPERATION 

... cs 

lID 

IA. ... 

... ... --~ ~~l 

c;, - 120 pF 
c;, IncIudoo Jig CIpec:iI.nce 

ISYSTEM'S 
ACOlltU'BUSt 

'R'ADCOfirfl'l'OlI 

::=~"*E~~DATAYAU'~~~ 
WRITE OPERATION 

~a ~ . j< =:~_ 
... --\ I .... I ........ 

.. 
OAT....... DATA 

...-uTJ .... .,CttrN«JI 

216 

DATA ............. 

....fTlCON'1"IKK.. 

CLOCKII'fI"UI 

~ ) ~ / 
I ~.-----i 

SCAN 

.. 
.. L 

-= .. r L 

.. __ ------~I L 
ioU U U U 
.. ~ . U U U 

MC'><.~ 
ICM 

.. U U U U-
.. U U U LI 

DISPLAY 

.. 
.. 

.. -... 
"" .... -

.. -.. --
.. 

. PRfSCAlER ""OOMMM£D fOlll .... 

i- ....... Icr : ....... ~"EOUEHCY - 100 kHz so 

.... -COOl' 
1(1) 

-MNtI COOl."" AU. 
... OIl AU. , .. oa ..... 

l1li 

-.. 

~ 

..._... I'" ,"""1"'''' I'" , ... ,- 1- I ~ ,- I - I . I I I I 
i. -.u...-nmlWO ............... ..-..._ .. , .. ,..,.eMOWk 

NOTE: 
Shown Is encoded K8II '-II entry Sz-S:J _ not Ihown but !My _ ~ 8, dMded by 2 end 4. 
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L. 

FEATURES 

• Provides a direct interface between ZOO microcomputer 
systems and peripheral devices. 

• TY.o ports with interrupt·driven handshake for fast 
response. 

• Four programmatlle operating modes: Output, Input. 
Bidirectional (Pan A only). and Bit ContrOl 

• Programmable interrupts 0,1 peripheral status 
conditions. 

• NMOS ~ lor high cost perfC'lTl'>1lCe solutions. 

• CMOS~ /1)( the designs requiring low pow-arcon
~ 

• NMOS Z0842OO4 - 4 MHz, Z0842OO6 - 6.17 MHz. 

a CMOS Z84C2OO4 • DC 104 MHz, Z84C2006 - DC 10 
6.17 MHz, ZB4C2008 • DC to 8 MHz. 

• Standard ZOO Fam~y bus-request and prioritizeo 
interrupt· request daisy chains implemented without 
e><temallogic. 

•. The eight Pan B outputs can drive Darlington transistors 
(1.5 mA at 1.5V). 

a 6 MHz Yef'Sion ~ 6.144 MHz CPU clod; ope<&
lion. 

G~ERAL DESCRIPTION 

The Z80 PIO PIWlIIIeIIIO CircuIt (hereinafter referred 10 as 
118 Z80 PIO 01' PIO) Is a pIOgI'IImmabIe, duai-port device 
thai provides a TTL 'ilOf11p8tible int4llflKle '*-n periph
eral dIMces n 118 Z80 CPU (F'tgUres 1 8nd 2). Note the 
OFf> pacIcage Is only IMIIabIe In CMOS version. The CPU 
conllgures the Z80 PIO 10 Interface with a wide range of 

~~{ 

~{ 

-={ 
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_ .. 

Agen1. PIn.Funo:tJon. 

.. 
Agu,. 2 •• 4O-j>In Ou,al-ln-Une I'IIcbg. (DIP), 

Pin Aq!gn"""l8 

-1'''';'0'' 0< 0< <I' o· <1'-+" 
• I • , 2 I _ ... ~ ., eu 

lIIi 1 

PO, • ... . ..... ... " 
He " - .. Z~PIO 

""~ '. 
"". II 

H, " ... " t. t. 20 21 22 U 2. H ,. Z1 It 

"'.~/ 9' "'/ ~~.Q~ ~ 

Flgu .. 2b. 44i>'n CIIlp Carrlet, 
Pin AMlgnments 

...... 
,. 1ft! 

" ro, 

" ... .. ... ,. .... 
,. ... ..... 
>2 n, 

" ... ,. .,. 
.. CU< 

FIGUre te. 44-pln Quad Flat PICk PIn 
A •• 'gnment •. 

peflpheral devices that are compatible with the Z80 PIO 
Include most keyboards. paper tape readers and punches, 
pflnters. and PROM programmers. . 

One characteristic of the Z80 peripheral controllers that 
separates them from other interface controllers is that all 
data transler between the penpheral device and the CPU is 
accomphshed under interrupt control. Thus. the interrupt 
logIC of the PIO permits full use of the efficient interrupt 
capablhtles of the ZOO CPU during 110 translers. All logiC 
necessary to implement a fully nested interrupt structure is 
,ncluded ,n the PIO (Figure 3). 

Another feature of the PIO IS the ability to Interrupt the CPU 
upon occurrence 01 specified status conditIons in the 
penpheral device. For example, the PIO can be 
programmed to imerrup: il any specified peripheral alarm 
condlltons shoulJ occur. This interrupt capability reduces 
the time the processor must spend in polling peripheral 

status. 

The ZOO PIO interfaces to peripherals via two independent 
general-purpose 110 ports. designated Pan A and Pan B. 
Each port has eight data bits and two handshake signals. 
Ready and Strobe. which control data transfer. The Ready 
output indicates to the peripheral that the port is ready for a 
data transfer. Strobe is an input from the perir"~ral that 
Indicates when a data transfer has occurred. 

CPU I T 
iiiTl-L 

_I. 
T 

;;;;;m -

IYSfU, 
IV'" 

A.. JIc 

r---Y 

1-

-

-
iNi 

III 

110 
iii , ... 

I 

1 
-- I 

A ~ HA I 
'I , 

FIgUN 3. PIa In. frpIca/:UO femIIy fIIVInN_ 

Operating Mode •. The ZOO PIO ports can be programme, 
to operate in four modes Outpul (Mode 0). Input (MOde I, 
B,direct,pnal (Mode 2) anc BIt Control (MOde 3) .. 

Either Port A or Port B can be programmed to output data i, 
Mode O. Both ports have output registers that ar, 
individually addressed by the CPU; data can be wntten tl 
either port at any time. When data is wntten to a port, al 
active Ready output Indicates to the external device tha 
data IS available at the assocIated port and IS ready fo 
transfer to the external devICe. Aner the data transfer. tho 
external devICe responds wrth an active Strobe input. whlCl 
generates an Interrupt. " enabled. 

Either Port A or Port B can be programmed to input data Ir 
Mode 1. Each port has an Input registN addressed by thE 
CPU. When the CPU reads data Irom a port. the PIO sets thE 
Ready signal. which is detected by the external device. ThE 
external device then places data on the 110 hnes anO strooo 
the t/O port. which latches the data into the Port Inpu 
Register. resets Ready. and Iriggers the Interrupt Request. I 
enabled. The CPU can read the input data at any time 
which agaIn sets Ready. 

Mode 2 IS bidirectional and uses only Port A. plus thE 
interrupts and hancshake signals Irom both ports. Port F. 
must be set to Mode 3 and masked off from generatin~ 
Interrupts. In operatIOn. Port A IS used 10< both data Inpu 
and output Output oper attOn IS Slmtlar to Mode 0 excep' 
that data IS allowed out onto the Port A bus onty when me 
IS Low. For Input. operation is Slmital to Mode 1. except tha' 
the data input uses the Port B han<!shake signalS and thE 
Port B interrupt. If enabled. 

Both ports can be used In MOde 3. In thIS mode. thE 
IndiVIdual bits are deftned as BIther Input or output btts. ThJ! 
provides up to 819ht separate. Indtvldually <leflned b!\s fOJ 
each port. Durmg operatIOn. Ready an<! Strobe are no 
used. Instead. an Interrupt IS generated" the conditIOn () 
one Input changes. or" all inputs change. The requirement! 
lor genelaltng an interrupt are Oeflned during thE 
programming operattOn; the act!\'!! level is speclfl8d a! 
BIther HIgh or Low. and the logIC cond~tOn IS spectfl8d ru 
either one input acllve (OR) or an inputs active (AND). FOJ 
example. tf the pot! is programmed 10< acIIVe Low Inputs anc 

the logIC functIOn IS AND. then all Inputs at the specIfIed por 
must go Low (0 generale an Interrupt. 

Data outputs ale contrOlled b'" the CPU and can be wriner, 
01 changed at any bme. 

• IndMdual btts can be masked 011. 

a The handshake signals ale not used in Mode 3; Ready IS 
held Low, and Strobe is disabled. 

• When using the ZOO PlO interrupts. the zeo CPU 
interrupt mode musI be set 10 Mode 2. 

INTERNAL STRUCTURE 

The internal structure 01 the zeo PIO consists of a ZOO CPU 
bus interlace. internal control logic. Pan A 110 logic. Port B 
1I0logic. and interrupt control logic (Fogure 4). The CPU bus 
interlace logic allows the ZOO PlO to inlerface directfy 10 the 
ZOO CPU with no 0Iher external logic. The internal COntrol 
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--'~'" ................. , .... ....,~ U'~lldl cO'.Je ch3;;ge. Tr,e 
:ation error have to be accounted for in 
the test results. A plot of this natura! 
I in Figure 5where, for clarity, both the 
lnd the error voltage are nor,.,-,ai,zed :0 

Ds 

INPUT VOLTAGE 

VALUE WITH 

10.24 VAEF 

MSGROUP LSGROUP 

5/256 I 9.600 0.600 
8.960 0.560 

3/256 I 8.320 0.520 
7.680 0.480 

1/;><;6 I 7.040 0.440 
6.400 0.400 

1256 5.760 0.360 
5.120 0.320 

'256 4.480 0.280 
3.840 0.240 

'256 3.200 0.200 
2.560 0.160 

256 1.920 C.120 
1.280 0.080 

256 0.640 0.040 
0 0 

HI5670-8 

!atfon Error 

rldl, \,VUIIUI1,& ~'1V~'f""V , ......... ~ ..... , .... ' ...... ' .... ' '~'-' 

The techniques described so far are suitable for an engi
neering evaluation or a Quick check on performance. For a 
higher speed test system, or to obtain plotted data, a digital
to-analog converter is needed for the test set-up. An accu
rate 10-bit DAC can serve as the Pfecision voltage source 
for the AID. Errors of the AID under test can be provided as 
either analog voltages or differences in two digital words. 

A basic AID tester which uses a DAC and providas the error 
as an analog output voltage is shown in Figure 6. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub
traction feature is available to directly readout the difference 

output code transitions can be detected as the 10-bit DAC is 
incremented. This provides % LSB steps lor the S-bit AID 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB's) 
as the Y axis, a useful transfer function of the AID under 
test results. For acceptance testing, the plot is not neces
sary and the testing speed can be increased by establishing 

internal limits on the allowed error for each code. 
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FIGURE 6. AID Tester with Analog Error Output 
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Connection Diagram 

FIGURE 7. Basic "Digital" AID Tester 
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.. _ .. _._ v~"'''''''u "urn me ooIUlT'I: "Input Voltage Value 
with a 10.240 VREF" of bot'1 the iJS and LS groups, the 
value of the digital display can be de, ermined. For example, 
for an output LED display of "1011 0110" or "B6" (in hex) 
the voltage values from the table are 7.04 + 0.24 or 

__ .•• " __ , • ..,. VlJlClllJ an output dIgital code change. Tne 
effects of this quantization error have to be accounted for in 
the interpretation of the test results. A plot of this natura! 
error source is shown in Figure 5where, for clarity, both the 
analog inpul voltage and the error voltage are normaiized to 
LSBs. 

HEX' tllNAHY 

F 
E 1 
0 0 
C 0 
B 0 
A 0 1 
q 1 0 0 
8 1 a 0 
7 0 
6 a 1 
5 0 a 
4 0 1 0 
3 

11 

0 

2 0 1 
1 0 0 
a 0 0 

1 
0 
1 
0 
1 
0 

• o I 1/2 
1 
0 
1 
0 
1 
0 
1 
a 

TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

INPUT VOLTAGE 
FRACTIONAL BINARY VALUE FOR VALUE WITH 
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3/256 
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10.24 VREF 

MS GROUP I LS GROUP 

9.600 0.600 
8.960 0.560 
8.320 0.520 
7.680 0.480 
7.040 0.440 
6.400 0.400 
5.760 0.360 
5.120 0.320 
4.480 
3.840 
3.200 
2.560 
1.920 
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FIGURE 5. Error Plot of a Perfect AID Showing Effects of Quantization Error 
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The techniques described so far are suitable for an engi
neering evaluation or a quick check on pet1ormance. For a 
higher speed test systern. or to obtain plotted data. a digital
to-analog converter is needed for the test set-up. An accu
rate 10-bit DAC can serve as the precision voltage source 
for the AID. Errors of the AID under test can be provioed as 
either analog voltages or differences in two digital words. 

A basic AID tester which uses a DAC and provides the error 
as an analog output voltage is shoWn in Figure 6. The 2 op 
amps can be eliminated if a lab DVM with a numericaf sub
traction feature is available to directly readout the difference 

voltage, "A-C". 
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output code transitions can be detected as the 10-bit DAC is 
incremented. This provides V. LSB steps for the 8-bit AID 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSS's) 
as the Y axis, a useful transfer function of the AID under 
test results. For acceptance testing, the plot is not neces
sary and the testing speed can be increased by establishing 
intemallimits on the allowed error for each code. 
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FIGURE 7. BaaiC "Digital" AID Tester 
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ADC080 1J,ADC0802, AQC0803, ADC0804, 
ADC0805 8-Bit p.P Compatible AID Converters 
General Description 
-;-:~u3 ADC0801, ADC0802, ADCOS03, ADCOa04 and • Differential analog voltage inputs 
ADC0805 are CMOS B-bit successive approximation AID 

• Logic inputs and outputs meet both MOS and TTL volt. converters that use a differential potentiometric ladder-
age level specrr~ations similar to the 256R products. These converters are de-

• Works with 2.5V (LM336) voltage reference signed to "IIOW operation with the NSCSOO and INS8080A 
• On-chip clock generator derivative control bus with TRI·STA TEe output latches <Ii-
• OV to SV anaJog inp;rt voltage range with Single SV rectly driving the data bus. These AIDs appear like memory 

supply locations or 1/0 ports to the microprocessor and no inter. 
• No zero adjust requir&d facing logic is needed. 

• 0.3" standard width 2O-pin DIP package Differential analog voltage inputs allow increasing the com-
• 2O-pin molded chip carrier or sma/I outline paCkage moo-mode rejection and offsetting the ana/og zero input 

voltage value. In addition. the vOltage reference input can • Gverates ratiornetrically or with S Voc, 2.S VOC. or ana. 
be adjusted to allow enaxling any smaller analog voltage log span adjusted voltage reference 
span to the full 8 bits of resolution. 

Key Specifications Features 
• Resolution 8 bits 

• Compatible with 8080 ",p derivatives-oo interfacing • Total error ± V. LSB. ± Y. LSB and ± 1 LSB logic needed • access lims • 135 ns 
• Conversion time 

100 "'S • Easy interface to all microprocessors. or operates 
"stand alone" 

Typical Applications 
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TUH/567._. 

8080 interfaCe 
Error Specification (Includes Full-Scale, 

Zero Error, and Non.Unearlty) 
ct 

Part Full· 
VREF/2 = No Connection Scale VREFI2= 2.500 Voc Iili Number 

Adjusted (No Adjustments) (No Adjustments) NSC .... -. Wli 
ADC0801 ±%LSe 

Ill. 
AID ..... 

1Te. ;mr ADCOa02 ±Y.LSB . 
.i ADC0803 ±Y.LSB DATA .. AOC0804 ±1 LSB 

AOC0805 .-.-.. - ---.-
±1 LSB TUH/5671-3. 

I -j 
,'. 

con\d",' \.11';;; ,'U;:'\lUIKIl .;;J"'I:"IIII~IIU"""'''VI .,;JQICQ \J11'!w~1 Package DiSSIpatIOn at 1 A = 25"lj 875mW 
Distributors tor availability snd spectflcatlons. 

ESD Susceptibility (Note 10) 800V 
Supply Voltage (Veel (Note 3) 6.5V 
Voltage Operating Ratings (Notes 1 & 2) 

logic Control Inputs -0.3Vto +18V 
At Other Input and Outputs -O.3V to (Vcc+0.3V) Temperature Range TMIN~TA~TMAX 

lead Temp. (Soldering. 10 seconds) ADC0601/02W -SS'C~TA~ + 12S'C 

Dual·ln·Line Package (plastic) 260"C ADC0801/02/03/04LCJ -40"C~TA~+65'C 

Dual·ln·Line Package (ceramic) 300'C ADC0801/02/03/05LCN -4O"C~TA~ +85'C 

Surface Mount Package 
ADC0804LCN O"C~TA~+70"C 
ADC0802/03/04LCV O"C~TA~+70'C 

Vapor Phase (60 seconds) 215'C ADC0802/03/04LCWM O"G~TA~+70"C 
Infrared (15 seconds) 220"C 

RangeofVCC 4.5 Voc to 6.3 Voc 

Electrical Charact£.ristics 
The following specifications apply for Vcc=S Vr:,{;, TMIH~TA~TMAX and fClK=640 kHz unless otherwise specified. 

Parameter Cond1tIona Min Typ Max Units 

ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 
±% LSB 

(See Section 2.S.2) 

ADC0802: Total Unadjusted Error (Note 8) VREF/2- 2.500 Voc ±% LSB 

ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. ±y. LSB 
(See Section 2.S.2) 

ADC0804: Total Unadjusted Error (Note 8) VREF/2-2.500Voc ±1 LSB 

ADC080S: Total Unadjusted Error (Note 8) VREF/2-No Connection ±1 LSB 

VREF/21nput Resistance (Pin 9) ArX)0801/02/03/0S 2.5 8.0 kO 
ADC0804 (Note 9) 0.7S 1.1 kO 

Analog Input Voltage Range (Note 4) V( +) or V( -) Gnd-O.OS Vcc+ 0.05 Voc 

DC Common-Mode Error Over Analog Input Voltage ±v.. ±V. LSB 
Range 

Power Supply Sensitivity Vee-S Voc ± 10% Over ±V .. ±'Ia LSB 
AIIowedVIN(+)andVII"{-) - r 
Voltage Range (Note 4) 

AC Electrical Characteristics 
The following specifICations apply for Vee - 5 Voc and T A - 2S'C unless othe!wise specified. 

Symbol Parameter CondItIons Min Typ Max Unlta 

Tc Conversion Time fClK = 640 kHz (Note 6) 103 114 ,.s 
Tc Conver&on Time (Note S. 6) 66 73 llfCLK 

ICLK Clock Frequency Vee-SV.(NoteS) 100 640 1460 kHz 
Clock Duty Cycle (Note S) 40 60 % 

GR Conversion Rate in Free-Running INTR tied to vm with 8770 9708 conv/s 
Mode ~ - 0 Voc. fClK = 640 kHz 

tW~lL Width of ~ Input (Start Pulse ~A!KIth) ~=OVoc(Note7) 100 ns 

tACC Access Time (Delay from Falling Ct. =l00pF 135 200 ns 
Edge of RD to Output Data Valid) 

t1H. toH TRI-ST A TE Control (Delay CL = 10 pF. RL -10k 125 200 ns 
from Rising Edge of RD to (See TRI·STATETest 
Hi-ZState) Circuits) 

tWIotRI De~from Falling Edge __ 
of WR or RD to Reset of INTR 

300 450 ns 

GIN Input capacitance of Logic S 7.5 pF 
Control Inputs 

COUT TRI-STA TE Output S 7.5 pF 
Capacitance (Data Buffers) 

CONTROL INPUTS (Note: ClK IN (Pin 4) is the input of a Schmitt trigger circuit and Is therefore specified separatelyl 

VIN(I) LogiCal "I" Input Voltage Vee=S.25 Voc 2.0 lS Voc 
(Except Pin 4 ClK IN) ... 
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Symbol Panijaeter Conditions Min Typ Max UnIts 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately) 

V'N(O) Logical .. a" Input Voltage VCC=4.75 Voc 0.8 Vex: 
(Except Pin 4 eLK IN) 

I'N (1) Logical "1" Input Current V'N= 5VOC 0.005 1 ~ 
(AI/Inputs) 

I'N(O) Logical "a" Input Current VIN=OVOC -1 -0.005 JLAex: 
(All Inputs) , 

CLOCK IN AND CLOCK R 

VT+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voc 
Threshold Vollage 

VT- ClK IN (Pin 4) Negative 1.5 1.8 2.1 Voc 
Going Threshold Voltage 

VH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc 
(VT+}-(VT-) 

VOUT(O) Logical "0" eLK R Output 10=360 JLA 0.4 Voc 
VoHage Vcc=4.75 Voc 

VOUT{I) logical "1" CLK R Output 10= -360 JLA 2.4 

I 
Voc 

Voltage VCC=4.7S Voc 

DATA OUTPUTS AND INTR 

VOUT(O) logical "0" Output Voltage 
Data Outputs \ovT= 1.6 mA, VCC=4.7SVoc 0.4 Voc 
iNTAOutput lour = 1.0 mAo Vcc=4.75 Voc 0.4 Voc 

VOUT(I) Logical "1 .. Output Voltage 10= -360)LA. Vcc=4.75 Voc 2.4 Voc 

Voor(l) Logical "1" Output VoHage 10= -10 I'-A. Vcc=4.75 Voc 4.S Voc 

louT TRI-STATE Disabled Output VOUT-OVOC -3 JLAoc 
Leakage (All Data Buffers) VOUT=SVOC 3 JLAoc 

ISOURCE VOUT Short to Gnd. T A = 2S-C 4.5 6 mAce 
ISINK VOUT Short to Vee. TA=:<O'C 9.0 16 mAoc 
POWER SUPPLY 

ICC Supply Current (Includes fClK = 640 kHz. 
ladder Current) VAEF/2=NC. TA=2S-C 

and~=5V 
~1/02103/04LCJ/OS 1.1 1.8 : rnA 
ADC0804LCN/LCV ILCWM 1.9 2.5 mA 

Mote 1: AbeduI8 Muimum Ra1ings incIIcme ImiIs beyond _ damage to !he device may occur. DC and AC electrical specifications do not apply when operating 
the _ boo)oond ills speciIiecI oPerating concIiIiOI>O. 

Mote 2: AI YOItages ... -.red with respect to Gnd. unleos 01tletwise specified. The separale A Gnd poinl s/lould always be wired 10 !he 0 Gnd. 
Note 3: A __ exists. internally, from Vrx; to Gnd and has a IypiCal breakdown voltage of 7 Yoc. 

Mo .. 4; Fer VINI-)" VIN! +) !he digita' ootpuI code will be 0000 0000. Two on-chi!> -. are lied 10 each analog input (see block tliagram) which will forward 
conduct lor analog ~voIIages one _ drop "".,w ground ex one diode drop greater than tha Vee suppty. Be careful, during tesling at low Vee levels (4.5V). 
as h;gI1 __ log inputs (5V) can cause this input diode 10 conduct-especially al eleva led temperalures. and cause errors for analog inputs near full-scale. The 
spec __ 50 mil _bias 01 __ . This means that as long as the analog V,N does not exceed tha supP'Y voltage by more than 50 mY, !he output 
code wiI be """""" To acItieve an abSoIuI. 0 Voc 10 5 Voc input voltage range will therelore require a minimum suppl'J voltage of 4.950 Yoc over temperature 
varia\ioM. initiaIlcIenInce and loading. 

Nole 5< At:<:uBCf is guaranteed al fcuc - 640 ~Hz. At higher ctock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits ca" be 
extended 00 long as tha minimum ctock high time inl",.81 ex minimum clock low time int8fVaI is no less than 275 ns. 
Note II: WillI an 8S}f1Chronous start pulse. up to 8 clock periods may be req.,;,ed betcxe !he internal ctock phases are proper to start the C<>nY«Sion process. Tha 
start ....- is inIemIIIIy IaIChecI, _ F_ 2 and sectiOn 2.0. 

Mote 7: TIle!:!S input it _ to _81 !he Wft IIiobe input and therefor_liming is dep8ndant on the WR pulse width. An arbitrarily wide pulse width will hold 
the _ In a _.- and !he start '" --.n is Initiated by !he low to high tronsition 01 !he Wft pulse (see timing diagrams). 

Mote I: None 01_ AJDs requires a zero adjust (see sectiOn 2.5.1). TO oblain zero code at other analog inpul vonages see section 2.5 and FtgUrB 5. 

Hot ... The VAEF/2 pin is the center point of a two resistOf dMdet connected from Vcc to grOUt'ld. Eacn resistor is 2.2k. except for the Ar::>c0604LCJ where each 
restslor is t6k. Total ladder input resistance is the SUm of the two equal reSIstors. 
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shown in Figure lB. I ne \10nzOntal scale IS analog input 
voltage and the particular points labeled are in steps of 1 
LSB (19.53 mV with 2.5V tied to the VREF/2 pin). The digital 
output codes that correspond to these inputs are shown as 
0-1, D, and D + 1. For the perfect AID, not only will center
value (A-l, A, A+ 1, .... ) analog inputs produce the cor
rect output ditigal codes, but also each riser (the transitions 
between adjacent output Codes) will be located ± 'It LSB 
away from each center-value. As shown, the risers are ideal 
and have no width. Correct digital output codes will be pro
vided for a range of analog input voltages that extend ± y. 
LSB from the ideal center-values. Each tread (the range of 
analog input voltage that provides the same digital output 
code) is therefore 1 LSB wide. 

FJgUr8 1b shows a worst case error plot for the AOC0801. 
All center-valued inputs are guaranteed to produce the cor
rect output codes and the adjacent risers are guaranteed to 
be no closer to the center-value points than ± 'h LSB. In 
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the cOde transition is inClcated by the horizontal arrow and il 
is guaranteed to be no more than y. LSB. 

The error curve of Fig(J("8 1 c shows a worst case error plot 
for the ADC0802. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the AID will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the AID 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error is con
tinuously displayed and includes the quantization uncertain
ty of the AID. For example the error at point 1 of Figure 1a 
is + % LSB because the digital code appeared % LSB in 
advance of the center-value 01 the trelld. The error plots 
always have a constant negative slope and the abrupt up
side steps are always 1 LSBJn magnitude. 
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FIGURE 1. Clarifying the Error Specs of an AID Converter 

TL/H/5671-12 

256R network. Analog switches are sequenced by succes
sive approximation logic to match the analog difference in
put voltage [VIN(+) - VIN(-)J to a corresponding tap on 
the A network. The most significant bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8-bit binary 
code (1111 1111 = full-scale) is transferred to an output 
latch and then an interrupt is asserted (lNTR makes a high
to-low transition). A conversion in process can be interrupt
ed by issuing a second start command. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with ~=O. To ensure start-up under all pos
sible conditions, an external WR pulse is required during the 
first power-up cycle. 

On the high-te-Iow transition of the y..'!,! input the internal 
SAA latches and the shift register stagE'S are reset As long 
as the ~ input and vm input remain low, the AID will re
main in a reset state. ConverskJn will start ffO'Yl 1 io 8 clock 
periods after at least one of these inputs makes. /ow-to
high transition. 
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The converter is started by having CS and WR simulta
neously low. This sets the start flip-flop (F/F) and the result
ing "1" level resets the 8-bit shift register. resets the Inter
rupt (INTA) F/F and inputs a "1" to the 0 flop, FIF1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this "1" to the a output of F IF1. The 
AND gate, G1, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set signal is 
no longer present (either WA or CS is a "1") the start FIF is 
reset and the 8-bit shift register then can have the "1" 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F IF would momentarily 
be at a "1" level) and the 8-bit shift register would continue 
to be held in the reset mode. This logic therefore allows for 
wide ~ and Wfi signals and the· converter will start after at 
least one 01 these signals retums high and the internal 
clocks again provide a reset signal for the start F/F. 
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FIGURE 2. Block Diagram 
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FIGURE 5. AdlIjlting the AID Analog Input Voltages to Match an ArbItrary Input Signal Range 

2 .• .2 Refluenee Accuracy Requirements 

The converter can be operated in a ratiometric mode or an 
absoCute mode. In ratiometric converter appIicalions, tile 
magnitude of the- reference voltage is a factor in both the 
output of the source transducer and the output of the AID 
~er and thetefore cancels out in the fmal olQital output 
('!:~ .). The A[X;08()5 is specified particularly for use in ratio
metric applications wi1h no adjustments required. In abso
lute conversion· applications. both the initial value and the 
temperalur9-stability of the reference voItag& are Important 
factors in the aCcuracy of the AID converter. For VREF/2 
voltages of 2.4 Vee nominal value. initial errors of ± 10 
mV.:::: will cause c:onveIsion errors·of ± 1 lS8 due to the 
gain of 2 of the VREF'2 input. In reduced span applications, 
the initial value and the stability of the VREF/21nput voltage 
become even more Important For example, if the span is 
reduced to 2.5V, the analog input LSB voltage value is cor
respondingly~i'8dui:ed from 20 mV (5V span) to 10 mVand 
f lSB at the VREF.!2 input beI..omes 5 mY. As can be seen, 
this reduces 'the 'allowed initial tolerance of the reference 
voltage and reqUires correspondingly less absolute change 
with temperature variations. Note that spans smaller than 
2.5V place eve.-' tighter requirements. on the initial accuracy 
and stability of the reference source. 

In general, the magnitude of the reference voltage will re
quire an. initial adjustment Errors due to an improper value 
of reference voltage appear as full-sca!e errors in the AID 
transfer functi;m,1C voltage regUlators may be used for raf
erences if the.i\mbient temperature ~s are not exces
sive. The lM336B 2.5V IC reference diode (from National 
Semiconductor) has a temperature stabifity of 1.8 mV typ 
(6 mV max) over o-CS:TAS:+70"C. Other temperature 
range parts are also available. 

2.5 Errors and Reference Voltage AdJuatments 

2.5.1 Zero Error 

The zero of the AID does not require adjustmenl If the 
minimum analog input voltage value, V'N(M'N). is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the AID V,Ne -) input at this V'N(MIN) value (see 
Applications sec1ion). This utirlZes the otfferential mode 0p
eration ot the AID. 

The zero error of the AID converter relates to the location 
of the fIrSt riser of the transfer function and can be mea
sured by grounding the VIN (-) input and applying a small 
magnitude positive voltage to the VIN (+) input Zero error 
;s the difference betwee" the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal 'Iz lS8 value 
(Yz lSB .. 9.8 mV for VREF/2 = 2.500 Voc). 

2.5.2 Full-Sca/e 

The full·scale adjustment can be made by applying a differ
ential input voltage that is 1 Yz LSB less than the desired 
analog full·scale voltage range and then adjusting the mag
nitude of too VREF/2 input (pin 9 or the V cc supply if pin 9 is 
not used) tor a digital output code that is just changing from 
11111110 to 11111111. 

2.5.3 Adjusting for an Arbitrary Analog Input Voltage 

Range 
If the analog zefO voltage 0/ !he NO is shifted away from 
ground (for example. to accomrilodate an analog input sig
nal that doeS not go to ground) thiS new zero reference 
should be property adjusted first A VIN( + ). voltage that 
equals tt-is desired zero reference plus 'Iz lSB (where the 
LSB is caJCufated for the desired analog span. 1 LSB = ana
log span/256J IS applied to pin 6 atld the zero reference 
voltage at pin 7 should then be adjusted to just obtain the 

OOHEX to 01 HEX (X)(Ie transition. 
The ful1-scale adjustment should then be made (with the 
proper VcM-) voIta!Jt' applied) by forcinil a voltage to the 
VIN(+) ir..,ut~ is givfIn by: . 

VIN (+)flliodI- V~':"1.5l (VMAX2~VMtNJ]. 
where: 

VMAX-The high end of the analog input range 

and 
VMIN-1he1ow end (the offset zero) of the analog range. 

(Both _ ground- referenced.) 

The VReP2 (Of Vcc) voIU!:;e is then adjusted to prOYide a 
code changelrorn FEHEX to FFHEX' Thiscompietes the ad
justment prOCIdure. 

2.6 CIodcIng OptIon 
The clock tor 1he AID can be derived from the CPU clock or 
an external AC can be added to provide seif-clocking. The 
CLK IN (pin 4) makes use of a Schmitt trigger as shown in 

FI{}Ur8 6. 

ClKA 
It 

R 

,,><>-+-+Cll 

NO 

1 
fCLK"URc 
R",0kn 
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FIGURE 6. Self-Clocklng the AID 

Heavy capacitive or DC loading of the clock R pin should be 
avoided as this W111 distutb normal converter operation. 
loads less than 50 pF, such as driving up to 7 AID convert· 
er Clock inputs from a single cloc~ R pin of 1 col1\l9rter. are 
allowed. For larger clock line loading, a CMOS or low power 
TIL butler or PNP input logic should be used to minimize 
the loading on the clock R pin (do not use a standard TIL 
buffer). 

2.7 Restart During a conversion 

If the AID is restarted (ts and WR go low and return high) 
during a conversion. the converter is reset and a new con
version is started. The output data latch is not updated if the 

conversion in process is not allowed to be completed. there
fore the data 0/ the previous conversion remains in. this 
latch. The fNilS: output simply remains at the "1" level. 

2.8 continuous Conversions 
For operation in the free·running mode an initializing pulse 
should be used, following power-up. to ensure circuit opera. 
tion. In this application, the ~ input is grounded and the 
WR input is tied to the INTR output This WR and INTR 
node should be momentarily forced to logic low following a 
power.up cycle to guarantee operation. 

2.9 Driving the Data Bus 
This MOS AID, like MOS microprocessors and memorieS. 
will require a bus driver when the total capacitanCe of \he 
data bus gets large. Other circuitry, which is tied to \he data 
bus. will add to the total capacitNe loading, even In TRI
SlATE (high impedance mode). Backplane bussing also 
greatly adds to the $\raY capa<:itance of ttie data bUS. 

There aN some alternatives available to the designer to 
handl .... pnIbIem. ~, the capacilive loading of \he 
data ... tIows down the response time. even thoUgh DC 
spec'" ,c • ..., still mel· For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see typical 
characteristicS curves). 
At higher CPU clock frequencies time can be extended for 
110 reads (and/or writes) by inserting wait states (8080) or 
usiog clock extending circuits (6800). 

Finally, if time is short and capacitiVe loading is high, exter
nal bus drivers must be used. The$e can be TRI-STATE 
buffers (low power Schottky such as the DM74lS240 series 
is recommended) or special higher drive CUffent produCtS 
which are designed as bus driverS. High .current bipolar bus 
drivers with PNP inputS are recommend8d. . 

2.10 Power SupplIeS 
Noise spikes on the Vcc; supply line can cause C()I'IY9rSiOn 
ertQrS as the comparatof will respond to this noise. A low 
inductance tsntaIum filter capacitor should be used close to 
the conwrtec Vcc; pin and velues of 1 ~ or greater are 
recommended- If an unregulated voltage is· available In 1he 
system, a separate LM340lAZ-5.0, T0-92, 5V voItage'regu
lator for the converter (and other analog circuitry) will greatly 
reduce digital noise on the V Cf; supply. 

2.11 WIring and Hook-Up precautions 

Standa.""d digital wire wrap sockets are not satisfactory for 
breadboarding this AID converter. Sockets on PC boards 
can be used and aI/ logic signal wires and leads should be 
grouped and kept as far away as possible from the analog 
signal leads. Exposed leads to the analog inputs can cause 
undesired digital noise and hum pickup, therefore shielded 
leads may be necessary in many applications. 
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ground points should be used. The power supply bypass 
capacitor and the self-docking capacitor [If used). should 
both be returned to digital ground. Arrf YREF/2 bypass ca
pacitors, analog input filter capacitors, or input signal shield
ing should be returned to the analog ground point A test for 
proper grounding is to measure the zero error of the AID 
converter. Zero erT'YS in excess of V. LSB can usually be 
traced to improper bo;>rrl layout and wiring (see section 
2.5.1 for measuring the zero error). 

3.0 TESTING THE AID CONVERTER 

There are many degrees of complexity associated with lest
ing an AID converter. One of the :.ilnplest lests is 10 apply a 
known analog input voltage to the cnnverter and use LEOs 
to display the resulting digital output code as shown in Flg
ure? 

For 6clse of lesting, the VREF/2 (pin 9) should be supplied 
with 2.560 Voc and a Vee supply voltage of 5.12 Voc 
should be used. This provides an lSB value of 20 mY. 

If a full-scale ad"JUStment is 10 be made, an analog input 
voltage of 5.090 Voc (5.1 ro-:. 1 % lSB) should be applied to 
the V,NI+) pin with the V,NI-) pin gromded. The value of 
the VREF/2 input voltage should then be adjusted until the 
digital output code is just charlging from 1111 1110 to 11 1 1 
1111. This value of VREF/2 should then be used for aU the 
lests. 

The digital output LED d\sp\ay can be decoded by dividing 
the 8 bits into 2 hex characters, the" most significanl (MS) 
and the " least significant (lS). Table I shows It\e fractional 
binary equivalent of these two 44lit groups. By adding the 
voltages obtained from the ''VMS'' and "VlS" columns in 
Table I, the nominal value of the digital display (when 
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FIGURE 7. Basic AID Tester 

VREF/2 = 2.560V) can be determined. For example, for an 
output LED display of 1011 0110 or 86 (in hex), the voltage 
values from the table are. 3.520 + 0.120 or 3.640 VOC • 
These voftage values represent the center-values of a per_ 
fect AID converter. The effects of quantization E!ff()f have io 
be accounted for in the interpretation of the test results. 

For a higher speed test system, or to obtain plotted data, a 
digital-Ie-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the precision voltage 
source for the AID. Errors of the AID under test can be 
expressed as either analog voltages or differences in 2 digi
tal words. 
A basic AID tester that uSes a DAC and prOvides the error 
as an analog output vvltage is ShOwn in FIQIHB 8. The 2 op 
amps can be efllTlinated if a lab DVM with Ii numerical sui>
traction feature II available to read .the difference voltage, 
"A-C". directly. lhe analog input voltage can be supplied 
by a low frequency ramp generator and an X-Y plotter can 
be used to provide analog orrOf' (Y axis) versus analog input 
(X axis). The construction details of a tester of this type are 
provided in the NSC application note AN-179, "AnaIog-to
Digital Converter Testing". 

For operation with a microprocessor Of' a compuler-based 
test system, It is more cc::-lenlent to prasent the errors digi
tally. This can be done with the cireuit of F/{/UrB 9, where the 
output code transitions can be detected as the 10-b1t DAC is 
incremented. This provides V. lSB sleps for the &-bit. AID 
under test If the results of this test are automatically plotted 
with the analog input on the X axis and the error [lIllSS's) 
as the Y axis, a useful transfer function of the AID under 
test results. For acceptance testing, Ih6 plot is nol neces
sary and the testing speed can be increased by establishing 
intemallimits on the allowed error fOf' each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interface with 8080A and 6800 micropfoces.. 
SOTS, a common Sample subroutine structure is used. The 
microprocessor starts the AID, reads and sto;;;s the results 
of 16 successive conversions. then returns to the users 
program. The 16 data bytes are stored in 16 successive 
memory locations. All Data and Addres&es wiD be given in 
hexadecimal form. Software and hIIrdware details are pr0-
vided separately for each type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Dertvatlves (8048, 
8085) . 

This converter has been designed 10 direcUy interface with 
derivatives of the 8080 microprocessor. The AID can be 
mapped inlo memory space (using standard memory ad· 
dress decoding for CS and the MEMR and MEMW strobes) 
or it can be controlled as an 110 device by using the i7'OR 
and 110 W strobes and decoding the address bits AO -
A7 (or address bits A8 - A15 as they will contain the 
same 8-bit address information) to obtain the CS input. Us
ing the //0 space provides 256 additional addresses and 
may allow a Simpler 8-bit address decoder but the data can 
only be input 10 the accumulator. To make use of the addi
tional memory reference instructions, the AID should be 
mapped into memory space. An example of an AID in 1/0 
space is shown in FigurB 10. 
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TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

OUTPUT VOLTAGE 

FRACTlONAl. BINARY VALUE FOR 
(;ENTER VALUES 

HEX BINARY WITH 

VREF/2-2.580VOC 

MSGROUP LSGROUP YMSGROUp· VLSGROUp· 

F 1 1 1 1 15/16 15/256 4.800 0.300 
E 1 1 1 0 718 71128 4.480 

, 
0.280 

.\ 0 1 1 0 1 13/16 13/256 4.160 0.260 

C 1 1 0 0 3/4 31e~ 3.840 0.240 

B 1 0 1 1 11116 11/256 3.520 0.220 

A 1 0 1 0 5/8 5/128 3.200 0.200 

9 1 0 0 1 9/16 9/256 2/880 0.180 

8 1 0 0 0 112 1/32 2/560 0.160 

7 0 1 1 1 7116 7/256 2.240 0.140 

6 0 1 1 0 3/8 3/128 1.920 0.120 

5 0 1 0 1 5/16 2/256 1.600 0.100 

4 0 1 0 0 1/4 1/64 1/280 0.080 

3 0 0 1 1 3/16 3/256 0.960 0.060 
2 0 0 1 0 1/8 1/128 0.640 0.040 

1 0 0 0 1 1/16 1/256 0.320 0.020 

0 0 0 0 0 0 n 
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AGURE 10. ADC0801-INS8080A CPU Interface 
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SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INSSOSOA CPU INTERFACE 
C3 00 03 RST 7: JIIP LDDATA 

• • 
• • 

210C 02 START: LXI H0200H ; HLpairwill point to ., 
; data storage locations 

310004 RETURlI : LXI SP0400H ; Initialize stack pointer (llote 1) 
7D IIOV A, L ; Test # ot b~1IS entered 
YEOl' CPI01H ; It#=lS. J)lpto 
CA1301 JZCORT ; user program 
D3EO OUTEOH ; Start AID 
FB EI ; Enable interrupt 
00 LOOP: 1I0P ; Luop until end ot 
C30FOl JIIPLOOP ; conversion 

CO!'T ~ • 
• 

(User program to • 
process data) • 

• • 
• 

DBEO LDDATA: IIIEOH ; Load data into accU:lulator 
77 MOVM, A ; Store data 
23 INXH ; Increment storage pointer 
C30301 J)Ip RBTUlUl 

Note 1: The Slack pain'" mUse be dimensioned becaY58 a RST 7 inIIruction ~ \lie PC 0010 the stack. 

Note ~ AU address. used were arbitrarily chosen. 
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AID and the bus timing requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be. used for larger microprocessor 
systems where the data bUs leaves the PC bOard andlor 
must drive capaCitive loads larger than 100 pF. 

4.1.1 Sample SOSOA CPU Interfacing Circuitry and 
Program 

The follOwing sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INSS080A CPU chip set (comprised of the 
INSS080A r:;;:;,oprocessor, the INSS228 system controller 
<:nd the INSS224 clock generator). For simplicity. the AID is 
controlled as an 110 device, specifically an 8-bit bi-direction
aI port located at an artlitrarily chosen port address, EO. The 
TRI-STATE output capability 01 the AID eliminates the need 
for a peripheral interface device, however address decoding 
is stiR required to generate tOO appropriate ~ for the c0n
verter. 
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decoding circuitry is necessary. Each of the 8 address bits 
(AO to A7) can be directly used as CS in~ne for each 
1/0 device. 

4.1.2INSS04S Interface 

The INSS048 interface technique with the ADCOS01 series 
(see Fl[Jure 11) is simpler than the B080A CPU interface. 
There are 24 I/O lines and three test input lines in the 8048. 
With these extra I/O lines available. one of the 110 lines (bit 
o of port 1) is used as the chip select signal to the AID. thus 
eliminating the use of an external address decoder. Bus 
COntrol signals RD. WR and iN'i' of the 8048 are tifld directly 
to the AID. The 16 converted data words are stored at on
chip RAM l.,.;awns from 20 to 2F (Hex). The R[j and WR 
signals are generated by reading from and writing into a 
dummy address, respe,.."'IiveIy. A Sample interface program 
Is shown below. . 
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FIGURE 11. 1NS8048lnterfaco . 
SAMPLE PROGRAU FOR FIGURE 111NSS048 INTERFACE 

0410 JIIP 10H : Progru starts at addr 10 
ORG 3H 

~ ~ ._. 

0450 

99l'B 

JIIP 5OH. ; Interrupt j WIIp vector 
ORG 10H ; Main prcgru 
ARL Pl, #OFEH ; Chip select 

81 ':OVI A,ilU ; Read in tbe 1st data 
; to reset the intr 

8901 
B820 

START: ORL Pl, #1 : Set port pin bigh 
MOV RO, #20H ; Data address 

B911 MOV Rl, #OFFH ; Dummy address 
BA10 
23F1 
99 FE 

MOV R2,110H ; Counter tor lS bytes 
AGAIN: MOV A,IOFFH ; Set ACC tor intr loop 

ANL Pl, #OFEH : Send CS (bit OotPl) 
91 MOVX @lU,A : SendWR out 
05 
9621 
EA1B 

EN I ; Enable interrupt 
LOOP: JNZ LOOP ; Wai t tor interrupt 

DJNZ R2, AGAIN ; It 16 bytes are read 
00 NOP ; go to user' s program 
00 NOP 

ORG 50H 
til INDATA: MOVX A,@Rl ; Input data, CS still low 
AO MOV @RO,A ; Store in memory 
18 INC RO ; Increment storage counter 
8901 ORL Pl, #1 ; Reset CS signal 
27 CLR A ; Clear ACC to get out ot 
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4.2 Interlacing the Z-80 

The Z -80 control bus is slightly different from that of the 
8080. Generat--RO and WR strobes are provided and sepa
rate tnemoI'f request, MRm, and I/O request, ~, sig
nals are used which have to be combined with the general
ized strobes to provide the equivalent 8080 signals. An ad
vantage 01 operating the AID in 1/0 space with the Z-80 is 
that the CPU will automatically insert one wait state (the FlO 
and WR strobes are eKlended one clock period) to allow 
more time for the I/O devices to respond. Logic to map the 
AID in I/O space is shown in Figure 13. 

:~:I 
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FIGURE 13. Uapptng the AID .a an 110 DeVice 
for Uae WIth the Z-ao CPU 

Additional I/O advantages exist as softWare DMA routines 
are available and use can be made of the output data trans
fer which 8lrisIs on the upper 8 address Ines (AS to A 15) 
during 110 input Instructions.. For example, MUX channel 
selection for the AID can be accomplished with this operat
ingmode. 

4.3 Inte~ 6800 Mlcroproc:e.aor Oertvatlva 
(6502, etc.) 

The control bus for the 6800 microprocessor derivatives 
does not use the m> and WR S1robe BignaJs. Instead it em
ploys a single RNI line and additional timing, If needed, can 
be derived fOll1 the 4>2 clock.. All I/O ~ are rnemcxy 
mapped in the 6800 system. and a special IignaI, VMA, 
indicates that the current address is valid. F/(/Uffl 14 shows 
an interface schematic where the AID is memory mapped in 
the 6800 system. For simplicity, the CS decoding .. shown 
using Va DM8092. Note that in many 6800 aystema, an aJ-

- _. --::SO' H ...... " """ \lIlt;: ~urnmon DUS at 
pin 21. This can be tied directly to the CS pin of the AID, 
provided that no other devices are addreSsed at HX ADDR: 
4XXX or 5XXX. 

The following SUbroutine performs essential/}< the same 
function as in the case of the 8080A interface and it can be 
called from anywhere in the user's program. 

In FlfJure 15the ADC0801 series is interfaced to the 1.16800 
microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 or M(;6821 Peripheral Interface Adapter, (PIA). 
He, e the CS pin of the AID is grounded since the PIA is 
already memory mapped in the 1.16800 system and no CS 
decoding is necessary. Also notice that the AID output data 
lines are connected t~ t'1o microprocessor bus under pr0-

gram control through the PIA and therefore the AID 1m pin 
can be grounded. 

A sample interface program equivalent to the previous one 
is shown below Figure 15. The PIA Data and Control R~ 
tars of Port B are located at HEX addr&sses 8006 and 8007, 
respecIiye/y. 

~OGENERALAPPUCAnONS 

The following applications show some interesting uses for 
the AID. The fact that one particular microprocessor Is used 
is not lI16Q"t to be restrictive. Each of these appflC8tion cir- • 
cuits would have its counterpart using any microprocessor 
that Is desired. 

~ 1 Muftfple AOC080f SerIea to MC6800 CPU Interface 

To transfer analog data from ~ channels to a single 
mic:toprocessor system. a multiple converter scheme pre
sents ~ advantages OYer the conventional II'IU/tipIexer 
singIe-converter approach.. With the ADC080t series, the 
differential Inputs allow individual span adjustment for each 
channel. Furthermore, all anal9g input channels are 'J8nsed 
simultaneously, which essentially divides the micropfoces.. 
sor's total system servicing time by the number of channels, 
since 811 conversions occur simultaneously. This scheme II 
shown in FIf}UffI 16. 
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Functional Description (Continued) 

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE 
0010 DF36 DATAIN stX TEXP2 : Save contents ot X 
0012 CE002C LDX 1$002C : Upon IRQ loll' CPU 
0015 FFFFF8 srx $FFF8 ; jumps to 002C 
0018 B7 50 00 STAA $5000 ; Start ADC0801 
OOlB OE CLI 
OOlC 3E CONVRT WAI ; Wai t for interrupt 
OOlD DE 34 LDX TEMPl 
OOlF 8C020F CPX #$020F ; Is rinal data stored! 
0022 2714 BEQ ENDP 
0024 B75000 STU 15000 : Restarts ADC0801 
0027 08 IliX 
0028 DF34 srx rEllPl 
002A 20FO BlU. COllVRT 
002C DE 34 IlfTRPT LDI !BIIPl 
002E B65000 LDAA 15000 : Read data 
0031 A700 STAA X ; St.ore 11. at x 
0033 3B R1'I 
0034 0200 TEKPl lDB 10200 : Starting address tor 

; data storage 
0036 0000 TEllP2 FDB 10000 
0038 CE0200 ENDP LDX #10200 ; Re ini t ial1ze TEKPl 
003B DF34 srx TEllPl 
003D DE 36 LDI TEXP2 
0031' 39 RTS ; Return trom subroutine 

: 1'0 user's program 
Note 1: In onJer !of the miCroproceosor 10 MMce IUbnlutInes and InIerrupIa. the _ point« must be _ in \he _. J><Ogr ..... 
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Functional Description (Continued) 

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE 

0010 CEOO 38 
0013 FFFF1S 
0016 B6 SO 06 
0019 4F 
OOlA B7 80 07 
001D B7 80 06 
0020 OE 
0021 C634 
0023 863D 
0025 F78007 
0028 B78007 
oo2B 3E 
OO2C DE 40 
002E 8C020F 
0031 270F' 
0033 08 
0034 DIP 40 
OO~ 20m 
0038 DE 40 
003.\ B68006 
oo3D 1.700 
003IP 3B 
0040 0200 

0042 CE0200 
0045 DF40 
0047 39 

DAUIN 

CONVRT 

INTRPr 

TEMPl 

ENDP 

PIAORB 
PUCRB 

LOX 
STX 
r.DU 
CLM 
STU 
STU 
CLI 
LOAB 
LOU 
STAB 
STU 

"AI 
LOX 
CPX 
BEQ 
INX 
srx 
BRA 
LDX 
LDM 
SUA 
RfI 
FDB 

LOX 
SIX 
RIS 
EQU 
EQU 

The following sc.hematic and sample subroutine (DATA IN) 
may be used to interface (up to) 8 AOCOC01's alfectly to the 
MC6800 CPU. This scheme can easily be extended to allow 
the interface of more converters. In this configuration the 
converters are (arbitranly) located at HEX address 5000 in 
the MC6800 memory spac8: To save' components, the 
clock signal is !lerived from just one RC pair on the first 
converter. This output dri.es th8 other AIDs. .. 

All the converters are started simuIIaneousIy with • STORE 
instruction at HEX address 5000. Note that any other HEX . 
address of the form 5XXX Win be decoded by the circuit, 
pulling all the ~ inputs low. This can easily be avoided by 
using a more definitive address decoding scheme. All the 
interrupts are ORed together to insure that all AIDs have 
completed their conversion before the microprocessor is in
terrupted. 

The subroutine, DATA IN, may be called from anywhere in 
the user's program. Once cal/ed. this routine initializes the 

#$0038 
$FF1S 
PIAORB 

PIACRB 
PIAORB 

#134 
#$3D 
PIACRB 
PIACRB 

TEMP1 
#$020IP 
ENDP 

TEMPl 
CONVRT 
TEMPl 
PIAORB 
X 

$0200 

#$0200 
TEMPl 

$8006 
$S007 

; Upon IRQ low CPU 
; j UIIlpS to 0038 
; Clear possible IRQ flags 

; Set Port B as input 

; Starts ADCOSOl 

; Wait for interrupt 

; Is tinal data stored, 

; Read data in 
; Store it at X 

; Starting address tor 
; data storage 
; Reini t1al1ze TEMPl 

; Return from subroutine 
; To user's program 

CPU, starts all the converters simultaneously and waits for 
the interrupt signal. Upon receiving the interrupt, it reads the 
conve.~.ars (from HEX addresses 5000 through 5007) and 
stores the data successiv8ly at (arbitrarily chosen) HEX ad
dresses 0200 to 0207, before returning to the user's pro
gram. AU CPU registers then recover the or.;;;naI data they 
had before servicing DATA IN. 

5.2 Aut~Zeroed DIfferential Transducer Amplifier 
and AID Converter 

The differential inputs of the ADCOS01 series eliminate the 
need to perlorm a d:;;o:.rential to single ended conversion for 
a differential transducer, Thus, one op amp can be eliminat. 
ed since the differential to single ended conversion is pro. 
vided by the differential input of the ADC0801 series. In gen
eral, a transducer preamp is '<>quired to take advantage of 
the full AID converter input dynamic range. 

Functional Description (Continued) 
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FIGURE 16. Interfacing Multiple AIDs in an MC6800 System 
SAMPLE PROGRAM FOR FIGURE 161t.'TERFACING MULTIPLE Alro'! IN AN MC68CO SYSTEM 

ADDRESS HEXCOOE MNEMONICS COMMENTS 
0010 D144 DATAIN STX TEMP ; Save Contents ot X 
0012 CE002A LDX #$002A : Upon IRQ LOW CPU 
0015 FFFFFS STX $FFF8 : JUIIlPS to 002A 
001S B7 50 00 STU $5000 : Starts all A/D's 
OOlB OE CLI 
OOlC 3E WAI ; Wait tor interrupt 
0010 CE 50 00 LDX #$5000 
0020 DF40 STX INDEXl : Reset both INDEX 
0022 CE 02 00 LDX #$0200 ; 1 and 2 to starting 
0025 DF42 STX INDEX2 ; addresses 
0027 DE 44 LDX TEMP 

TVHl5e71-26 

0029 39 RIS ; Return trom subroutine 
002A DE40 INTRPI LDX INDEXl : INDEXl - 7. 
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19. It must be noted that the ADG0801 series Will output an 
all zero code when it converts a negative input [VIN( -) ~ 
VIN( + )J. Also, a logic inversion exists as all of the 110 ports 
are buffered with inverting gates. 

Basically, if the data read is zero, the differential output volt
age is negative, so a bit in Port B is cleared to pull Vx more 
negativE: which will make the output more positive for the 
next convers;;;;";. If the data read is not zero, the output volt
aga is positive so a bit in Port B is set to make Vx more 
positive and the output more negative. This continues for 8 
approximations and the differential output eventually con
verges to within 5 mV of zero. 
The actual program is given in Figure 20. All addresses 
used are compabble with the BlC 80/10 t1ricr'ocomputer 
system. In particUlar: 

Po.1 A and the ADC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 
Program Counter automatically goee to AODR:3C3D upon 

acknowledgement of an in!amJpt from the A0C0801 

5_3 Multiple AID Conyert .. ~ In Ii Z-80 Interrupt 
Driven Mode 

In data acquisition systems wh«e more than one AID c0n
verts\' (or other peripheral devioe) wiU be intenuptlng pr0-

gram execution of a rnicroprOCeSSOr, there Is otwiousIy a 
need for the CPU to determine wIlic:h devioe r~ servic
ing. FI(IUfl121 and the accompanying software Is • inetnod 
of determining which of 7 ADC0801 convertecs has c0m
pleted a conversion ON'm asserted) and is requesting an 
interrupt This circuit allows sterting the AID convert91S In 
any sequence, but will input and store yalid data from the 
converters wittI a priority sequence of AID t being read first, 
AID 2 seCond, etc~ ttorough AID 7 wtlIch would haYS the 
lowest priority for data being re.ad. Only the convert_ 
whose INT is asserteci will be read. 
The key to decoding circuitly Is the DM74LS373, 8-bit D 
type flip-flop. When the Z-80 acknowledges the Interrupt, 
the program is vectored to a data InputZ -80 aubIcuIine. 
This subroutine '1.411 read a peripheral status word from the 
DM74lS373 which contains the logic state of the 1RTR 0ut
puts of al: the converters. Each converter which initiates an 
interrupt will place a logic "0" In a unique bit positiOn In the 
status word and the subroutine win determine the Identity of 
the converter and execute a data read_ An identifier word 
(which indicates which AID the data came from) is stored In 
the next sequential memory Ic::a!ion above the location of 
the data so the program can keep track of the identity of the 
data entered. 
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FIGURE 19. Flow Chart for Auto-Zero Routine 

:5002 D3E7 Out Cont rol Po rt ; Program PPI 
3004 2S01 IlVI H 01 Auto-Zero Subroutine 
3006 7C 
3007 D3Ea 
3009 0680 
300B 3E7F 
3000 41 
300E 03E5 
3010 31AA3D 
3013 03E4 
3015 FB 
301S 00 
3017 C3163D 
30U 71. 
3DlB C600 
30lD CA2D3D 
SD20 78 
3021 1s00 
SD23 IF 
3024 1100 
31>26 CA373D 
31>29 .7 
3D2A C3SS3D 
3D2D 79 
3D2E BO 
3021 41 
31>30 C3203D 
3033 1..9 
30M C30D3D 
3031 47 
31>38 7C 
3039 EE03 
3D3B D3ES 
3D3D 

1I0V.A,H 
OUTC 
IlVI B 80 
IlVI A 7F 
MOVC,A 
OUrB 
LXI SP 30AA 
our A 
IE 
NOP 
JloIPLoop 
MOV A,D 
!DIOO 
.JZSet C 
1I0VA,B 
ORIOO 
BAR 
CPIOO 
.JZDone 
JIOV B,A 
.TJIPRnC 
)lOVA,C -
ORAB 
)lOV C,A 
JKP ShirtB 
IRAC 
JloIP Return 
)lOV B,A 
KOVA,H 
DI03· 
OUTC 
• 
• 
• 
Program tor »rocess1ng 
proper data values 

3C31> DBM IN A 
3C31 UFF DI " 
3Cn 57 MOV 0,1.. 
3C42 78 )lOV A, B 
3C43 ESP' ANI ~ 
3C45 C2U3D .JJIZ Auto-Zero 
3C48 C33D3D .JJlP Normal. 

No ... AllnumorIcoI _ .... hexadedmeI..-1Iono. 

Return 

Start 

Loop 

Auto-Zero 

ShirtB 

Set C 

116 .. C 

Done 

190rmal 

Read AID Subroutine 

Close SWl open SW2 
Initialize SAR bit pointer 
Initialize SAR code 

; Port B= SAR code 
; Oimension stack pointer 
; Start AID 

; Loop until INT asserted 

; Test AID output data tor zero 

; Clear carry . 
; Shirt' "I" in B right one place 
; Is B zero! Ir ),es last 
: approxilll8tiGD has been made 

; Set bit in C that is in SlIDe 
: pos1ti~o as "1" in B 

: Clear bit io C that is in 
: same position as "I" in B 
: then output new SAR code. 
: Open SWl, close SW2 then 
: proceed w1th program. Preamp 
; is now zeroed. 

: Read AID data 
; Invert data 

; Is B Reg = 0' It not stay 
; 1n auto zero subroutine 

FIGURE 20. Software for Auto-Zeroed Dlfferentl.1 AID 

5.3 Multiple AID Converters In a 2-80- Interrupt ~ 
Mode (Comlnue.ol) 

The following notes apply: 

1) It is assumed that the CPU automatically performs a RST 
7 instruction when a valid interrupt is acknowledged (CPU 
is in interrupt mode 1). Hence. the subroutine starting ad
dress of X0038. 

2) The address bus from the Z-80 and the data bus to the Z-
80 are assumed to be inverted by bus drivers. 

3) AID data and identifying words will be stored in sequen
tial memory locations starting a\ the arbitrarily chosen ad
dress X 3EOO. 

4) The stack pointer must be dimensioned in the maln pro
gram as the RST 7 instruction automatically pushes the 
PC onto the stack and the subroulinA " ..... an a"'_'~"~' 

5) The peripherals of concern are mapped into 110 space 
with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 

00 
01 
02 
03 
04 

05 
06 
07 

MM74~/4 8-bit flip-flop 
AID 1 
AlD2 
AID 3 
AID 4 
AIDS 
AIDs 
AID 7 

v 
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