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Abstract

This is to design and crated a sensor system. The system is created using
Microcontroller in the family MCS-51 No.80C31 to control the evaluation to be brought
to co-operate with the cycle of the gas semsor system. Quantity of gas, will be measured
using a moniloring circuil the gas conceniration will directing rolated 1o tho sonsor
resistance. The analog signal related to the resistance will be converted int'k; the digital signal. We
use the microcontroller to receive data then used to analyze the type of this gas.
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2.3.2 Fgmﬁmmmm Gas Sensor mtﬁ NAP-11AS (indoor Odor Sensor)
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ANAIAITNN 2.2

A15199 2.2 NAP-11As Response Characteristic

Objects Olfaction NAP-11AS Response Remarks
Level
(Sensuousness)
Sensitivity Speed

1) Cigurette smoke Strong High Quick 5 pieces
2) Cosmetics Strong Very high Quick Colgne 1 puff
3)insecticides Strong Very high Gentle Sprayed for 10 sec
4)Fried meat Med/Strong High Quick 300 gms.
5)Fried onion Strong Hight Quick 3 pes.
6)Fried green Medium Medium Slow - 5 pes.
pepper
7)Coffee Weak Low - 5 cups
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a o) Py & o ' wa o
nng# 2.8 iwWunesilimagevdusiiududemawmiguanyilunisi 1y iy
b
Ao 1
1) Awssunlunisguauie
A 1 @ o
W &% (D.C) w1y 5 + 0.5 Than
=% Y] '3
1 10 (A.C) 11y 5+ 0.5 Than
¥ dl 9 [ LY o
2) Amnszuanlslunisquaune
W &% (D.C) 11y 160 ~180 Taduowud]
a [ s oA o}
W 1F(A.C) WY 160 ~180 Taaueutl
1 [ o 9 ° [
3) Auseun 1 luvazyiinisia
W 8% uag 0% vxlia1la hidu 10 1hav £10 %
~ I~ [ @ P
wazaINMINA 2.5 Wumsuaesdmlsenouvesniuyrl (Cigarette smoke) lag

wisumsuesnunlugdvesnnullumsasinia

Reference data (10 Sensitivity to the ingredients of puirid smells

Putrid smells Concentration NAP-11AS Remarks (Smells)
in test Sensitivity
(Ra/Rg)
Ingredients Formula
Methyl mercaptan CH,Sh 1.0 ppm. 13.5 Putride Vegetables
Hydrogen sulfide _ HzS 1.0 8.5 Putrefective
Trimethy lamine (Chy),N I'0 11.3 Fermentation
Scatol CoHoN 1.0 15.5 Fish
Indol CgH,;N 1.0 16.3 Excreta
Feces

Reference data (2) Sensitivity to the ingredients of a cigarette smoke
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M1319% 2.6 uaasaulsznevvesniuyms

Putrid smells Concentration | NAP-11AS Test
in test Sensitivity Condition
(Ra/Rg)
Ingredients Formula

A cigarctte is bunt in 30
m’
Carbon monoxide CcO 1.0 ppn;. 1.8 10 ppm.
Acctoaldchyde Ch,CHO 0.5 4.5 10 ppm.
Ammonia NH, 03 , 2.5 10 opm.
Formaldehyde HCHO 0.2 3.2 10 ppm.
Acetone (CH,),CO 0.07 10.5 10 ppm.
Acetic acid CH,COOH 0.07 6.8 10 ppm.
Nicotine C,H.N, 0.07 18.0 10 ppm.
Toluene C,H,CH, 0.05 8.3 10 ppm.
Pyriding C,HN 0.02 9.3 10 ppm.

Ra/Rg = (Resistance value in clean air) / (Resistance value in gas)

[ d a
2.3.3 NAP-5A tihuduwesviia Hot-wire type gas sensor
° 9/ v v ° o o LY (14 ° s 14 4’,
gmhmnlgnueiiandensdmsuidudinsoufa(Gas  detectors)  dmiunfaide
a oY s Y a ° . < Yo b4
WD (fuel gas) nn‘vuﬂuazﬂﬂ‘vwmamm (low power consumtion) 9@ 11150 1511 Battery vlﬂ,
azAINABN1SIAT DU (portable operation) 1A szan 150- 180 mA (A1) #i 3.0 v

ac ‘H?E) dc.

vnglit 2.10 Hhunesildnageufunsuiiudemswmnuantalunsi ey dude
10 |
1) fussduilumsguaanda
M 8% (D.C) 111 3.00 £ 0.30 Taav
I 183 (A.C) 111171 3.004 0.30 129 (r.m.s 50 - 60 Hz)
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W 8% uaz % vziian 18 ludy 10 Toan +10 %

Sensor orientation and pin layout viewed from underside
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o $1wlumsaeldau uag Interface M Microprocessor
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(%)
0.5 00011001 0.48 -4
I 00110110 1.03 3
1.5 01010010 1.57 7
2 01101000 1.99 -1
25 10000100 2.53 3
3 _ 10011110 3.02 2
35 10110111 35 0
4 11010001 4 0
45 11101100 4.52 2
5 1111111 5 0
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3. Tulasnusen ladraudan1dafe NAP-11AN (FOR NITROGEN OXIDES)
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#pragma LARGE
#include<reg51.h>
#include<absacc.h>

#include<string.h>

#define PORT_A XBYTE[0xe0e0]
#define PORT_B XBYTE[0xe0el]
#define PORT C  XBYTE[0xe0¢2]
#define PORT_CON  XBYTE[0xe0e3]
#define COMMAND XBYTE[0xe0c0]
#define READBUSY XBYTE[0xe0c1]
#define WRITEDATA  XBYTE[0Oxe0c2]
#define READDATA XBYTE[0xe0c3]

#define KEY_SAMPLE 3
#define KEY_PRESS DELAY 10000

71240240 15 5
#define CO_WAIT TIME 240
#define NO_WAIT_TIME 240

#define ALC_WAIT TIME 15 _
#define PPM_SAMPLE TIME 35
#define NEWLINE sendcommand(0xc0)

#define HOME sendcommand(0x80)
fidefine CLS sendcommand(0x01)



#define SCROFF sendcommand(0x08)
#define CUROFF sendcommand(0x0C)
#define CURON sendcommand(0x0F)
#define BLINKOFF  sendcommand(0x0E)

char scancode[4] = {0xe0,0xd0,0xb0,0x70};
char keymap[4][4] = {'9"'8''7",Z''6','5' '4' '+,
'3','2',' l ',’-','E"'O','C”'S'} ;

data unsigned.char hrs.min,sec,cycle_counter,charl;
data unsigned int counter,celcius;

data float float3;

void delay(unsigned int timel)
{
data unsigned int i;

for(i=0;i<timel ; i++);

void sendchar(unsigned char test1)

{
while((READBUSY &0x80) != 0);
WRITEDATA =testl;” = .

void isendchar(unsigned char test1)

{
while((READBUSY &0x80) != 0);
WRITEDATA =testl;



while( <KEY_SAMPLE)
{
for =0; j<4; j++)
{
for (k=0; k<4; k++)
{
PORT_C = scancode[j];
x=PORT_C;
x =x & 0x0f;
switch (x)
{
case 0xOe: xk = keymap[0](j]; break;
case 0x0d: xk = keymap{1][j]; break;
case 0x0b: xk = keymap{2][j]; break;
case 0x07: xk = keymap{3][j]; break;

}
if ( (xk = xb) && (xk !=0x00) )
H+;
xb = xk;
}
delay(KEY_PRESS DELAY);
if (xk < 0x3a)
sendchar(xk);
return(xk);

char getdata(char channel)
{
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void sendcommand(unsigned char test])

{
while((READBUSY & 0x80) != 0);

COMMAND = testl;

}
void sendtext(char *temp1)
{
unsigned char k;
for (k=0; k < strlen(temp1); k++)
sendchar(temp1[k]);
}

void sendaddress(char test1)

{
while((READBUSY &0x80) != 0);
COMMAND = test1 | 0x80;

void isendaddress(char test1)

{
while((READBUSY &0x80) !=0);
COMMAND = testl 0x80;

}

char getkey(void)

{

data unsigned char j,k,1.x,xk xb;
1=0; xk=0x00; xb = 0x00;



data unsigned char z;

data unsigned int i;
EA=0;

PORT B = 0x00 | channel;
for (i=0; i<100; i++);
PORT_B =0x18 | channel;
for (i=0; i<100; i++);
PORT_B = 0x08 | channel;
for (1=0; 1<1000; i++);
z=PORT_A;

PORT_B = 0x00;

EA=1;

return(z);

char igetdata(char channel)

{

data unsigned char z;

data unsigned int i;
EA=0;

PORT_B = 0x00 | channel;
for (i=0; 1<100; i++);
PORT_B =0x18 | channe];
for (i=0; 1<100; i++);
PORT_B = (0x08 | channel;
for (i=0; 1<1000; i++);
z=PORT_A;

PORT_B = 0x00;

EA=1;

return(z);



void showclock(void)

{

sendaddress(0x08);
sendchar( (hrs/10)+0x30 );
sendchar( (hrs%10)}+0x30 );
sendchar(":");

sendchar( (min/10)+0x30 );
sendchar( (min%10+0x30 );
sendchar(":");

sendchar( (sec/10)+0x30 );
sendchar( (sec%10)+0x30 );

void showppm(float temp4,char gas)

{

long int temp2,temp3;

if (gas 1= 2)
temp?2 = temp4 * 100;
else

| temp2 = temp4;

if (temp2 > 999999)

sendtext("too big");

if (gas = 2)



}
temp3 = temp2 / 100000;

sendchar(temp3 +0x30);
temp2 = temp2 % 100000;
temp3 = temp2 / 10000;
sendchar(temp3 +0x30);
temp2 = temp2 % 10000;
temp3 = temp2 / 1000;
sendchar(temp3 +0x30);
temp2 = temp2 % 1000;
temp3 = temp2 / 100;
sendchar(temp3 +0x30);
temp2 = temp2 % 100;
temp3 =temp2 / 10;
if (gas !=2)

sendchar(.");
sendchar(temp3 +0x30);
temp2 = temp2 % 10;
sendchar(temp2 +0x30);

int modnumber(int temp,res,max,min)
{

char temp2 keym;

int templ;

keym = 0;

while( keym !="E')

{

sendaddress(0x40);

temp1 = temp;



temp2 = templ / 100;

temp! = templ % 100;

sendchar(temp2 +0x30);

temp2 = temp! / 10;

sendchar(temp2 +0x30);

temp2 = templ % 10;

sendchar(temp2 +0x30);

keym = getkey();

sendaddress(0x43);

sendchar(’ ');

if ((keym == '+') && (temp < max) )
temp = temp -+ res;

if ((keym == ") && (temp > min) )

temp = temp - res;

return(temp);
}
void main(void)
{

data unsigned cha\r 1j,y,key([5],flagl gas,chars;

data unsigned int waﬁ_‘time,co_time,no_time,alc_time,ppm_time,temp1 ;
float float2,float4;

EA =0;

delay(10000);

TMOD = 0x81;

TCON = 0x10;

THO = 0x00;

TLO = 0x00;

ET0=1;



COMMAND = 0x30;
delay(1000);

COMMAND = 0x30;
delay(1000);
sendcommand(0x38);
sendcommand(0x08);
sendcommand(0x01);
sendcommand(0x0£);
PORT_CON = 0x91;

. PORT B=0x00; . ~ -—

sendtext("*PPM METER*");
NEWLINE;
sendtext("Version 2.0");
delay(60000);

CLS;

- -

e

sendtext("Set Time (24hrs)");
NEWLINE;

hrs = 24; min = 60; sec = 0;
cycle_counter = 0;

flagl = Oxff;

co_time = CO_WAIT_TIME;
no_time = NO_WAIT_TIME;
alc_time = ALC_WAIT TIME;
ppm_time = PPM_SAMPLE_TIME;

while( flagl )
{ .



sendtext("Hrs:00 Min:00");
sendaddress(0x44);
key[0] = getkey();

//SETUP MODE

if (key[0] =="Z")

{
CLS;
sendtext("Setup mode");
delay(60000);
CLS;
sendtext("CO_WAIT_TIME"); NEWLINE;
co_time = modnumber(co_time,10,990,180);
CLS;
sendtext("NO_WAIT_TIME"); NEWLINE;
no_time = modnumber(no_time,10,990,180);
CLS;
sendtext("ALC_WAIT_TIME"); NEWLINE;
alc_time = modnumber(alc_time,1,120,0);
CLS;

s?ndtext("SAMPLE_INTERVAL"); NEWLINE;

ppm_time = modpumber(ppm_time, 1,60,0);

CLS;
sendtext("Set Time (24hrs)");
NEWLINE;

}

else

{

key[1] = getkeyQ;
sendaddress(0x4B);



key[2] = getkey();
key[3] = getkey();

hrs = (key[1] - 0x30) + ((key[0] - 0x30) * 10);
min = (key[3] - 0x30) + ((key[2] - 0x30) * 10);
CLS;

flagl = 0;

if ( (hrs > 23) || (min > 59) )

{
flagl = Ox{T;
sendtext("Invalid!");
NEWLINE;
}
}
}
while(1)
{
CLS;

charl = igetdata(3);

float3 = 100 * ((charl * 5)/256) -273;
celcius = float3; \

sendchar( (celcius/10) + 0x30);
sendchar( (celcius%10) + 0x30);
sendchar(0xdf);

s¢ndchar('c");

showclock();

CUROFF;

EA=1];



NEWLINE;
gas = 0; key[0] = 0;
sendtext("Gas>  select");
while(key[0] '="E")
{
sendaddress(0x45);
switch (gas)
{
case 0: sendtext("CO ");
wait_time = co_time;
break;
case I: sendtext("NO "),
. wait_time = no_time;
break;
case 2: sendtext("ALC");
wait_time = alc_time;

break;

while ( (key[0] !="S") && (key[0] !="E') )

{
key[0] = getkey();
}
if (key[0] ==1S")
{
gast+;
if (gas > 2)
gas=0;
key{0] = 0;



}
counter = wait_time;
while( counter > 0)
{
if ((gas = 0) && (counter > (co_time - 60)) )
PORT_B = 0x20;
if ((gas == 1) && (counter > (no_time - 60)) )
PORT_B = 0x40;
sendaddress(0x49);
templ = 100 - (counter*100 / wait_time);
if (templ < 100)
{
sendchar( templ / 10 +0x30);
sendchar( templ % 10 +0x30);
sendchar('%");
}
sendchar(0xff);
delay(10000);
sendaddress(0x4d);
sendchar(0xff);
delay(10000);
sendaddress(0x4e);
sendchar(OxfD);
delay(10000);
sendaddress(0x4£);
sendchar(0xfY);
delay(10000);
sendaddress(0x4c);
sendtext(" ");
delay(10000);



}
PORT B=0;
float2 = 0; float4 = 0;
char5 = getdata(gas);
float2 = char$;
for (j=0; j<2; j++)
{
counter = ppm_time;
while( counter > 0)
{
sendaddress(0x49);
sendtext("reading");
//debug sendchar(char5);
delay(20000);
sendaddress(0x49);
sendtext("  ");
delay(20000);
}
char5 = getdata(gas);
float2 = float2 + char5;

float2 = float2 /3;
sendaddress(0x49);
float2 = (float2 / 256) * 5;

\ switch (gas)

{

case 0:

if (float2 < 0.87)
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float2) - 285;

float4 = (42.30 * float2) + 63.2;
else  if (float2 <2.38)
float4 = (243.70 * float2 ) -112;
else
float4 = (301 * float2) -248.4;

break;

case 1:
if (float2 < 1.20)
float4 = (8.33 * float2) + 8}
else  if (float2 < 2.60)
float4 = (16.40 * float2) - 1.70;
else  if (float2 <3.00)
float4 = (60 * float2)

else

float4 = (116.67 *

break;

case 2:
float4 = float2 * 100000 - 15000;
break;
showppm(float4,gas);
key[0] = 0; \
while(key[0] !="'S"
{

key[0]= getkeyQ;



void intr_service_1(void) interrupt 1

{

cycle_counter++;
THO = Oxle; /ftimer = 65535 - 57604
TLO = 0xfb; /finterrupt 16 times/sec.
if (cycle_counter == 16)
{
cycle_counter = 0;
sect++;
if (counter > 0)
counter--;
if ((sec % 5)==0)
{
charl = igetdata(3);
float3 == 100 * ((charl * 5)/256) -273;
celcius = float3;
isendaddress(0x00);
isendchar( (celcius/10) +0x30);
isendchar( (celcius%10) +0x30);
}
if (sec == 60)
{
sec=0;
mint+;

if (min == 60)
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min = 0;
hrs++;
if (hrs == 24)
hrs = 0;
isendaddress(0x08),
isendchar( (hrs/10)+0x30 );
isendchar( (hrs%10)+0x30 );
}
isendaddress(0x0B);
isendchar( (min/10)+0x30 );
isendchar( (min%10)+0x30 );
}
1sendaddress(0x0OE);
isendchar( (sec/10)+0x30 );
isendchar( (sec%10)+0x30 );
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MOTOROLA
mx SEMICONDUCTOR
TECHNICAL DATA

i QUAD LOW POWER OPERATIONAL AMPUFIERS

The LM124 Series are low-cost, quad operationat amplifiers
with true differential inputs. These have several diszinct advan-
tages over standard operational amplifier types in single supply
applications. The quad amplifier can operate 8t supofy voltages
as low as 3.0 Volts or as high as 32 Volts with quiescent currents
about one fifth of those associated with the MC1721 {on a per
amptifier basis). The common mode input range includes the neq-
ative supply, thereby eliminating the necessity for externial biasing
components in many applications. The output voltage range also
includes the negative power supply voltage.

s Short Circuited Protected Qutputs
o True Differentiat Input Stage
F ¢ Single Supply Operation: 3.0 to 32 Volts
2 Low Input Bias Currents: 160 nA Max {LM324A)
e Four Amplifiers Per Package
¢ Internally Compensated
* Common Mode Range Extends to Negative Supply

@ Industry Standary Pinouts

LM124, 1224,
1M324, LM324A
LM2902

QUAD DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOUITHIC
INTEGRATED CIRCUIT

J SUFFIX N SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

{LM224, LM324,
LM23C2 Orivi

ﬁ D SUFFIX

@ &7 PLASTIC PACKAGE
- ' CASE 751A
(S0-14)

PIN CONNECTIONS

Nut G 3 Out
MAXIMUM RATINGS (Tp = +25°C unless otherwise noted) ' 4
M124 Inputs & 311 tnputs
LM224 | 1 E I3 4
i Rating Symbal | LM324A | LM2902 | Umn vee VEE
Power Supply Voltages ! Vac g - Gnd
Single Supply Vee 32 i 26 - Inputs E: ™ 2l Inputs
Split Supplies vee. Vee =6 1 =13 2 "j>1 E 3 -
p Input Differential Voitage Range {11 VIDR =32 i =26 Vde Out E] Ou
f fnput Common Mode Voitage Range Vicr -03te32 , -03t026 | V& 2 3
t Input Forward Current (2) [ 50 ! - mA {Top View)
, V)< =03V}
Output Short Circuit Duration tg Continuwous ] OROERING INFORMATION
Junction Temperature T *’C Davic )
T
. Ceramic Package s svics l emperature Range Package 3
Plastic Packages 158 LM124) -~3310 =125C Ceramuic OIP -
Storage Temperature Range Ts(g *c LM25020 -0t ~105 50-14
Ceramic Package 65 to - 150 LM2902N Plastic O1P
. Plastic Packages -551t0 ~125 LM29024 -40t0 -85°C Ceramic DI}
Operating Ambient Temperature TA - °C LM2240 SO-14
Range
LM22 - ~ 85
LM1za ~56 10 +125 _ 4 25to -85°C Cerarmc DIP
LM224 2510 -85 _ LM224N Plasic OP
LM328 - Oto ~70 — LM324AD S0-14
LM324A 01w -70 - LM32aAN P
LM2902 : ; - Zan 1o - 105 prTees . e "_:"c ud
oTES: to -7 O-14
(1) Sofit Power Supplies. My Ceramuc OIP
{2) This input current will oniy exist when the vohtage is negative st sny of the mput leads. LM324N I Plaste 01
l Normal output states will reestablish when the input voitage returns to a worage greater -
than —0.3 V.,
.
I . MOTOROLA LINEARAINTERFACE DEV!ICES
250



&National Semiconductor

ADC0808/ADC0809 8-Bit P Compatible A/D Converters

with 8-Channel Multiplexer

General Description N
The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channe! multiplexer can
directly access any of 8-single-ended analog signals.

The davice eliminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to apphcanons from process "and machine
control to consumer and automotive applications. For 16-
channe! multiplexer with common output (sampie/hold port)
see ADCO81& data sheet. (See AN-247 for more informa-
tion.)

Features

m Easy interface to all microprocessors

m Operates ratiometrically or with 5 Vpg or analog span
adjusted voltage reference

No zero or full-scale adjust required

8-channel multiplexer with address logic

0V to 5V input range with single 5V power supply
Outputs meet TTL voltage leve! specifications
Standard hermetic or molded 28-pin DIP package
28-pin molded chip carrier package

ADC0808 equivalent to MM74C949

ADCO0809 equivalent to MM74C949-1

Key Specifications
m Resolution

m Total Unadjusted Error

n Single Supply

u Low Power

m Conversion Time

8 Bits

+1, LSB and +1 LSB
5 Vpc

15 mW

100 ps

Block Diagram

START cLock

r e an ‘|
[ o—
END OF CONVERSION
o | COMTROL & TIMING —[—0 UNTERRUPT}
° |
O— 8 CHANNELS :
8 ANALOG INPUTS —| "U:T"‘:tslélnc
o— sWTCHES
ot ‘
. o
: COMPARATOR | o
TAl- l—o
| STATE® o
o ouTAUT 881 QUTPUTS
]
~ I LATCH
| | BUFFER —0
l I o
—o
’ : SWITCH TREE :
( l i
3uTavoRESS 4 O—f L | !
L LATCH ] i i |
oo o] aiz | . !
LATCH ENABL
‘ 256R RESISTOR LADDER : See Ordering
I . Information
{_ J v
Vcc sun REF(+) T T T T T T TResy outRur

ENABLE
TL/R/IS672

c

608000Y/808004QV



ADC08087ADC0809

Absolute Maximum Ratings (Notes142)

Operating Conditions (Notes182)-

If Military/Aerospace specified devices are required, Temperature Range (Note 1)- ’ TMm.gTA S Tmax
please contact the National Semiconductor Sales ADCO0808CJ —~55°CSTA<+125°C
Office/Distributors for availability and specifications. ADCO808CCJ. ADCO80SCCN '
Supply Voltage (Vcc) (Note 3) 6.5V ADC0803CCN —~40°C<TAS +85C
Voltage at Any Pin ~0.3Vto (Ve +0.3V) ADCOBOBCCV, ADCOBOSCCV ~ —40°C S Ta < +85°C

Except Control Inputs Range of Vcc (Note 1) 4.5 Vb('; 106.0 Voc
Voltage at Control Inputs —-0.3Vto +15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range -65°Cto +150°C

Package Dissipation at To=25°C 875 mwW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 400V

Electrical Characteristics

Converter Specifications: Vcc=5 Vpc=Vaer+. VREF(-)=CND, TMinSTA<TMax and fcrx =640 kHz unless otherwise

stated.
Symbol Parameter Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Error 25°C % LS8
(Note 5) Tumin 10 Tvax e LS8
ADCO0809 -
Total Unadjusted Error 0*Cto 70°C 1 LS8
(Note 5) Tmin to Tpax 1Y . LS8
Input Resistance FromRef(+)to Ref(~) | 1.0 25 k0
Analog Input Voltage Range | (Note 4) V(+) or V() GND~0.10 Vee+0.10 Voc
VREF(+) Voltage, Top of Ladder Measured at Ref(+) ) Vee Ve 0.1 \
V +V - oo : -
-—R—E—F-(ﬂz—-@-l Voltage, Center of Ladder | * - Veo/20.1 | Veol2 | Vegrz+0a | v
VREF(-) Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 Vv
Iin Comparator Input Current t. =640 kHz, (Note 6) - =2 +0.5 2 nA

Electrical Characteristics

Digital Levels and DC Specifications: ADCOBOBCJ 4.5V<Vec<5:5Y,

—55°C<TA<+125°C unless otherwise noted

ADC0808CCJ, ADCO808CCN, ADC0808CCY, ADCO809CCN and ADCO809CCV, 4.75< Ve <5.25V, —4O‘CSTAS +85°C un-

less otherwise noted

Symbol ] Parameter . I Conditions I Min | Typ Max Units
ANALOG MULTIPLEXER
loFF(+) OFF Channel Leakage Current Vee=5V, VIN=5V,
Ta=25°C 10 200 nA
TmiN to Tmax ’ 1.0 pA
lofFF(~) OFF Channel Leakage Current Veo=5V, Vin=0,
Ta=25C —200 -10 nA
T 10 Tmax —-1.0 RA

2-52



Electrical Characteristics (continued)
Digital Levels and DC Specifications: ADC0808CJ 4.5V<Vcc<5.5V, —55'CsTAs+125'C unless otherwise noted

ADC0808CCJ, ADCOBOSBCCN, ADC0808CCV, ADCO809CCN and ADCOBOSCCV, 4.75<Vcc<5. 25V, —40°C<Ta< +85°C un-

less otherwise noted ]

Symbol ] Parameter Conditions - Min l Typ J Max | Units
CONTROL INPUTS
Ving1) Logicai*‘1" Input Voltage Vcc—1.5
VIN() Logical "0" Input Voltage L ) 1.5
gy Logical "1" Input Current Vin=15V o0 pA
(The Control Inputs)
liNgo) Logical *‘0" Input Current ViN=0 -1.0 RA
(The Controf Inputs)
lcc Supply Current ) foLk =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT)
Vour(y Logical ““1" Output Voltage’ lo= —360 pA Vee—0.4
VouT(©@) Logical 0" Output Voitage lo=1.6 mA 0.45
VouT(e) Logical “0" Output Voltage EOC lo=1.2mA 0.45
lout TRI-STATE Output Current Vo=5V 3 nA
- Vo=0 -3 EA

Electrical Characteristics
Timing Specifications Vcc=VRer(+) =5V, VREF(—)=GND, t,=1=20 ns and Ta =25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
ts Minimum Address Set-Up Time (Figure 5) 25 50 ns
" Minimum Address Hold Time (Figure 5) .1 25 50 ns
o Analog MUX Delay Time Rg=0Q (Figure 5) L 1 2.5 »S
From ALE
1, tHo OE Control to Q Logic State C_ =150 pF, R = 10k (Figure 8) 125 250 ns
tmton | OE Control to Hi-Z GL=10 pF, R_= 10K (Figure 8) 125 250 ns
te Conversion Time 1c =640 kHz, (Figure 5) (Note 7) 90 100 116 nS
fe Clock Frequency 10 640 1280 kHz
{eoc EOC Delay Time (Figure 5) 0 ) 8+2puS Clock
Periods
Cin Input Capacitance - - At Control Inputs 10 15 . PF
Cout TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15 pF
Capacitance
Note 1: Absolute Maxit Ratings indi limits beyond which d to the device may occur. DC and AC electrical spacifications do not apply when operating

the device beyond its specified of ing conditions.

Note 2 All voltages are measured with respect to GND, unless othewise specified.

Note 3: A zener diode exisls, intemally, from Ve to GND and has a typical breakdown voltage of 7 Vpe.
Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop
greater than the Voen supply. The spec aflows 100 mV forward bias of either dioda. This means that as long as the analog Vjy does not exceed the supply voitage
by more than 100 mV, the output code will be correct. To achieve an absolute 0Vpc to 5Vpc input voitage range will therefore require a minimum supp!y voltage of
4.900 Vo over temperature variations, initial tolerance and loading.

Note 5: Total unadjusted error includes offset, full-scale, neanity, and multiplexer errors. See Fiure 3. None of these A/Ds requires a zero or full-scale adjust.
However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow fuli-scale span exists (for example: 0.5V to 4.5V full-scale) the reference
voitages can be adjusted to achieve this. See Figws 13.

Note 6: Comparator input current is a bias current into or out of the chopper stablized comparator. The blas current varies directly with clock frequency and has.
litde temparature dependence {(Figwe 6). See paragraph 4.0. -
Note 7: The outputs of the data register are updated one clock cycle before the sising edge of EOC.
Note 8: Human body model, 100 pF discharged through a 1.5 kq resistor.

2-53
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ADC0808/ADC0809

Functional Description o "

Multiplexer. The device contains an 8-channel single-end- to give fast, accurate, and repeatable conversions over a

ed analog signal multiplexer. A particutar input channel is wide range of temperatures. The converter -is partitioned
selected by using the address decoder. Table | shows the into 3 major sections: the 256R ladder network, the succes-_

input states for the address lines to select any channel. The sive approximation register, and the comparator. The con-
address is latched into the decoder on the low-to-high tran- verter's digital outputs are positive true. -

sition of the address latch enable signal. The 256R ladder network approach (Figure 1) was chosen

TABLE| . over the conventional R/2R ladder because of its inherent
SELECTED ADDRESS LINE ~ monotonicity, which guarantees no missing digital codes; -

- Monotonicity is particularly important in closed loop feed-

ANALOG CHANNEL c B A back control systems. A non-monotonic relationship can

INO L L L cause oscillations that will be catastrophic for the system,

INY L L H {\dditionally, the 256R network does not cause load varia-

N2 L H L tions on the reference voltage. .

IN3 L H H The bottom resistor and the top resistor of the ladder net-

N4 H L L ) work in Figure 1 are'not the same value as the remainder of

the network. The difference in these resistors causes the

INS H L H output characteristic to be symmetrical with the zero and

IN6 H H L full-scale points of the transfer curve. The first output tran-

IN7 H H H sition occurs when the analog signal has reached + 4 LSB

and succeeding output transitions occur every 1 LSB later
CONVERTER CHARACTERISTICS up to full-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0808, ADC0809, the approximation -technique is ex-
tended to 8 bits using the 256R network. .

‘The Converter

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed

CONTROLS FROM S.ALR.
1

REF(+] O ’* * ‘ 1
4 .
14R
. ~
. L)
- -~ L] L]
R
* ® - \ -
L]
10
256R . o . > f'?mrrmnon
*®
R o . 3 u
_ * L] . [
R - L] . J‘
- . .
: %R \.—
«<
—
REF(-} O—d

TUH/S672-2

FIGURE 1. Resistor Ladder and Switch Tree

.

- v . . -

o
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‘Functional Description (Continued)

‘e A/D converter's successive approximation register
(SAR) is reset on the, positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
-he start conversion puise. A conversion in process will be
.nterrupted by receipt of a new start conversion pulse. Con-
sinuous conversion may be accomplished by tying the end-
of-conversion (EQC) output to the SC input. If used in this
mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edgg of start conversion.

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
Jitimate accuracy of the entire converter. It is also the

nt

7
L FULL-SCALE

118 I0EAL CURVE -4 ERROR=1/2 LS8
a 101
o
(X}
~ 108
>
2
5 -
e Lo NONLINEARITY = 1/2 LS8
g o -

NONLIKEARITY = -1/2 LS8
o

ZERO ERROR = ~1/4 LS8

000
04 1A s 3B MBS SN IR
Vin AS FRACTION QF FULLSSCALE

ViN

FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING {
A

ERROR
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comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satistying all the con-
verter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC . level restored. This
technique limits the drift component of the amplifier since
the dritt is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical eror curve for the ADC0808 as
measured using the procedures outlined in AN-179.
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ADC0808/ADC0809

Connection Diagrams

Dual-In-Line Package
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ING~] 4 25— ADD A
N7 {5 “24}—A0D B
START—{6 23}—-AD0 €
£0c—{7 22f-ALE
2758 21p-2"'uss
OUTPUT ENABLE —]9 " 20}-22
cLock —10 19f-273
Voo —{11 18f=274
Vper (+)—{12 1727858
GND—{13 16~ Veer (=)
Ley 27744 15276
TL/H/S672-11

Order Number ADC0808CCN, ADCO809CCN,
ADC0808CCJ or ADC0808CJ
See NS Package J28A or N28A
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Molded Chip Carrier Package
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See NS Package V28A
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Typical Performance Characteristics
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FIGURE 6. Comparator iy vs Viy

(Vcc=VRer=5V)

TRI-STATE Test Circuits and Timing Diagrams
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FIGURE 7. Multiplexer Ron Vs VIN
(Vcc= VRer=5V)
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ADC0808/ADC0809

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCO080S is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion Sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which
is not necessarily related to an absolute standard. The voit-
age input to the ADC0808 is expressed by the equation

Vi - Dx
Vis—Vz Dmax—Omin
Vin=Input voltage into the ADC0808
Vis = Full-scale voltage
Vz = Zero voltage
Dx =Data point being measured
Dpmax = Maximum data limit
Dain = Minimum data fimit

(1

A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voltage across it. Since the data is represent-
ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO08089 is that the input Voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure g).

Ratiometric transducers such as potentiometers, stre
gauges, thermistor bridges, pressure transducers, etc., -
suitable for measuring proportional relationships; howev:
many types of measurements must be referred to an abs-
lute standard such as voltage or current. This means a s,-
tem reference must be used which relates the full-scz
voltage to the standard wvolt. For example,
Vee = Vrer=5.12V, then the full-scale range is divided ir-
256 standard steps. The smallest standard stepis 1 Le
which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared 1o 1

selected into 8 times in a conversion. These voltages &
coupled to the comparator via an analog switch tree whic

is referenced to the supply. The voitages at the top, cent:
and bottom of the ladder must be controlled to maintz

proper operation,

The top of the ladder, Ref(+), should not be more positiv

than the supply, and the bottom of the ladder, Ref(—

should not be more negative than ground. The center of t+

ladder voltage must also be near the center of the supg

because the analog switch tree changes from N-chann:
switches to P-channel switches. These limitations are autc
matically satisfied in ratiometric systems and can be east
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepe
rate supply and reference. In this system, the supply mus
be trimmed to match the reference voltage. For instance.

a 5.12V is used, the supply should be adjusted to the sarr-
voltage within 0.1V.

Vee
T— REF(+)
<+ a7 -

5 'n7
L]
* L]
*
-
L]

* In

DIGITAL
OuTPUT

Qgyt PROPORTIONAL
TO ANALOG
INPUT

VIN _ ViN
VREF Vcc
475V sVGe =VREp s 525V

Ls8 Qoyt=

REF(-)
-£— GND

ADCO0808

* Ratiometric transducers
TL/H/SB72-7

FIGURE 9. Ratiometric Conversion System
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Applications information (continued)

The ADC0808 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 171 a ground referenced system is
shown which generates the supply from the reference. The
putfer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
lcaded by the 10 pF output capacitor.

pas

The top and bottom ladder voltages cannot exceed Voo
and ground, respectively, but they can bo symmetrically less
than Vcc and greater than ground. The center of the ladde-
voltage should always be near the contor of the supply. Ths_
sensitivity of the converter can be incroased, (i.e., size &°
the LSB steps decreased) by using a symmetrical referencs
system. In Figure 13, a 2.5V referenco is symmetrically cer-
tered about Vcc/2 since the same curront flows in identicz
resistors. This system with a 2.5V reference allows the Lss
bit to be half the size of a 5V réferanco system.

vee
SUPPLY Vee
Ms8
VREF REF( DIGITAL
QuUTPUT
o Qoyr REFERENCED
Ty T0
Vin{O— ¢ GROUND
L]
O 10
1—- REF(-) Lse v
IN
——1 GND Oour = g2
475V 5 Ve Vier S 5.25V

ADC0808

! FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

v Vee
T Ms8
DIGITAL OUTPUT
VREF REFe) oyt REFERENCED TO
REF{+} o—{ 1y GROUND
Vin { O— 5
O L] Vin
. fe! —
l—-— REF(-} Ls8 T Yoee
¢ GNO 475V - Yeo = Vagr S 525V
ADC0808

TL/H/S672-8

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Voc Supply
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Applications Information (Continued)

1k

LM3298

LM301A

10-15 Vp¢
O

1000 pF

REF(+)

+ 10uF
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99— GXD

. L——y REF(-)

FIGURE 12, Typical Reference and Supply Circuit
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3.0 CONVERTER EQUATIONS
The transition between adjacent codes N and N+ 1 is given
by:

~_ -.5672-%
FIGURE 13. Symmetrically Centered Reference _
4.0 ANALOG COMPARATOR INFUTS
The dynamic comparaizr inful Cwgnt 5 < -2 peri-
odic switching of on-crip stay tal&star =53 -are
* - ecder/

Vin= { (VREF(o)-VREF(—))[%G‘*'%Z] IVTUE} +VREF(-) &3]
The center of an output code N is given by:

Vin { (VREF(v)"VHEF(-))['%G‘] +VruE } +VReF(-) @
The output code N for an arbitrary input are the integers
within the range:

Vin— Vi -
N=— " YREF(Z)  » 256+ Absolute Accuracy @
v v
REF(+)™ YREF(-)

where: Viy = Voltage at comparator input
VREF(+)=Voltage at Ref(+)
VRer(-)= Voltage at Ref(-)
Vrye = Total unadjusted error voltage (typically
VRer(+)*+512)

connected alternately 12 the ZuiZ.l 27 °e °
switch tree network anc to ine cc~cazicr mour 25 cart of
the operation of the chcopser siac ZeC SCrCErEIs.

The average-value of the cemparsier mput cureet varies
directly with clock frequency and #Tth «o\ &3 show in Fig-
ure 6.

It no filter capacitors are used at g znzlog mELIE and the
sigrial source impedancés are icw. T comicar=ioo input
current should not intrcduce coriiel 2rrors. &€ ThE ran-

fore the comparator outzut is strcC=2.

It input filter capacitors are cesirec “cr Ndise “sCLoICH and
signal conditioning they will tend tc averzge o e Tyramic
comparator input current 1t will then tas=s or i€ Sharacter-
istics of a DC bias current whose ztfec: cer 2e rscicted
conventionally. >

v
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