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Program Tx (pemancar) 
Morris Dinanta (5103000058) 

#include <at89x51.h> 

#define datakrm P2 
#define kirim PO 7 

II data dikirimkan ke TLP434A melalui IC HTl2Encoder (4bit) 
II kontrol transmisi enable dari IC HTl2Encoder 

#define datal PI II pin input data digital dari ADC 

#define d I P3 0 
#define d2 P3 I 
#define d3 P3 2 

Ilpin input data digital dari tinggi air titik I 
Ilpin input data digital dari tinggi air titik2 
Ilpin input data digital dari tinggi air titik3 

int temp,temp2,temp3,bufl ,buf2; Ilvariabel 

void tunda(int loop2) 

MainO 

int loop; 

loop=O; 
while (loop<=loop2) 
{ 
loop++; 
THI =( -50000/256)-1; 
TL 1 =( -50000%256); 
TFl=O; 
TRl=l; 
while (!TFl); 
} 

kirim=l; 
temp=O; 
dl=d2=d3=1; 
bufl=O; 
while(temp=l) 
{ 
kirim=l; 

datak.rm= 1 ; 
kirim=O; 

tunda(14); 
kirim=l; 

Ilprocedure tunda (delay) 

Ilprocedure kirim header 



} 

dataknn=2; 
kirim=O; 

tunda(14); 
kirim=J; 

dataknn=3; 
kirim=O; 

tunda(l4); 
kirim=l; 

dataknn=4; 
kirim=O; 

tunda(14); 
kirim=J; 

bufl=datal; !lkirim data ADC MSB (4bit) 
datakrm=bufl!I6; 

kirim=O; 
tunda(l4); 
kirim=l; 

tunda(14); 
kirim=J; 

dataknn=bufl;! Ikirim data ADC LSB (4bit) 
kirim=O; 

if«dl=1)&&(d2=1)&&(d3=l) !!baca ketinggian air 
{ 

dataknn=6; 
} 
if«dl=O)&&(d2=1)&&(d3=1» 

dataknn=7; 
} 
if«dl=O)&&(d2=O)&&(d3=l» 

dataknn=8; 
} 
if «dl=O)&&(d2==O)&&(d3=O» 

dataknn=9; 
} 
kirim=O; 

tunda(14); 
kirim=l; 

} 



#include <at89x51.h> 

#define datal PI 

#define trima PO 0 
#define rs PO 1 
#define e PO 2 
#define datalcd P2 

const char kata[] = "SUHU 

Program Rx (penerima) 
Morris Dinanta (5103000058) 

//menerima data digital dari IC HT12Decoder 

//kontrol valid transmisi dari IC HT12Decoder 
//kontrol LCD 
//kontrol LCD sinyal enable 
//mengirimkan data ke LCD untuk ditampilkan 

=". //membuat karakter untuk ditampilkan di LCD 

const char kata2[] = "TNG AIR = "; 
const char kata3[] = "KURANG "; 
const char kata4[] = "MINIMUM "; 
const char kata5[] = "MEDIUM "; 
const char kata6(] = "MAKSIMUM"; 

int temp,data2,data3,data4,t,data5,i,dat,out2,cek; //variabel 
bit sa,cek2,buf,temp2; 

void tunda(int loop2) 
{ 

int loop; 
loop=O; 
while (loop<=loop2) 
{ 
loop++; 
THl =(-5000/256)-1; 
TLI =( -5000%256); 
TFl=O; 
TRl=l; 
while (I TFI); 
} 

void kirim y(int dat) 

rs=O; 
datalcd=dat; 
e=l; 
e=O; 
tunda(3); 

//procedure tunda (delay) 

//inisialisasi LCD, procedure perintah untuk LCD 
//pengiriman sinyal enable pada LCD 



void initlcdO 

tunda(3); 
kirim~(56); 
kirim~(56); 

kirim ~(56); 
kirim_p(56); 
kirim~(6); 
kirim~(12); 

kirim~(l); 

void kirim k(int dat2) 

rs=l; 
datalcd=dat2; 
e=l; 
e=O; 
tunda(3); 

void cursorhomeO 

) 

rs=O; 
kirim~(2); 

void c1earO 
{ 

rs=O; 
kirim _p(l); 

void karakter(int bill 
{ 

if (bii=O) 
dat=48; 

if (bi1=1 ) 
dat=49; 

if (bii==2) 
dat=50; 

if (bil=3) 
dat=51 ; 

if(bii==4) 
dat=52; 

if (bil=5) 
dat=53; 

if (bil==6) 

//procedure kirim data ke LCD 

/lkontrol enable buat siapkan data 
//kontroi buat kirim data 

/lbuat karakter bilangan 



mainO 

dat=54; 
if(bil==7) 

dat=55; 
if (bil=8) 

dat=56; 
if (bil==9) 

dat=57; 

temp=temp2=t=O; 
data2=O; 
sa=O; 
initlcdO; 
buf=cek2=O: 
cek=241; 
while( l) 
{ 
if (trima== 1) 

if (sa=O) 
{ 

data2=data I ; 

//procedure cek header 

if « data2==cek)&&( cek2==O» 
{ 

}else 

cek++; 
if (cek==245) 

buf=l; 
cek=24I; 
cek2=I; 

cek=241; 

if(buf==l) //procedure data ADC 

} 

buf=O; 
temp2=1; 

if « temp2== 1 )&&(buf==O» 
{ 

t++-, 
} 
if «t==2)&&(buf==O» 



data3=( data2-240)* 16; Iidata MSB 
} 
if «t==3)&&(buf=O» 
{ 

data4=( data2-240); lidata LSB 
} 
if «( t==4 )&&(buf==O» 
{ 

t=O; !Iambil data ketinggian air 
data5=data2; 
buf=O; 
eek2=O; 
temp2=O; 

kirim ~(l28); 
for(i=O;i<20;i++ ) 

kirim_k(42); 

kirim ~(212); 
fore i=O;i<20;i++) 

kirim_k(42); 

//Ioneat barisl 
Iitampilkan bintang2 
I Ikirim karakter 

//lone at baris4 
Iitampilkan bintang2 
I lkirim karakter 

out2=data3+data4; Ilgabung (MSB +LSB) 
out2=out2/5; /ikirim suhu 
kirim ~( 192); 
for(i=O;i<lO;i++) 

kirim _ k(kata[i)); 
if (out2<lOO) linilai dari suhu 

} 

karakter(out2/1O); Ilpuluhan 
kirim _ k( dat); 
karakter( out2-« out2/10)* 10»; Iisatuan 
kirim_k(dat); 

kirim _ k(20); 
kirim _ k(223); I Ikirim derajat 
kirimk(67); ilkirim hurnfC 

kirim ~(l48); I/untuk tinggi air 
for(i=O;i<J O;i++) 

kirim k(kata2 [i]); 

if (data5=246) /Idata tinggi air=6 
for(i=O;i<8;i++ ) 

kirim k(kata3[i)); 



if (data5==247) Iidata tinggi air=7 
for(i=O;i<8;i++) 

kirim _ k(kata4[i]); 

if (data5=248) Iidata tinggi air=8 
for(i=O;i<8;i++) 

kirim k(kata5[i]); 

if (data5==249) lidata tinggi air=9 
for(i=O;i<8;i++ ) 

kirim k(kata6[i]); 
} 
sa=l; 

else 
sa=O; 

} 
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LM35/LM35A/LM35C/LM35CA/LM35D 
Precision Centigrade Temperature Sensors 
General Description 
The LM35 series are precision jntegrate~circujt tempera
ture sensors, whose output voltage is linearly proportional to 
the Ce{Sius (Centigrade) temperature. The LM35 thus has 
an advantage over linear temperature sensors calibrated in <) 

Kelvin, as the user is not required to subtract a large con
stant VOltage from tts output to obtain convenient Centi· 
grade Scaling. The LM35 does not require any external cali
bration or trimming to provide typical accuracies of -I:: Y4°C 
at room temperature and ±%OC over a full - 55 to + 150"C 
temperature range. Low cost is assured by trimming and 
calibration at the wafer level. The LM35's low output imped
ance, linear output, and precise inherent calibration make 
interfacing to readout or control circuitry especialty easy. It 
can be used with single power supplies, or with plus and 
minus supplies. As it draws only 60 fLA from its supply, it has 
very low self-heating, less than O.1°e in still air. The LM35 is 
rated to operate oyer a - 550 to + t 50"e temperature 
range, while the LM35C is rated for a -400 to + 110"C 
range (-1<Y' with improved accuracy). The LM35 series is 

available packaged in hermetic T0-46 transistor packages, 
while the LM35C, LM35CA, and LM35D are also available in 
the plastic TO-92 transistor packaga The LM35D is also 
available in an 8-lead surface mount small outline package 
and a plastic TO-202 package. 

Features 
• Calibrated directly in ° Celsius (Centigrade) 

• Unear + 10.0 mV rc secus factor 

• DS'C accuracy guaranteeabJe (at + 25°C) 
• Rated tor full - 55° to + 150"C range 

• Suitable for remote applications 

• Low cost due to wafer-level trimming 

• Operates from 4 to 30 volts 

• Less than 60 J.tA current drajn 

• Low self-heating, O.084 C in stHI air 

• Nonlinearity only ± %.<>C typical 

• Low impedance output, 0.1 n for 1 rnA load 

Connection Diagrams 
T().46 

Metal Can package· 
T().92 

Plastic Package 
SO-8 

Small Oulline Molded Package 

(;)

,§)@ 
+1'1 VooT 

"0· 

TLfH/5516-1 

'Case IS connected to negative pin (GNO) 

Order Number LM35H, lM35AH, 
LM35CH, LM35CAH or LM35DH 
See NS Package Number H03H 

T().202 
Plastic Package 

TLiH/5516-24 

Order Number LM35DP 
See NS Package Number P03A 

BDTTDII "tIEW 

TLiH/5515-2 

Order Number LM35CZ, 
LM35CAZ or LM35DZ 

See NS Package Number Z03A 

Typical Applications 
+Ys 

600001 
~''''+1Dh'f"C 

TL/H/5S1B_3 

FIGURE 1. Basic Centigrade 
Temperature 

Sel18Or(+2'Clo + 150'C) 

VOUTO' +V, N.C. 2 7 N.C. 

N.C. 3 6 N.C. 

GND 4 5 N.C. 

TLfH!5516-21 

Top View 
N.C. = No Connection 

Order Number LM35DM 
See NS Package Number M08A 

TL/H/5515-4 

VOUT""""' -1,500 mV at . 150"C 

- - 250 mV at '·25"C 

= -550 mV at -55°C 

FIGURE 2. FulHlange C~rade 
Temperature Sensor 
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Absolute Maximum Ratings (Note 10) 

If Militaryl Aerospace specified devices are required. SO package (Note 12): 
please contact the National Semiconductor Sales vapor Phase (60 seconds) 21S'C 
Office/DIstributors for availability and specifications. 

Infrared (15 seconds) 220'C 
Supply Voltage +35Vto ---O.2V 

ESD Susceptibility (Note 11) 2500V 
Output Voltage +f)Vto 1.0V Specified Operating Temperature Range: TMIN to TMAX 
Output Current 10mA (Note 2) 
Storage Temp., T0-46 Package, -WC to + 180"C LM3S, LM35A - 55'C to + 150"C 

T0-92 package, - 6O'C to + 150"C 
LM35C, LM35CA 40'C to + 110"C 

80-8 Package, -65°C to + 151Y'C 
LM35D QOCto +10Q"C 

T0-202 Package, -6S"C to + 150"C 

Lead Temp.-

iO-46 Package, (Soldering, 10 seconds) 3(j()'C 

TO~92 Package, (Soldering. 10 seconds) 260'C 

TO-202 Package, (Soldering, 10 seconds) + 230'C 

Electrical Characteristics (Note 1) (Note 6) 

LM35A LM35CA 

Parameter Condrtions 
Tested Design Tested Design Units 

Typical Limit Limit Typical Limit Limit (Max,) 

(Hote 4) (NoteS) (Hote4) (Note 5) 

Accuracy TA-+2S'C ±O.2 +0.5 +0.2 ±O.5 'C 

I 

(Note 7) TA~-10"C ±O_3 ±O.3 ±1.0 'C 

TA=TMAX ±OA +1.0 +OA ±1.0 'C 

TA=TMIN ±OA -t 1.0 tOA +1.5 'C 

Nonlinearity TMIN-::;;:TA-::;;:TMAX ±O.18 ±0.35 ±0.15 +0.3 'C 
(Note B) 

Sensor Gain TMIN-:;:TA:S:TMAX +10.0 +8.8, + 10.0 +8.8, mVrC 

(Average Slope) + 10.1 + 10.1 

Load Regulation TA- +25<>C to.4 ±1_0 -+:-0.4 ±1.0 mV/mA 
(Note 3) O:s: IL:s:1 mA TMtNSTA:s:TMAX ±O.S ±3.0 +0.5 +3.0 mY/rnA 

Line Regulation TA~ + 25°C ±O.O1 +0.05 ±0.01 ±0.05 mV!V 
(Note 3) 4VSVSs30V :!:::O.O2 rO.1 ±O.02 ±O.1 mV/V 

Quiescent Current Vs~ +5V, + 25'C 56 67 56 67 "A 
(Note 9) Vs-=+5V 105 131 91 114 I'A 

Vs~ +30V, + 25'C 56.2 68 56.2 68 I'-A 
Vs""" +30V 105.5 133 91.5 116 I'-A 

Change of 4V:::;;VS:S:30V, +25~C 0.2 1.0 0.2 10 I'-A 
Quiescent Current 4V::;;Vss30V 0.5 2.0 0.5 2.0 I'-A 
(Note 3) 

Temperature +0.39 +0.5 +0.38 +0.5 "ArC 
Coefficient of 

Quiescent Current 

Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 'C 
for Rated Accuracy Figure 1, IL =0 

Long Term Stability TJ=TMAX. for +0.08 ±O.08 'C 
1000 hours 

Note 1: Unless otherwISe noted, these specdica~ons apply: - 55'C~ TJ~ - 150"Cfor the lM35 and lM35A; -40"<;: TJ~ - 11O"Cfor the lM35C and lM35CA; and 
iY '._ T,j S ~ 1 DiYG lor the lM35D. Vs -- -5Vdc and ILOAO~ 50 ~, In the circuit 01 FIgUra 2. ThBse specilicallons also apply from - 2"G to T MAX In the circUlI of 
,"iglire 1. Specifications In bOldface apply over the full rated temperature range. 

Note 2; Thermai r6Si$tar'lG6 01 the! TO-46 paci<.age IS 400"CfW, juflctiOn to i'ln'lblElnl, ar'ld 24'CfW Junclibn 10 case. Thermai fBSl$tanca 01 the TO·92 pad\age IS 
18r:t'CJW junction to ambient. Thermal reSIstance of the small outlina molded package IS 22fJ'C/W junction 10 amtoont. Thermal reSIStance of the T0-202 package 
IS SS'CIW junction to amrneflt. For additIOnal thermal resistal'lCG information see table m the ApplK:aHons section, 
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Electrical Characteristics (Note 1) (Note 6) (Continued) 

lM35 LM35C. lM350 

Conditions 
Tested Design Tested Design Units 

Parameter 
Typical Limit Limit Typical Limit Limit (Max.) 

(Nole 4) (NOIe 5) (NOle 4) (Nole 5) 

Accuracy, TA~ + 25'C tOA +1.0 ±0.4 ±1.0 'C 

LM3S. LM35C TA~-10'C +:0.5 ±O.S -t 1.5 'C 

I 
(Note?) TA=TMAX ±O.S -t 1.5 +0.8 ~1.5 'C 

TA-TMIN +0.8 +1.5 +0.8 +2.0 'C 

Accuracy, TA-+25'C ±O.6 +1.5 'C 
LM35D TA-=TMAX ±O.9 ±2.0 'C 
(Note?) TA=TMIN to.9 ±2.0 'c 

Nonlinearity TMIN.:o::TA:S"TMAX ±0.3 ±O.5 ±0.2 -±::O.5 'C 
(Note 8) 

sensor Gain TMINS:TA~TMAX + 10.0 +9.8, +10.0 +9.8, mvrc 
(Average Slope) + 10.2 +10.2 

Load Regulation TA~ +2S'C +0.4 ±2.0 ±DA ±2.0 mY/rnA 

(Note 3) O:S:JL'::;: 1 rnA TMIN:;;:TA:::::TMAX ±-0.5 ±5.0 ±OoS ±5.0 mY/rnA 

Une Regulation TA=+25~C ±0.01 to.1 """0.01 ±O.1 mVIV 

(Note 3) 4Vs;:Vs-S:30V ±0.02 ±0.2 ±0.02 ±O.2 mV/V 

Quiescent Current Vs- +SV. +2S'C 56 00 56 80 p.A 
(Note g) Vs=+5V 105 158 91 

I 
138 /LA 

Vs= +30V, +25°C 56.2 82 56.2 82 p.A 
Vs~ +30V 105.5 161 91.5 141 /LA 

Change of 4V:s:Vs:S:30V, +25"C 0.2 20 02 2.0 /LA 

I Quiescent Current 4V:::;:VS:::;;30V 0.5 3.0 0.5 3.0 /LA 
(Note 3) 

Temperature +0.39 +0.7 +0.39 +0.7 /LArC 
Coefficient of 

Quiescent Current 

Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 "C 

for Rated Accuracy Figure 1'!L-O 

Long Term Stability TJ ~~ T MAX, for ±0.08 -to.OB °c 
1000 hours 

Note 3: Regulahon fS fll9asured at constant JUllClion lemparalure, USing pulse lesting With a lOW duly cycle. Changes in output due to healing eflacts can be 
computed by multiplYing lhe Inlemal dISSipation by the Ihermal resistance. 

Note 4; Tested L!!"!'l!ts are guaranteed aM 100% lested if' production 

Note 5: Desrgn Llmrts are guarantGQd (but not 100% produc1iOn tested) over the mdicat9d temperatura and supply voltage ranges. These I,mlls are not used to 
calculate outgoing quality j9\lejs. 

Note 6: SpecificatIOns In bOldface apply over the full rated temperature range. 

Note 7: Accuracy fS defined as the error OOlween the output voltage and lOmv/'C limes the device's case temperature, at specified conditIOns of vo/tage, ClJrrent, 
and temperature (expressed In "C). 

Note 8: Nonlinearity IS defined as the deviatIOn of the output-vottage.versus-temperature curve from the best-fit straight line, over the deVice's rated temperature 
range, 

Note 9: Quiescent current IS deflned In the CIrcuit 01 Fif}Uf9 f 

Note 10: Absolute Maximum Ratings mdrcate limits beyond which damage to the device may occur. OC and AC electncal specillcatrons do no! apply when 
operating the ~1GE! beyond itS fated operating C-ondIUOrlS. See Note 1 

Note 11: Human body model, 100 pF discharged through a 1.5 kf! resIStor. 

Note 12: SOO AN-450 ··Surface Mounting Methods and Their Effect on Product Reliability·· or the sectIOn tl1led "Surface Moun\"· found In a current Nallonal 
SemICOnductor Linear Data Book lor other fll9thods 01 sokfering surface mount devices. 
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Typical Performance Characteristics 
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~ANALOG 
WDEVICES 

FEATURES 
Low Vos: 75 ,.,V Max 
Low Vos Drift: 1.3 ,.,vrc Max 
Ultrastable vs. Time: 1.5 ,.,V/Month Max 
Low Noise: 0.6 ,., V p-p Max 
Wide Input Voltage Range: j:14 V 
Wide Supply Voltage Range: 3 V to 18 V 
Fits 725, 108A1308A, 741, AD510 Sockets 
125°C Temperature-Tested Dice 

APPLICA TIONS 
Wireless Base Station Control Circuits 
Optical Network Control Circuits 
Instru mentation 
Sensors and Controls 

Thermocouples 
RTDs 
Stra in Bridges 
Shunt Current Measurements 

Precision Filters 

GENERAL DESCRIPTION 
The OP07 has very low input offset voltage (75 /lV max for 
OP07E) that is obtained by trimming at the wafer stage. These 
low offset voltages generally eliminate any need for external null
ing. The OP07 also features low input bias current (±4 nA for the 
OP07E) and high open-loop gain (200 V/mV for the OP07E). 
The low offsets and high open-loop gain make the OP07 particu
larly useful for high gain instrumentation applications. 

The wide input voltage range of ± 13 V minimum combined with a 
high CMRR of 106 dB (OP07E) and high input impedance pro
vide high accuracy in the noninverting circuit configuration. 
Excellent linearity and gain accuracy can be maintained even at 

Ultralow Offset Voltage 
Operational Amplifier 

PIN CONNECTIONS 

8-Lead PDIP (P-Suffix) 
8-Lead SOIC (S-SufJix) 

He = NO CONNECT 

OP07 I 

high closed-loop gains. Stability of offsets and gain with time or 
variations in temperature is excellent. The accuracy and stability 
of the OP07, even at high gain, combined with the freedom 
from external nulling have made the OP07 an industry standard 
for instrumentation applications. 

The OP07 is available in two standard performance grades. The 
OP07E is specified for operation over the O°C to 700C range, and 
the OP07C is specified over the -40°C to +85°C temperature range. 

The OP07 is available in epoxy 8-lead PDIP and 8-lead SOle. It 
is a direct replacement for 725, 108A, and OP05 amplifiers; 
741 types may be directly replaced by removing the 741 's nulling 
potentiometer. For improved specifications, see the OPI77 or 
OPl177. For ceramic DIP and TO-99 packages and standard 
micro circuit (SMD) versions, see the OP77. 

v+o---~.---------.-----------~------.-~.-____ .-____ -.~ ____ .--.~~ __ ~ 
7 

+NOTE 
R2A AND R2B ARE 
ELECTRONICALlY 
ADJUSTED ON CHIP 
AT FACTORY FOR 
MINIMUM INPUT 
OFFSET VOLTAGE. 

NONINVERTING o-__ R;;;3'iL ___ --~ 
INPUT 3 

INVERTING o-.;,R;;;.--.-:;~=-.... -==--+----' ...... ----__r 
INPUT 2 

Figure 1. Simplified Schematic 
REV.C 
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OP07-SPECIFICATIONS 
OP07E ELECTRICAL CHARACTERISTICS (Vs = ±lS v, TA = 2S·C, unless otherwise noted.) 

Parameter Symbol Conditions Min Typ Max Unit 

INPUT CHARACTERISTICS 
Input Offset Voltage' Vos 30 75 j.tV 
Long-Tenn Vos Stability' VosfTime 0.3 1.5 j.tV/Mo 
Input Offset Current los 0.5 3.8 nA 
Input Bias Current IB ±1.2 ±4.0 nA 
Input Noise Voltage en p-p 0.1 Hz to 10 Hz' 0.35 0.6 j.tVp-p 
Input Noise Voltage Density en fa = 10 Hz 10.3 18.0 nVi% 

fo = 100 Hz' 10.0 13.0 nVhiHz 
fa = I kHz 9.6 11.0 nV/% 

Input Noise Current In p-p 14 30 pAp-p 
Input Noise Current Density In fo= 10Hz 0.32 0.80 pANHz 

fa = 100 Hz' 0.14 0.23 pAr/Hz 
fa=lkHz 0.12 0.17 pAJ--IHz 

Input Resistance-Differential Mode' R]}I IS 50 MQ 
Input Resistance-Common-Mode RINCM 160 Gfl 
Input Voltage Range IVR ±13 ±14 V 
Common-Mode Rejection Ratio CMRR Vo.! = ±13 V 106 123 dB 
Power Supply Rejection Ratio PSRR Vs =±3Vto±18V 5 20 j.tVN 
Large Signal Voltage Gain Avo RL~2kn,Vo=±IOV 200 500 VlmV 

RL ~ 500 n, Vo = ±0.5 V, 
Vs = ±3 V' ISO 400 V/mV 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL~IOkU ±12.5 ±13.0 V 

RL~2kU ±12.0 ±12.8 V 
RL ~ I kl:2 ±10.5 ±12.0 V 

DYNAMIC PERFORMANCE 
Slew Rate SR R..~2kU3 0.1 0.3 V/j.tS 
Closed-Loop Bandwidth BW AvoL = 15 0.4 0.6 MHz 
Closed-Loop Output Resistance Ro Vo=O,Io=O 60 n 
Power Consumption Pd Vs = ±15 V, No Load 75 120 mW 

Vs = ±3 V, No Load 4 6 mW 
Offset Adjustment Range Rp = 20kU ±4 mV 

N"OTES 
[Input offset voltage measurements arc perfonned by automated test equipmem approximately 0.5 seconds after application of power. 
'Long-tenn input offSet voltage stability refers ro the averaged trend time ofVos vs. the time over extended periods after the first 30 days of operation. Excluding the 
initial hour of operation, changes in Vos during the first 30 operating days are typically 2.5 )lV, refer to the typical performance characteristics. Parameter is sampJe tested. 

'Sample tested. 
~Guaranteed by design. 
'Guaranteed but not tested. 

~pecifications subject to change without notice. 

-2- REV.C 



OP07 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage (Vs) ........ . .. ±22 V 
Input Voltage' ................................ ±22 V 
Differential Input Voltage ....................... ±30 V 

Package Type OJA * 0Je Unit 

8-Lead PDIP (P) 103 43 cClW 
8-Lead sorc (S) 158 43 °C/W 

Output Short-Circuit Duration ........ . ...... Indefinite 
Storage Temperature Range 

*eJA is specified for worsl:-<:ase conditions, i.e., 6JA is specified. for device in socket 

S, P Packages ...................... --usoC to + 12SoC 
for PDrP package, and aJA is specified for device soldered to printed circuit board 
for SOle package. 

Operating Temperature Range 
OP07E ............................... O°C to 70°C 
OP07C ............................ -40eC to +85°C 

Junction Temperature Range ..................... ISO°C 
Lead Temperature Range (Soldering, 60 sec) ........ 300cC 

NOTES 
lStresses above those listed under Absolute Maximum Ratings may cause perma
nem damage to the device. This is a stress rnting; functional operation of fie device 
at these or any other conditions above those listed in the operational sections of this 
specification is not implied. Exposure to absolute maximwn rating conditlons for 
extended periods may affect device re1iabiliry. 

2For supply voltages less than ±22 V, the absolute maximum input voltage is equal 
to the supply voltage. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

OP07EP O°C to 70eC 8-Lead PDIP 
OP07CP -40e C to +8SoC 8-Lead PDIP 
OP07eS -40ce to +8S'e 8-Lead sore 
OP07CS-REEL -40°C to +85c C 8-Lead sorc 
OP07CS-REEL7 -40°C to +8SoC 8-Lead sorc 

Package 
Option 

P-8 
P-8 
S-8 
S-8 
S-8 

CAUTION ____________________________________________________ _ 

ESD (electrostatic discharge) sensItIve device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although the 
OP07 features proprietary ESD protection circuitry, permanent damage may occur on devices 
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recommended 
to avoid perfonnance degradation or loss of functionality. 

REV.C -5-
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OP07 - Typical Performance Characteristics 
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ADC080 1 I ADC08021 ADC08031 ADC08041 ADC0805 
8-Bit p.P Compatible AID Converters 

General Description 
The ADC0801, ADC0802, ADC0803, ADC0804 and 
ADCOB05 are CMOS B-bit successive approximation AID 
converters that use a differential potentiometric ladder
similar to the 256R products. These converters are de
signed to allow operation with the NSCBOO and INSB080A 
derivative control bus with TRI-STATE® output latches di
rectly driving the data bus. These AIDs appear like memory 
locations or 1/0 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. I n addition, the voltage reference input can 
be adjusted to allow encoding any smaller analog voltage 
span to the full 8 bits of resolution. 

Features 
• Compatible with 8080 fLP derivatives-no interfacing 

logic needed - access time - 135 ns 
• Easy interface to all microprocessors, or operates 

"stand alone" 

Typical Applications 

I" , 
C! Vee , 
en 

J elK R 
MI , 
iJill 

tll( IN 

11 .fl1 

20 

" 
• 

• Differential analog voltage inputs 
• Logic inputs and outputs meet both MOS and TTL volt-

age level specifications 
• Works with 2.5V (LM336) voltage reference 
• On-chip clock generator 
• OV 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 VOC, 2.5 VOC, or ana

log span adjusted voltage reference 

Key Specifications 
• Resolution 
• Total error 
• Conversion time 

r 
, . .itl 

8 bits 
± '14 LSa, ± '!z LSa and ± 1 LSa 

100 f's 

.-- IISOUCtR ~. 
HIT RESOLUTION 
OVER ANY DISIR!D 
AlU.LOG UIfUT 

i 
11 01. 

r "Y~ "PROCt:SSOA " AI. VI"f"') I 
1 >OJfF IIIPUTS 

I VOL TACE RANCE 
SEE SECTION U.l 

~ DIS L-~ < .. vlIIH ... 
I " • ell A GNO 

" OI' f.'--<:>"".NADJ J, n .11 IIJ\UI1. ~i.i;'3f:£'t16" ":" -~ 
II " l.4.1 ... DGNO~ 

L... TLlH!5671_1 

8080 Interface ~----------------------~II 
Error SpeCification (Includes FUll-Scale, I I 

Zero Error, and Non-Linearity) i 
C! P 1 Full-

VREF/2= No Connection I art I Scale 
VREF/2 = 2_500 Voc 

Rll Number Adjusted (No Adjustments) (No Adjustments) 
II$C11OD, 

1I1t1. WI! ADCOBOI ±/HSB ZIIO, .to .... , 
nt. iiTlr ADC0802 I ± '!z LSB 

'~ ADCOB03 ±%LSB 
DATA 

'f ADC0804 ±1 LSB 

I ADC0805 ±1 LSB 
TLlH/5671-31 I 

TRI-ST ATE""" is a registered trademark 01 National Semiconductor Gorp 
Z-BO~ IS a registered trademark of 21109 Corp 

'~1995 NatiOnal SemlconduclOrCorporalion TL/HJ5671 RRD-830MlIS/Prinleci In U. S. A. 



Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, Storage Temperature Range -6S'C 10 + IS0'C 
please contact the National Semiconductor Sales Package Dissipation at T A ~ 25'C 875mW 
Office/Distributors for availability and specifications. 

ESD Susceptibility (Note 10) BOOV 
Supply Voltage (Vcd (Note 3) 6.SV 
Voltage Operating Ratings (Notes 1 & 2) Logic Control Inputs -0.3V to + 18V 

At Other Input and Outputs - 0.3V to (Vcc + 0.3V) Temperature Range T MIN"TA"T MAX 
Lead Temp. (Soldering, 10 seconds) ADC0801/02LJ, ADC0802LJ/883 --5S'C" T A" + 125'C 

Dual-In-Line Package (plastic) 260'C ADC0801/02/03/04LCJ -40'C"TA" +85'C 

Dual-In-Line Package (ceramic) 300'C ADC0801/02/03/05LCN -40'C"TA" + 85'C 

Surtace Mount Package 
ADCOB04LCN O'C"TA" + ?O'C 
ADCOB02/03/04LCV O'C"TA" + ?O'C Vapor Phase (60 seconds) 21S'C ADC0802/03/04LCWM O'C"TAs +70'C Infrared (15 seconds) 220'C Range of Vcc 4.5 Voc to 6.3 voe 

Electrical Characteristics 
The following specifications apply for VCC~S VOC, TMIN"TA,;TMAX and feLK~640 kHz unless otherwise specified. 

Parameter Conditions Min Typ Max Units 
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 

±'I. LSB (See Section 2.5.2) 

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

ADC0803; Total Adjusted Error (Note 8) With Full-Scale Adj. 
±'I2 LSB (See Section 2.5.2) 

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

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

VREF/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kH 
ADC0804 (Note 9) 0.75 1.1 kn 

Analog Input Voltage Range (Note 4) V(+) orV(-) Gnd-0.05 Vcc + 0.05 Voc 
DC Common-Mode Error Over Analog Input Voltage ± 'A. ±% LSB 

Range 

Power Supply Sensitivity Vcc~ 5 Voc ± 10% Over ±'A6 ± 1,ia LSB 
Allowed VIN( +) and VIN{ -) 
Voltage Range (Note 4) 

AC Electrical Characteristics 
The following specifications apply for Vee ~ 5 Voe and T A ~ 25'C unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

Tc Conversion Time fClK ~ 640 kHz (Note 6) 103 114 ,.s 

Tc Conversion Time (Note 5, 6) 66 73 l/fCLK 

fCLK Clock Frequency VCC~ 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 9708 conv/s 
Mode CS~O Voc, fClK~640 kHz 

tWIWR1L Width of WR Input (Start Pulse Width) CS~O Voc (Note 7) 100 ns 

IACC Access Time (Delay from Falling CL ~100pF 135 200 ns 
Edge of RD to Output Data Valid) 

11 H, tOH TRI-STATE Control (Delay CL ~10pF, RL =10k 125 200 ns 
from Rising Edge of RD to (see TRI-STATE Test 
Hi-ZState) Circuits) 

tWI, tRI Delay from Falling Edge __ 300 450 ns 
of WR or RD to Resel of INTR 

CIN Input Capacitance of Logic 5 7.5 pF 
Control Inputs 

COUT TRI-STATE Output 5 7.5 pF 
Capacitance (Data Buffers) 

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

VIN (1) Logical 'T' Input \loltage VCC=5.25 \lOC 2.0 15 VOC 
(Except Pin 4 CLK IN) 

2 



AC Electrical Characteristics (Continued) 

The following specifications apply for VCC ~ 5VDC and T MIN'; T A ,; T MAX, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

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

VIN(O) Logical "0" Input Voltage VCC~4.75VDC O.B Voc 

I 
(Except Pin 4 CLK IN) 

liN (1) Logical "1" Input Current VIN~5VDC 0.005 1 ,uADC 
(All Inputs) 

liN (0) Logical "0" Input Current VIN~OVDC -1 -0.005 )LADe 
(All Inputs) 

CLOCK IN AND CLOCK R 

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

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

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc 
(VT+)-(Vr) 

VOUT (0) Logical "0" ClK R Output 10~360}l-A 0.4 Voc 
Voltage Vcc~4.75Voc 

VOUT (1) Logical "1" CLK R Output lo~ -360 /LA 2.4 Voc 
Voltage VCC~4.75VDC 

DATA OUTPUTS AND INTR 

VOUT (0) Logical "0" Output Voltage 
Data Outputs 10UT~ 1-6 mA, Vcc~4.75 Voc 0.4 Voc 
INTR Output IOUT~I.0mA, Vcc-4.75VDC 0.4 Voc 

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

VOUT (1) Logical "1" Output Voltage 10= -10 ",A, Vcc=4.75 VDC 4.5 Voc 

lOUT TRI-STATE Disabled Output VOUT~OVOC -3 }l-AOC 
Leakage (All Data Buffers) VOUT= 5VOC 3 ,uADC 

ISOURCE VOUT Short to Gnd, T A ~ 25"C 4.5 6 mAoc 

ISINK V OUT Short to V ce, T A = 25"C 9.0 16 mAoc 

POWER SUPPLY 

Icc Supply Current (Includes f ClK = 640 kHz, 
Ladder Current) VREF/2=NC. TA~25·C 

andCS-5V 
ADC0801/02/03/04LCJ/05 1 .1 1.8 mA 
ADC0804LCN ILCV ILCWM 1.9 2.5 mA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the 0 Gnd. 

Note 3: A zener diode exists, internally, from Vee to Gnd and has a typical breakdown voltage of 7 Voc 

Note 4: For V1N( -);> VIN( +) the digital output code will be 0000 0000. Two on·chip diodes are tied to each analog input (see block diagram) which will forward 
conduct tor analog input voltages one diode drop below ground or one diode drop grea1er 1han the Vee supply. Be carelul, during testing at low Vee levelS (4.SV), 
as high level analog inputs (5V) can cause thIS input diode to conduct-especially at elevated temperatures. and cause errors for analog inputs near fuU-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V1N does not exceed the supply voltage by more than 50 mV. the output 
code will be correct. To achieve an absolutQ 0 Voc to 5 Voc input voltage range will theretore require a minimum supply voltage of 4.950 Voc over tQrnperature 
variations, inrtial tolerance and loading. 

Note 5: Accuracy is guaranteed at felK = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be 
extended so long as the minimum clock high time interval or minimum clock low time interval is nO less than 275 ns 

I Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is intemally latched, see F;gure 2 and section 2.0. 

Note 7; The CS input is assumed to bracket the WR strobe input and therefore timing IS dependent on the WR pulse width. An arbitrarily wide pulse wK:tth wiJl hold 
the converter in a reset mode and the start 01 conversion is initiated by the low to high transition of the WR pulse (see timing diagrams). 

Note 8: None of these A/Os requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5. 

Note 9: The VAEF /2 pin is the center point of a two-resistor dMder connected from Vee to ground. In all versions of the ADC0801, ADC0802, ADC0803, and 
ADCOB05, and In the AOCOB04LCJ, each resistor is typically 16 kH. In aU versions of the ADC0804 except the ADCOBQ4LCJ, each resistor is typically 2.2 kn 

Note 10: Human body model, 100 pF dischargnd through a 1.5 kn resistor. 
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Typical Performance Characteristics 

Delay From Falling Edge of 
logic Input Threshold Voltage RD to Output Data Valid ClK IN Schmitt Trip levels 
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TRI-STATE Test Circuits and Waveforms 

I •• 

Vee --+,-.h"",...--
II1l 

~11H 

DATA VOH ----{,,,,, 

OUTPUTS l~ 
•• 0 ------= 

tr'---20 ns 

toH 

vee vee 

lOt 

C'r 
- -

Timing Diagrams (All timing is measured from the 50% voltage points) 
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Typical Applications (Continued) 

Self-Clocking Multiple AIDs 
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Functional Description 
1.0 UNDERSTANDING AID ERROR SPECS 

A perfect AID transfer characteristic (staircase waveform) is 
shown in Figure la. 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 VREF/2 pin). The digital 
output codes that correspond to these inputs are shown as 
D ~ 1, D, and D + 1. For the perfect AID, not only will center· 
value (A ~ 1, A, A + 1,.. . ) analog inputs produce the cor
rect output ditigal codes, but also each riser (the transitions 
between adjacent output codes) will be located ± V. 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 ± V. 
LSB from the ideal center-values. Each tread (the range of 
analog input voltage that provides the same digital output 
code) is therefore 1 LSB wide. 

Figure lb shows a worst case error plot for the ADC0801. 
All center-valued inputs are guaranteed to produce the cor
rect output codes and the adjacent risers are guaranteed to 
be no closer to the center-value points than ± % LSB. In 

~ • .. 
a It-, 

Transfer Function 

JTi 
, 

r-rt , , 

110-' A A+1 

"'''lOG INPUT (VIII) 

other words, if we apply an analog input equal to the center
value ± % LSB, we guarantee that the AID will produce the 
correct digital code. The maximum range of the position of 
the code transition is indicated by the horizontal arrow and it 
is guaranteed to be no more than % LSB. 

The error curve of Figure Ie shows a worst case error plot 
for the ADC0802. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the AID will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the AID 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error is con
tinuously displayed and includes the quantization uncertain
ty of the AID. For example the error at point 1 of Figure 1 a 
is + % LSB because the digrtal code appeared % LSB in 
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 LSB in magnitude. 

Error Plot 
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~ ... . . , ___ JUROR 
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a) Accuracy ~ ± 0 LSB: A Perfect AID 
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FIGURE 1. Clarifying the Error Specs of an AID Converter 
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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 [VIt>j( +) ~ 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 B-bit binary 
code (1111 1111 = full-scale) is transferred to an output 
latch and then an interrupt is asserted (INTR makes a high
to-low transition). A conversion in process can be interrupt
ed by issuing a second start command. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS ~ O. To ensure start-up under all pos
sible conditions, an external WR pulse is required during the 
first power-up cycle. 

On the high-to-Iow transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the AID 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. 

" 
elk R 

_ ~ Cl;'. ~'.:>o-H ;~: ~DSC 
"i"" 
,;, I!O"' • ." •• "'D,-----+ - -

rT7 -----

A functional diagram of the AID 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 CS and WR simulta
neously low. This sets the start flip-flOp (F/F) and the result
ing "1" level resets the B-bit shift register, resets the Inter
rupt (lNTR) F/F and inputs a ''I'' to the 0 flop, F/F1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this "1" to the Q output of F IF1_ The 
AND gate, Gl, combines this "1" output with a clock Signal 
to provide a reset signal to the start F IF. If the set signal is 
no longer present (either WR or CS is a "I") the start F/F is 
reset and the 8-bit shift register then can have the "1" 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F IF would momentarily 
be at a "'1" level) and the 8-bit shift register would continue 
to be held in the reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F IF. 

HlPUT'ROTECTlON 
FOR All LCHiIC INPUTS 
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\ 11m"" I D., 
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. ' .. '~·"I- V L~ 
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Hotel: CS shown twice tor Clarity. 

Note 2: SAR = SUccessive Approximation Register. 

FIGURE 2. Block Diagram 
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Functional Description (Continued) 

After the "1" is clocked through the 8-bit shift register 
(which completes 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 
digital word to transfer to the TRI-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high-to-Iow transition which causes the INTR F/F 
to set An inverting buffer then supplies the INTR input sig
nal. 

Note that this SET control of the INTR F/F remains low for 
8 of the external clock periods (as the internal clocks run at 
Va of the frequency of the external clock). If the data output 
is continuously enabled (GS 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 frequency 
(assuming the AID is not started during this interval). 

When operating in the free-running or continuous conver
sion mode (INTR pin tied to WR and CS wired low-see 
also section 2.8). the START F IF is SET by the high-to-Iow 
transition of the INTR signal. This resets the SHIFT REGIS
TER which causes the input to the D-type latch, LATCH 1, 
to go low. As the latch enable input is still present, the Q 
output will go high, which then allows the INTR F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a few propagation delays (apprOximately 300 
ns). 

When data is to be read, the combination of both GS and 
RD being low will cause the INTR F/F to be reset and the 
TAl-STATE output latches will be enabled to provide the 8-
bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (CS, RD, and WR) meet standard 
T2L logic voltage levels. These signals have been renamed 
when compared to the standard AID Start and Output En
able 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 AID Start function is 
obtained by an active low pulse applied at the WR input (pin 
3) and the Output Enable function is caused by an active 
low pulse at the RD input (pin 2). 

2_2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This AID has additiOnal applications flexibility due 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 01 the differential input. 

The time interval between sampling V,Ne + ) and VIN( - ) is 4-
% clock periods. The maximum error voltage due to this 
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slight time difference between the input voltage samples is 
given by: 

(
4.5 ) 

A Ve(MAX) = (Vp) (2'lTfem) - , 
fClK 

where: 

AVe is the error voltage due to sampling delay 

v p is the peak value of the common-mode voltage 

fem is the common-mode frequency 

As an example, to keep this error to ,/. LS8 (~5 mY) when 
operating with a 60 Hz common-mode frequency. fem• and 
using a 640 kHz AID clock, fClK. would allow a peak value 
of the common-mode VOltage, Vp, which Is given by: 

V _ [A Ve(MAX) (fClKll 
p - (27Tfem) (4.5) 

or 

(5'< 10-3) (640,<103) 

Vp = (6.28) (60) (4.5) 

which gives 

Vp""1.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions 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 Voltage). 

2_3 Analog Inputs 

2.3.1 Input Current 

Normal Mode 
Due to the internal switching action, displacement currents 
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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FIGURE 3_ Analog Input Impedance 



Functional Description (Continued) 

2.5.3 Adjusting for an Arbitrary Analog Input Vohage 
Range 

If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig
nal that does not go to ground) this new zero reference 
should be properly adjusted first. A VIN( +) voltage that 
equals this desired zero reference plus % lSB (where the 
LSB is calculated for the desired analog span, 1 LSB ~ ana· 
log span/256) is applied to pin 6 and the zero reference 
voltage at pin 7 should then be adjusted to just obtain the 
OOHEX to 01 HEX code transition. 

The full·scale adjustment should then be made (with the 
proper VIN( -) voltage applied) by forcing a voltage to the 
VIN( +) input which is given by: 

. [ (VMAX - VMIN)] 
VIN(+)fsadJ~VMAX-1.5 256 ' 

where: 

VMAX~ The high end of the analog input range 

and 

VMIN ~ the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The VREF/2 (or Vee) voltage is then adjusted to provide a 
code change from FEHEX to FFHEX. This completes the ad
justment procedure. 

2.6 Clocking Option 

The clock for the AID can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
ClK IN (pin 4) makes use of a Schmitt trigger as shown in 
Figure 6. 

• 

v 
eLI( R 

" 

.C;!;l.::.;I:::·b-_-4~.":>>O-""-+Cl' • 
AlD 

1 
felK'" 1.1 RC 

R"'10kll 
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FIGURE 6. Self-Clocking the AID 

Heavy capacitive or DC loading of the clock R pin should be 
avoided as this will disturb normal converter operation. 
Loads less than 50 pF, such as driving up 10 7 AID convert
er clock inputs from a single clock R pin of 1 converter, are 
allowed. For larger clock line loading, a CMOS or low power 
TTL buffer or PNP input logic should be used to minimize 
the loading on the clock R pin (do not use a standard TTL 
buffer). 

2.7 Restart During a Conversion 

If the AID is restarted (CS and WR go low and return high) 
during a conversion, the converter is reset and a new con
version is started. The output data latch is not updated if the 
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conversion in process is not allowed to be completed, there
fore the data of the previous conversion remains in this 
latch. The INTR output simply remains at the "1" level. 

2.8 Continuous Conversions 

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

2.9 Driving the Data Bus 

This MOS AID, like MOS microprocessors and memories, 
will require a bus driver when Ihe tolal capacrtance of Ihe 
data bus gels large. Other circuitry, which is tied to the data 
bus, will add to the lotal 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 alternatfves 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). 

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

Finally, if lime is short and capacitive loading is high, exter
nal bus drivers must be used. These can be TRI-ST ATE 
buffers (low power Schottky such as the DM74LS240 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 Supplies 

Noise spikes on the Vee 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 Vee pin and values of 1 /-IF or greater are 
recommended. If 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 Vee supply. 

2.11 Wiring and Hook-Up Precautions 

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

A single point analog ground that is separate from the logic 
ground pOints should be used. The power supply bypass 
capacitor and the solf-clocking capacitor (if used) should 
both be returned to digital ground. Any VREF/2 bypass ca
pacitors, analog input filter capacitors, or input signal shield
ing should be returned to the analog ground point. A test for 
proper grounding is to measure the zero error of the AID 
converter. Zero errors in excess of 'I. LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error). 

3.0 TESTING THE AID CONVERTER 

There are many degrees of complexity associated with test
Ing an AID 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. 

For ease of testing, the VREF/2 (pin 9) should be supplied 
with 2.560 Voe and a Vee supply voltage of 5.12 Voe 
should be used. This provides an LSB value of 20 mY. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Voe (5.120-1 % LSB) should be applied to 
the VIN( +) pin with the VIN( -) pin grounded. The value of 
the VREF/2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1110 to 1111 
1111. This value of VREF/2 should then be used for all the 
tests. 

The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters, the 4 most significant (MS) 
and the 4 least Significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups, By adding the 
voltages obtained from the "VMS" and "VLS" columns in 
Table I, the nominal value of the digital display (when ,. 

N.O. 

ST'~ 
17 

" 
AI' 

VIII+! o-.... ----"!..f 15 

0.1 J.lf 

DGND 

FIGURE 7. Basic AID Tester 
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VREF/2 ~ 2,560V) can be determined. For example, for an 
output LED display of 1011 0110 or B6 (in hex). the VOltage 
values from the table are 3,520 + 0,120 or 3,640 VOC, 
These voltage values represent the center-values of a per
fect AID converter. The effects of quantization error have to 
be accounted for in the interpretation of the test results. 

For a higher speed test system, or to obtain plotted data, a 
digitaJ-to-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the preCision voltage 
source for the AID, Errors of the AID under test can be 
expressed as either analog voltages or differences in 2 digi
tal words, 

A basic AID tester that uses a DAC and provides the error 
as an analog output 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 is 
incremented, This provides'!. LSS steps for the 8-bit AID 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (rn LSS's) 
as the Y axis, a useful transfer function of the AID under 
test results, For acceptance testing. the plot is not neces
sary and the testing speed can be increased by establishing 
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 AID, 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, Sottware 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 AID can be 
mapped into memory space (using standard memory ad
dress decoding for CS and the MEMR and MEMW strobes) 
or it can be controlled as an 1/0 device by using the 1/0 R 
and 1/0 W strobes and decoding the address bits AD ~ 
A7 (or address bits AS ~ A 15 as they will contain the 
same 8-bit address information) to obtain the CS input. Us
ing the 1/0 space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder but the data can 
only be input to the accumulator. To make use of the addi
tional memory reference instructions, the AID should be 
mapped into memory space. An example of an AID in 110 
space is shown in Figure 10. 



Functional Description (Continued) 

I-BIT 
AID 

UNDER TEST 
YANALDG OUTPUT 

R 

ANALOG INPUT 'T 
VOllAGE "C" 

R lU8A ':" 

FIGURE 8. AID Tester with Analog Error Output 

to DO". F ...l. DIGITAL DI~~~~W~h-) AJD UNDER to-lIT TEST -y ODTI'IIT r DAC 

TUH/5671-19 

FIGURE 9. Basic "Digital" AID Tester 

TABLE I. DECODING THE DIGITAL OUTPUT LEDs 

I 
OUTPUT VOLTAGE 

FRACTIONAL BINARY VALUE FOR 
CENTER VALUES 

HEX BINARY WITH 

VREFI2~ 2.560 Voc 

MSGROUP LSGROUP VMS GROUP' VLSGROUP' 

F 1 1 1 1 15/16 15/256 4.800 0.300 
E 1 1 1 0 7/8 7/128 4.480 0.280 

D 1 1 0 1 13/16 13/256 4.160 0.260 
C 1 1 0 0 3/4 3/64 3.840 0.240 

B 1 0 1 1 11/16 111256 3.520 0.220 
A 1 0 1 0 5/8 5/128 3.200 0.200 

9 1 0 0 1 9/16 9/256 2/880 0.180 
8 1 0 0 0 1/2 1/32 2/560 0.160 

7 0 1 1 1 7/16 7/256 2.240 0.140 

6 0 1 1 0 3/8 3/128 1.920 0.120 
5 0 1 0 1 5/16 2/256 1.600 0.100 
4 0 1 0 0 1/4 1/64 1/280 0.080 

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

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

0 0 0 0 0 0 0 

·Display Output=VMS Group + VLS Group 
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Ordering Information 
TEMP RANGE OOCT01OOC 

±%Bit 
Adjusted 

ERROR ± 'I. Bit ADC0802LCWM 
Unadjusted 

± 'I. Bit ADC0803LCWM I Adjusted 
± 1Si! ADC0804LCWM 
Unadjusted 

PACKAGE OUTLINE M20S-8mall Outline 

i TEMP RANGE 

± '!. Bit Adiusted 

I ERROR 
± ';2 Bit Unadjusted 
± ';2 Bit Adjusted 
± 1 Bit Unadiusted 

PACKAGE OUTLINE 

Connection Diagrams 

ADC080X 
Dual-In-Line and Small Outline (SO) Packages 

cs VectOR VREI") 

iffi CLKR 

WR DBO (lSB) 

CLKIN 001 

INTR 002 

VIN(+) 003 

VIN(-) 004 

AGNO 005 

Vm/2 006 

DGNO 007 (WSB) 

TLIH/5671-30 

OOCTO 700C OOCT01OOC - 40"C TO + 85"C 

I ADCOB01LCN 

I I ADC0802LCV ADC0802LCN 

I 
I 

ADC0803LCV ADC0803LCN 
I 

ADC0804LCV ADC0804LCN ADC080SLCN 

V20A-Chip Carrier N20A-Molded DIP 

" - C + 400 TO 85 "C - 55C TO +1 25 "C 

ADCOB01LCJ ADC0801LJ 
ADC0802LCJ ADC0802LJ, 
ADC0803LCJ ADC0802LJ/883 
ADC0804LCJ 

J20A-Cavity DIP J20A-Cavity DIP 

ADC080X 
Molded Chip carrier (PeC) Package 

ClKR 

Vee (OR VRET) 

cs 
iffi 
WR 

Z 10:::- ......... 0 -I-+IZ 
~~z'"-Z(!) 
u :>:> "II( 

> 

12 

11 

10 

9 

005 

006 

007 (WSB) 

OGNO 

Vm /2 

TL/H/5671-32 

See Ordering Information 
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Features 
Compatible with MCS"'-51 Products 
4K Bytes of In-System Programmable (ISP) Flash Memory 

- Endurance: 1000 Write/Erase Cycles 
4.0V to 5.SV Operating Range 
Fully Static Operation: 0 Hz to 33 MHz 
Three-level Program Memory lock 
128 x 8-bit Internal RAM 
32 Programmable 110 Lines 
Two 16-bit Timer/Counters 
Six Interrupt Sources 
Full Duplex UART Serial Channel 
Low-power Idle and Power-down Modes 
Interrupt Recovery from Power-down Mode 

• Watchdog Timer 
Dual Data Pointer 
Power-off Flag 
Fast Programming Time 
Flexible ISP Programming (Byte and Page Mode) 

Description 
The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K 
oytes of In-System Programmable Flash memory. The device is manufactured using 
Mmel's high-density nonvolatile memory technology and is compatible with the indus
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program 
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro
~rammer. By combining a versatile 8-bit CPU with In-System Programmable Flash on 
a monolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a 
1ighly-flexible and cost-effective solution to many embedded control applications. 

The AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of 
RAM, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five
"ector two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and 
:Iock circuitry. In addition, the AT89S51 is designed with static logic for operation 
jown to zero frequency and supports two software selectable power saving modes. 
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and 
nterrupt system to continue functioning. The Power-down mode saves the RAM con
tents but freezes the oscillator, disabling all other chip functions until the next external 
nterrupt or hardware reset. 

AlmEL iiiiiiiiiiiii.® 

= .:;;;;: 

n c: 

8-bit 
Microcontroller 
with 4K Bytes 
In-System 
Programmable 
Flash 

AT89S51 
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Pin Configurations 
PDIP 

(MOSI)P1.5 

(MISO)P1.6 

(SCK) P1.7 

RST 

(RXD) P3.0 

NC 
[TXD) P3.1 

(INTO) P32 

(INT1) P3.3 

(TO) P3.4 

[T1) P3.S 

(RXO) P3.0 

(TXO) P3.1 

(INTO) P3.2 

(INT1) P3.3 

[TO) P3.4 

(T1) P3.5 

(WR)P3,6 

(Ro) P3.7 
XTAl2 

XTAL1 

GND 

TQFP 

VCC 
PO.a (ADO) 

PO.1 (AD1) 

PO.2 (AD2) 

PO.3 (A03) 

PO.4 (AD4) 

PO.S (ADS) 

PO.S (AD6) 

PO.7 (Ao7) 

EANPP 
ALEfPROG 

PSEN 

P2.7 (A1S) 

P2.6 (A14) 

P2.5 (A13) 

P2.4 (A12) 

P2.3 (A11) 

P2.2 (A10) 

P2.1 (A9) 

P2.D (AS) 

PO .. (A04) 

PO.S (ADS) 

31 PO.6 (ADa) 

PO.7 (AD7) 

EAlvPP 
28 NC 

24 P2.6 (A14) 

23 P2.S (A13) 

N ro ~ ~ m ~ ~ m 0 ~ N 

Fs,~~:,:~ 
'----,o"no"nO"nO"nOTTOTTononG:;'" 1-0TI01---11 

r.&It--N..-OOO .... "!~"¢ 

~~~~t§~~~~~~ 
1

'""10 x )( $$'S~E;;' 
~~ ~~~~~ 

AT89S51 

PLCC 

~
~~~MN~~ 

(MOSI) P1.5 7 0 "<t 

(MrSO) P1.6 B 

(SCK) P1.7 § 9 
RST 10 

(RXD) P3.0 11 

NCg12 
(TXD) P3.1 ~ 13 

(JNTO) P32 ~ 14 

(lNT1) P3.3 15 

[TO) 1'3.4 

[T1) 1'3.5 

RST 

(RXD)P3.0 

(TXD) P31 

(INTO) P32 

(INT1) P3.3 

(TO) P3.4 

(T1) P3.5 

(WR) P3.6 

(RQ) P3.7 

XTAL2 

XTAl1 

GND 

PWRGND 

(AB) P2.0 

(A9) P2.1 

(A10) P22 

(A11) P2.3 

(A12) P2.4 

(A13) P2.5 

(A14) P2.6 

(A15) P2.7 

PDIP 

PO .. (A04) 

PO.5 (ADS) 

PO.6 (ADa) 

P07 (AD7) 

EAivPP 
NC 
ALEIPROG 

PSEN 

P1.7 (SCK) 

p1.6(MrSO) 

P1.5 (MOSr) 

P1.4 
p1,3 

P1.2 
P1.1 

P1.0 

VDD 

PWRVDD 

PO.O(ADO) 

P01 (AD1) 

PO.2(AD2) 

PO.3 (AD3) 

PO.4(AD4) 

PO.5(AD5) 

P06(AD6) 

PO.7(AD7) 

EA/VPP 
ALEIPROG 

PSEN 

2487B-MICRO-l2103 



AT89S51 

Block Diagram 

GND n 
-:!:-

.. 
! 

PROGRAM 
ADDRESS 
REGISTER 

I~ BUFFER 

I 

I PC 

I 
INCREMENTER 

I PROGRAM 
I COUNTER 

I 
PSEN 

ALEIPROG TIMING INSTRUCTION DUAL DPTR AND REGISTER 
EA I Vpp CONTROL 

RST 

PROGRAM 
LOGIC 

Alme" 3 
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~bsolute Maximum Ratings* 
Operating Temperature .................. . ... -55°C to +125°C 

Storage Temperature ..... -65°C to +150°C 

Voltage on Any Pin 
with Respect to Ground ........ . . ... -1.0V to +7.0V 

Maximum Operating Voltage. . ......... 6.6V 

'NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability. 

DC Output Current.. ....... . . ... 15.0 mA 

DC Characteristics 

fhe values shown in this table are valid for TA '" -40°C to 85°C and Vee = 4.0V to 5.5V, unless otherwise noted. 

Symbol Parameter " Condition Min Max Units I 
V.~. . .... Input.LoWVoltage .. _._ .. _ .. __ i. (ExcePt .. E. A) __ ... __ .. __ ... __ · __ ~~ .... 5 . 0.2Vee-.0.1 '.'_. _V---j .. I 
V ,L1 Input Low Voltage (EA) -0.5 0.2 Vcc-O·3 V _J 
V,H-- . Input High Voltage -=--~ (Except XTAL 1, RST) == . 0.2 Vee+0.9 Vee+O.5: .. V. ~ 
."'!H1 __ Input High VOltage __ .. __ . __ (XTAL1,RST) _. ___ . __ .. __ . O.7Vcc Vcc+0.5 _.-Vv--l· 

VOL Output Low Voltage(1) (Ports 1,2,3) 10L = 1.6 rnA 0,45 

Vou ~~~~, ~~E~~~a€~;1) __ '[ 10L= 3.2 rnA--=- . __ .~ -' - O~ -_.- vl 
: Output High Voltage ~= ~60 IJA, Vee =. 5V ±10% __ . ~. __ . 2_.4 __ .. ~, __ ______: vvl 

VOH I -- IOH = -251JA 0.75 Vee I 
~orts 1,2,3, ALE, PSEN) -IOH=-10 IJ~ --=-=-==-=09

2

.V
4cc 

. -=' 'V
v

1 

RRST 

Output High Voltage 
(Port 0 in External Bus Mode) 

Logical 0 Input Current (Ports 1,2,3) 

Logical 1 to 0 Transition Current 
i (Ports 1,2,3) 

i Input Leakage Current (Port 0, EA) 

Reset Pulldown Resistor 

IOH = -800 IJA, Vee = 5V ±10% 

10H = -300 IJA 0.75 Vee 

IOH = -80 IJA 0.9 Vee 
-_. --

V ,N = 0,45V 

Y'N = 2V, Vee = 5V ± 10% 

0.45 < V ,N < Vee 

50 

i Pin Capacitance , Test Freq. = 1 MHz, TA = 25°C --+-. --- -_. -----_. 
! Active Mode, 12 MHz 

I Power Supply Current 
I Idle Mode, 12 MHz 

Power-down Mode(2) Vee = 5.5V 

-50 

-650 

±10 

300 

10 

25 

6.5 

50 

V 

V 

IJA 

IJA 

-:tJ 
mA 

~otes: 1. Under steady state (non-transient) conditions, 10L must be externally limited as follows: 

20 

Maximum IOL per port pin: lOrnA 
Maximum 10L per 8-bit port: 
Port 0: 26 rnA Ports 1, 2, 3: 15 rnA 
Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power-down is 2V 

AT89S51 
2487B--MICRO--l2/03 



ATQnSt:.1 
'"' • UoiiI 0.1 

~C Characteristics 
Jnder operating conditions, load capacitance for Port 0, ALEIPROG, and PSEN = 100 pF; load capacitance for all other 
)utputs = 80 pF. 

External Program and Data Memory Characteristics 
" " 

12 MHz Oscillator ' Variable Oscillator 

Symbol I Parameter ,- ~ -,- Max -- Min --I --Ma~- Units 

:::" . :'::::::"" --= = '" . ~ - . ''':,~ I " -I "~' 
~VLL ._,. . Address Valid to ALE Low __ __ __4~ ___ __ ICLCL ·25 +-- __ n~ 

:~~:x -- ::;:: ~:I:a::~~~~c~:~ In . -_ ... __ .,. ~ -' -"233 '-, - !ecCL .25+4IcLCL -65 t ~: 
-' -"- - - -- -- - -- --' -' - -- -' - -_., 'r- ,.- 'r- ,-. 

-:~~~ : :~:~o:u:::;:~hLOW ._- -_. -,-' 2:
3
5" -- - ---~~~:::+--- t- ~: . 

IpLl~- ._ -: PSENLow;;'valid-ln~lru~tion-ln=----+-=-_=- .145-=- =--0L~L-60L~=--
tpx'x Input Instruction Hold After PSEN 0 0 I I ns 

Imz --=_ Input Instruction Float After PSEN __ --=--__ 59.---=- --=- L....IcLCL.:.25t ns __ 

~ __ ,P~~M~~ _______ .~_' ____ ~~,, ___ ~~ 
tAV'v Address to Valid Instruction In 312 I 5tCLCL-SO i ns 

-;;LAZ-- PSEN Low to Add;ess Floa-t -. -- --- -- --10-- --- I 101 --;;; -
- .--' - -_ .. - _. - - - - - ~ - t-- - r- --
tRLRH • RD Pulse Width , 400 6tCLCL -100 I I ns 

400 6tcLCL-100 I I ns 
~ RD Low t;;" ValidData ;- -- -- . -.- -- 252-- , . --._[ 5~:~~90r n-;-

WR Pulse Width 

21 
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ll'lIjCSf;SSl't1I1!C'I"lr;l HI' A::iK HYbrid MOdules tor I<adlo (;Ontrol ( New version 
- -. --- ~-~-,,--.-----------.-------- ------.--.~----- ----,---------"--------,-_.-

TLP434A Ultra Small Transmitter 

Easv .. link 
Wireless 

f~ U nH -2_',40"" 

pin 1: GND 
pin 2 : Data In 
pin 3: Vee 
pin 4: Antanna (RFoutput) 

Frequency 315, 418 and 433.92 Mhz 

Modulation: ASK 
Operation Vottage : 2 - 12 VDe 

ISymbOir ~ •. p-;;;.~l1et"~~T--(ond~,o~~-l M,n+iZi-TMax I~lit 
Vcc Opcratlngsupplyvoitagt'l 2.0 - 112.() r v 
kc 1 PcakCl1rr~llt ( .. 2V) _____ c+. _____ ~ __ . 1_-____ 1 ____ =--_+!.64 ___ t __ ~~~ 
kc 2 Peak ('uI1<11t112V) I - r - '19:41 mA 

Vh 
VI 

Ilaput Ifigh Voltagc_JlU."I,,---..!.tJOuA ~~! IVc'"-(j2.1 V,::c Ivcel(~+_~_ 
Input Low Voltage I Idata 0 uA (Low) T, 1- I 0.3 V 

Mllz ~ IAbS~!.~~FrcqUenCY _._+ 315~~ rnodule 
PO RF Output Powcr- 50ohl11 Vee 9V~ 12V 

314.8 I ,115 +3152 
'~, --r-16~:----1 dHm 

Vce w-r,v --1-: l-'~ d dHm 
L DR _k~~~~tc~ .. ===-=·t~krnaJ_FI1COdili_L2I~--_L~~~ __ ,.L:~!!~!( ___ -bps , 
J\otcs' ( Case Temperature 25°(, +~ 2°(, . Test Load Ttl1llcdance 50 ohm) - -

Application Circuit: 
Typical Key-chain Trallsmitlcr using f IT121-<> 181)IP, a Binary 12 bit Encoder fro111 
lloltck Scmkonuuclor Inc. 

Vdd 
'--~~i18 

~~~rb;;R"OSC COdeltlPutl IRFOUIPlt 

ADR8,10&11 
Dala bil or Addtess bit 

AO,A7 
Address bit 

Laipac Technology, Inc. 
105 West Beaver Creek Rd. Unit 207 Richmond Hill Ontario L4B lC6 Canada 
Tel: (905)762-1228 Fax: (905)763-1737 e-mail: info@laipac.com 

"LAIPAC 
• TECH 

RLP434A SAW Based Receiver 
pin 1 : Gnd 

U"m n I ,,~~ . .1 
~ 'T1" :14.72_ tttT 

pin 2 : Digital Data Output 
pin 3 : Unear Output ITest 
pin 4: Vee 
pin 5: Vee 
pin 6: Gnd 
pin 7: Gnd 
pin 8 : Antenna 

Modulation: ASK 
Frequency 3111, 418 and 433.92 Mhz Supply Voltage: 3.3 _ 6.0 VDC 

Output: Digital & linear 

SYmbO~ Parameicr ,! Conditions 

~VCl'--- 0. PCf<lti.~ sUpr~'()ltag~C -----.-----------
-~-- ~-.------.-.-------- ----- --~-.-- ---.... _---._-
j_tot _-. Ori.-'f<~l~ng CU1!~~ ___ _.,_ _ _____ . ___ ~_ 

Vdata [Jata Out ~t~~(~~J.!Ilgh'--
Idata -10 uA (Low) 

b-c-L-:-~·~~:__c"------ ---.-----~ 
l-.I~c\r\ca\ ('haradcn~tln:. 

Min t IYri~~ax 
'~"'~i~l~ 

Charal~:''2.~~~S ____ ~____ .~Mil;------J- .~~-~: ____ ~~~_~_-
lopcra~_~~~n Radio Frcqu~ncy__ 315,418 and 4.B.92 

S(''11sitlVlty _~ ____ _ 

Channel Width 

4 

5 
Operation Temperature ~20 80 

-----------
Baseboard Data Rate 4.R ---------- -----,,--. 

Application Circuit: 
TypicalKF Rcc(;ivcrusing IllI2D-18DIP, a Hillary' 12 hit Decndcnvith 8 bit lie IlT4RRXX Irom 
Iioltck Semiconductor Inc. 

Vdd 
SVDC 

PBO Vdd 
PBl 
PB2 osc~ 
P83 o:s.-c2 
PB4 'Iss 

GND 
DigitallJut 
Lineer Out 

RLP434A 

0' I PB5 PA~ . ·"c. 
0<' PB6. PAl ----""- Relay 

8 bit- uC: Flash 
PB7 PA2 ~~ 

LED 



Features 

Operating voltage 
- 2.4V-5V for the HTI2A 
- 2.4 V -12V for the HTI2E 

• Low power and high noise immunity CMOS 
technology 

• Low standby current: O.I~ (typ.J at 
VDD=5V 

• HT12A with a 38kHz carrier for infrared 
transmission medium 

Applications 

• Burglar alarm system 
• Smoke and fire alarm system 

Garage door controllers 
• Car door controllers 

General Description 

The 212 encoders are a series of CMOS LSIs for 
remote control system applications. They are 
capable of encoding information which consists 
of N address bits and I2-N data bits. Each ad
dress/data input can be set to one of the two 
logic states. The programmed addresses/data 
are transmitted together with the header bits 

Selection Table 

HT12A1HT12E 
212 Series of Encoders 

• Minimum transmission word 
- Four words for the HTI2E 
- One word for the HTI2A 

• Built-in oscillator needs only 5% resistor 
• Data code has positive polarity 

Minimal external components 
HTI2A1E: I8-pin DIP/20-pin SOP package 

• Car alarm system 
• Security system 
• Cordless telephones 
• Other remote control systems 

via an RF or an infrared transmission medium 
upon receipt of a trigger signal. The capability 
to select a TE trigger on the HTI2E or a DATA 
trigger on the HTI2A further enhances the ap
plication flexibility ofthe 212 series of encoders. 
The HTl2A additionally provides a 38kHz car
rier for infrared systems. 

~~ Address Addre.."t Data 
Oscillator I Trigger 

Carrier Negative 
No. Data No. No. Package Output Polarity Part No. 

I I 455kHz 18 DIP I 
HTl2A I 8 0 4 

resonator 
D8-D11 

20 SOP 
38kHz No 

I 4 0 I Re - 18 DIP No I No HT12E 
I 

8 TE 
20 SOP 1 oscillator 

Note: AddresslData represents pins that can be address or data according to the decoder require
ment. 
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Block Diagram 

TE trigger 

HT12E 

TE 

AD 

A7 

OSC2 OSCl 

DOUT 

..................................... t ....... t .......... j 
ADB········ADll VDD VSS 

DATA trigger 

HT12A 

AD 

A7 

X2 Xl 

DB ··········Dll 

. DOUT 

VDD VSS 

HT12A1HT12E 

Note: The address data pins are available in various combinations (refer to the a.ddress/data table). 
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HOLTEK# 

Pin Assignment 

8-Address 
4-Data 

AO 
A1 
A2 

A4 

AS 

VSS 

VDD 
DOUT 
X1 
X2 
UMB 
D11 
D10 
D9 
D8 

8-Address 
4-Data 

NC 
AO 
A1 

A2 

A3 

A4 

AS 

M 

A7 
VSS 

NC 
VDD 
DOUT 
X1 
X2 

UMB 
D11 
D10 
D9 
DB 

8-Address 
4-Address/Data 

AO 
A1 
A2 

A3 
A4 
AS 
A6 
A7 

VSS 

VDD 
DOUT 
OSC1 
OSC2 
TE 
AD11 
AD10 
AD9 
AD8 

HT12A1HT12E 

8-Address 
4-Address/Data 

NC 
AO 

A1 
A2 

A3 

A4 

AS 

M 

A7 
VSS 

NC 
VDD 
DOUT 
OSC1 
OSC2 
TE 
AD11 
AD10 
AD9 
AD8 

HT12A HT12A HT12E HT12E 
-18 DIP -20 SOP -18 DIP -20 SOP 

Pin Description 

Pin Name 
1

110 Internal 
Description 

Connection 

CMOS IN I 

[I 

i Pull-high 
I I (HT12A) 

1/ 

il NMOS Input pins for address AO-A7 setting AO-A7 I TRANSMISSION These pins can be externally set to vss or left open 

I 
GATE 

PROTECTION 
i DIODE 

(HT12E) 

NMOS 
TRANSMISSION 

AD8-ADll I 
GATE Input pins for address/data AD8-ADll setting 

PROTECTION These pins can be externally set to vss or left open 

[ 
DIODE 

(HT12E) 

Input pins for data D8-Dl1 setting and transmission en-

D8-Dll I 
CMOS IN I able, active low 
Pull-high I These pins should be externally set to vss or left open 

(see Note) 

DOUT oj CMOS OUT Encoder data serial transmission output 

I 
I CMOS IN 

LatchIMomentary transmission format selection pin: 

~ !)ME 

I 
I I Latch: Floating or VDD 

! 
Pull-high 

Momentary: VSS 
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HT12A1HT12E 

Internal I 
Pin Name I/O Connection Description 

-

I I 
CMOS IN 

Transmission enable, active low (see Note) TE 
Pull-high 

OSCI I OSCILLATOR I Oscillator input pin 
I OSC2 0 OSCILLATOR I Oscillator output pin 

Xl I OSCILLATOR 2 455kHz resonator oscillator input 

X2 0 OSCILLATOR 2 455kHz resonator oscillator output 

I VSS ! I - Negative power supply, grounds 

VDD I - Positive power supply 

Note: D8-Dll are all data input and transmission enable pins of the HTI2A. 

TE is a transmission enable pin of the HTI2E. 

Approximate internal connections 

NMOS CMOS IN 
CMOS OUT OSCILLATOR 1 TRANSMISSION Pull-high 

GATE 

-.L ~--.- -----{)o-o os~~~OSC2 
----~ 

OSCILLATOR 2 NMOS TRANSMISSION GATE 
PROTECTION DIODE 

-'-

D----{>r--O ----~ 
Voo 

L.I 

Absolute Maximum Ratings 

Supply Voltage (HTl2A) .............. -O.3V to 5.5V Supply Voltage (HT12E) ............... -O.3V to l3V 

Input Voltage .................... Vss-O.3 to VDD+O.3V Storage Temperature ................. -50°C to 125°C 

Operating Temperature ............... -20°C to 75°C 

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi
mum Ratings" may cause substantial damage to the device. Functional operation oHhis device 
at other conditions beyond those listed in the specification is not implied and prolonged expo
sure to extreme conditions may affect device reliability. 
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HOLTEK# HT12A1HT12E 

Electrical Characteristics 

HT12A 

Test Conditions ! I 

Symbol Parameter Min. Typ. I Max. I Unit 
VDD Conditions 

VDD Operating Voltage -I - 2.4 3 5 
I 

V 

3V - [ 0.1 1 
I 

fill 
ISTB I Standby Current r--- Oscillator stops 1 0.1 I 5V - 1 i ~ 

I . 
3V I No load i - J 200 400 I fill 

IDD Operatmg Current !--
5V fose:455kHz I I 

, 
- 400 BOO I fill 

I . VOH:0.9VDD (Source) -1 I -1.6 i - : rnA 
IDOUT I Output Drive Current 5V 

! i rnA VOL:0.1VDD (Sink) 2 3.2 -

VIR "H" Input Voltage - - O.BVDD - VDD V 

V1L "L" Input Voltage ! - - I ° - 10.2VDD i V 

R I DB-Dll Pull-high 5V VDATA=OV I -

i 
150 300 Jill DATA . I Reslstance i 

HT12E Ta=25°C 

Test Conditions Typ.1 Max. I Unit Symbol Parameter Min. 
VDD Conditions 

VDD Operating Voltage - - I 2.4 I 5 12 V 

I Standby Current 
3V - 0.1 1 ~ 

ISTB 1--. Oscillator stops I 
I 12V - 2 4 fill 

3V No load - 40 BO ~ 
IDD Operating Current !-- fosc=3kHz 12V - 150 300 ~ 

~ I 
VOW-O.9VDD (Source) -1 I -1.6 I - rnA 

IDOUT Output Drive Current 5V 
VOL"O.lVDD (Sink) 1 1.6 - rnA 

I 
VIR "H" Input Voltage O.BVDD VDD V - - -

VIL "V' Input Voltage - - ° - 10.2VDD V 

fose Oscillator Frequency 5V Rosc=1. IMfl - 3 - kHz 

R-TE TE Pull-high Resistance 5V VTE"OV - 1.5 3 Mn 
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HT12A/HT12E 

Functional Description 

Operation 

The 212 series of encoders begin a 4-word transmission cycle upon receipt of a transmission enable 
(TE for the HT12E or DS-D 11 for the HTl2A, active low). This cycle will repeat itself as long as the 
transmission enable (TE or DS-Dll) is held low. Once the transmission enable returns high the en
coder output completes its final cycle and then stops as shown below. 

L-___ --1I .......... 
nnn

: 

---.j I+- < 1 word 

Encoder I 
OOUT ----.J 

I+- 4 words ---.j ~. Transmitted .... L.. ....1 
~ Continuously ~ 4 words -., 

Transmission timing for the HT12E 

08-011 I I I I 
Key-in U . . 

~ )4- < 1 word 

EnOOiJef JIl'-----__ 1111I11I1\\ 11\\ 1\\ 11\\ 1111\\ 111\\ 111111111-- with 38kHz carrier 

-.j )4- 1 word I+- Transmitted ----.! )4- 1 word 
Continuously 

Transmission timing for the HTl2A (UMB=Floating or VDD) 

08-011 I I I I 
KeY-In U . . 

-.j )4- < 1 word 
(a/l data; 1) 

)4-7words ~ 

En~U'T JlllllllllI11111111L-_llllI11111111111l11l111111111111111111111111111 L 
-.j )4- 7 words ~ I+- Transmitted ----.!)4- 1 word 

Continuously 
1 word (all data;1) 

Transmission timing for the HT12A (UMB= VSS) 

6 April 11, 2000 



HCLTEK# HT12A1HT12E 

Information word 

IfIlMBd the device is in the lateh mode (for use with the lateh type of data decoders). When the trans
mission enable is removed during a transmission, the DOUT pin outputs a complete word and then 
stops. On the other hand, ifIJMB=O the device is in the momentary mode (for use with the momentary 
type of data decoders). When the transmission enable is removed during a transmission, the DOUT 
outputs a complete word and then adds 7 words all with the "1" data code. 

An information word consists of 4 periods as illustrated below. 

pilot period (12 bits) ~ +-- address code penod 

Composition of information 

Address/data waveform 

---M---- data code ~ .• 
period 

Each programmable address/data pin can he externally set to one of the following two logic states as 
shown below. 

(

"One" 

Data Bit 

"Zero" 

( 

"One

Address Bit 

"Zero" 

AddresslData bit waveform for the HT12E 

AddresslData bit waveform for the HT12A 
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HOLTEK# 

Oscillator frequency vs supply voltage 

lose 
(Scale) 

2 3 4 

HT12A1HT12E 

Rosc(O) 

___ ~~~ __ --~--------~47~ 
~::. ___ -,-------------~. 510k 

----=~~ __ ~ 12M 

~ _____ ~ __________ ~ 1.5M 

~'-"~_~---; _________ ---::-=-- 2.0M 

5 6 8 9 10 11 12 13 Voo(VDC) 

The recommended oscillator frequency is rOSCD (decoder) '" 50 fOSCE (HT12E encoder) 
1 

'" ~ foseE (HT12A encoder) 
3 
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Features 

• 
• 
• 
• 
• 

Operating voltage: 2.4V -12V 
Low power and high noise immunity CMOS 
technology 
Low standby current 
Capable of decoding 12 bits of information 
Pair with Holtek's 212 series of encoders 
Binary address setting 
Received codes are checked 3 times 

Applications 

Burglar alarm system 
Smoke and fire alarm system 

• Garage door controllers 
Car door controllers 

General Description 

The 212 decoders are a series of CMOS LSIs for 
remote control system applications. They are 
paired with Holtek's 212 series of encoders (re
fer t() the encoder/decoder cross reference ta
blel. For proper operation, a pair of 
encoder/decoder with the same number of ad
dresses and data format should be chosen. 

The decoders receive s~rial addresses and data 
from a programmed 21 series of encoders that 
are transmitted by a carrier using an RF or an 
IR transmission medium. They compare the se
rial input data three times continuously with 

Selection Table 
, 

",Function Data 

212 Series of Decoders 

• 

• 
• 

• 

AddresslData number combination 
- HT12D: 8 address bits and 4 data bits 
- HT12F: 12 address bits only 
Built-in oscillator needs only 5% resistor 
Valid transmission indicator 
Easy interface with an RF or an infrared 
transmission medium 
Minimal external components 

• Car alarm system 
• Security system 
• Cordless telephones 
• Other remote control systems 

their local addresses. If no error or unmatched 
codes are found, the input data codes are de
coded and then transferred to the output pins. 
The VT pin also goes high to indicate a valid 
transmission. 

The 212 series of decoders are capable of decod
ing informations that consist of N bits of ad
dress and 12-N bits of data. Ofthis series, the 
HT12D is arranged to provide 8 address bits 
and 4 data bits, and HTl2F is used to decode 12 
bits of address information. 

Ii Address 
, 

No. No. I Type 
VT Oscillator Trigger Package 

Part No. 

HT12D 8 4 I L ~ RC oscillator DIN acti ve "Hi" 18 DIP/20 SOP 

HT12F 12 0 I - y RC oscillator DIN active "Hi" 18 DIP!20 SOP 

Notes: Data type: L stands for latch type data output. 

VT can be used as a momentary data output. 
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HOLTEK# 212 Series of Decoders 

Pin Description 

Pin Name I/O Internal Description 
Connection 

I NMOS 
Input pins for address AO-All setting 

AO-All I TRANSMISSION I 

GATE They can be externally set to VDD or VSS. 

I D8-Dll 0 CMOS OUT Output data pins 

DIN I CMOS IN Serial data input pin 

VT 0 CMOS OUT Valid transmission, active high 

OSCl I I OSCILLATOR Oscillator input pin 

OSC2 0 OSCILLATOR Oscj]]ator output pin 

I VSS i I ~ Negative power supply (GND) 

VDD I ~ Positive power supply 

Approximate internal connection circuits 

NMOS 
CMOS OUT CMOS IN OSCILLATOR TRANSMISSION 

GATE 

...L.. -.---{>o-o 0--[>----- EN~ ---.1TL..a OSC1 OSC2 

Absolute Maximum Ratings 

Supply Voltage ............................... -O.3V to l3V Storage Temperature ................. -50°C to 125°C 

Input Voltage .................... Vss-O.3 to VDD+O.3V Operating Temperature .............. -20°C to 75'C 

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi
mum Ratings" may cause substantial damage to the device. Functional operation ofthis de
vice at other conditions beyond those listed in the specification is not implied and prolonged 
exposure to extreme conditions may affect device reliability. 
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212 Series of Decoders 

Electrical Characteristics 

I Test Conditions I I I ! ~ 
Symbol Parameter I Min. I ~'I Max. I Unit I' VDD I Conditions 

I 
VDD Operating Voltage I-I - I 2.4 I 5 I 12 I V 

: 5V I - I 0' I 1 !fJA 
ISTB Standby Current Oscillator stops 

I IfJA ~ 12V - 4 2 I 
No load I 200 IDD Operating Current 5V 
fosc=150kHz 

- 400 IfJA 
I Data Output Source I I 

I rnA I I 5V VOH=4.5V -1 -1.6 i - I 
Current (DB-DIll I i 10 

I 5V I rnA 

~ 
I Data Output Sink VOL=0.5V 1 1.6 -I Current (DS-DIll 

VOlF4.5V -1 -1.6 rnA 
~ IVT 

' VT Output Source Current i -
5V 

VT Output Sink Current VOL=0.5V 1 1.6 - rnA 

ji Vrn "R" Input Voltage 5V - f 3.5 - 5 V , 

VIL "L" Input Voltage 5V I - 0 I - 1 V 

fose Oscillator Frequency 5V Rosc=51lUl - 150 - i kHz 
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Oscillator frequency vs supply voltage 

f06C 
(Scale) 

4.00 

3.50 

3.00 

2.50 

2.00 

1.50 

212 Series of Decoders 

Rose (0) 

27k 

30k 

33k 

36k 

391( 

43k 

47k 

51k 

56k 

_---~62k 
_---:,68k 

75k 

~~::::::::::::~;:;::- 82k 

_____ -~-------100k 

0.50 ~?~2~=?~~=;::: -180k 

220k 

(100kHz)1.00 

0.25 

2 4 5 6 8 9 10 11 12 13 VDD (V DC) 

The recommended oscillator frequency is fOSCD (decoder) '" 50 fOSCE (HT12E encoder) 
1 

'" - foseE (HT12A encoder). 
3 
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t!lNational Semiconductor 
February 1995 

LM78XX Series Voltage Regulators 

General Description 
of external components. It is not necessary to bypass the 
output, although this does improve transient response. Input 
bypassing is needed only rt the regulator is located far from 
the filter capaCitor of the power suppty. 

For output voltage other than 5V, 12Vand 15V the lM117 
series provides an output voltage range from 1.2V to 57V. 

Features 

The LM78XX series of three terminal regulators is availabte 
with several fixed output voltages making them useful in a 
wide range of applicatiOnS. One of these is local on card 
regulation, eliminating the distribution problems aSsociated 
with single point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta
tion, HiFi, and other solid state electroniC equipment. Al
though deSigned primarily as fixed voltage regulators these 
devices can be used with extemm components to obtain 
adjustable voltages and currents. • Output current in excess of 1 A 

The LM78XX series is available in an aluminum T0-3 pack
age wnlcn Will allow over 1.0A load current It adequate heat 
sinking is provided. Current limiting is included to limit the 
peak output current to a safe value. Safe area protection for 
the output transistor ia provided to limit intemal power dissi
pation. If internal power dissipatiOn becomes too high for 
the heat sinking provided, the thermal shutdown circuit 
takes over preventing the Ie from overheating 

ConSiderable effort was expanded to make the LM78XX se
ries of regUlators easy to use and mininize the number 

Schematic and Connection Diagrams 

• Internal thermal overload protection 
• No external components required 
• Output transistor safe area protection 

• Intemal short Circuit current limit 
• Available in the aluminum T0-3 package 

Voltage Range 
LM7BOSC 5V 

LM7812C 12V 

LM7815C 15V 

r---~--------~---------1~---r-~' Metal can "-age 
T0-3(K) 

Aluminum 

" .. 
'" " 

,~. 

'" , .. 

Tl/H/7?4S-1 

OOTPU~~ 

INPU~ 
TLlH/774S-2 

Bottom View 

Order Number LM7805CK, 
LM7812CK or LM781SCK 

See NS """kage Nu_ KC02A 

Plastic Package 
T0-22O(T) 

Top View 
TI.!HJ7745-3 

Order Num_ Ul7805CT, 
lM7812CT or Ul7815CT 

s.. NS Pack_ Nu_ TOas 

RRD-330t.l115/Pmted in U. S. A. 
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Absolute Maximum Ratings 
If Muttaryl Aerospace &peelfled devlce8 are required, Maximum Junction T ernperature 
please contact the National SemicondUctor Sales (K Package) 150·C 
Office/Distributors for availability and speclftcations. (T Package) 150·C 

Input Voltage (VO = 5V, 12V and 15V) 35V Storage Temperature Range -65"Cto +1SO"C 

Intemal Power Dissipation (Note 1) Internally Limited Lead Temperature (SOldering, 10 sec.) 

Operating Temperature Range (T A) O·Cto + moc T0-3 Package K 300·C 
TO-220 Package T 23O"C 

Electrical Characteristics LM78XXC (Note 2) O"C" Tj" 12S·C unless otherwise noted 

Output Voltage 5V 12V ,5V 

Input Voltage (unless otherwise noted) lOY ,9Y 23Y Units 

Symbol Parameter Conditions Min 1 Typ 1 Max Min I Typ I Max Min I Typ I Max 

Vo Output Voltage Tj = 25"C, 5 rnA s. 10 s. lA 4.8 5 52 11.5 12 12.5 14.4 15 15.6 V 

PD :S.. 15W, 5 mA :: 10 :::: 1 A 4]5 5.25 11.4 12.6 14.25 15.75 V 

VMIN ~ VIN :::: VMAX (7.5 :s: VIN:S;; 20) (14.5 ::;;; VIN :;;;:: 27) (17.5:::" VIN -:::: 30) V 

~Vo Line Regulation 10 - 500mA Tj = 2S"C 3 50 4 120 4 150 mV 

AV1N (7 " Y,N S 25) 14.5 s VIN ~ 30) (17.5 S Y,N S 30) V 

Q"C S; Ti S; + 12S"C 50 120 150 mV 

ilVJN (8 s: VJN :{ 20) (15 s: VIN ::0::: 27) (18.5 s: VJN ::s: 30) V 

10 '" lA Tj ~ 25·C 50 120 150 mV 

,lVIN (7.5::;; VIN -:::. 20) (14.6 S;; VIN :::;: 27) (17.7:::;: VIN £; 3D) V 

DoC $. Ti S + 125"C 25 60 75 mV 
&VIN (8::0::: VIN s: 12) (16 S VIN :S: 22) (20 :S: VIN :S: 26) V 

6VO Load Regulation Tj '- 2S"C 5rnAsloS1.SA 10 50 12 120 12 150 mV 

250 rnA S 10 s: 750 rnA 25 60 75 mV 

SmA $. '0:':;: lA,D"C s Tj $. + 12S"C 50 120 150 mV 

IQ Quiescent CUrrent 10:S 1A Ti = 25"C 8 8 8 mA 

O·C oS, Tj 0. + 125'C 8.5 8.5 8.5 mA 

illQ Quiescent Current SmA s: 10 s 1A 05 0.5 0.5 mA 
Change Tj::.. 25"C, 10 s: lA 1 ~O 10 10 mA 

VMIN S VIN s: VMAX (7.5 s: VIN :5. 20) (14.8 S Y,N S 27) (17.9 s VIN S 30) V 

10 $. 500 rnA. O"C $. Tj $. + 125°C 1.0 1.0 1.0 mA 

VMIN S VIN :::;: VMAX (7 s: VIN s: 25) (14.5 :S VIN::;' 30) (17.5 :::;: VIN '5.. 30) V 

VN Output Noise Voltage T A - 25"C, 10 Hz :=;. f ,:;; 100kHz 40 75 90 MV 

~VrN Ripple Rejection { 10 S lA. Tj ~ 25·Cor 62 80 55 72 54 70 dB 
;lVOUT f - 120Hz 10 s: 500 rnA 62 55 54 dB 

O"C::; Tj::; t '25"C 

VMlN $. VIN :S: VMAX (8" V,N" 18) (15 " V,N" 25) (18.5 s VIN :S: 28.5) V 

RO Dropout Voitago Tj = 25°C, lOUT '- 1 A 2.0 2.0 2.0 V 
Output Resistance f = 1 kHz 8 18 19 mll 
Short-Circuit Current Tj = 25°C 2.1 1.5 1.2 A 
Peak Output Current Tj - 25"C 2.4 2.4 2.4 A 
Average TC of VOUT O"COCTjS I 125"'C, 10 = 5 rnA 0.6 1.5 18 mVrC 

VIN Input Voltage 

Required to Maintain Tj - 25"C,IO s: 1A 7~5 14.6 t7.7 V 
Line Regulation 

No.1: Thermal resistance of the TQ.3 package (K, KC) IS tVPlCally 4"C/W junction to case aM 35'C/W case 10 ambient. Thermal resistance of the TQ..220 
package (T) is typK:ally 4'C/W juneI/O(! \0 case and 5CJ'C/W case to ambient 

Note 2: All characten5lics are measurQlj With capacitor across the Input of 0.22 }'oF, and a capacitor across the output of 0.1 ,...F. N! characteristics except noISe 
voltage and ripple rejection ratio are measured uSing pulse tecnntques (Iw -:::: 10 ms, duty cycle::. 5%). Output voltage changes due to changes in internal 
temperature must be takan into account separately. 
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Typical Performance Characteristics 
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LM79XX Series 3-Terminal Negative Regulators 

General Description 
The LM79XX series of 3-terminal regulators is available with 
fixed output voltages of 5V. -BV, -12V, and -15V. 
These devices need only one extema1 component-a com
pensation capacitor at the output. The LM79XX series is 
packaged in the TO-220 power package and is capable of 
supplying i.5A of output Current. 

These regulators employ internal current limiting safe area 
protection and thermal shutdown for protection against vir
tually all overload conditions. 

Low ground pin current of the LM79XX series allows output 
voltage to be easily boosted above the preset value with a 
resistor divider. The I()IN quiescent current drain of 

Connection Diagrams 
TD-220 Package 

Front View 
TL/HI7340-14 

Order Numbel" LM7905CT, LM7912CT or LM7915CT 
s... NS Package Nu_ T038 

these devices with a specified maximum change with line 
and load ensures good regulation in the voltage boosted 
mode. 

For applications requiring other voltages, see LM137 data 
sheet 

Features 
• Thermal. short circuit and safe area protection 
• High ripple rejection 
• 1_5A output current 
• 4% tolerance on preset output voltage 

Typical Applications 
Fixed Regulator 

Tl/H/7340-3 

*Required if regulator is separated from filter capacitor by 
more than 3"'. For value given, capacitor must be solid 
tantalum. 25 ILF aluminum electrolytic may be substituted. 

-;·Required for stability. For value given, capacitor must be 
solid tantalum. 25 J-LF aluminum electrolytic may be substi
tuted. Values given may be increased without limit. 

For output capacitance in excess of 100 fiF, a high current 
diode from input to output (1N4001, etc.) will protect the 
regulator from momentary input shorts 



Electrical Characteristics (Continued) Conditions unless otherwise noted: rOUT = 500 rnA. GIN ~ 2.2 "F, 
GoUT ~ 1 /-l-F, aoc ~ TJ ~ + 125"C, Power Dissipation --=- 1.5W. 

Part Number LM7912C LM7915C 

Output Voltage -12V -15V 
Units 

Input Voltage (unless otherwise specified) -19V -23V 

Symbol Parameter Conditions Min I Typ I Max Min I Typ I Max 

Vo Output Voltage TJ ~ 25'C 11.5 12.0 12.5 14.4 -15.0 15.6 V 
5 rnA ~ lOUT ~ 1A, 11.4 -12.6 -14.25 -15.75 V 
P ~ 15W (-- 27 < YiN ~ 14.5) (-30 <; Y,N C; -17.5) V 

tJ.Vo Une Regulation T J - 25'C, (Note 3) 5 80 5 100 mV 
(-30 " Y,N " - 14.5) ( 30 ~ VIN~ 17.5) V 

3 30 3 50 mV 
(- 22 S; VIN:S: 16) (-26 ~ Y,N ~ -20) V 

/lVo Load Regulation T J ~ 25'C, (Nole 3) 
5 rnA:::;;; tOUT:S: 1.5A 15 200 15 200 mV 
250 rnA :::;: IOUT:S; 750 rnA 5 75 5 75 mV 

10 Quiescent Current TJ = 25"C 15 3 1.5 3 mA 

tJ.IQ Quiescent Current With Une 0.5 0.5 mA 
Change (-30 " Y,N " -14.5) ( 30 sVIN S 17.5) V 

W.h Load, 5 mA " lOUT ~ 1 A 0.5 0.5 mA 

V, Output Noise Voltage TA = 25"C, 10 Hz < f < 100 Hz 300 375 "V 
Ripple Rejection f ~ 120Hz 54 70 54 70 dB 

(-25 s:;: VIN s:;: --15) (- 30 S VINS 17.5) V 

Dropout Voltage TJ - 25'C, lOUT ~ lA 1.1 1.1 V 

lOMAX Peak Output Current TJ ~ 25'C 2.2 2.2 A 

Average Temperature lOUT = 5mA. -0.8 1.0 mvrc 
Coefficient of OCsTJS100"C 

Output Voltage 

Note 1: Absolute Maximum Ratings indteate limits beyond which damage to the devICe may occur. Operatmg Ratings indicate conditions lor which the devICe IS 
intended to be lunc!lona!, bur 00 nor guaranres 5p6Gilic Performance limits. For guaranteed spoolicalions and tesi condilions, see the Electrical Characteristics. 

Nota ~ Refer to iypical Performance Characteristics and Design ConsideratiOns lor details. 

Note 3; RegulatIOn IS measured at a constant junctIOn temperature by pulse tastmg With a low duty cyde. Changes In output voltage due to hse!lng effects must be 
taken Into account 

Typical Applications (Continued) 

D .... Trimmed Supply 

.,NPUT 0-M ""340-5 lOUT +5.0V 

eND 

0.22.': ;: 
2<0 -~ D1 1. '1'" 1N4001 

33 

!,., _ 
-COM 

I 2.2 .': ~ 
33 

~ 01 
470 I'" 1N4001 

5' 

eND 

-INPUT o-~ ""7905 lOUT -S.OV' 

TlfHf7340-4 
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LM 136-2.5/LM236-2.5/LM336-2.5V Reference Diode 

General Description 
The LM136-25ILM236-25 and LM336-25 integrated dr
cults are precision 2.SV shunt regulator diodes. These 
monoHthic Ie voltage references operate as a IOW'-tempera
ture-coefficient 2.5V zener with O.2n dynamic impedance. A 
third terminal on the LM136-2.5 allows the reference volt
age and temperature coefficient to be trimmed easily. 

The LM336-2.5 is rated for operation over a Dec to + 7fY'C 
temperature range. See the connection diagrams for avail
able packages. 

Features 
• Low temperature coefficient 

The LM136-2.5 series is useful as a precision 2.SV low volt
age reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain a sta
ble reference from 5V logic supplies. Further, sInce the 
LM136-2.5 operates as a shunt regulator, it can be used as 
ejiner a pOSitive or negaiive YOitage reference. 

• Wide operating current or 400 p.A to 10 mA 

• O.2!! dynamic impedance 
• ± 1 % jnitial tolerance available 

• Guaranteed temperature stability 

• Easily trimmed for minimum temperature drift 

• Fast tum-on The LM136-2.S is rated for operation over - 55"C to 
+ 12S"C while the LM236-2.S is rated (Ner a - 25°C to 
+ 85"C temperature range. 

• Three lead transistor package 

Connection Diagrams 
To-92 

Plastic Package 

TLfH/5715-8 

Bottom View 

Ord.r Number LM236Z·2.5, 
LM236AZ-2_5. LM336Z-2_5 or 

LM336BZ-2.5 

To-46 
Metal can package 

Bottom View 

Order Numb&< LMl36H-2.5, 
LMl36H-2_5/883. LM236H-2_5. 

NC 

so Pacicage 

NC NC 

Top View 
TL/HfS715-12 

See NS Package Numb&< Z03A LMl36AH-2_5. LM136AH-2.5/883 
or LM236AH-2_5 

See NS Package Number H03H 

Order Numb&< LM236M-2_5. 
LM236A1I-2.5. LM33611-25 

or LM336BM-2_5 

Typical Applications 

2.5V Reference 

iY 

'50 

TLiH/5715-9 

'0 1!'195 NatIOnal Semo::onductnr Gorpnrpbon Tt fl-!5715 

2.SV Reference with Minimum 
Temperature CoeffIcient 

,y 

, ... 

lH33O.,.,,-, ... '"',....--..c .... • 

j- AdjuSllO 2.49OV 

See NS Package Number M08A 

Wide Input Range Reference 
V1NJ5-40V 

lM", 

'--+-- VOUT -Z5V 

TLiH/S71S-11 

'Any silICOn s.gnal dIOde 

TLtH/5715-10 

RRD·3:!OUl15iPrIrted in U. S. A. 



Absolute Maximum Ratings (Note 1) 

If Militaryl Aerospace specified devices. are required, Soldering Information 
please contact the National Semiconductor SaIe6 TQ-92 Package (10 sec.) 26Q'C 
Office/Distributors for availability and spectfications. TO-46 Package (10 sec.) 3OO'C 

Reverse Current 15mA SO Package 

FOlWard Current 10mA Vapor Phase (60 sec.) 215'C 

Storage Temperature -60"Cto + 150"C Infrared (15 sec.) 22O"C 

Operating Temperature Range (Note 2) See AN-4S0 "Surface Mounting Methods and Their Effect 

LM136 SS'C to + lSO"C on Product Reliability" (Appendix D) for other methods of 

LM236 _. 2S'C to + 85'C soldering surface mount devices. 

LM336 O"Cto +70"C 

Electrical Characteristics (Note 3) 

LMl36A-2.5/LM236A-2.5 LM336B-2.5 
Parameter Conditions LM136-2.5/LM236-2.5 LM336-2.5 Units 

Min Typ Max Min Typ Max 

Reverse Breakdown Voltage TA~25°C,IR~1 rnA 
LM 136, LM236, LM336 2.440 2.490 2.540 2.390 2.490 2.590 V 
LM136A, LM236A, LM3368 2.465 2.490 2.515 2.440 2.490 2.540 V 

Reverse Breakdown Change TA=25°C, 2.6 6 2.6 10 mV 
With Current 400 /-LA::'IR::;;10 rnA 

Reverse Dynamic Impedance TA = 25°C, iR=1 rnA, f = 100 Hz 0.2 0.6 0.2 1 !l 

Temperature Stability VR Adjusted to 2.490V 
(Note 4) IR = 1 mA,(Figure 2) 

O"C" T AS 70"C (LM336) 1.8 6 mV 
-25"C:::;;TA :S: + 85"C 

3.5 9 mV 
(LM236H, LM236Z) 

.- 25'C ~ T A ~ + 85'C (LM236M) 7.5 18 mV 
- SS'C< TA < + 12S'C (LMI36) 12 18 mV 

Reverse Breakdown Olange 400 ;,t-A:::;;IR:::;;10 rnA 3 10 3 12 mV 
With Current 

Reverse Dynamic Impedance 'R-1 rnA 04 1 04 1.4 n 
Long Term Stability TA=25"C ±O.1"C,iA=1 rnA, 

20 20 ppm t - 1000 hrs 

Note 1: AOsojute Maxirrl<.lm Ratings indicate limits beyond wtlich damage 10 the devICe may occur. Bectncal SjleCIflcallons do not apply when opersllng the devlO9 
beyond Its specified opefallng con4bons. 

Note 2: For elevated temperature operahon, 'I max IS' 

LM'36 150"C 
tM236 125"C 

lM336 lOU'C 

Thennal ResIStance rQ-92 TQ.46 $().lI 

flja (Junction to Ambient) lBO"C/W (0.4· leads) 44O"C/W lSS'C/W 

170"C/W{0.125" lead) 

fijll (JunctIOn to Case) n!a 8Q"C!W n!a 

Note 3: Unless otherwISe Specified, the lM 136-2.5 IS specified from - 55'C ::0 T A :;: - 12S'C, the LM23&-2.5 from - 2S'C ~ T 1\ -s -. 85"C and the LM336-2.5 from 
O"C TA ~ 70"C 

Note 4: Temperature stability for the LM336 and LM236 family i$ guaranteed by OeStgrl. DeSign limilS are guaranteed (but not t 00% productIOn tested) over the 

ondicaled temperature and supply voltage ranges. These limits are OO! used 10 calcu!ate outgoing Quatity levels. Sta~l,ty is defined as the m8XImum CI1ange ,n 11, .. 1 
from 25"C to T A (min) or T A (max). 

Typical Performance Characteristics 
Reverse Voltage Change Z.",... Noise Voltage Dynamic Impedance .. '" 
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Typical Perfonnance Characteristics (Continued) 

Response Time Reverse Characteristics Forward Charact-.K:S 

J I I I I ~T/=25"t .. ',,,,,,; 

FlE'i£JIS( VOLTACf (vI 

Application Hints 
The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance and 
wide operating current range simplify biasing in almost any 
circuit Further, either the breakdown voltage or the temper
ature coefficient can be adjusted to optimize circuit pertorm
ance. 

Agure 1 shows an LM136 with a 10k potentiometer for ad
justing the reverse breakdown voltage. With the addition of 
R 1 the breakdown voltage can be adjusted without affecting 
the temperature coefficient of the device. The adjustment 
range IS usually sufficient to adjust tor both the initial device 
tolerance and inaccuracies in buffer circuitry. 

v' 

RS 

FIGURE 1. LMl36 With Pot for Adjustment 
of Breakdown Voltage 

(Trim Range --" + 120 mY typical) 

nWERATUAE j'(J 

3 

TUH/S71S-3 

If minimum temperature coeffictent is desired. two diodes 
can be added in series wfth the adjustment potentiometer 
as shown in Figure 20 When the device is adjusted to 2.490V 
the temperature coefficient is minimized. Almost any s~icon 
signal diode can be used for this purpose such as a 1 N914, 
1N4148 or a 1N457. For proper temperature compensation 
the diOdes stlouJd be in the same thermaJ enwonment as 
the LM136. It is usually sufficient to mount the diodes near 
the LM136 on the printed circuit board. The absolute resist
ance of R1 is not critical and any value from 2k to 20k will 
work. 

" 
's 

~~"'" 
"' ". 

Tl1Hj57'5-~ 

FIGURE 2. Temperature Coefficient Adjustment 
(Trim Range ~ ± 70 mV typical) 
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