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Abstract

Recording and demonstrating of ph-data to the computer
in this experiment provided with translating the data signals
form analog signals to digital signals then transformed these to
serial forms which each frame consisted of start bit,parity check
bit and stop bit, then send these to recorded by the computer
controlled with special software to recording and demonstrating
the data whenever you required. (communications among the control

ler cord and the computer used RS-232C )
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/% initialize the port %/
vold port_init(port,code)

int ports
unsign character code;
{

union REGS r;

r.x.dx = port ;/%serial port*/
r.h.ah = 0 s/#%#initialize port functionk/
r.h.al = code ;/#initialization code/

int 88 (0x14,&r,&r)

5.2 ﬁq:ﬁviaga
- 4 2 6’ ]
interrupt 14H W&z source 0 1 ﬂ=1ﬁ1uﬂﬂ1dﬁﬁa§a 1 tun W1
o i v < 2 3 2 w
SERIAL PORT n159111u DX uaznaﬂﬂﬂqsdaasmaq;ﬂuYa%u AL @%Tudnizang

' =4 Y e Y] 'Y} ¢ o
F9azaninutalu AH uacWeadu sport () ?#Yﬁ?ﬂﬂﬁfdﬂﬁﬂﬂa 1 Munw1u PORT 0

a4

73%1%
/#Send a character out the serial port %/
void sport(port,code) -
int port;/*%I/0 portsk/
char c; /%7 character to send %/
{
union REGS r;
r.x.dx = port ;/#%serial portx/
r.h.ah = 1 ;/¥send character function*/
r.h.al =0 s /%char to send*/

int 86 (0x14,%&r,&r)
if (r.h.ah & 128) { /#%check bit 7%/

printf("send error detected in serial port.")
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exit(1);
¥

}

5.3 Checking a port status
. < -
interrupt 14H war source 0 3 A=l¥dmFungaadaudniizua
du o o
port nmaqnﬁiﬂiiﬁﬂanazgﬂ1sg1u DX Tean AH nu AL qzizgﬁﬂﬂqzqaq PORT
2 <4
UURATIUGTITINN 3
< .
A1TINN 3 udav§N1Izeay serial port
ud de u‘l‘ 4‘ o ﬁuu [ 7
dﬁuintqauinwuandﬂﬂanWﬂﬂa DATA READY T9asiiufiifiaauin 2a

[ o ar t ( Y ar t
§a1ﬁ2n1uu§1 wazAtfeizanauuazieniiu rport O 1§d1n7uaﬂu§a§aQﬁn port

TEBLE 3 THE STATUS OF A SERIAT PORT

LINE STATUS (AH) BIT

MEANING WHEN SET

DATA READY 0
OVERRUN ERROR 1
PARITY ERROR 2
FRAMING ERROR 3
BREAK-DETECT ERROR 4
TRANSFER HOLDING REGISTER EMPTY 5
TRANSFER SHIFT REGISTER EMPTY 6
TIME-QUT ERROR 7

MODEM STATUS (AL)

Modem Status (AL)

Meaning when set Bit
Change in clear-to-send . 0
Change in data-set-ready 1
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Trailing-edge ring detector 2

Change in line signal 3
Clear-to-send 4
Data-set-ready 5
Ring indicator 5
Line signal detected -7

5.4 nﬂ1¥nia§a
BIOS interrupt 14H, source 2 1ﬂ1uﬂﬁidﬂu§a§aaﬁn serial
o , d e <
port Tasn serial port n??ngn1=y131u DX uazanvinaquiﬁngntnuﬁﬁﬁu
o 3 By <o ' ﬂ e a4 o
AL LAIINNITRIENRTUUNANIIL 289N 7 U AH  UdavB9I1n1Td9Uud 1L TS ania

waa

€

¢ o ] 4
d9ntfu rport OO 3=¥Tun1T81% byte faya3ain port n:zg%%

/% Read a character from a byte %/
rport (port)
int ports;/% i/o port %/
{

union REGS r3
/¥ wait for a character %/
while(!(check_statat (PORT)&256))
if tkbit()){/*%abort on keypress #/
getch();

exit (1)

we

}

i

r.x.dx port; /%serial port %/

r.h.ah = 2; /#%read character function */
int86(0x14,&r,%r);

if(r.h.ah&128)

printf("read error detected in serial port");
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return r.h.al ;

)
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3.

Send ()

While (There are byte to send){

send( a byte);

wait ()

Receive ()

¥

do {
Receive_byte(};
Send(acknowledgement.) ;

} while(there are still byte to read);
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ftinclude <dos.h>
#include <stdio.h>
#tinclude <stdlib.h>

#include <graphics.h>

int GraphDrivers;

int GraphMode;

int MaxX, MaxV;/#% The maximum resolution of the screen %/
int MaxColorss; /% The maximum # of colors availablex/

int ErrorCode; /% Reports any graphics errors/

int MaxX1;
int MaxY1l;

int MaxXZ2;

float height;

float xal,xa2,xa3,xad;

float xbi1,xb2,xb3,xb4;

float yal,ya2,ya3,ya4;

float ybi,yb2,yb3,yb4;

float xci1,xc2,xc3;

Float yci,yc2,yc3;

struct palettetype palette;/# Used to read palette info¥/
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void Initialize(void);

void MakeBorder(void);

void DrawBorder(int left,int top,int right,int bottom);
void set (void);

void linep(void);

void linepil(void);

void show_g(void);

void clear_g(void);

void set_port();
void rec_data();
void out_item();
void make_h();

void print_graph():

/% int check_stat(int port); %/

int graphms
int port=0;
int speed=0x43;

int num_hex[107];

float data_com[101;

float data_f[1031;

float count = 1;

int print_10 =03

int set_p;



main ()
{

int i3

Initialize(); /% Set system into Graphics mode*/

set ();
MakeBorder ();
make_h();
linep();
linep1();

set_port();

for(;; {

count = 13

for(i=1;i<11;i++)

show_g();

count. = 1;

for(i=1;i<11;i++) £
if (countb==1)
delay 1000

clear_g();
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void Initialize(void)

{

union REGS r;

r.h.al

0;

r.h.ah 0xf;

_int86(0x10,%r,&r);

graphm = r.h.al;

GraphDriver = DETECT; /% Request auto-detection%/

initgraph( &GraphDriver, &GraphMode, "" );

ErrorCode = graphresult();/% Read result of initialization%/

if ¢ ErrorCode != grOk ){/% Error occured during initx*/
printf (" Graphics System Error: %s\n", grapherrormsg( Error

Code ) )3

exit( 1 )3

}

getpalette( &palette );/% Read the palette from board*/

MaxColors = getmaxcolor() + 1;/%Read maximum number of colors

MaxX

getmaxx ()

Max¥ = getmaxy();/#% Read size of screen#*/

if(graphm == 3) {

MaxX1 MaxX % 1.5; /% monitor vga or ega

MaxY1

MaxY % 1.5;

MaxX2

MaxX #% 0.5;

-58-

*/

¥/



if (graphm == 7) {

MaxX1l = MaxX *% 1; ' /% monitor monochone %/
MaxY1l = MaxyY % 1;
MaxX2 = MaxX % O;

void set (void)

{
cleardevice();
setcolor(MaxColors-1);

setlinestyle(SOLID_LINE,O,NORM_WIDTH);

void MakeBorder(void)

q{

settextstyle(DEFAULT_FONT, HORIZ_DIR,1);

height = textheight ("H");

/% makeborderil %/

xal = 5;
yal = 23
xbl = MaxX-5;
ybi1 = MaxY-2;

DrawBorder(xal,yai,xbl,ybl);

/% makeborder2 #/
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xa2 = height+5;
va2 = height+2;
xb2 = (MaxX/3)%2 - height
yb2 = (MaxY/3)%2 - height ;

DrawBorder(xa2,ya2,xb2,yb2);

/% makeborder3 x/

xa3 = (MaxX/3)%2 + height ;
ya3 = height+2 ;

xb3 = (MaxX - height -5) 3
yb3 = (MaxY/3)%2 - height;

DrawBorder(xa3,ya3,xb3,yb3);

/% makeborderd4 x/

xa4 = height+5 ;

ya4 = (MaxY/3)%2 + (2xheight) ;
xb4 = MaxX - height - 5;

yb4 = MaxV - height -2;

DrawBorder(xad4,yad4,xb4,yb4d);

vold DrawBorder(int left, int top, int right, int bottom)
{

rectangle(left,top,right,bottom);
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void make_h()

{

if(graphm == 3) {
outtextxy((xa4+110), (yad4+15), "GRAPHIC OF PH. RECORDER"):;
outtextxy((xa4+120), (yas4+35),"MAJOR TELECOMMUNICATION");
outtextxy((xad4+140), (yad+55), " "FACULTY ENGINEER");
outtextxy((xas4+110),(yas4+75), "KING MONGKUT’S INSTITUTE");
outtextxy((xa4+200), (yad+95),"0F");
outtextxy((xa4+120),(ya4+110),"TECHNOLQGY LADKRABANG") s

, ,

else
if (graphm == 7) {
outtextxy((xa4+110), (yad4+10), " "GRAPHIC OF PH. RECORDER");
outtextxy((xa4+120), (ya4+23)," "MAJOR TELECOMMUNICATION");
outtextxy((xa4+140), (yad4+33),"FACULTY ENGINEER"); .
outtextxy((xad4+110),(yad4+43),"KING MONGKUT’S INSTITUTE");
outtextxy((xa4+200), (yad+53),"0F");

outtextxy(ixad4+120), (yad4+63), "TECHNOLOGY LADKRABANG");

line(xa3,ya4,xa3,yb4);

outtextxy((xa3+10), (yad+20),"KEY OPERATE"):
outtextxy((xa3+10), (yad4+40),"ESC==> QUIT"):
outtextxy((xa3+10), (yad4+55), "F2==> PRINTER LX-800");
outtextxy((xa3+10),(yad4+70),"F3==> PRINTER LQ-1050");
outtextxy((xa3+10), (ya4+85),"F4==> COM1");

outtextxy((xa3+100), (ya4+85)," F5==> COM2");
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void linep()

{

float xstep,ystep;
float 13

char bufferrC401;

xcl = xa2 + (2%20) 4+ height;
( ycl = yb2 - (2%15) - height;

xc2 = xcl;

yc2 = yal + (2%20) + heights

xc3 = xb2 -~ (2%20) - height:

ye3 = yeils;

line(xc2,yc2,xcl,ycl);

line(xc1,yc1,xc3,yc3);

outtextxy((xec3+10), (yc3-5),"NO.");

outtextxy((xc1-15),(ya2+12),"PH.");

it

xstep {(xc3-xcl1l)-(Cheight))/10;

ystep = ((ycl-yc2)Y-theight))/14;
settextjustify (CENTER_TEXT, CENTER_TEXT);

for(i=0;i<153i++) {
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line(xcl, (ycl-(ystep*i)), (xc1-(1%height)), (ycl-(ystep*i)));
itoa(i,buffer,10);

outtextxy ((xcl-(3%height)), (yc1-(ystep*i)),buffer);

for(i=o0si<1isi++) {
line((xc1+(xstep*i)),ycl, (xcl+(xstep*i)), (ycl+(i¥height)));
itoa(i,buffer,10);

outtextxy((xci+(xstep*i)), (ycl+(3kheight)),buffer);

void linepl1 )
{
float xstep,ystep;

float 1is

ystep = (yb3-ya3)/1i1;

for(i=13i<115;i++) {

line(xa3, (ya3+(ystep¥i)),xb3, (ya3+(ystep#i));

line((xa3+ (4%height)),ya3, (xa3+(4%height)),yb3);
line((xa3+(4%xheight})+(10%height),ya3, (xa3+ (4%height) )+
(10%height),yb3);

out_item();
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void out_item()
{
float ysteps
int i3

char bufferC101;

ystep = (yb3-ya3)/11;

for(i=1;i<11;i44) {
iteca(i,buffer,10);

outtextxy(((xa3+(4%height))-15), (ya3+(ystep*¥(i)))+14,buffer);

outtextxy(((xa3+(4¥height))-15), (ya3+14),"NO.");

outtextxy(((xa3+(8%xheight))), (ya3+14),"PH.");

void show_g()

{
float xstep;
float. ysteps;
float ystepis;

char buffértzoj;

ystepi = (yb3-ya3)/11;
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rec_data();

xst.ep ((xc3-xcl)-(height)) /71035

ystep ((ycl-yc2)-(height))/14;
set,fillstyle(SOLID_FILL,S8);
bar ((xc1+(xstep¥count))-3,ycl, (xcl+(xstepkcount))+3, (ycl-

(ystep*data_flcountl)));

gevt ((data_fLcountl),3,buffer);

outtextxy(((xa3+(9%height))), (ya3+(ystepik(count))+14),buffer);

if (print_10 == 1 && count == 10) {
print_graph();

print_10 = 03

count++;

void clear_g()
{
float xstep;
float ystep:

float stepis

float clear_x1;
float clear_y1l;
float clear_x2;
float clear_y2;
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stepi = (yb3-ya3)/11;

clear_x1 = (xa3+(4%height))+2;
clear_y1 = (ya3+(stepi¥count))+10;
clear_x2 = (xa3+(4%height))+(9%height);

clear_y2 = (ya3+(stepi*(count))+17);

xstep = ((xc3-xc1)-theight))>/10;

ystep ((ycl-yc2)-Cheight))/14;

setfillstyle(EMPTY_FILL, 14);
bar((xcl+(xstep*count))-3,ycl, (Xxcl+(xstep*count))+3, (yc1-

(ystep#kdata_fLcountl))) s

bar(clear_x1l,clear_yl,clear_x2,clear_y2);

count++;

void print_graphQ)
{
char ms;

int i,J,%k,Msb,Lsb;

setviewport (0,0,MaxX1,MaxY1,0);

if(set_p=1)
fprintf (stdprn, "\x1b\x31");
if(set_p=2)
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fprintf (stdprn, "\x1b\x33\25");

Lsb MaxY1l & OxO00ff;

Msb

MaxY1>>8;

for(j=0;j<{=(MaxX1-(MaxX2));Jj+=8) {

fprintf(stdprn, "\x1B%%c%c%c",1,Lsb,Msb);

for(i=(MaxY1);i>=053i--)
m=0;
for(k=0:k<8;k++) {

m<<=1;
if (getpixel (j+k,1i))m++;

}
fprintf (stdprn,"%c",m);

}

fprintf (stdprn, "\xOD\x0A");

}

veid set_port )
{

union REGS 13

r.x.dx

i
ko]
o]
Lo}
o+
-

r.h.ah

it
Q
£ 1]

r.h.al = speed;

int86(0X14, 87,87 ;

htad
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void rec_data()

{

union REGS r;

char anws

while(! (check_stat(port)&256))

if (kbhit ()) {

switch(anw=getch(})

{
case 2T7:
closegraph();
exit (1)
break;

case 60:

i
[uuY
e

print_10

set_p = 1

-

break;

case B1:

print_10 = 1;

set_p = 2;

break;

case B62:

port = O3 /¥
break;

case 83:

port 13 /%

breaks

coml %/

com2 ¥/
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r.x.dx port;

r.h.ah

]

23

int86(0x14,%r,%r);

if(r.h.ah & 128)

printf("read error");

num_hexCcountl = r.h.als;

data_comfcountl = r.h.al;

data_flLcountl = (data_comlCcountl/18.214);

check_stat (port)

{

union REGS r;

r.h.ah = 3;
int86(0x14,%r,&r);

return r.Xx.axs;
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$ AN typicai values are at VoG= SV,

Ta=25C.

#Not more 1NN oNe Oulput should Be shorisd at a time, and for SNSEH'/SNTAH' and SN34S/ SNTAS", duranon of shart-Gwouwt 3houk!not exceed | 3end,

erter
Schottky* TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
. Package . Packaye . Package . Package , Package
vica Type Device Type —{ Davice Type Davice Type Device Type -
Device Type IEToTRCF yPe rcTRMEcr PO CTRIMEF K YPe IS TPIMIcE
SN54504 J& W[ SNSAHOL 10 W] SNSIL S04 1L wif SN5e03 1T w2 SNSILQL DN T
Tl SN14SO4 1 DIND SNMHDL * i SHMLSO N SNTI04 JE|eD SNTLOL TNl
FMS$4504/F M350 [0 FMSIH04/F MIMOA | DD Fr2 | fusasas resson £ £ | FMSI04/F MINGS |OD F 2 *
FAIRCHILD [T5sisniircased b0 FCINGFCIna [DD]PE weri sinsn  Jeb [PD][FD |FMTi0a/F Ganos[00IPD
MCCR L) Fil MC510¢ Lt F
MOTOROLA eI () 2 O G IS [ o MCTH0L T
. OMSaH0d 1 W[ND! DMS4L S04 D404 JOND wif OMSaL0d JDINW| Fi
N.S.C. OMI1S04 rD oM CE I[N DML S04 UM 1404 3TiND OMI4LOS J DM [
PHILIPS NT4504 [} NT4HO04 [ NHL S04 o F IH241. 7404 T A
ETICS S54504 Fofa]  [wuf Ssamod Fojad] fwe 55404 FiRol  [we 1
SIGN NS0 FO[AD wey | NTaHO4 FDIAD NI S04 AL NT4d4 Fo{aD
SIEMENS - FoRa %
FUJITSY 4L S04 M MB11e o)A
HITACHI HOT4504 PPD HD 2L 504 P-T HDT404/HD2522 | DIPD
- B ]
MITSUBISHI M5S004 L4 MI4L S04 P M53204 G
NEC 14504 G 3L 504 cT uPB2)§ OL|
i
TOSHIBA T0304A PO
Electrical Characteristics SN54L.504/SN74L504 '
sbaolute mezimum ratings over operating free-sir temperalure range
Suacly voHage, YCC w Qpecating Hea-as [ snses ~35C 1w VG R
o v v “romperatire (3nt0 T T e Schematics {each gatas) !
S1orays lewperslure Tarys “43C o IWC
recommended operating conditions
SNS4L S04 SN74LS04
MIN NOM MAR MM NOM MAK Ut
Swaty wHage. VOC 0 3 $s 4 3 X v
Highdevel vl Cutent, oM - 400 -400 Ly
Lowlavel uigut urrent, Toy p 4 [] -4
Ousrating Weeonw lamperate, Ty =33 Kid . n c ,
g T Y 3
electrical \characteristics over recommended operating . 1
free-air temperature range
PARAMETER TEST CONDITIONS ¢t MIN TYP E MAX[uNIT
YIH High-lavel input voltage 2 v
Vi Low-level ingut voltage 0.0] Vv .
A2 Input clamp voltage Voo =MIN, )= =18mA ~1.5] V
1 T g vgg_mu VIu.'Vu. Py CTIACWT [ AL [ eI av ] a4
v High-level output voitage - Tlar v Y aw[ian[130] ¥
oH e Ry 10y =MAX "L04 | 40w] 10w]3001 121
' VCC=MIN, Vig=2V, input clamp diodes not an
VoL Lowdewel autput vatlage 1o = 4mA o4V INSALTINTAL® cireuitn. '$04 CIRCUIT
W Inpyt current at VeoeMAX, V=1V 0.1 ‘04. "L04 CIRCUITS
maumum input wltage
(T4 High-leval input_current Voo ®*MAX , Viy=2.1V W A .
N Low-lavel iput _Surrent Vog™MAX, Vi ©0.4v ~0.4} mA 4
Shortcucut [ saLs Famiy | 20" —100 }
1 =MAX
03 output current_® VCCmMAX 3018 Famiv | =20 “i00] ™ \
iccH  Supply current Voo =MAX Total, outputs bigh 1.2 24| mA ;
icclL  Suppty gurrest Totat, outputs low 3.4 §.6{ mA
Averaga per Jate ]
1 -xpp! . .
cc Supply cwrrent voo=sv (50% outy oylle) [X] mA H
' Propagatior gelay time, [73 N ' |
PLH low-10-tigh-hival autput I Vo= SV. Ta=25C. i
Propagation delay iime, CL=ISPF. R =2KQ
‘PHL Nigh-to-taw-evel output fo 15) s .
Pin Assignments (Top View) . " . |
Vee
08
Voo 6A 8Y 3A SY 1A Y IY 6A Y GND SY SA ay
fiel fralfna) [in} fie IiDJ‘ (il 17 L [¥ l U
ono
PP P L 4 P e e
iR 0gtsi) JaBaflalgNaliakl
JA Y 2A IY 3A )Y GNO TA ZIY TA Voo A 3Y 44
positive logia & . ) i
N .o
I y=X Resistor values shown are nominal and in ohms °
tFor conditions shown cs MIN or MAX, use the appropriate value tie under 11 ded .



LINEAR TYRRS BLN8, SLUANA, 4 P
INTEGRATED TL072, TLO72A, TI.(')7ZB, ﬁ.074ﬂﬂ%4l\hq‘i‘!ﬁ4ﬂﬂ¥l¥d%
CIRCUITS LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 12640, SEPTEMBER 1978~REVISED OCTOBER 1979

20 DEVIiC.ES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

. LO\A{ Noise ... V=18 nV/\/Hz Typ ¢ High Input Impedance . . . JFET-Input
. Lovo{ Harmonic Distortion . . . 0.01% Typ Stage

e  Widé Common-Mode and Differential * Internal Frequency Compensation

Voltage Ranges X e Low Power Consulln‘ption
° LOV:I Input Bias and Offset Currents e Latch-Up-Free Operation *
e  Output Short-Circuit Protection e High Slew Rate ... 13 V/us Typ

description

The JFET-input operational amplifiers of the TLO71 series are designed as low-noise versions of the TLO81 series
amplifiers with low input bias and offset currents and fast slew rate, The low harmonic distortion and low noise make
the TLO71 series ideally suited as amplifiers for high-fidelity and audio preamplifier applications, Each amplifier
features JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated on a single
monolithic chip.

Device types with an “M" suffix are characterized for operation over the full military temperature range of —-55°C
to 125°C, those with an 1" suffix are characterized for operation from —25°C to 85°C, and those with a “C** suffix

are characterized for operation from 0°C to 70°C. u

TLO70, TLOZ70A TLO71, TLO71A, TLO718 TLO72, TLO72A, TLO72B
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PACKAGE (TOP VIEW)
OFFSEL OFFSET
out ML out muLL oUY NV INY
COMP VLLs PUT  INDY N vECs PUS NN VECe PUT BUT iUt

LESRAS NI Illl“‘”’l

ool
[

OFPSET INV  WNON  Veo— OFFSIT 1NV NON  vee. OUT NV NON VeC.
NULL INPUT Ny NULL WUt v PUT (NPUT GV
comr T ™) weyut eyt

. «TLO74, TLO74A, TLO?74B TLO7S
" JOR N DUAL-IN-LINE O N DUAL-IN-LINE
OR W PACKAGE (TOP VIEW) PACKAGE (TOP VIEW)
N WVERT NONWY NONIN. INVERT. W NON N DUt (;uv NOM WY e

WG VERTING VERTING NG
OUTPUT INPUT WUl Vec.  INPUT  INPUT QUTPUT

PUT N Ut Y T Ut weruY

&.
Lo
AL RN
AMPLIFIA NO )
=
AMPLIFIER
~G 3

TNV NOWINY QUT  OUT NONINY WV Vec.
Ut MUY YT (4114 WPUT et

AMPLIFIER MO o AMPLIFIER NO 3

AMPLIFIEA N0 1 AmPLi A N0 7

OUTPUT JNVEAT NONIN  veg, NONHY INVEAT OUTPUT
NG VIATING VEATING NG
b owwut eyt WPUT Y
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO074B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

s
Ve gy

sa il

=

as

P—

outrut

schematic (each amplifier) Voe
NONINVERTING
(L0 ]
INVERTING
INbUY
OF FSET NULLACOMP (N1} O mmsf e — e e -
TLRYS ONLY ROFFSET NULL iND) O =~ ~— 4 j:[:
. W
L e T pp—— e — =
[ ]
1 t
1]
i 1080 1 10801
Vv, 1
€C- é 6
OFFSET OFFSET
wuLL NULL

INY)

AN ONLY

Gl e 10.5F OM TLB2Y TLOTR TLOY4 AND TLOTS ONLY

COMPONENT VALUES SHOWN ARE NOMINAL

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

. TLOZ7_.C
TLo7.C TLO7_1 | TLO7_AC | UNIT
TLO7_BC

Supply voltage, Voo {see Note 1) 18 18 18 \
Supply voltage, Voo (see Note 1) -18 -18 -18 \
Differential input voltage (see Note 2) +30 +30 +30 Y
Input voltage (see Notes 1 and 3) +15 115 15 \
Duration of output short circuit {ses Note 4) Unlimited | Unlimited | Unlimited
Continuous totsl d?s:ipntion at {or balow) 680 680 680 mw
25°C free-air tamparature (see Note 5) .
Operating free-gir temperature range ~5510 125 | ~25 10 85 0to 70 °c
Storage temperature range a —6510 150 |—6510 150 | -65t0 150| °C
Lead tempersture 1/16 inch {1,6 mm) from case for 60 seconds | J, JG or W package 300 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package . 260 260 tec

NOTES': 1. All voltags valuss, except differentlal voltages, are with respect to the midpoint berwesn Vees and Ve
2. Dlfferantial voitages are et the noninverting input termins! with respsct 1o the inverting input terminal.
3. The megnitude of the Input voitage must never excead the magnitude of the supply voltags or 15 volts, whichever Is less.
4. The output may be shorted to"ground or to sither supply. Tomparsture and/or supply voltagas must be limited to ensure that the
dissipation’ rating Is not exceeded, )
. 5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Tabla, In the J and JG packages, TLO7 _M chips are
3 slloy-mounted; TLO7_I, TLO7_C, TLO7_AC, snd TLO7 _BC chips are glass-mounted,
DISSIPATION DERATING TABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
'PACKAGE POWER DERATING ABOVE TLO70  TLO71  TLO72 TLO74 TLO7S
' ~ : RATING FACTOR Te TLo7m G, 1G, 1. W "
J (Alloy-Mounted Ch.m) 680 mw 1.0 MW/ ¢ aaec TLO7_1 6P JG.P  IG.P LN .
G Wioromsaorn)  omy samiid  orc || TNTC 6 mr e an
JG (Glass-Mounted Chip) 680 mw 6.6 mWrcC 4r°c JLor.AC 6P MG.P o JG.P o ;
TLO7_8BC * JG, P JG, P J.N M
N 680 mW 9.2 mW/C 76°C "
P 680 mw 8.0 mW/C 65°C These combinations are not defined by this data sheet.
) w 680 mW 8.0 mW/°Cs 65"C
Also see Dissipation Derating Curves, Section 2,
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLOT1B,
TLO72, TLOT2A, TLO72B, TLO74, TLO74A, TLO74B, TLOTS
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCCt = 15 Vv

T AH characteristics are specified under o

10 85°C for TLO? _.1: and 0°C 1o 70°C for TLO7 _C, TLO?7 _AC,and TLO? _BC.
3 Types TLO751 and TLO75M are not defined by this data sheet.

§lnpu| bias currants of a FET input operational amp
e used that will maintain the junciion temperatures as ¢

Figure 18. Pulse techniques must b

pen-toop conditions unless otherwise notad. Fuli range for T4 18 ~55C 10 125 C for TLOT _M:

lifier are narmal junction reverse currents, which are temparature sensith
lose 10 the ambient temperature as is possible.

-25°C

va as shown in

)
i
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. TLO7_C
P)\RAMETER TEST CONDITIONS? TLO7_M TLO7 TLO?7 _AC UNIT
TLO7_8C
. MIN TYP ‘MAX|MIN TYP MAX|MIN TYP MAX
"-' 70,71, °72, "75% 3 6 3 6 3 10
RAg =50 Q, ‘74 3 9 3 6 3 10
Ta=25°C *70A,'71A,‘T2A, '74A 3 6
‘718,°728, ‘748 ‘. 2 3
vVio Input offset voltage 70,71, 72, 761 - 9 9 13 mv
Rg = 50 £2, ‘74 15 9 13
Ta = tull range ‘70A,°71A, ‘72A,"T4A 15
‘71B, ‘728, ‘748 5
V10 :::‘Zt":‘::;°v°:":;"' Rg=5010, T = full range 10 10 ‘10 uvrc
I ‘70,°71,°72,°74, 753 5 50 5 50 5 50
Ta=25°C *70A,°71A,'72A,'74A 50| pA
‘718,°72B,'748 50
ho Input offset current§ 70,71, 72, 74, o 70 0 3
Ta = full range|'70A, ‘714, "72A, "74A 2| nA
‘718,728,748 2
*70,'71,'72,°74, '75% 30 200 30 200 30 200
! Ta=25°C J0A,'71A,'72A, 'T4A 30 200{ pA u
; § ‘718, 728, ‘748 30 200
Iig Input bias current 0,71, 72, 74, e 50 20 7
Ta = full range|'70A, '71A, ‘72A,°'74A 71 nA
‘718, 728, ‘748 7
| '70,°'71,°72,°74,°75% | z11 £12 t11 212 +10 11
VicR S‘::::’;:;:de eut - lya=25°C  ['70A, 714,724, 744 £ $12 v
i ‘718, °728, ‘748 £11 212
.. Ta = 25°C., Ry =10k 24 27 24 27 24 27
Maximum peak-to-peak
Vorp output voltage swing Ta = full range R >10k% 23 d = v
r Ry 22kN 20 24 20 24 20 24
Ry >2kQ, ‘70,°71,°72, 74, ‘751 35 200 50 200 25 200
Vo =10V, ‘70A,°71A,‘72A, "74A 50 200
Large-signat differential {Ta = 25°C ‘718, °728,'748 50 200
AyD ‘ e . " q = 3 ¥ VimV
voltage amplification AL 22k, 70,°71,°72,'74, 75% 20 25 15
] Vo =210V, ['T0A, T71A,'72A, ‘74A 25
' Ta = tull range ['718B, 728, ‘748 25
By Unity gain bandwidth  {Tp =25°C, Ry =10kN 3 3 3 MHz .
r input resistance Ta=25C 1012 1012 1012 Q
Cor;imon-mode rejection | Rg < 10 k2, 70,171,772.74.'75% | 80 86 8o 86 7076
CMRR ralio' Ta® 25°C ‘70A, ‘T1A,‘72A, "T4A 80 86 dB
B *718,°'728, '748B 80 86
S\&gélv voltage rejection |Rg € 10 kR, 70,771,772,'74,'75% | 80 86 8086 016
“SVR:  aio ta Vees/6 Vo) |TA=25°C ‘70A,'71A, '72A, 'T4A 80 86 de
A ‘718,728, '74B 80 86
Supply current No load, No signal,
‘ce {per ampfifier) Ta=25°C 1428 1425 14 25) mA
Vo1/Ve2 Channel separation Ayp * 100, Tp=25°C 120 120 120 d8
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B, ~
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

136

Ta-Frae Av Temperatuwre-*C

FIGURE 21

t-Frequency--Hz

FIGURE 22

1-Frequency -H2

FIGURE 23

tData at high and tow temperatures are applicable only within the rated operating {ree-asir temperature ranges of the various davices, A 18-pF
compensation ¢apacitor is used with TLO70 and TLO?0A.
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TYPICAL CHARACTERISTICST
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DIFFERENTIAL VOLTAGE AMPLIFICATION OIFFERENTIAL VOLTAGE AMPLIFICATION TLor0
v and PHASE SHIFT DIFFERENTIAL VOLTAGE AMPLIFICATION
FAEE.-AIR TEMPERATURE " v
,:1 1 000 o FREQUENCY FREQUENCY WITH FEED.FORWARD COMPENSATION |,
5 00 ind Vees =15V 1SV d . Vecs 115V | L !
w00 H 5 Au=2xn § . €3» 20
20 ] g 10 AY Tas25°C 1 5 10 P Tas25°c
™~ § \ z . \ See Fuguin 3
100 < w0 DIFFERENTIAL __ o E [T/ S S IO M S N R T
» $ N VOLTAGE =
© \ \AMPUHCAY«ON P N
3 03 — a5° 3 10
, S thet scate) 5y 3w N
> 2 3 \ \\ £ H i
H 3
10 == oo 50" £ 10 -+
? — = H \\ H 1
4F Vee-"tIsSV PHASE SHIFT b3 ’
€ Fvo-1iov é 10! leght scate) 128* 1 0 e = -4
S fra -2 < T l H !
h 1 — ' AN 180" < ' {
] ~16 60 -26 0 26 50 5 100 ‘125 V10 100 1k 10k 100K 1M tOM 100 Tk 108 100K 1M tOM
Ta~Frea-Alr Temperature-"C t-Frequency -H2 t-Frequency - Hz
i .
FIGURE 15 FIGURE 16 FIGURE 17
NORMALIZED UNITY GAIN BANDWIDTH
INPUY BIAS CURRENT and PHASE SHIF T NORMALIZED SLEW RATE
te v v vi
FREE-AIR TEMPERATURE TEMPERATURE TEMPERATURE
1 13 103 115 T 71
vVees =18y 5
i T 1 UNITY GAIN-BANDWIDTH :“2’7 :“‘5 v
[ S Z ) fett scatel — 102 V10—t
< 4 ] ; Cy = 100 pF
i = -
§ = = o4% 1o & 208 l
3 ! Z £ ™ I N
ft] prast ] £ a !
5 1 > 1 t 3T T ' T
< SHIFT . H 4 :
— t =17 | 3 (rght scatel 2 —E I~
C i 7 Tl % o9 1 g 099 5 5 095 % ) S
: 3 N '
s . 3 !
2o € VeCa 2115V \ | . ! \
2t 2 08[—R e« 2:01 098 0.50 T
1 ¥« 8y for Phase Shilt ] ! ‘{ l
oo ] LK} 097 0.85 i 1
;o780 =25 025 80 75 100 128 ~75 80 -25 0 25 S0 15 100 125 ~75 50 -25 0 25 S0 5 100 125
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TYPES TLO70, TLO70A, TLON, TLO71A, TLOTB,
TL072, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NO|SE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

in wt
Bsigw 1NaT4g 18 k32 (See Nots Al
-5V
18 pF
102
r 18 pF 1
——1— 4
Vees (
2 _BAka '\&C'
TLO72 v -
. 12 - 6 cos wt
88.4kN & vee- TLO72
18 pF g vee-  21kn
4
>k AAA————0 +15 V
1N4148 18 k(2 {See Note A)
s
88.4 k01
—AAA— -
Note A: Thase resistor values may be adjusted fors symmaetrical output.
'
FIGURE 29-100-KHz QUADRATURE OSCILLATOR
Q vee: (C PREAMPLIFIER RESPONSE CHARACTERISTICS
25 (v Sy v ARtk
f e T T )
o\.fT N\_ Veey s 115 v | | VREBLE
= YN a 1 Ta=25°C -
¢ w0l See Fguie 30 -
0 kit Ty 2 i
o— g L o T : l g
0w L—oouurut ‘é 0 H ,‘ 4 N}" je Wi
< [ D AT Hoy
L RN 11 i
5 10 b4 -4
> H [ H ) i
o1t 10 3t % s / o~ ‘L, N \
o T b eer iy
20 IR
MIN BASS * ¢ I' “1 + TREBLE
25 Lt IRanik HEWS T
20 40 100 200400 1k 2k 4k 10k 20k
t- Frequency -Hs
FIGURE 30—-AC AMPLIFIER FIGURE 31
73,9"“.
0,00375 u F
[4
X ok 3 L’ 0,003 uF
S 0.03.F T
) I¢ S ¢
\ Ry o MIN ! MIN
0.0V uF veee 100 862 { veee
< AAA— WApS 100 k0
BASS bouer 33k 3 TREBLE
000 S Max I MAX
o— 003 uF
INPUT
1060 3 10003,
S 1000 «.LK soxn S
BALANCE 10 pF L 100
5 uF T-’ T 50 pF
L

FIGURE 32-1C PREAMPLIFIER

0
QuTPUT

TEXAS INSTRUMENTS

INCORPORATED

138

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TL070, TLO70A, TLO71, TLOTIA, TLOT1B,
TLO72, TLOT2A, TLO72B, TLOT4, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHAH‘ACTERISTICS'r

OUTPUT VOLTAGE
VOLTAGE-FOLLOWER v
S M
LARGE SIGNAL PULSE RESPONSE » ELAPSED TIME
veer » 115 l
b R =2k
n
3 e €L * 100 oF ¢ OVERSHOO1
Tas25°C >
g ouTPUT 3 n /90\
2
z s d
S 3 /
8 ° > 2
: |1/ A 2 L
F] 8 M
- -2 R O SN ? K
|
_é r INPUT L) i
-4 U D IUUOP Qe PSS o - 0% veg: * ISV .
[] i Ry »2usl 4
" i Tar25C
-6 -A H L
95 1 16 2 25 3 35 0 01 02 03 04 0S5 06 07
!

t-Time-us 1-Time—ps |

FIGURE 24 FIGURE 25

v within the rated operating free-air temperature ranges of the varjous davices, A 18-pF

TData st high and low (emparutuus' are applicable onl
:ompenutlon'capaci(or is used with TLO70 and TLO70A. R
'

TYPICAL APPLICATION DATA !
0.5-Hz SQUARE-WAVE OSCILLATOR

AF = 100kQ n
e AW— ;

+15V
Q)

ouTPUT
INPUT /1 R2 4 OUTPUT i

L
L 1IN
cF-a.s,.F"‘T I ca
’ A1 =R2=2R3=156MQ
c3 i
"————1 9.1k0 p Cl=C2=—=110pF {
2x RF CF ' c1 [ 2
«o--—'—--um
= 2s R1C1 .

FIGURE 27—HIGH-Q NOTCH FILTER

»

FIGURE 26-0.5-Hz SQUARE-WAVE OSCILLATOR

Q
" vees
1M
———— AN
OUTPUT A
Vee+
& oVce-
! “/F TLO074t N
INPUT H (' + CC+
L vce- OUTPUT B
< [
100k S 100 k§1
Ovce-

Q)
Vees
L——oourrur c

ovee-

e

tor TLO76
FIGURE 28—-AUDIO DISTRIBUTION AMPLIFIER

978 .
TEXAS INSTRUMENTS 137

INCORPOR ATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



ADC0801/ADC0802/ADC0803/ADC0804/ ADCOéOS

National
Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADCO0B01, ADC0802, ADC0803, ADCO0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a ditferential potentiometric ladder—
simitar to the 256R products. These conveiters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output 1atches di-
rectly driving the data bus. These A/Ds appear like memory
locations or I/0 ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

u Differential analog voltage Inputs

um Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

M Works with 2.5V (LM336) voltage reference

m On-chip clock generator

0V to 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-

log span adjusted voltage reference

Key Specifications

Features ® Resolution 8 bits
u Compatible with 8080 nP derivatives—no interfacing ™ Total eror +/ LS8, 13 1SB and £1LS3
logic needed - access time - 135 ns " & Conversion time 100 ps
m Easy interface to all microprocessors, or operates
“stand alone"
Typical Applications
v
d i
ST vee
>3 VR . ™ TRANSOUCEAR
— 'y ey by 01T RESOLUTION
= LN PP & | avensnr otuiace
ANY 3le LY Pye [ il *S | vocrace aanae
ap’ 1 an V! Yy
w? e :‘ :: - }onn fre SEESECTION 241
« % lon acno 4 KN
& L P g vanaos
(12 oM Vagrl —Om‘x:cnau = =
-+ = L ch acn0 %7
TL/H/SATI=1
8080 Interface Error Specification (Includes Fuli-Scale,
Zero Error, and Non-Linearity)
O Full-
Part Scale VReF/2=2.500 Vpc | VRep/2=No Connection
AD e O Number (No Adjustments) (No Adjustments)
asCa00, Adjusted
oy 9 o ADC0801| =, LSB
e,
€1, SOWINT - ADC0802 +', LSB
ADC0803| =Y, LSB
DATA
: ADC0804 +1LSB
ADCO0805 +11LS8
TL/H/S8T1-01
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e e

sbsolute Maximum Ratings (Notes1&2)

1 Milltary/Aerospace specified devices are required,
jease contact the National Semlconductor ~Sales
oifice/Distributors for availability and specifications.

supply Voltage (Vee) (Note 3)
yoltage
Logic Control inputs
Al Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
pual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

Electrical Characteristics
e following specifications apply for Voc=5 Vpc, TminS Ta S Tumax and for k=640 kHz unless otherwise specified.

Storage Temperature Range
Package Dissipation at T4 = 25°C
ESD Susceptibility (Note 10)

—65°Cto +150°C

875 mwW

800V

6.5V
03Vie +18V Operating Ratings (Notes 18 2)

_ Temperature Range TMINS TAS Tmax

0:3V1to (Vec+0.3V) ADC0801/02t.J —~55'C<TA< +125°C

260°C ADC0801/02/03/04LCJ —40°CSTa< +85°C

300°C ADC0801/02/03/05LCN —~40°C<TA< +85°C

ADC0804LCN 0°C<TaS +70°C

. ADC0802/03/04LCV 0°C<Ta% +70°C

g;gg ADC0802/03/04LCWM 0°CSTAL +70°C

Range of Vce 4.5Vpcto 6.3 Vpe

Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. v, LS8
¢ (See Section 2.5.2) =
ADC0802: Total Unadjusted Error (Note 8) VRep/2=2.500 Vpc E) LSB
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. +v, LSB
{See Section 2.5.2) :
ADC0804: Total Unadjusted Error (Note 8) Veep/2=2.500 Vpo +1 LS8
ADCOB0S: Tota! Unadjusted Error (Note 8) | Vger/2-No Connection +1 LS8
Vrer/2 Input ﬁesistance (Pin 9) ADC0801/02/03/05 2.5 8.0 k)
’ ADCO0804 (Note 9) 0.75 1.1 kN
Analog Input Vollage Range (Note 4) V(+) or V(—) Gnd-0.05 Veg+0.05 Voc
DC Common-Mode Etror Over Analog Input Voltage Ve Y% LS8
Range
Power Supply Sensitivity Vee=5Vpoc = 10% Over Ve Vs LS8
Allowed VlN( +)and VIN( 2dg)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Voo =5 Vpg and T4 =25'C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time foLk = 640 kHz (Note 6) 103 114 us
Tc Convarsion Time (Note 5, 6) 66 73 1/l
ok Clock Frequency Ve =5V, (Note 5) 100 640 1460 kHz
. Clock Duty Cycle (Note 5) 40 60 %
CR’ Conversion Rate in Free-Running INTR tied to WR with 8770 8708 conv/s
Mode = C3=0 Vpc. fcLk =640 kHz
L Width of WR Input (Start Pulse Width) | TS=0Vpc (Note 7) 100 ns
tace Access Time (Delay from Falling CL =100 pF 135 200 ns
Edge of RD to Output Data Valid)
hiH, ton TRI-STATE Control (Delay CL=10pF, Ry =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
LR Delvz;_yfom Falling Edge 300 450 ns
of WH or RD to Reset of INTR
Cin Input Capacitance of Logic 5 75 pF
Control Inputs
Cour TRI-STATE Output 5 & pF
- Capacitance (Data Butfers)
&f ROL INPUTS [Note: CLK IN (Pin 4) Is the input of a Schmitt trigger circuit and is therefore specified separately}
Vin (1) Logical “1" Input Voltage Vee=5.25Vpe 20 15 Voc
(Except Pin 4 CLKIN)
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AC Electrical Characteristics (continued)
The following specifications apply for.Vce = 5Vpc and Tyin < Ta = TMmAX, untess otherwise specified. - -

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Symbol l Parameter I Conditions | Min I Typ l Max i Unity

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

Vin (0) Logical “0"” Input Voltage Vec=4.75Vpe ' 0.8 Voo
(Except Pin 4 CLKIN)

In (1) Logicat “1" Input Current ViN=5Vpc 0.005 1 pApe
(All Inputs)

N (0) Logical 0" Input Current Vin=0Vpc -1 —0.005 pADG
{All Inputs)

CLOCK IN AND CLOCKR

v+ CLK IN (Pin 4) Positive Going 2.7 3.1 35 Voc
Threshold Voltage

Vr— CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voe
Going Threshold Voltage

VR CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voe
Vr+)—(Vr—)

Vourt (0) Logical *0" CLK R Output lo=360 uA 0.4 Voe
Voltage Vee=4.75Vpe L.

Vout (1) Logical 1" CLK R Output lo= —360 pA 2.4 § Voe
Voltage Vec=4.75Vpe ’

DATA OUTPUTS AND INTR :

Vourt (0) Logical “0" Qutput Voltage
Data Outputs loutr =1.6 MA, Vecc=4.75 Vpe 0.4 Voo
INTR Output lout=1.0mA, Vec=4.75Vpg 0.4 Voc

Vourt (1) Logical 1" Output Voltage lo= —360 uA, Vcc=4.75Vpc 2.4 Voc

Vout (1) Logical *1" Qutput Voltage lo= =10 pA, Vcc=4.75 Voo 4.5 Voc

lout TRI-STATE Cisabled Output Voutr=90Voc -3 rApc
Leakage (All Data Butfers) Vour=5Voe 3 rApc

ISOURCE Vout Short to Gnd, Ta=25'C 45 mApG

Isink 4 Vout Shortto Vee, Ta= 25°C 8.0 16 mMApG

POWER SUPPLY :

lec Supply Current (Include: {oLk =640 kHz,
Ladder Current) VRer/2=NC, Tp=25C

and CS =5V

ADCO0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCV/LCWM 1.9 25 mA

Note 1: Absolute Maxmum Ratings indicate limis beyond which damage to

the dovice beyond Its specified operating conditions.

Note 2: All voitages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should atways be wired to the 0 Gnd.
Note 3: A zaner diode exists, interally, from Ve 1o Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4; For Vin{—)2 Vin(+) the digital output code will be 0000 0000,
conduct for analog input voltages one diode drop below ground or ons d
as high level analog inputs (5V) can cause this input diode to
spec allows 50 mV forward bias of
code will be corract. To achiave an absolute 0 Vpg to 5 Voc

vanations, inltial tolerance and loading.

Note 5; Accuracy is guaranteed at fcx
extended so long as the

Note 8: With an asynchronous start pulse, up 1o 8 clock penods may be required before the intemal clack phase

aither diods. This means that as

duct iall | q
P y at P

start request is intemally latched, see Figure 2 and section 2.0.

Note 7: The TS inputis a:
the converter in a reset mode and the stant

Note 8: None of these A/Ds requires a zero adjust (s

Note 9: The Vpgp/2 pin is the center point of a two-r
ADCO080S, and [n the ADC0804LCJ, each resstor is typ

Nots 10: Human body modal, 100 pF discharged throdgh a 1.5 k1 resistor.

tha device may occur. DC and AC electricat specifications do not apply when operatng

Two on-chip diodes are ted 10 each analog input (see block diagram) which wal forward
lode drop greatar than the Vg supply. B careful, curing testng at low Vcg levels (4.5V)
. and cause errors for analog inouts near full-scale. The
long as tha analog Vi does not exceed the supply vorage by more than 50 mV, ihe output
input voltage range will tharefore require a minimum supply voltage of 4.950 Vg over temperanse

= 640 kHz. At higher ctock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle fimuts can bé
munimum ciock high time interval or minimum clock fow time interval is no less than 275 ns,

saroprop«tosmtheconv«stonprmm

ssumed to bracket the WH strobe input and therefore timing is dependent on the WH pulse width. An arbitrarily wide puise width will nowd
of conversian is initiated by the low to high transiton of the WR pulsé (see tming diagrams).

ae section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5.

asistor divider connected from Vcg to ground. In all versiond of the ADC0801, ADC0802, ADCL803, and
icafly 16 ki, In all versions of the ADC0804 except the ADCOBO4LCY, each ressior is typically 2.2 kil
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'ypical Performance Characteristics

Logic Input Threshold Voltage

vs. Supply Voitage
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

-

TRI-STATE Test Circuits and Waveforms

tow, CL=10pF |

tin tin, CL=10pF tox
v Vee Veo
& —{y
Vee -y
LU 0ATA : s 0"
i outPuT GHO ——mk 1%
l - uH 1] o DATA
& 10 v ouTPUT
oara " Jox 6 oara
outPUTS I‘ ouTIUTS
= = = = oND Vou
ty=20ns ;=20 ns
Timing Dlag rams (Al timing is measured from the §0% voitage points)
START
CONVERSION
& _\ f
i
—-1 WAL — “BUSY~
ACTYUAL INTERNAL o ~
STATUS OF THE NOT SUSY

CONVERTER

o 110k Mg g e INTERNAL T —————

(LAST OATA WAS READ) 1

TL/H/S6T1-]

|
[
!

DATAIS VALID N
; QUTPUT LATCHES

Output Enable and Reset INTR

TRYR ReSET

DATA _ .
ouTrUTS

TRISTATE?D

v — o -—

HH. 00

p——

Noto: Read strobe must occur 8 clock pariods (8/1cyi) after assertion of intermupt to guaraniee reset of INTR.

INT ASSERTED

VITgx

TUH/SET1-4
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ypical Applications (Continued)

~ 6800 Interface
= ]
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (co

ntinued)

Directly Converting a Low-Level Signal

Vee
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. Vint*) Yee T
i .
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— — <
WS Vs ey e »
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Vit VYaget "
. 1"
n T 1uf A
1 ™ = % = =
-18¥pe

A pP interfaced Comparator

Yoo

B Vot

O———1vypiv)

O———{Vixt- Vapt

1

For: Vin(+)>Vin(-)

. Output= FFex
- Vrge/2=gse-m For: Vin{+)<Vin{=)
— .y Output = 00xex
1 mV Resolutlon with pP Controlled Range
Vpep/2=128 mV ok
1LS8=1mV
VoaG £ ViNE (Vpac *+ 256 mV)
= Vintol g l
Vin ,-é .t 8
4 = $°
M
[Ri]
1ovoae AT b—> 2500 Vg
| By
g PR R :
Vose . San J:unu
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s Digitizing a Current Flow
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Typical Applications (continued)

Selt-Clocking Multiple A/Ds
w O— Lt A
CKn o L B
1L .
A :: [
({83
. G Oy LKA
T
a0 ot
*Use a large R value | Lk
10 reduce loading
at CLK R output. ¥

F MORE TRAR § ADDITIONAL
A/, USE A CMO3 SUPFER INOT TIL)

Self-Clocking In Free-Running Mode

w External Clocking
o

e LIVMIRY
- 1SVMAYE

foug p——vjcun

100 kHz € Icyk < 1460 kHZ

P Intertace for Free-Running A/D
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Operating with “Automotive” Ratlomé'tric Transducers
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Typical Applications (continueq)

1P Compatible Ditferential-input Comparator with Pre-Set Vgs (with or without Hysteresis)

r—
-1 ’ .
- 1 —r Yo~ :
O] Yini®} oo ourrur | J , Voo
| [{CI
] o B
[ [

¥
O] Vit Yags t—g \ L =
v A 'A"' - S vy~ 1Ay,
'.%-' E 172 eotne E < i e S

]

1 AAA,

*See Figure 5 to select R vatue
DB7="1" for Vin(+)> Vin{ =) + (Vags/2)
Omit circustry within the dotted area if
hysteres:s is not needed

Handling + 10V Analog Inputs Low-Cost, P Interfaced, Temperature-to-Digital Converter I
a ¥,
\ 0 oct Yeo
S Ve
. ‘b »
EL ) <
A Yinis Ve ¢
+
- * wat '
Y T
S = i Vinl+l vee 1=
Sim* v 0.r
2 & T
e
— vint-t svae
= - oin
Ta e ] Vi) Yagst *L_:Lw '
*Beckman Instruments #694.3-R10K resiator array = = i
1P Interfaced Temperature-to-Digital Converter
Vee
8 ¥og
(]
1
Vinte} Voo
[TV
anven's,
Ak
I
v ¥
1
1
" N
D e A Ll Vrepl
a0
*Circuit values shown are for 0°C< T, +128°C
**Can catibrate each sansor to allow easy replacement, then n®
A/0 can be calibrated with 8 pre-set input voltage.
TL/H/58TY)
S
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typical Applications (continued)

+

Handling * 5V Analog Inputs

Voo
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Tllu!
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*Beckman Instruments ¢ 894-3-R10K resistor amay

P Interfaced Comparator with Hysteresis
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Analog Self-Test for a System
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Bead-Oply Interface
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Protecting the Input
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A Low-Cost, 3-Decade Logarithmic Converter

AWy 2 Va2 -1V
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*LM389 ransistors
A, B, C, D = LM324A quad op amp
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Typical Applications (continued)

A.B,C, D= LM324A
17 uas

Vi
1 aY 70 -10V) -

3-Decade Logarithmic A/D Converter

AAA

Vinl4

VWA

J
TERD ABJ

L]
AAA~
H

Noise Fiitering the Analog Input

Vigt)

Vagpt

1;.,,

Multiplexing Differential Inputs
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4
CxannEl
CIFFERENTIAL Ao
L

coeeny
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1ot
¥4
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i
0
. —O—AAA g Vinte)
Vinde
A0
fc=20 Hz
Usaes Chebyshev implamentation lor steeper roll-off
unity-gain, 2nd order, low-pass filter _L—-— Vinl-t
Adding a separate filter for each channel Increases =
systam responsa time if an analog multiplexer
is used
Output Buffers with A/D Data Enabied
r-o (1
o e
[ ¥ £
s L e I

39~

*A/0 output data is updated 1 CLK perod
prior to assartion of INTH

1‘ 1‘ CHANNEL
seecr
& e B
#n0w QuTrUT

PORT AP

Increasing Bus Drive and/or Reducing Time on Bus

> 4

L

o
OATA QYT BATA IS

TRESTATES
A
° SUFFERE

T

TULH/5671-1¢

*Altows output data 10 set-up at lafling edge of TS
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Typical Applications (ontinued)

e

Note 1: Oversample whenaver possible

Sampling an AC Input Signal

FILTER
SKINL

44703048 1
"+

>

LOW-PASE, MULTIPOLE
111841}

—-—| [‘ l-—-

ALl
AN N
woLo Vinl*}
(131
™ I v T
CONTAGL _-r Y
_[— Vi1
e LU ]

»—

—] 1A,

(atiasing} and to aliow for tho skirt responsa of the filter.
Note 2: Consider the amplitude errors which are introduced within the passband of the filter.

70% Power Savings by Clock Gating

[keap fs > 2t{—60)] to eliminate input froquency folding

fong
i CLKIN
Vee [
v
'] ° - Y 'IR e °
Sk TR e I O ]
TeAn 9 'y 31
[
1] nen
ju st 3 IEH
To N0 (Complete shutdown takes = 30 seconds.)
Power Savings by A/D and VReF Shutdown
o ¥,
on (!c\sn:l
w
or¢ o mnes
! contaoL ang

P CONTROL
sus

D

=R

Yee

Vaes?

= !
::E‘ :: "

O GATA
dus

L0 BATA oum§ frors
—,
s 18 AN

*Use ADCOB01, 02, 03 or 05 far lowest power consumption.

Note: Logic inputs can be driven 10 Veg with A/D supply at zero volts.
Butfer prevents data bus from overdnving output

of A/D when in shutdown mode.

TL/H/S6T1-11
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the VReg/2 pin). The digital
output codes that correspond to these inputs are shown as
D—1, D, and D+ 1, For the perfect A/D, not onty will center-
value (A—1,A,A+1,. . . .)analoginputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located +; 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 £,
LS8 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 case error plot for the ADC0801.
Alf 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 =, LSB. In

other words, if we apply an analog input gqual to the cenig,
value * VY, LSB, we guaraniee that the A/D will produca
corract digital code. The maximum range of the position 4
the code transition is indicated by the horizontal arrow angy
is guaranteed to be no more than ¥; LS8.

The error curve of Figure 1c shows a wWorst Case error piy
for the ADC0802. Here we duarantee that if we apply g
analog input equal to the LSB analog voltage center-vagy
the A/D will produce the correct digital code.

Next to each transfer function is shown the correspo
error plot. Many people may be more familiar with error pioy
than transter functions. The analog input voltage to the A/p
is provided bv either a linear ramp or by the discrete outpy
steps of a highsresolution DAC. Notice that the error Is con
linuously disptayed and includes the quantization uncertain.
ty of the A/D. For example the error at point 1 of Figure 1a
is +Y, LSB because the digital cods appeared ', LSBin
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up
side steps are always 1 LS8 in magnitude.

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




Functional Description (Continued)

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
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
Jatch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated In the free-running mode by connecting iNTH to
the WH input with TS5 =0. To ensure start-up under all pos-
sible conditions, an external WH pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the G35 input and WR input remaln low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition.

A functional ciagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.

The converter Is started by having TS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1" level resets the 8-bit shift register, resats the inter-
rupt (INTR) F/F and inputs a 1" t0 the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfar this *1” to the Q output of F/F1. The
AND gate, G1, combines this “1" output with a clock signal
to provide a raset signal to the start F/F. If the set signal Is
no longer present (either WA or CS is a *1") the start F/ Fis
reset and the 8-bit shift register then can have the “qn
clocked in, wnich starls the conversion process. If the set
signal were to still be present, this reset puise 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
1o be held in the reset mode. This {ogic therefore allows for
wide CS and VR signals and the converter will start after at
lsast one of the~g signals returns high and the internal
clocks again provide a reset signal for the start F/F.

“17 = AESET SHIFT RESISTER
“g o QUSY AND QUIESCENT STATE

INPUT PACTECTION
FOR ALL LOSIC INP.TS

meut o
TO INTEANAL 3
ClAcL™s

RV b,

o

) START CONVERSION
vt NG
t
le— 1F RESET = 0"
1 LAGOER 7Y J DU Sy ¥ T
‘ VREF/T AND LATCH SHIFT R4
OECOUER 3 moren [ ngoisren | RESET
- r—
L =4 [ ]
0AC K [
t Vioun Y
- [
l AGND o 8
= Veé N |
[
LATCK 1
comp ]
§ +
ViNgs) > . YYVvYy
- XFER
) TRLSTATED o . Rl
Vint- OUTPUT LATCHES
) ] bt 1 1010}
|

¥ ST | = ,

F) 2

N1z s 17 —][— ' WK
DIGITAL OUTPUTS CHWY. TR
TRISTATED CONTROL ——l Lasaad PRLITY
=1=» QUTPYT ENADLE
Resey
TL/H/5871~-13

Note 1: TS shown twice for clarlty.
Nots 2: SAR = S @ Approximation Regist

FIGURE 2. Block Dlagram
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Functional Description (Continued)

After the *1" is ciocked through the 8-bit shift register
(which complates the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this “1" is output
from the shift register, the AND gate, G2, causes the new
digltal word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting butfer then suppiies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the externa clock periods (as the internal clocks run at
Y of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a 1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock fraquency
{assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and TS wired low—seo
also section 2.8), the START F/F Is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type fatch, LATCH 1,
to go low. As the latch enable input is still present, the a
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTH output
pulse to only a few propagation delays (approximately 300
ns).

When data Is to be read, the combination of both CS and
D being low will cause the INTR F/F to be reset and the
TRI-STATE output latches wilt be enabled to provide the 8-
bit digita! outputs.

2.1 Digital Control Inputs

The digital contro! inputs (CS, RD, and WR) meet standard
T2L logic voltage levets. These signals have been renamed
when compared to the standard A/D Start and Output En-
abla labels. In addition, these inputs are active low to allow
an easy Interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse applied at the WH input (pin
3) and the Output Enable function s caused by an active
low puise at the RD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility duse to the
analog differential voltage input. The Vin(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. in addition, common-
mode noise can be reduced by use of the differential input.
The time interval between sampling Vin(+) and Vin(—)1s 4-
Y, clock periods. The maximum error voltage due to this

slight tima difference between the input voltage samples
given by:

4.5
AVe(MAX) = (Vp) (27lcm) (m )

where:
AV, is the error voltage dud to sampling delay
Vp is the peak value of the common-mode voltage
{em is the common-mode frequency

As an example, to keep this error to Y LSB (~5mV) wha-'

operating with a 60 Hz common-mode frequency, fems and
using a 640 kHz A/D clock, Iy, would Miow a peak vahe
of the common-mode voltage, Vp, which is given by: '

Vo = [AVapax) (ferid]
P
(2mle) (4.5)

PV TY LY

or
_Bx 10-3) (640% 103) R

P~ T (6.28) (60) (4.5) ‘.

which gives 3
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictiops on input common-mode noise lev-
els.
An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltagse).

[

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the internal switching action, displacement curerits
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.
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toiscuance | ‘oM Vel
. 7
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= |

ronOf SW1and SW2 a 5k
r=ron CstRay = 5kt » 12pF = 60 ns

TU/H. 565T1-14

FIGURE 3. Analog Input Impedance
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Functional Description (Continued)

The voltage on this capacitance is switched and will resultin
currents entering the Vin(+) input pin and leaving the
Vin(—) input which will depend on the analog ditferential
input voltage levels. These current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period. -

Fault Mode

| the voltage source applied to the Vin(+) or Vin(-) pin
exceeds the allowed operating range of Vg + 50 mV, iarge
input currents can flow through a parasitic diode to the Vg
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the current bypassed with
this diode, the voltage at the V|n(+) pin can exceed the
Ve voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacltors

Bypass capacitors at the inputs will average these charges
and cause a DC current t0 flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversion with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 pA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Viges/2 pin tor high resistance sources (> 1
kQ). If input bypass capacitors are necessary for noise fiter-
ing and high source resistance is desirable 10 minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be aliminated with a full-scale
adjustment while the given source rasistor and input bypass
capagcitor are both in ptace. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause ervors as the input cur-
rents settle out prior to the comparison time. if a low pass
filter Is required in the system, use a low valued series resis-
tor (< 1kft)fora passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 k), a 0.1 uF bypass capacitor at the inputs will
prevent noise pickup due 10 series lead inductance of 2 long
wire. A 1000} series resistor can be used to isolate this ca-
pacitor—both the R and G are placed outside the feedback
loop—from the output of an cp amp. if used:

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as ghort as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k1. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
plits to ground, will eliminate system noisa pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
lion 2.3.1.). This scale error depends on both a large source

(esistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D {adjust VReg/2 for a proper tull-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.*

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpe, 2.5 Vpg or an adjusted
voltage reference. This has been achieved'in the design of
the IC as shown in Figure 4.

Vee Vaer!
20
R
= .
Rer O . DIGITAL
]__ CIACUITS
t ARALOG
By Decont CIAcuITS
3
b3 }_
o
AGNO 1 TGO |10
= /7

TL/H/5871-15
FIGURE 4. The VREFERENCE Deslign on the IC

Notice that the reference voltage for the IC is either Y, of
the voltage applied to the Ve supply pin, or is equal to the
voltage that is externally forced at the Vpreg/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply, a 5 Vpc refarence voitage can be used for the Veo
supply or a voltage less than 2.5 Vpg can be applied to the
VRer/2 input for increased application flexibifity. The inter-
nal gain to the VRer/2 inputis 2, making the full-scale difter-
ential input voltage twice the voltage at pin 8.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltags range
of the analog input voltage. if the analog input voitage were
to range from 0.5 Vpg 1o 3.5 Vpc, instead of OV to § Voo
the span would be 3V as shown in Figure 5. With 0.5 Vpc
applied to the Vin{—) pin to absorb the oftset, the reference
voltage can be made equal to ¥; of the 3V span or 1.5 Vpo.
The A/D now wili encode the Vin{ +) signal from 0.5V103.5
V with the 0.5V input corresponding to zero and the 3.5 Vpe
input corresponding to tull-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.

50800QV/¥0800AV/£08000V/ £0800QY/108000Y
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Functional Description (continued)

*Add it Vagp/2 € 1 Vpg with LM358

to draw 3 mA to ground.
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a) Analog Input Signal Example
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b) Accommodating an Analag Input from

0.5V (Dlgital Out = = 00ugx) to 3.5V
(Digital Out=FFygx)

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

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC0805 is specified particularly for use in ratio-
metric applications with no adjustments required. tn abso-
lute conversion applications, both the initial vaiue and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Vagr/2
voltages of 2.4 Vpc nominal value, initial errors of 10
mVpg will cause conversion errors of 1 LSB duse to the
gain of 2 of the VRep/2 input. In reduced span apptications,
the initial value and the stability of the Vger/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-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the VRer/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stability of the reference source.

In general, the magnitude of the reference voltgge will re-
quire an initial adjustment, Errors due to an imp}oper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for rel-
erences if the amblent temperature changes aré not exces-
sive. The LM3368 2.5V IC reference diode (trcitn National
Semiconductor) has a temperature stability of *8 mV typ
(6 mV max) over 0°C<Ta<+70°C. Other ‘bmperature
range parts are also available.

2.5 Errors and Reference Voltage Adjustments

2.5.1Zero Error

The zero of the A/D does ndt require adjustment. If the
minimum analog input voitage value, Vingvin). i not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital cods for this minimum input voltage
by biasing the A/D V(=) input at this Vinminy value (seo
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error 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 Vi (—) input and applying a‘§m§ll
magnitude positive voltage to the Vin (+) input. Zero error
is the difference between the actual DC input voltags that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal %, LSB value
(V. LSB = 9.8 mV for Vrer/2=2.500 Vpg)-

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voitage that is 1%; LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vrgr/2 input (pin 9 or the Vcg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,

3-32



j—
functional Description (continued)

15.3 Adjusting for an Arbitrary Analog Input Voltage
Range
1 the analog zero voltage of the A/D Is shifted away from
yound (for example, to accommodate an analog input sig-
.l that does not go to ground) this new zero reférence
hould be properly adjusted first. A Vin(+) voltage that
quals this desired zero reference plus '; LS8 (where the
| 58 is calculated for the desired analog span, 1 LSB=ana-
g span/256) is applied to pin 6 and the zero reference
ltage at pin 7 should then be adjusted to just obtain the
HeX to O1Hex code transition.

t:e full-scale adjustment should then be made (with the
oper Vin(—) voitage applied) by forcing a voltage to the
i +) input which is given by:

Viax — V.
Vi (+) fs adj = Vax—1.5 [ (_MAx___MM]

256
re:
1Vmax = The high end of the analog input range

Vumin =the low end (the offset zero) of the-analog range.
‘oth are ground referenced.)

1@ VRer/2 (or Vcg) voltage is then adjusted to provide a
e change from FEgx to FFyex. This completes the ad-
plment procedure.

!.fx Clocking Optlon

‘a clock for the A/D can be derived from the CPU clock or
texternal RC can be added to provide self-clocking. The
'K IN (pin 4) makes use of a Schmitt trigger as shown in
ure 6.

| T

ICLKA

11 1
few =T TRe
g NO
]
|

FIGURE 6. Self-Clocking the A/D

TUH/5671-17

l,ivy capagcitive or DC loading of the clock R pin should be
ided as this will disturb norma! converter operation.
ds less than 50 pF, such as driving up to 7 A/D convert-
fock inputs from a single clock R pin of 1 converter, are
wed. For larger clock line loading, a CMOS or low power
. butfer or PNP input logic should be used to minimize
loading on the clock R pin (do not use a standard TTL
er).

Restart During a Conversion

8 A/D is restarted (CS and WH go low and return high)
1g a conversion, the converter is reset and a new con-
ion is started. The output data latch is not updated if the

& .
i . - -

conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
tatch. The INTR output simply remains at the 1" level.

2.8 Continuous Converslons

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

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require’a bus driver whan the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

Al higher CPU clock frequencies time can be extended for
110 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
butters (low power Schottky such as the DM74L.S240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplles

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vg pin and values of 1 uF or greater are
recommended. I an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the V¢ supply.

2.11 Wirlng and Hook-Up Precautlons

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and teads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.

50800QV/+08004V/£08000V/208000V/108000VY
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Functional Description (continued)

A single point analog ground that is separate lrom the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be 1eturned to digital ground. Any VReg/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shieid-
ing should be returned to the analog ground point. A test for
proper grounding is 10 measure the zero error of the A/D
converter. Zero errors in excess of ¥, LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero eror).

3.0 TESTING THE A/D CONVERTER

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

For ease of testing, the Vgeg/2 (pin 9) should be suppiied
with 2.560 Vpc and a Vgg supply voltage of 5.12 Vpg
shduld be used. This provides an LS8 value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120~1Y; LSB) should be applied to
the Vin(+) pin with the V|n(—) 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 to 1111
1111. This value of VReg/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 characlers, the 4 most significant (MS)
and tha 4 least 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 value of the digital display (when
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FIGURE 7. Basic A/D Tester

VRer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltags
values from the table are 3.520 + 0.120 or 3.640 Vps.
These voltage values represent the center-values of a per-
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 system, of to obtain plotted data, 3
digital-to-analog converter is needed for the test set-up. An
accurate 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 emor
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,

“A-C", directly. The analog input voltage can be supplied :

by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
{X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present 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 DAC s
incremented. This provides Vi LSB steps for the 8-bit A/D
under tast. 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 stores the results
of 16 successive conversions, then returns 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. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for TS and the MEMRA and MEMW strobes)
or it can be controlled as an 1/0 device by using the iI0OR
and i70 W strobes and decoding the address bits A0 —

A7 (or address tits AB — A15 as they will contain the
same 8-bit addrass information) to obtain the TS input. Us-
ing the I/Q space’ provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can

only be input to the accumulator. Te 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 1/0
space is shown in Figure 10.
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Functional Description (Continued)
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FIGURE 9. Basic “Dlgital” A/D Tester

TABLE |. DECODING THE DIGITAL OUTPUT LEDs

VANALOG OUTPUT

TL/H/5671-19

OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR GENJFEI VALUES
HEX BINARY ' WITH
Veer/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP* | VLS GROUP*®

F 1 1 1 1 15/16 15/256 4.800 0.300
E 1t 1 v 0 7/8 7/128 4.480 0.280
0 1t 1 0 1 13/16 13/256 4,160 0.260
c 1 1t 0 0 3/4 Q. 3/64 3.840 0.240
8 1 0 1 1 11/16 11/256 3.520 0.220
A i 0 1 0 5/8 5/128 3.200 0.200
9 i 0 0 1. 9/16 9/256 2/880 0.180
8 1 0o 0 O] 1/2 1/32 2/560 0.160
7 o 1 1 1 7/16 7/256 2.240 0.140
6 o 1 1 0 3/8 3/128 1.920 0.120
] o 1 0 1 5/16 2/256 1.600 0.100
4 o 1 0 0 1/4 1/64 1/280 0.080
3 o 0o 1 1 3718 3/256 9.960 0.060
2 0o 0 t o0 1/8 1/128 0.640 0.040
1 o 0 o 1 1/16 17256 0.320 0.020
0 0 0 0 0 0 0

'asplly Qutput=VMS Group + VLS Group

S
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Functional Description (Continued)
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Note 1: *Pin numbers for the DPB228 system convroller, others are INSB080A.
Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 kfl resrstor to generate the RST 7
instruction when an interrupt 1s acknowiedged as required by the accompanying sample program,

FIGURE 10. ADC0801~INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-1NS8080A CPU INTERFACE
JMP LD DATA

0038 30003 RST 7:
L] . L]

0100 210002 START:

0103 310004 RETURN:
01086 7D

0107 FE OF

0109 CA1301

010C D3 EO

010E FB

010F 00 LOOP:

0l10 C3 0F 01

0113 . CONT:
L] * ] 4
. . {(User progrbmto
. . process dath)
L] . L]
L] L] )

0300 DB EO LDDATA:

0302 77

0303 23

0304 '¢30301

LXI H 02008

LX1 SP 0400H
MOVA, L
CPIOFH

JZ CONT
OUTEOH

El

NOP

JMP LOOP

INEOH

MOV M, A
INXH

JMP RETURN

;HLpairwill point to

; data storage locations

: Initialize stack pointer (Note 1)
; Test # of bytes entered

;It#=16. INP to

suser program

; Start A/D

; Enable interrupt

;Loopuntil end of

s conversion

1 Load data into acoumulator
; Store data
; Increment storage pointer

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.

Nole 2: Ali address used were srowranly chosen.

3-36



Functional Description (Continued) .-
The standard control bus signals of the 8080 TS, RD and
WH) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Clreultry and
Program

The following sample program and associated hardware
shown in Figure 10 may be used to input data from the
_converter to the INS8080A CPU chip set (comprised of the
' INS8080A microprocessor, the INS8228 system controfler
and the INS8224 clock genarator). For simplicity, the A/D is
controlled as an 1/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, EO. 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 CS for the con-
verter.

1t is important to note that in systems where the A/D con-

verter is 1-0f-8 or-less 1/0 mapped devices, no address- -

decoding circuitry is necessary. Each of the 8 address bits
{AO to A7) can be directly used as CS inputs—one for each
1/Q 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 /0 lines and threa test input lines in the 8048.
With these extra 170 lines available, one of the I/0 lines {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 AID, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The PO and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample intertace program
is shown below.

[w ) CHE CO

ALY DL W Yoo T'm
o8 1 1} on -
on ke on
[]}] ‘,:: :: [+]1}]
o ¢ oM
ons Blous
one e LY

wass g [ Wioer aoceat
15F
- LNET LK IN - L
T | 1T -
mpt iz Ao ".
' ocnn‘:}
AnALOg [—]Vut*
i NPUT | ] Vini-) =
_Lu

TU/H/S671-21

FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 11INS8048 INTERFACE

0410 JIMP 10H : Programstarts at addr 10
ORG 3H
04 50 JIMP 50H ; Interrupt jump vector
ORG 108 ; Main progrem
99 FE ANL Pl, #OFEH ;Chip select
81 MOVX A, @GRL :Read in the lst data
. 1 to reset the intr
89 01 START: ORL Pl, #1 : Set port pinhigh
B8 20 MOV RO, #20H ;Data address
B9 FF HOV RY, #OFFH ; Dummy address
BA 10 MoV R2, #108H ; Counter for 16 bytes
23 FF AGAIN: MOV A, #OFFH :Set ACC for intr loop
99 FE ANL Pl, #OFEH :Send CS (bit O of P1)
91 MovX @R1, A ; Send %R out
05 EN I sEnable interrupt
96 21 LooP: JINZ LOOP ;Wait for interrupt
EA 1B DINZ R2, AGAIN ;If 16 bytes are read
00 : NOP ; go touser's program
00 Nop
ORG S50H
8l INDATA: MOVX A, @Rl : Input data, CSstill low
AO MOV éRO, A s Store inmémaery
i8 INC RO ; Increment storage counter
89 01 ORL P1, #1 ;Reset CS signal
27 CLR A ;i Clear ACC to get out of
93 1 RETR s the interrupt loop
S 3.37
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Functional Description (Continued)

4.2 interfacing the Z-80

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

1] LB
oRT AD
w3
R
WC? TU/H/S671-23
FIGURE 13. Mapping the A/D as an i70 Device
for Use with the Z-80 CPU

Additional /O advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during /O input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WA strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All 170 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicaies that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using ¥» DM8092. Note that in many 6800 systems, an al-

ready decoded 37: line is brought out to the common bus al
pin 21. This can be tied directly to the TS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or SXXX. '

The following subroutine performs essentially the same
function as in the case of the,B0BOA interface and it can be
called from anywhere in the user's program.

in Figure 15 the ADCOBO1 series is intertaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MCB820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no C§
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one
is shown below Figure 15. The PIA Data and Control Regis-
ters of Port B are located at HEX addresses 8006 and 8007,
respectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant 1o be restrictive. Each of these application clr-
cuits would have its counterpart using any microprocessor
that is desired.

5.1 Multiple ADC0801 Series to MC6800 CPU Intertace

To transter analog data from several channels 10 8 single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADCO0801 series, the
differential inputs altow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is '
shown in Figure 16.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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Functional Description continued)

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

0010 DF 36 DATAIN STX TEMP2 s Save contents of X
0012 CE 00 2C LRX #8002C ; Upon TRQ Low CPU
0018 FFFFF8 STX $FFF8 ; jumps to 002C
0018 B7 5000 STAA $5000 s Start ADCO8OL
001B ()4 . CLI
[s1s3X4] 3E CONVRT WAL ;Wait forinterrupt
001D DE 34 LDX TEMPY
001F 8C 02 0OF CPX #§020F ; Is final date stored?
0022 27 14 BEQ ENDP .
0024 B7 50 00 STAA $5000 ;Restarts ADC0O801
0027 08 INX
0028 DF 34 STX TEMPL
0024 20 FO BRA CONVRT
002¢C DE 34 INTRPT LDX TEMP1
002E B6 50 00 LDAA $5000 ; Read data
0031 A7 00 STAA X ; Store it at X
0033 38 RTI
0034 0200 TENMPL FDB $0200 ; Starting address for
;data storage
0036 00 00 TENP2 FDB $0000
0038 CE 0200 ENDP LDX #30200 ;Reinitialize TEMPL
0038 DF 34 STX TEMPL
003D DE 36 N LDX TENP2
003¥ 39 . RTS ; Return from subroutine
; Touser's program
Note 1: In order for the microp 1o service subroutines and interrupts, the stack pointes must be dimensioned in the user's proy.am.
Byten
4 B len
100
'{J %3 - vee 206y
207 cixnfd
1oiwm AL 100 0 HA »
77 ";Q W 1] T
CLK N DAY {81
sq INTR ao oazfte 2y
ANALOG © T oaa LN P
INPUTS O- L Jvine) " onef ]
s 2 dacno Des, 13 LLPY Y9
158 nF_E ol Vhes2 one 2 %, res
doeno omr LN P
Aoxs

TUH/S671-25
FIGURE 15. ADC0801-MC6820 PIA Interface
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Functional Description (Continued)

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX
0013 FFFFF8 STX
0016 B6 80 06 LDAA
0019 4F CLRA
0014 B7 8007 STAA
001D B7 8006 STAA
0020 OE crl
0021 634 LDAB
0023 86 3D ) LDAA
0025 F7 8007 CONVRT STAB
0028 B7 80 07 STAA
0028 3E WAl
002C DE 40 LDX
002E 8C 02 OF CPX
0031 27 OF BEQ
0033 08 INX
0034 DF 40 STX
0036 20ED BRA
0038 DE 40 INTRPT LDX
003A B6 80 06 LDAA
003D A7 00 STAA“
003F 3B i RTI
0040 0200 TEMPL FDB
0042 CE 02 00 ENDP 1DX
0045 DF 40 STX
0047 39 RTS
PIAORB EQU
P1ACRB EQU

The following schematic and sample subroutine (DATA IN)
may be used to interface (up 10} 8 ADC0801's directly to the
MC6800 CPU. This scheme can easily be extended 1o allow
the interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save, components, the
clock signal is derived from just one AC pair on the first
converter. This output drives the other A/Ds.

All the converters are started simultaneously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling all the T8 inputs low. This can easlly be avoided by
using a more definitive address decoding scheme. All the
interrupts are ORed together 1o ipsure that all A/Ds have
completed their conversion before the microprocessor is in-
terrupted.

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

#$0038 ; Upon TRQ low CPU
$FFF8 : Jumps to 0038
PIAORB ; Clear possible Tﬁ_d flags
PIACRB
PIAORB ; Set Port B as input
#$34
#83D
PIACRB ; Starts ADC0801
PIACRB
;Wait for interrupt
TEMP1
#$020F ;Is fipal data stored?
ENDP
TEMP1
CONVRT
TENFL
PIAORB ; Read data in
X s Store it at X
$0200 : Starting address for
; data storage
#$0200 :Reinitialize TEMPL
TENP1
: Return from subroutine
$8006 s Touser's program
$8007

CPU, starts all the converters simultansously and waits for '
the interrupt signal. Upon receiving the interrupt, it reads the
canverters (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. All CPU registers then recover the original data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended conversion for
a ditierential transducer. Thus, one op amp can be eliminat-
ed since the differentiat to single ended conversion Is pro-
vided by the difterential input of the ADCO0801 series. in gen-
eral, a transducer preamp Is required to take advantage of
the full A/D converter input dynamic range.




Functional Description (Continued)
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Note 1: Numbers in parenthesas refer to MC8800 CPU pin out.

Note 2 Numbers of latters in brackets refer 10 standard M6800 system common bus code. TL/H/5671-28

ADDRESS
0010
0012
0015
0018
001B
001C
001D
0020
0022
0025
0027
0029
002A
002¢C
002E
002F
0031

FIGURE 16. Interfacing Multiple A/Ds in an MC6800 System
SAMPLE PROGRAM FOR FIGURE. 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

HEX CODE

DF 44
CEQ0 24
FFFFF8
B7 5000
)3

3E

CE 5000

" Dr40

CE 0200
DF 42
DE 44
39

DE 40
A8 00
08

DF 40
DE 42

DATAIN

INTRPT

MNEMONICS

SIX
LDX
STX
STAA
CLI
WAL
LpX
STX
LDX
STX
LDX
RTS
LDX
LDAA
INX
STX
LDX

TENP
#$002A4
S$FFF8
$5000

#$5000
INDEX1
#$0200
INDEX2
TENP

INDEX1
X

INDEX1
INDEX2

COMMENTS

; Save Contentsof X
; Upon TRQ LOW CPU

; Jumps to 0024

s Startsalla/D's

;Wait for interrupt

s Reset both INDEX
;1and 2 to starting
; addresses

; Return from subroutine

t INDEXL — X

; Read data’in fromA/Dat X
; Increment X by one

;X — INDEXL

; INDEX2 — X
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Functional Description (continued)
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Note 2: Switches are LMC13334 CMOS analog switches.
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FIGURE 17. Gain of 100 Differentlal Transducer Preamp
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Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE P ‘MNEMONICS COMMENTS
0033 A7 00 STAA X i.StoredataatX
0035 8C 0207 cPX #50207 ‘:Have all A/D*sbeenread?
0038 2705 BEQ RETURN ;Yes: branch to RETURN
003A 08 INX s No: increment X by one

" 0038 DF 42 STX INDEX2 ;X ~ INDEX2
003D 20EB BRA INTRPT ; Branch to 0024
003F 3B RETURN RTI
0040 50 00 INDEX1 FDB $5000 ; Starting address forA/D
0042 0200 INDEX2 FDB $0200 ; Starting address for data storage
0044 00 00 TEMP FDB $0000

Note 1: in order for the microprocessor 10 service subroutines and interupts, the stack pointer must be dimensioned in the user's program.

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the
preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelied by a zeroing
subroutine which is performed by the INS8080A microproc-
essor $ystem. The total allowable input offset voitage error
for this preamp is only 50 pV for Y4 LSB error. This would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

Vo = Vin(+)=Vin( =)l [1 + %R—f] +

W bbbl i, |/

SIGNAL GAIN
2R2
{Vosy — Vosy — Vosy t IxRx) (1 + —R_1_)
N £ IR N
DC ERROR TERM GAIN

where Iy is the current through resistor Ry. All of the offset

.error terms can be cancelled by making *IxRx= Vosy +

Voss — Vosz. This is the principle of this auto-zeroing
scheme.

The INSB80B0A uses the 3 1/0 ports of an INSB255 Pro-
gramable Peripheral Interface (PPI) to control the auto zero-
ing and input data from the ADC0801 as shown In Figure 18.
The PPl is programmed for basic 1[/O operation (mode 0)
with Port A bsing an input port and Ports B and C being
output ports. Two bits of Port C are used to alternately open
or close the 2 switches at the input of the preamp. Switch

SW1 is closed to force the preamp's differential input to be
zero during the zeroing subroutine and then opened and
SW2 Is then closed for conversion of the actual differential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias current of the input amnlifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at Vy increases or decreases as re-
quired 10 make the ditierential output voltage equal to zero.
This Is accomplished by ensuring that the voltage at the
output of A1 is approximately 2.5V so that a logic “1" (5V)
on any output of Port B will source current into node Vy thus
raising the voltage at Vx and making the output differential
more negative. Conversely. a logic 0" (OV) will pull current
out of node Vx and decrease the vollage, causing the differ-
ential output to become more positive. For the resistor val-
ues shown, Vx can move =12 mV with a resolution of 50
kV. which will null the ofiset error term to ¥, LSB of full-
scate for the ADC0801. It is important that the voltage levels
that drive the auto-zero rasistors be constant. Also, for sym-
metry, a logic swing of OV to 5V is convenient. To achieve
this, a CMOS butier is used for the logic output signals of
Port B and this CMOS package is powered with a stable 5V
source. Buffer amplifier A1 is necessary so that it can
source or sink the D/A output current.
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A flow chart for the zercing subroutine is shown in Figure
19. t must be noted that the ADC0B01 series will output an
all zero code when it converts a negative input [Vin(—) 2
Vin(+)1. Also, a logic inversion exists as all of the 170 ports
are buffered with inverting gates.

Basically, if the data read is zero, the differential output voit-
age is negalive, so a bit in Port B is cleared to pult Vx more
negative which will make the output more positive for the
next conversion. If the data read is not zero, the output volt-
age is positive so a bit in Port B Is set to make Vy more
positive and the output more negative. This tontinues tor 8
approximations and the differential output eventually con-
verges to within 5 mV of zero.
The actual program Is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular:

Port A and the ADC0801 are at port address E4

Port B is at port address ES

Port C is at port address £6

PPI control word port Is at port address E7

Program Counter automatically goes to ADDR:3C3D upon

acknowledgement of an interrupt from the ADC0801

5.3 Multiple A/D Convertersina 2-80 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 converters has com-
pleted a conversion (INTR asserted) and Is requesting an
interrupt. This circult allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
lowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the DM74L.8373, 8-bit D
type fiip-flop. When the Z-80 acknowledges 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 INTR out-
puts of all the converters. Each converter which initiates an
intarrupt will place a logic “0" in a unique bit position in the
status word and the subroutine wili'determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came trom) is stored in
the next sequential memory location above the location of

the data so the program can keep track of the identity of the
data emered,

OPEN SWt
CLOSE $W7

PREAMP IS ZEROED
AND PROPER INPUT
CAN

STARY ZERDING
SUBROUTINE

CLOSE 3w
oPEN W2

IITIALIZE SAR
SIT POINTER
REG B~ X 30

|

INITIALIZE SAR
CODEINREGC
REGC=XIF

i

QUTPUT FIAST
$AR CODE
=X

<

h 4

STAST A/0 AND
READ DATA

SHIFT“1" INREG B
RIGHT TO POINT TO
NEXT T

y

BE DONE

“EXCLUSIVE-OR"

REGAWITHREGC

TOSET NEXT 81T
INPORT B

!

QUTPUT NEW SAR
CODE TO PORT 3

| -

"OR”ALE I WITH
RECC YO CLEAR
UITINPORT B
WHEN REAPPLIED

TL/H/E671-28

FIGURE 19. Fiow Chart for Auto-Zero Routine

3-44



3D00  3E90 MVI S0

D02 D3E7 Out Control Port ; Prograa PPI

3004 2601 MVIHOL : Auto-Zero Subroutine

3006 7€ MOV & ,H ' B -

3D07 D3E6 OUT C s Close S¥1 open SW2

3D09 0680 MVI B 80 yInitialize SARbit pointer
3DOB  3E7F MVIATF s Initialize SAR code
3DOD 4F MOV C,A Return

3DOE D3ES OUTB - ; Port B= SAR code

3D10  31AA3D LXI SP 3DAA Start i Dimension stack pointer
3D13 D3E4 ouT A s Start A/D

3018 FB IE )

3016 00 NOP Loop ; Loopuntil INT asserted
3D17 C3163D JMP Loop

3D1A  7A MOV A,D Auto-Zero

3D1B €600 ADI 00

3D1D CA2D3D JZSetC ; Test A/D output data for zero

3D20 78 MOV A,B Shift B

3D21  F600 ORI 00 i Clear carry

3p23 LIF RAR ;Shift *1® inBright one place
3D24 FEQO CPI 00 ;1 IsBzero? If yes last

3D28 CA373D JZDone ; approximation has been made
3D29 47 MOV B,A

3D2A C3333D JMPNew(C

3p2D 79 MOVA,C . Set C

3D2E BO ORA B ;Setbit inCthat is insame
3D2F 4F NOV C,A ;positionas"1® inB

3D30 C3203D JMPShiftB

3D33 A9 XRAC New C :Cleartit inC that i{sin

3D34 C30D3D JMPReturn ; same positionas *l" inB
3D37 47 MOV B,A Done ; then output new SAR code.
D38 7€ MOV A,H ; Open S¥1, close SW2 then

3D39 EEO3 XRIO03 ; proceed with program. Preamp
3JD3B  D3Es oUT C s isnowzeroed.

3D3D . Normal

L]

.

Program for processing
propérdata values

3C3D DBE4 INA Read A/D Subroutine ;Read A/Ddata f-
3C3¥ EEFF XRI FF ; Invert data
3C41 57 MOVD,A

;ISBReg=0?If not stay
: in auto zero subroutine

3C42 78 MOV A,B
3C43 E6FF ANIFF
3C45 C2lA3D JNZ Auto-Zero

3C48 C33D3D JIMP Hormal
Note: All numerical values are h |

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

5.3 Multiple A/D Converters In a Z-80% lnterru;t Driven
Mode (Continued)

Th i d i
e .!ollownng notes apply K 5) The perioherals of concern are mapped into 1/0 space
1) tis assumed that the CPU automatically performs a RST with the following port assignments:

7 instruction when a valid interrupt is acknowledged (CPU

is in interrupt mode 1). Hence, the subroutine starting ad- HEX PORT ADDRESS PER'PHERA!-
dress of X0038, 00 -MM74C374 8-bit flip-flop
2) The address bus from the Z-80 and the data bus to the Z- 01 A/D1
80 are assumed to be inverted by bus drivers. 02 A/D2
3) A/D data and identifying words will be stored in sequen- 03 A/D3
tial memory locations starting at the arbitrarily chosen ad- 04 A/D4
dress X 3£00. 05 A/DS
4) The stack pointer must be dimensioned in the main pro- 08 A/D6
gram as the RST 7 instruction automatically pushes the 07 A/D7
PC onto the stack and the subroutine uses an additional This port azdress also serves as the A/D identifying word in
6 stack addresses. the progrem.
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INTERRUPT SERVICING SUBROUTINE

LoC
0038
0039
003A
003B
003E
0040
0042
0044
0045
0046
0048
004B
004C
004D
004E
0051
005%
0055
0057

0059 .

0054
005B
008C
005D

*0060

0061
0062
0083

OBJ CODE
ES

c5

FS

21 00 3E
OE 01
D300

* DBOO

47

79

FE 08
CA 60 00
78

1F

47

DA 5500
ocC

C3 4500
ED 78
EEFF
77

2C

71

2C

€351 00

.Fl.

Cl
El
co

TEST

NEXT

LOAD

DONE

SOURCE
STATEMENT
PUSHHL
PUSH BC
PUSH AF
LD (HL),X3E00
LDC, X01
OUT X00, A
INA, X00
LDB,A
LDA,C
cP, X08
JPZ, DONE
LDA,B
RRA
LDB,A
JPC, LOAD
INCC
JP,TEST
INA, (C)
XOR FF
LD (HL) ,A
INCL
LD (HL),C
INCL
JP,KEXT
POF AF
POP BC
POPHL
RET

FIGURE 21. Multipie A/Ds with Z-80 Type Microprocessor

COMMENT

; Save contents of all registers affected by

s this subroutine.

; Assumed INT mode 1 earlier set.

s Initialize memory pointer vhere datawill be stored.
;:Cregisterwill be port ADDR of A/D converters.
: Load peripheral status word into 8-bit latch.,

; Load status word into accumulator.

; Save the status word.

; Test to see if the statusof all A/D's have
; been checked. If 50, exit subroutins

; Test a single bit in status word by looking for

a"1" tobe rotated into the CARRY (an INT

1s loadedasa"l®).

1f CARRY is set then load

; contents of A/D at port ADDR in Cregister.

; 1f CARRY is not set, increment Cregistertopoint
; tonext A/D, thentest next bit in status word.

: Read data from interrupting A/D and invert

; the data.
: Store the data

s Store A/Didentifier (A/D port ADDR) .

Test next bit in status word,
:Re-establishall registersas they were
berore the interrupt. -

; Return to original progran

TL/HIS671-29
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1 ordering Information Q
TEMP RANGE 0°C TO 70°C 0°'CTO70°C 0'CTO 70°C ~40°C TO +85°C 3

—r

£ Y, Bit - - ADCO801LCN >

Adjusted Q

A £, Bit ADCOB02LCWM ADCO0802LCV ADC0802LCN Q

gRRO Unadjusted =
£ 14 Bit ADCOB03LCWM ADC0803LCV ADCO0803LCN N

Adjusted >

+1Bit ADCOB04LCWM ADC0804LCV ADCO804LCN ADCO0805LCN 8

Unadjusted [=]

— , , 3
PACKAGE OUTLINE M20B—Small Outline V20A—Chip Carrier N20A-—Molded DIP Py

~

>

o

3

TEMP RANGE ~40°CTO +85°C | —55'CTO +125°C 2

=Y, Bit Adjusted ADCO801LCJ ADCO801LJ £

ERROR =, Bit Unadjusted ADC0802LCJ ADC0802LJ g

=/, Bit Adjusted ADCO0803LCJ O

= 18it Unadjusted ADC0804LCJ S

o

PACKAGE OUTLINE J20A—Cavity DIP J20A—Cavity DIP a

Connection Diagrams

ADC080X ADC080X
Dual-In-Line and Small Outline (SO) Packages Molded Chlp Carrier (PCC) Package
St . 20~ Ve (OR Vegr)
ROz 19f~CLKR
WR—3 18080 (LSB) L 08S
CLKIN—{4 17}—081 — 086
INTR—5 164082 F— DB7 (Ms8)
V()6 15}—083 L pono "\
- Yu(-)—7 14}~084 L Yper/2
" AGND—8 13}~c85
Vegr/2—{9 12[—DBE
peND—{10 11}—087 (Ms8)
TL/Y/5671~30 TL/H/5671-32

See Ordering Information
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