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Program Pengendali Kecepatan Motor AC Melalui IBM PC;

uses crt,Graph,dos;

const
Porta = 5300;
Portb = 3301;
Portc = $302;
Portcw = 8§8303;
Cw = $99;
Jumlahdata = 1000;
sampling = 14;
var lag,rpm,t : Real;
data_time,data rpm : arrayll..jumlahdata] of real:;
data adc ¢ array(l..jumlahdata] of integer;
data temp : array([0..sampling] of integer;
set up,N,h grid,v_grid,i : Integer;
tol,data,xp,vp,xpl,ypl,] : integer;
grDriver,grMode, max_speed : Integer;
temp, k, 1 : lnteger;
0 : char;
rev : pointer;
tulisan sementara 1 string;
tulisan sementara? T string;
tulisan sementara3 T string;
erl,er2,de : integer;
kurangi, tambahi, tetap:boclean;
error,arah: string;

Procedure inisial PPI;
begin

port [Portcw] := CW;
End;

procedure internal timer; interrupt;

begin

data temp(j]:=portportal;

inc{Jj;

port [$20]:= $20; {end of interrupt}
end;

procedure kotak(xl,vyl,x2,vy2,w:integer); {Buat Tabel}
begin '
Setcolor(w);
rectangle (xl,vl,x2,vy2);
end;

PROCEDURE judul;

“
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BEGIN

setbkcolor(7);

kotak(0,0,0639,475,1);

kotak(10,10,630,470,1);

kotak(12,12,60,408,1);
settextstyle(triplexfont,1,2);

setcolor(l);

outtextxy (15,50, 'AC MOTOR SPEED CONTROLLER ');
settextstyle(defaultiont,1,1);

outtextxy (50,110, "COMPUTER APPLICATION WITH PPI'");
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,q68,1
kotak(297,92,023,463,1):
settextstyle(defaultfont,(,1);
setcolor(l);

;
outtextxy(240,18,'P R O G R A M MENU");
outtextxy (120,75, 'ADC DATA TARLE');
outtextxy (400,75, 'ADC DATA GRAPH' ),
settextstyle(tr 1pleALo1t,O,1>;
setcoloxr(150);
outtextxy (120,30, 'RUN") ;
cuttextxy (270,30, '"SPEED SETUP');
outtextxy (480,30, "EXIT");
setcolor(4);
outtextxy (120,30, 'R"};
outtextxy (270,30,'S");
outtextxy( 80,30, 'E");
END
function realToStr(Il: longint; koma:integer): String:;
{ Convert any integer type Lo a Strlng )
var
S: string(ll];
a,b:integer;
begin
Str{(i, S);
a:=lengthi{s);
if a<{koma+l) then for b:=1 to (koma-a+l}) do s:='0
insert('.',s, {length{s)-koma+l));
realToStr := 5;
end;
function IntToStr(I: Longint): String:;
{ Convert any integer type to a string }
var
S: stringi(lll;
begin
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IntToSt = 5;
end;
procedure dasar{xl,yl,x2,vy2,hg,vg,w,bawah,atas:integer; awal,akhi
r:real);
var a,p f:integer;

Wy D W
nQ C

begin

rectangle (xl,v1l,x2,v2);

ci=abs{xz-xl) div vg;

d:=abs({yZ-y1l) 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{smallfeont,1l,3);

outtextxy (xl-15,vZ2-((aj*d)-10,s3);

end;

outtextxy(xl-15,y2-5,'0");

for a:=1 to vg do

begin

S:=realtostr{rcund{ {awal+e*a)*100),2);
line(xl+(a*c),y2,xl+(a*c),yl);
settextstyle(smallfont,0,3);

outtextxy (xl+({a)*c)-10,vy2+10,s);

end;

st=realtostr{round{(awal)*100),2);

outtextxy (x1-10,y2+10,s8);

end;

PROCEDURE awal grafik({awal:boolean); {Buat Grafik}

var s:string;

BEGIN

cleardevice;

Judul;

kotak{67,92,285,463,1);
c<otak(297,92,623,463,1);

if not{awal) then

begin
setcolor{7);
dasar(3406,120,600,360,h grid,v grid,7,0,3000,t-lag,t);
end;

setcolor(l):

dasar(340,120,600,360,h grid,v grid,7,0,3000,t,t+lag)
settextstyle({defaultfont,1,1);
outtextxy(315,140,"' Kecepatan Motor (RPM) ');
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settextstyle{defaultfont,C,1);

outtextxy (440,395, "Waktu (detik)');
setcolor{d);

s:=inttostr{set up);
settextstyle(smallfont,0,5);

outtextxy (80,125, 'Speed Setup = '+s+' RPM');
1:=0;

ELTD;

PROCEDURE pros
VAR awal:boolean
s:string;

tunda, range:integer;
BEGIN
awal:
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Getintvec($
Setintvec($s
REPEAT

END;

setcolor(0);
settextstyle(smallfont,0,5);
temp:=0;

for k:=1 to sampling do
begin

temp:=temp-+data temp{k];
end;

rpm:=(temp/sampling)* {kalibrasi rpm}

1.5
if rpm>300 then rpm:=300
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erl:=round(rpm-(set up/10));
de:=erl-er2;
erZz:=erl;
range:=>5;
if (erl>»70) then error:='2"'; .
if (er1<=70) and (erl>range) then error:='1"';
if (erl<=range) and (eri>»=-range) then error:='0"%;
if (erl<-range) and (eri>=-70) then error:='3";
if (eri<-170) then error:='4"';
setcolor{d);
settextstyle(smallifont,0,5);
if (de>70) then arah:='naik2';
if (de<=70) and (de>=0) then arah :="naikl'’;
L (de\O} and (dc):*70) Lhen arah Z:'Luidhl‘;
1L {cCe<~70) then arah :='turunl';
errcr='2"' then
begiln
if arah='naik2' then begin tunda:=90;kurangi:=true; end;
if arah="naikl' then begin tunda:=70:kurangi:=true; end;
if arah="turunl' then begin tunda:=30;kurangi:=true;end;
if arah='turunZ2' then begin tunda:=5;kurangl:=true;end;
end;
error='1' then
pegin
if arah='naikZ' thnen begin tunda:=50; kurangi:=true; end;
1f arah='naikl' then begin tunda:=40;kurangi:=true; end;
if arah="turuni' then beglin tunda:=5;kurangl:=true;end;
if arah='turun2' then begin tunda:=15;tetap:=Lrue; end;
nd;
error="0" then
egin
if arah="nalk?2' then begin tunda:=1;kurangi:=true; end;
if aran='naikl' then begin tunda:=15;tetap:=true; end;
if arah='turunl' then begin tunua:=15;tetap':trua'end;
if arah='turunz' then begin tun =1;tambahi:=true; end;
end;
if error='3' Lhen
begin :
if aranh='naik2' then begin tunda:=15;tetap:=true; end;
if arah='naikl' then begin tunda:=5;tambahi:=true; end;
if arah='turunl' then begin tunda:=30;tambahi:=true;end;
if arah='turunZ' 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; tambah1'=true; end;

if arah="turunl' ¢
if arah='turun2' t
end;

e
hen begin tunda:=70;tambahi:=true;end;
hen begin Luuda:=90,tambah1:=tLue, end;

1f kurangi then
begin Port[PortB]:=1;delay({tunda);Port[PortB]:=3;"

tcolor(0);
settextstyle(smalifont,0,5);
outtextxy (80,155, 'kecepatan = '+tullisan sementara3);
setcolor(4);
tulisan sementaral:-'lebih’;
bettextbtyl (smallfont,(,5);
outtextxy (80,155, "kecepatan = '+tulisan sementara3);
end; {CwW}
if tetap then
begin Port[FortB]:=3;delay(10);
setcolor(0);
settextstyle({smallfont,(,5);
outtextxzy (80,155, 'kecepatan = '+tulisan sementa a3);
Setcolor(4);
tulisan sementara3:='tetap';
settextstyle(smallfont,0,5);
outtextxy ({80,155, 'kecepatan = '+tulisan sementara3);
end; {stop}
1f tambahi then
begin Port [PortB]:=0;delay(tunda);Port{PortB] :=3;
setcolor(0);
settextstyle(smallfont,0,5);
outtextzxy (80,155, "kecepatan = '+tulisan sementara3l);
setcolor{4d);
tulisan sementara3:='kurang';
settextstyle(smallfont,(,5);
outtextxy (80,155, 'kecepatan = '+tulisan_ sementara3l);
end; {CCW}
tambahi:=false;
kurangi:=false;
tetap :=false;

xp:=340+round (260/25*1) ;
yp:=360-tLrunc (rpm*0.8);
if i>0 then

begin

[O)
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setcolor(id);
line(xpl,ypl,xp,yD);

end;

setcolor(0);
Settextstyle(sma.lfont,0,5);
outtextxy (80,140, 'Speed

setcolor(4);

tulisan sementara:=inttostr|
settextstyle({smalifont,0,5);
outtextxy (80,140, 'Speed =

setcolor(0);
settextstyle(smallfont,(,5);
outtextxy (80,110, "Data ADC
setcolor(4);

round (rpm*10

'+tulisan sementara+' RPM'

) );

"+tulisan sementara+' RPM'

'+tulisan sementaral)

~e

tulisan sementaraZ:=inttostr(round(temp/sampling));

settextstyle({smailfont,0,5);
ocuttextxy (80,110, "Data ADC =

port(s21]
setintvec
Port [POrtB] =
cleardevice;
Judul;

END;

Integer;
begin
outtextxy(x,vy,z2);
s:='";
repeat

if keypresse
begiln
O:=readkey;
setcolor{7);
outtextxy(x+8*lengthi{z),y,s);
if o =#8 then Delete(s, length(
if o in [0, LY, 2,3, T4,

d then

), 1)
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{enable Intlch}

{disable Int Ich}
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setcolor(l);
outtextxy(x+8*length(z),y,s);
end;

until (o=#13) or (length{(s)>3);
setcoloxr(7);

outtextxy(x,vy,2);
outtextxy(x+8*length(z),v,s)’
outtextxy (310,140, 'Speed Set Up "):
setcolor(l);

Val(s, I, Code);

if i>max_speed then 1:=0;

tanya integer:=i;

end;

PROCEDURE set grid;

BEGIN

cleardevice;

Judul;

kotak (297,92,623,463,1);
settextstyle(defaultfont,0,1);
outtextxy (310,140, 'Speed Set Up ');

set up:=tanya integer (310,160, 'Speed = ");
kotak(297,92,623,463,1);

END; '

(=== PROGRAM UTAMA ~ === s o e e e e e e
——————————— }

BEGIN

clrscr;

v_grid:=10;h _grid:=8;
max speed:=3600;
tol:=10;

lag:=138;

Inisial PPI;

Port [PortRB] :=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;
o:="*"';
REPEAT
IF keypressed THEN
BEGIN
o:=readkey;
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IF upcase/(

END;
UNTIL {upcas
Port [PortB]:
deiay (3000 ;
Port [PortB]:
closegraph;
END.

O

e

Herimoto

)='R' THEN proses;;
IF upcase(o)="'8" THEN set grid;

(0)="E"]

7T .
Loy

3;

{or

o~ V1.
{o=#27) 1}
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Lampiran 4
Data Sheet Komponen yang digunakan

National
Semiconductor
Corporation

DM54ALS689/DM74ALS689 8

General Description

This comparator performs an *“equal 10" comparison of two
eight-bit words with provision for expansion or external en-
abling. The matching of the two -bit inputs plus a logic
LOW on the EN input produces the output A = B. The
ALS689 has an open collsctor output for wire AND cascad-
ing.

-Bit Comparator

Features

® Switching specifications at 50 pF

® Switching specifications guaranteed over full tempera-
ture and V¢ range

® Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin for pin compatible with LS family
TTL counterpart

m Improved output transient handling capability

Connection Diagram

Dual-In-Line Package

L3 L B B 1]

[ I

Ag B Ag L] Ay

2 19 18 7 18

i 2 3 4 $

15 U] o 14 n"

L 17 1 # 10

1 b T

1 I T P T 1

|

L¥} L¥] Ay 9; &w
TL/IF/6238-1

Order Number DM54ALS689J, DM74A1L.S689WM or DM74/ LS689N
See NS Package Number J20A, M20B or N20A

Function Table

Inputs Output
EN Data A=8B
L A=8B L
L A#+B H
H X H

H = High Level, L = Low

Level, X = Don't Care

2-247
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DM54ALS689/DM74ALS689

Absolute Maximum Ratings

if Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Oftfice/
Distributors for availability and specifications.

Note: The “Absolute Maximum Ratings” are those values
beyond which the salety of the device cannot be guaran-
teed, The device should not be operaled at these limits. The

Supply Voltage 7V parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions’' table will define

Oft State Output Voltage w the conditions for actual device operation.
Operating Free Air Temperature Range

DMB4ALS —55°Cto +125°C

DM74ALS 0°Cto +70°C
Storage Temperature Range -65°C to +150°C
Recommended Operating Conditions
Symbol Parameter DMS54ALS689 DM74ALS689 Units

Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 55 45 5 55 v
Vi High Level Input Voitage 2 2 Y
Vi Low Lovol Input Voltage 0.7 08 v
VoH High Level Qutput Voltage 5.5 55 v
low Low Level Qutput Current 12 24 mA
TA Frae Air Operaling Temporature -55 125 0 - 70 °C

Electrical Characteristics

over recommendod opurating froe air tomporature range. Al typical values aro moasured al Vo 8V, T 25°C

Symbol Parameter Conditions Min Typ Max Units
VK Input Clamp Voltage Voo = 4.5V, (| = —18 mA -1.5 B \/
lon High Level Output Current Voo = 5.5V, Vo = 5.5V 01 S
Vou Low Level Output Veg = 4.5V 54/74ALS I 0.25 0.4 v
Voltage oL = 12mA R
S A oss | o5 | v
k Max High Input Current Voo = 5.5V, Vi = 7V 0.1 mA
i High Level Input Current Vee = 6.8V, Vi = 2.7V 20 A
i Low Level input Current Voo = 5.5V,V), = 0.4V -0.1 mA
lec Supply Current Veg = 5.5V (Note 1) 2 | 19 mA

Note 1: Igc is measured with EN grounded, A and B inputs at 4.5V.
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SWitCh‘ng Characteristics over recommended operating free air temperature range (Note 1)

ymbol Parameter Conditions From To DMS4ALS689 DM74AL5689 Units
(Input) | (Outpul) + ppin | Max | Min | Max
‘WH Propagation Delay Time | Voo = 4.5Vto 55V | AorB s
Low to High Level OQutput | C; = 50 pF Data A=8 0 s 10 % ns
HL Propagation Delay Time | 1t = 8670 AorB | r——o 5 25 5 23 .
High to Low Level Qutput Data - s
SLH Propagation Delay Time N
Low to High Level Output EN A=8B 8 30 8 * ns
PHL Propagation Delay Time — G
High to Low Level Output EN A=B 8 % 8 % ns
Note 1: See Section 1 for test waveforms and output load,
Logic Diagram
2
" D—
3
Bg
y = [Do—p
8 i
[]
Az E
8
&
g *
T
11
y D —
. 12
13
: D— ||
14
Bg
1§ E
M
16
Bg
g i-—-l>'>:‘:-_—,)) Do——
18
by ———] >0~
1 ~
1] Wy
TL/F/6238-2

*Qutput is open collactor
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i Compatibie with all intel and Most m Control Word Read-Back Capability

Other Microprocessors m Direct Bit Set/Reset Capabliity
m High Speed, “Zero Walt State” m 2.5 mA DC Drive Capabiiity on all /0
'9 wlthlIlew“luand PortOutpuhA
80188/188

® Available in 40-Pin DIP and 44-Pin PLCC

B 24 Programmabie I/0 Pins m Avallable in EXPRESS

m Low Power CHMOS — Standard Temperature Range
m Completely TTL Compatible — Extended Temperature Range
The Intel 82C55A Is a high-performancs, CHMOS version of the industry standard 8255A gener# purpose
IlOMMhdedonodfuthdllntduﬁnmstomnﬂaopmoosw&m Wuon
26l/0pimwhlchmayboindividually hzgtoupooHZandusedmsmajofmodes operation.
mmummmmmwosmmdazsws. . .
In MODE 0, each group of 12 I/O pin3 may be hmof&andawboy\puts‘;“omput&u‘m
MODE 1, esch group may be 10 have 8 inos of input of output. 3 of the remaining 4 pins
faWWWMdW&MODEZBIMMMMW
mazcs%hhmbdonInml'smumdeOSlllted\mbgywhu\wovbesbwpwaeon;Jmm
Mpodmneooqudworgrummmmm«nNMOSpmduchBzCSSAwae
DIPWWMMMWW(PLCC)PWQO&

.‘s;bitdalaoutptnlatch{b\xﬁerargdono
g'ag.;put butfer {nc latch for input). This port
&mmmmmmmmﬂh
tol.EachMponoomainsammeh

82C55A FUNCTIONAL DESCRIPTION r

GroupAderoupBCommh

" The control word register can be both written and
medushwnhmaddressdecodotablelnme . Aand B O
pindmipﬂmqumsshqmmeeontrolword "puu-up"bushdddww“arepf”m

neSEY

Ports A,B,and C
Port A ‘One B-bit data output latch/bufter and one
8-b#t Input latch butfer. Both “pulup™ and “pull- — |z
down” bus hold devices are present on Port A

B. One 8-bit data input/output latch/bufter
m« u"p-bmholddovicecmptauﬂonPon 'DATA OUT -
) - “p= neset s

alidtwilllp :g: -p=~

- -b~
a ! s 3 ohe
ot = 28 B
ud apegt 4 -Bs
s - w(}e e

[ Lo\l | o

P w =g »He 2
ot: = I : DL
o LR ¥
e P ¥ - "
"Upsanpponsen’ o L TER

xRl et R Rt LR R jut - o .

PRETEREIEED - Port pine loaded with more than 20 pF capackance may not

e - Mop:.nkmwr- 4 fokowing & h

,W&MA.B.C.WWW
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Table 1. Pin Description

ADDRESS: These input signals, in conjunction RD and WR,
control the selection of one of thw three ports or the control
word registers.

Pin Number
Symbol Dip pLCC Type Name and Function
PA3_0 1-4 2-5 110 | PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
) ., | butfer and an 8-bit data input latch.

RD 5 8 1 READ CONTROL: This input is low during CPU read operations.

(o3 6 7 | | CHIP SELECT: A low on this input enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise. ]

GND 7 8 System Ground

Ay-o 8-9 9-10 ¥

Ay | Ao | D | WR | T8 | input Operation (Read)
o jo0lol1]o Port A - Data Bus
o 1 R 0 Port B - Data Bus
1 oo} 1 0 Port C - Data Bus
1 1 IR 0 | Control Word - Data Bus
Output Operation (Write)
L 1 ol o Data Bus - Port A
6 |1 1 o | o Data Bus - Port 8
1 loj1ti10]0 Data Bus - Port C
IHERERERE Data Bus - Control
Disable Function
X | x| x| x| 1 Data Bus - 3 - State
X | x| 1 1 0 Data Bus - 3 - State

PCy_4 10-13 {11,13-15| /O [ PORT C, PINS 4-7: Upper nibbie of an 8-bit data output latch/
bufter and an 8-bit data input butfer (no latch for 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 for the control
signal outputs and status signal inputs in conjunction with ports
AandB.

PCy-3 14-17 | 16-18 170 | PORT C, PINS 0-3: Lower nibble of Port C.

PBo.7 18-25 | 20-22, 170 i PORT B, PINS 0-7: An 8-bit data output latch/butter and an &

24~-28 - bit data input butfer. ’

Vee 26 29 SYSTEM POWER: + 5V Power Supply.

Dy-o 27-34 | 30-33, 1/0 | DATA BUS: Bi-directionsl, tri-state data bus lines, connected to

35-38 system data bus. -

RESET 35 39 | RESET: A high on this input clears the control register and all

. ports are set to the input mode. :

WR 38 40 ! | WRITE CONTROL: This input is low during CPU write

- { operations, :

PA7.4 37-40 | 41-44 1/0 { PORT A, PINS 4-7": Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.

NC 1,12, No Connect

23,34 .
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When the reset input goes “high” all ports will be set
to the input mode with all 24 port lines held at a logic
“one” level by the intermnal bus hold devices (see
Figure 4 Note). After the reset is removed the
82CS55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for puitup or pulidown devices in “all CMOS” de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction.

CONTRACL WORD

[lss]o o= [+]
-

onoLe »

PORT € (LOWER)
e wryr
S OUTRUT

PORT B
3= PuT
0+ OUTRUT

MODE MLECTION
8= 8002 0

1= MOOE t

Figure &, Mode Definition Format
Specisi Mode Combination Considerations

There are several combinations of modes possible.
For any combination, some or all of the Port C Hines
are used for control of status. The remaining bits are
either inputs or outputs as defined by a “Set Mode"
command.

During a read of Port C, the state of all the Port C

o e b s ploc of i XX ST e

rUe, PLA, and PCE bit positions as illustrated by
Figure 18.

Through a "“Write Port C* command, only the Port C
pins programmed as outputs in a Mode O group can
be written. No other pins can be affected by a ““Writs
Port C" command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to
change an interrupt enable flag, the "“Set/Reset Port
C Bit” command must be used.

With a “Set/Resst Port C Bit” command, any Port C
line rammad as an output (inciuding INTR, IBF
and can be written, or an interrupt enable flag
can be either set or resét. Port C lines programmed
as inputs, including ACK and STB lines, associated
with Port C are not affected by a “Set/Reset Port C
Bit" command. Writing to the corresponding Port C
bitposiﬁonsofme%CRaMSTEﬁmwithm
“Set/Reset Port C Bit” command will affect the
Group A and Group B interrupt enable flags, as ilfus-
trated in Figure 18.

Current Drive Capability

Any output on Port A, B or G can sink or source 2.5
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source cumrent.

mmrooumum*nou
D; Dy Ds Dy
r/oLoLlaFALtmz,] wm,\ LNTEBT mﬁJ wma ]
GROUP A GROUP B
OUTPUT CONFIGURATIONS
Dy Dy Dy Dy Dy Dy Dy Do

[oBF ANt [0 o] INTR A INTES | 5BF5 [ INTRS]
Iy J
' GROUPA GROUPB
Figure 17a. MODE 1 Status Word Format

D; Dy D3 Dy Dy Do
ﬁﬁﬂﬂm{mzlmd I [ ]

GROUP A GROUPB
{Defined By Mode 0 ¢ Lkxic 1 Selection)

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Fiag Position Afternate Port C Pin Signal (Mods)
INTEB PC2 ACTKg (Output Mode 1) or STBg (In~rt Mode 1)
INTE A2 PC4 STB, (Input Mode 1 or Made 2)

INTE At PC8 AT 4, {Output Mode 1 or Mode 2

Figure 18. interrupt Enable Flags in Modes 1and 2
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Ambient Temperature Under Bias....0*Cto + 70°C
Storage Temperature ......... — 65'Cto + 150°C
Supply Voltage ........ e - 05t0 + 8.0V
OpeoratingVoltage ................. +4Vio + 7V
Voltageonanyinput.......... GND-2Vto + 8.5V
Voltage on any Output . .GND—~0.5V to Vg + 0.5V
Power Dissipation ..............coveeenn 1 walt

D.C. CHARACTERISTICS

lute Maximum Ratings” may cause permanent dan
age to the device, This is a stress raling only an
functional operation of the device at these or an
other conditions above those indicated in the opers
tonal sections of this specification is not impked. Ex
posure to absolute maximum rating conditions fc

axtended periods may affect dovice reliabilily.

Ta = 0°Ct0 70°C, Vo = +5V £10%. GND = OV (T = —40°C to +85°C for Extended Temperture)

Symbol Parameter Min Max Units Test Conditions
Vi input Low Voltage -05 0.8 A
Vi Input High Voltage 20 Veo v
Vou Output Low Voltage 0.4 v oL = 2.5 mA
VoH Output High Voltage 3.0 % loy = —2.5mA
Voo — 0.4 A lon = —100 pA
i Input Leakage Current +1 BA Vin = Voo to OV
(Note 1)
loFL Output Float Leakage Current +10 A Vin = Vco to OV
(Note 2)
foAR Darfington Drive Current 125 (Note 4) mA Ports A, B,C
Rext = 50001
Voxt = 1.7V
tpHL Port Hold Low Leakage Current +50 +300 BA Vour = 1.0V
Port A only
P Port Hold High Leakage Current -50 —~300 BA Vout = 3.0V
Ports A, B,C
IpHLO Port Hold Low Overdrive Current ~350 BA Your = 0.8V
IPHHO Port Hoid High Overdrive Current + 350 pA Vout =~ 3.0V
icc Ve Supply Current 10 mA (Note 3)
lccsa Ve Supply Current-Standby 10 pA Ve = 5.5V
ViN = Vecor GNO
Port Conditions
H1/P = Open/High
O/P = Open Only
With Data Bus =
High/tLow
TS = High
Reset = Low
Pure Inputs =
Low/High
-
1. Pins Ay, Ag. TS, WH, D, Reset.
2. Deta Bus; Ports B, C.
3. Outputs open.
4. Uimit output current to 4.0 mA.




A.C. CHARACTERISTICS
Tp = 0°10 70°C, Vo = +5V £10%, GND = OV

Ta = —40°C to +85°C for Extended Temperature

BUS PARAMETERS

READ CYCLE
1 82C55A-2 Test
Symbol Parameter ™ - Units Conditions
tan Address Stable Before RD | 0 ns
tra Address Hold T'me After RD T 0 ns
tRR RD Pulse ‘Width 150 ns -
“tap Data Delay from AD | 120 ns
toF RD T to Data Floating 10 75 ns
[ tav Recovery Time between RD/WR 200 ns
WRITE CYCLE
82CS5A-2 Teat
Symbol Parameter e Yo Units Conditions
taw Address Stable Before WR | 0 ns
- twa Address Hold Time Atter WR T 20 ns Ports A& B
20 ns PortC
tww WR Puise Width 100 ns
tow Data Setup Time Before WR T 100 ns
wo Data Hold Time Atter WH T 30 ns Ports A& B
30 ns PortC
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FUNCTIONAL DESCRIFPTION

Since data input and display are an integral part of
many microprocessor designs, the system designer
needs an interface that can control these functions
without placing a large load on the CPU. The 8279
provides this function for 8-bit microprocessors.

The 8279 has two sections: keyboard and display.
The keyboard section can interface to regular type-
writer style keyboards or random toggle or thumb
switches. The display section drives aljphanumeric
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 1o the mi-
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 dapression generates a 6-bit encod-
ing of key position. Position and shift and control
status are stored in the FIFO. Keys are automat-
cally debounced with 2-Key lockout or N-key roll-
over,

» Scanned Sensor Matrix—with encoded (8 x 8 ma-
trix switches) or decoded (4 x 8 matrix switches)
scan lines. Key status {open or closed) stored in
RAM addressable by CPU.

¢ Strobed input—Data on retum lines during con-
trol line strobe is transferred to FIFO.

Output Modes

e B or 16 character multiplexed displays that can
beorganizedas.d\deorsinglea-bit(Bo -
Do. Az = Dy).

* Right entry or left entry display formats.

Other features of the 8279 include:
¢ Mode programming from the CPU.
* Clock Prescaler

* interrupt output to signal CPU when there is key-
board or sensor data available.

e An 8 byte FIFO to store keyboerd information.

* 18 byte intemnal Display RAM for display refresh.
This RAM can also be read by the CPU.

PRINCIPLES OF OPERATION
The following is a description of the majc: eloments

Ul URS Q&7 T FIUEiSINEDGIIT IV FInsc W ariopiay e

face device. Refer to the block diagram in Figure 3.

1/0 Control and Data Bufters

The 1/0 control section uses the TS, Ag, RD and
WH 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 TS. The character of
the information, given or desired by the CPU, is iden-
tified by Ag. A logic one means the information is a
command or status. A logic zero means the informa-
tion is data. D and WR determine the direction of
data flow through the Data Butfers. The Data Butfers
are bi-directional buffers that connect the internal
bus 1o the external bus. When the chip is not select-
od (C5 = 1), the devices are in a high impedance
state. The drivers input during WR ¢ C5 and output
during RD « 5.

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 lines with
Ag = 1 and then sending a WH. The command is
latched on the rising edge of WR. The command is
then decoded and the appropriate function is set.
The timing controt contains the basic timing counter
chain. The first counter is a + N prescaler that can
be programmed to yield an internal frequency of 100
kHz which gives a 5.1 ms keyboard scan time and a
10.3 ms debounce time. The cther counters divide
down the basic intemal frequency to provide the
proper key scan, row scan, keyboard matrix scan,
and display scan times.

Scan Counter
The scan counter has two modes. In the encoded

provides a decoded 1 of 4 acan. Note that when the
keyboand is in decoded scan, so is the dispiay. This
means that only the first 4 characters in the Display
RAM are displayed.

Inm«mded.nwdo.mémlrmueacﬁvem
outputs. in the decoded mode, the scan lines are
active low outputs.
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110 ac v 1S packaged in a 40 pin DIP. The following is a functional description of each pin.

Table 1. Pin Description

Symbol

Pin
No.

Name and Function

DBy-DB;

19-12

BI-DIRECTIONAL DATA BUS: All data and commands between the CPU
and the 8279 are transmitted on these lines.

CLK

CLOCK: Clock from system used to generate intemnal timing.

RESET

RESET: A high signal on this pin resets the 8279, After being resat the 8279 is
placed in the following mode: )

1) 16 8-bit character display—left entry.
2) Encoded scan keyboard—2 key lockout.
Along with this the program clock prescaler is set to 31.

22

CHIP SELECT: A low on this pin enables the interface functions o receive or
transmit. )

21

BUFFER ADDRESS: A high on this line indicates the signals in o out are
interpreted as a command or status. A low indicates that they are data.

RO, WR

10-11

INPUT/OQUTPUT READ AND WRITE: These signals enable the data buffers
to either send data to the external bus or receive it from the external bus.

RQ

INTERRUPT REQUEST: in a keyboard mode, the interrupt fine 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 stilf information in the

RAM. In & sensor mode, the interrupt line goes high whenever a changeina
sensor is detected.

Vss. Voo

GROUND AND POWER SUPPLY PINS.

SLg-SL3

SCAN LINES: Scan lines which are used to scan the key swilch or sensor

matrix and the display digits. These lines can be either encoded (1 of 16) or
decoded (1 of 4).

ALy-RLz

RETURN LINE: Return line inputs which are connacted to the scan lines
through the keys or sensor switches. They have active internal puliups to
keep them high until & switch closure pulls one low. They aiso serve as an 8-
bit input in the Strobed Input mode. .

SHIFT

SHIFT: The shift input status is stored along with the key position on key
closure in the Scanned Keyboard modes. it has an active intemal puilup to
keep it high until a switch closure pulls it low.

CNTU/STB

kig

CONTROL/STROBED INPUT MODE; For keyboard modes this line is used
a8 a control input and stored fike status on a key closure. The line is siso the
strobe line that enters the data into the FIFO in the Strobed input mode.

(Rising Edge). it has an active intemal pullup 10 keep it high until & awitch
closure pults it fow.

OUT Ag--OUT Ag
oura-outes

27-24
31-28

OUTPUTS: These two ports are the outputs for the 16 x 4 display refresh
rogisters. The data from these outputs is synchronized to the scan fines (SLy~
SLg) for multiplexed digit dispiays. The two 4 bit ports may be blanked
independently. These two ports may also be considered as one 8-bit port.

BLANK DISPLAY: This output is used to blank the dispiay during digit

switching or by a display blanking command.
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DATA
SUFFERS

INTERNAL ~DATA PUS D)

)

§ IFOISENSOR
nAM
STATUS

I

170 CONTROU

+

i

- xtvmﬂ‘? |
TROL AND DESOUNC!
mrmm AND
DISPLAY ‘ PTY REGISTERS CONTROL
s OUSPLAY ]
NEGIST v /_J
TIMING
AND
CONTROL ETURN
OISPLAY

REGISTERS

OuUt Agy OUT S »

, owm

[omemmtn -

Figure 3. internal Block Diagram

board
turn Bufters and Key
gzbounce and Control

o o of SHIFT and CONTROL are ranstored

to the FIFO. In the scanned S v ansterred
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8279 Commands

The following commands program the 8279 operat-
ing modes. The commands are sent on the Data Bus
with CS low and Ag hi%hﬁand are loaded to the 8279
on the rising edge of WR.

Keyboard/Display Mode Set
MSB S8

Code: [0]olo]D]D[K]K ]LK J

Where DD is the Display Mode and KKK is the Key-
board Mode.

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

0 1 16 8-bit character display—Left entry®
1 0 8 8-bit character display—Right entry
1 1 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 moda, the display i1s reduced to 4 char-
acters independent of display mode set.

KKK
0 0 0 Encoded Scan Keyboard—2 Key Lock-
oﬂt.

o

0 1 Decoded Scan Keyboard—2-Key Lock-
out .

o
-

0 Encoded Scan Keyboard—N-Key Rolk
over

1 Decoded Scan Keyboard—N-Key Roil-
over

0 Encoded Scan Sensor Matrix
0 Strobed Input, Encoded Display Scan
1

Strobed Input, Decoded Display
Default after reset. Scan

(=}
- O o -

P ek b b -
-t

Program Clock

code:  [0]oJ1]P|PIPIPP]

Code:  [0]1]oJa]x]AJa[a] x = Don'tcare

The CPU sets the 8279 for a read of the FIFO/Sen-
sor RAM by first writing this command. In the Scan
Keyboard Mode, the Auto-Increment flag (Al) and
the RAM address bits (AAA) are irslevant. The 8279
will automatically drive the data bus for each subse-
quent read (Ap = 0) in the same 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 Sensor Matrix Mode, the RAM address bits
AAA selact one of the 8 rows of the Sensor RAM. If
the Al fiag is set (Al = 1), each successive read will
ve from the subsequent row of the sensor RAM.

Read Display RAM
Code: ‘FO‘[—’I ! ] Al ] Al"lAl AJ

The CPU sets up the 8278 for a read of the Display
RAM by first writing this command. The address bits
AAAA select ong of the 16 rows of the Display RAM.
i the Al flag is sat (At = 1), this row address wiil be
incremented after each following read or wnite to tie
Display RAM. Since the same counter is used for
both reading and writing, this command sets the
next read or write address and the senss of the
Auto-Increment mode for both operations.

Write Display RAM
Code: ﬁ] ofo]afafalalal

The CPU sets up the 8279 for a write to the Display
RAM by first writing this command. After writing the
command with Ag"= 1, all subsequent writes with A,
= 0 will be 10 the Display RAM. The addressing and

ont fupctions
the Read Display’ RAM. However, this command
does not affect the source of subsequent Data
Reads; the CPU will read from whichever RAM (Dis-
play of FIFO/Sensor) which was last specified. I,

out ing e VIIEE & 35 = mAnde . on
o aﬁ:x{‘g r?ote that bit Bg corresponds ‘tjo l:ét bl?too-,,
h m3C?=’U bus, and that bit Az corresponds

the s

i display, the BL flags
wishes to blank the fags
i ::Izble for each nibble. The Ias:)6 C::gd om:
bl ssued determines the code to :
e "' This code defaults to all zeros after a re? -
;ab‘i': ':iwa! P BL flags must ba set to biank a dis

o}

play formatted with & single 8-bit port.

A A NCICICIEICA

ble in this command to clear

The Co b 00 aVam‘RAM 10 & selectable blanking

all rows of the Display
code as follu#s:

Co o Co
[ All Zovos (X = Don't Cace}
1 0 AB = Hex 20 (0010 0000
LR | Al Ones

Enable clesr dispeay when © 1 torbyCa = V)

d i ing cleared

i ﬁemeotsplayRAMlsbemg sared

Dgr;nsgom:) i\mmay not be written to. The most gg?t:?s

(e of the FIFO status word is set during 1S
?:; Wwhen the Display RAM becomes availa

again, it automatically resets.

bit is asserted (Cg = 1), the !
glg:;’ecdp and the interrupt output line is reset.
the Sensof RAM pointer is set to row 0.

i combined eftect of Cp
CA'mmeTc?sdeanmma' code on the Display
clears FIFO status. Furthermore, it

resynctworizes the internal timing chain.

End Interrupt/Error Mode Set

code: [T PEX]X]X]x] X = Doriteare

1), the FIFO status is
Also,

ports, By setting the W flag (W = 1) for one of the

indeed, the Display RAM was last specified, the

the de-
e oo mwouidhaveboonmiudmoﬂ
Displa: m‘ Y /Blanking \ %ﬁammamm’m
v Write - : have aiso writing

v A B A B !
Code: [1]o{1|x|mw|mw]seL]sL]

The IW Bits can be used to mask nibble A and nibble

Status Word
The sumwordoomalmm FIFO status. errof, and

HReialo WA= =

word.

Data Read

Data is read when Ao, [e5) 'a:ddbf?har; :gdl(:"a‘.:
ce of the data is specifi he ‘
;c::d Display commands. The xtarl.ng edgedo{
wilt cause the address of the RAM being reat |
incremented if the Auto-lincvement flag is s‘endE
roads always increment (if no erof occurs)

dent of Al

Data Write

ta thai is written with Ao, [
va:ys written to the Display ﬁAM. Th\eN :tddg
specified by the latest Read_ Display of 'sie
command. Auto-Incrementing on the‘ fi :xgd
ofWﬁoccursHAlissotbyme ates!

command.
INTERFACE CONSIDERATIONS

Scanned Keyboard Mode, 2-Key
Lockout
There are three possible combinations oi con

occur during debounce scan W
‘lr;;agepressedmedebounoe logic 8 set

FIFO along with the status of CNTL and SHIF

will be set 10 8ig
H the FIFO was empty, IRQ wifl e 7 © 5

wu!uﬂ.mekeywmnotboemerodandm

ther
ﬂagwiubeset.nnno .

enh'ytomeFlFOanocal. 1
ol be!oremsono.ﬂmnwﬁ

are
r;y:dtomeFlFO.!(mlskeyiswoasedbef

Scanned Keyboard Mode, N-Key
Roliover

each key depression
m"*"nmwmmn
pressed, the debomcodraﬂm 2

S
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HAAle alle-VITH WIIOVRS W o0 B e ROy 1o Sl UUWIL
Ititis, the key is entered into the FIFO. Any number
of 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—Special Error
Modes

For N-key rollover mode the user can program a
special error mode. This is done by the "“End Inter-
rupt/Error Mode Set” command. The debounce cy-
cle and kay-validity check are as in normal N-key
mode. It during a single debounce cycle, two keys
are found depressed, this is considered a simuita-
neous muitiple depression, and sets an ermor flag.
This flag will prevent any further writing into the FIFO
andt will set interrupt (if not yet set). The error flag
could be read in this mode by reading the FIFQ
STATUS word. (See “FIFU STATUS" for further de-
tails.) The error flag is reset by sending the normal
CLEAR command with CF = 1.

Sensor Matrix Mode

In Sansor Matrix mode, the debounce logic is inhibit-
ed. The status of the sensor switch is inputted di-
rectly to the Sensor RAM. In this way the Sensor
RAM keeps an image of the state of 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 IRQ ine goes high it any sensor value change is
detected at the end of a sensor matrix scan. The
IRQ line is cleared by the first data read operation if
the Auto-increment flag is set to zero, or by the End
Interrupt command if the Auto-Increment flag is set
10 one.

Moo —— . -8
‘ | 'scan | Retumn

[

CNTLISHIFT
SCANNED KEYBOARD DATA FORMAT

In Sensor Matrix mode, the data on the retum lines
is entered directly in the row of the Sensor RAM that
corresponds to the row in the matrix being scanned.
Therefore, each switch position maps directly to a
Sensor RAM position. The SHIFT and CNTL inputs
are ignored in this mode. Note that switches are not
necessarily the only thing that can be connected to
the return lines in this mode. Any logic that can be
triggered by the scan lines can enter data to the
return line inputs. Eight multiplexed input ports could
be tied to the retum lines and scanned by the R279.

[y [Fis [ Pis [ A [ Ao [ s [F [ Ao

In Strobed Input mode, the data is also entered to
the FIFO from the retum lines. The data is entered
by the rising edge of a CNTL/STB line puise. Data
can come from another encoded keyboard or simple
switch matrix. The retum lines can also be used as a
general purpose strobed input.

EL,]RLelan]hL‘[RLa]RLzlnL,[RL%

Display

Left Entry

Left Entry mode is the simplest display format in that
each display position directly corresponds to a byte
{or nibble) in the Display RAM. Address 0 in the
RAM is the left-most display character and address
15 (or address 7 in 8 character display) is the right
most display character. Entering characters from po-
sition zero causes the dispiay to fill from the left. The
17th (9th) character is entered back in the left most
position and filling again proceeds from there.

ot 14 16 «— Displey
weer OL]722L10 2
-—— - Y

[ 1418

meey 2] 27T
X 18

S EI M )

o‘-‘*'f.‘.._ ___.mun
maeey [[3] " " Jufis]
1418

0.1
ooy [7fe] " Tulie]
-3

Lo Entry Mode (Auto Wncramend)

Right Entry

Right entry is the method used by 'most qleckmic
calculators. The first entry is placeq in the right most
display character. The next entry is also plaoqd in
the right most character after the display is shff!ed
jeft one character. The left most character is shifted
off the end and is lost.

12 14 15 O Display
-- T - RAM
13t entry EU_--_IIEMG"“
23 o 15 0 !
2nd entry [:D:_ o
3 o« . 0ot 2
s [T1°° 2]
oY 13 14 VS
1 .m0
thnenty [E:___
2 3 - 15 ¢ 1
N S D D)
Right Entry Moda (Auto Incremant)

that now the display position and rogistqr ad-
:ro;ses do not correspond. consoquen. L tly, entering a
character 10 an arbitrary position in the Auto incre-
ment mode may have unexpected l_’esuns. Ent.ry
starting at Display RAM address 0 with sequential
entry is recommended.

Auto increment

ntry mode, Auto Iincrementing causes
:;‘wmewfmommwﬂnwmwbew
aomen!edbymandwchmctuwmm
next tocation. With non-Auto incrementing the entry
bbomwmmmm.mm;:od-
tson.Emrytoannbiuuy.ddmss_mwAutolm
mntmodehasnomdosimbles-dooﬂacuwm
result is predictable:

0123465867 <« Display

oy OLTTTTTT]  fadtess

012345867

andorey (2 [TT11]

012345867

- Command (1|2
10010101

Enter next at Location 5 Auto Increment

3rd entry 2 3
01234567

anonwy [1]2[ ] [ [o]4] ]

LEFT ENTRY MODE
(AUTO INCREMENT)

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

123458670 <« Display
RAM

istentry Address

23456701

2nd entry fT ‘ H | l‘@

23456701

Command
10010101
-Enter next at Location 5 Auto Increment

34567012

ageny [ J3] [ [1f2] |

314 112

RIGHT ENTRY MODE
© {AUTO INCREMENT)

4thentry

Starting at an arbitrary location operates as shown

below: s
01234567 <« Display
RAM

Command Address

10010101
Enter next at Location 5 Auto Increment

423458670

womy [TTTILIT)

23456701

ondenry [ [ [ o[ 1 1]
8th entry sief7|8j1]2|3

th entry [sTe]7]e]o]2]s]4}-
RIGHT ENTRY MODE
(AUTO INCREMENT)

Entry appears 10 be from the intial entry point.

8/16 Character Dispisy Formats
It the display mode is set to an 8 character display
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acters vs. 10.3 ms for 16 characters with 100 kHz
internal frequency).

G. FIFO Status

FIFO status is used in the Keyboard and Strobed
Input modes to indicate the number of characters in
the FIFO and to indicate whether an efror has oc-
curred. There are two types of errors possible: over-
run and undefrun. Overrun occurs when the entry of
another character into a full FIFO is attempted. Un-
defrun occurs when the CPU tries 1o read an empty
FIFO.

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

InaSensorMatrixmode.abnissetinmeFlFO
status word to indicate that at least one sensor clo-
sure indication is contained in the Sensor RAM.

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

2 FIFQ Full
Lo.Jsefo JulF TnTnTw]
T Number of
characters in FIFO

Error-Underrun

Error-Overryn

Sensor Cloture/Error Flag tor
Muitiple Closures

Display unavailabie

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature ................ 0°Cto 70°C
Storage Tempaerature .. ........ ... —65°Cto 125°C
Volitage on any Pin with

Respectto Ground.............. —05Vio +2v
Power Dissipation .................... .. . 1 Watt

*‘Notice: Stresses above those ksted under “Abso-
lute Maximum Ratings” may cause permanent dam-
8ge to the device. ﬂ)isisas&mmb‘nymmd
tunctional operation of the device at these or any
other conditions above those indicated in the opera-
v‘ona/sochbnso/m.soeciﬂcahbnismrﬁrplbd £Ex-
posure to absolute maximum rating conditions for
extended perods may affect device roliability.

sy [ g
CONTROL
] 8 COLULMNS
i

NT SMIFY CNTL Ry
INT
soiT DATA pUS ‘3:
MICRO-  DATA @ o
PROCESSOR  Bus .2
SYSTEM —
0 lom %o
oounou{ R low %
ST
ADDRESS —-———;—-—-—a
aus v o
€LOCK —fCLK [ 7.
Bg.3 Ag s
. ADORESSES
I> (DECODED)
. Keybowrd decoder DISPLAY
l:.m::mm - A CHARACTERS
DATA
DISPLAY
Figure 4, System Biock Oiagram
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r_s_y;;;‘.qw Parameter mm maa -
ViLt Input Low Voltage for Retumn Lines -05 14 v
ViL2 Input Low Voltage for All Others -05 0.8 Vv
| Vi Input High Voltage for Return Lines 2.2 v
Vin2 Input High Voltage for All Others 2.0 v
LTOL Output Low Voltage 0.45 v {Note 1)
—Voim Output High Voltage on interrupt Line 35 '} {Note 2) —
W;HZ Other Outputs 2.4 o = ::gg ::2 82
t s gwm"(‘)t;:r;\ on Shift, Control and —+11 0% tﬁ z:: : :)/sc o
e Input Leakage Current on All Others 110 rA Vin = Voo to OV —
loFL Output Float Leakage 110 A | Vouyr = VegtoO.
lcc Power Suppty Current 120 mA
i 10 pF fc = 1 MHz Unmeas
CiN Input Capacitance o R e
Cout Cutput Capacitance 20 pF
A.C. CHARACTERISTICS T, = 0°Ct0 70°C, Vsg = OV (Note 3)*
Bus Parameters
READ CYCLE — — ,
Symbol Parameter ™ Nax e Max
tan Address Stable Before READ 50 0
taa Address Hold Time for READ 5 0
AR READ Pulse Width 420 250
tapl® Data Delay from READ 300 150
tap@ Address 10 Data Valid 450 250
toF READ to Data Floating 10 100 10 100
tacy Read Cycie Time 1 1
taw Address Stable Before WRITE 50 0
twa Address Hold Time for WRITE 20 0
WRITE CYCLE — —
Symbot Parameter e Mo v Max
ww WRITE Pulse Width 400 250 N
tow Deta Set Up Time for WRITE 300 150
two Data Hold Time for WRITE 40 0
twey Write Cycie Time 1 1




OTHER TIMINGS gL ;
e
8279 8279-5 \ /
Symbol Parameter Unit
Min - Max Min Max
tow Clock Pulse Width 230 120 ns h
tcy Clock Period 500 320 ns 8CAN s
Keyboard Scan Time........ceevveunnnn.n. 51ms  DigtonTime .......ocvveeeeiiereraannnns 480 ps . ] ‘
Keyboard Debounce Time ................ 10.3ms Blanking Time ............c.ccovvviiinenn. 160 us
KeyScanTime ............ooviiviinnn... 80 us Internal Clock Cycle(S) . ... ................ 10 us
DisplayScanTime.................oouee 10.3 ms s

NOTES:

1. 8278, I = 1.6 MA; 8278-5, oy = 2.2 mA. Lanrvred

2 loy = —100 pA _—__—__l’—__——l

3. 79 Voo = +5V £5%; 8278-5, Vog = +5V £10% =

4.82 9q 100 pF; 8279-5, C_ = 150 pF. )

5. The Proocdermouldboprognnmedtopwwdeawpshtemaldockqde

6. Sampled not 100% tested. Ty = 25°C. I |
* For Extended Temperature EXPRESS, use M8279A electrical parameters. \ L3
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

s ] S I e U I O B
WD il e e B s I e I O
) L L U

AC. Testing: Inputs are driven st 2.4V for a Logic "1 and 0.45V oo ean o
for a Logic "0". Timing measurements are made at 2.0V for a
Lognc"s"wosvnu.ogic"o" Cy = 120 pF s
Cy Includes Jig Capacitance | I
WAVEFORMS _
READ OPERATION s ‘ ‘ ‘ ‘ l l . | |
i * PRESCALER MED FOR 1IN
~a X ADomEss bus: DISPLAY — :n_u‘%’:u:w ERCY o 100 ke 80
o tan wcy
ar '——-..—-J *

. /L.,_. \ SE— .

. a0 1
B \\\\\\\\\lﬁlﬁﬁ:ﬁ?ﬁiﬁ&\\\\\\ F—— oo MR ' s
WRITE OPERATION o o A

SYsTEMNS
~8 : ADORESS BUS)

/-

|/;:' 8

f

- — o ﬁ;whhllh~%ll%hhh

l/ 18
[Y

¥
1+

P~ o oMy
- — CONOITIONAL WITE TO FIFO mwmwuunuum
— te—{*wo - NOTE: .,.::l L‘:-.mum "
Shown is encoded scan left entry )
, DATAmS AT NGE o——muvun-—-x NAY A sz-s,mnamhnm-ms, divided by 2 and 4.
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FEATURES

8 Provides a direct interface between 780 microcomputer
systems and peripheral devices.

& Two ports with interrupt-driven handshake for fast
response.

| FQ{r prpgrammable operating modes: Output, Input,
Bidirectional (Port A only). and 8it Controi

» Prog_rgmn?able interrupts otv peripheral  status
® NMOS version for high cost perfermance sokstions.
B CMOS version for the designs requiring low
power con-
sumption,

s NMOS Z0842004 - 4 MHz, Z0842006 - 6.17 MHz.

8 CMOS Z84C2004 - DC to 4 MHz, Z84C2006 - DC 10
6.17 MHz, Z84C2008 - DC 1o 8 MHz.

[ ] _Shndard 280 Family bus-request and prioritized
interrupt-request daisy chains impiemented without
external logic.

®_The eight Port B outputs can drive Darlington transistors
(1.5mA at 1.5v).

] :ozl‘ﬂzvevsionappoms.tu MHz CPU dloct: opera-

GENERAL DESCRIPTION

The Z80 PiO Parallef VO Circuit inaftor referr

MZBOP'OMPIO)hapmgrmableM ,duakponege‘ti::
mmamwmmmmmw\-
eddavicesmdmezaoCPU(Fweu and 2). Note the
QFPpodmgoisoMyavdabthMOSvorsion.ThoCPU
cmﬁgmlnmoPlOIolmeﬂacawﬁhawidemngeof
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Figure 1. Pin Functions

&
o

sr £

o t w(]o,
s s
Sl »Do,
e sl
eSO n ]} N
sills ul}is
]y 1 [} re
" 1]
LY L] n oy
had ..
oxo »e
nd "
I ..
-y "oy
i ey

ITHYE YAy Yy

L

Figure 2s. 40-pin Duatin-Line Package (DiP),

Pin Assignments
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Figure 2c. 44-pin Quad Fiat Pack Pin
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Assignments.

penpheral devices that are compatible with the Z80 PIO
include most keyboards, paper tape readers and punches,
printers, and PROM programmers.

One characteristic of the Z80 peripheral controflers that
separates them from other interface controllers is that afl
data transler between the peripheral device and !hg CPUis
accomplished under interrupt control. Thus, the interrupt
logic of the PIO permits full use of the efficient interrupt
capabilites of the 280 CPU during l/Q transters. Al iogic
necessary to implement a fully nested interrupt structure is
included in the PIO (Figure 3).

Another feature of the PIO is the ability to interrupt the CPU
upon occurrence of specified status conditions in the
perpheral device. For example, the PIO can be
programmed to interrupt if any specified peripheral alarm
conditions should occur. This interrupt capability reduces
the time the processor must spend in polling peripheral
status.

The 280 PIO interfaces fo peripherals via two indspendent
general-purpose 1/O ports, designated Pont A and Port B.
Each port has eight data bits and two handshake signals,
Ready and Strobe, which control data transter. The Ready
output indicates to the peripheral that the port is ready for a
data transter. Strobe is an input from the peripharal that
indicates when a data transfer has occurred.

SYSTEM

suses
5V
cru rto
NT ‘ NY
)
kv
(L]
———t 2C530¢
eve
—1 2c70; T b —
i o
P __ %o
AaCA T T
L L]
[
=8 4
WY Aoy
0 oma

Figure 3. PIO in  Typical 280 Famity Environment

Operating Modes. The J80 PIO ports can be programme
to operate in four modes: Outpu! (Mode 0), Input (Mode 1
Bidirectional (Mode 2) and Bit Control (Mode 3). ~

Either Port A or Port B can be programmed to output data i
Mode 0. Both ports have output registers that ar
individually addressed by the CPU; data can be written 1
either port al any time. When data is written to a por, a
active Ready output indicates to the external device tha
data is avallable at the associaled port and is ready fo
transfer to the external device. After the data transfer, thy
external device responds with an active Strobe input, whict
generates an interrupt, if enabled.

Either Port A or Port B can be programmed to input data ir
Mode 1. Each port has an input register addressed by the
CPU. When the CPU reads data from a pon. the P10 sets the
Heady signal, which is detected by the external device. Th
external device then places data onthe VO lines and strobe:
the YO por, which latches the data into the Port inpu
Register, resets Ready, and triggers 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 handshake signals from both ports. Port £
must be set 1o Mode 3 and masked off from generating
interrupts. In operation, Port A 1s used for both data npu
and output. Output operaton 1s similar 1o Mode 0 excep
that data is aliowed out onto the Port A bus only when ASTE
is Low. For input, operation is sunilar 1o Mode 1, except tha
the data input uses the Port B handshake signals and the
Port B interrupt, if enabled.

Both ports can be used n Mode 3. In this mode. the
individuatl bits are defined as ether input or output bits. Thg
provides up 10 eight separate, individually defined bits for
each port. During operaton, Ready and Striobe are no
used. Instead. an interrupt 15 generated i the condion o
one input changes, or if all inputs change. The requirement:
for generating an inlersupt are defined during the
programming opesabon; the active level is specified as
either High or Low, and the logic condition is specified as
either one input active (OR) or all inputs active (AND). Fo
exampie, if the portis programmaed for active Low nputs anc
the fogic function s AND, then alt mputs at the specitied por
must go Low (0 generate an intevrupt.

Data outputs are controlied by the CPU and can be writter

or changed at any ime.

® Individuat bits can be masked off.

8 The handshake signais are not used in Mode 3. Ready i
held Low, and Strobe is disabled.

8 When using the Z80 PIO interrupts, the 280 CPU
interrupt mode must be set 10 Mode 2.

INTERNAL STRUCTURE

The internal structure of the 280 PIO consists of a 280 CPU
bus intesface, internal control Jogic, Port A IO fogic. Pont B
11O logic. and interrupt control logic {Figure 4). The CPU bus
interface logic allows the Z80 PIO to interface directly to the
Z80 CPU with no other external logic. The internal conrol
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© o Tmrees e vasputaigital COBE CNangs. Trie

:ation error have to be accounted for in
tbe tgst results. A plot of this naturél
vin Figure 5 where, for clarity, both 'H;
tnd the error voltage are nor'r*.,ﬂ.a%xzed“tl;

Ds
INPUT VOLTAGE
VALUE WITH
10.24 Vper |
MS GROUP | LS GROUP
5/256 9.600 0.600
8.960 0.560
3/256 8.320 0.520
7.680 0.480
'/?56 7.040 0.440
/256 5.760 0.360
5.1 20 0. 320
256 4.480 0.280
3.840 0.240
256 3,200 0.200
256 1.920 .120
1.280 0.080
256 0.640 0.040
0 0
H/5670-8
ration Error

nary UMY 9o MEa s e e s
The techniques described so far are suitable for an engi~
neering evaluation of a quick check on performance. For a
higher speed test systetn, of 10 obtain plotted data, a digital-
to-analog converter is needed tor the test set-up. An accu-
rate 10-bit DAC can serve as the precision voltage source
for the A/D. Errors of the A/D under test can be provided as
either analog voltages or differences in two digital words.

A basic A/D 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 efiminated if a Jab DVM with a numerical sub-
traction feature is available to directly readout the difference
voltage, “A-C".

output code transiions Carn be UE BRAT <= -

(LU

A VANALOG OUTPUT -
UNBIRTRST

ANALOG YT
VOLTAGE

TN AUALOS
ERNOA VOLTAGE

== Al R's=0.05% tolerance

- TU/H/S6T0-16
FIGURE 6. A/D Tester with Analog Error Output
01T e N ANALDE W BEITAL
eyt Bag Test SWTVY
TUH/5670-17
FIGURE 7. Basic “Digital” A/D Tester
Connection Diagram )
Duai«ln-Llne Package
L]
NET-
vpp 2% 4 .::" ! :—”‘ Ve cLoek Vs
‘.Il 17 w 1% " 13 1 11 ud
i
‘n 7 ) 3 s ' 7 ' ‘l
P I S 2 R OEIAT OUTAUT yco  EDC
Mss  KET. oMY ENABLE
WORK
s0TTOM TL/H/5670-9
Top View
Order Number ADC0800PD
or ADC0800PCD

See NS Package Number D18A

incremented. This provides Ve LSB steps for the 8-bit A/
under tes!. }f the results ot this test are automatically plotted
with the analog input on the X axis and the errof (in LSB’s)
as the Y axis, a useful transfer tunction of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by est
internal limits on the aliowed error {or each code.

o

oy
NN SO R

L e T T L

-



i |

A uP Interfaced Comparator
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ADC0801/ADC0802/ADC:0803/ADy

A pF Intertaced

Comparator
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ADC0801/ADCO0802/ADCO0B803/AbL-

uP CompakiblejDiﬂerential-lnput Comparator with Pre-Set Vgg (with or without Hysteresis) - “n“ , u'\:ﬁ
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ADC0801/ADC0802/ADC0805,
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) L e, w uwiann @n OUTPUL digital code changs. The The techniques described SO far are suitable for an :2'9; incremented. This pfc"‘\;tdefsmi/; 1ot are automatically plotted \ A
e e ey 0T TR COlUTRYE “Input Voltage Value  effects of this quantization error have to be accounted for in § neering evaluation or a quick check on pedom"a!m'd ital. under test. If the'resu oth % axis and the error (n LSB's) f
with & 10.240 VRgr of both the MS and LS groups, the  the interpretation of the test results. A plot of this natura : nigher speed test systern, of 10 obtain plotted data, :n agccu- with the analog input °:‘t ?\sfer function of the A/D under 1
valug of the digital display can be deiermined. For example,  error source is shown in Figure 5 where, for clarity, both the t o?analog converter is needed for the tgsft sel-t::)- source @5 the Y axis, a usefut race tosting, the plot is not neces- :
for an output LED display of 1011 0110” or “B6” (in hex)  analog input voltage and the error voltage are normaiized to ate 10-bit DAC can serve as the precision VO ag;l iGed as test results. For .accep Z’; canbe increased by establishing i
the wvoltage values from the table are 7.04 + 0.24 or LSBs. " A/D. Ervors of the A/D under test can be pr sary and the testing spe wach code. -
for the log voltages or differences in two digital words. internal limits on the aiowed errof for L
either analog v X :
TABLE . DECODING THE DIGITAL OUTPUT LEDs A basic A/D tester which uses a DAC a.nd provnd;s ;I;\‘Z Zﬂ':; o
o an kgt vl S 10 L o
FRACTIONAL BINARY VALUE FOR VALUE WITH amps cafn b:ﬂe'g“::;;a!;‘e 1o directyy readout the difference g
HEX BINARY 10.24 V ‘ traction featurs niE
REE : voltage, “A-C". . Lk
MS GROUP LS GROUP MS GROUP | LS GROUP ¥
Fl1 1 1 1 15/16 15/256 9.600 0.600 i ‘
Ej1 1 1 0 7/8 7/128 8.960 0.560 £
D 1 1 0 1 13/16 13/256 8.320 0.52¢ ¥ ’i
c |1 1 00 3/4 3/64 7.680 0.480 — L1
B i 0 1 1 11/16 11/256 7.040 0.440 veuaGe ¥ ‘
A 1 0 1 O 5/8 5/128 6.400 0.400 E;.l }
9 {1 0 0 9/256 5.760 0.360 ‘ i
8 {1 o o o} 1/32 5.120 0.320 1oex ARALOS L
7 o 1 1 1 7/16 7/256 4.480 0.280 fanen voLTAGe
6 [ 1 1 o 3/8 3/128 3.840 0.240 d  axRe=0.05% toterance TUN/SSTO-16 v
5 o 1 0 1 5/16 5/256 3.200 0.200 Output S
4 [0 t 0 O 1/4 1/64 2.560 0.160 FIGURE 6. A/D Tester with Analog Errot .
3 0o 0 1 1 3/16 37256 1.920 C.120
2 0 0 t o0 1/8 * 1/128 1.280 0.080
1 ]0 0 0 1 1116 1/256 0.640 0.040 — :
0 0 0 0 O 0 0 ’ 77,2220 worswv 4 ‘
y TUMH/56T0-17 !
-
3 ! FIGURE 7. Basic “Digital” A/D Tester
E b e
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= : : onnection Diag :
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E JRY 3 S, PPN, —— — -':\'- -
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TL/H/5670~8 b
FIGURE 5. Error Plot of a Perfect A/D Showing Effects of Quantization Error
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ADC0801/ADC0802/ADC0803/ADCu.

i
ADC0801, ADC0802, ADC0803, ADC0804,
ADC0805 8-Bit P Compatible A/D Converters

General Description

The ADCOBO1, ADCOB0Z, ADCOS03, ADCOSO04

. } , and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—

similar to the 2568 products. These converters are d i
sianed to Al o Fon with the N s 0?\. | Works with 2.5V (LM336) voltage reference

derivative control bus with TRI-STATE® output latches di- = Omohip clock generator

r ecﬂy driving the data bus. Ti A/Ds like ® 0V to 5V analog input voltage range with single 5V
locations or 1/0 ports to the microprocessor and no inter. supply '

facing ogic is neaded. ¥ No zero adjust required

Differential alog inputs allow increasing the com- ® 0.3" standard width 20-pin DIP package

mon-mode re,ma: g vo .mdt‘age offsetting the analog zero input [ ] io-ptn molded chip carrier or smali outiine package
voltage value. In addition, the voltage reference input can  ® Cwerates ratiometrically or with 5 Vbc. 25 Vpc, or ana-

® Differential analog voitage inputs

u Logic inputs and Outputs meet both MOS and TTL volt-
age level specifications

contact the Nauonat »>emiconauctor >Saies vrnces PackageDissipationatTA=25“C

875 mwW

Distributors for availability and specifications. ESDS ptibility (Note 10) 800V
Supply Voltage (Vc) (Note 3) 6.5V
Y Contrl Inputs oo sty Operating Ratings motes 122
At Other tnput and Outputs —0.3V 10 (Ve +0.3V) Temperature Range TMINSTAS Tmax
Lead Temp. (Soldering, 10 seconds) ADC0801/02L4 —55°C<Ta<+125°C
Dual-In-Line Package (plastic) 260°C ADCO0801/02/03/04LCJ —40°C<Tpa<+ 85°C
Dual-In-Line Package (ceramic) 300°C ADC0801/02/03/05LCN ~40°C<Tp< +85C
ADCO0804L CN 0°C<Tp< +70°C
Surface Mount Package c ADC0802/03/04LCV 0°C<Tp< +70°C
Vapar Fhase (60 saconds) 2 ADC0802/03/04LCWM PCETos +70°C
Infrared (15 seconds) Rangs of Voc AL IRARE

Electrical Characteristics
The following specifications apply for Voo =5 Voo, TMINS TAS Tmax and foy =640 kHz unless otherwise specified.

be adjusted to aliow encoding an voltage adjust
y smaller anal fog span od volta ference
span to the full 8 bits of resolution. o9 e
Key Specificati
Features [ ] Reysolut:‘c)m tions 8 bi
= Compatible with 8080 P ivath i i s
" 1P derivatives—no interfaci ® Total error $%.LS8, 1
logic needed - access tims - 135 ns "9 ® Conversion time % P B and 11:)(;.58
n interface to all microprocessors .
‘Easy'stand s crop . Of operates
Typical Applications
s
r“L—-—bl'c 34 Yoo n T
[———9 :: ok L'W_T_'
[ TR (ST 91 ] bl o 150yf, TAsOuEEn
11 o0 L ST RESOLUTION
. i b3 |l
rn0CEsSOR) - Nl M Vak U / T - [ yotrase hance
< - ’ " ) P —— SEE SECTION 24.0
13 " bl s I
L ::: Ao 9 SPANAD) I [
{13 YA g s stcTION =
1 w :
w o8 L1
TUL/H/5671-1
8080 interface
Error Specification (Includes Full-Scale,
B Zero Error, and Non-Llnearlty)
—————0) Part Full- v _
. N Scale REF/2=2.500 Vpc VREF/2=No Connection
%‘ . Em— o Adjusted (No Adjustments) {No Adjustments)
d ———0 -
”r:o!,. o ADCO801| +v, LSE
13(%
OQ—‘—- TR ADC0802 % LSB -
m‘ ADCO0803| +v, 158
) ADC0804 1188
T : o TL/H/5671-31 A - 11188

Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. ) Y LSB
(See Section 2.5.2) 4
ADC0802: Total Unadijusted Error (Note 8) VRep/2=2.500 Vpg E S LSB
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. 1 LSB
(See Section 2.5.2) *
ADCO0804: Total Unadjusted Emor (Note 8) VRer/2=2.500 Vpc %1 LsB
ADCO0805: Total Unadjusted Error (Note 8) Vaer/2-No Connection +1 LSB
Vger/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 k2
ADCO0804 {Note 9) 0.75 1.1 k2
Analog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Voo +0.05 Voc
DC Common-Mode Error Over Analog Input Voltage 1Y v LSB
Range
Power Supply Sensitivity Veo=5 Vpc £10% Over Ve % . LSB
Allowed Vin(+) and Vind—) - g
Voitage Range (Note 4) ",
AC Electrical Characteristics
The following specifications apply for Voo =5 Vpc and Ta=25"C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time oLk =640 kHz (Note 6) 103 114 us
Tc Conversion Time {Note 5, 6) 66 73 1/fcik
foik Clock Frequency Vec=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle {Note 5) 40 60 %
CR Conversion Rate in Free-Running INTH tied to WR with 8770 9708 conv/s
Mode T8 =0 Vpc. forx =640 kHz
tWWRIL Width of WR input (Start Puise Width) TS=0Vpc (Note 7) 100 ns
e Access Time (Delay from Falling CL=100pF 135 200 ns
Edge of RD to Output Data Valid)
t4H. ton TRI-STATE Control (Delay CL=10pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twis tRy Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output 5 75 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 (1) Logical "1" Input Voitage Vee=5.25Vpe 20 15 Vpc
(Except Pin 4 CLK IN) o

50800QV/¥0800aV/€0802AY/20800QV/1




ADC0801/ADC0802/ADC0803/ADCOb.

symbol | Paralneter 1 Conditions T win | 190 Max | units
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin (0) Logical ‘0" Input Voltage Veo=4.75 Ve 0.8 Voc
(Except Pin 4 CLK IN)
I (1) Logical 1" Input Current VinN=5Vpe 0.005 1 rAge
(All Inputs)
Iin (©) Logical **0" Input Current Vin=0Vpc -1 —0.005 rADC
(Al Inputs)
CLOCKIN AND CLOCK R
Vr+ CLKIN {Pin 4) Positive Going 27 3.1 35 Voc
Threshold Voltage
V- CLKIN (Pin 4) Negative 15 1.8 21 Voe
Going Threshold Voltage
VH CLK IN (Pin 4) Hysteresis 0.6 13 20 Voc
(Vr+)—-(v1-)
Vour (0) Logical *0" CLK R Output lo=360 pA 0.4 Voc
Voitage Vee=4.75 Vpe
Vour (1) Logical “1” CLK R Output lo=—360 pA 24 Voc
Voltage Vee=4.75 Ve |
DATA OUTPUTS AND INTR
Vour(0) | Logical “0” Output Voitage
Data Outputs lour=1.6 MA, Vec=4.75 Vpg 04 Vpe
TNTR Output loutr=1.0MA, Voc=4.75 Vpe 0.4 Vpe
Vout (1) Logicat “1” Output Voltage to=—360 pA, Vco=4.75 Vpc 24 Vo
Vourt (1) Logical “1"” Qutput Voitage io=—10 pA,Vec=4.75Vpc 4.5 Voc
louT TRI-STATE Disabled Output Vout=0Voc -3 1ADC
Leakage (All Data Buffers) Voutr=5Voc 3 BADC
ISOURCE Vour Short to Gnd, To=25°C 45 mApG
IsiNK Vour Short to Vg, TaA=25°C 9.0 L 16 mApc
POWER SUPPLY
lec Supply Current (Includes foix =640 kHz,
Ladder Current) VRer/2=NC, Ta=25'C
: and CS=5v _
ADC0801/02/03/04LCJ/05. 11 1.8 mA
ADCOB(MLCN/LCV/LCWM 1.9 25 mA
Note 1: Absok Ratings indk

Kimits beyond which damage to the device may occuwr. DC and AC electrical specifications do not apply when operating
the device beyond is specified operating conditions.

Note 2: Al voltages are measured with respect 1o Gnd, unless otherwise specified. The separale A Gnd point should always be wired 1o the D Gnd.

Note 3: A 2ener diode exists, internally, from Ve t© Gnd and has a typical breakdown voltage of 7 Vpc.

Note &: For Vin{—)> Vip{ +) the digital output code will be 0000 0000. Two on-chip diodes are tied 1o each analog input (see block diagram) which will forward
conduct for analog input voltages one diode drop Luiuw ground or One diode drop greater (han the V¢ supply. Be careful, during testing at low Vg levels (4.5V),
as high level analog inputs (5V) can cause this input diode 10 conduct-especially at ek . and cause errors for analog inputs pear full-scale. The
spec allows 50 mV forward bias of either diode. Thvsmean:malulongaslmanalogvmdoesnotexceedMsupplyvoltagoby more than 50 mV, the output
code will be correct. To achieve an absolute 0 Ve to 5 Vo input voitage range will therefore require a minimum supply voltage of 4.950 Vpg over temperature
Note 5 Accuracy is guaranteed at foy x = 640 kHz. At higher clock freq i y can dey For tower clock frequencies, the duty cycle limits can be
extended 30 long as the minimum clock high time interval or minkmum clock low time interval is no less than 275 ns.

Note 6 With an asynchronous start pulse, up to 8 Clock periods may be required betore the internal clock phases are proper 1o start the conversion process. The
start request is internally latched, see Figwe 2 and section 2.0. -

Note 7: The TS inputis essumed to bracket the W strobe input and therefore timing is dependent on the WH puise width. An arbitrarily wide puise width wilt hoid
the convenier in a reset mode and the start of conversion is initiated by the low to high transition of the WH puise (see timing diagrams).

Note §:; None of thesa A/Ds requires a zero adjust {see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figwre 5.

Note 9: The Vacre/2 pin is the center point of a two resistor divider connected from Vor to ground. €ach resistor is 2.2k, except for the ADCO804LCY where each

rariatrar ia FEE Trtal [ardtor vt roe.etanscn € tha €iirm Al s S oo inl rGe. etmre
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ADC0801/ADC0802/ADC0303/A.

tiu th CL=10pF toy ton, CL=10 pF
vee o Vee Vee .
. s Vee ~w,:* - Yoo ;—5;?
mog Pt oD —T |19 e TND J"”‘
- r-"" o [4] DATA f—gu

t=20ns

Timing Diagrams (ai tmng is measured from the 50% vottage points)
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ADCO0801/ADC0802/ADC0803/AL

shown i Mguie 8. 1he ROTKoNial Séatg 18 anaiog input
voltage and the particular points labeled are in steps of 1
LS8 (19.53 mV with 2.5V tied 1o the Vrer/2 pin). The digital
output codes that correspond to these inputs are shown as
D-—1, D, and B+ 1. For the perfect A/D, not only will center-
value (A—1,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 + 14, 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 * Ya
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.

Figure 1b shows a worst casa error piot for the ADC0801.
Ali 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 1 LSB. In

the code transition is indicated by the horizomal arrow and it
is guaranteed to be no more than Y, LSB.

The error curve of Figurs Tc shows a worst case error plot
for the ADC0802. Here we guarantee that it we apply an
analog input equal to the LSB analog voltage center-vaiue
the A/D 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 voltags to the A/D
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 A/D. For example the ervor at point 1 of Figure 1a
is +7, LSB because the digital code appeared V4 LSB in
advance of the center-value of the tread. The eror plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB_in magnitude.

Transter Function Error Plot
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FIGURE 1. Clarifying the Error Specs of an A/D Converter

256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) — Vin(—)] to a corresponding tap on
the R 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 (INTR makes a high-
to-low transition). A conversion in precess can be interrupt-
ed by issuing a second start command. The device may bs
operated in the free-running mode by connecting INTR to
the WR input with CS=0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the W2 input the internal
SAR latches and the shift register stages are reset. As long
as the TS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 io 8 clock
periods after at least one of these inputs makes & low-to-
high transition.

The converter is started by having CS and WR simuita-
neously low. This sets the start flip-flop (F/F) and the resuit-
ing 1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a *1” to the D flop, F/F1, which
is at the input end of the B-bit shift register. intemal clock
signals then transfer this “1” to the Q output of F/F1. The
AND gate, G1, combines this *1" output with a clock signal
to provide a reset signai to the start F/F, If the set signal is
no fonger present (either WA or TS is a '1”") the start F/F 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/F 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 T3 and WH signals and the converter will start after at
least one of these signals returns high and the intermal
clocks again provide a reset signal for the start F/F.

“17 = RESET SHIFT REGISTER

“9° = BUSY AND QUIESCENT STATE
MPUT PROTECTION
FOR ALL LOGIC IPUTS
L otk
VO INTERNAL
CIRCUITS
wanv ¢
FEY
(3}
START CONVERSION .
n ’
Ve VRgr O oLl N
> - —
b3 <+ le— IF RESET ~ 3"
[ LADDER SAR Lot BT
Vagr O ANO LATCH SHIFT R
- woten fe—{ ncoisten | REsET
‘- et
- -—mrn 23
0AC M oS8
1 Vioun
L_c D S t a
At N0 v TUKA
e _1 )
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LATCR 1
. ]
Vints} O AAEXXEX] .
| XFEA
' TRLSTATE® + G ev
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Note 1: TS shown twice for clarity.
Note 2: SAR = S ive Approximation Regist
FIGURE 2. Block Diagram
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*AGd if VRge/2 < 1 Vpo with LM358
to draw 3 mA ‘o ground.
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a) Analog Input Signal Example

0———' Vinl+}

0 ]
Vree/2

TL/H/5671-18

b) Accommodating an Analog Input from
0.5V (Digital Out = = 00yex) to 3.5V
(Digital Out=F¥Fugex)

FIGURE 5. Adspting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Reterence Accuracy Requirements '

The converter can be operated in a ratiometric mode or an
absolste mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the cutput of the A/D
converter and therefore cancels out in the final digital output
cz<a. The ADCOBOS is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion-applications, both the initial value and the
temperature stability of the reference voltags are important
factors in the accuracy of the A/D converter. For Vpep/2
voitages of 2.4 Vpc nominal value, initial errors of +10
mVz will cause conversion errors of 21 LS8 due to the
gain of 2 of the VRer/2 input. In reduced span applications,
tha initial value and the stability of the Vrege/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondinglyfeduced from 20 mV (SV span) to 10 mV and
1 LSB at the VRiz/2 input becomes-5 mV. As can be seen,
this reduces the ‘aflowed initial tolerance of the reference
voltage and requires cofrespondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stabifity of the reference source.
in general, the magnitude of the reference voltage will re-
quire an initiat adjustment. Errors due to an improper value

of reference voltage appear as full-scale errors in the A/D -

transfer function, IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ

(6 mV max) over 0°C<To<+70°C. Other temperature
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2.5 Errors and Reference Voltage Adjustments
2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vinguin), 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 A/D Vin(—) input at this Vinguiny value (see
Applications section). This utilizes the differential mode op-
eration of the A/D. .

The zero ervor of the A/D converter relates to the location

of the first riser of the transfer function and can be mea-

sured by grounding the Vjy (—) input and applying & small
magnitude positive voltage to the Vyy (+) input. Zero emor
is the difference between the actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 0D00 to 0000 0001 and the ideal Y; LSB value
(Y2 LSB = 9.8 mV for VRer/2=2.500 Vpc).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 14 LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vrer/2 input (pin 9 or the Vg supply if pin 9 is

not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range ‘
i the analog zero vohage of the A/D is shitted away from
ground (for exampie, to accommodate 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 this desired zero reference plus 14 LSB (where the
LSB is calculated for the desired anafog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zer0 relerence
voitage at pin 7 should then be adjusted to just obtain the
00HEX to 014gx code transition. .
The full-scale adjustment should then be made (with the
proper Vin{~) voltage applied) by forcing a voltage to the

Vin(+) input which is given by: Vi

Vaanx = :
Vm(+)hiﬁ'VMAX"'5[ MAxzss - l
where:

Viuax=The high and of the analog input range
and

VN =the low end (the offset zero) of the analog range.
{Both are ground referenced.)

s " de a

The Vres/2 (or Vo) vohzge is then agd;usxed to provide
code change from FEHExtoFFHg.Thsaompmesmead-
justment procedure.
2.6 Clocking Option
ThedockiormNDcanbedeﬁvedﬁomtheCPU.clockor
anextemalRCcanbeaddedtoprw’ide_self-dockmg.Trfe
CLKIN(ph4)makesuseofanwmﬂmggerasshownm
Figure 6.

N
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<
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- :
e
5
. TU/H/S6TY-17
FIGURE 6. Seif-Clocking the A/D

Hea dﬁvoorDCloadingofmeclockRpinshoulqbe
avoi;yedm‘a’: this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
aliowed. For larger clock line loading, a CMOS or Iow.p‘ower
TTL butfer of PNP input logic shouid be used 12 minimize
the loading on the clock R pin (do not use & standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is re;;et and a new';:on»
version is started. The output data latch is not updated if the

COIIWTISIG i gt e e " .
fore the data of the previous com_/ersoon reTa':ns in.this
{atch. The TNTR output simply Temains at the “1" tevel.

2.8 Continuous Conversions

For operation in the frea-running mode an iniﬁglizir}g pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, tﬁa_ﬁ_g input is grounded and__t‘?g
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 . "y )
This MOS A/D, like MOS microprocessors and memones,
wiurequireabusdviverwhenthetota‘lca.padwmofd:
databusgeularge.omefdrmy'.wmmsﬁedtomom‘.
bus, will add to the total capacitive ksadh'\g.evenina’so
STATE (high impedance mode_). Backplane busshomm
graaﬂyaddﬂoﬁum)«eapamameofu\eda us. .
Theremsomaltmﬁvesavaﬂabietomadesgmrto
handie-fhis problem. Casically, the capacilive Joading ot the
damudwsdawnmeresponsaﬁme.evenmrfbc
are stil met For systems o?era}:ng with a
relativety slow CPY clock frequency, mofe time is available
inwhichtoeslab!ishproperlog»clevelsgnthebusgnd
thefeforehighercapadﬁveloadscanbednven(seetyptcal
charactenistics curves). '
AtNgherCPUdockfrequendesﬁfnecapbeextendedor
170 reads (and/or writes) by inserting wait states (8080) or
usinqolockextendingciraﬁts(seoo). )
Fi ,Hﬁmeisshm\mdcapadﬁveloadinqishtgh._exter-
n'alna;yssdrwets must be used. These can be TRI-STATE
buﬂers(lowpowerSchotﬁtysuohasmeDMNLszwwies
isreoommended)orspecialhighevfmvemm_pmd\m
whichmdesignedasbusdﬁvers.nghgmentptpolaIbus
drivers with PNP inputs are recommended.
2.10 Power Supplies .
Noise spikes on the Vcc supply line can cause Ci
mnmooonwatotwulrespor\dbmmAw
inducwmmntalumﬁnefcapadtashouldbeuseddosew
thooomertervccpinmdvslmsoonorgmwm

recommended. i an unreguiated vottage is available in the

a te LM340LAZ-5.0, TC-92, 5V voha.ge regu-
sl;;ts;e::; me”::wnexw (and other analog areuttry) will greatly
reduce digital noise on the Voe supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboard,i?wg this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possib%e. {rom the analog
signal leads. Exposed leads to the analog inputs can ;ause
undesired digital noise and hum pickup, t_herefore 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-clocking capacitor (if used) should
both be retumed to digital ground. Any VRer/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 A/D
converter. Zero emors in excess of ¥, LSB can usually be
traced t0 improper board layout and wiring (see section
2.5.1 for measuring the zero emor).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the sinplest tests is to apply a
known analog input voltage to the converter and use LEDs
to dispiay the resulting digital output code as shown in Fig-
we 7. : . Tt T I

For ease of testing, the VRer/2 (pin 9) should be supplied
with 2560 Vpc and a Vg supply voltage of 5.12 Vpg
should be used. This provides an LSB value of 20 mV.

if a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpc (5.120—1% LSB) shouid be appiied to
the Vin{+) pin with the Vin(—) pin grounded. The value of
the VRer/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 t0 1111
1111, This value of Vrer/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 leas! significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS” and “VLS" columns in
Table |, the nominal valus of the digital display (when
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TUH/S671-18
FIGURE 7. Basic A/D Tester

VREF/Z = 2.560V) can be determined. For exarple, 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 Vpc. |5
These voltage values represent the center-values of a per- 1.

fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.
For a higher speed test sysiem, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accwrate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error

as an analog output voltage is shown in Figwre 8. The 2 op - '

amps can be efiminated if a lab DVM with a numericatl sub-
traction feature is available to read the dilference voitage,
“A-C", directly. The analog input voltage can be supplied

by a low frequency ramp generator and an X-Y pilotter can

be used to provide analog enor (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, “Analog-to-
Digital Converter Testing”.

For operation with a microprocessor of a computer-based
test system, it s more ccrrvenient to prasent the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DACis
incremented. This provides ¥, LSB steps for the 8-bit A/D
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 A/D 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.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and sto:ss the results
of 16 successive conversions, then retums to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Softtware and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,

This converter has been designed. to directly interface with
derivatives of the B0B0 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decuding for CS and the MEMR and MEMW strobes)
or it can be controiled as an 1/0 device by using the 7O R
and /O W strobes and decoding the address bits A0 —»>

A7 (or address bits A8 —> A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 170 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 10.

A

ANALOSG INPUT o
VOLTAGE

o

A/D
UNOER TEST |

TACIO00
0-er

FIGURE 8. A/D Tester with Analog Error Output

A/G UNDER
Yest

108X ANALDS
ERROA VOLTAGE

DIGITAL
ouTMIT

FIGURE 9. Basic “Digital” A/D Tester

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

VANALOG OUTPUT

TUH/S671-18

OUTPUT VOLTAGE
CENTER VALUES
FRACTIONAL BINARY VALUE FOR CENTER V4
HEX |  BINARY
VRer/2=2.560 Voc
MS GROUP LS GROUP VMS GROUP® | VLS GROUP*

F 1 1 1 1 15716 15/258 4.800 ) 0.300 .
€1 11 0 778 7/128 4.480 - 0.260

D 1 1 0 1 13716 13/256 4.160 0.260

Cc 1 1 0.0 3/4 3/€4 3.840 0.240

B 1 0 1 1 11/16 11/256 3.520 0.220

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

9 i o 0 1 9/16 8/256 2/880 0.180

8 1t 0 ¢ 0§ 1/2 1/32 2/560 0.160

7 c 1 1 1 7/16 7/256 2.240 0.140

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

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

4 o 1t 0 0 1/4 1/64 17280 0.080

3 o o 1 1 3/16 3/256 0.960 0.060

2 ¢ 0 1 O 1/8 1/128 0.640 0.040

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

0 0 0 0o o 0 J —

$0800QV/¥08030aY/0800QV/208000V/L080
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as quired by the

ying sampie progr

FIGURE 10. ADC0801-INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801~INS8080A CPU INTERFACE

C30003

.
e
21 0C 02

310004
7
FEOF
CA1301
D3 EQ
FB

00
C30FO0l1

DBEO
77

23
C30301

RST7:
.
.

START:

RETURN;

LOOP:

CONT ¢

(User programto
process data)

*

LDDATA:

Jup

LXI H 0200H

LXI SP 0400H
MOVA, L
CPIOFRH

JZ CORT
OUTEOH

El

NOP

JNP LOOP

e & & 9

*
INEOR
NOV M, A
INXH
JMP RETURR

LD DATA

sHhpairwill point to

TUH/56T1-20

s data storage locations

; Initialize stack pointer (Notel) -

: Test # of bytes entered

sIt#=15. JNP to
suser progran

: Start A/D

; Enable interrupt
s Loopuntil end of
s conversion

s Load data into accuzulator

s Store data

; Increment storage pointer

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.
Ninte 2: All addrass used were arbitrarily chosen.

FVEI) LQH VT WOy TIN DU AW 3w Wity Wt bu Wi I wisg W by

A/D and the bus timing requirements are met to aliow 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 and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sampie 8080A 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 INSB8080A CPU chip set (comprised of the
INS8080A r-icroprocessor, the INS8228 system controtler
and the INS8224 clock generator). For simplicity, the A/D is
controiled as an I/O device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, E0. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address decoding
is still required to generate the appropriate TS for the con-
verter.

YOOI 19 1w v ws seo P m et —y rtm vmem o

decoding circuitry is necessary Each of the 8 address bits
(AO to A7) can be dlrectly used as CS inputs—one for each
170 device. . .

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figure 11) is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048,
With these extra /0 lines available, one of the 1/C fines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus
control signals RD, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at on-
chip RAM lucations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample mterfaco program
is shown below. .

.In

Ju i -
Vee n 10 v, X Wt . PR
- ombe om Vet
e il T -
wt: Hox <. ’
m L PR
o fe2 ou
ossle) Blom
lllf‘ L3 [ ]
[T L] 1ow avcwn
w
o e o i |
" . g i axmp L.
l\'w" ()] : =
" hla . aemold
s s 1 r -
Mn(—;"‘" . ~d .
a2 AR =
Vss
B

FIGURE 11. INS3048 Interfaco.

TU/H/S6T1-21

SAMPLE PROGRAM FOR FIGURE 771INS8048 INTERFACE

04 10 JNP
ORG
04 50 JNP
OR@G -
99 FE ANL
81 KOovX
89 01 START : ORL
B8 20 MoV
BS FF MoV
BA 10 MOV
23 FF AGAIN: MOV
99 FE ANL
91 MOVX
05 EN
96 21 LOOP: JNZ
EA1B DJINZ
00 NOP
00 NOP
ORG
BL INDATA: MOVX
A0 Mov
18 INC
8901 ORL
27 CLR

10H : Program starts at addr 10
3H T
S0H . s Interrupt jump vector
10H - s Main program
P1, #OFEH s Chip select -
A, @R1 ; Read in the 1st data
;toreset the intr
P1, #1 1 Set port pinhigh
RO, #20H s Data address
R1, #OFFH s Dunmy address
R2, #10H s Counter for 16 bytes
A, #0OFFH s Set ACC for intr loop
Pl, #0OFEH ; Send CS (bit 0 of P1)
@R1, A ; Send WR out
I s Enable interrupt
LOOP sWait for interrupt
R2, AGAIN s I 16 bytes are read
s Bo touser's program
50H
A, @R1 s Input data, CSstill low
@RO, A s Store inmemory
RO ; Increment storage counter
Pl, #1 :Reset CS signal
A : Clear ACC to get out of

$0802aV/$08000V/£0802AV/208000V/|
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4.2 interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. GeneralRD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request, TORG, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in I/Q space with the Z-80 is
that the CPU will automatically insert one wait state (the AD
and WH strobes are extended one clock period) to allow
more time for the /0 devices to respond. Logic to map the
A/D in I/0 space is shown in Figure 13.

an LEIBA AN
ol am
wR ) :
[
[y TUMsseTI-23
FIGURE 13, Mapping the A/D as an I/0 Device
for Use with the Z-80 CPU

Additional I/0 advantages exist as software DMA routines
areavailableandusecenbemadeolmeomndatams-
ferwhichexistsonmupperﬂaddressltm(ABtoMS)
during 170 input instructions. For example, MUX channel
selection fonheA/Dcanbescoomplishedwiththisoperat-
ing mode.

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, otc.)

The control bus for the 6800 Microprocessor derivatives
does not use the RD and WH strobe signals. Instead it em-
ploysasingleH/Wﬁneamaddiﬁonalﬁming,nneeded.can
bederivedfomme4>2ciock.Anl/0dovicesaromemory
mappedinnmsawsys:em.andaspedusiw\al.vm,
indicates that the current address is valid. Figure 74 shows
aninterface schematic whare the A/D is memory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using Y4 DM8092. Notematinmanyseoosystema.unal-

T T o W e Wi CUNMIMON bus at
pin 21. This can be tied directly to the CS pin of the A/D,

provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX, o '

The following subroutine performs essentially the same
function as in the case of the 8080A interface and it can be
called from anywhere in the user’s program.

In Figure 15 the ADCOBO1 series is interfaced 1o the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or mCBB21 Peripheral Interface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the PiA is
already memory mapped in the M6800 system and no Cs
decoding is necessary. Alsa notice that the A/D output data
lines are connected t2 tho microprocessor bus under pro-
gram control through the PIA and therefora the A/D RD pin
A sample interface program equivalent to the previous one
is shown below Figure rs.TbePMDatawComrdRagb-
tersorPonBarelocatedatHEXaddresseseooeandsoo7.
respectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
meA/D.mfactmatonopalﬁwlamﬁcmprocessorisused ;
is not meant to be restrictive. Each of these application cir-
euitswwldhavensoounterpanusinganymicroprocessor
that is desired.

5.1 Multipie ADC0801 Series to MC6800 CPU Intertace

Totmnsfetanalogdatalromseveralchanne!stoashglo
MICFOProcessor system, a muttiple converter scheme
sentsaevoralammagesovermeotmnﬁonalmuﬁphm
single-converter approach. With the ADC0801 series, the

i oremialinpu!sanowindividualspanadiustmentforeach
channel, Furthermore, all analpg input channels are sensed
simuitaneously, which essentially divides the microproces-
sorstotalsystemservicingﬁmebymenumberofchannels.
since all conversions occur simultaneously. This scheme is
shown in Figure 16.
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Functional Description (continued)

0010
0012
0015
0018
001B
001C
001D
001F
0022
0024
0027
0028
002A
002C
002E
0031
0033
0034

0036
0038
003B
003D
003F

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

DF 36
CE002C
FFFF¥8
B750 00
OE
3E
DE 34
8C 02 OF
2714
B7 50 00
[¢2-] .
DF 34

- 20F0
DE 34
B6 50 00
A7 00
3B
0200

0000
CE 0200
DF 34
DE 36

39

Note 1: in order for the mi

DATAIN STX
LDX
STX
STAA
CLI
WAX
LDX
CPX
BEQ
STAA
INX
SIX
BRA
LDX
LDAA
STAA
RTI
DB

CORVRT

INTRPT

TEMPL

TEMP2
ENDP

TEMP2
#$002C
$FFF8

" $5000

TEMP1
#$020F
ENDP

. $5000

TENPL
CONVRT
TEMPL
$5000
X

$0200

$0000
#30200
TEMPL
TEMP2

10 service subroutines and

; Save contents of X
: Upon IRQ low CPU

s Jumps to 002C

; Start ADCO8OL

sWait for interrupt

; Is final data stored?

;s Restarts ADC0O801

;Read data
;StoreitatX

; Starting address for

; data storage

sReinitialize TEMPY

s Return from subroutine

: Touser's program

1L IN PO
el
-— LI P
%
AAA
A A A o
o \7 vec} o
2 n' CLKR L——.—
B e 3 . 13 [N e MA
R L ose 10,
777 4 ®ili -1 ra1
CLKIN o1 >
Solms o b IZ: rs2
9 : . Al onlts LN NS
AnaLOG O- Vings) " W .
NPUTS 2 v Ll P4
O— NG} 9 15,
[N PR DB§ »lres
‘L M Ony '2 "
'“'FT O vaern omE R
i 0 GRD DLl o o [0 l

FIGURE 15, ADC0801-MC6820 PIA Interface

the stack pointer must be dimensionod in the user's program.

TL/H/5671-25
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Functional Description continueq)
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SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

0010 "CE0038 DATAIN ~  LDX
0013 FFFFF8 STX
0016 B6 80 06 LDAA
0019 4F CLRA
O0lA B78007 STAA
001D B7 8006 STAA
0020 OE CLI
0021 C6 34 LDAB
0023 86 3D 1DAA
0025 F78007 CONVRT STAB
0028 B780 07 STAA
002B 3E . - WAL
002¢ DE 40 10X
002B 8C020F - cPX
0031 270F -, BEQ
0033 08 P INX
0034 DF40 STX
0030 20ED BRA
0038 DE 40 INTRPT 10X
003A B6 80 06 LDAA
003D A7 00 STAA
003F 3B RTI
0040 0200 TEMP1 FDB
0042 CE 0200 ENDP B A1) ¢
0045 DF 40 STX
0047 39 RIS
PIAORB EQU
PIACRB EQU

The following schematic and sample subroutine (DATA IN)
may be used to interface (up to) 8 ADCOCI1's directly o the
MC6800 CPU. This scheme can easily be extended to aliow
meintedaoeofmconvenen.lntﬁsoonﬁgumﬁonme
converters are (arbitrarily) located at HEX address 5000 in
the MCB800 memory space: To save” components, the
cbd(signalisdeﬁvedfmmmmncmontheﬁrst
converter. This output drives the other A/Ds. ... .

AumeconvenersareswnedSiMneoquw‘MaSTORE

inchﬁonatHEXaddresssooo.NotsﬂmanyomerHEx‘

addfossofmeformSXXXwiubedeoodedbythecirqﬁf.
pulling all the TS inputs iow. This can easily be avoided by
using a more definitive address decoding scheme. All the
interrupts are ORed together to insure that all A/Ds have
completed their conversion befora the microprocessor is in-
terrupted.

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

#30038 : Upon IRQ low CPU
$FFF8 s Jumps to 0038
PIAORB ; Clear possible TRQ flags
PIACRB
PIAORB ; Set Part Bas input
#3534
#$3D
PIACRB ; Starts ADC0801
PIACRB
s Walt for interrupt
TEMP1
#3$020F 3 Is final data stored?
"“ENDP
TEMPY
CONVRT
TEXP1
PIAORB s Read data in
X ;s StoreitatX
$0200 ; Starting address for
; data storage
#$0200 sReinitialize TEMPL
TEMP1
s Return from subroutine
$8006 s Touser'sprogram
$8007

CPU, starts all the converters simultaneously and waits for
the interTupt signal. Upon receiving the interrupt, it reads the
conveiiars (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX ad-
dresses 0200 to 0207, before returning to the user's pro-
gram. Al CPU registérs then recover the ofiginal data they
had before servicing DATA IN,

5.2 Auto-Zeroed Difterential Transducer Ampiifier
and A/D Converter

The differential inputs of the ADCOB01 series eliminate the
need to perform a dii{erential 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-
erai, a transducer preamp is required to take advantage of
the full A/D converter input dynamic range.

"

Functional Description (continued

ADDRESS HEX CODE
0010 DF 44 DATAIN
0012 CE002A
0015 FFFFF8
0018 B7 5000
Q01B OE

001C 3E

001D CE 5000
0020 DF 40
0022 CE 0200
0025 DF 42
0027 DE 44
0029 39

NADR " AN PRMTITP

STX
LDX
STX
STAA
CLI
WAI
LDX
STX
LpX
SIX
LDX
RTS

-,

TENP
#8002A
$FFF8
$5000

#$5000
INDEX1
#3$0200
INDEX2
TEMP

TNV Y

L 1=
{ SATA WS B oeanim
s otan i
Y w200
7 0300 @)
e veel™> s
Lolm cLn :: os o {0}
2ol : N seaniy
: xm o8 :' - o1 a8y
ﬁ|“Wm V) :? 15 M
ANALOG O 7 {7 v [ - p—¢ a2 31} [i}
i o 2 oF 3 :'::; e it} p———dt 10
- o 1, el e M) (o
I %—Jv.wz 1 T
DGND on|
ﬂl7'—'- .
v —owu{:!ﬂ
. . .
RRN . .
. .
(NN sz
M * "
RN . D T
il . . “
i "
{
A4 .
: s mem
. .
LR . A\ vee| 2o v
e ] r.uu":
—" o
cLK W o >
3 u N (23}
L._____iom e sl — ’;’__o,..,,{.m
auatos O PN Mad :: m »
[ Y — s m s
ey [ .
- o il » g A %)
w | 0 .
i s il r——a A D3
= 'oG-’-oq-—qmum
el o, o0
]
ALS (2830
Nch!:anbersinpuonmemrofumMOS_BOOCPUphom.
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FIGURE 16. Interfacing Multipie A/Ds in an MC6800 System ) g
SAMPLE PROGRAM FOR F/G//RE 16 INTERFACING MULTIPLE A/D< IN AN MC68C) SYSTE
MNEMONICS

COMMENTS

; Save Contentsof X
; Upon TRQ LOW CPU

s Jumps to 0024
;Startsall A/D's

;Wait for interrupt
; Reset both INDEX

;land 2to starting
; addresses

TL/H/5871-26

; Return from subroutine

T g L o —



ADCO0801/ADC0802/ADC0803/ADCQ8Ca,

79. It must be noted that the ADCUBO01 series will output an
all zero code when it converts a pegative input [Vin{—) 2
Vin(+)]. Also, a logic inversion exists as all of the I/0 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 p‘ull Vx more
negative which will make the output more positive for the
next conversicn. if the data read is not zero, the output volt-
age 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 ditferential output eventually con-
verges to within 5 mV of zero.
The actual program is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. in particular.

Post A and the ADCOB01 are at port address E4

Port B is at port address E5

Port C is at port address E6

PP! control word port is at port addsess E7

Program Counter automatically goes to ADDR:3C3D upon

acknowledgement of an interrupt from the ADC0801

5.3 Muitiple A/D Converte:a In 2 Z-80 Interrupt
Driven Mode

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously.a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accompanying software is a method
of determining which of 7 ADC0801 mmm
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from .tho
converters with a priority sequence of A/D 1 being read fiest,
A/D 2 sacond, efc., through A/D 7 which would have the
Jowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the OM741S373, 8-b D~

type fiip-flop. When the Z-80 acknowiedges the interrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine will read a peripheral status word from the
DM74LS373 which contains the logic state of the TRTR out-
puts of ali the converters. Eachconvederwhichi‘nmatesan
interrupt will place a logic “0" in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is sto_red in
the next sequential memory iccation above the Iocauon of
the data so the program can keep track of the identity of the
data entered.

STAAT ZERDING
SUSROUTINE

INITIALIZE SAR
BT POINTER
REGB=X'30

!

INITIALIZE SAR
CODEINREGE -
REGC-X°7F

v

OUTPUT FIRST
3AR COOE
FORTE=X %

P

b 4

START A/D AND
READ OATA

AZ

~OR" RES BWITH

REG C Y0 CLEAR
HTIRPOAT S

WHEN REAPPLIED

) 4

SHIFT-1" M REG 8
AIGHT TO POINT TO
NEXT Y

PREANP 1S ZERDED ('
AND PROPER INPUT

“EXCLUSIVE-OR”

RECAWITHREGC

TO SEY NEXT MY
INPORT ®

CUTPUY NEW SAR

CODE TOPORT B

TL/H/S671-28

FIGURE 19. Flow Chart for Auto-Zero Routine

g

U2 DOs7 Out Control Port

s Program PPI

3D04 2601 MVIHO1 Auto~Zero Subroutine
308 7C MOVA,H :
3007 D3ES ouTC ; Close SW1 open SW2
3D0S 0680 MVI B 80 ; Initialize SAR bit pointer
3DOB 3E7F NMVIA?F s Initialize SAR code
3DOD  4F MoV C,A Return
3DOE D3ES OUT B s Port B= SAR code
3D10  31AA3D LXI SP 3DAA Start s Dimension stack pointer
3D13 D3E4 QUT A s Start A/D
3D15 FB IE
3D16 00 NOP Loop s Loopuntil INT asserted
3D17 C3163D JNPLoop
3D1A  7A MOV A,D Auto-Zero
3D1B  C600 ADX 00 - L
3D1D CA2D3D JZSetC . ; Test A/D output data for zero
3020 78 MOV A,B shifrt B .
3D21 Fe00 ORI 00 3 Clear carry .
3p23 1IF RAR ;Shift *1*® in B right one place
3D24 FEOO CPI 00 ;IsBzero? I yes last
3D26 CA37?73D JZDone s approximation has been made
3D29 47 NOV-B,A
3D2A C33330 JMP Rew(C
320 79 NOVA,C ~ SetC
3D2E BO ORAB ;Set bit inCthat is in same
3D2F 4F MOV C,A spositisnas*l* inB
3D30 C3203D JMPShifi B .
3D33 A9 XRAC Nea C i Clearbit 1inCthat is in
3D34 C30D3D  JMPReturn ; same positionas *1" inB
3D37 47 MOVB,A Done ; then output new SAR code,
D38 17C MOV AR + Open SW1, close SW2 then
339 EEO3 XRI 03 i proceed with program, Preamp
3D3B D3Es our e :1s now zerced.
3p3D o Normal

. /

. ) .

Program for procsssing

proper data values
3C3D DBE4 INA Read A/D Subroutine - 3 Read A/D data
3C3F EEFF XRIF? ; Invert data
3C41 57 MOVD,A
3C42 78 MOV A,B ; IsBReg=0? If not stay j
3043 EGFF ANI 7P ;inauto zero subroutine .’
3C45 C21A3D  JNZ Auto-Zero - N
3C48 C33D3D JMP Normal

Note: At ical values are hx

FIGURE 20. Software for Auto-Zeroed Ditferential A/D

$0800QV/$08000dY/£0800QV/20800AY/10803

5.3 Muttiple A/D Converters in a 2-80® interrupt Driven
Mode (Continued)

The following notes apply:

1) itis 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} A/D data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen ad-
dress X 3£00,

4} The stack pointer must be dimensioned in the main pro-

gram as the RST 7 instruction automatically pushes the
PC onto the stack and the subrouting neae an addianal

5) The peripherals of concem are mapped into 1/0 space
with the following port assignments:

HEX PORT ADDRESS PERIPHERAL
00 MM74C574 8-bit flip-flop
o1 A/D1
02 A/D2
03 A/D3
04 A/D 4
05 A/DS
06 A/DS6

07 A/D7




BIODATA

Nama : HER1 HARSONO
Nrp : 5103097036
TTL : Surabaya, 11 Pebruari 1979
Agama : Katolik.
Alamat : Sidoyoso II Blok 1T No 37
SURABAYA
Riwayat Pendidikan :

» SDK ‘Materdai II”’ Lumajang 1985-1991

» SMPK ‘Soegijopranata’ Lumajang 1991-1994

» SMUK ‘Soegijopranata’ Lumajang 1994-1997

» Universitas Katolik Widya Mandala Surabaya Fakultas Teknik Jurusan Teknik

Elektro tahun 1997. pada bulan April 2002 mengikuti ujian skripsi.



