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Abstract

The environment meter for agricultures includes light intensity meter using
LDR that varies resistances as light intensity varies. The signal, in the form of voltage
level is amplified then inputted to other parts of circuits, temperature meter uses
LM335 as a temperature sensor which increase output voltage with increasing
temperature.Soil humidity meter shows humidity level corresponded to capacitance
values that vary as the dielectric values changes. The timing base generated from
difference capacitance is used for frequency generator circuit that shows the
difference frequencies corresponded to the soil humidity. In monitoring LCD is used

for show the sensor’s value and MAX-232 is used for serics data.
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4.1.2 HanMsNaany

4.1.3 ML aINaNInanad

A una(lux) UTARU(Volt) A LLES(lux) LIIRU(Volt)
150 12.7 1000 435
200 9.52 2000 3.825
250 7.98 3000 3.58
300 7.16 4000 3.465
350 6.48 5000 3.35
400 6.11 6000 3.29
450 5.86 7000 3.235
500 5.63 8000 3.19
550 537 9000 3.16
600 5.24 10000 3.13
650 5.15 11000 311
700 5.03 12500 3.08
750 4.92 15000 3,05
i (g 20000 3,02
850 4.76
900 4.67
950 4.61
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4.2.2 Hanyinaas

4.2.3 AUFAINANTINADD

RUNNI(C) HIAU(Volt) 9aungil(’c) (3 4AU(VolD)
0 2.73 27 2.981
1 2.74 28 2.992
2 2.753 29 3.003
3 2.762 30 3.012
4 2.77 31 3.021
5 2.778 32 3.032
6 2.787 33 3.04
7 2.797 34 3.051
8 2.807 35 3.06
9 2.817 36 3.068
10 2.827 37 3.079
1 2,838 38 3.092
12 2.845 39 3.105
13 2.853 40 3.107
14 2,863 41 3.124
15 2.872 42 3.132
16 2.88 43 3.137
17 2.89 44 3.15
18 2.898 45 3.159
19 2.906 46 3.161
20 2916 47 3.172
21 2.922 48 3.186
22 2.933 49 3.195
23 2.944 50 3.208
24 2953 51 3.215
25 2.965 52 3.228
26 2.977
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#include"reg51.h"

#include <stdio.h> /iKeil library
#include <math.h> /fKeil library
#include <string.h> //Keil library

#define LCD PO

sbit RS = P3~7: /! Bit control Command/Data LCD
sbit E = P3/6; // Bit control enable recive data [.CD
shitx =P1"0;
sbit y=P1"1;
shit z=P1°2;
sbit q= P13,
shitr =PI,
sbit s = P1/5;
sbit k = P176;
shit | = P17
foat al,a2,a3,a4;
char m;
intc.cl x1[4];
1/
*********>|=*************IntitialLCD****************************************
void InitLCD() §
unsigned int i;

for (i=0;i<50005i++) ;

1.CD =0x01; /{ Clear screen
RS = (;

E=1:E=0;

for (i=0;i<200;i++);

LCD = 0x3F; /{ Set 8-bit mode
RS =0;

E=1E=0

for (i=0;i<200;i++);

LCD = 0x0C; // Display on
RS=0;
E=1,E=0;
tor (i=0;1<200;i++);
t

b1
/lf**********************Disp]ayLCD**************************************$

void CiearLCD() {
unsigned int i;
LCD =0x01; {/ Clear screen
RS =0,
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RS =1;
E=1;E=0;
for (i=0;i<30;i++),
¥
void PrintLCD(unsigned char stt[]){ /f Convert data to string
unsigned char BB;
for (BB=0;stt|BB}!=0;BB++)
WriteLCD(stt[BB]);
}
void GotoL.CD(unsigned char addr) { // Set LCD address

unsigned int i;
LCD = addr | 0x80;

RS=0;
E=1,E=0;
for {i=0;i<30;i++);
}
I

**********************Fundtiondelay$**************************************

void delay(unsigned char tick) { // Function delay
unsigned i,;
for (i=0;i<tick;it++)
for (j=0;]<200;j++);
3

//************************Sendserial***************************************

void intserial(){ //1nitial serial port
TMOD = 0x21;
SCON = 0x50;
THI = 0xFA;
TLY = 0xFA;
TF1 =0;
TI =0
TR1 =1;
}
void sendserial(){ // Send serial port
intserial();
for(i=0;i<4;i++){

SBUF = xI1[i];
while(~TI);
TI=0;

3

b

Jf FE ok oRsok kR kR R kR E Qi ation
calcaulate™** %% Fk sk d f ok ok oo ot R oK R R ok ok ok ok o

void temp (unsigned char w){
al =w*(0.2; //Equation
temperature

b
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void light (unsigned char w1){ /{Equation light density
if(w1<=40)
{
a3 = (20000-(338*w1));
}
if (41<wl && wl<=134)
{
a3 = (6500 - (69%(w1-40));
h
if (135<=wl && wl<=235)
{
a3 = (int){(30-(0.3*(w1-134));
}
if (236 <=wl)
{
a3 = (wl*0);
i
i
void humi (unsigned char w2){ /{ Equation soid humidity
if (W2>=0 && w2<=90)
{
a2 = 0.161*%w2;
}
if(w2>90 && w2<=133)
{
a2 = 15 + (0.59*(w2-93));
¥
!

[ ksl ok ool ok o o ok sl st o ool ol o R R R oK ok sk o s o ok o o o ok e e s o o e et ok o o sk sk ok ok ok ok R ok o
gk

void send (float scc){

unsigned char sdd[20];
sprintf{sdd,"%.21",scc);PrintLCD(sdd);
delay(50);

}

void sendl ( int s00){

unsigned char scc[10];
sprintf{sce,"%d",500);PrintLCD(sce);
delay(50);
}

//**********************Fundtiontemperature*********************************

void fa()
{
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/f Multiplex
// Multiplex

/ Multiplex

/;’***********Fundtion lightdensity******************************************

x=0
signal
y=0;
signal
z=10;
signal
P2 = 0xFF;
m = P2;
temp(m);
GotoLCD(0x00);
PrintLCD("TEMP"};
GotoL.CD(0x04);
PrintLCD(" ");
GotoLCD{(0x06);
PrintLCD(" ™),
GotoLCD(0x0A);
send(al);
delay 1(30);
GotoLCD{0x0F);
PrintLCD({"C"),
i
void fb()
1
x=0;
signal
Va7
signal
z=10;
signal
P2 = OxFF;
m= P2,
light(m);
GotoL.CD{0x00);

PrintLCD("LIGHT");
if( a3 < 99999 && a3 > 9999)

{

GotoLCD(0x08);
send1(a3);
delay1(500);

}

if (a3 < 9999 && a3 > 999)

{

GotoLCD(0x08);

PrintLCD(" ");

GotoLCD(0x09);

sendl(a3);
delay1(500);

}

if (a3 < 999 && a3 > 99)

{

/{ Multiplex
/f Multiplex

// Multiplex



GotoLCD(0x08);
PrintLCD(" ™);
GotoLCD(0x0A);
sendl(a3);
delay1(500);

}

if (a3 <99 && a3 > 9)
{
GotoL.CD(0x08);
PrintLCD(" ");
GotoLCD(0x0B);
send1(a3),
delay1(500);

}

if(a3<9)

{
GotoLCD(0x08);
PrintLCD(" ™)
GotoLCD(0x0C);
sendi(a3);
delay1(500;

1

GotoLCD(0x00);
Gotol.CD(0x0D);
PrintLCD("LUX");

}

//*********************Fundtion SO“ hlmldlty ok e ke e o s oo o ol ok ok ok e e s ok ok ok
void fc()
{
x=0; // Multiplex signal
y=10; // Multiplex signal
o Y // Multiplex signal
P2 = OxFF;
m = P2;
humi{m);
GotoL.CD(0x00);
PrintLCD("HUMI");
GotoLCD(0x04);
PrintLCD(" ™);
Goto.CD(0x06);
PrintLCD(" ");
GotoLCD(0x0A);
send(a2);
delay 1 (30);
GotoLCD(0x0F);
PrintLCD("%"),



//*****************Send temperature*****************************

void fd(){
unsigned char i;
x=1{;
y=0;
z=1);
P2 = 0xFF;
m = P2;
temp(m);
¢ ={(int)al,
x1[0] =¢/10;
x1[1]=¢%]10;
¢l = (al-c)*100;
x1{2] =cl/10;
x1[3]=¢1%]10;
sendserial();

}

[/EEEER R AR Gan light density®## % skt koo koo s

void fe(){
unsigned char i;

x=0;
y=1;
z=10;
P2 = 0xFF;
m = P2;
tight{m);
if (a3<9)
{
X[1].x[2].x[3].x[4] = 0;
x[0] = a3;
h
if(a3>9 && a3<=99)
{
x[2].x[3].x[4] =
x[1]=a3/10;
x[0] =a3%]10;
}
if(a3>99 && a3<=999)
{
x[3].x{4
x[2]= a3/100
x[1]= (a3%100)/10;
x[0] = a3%10;
}
if (a3>999 &&a3<=9999)
{
x[4] =

x[3] = a3/1000;
x[2] = (a3%1000)/100;

x[1] = ((a3%1000)%]1 00)/10;
x[0] = a3%10

}

if (a3>9999 && 23<=999999)

54
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{

x[4] = a3/10000;

x[3] = (a3%10000)/1000;

X[2] = ((a3%10000)%1000)/100;
x{11= (((a3%10000)%1000)%100)/10;
x[0] = a3%]10;

intserial();
for(i=0;i<5;i++){
SBUF = x1[i];
while(~T);
TI=0;

}

}

//***********Send soli humidity*******************************

void ff(){

unsigned char i;
x=0;
y=0;
z=1;
P2 = OxFF:
m = P2;
humi(m);
¢ = (int)a2;
x1[0] =¢/10;
x1[1] =c%I0;
cl = (a2-c)*100;
x1[2] =cl/10;
x1[3] =¢cl1%]10;
sendserial();

}

/’/********************Main***************************

void main()
{
InitLCD();
while(1)
{

if (=0 && r==1 && s==I && k==] && |==1)
// Check condition convet alway

while (1)

if ((g==1 && r==0 && s==1) || (==1 && r==1 && s==0))
//Check to out loop
break;
else if (k==1 && 1==0)
/! Check to send serial
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// Display temperature

iflg==1 && r==0&& s == 1 && k==1 && 1==1)

{
d();
}
else if (k==0 && I==1)
{
fe(),
}
else if (k==0 && 1==0)
{
ft0);
}
fa(),
}
}
{
while (1)
{

// Check condition convet alway

if (q==0 && r==1 && 5==1) || (I==1 && r==1 && s==0))

break;
else if (k==1 && 1==0)

{

fd();

}

else if (k==0 && I==1)
{

fe();

¥

else if (k==0 && |==0)
{

ff0);

}

tb(); //Display light density

}
b

//Check to out loop

{/ Check to send serial

if (==1 && r==1 && 5==0 && k==1 && I==1)

{
while (1)

{

/f Check condition convet alway

if (70 && r==1 && s==1) || (==1 && r==0 && s==1))



loop

serial
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/Check to out

break;
else if (k==1 && 1==0)
{/{ Check to send

{
fd0);

e}:lse if (k==0 && |==1)
ée();
}else if (k==0 && 1==0)
éf();

}
fe(); //Display soil humidity
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National
Semiconductor

ADC0808/ADCO0809

Multiplexer

General Description

The ADCO0808, ADCO809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-gigital con-
verter, 8-channel muitiplexer and microprocessor corpatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technigue. The converter fea-
Wres a hign impedance chopper stabilized cormparator, a
256R voltage divider with analog switch tree and a succes-
sive approximaticn register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signais.

The device eliminates the need for extermal zero and
full-gcate agjustments. Easy interfacing to microprocessos
is provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE cutpuis,

The design of the ADCOB0RB, ADCO80Y has been optimized
by incarporating the most desiratle aspects of saveral A/D
conversion technigues. The ADCOB08, ADCOBOS affers high
speed, high accuracy, minimal temperature dependence,
excellent long-lerm accuracy and repeatabilily, and con-
sumes minimal power. These features make this device
ideally suited 1o applications from process and machine
conirol 1o consumer and automotive applications. For
16-channel multiplexer with common output (sample/hald
part) see ADC0B16 data sheet. (See AN-247 for mare infor-
mation.)

8-Bit pP Compatible A/D Converters with 8-Channel

Features

Key Specifications

QOctober 2002

Easy interface 16 all microprocessors

Operates raliometrically or with b Ve or analog span
adjusted voltage reference

Mo zero or full-scale adjust required

8-channel muitiplexer with address logic

OV 1o 5V input range with single 5Y power supply
Cutpuis meet TTL voltage level specifications
ADC0808 equivalent to MM740249

ADCO809 eguivalent to MM74C849-1

Resolution 8 Bits
Total Unadiusted Errer +i4 LGB and =1 158
Single Supply 5 Vpe
Low Power 15 mw
Conversion Time 100 us

Block Diagram

STRAT

LLOGH

¥ge  GNO REFi+)

Iru.';;ﬁ...___ - ——q
] END 4F CIRVERSION
8 : CONTROL & TIVING G ANTEARUPT)
&5 | l i
=] $CHANNELS : |
8 AMALDG HPUTS —| Wiig PLELING |
o]  sWiTCHES sad. I Y
o— ! % -
| LOMPARATOR 1 o
TR f—0
o | state® g
QuTRUT BEIT BUTPUTE
o—_ | wren @
i I BUFFER [
)
AN '
| SWITCH TREE 1
- | |
3817 ADDRESS - O] | |
G ADDRESS ot st e |
L LATCH .I |
AKD
ADDRESS |
; O~  DECONER |
LATCH ENABLE 255 AESISTOR LADDER
| b
e |

See Ordering
information

nLTRUT
ENABLE

00567201

© 2002 National Semicenducior Corperation DS005672
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ADCO0808/ADC0809

Connection Diagrams

Dual-In-Line Package Malded Chip Carrier Package
< o ©
m3—i 28Nz §8E YL,
a—J2 27 |- M1 [ Y T
5 260 25 14 23 22 21 20 1%
LG Mo —|z6 1gf-27
INE —4 4 25p=ADO A =27 17 | 27358
N7 43 24| ALD B w2t el Vigr (=)
START—{6 23|=ADD € e | -
foc—47 22 = ALE P b7
58 21f-2""usp NS 3 15 b MO
QUTPUT ENARLE —{9 wp-2? e —|4 12k Ve 0
cLock —10 19f=2"3 5 6 7 8 8 10 11
Yee =11 18p-2- il t.el L'_“?' :‘[ f') [d
Vagr (4112 1727858 EESngsg>
GNDp=—{13 16— Vgep (- - N
2714 15278 g
3
Q0587211 oSG2
Order Number ADCO808CCN or ADCOBO9CCN Qrder Number ADCO80BCCV or ADCOB0SCCYV
See NS Package J28A or N28A See NS Package V28A
Ordering Information
TEMPERATURE RANGE -40°C to +85°C
Error |+ LSB Unadjusted |ADCOBOSCCN ADC0O808CCV
+1 LSB Unadjusted |ADCOB09CCN ADCOBOECCY
Package Outline N28A Molded DIP | V2BA Molded Chip Carrier

www.national.com 2



Absolute Maximum Ratings inctes 2,

608000Vv/208000aV

Dual-In-Line Package (plastic) 260°C
1) Molded Chip Carrier Package
If Military/Aerospace specified devices are required, Vapor Phase (60 seconds) 215°C
pl'eas:e contact the Natiqr_nal Semiconcllu.licto.r Sales Office/ Infrared (15 seconds) 230G
Distributors for availability and specifications. o
ESD Susceptibility (Note 8) 400V
Supply Voltage (V) (Note 3) 6.5V
Voliage at Any Pin -0.3V 1o . 1 ge
N oor0.8Y) Operating Conditions (notes 1, 2)
Except Control Inputs Temperature Range (Note 1} TrinSTas Tiax
Voltage at Control Inputs -0.3V to +15V ADCO80BCCN,ADCOBI9CCN -40°CsT ,2+85°C

ADC0808CCV, ADCOBDICCY
Range of V. (Note 1)

—40°C2T A<+85'C
4.5 Vo to 6.0 Ve

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
-65°C to +150°C
875 mW

Storage Temperature Range
Package Dissipation at T,=250C
Lead Temp. {Soldering, 10 seconds}

Electrical Characteristics

Converter Specifications: V=5 Voc=Vacr., Yaere ) =0ND, TrneTasTrax and fe =640 kHz unless otherwise stated,

Symbol Parameter Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Error 25°C +i .SB
(Note 5) irtald o +3 LS8
ADC0809 R .
Tetal Unadjusted Error 0°C 1o 70°C =1 L.5B
{Note 5) T 10 Traax =1% LSB
Input Resistance From Ref(+) o Ref(-} 1.0 2.5 k2
Analog Input Voitage Range {Note 4) V{+) or V(-} GND-D.10 Veet0.10 Ve
Viaerin Voitage, Top of Ladder Measured at Ref{+) Vee Vee+d.1 v
VeRer(+) + ViR Vaoltage, Center of Ladder Veo/2-0.1 | Vo2 | Veo/2+0.1 v
2
VaEr(-) Yoltage, Bottom of Ladder Measured at Ref(-) (.1 ¢ vV
Iy Comparator Input Current | f,=640 kHz, (Note &) -2 | 05 2 PA

Electrical Characteristics
Digital Levels and DC Specifications: ADCOB08CCN, ADCOB08CCY, ADCOB0SCCN and ADCO809CCV, 4,755V 055.25V,
-40°C<T 4<+85°C unless otherwise noted

Symbol ] Parameter Conditions Min Typ Max Units
ANALOG MULTIPLEXER
lorr(s (OFF Channel Leakage Current Vee=5V, V=5V,
Ta=25'C 10 200 nA
Thaine 10 Traax 1.0 HA
lorri OFF Channel Leakage Current Vee=5V, Vin=0.
Ta=25'C =200 -10 nA
Trn 10 Traax -10 HA
CONTROL INPUTS
Vingty Logical “1" Input Voltage Vee=1.0 W
Ving) Logical “0” Inpul Vollage 1.5 v
o Logical “1" Input Current Vin=15V 1.0 pA
(The Contrci Inputs}
Iinicoy Logicai “0" Input Current V=0 -1.0 pA
{The Control Inputs)
lee Supply Current o =640 kHz 0.3 3.0 mA

3 www national.com



ADCO0808/ADC0809

Electrical Characteristics (continued
Digital Levels and DC Specifications: ADC0808CCN, ADCDSO8CCY, ADCOB09CCN and ADCO80ICCV, 4.755V45.25V,
—40°C<T,<+85°C unless ctherwise noted

Symbol l Parameter | Conditions Min Typ Max l Units
DATA CUTPUTS AND EOC {INTERRUPT)
Vouta Logical "1” Quiput Voltage Ve = 4.76V
laur = —3B0pA 2.4 V{min)
lour = —10pA 4.5 V{min)
Vourio Logical "0" Output Veltage lo=1.6 mA (.45 Vv
Voo Logical “0” Qutput Voltage ECC lo=1.2 MA 0.45 v
lout TRI-STATE CQutput Current V=5V 3 HA
V=0 -3 HA

Electrical Characteristics
Timing Specifications Vee=Voee =5V, Vaes_,=GND, t,=4=20 ns and T,=25"C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
b Minimum Start Pulse Width {Figure 5) 100 200 ns
sl E Minimum ALE Pulse Wiath (Figure 5) 100 200 ns
1o Minimum Adgdress Set-Up Time | (Figure 5) 25 50 ns
ty Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Re=042 {(Figure 5 1 25 s

From ALE
by tho QE Control 1o Q Logic State C,,=50 pF, R =10k (Figure 8) 125 250 ns
time tor QE Contral to Hi-Z CL =10 pF. R =10k (Figure 8) 125 250 ns
t. Conversion Time f.=640 kHz, (Figure 5) (Note 7) 90 100 116 Lis
fo Clock Freguency 10 640 1280 kHz
teae EOC Delay Time (Figure 5) 0 B+2 S Clock
Periods
Ciny Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Cutput At TRI-STATE Oultputs 10 15 pF
Capacitance

Nole 1: Absalute Maximum Ratings indicale limits beyond which damaga 10 the device may oceur. DC and AC elactrical specifications do not apply when operating
the device beyond its specified operating conditions,

Nede 2: All voltages are maasured wilh respect to GND. unless olnewise specifed
Note 3: A zener diode exisis, internally. from Ve ta GND and has & typical sreakdown voltage of 7 Vpe.

Nete 4: Two on-chip dicdes are tieo io each analog input which wil: forward conduct for analog input voltages cne diode drop belew ground or one diode drop
greater than the Vecn supely. The spec allows 100 mV forward bias ol either diods This means that as lnng as the analoy Wy does nat exceed the supply voltage
by maore than 100 mY the catpul code will oo correct. To a2hieve 21 sbsoiute $vye to SVpe inout vollage 1ange wil therefare requira & minimum supply vollage of
4.900 Vpe over lamperaturs varations. nilial lolerance and lading.

Note 5: Total unadjusted error inciudes offset ‘ull-scale lingarity, and riultip exer anors. See Fligure 3. None of Ihnese A/Ds requires & zero or Tull-scale adjust.
However. if an all zaro cade is desired for an analag input other thar O GV, or if 8 nariow fuli-scale span exists (for example: 0.5V to 4.5V full-scale) the reference
voltaqes can be adjusled o achieve this. See Figure 13,

Note 5: Comparator input currenl is a Bias cusrent irta ar out of the chopper stabilized comparalor. The hias current varies direclly with clock frequency and has
lithle temperatdre dependence {Figure €). See paragraph 4.0

Note 7: The outputs of the data register are Lpdated one clock cytle before tha rising edge of EQC,
Note B: Human body madel, 100 pF discharged through a 1.5 kel resistor.

www.national.com 4




Functional Description

Muitiplexer. The device contains an 8-channel single-ended
analog signal multipiexer. A particular input channel is se-
lected by using the address decoder. Table 1 shows the input
states for the address lines to select any channel. The
address Is latched into the decoder on the low-1o-high tran-
sition of the address laich enable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANALOG CHANNEL c B A
INO L L (N
N1 L L H
IN2 L H I
IN3 L H H
IN4 H L L
N5 H I H
ING H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip daia acquisition system is its
§-bit analog-to-digital converter. The converter is designed 1o
give fast, accurate, and repeatable conversions over a wide
range of femperatures, The converter is partitioned into 3
major sections: the 256R ladder network, the successive
approximation register, and the comparator. The converler's
digital oulputs are positive true.

The 256R ladder netwark approach {Figure 7) was chosen
over the conventional R/2R ladder because of ils inherent
monotonicity, which guarantees no missing digital codes,
Monatonicity is particularly impartant in closed loop feedback
contro! systems. A non-monotonic relationship can cause
oscillations that will be catastrophic for the system. Addition-
ally. the 256R network does not cause load variations on the
reference voltage.

The botiom resistor and the top resister of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
futl-scaie points of the transfer curve. The first output transi-
tion cccurs when the analog signel has reached +v2 LSB
and succesding output transitions occur every 1 LSB jater up
to full-scale.

The successive approximation register (SAR} performs 8
flerations to approximate the input voltage. For any SAR
type converter, n-iterations are required for an n-bit con-
venar., Figure 2 shows a typical example of a 3-bit converer,
In the ADCOB08, ADCCB09, the aperoximation technique is
extended to 8 bits using the 256R netwark.

The A/D converter's successive approximation register
(SAR} is reset on the positive edge of the start conversion
start pulse. The conversion is begun on the falling edge of
the starl conversion pulse. A conversion in proogss will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accompiished by tying the
end-of-conversion (EGC) output to the SC input. If used in
this mode, an extamnal start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween O and 8 clock pulses affer the rising edge of start
conversion,

The most important section of the A/D converter is the
comparalor. It is this section which is responsible for the
ultimate accuracy of the entire converter. 1t is also the com-
parator drift which has the greatest influence on the repeat-
ability of the device. A chopper-stabllized comparator pro-
vides the most effective method of satisfying ali the
converter requirements.

The chopper-stabilized comgarator converts the PDC input
signal into an AG signal. This signal is then fed through a
high gain AC amplifier and has the DC levei restored. This
technigue mits the drift component of the amplifier since the
drift is a DC comgonent which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, iong term diift and input offset
errors,

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outiined in AN-179.

www.national.com
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ADCO0808/ADC0809

Functional Description (Contirued)

CONTROLS FRDM 5.A.R.
]

REF(+) O—nn ’* * * ;
14R
R \-—
L ] L ]
[ ] » [ ]
R
. » o Se—,
»
T0
256R o . . . a= COMPARATOR
M INPUT
. . . \..-.l
R
L] - »
A - a .
L] L]
“R ‘: \—
T—
AEF{—] et

00567202

FIGURE 1. Resistor Ladder and Switch Tree

m I INFINITE RESDLUTION
le-FULL-STALE 0 PERFELT CONVERTER
10 IDEAL CURVE -2 ERROR=1/2 LSA
. 10 +1/2 LSB IDEAL 3BIT CORVERTER
Wy w Tt [
e 2 41 | umaniosTen ™2
5100 x EAROA |
2 > 100 | -1 LSB
E : £ | [~ ABSOLUTE
e L NONLINEARITY = 172 LS8 o Wt . SLCURgtY
£ mo - 2
= NONLINERRITY = —1/2 LSB < o .‘ Lab"ir}f&m“
ol o . o1 ERROA
wste| |oe- ZERD EAROR = —1/4 LSE
00 - ViN 0% Y
o8 148 /8 1/8 A8 54 b8 T ana 1B /8 3/B 48 54 B T/8 a
ViN AS FRACTION OF FULL-SCALE V| AS FRACTION OF FULL-SCALE
DeeE7Z13 D055
7214

FIGURE 2. 3-Bit A/D Transfer Curve FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFEAENCE LINE

DYPANTIZING | 1 i
ERROR i £ i ‘
| ' i
INPUT OV ' FULL
VOLTAGE SCALE

Q0567215

FIGURE 4. Typical Error Curve
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Timing Diagram

=

START str4 %
Ws—|
ALE m}l 50%
—WALE ] |
- |- sTABLE ADDAESS

ADDAESS 5% 50%

b

1y |

‘s
ANALOG x - = }(
INPUT 1 — STABLE
ci |
155
COMPARATOR
NPUT
(INTERANAL NODE)
l—-1 1p— =]
outeuT L / | W Y

ENARLE Y

et
[ * st%
. T_f_c ) ’
TAI-STATE

0587204

FIGURE 5.
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ADCO0808/ADC0809

Typical Performance Characteristics

15 ,
f; = 1200 kHz
1

N

P
I, = 640 kHz
1, = 630 kHz
-05

/

TYPICAL 4|y A
=

-1 fp= 1200 kHz
i L
i 1.25 15 378 5
Vi [V}

0oBGT216

FIGURE 6. Comparator |y vs Viy
(Vee=Vrer=5Y)

Ty =85°C

A

[} 1.26 FA 3715 5
Viy (V)

TYPICAL Ry (k2

Q0567217

FIGURE 7. Muttiplexer Rgy vs Vi
(Voc=Vrer=5V)
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TRI-STATE Test Circuits and
Timing Diagrams

ST O
Vie

WIAT o |

ENABLE
-J. [ 10k

00367218

ty, CL = 10 pF

¥
DuYPLT
ENABLE

Vo an%
DyTRLT
GN) —————————
00567279
ty1, G = 50 pF

0057220

tons tho
Vio Ve

l {
T

OUTAUT
ENABLE

00567224

00587222

50%

Q0567223

FIGURE 8.

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADCO0808, ADC0O809 is designed as a completz Data
Acquisition System (DAS) for ratiometric conversicn sys-
tems. In raticmetric systems, the physical variable being
measurad is expressed as a percentage of full-scale which is
not necessarily related to an absolute standard. The voltage
input 1o the ADCOB08 is expressed by the eguation

Vi Dx
Vis—Vz  Duax—Duin

V. =Input voltage into the ADC0O808
V,=Fuli-scale voltage

Vz=Zero vollage

Dy=Data point being measured
Dpax=Maximum data limit

Dpyn=Minimum data timit

A good example of a raticmetric transducer is a potentiom-
eter used as a position sensor. The position of the wiper is
directly proportional to the cutput voltage which is a ratio of
the full-scale voltage across it. Since the data is represented
as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of errar and cost
for many applications. A major advantage of the ADCOB0S,
ADCO0BO09 is that the input voltage range is equal to the
supply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiometers, strain
gauges, tharmistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measuremants must be referred to an abso-
lute standard such as voltage or current. This means a
system reference must be used which relates the full-scale
voltage to the standard wveolt. For example, |if
Vee=Vaer=5.12Y, then the full-scale range is divided into
256 standard steps. The smallest standard step is t LSB
which is then 20 mV.

www.national.com
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ADCO0808/ADC0809

Applications Information (continued)

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into B times in a conversion. These voltages are
coupled to tha comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlied to maintain proper
operation.

The top of the ladder, Ref(+), should not be more positive
than the supply, and the beottom of the ladder, Ret{~). should

not be more negative than ground. The center of the ladder
voltage must aiso be near the center of the supply because
the analog switch tree changes from N-channel switches to
P-channel switches. These iimitations are automatically sat-
isfied in ratiometric systems and can be easily met in ground
referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must be
trimmed to match the reference voliage. For instance. if a
512V is used, the supply should be adjusted to the same
voltage within &.1V.

r & T Vic
l REF[+) MSB
-
< In?
. DIGITAL
% . OUTPUT
. QgyT PROPORTIONAL
1 T0 ANALOG
. iNPUT
.
* tn0
V) V)
REF({-) LSE Qoyrs N = YIN
& l o OUT= Vaer = Voc
ATEY =Voo =VRer <5.25V
L * i
= ADCOB0 Ratlemetric transducers

Q0567207

FIGURE 9. Ratiometric Conversion System

The ADCOCB08 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 11 a ground re‘erenced system is
shown which generatgs the supply from the reference. The
bufier 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 iarge capacitor wil
supply the transient supply current as seen in Figure 12. The
LM301 is overcompensated to insure stability when loaded
by the 10 uF output capaciicr.

The top and bottom ladder voltages cannct exceed Ve and
ground, respectively, but they can be symmetrically less than
Voo and greater than ground. The center of the ladder
veitage should always be near the center of the supply. The
sensitivity of the converter can be increased, {i.e., size of the
L5B steps decreased) by using a symmetrical referenge
system. In Figure 13, a 2.5V reference is symmetrically
centered about V. ./2 since the same current flows in iden-
tical resistors. This system with a 2.5V reference ailows the
LS8 bit to be half the size of a 5V referance sysiem.
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Applications Information (coninueq)

vee
SUPPLY vog
WSB
VRer REF(+)
Qgyr
[P |“ au
VN 4 O :
[ ]
e |“n
REF(-} LsB
E GND
ADC080A
Vin
Q = —t,
QUT VRer
478V < Voo = VRer = 5.25V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
V+
| Voo
“'T MSB
VREF REF{+) Royt
VREFH O— 1n7
VN O E
O— e
1—— REF(=) LSB
& GND
ADCOBOY

ViN
BoUT = G

475V € Voo = Vper © 5.25¢

DIGITAL
auTPuUT
AEFERENCED
T0

GROUND

00667224

HGITAL DUTPUT
REFERENCED TO
GROUND

Q0567225

FIGURE 11. Ground Referenced Conversion System with
Reference Generating Voo Supply
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ADCO0808/ADC0809

Applications Information (cConinued

10-15 Vg
()

1k

1000 oF

LM3298
Voo

REFI+)

TANTALUM
GND
AEF{-}

COSB7R26

FIGURE 12. Typical Reference and Supply Circuit

5V
Ra
vee
3.8V
7 REFL+) b &
In7
]
5 Y DIGITAL QUTRUT
a PROPORTIONAL TO
. T ANALOG INPUT
X 1.6V < Vi < 375V
-, Ind
125V
& REF(-)
2.5v
REFERENCE Rg Ls8
GND

0667227

Ra=Rg
*Ratiometric transducers
FIGURE 13. Symmetrically Centered Reference

3.0 CONVERTER EQUATIONS The output code N for an arbitrary input are the integers
The transition hetween adjacent codes N and N+1 is given within the range:
by:

Vin—V
NN TRERL ). 066 + Absolute Accuracy
- VREF( )~ VREF( -)
= — =tV +V -
Vin {(Vmsm) VREF( ])[2561 512] rus} REF(-) (4)

(2 Where: V| =Veltage at comparator input

The center of an cutput code N is given by: Vherio=Voltage at Ref(+)

Vaer-=Voliags at Ref(-)

N = ; ;

VlN{(VHEF(ﬂ—VREF:-))[ﬁ]ivrue } VRER( Vo e=Total unadjusted errar voltage (typically
Vaer+512)

{3)
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Applications Information (continued;

4.0 ANALOG COMPARATCR INPUTS

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparater.

The average value of the comparator input current varies
directly with clock frequancy and with V,, as shown in
Figure 6.

Typical Application

If no filter capacitors ara used at the analog inputs and the
signal source impedances are low, the comparatoer input
current sheuld not intreduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired fornoise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. i will then take con the character-
istics of a DC bias current whose effect can be predicted
conventionally.

RERD
_] INTERAUPT
500 k Hz === CLK DE
ADDRESS 5.000V == VREE(H) EDC INTERRUPT
DECOGE
(ADa-ADTS* 0.000V = VREF(-}
g1 pm——fpr DBT Ms3
START 92 e DB
AT ALE PE: | SENEENT.
78 i D8
ADD — A 25 p——p DB3
080
aut—#  Antgnn 2§ ——" 082
ADZ=—C =7 e DB
278 ——pp DBO 158
5V SUPPLY T
vee gt Vin 8
GND "
=E
GROUND = 4 ANALDG
INPUT RANGE
L ]
o= Vvin 1
1567210
“Address latches needed for 8085 and SC/MP interfaging the ADCO803 to a microprocesser
TABLE 2. Microprocessor Interface Table
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
BOBS RD Wwa INTR (Thru RST Gircuit)
Z-80 BD Wa INT (Thru RST Cirguit, Mode 03
SC/MP NRDS NWDS SA (Thru Sense A)
8800 VMAsp2eR/MW [ VMAep=R/W | IRQA or [RQB (Thru PIA)
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ADCO0808/ADC0809

PhySical Dimensions inches !milimeters)

unless ctherwise noted

[ [7] sl [l [l [o] (o] [e] o] [rs] fi] o] [re] [re

0.062
{1.575)

0.510+0.005 |
{12.95+0,127)

.
SpEgOynopE o CIEICIELT)

RAD

i

PIN NO. 7 IDENT

1.183--1.4620
{35.38—36.07} -
0.030 0,600 0520 §.145-0.210 0.050 :
—_— o ———i—= _ —_— —
7eg "™ [15.24—15.75) {3.683— 5.934) T 125 -0.186
¥ } 75— £33 g gap
= t W T
] A
457 4 5¢ Ll 0.009-D.015 Y ) f
0580 (0.229 - 0.381) ‘ B6° 8a° TYP
el BN i 0.050 £0.015 0.100% 0,010 0.018 +0.002 N
14.73) Rt 1AL I*— _.______.4 !«— H-| el et 0.125 —0,145
g 0028 (.20 L0.36%) |2.540 £ 0.254] (D457 0.078} T35
at——— " —(.015
0.635
(15.5! :I]A:HHJ NZER (REY E)

Molded Dual-In-Line Package (N}
Order Number ADC0B08CCN or ADCOS09CCN
NS Package Number N28B

www.naticnal.com 14



Physical Dimensions inches {millimeters) unless otherwise noted {Continued)

0.450 +0.008
g O e
[11.431 3000
PIN #1 IDENT ago x 0043
AN 2 (141 0.01740.004 1y
N Iy 0.02040.003 yp ) [0.43£0.10]
{0.74+0.08] |
O
5[] 725 — i
O B 1l t
0 ] 0.410£0.020 1y5
0 B [10.4120.51]
[] Il
O ]
1] N (19
| I
[N ) gy T
1;H'I 18 SEATING PLANE
¢ 0.050 o _,| [ e
[1.27) =S fdoszﬂ MIN TYP
o 0300 o :
[7.62] 0.105£0.015 4y
450 x 9.045 [2,67£0.38]
[i.14] 0.165-C.180 v
f4.19-4.57]
=

0.490%0.005
[12.45£0.13]

i
TYF —-—[

YiSA [REY &)

Molded Chip Carrier (V)
Order Number ADC0O808CCV or ADC0803CCV
NS Package Number V2BA

LIFE SUPPORT POLICY

NATICNAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPCNENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, {a) are intended for surgical implant
into the body, or (b} support or sustain lfe, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can he reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or systern whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

safety or effectiveness,

Natioral Semlconducior National Semiconductar

Carporatian Europe

Americas Fax: +4% (0) 180-530 85 86
Email: eurape.support@nsc.com

Deutsch Tel: +48 (0} B9 8508 6208

English  Tel: +44 (0) 870 24 0 2171

Frangais Tel: +33 (0} 1 41 81 8780

o)

www.national.com

Email: support@nsc.com

National Samicanductor
Agsia Pacific Customer
Raspanse Group

Tel: B5-2544466

Fax: 65-2604466

Email: ap.supporl @ nsc.com

National Semlegnductor
Japan Ltd.

Tal: B1-3-5638-7560
Fax: 81-3-5639-7507

National doas not assume any responsibility for use of any circuitry described, no circuit patent licenses are mplied and National raserves the right at any time without nelice to change said circuitry and specifications.
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&National Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-calibrated, integrated
circuit temperature sensors. Operating as a 2-teminal zener,
the LM135 has a breakdown voltage directly proportional to
absolute temperature at +10 mV/ K. With less than 1Q dy-
namic impadance the device operates over a current range
of 400 pA to 5 mA with virtually no change in performance.
When calibrated at 25°C the LM135 has typically less than
1°C error over a 100°C temperature range. Unlike other
sensors the LM135 has a linear output.

Applications for the LM136 include almost any type of tem-
perature sensing over a -565°C to +150°C temperature
range. The low impedance and linear output make interfac-
ing to readout or control circuitry especially easy.

The LM135 operates over a ~55°C to +150°C temperature
range while the LM235 operates over a —40°C to +125°C

November 2000

temperature range. The LM335 cperates from -40°C to
+100°C. The LM135/LM235/LM335 are available packaged
in hermetic TO-46 transistor packages while the LM335 is
also available in plastic TO-92 packages.

Features

B Directly calibrated in "Kelvin

u 1°C initial accuracy available

m Operates from 400 pA to 5 mA

8 Less than 10 dynamic impedance
¥ Easily calibrated

® Wide operating temperature rangs
& 200°C overrange

= Low cost

Schematic Diagram

o S s :: RS

AAA
AAA
b Ad
=
o
-

> Ak b1

113
I A (4]

wl—

,
47
» 600

AAA

AAS === ADHISTMENT

>
» R1D
AFL3

AAA

DS0D5658-1

© 2000 National Semiconductar Corporation DS005698
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LM135/LM235/LM335, LM135A/LM235A/1.M335A

Connection Diagrams

TO-92
Plastic Package

DS005696-8

Bottom View
Order Number LM335Z
or LM335AZ
See NS Package
Number Z03A

S0-8
Surface Mount Package
we 4 N
2 7
NC et = NC
3 [}
NG = = NC
4 5
- — — ADJ
DS00s5698-25
Order Number LM335M

See NS Package
Number MOSA

TO-46
Metal Can Package*

DS005698-26

*Case is connecled to negative pin

Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
See NS Package
Number HO3H
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Absolute Maximum

Ratings (note 4)

Specified Operating Temp. Range

If Military/Aerospace specifled devices are required, Continuous  Intermittent
please contact the National Semiconductor Sales Office/ . (Note 2)
Distributors for availabllity and specifications. LM135, LM13BA  -55°C to +150°C 150°C to 200°C
Reverse Current 16 mA LM235, LM235A  -40°C to +125°C 125°C to 150°C
LM335, LM335A  -40°C to +100°C 100°C to 126°C

Forward Current 10mA | oad Temp. (Soldering, 10 seconds)

Storage Temperature 10-92 Package: 260°C
TO-46 Package -60°C to +180°C T0-46 Package: a0'c
TQ-92 Package -60°C to +150°C SO-8 Packags: 300°C
SO-8 Package ~65°C o +150°C Vapor Phase (60 seconds): 215°C

Infrared {15 seconds}): 220°C

Temperature Accuracy (Note 1)

LM135/LM235, LM135A/LM235A
Parameter Conditions LM135A/LM235A LM135/LM235 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25C, lzp=1mA 297 | 298 | 299 | 285 | 298 | 3.01 v
Uncalibrated Temperature Error Tc=25C, lg=1mA 0.5 1 1 3 ‘C
Uncalibrated Temperature Error Tun S Te s Tyax lr = 1 MA 1.3 27 2 5 G
Temperature Emor with 25°C TunETe S Tyax I = 1 mA 0.3 1 0.5 1.5 ‘c
Calibration :
Calibrated Error at Extendad Te = Tuax (Intermittent) 2 2 G
Temperatures
Non-Linearity lg = 1mA 0.3 0.5 0.3 1 C
Temperature Accuracy (Note 1)
£M335, LM335A
Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max
Operating Output Voltage Te=25C, g =1mA 295 | 298 | 3.01 292 | 298 | 3.04 v
Uncalibrated Temperature Error To=25C, lg = 1 mA 1 3 2 6 °C
Uncalibrated Temperature Error Tun £Te € Thaxe Ik = 1TMA 2 5 4 9 ‘C
Temperature Error with 25°C T S Te S Tyas [k = 1 mA 0.5 1 1 2 ‘C
Calibration
Calibrated Error at Extended Tg = Tuax (Intermittent) 2 2 G
Temperatures
Non-Linearity g = 1 mA 0.3 1.5 0.3 1.5 ‘C
Electrical Characteristics (vote 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<izss mA 25 10 3 14 mvy
Change with Current At Constant Temperature
Dynamic Impedance Ir=1 mA 0.5 06 L¢3
Output Voltage Temperature +10 +10 mvi'C
Coefficient
Time Constant Still Air 80 a0 sec
100 f/Min Air 10 10 sec
Stirred Qil 1 1 sec
Time Stability Tcz=125C 0.2 0.2 *ClKkhr

www.national.com

VSEEWT/VSETIN T/VSELINT ‘SEEINT/SEZNT/SELINT



LM135/LM235/LM335, LM135A/LM235A/LM335A

Reverss Voitage Change

s H

E

w 7 Tj=-56°¢ //
z LA

s .
w 8 1) 25°C
2 s

g , ]
ot - A

g 12 e Ti= 1250 —
d

H 1%/ [
= [ 1]

0 2 (3 8 s 1
REVERSE CURRENT (mA)

NSn0se8d-27
Response Time
4 T T ki
1 T=25°C— 9
S| Sn
3 T b2
E ouTPUT L
g 2
= Ly
QUIPLT
L \
w
5 !
<
i
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0 [ 11
I 2 12 & 8
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DS005698-30

Thermal Resistance
Junction to Air

Nota 3:

Thermal Resistance TO-92
8,4 (junction to ambient) 202°CAw
8,c {junction to case) 170°C/W

Note 4; Refer in RETS135H for military specifications.

Electrical Characteristics (Note 1) (Continued)

Note 1: Accuracy measurements are mads in a well-stimad oil bath, For other conditions, salf heating must be considerad.
Note 2: Continuous oparation at these temperaturas for 10,000 hours for H package and 5,000 hours for Z package may decreass life expactancy of the devics.

TO-46 S0-8
400°CIW  165°C/W
NiA NIA

Typical Performance Characteristics

Calibrated Error
q

CALIBRATED ERROR (“C)
1
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Thermal Time Constant

Reverse Characteristics
"

Ty= 25T
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Thermal Response in Still Alr
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Typical Performance Characteristics (continued)

Thetmal Rasponse in Stirred Qil Bath

1ap

4u[

PERCENT OF FINAL VALUE (%

[} 4 § § ]

TIME (SECDNDS)
DS005698-38

Application Hints

CALIBRATING THE LM135

Included on the LM135 chip is an easy method of calibrating
the device for higher accuracies. A pot connected across the
LM135 with the arm tied to the adjustment terminal allows a
1-point calibration of the sensor that corrects for inaccuracy
over the full temperature range.

This single point calibration works because the output of the
LM135 is proportional to absolute temperature with the ex-
frapolated output of sensor going to OV output at 0K
(-273.15°C). Errars in output voltage versus temperature are
only slope (or scale factor) errors so a slopa calibration at
ane temperature corrects at all temperatures.

The output of the device (calibrated or uncalibrated) can be
expressed as:

E
Vourr = Youty, X e

where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin, By calibrat-
ing the output to read correctly at one temperature the output
at all temperatures is correct. Nominally the output is cali-
brated at 10 mv/'K.

Typical Applications

Forward Characteristics
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FORWARD CURRENT (mal
DS005598-37

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing device, self heating
can reduce accuracy. Tha LM135 should be operated at the
lowest current suitable for the application. Sufficient current,
of course, must be available to drive both the sensor and the
calibration pot at the maximum operating temperature as
well as any external loads.

If the sensor is used in an ambient where the thermal resis-
tance is constant, self heating arrors can be calibrated out.
This is possible if the device is run with & temperature stable
current. Heating will then be proportional to zener voltage
and therefore temperature. This makes the self heating error
proportional to absolute temperature the same as scale
factor errors.

WATERPROCFING SENSORS

Meltable inner core heat shrinkable tubing such as manufac-
tured by Raychem can be used to make low-cost waterproof
sensors. The LM335 is inserted into the tubing about %"
from the end and the tubing heated above the melting point
of the core. The unfilled 15" end melts and provides a seal
over the device.

Basic Temperature Sensor Calibrated Sensor Wide Operating Supply
v vt v+
5Y—A0V
R
LK334 :
ouTRUT
W myrK DUTPUT 10 mY/ K
58
LM335 LM338 V-
OUTRUY
10 myFlK
= DSD05690-2 = 1M335
[rS0Q5698-9
*Calibrate for 2.982V at 25'C - 800535690
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