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LISTING PROGRAM 

#include <AT89x51.h> 

#define Lin P2_0 
#define x in P2 1 - -
#define atas PO 0 
#define bawah PO 
#define kiri PO 2 
#define kanan PO 3 
#define kirim PO 4 

int temp,temp2,temp3,temp4; 

void main 0 
{ 

atas=O; 
bawah=O; 
kiri=O; 
kanan=O; 
while (I) 
{ 

kirim=l; 
temp=O; 
while (L in== 1 ) 

{ 
temp++; 

} 
temp2=O; 
while (y jn==O) 
{ 

temp2++; 
} 
temp3=O; 
while (x_in=l) 
{ 

temp3++; 
} 
temp4=O; 
while(x _in==O) 
{ 

temp4++; 
} 

Program ControUer 



} 

if «temp<=temp2+20 )&&( temp>=temp2-20)) 
{ 

} 

atas=l; 
bawah=l; 
kirim=O; 
kirim=l; 

else if(temp<temp2-20) 
{ 

} 

atas=O; 
bawah=l; 
kirim=O; 
kirim=l; 

else if (temp>temp2+20) 
{ 

} 

atas=l; 
bawah=O; 
kirim=O; 
kirim=l; 

if «temp3 <=temp4+ 20 )&&(temp3>=temp4-20)) 
{ 

} 

kiri= 1; 
kanan=l; 
kirim=O; 
kirim=l; 

else if (temp3<temp4-20) 
{ 

} 

kiri=O; 
kanan=l; 
kirim=O; 
kirim=l; 

else if (temp3>temp4+20) 
{ 

} 
} 

kiri=l; 
kanan=O; 
kirim=O; 
kirim=l ; 



#inc1ude <at89xS l.h> 

#define a P2 0 
#define b P2 I 
#define c P2 2 
#define d P2 3 
#define maju PO_O 
#define mundur PO I 
#define kiri PO 2 
#define kanan PO 3 
#define datalcd P3 
#define rs PI I 
#define e PI 2 
#defineopto Pl_7 

const char kata[] = "JARAK = "; 

Program Device 

int sa,temp,buf,buf2,bui3,dat,i,buf4,bufS,test,koma; 
long int count,count2,count3; 

void tunda(int loop2) 
{ 

} 

int loop; 

loop=O; 
while (loop<=loop2) 
{ 
loop++; 
THl =(-SOOO/2S6)-1; 
TL1=(-SOOO%2S6); 
TFI=O; 
TRI=l; 
while (lTFI); 
} 

void kirim --.r(int datl) 
{ 

} 

rs=O; 
datalcd=datl ; 
e=I; 
e=O; 
tunda(3); 



void initlcdO 
{ 

} 

tunda(3); 
kirimy(S6); 
kirimy(S6); 
kirim y( '16); 
kirimy(S6); 
kirimy(6); 
kirimy(12); 
kirimy(l); 

void kirim_k(int dat2) 

} 

[s=l; 
datalcd=dat2; 
e=l; 
e=O; 
tunda(3); 

void cursorhomeO 
{ 

} 

rs=O; 
kirimy(2); 

void clearO 
{ 

} 

rs=O; 
kirimy(l); 

void karakter(int bil) 
{ 

if (bil==O) 
dat=48; 

if(bil=l) 
dat=49; 

if (bil==2) 
dat=SO; 

if (bil==3) 
dat=Sl; 

if (bil==4) 
dat=S2; 



} 

mainO 
{ 

if(bil=S) 
dat=S3; 

if(bil=6) 
dat=S4; 

if(bil==7) 
dat=SS; 

if (bil==8) 
dat=S6; 

if(bil==9) 
dat=S7; 

sa=O; 
maju=O; 
mundur=O; 
temp=O; 
bupO; 
bui3=buf4=O; 
count=count2=count3=O; 
initlcdO; 
bui2=O; 
test=O; 
while(sa=l) 
{ 

if «c==l )&&(d== 1 )&&(bup=O)) 
{ 

} 

maju=O; 
mundur=O; 
bupl; 
buf4=O; 
test=l; 

if «c==O)&&(d== l» 
{ 

maju=l; 
mundur=O; 

}eIse 

temp=l; 
buf4=1; 
test=O; 

if «c==l)&&(d=O)) 
{ 

mundur=l; 
maju=l; 



} 
else 

} 

temp=2; 
buf4=2; 
test=O; 

if «a== 1 )&&(b= 1)) 
{ 

kiri=O; 
kanan=O; 
buf=O; 

} 
if«a==O)&&(b=l)&&(temp=l)&&(buf==l)) 
{ 

kiri= 1; 
maju=l; 
mundur=O; 
kanan=O; 
buf4=1; 
test=O; 

}else 
if«a==O)&&(b=1)&&(temp=2)&&(buf==1)) 
{ 

kiri= I; 
kanan=O; 
mundur=l; 
maju=l; 
buf4=2; 
test=O; 

if « a== 1 )&&(b==O )&&( temp== I )&&(buf== I)) 
{ 

}else 

kiri=l; 
kanan=l; 
maju=l; 
munduFO; 
buf4=1; 
test=O; 

if «a== 1 )&&(b=O)&&(temp=2 )&&(buf== 1 )) 
{ 

kiri=l; 
kanan=l; 
mundur=l; 
maju=l; 



}else 

}else 

} 

if (buf4!=0) 
{ 

test=O; 

if « a== 1 )&&(b=O)&&(temp=O» 
{ 

kiri=I; 
kanan==I; 

if «a===O)&&(b= 1 )&&(tempC 0)) 
{ 

kiri=l; 
kanan==O; 

if(opto=l) 
{ 
if (buf2==O) 

{ 

} 
else 

} 

buf2=l; 
if (buf4== 1) 
{ 

eount++; 
eount2=0; 

eount3=count*Il.817; 
} 
if (buf4=2) 
{ 

eount2++; 
eount=O; 

eount3=eount2 * II. 817; 
} 

buf2=O; 

kirimj>(128); 
for(i=0;i<8;i++ ) 
{ 

kirim _ k(kata[i]); 
} 
karakter(eount311 0000); 
kirim_k(dat); 



} 

koma=count3; 
if (count3>99) 

} 

else 
{ 

karakter« count3/l 000)-«count3/1 0000)*1 0)); 
kirim_k(dat); 
karakter« count3/l 00)-«count3/1 000)* 1 0)); 
kirim_k(dat); 

kirim_k(44); 

koma=count3-«count3/1 00)*100); 

karakter(komailO); 
kirim_k(dat); 
karakter(koma-«komail 0)*1 0»); 
kirim_k(dat); 
kirim _ k(20); 
kirim _ ken); 

count=O; 
count2=0; 
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r.ANALOG 
WDEVICES 

low-Cost ± 2 g Dual-Axis Accelerometer 
with Duty Cycle Output 

FEATURES 
2-Axis Acceleration Sensor on a Single IC Chip 
5 mm x 5 mm x 2 mm Ultras mall Chip Scale Package 
2 mg Resolution at 60 Hz 
Low-Power < 0.6 mA 
Direct Interface to Low-Cost Microcontrollers via 

Duty Cycle Output 
BW Adjustment with a Single Capacitor 
3 V to 5.25 V Single Supply Operation 
1000 g Shock Survival 

APPLICATIONS 
2-Axis Tilt Sensing with Faster Response than 

Electrolytic. Mercury. or Thermal Sensors 
Computer Peripherals 
Information Appliances 
Alarms and Motion Detectors 
Disk Drives 
Vehicle Security 

GENERAL DESCRIPTION 
The ADXL202E is a low-<:ost, low-power, complete 2-axis acceler
ometer with a digital output, all on a single monolilhic Ie. It is an 
improved version of the ADXL202AQCIJQC. The ADXL202E 
will measure accelerations with a full-scale range of :t2 g. The 
ADXL202E can measure both dynamic acceleration (e.g., vibra
tion) and static acceleration (e.g., gravity). 

The outputs are analog voltage or digital signals whose duty cycles 
(ratio of pulsewidth to period) are proportional to acceleration. 
The duty cycle outputs can be directly measured by a micro
processor counter, without an ND convener or glue logic. The 
duty cycle period is adjustable from 0.5 ms to 10 ms via a single 
resistor (RSET)' 

~Patents Pending 

REV.A 

Information furnished by Analog Devices is believed to be accurate and 
reliable. However, no responsibility is assumed by Analog Devices for its 
use, nor for any infringements of patents or other rights of third parties 
Which may result from its use. No license is granted by implication or 
otherwise under any patent or patent rights of Analog Devices. 

ADXl202E* I 
FUNCITONAL BLOCK DIAGRAM 

3VTO 5.25V 

X SENSOR 

Y$ENSOR 

COM YRLT 

ANALOG 
TO 

DUlY 
CYCLE 
(AOC) 

T2 

r+--T2~ 

~ 
A(g) = (TlfT2 - O.5~12.5% 

Og == 50% DUTY CYCLE 
T2 == Rsd125Mll 

The typical noise floor is 200 ILgYHz, allowing signals below 
2 mg (at 60 Hz bandwidth) to be resolved. 

The bandwidth of the accelerometer is set with capacitors Cx and 
Cy at the XF1LT and Y FILT pins. An analog output can be recon
structed by filtering the duty cycle output. 

The ADXLZ02E is available in 5 rom X 5 mm X 2 mm 8-lead 
hermetic LCC package. 

One Technology Way. P.O. Box 9106. Norwood. MA 02062-9106. U.S.A. 
Tel: 7811329-4700 World Wide Web Site: http://www.analog.com 
Fax: 781/326-8703 © Analog Devices, loc .• 2000 



TPC' ADXL202JE 
Parameter CooditiOllli Graph Min Typ 

SENSOR INPUT Each Axis 
Measurement Range2 ±2 
Nonlinearity Best Fit Straight Urn: 0.2 
Alignment Error~ X ±I 
Alignment Error X Sensor to Y Sensor 0.01 
Cross-Axis Sensitivity4 X ±2 

SENSITIVITY Each Axis 
Duty Cycle per g TIrT2, VOD = 5 V X 10.5 12.5 
Duty Cycle per g TlfTZ, Voo = 3 V X 9.0 II 
Sensitivity XmT, Y FlLT Vou=5V X 265 312 
Sensitivity XFlLT, Y FILT Vo~ = 3V X 140 167 
Temperature Drift3 Delta from 25'C X ±0.5 

ZERO g BIAS LEVEL EachAxi. 
Og Duty Cycle TJrT2, Voo = 5 V X 34 50 
Og Duty Cycle T1rr2, Voo = 3 V X 31 50 
o g Voltage Xl-lLT, Y FD...T Voo = 5V X 2.1 2.5 
o g Voltage Xm.T} Y Fll,T Vou = 3 V X 1.2 1.5 
o g Duty Cycle vs. Supply X 1.0 
o g Offset vs. Temperarure5 Delta from 25'C X 2.0 

NOlSE PERFORMANCE 
Noise Density @25"C X 200 

FREQUENCY RESPONSE 
3 dB Bandwidth At Pins XFILT} Y FtLT 6 
Sensor Resonant Frequency 10 

FiLTER 
RFU.,T Tolerance 32 k.Q Nominal ±15 
Minimum Capacitance At Pins XFJLT, YFlLT 1000 

SELF-TEST 
Duty Cycle Change Self-Test «0" to «I" 10 

DU'IY CYCLE OUTPUT STAGE 

FSET RSET = 125 k.Q 0.7 
Output High Voltage I=25~ Vs -200mV 
Output Low Voltage I=25~ 
T2 Drift vs. Temperature 50 
RiseiFall Time 200 

POWER SUPPLY 
Operating Voltage Range 3 
Quiescent Supply Current 0.6 
Turn~On Time CFll.Tin pI' 160 X CFll.T + 0.3 

TEMPERATURE RANGE 
Specified Performance AE 
Operating Range 0 

NOTES 
tTypica1 Perfonnance Characteristics. 
2Guaranteed by measurement of initial offset and sensitivity. 
3 At.gnment error is specified as the angle between the true and. indicated axis of sensitivity (see TPC 15). 
4Cross-axis sensitivity is the algebraic sum of the alignment and the inherent sensitivity errors. 

Max 

14.5 
13.0 
360 
195 

66 
69 
2.9 
1.8 
4.0 

1.3 

200 

5.25 
1.0 

70 

~Defined as the output change from ambient to maximum temperature or ambient to minimum temperarure. 

Specifications subject to change without notice. 

-2-

ADXU02AE 
Min Typ Max Unit 

±2 g 
0.2 %ofFS 
±I Degrees 
0.01 Degrees 
±2 % 

10 12.5 15 %fg 
8.5 II 13.5 "/olg 
250 312 375 mV/g 

140 167 200 mV/g 
±0.5 % 

30 50 70 % 
31 50 69 % 
2.0 2.5 3.0 V 
1.2 1.5 1.8 V 

1.0 4.0 %N 
2.0 mgrC 

200 1000 wrJIIzrms 

6 kHz 
10 kHz 

±l5 % 
1000 pF 

10 % 

0.7 1.3 kHz 
Vs-200mV V 

200 mV 
50 ppml'C 
200 ns 

3.0 5.25 V 
0.6 1.0 rnA 

160 X CFll.T + 0.3 m, 

-40 +85 'c 
-40 +85 'C 

REV. A 



ADXL202E 
ABSOLUTE MAXIMUM RATINGS· PIN CONFIGURATION 
Acceleration (Any Axis, Unpowered for O.S ms) ...... 1000 g 
Acceleration (Any Axis, Powered for O.S ms) . . . . . . . . .. 500 g 
+Vs ................................ -O.3Vto+6.0V 
Output Short Circuit Duration, (Any Pin to Common) 

. . . . . . . . . . . . . . . . . . . . . . . . . . ............ Indefinite 
Operating Temperature . . . . . . . . . . . . . . .. -5SoC to + 125°C 
Storage Temperature .......... ; ....... -65°C to +lS0°C 

*Stresses above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. 1bis is 8 stress rating only; functional operation of the 
device at these or any other conditions above those indicate in the opers tional 
sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

BOTTOM VIEW 

PIN FUNCTION DESCRIPTIONS 

Drops onto hard surfaces can cause shocks of greater than 1000 g 
and exceed the absolute maximum rating of the device. Care 
should be exercised in handling to avoid damage. 

Package Characteristics 

Package 
Weight lilA lIle Device 

8-Lead LCC l20°CIW tbdOCIW <1.0 grams 

Pin 
No. 

2 
3 
4 
5 
6 
7 

8 

Mnemonic 

ST 
T2 
COM 
YOUT 

XoUT 
YF1LT 

Xm;r 
VDD 

ORDERING GUIDE 

No. Specified Temperature 
Model orAKes Voltage Range 

ADXL202JE 2 3VtoSV o to 70°C 
ADXL202AE 2 3 Vto 5V -40°C to +85°C 

Description 

Self-Test 
Connect RSET to Set T2 Period 
Common 
Y-Channel Duty Cycle Output 
X-ChanneJ Duty Cycle Output 
Y -Channel Filter Pin 
X -Channel Filter Pin 
3V to S.25V 

Package Package 
Description Option 

8-Lead LCC E-8 
8-Lead LCC E-8 

CALnnON ____________________________________________________ __ 

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 ADXL202E features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are 
reco=ended to avoid performance degradation or loss of functionality. 

REV. A -3-
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ADXL202E -Typical Performance Characteristics* 
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TPC 1. X-Axis Zero 9 Bias Distribution at XFILT_ Voo = 3 V 
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TPC 2. Y-Axis Zero 9 Bias Distribution at YFILT_ Voo = 3 V 
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*Data taken from 4500 parts over 3 lots minimum. 
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VDD =5V 
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Voo=3 V 
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TPC 7. Y-Axis Sensitivity Distribution at YFlLT, Voo ~ 3 V 
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ADXl202E 
Voo=5V 
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TPC 10. Y-Axis Sensitivity Distribution at YFlLT, Voo ~ 5 V 
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TPC 11. X-Axis Sensitivity at XOUT, Voo ~ 5 V 
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ADXL202E 
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TPC 20. X-Axis Sensitivity Drift at XFfL T Due to 
Temperature Distribution, -40°C to +85°C 
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TPC 22. Y-Axis Zero 9 Drift Due to Temperature 
Distribution, -40°C to +85°C 
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TPC 25. Normalized DCM Period (T2) vs. Temperature 

DEFINITIONS 
T 1 Length of the "on" portion of the cycle. 
T2 Length of the total cycle. 
Duty Cycle Ratio of the "on" time (TI) of the cycle to the total 

cycle (T2). Defined as Tlrr2 for the ADXL202EJ 
ADXL210. 

Pulsewidth Time period of the "on" pulse. Defined as TI for 
the ADXL202EJADXL210. 

THEORY OF OPERATION 
The ADXL202E is a complete, dual-axis acceleration measuremem 
system on a single monolithic IC. It contains a polysilicon surtace
micromachined sensor and signal conditioning circuitry to imple
ment an open loop acceleration measurement architecture. For 
each axis, an output circuit convens the analog signal to a duty 
cycle modulated (DCM) digital signal that can be decoded \vith 
a counter/timer pon on a microprocessor. The ADXL202E is 
capable of measuring both positive and negative accelerations to 
at least ±2 g. The accelerometer can measure static acceleration 
forces such as gravity, allowing it to be used as a tilt sensor. 

The sensor is a surface micromacltined polysilicon srructure 
built on top of the silicon wafer. Polysilicon springs suspend 
the strucrure over the surface of the wafer and provide a resistance 
against acceleration forces. Deflection of the strucrure is measured 
using a differential capacitor that consists of independent fixed 
plates and central plates attached to the moving mass. The fixed 
plates are driven by 1800 out of phase square waves. An accelera
tion will deflect the beam and unbalance the differel'tiaJ capacitor, 
resulting in an output square wave whose amplitude is propor
tional to acceleration. Phase sensitive demodulation techniques are 
then used to rectifY the signal and determine the direction of 
the acceleration. 

The output of the demodulator drives a duty cycle modulator 
(DCM) stage through a 32 !ill resistor. At this point It pin is 
available on each channel to <Jlow the user 10 set the signal band
\\idth of the device by adding a capacitor. This filtering improves 
measurement resolution and helps prevent aliasing. 

After being low-pass filtered, the analog signal is converted to a 
duty cycle modulated signal by the DCM stage. A single resistor 
sets the period for a complete cycle (T2), which can be set between 
0.5 ms and 10 ms (see Figure 12). A 0 g acceleration produces a 

nominally 50% duty cycle. The acceleration signal can be deter
mined by measuring the length of the Tl and T2 pulses with 
a counterltimer or with a polling loop using a low cost micro
controller. 

An analog output voltage can be obtained either by buffering the 
signal from the XF1LT and Y FU.T pin, or by passing the duty cycle 
signal through an RC filter to reconstruct the de value. 

The ADXL202E will operate with supply voltages as low as 3.0 V 
or as high as 5.25 V. 

I T2 I 
~ 

A(g) = (TIIT2 - 0.5)/12.5% 

0g~5O% DlJTY CYCLE 
T2(s) = RsE'rlfl¥12SUfl 

Figure 1. Typical Output Duty Cycle 

APPLICATIONS 
POWERSUPPLYDECOUPUNG 
For most applications a single 0.1 )IF capacitor, CDC, will 
adequately decouple the accelerometer from signal and noise 
on the power supply. However, in some cases, especially where 
digital de,ices such as microcontrollers share the same power 
supply, digital noise on the supply may cause interference on 
the ADXL202E output. This may be observed as a slowly 
undulating fluctuation of voltage at ~L T and Y FIL T. If additional 
decoupling is needed, a 100 U (or smaller) resistor or ferrite 
beads, may be inserted in the supply line of the ADXL202B. 

FERRITE BEAD 

Figure 2. 
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DESIGN PROCEDURE FOR TIlE ADXL202E 
The design procedure for using the ADXI.202E with a duty cycle 
output involves selecting a duty cycle period and a filter capacitor. 
A proper design will take into account the application requirements 
for bendwidth, signal resolution and acquisition time, as discussed 
in the following sections. 

Decoupling Capacitor Coc 
A 0.1 J.lF capacitor is recommended from Vo~ to COM for power 
supply decoupling. 

ST 
The ST pin controls the self-test feature. When this pin is set to 
V Do, an electrostatic force is exerted on the beam of the accelerom
eter. The resulting movement of the beam allows the user to test if 
the accelerometer is functional. The typical change in output will 
be 10% at the duty cycle outputs (corresponding to 800 mg). 
This pin may be left open circuit or connected to common in 
normal use. 

Duty Cycle Decoding 
The ADXL202E's digital output is a duty cycle modulator. 
Acceleration is proportional to the ratio TIIT2. The nominal 
output of the ADXL202E is: 

o g = 50% Duty Cycle 

Scale mctor is 12.5% Duty Cycle Change per g 

These nominal values are affected by the initial tolerance of the 
device including zero g offset error and sensiti,~ty error. 

T2 does nor have to be measured for every measurement cycle. 
It need ouly be updated to account for changes due to tempera
ture, (a relatively slow process). Since the T2 time period is shared 
by both X and Y channels, it is necessary only to measure it on 
one channel of the ADXL202E. Decoding algorithms for various 
microcontrollers have been developed. Consult the appropriate 
Application Note. 

3VTO 5.2SV 

X SENSOR 

cx~ 

RFlLT 
32lc0 

RAI.T 
3 .. 0 

XFtLT SELF-TEST 

Xou-r 
ANALOG 

TO 
DUn 

CYCLE 
(ADC) 

'our 
YALT 1"2 

tv "sET 

1+--1"2---+1 

~ 
A(g) = (TIm - • .5,.,2.5'" 
09 = 50%0 DUTY CYCLE 
1"2 = Rsd12SUO 

Figure 3. Block Diagram 

ADXL202E 
Setting the Bandwidth Using ex and Cy 
The ADXL202E has provisions for bandlimiting the Xm.T and 
Y FU..T pins. Capacitors must be added at these pins to implement 
low-pass filtering for anriaJiasing and noise reduction. The equa
tion for the 3 dB bandwidth is: 

F 3dB = ) 
- (21t(32k!l)XC(x,y) 

5p.F 
or, more simply, F_3dB = C

(X,Y) 

The tolerance of the internal resistor <R¥rr.T), can vary typically as 
much as ± 15% of its nominal value of 32 kQ; so the bandwidth 
will vary accordingly. A minimum capacitance of 1000 pF for 
C(X, Y) is required in all cases. 

Table I. Filter Capacitor Selec:tion, Cx and Cy 

Bandwidth 

10 Hz 
50Hz 
100Hz 
200Hz 
500Hz 
5kHz 

Capacitor 
Value 

0.47 J.lF 
0.10 J.lF 
0.05 J.lF 
0.027 J.lF 
O.oI J.lF 
0.001 J.lF 

Setting the DCM Period with RSET 

The period of the DCM output is ser for both channels by a single 
resistor from RsET to ground. The equation for the period is: 

T2 RsET(!l) 
125MQ 

A 125 kQ resistor will set the duty cycle repetition rate to approxi
mately I kHz, Or 1 ms. The device is designed to operate at duty 
cycle periods between 0.5 ms and 10 ms. 

Table ll. Resistor Values to Set T2 

T2 RsET 

1 ms 125 kQ 
2ms 250kQ 
5ms 625 kQ 
10ms 1.25 Mn 

Note that the RsET should always be included, even if only an 
analog output is desired. Use an RSET value between 500 kQ 
and 2 Mn when taking the output from Xru.T or Y FlLT. The RSET 

resistor should be place close to the T2 Pin to minimize parasitic 
capacitance at this node. 

Selecting the Right Accelerometer 
For most tilt sensing applications the ADXLZ02E is the most 
appropriate accelerometer. Its bigilersensitivity (12.5%/g) allows 
the user to use a lower speed counter for PWM decoding while 
ntaintaining high resolution. The ADXL210 should be used in 
applications where accelerations of greater than ± 2 g are expected. 
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ADXL202E 
MICROCOMPUTER INTERFACES 
The ADXL202E is specifically designed to work with low-cost 
microcontrollers. Specific code sets, reference designs, and applica
tion notes are available from the mctoty. This section will outline a 
general design procedure and discuss the various trad~ffs that 
need to be considered. 

The designer should have some idea of the required perfonnance 
of the system in terms of: 

Resolution: the smallest signal change that needs to be detected. 

Bandwidth: the highest frequency that needs to be detected. 

Acquisition Time: the time that will be available to acquire the signal 
on each axis. 

These requirements will help to determine the accelerometer band
width, the speed of the microcontroller clock and the length of 
the T2 period. 

When selecting a microcontroller it is helpful to have a counter 
timer pon available. The microcontroller should have provisions 
for software calibration. While the ADXL202E is a highly accurate 
accelerometer, it has a ~~de tolerance for inirial offset. The easi
est way to null this offset is with a calibration factor saved on the 
microcontroller or by a user calibration for zero g. In the case 
where the offset is calibrated during manulilcture, there are several 
options, including external EEPROM and microcontrollers with 
"one-time programmable" fearures. 

DESIGN TRADE-OFFS FOR SELECflNG FILTER 
CHARACTERISTICS: TIlE NOISElBW TRADE-OFF 
The accelerometer bandwidth selected will determine the measure
ment resolution (stnallesr detectable accelerntion). Filteting can be 
used to lower the noise floor and improve the resolution of the 
accelerometer. Resolution is dependent on both the analog filter 
bandwidth at XFIl.T and YF1l.T and on the speed of the micro
controller counter. 

The analog output of the ADXL202E has a typical bandwidth 
of 5 kHz, while the duty cycle modulators' bandwidth is SOO Hz. 
The user must filter the signal at this point to limit aliasing 
errors. To minimize DCM errors the analog bandwidth should be 
less than 1110 the DCM frequency. Analog bandwidth may be 
increased to up to 112 the DCM frequency in many applications. 
This will result in greater dynamic error generated at the DCM. 

The analog bandwidth may be further decreased to reduce noise 
and improve resolution. The ADXl202E noise has the character
istics of white Gaussian noise that contributes equally at all 
frequencies and is described in terms ofJ.lg per root Hz; i.e., the 
noise is proportional to the square root of the bandwidth of the 
accelerometer. It is f"co=ended that the user limit bandwidth to 
the lowest frequency needed by the application, to maximize the 
resolution and dynamic range of the accelerometer. 

With the single pole roll-ofi" characteristic, the typical noise of 
the ADXL202E is determined by the following equation: 

At 100 Hz the noise will be: 

NotSe(nns) = (200 1J.g/.JHz)x (~ 100 x (L6))= 253 mg 

Often the peak value of the noise is desired. Peak-to-peak noise 
can only be estimated by statistical methods. Table ill is useful 
for estimating the probabilities of exceeding various peak values, 
given the rms value. 

Table m. Estimation of Peak-to-Peak Noise 

Nominal Peak-to-Peak 
Value 

2.0 xrms 
4.0 xrms 
6.0 xrms 
8.0 X rms 

% ofThne that Noise 
Will Exceed Nominal 
Pea!t-to-Peak Value 

32% 
4.6% 
0.27% 
0.006% 

The peak-to-peak noise value will give the best estimate of the 
uncertainty in a single measurement. 

Table IV gives typical noise output of the ADXl202E for various 
Cx and Cy values. 

Table IV. Filter Capacitor Selection, Cx and Cy 

Peak-to-Peak Noise 
Estimate 95% 

Bandwidth CX,Cy rmsNoise Probability (rms X 4) 

10 Hz 0.47 \-IF 0.8mg 3.2mg 
50Hz 0.10 \-IF L8mg 7.2mg 
100 Hz O.OS \-IF 2.Smg 10.1 mg 
200Hz 0.027 \-IF 3.6mg 14.3 mg 
SOOHz 0.01 \-IF S.7mg 22.6mg 

CHOOSING n AND COUNTER FREQUENCY: DESIGN 
TRADE-OFFS 
The noise level is one determinant of accelerometer resolution. 
The second relates to the measurement resolution of the counter 
when decoding the duty cycle output. 

The ADXL202E's duty cycle convener has a resolution of 
approximately 14 bits; better resolution than the accelerometer 
itself. The actual resolution of the acceleration signal is, how
ever, linlited by the time resolution of the counting devices used 
to decode the duty cycle. The faster the counter clock, the higher 
the resolution of the duty cycle and the shoner the T2 period 
can be for a given resolutio'l. The following table shows some of 
the trade-offs. It is inlponant to note that this is the resolution 
due to the microprocessors' counter. It is probable that the 
accelerometer's noise floor may set me lower limit on the resolu
tion, as discussed in the previous section. 
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Table V. Trade-Offs Between Microcontroller Counter Rate, 
T2 Period, and Resolution of Duty Cycle Modulator 

Counter-
ADXL202E Clod< Couots 

ADX1202E 
A DUAL AXIS TILT SENSOR: CONVERTING 
ACCELERATION TO TILT 

RsET Sample Rate perT2 Counts Resolution 

When the accelerometer is oriented so both its X and Y axes are 
parallel to the earth's surface it can be used as a two axis tilt sensor 
with a roll and a pitch axis. Once the output signal from the 
accelerometer has been convened to an acceleration that varies 
between -1 g and + 1 g, the ourput tilt in degrees is calculated as 
follows: 

T2(ms) (kG) Rate (MHz) Cycle perg (mg) 

1.0 124 1000 2.0 2000 250 4.0 
1.0 124 1000 1.0 1000 125 8.0 
1.0 124 1000 0.5 500 62.5 16.0 
5.0 625 200 2.0 10000 1250 0.8 
5.0 625 200 1.0 5000 625 1.6 
5.0 625 200 0.5 2500 312.5 3.2 
10.0 1250 100 2.0 20000 2500 0.4 
10.0 1250 100 1.0 10000 1250 0.8 
10.0 1250 100 0.5 5000 625 1.6 

STRATEGIES FOR USING mE DUlY CYCLE OUTPUT 
WITH MICROCONTROLLERS 
Application notes outlining various strategies for using the duty 
cycle output with low cost microcontrollers are available from 
the factory. 

USING THE ADXL202E AS A DUAL-AXIS TILT SENSOR 
One of the most popular applications of the ADXl202E is tilt 
measurement. An accelerometer uses the force of gravity as an 
input vector to detennine orientation of an object in space. 

An accelerometer is most sensitive to tilt when its sensitive axis 
is perpendicular to the force of gravity, i.e., parallel to the earth's 
surface. At this orientation its sensitivity to changes in tilt is high
est. 'When the accelerometer is oriented on axis to gravity, i.e., 
near its + 1 g or -1 g reading, the change in output acceleration 
per degree of tilt is negligible. When the accelerometer is perpen
dicular to gravity, its output will change nearly 17.5 me per degree 
of tilt, but at 45 0 degrees it is changing only at 12.2 me per 
degree and resolution declines. The following table illustrates 
the changes in the X and Y axes as the device is tilted ±90° 
through gravity. 

la, }-." 
BOTTOM VIEW 

X Output Y Output(g) 
X Axis Ape' Ape, 
Orientation Oegree of Degree of 
to HOfizorl (j X Output (g) Tilt(mg) Y Output (g) TIH(mg) 

-90 -1.000 -0.2 0.000 17.5 
-75 -0.966 4.4 0.259 16.9 
-60 -0.866 8.S 0.500 15.2 
-45 -0.707 12.2 0.707 12.4 
-30 -0.500 15.0 0.866 8.9 
-15 -0.259 16.8 0.966 4.7 

0 0.000 17.5 1.000 0.2 
15 0.259 16.9 O.D66 --4.4 
30 0.500 15.2: OJl6S .... 6 
45 0.107 12.4 0.707 -12.2 
60 0.866 8.9 0.500 -15.0 
75 0.966 4.7 0.250 -16.8 
90 1.000 0.2 0.000 -17.5 

Figure 4. How the X and Y Axes Respond to Changes 
in Tilt 
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Pitch = ASIN (Axil g) 
Roll = ASIN (Ay! 1 g) 

Be sure to account for overranges. It is possible for the acceler
ometers to output a signal greater than ± 1 g due to vibration, 
shock or other accelerations. 

MEASURING 3600 OF TILT 
It is possible to measure a full 3600 of orientation through gravity 
by using two accelerometers oriented perpendicular to one another 
(see Figure 5). When one sensor is reading a maximum change 
in output per degree, the other is at its minimum. 

x 

la, 
Figure 5. Using a Two-Axis Accelerometer to Measure 
3600 of Tilt 

USING mE ANALOG OUTPUT 
The ADXI202E was specifically designed for use with its digital 
outputs, but has provisions to provide analog outputs as well. 

Duty Cycle Filtering 
An analog output can be reconstructed by filtering the duty cycle 
output. Ths technique requires only passive components. The 
duty cycle period (T2) should be set to < I ms. An RC filter with a 
3 dB point at least a factor of > I 0 less than the duty cycle fre
quency is connected to the duty cycle output. The filter tesistor 
should be no less than 100 kQ to prevent loading of the output 
stage. The analog ourput signal will be ratiometric to the supply 
voltage. The advantage of this method is an output scale factor of 
approximately double the analog output. Its disadvantage is that 
the frequency response will be lower than when using the XFlLT, 

YFIl•T output. 

x,,'LT> Y F1LT Output 
The second method is to use the analog Output present at the 
XF1LT and YF1LT pin. Unfonunately, these pins have a 32 M2 
ourput impedance and are not designed to drive a load directly. 
An op amp follower may be tequited to buffet this pin. The 
advantage of this method is that the full 5 kHz bandwidth of the 
accelerometer is available to the user A ~apacitor still must be 
added at this point for filtering. The duty cycle convener should 
be kept running by using RSET < 1 0 Mil. Note that the acceler
ometer offset and sensitivity are ratiometric to the supply voltage. 
The offset and sensitivity are nominally: 

o gOffset = Vod2 

ADXl202E Sensitivity = (60 m V x V 5)1 g 
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ADXl202E 
USING THE ADXUOlE IN VERY LOW POWER 
APPUCATIONS 
An application note outlining low power strategies for the 
ADXL202E is available. Some key points are presented here. 
It is possible to reduce the ADXL202E's average current from 
0.6 rnA to less than 20 !lA by using the following techniques: 

I. Power Cycle the accelerometer. 
2. Run the accelerometer at a Lower Voltage, (Down to 3 V). 

Power Cycling with an External AID 
Depending on the value of the XFll.T capacitor, the ADXL202E 
is capable of turning on and giving a good reading in 1.6 ms. Most 
microcontroller based AIDs can acquire a reading in another 25 ~. 
Thus it is possible to tum on the ADXL202E and take a reading 
in <2 ms. If we assume that a 20 Hz sample rate is suffiCient, 
the total current required to take 20 samples is 2 ms x 20 samples/s 
x 0.6 rnA = 24 !lA average current. Running the part at 3 V will 
reduce the supply cutrent from 0.6 rnA to 0.4 rnA, bringing the 
average current down to 16 !lAo 
The AID should read the analog output of the ADXL202E at 
the ~ll.T and YFlI.T pins. A buffer amplifier is recommended, and 
may be required in any case to amplify the analog output to give 
enough resolution with an 8-bit to JO-bit converter. 

Power Cycling When Using the Digital Output 
An alternative is to run the microcontroller at a higher clock rate 
and put it into shutdown between readings, allowing the use of the 
digital output. In this approach the ADXL202E should be set at 
its tastesr sample rate (T2 = 0.5 ms), with a 500 Hz filter at ~ll.T 
and Y FILT· The concept is to acquire a reading as quickly as pos
sible and then shut down the ADXL202E and the microcontroller 
until the next sample is needed. 

In either of the above approaches, the ADXL202E can be turned 
on and off directly using a digital pon pin on the microconrroDer to 
power the accelerometer without additional components. 

CAUBRA11NG THE ADXL202E1ADXUIO 
The initial value of the offset and scale factor for the ADXL202E 
will require cah"bration fur applications such as tilt measurement. 
The ADXL202E architecture has been designed so that these 
calibrations take place in the software of the microconrroller used 
to decode the duty cycle signal. Cahbrarion factors can be stored in 
EEPROM or determined at tum-on and saved in dynamic 
memory. 

For low g applications, the force of gravity is the most stable, 
accurate and convenient acce1eration reference available. A reading 
of the 0 g point can be determined by orientating the device par
allel to the earth's surface and then reading the output. 

A more accurate calibration method is to make measurements at 
+ 1 g and -1 g. The sensitivity can be determined by the two 
measurements. 

To calibrate, the accelerometer's measurement axis is pointed 
directly at the earth. The 1 g reading is saved and the sensor is 
turned 180" to measure -I g. Using the two readings, the sensi
tivity is: 

Let A = Accelerometer output with axis oriented to + 1 g 
Let B = Accelerometer output with axis orienud to -I g then: 

Sensitivity = [A - BJ/2 g 

For example, if the + 1 g reading (A) is 55% duty cycle and the 
-I g reading (B) is 32% duty cycle, then: 

Sensitivity = [55% - 32%)/2 g = 11.5%lg 

These equations apply whether the output is analog or duty cycle. 

Application notes out:linlllg algorithms for calculating accelera
tion from duty cycle and automated calibration routines are 
available from the factory. 

OUTUNE DIMENSIONS 
Dimensions shown in inches and (mm). 

8-Terminal Ceramic Leadle •• Chip Carrier 
(E-8) 
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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 5.5V Operating Range 
• Fully Static Operation: 0 Hz to 33 MHz 
• Three-level Program Memory Lock 
• 128 x 8-bit Internal RAM 

32 Programmable I/O 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 microcontrolier with 4K 
bytes of In-System Programmable Flash memory. The device is manufactured using 
Atmel'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
grammer. 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 
highly-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 1/0 lines. Watchdog timer. two data pointers. two 16-bit timer/counters. a five
vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and 
ciock Circuitry. In addition. the AT89S51 is deSigned with static logic for operation 
down 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 
interrupt 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 
interrupt or hardware reset. 

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

AT89551 
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Block Diagram 
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Pin Description 

vee 

GND 

VDD 

PWRVDD 

PWRGND 

Port 0 

Port 1 

Port 2 

Supply voltage (aU packages except 42-PD/P). 

Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the 
embedded program memory). 

Supply voltage for the 42-PDIP which connects only the logic core and the embedded program 
memory. 

Supply voltage for the 42-PDIP which connects only the I/O Pad Drivers. The application 
board MUST connect both VDD and PWRVDD to the board supply voltage. 

Ground for the 42-PDIP which connects only the I/O Pad Drivers. PWRGND and GND are 
weakly connected through the common silicon substrate, but not through any metal link. The 
application board MUST connect both GND and PWRGND to the board ground. 

Port 0 is an 8-bit open drain bi-directionalliO port. As an output port, each pin can sink eight 
TTL inputs. When 1 s are written to port 0 pins, the pins can be used as high-impedance 
inputs. 

Port 0 can also be configured to be the multiplexed low-order address/data bus during 
accesses to external program and data memory. In this mode, PO has internal pull-ups. 

Port 0 also receives the code bytes during Flash programming and outputs the code bytes 
during program verification. External pull-ups are required during program verification. 

Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 1 output buffers can 
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being 
pulled low will source current (I,d because of the internal pull-ups. 

Port 1 also receives the low-order address bytes during Flash programming and verification. 

I Port Pin i Alternate Functions , 
i MOSI (used for In-System Programming) 

P1.6 J MISO (used for In-System Programming) 

!-p;i--~-·----····-- i SC·K (used for In-System Programming) 

Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 2 output buffers can 
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being 
pulled low will source current (I,J because of the internal pull-ups. 

Port 2 emits the high-order address byte during fetches from extemal program memory and 
during accesses to external data memory that use 16-bit addresses (MOVX @ DPTR). In this 
application, Port 2 uses strong internal pull-ups when emitting 1 s. During accesses to extemal 
data memory that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe
cial Function Register. 

Port 2 also receives the high-order address bits and some control signals during Flash pro
gramming and verification. 

4 AT89S51 
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Port 3 

RST 

ALE/PROG 

EANPP 

XTAL1 

XTAL2 

2487B .. MICRO-l2103 

AT89S51 
Port 3 is an 8-bit bi-directional 1/0 port with internal pull-ups. The Port 3 output buffers can 
sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being 
pulled low will source current (lid because of the pull-ups. 

Port 3 receives some control signals for Flash programming and verification. 

Port 3 also serves the functions of various special features of the A T89S51, as shown in the 
following table. 

Port Pin 

P3.0 
I-P31---
! 
I P3.2 

I P3.3 

I P3.4 

I P3.S 

I P3.6 

P3.7 

Alternate Functions 

! RXD (serial input port) 
- ~-----------,------------.- -.-.---------" ------

I TXD (serial output port) 
.-----------~-,---

I ! INTO (external inlerrupt 0) 

i lNT1 (external interrupt 1) 

I TO (timer 0 external input) 

! T1 (timer 1 external input} 

! VVR (external data memory write strobe) 

! RD (external data memory read strobe) 

Reset input. A high on this pin for two machine cycles while the oscillator is running resets 
the device. This pin drives High for 98 oscillator periods after the Watchdog times out. The 
DISRTO bit in SFR AUXR (address 8EH) can be used to disable this featUre. In the default 
state of bit DISRTO, the RESET HIGH out feature is enabled. 

Address Latch Enable (ALE) is an output pulse for latching the low byte of the address during 
accesses to external memory. This pin is also the program pulse input (PROG) during Flash 
programming. 

In normal operation, ALE is emitted at a constant rate of 116 the oscillator frequency and may 
be used for external timing or clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external data memory. 

If desired, ALE operation can be disabled by setting bit 0 of SFR location BEH. With the bit set, 
ALE is active only during a MOVX or MOVe instruction. Otherwise, the pin is weakly pulled 
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution 
mode. 

Program Store Enable (PSEN) is the read strobe to external program memory. 

When the AT89S51 is executing code from external program memory, PSEN is activated 
twice each machine cycle, except that two PSEN activations are skipped during each access 
to external data memory. 

Exter:'al Access Enable. EA must be strapped to GND in order to enable the device to fetch 
code from external program memory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit 1 is programmed, EA will be internally latched on reset. 

EA should be strapped to V cc for internal program executions. 

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash 
programming. 

Input to the inverting oscillator amplifier and input to the internal clock operating circuit. 

Output from the inverting oscillator amplifier 

5 



Special 
Function 
Registers 

A map of the on-chip memory area called the Special Function Register (SFR) space is shown 
in Table 1. 

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple
mented on the chip. Read accesses to these addresses will in general return random data, 
and write accesses will have an indeterminate effect. 

Table 1. AT89S51 SFR Map and Reset Values 

OF8H I OFFH 

6 

I OFOH OOO~ooo OF7H 

OBSH 

OEFH 

OE7H 

ODFH 

r-------~--------+---------_+--------+--------+--------+_--------~--------~i· 

I 007H 
I 

r--------1----------~--------_+--------~--------+_------~~--------~--------~1 OCFH 

r-------~--------~--------~------~-------+------~~------~~------~I OC7H 

I OBFH 
r--------1---------,r----------r--------~--------+-------~----------~--------~,1 

IP 
XXOOOOOO 

,03 

OBOH 11111111 ~ ______ -+___ ---l+-' _____ --J OB7H 

! ' 
OASH 

i 
OAOH I 

98H 

90H 
I 

S8H 

SOH 

IE 
OXOOOOOO 

P2 
11111111 

SCON 
00000000 

P1 
11111111 

TCON 
00000000 

, 
I 

I 

I 

I 

PO I 
11111111 

SBUF 
xxxxxxxx 

TMOO 
00000000 

SP 
00000111 

AT89551 

i I~H , , 
I i i I i AUXR1 : WOTRST ! 

1 
I 

xxxxxxxo i l i xxxxxxxx ! 
OA7H 

i 1 
1 I 

, 

I , 
I i 

9FH 

I 
i , 
, , 
; 

j I , 97H 

I I i 
I TlO Tl1 THO I 

TH1 AUXR 
00000000 00000000 ! 00000000 I 00000000 xxxooxxo 

SFH 

OPOl I 
; i I I OPOH I OP1l OP1H PCON 

i 
, 

00000000 I 00000000 00000000 i 00000000 ! oxxxoooo 87H 
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User software should not write 1s to these unlisted locations, since they may be used in future 
products to invoke new features. In that case, the reset or inactive values of the new bits will 
always be O. 

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities 
can be set for each of the five interrupt sources in the IP register. 

Table 2. AUXR: Auxiliary Register 

AUXR Address = BEH Reset Value = XXXOOXXOB 

Not Bit Addressable 

I Bit 7 

I 
- I 

1 

6 5 

i WDIDLE DISRTO DISALE 

4 3 2 o 

1-

i"'AACC 

I DISRTO 

I 
WDIDLE 

WDIDLE 

I ~ 

Reserved for future expansion 

DisablelEnable ALE 

·DISALE 

Operating Mode 

o ALE is emitted at a constant rate of 1/6 the oscillator frequency 

ALE is active only during a MOVX or Move instruction 

Disable/Enable Reset-out 

DISRTO 

o Reset pin is driven High after WDT times out 

Reset pin is input only 

DisablelEnable WDT in IDLE mode 

WDT continues to count in IDLE mode 

WDT halts counting in IDLE mode 

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory, 
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DPO and DPS = 1 selects DP1. 
The user should ALWAYS initialize the DPS bit to the appropriate value before acceSSing the 
respective Data Pointer Register. 

----- -- - - - - --- - - - - AlmEl 7 
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Memory 
Organization 

Program Memory 

Data Memory 

Watchdog 
Timer 
(One-time 
Enabled with 
Reset-out) 

Using the WDT 

Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. 
POF is set to "1" during power up. It can be set and rest under software control and is not 
affected by reset. 

Table 3. AUXR1: Auxiliary Register 1 

I AUXR1 Address = A2H 

Not Bit Addressable 

Bit 6 5 4 3 

Reserved for future expansion 

lOPS 

I 

Data Pointer Register Select 

DPS 

o Selects DPTR Registers DPOL, DPOH 

Selects DPTR Registers DP1L, OP1H 

2 

Reset Value = XXXXXXXOB I 
DPS 

o 

I i 
I I 

I I 

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K 
bytes each of external Program and Data Memory can be addressed. 

If the EA pin is connected to GND, all program fetches are directed to external memory. 

On the AT89S51, if EA is connected to Vee. program fetches to addresses OOOOH through 
FFFH are directed to internal memory and fetches to addresses 1000H through FFFFH are 
directed to external memory. 

The AT89S51 implements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct 
and indirect addressing modes. Stack operations are examples of indirect addressing. so the 
128 bytes of data RAM are available as stack space. 

The WDT is intended as a recovery method in situations where the CPU may be subjected to 
software upsets. The WOT consists of a 14-bit counter and the Watchdog Timer Reset 
(WDTRST) SFR. The WOT is defaulted to disable from exiting reset. To enable the WDT, a 
user must write 01EH and OE1H in sequence to the WDTRST register (SFR location OA6H). 
When the WDT is enabled, it will increment every machine cycle while the oscillator is running. 
The WDT timeout period is dependent on the external clock frequency. There is no way to dis
able the WOT except through reset (either hardware reset or WDT overflow reset). When 
WDT overflows. it will drive an output RESET HIGH pulse at the RST pin. 

To enable the WDT. a user must write 01EH and OE1H in sequence to the WDTRST register 
(SFR location OA6H), When the WDT is enabled. the user needs to service it by writing 01 EH 
and OE1 H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches 
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment 
every machine cycle while the oscillator is running. This means the user must reset the WDT 
at least every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H 
to WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written. 
When WDT overflows. it will generate an output RESET pulse at the RST pin. The RESET 
pulse duration is 98xTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it 
should be serviced in those sections of code that will periodically be executed within the time 
required to prevent a WDT reset. 

8 AT89S51 
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WDT During 
Power-down 
and Idle 

UART 

Timer 0 and 1 

Interrupts 
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AT89S51 

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power
down mode, the user does not need to service the WDT. There are two methods of exiting 
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is 
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset. 
servicing the WDT should occur as it normally does whenever the AT89S51 is reset. Exiting 
Power-down with an interrupt is significantly different. The interrupt is held low long enough for 
the osCillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To pre
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not 
started until the interrupt is pulled high. It is suggested that the WDT be reset during the inter
rupt service for the interrupt used to exit Power-down mode. 

To ensure that the WDT does not overflow within a few states of exiting Power-down. it is best 
to reset the WDT just before entering Power-down mode. 

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether 
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit" 
0) as the default state. To prevent the WDT from resetting the AT89S51 while in IDLE mode, 
the user should always set up a timer that will periodically exit IDLE. service the WDT. and 
reenter IDLE mode. 

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count 
upon exit from IDLE. 

The UART in the AT89S51 operates the same way as the UART in the A T89C51. For further 
information on the UART operation, refer to the Atmel Web site (http://www.atmel.com). From 
the home page, select "Products", then "Microcontrollers", then "8051-Architecture", then 
"Documentation", and "Other Documents". Open the Adobe® Acrobat® file "AT89 Series Hard
ware Description". 

Timer 0 and Timer 1 in the A T89S51 operate the same way as Timer 0 and Timer 1 in the 
AT89C51. For further information on the timers' operation, refer to the Atmel Web site 
(http://www.atmel.com). From the home page, select "Products", then "Microcontrollers", then 
"8051-A,chitecture", then "Documentation", and "Other Documents". Open the Adobe Acrobat 
file "AT89 Series Hardware Description". 

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INTI ). two 
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are all shown in 
Figure 1. 

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a 
bit in Special Function Register IE. IE also contains a global disable bit. EA. which disables all 
interrupts at once. 

Note that Table 4 shows that bit positions IE.6 and IE.5 are unimplemented. User software 
should not write 1s to these bit pOSitions, since they may be used in future AT89 products. 

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers 
overflow. The values are then polled by the circuitry in the next cycle. 

AlmEL 9 
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Table 4. Interrupt Enable (IE) Register 

(MSB) 

lEA 1- 1-
Enable Bit = 1 enables tile interrupt 

Enable Bit = 0 disables the interrupt. 

Symbol Position 

lEA IE.7 

j 
- IE6 

- i IE.5 

ES i lEA 

ET1 i IE.3 , , 
EX1 

; 
IE.2 I 

ETO IE.1 

EXO IE.O 

i 

(LSB) 

ET1 I EX1 ETO 

Function 

Disables all interrupts. If EA = 0, no interrupt is 
acknowledged. If EA = 1. each interrupt source is 
individually enabled or disabled by setting or clearing 
its enable bit. 

Reserved 

Reserved 

I Serial Port interrupt enable bit 

i Timer 1 interrupt enable bit 
! 

I External interrupt 1 enable bit , 
I Timer 0 interrupt enable bit 

I External interrupt 0 enable bit 

User software should never write 1s to reserved bits, because they may be used in future AT89 
products. 

Figure 1. Interrupt Sources 

TFO--------------------------+ 

INTi 

TF1 

~----------~r=:>~----------4>~ 

AT89S51 
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Oscillator 
Characteristics 

Idle Mode 

Power-down 
Mode 

AT89S51 

XTAL 1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be 
configured for use as an on-chip oscillator, as shown in Figure 2. Either a quartz crystal or 
ceramic resonator may be used. To drive the device from an external clock source, XTAL2 
should be left unconnected while XTAL 1 is driven, as shown in Figure 3. There are no require
ments on the duty cycle of the external clock signal, since the input to the internal clocking 
circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low 
time specifications must be observed. 

Figure 2. Oscillator Connections 

C:{ 

.--1'1-, ~ ...... -; 
1 

XTAl2 

n 
c; 

-----4i ~--< ......... -l XTAl1 

GND 

Note: C1, C2 30 pF ± 1 0 pF for Crystais 
40 pF ± 1 a pF for Ceramic Resonators 

Figure 3. External Clock Drive Configuration 

He -~~-1 

EXlERNAl 
OSCIllATOR ~ 

SIGN"'-

GNO 

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The 
mode is invoked by software. The content of the on-chip RAM and all the special function reg
isters remain unchanged during this mode. The idle mode can be terminated by any enabled 
interrupt or by a hardware reset. 

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro
gram execution from where it left off, up to two machine cycles before the internal reset 
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but 
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a 
port pin when idle mode is terminated by a reser, the instruction following the one that invokes 
idle mode should not write to a port pin or to external memory. 

In the Power-down mode. the oscillator is stopped, and the instruction that invokes Power
down is the last instruction executed, The on-chip RAM and Special Function Registers retain 
their valt;es until the Power-down mode is terminated. Exit from Pcwer-down mode can be ini
tiated either by a hardware reset or by activation of an enabled external interrupt (INTO or 
INT1 ). Reset redefines the SFRs but does not change the on-chip RAM. The reset should not 
be activated before V cc is restored to its normal operating level and must be held active long 
enough to allow the oscillator to restart and stabilize. 

------------- 11 
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Program 
Memory Lock 
Bits 

Programming 
the Flash
Parallel Mode 

AllOEl 
@ 

Table 5 Status of External Pins During Idle and Power-down Modes 

Mode i Program Memory ALE PSEN PORTO PORT1 j PORT2 PORT3 

Idle I Internal 1 1 Data Data I Data Data 

I External Float Data 
; 

Address Data Idle 1 1 , , 
Power-down I Internal 0 0 Data 

I 
Data i Data Data I I 

Power-down I External Data 
; 

Data Data 0 0 Float , , 

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed 
(P) to obtain the additional features listed in the following table. 

Table 6. Lock Bit Protection Modes 

Program Lock Bits i 
I 

LB1 LB2 LB3 I Protection Type 

1 I u u I u ! No program lock features 

2 
i P f 

U 
i 

U ! M_OVC instructions executed from external program memory , , , 
i I ! i are disabled from fetching code bytes from internal memory. I 

1 I I I EA is sampled and latched on reset. and further 

! I programming of the Flash memory is disabled 

3 i p p I u Same as mode 2, but verify is also disabled 

4 1 P P I P Same as mode 3, but external execution is also disabled 

When lock bit 1 is programmed, the logiC level at the EA pin is sampled and latched during 
reset. If the device is powered up without a reset. the latch initializes to a random value and 
holds that value until reset is activated. The latched value of EA must agree with the current 
logic level at that pin in order for the device to function properly. 

The AT89S51 is shipped with the on-chip Flash memory array ready to be programmed. The 
programming interface needs a high-voltage (12-volt) program enable signal and is compati
ble with conventional third-party Flash or EPROM programmers. 

The AT89S51 code memory array is programmed byte-by-byte. 

Programming Algorithm: Before programming the AT89S51, the address, data, and control 
signals should be set up according to the Flash Programming Modes table (Table 7) and 
Figures 4 and 5. To program the AT89S51, take the following steps: 

1. Input the desired memory location on the address lines. 

2. Input the appropriate data byte on the data lines. 

3. Activate the correct combination of control signals. 
4. Raise EANpp to 12V. 

5. Pulse ALEIPROG once to program a byte in the Flash array or the lock bits. The byte
write cycle is self-timed and typically takes no more than 50 liS. Repeat steps 1 
through 5, changing the address and data for the entire array or until the end of the 
object file is reached. 

Data Polling: The AT89S51 features Data POlling to indicate the end of a byte write oycle. 
During a write cyole, an attempted read of the last byte written will result in the complement of 
the written data on PO.7. Once the write cycle has been completed, true data is valid on all out
puts, and the next cycle may begin. Data Polling may begin any time after a write oyole has 
been initiated. 

12 AT89S51 
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY out
put signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0 
is pulled high again when programming is done to indicate READY. 

Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed code 
data can be read back via the address and data lines for verification. The status of the indi
vidual lock bits can be verified directly by reading them back. 

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor
mal verification of locations OOOH, 100H, and 200H, except that P3.6 and P3.7 must be pulled 
to a logic low. The values returned are as follows. 

(OOOH) = 1 EH indicates manufactured by Atmel 
(100H) = 51 H indicates AT89S51 
(200H) = 06H 

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using the 
proper combination of control signals and by pulsing ALE/PROG fow for a duration of 200 ns -
500 ns. 

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase 
instruction. In this mode, chip erase is self-timed and takes about 500 ms. 

During chip erase, a serial read from any address location will return OOH at the data output. 

The Code memory array can be programmed using the serial ISP interface while RST is 
pulled to Vee. The serial interface consists of pins SCK, MOSI (input) and MISO (output). After 
RST is set high, the Programming Enable instruction needs to be executed first before other 
operations can be executed. Before a reprogramming sequence can occur, a Chip Erase 
operation is required. 

The Chip Erase operation turns the content of every memory location in the Code array into 
FFH. 

Either an external system clock can be supplied at pin XT AL 1 or a crystal needs to be con
nected across pins XTAL 1 and XTAL2. The maximum serial clock (SCK) frequency should be 
less than 1/16 of the crystal frequency. With a 33 MHz OSCillator clock, the maximum SCK fre
quency is 2 MHz. 

To program and verify the AT89S51 in the serial programming mode, the following sequence 
is recommended: 

1. Power-up sequence: 

Apply power between VCC and GND pins. 

Set RST pin to "H". 

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz 
clock to XTAL 1 pin and wait for at least 10 milliseconds. 

2. Enable serial programming by sending the Programming Enable serial instruction to 
pin MOSIIP1.5. The frequency of the shift clock supplied at pin SCKlP1.7 needs to be 
less than the CPU clock at XTAL 1 divided by 16. 

3. The Code array is programmed one byte at a time in either the Byte or Page mode. The 
write cycle is self-timed and typically takes less than 0.5 ms at 5V. 

4. Any memory location can be verified by using the Read instruction that returns the con
tent at the selected address at serial output MfSO/P1.6. 

5. At the end of a programming session, RST can be set low to commence normal device 
operation. 

13 



Serial 
Programming 
Instruction Set 

Power-off sequence (if needed): 

Set XT AL 1 to "L" (if a crystal is not used). 

Set RST to "L". 

Turn V cc power off. 

Data Polling: The Data Polling feature is also available in the serial mode. In this mode, dur
ing a write cycle an attempted read of the last byte written will result in the complement of the 
MSB of the serial output byte on MISC. 

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 8. 

Every code byte in the Flash array can be programmed by using the appropriate combination 
of control signals. The write operation cycle is self-timed and once initiated, will automatically 
time itself to completion. 

Programming 
Interface -
Parallel Mode 

Most major worldwide programming vendors offer worldwide support for the Atmel A T89 
microcontroller series. Please contact your local programming vendor for the appropriate soft
ware revision. 

Table 7. Flash Programming Modes 
i I I I 

1 I I P1.7-O 

I EAI 
I P2.3-0 

I I ALEI 

I I PO.7-O 

Mode I Vee i RST ! PSEN PROG V •• P2.6 I P2.7 i P3.3 P3.6 I P3.7 I Data I Address 

Write Code DGita j I I 
(21 

I I I 5V H l 12V L H H H H , DIN All-S I A7-0 
i -.-..../" I , 

I I i I I Read Code Data I 5V H L H H L l I L H H Dour All-S A7-O , 
i 

I 

, 
(3) 

I 
i , I , I I , 

Write Loci< Bit 1 I 5V H L 12V H H H H I H I X I X I 
X , ~ 

, 
! , ! 

Write loci< Bit 2 I i T PI i i I i , i I 5V I H L 12V H H H L ! L 
, 

X X X 
i ~ i i , , 

I I I (3) I I i I i 
Write Lock Bit 3 

, 
5V H I L 12V H l H H , 

L X X I X 
i --"....r I j i 

, 
i , I , 

I 
I , 

I 
I I I Read loci< Bits I , 

PO.2, I 
I 5V H L H H H H l H i L PO.3, X X 

1,2,3 I I ! PO.4 I I , 
I (1) 

I ! , I I Chip Erase i 5V H 
, 

I L 12V H L H L , 
L 

, 
X 

, 
X X 

~ 1 I ! 
, 
! I 

Read Ab11el 10 I 5V H L H H L L I L L ! L I lEH 0000 1 OOH I 

Read Device 10 5V H l H H L l L l L 51H 0001 DOH 

Read Device 10 5V H L H H L l L L L 06H 0010 DOH 

Notes: 1. Each PROG pulse IS 200 ns - 500 ns for Chip Erase. 
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data. 
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits. 
4. RDY/BSY signal is output on P3.0 during programming. 
5. X = don't care. 

14 AT89S51 
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Figure 4. Programming the Flash Memory (Parallel Mode) 

ADDR. 
AO - A1 

OOOOHlFFFH 

, 
i 

SEE flASH ! 
PROGRAMMING-i 
MODES TABLE ' 

AT89S51 

P1.0-P1.7 

P2.0 - P2.3 

P2.6 
P2.7 
P3.3 

P3.6 

P3.7 

r-.... ----j XTAL2 

3-33 MHz 11 
0 ........... 

I T I 
XTAL' 

PO 

ALE 

P3.0 

RST 

GNO PSEN 

Figure 5. Verifying the Flash Memory (Parallel Mode) 

ADDR. 
11.0·11.7 

OOOOHIFFFH 

SEE FLASH 
PROGRAMMING -I 
MODES TABLE i 

, 

AT89S51 

Pl.0-P1.7 

P2.0 • P2.3 

P2.6 
P2.7 

P3.3 
P3.6 
P3.7 

r-.... --~ XTAL2 

1 

PG. .... ~ 
DII.TII. 

PROG 

ROY! 
BSY 

L .... _--'t--I XTAU v,., 

GND PSEN 

AlmEl 
® 
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Flash Programming and Verification Characteristics (Parallel Mode) 
T A = 20'e to 30'e, Vee = 4.5 to 5.5V 

Symbol I Parameter Min I , Max 

Vpp i Programming Supply Voltage 11.5 
; 

12.5 ! 
Ipp ! Programming Supply Current I i 10 

Icc I V cc Supply Current I I 30 

1/tClCl I Oscillator Frequency 3 
! 33 I 

tAVGl I Address Setup to PROG Low 481cLcl 
j 
! 

~HA)( i Address Hold After PROG i 48tcw I 
I i 

tOVGl ! Data Setup to PROG Low 

I 
48tclCl I - I Data Hold After PROG tcHDX 48tclCl 

I 

I P2.7 (ENABLE) High to Vpp 
I I 

tEHSH I 48tclCl I 
tSHGl ! V pp Setup to PROG Low I 10 .~~J ! i 
t 1\1 I rD ! ; I GHSl 

• pp Ho,d Afte, , ROG 10 

tclGH PROGWidth 02 

tAVQV ! Address to Data Valid 1 
i 481cLCl ! 

t.oLOV I ENABLE Low to Data Valid I 48tclcL 

t.oHQZ ! Data Float After ENABLE a 1 4StcLCl 

tcHBL i PROG High to BUSY Low i 1.0 

twc i Byte Write Cycle Time 
I 

50 , , 

Figure 6. Flash Programming and Verification Waveforms - Parallel Mode 
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Pl.D - Pl.7 
P2.D - P2.3 

PORTO 
, 

PROGRAMMING 
ADDRESS 

DATA IN --..l 

[,. VERIFICATION 
ADDRESS 

, 

C IAVQV , 
DATA OUT 

I'~ IovGl tcHDX~ I 
I , 

tcHAX I 
~AVGL I 

ALE/PROG " / 

lsHGL i----o 
J.-tclGH----t 

---~tp---------
---------------------------

P2.7 
(ENABLE) 

P3.0 
(RDY/BSY) 

AT89S51 

--. -ItHSH 

tcHBl --. 

I I 
tcHSl i , 

______ ~OGIC 1 I 
_______ 1-9.91<:<.J ---------+---------I 

ItlQV f-I ~~HQZ 

f- I , 

BUSY READY 

I+-lwc ---+ 

I Units , 

! V 

I rnA 

! mA , 

MHz 

i 
I 
I 
! 

I 
I 

I-Is 

I-IS 

1-15 

1-15 

1-15 
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Figure 7. Flash Memory Serial Downloading 

INSTRUCTION 
INPUT 

DATA OUTPUT .. -

CLOCK IN 

AT89S51 

P1.5/MOSI 

P1.61M1SO 

P1.7/SCK 

~ ____ ----; XTAL2 

3-33 MHZ_: i 
'T' 

LJ~ 
..L .\ , ..,.. 

• GND 

Vee 

<? , 

RST 

Flash Programming and Verification Waveforms - Serial Mode 

Figure 8. Serial Programming Waveforms 

SER,AL DATA ,NPUT 
P1.5 (MOS,) 

SER,AL DATA OUTPUT 
P1.6 (M,SOl 

SER,AL CLOCK ,NPUT 
P1.7 (SCKl 

2487B-MICR0-12103 
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Table 8" Serial Programming Instruction Set 

I 
Instruction 
Format 

Instruction I Byte 1 Byte 2 

Programming Enable 11010 1100 0101 0011 
i 

I ! 
I 
I , 
; 

Chip Erase 

I 
1010 1100 100x xxxx 

, 
Read Program Memory i 0010 0000 XXX){ ~~ 
(8yte Mode) I I « 

! 

Write Program Memory I 0100 0000 

I 
Xxxx ..... Oo)CO 

4::;;:« (Byte Mode) 
, 
I 

Write Lock Bits!') I 1010 1100 1110 oq;;~ , 

t 0010 
\ 

Read Lock Bits 0100 xxxx xxxx , 
Ii I 

: ! 
I 

Read Signature Bytes I 0010 1000 xxxx ..... 0(1)(0 , :;::;:« 
I 

Read Program Memory i 0011 0000 Ixxxx -0= 
(Page Mode) I :;::::«< 

I I I 
i 

Write Program Memory I 0101 0000 XXXX ...--00)«) 

(Page Mode) ! ::c:;:<<C 

L 
Note: 1. B 1 - 0, 82 = a -Mode 1. no lock protection 

Bl = 0, B2 = 1 -Mode 2, lock bit 1 activated 
B 1 = 1, B2 = a -1v1ode 3, lock bit 2 activated 
B1 = 1, B2 = 1 -Mode 4, lock bit 3 activated 

I 

I 
Byte 3 Byte 4 Operation 

, )()()()( )()()()( )()()()( )()()()( Enable Serial Programming 

I I 0110 1001 l while RST is high 
I (Outputon 

I I MISO) \ I 

I xxxx xxxx xxxx xxxx Chip Erase Flash memory 
array 

~~~:t~ t--U)U')v MN"'--O Read data from Program 
00000000 

memory in the byte mode 

I ""'~ MN-O 
r--Wl.l)q- MN"'--O Write data to Program « ««< 00000000 

memory in the byte mode , 
xxxx xxxx )()()()( )()()()( Write Lock bits. See Note (1). 

I 
\xx"dl i Read back current status of )()()()( )()()()( "'- xx mal i the lock bits (a programmed -oJ -'-' 

I lock bit reads back as a·'") 
I 

I~xxx xxxO Signature Byte Read Signature Byte 

i 

I 
Byte 0 

I 
Byte 1 ... I Read data from Program 
Byte 255 memory in the Page Mode 

i (256 bytes) 

Byte 0 Byte 1 ... I Write data to Program 
Byte 255 I memory in the Page Mode 

j 1 (256 bytes) 

} Each of the lock bit modes need to be activated sequentially be· 
fore Mode 4 can be executed. 

I 
I , , 
I 

I 

I 

I 
I 
I 
i 

1 

I 
! 

After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to clock in the enable data 
bytes. No pulsing of Reset signal is necessary. SCK should be nO faster than 1/16 of the system clock at XTAL 1. 

18 

For Page ReadlWrite, the data always starts from byte a to 255. After the command byte and upper address byte are 
latched, each byte thereafter is treated as data until all 256 bytes are shifted in/out. Then the next instruction will be ready to 
be decoded. 
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AT89S51 
Serial Programming Characteristics 

Figure 9. Serial Programming Timing 

MOSI 
-_./ 

SCK 

MISO 
-_./ 

Table 9. Serial Programming Characteristics. TA = -40·C to 85·C. Vcc = 4.0 - 5.5V (Unless Otherwise Noted) 

Symbol i Parameter i Min Typ Max I Units , 

1i lcLCL 
I i OSCillator Frequency 1 3 I 33 I MHz 

tCLCL I Oscillator Period I 30 I I 
i 

, ns 
I 

tSHSL 1 SCK Pulse Width High I 8leLCL i I ns I 

tSLSH i SCK Pulse Width Low 1 8teLCL I ns , I 
I 

i I I 
IovSH I MOSI Setup to SCK High IeLCL I ns 

tSHOX I MOSI Hold after SCK High I 2 leLa.. 
I ns \ 

tSLIv I SCK Low to MISO Valid i 10 16 32 I ns , 

tERASE I Chip Erase Instruction Cycle Time I 500 I ms 
I 

tswc ! Serial Byte Write Cycle Time I I 
64 tCLCL + 400 I ~s 

AlmE ... 
iiiiiiiiiiiiiiiiii.s 
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Absolute Maximum Ratings* 
I 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 

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

DC Characteristics 

'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. 

The 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 I Min 

V,t i Input Low Voltage i (Except EA) ! -0.5 , , 
V ,L1 I Input Low Voltage (EA) I 

, 
-0.5 I , , 

! V'H .1 Input High Voltage 
, 

(Except XTAL1, RST) 
, 

0.2 Vee+0.9 , 
i ! , 

V iH1 1 Input High Voltage I (XTAL1, RST) 1 0.7 Vee , 
VOL I Output Low Voltage(1) (Ports 1,2,3) ! 10L = 1.6 mA , 

I Outout Low Voltaoe(1) I i ! (Po;t 0, ALE, PSEN) I I 
Vou ! 10L = 3.2 mA i , 

i 10H = -60 IJA, Vcc = 5V ± 10% i 2,4 

I VOH 
Output High Voltage 

I IOH = -251JA I 0.75 Vee (Ports 1,2,3, ALE, PSEN) I 
i I IOH = -10 IJA 0.9 Vec , 

I IOH = -800 IJA, Vee: 5V ±10% I 2.4 

VOH1 
Output High Voltage I IOH = -300 IJA 1 0.75 Vee (Port 0 in External Bus Mode) ! I 

i ! tOH: -80 IJA 0.9 Vee 

I!l ! Logical 0 Input Current (Ports 1,2,3) I Y'N = 0,45V I 
i 

I Logical 1 to 0 Transition Current 
l. tTL (Ports 1,2,3) Y'N = 2V, Vcc = 5V ±10% I 

lu I Input Leakage Current (Port 0, EA) 0.45 < Y'N < Vce j , 
RRST \ Reset Pulldown Resistor i 50 ! 

C,O 
i 

Pin Capacitance , Test Freq. : 1 MHz, TA = 25°C i 
I ! 
1 Active Mode, 12 MHz I Power Supply Current 

Icc Idle Mode. 12 MHz I 
i 

Power-down Mode(2) Vee: 5.5V ! 
.. 

Notes: 1. Under steady state (non-transient) conditions, 10L must be externally limited as follows: 
Maximum 10L per port pin: 10 mA 
Maximum 10L per 8-bit port 
Port 0: 26 mA Ports 1,2,3: 15 mA 
Maximum totalloL for all output pins: 71 mA 

j Max Units 

I 0.2 Vcc-O.1 I V 

! 0.2 Vee-0.3 I V I 

! Vee+0.5 , V ! 
I Vee+0.5 

i 
V I , 

i 0.45 V ! 

I 
0.45 I V , 

! 
I I V , 
I V I 

j I V 

I V 

! 1 V 
! 

I i ! I V 

I -50 i IJA ! 
I 

-650 
I 

IJA I I 
i 1 

I ±10 ! IJA 

i 300 i Kn , 
i 10 I pF ! , 

25 , I mA 

6.5 mA 

50 IJA 

I 

\ 

I 

I 

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. 

20 AT89S51 
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AC Characteristics 
Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for ali other 
outputs = 80 pF. 

External Program and Data Memory Characteristics 
! 12 MHz Oscillator Variable Oscillator I Symbol Parameter I Min I Max 

I 
Min ! Max 1 Units i ! 

l/tcLcL Oscillator Frequency i 1 i 0 i 33 I MHz 

tLHLL ALE Pulse Width I 127 21cLcL-40 i ! ns 
! 

tAVLL Address Valid to ALE Low , 43 i tCLCL-25 1 ! ns , 

tLLtV( Address Hold After ALE Low 
i 

48 i IcLCL-25 i ! ns 

tLLIV ALE Low to Valid Instruction In ! i 233 i 4tCLCL-65 ns 

I I 
, 

t lLPL ALE Low to PSEN Low 43 IcLcL-25 I ns 

tpLPH PSEN Pulse Width i 205 ,I ! 3teLCL -45 ! I ns 
i 

I 
! 

I 
i 

tPl1V I PSEN Low to Valid Instruction In 
, I 

145 
, 

3tCLCL-60 I I: 
, 

j ns 
I 

tpX!X i Input Instruction Hold After PSEN i 0 I i 0 
, i ns ! ! , , 

I Input Instruction Float After PSEN 
i I 

59 
I 

teLCL-25 i I t"XIZ 
, 

I ! ns ! 

tpXAv PSEN to Address Valid 
; 

75 I tCLCl-8 i I ns I ! , 

tAVIV Address to Valid Instruction In 
; 

i 312 I 5teLCL-80 I I ! ns 

tpLAZ: PSEN Low to Address Float i I 10 i 10 I ns , 

I"cRH RD Pulse Width ) 400 I i 61cLcL-l00 l i ns I ! I ! 

i ! 
, 

! tWLWH WR Pulse Width 400 6teLcL-1OO ; ns , 
; , ! I 

tRLD" I RD Low to Valid Data In i ; 
252 I ! 51cLcL-90 I , ns i , , 

i Data Hold After RD ! ! I 
, 

i i 
tRHDX ! ! 0 

1 
0 ns I , , 

~HDZ Data Float After RD i i 97 i 2teLCL-28 ns I ! 

tLLDV I ALE Low to Valid Data In I 1 517 i 8teLCL -150 ns ! 
tAVDv Address to Va lid Data In 

I I 585 
I i 

9teLcL-165 I I I ! ns , 
lcLWL ALE Low to RD or WR Low i 200 i 300 I 3teLCL-5O I 3teLCL+5O I ns I I , 
tAVWL I Address to RD or WR Low ; 203 

! 
41cLcL-75 i I ! ! ! ns 

Data Valid to WR Transition 
I 

23 I !ncL-30 I i lovwx I ns 
I 

lovwH Data Valid to WR High I 433 71cLcL-130 i ns 

tWHQX Data Hold After WR I 33 teLCL-25 ! ns 

~LAZ I RD Low to Address Float I 0 I 0 ns 

t.VHLH RD or WR High to ALE High I 43 123 teLCL-25 I teLCL+25 ns 

AlmEl .. iiiiii __ @ 
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External Program Memory Read Cycle 

r= IcHLL ---to 

ALE / 
t..LPH 

tAVlL ~'V - ~PL - ~'V 

-- i-tpLAZ 
+-tpXl\v-" 

luAx \PXIZ 

tpXIX~ ~ 
PORTO F- AD -A7 INSTR IN J> >_ f- AD- A7 

tAVIV ,I 
PORT 2 AS - A15 A8 - A15 

External Data Memory Read Cycle 

ALE 
I:=IcHLLj 

---. :'--lwHLH 

~DII -----+I ~ 

-r~RH-> 
~ !u.WL i 
r----luAx ----. 

!.--t
AVLL

_ j----o 4<LDII ~ 4<Hoz 
4<LAZ-~ ..- ----. +- 4<Hox 

PORT 0 ::J- AD - A7 FROM RI OR DPL ~ DATA IN ~ AD - A7 FROM PCL INSTR IN 

tA'AVL 

tAVDV 'I 
1 

PORT 2 ~ ____ ~P2~.D~-~P~2~.7~O~R~A~8~-~A~15~FR~O~M~D~P~H~-J)(~ __ ~A~8_-~A1~5~F~R~O~M~P~CH~ ___ 

22 AT89S51 
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External Data Memory Write Cycle 

r=.t,."LL~ 
ALE 

________ 4~ ___ ~_~_=:r_4~W~Ir_----------------
k-tAVU~I+--~~ I- ~ 
, ..L~, 'A I ~f-laVW----1 

::=>- AO - A7 FROM Rl OR OPL iJ,+ I--:-OA--JA-::O-UT----lK-'-'X' rA-O---:A-7-F--R"-OM'-:-:P--C"'L /I""'NS"",--R""'IN-PORT 0 , 

PORT 2 ~ '--_-.:P...!2:;;:.O-=-_::P-=2:..:..7_::0~R:...-A:::::8~-=_A:.:.1;:::5_::F..:;R:;::O;::M._:O:::.P.:.;H_~)(r'__-::A::::8-=-_::A.:.;':::.5 :..:.FR:.:.O:::.:M::..:-P;:;CH~ __ 

External Clock Drive Waveforms 

0.45V 

External Clock Drive 
Symbol ! Parameter 

lIleLcL ! Oscillator Frequency 

lelCl I Clock Period I , , 

leHCX I HlghTlrne \ 

I Low Time 
I 

lelCx I 
leLCH I Rise Time I 
leHCl i Fall Time I 

24876-MICR0-12103 

I 
ta.CH -1 

i 
I 

Min 

0 

30 

12 

12 

j 

T 
i 
I 
! 

Max 1 
33 ! , 

, 
i 

. 

5 

5 \ 
i 

Units 1 
i 

MHz I 
1 

ns 1 
ns \ 

ns ! 
ns I 
ns I 
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Serial Port Timing: Shift Register Mode Test Conditions 

The values in this table are valid for V cc = 4.0V to 5.5V and Load Capacitance = 80 pF. 
, 

! ! 12 MHzOsc Variable Oscillator I 
Symbol Parameter I 
tXLXL Serial Port Clock Cycle Time 

I 
1 

IovxH Output Data Setup to Clock Rising Edge I 
tXHQX Output Data Hold Aller Clock Rising Edge ! 
tXHDX Input Data Hold After Clock Rising Edge I 

! 

tXHDV I Clock Rising Edge to Input Data Valid I 

Shift Register Mode Timing Waveforms 
INSTRUCTION 

ALE 

CLOCK 

,WRITE TO SBUF, 
oj. 

OUTPUT DATA 

, CLEARRI , 

+ 
INPUT DATA 

AC Testing Input/Output Waveforms(1) 

Min 

1.0 j 
I 

700 ! 
50 

0 

0.2 Vee + O.9V 

TEST POINTS 

0.2 Vee - 0.1V 

Max Min I Max I Units ! 

12tCLCL 
, 

i 1 1 
, 

~lS , 

I 10taCL-133 j i i , ns ! ) 
I 

2tcLCL-8O I ! ! I ns 

i 0 ! i ns 
~ 

, i 
700 i 1OtcLCL-133 i ns , , 

Note: 1. AC Inputs during testing are driven at Vee - 0.5V for a logic 1 and 0.45V for a logic o. Timing measurements are made at V'H 
min. for a logic 1 and VIL max. for a logic o. 

Float Waveforms(1) 

VLOAO ----< 

Note: 1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to 
float when a 100 mV change from the loaded Vofl'lOllevel occurs. 

24 AT89S51 
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Ordering Information 
Speild I Power I Ordering Code 

! 
(MHz) I Supply I Package Operation Range 

24 
1 

4.0Vto 5.5V ! AT89S51-24AC 44A Commercial 

I ! AT89S51-24JC 44J (0 0 C to 70°C) 
I I I AT89S51-24PC ,40P6 

I 
I 

I I AT89S51-24SC I 42PS6 

I 

I 
I \ 441'. Industrial , AT89S51-24AI I AT89S51-24JI 

I 
(-40°C to 85°C) ! 44J 

AT89S51-24PI ! 40P6 

I \ AT89S51-24S1 i42PS6 

I 33 4.5Vto 5.5V AT89S51-33AC 

I~ 
Commercial 

AT89S51-33JC (0° C to 70° C) 

\ AT89S51-33PC \ 40P6 

! AT89S51-33SC i 42PS6 

Package Type 1 
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) 

44J 44-1ead, Plastic J-Ieaded Chip Carrier (PLCC) 

40P6 40-pin, 0.600' Wide, Plastic Duallnline Package (PDIP) 

42PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

-- ----~~--- ._- 25 
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Packaging Information 

44A-TQFP 

j 
i_ 01 , 

I i 

c- D ..-1 

Notes: 1. This package conforms to JEDEC reference M~26, VariatiOn ACB. 
2. Dimensions 01 and E1 do not Include mold protrusion. AlloWable 

protrusion is 0.25 mm per side. Dimensions 01 and E1 are maximum 
plastic body size dimensiOns induding mold mismatch. 

3. Lead coplanarity is 0.10 mm maximum. 

TITLE 

SYMBOL 

A 

A1 

A2 

0 

01 

E 

E1 

B 

C 

L 

e 

COMMON DIMENSIONS 
(Unit of Measure = mm) 

MIN NOM MAX NOTE 

- - 1.20 

0.05 - 0.15 

0.95 i.OO 1.05 

11.75 12.00 12.25 

9.90 10.00 10.10 Note 2 

11.75 12.00 12.25 

9.90 10.00 10.10 Note 2 

0.30 - 0.45 

0.09 - o.:~ 

0.45 - 0.75 

0.80TYP 

10/512001 

DRAWING NO. REV. 
Aim~ 2325 Orchard Parkway 
_ • ~ San Jose, CA 95131 

44A,44-1ead, 10 x 10 mm Body Size, 1.il mm Body Thickness, 44A B 
0.8 mm lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP) 

26 AT89551 
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44J-PLCC 

1.14(0.045) X45 PIN NO. 1 1.1A{O.045j X 45' 

I ! !: -''- 0.318(0.0125) 

-'- r IDENTIFIER '-i e;;Ji 0.191(0.0075) 

/ 
on n l,ffD 0 0 

) t t 
1/1TI 

I t!j 
! ! !:--./ I 

~ I 
IEti I !~. i i~ r' LJ=:1 81 

6 J::;: ..... E1 E D2IE2 
~ is" , 

'~ 
p I b 

I itt I p I 

eJll 1 ! t 
:i Ii ~ I 11 
. . . r 

DowN ~w, 

\1 

DOD 

• 01 • Ii ir t-A2 I ' \ i ~ t-A1 1- D .. I 
! A I 

~tiJl2~ 
i~! 

, n .".=-& ~ ~-T @lzumO COMMON DIMENSIONS 
(Unit of Measure; mm) 

I SYMBOL MIN NOM MAX NOTE 

A 4.191 - 4.572 

A1 2.286 - 3.048 

A2 0.508 - - I 

D 17.399 - 17.653 I 
01 16.510 - 16.662 Note 2 

E 17.399 - 17.653 
Notes: 1. This package conforms to JEDEC reference MS-018, VariatiOn AC. 

2. Dimensions 01 and E1 do not indude mold protrusion. E1 16.510 - 16.662 Note 2 

Allowable protrusion is .010"(0.254 mm) per side. Dimension 01 D2IE2 14.986 - 16.002 
and E 1 indude mold mismatdl and are measured at the extreme 

B 0.660 0.813 material condition at the upper or lower parting line. -
3. Lead coplanarityis 0.004" (0.102 mm) maximum. B1 0.330 - 0.533 

e 1.270TYP 

10/04/01 
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40P6-PDIP 

I • 0 
PIN I 

I 0 n ,0 0 on 0 n ,0 
1 I 

l , 0 

I )) 
\ \ 

I 
, 

i \ I ! J I 
i I q I , . , , 

E1 U( If 
i I i 
\ \ I , 

0 LJ 0 0 0 LJ . \ 0 0 

Ai 
L), ) i 

~nr~qgpRni1FrIW4 SEATING PLANE h n n Inn r 0 -,-
_. __ U U u L jU U U U U L i 

L ~ i L --j I 'I ~A1 
,-j I ill Jf-.- B 
I 

e 

i---

I ~ c-/ __ 
, 
I 
~-

; 

E .1 
! 
i 

) \1 00-150 
,-I~~ 

REF 

, 
e8 ~ 

Notes: 1. This package conforms to JEDEC reference MS-011. Variation AC. 
2. Dimensions D and E1 do not indude mold Flash or Protrusion. 

Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). 

TITLE 

SYMBOL 

A 

A1 

0 

E 

E1 

B 

81 

L 

C 

eB 

e 

Anii,l 2325 Orchard Parkway 
_. San .Jose, CA 95131 

40P6, 40-lead (0.600"/15.24 mm Wide) Plastic Dual 
In line Package (PDIP) 

COMMON DIMENSIONS 
(Unit of Measure; mm) 

MIN NOM MAX NOTE 

- - 4.826 

0.381 - ! -
52.070 - 52.578 Note2 i 

, 
15.240 - I 15.875 

13.462 - 13.970 Note 2 

0.356 - I 0.559 

1.041 - 1.651 

3.048 - 3.556 

0.203 - I 0.381 

15.494 - I 17.526 

2.540TYP 

09/28/01 

DRAWING NO. REV. 
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42PS6-PDIP 

I • D P~N I I 
0 0 0 n n n n !1 

\ \ ,--~ )n t 
J/ E1 

I ( ! i i ~ t I \ \ \ \ I 
0 0' 0 0 0 LJ 0 LJ \ U 0 

Al 
--, \ \ )) i AR7i.JF1nr 'lMHqIIP' , ! I, . I I , " I", 

SEATING PLANE 1 ! i r l ("""'1 ilj rn (l fl f~' 1 (l i --
, u u U U lUI U U !! !J U l 

L-=r
l

! --j f-l - Ii A1 
~ L i B1 ---!l-- B 
I ' 

e 

r-- E • I 

I I ;~\ 0°-15" C~ ___ REF 
'-I~_../ 

SYMBOL 

I . eB ~ A , , 
I Al 

D 

E 

El 

B 
< s, 

Notes: 1. This package conforms to JEDEG reference MS-Gll, Variation AG. 
2. Dimensions D and El do not include mold Flash or Protrusion. L 

Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). 
G 

eB 

e 

TITLE 
JI~ 2325 Orchard Parkway 
£ll!aE!~~, San Jose, CA 95131 

42PS6, 42-1ead (0.600"'15.24 mm Wide) Plastic Dual 
Inline Package (PDIP) 

2487B-MICRO-l2103 

AT89S51 

COMMON DIMENSIONS 
(Unit of Measure; mm) 

MIN NOM ! MAX NOTE 

- - 4.83 

0.51 - -
36.70 - 36.96 Note 2 

15.24 - I 15.88 

13.46 - i 13.97 Note 2 

0.38 - i 0.56 

0.76 ! 7 

3.05 3.43 

0.20 0.30 

18.55 

1.78 TYP 

11/6/03 
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\i'iIliU'UUI;5f· RF ASK Hybrid Modules for Radio Control{ N~~-V;rsk>~) ~ 
TLP434A Ultra Small Transmitter 

pill 1 IJNO 
pin 2 O.ta In 
pin 3 Vee 'Ea~'-ilntCOi 

;Wireless(;, 
.. -~ pin 4 Antenna ( RF output) 

-: ';: .;. ~:. ·::;·t: :~":':h-':j";;}-'j :::>:~:i 
Frequency 315, 418 end 433.92 Mhz 

Modulation: ASK 
Operation Voltage: 2 • 12 vee 

Symbol Parameter Conditions Min Typ Max 

Vet Opcrnting .upply voltage 2.0 . 12.0 

Icc I Peak Cumrlt (2V) 1.64 

Icc 2 Peak ClIlT<Ilt (12 V) 19.4 

Vb Input High Voltage Idata· lOOuA (High) Vcc·O.5 Vcc Vcc+O.5 
VI Input low Voltage ldota" 0 uA (Low) 0,3 

FO Absolute Frequency 315Mhz module 314.8 311 .115.2 

PO RF Output Po"",r' 500hm Vcc = 9V·12V 16 

'Icc = 5V·6V 14 . 

Unit 

V 

mA 

mA 

V 

V 

MHz 

dBtn 

dBm 
DR Ollta Rate ExtetTIlii Encoding ~12 4.R K 200K bps -;-___ .. ___ ,_, _____ c ___ 

Noles: ( Case Tcmpcmtllru '0' 2 S"C +. 2"C • Tf..",1 Lund IInllcdltllc'c ~O ohm) 

Application Circuit: 
Typical Key-chain Transmitter using HTI2E-180JP, a Binary 12 bLt Encuder IrOln 
Holtek Semiconductor Inc. 

RF output 
'-_,..........J1 

ADa. 9.10 ~ 11 
Data ba or Addle.s bit 

AO·A7 
Address bil 

RLP434A SAW Based Receiver 
4).42_ " 

",,·1-1-
L;'~'~'~'r---~~--~~~~ 10.=: •••• • ••• I 

pin 1 Gnd 
pi" J Olgrtal Data Output 
pin 3 LInear Output {Test 
pfn" Vee 
pin 5 Vee 
pin e Gnd 
pin 1 Gnd 
pin 8 Antennll 

Modulation: ASK 
Frequency 3115,418 and 433.92 Mhz supplyVoltaga:3.3.6.0VDC 

Output; Digital & Linear 

Symbol Parameter Conditions Min Typ Max 

Vee Operating !'iUppJy vohnge 3.3 5.0V 6,0 

1101 Operating Current 4.5 

Vdata D.I.OuI Id.". ~ .• 200 uA (!ligh ) Vcc·O.5 Vee 
Idala c. ·10 uA ( Low) 0.3 

Electrical Chr.roctcrislics 

Charncleristics SYM Min I Typ Max 
Operation P.IIdio Frequency Fe 315.418 and 433.92 

Sensitivity pn:r ·110 

~,"CIWidth +·500 

Nul~c P.f4uivnlc:nt nw 4 
Receiver Tum On Time 5 
Opemlion Tempcrnlure Top ·20 80 

Baseboard Data Rate 4.8 

Application Cimlit : 
Typical RF Rcctivcr using IrrI2D·18DIP, n Binary 12 bit Decooer wilh 8 bit ue IH48R..XX from 
Iloltd Semiconductor lllc. 

Vdd 
5VOC 

Voicto/$p6l!!1iker E--_ 

Sork-ol! Int~"~ce ,..",:'----1 

ALP434A 

Laipac Technology, Inc. 
105 west Beaver Creek Rd, Unit 2rJ7 Richmond Hn! Ontario L4B 1e6 Canada 
Tel: (905)762·1226 Fax: (905)763·1737 e·mall: info@laipac.com 

tIILAIPAC 
ILTECH 

Lighl Conlrcl 

V 

mA 

V 

V 

Unit 

MHz 

dBm 

Khz 

Kiv. 
m, 

C 

KHz 



Features 

Operating voltage 
- 2.4V-5V for the HT12A 
- 2.4V-12V for the HT12E 
Low power and high noise immunity CMOS 
technology 
Low standby current: O.l~ (typ.) at 
VDD=5V 
HT12A with a 38kHz carrier for infrared 
transmission medium 

Applications 

Burglar alarm system 
Sn10ke and fire aiarm system 
Garage door controllers 
Car door controllers 

General Description 

The 2,2 encoders are a series of CMOS LSIs for 
remote control system applications. They are 
capable of encoding infonnaiion which consisis 
of N address bils and 12-N data bits. Each ad
dress/data input can be set to one of the two 
logic s("tes. 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 HT12E 
- One word for the HT12A 
Built-in oscillat<>r needs only 5''< resist"r 
Data code has positive polarity 
J\.Iinimal ext.ernal components 
HTl2A!E: IS-pin DlPf20-pin SOP package 

Car alarm system 
Security syst.em 
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 HT12A further enhances the ap
plication flexibility oflhe 212 series of encoders. 
The HT12A additionally pm\~des a 38kHz C8r

rier for infrared systems. 

rc.......... I: . I I 

~ ~unctionl Address! Address! 1 Data j . I Negative f 
Polarity I ; _____ 'I '1 i T 1 Oscillator i Trigger 

~, Part No. --......~ ..... : No. , Data No. \ No. 1 \ 

HT12A 8 U 4 
455kHz 

DS-Vli 
resonator 

H'I'12E S 0 
RC 

TE: ., 
oscillator 

Package 

18 DIP 
20 SOP 

Hi DIP 
20 SOP 

Carrier 
Output 

38kHz No 

~o No 

Note: AddressiData represenls pins that can be address or data according to the decoder require
ment. 

1 April 11. 2000 



Block Diagram 

TE trigger 

HT12E 

OSC2 aSCi 
~--.-o ...... ...r.. .............. - .. - ...... -.-... --.. -------.-.-... -, .. y , 
: It: 

IE ¢----..l Osallat:::·r ~ ..-3Dlvlder HData Seiect~DOUT 
. I I I . I & Buff'" I i .. ... , 

I I 
:/ ~I 

AG ¢----..l ! Sync_ ! I 
ill Circuit 1 I 

Al~ 12::en~::"~;on h B.naryDe,e_1 I 

nnn6:=:6. nnn_ .. n ... n ..... _nn6n_ ... b· 
AD8 ··········AD11 

DATA trigger 

fIT12A 

AO 

A7 

X1 
-0-

J 

08 ···········011 

voo vss 

voo vss 

oaUT 

HT12AIHT12E 

Note: The address data pins are available in various combinations (refer to the address/data tablel. 

2 April 11. 2000 



HOLTEK# 

Pin Assignment 

8-Address a-Address 
4-Data 4-Data 

NC 

AOg' 
0 18~'!DD 

A1 2 17 DOUT 

A2q3 16~Xl A3 4 15 X2 

A4 14 lJivlB 

AS 13 011 

At; 12~Dl0 
A7 11 D9 A7 

vss ,0 D" VSS 

HT12A 
-18 DIP 

Pin Description 

i 
Pin Name ]fO I Internal 

Connection 

AO-A7 

AD8-ADll 

D8-Dll 

DOL'T o 

VMB 

I CMOS IN 
Pull-high 
(HT12A) 

NMOS 
i TR."""SMISSION 
j GATE 
i PROTECTION 
, DIODE 

(HT12E) 

NMOS 
TRANSMISSION 

GATE 
PROTECTION 

DIODE 
(HTl2E) 

C.:'IOS !N 
Pull-high 

CMOSOlJT 

01OS1N 
Pull-high 

HT12AIHT12E 

8-Address 8-Address 
4-Address/Data 4-AddressiData 

NC NC 

VDD AD von AO 
A1 DallT A1 

IC2 OSCl A2 

A3 eSC2 A3 
A4 TE A4 

AS A011 AS 

AI; 7 1\010 At; 

D9 ~~: 
1\09 A7 

D8 AD" VSS 

HT12E HT12E 
-18 DIP -20 SOP 

Description 

Input pins for address AO-A 7 setting-
These pins can be exl<!rnally set to VSS or left open 

input pins for address/data ADS-ADll setting 
These pins carl be externally set to VSS or left open 

NC 
VDD 
DOUT 

aSCl 

eSC2 
TE 
ADl1 

1\010 

AD9 

ADS 

Input pills [or dntrl D8 ...... Dl1 setting and transmission en
able, active low 
These pins should he externally set to VSS or left open 
(see Note) 

Encoder data senal transnlisslon output. 

LatehIMomentary transmission format selection pin: 
Lateh: Floating or vl)D 
Momentary: VSS 

3 April 11. 2000 



I 

HT12AIHT12E 

III II 1/0 i
l 

Internal \ Pin Name 1 Description I ! \ Connection . ·1----
1--1'l'- __ + __ t-- ~~~~i!~ _\~~:STn~%iOn ena_ble:acti~~l:,:(~e~o~~ 
! OSC1 OSCILL1I.TOR 1 ! Oscillator input pin 

,I I· OSC2 0 OSCILL..<\TOR 1 ,Oscillator output pin 

XI OSCILLATOR 2 1455kHz resonat.or oscillator input 

X2 o OSCILL..<\TOR 2 
1 

j 455kHz resonator oscillator output 

VSS I Negative power supply. grounds 

VDD i Positive power supply , 

Note: D8-Dll are all data input and transmission enable pins of the HTl2A. 

TE is a transmission enable pin of the HT12E. 

Approximate internal connections 

NMOS 
TRANSMISSION 

GATE 

_1-

.-.-..1TL.o 

OSCILLATOR 2 

I 
I Pull-high ! 
I I 
I ~ I 
I~--"I 

-.---{)o-o 

CMOS IN 
CMOS OUT 

NMOS TRANSMISSION GATE 
PROTECTION DIODE 

Absolute Maximum Ratings 

OSCILLATOR 1 

Suppl,Y \~ltage {HT12A; .............. -O.3V to 5.SV Supply Voll.qg-e (HT12E) ............... -O.3V to 1:"lV 

Input Voitage .................... Vss -O.3 to VDD+O.3V Storage Temperature ................. -50"C to 125"C 

Operating Ternperature ............... -20'C to 75'C 

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi
mum Ratings" may cause suhstantial damage to the device_ Functional operation ofthiR device 
at other conditions beyond those listed in the specification is not implied and prolonged expo
sure to extreme conditions may afiect device reliability_ 

4 April 11. 2000 



HOLTEK# HT12AIHT12E 

Electrical Characteristics 

HT12A Ta=25°C 

i 
, 

1 ~ 
Min. Typ. I Max. I Unit I! 1 

! 11 

2.4 3 
I 

~ I V ~ 
! l! 

0.1 1 ~lA H 
ii 
't 

0.1 
!i 

1 fl." n 
" :! 

! I I Test Conditions 
I SVIIlbol 1 Parameter f..." ---;1---------1 I' I I VDD I Conditions 

','-vn~i Operai.in;~-oltag-e---+l---'=-=--r 
, i 

I; i 3V I i Ism I Standby Current .-: --: Oscillator stops 
~ . 5V j 
i, ' 

<IV I :1"0 ~/'O 

I ; iNoload I - i u , 4V i f1i ~ IDD Operating Current 
! 5V I fosc=4fifikHz i 

, 
I 400 ; 800 ~ " - ! 

" 
, :i , ; i VoH=0.9VDD (Source) i , i 

, 
i 

! -1 -1.6 l - rnA fi I ; i 
IDOUT Ouiput. Drive Current 5V 

r V 01.=0.1 Vnn (Sink; 
, 

I I 
, 

! ! !i ! 
! 2 3.2 - ! rnA Ii :: 

! i ti 

, "Ii" Input Voltage ! O.8Vrm! j VDn ! V 

I "L" Input Voltage 

RnATA 

HT12E 

I DS-Dll Pull-high 
I Resi stance 

I Svmboli Parameter 
i - i 
I VDD i Operating Volt.age 

IISTB I Standhy Current 

TDD i Operating Current , 

i 
Ij)()[JT I Output Dri"e Current 

Test Conditions 

fVDD. Conditions 

t-

~,
3V; 

Oscillator Rtops 
112V 
! ! 

! 3V ! No load 
f-----.--j 

! 12V I fosc=3kHz 
: : 

i VOH=0.9VDD (Source) 
i 5Y 

o 

150 

Min. I Typ. 

2.4 I 5 

- i 0.1 

- i 2 

40 

150 

-1 -1.6 

1 1.6 

iU:1VD~i :. Vi 

300 

, , 
i Max. 
! , 

t 12 

I 1 

! 4 

80 

300 

V 

kD 

Unit ! 
~ 

I'A ! 

rnA 

, i' 
"---~----------+--i--==---==-----+
r VHf \ "H" Input Volt-f-lge 

i VoL=O.lVDD (Sink) , , 
! Oil\Tnn; 

rnA U 
-t----t----j-------11 

~- - -- - --I 

V 1L ! "L" Input Voltage 
1 

-i-----

i 

fuse ! Oscillator Frequency 5V i Rosc=1·1MD , 

I TE Pull-high Resistance 5Y i 
VTE=OV ! - -_.- ~. 

5 

I 
! 0 

3 

1.5 

VDn 

!O.2VDD 

0 
u 

v 

" v 

kHz 

Mn 
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HOLTEK# HT12AIHT12E 

Functional Description 

Operation 

The 212 serieR or encoders hegin a 4-word transmission cycle upon receipt. of a transmission enable 
(TE for the lIT12E or DB-DIl for the lIT12A, active lowl. This cycle will repeat it.self as long as the 
tra.'1smission enable (TE or DB-DIll is held low. Once the transmission enable returns high the en
coder out.put completes it_5 final cycle and (.hen stops as shown below. 

_ -, r, ---------., r, ---~----

TE U "-________ -'1 .................. ' 
--..I ~ < 1 worD 

E~gte; J 
~ 4 words -tIoi i.......- Tqlnsmi!tcd ~ 4 ds ~1' 

I.... ContinuolJsly -.....-["""1 war ----.-

Tra.'I1.srnission timing for Lhe H'f12E 

D8-D1: -I 1,-----------, 
Key-in U 

~ * <~word 
Encoder rmm 

OQUT ~!!I\!iL! _____ ---' 
~ /+- 1 word Tro(1::;fl"jUed ~ 1....._ 1 d 

Cot'itinuoU's\y -. ~ wor 

Transmission timing for the HT12A (UM.B=.Floating or VDD) 

08-011 'U I Key-in _ 

--..I /+- < 1 wOfd 
{alt data=1) 

i+ 7 WOfds +I 

E~ote+ Jill III !!Ill/III! 11,------,11111111111111111111111111111111111111111111111 L 
---' l...; worns ~I '----- Transmmed ----.l '- 1 wOfd 
----t ~ --r'j rr-- Conti~uously -1....-

1 word (aU da;:a= 1 ) 

Transmission timing for the HTl!!A (l.iMB=VSSl 

6 April 11, 2000 



HOLTEK# HT12AIHT12E 

Information word 

!(LiMB=l the device is in the latch mode ((or use with the latch type of data decoders). When the trans
mission enable is removed du...ring a transmission, the DOUT pin outputs a complete word 8....'1d then 
st.op~. On the other hand) lfl...tMH=O t.he devlce lR in the momentqry mode (for use with the monlent.ary 
type of data decoders). When the transmission enable is removed dlLring a transmission, the DOLfI' 
outputs a complete word and then adds 7 words all with the "1" data code. 

A.Tl information word cl)nsists of 4 periods as illustrated below. 

I 1 
____ ~~----------~I LI~~~~.~·~.·~~~·~·~··~"'·~~.~"·~ 

-+' .~ 1/3 br't S'rTiC_ pariod 

pilot period {12 t~iS! 

Addressfdata waveform 

(~lJmposition of information 

~ dalacode ~ 
period 

Each programmable addres.s!data pin can be extema!ly set t-O one of the {o)!owing two logic states as 
fihown helow. 

nr--:nnnnnnnnnnnnnn 
~UUUUUUUUUUUUUUUL lose 

~Or1P.- ~ n n n ___ -" ~ ~ L---J L' _____ _ 

r---l ~ r-l r---l --'----> ~ LJ ~ L. ______ _ 

Acctr€:5S/ :+ 
Data Bit 

AddresslTJat.3 bit wf-Iveform for the Hl12E 

,-----------------------------~-------, 

i·:,sc ! 
-L~ _______________ ~ ____ ~ ____ L 

!!l!!!!!!!!!1!!!l1 nH!H!!lp!!!l!l WI!!!I!l!!!!]!!! fITjITITITTITiIl.I, I: [1'1 
__ ~!ijii\j!jijii!iH'~~'i!!H!!lldl!i!!l~~I!l!m!l:!m!!!i~~liil!ii!lili!!!!il'-_____ _ 

+ Address Bit !+ 

Addre-sf.,ITI~lJl hlt wRveform for the I-IT12A 

7 April 11. 2000 



HT12AIHT12E 

The address/data bits of the HTl2A are transmitted with a 38kHz carrier tor infrared remote con
troller flexihility. 

Address!data programming (preset) 

The status of each address/data pin can be individually pre-set to logic "high" or "low". if a transmis
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad
dress!data serially in (;he order AO t<> AD 11 for the HT 12E encoder and AO (<> D 11 for (.he HT12A 
eneoder. 

Duringinformat.ion transmission these hit.." are transmit1.ed with a preceding synchronization hit. If 
the trigger signal is no! applied, the chip enters the standby mode and consumes a reduced current of 
less than IflA for a supply voltage of 5V. 

Usual applications preset the address pins with indi~;dual security codes using DIP switches or PCB 
\,,;;iring, while the data is selecied by push butions or electronic switches. 

The following figure shuws an application using the HTI2E: 

A5 A6 

i 

1 

The transmitted information is as shown: 

Pilot AO Al A2 A3 A4 
& 

Sync. 1 0 1 0 0 

OSC1 O$C2 I 1_ .. I 
DO J I medium I l - H I ran::;mls~on I 

A7 VSS TE ADe AD9 AD 10 AD11 , J I 

1 
/1 

A5 

0 

8 

A6 A7 

1 1 

vss 

ADS AD9 AD 10 ADll 

1 1 1 0 

April 11, 2000 
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HT12AIHT12E 

Address/Data sequence 

The [ollo\"ing provides the address/data sequence table [or various mudels of the 212 series of 
encoders. The correct device should be selecled according tn the indi,,;dual address and data require-
ment...:;;, 
r 
I Part No. 
I 0 1 2 3 

IBT12A AO Al A2 A3 

I HT12E AO Al .1>,2. A3 

Addrcss/Data Bits 

4 5 I 6 7 8 9 10 11 

A4 A5 I A6 I A7 I D8 I lJ!; i DlO Dll i 
----+---+--+----11--1--1-------1--- ._" 1------.·- - ·1·· ____ .. -~ 

A4 A5 i A6 . A7 i AD8 i AD9 I ADlO I AD 11 i 

Transmission enable 

For the HT12E t'Ilt"-Jcler::;, tnln:sml:::;siull i::; enabled by applying a low :signal to the TE pin. For the 
HTl2Aencoders, transmission is enabled by applying a low signal to one ofthe data pins D8-Dll. 

Two erroneous HT12E application circuits 

The HT12E mURt. follow closely the application circuit., provided by Holtek (see the "Application cir
cuits"), 

• Error: AD8-ADll pins input volt«ge > VDD+O.3V 

12V 

I 

9 April 11. 2000 



• Error: The Ie's power source is activated by pins AD8-ADl1 

Flowchart 

• HT12A 

Power on 

.. ! ... 
Standby mode 

• HTl2E 

Note: D8-Dll are transmission enables of the HT12A. 

TE is the transmission enable of the HT12E. 

10 

HT12A/HT12E 

Power on 

Standby mode 

4 data words 
transmittec 

continuously 

April 11. 2000 



Oscillator frequency vs supply voltage 

fose 
(Scale) 

70J~ -----
i ! 
i : 

~--~---~--~---:---

6.00 

5.DO 

2 3 4 

HT12AIHT12E 

Rose (!1) 

--------------------- ',62fj, 

5 6 7 6 9 10 11 12 13 VOO (V OC) 

The recommended oscillator frequency is fO~CD (decoder)" 50 fO~CE (HT12E encoder) 

" ~ (oseE (HT 12A encoded 
v 
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HOLTEK# 

Application Circuits 

Von 100n 

1 .:--..... 'I A6 

A7 

...... _-2:9 VSS 
7fT '--------' 

HT12A 

Not,,: Typical infrared diode: EL-1L2 (KODENSHI CORP.! 

Typical RF transmitter: JR-220 (JUWA CORP.) 

12 

HT12AIHT12E 
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Holtek Semiconduetor (ShRnghRi) Ltd. 
7th FIlXlr, Building 2, No.SS9, Yi Sh.fln Rd., Sh.fl.ngh.<li, Chin!!. 
'I'd: 021-fi4RFi-fififiO 
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Holmate Technology Corp. 
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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 infonnation 
Pair with Holtek's 2'" series of encoders 
Binary address setting 
Received codes are checked 3 times 

Applications 

Burglar alann s.yst..em 
Smoke and fire alarm system 
Garage door controllers 
Car door controllers 

General Description 
1"' The 2 - decoders are a series of CMOS LSis for 

remote cont.rol system applicat.ions. They are 
paired wim Holtek's :,!12 series of encoders (re
feT te, the encocierici€coaer cr055 reference t.a
hIe). For proper operat.ion .. a pair of 
encoderidecoder with the Same number of ad
dresses and data fonnat should be chosen. 

The decoders receive serial 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
r131 input data three timeR continuously \\';th 

Selection Table 

HT12D 8 4 L 

HT12F 12 o 'I 

--!? - - - - -2'- SerIes ot Decoders 

AddressiData number c()mbinati()n 
- HT12D: 8 address bits and 4 data bits 
- HT12F: 12 address bit.s only 
Built-in oscillat()r needs only 5% resist"r 
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 dat"' codes are de
coded and then transierred t() the output pins. 
The \'-T pin also gOes high tv i:udkate a y.s]id 
t.rnnsmission. 

The 212 series of decoders are capable of de-:c-d
ing infOrnlflt.ionfi t.h8t, consist of N hit~<:; of Arl~ 
dress and 12-N bits of data Of this series, the 
HT12D ig arranged to provide 8 address hits 
and 4 dat"' bits, and HT12F is used to decode 12 
bits of address information. 

Oscillator Trigger Package 

Re osciilator DIN nct.ive "Hi" 18 DIPi20 SOP ~ . , 
RC oscillator DIN active "Hi" 18 DIP;20 SOP! , 

Notes: Data type: L stands for latch type dat.a output.. 

VT can be used as a momentary data output. 

1 July 12. 1999 



212 Series of Decoders 

Block Diagram 

OSC2 OSC1 
[~-~~~~~-¥~~~~-~~?~~-~~~~-~~~~ --~~~~~~~~~~~~~-~~~~~~~~~~-~--~~~~~~~~~-~--~~~~~-~~~~~~----~~-~~~~~, 

! ~I S.t. Shift 1-1 1--.6 
I HI' LatCil Circuit i l(): Data ! ., Register ~ ~ 

i L;_---,-_~'; " 

DiN ~i--l-e-+I P;lo..taoetectorhL! --+-----'j 

t i 'I 'I t ... 
! !. ! !. I !! ! I Sync. Detector I i I Comparator I~' Comparator I I Control Logic I 

i t LI _!--I ____ ---.1t i 
t' t r ___ tL' --, 

1 i 
T r3nsrnission Gate Circuil Buffer Hvr 

.t,~~-~~~~~ t 
_ ·0·· 

Address voo VSS 

Note: The address/data pins are available in various combinations (see the address/data table)~ 

Pin Assignment 

B-Address 8-Address 12-Address 12-Address 
4-uata 4-D.l~ ~-D.lt.l O~.l~ 

I 0 __ L .. _ 
NC~l 0 

~~~~D Neg, LU~NC. 
A"'~ 1 

0 

:~5~D ~r, '.Ir.,.-, AfJ rl ~ 0 

:~5~D =~;=j ~ ~~a~ ;:6~;~ A1 f12 ~~;=j ~ 1sbvr 

A2a 3 16~ OSC1 A2q4 17~OSC1 A2a3 16~OSC1 A2a4 17~OSC1 

~~g~ :~e ~~C2 A3 c:j 5 ~~2~:C2 ~~~: :~e~:C2 ~g= 16~OSC2 
A • ...--! _ 

M'~" l"thUII'II 1'\"t~v '"~U'" ::~~ t .. hUU\f .... "t~o ::5 ~:r~ A~ .. 5 

~~E ~~~ 
AS, .7 1£. ,n"!"! .~........:~ 13 .. A11 A5 .. 7 

A6d7 ABa~ 135~'0 ABd7 125A10 ABd~ 13bA10 

A7qa 11p09 A7q9 12P09 A7q 8 11pA9 A7q9 12PA9 

vss LJ 9 lOpOS vssd 10 11 poe VSS09 lOpA8 VSS LJ 10 l1PA8 
I I 

HT12D HT12D HT12F HT12F 
-18 DIP - 20 SOP -18 DIP -20 SOP 
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HOLTEK# 212 Series of Decoders 

Pin Description 
i I i 
i Pin Name i I/O i C~~::~:~n Description 
I - i 

! D8-D11 0 CMOS OUT ! Output dat,,_ piru; 

rDIN I CMOS IN ! Seri~l data i;'put pin 
! I I VT ! ~ cfviOS OUT I Valid t.(·an8Jui~ion, active h~1?i_l. __ _ 

j OSCI iIi OSCILL. ... TOR j Oscillator input pin 

I OSC2 i 0 - OSCILLATOR i Oscillal-or oul-pul- pin 

VSS I I Ne"uative power supply (GND) 

VDD ! \ Positive power supply 

Approximate internal connection circuits 

I 
NrviOS 

TRA.NSM!SS!ON 
GATE 

CMOS OUT CMOS IN OSCILLATOR i 

...L 
----JTLo ----~~ 

Absolute Maximum Ratings 

I i 
o---{>:r----- os~~~OSC21 

-- i 
i 

I 

.-~ 
i 

Supply Voltage _______________________________ -O_3V to l3V Storage Temperature _________________ -50"C (D 125°C 

Input Voltage ____________________ Vs~-O-3 to V
DD

+O_3V Operating Temperature _____________ -20°C to 75'-C 

Note: These are stress raLings only_ Stresses exceeding the range specified under "Ahsolute Me,i
mum Ratings" may cause substantial damage tD the device_ Functional operation of this de
vice at other conditions beyond those listed in the specification is not implied and prolonged 
exposure to ext.reme c.ondit.ions may affect. device reliabilit.y. 
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HDLTEK# 

Electrical Characteristics 

Symbol 1 

I 
Param.cter 

VDD 

iSTIl 

Inn 

10 

i Operating Voltage 

I 
1 :::;tandby Current 

I 
i Operating Current 
i 

I Data Output Suur(;o\! 
I Clli-rent (DB-DIl} 

! Test Conditions 
I ! 
IVnn! 

1- i 
Conditions 

i 5V i 
i---------i Oscillator stops 
\ 12V! 
! 
I 5V 

Nu IUClu 

! 
i 5V VOfF4.!iV 

I I ~al-a Output Sink i Cu..rrent mS-Dll) i 5V VoL=O.5V 

IVT 

212 Series of Decoders 

Ta=25°C 

Min. Typ. Max. Unit 

2.4 5 12 V 

0.1 1 

2 4 

:l00 400 

-1 -1.6 mA 

1 1.6 mA 

-1 -1.6 lIlA 

f{)SC l Osciiiator Frequency I 5V Hosc-51k:.l 150' kHz ~ 
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Functional Description 

Operation 

The 212 series of decoders pro'.ricies various com
binations or addresses and data pin~)n diITer
ent packages so as to pair with the :l~" series of 
encoders. 

The decoders receive data that are transmitted 
by an encoder and interpret the first N bits of 
code perwu as (tddres~o anti Lhe last. 12-N hiLs 
as daia 1 'tNh€!'"€ N is the address code numt-er. A 
~lgnnl on t.he DIN pin nd,iv:1t.es t.he oscill:1t.or 
which in turn decodes the incoming address 
and data. The decoders will then check the re
ceived address t.hree t.imes ('.((nt.inu.ously. If the 
l'€<:~ived addn~ss <:od~e all mat~h thf! <::}nt~nt.s of 
the decoder'R local address, the 12-N bit.~ of 
data are decoded t" activat" the output pins 
and the vr pin is set high to indicate a valid 
t:ra:nsmission. Tili& win l[1.st. unless t,he address 
code 1S incorrect or uo signa] is received. 

The output Dfthe ''.11' pin i::> high only ",!hen the 
transmission is vBJid. Otherwise it is always 
low. 

Output type 
... ,,.. .. ~12 . ~ .... ~~~ __ ......,. 
VI tne z senes or aecoaers, me .l1.TJ..Z.r nas no 
daia output. pin buL it.s VT pin can be used as il 
momentary data output. The HT12D, on the 
other hand, provides 4 latch type data pins 
whose data remain unchanged until new data 
are received. 

i Part jDataiAddress Output 
i No. jl~ Pins Type 

IHT12Di 4· 8 Lakh 

~HT12FI 12 , 

Operating~ 
Voitage it 

2.4V-12V Ii 
2.4V·--12V 

5 

212 Series of Decoders 

Flowchart 

The oscillator is disab1ed in the standby state 
and activated when a logic "high" signal applies 
to the DIN pin. That is to say, the DIN shou!dbe 
kept low if there is no signal input. 

.July 12, 1999 



212 Series of Decoders 

Decoder timing 

Tr~n£~~l~;~! , 
'! Enable LJ 

~ !+ <:1 word 

EnD~eT~ ~ 
!-+- 4 words ~! ~ J~~~~~'iYy ~ .i WQrO$ --to{ 

~~~- ~~-
DeCOdtlrVT _____ -'!lL! _______ :--------'---;I~_ 

I+- check -+i I+- c.hea -+i 
Latd1ed wr--------~\itr-----------

Data OUt _____ -'0 0'-__________ _ 

EncoderlDecoder cross reference table 

Deccders 
Part No. 

tlT12D 

HTl2F 

Data Pins 

4 

0 

Addre'l'l/\)\Ita sequence 

Addl"""s Pins 

8 

12 

; 
i 1 

i i 
j VT i Pair Encoder, -----,-------l----c------! 
,I " . I 

Pu.ck.u.gc 

Encoder Decoder 

DIP SOP i DIP i SOP , , 

18 20 i HTl2A I 
18 20 

18 20 

18 20 
1M 20 

18 20 

~ 

I HT12E 

i HT12A 

" ! tlT12E 

The following table provides address/data seque~e for va..rious models of the 212 series of decoders. A 
c.orrect. devic.e should be c.hosen ac.c.ording to the requirements of the individual addresses and data. 
I 
I Part No. 
i 

HTI2D 

IIT12F 

o 
AO 
AO 

1 

Al A2 A:3 

Al A2 A3 

&~ddress/D.ets. Bits 

4 5 7 10 11 

A4 A5 A6 A7 D8 D9 DlO Dll 

A4 AS A6 A7 AS A9 AIO All 
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Oscillator frequency vs supply voltage 

fose 
iS~~; 

I 
4.00 j- - - - - - - - - - - - - - - - -.- - - - - - - -

! 
~ 
i 

350 r 
t-

3.00 ~ 
I 
I 

2.50 r-
i 

2001 

i 
1 c:n l_ -- i 

~ 
(1GOkHz)1.00 ~ 

L 
I 

0.50 ~ 

0.25 L 
i 

2 3 5 6 

212 Series of Decoders 

Rose (O) 
- - - - - - -,- - - - - - - -,- - - - - - - -;- - -...., , , 

3Gk 

7 B 9 10 11 12 13 VDD(VOC) 

The recommended oscillatDr frequency is fOSCD (decoder) '" 50 fOSCE (HT1~E encoder) 

:::: ~ f:--.::.-':7 CH1'12.A. ~nf'_r.ilf-!;'!. 3 '-'~'-'~' . 
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HOLTEK# 212 Series of Decoders 

Application Circuits 

HT12F 

Notes: Typical infrared receiver: PIC-12043TIPIC-12043S (KODESHI CORP.) 
or LTM9052 (LITEON CORP.) 

Typical RF receiver: JR-200 (J"l!WA CORP.) 
RE-99 (MING MICROSYSTEM, U.S.A.) 

8 July 12, 1999 



212 Series of Df¥:oders 

Holtek Semiconductor Inc. (Headquarters) 
1-.,~o.3 CT€-&iion F~. 11. Scient~-ba.sed Ind<lS'trial Park, Hsind1u. T8.1" ... an. R.O.C. 
Tel: 886-3-563-1999 
Fax: 886-3-563-1189 

Hoitek Semiconductur Inc. (Taipei Office} 
lIF. No.576, Sec.7 Chung Hsiao E. P..d .• Taipei, Taiwan, R.O.G. 
Tel: 886-2-2782-9635 
Fax: 886-2-2782-9636 
Fax: E.s€~2-2782-7128 (L.t-€-mativnal sales hotHne.) 

IIoitek SemicOILdi.i(;tuT (IIung Kulig} Ltd. 
RM.711. Thwer 2. Cheung 8ha Wan Plaza. 833 Cheung 8ha Wan Rd .. Kowloon. Hong Kong 
Tel: 852-2-745-8288 
f~i; 852-2-742--8657 

HoLtek Semicondudur (Shanghai) Ltd. 
7th Floor. Building 2, No.S89, Yi Shan Road, Shanghai, China 
Tel:021-G48G-5GGO 
Fa.x:021-64-85-0313 

Hnlmat.c Technology Corp. 
4Sfi~1 \\:anTI Springs Houlc'Vanl, Suilt: 41il, Fremont, CA $14;i;.:ll-1 
Tel: 510-252-B880 
Fax: 510-252-9&:;5 

Copyright @ 1999 by HOLTEK SE~f!CONDUCTOR INC. 

The In!crlTI!lticm nppe!!ring in thi::: D!lt.!l Sh{'.ct i~ hcJic\'cd in h~ ::.ccur::.t..~::.t th{'. t.ime cfpuh!ie:::.tic!":_ Hm':.·{'. .. ·cr, Hn!t..~k 
aSs,l,I1T1eS no responsihility arising from the u.~orthe Rpecitications dC'_"crihed. 'l'heapplications mentioned herein nrc 
used :soldy lOf tile purpl,):je of i1lu:'ilnHioI1 a11J Hollek. Ulake:'i flu War'fiUity or repr'e:;n!l1tatiull that :'iudl applicatiuLus 
will be ~uitable withoul furlher nlOuitication, nor recomnumUs the use ofils prouuds for application that may pres-

i ent a. risk to human life due to malfunction or otherwise, Holtek reserves the right to alter its products without prior 
L !le:tific.e.tiutl. Fo!- the mO:'>t up-to-d;::.te i!:.furn:atiuH, please "'is!! ()W' web site at http://www.hultek.ccrn.tw. 
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GP1A30R 

• Features 
L 2-phase (A, B) digital output 

2. Possible to use plastic disk 

3. High sensing accuracy 
(Disk slit pitch: O.7mm) 

4. TTL compatible output 
5. Compact and light 

• Applications 
1. Electronic typewriters, printers 
2. Numerical control machines 

• Absolute Maximum Ratings 
Parameter Symbol 

F orwanl current IF 
'\ Peak forwanl current IFM 

Input 
Reverse voltage Va 

Power dissipation P 

Supply voltage Vee 

Output low level output cum:nt 101 
Power dissi.pation Po 

Operating temperature T,.l'f 

Storage temperature T,tg 

(Ta= 25T) 

Rating Unit 

65 mA 

I A 

6 V 

100 mW 

7 V 
I 20 rnA I 

: 150 mW 
! o to + 70 ·C , 
!. 4DIOc 00 T 

'" ~Soldcnng temperature T." I 260 I T 

• Electro-optical Characteristics 
Paramctt-i Symbol 

Forward voltage V, 
Input 

Reverse current lR 
Operating supply voltage Vee 

High level output voltage VOR 
Output 

Low level output voltage VOL 

GP1A30R 

OPiC Photointerrupter with Encoder 
Function 

• Outline Dimensions (Unit: mm) 

Internal connection diagram <lJm@ 
!ZJ ® 

CJ) OPIC 

® GND 
~Vcc 
@va. 

* T~ance:±O.3mm 
... ( ): Reference dimensions 

... OPIC'" (OpticallC ) is a trademark ofthe SHARP Corporation. 

An OPIC con:-;i_~[:-; ofa lig.ilr-<letecting d<!mcnr and ~igJlal

processing circuit integrated onto :l singJe chip. 

( Unless otherwise specified, Ta = 0 to + 70"C) 

Conditions MIN. TYP. MAX. Unit 

Ta= 25T, I F= 30mA - I 1.2 1.5 V 

Ta= 2ST, V R= 3V - 10 J.lA 
4.5 5.0 5.5 V 

')Vec= 5V,1 F= 30mA 2.4 4.9 V 

~IO\. = 8mA, V cc= lV, Ir= 31lmA I O.t 0.4 V 

Supply current Icc ')'4IF= 30rnA, V cc= SV - 5 20 rnA 

Transfer Duty ratio 
"50 .... 

charac- "'SDB 

teristics Response frequency fMAX 

"'3 Measured under the condition shown in Measurement Conditions. 
-.1 In the condition that ontput A ;md B arc low level. 

V cc= SV, I F= 30mA, 20 50 

')f.: 2.5kHz 20 50 

')V cc= 5V, 1 F= 30mA -
'5 
o tAR 100 n._=..!.ft!i. x 100 

1\= ~x , l-"H tBI' 

" In tIie ...... ci coofl11"Olion I>y device spedfica1ion """" 5_13kes 00 IOSjXlnsltiiity .. any dEIecIs that .". in equi!m!nt ""II "'I ci SHARPs dM:eS. sro.vn in catalogs. 
dala booIIS. dc. Coalad SHARP in _ ~ OOtain !he _ ""'" d tIie device speciIicaIon """" befae usit!l any SHAAP's deYice." 

80 % 
80 % 

.5 kHz 



• Output Waveforms 

Output A 
(Vo.) 

Output B ___ oJ 

(VOS) 

- ---" ---~p-----! 

RffiaticM\ di!~tim\" C(\\ffit,,'\:dockwi.~ wh.~l\ s.een 
from OP1C light detector 

Fig. 1 Forward Current vs. Ambient 
Temperature 
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Fig. 3 Duty Ratio vs. Frequency 
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GP1A30R 

Fig. 2 Output Power Dissipation vs. 
Ambient Temperature 
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Fig.4 Phase Difference vs. Frequency 

130 

;20 

~ !H} 

< tOO 

'e 
~ 90 [l 

~ so ~ 

" . 
f. 70 

60 

50 

Vcc=5\' 

f----t--i-++++-f--tj1r-= ~O!llA 
""r"" I~= 25-C -

t 10 20 

frequency fCkHz) 



Fig. 5 Duty Ratio vs. Ambient Temperature 
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Fig. 7 Duty Ratio vs. Distance (X direction) 
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Fig.9 Duty Ratio vs. Distance (Y direction) 
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Fig.11 Duty Ratio vs. Distance (Z direction) 
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• Measurement Conditions 

Oisk 
o 31.6. O.1~ 

120 sli:s 

A 

11.4 
------i 

t 

111.6851 

• Precautions for Use 
( 1) This module is designed to be operated 

at 1 F~ 30rnA TYP. 
(2) Fixing torque: MAX. O.6Nm (6kgf· em) 
(3) In order to stabilize power supply line. 

connect a by-pass capacitor of more than O.C1IlF 
between Vee and GND neanhe device. 

( ,,) As for otber general cautions. refer to 
the chapter" Precautions for Use" . 

GP1A30R 

Fig.12 Phase Difference vs. 
Distance (Z direction) 
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<Basic Design> 

Ro l distance between the di .. k center and hal:" p...>im of a slit). 

Pi slit pitch ), S \ and S~ (installing position of photo intcr

rupter) will be provided by the following equati{ms. 

Slit pitch: P ( slit center") 

N 
Roo:. 120 x 13A5(mm) N: numberofslits 

p= 2:'\ Pr-j'" Ro (null ) 

51=' Ro- L765(mm),S2= St+ 6.7(mm) 

\O{c ) When the numbcror ~!i(~ is changed. \'.:.!\.;r.:~ In r,lrcntilesi~ 

arc also changed an.:(lrding to the num'rl:r 

Enlarged drawing 
01 A portion 
Slit pitch: P 

Disk center 

i 
----i---

I Ex.) Ln the case of 

~- 20/lP'R 

Ru...o. ~i)g x \.;..1.5 I nir;-' 

- 22A2mm 

p"" 2 x 0 x 22.4 ') (mIT!) 
2(}{} 

= O.704mm 

S,'=' 22,42- 1.765 

= 2U.655mm 

s ~= 20.655+ 6.7 

~ 27.J55mm 



I 
I .. ~ ,'.r ~': " _,. ~, _, ... _ ,I"'" . r. I [..~ -..... .) em;. C (i n a u {; ;. 0 r 

February 1995 

I -
! LM78XX Series Voltaoe Reoulators I - -
I General Description 

! 
I 

I 

The LM78XX series of three terminal regulators is avaiiable 
'Nit.'": severa! fixed O'.Jtp-.:t \.~t~s ~ing the:n use!u! in a 
wide range of applications. One of these is local on card 
reguiauOft. t:iifllinating lile Uisu'iiJuuufl fi1v.)itlfl.S ~l:~ 
with single point regu\ation. The voltages avaiiabte allow 
these regulators to be used in loge systems~ instrumenta-
ti{;:":, Hi;::;, a;-;:j G:ther scl:-j state e:~t.:·(..-:·ic e-.:;~p:"::ent Al
thOugh designed primarily as fixed voltage regulators these 
deVIceS can be used wtUl extemaJ components to Obtam 

The LM78XX series is available in an aluminum TO-3 pack
age wHich will allow OVe( 1.0A lOad current it adequate neat 
sinking is p!'"0'.-:ded. Curren! §.rn:!i.<"lQ is ~!.'ded !o Jin-.i! the 
peak output current to a safe value. Safe area protection for 
ti·~ ouiptJt uansi:stor- ts j)l'ovidt:d tv mY,it jnt~naf puwt::- ddsi
patioo. If internal power" dissipation beCOmes too high for 
the heat sinking prOVided. the !henna: shutdown circuit 
ta;':BS over pre\fentir.~~ u"}e :c frC'lT: C" .. ert¥--ati:r;. 

Considerable effort was expanded to make the LM78XX se
ries of regulators easy to use and mininize the number 

Schematic and Connection Diagrams 

of externai components. it is not necessary to bypass Ule 
C'_".put, a!tho'_<gh !!"Js does !rr.pro':.-e tfa~:ent r~.se. lnpo_'!. 
bypassing is needed only if the regulator is located far from 

Fe:- c:..:tp:..1 • ... c!12.ge ether H".s:n 5V, 12Vax! 15V t.'1e U.-!117 

series prolrides an output ~tage range tmm 1.2V to 57V. 

Features 
• Output current in excess of 1A 
• lnlemal thermal overload protection 

• Output transistor safe area protection 
• Internal short circuit current limit 

Voitage Range 
LM7BO=...c 5V 

LM7812C 

LM7815C 15V 

J ! ! l~'" 

rf"llr I 'L'" I 
Metat Can package 

T0-3(Kj 
~JIJm!nu!"l"!. 

L§Tq' ... L i~: f~'" t, s .. · 
",1- f ';) '" I;; I 1- I ,,. t r>; '?~-""I ' 1 

,-------+-~l>-' ~f :"--,': Ii I f ;;:0"" 
! ri I ! L 
I,;;~ ":1 ") i W .. " 
i'~ rl n I 
i 1 h ! ,~: L~;. F I ! 

II ,)1 I HI! IG" ! 
I I r $:: I U" ! 1 ! 
I \ I ~ I "-I .) I ~;~ 
II ~'l-G ~ I I 
i,ll! ! l IlL!! ! 

,J I ,J .! (,! I I I 
I j '" f j .... f "t 7 I i I 
I~' --~.~.~+.~.~~. --~.~.~. ~~~ 

I 
I 

TLlI-!IT7~5-1 

Bottom View 

Order Number lM780SCK, 

See NS Package Number KC02A 

?iasiiC PacKage 
T0-220 (T) 

Order Number LM7SOSCT, 
LM7812CT or LM7815CT 

TLj"if77413-3 

FiFiO·9301.411S/~jnU.S.A. 



Absoiute Maximum Ratings 
if Miiitary/Aerospace specified devices are required, 
pl(l~ contact th~ NafloMl ~i¢Ondv(:tor Sales 
Office/Oistributon; for availability and specifications.. 

Maximum Junction Temperature 
(K Pat:*~e) 
(T Package) 

150ec 
l5O"C 

input Vol tag<:; (VO = 5V, iZ ... ; aitd 15v) 35\/ Storage T empeiature Range 65~C to + 15CfG 

Operating Temperature Range (T.~J O"Cto +7crC T0-3 Package K 3OQ'"C 
TO-220 Package T Z:3O"C 

Electrical Characteristics LM78XXC (Note 2) O"C ,;. 1] ,;. 125'C unless othe<Wise noted 

Output Voltage 5V i 12V 15V 

___ ,-__ 'n-,pu,--t_V_o_'_ta-,9,-e_(,-",n_'e_s_s_o_t_h_e_",_,se_oo_t_ed--') _____ ;-_-,--'_0_V--,_--'f-_-,--1_9_v--, __ ~-__,-2-3-V __ ;__-__1 Units 

\ Symbolj Pan!meter Conditions { Min i Typ i Max j Min i Typ i Max: I Min Typ Max 

\ ro'" lA \;\;,25'C 1(7.5 >_ 'l,N >_~) I ("',5 >_ V,;; >_'~) I (17.7>_ 'l,N >-~~ 

v 

V 

mV 

V 

mV 

V 

mV 

v 

V --J _____ J I~i~~ Ii ~ "25"C i (8" V,N" ,~; i (16" VIN":~ i (20" VIN"':: 
J !iVa I Load Regulation !Tj = 2S'C 15 rnA:£ 10 :S: 1.5A I 10 50 I 12 120 I mV 12 150 

i i I j2SOmA" '0" 7somAI 25 I 60 I mV 

i ____ -+I ____________ -+15_'_"~_'_>-_'~O_S,,~A~.-O--C-->--T~j-S--+-'_25_"G-ti _________ 50 __ ti _________ '_2_0~j~----------~--'"-V __ 
I ia ,'QuieScent Current i 10 So 1 A i Tj = iSC " " " " j' 

: !D~C ~ Ti ~ + ~25~C . 8.5 ..ltS ml'. 

I-~-,-G---+ln-_-u-~-,-co-_o-.!-C-,U-"-~-o-,!--+l~-_-m-.A-.-~-'-~-,-~~~-,A~,~-'-"C-----~C--+\----------n~_.~5~1-----------Q-,5-t1------------~-+--~-,A-.-

! 'I!ChangB ITj = ?5:~,1c <.. 1A ! 1.0 I 1.0 1 10 mA 

JVM!N:::: VIN :::: VMAX. i (7.5:£: VIN ~ 20) i (14.8:::: VIN:::: 27) I (17.9 ~ VIN:::: 30) V 

75 

150 

" 8.5 

0.5 

mA 

mA 

\ l.o~CsTi"£t"2S~C. \ 

1._. !.,____ I'V'MiN:::: \liN::: VWv': (5 -s: ViN:::: ia, {is:::: \lIN:::: 25) i {18.s::: \/[N:::: 23.5); V i 

2 



Typicai Performance Characteristics 

Dissipation 

C-.;tyu! vc::~c {Nc:-m:::::::cd 
to 1V at Tj -- 25~C) 

Output Impedance 

I , , , 
:----r 

15 i I 

Dissipation 

Ripple Rejection 

HIEtlU(1IIt'I1H.l 

Dropout Voltage 

3 

Peak Output Current 
I .. , 
i (.lIeUT' 101l ... V 

i ~ ! 
-! t-T-f~·.q---l 

, ,---L-,_-'-' _-'-' _,,"-' -"--.J' 
l! 1~I .. le!SlCl5 

/111'111 rc IIUTfUT O1HUl(IITIAl (\II 

Ripple Rejection 

OllTPllT VOlTACE ill) 

Dropout Characteristic6 

TUH!77<\6_-I 



Physicai Dimensions ;nches (m;n;mete<s) 

II '" + H SWING PlANE ' 
:: •. m U.v.;:; 

-i \-(,96> 1.1>92) 
utA TTl' 

.! 
I 

0.U5 0.522 

(11.30 13.26J 

Order Number lM7805C~ LM7812CK or lM781SCK 
"5 Package Number KC02A 

5 



Physicai Dimensions ;nchcs (m;l!;mele.-s) (Conl;nucd) 

T0-220 Package (T) 
OrdetNumber LM780SCT, LM7812CT or LM7815CT 

UFE S.UPPOffT pouey 

NATiONAL'S PRODUCTS ARE NOT AUTHORiZED FOR USE AS CRiTiCAL COMP"ONENTS iN uFE SuPP'ORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRES.S WR1TTEN APPROVAL OF THE PRESIDENT OF N.A.TIONAL 
SEMICONDUCTOR CORPORATION. As used herein; 

1. Life support devices or systems are devices or 
systems which, (al are intended tor surgicai implant 
into the b0dy. or (b} S<JDPO!'t or slJstain life. a'Y.l whose 
failure to perform. when properly used in accordance 

2. A critical component is any component of a life 
suppon: device or system whose faiiure to perform car; 
b-= rea~!1::b!y expected to cauS€ the failure of the lite 
support device or system. or to affect its safety or 

with jr;sti'"'o.JC.ioiiS to; use piGV~ in rr-.a iabeiing. can 
be reasonably expected to result in a significa..t injury 
to the user. 

1111 W"'5t Bardin ROild 
.... ~~!1~!Y.' .• TX ?13{!! 7 
Tot: 1itl\l()127z·wS~ 
Fax: 1 {;O()j 73]·]:=·16 

ftt,tional Semi~ondu(lo!' 
~;;:;: 

F.v.:: (~"9l 0-180-530 65 66 
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0eu-o.5Ch Tel: (I 0411i ()..1w..~ tI:i tl5 
Er>9~Ql T.;'· (+-49) 0-16;),532 76 32. 
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F=AIRCHIL.O 

SEMICONDUCTOR TM 

80135/137/139 

Medium Power Linear and Switching 
Applications 
• Complement to 80136,80138 and 80140 respectively 

1 T0-126 

1. Emitter 2.Collector 3. Base 

NPN Epitaxial Silicon Transistor 

Absolute Maximum Ratings Tc=2S"C unless otherwise noted 

Symbol Parameter i Value i Units 
I 

Vceo Collector-Base Voltage ; 8D135 I ·is 

I 
V 

: 80137 !30 V 
: 80139 1 ao V 

Veeo Collector-Emitter Voltage : 80135 

I 
45 

I 
V 

: 80137 1)0 V 
: 80139 HO V 

VEBO Emitter-Base Voltage 5 I V 

IC COIlp.ctor Currp.nt (OG) 1 5 

I 
A 

Icp COllector Current (Pulse) 3.0 A 

Is Base Current OS i A 

Pc -COllector DIssipation (T c-25 C) -, 1,5 

Pc COllector Dissipation (T,=2S'C) us 
Junction Temperature c 

iSTG Storage i em perature - 55 - -150 

Electrica! Characteristics T c=25~C unless othajy'yis€ noted 

Symbol Parameter I Test Condition i Min. 
I Typ. i Max. I Units 

VCEO(sus) Collector-Emitter Sush::ining Voltage ! 

I 
lie:: = 30m A, Ie = 0 

I I 

i 
. 80135 45 ! v 
: BD137 60 1 v 
; 8D139 80 

I 
I V 

ICBO Collector Cui-off Current i Vcs = 30V, IE - 0 i 
1 

0.1 I ~A 
lEBO i Em!tter Cut-off Current I VEB - 5\1, Ie = 0 10 I ,;t. 

i i 1"'"' , 

he DC CUrrent Gain . I\LL OEVIC:E ! VeE"" 2V, I ...... - 5ml\ I 25 ! ! 
: ALL DEVICE I VCE = 2V, I; = O.5A 25 I 

hFE~ 1 
; B0135 Vee = 2V, Ic = 150mA I 40 1 250 I 
: 8D137, 8D139 ~.-, 

"V I 160 i. 
Vee(sat) Collector-Emitter Saturation Voltage Ie = SOOmA, Is = SOmA I C.S i " ., 

VSF(on) Base-Emitter ON Voltage VeE = 2V, Ie = O.SA I 1 ! V 

hFE Classification 
Classification 5 10 16 

40 - 100 63 - 160 100 - 250 

I~ 
. U'I 
1-
I~ 
I~ 
It;; 
!w 
I 
I 
1 

I 

I 
I 
1 

! 



Typical Characteristics 

!{'[mA]. COLLECTOR CURRENT 

Figure 1. DC current Gain 
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Figure 3. Sase-Emitter Voitage 
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Figure 2. Collector-Emitter Saturation Voltage 
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Figure 4. Sare Ope-riMing Area 
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Package Demensions 
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TRADEMARKS 

Ille fono .. ~.~r.g 3ft: reglstered and unregistered trademar~~s Fairchild SE:miccnd!Jctor c. ... ~ms Dr is 3uthorized to use and is 
not intended to be an exhaustive list of aU such trademarks. 

ACEx'" 
Bottomless.™ 
CooIFEP-'" 
CROSSVOLT'" 
E2C~ ... 10STM 
FACTn, 
FA.CT Quiet Series Th. 
FAST@> 
FASTrTt< 
GTOT" 

DISCLAIMER 

HiSeC'" 
ISOPLANAR TM 

MICROWiRET'''' 
POpn< 
Pov'/erTrench® 
QFETTM 
QSH< 
Quiet Series H< 
SuperSOTH<-3 
SuperSOT'M-6 

SuperSOTH<-B 
SyncFET'M 
TinyLogic T'''' 
UHC~ 

VCXTM 

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WlTHOUT FURTHER NOTICE TO ANY 
PRODUCTS HEREiN TO lMPROVE REUAB1LiTf, FUNCTiON OR DESlGN. FA1RCi-m.-e DO:=S NOT ASSU;;:1E ANY 
LIABILITY ARISING OUT OF THE APPUG.A.TION OR USE OF ANY PRODUCT OR CIRCU!! DESCRIBED HEREIN: 
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHT:, OF OTHERS 

UFE SUPPORT POUCY 

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS VitRITIEN APPROVAL OF FAIRCHI_D SEMICONDUCTOR 
lf~TERNA TiONAL. 
As us€d herein: 

1 I ifp. ~t IPrort (fP.Vtr.("!~ or sy~lp.ms. mp. flP.VIr.P.S. or systp.ms 

which, (a) are intended fOf surgical implant into the body, 
or (b} support or sustain iife, or (C) whose taHure to perform 

provided in the labeling, can be reasonably expected to 
result in significant injury to the user 

PRODUCT STATUS DEFiNiTiONS 

Definition of Terms 

? A r.rrljr:;t! c:nmrnnp.nll~ ;tny r:()rnronf~nl of ;l hfp. ~llrp()l1 

device or system whose failure to perform can be 

reasonabiy expected to cause the faliUfe of the itt€! support 

I i 

1
'~_D~_.tO_$h_CC'_"G_C"_tif'_'CC_"C_"~ __ P;_Cd_CC_tS_tc_tC$-4 _________ C_d_'"'_"C_" ________ ~I!, ii', 

AdvLlnce Information Forrmltlve or tn This d<Jt8StH~8t contains the desi~n sJ:'Icclfications for 
D,-::.::i,j:: p:,-:dud ,l'.:· .. d,:p:::,- ::t ~.~l,-·t::1:t.:;d:,,:,:.; :::,1]' (1:;:::U(: I:: I I 

~ny m~nn~( with:)ul n()li(~~ I I 

1f-!'-'-e-\j-i7'-,!:-,:::-J-.y'----------l--f'-:f-'S~-\ r-·-,c-,,:-.c--:.:-t-;.:-.r-, ---I-T-h':'i'S-d-a."-'.e-s-r-:e-e-t-c-.:.-r,-t2-j-,,-,-c-.r-e-\jr-:,-i:-,3--C-/-,:-.a-t-e-,-e-,,-:j-------Ij . 

1 I sUDplementary data .... ;,:: be Dublis1ed at a later date I 
! f Fairchild Semiconductor reserves the right to make j I I ui1i.HiQe8 ;;;t cHly t; i:U .. • ... tiluul .;ul;!;(! Hi u::il.!: to 1i::;;:U.:: i 
I i design I 
! I ;'<0 ,do"\iDeation ,<eedoG Fe;; P,oGcction ~~~~:!;~~:,;~:::s~:~:;!~~~:;~:~::::~f:~~ci:~'~t II 
II Ii 

I

I I Obsolete Not In Production This datasheet contains specifica :ions on a product i f 

t:'at has been discontinued by Fa,rcniid semiconductor i 1 

I I The dBtaoheet ,s prioted ro, wfownoB inro'm"tioo on,),. I I' 

I 
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