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LISTING PROGRAM

Program Controller
tinclude <AT89x51 h>

#definey 1n P2 0
#define x_in P2 1
t#define atas PO_0
#define bawah PO _1
#define kin PO _2
#define kanan PO 3
#define kinm PO_4

Int temp,temp2.temp3,temp4;

void main ()
{
atas=0;
bawah=0;
kiri=0;
kanan=0;
while (1)
{
kinm=1;
temp=0;
while (y_1n==1)
{
temp++;
}
temp2=0;
while (y_in==0)
{
temp2-++;
}
temp3=0;
while (x_in==1)
{
temp3++;
}
temp4=0;
while(x_1n==0)
{
tempd-++;

}



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

{
atas=1;

bawah=1;

kirim=0;
kirim=1;

}

else if (temp<temp2-20)

{
atas=0;
bawah=1;
kinm=0;
kirim=1;

1

1

else if (temp>temp2+20)

{
atas=1;
bawah=0;
kirim=0;
kinm=1;

!

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

kin=1;
kanan=1;
kinm=0;
kinm=1;
}
else if (temp3 <temp4-20)

{
kiri=0;
kanan=1;
kirim=0;
kinm=1,
h
else if {(temp3>temp4+20)
{
kiri=1;
kanan=0;
kirim=0;
kinm=1;
}



Program Device
#include <at89x51 h>

#defineaP2 0
#defineb P2 _1
#definec P2_2
#define d P2_3
#define maju PO_0
#define mundur PO 1
#define kin PO_2
#define kanan PO_3
#define datalcd P3
#definers P1_1
#definee P1_2
#define opto P1_7

const char kata[] = "FARAK =";

int satemp,buf buf2 buf3 dat i bufd bufs test.koma;
long int count,count2 count3;

void tundafint loop2)

{

int loop:

loop=0,

while {loop<=loop2)
{

loop++;
THI1=(-5000/256)-1;
TL1=(-5000%256);
TF1=0;

TRI=I;

while (ITF1);

}

void kinnm_p(int datl)
{ .
rs=0;
datalcd=datl;
e=1;
e=0;
tunda(3);



void initled()

{
tunda(3);
kinm_p(56);
kirim_p(56);
kirim_p(56);
kinnm_p(56);
kirim_p(6);
kirim_p(12);
kirim_p(1);

}

void kinm_k(int dat2)

{
!

rs=1;
datalcd=dat2;
e=1;
e=0;
tunda(3);

}

void cursorhome()
{
5=0;
kirmm_p(2),
3
5

void clear()
{
rs=0;
kinm_p(1);
}

void karakter(int bil)
{
if (bil==0)
dat=48;
if (bil==1)
dat=49;
if (bil==2)
dat=50;
if (b1l==3)
dat=51;
if (bil==4)
dat=52;



if (bil==5)
dat=53;
if (b11==6)
dat=54;
if (bil==7)
dat=55;
if (bil==8)
dat=56;
if (bil==9)
dat=57,

main()

sa=0;:

maju=0;

mundur=0;

temp=0;

buf=0;

buf3=bufd=0;

count=countZ=count3=0;

mitled();

buf2=0;

test=0;

while(sa=1)

{
if ((c==1)& & (d=1)& & (buf==0))
{

maju=0;
mundur=0;
buf=1;
buf4=0;
test=1;
}
if ((c==0)&&(d==1))
{
maju=1;
mundur=0;
temp=1,
bufd=i;
test=0;
telse

if ((c==1)&&(d==0))
{

mundur=1;
maju=1;



temp=2;
buf4=2;
test=0;

!
if (a==1)&&(b=1))
{

kin=0;
kanan=0;
buf=0;

}
if ((a==0)& & (b=1)& & (temp==1 )& &(buf==1))
{
kin=1;
maju=1;
mundur=0;
kanan=0;
bufd=1;
test=0;
telse
if ((a==0)&&(b=—=1)&&(temp=—=2)& & (buf==1))
{
kin=1;
kanan=0;
mundur=1,
maju=1;
buf4=2,
test=0;
;

else
if ((a==1)&&(b==0)& &(temp==1)}&&(buf==1))
{

kirt=1;
kanan=1,;
maju=1;
mundur=0;
bufd=1;
test=0;
telse
if ((a==1)&&(b==0)& & (temp==2 )& &(buf==1))
{ .
kiri=1;
kanan=1;
mundur=1;
maju=1;
bufd=2;



telse

telse

if (buf4!=0)

{

test=0;

if ((a==1)& & (b==0)& & (temp==0))
{

kin=1;

kanan=1;

if ((a==0)&&(b==1}&&(temp==0))
{

kin=1;

kanan=0;

if (opto==1)
{
if (buf2==0)
{
buf2=1;
if (bufd==1)
{
count++;
count2=0;
count3=count*11.817;
§
if (bufd==2)
{
count2-++;
count=0;
count3=count2*11.817;

}

else
buf2=0;

kirim_p(128);
for(1=0;1<8;i++)

{

!
karakter(count3/10000),

kirim_k(dat),

kirim_k(katafi]);



koma=count3;
if (count3>99)

else

karakter((count3/1000)-((count3/10000)*10));
kirim_k(dat),
karakter((count3/100)-({count3/1000)*10));
kirim_k(dat);

kirim_k(44);

koma=count3{{count3/100)*100),

karakter(koma/10);
kinnm_k{(dat);
karakter(koma-((koma/10)*10));
kirtm_k{dat);

kirim_k(20};

kinnm_k(77),

count=0;
count2=0;
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GAMBAR RANGKAIAN LENGKAP CONTROLLER

g
—i ]

Lk )

ke

{1+

T
u

el

.

8]

o

it

b—y

L 48

v g

B4
]

b SR

= tv It
¥y 2

ey

S 11g

> 0lg

r &

g
&

L

@ Bk b0

d = sk

TURA

Rangkaian Lengkap Controlier



LAMPIRAN D



GAMBAR RANGKAIAN LENGKAP DEVICE
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ANALOG
DEVICES

Low-Cost +2 g Dual-Axis Accelerometer

with Duty Cycle Output

ADXL202E *

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Smm X 5 mm X 2 mm Ultrasmall Chip Scale Package

2 mg Resolution at 60 Hz

Low-Power < 0.6 mA

Direct Interface to Low-Cost Microcontrollers via
Duty Cycle Qutput

BW Adjustment with a Single Capacitor

3V 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 ADXI.202E is a low-cost, low-power, complete 2-axis acceler-
ometer with a digital output, all on a single monolithic IC. 3t is an
improved version of the ADX1.202AQC/JQC. The ADX1L.202E
will measure accelerations with a full-scale range of +2 g. The
ADXI202E can measure both dynamic acceleration {e.g., vibra-
ton) and static acceleration (e.g., gravity).

The outputs are analog voltage or digial 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 A/D converter or glue logic. The
duty cycle period is adjustable from 0.5 ms ro 10 ms via a single
resistor (RsgT).

*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.

FUNCTIONAL BLOCK DIAGRAM
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Alg) = (T1/T2 - 0.5)12.5%
0g = 50% DUTY CYCLE
T2 =Rge/125M02

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

The bandwidth of the accelerometer is set with capacitors Gy, and
Cy at the Xgp 1 and Yy 7 pins. An analog output can be recon-
structed by filtering the duty cycle ourpur.

The ADXI202E is available in 5mm X 5 mm X 2 mm 8-lead
hermetic LLCC package.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 Worid Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2000



ADXL202E-SPECIFICATIONS

{Tx = Ty 10 Ty, Tg = 25°C for ) Grade only, Voo =5 V, Ry = 125 kA2,

Acceleration = 0 g, unless otherwise noted.)

P! ADXI202]JE ADXIL202AE
Parameter Conditions Graph | Min Typ Max | Min Typ Max Unit
SENSOR INPUT Each Axis
Measurement Range? 12 2 g
Nonlinearity Best Fit Straight Line 0.2 a.2 % of F§
Alignment Error’® 1 +1 Degrees
Alignment Error X Sensor to Y Sensor 0.01 0.01 Degrees
Cross-Axis Sensitivity* ) X 12 +2 %
SENSITIVITY Fach Axis
Duty Cycle perg T1/T2, Vpp =5V X 10.5 125 14.5 10 125 5 %ig
Drary Cycle perg TUT2, Vpp =3V X 9.0 11 13.0 8.5 1] 13.5 %lg
Sensitivity Xemts YenT Voo =5V X 265 312 360 250 312 375 mV/g
Sensmvxty XF]LT, YF[I.T VDD =3V X 140 167 195 140 167 200 mVlg
Temperature Drift Delta from 25°C X +0.5 +0.5 %
ZERO g BIAS LEVEL Each Axis
0 g Duty Cyde TUT2, Vpp =5V X 34 50 66 30 50 70 %
0 g Duty Cydle TUT2, Vpp =3V X 31 50 69 31 50 69 %
Og Voltﬂgt Xetrs Yenr VDD =5V X 2.1 25 2.9 2.0 25 3.0 v
0 g Voltage Xeqrs Yen v Vpp =3V X 1.2 13 1.8 1.2 1.5 i.8 v
0 g Dury Cycle vs. Supply X 1.0 4.0 1.0 4.0 %V
90 g Offset vs. Temperature® Delta from 25°C X 2.0 2.0 mge/"C
NQGISE PERFORMANCE
Noise Density @ 25°C X 200 200 1000 weVHz rms
FREQUENCY RESPONSE
3 4B Bandwidth At Pins Xegr Yeur 6 6 kHz
Sensor Resonant Frequency 10 10 kHz
FILTER
Ryt Tolerance 32 kQ Nominal 15 15 %
Minimum Capacitance At Pins Xgnt, YLt 1000 1000 pF
SELF-TEST
Puty Cycle Change Self-Test “0” 10 “1” 10 10 %
DUTY CYCLE QUTPUT STAGE
Fsgr Repr = 125 kK2 0.7 1.3 0.7 1.3 kHz
Output High Voliage I=25pA Vs—200 mV Vs-200mV v
Output Low Volrage I=25pA 200 200 mV
T2 Drift vs. Temperature 50 50 ppm/C
Rise/Fall Time 200 200 ns
POWER SUPPLY
Operating Volrage Range 3 5.25 3.0 5.25 v
Quiescent Suppiy Current 0.6 1.0 0.6 1.0 mA
Turn-On Time Crprin pF 160 X Cppr + 0.3 160 X Cegpr + 0.3 ms
TEMPERATURE RANGE
Specified Performance AE —40 +85 °C
Operatng Range 0 70 -40 +85 °C
NOTES
'"Typical Performance Characteristics.
*Guaranteed by measuremnent of initial offser and sensitivity.
’Augnmcnt 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.
SDefined as the output change from ambient to maximum remperanire or ambient to minimum temperature.
Specifications subject to change without notice.
2 REV. A



ADXL202E

ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION

Acceleration (Any Axis, Unpowered for 0.5ms) ...... 1000 ¢

Acceleration {Any Axis, Powered for 0.5ms) .......... 500¢ Voo

£ T -0.3Vio46.0V o]

Qutput Short Circuit Duration, (Any Pin to Common;) Xeur{ 7] P st
..................................... Indefinite Yaur[E] 2z

Operaring Temperature .. .............. -55°C o +125°C Xour[ 1] o B com

Storage Tempersture ..........:....... —65°C to +150°C Your

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device, This is a stress rating only; functional operation of the
device at these or any other conditions above those indicate in the operational
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 ¢

and exceed the absolute maximum rating of the device. Care ?n Man . Descripti
should be exercised in handling to avoid damage. o emomic Seripton
1 ST Self-Test
Package Characteristics 2 T2 Connect Rsgy to Set T2 Period
Pocka 3 COM Common
“f, hge 0 Devi 4 Your Y-Channel Duty Cycle Output
eight 1A Y evice 5 Xour X-Channel Duty Cycle Output
8-Lead LCC 120°C/W thd°C/W <1.0 grams 6 Yewr Y-Channel Filter Pin
7 Xent X-Channel Filter Pin
8 Voo 3V 5.25V
ORDERING GUIDE
No. Specified Temperature Package Package
Model of Axes Voltage Range Description Option
ADXIL202JE 2 3Vws5V Q010 70°C 8-Lead LCC E-8
ADXI202AE 2 3Vio5V ~40°C o +85°C 8-Lead LCC E-8
CAUTION
ESD {clectrostatic discharge) sensitive device, Electrosiatic charges as high as 4000 V readily

accumulate on the human body and test equipment and can discharge without detection. Although WARNING! =
the ADXE202E features proprietary ESD protection circuitry, permanent damage may occur on G

devices subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are
recommended to avoid performance degradation or loss of functionaliry.

ESD SENSITIVE DEVICE

REV. A 3



ADXL202E—Typical Performance Characteristics*
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FData taken from 4500 parts aver 3 lots minimum.
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ADXL202E

PERCENT OF PARTS

TPC 7. Y-Axis Sensitivity Distribution at Yg 7. Vop =3V

PERCENT OF PARTS

PERCENT OF PARTS

REV. A
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TPC 10. Y-Axis Sensitivity Distribution at Yeyr, Vpp=5V
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ADXL202E
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ADXL202E
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ADXL202E
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TPC 25. Normalized DCM Period (T2) vs. Temperature

DEFINITIONS

T1 Length of the “on™ portion of the cycle.

T2 Length of the total cycle.

Duty Cycle Ratio of the “on” time (T'1) of the cycle to the total
cycle (T2). Defined as T1/T2 for the ADXI.202F/
ADX1210.

Pulsewidth Time period of the “on™ pulse. Defined as T1 for
the ADXL202E/ADX1210.

THEORY OF OPERATION

The ADXIL.202E is a complete, dual-axis acceleration nieasurement
system on a singte monolithic 1C. It contains a polysilicon surface-
micromachined sensor and signal conditioning circuitry to imple-
ment an open loop acceleration measurement architecture. For
each axis, an output circuit converts the analog signal 1o a dury
cycle modulated (DCM) digiral signal that can be decoded with
a countet/timer port on & microprocessor. The ADXI202E is
capable of measuring both positive and negatdve accelerations to
at least +2 g. The accelerometer can measure static acceleration
forces such as gravity, allowing it to be used as a tilr sensor.

The sensor is 2 surface micromachined polysilicon structure
built on top of the silicon wafer. Polysilicon springs suspend
the structure over the surface of the wafer and provide a resistance
against acceleration forces. Deflection of the strucrure is measured
using a differendal capacitor that consists of independent fixed
plates and central plates attached ro the moving mass. The fixed
plates are driven by 180° out of phase square waves. An accelera-
ton will deflect the beam and pnbalance the differertial capacitor,
resulting in an output square wave whose amplitude is propor-
tonal to acceleration. Phase sensitive demodulation techniques are
then used to rectify the signal and determine the direction of
the acceleration.

The outpur of the demodulator drives a duty cycle modulater
(DCM) stage through a 32 kQ resistor. At this point a pin is
available on each channel to sllow the user o set the signal band-
width 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 acceleradon produces a

-

nominally 50% duty cycle. The acceleration signal can be deter-
mined by measuring the length of the T1 and T2 pulses with
a counter/timer or with a polling loop using a Jow cost micro-
controller.

An analog output voltage can be cbrained either by buffering the
signal from the Xgy 1 and Ygy 1 pin, or by passing the duty cycle
signal through an RC filter to reconstruct the dc value.

The ADXI 202E will operate with supply voltages as low as 3.0V
or as high as 5.25 V.

A(g) = (TA/T2 - 0.5)12.5%
0g=50% DUTY CYCLE
T2(s) = Rger(V125M0

Figure 1. Typical Output Duty Cycle

APPLICATIONS

POWER SUPPLY DECOUPLING

For most applications a single 0.1 pF capacitor, Cpc, will
adequately decouple the accelerometer from signal and noise
on the power supply. However, in some cases, especially where
digital devices 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 flucruation of volrage at Xyt and Yg 1. If addidonal
decoupling is needed, a 100 {2 {or smaller) resistor or ferrite
beads, may be inserted in the supply line of the ADXI202E

FERRITE BEAD
Yoo 100 Voo Xogr
Cpe ADXL202E
3} con  vom—
ST "m.r'——_l
; XLy
Yeur

T2 Y
ﬂssrg il %
Figure 2.

REV. A



ADXL202E

DESIGN PROCEDURE FOR THE ADX1.202E

The design procedure for using the ADXI 202E with a duty cycie
output invelves selecting a duny cyde period and a filter capacitor.
A proper design will take into account the applicaton requirements
for bandwidth, signal resolution and acquisition dme, as discussed
in the following sections.

Decoupling Capacitor Cy¢

A 0.1 yF capacitor is recommended from VY to COM for power
supply decoupling.

ST

The ST pin controls the self-test feature. When this pin is set 10
Vbp, an electrostatic force is exerted on the beam of the accelerom-
eter. The resulting movement of the beam allows the user 1o test if
the accelerometer is functional. The typical change in outpur will
be 10% ar 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 ADXL.202Es digital output is a duty cycle modulator.
Acceleration is proportional to the ratio T1/T2. The nominal
output of the ADXI 202F is:

0 g = 50% Dury Cycle
Scale factor is 12.5% Duty Cycle Change perg

These nominal values are affected by the initial tolerance of the
device inchading zero g offser error and sensitivity ertor.

T2 does not have to be measured for every measurement cycle.
It need only 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 ADXI202E. Decoding algorithms for various
microcontrollers have been developed. Consult the appropriate
Application Note.
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£g=50% DUTY CYCLE
T2 = Rge/125M0

Figure 3. Block Diagram
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Setting the Bandwidth Using Cx and Cy

The ADXI.202E has provisions for bandlimiring the Xgp 1 and
Yppr pins, Capacitors must be added at these pins to implement
tow-pass filtering for anrialiasing and noise reducton. The equa-
tion for the 3 dB bandwidth is:

1

F‘ -
%7 (2 132 k) xC(x, )
5F
ar, more simply, Fyup = Cuxry

The tolerance of the internal resistor (Rpy 1), can vary typically as

much as + 5% of its nominal value of 32 k; so the bandwidth

will vary accordingly. A minimum capacitance of 1000 pF for
C, v) is required in all cases.

Tabie I. Filter Capacitor Selection, Cx and Cy

Capacitor

Bandwidth Value

10 Hz 0.47 yF
50 Hz 0.10 yF
100 Hz 0.05 uF
200 Hz 0.027 pF
500 Hz 0.01 yF
5kHz 0.001 pF

Setting the DCM Period with RSET
The period of the DCM output is set for both channels by a single
resistor from Rspr to ground. The equation for the period is:

_ Rur ()

T2=
125 AMQ

A 125 K resistor will set the duty cycle repetition rate to approxi-
mately 1 KHz, or 1 ms. The device is designed to operate ar dury
cycle periods between 0.5 ms and 10 ms.

Table II. Resistor Values to Set T2

T2 Rser

1 ms 125 k)
2ms 250 KQ
5 ms 625 kQ
10 ms 1.25 MQ)

Note that the Rggr should always be included, even if only an
analog output is desired. Use an Rgpr value between 500 kQ
and 2 MQ2 when taking the output from Xgy 1 or Yer. The Regr
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 ADXI.202E is the most
appropnate acceleromerer. Its higher sensitiviry (12.5%/g) allows
the user to use a lower speed counter for PWM decoding while
maintaining high resolution. The ADXI1.210 should be used in
applications where accelerations of greater than +2 g are expected.
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MICROCOMPUTER INTERFACES

The ADXI.202E is specifically designed to work with low-cost
microcontrollers. Specific code sets, reference designs, and applica-
tion notes are available from the factory. This section will outline a
general design procedure and discuss the various rrade-offs that
need to be considered.

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

Resolution: the smailest signal change that needs to be detected.
Bandwidth: the highest frequency that needs 1o be detected.
Acguisition Time: the time that will be available 1o 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
tmer pon available. The microcontroller should have provisions
for software calibration. While the ADXI.202E is a highly accurate
accelerometer, it has a wide tolerance for initial 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 manufacture, there are several
options, including external EEPROM and microcontrollers with
“one-time programmable” features.

DESIGN TRADE-OFFS FOR SELECTING FILTER
CHARACTERISTICS: THE NOISE/BW TRADE-OFF

The accelerometer bandwidth selected will determine the measure-
ment resolution (smallest detectable acceleration). Filtering 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 X r and Yep 1 and on the speed of the micro-
controller counter.

The analog ourput of the ADXI.202E has a typical bandwidth
of 5 kHz, while the duty cycle modulators’ bandwidth is 500 Hz.
The user must filrer the signal at this point to limit aliasing
errors. To minimize DCM errors the analog bandwidth should be
less than 1/10 the DCM frequency. Analog bandwidth may be
increased to up to 1/2 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 resoluton. The ADXI.202E noise has the character-
istics of white Gaussian noise that contributes equally at all
frequencies and is described in terms of g per root Hz; i.e., the
noise is proportional to the square root of the bandwidth of the
accelerometer. It is rrcommended that the user limit bandwidih to
the lowest frequency needed by the applicadon, to maximize the
resolution and dynamic range of the accelerometer.

—10-

With the single pole roll-off characteristic, the typical noise of
the ADXI 202E js determined by the following equation:

Noise (rms) = (200 ne/He }x(JBW x1.6)

At 100 Hz the noise will be:

Notse (rms) = (zoo ugiHz )x ({ 100 x (1.6))= 253 mg

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

Table HI. Estimation of Peak~to-Peak Noise

% of Time that Noise
Nominal Peak-to-Peak { Will Exceed Nominal
Value Peak-to-Peak Value
2.0 X rms 32%
4.0 X rms 4.6%
6.0 x rms 0.27%
8.0 x rms 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 ADXI202E for various
Cx and CY values.

Table IV. Filter Capacitor Selection, Cy and Cy

Peak-to-Peak Noisc
Estimate 95%
Bandwidth | Cy, Gy rms Noise | Probability (rms X 4)
10 Hz 047 yF | 0.8 mg 3.2 mg
50 Hz 0.10uF | 1.8mg 7.2mg
100 Hz 005UF | 2.5mg 10.1 mg
200 Hz 0.027 yF | 3.6 mg 143 mg
500 Hz 0.01 fF | 5.7 mg 22.6 mg

CHOOSING T2 AND COUNTER FREQUENCY: DESIGN
TRADE-OFFS

The noise level is one determinant of accelerometer resolution.
The second relates o the measurement resolution of the counter
when decoding the duty cycle ourpurt,

The ADXL202E’s duty cycle converter has a resolution of
approximately 14 bits; better resolution than the accelerometer
itself. The actual resolution of the acceleration signal is, how-
ever, limited by the time resolution of the counting devices used
1o decode the duty cycle. The faster the counter clock, the higher
the resolution of the duty cycle and the shorter the T2 period
can be for a given resolution. The following table shows some of
the trade-offs. It 18 important to note that this is the resolution
due to the microprocessors’ counter. It is probable thar the
accelerometer’s noise floor may set the lower limit on the resolu-
Hon, as discussed in the previons section.

REV. A



ADXL202E

Table V. Trade-Offs Between Microcontroller Counter Rate,
T2 Period, and Resolution of Duty Cycle Modulator

Counter-
ADXL202E | Clock Counts
Rser ( Sample Rate per T2 | Counts| Resolution
T2 (ms) (k) | Rate MHz) |Cycle |perg |(mg)
1.0 124 {1000 2.0 2000 250 4.0
1.0 124 11000 1.0 10600 125 8.0
1.0 124 11000 0.5 500 62.5 16.0
5.0 625 1200 2.0 10000 ) 1250 |08
5.0 625 |200 1.0 5000 625 1.6
3.0 625 200 0.5 2500 3125 (3.2
10.0 12501100 2.0 20000 | 2500 104
10.0 12501100 1.0 10000 | 1250 ;0.8
10.0 1250100 0.5 5000 625 1.6

STRATEGIES FOR USING THE DUTY 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 ADXI 202E AS A DUAL-AXIS TILT SENSOR
One of the most popular applicadons of the ADXL202E 1s tilt
measurement. An accelerometer uses the force of gravity as an
input vector to determine 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 1o the earth’s
surface. At this orientation its sensitivity to changes in tit 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 il is negligible. When the accelerometer is perpen-
dicular to gravity, its output will change nearly 17.5 mg per degree
of tilt, but ar 45° degrees it is changing only at 12.2 mg 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.

X

+80°
jN
1 O
j C 0° 1g
] n O
-a0°
BOTTOM YIEW
X Qutput ¥ Qutput (q)
X Axis A per A per
Crientation Degree of Degree of
to Horizon () X Qutput {(g) Titt (mg) Y Output (g} Titt (mg)
-84 ~1.060 -0.2 0.000 17.5
-75 —0.866 4.4 0.259 169
-60 -0.866 8.6 0.500 15.2
—45 -0.707 122 0.707 124
-3a —6.500 150 0.866 8Ss
15 ~0.259 16.8 0.966 47
0 0.050 178 1.000 02
15 0.258 16.9 0.266 -4.4
30 0.500 15.2 0.865 -3.6
45 Q.707 124 0.707 ~122
60 0.866 89 0560 —-15.0
75 0.966 4.7 0.259 ~16.8
a9 1.600 0.2 0.000 | -5

Figure 4. How the X and Y Axes Respond to Changes
in Tilt
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A DUAL AXIS TILT SENSOR: CONVERTING
ACCELERATION TO TILT
When the accelerometer is oriented so both its X and Y axes are
parailel to the earth’s surface it can be used as a two axis tik sensor
with a roll and a pitch axis. Once the cutput signal from the
accelerometer has been converted to an acceleration that varies
berween —1 g and +1 g, the output tilt in degrees is calculated as
follows:

Pitch = ASIN (Axi1 g)

Roli = ASIN (Ay/1 g)

Be sure 10 account for overranges. It is possible for the acceler-
ometers to output a signal greater than +1 g due ro vibration,
shock or other accelerations.

MEASURING 360° OF TILT

It is possible to measure a full 360° 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.

360° OF THLT 19

Figure 5. Using a Two-Axis Accelerometer to Measure
360° of Titt

USING THE ANALOG QUTPUT
The ADXL202E was specifically designed for use with its digital
outputs, but has provisions to provide analog outputs as well.

Duty Cycle Filtering

An apalog cutput can be reconstructed by filtering the duty cvcle
ourput. This technique requires only passive components. The
duty cycle period (T2) should be set 1o <] ms. An RC filter with a
3 dB point at least a factor of >10 less than the duty cycle fre-
quency is connected to the duty cycle output. The filter resistor
shonid be no less than 100 k€ to prevent loading of the output
stage. The analog output 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 Xgy 1,
Y Output,

Xrits Yeiur Qutput

The second method 1is to use the analog output present at the
Xrr and Y7 pin. Unfortunately, these pins have a 32 kK
output impedance and are not designed to drive a load directly.
An op amp follower may be required to buffer this pin. The
advantage of this method is that the full 5 XHz bandwidth of the
accelerometer is available to the user. A capacitor still must be
added at this point for filtering. The duty cycle converter should
be kept running by using Regr <10 MQ. Note that the acceler-
ometer offset and sensitivity are ratiometic 1o the supply voltage.
The offset and sensitivity are nominally:

0 g Offset = Vppy/2
ADXI1202E Sensitivity = (60 mV x Vs)/g

-11-
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USING THE ADXI1202E IN VERY LOW POWER
APPLICATIONS

An application note outlining low power strategies for the
ADXI202E is available. Some key points are presented here.
It is possible ro reduce the ADX1.202Es average current from
0.6 mA to less than 20 uA by using the following technigues:

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

Power Cycling with an External A/D

Depending on the value of the Xpy y capacitor, the ADXI 202E
is capable of turning on and giving a good reading in 1.6 ms. Most
microcontroller based A/Ds can acquire a reading in another 25 pis.
Thus it is possible to turn on the ADX1.202E 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
* 0.6 mA = 24 pyA average current. Running the part at 3 V will
reduce the supply current from 0.6 mA to 0.4 mA, bringing the
average current down to 16 A,

The A/D should read the analog output of the ADXIL.202E at
the Xen1 and Yeny- 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 10-bit converter.

Power Cycling When Using the Digital Output

An alternative is to run the microcontroller at a higher clock rate
and put it mro shutdown between readings, allowing the use of the

digital output. In this approach the ADXI.202E should be get at
its fastest sample rate (12 = 0.5 ms), with a 500 Hz filter at Xgp 1
and Yeur. The concept is to acquire a reading as quickly as pos-
sible and then shut down the ADXI202E and the microcontroller
until the next sample is needed.

In either of the above approaches, the ADXI202E can be turned
on and off directly using a digital port pin on the microcontroller to
power the accelerometer without additional components.

CALIBRATING THE ADXI1202F/ADX1.210

The initial vaiue of the offset and scale factor for the ADXI202E
will require calitvation for applications such as tilt measurement.
The ADXL202E architecture has been desigred so that these
calibrations take place in the software of the microcontroller used
to decode the duty cycle signal. Calibration factors can be stored in
EEPROM or determined at turn-on and saved in dynamic
Memoty.

For low g applications, the force of gravity is the most stable,

accurate and convenient acceleration reference available. A reading
of the 0 g point can be determined by otientating the device par-
allel 1o the earth’s surface and then reading the ourput.

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 -1 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 oriented to —1 g then:
Sensitrvity = {A - BJ/2 ¢
For example, if the +1 g reading (A) is 55% duty cycle and the
—1 g reading (B) is 32% dury cycle, then:
Sensirivity = [55% - 32%]/2 g = 11.5%/g
These equations apply whether the output is analog or duty cycle.
Applicaton notes outlining algorithms for calculaning accelera-

tion from duty cycle and automated calibration routines are
available from the factory.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

§-Terminal Ceramic Leadless Chip Carrier
(E-8)

R0.028 {0.70) 'd';;

70 1) ¥a.075 ro'm
o,usau:m'fD @__.é I‘"’" (250)
0.050 (1.27) | Yo.025 To.008

;‘E:l m 9, 089 1@
R0.008 20.015(0.38)

(0:20)

9.05{:(_1}.27) 20.015 {0.38)

—1
gl

BOTTOM YiEW

CONTROLLING DIMENSIONS ARE IN MILLIMETERS

-12- REV. A

C02064~2.5-10/00 {rev. A)

PRINTED IN U.S.A.



Features

= Compatible with MCS®-51 Products

» 4K Bytes of In-System Programmabile (ISP} Flash Memory
—~ Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-ievel Program Memory Lock

128 x 8-bit Internal RAM

32 Programmabie I/O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Fult Duplex UART Serial Channel

Low-power ldie and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Duai Data Pointer

Power-off Flag

Fast Programming Time

Flexible ISP Programming (Byte and Page Mode)

LI TR S T TR TR TR I

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 {o be reprecgrammed in-sysiem or by a conventicnal nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with In-System Programmable Flash on
a monolithic chip, the Afmel AT88S51 is a powerful microcontroller which provides a
highly-fiexible and cost-effective solution to many embedded contro!l applications.

The ATB9S51 provides the following standard features: 4K bytes of Fiash, 128 bytes of
RAM, 32 /O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
vector two-leve! interrupt architecture, a full duplex serial poft, on-chip oscillator, and
clock circuitry. In addition, the AT89S51 is designed with static logic for operation
down to zero frequency and supports iwo software selectable power saving modes.
The ldle Mode stops the CPU while allowing the RAM, timerfcounters, seriaf port, and
interrupt systemn to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling alt other chip functions until the next external
interrupt or hardware reset.

AEL

L

LG

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

AT89S51
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Pin Configurations

(MOSi)P1.5 ]
(ViSO P16 [
(SCK)P1.7 ]
RST i

(RXD) P3.0 I
NC O
(TXD3$3.1 ]
(INTCj P3.2 L
(NTHP3.3 (]
T0)P3.4T]
{TH) 3.5

PDIP
Pinild 43{3VCC
P11z 331 PC.G (ADD)}
P1.2:{3 33| :1P0.1(AD1)
P1.3004 37 3 P0.2 (AD2)
Pla]s 36 {7 P62 (AD3)
(MOSIH) F1.5;:1 [ 35[1PC.4 {AD4)
MISOYP167 343 PO.S (ADS;
scKyP1.78 33 {7 P06 {ADF;
R&T 8 32[3P0.7 (AD7}
(RxDyP3.0 10 313 EANVPP
(TXD)P3.1 Uit 301 ! ALE/PROG
(N0 P32 1z 2911 PSEN
(NT13}P3.3 ] 28{3P2.7{A15)
(o) P24 )14 27| P2.6 (A14)
26 {3P25 (A3}
251 P2 4 {A12)
ROy P37 232 P23{A% )
xTAL2 s 231iP2.2¢A30)
XTaL1 13 3P2.1{A%)
GND 20 21{2P2.6 (A8)

<
=]
£
<
=
[4

P2.2 (AD2)
I PO.A (AD)

RN

[ IR LS

S o

36
a5},
34

122

{3 P04 (AD4)

: 3 P05 {ADS)
3 [ PO.6 (AD6)
5 L1P0.7 {ADT}

= EAVPR
{INC

[ ALEPROG
| { PSEN

5 P27 (A15)
P26 (A4}
Pz 5 {A13)

WR) P36

(At2} P24t

ATREL

P13
P12
[ZK

PLCC

VCe

)

OO (AL

| P02 (AD2)

MOSIH P15 7]
(MISO1P1.6
{SCKj P1.7 [}
RST 30
(RXD; P30 L 11
NGz
(TXD}P3.1 7113
(NI P32 s
{NT1)P3.3 015
TojP34 16
TIPS Y7

W omo~ .
J‘I P14
5
4

KINNCEN

212 e1.0
NC

Q1]

44
A

2| po.1(ADY

a2
4

33 |2 P04 (AD4)
38 [Z P05 (ADS)
37 [ PO.6 (ADR)
36 PO.7 (AD7)
35| : EANVPR
34[TNC

330 ALEPROG
3212 PSEN

{3 P27 (A15)
6|5 P2.6 (A14)
281:P2.5 (A13;

R
EEEE
g0 XX Q[ Ha e N
e TE3is
POIR
Ry
RSTO 4 2201P1.7 (SCK)
(RXD} P30T 2 412 P1.6 (MISO)
TxpiP3.103 40 0 P1.5 (MOSI)
{iINTO; P32 4 e{IP14
(INT1}P3.30}5 3s0P13
ToyP34 6 370P12
(THPIST7 3OP1LY
(WR)P3.608 350P12
(RDjP3.700 ¢ z: DvoD
XTAL2 (] 15 33 [JPWRVDD
XTAL1 11 32 {JP0.0 (ADG)
GND [ 12 31[1P0.1({AD1)
PWRGND [ 13 30 0P0.2 {AD2)
(AB) P20 14 29[1°0.3 (AD3)
(A9) P21 515 28 [1P0.4 {AD4)
{A10)P22T3 16 27 [1P0.5 (ADS5;)
(A1 P23 5017 26 [1POB{ADE}
A12; P24 0} 18 253 P0.7{ADT}
(A131P2500 18 24 DEAVPP
(A143 P26 0] 20 23] ALEPROG
s P22t 22 1 BSEN
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Block Diagram
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Pin Description
vCC

GND
vDD
PWRVDD

PWRGND

Port G

Port 1

Port 2

ATMEL

Supply voitage (all packages except 42-PGIP).

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 iogic core and the embedded program
memory.

Supply voltage for the 42-PDIP which connects only the /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 /G 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 B-bit open drain bi-directional IfO port. As an output porti, each pin can sink eight
TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance
inputs.

Port 0 can alsc 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 puli-ups.

Port O aiso receives the code bytes during Flash programming and outputs the code bytes
during program verification. External puli-ups are required during program verification.

Port 1 is an 8-bit bi-directional /O port with internai pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written {0 Port 1 pins, they are puilled high by the
internal pull-ups and can be used as inpuls. As inputs, Port 1 pins that are externally being
puiled fow will source current (l;; ) because of the internal putl-ups.

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

Port Pin Alternate Functions

P1.5 MOS8t (used for In-System Pregramming}

P16 MiSO (used for In-System Programming}
Pi.7

! SCK {used for in-System Programming}

Port 2 is an 8-bit bi-directional /0 port with internal pull-ups. The Port 2 output buffers can
sink/source four TTL inputs. When s 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, ) because of the intemal puli-ups.

Port 2 emits the high-order address byte during fetches from external program memory and
during accesses lo external data memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong internal puli-ups when emitting 1s. During accesses to external
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 contral signals during Flash pro-
gramming and verification.

4 ATEOS 51 s
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Port 3

RST

ALE/PROG

PSEN

EA/VPP

XTALA

XTALZ
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Port 3 is an 8-bit bi-directional /O port with internal pull-ups. The Port 3 output buffers can
sinkfsource four TTL inputs. When 1s are written ta Port 3 pins, they are pulied high by the
internal puli-ups and can be used as inputs. As inputs, Port 3 pins that are externally being
pulled fow will source current (I, ) 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 AT89S51, as shown in the
following tabie.

Port Pin Alternate Functions
P30 o | RXB (serial input port) o - o
P31 o - TXD _(serial output port) :
Paz INTG (external interrupt 0)
P23 INTT {external interrupt 1)
P34 T0 {timer 0 external input)
ﬁ_ﬁ T1 (timer 1 external input}
P36 WR (external data memory wrile sirobe)
P37 RO (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 8ER) can be used to disable this feature. In the default
state of bit DISRTQ, 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 1/6 the oscillator frequency and may
be used for external timing or clocking purposes. Note, however, that one ALE puise is
skipped during each access to external data memory.

{f desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulied
high. Setting the ALE-disable bit has no effect if the microcontrolier is in externat execution
mode.

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

When the AT89851 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.

Exterral Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memory locations starting at 0000H up to FFFFH. Note, however,
that if tock bit 1 is programmed, EA will be internaily latched on reset.

EA should be strapped to Vg for intemal program executions.

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

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

Output from the inverting osciilator amplifier

ATMEL ;
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A map of the on-chip memory area called the Special Function Register (SFR) space is shown

Special
Function in Table 1.
Registers 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 OFFH
B
OFTH
OFOH | Go0oo000
oEaH OEFH
ACC
0ETH
OF0H | 50000000 E
0D8H 0OFH
PSW
O00H 1 50000000 007H
0C8H OCEH
0COH 0CTH
i~
C88H | x%000000 0BEH
ez
0BOH 11111111 087H
|
0ABH g 0AFH
0X000000
P2 AUXRA WOTRST "
OADH 44111111 XXXXXXXO XXXXXXXX 0ATH
SCON SBUF ,
98H | 60000000 | Xx000xxx 9FH
P1
SOH | 41111110 97H
gay | TCON TMOD L0 L1 THO THY AUXR -
00000000 | 00000000 060000000 00000000 | 00000000 | 00000000 | XXX00XXO
S0 PO sP DPOL DPOH DPIL DP1H PCON | o
11111111 | 00000111 00080000 00000000 | 00000000 | 00000000 GXXX0000

2487B-MICRO-12/03
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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 0.

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 1P register.

Table 2. AUXR: Auxiliary Register

AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - - WDIDLE | DISRTO - - DISALE
Bit 7 G_i 5 4 3 2 1 G

- Reserved for future expansion
DISALE Disable/Enable ALE

-DISALE
Operating Mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset-out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WDIDLE Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WOT halts counting in IDLE mode

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

2487B-MICRO-12/03
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Power Off Flag: The Power Off Flag (PQF) 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

AUXR? Address = A2H ' Reset Value = XOO{XXXXO0B
Not Bit Addressable
L- - ] - - - - - DPS _}
Bt| 7 6 5 4 3 2 1 0 |

- Reserved for future expansion

DPS Data Pointer Register Select
DPS
0 Selects DPTR Reaisters DPOL, DPOH
1 Selects DPTR Registers DP 1L, OP1H

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 V.. program fetches to addresses 0000H through
FFFH are directed to internal memory and feiches 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 1o
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT 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 0A6H).
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 WDT except through reset {either hardware reset or WDT aoverflow reset). When
WODT overflows, it will drive an output RESET HIGH pulse at the RST pin.

To enable the WDT, a user must write 01EH and 0E1H in sequence to the WDTRST register
(SFR location 0AGH). When the WDT is enabled, the user needs to service it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter averflows 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 ATS89S51 mur— e —————
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in Power-down mode the oscillator stops, which means the WDT aliso 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 AT89551 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the osciliator to stabiiize. 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 besi
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 WODT continues te count if enabled. The WDT keeps counting during IDLE (WDIDLE bit =
0) as the default state. To prevent the WDT from resetting the AT89551 while in IDLE maode,
the user should always set up a timer that will periodicalty 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 AT893851 operates the same way as the UART in the AT89C51. 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 “Cther Documents”. Open the Adobe® Acrobat® file “AT89 Series Hard-
ware Description”.

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
ATBICS1. For further information on the timers’ operation, refer to the Atmel Web site
(http://www.atmel.com). From the home page, select “Products”, then “Microcontroliers”, then
“8051-Architecture”, 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 INT1), 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 giobal disable bit, EA, which disables all
interrupts at once.

Note that Tabie 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, TF0 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.

AIMEL ;



Table 4. Interrupt Enabie (IE) Register
(MSB) (LSB)
EA I r_ les Jen Jext  Jew e |

Enable Bit = { enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol ' Pasition Function

EA IE.7 Disables ali 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.

- IE6 Reserved

- IE5 Reserved

ES IE4 Serial Port interrupt enable bit

ET1 IE.3 Timer 1 interrupt enable bit

EX1 .2 External interrupt 1 enable bit

ETO IE.1 Timer 0 interrupt enable bit

E£X0 IEQ 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
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XTAL1 and XTALZ 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 white XTAL1 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

— e XTAL2

¢ ] ATALY

I
e———— | GND

Note: C1,C2 = 30 pF +10 pF for Crystais
= 40 pF £10 pF for Ceramic Resonators

Figure 3. Externai Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILATOR —————1 XTAL1
SIGNAL

o

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
algofithm 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 possihility of an unexpected write to a
port pin when idle mode is terminated by a resey, the instruction following the one that invokes
idle mode should not write {o 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 values until the Power-down mode is terminated. Exit from Power-down mode can be ini-
tiated either by a hardware reset or by activation of an enabled external interrupt (INTO or
INTT1). Reset redefines the SFRs but does not change the on-chip RAM. The reset should not
be activated before V. is restored to its normal operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

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

Mode Program Memory { ALE | PSEN | PORT0 | PORT1 | PORT2 | PORT3
Idie Internal 1 1 Data Data Data Data .
idie External 1 1 Float Data Address Data
Power-down | Internal 0 0 Data Data Data Data
Power-down | External 0 0 Float Data ! Data Data
Program The AT89SS1 has three lock bits that can be left unprograrﬁmed (U) or can be programmed

Memorv Lock (P) to obtain the additional features listed in the following table.

Bits Table 6. Lock Bit Protection Modes
Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

2 P U U MOVC instructions executed from external program memory
are disabled from fetching code bytes from internal memory,
EA is sampied and latched on reset, and further
programming of the Flash memaory s disabied

P P U Same as mode 2, but verify is also disabled

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 untii 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.

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

Parallel Mode

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

Programming Algorithm: Before programming the AT89551, 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.

Input the appropriate data byte on the data lines.

Activate the correct combination of contro! signals.

Raise —EANFP to 12V.

Pulse ALE/PROG 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 ps. 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 AT39S51 features Data Polling to indicate the end of a byte write cycle.
During a write cycle, an attempted read of the last byte written wili result in the complement of
the written data on P0.7. 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 cycle has
been initiated.

o kW

12 AT89S51 meessesss s ——————
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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 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
{100H) = 51H indicates AT89S551
{200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase gperation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low 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 00H at the data output.

The Code memory array can be programmed using the serial ISP interface while RST is
pulled to V... The serial interface consists of pins SCK, MQS! (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 XTAL1 or & crystal needs to be con-
nected across pins XTAL1 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 AT89551 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 XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Pragramming Enable serial instruction to
pin MOSYP1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be
less than the CPU clock at XTAL1 divided by 18.

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 MISO/P1.6.

5. Attheendofa programming session, RST can be set low to commence normal device

operation.

ATEL | 1
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Power-off sequence {if needed):
Set XTAL1 to “L” (if a crystal is not used).

Set RST to"L".

Turn Vi 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 MISO.

ATEL

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

Every code byte in the Fiash 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.

Most major worldwide programming vendors offer worldwide support for the Atme! ATES
microcantrofier series. Please contact your tocal programming vendor for the appropriate soft-
ware revision.

Table 7. Flash Programming Modes

ALE/S EA P0.7-¢ P230 | P17
Mode Vec | RST | PSEN | PROG Voo P26 | P2y | P33 | P36 | P37 Data Address
2
Write Code Data 5v H L - 12v L H H H H D A11-8 AT-0
Read Code Data 5V H L H H L L L H H Douyr A11-8 AT-0
Q)
i Bi H X
Write Lock Bit 1 5V H L ~ 12v H H H H X X
Wri ck Bi ©
rite Lock Bit 2 5V H L —~ 12V H H H L L X X X
. ) @)
Write Lock Bit 3 5V H L ~ 12v H L H H L X X X
Read Lock Bits P0.2,
591 5V H L H H H H L H L PO.3, X X
' 2, PO.4
. n
Chip Erase 5V H L —~ 2V H L H L L X X X
Read Atmel iD 5V H L H H L L L L L 1EH 0000 00H
Read Device iD 5V H L H H L L L 51H 0001 00H
Read Device 1D 5v H L H H L L L L L 06H 0010 00H
Notes: 1. Each PROG puise 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 prograraming.
5. X =don't care.

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

AT89S51
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L
F3IMHz | 4
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Figure 5. Verifying the Flash Memory (Parallel Mode)
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Flash Programming and Verification Characteristics (Parallel Mode)
T, = 20°C to 30°C, Ve = 4.5 t0 5.5V

Symbol Parameter Min Max Units
Vop Programming Supply Voltage 11.5 125 \Y
- lpp Programming vSupply Current 10 mA
fee Ve Supply Current ag mA
e Oscillator Frequency 3 33 MHz
taveL Address Setup to PROG Low 48tc o1
tarax yq&Address Hold After PROG 48t oy ]
tovel Data Setup to PROG Low ABle oy
tarox ' Data Hold After PROG 4Bl o
tensn P2.7 (ENABLE) High to Vpp 48l o
tsmot Vep Setup to PROG Low 10 s
tanst va,, Hold After PROG 10 Us
S PROG Width 0.2 1 ys
tavay Address to Data Valid 48t o
tecay ENABLE Low to Data Vaiid 48loia
tenaz Data Float After ENABLE 0 48t o
tameL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 50 us
Figure 6. Flash Programming and Verification Waveforms — Paraliei Mode
o ——F 7 S
— lavav
PORT 0 oA m ) (DATA OUT _p——
oL F—t tovar  terox 1_4 ot
ALE/PROG N /]
toney [* DU — teusy
- oA Ve 1 ___] NLOGIC 1
EANee I T Mo o T T T T
P2.7 e lerav "—"ﬂl " ez
(ENABLE) ;' '
toHeL —*
P3.0
(ROY/BSY) BUSY READY
twe
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Figure 7. Flash Memory Serial Downloading
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Flash Programming and Verification Waveforms — Serial Mode

Figure 8. Serial Programming Waveforms
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Table 8. Serial Programming Instruction Set

AINEL

instruction
Format
Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
Programming Enabie 1010 1100 0101 0011 (X XXHKX WHHK XHKX Enabie Serial Programming
0110 1001 while RST is high
{Output on
MISO)
Chip Erase 1010 1100 100% 2000k XXXX  XXXX XXXX %0 Chip Erase Flash memory
amray
Read Program Memory ; 0010 00C0 XXXX EE‘{‘( oY N BEgy o Read dat_a from Program
{Byte Mode) memory in the byte mode
Write Program Memory | 0100 0000 XXXX —ome MOUTE NTO oot s by = Write data to Program
e pre (atalulalatalatal
(Byte Mode) L= L[RR memory in the byte mode
Write Lock Bitst 1010 1100 1110 0GR XXXX  XXXX XXX XXXK Write Lock bits. See Note (1).
Read Lock Bits 001G 01400 XAXX  XXXX XXXX  XXXX X0 NS XX Read back current status of
- the lock bits (@ programmed
lock bit reads back as a " 1")
-
Read Signature Bytes 001G 1000 Xxx Zoge £ XXX xxx0 Signature Byte Read Signature Byte
<<
Read Program Memory | 0011 0000 XXXX Toon Byte O Byte 1... Read data from Program
(Page Mode) : Byte 255 memory in the Page Mode
i (256 bytes)
Write Program Memory | 0101 0000 o DSR2 Byte 0 Byte 1... Write data to Program
(Page Mode) < Byte 255 memory in the Page Mode
(256 bytes)
Note: 1. B1=0, 82 =0 —Mode 1. no lock protection

B1 =0, B2 = 1 —Mode 2, fock bit 1 activated
B1 =1, B2 = 0 —Mode 3, lock bit 2 activated
B1 =1, B2 =1 —Mode 4, iock bit 3 activated

Each of the lock bit modes need 1o be activated sequentially be-
fore Mode 4 can be executed.

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 XTAL1.

For Page Read/Write, the data always staris from byte 0 to 255. After the command byte and upper address byte are
latched, each byte thereafter is treated as data until 2lt 256 bytes are shified infout. Then the next instruction will be ready to

be decoded.

18 AT 8O'S 5| 0000500000000 S ST
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Serial Programming Characteristics

Figure 9. Serial Programming Timing

Table 9. Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

MOSI

X

X

tovsH

P

tshox

SCK

MISO

X

Lsien

DG

ts v

AT89S51
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Symbol Parameter Min Typ Max Units
Mo Oscillator Frequency 3 33 MHZz
teion Oscillator Period 30 ns
tsHsL SCK Pulse Width High Btoion ns
s oH SCK Pulse Width Low 8teicL ns
tovsH MOSI Setup to SCK High teret ns
tsHOX MOSH Hold after SCK High 2t ns
Loy SCK Low to MISO Vaiid 10 16 32 ns
terase Chip Erase Instruction Cycle Time 500 ms
tswe Serial Byte Write Cycle Time 64 toy o + 400 ps
19




Absolute Maximum Ratings*

AIEL

'

Operating Temperature ...........cccoveeeevreveven, -55°C to +125°C *NOTICE:
Storage Temperature .......ccovvvveevevveerccinnnnes 65°C to +150°C

Voltage on Any Pin

with Respectto Ground .........ccoee.ceeeeeveeiniccenes 1.0V o +7.0V

Maximum Operating Voltage ..o 6.6V

DC Qutput Curment .. ..o sae e 15.0 mA

DC Characteristics

The values shown in this table are valid for T, = -40°C 10 85°C and V¢ = 4.0V t0 5.5V, unless otherwise noted.

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.

Symboi Parameter Condition Min Max Units
Vy Input Low Voitage (Except EA) 0.5 0.2 V0.1 7
Vg Input Low Voitage (EA) 05 0.2Vc0.3 v
Vi Input High Voltage {Except XTAL1, RST) 0.2 Vo +0.9 Veet0.5 A%
Vi Input High Voltage (XTAL1, RST) 0.7 Ve Veet0.5 v
Voo Output Low Voltage'™ (Ports 1,23} | Iy = 1.6 mA 0.45 v
Output Low Voltage'™ 0.45 A
Vot (Port 0, ALE, PSEN) lop = 3.2 mA
lor =60 pA, Ve = 5V £10% 24 \
Von gﬁg:;‘;ﬂ; XTEQPES_EN) loxs = 25 pA 0.75 Vee v
lon = -10 pA 0.9 Ve v
lon = -800 PA, Ve = 5V +10% 2.4 Y
Vons ! gi’:tr?g :g:(t\;?::iggus Mode) low = -300 pA 0.75 Vge v
}, top = -B0 PA 0.9 Vee \Y
| e Logical 0 Input Current (Ports 1.2.3) | V= 0.45V -50 pA
o Logical 1 to 0 Transition Current -650 HA
{Ports 1,2,3) Vig = 2V, Voo =5V £10%
I Input Leakage Current (Port 6, EA) | 0.45 < Vy, < V¢ 10 pA
RRST Reset Pulidown Resistor 50 300 KL
Co Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
lee Idle Mode, 12 MMz - 6.5 mA
Power-down Mode®® Vee = 5.5V 50 HA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum I, per port pin: 10 mA
Maximum I, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum tota! I for all cutput pins: 71 mA

If 15 exceeds the test condition, Vy may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V. for Power-down is 2V.

20
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

outputs = 80 pF.

External Program and Data Memory Characteristics

2487B-MICRO-12/03

12 MHz Oscillator Variable Oscillator
Symbaot Parameter Min Max Min Max Units
Werey Oscillator Frequency 0 33 L MHz
i ALE Pulse Width | 127 2ty 0 40 ns
. :
tavie Address Valid to ALE Low 43 to o-25 ns
E Address Hold After ALE Low 48 tercL-25 ns
tw ALE Low te Valid instruction in 233 4ty 65 ns
fe ALE Low to PSEN Low 43 toc-25 ns
toLpn PSEN Pulse Width 205 My o 45 ns
toLw PSEN Low to Valid instruction in 145 3t o B0 ns
toxix Input Instruction Hold After PSEN 0 0 ns
toxz Input Instruction Float After PSEN i 59 terc,-25 ns
texay PSEN to Address Valid 75 te -8 ns
taviv Address to Valid Instruction In 312 Sty 80 ns
teiaz PSEN Low to Address Float 10 10 ns
— RD Puise Width 400 6tey o -100 ns
b wi WR Pulse Width 400 6to( i -100 ns
Loy RD Low to Valid Data In 252 Bto o-80 ns
truox Data Hold After RD 0 0 ns
teupz Data Float After RD 97 2tey 28 ns
Liov ALE Low to Valid Data In 517 Ble ¢ -150 ns
toov Address to Valid Data In 585 Stey o -165 ns
b ALE Low to RD or WR Low 200 300 ey -50 Bt o +50 ns
Lot Address to RD or WR Low 203 4oy o -T5 ns
Lovwx Data Valid to WR Transition 23 terc-30 ns
tavw Data Valid to WR High 433 Ttee-130 ns
yhiax Data Hold After WR 33 toreL25 ns
triaz RD Low to Address Float 0 0 ns
i RD or WR High to ALE High 43 123 tercL-25 torc +25 ns
ATMEL 21
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External Program Memory Read Cycle

i'—‘ Y —*
i > - H L fouen
™ t1.l_l:’L f——
PSEN /S N Y ey A \
a to —exn,
tLLAX LAz texiz
toxx—+  f¢—
PORT 0 DK _AD-AT X INSTRIN b > A0-A7_ >
tA\/IV »
PORT 2 D 4 AB - A15 Y A8-A15
External Data Memory Read Cycle
by —
ALE K
- Lt
PSEN / \, /
o oy —¥
trirn —+
tU_\VL >
ﬁf) Y ™N P
.t — o trroz
L oz
| 1RHDX
PORT ¢ }KAO - A7 FROM RI OR DPL)()’)I:(DATA IN A0 - A7 FROM PCLO~ INSTR IN
+ L g
tavoy »

PORT 2 __ X

22

P2.0 - P2.7 OR A8 - A15 FROM DPH

X

AB - A15 FROM PCH

AT89S51 meessss e ——————
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External Data Memory Write Cycle

AT89S51

g —
ALE .

tWHLH

PSEN

p—— W et —

= twti}__/

e taynt —] tonwx ’ ttq —>
VWH —

e tomax

PORT 0 __»¥A0 - A7 FROM RI OR opd:# DATA OUT
1

p A0 - A7 FROM PCL—CINSTR IN

s ———
tnvv‘J‘L

PORT 2 >}’\ P2.0 - P27 OR AB - A15 FROM DPH

A8 - A15 FROM PCH

External Clock Drive Waveforms

!

.
YCHCX i

|

Ve - 0.5V

0.2 Veo- 0.1V

0.45V

'y

tenex >

Touen —* — loucl

A

External Clock Drive

Symbot | Parameter Min Max Units
erel Osciltator Frequency 0 33 MHz
teret Clock Period 30 ns
tohex High Time 12 ne
terex Low Time 12 ns
teicH Rise Time 5 ns
teneL Fall Time 5 ns

248TB-MICRO-12/03 [
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vo = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max - Min Max Units
txt Seriaj Port Clock Cycle Time 1.6 12%ia s
tavxn Output Data Setup to Clock Rising Edge 700 10tgy o -133 ns
Lxrax Output Data Hold Afier Clock Rising Edge 50 2t 080 ns
txHpx Input Data Hold After Clock Rising Edge 0 g ns
txrov Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns

Shift Register Mode Timing Waveforms
INSTRUCTION | 0 i 1 i 2_ | 3 i 4 i 5 | 6 | 7 | § |
i‘_-—"{tXLXL
1T L rerur

tovs r—‘
VXH — i‘_‘ tleQx
1

WRITE TO SBUF O {2 X3 X4 X5 6 7
v o t, _ 4
OUTPUT DATA - [ boox SETTHi
L_mCLE;\R Rl
INPUT DATA SET RtT

AC Testing Input/Output Waveforms("

Vee- 0.
oc™ 0V 0.2 Vo + 0.9V

TEST POINTS
0.2 Ve - 0.1V

0.45V

Note: 1. AC Inputs during testing are driven at V.. - 0.5V for a logic 1 and 0.45V for a togic 0. Timing measurements are méde atVy,
min. for a logic 1 and V|, max. for a lagic 0.

Float Waveforms(?

Timing Reference
Points

AV
Vot @

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 VoV level occurs,

24 AT89S51
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A A T89S 51

Ordering Information

Speed Power
{MHZ) Supply Ordering Code Package Operation Range
24 4.0V to 5.5V AT893851-24AC 44A Commercial
AT893851-244C 44] (0°C to 70°C)
AT89S51-24PC 40P86
AT89S51-24SC 42PS6
ATBSS51-24A 444 Indusfriat
AT89S51-24.41 441 (-40°C 10 85°C)
AT89851-24P1 40P6
AT89851-245! 42PS6
| a3 4.5Vta 5.5V | AT89551-33AC 44A Commercial
AT89851-334C 44 {0°Cto 70°C)
AT89551-33PC 40P6
AT895851-33SC 42PS6
Package Type
44A 44-ead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
A& 44-ead, Plastic J-leaded Chip Carrier {PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Iniine Package (PDIP)
42PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP}

24878-MICRO-12/03
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Packaging Information

44A - TQFP
¢
B i
1
T
Ef E
L i
!
* H
R
At A2 —A
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - — 1.20
Al 0.05 — 0.15
A2 0.85 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include maold protrusion. Aliowable El 890 | 1008 § 1010 | Note2
protrusion is 0.25 mm per side. Dimensions 01 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including mold mismatch. P 0.0 0.1
3. Lead coplanarity is 0.10 mm maximum. . - -
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
232 . . TITLE DRAWING NO. |[REV.
éiﬁggﬂ, SansJSsr:hi(i) A ';Zr,‘ ;v1ay 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, 44A 8
© ! 0.8 mm Lead Pitch, Thin Profite Plastic Quad Flat Package (TQFP)

26
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44} - PLCC
) . 1.14{0 045) X 45
1.14(0.045) X 45 PIN NO. 1 D 4 03150.0125)
v | JIDENTIFIER ] i—:"ii 0.191(0.0075)
: e — =S
—_— 4———3—— =4
# [ b | =R A
H C _j | ; 1 1 H
—_Q 0 1 ! F—‘“—T ;
. J L A~ Bl E S D2E2
y o ==
—0 g { :
—0 T — :
_J‘ f l PN !
R D = B Lgn =R == ! —t=
| i fw AD
l - ot - Ruln
| o
PA
j——
. —t
0.51(0.020)MAX %
45" MAX (3X) T
i = ; COMMON DIMENSIONS
‘_."—_, A {(Unit of Measure = mm)
l SYMBOL{ MIN NOM MAX | NOTE
A 4.191 - 4.572
Al 2.288 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D4 16.510 - 16.662 | Note 2
E 17.398 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not indude mold protrusion. Et ] 16510 - 16.662 | Note 2
Allowable protrusion is .0107(0.254 mm) per side. Dimension D1 02/€2 | 14.986 — 16.002
and E1 include mold mismatch and are measured at the extreme 0.660 0.813
material condition at the upper or lower parting line. B : — 8
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1.270TYP
10/04/01
2325 Orchard Parkw TITLE DRAWING NO. |REV.
rchard Parkway . . .
. . tic J-[ C
AE;EEE . San Jose, CA 95131 44J, 44-ead, Plastic J-leaded Chip Carrier (PLCC) 443 B
ATREL 27
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40P6 — PDIP

et D
PIN
1
I PN o 0 O o A
) ) i
!\ ]
)/ /] |
i/
/f o
\.( L i'
1 [ | Y
LT "o s

! E ;
I [ 5 COMMON DIMENSIONS
c. I/j \ ] 5\}\ 0°~15° REF (Unit of Measure = mm)
\'L‘“ e \5—'/ SYMBOL| MIN | NOM | MAX | NOTE
be—— g ——=d A - ~ 4.826
A1 0.381 - -
52,070 - 52,578 | Note 2
E 15.240 - 15.875
£1 | 134862 - 13.970 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEG reference MS-011, Variation AC. B1 1041 | - | 168
2. Dimensions O and E1 do notindude mold Flash or Protrusion. L 3.048 - 3.556
Mold Fiash or Progrusion shall not exceed 0.25 mm (0.010%). c 0.203 R 0.381
eB | 15484 - 17526
e 2540 TYP
09/28/G1
TITLE DRAWING NO. jiREV.
ABRE], 2325 Orchard Parkway | 40ps, 40-ead (0.600°/15.24 mm Wide) Plastic Dual 4006 B
e San Jose, CA 95131 Inline Package (PDIP)

A T 80 S 51 00000
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42PS6 — PDIP

0 PIN
1
l_li_l--\t—q!_!i_iﬁlr‘i\\l_iﬂ
{//// ’/’! /& E1
( [
\ L\ }
P Ty "7 0T o1 0L 17

T Y ¥ T
SEATING PLANE ' IgS ::i fE gl:’\ H e
) I ISR RIRIRI
! !TI IT] U u ;L!} (BN AR
SAlN
;
. , ©oB1
e
i c i
| i
b i COMMON DIMENSIONS
c \/[ \ Fi oo~ 150 (Unit of Measure = mm)
f _ S \‘\—-/
4 v SYMBOL| MIN NOM MAX NOTE
; eR 1 A - - 4.83
i 1
Al 0.51 - -
3670 - 3696 | Note 2
15.24 - 15.88
£E1 13.48 — 13.87 j Note 2
B 0.38 - 0.56
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1 4.76 _ 1.27
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.05 - 3.43
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.20 B 0.30
eB - - 18.55
e 178 TYP
11/6/03
TITLE DRAWING NO. IREV.
AEEEL 2325 Orchard Parkway | 4opg6, 42-tead (0.600715.24 mm Wide) Plastic Dua! apss | A
Gadmaane, San Jose, CA 95131 Intine Package (PDIP)

2487B-MICRO-12/03

ATmEL

29



AlMEL

G}

Atmel Corporation

2325 Orchard Parkway
San Jose, CA 95131, USA
Tel: 1(408) 441-0311

Fax: 1(408) 487-2600

Regional Headquarters

Europe
Atmel Sarl
Route des Arsenaux 41
Case Postaie 80
CH-1705 Fribourg
Switzerland
Tel: (41) 26-426-5555
Fax: (41} 26-426-5500

Asia
Room 1218
Chinachem Goiden Plaza
77 Mody Road Tsimshatsui
East Kowloon
Hong Kong
Tei: (852) 2721-8778
Fax: (852) 2722-1369

Japan

9F, Tonetsu Shinkawa Bldg.

1-24-8 Shinkawa
Chuo-ku, Tokyo 104-0033
Japan

Tel: (81) 3-3523-3551
Fax: {81) 3-3523-7581

Atmel Operations

Memory
2325 Orchard Parkway
San Jose, CA 95131, USA
Tet: 1(408) 441-0311
Fax: 1(408) 436-4314

Microcontrollers
2325 Orchard Parkway
San Jose, CA 95131, USA
Tei: 1(408) 441-0311
Fax: 1(408) 436-4314

La Chantrerie

BP 70602

44306 Nantes Cedex 3, France
Tel: (33) 2-40-18-18-18

Fax: (33) 2-40-18-19-60

ASICIASSP/Smart Cards
Zone Industrielle
13106 Rousset Cedex, France
Tel: {33) 4-42-53-60-00
Fax: (33) 4-42-53-60-01

1150 East Cheyenne Mtn. Bivd.
Colorado Springs, CO 809086, USA

Tel: 1(719) 576-3300
Fax: 1(719) 540-1759

Scottish Enterprise Technology Park

Maxwell Buiiding

East Kilbride G75 0QR, Scotland

Tel: (44) 1355-803-000
Fax: (44) 1355-242-743

RF/Automotive
Theresienstrasse 2
Postfach 3535
74025 Heilbronn, Germany
Tel: (49) 71-31-67-0
Fax: {49) 71-31-67-2340

1150 East Cheyenne Mtn. Bivd.
Colorado Springs, CO 80906, USA
Tet: 1(719) 576-3300

Fax: 1(719) 540-1759

Biometrics/imaging/Hi-Rel MPU
High Speed Converters/RF Datacom
Avenue de Rochepleine
8P 123
38521 Saint-Egreve Cedex, France
Tel: {33) 4-76-58-30-00C
Fax: (33} 4-76-58-34-80

Literature Requests
www atmel.com/literature

Disclaimer: Atmel Corporation makes no warranty for the use of ifs products, other than those expressly coniained in the Company’s standard
warranty which is detailed in Atmel’s Terms and Conditions located on the Company’s web site. The Company assumes no responsibility for any
errors which may appear in this document, reserves the right to change devices or specifications detailed herein at any time without notice, and
does not make any commitment ta update the information contained herein. No licenses to patents or other intellectuat property of Atmel are
granted by the Company in connection with the sale of Atmel products, expressly or by implication. Atmel's products are not authorized for use
as critical components in life support devices or systems.

© Atmel Corporation 2003. All rights reserved. Atme(® and combinations thereof are the registered trademarks of Atmel Corporation or its
subsidiaries. MCS® is a registered trademark of Intel Corporation. Adobe™ and Acrobat™ are the registered frademarks of Adobe Systems Inc.
Other terms and product names may be the trademarks of others. '

@ Printed on recydled paper.

24878-MICRO-12/03



TLP434A&RLP43 RF AsK Hybrid Modules for Radio Control ( New Version )

TLPA434A Ultra Small Transmitter

10.0m

Modulation : ASK
Operation Voltage : 2 - 12 VDC

GND

Data In

Vee

Antenna ( RF output)

plog:
pin2:
pind:
pina:

Fretjuency 315, 418 and 433.92 Mhz

Symbol Parameter Conditions Min Typ Max | Unit
Voo |Operating supply voltage 2.0 - 120 —‘ v
Icc 1 [Peak Current (2V) - 1.64 HIA
Ice 2 {Peak Current (12V) - - 19.4 mA
Vh  jinput High Voltage Idata= 100uA {High) {Vee-0.5 ] Vee [Veet(.§] ¥
VI lingut Low Voltage ldata= O uA (Low) | - - 0.3 v
FO  |Absolute Frequency 3t5Mhz module | 314.8 315 3152 | MHz
PO IRF Output Power- 50chm | Vec = 9V-12V 16 - dBm |
Vee = 5V-6V - 14 - dBm
DR__[Data Rate Fxtemal Encoding | §12 | 48K | 200K | bps |

Notes ; ( Case Tempernture = 25°C + 2°C ,"Test Lond Impedance - 30 ol )

Application Circuit
Typical Key-chain Transmitter using HT!2E-18DIP, a Binary 12 bit Encoder from
Holtek Semiconductor Inc.

Vdd
B

STt

E

VddI 3

—— I 4
::? D\éﬂ? > —TLP434A | _]
A7 oscl Code tnput RF output
A3 082 ""’ |Rosc L_IT_

A TERTR L
A5 AD1—"
A6 AD10" ADS, 9,104 11
A7 ADS P_—// Databi or Addiess bit
! ADB
Vss 20 AD-A7
HTI12E i Address bit

Laipac Technology, Inc.

105 West Beaver Creek Rd. Unit 207 Richmond Hilt Ontario L4B 1C6 Canada
Tel: (905)762-1228 Fax: (905)763-1737 e-mall: info@laipac.com

RLP434A SAW Based Recelver

o 43. 42 o
e e
11 s 01
10.%m TTTT 24.72mm
et

i

Gng

Digital Deta Output
Linear Output [Test
vee

Vee

Gnd

Ond

Antenna

pind:
pint:
pind:
pin 4
pin g
piné:
pin7:
piné:

Medulation : ASK

Fraquency 315, 418 and 433.92 Mhx  suppiy Voltage : 3.3- 8.0 VOC

Output : Digital & Linear

Symbol Paramcter Conditions Min Typ Max
Yee  |Operating supply voltage 33 5.0V 6.0 v
ltol  |Operating Current . 4.5 mA
Vdata Data Out Idata = +200uA (1ligh) | Vee-0.5 Vee v
ldata = -10 uA { Low) 0.3 v
Electrical Cheracteristics
Characleristics SYM Min ] p ] Max Unit
Operation Padio Frequency FC 315,418 and 433,92 MHz
Sensitivity Prefl -110 . dBm
Channel Width +-500 Khz,
Nulse Eyuivalent DW Khe,
Recetver Tum On Time 5 ms
Operzlion Temperiure Top »20 - 80 C
Bascboard Data Rate 4.8 KHz

Application Circuit :

Typical RF Receiver using 1TT120-18DIP, n Binary 12 bit Decoder with 8 bit uC HT48RXX from

LAIPAC
» TECH

Holtek Semiconductot Inc.

] 1p Vad vor
~—4A0  Vdd 1
t Al VT
N reflibeed mumdain = [ENB ANTIS
~Jaz OIN g < —2{Digkat O GNO [
~— A5 D (—%"L'nuar Ouwt BND?—-__]T_
b A8 D10 I Vee Yoo
A7 D3
Vg pe — 10uF  FALPA434A
= 9 HT12D L—gg‘? Vedr I
o
PB2 e[S xtai
FB4 Vss [ Piezo Alarm
Voice/Speaker <. {pps Pagl——
Setial Inteiface PBE PA1 Relay =
Light Contied PB7 PAZ|— .
8 bit uC Flagh

LED




HOLTEK

HT12A/HT12E

22 Series of Encoders

Features

« Operating voltage
- 2.4V~5V for the HT12A
- 2.4V~12V for the HT12E

= Low power and high neise immunity CMOS
technology

«  Low standby current: 0.1pA (Lyp.) at
Vpp=5V

« HTI12A with a 38kHz carmer for infrared
{ransmission medium

Applications

« Burglar alarm system

+ Smoke and fire alarm system
« Garage door controllers

+ Car door controllers

General Description

The 22 encoders are a series of CMOS LSIs for
remote control system applications. T'hey are
capable of encoding informaiion which consisis
of N address bits and 12-N data bits. Each ad-
dress/data input can be set to one of the two
logic states. The programmed addresses/data
are {ransmitted together with the header bits

Selection Tabte

¢+ Minimum transmission word
- Four words for the HT12E
- One word for the HT12A
s _ Built-in oscillator needs only 5% resistor
+ Data code has positive polarity
« Minimal external components
o  HTI12A/E: 18-pin DIP/20-pin SOP package

s« Car alarm system

« Security system

s Cordless telephones

« Other remotie conirol systems

via an RF or an infrared {ransmission medium
upon receipt of a Lrigger signal. The capability
1o seleci a TE trigger on the HT12E or a DATA
trigger on the HT12A (urther enhanees the ap-
plication flexibility of the 212 series of encoders.
The HT12A additionally provides a 38kHz car-
rier for infrared systems.

. Function! s gdress ! Address/| Data Oscillator | Trigger ! Packasge Carrier %Negative
Part No. No. |DataNe.| Na. gger | €€ | Qutput i Polarity
s . ) 455kHz | - . 18DIP " L
HT12A i 8 4 2 DS-Di1 | 38kHz | N
el | = Y resonator fomiid i 2080P wiz No
Lo | = | 18DIP j
HT128 ; & : 4 ¢ . TE 1 & N : N
i i i v oscillator ¥ i 20 300 | o ! No

Note: Address/Data represents pins that can be address or data according to the decoder require-

ment,
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HT12A/HT12E

Block Diagram

TE trigger
HTiZE
0sc2  0scH
Y & P
i A

TeO—#  oscar Ll

i & Buffer _}

i

N I 12 Fransmission i‘_ N
P ] cateciut | v
-

+3 Divider }—,-1‘38‘3 Seiectl_ypynouT
!

A Fy
3 !
12 Counter & Sync.
1 0f 12 Decoder ’ Circuit

4 [ g
& 0 Y, W 5.
ADB - AD1 voD  vss
DATA trigger
HT124A
X2 X1
""""""" ¢
1 ) 4
Oscilleter f——>r; 576 Divider Data Select pDouT
& Buffer
LB Oy ! y
P L 4 Yy
i | +12 Counter & Sync.
e 1 of 12 Decaoder Circuit
12 Transmission
Gate Circuit !

Binary Deteclor

A

1

L L
vob  VSS

Note: The address data pins are available in various combinations {refer to the address/data table)
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HT12A/HT12E
Pin Assignment
8-Address §-Address 8-Address 8-Address
4-Data 4-Data 4-Address/Data 4-Address/Data
— N ~ 20Ne - SNeO1 ~ 20§ INC
AT 18{3vDD A2 18 vDd ALt 183VvDD a0y 2 13VoD
a2 17{3D0UT At 3 18[JpouT Al 2 17O00UT  A1d3 1831 DOUT
AZ(]3 160 x1 a4 17 [ x1 Az(]3 16{1OSC1 A2 4 173 05C1
A3]4 153%2 A3(]s X2 Az 4 15[70sc2 A0S 18[30sc2
saals 14 LB A s 15 uMe M5 14[37E ~ s i5|3TE
AsCl6 1311011 ascly 140Dy AS{}6 133 A011 ASC}7 143AD1
AG[G 7 12{3D10 A5s 133040 A7 12{3AD10 A5l 8 13{JAR10
ATCl8 1are arfls 123D9 argie 1ADS AT e 12[JADS
v8s(9 10308 vss{]10 11[JD8 vss({ ¢ i0{JADS ves{j 1o i1[1ADS
HT12A HT12A HT12E HT12E
-18 DIP - 20 SOP -18 DiP - 20 SOP
Pin Description
. mr Internal ..
Pin Name { /O . Description
. Connection
CMOS IN
Pull-high
{HT123)
AO~AT i TR&’ég\‘fgSSSIOY Input pi'ns for address AD~A7 setting
: ATE N | These pins can be externally set to VSS or left open
el i
PROTECTION
DIODE
{HT12E)
NMOS
TRANSMISSION
ADS-AD11| 1 GATE Input pins for address/data AD8~AD11 setiing
: B PROTECTION | These pins can be externally set to VSS or left open
DIODE
(HT12E)
Input pins for data D8~D11 zelling and transmission en-
D8-Dil 1 CMOS IN able, active low
Pull-high These pins should be externally set to VSS ar lefi open
{see Note)
DOUT O CMOS OUT Encoder data serial transmission output
CMOS IN Latch/Momentary transmission format selection pin:
L/MB I D:m_h: i) Latch: Fioating or VDD
TR Momentary: V33
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HT12A/HT12E

i g Internal . -

Pin Name | 1/O . Bescription
Connection
TR i CMOS.]N Transmission enable, aclive low (see Note}
~ Pall-high R e e

0sC1 1 | OSCILLATOR 1 | Oscillator input pin
OSC2 O | OSCILLATOR 1 | Oscillator output pin
X1 1 | OSCILLATOR 2 | 455kHz resonator oscillator input
X2 O | OSCILLATOR 2 |455kHz resonator oscillator output
V&8 H — Negative power supply. grounds
VDD I — Posttive power supply

Note: D8-D11 are all data input and transmission enable pins of the HT12A.

TE is a transmission enable pin of the HT12E.

Approximate internal connections

LA oo

NMOS CMOS IN
TRANSMISSION Pull-high CMOS oUT OSCHLATOR 1
GATE
EN----- o
st (et rPry{e{osc2

il

OSCHLATOR 2 NMOS TRANSMISSION GATE
PROTECTION BIODE
3
NG _____4—" L-.l——-!j
B o
g _

Absciute Maximum Ratings

Supply Voliage (HT12A) ... -0.3Vio 5.3V Supply Voltage (HT12E) ..., 0.3V 10 13V
Inpui Voitage....ccoveeeeveeeenn. V45—0.3 o Vpp+0.3V Storage Temperature....ccooooooes ~50°C to 125°C
Operating Temperature............... =20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi-
mum Ralings” may cause substantial damage io the device. Functinnal aperation of this device
at other conditions beyond those listed in the specification is not implied and prolonged expo-

sure 10 extreme conditions may affect device reliability.
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HT12A/HT12E
Electrical Characteristics
HT12A Ta=25°C
Test Conditions . .
Symbol Parameter Min, | Typ. | Max, | Unit
Vop Conditions :
Von Operating Voliage —_ -—_ 2.4 3 5 v
3v — 0.1 1 wA
Iste Standby Curreni Oscillator stops -
Y — 101 i uA
. Onerating C 3V | No load — j 266 | 400 | pA
DD perating Current _
5v | losc=455kHz — | 400 | 800 | uA
Vou=0.9Vpp (Source} -1 -1.6 — mA
Ipour | Output Drive Current 5V
Vyr.=0.1Vpp (Sink) 2 32 | — | mA
Vim “H" Input Voliage — — 08Vpp! — | Vpn |V
ViL "L." Input Voltage — — 0 — 102¥pp i ¥
Rpata D8-Dil Pull-high 5V | VpaTa=0V — 150 300 kQ
Resistance
HT12E Ta=25°C
Test Conditions
Symbol Parameter Min. | Tvp. | Max. | Unit
Voo Conditions
Vpbp Operating Voltage —_— — 2.4 5 12 \%
3v — 0.1 1 pA
Isrn Standby Current Oscillator stops
12V — 2 4 pA
. 3V i Naload — 40 80 pa
Tnp Operating Current frar=3ki
12y § LOSCSORAE — 150 1 200 1 pA
Vou=0.9Vpn (Source} -1 -1.6 — mA
Ipour | Qutput Drive Current 5V
Vqp=0.1Vpp (Sink) 1 16 | — | mA
\""n.r “H" IHPUL Volmge — — Og\fﬂn —_ \7}‘;{‘, V
Vi “L” Input, Valtage — — o — loa2vpy! V
fose | Oscillator Frequency 5V [Rose=1.1MQ — 3 — kHz
RTg | TE Pull-high Resistance | 5V | Vig=0V — 15 3 MO

=]
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HOLTEK i ; HT12A/HT12E

Functional Description

Operation B

The 212 series of encoders hegin a 4-word transmissien cycle upon receipt of a transmission enable
(TE for the HT12E or D8~D11 for the HT12A, active low). This cycle will repeat itself as long as the
transmission enable (TE or D8~D11) is held low. Once the transmission enable returns high the en-
coder outpul completes its final cycle and then stops as shown below.

— T T - I
£ i i | :
i | S— aened
—»{ 4 <1 word
Encoder 3 § ‘E

pouT | | J !

Transmitied

M= 4 words —p M continuously — W 4 wards -

Transmission timing for the HT19E

_pas S ——
Yimm U L |
—] & < word
st il SRR e e s corir
_Jlll ll ll]l!l!l! l [RRR2} !I! H _—

—‘.’j }‘_ 1 word l‘ Transmilled _ﬂ {.4- 1 word

Continuously

Transmission timing for the HT12A (1/MB=Floating or VDD)

08-D11 | } l
{all data=1)

Key-in L
—» fe <1word ¢ 7 words
Encoder
DouT { l
R _ Transmited
7 ransritu ‘]
—»| & 7words pi e— Contruony ™ 4 1 word

1word {al daia=1)

Transmission timing for the HT12A (1/MB=VS§)
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HOLTEK HT12A/HT12E

Information word

ITI/MB=1 the device is in the latch mode {{or use with the latch type of data decoders). When the trans-
mission enable is removed during 2 transmission, the DOUT pin cutputs a complete word and then
stops, (n the other hand, if T/MB=0 tha device is in the momentary mode (for use with the mementary
type of data decoders). When the transmission enable is removed during a transmission, the DOUT
outpuis a complete word and then adds 7 words all with the "1” data code..

An information word consists of 4 perieds as illustrated below.

— < /3 bit sync perod

“——  piotperod{12bis]  ——# 4— address code period  —ggens da;_?;dde —
Compeosition of information

Address/data waveform
Each programmabie address/data pin can be externally set to one of the following Lwao logic states as

shown helow.

- Address! g

Data Bit

Address/Data bit wavetorm for the HTI2E

—» Address Bif ¢

AddresaData bl waveform for the HTI2A

Aprif 11, 2000
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HDLTEK# HT12A/HT12E

The address/data bits of the H{T12A are transmitted with a 38kHz carrier for infrared remote con-
troller flexibility.

Address/data programming (preset}

The status of each address/data pin can be individually pre-set to logic "high” or "low". {f a transmis-
sion-enable signal is applied, the encoder scans and iransmits the status of the 12 bits of ad-
dress/data serially in the ocvder AG to ADI1 for the HT12E encoder and AQ to D11 for the HT12A
encoder.

During infarmation lransmission these bils are transmitied with a preceding synchronization hit. Il
the trigger signal is not applied, the chip enters the standby mede and consumes a reduced current of
less than 1uA for a supply voltage of 5V.

Usual applications preset the address pins with individual security codes using DIF switches or PCB
wiring, while the data is selected by push butions or electronic swiiches.

The following figure shows an application using the HT12E:

.

0SCt  0S8C2

1 Transmission
medium

o)

g

o
3

VOD AB At A2 A3 A4 A5 AR A7 vss TE Aps ADS AD19 ADITT | |
T N YYvyy

Y S S 7 pod T
(L/?%,/?[? b

SR Y W S W

The transmitfed information is as shown:

Pilot | AC Al A2 A3 A4
&

! Sync. 1 0 i 0 ¢

13
+ 1}

A5 | A6 | AT | ADS | AD9 | AD10]| ADI1L
i i i i

141 01 1o+ d

i
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HOLTEK i$ | HT12A/HT12E

AddressiData sequence

. - . al2 -
The following provides the address/data seguence lable for various models of the 212 series of

encoders. The correct device should be selected accerding to the individual address and data require-
ments.

Address/Data Bits
Part No. -
0 1 2 3 4 3 6 T 8 9 10 il
HTI12A AG | Al A2 A3 A4 Ab A6 A7 D& Dg | DIG Q 11
HT1i2E hAo Al ¢ A2 A3 A4 A5 Ad : AT i ADS8 | A9 ;' AD10{AD11

Transmission enable

For the HT12E encoders, lransmission is enabled by applying a low signul to the TE pin. For the
HT124A encoders, transmission is enabled by applying a low signal to one of the daia pins D8~D11.
Two erroneous HT12E application circuits

The HTI12E must follow closely the application eircuits provided by Holtek (see the “Application ¢ir-
cuits”).

* Errer: ADB~AD11 pins input voltage > Vop+0.3V

_

0sc2 VoD

R s I A
>
2

-
-0
Y
Cpace
<.
O
fa e
-
N
<

it

HT12E 777

9 April 11, 2000



HOLTEK i ‘ HT12A/HT12E

» Error: The IC's power source is activated by pins AD8~ADI11

12v
g osc2 VDD l‘i i ?
L Josct  apm1 ——ﬁ..—f\m,——f-o—'vw—l'
—TE ADiD ‘Wv-{
| aa  k
?w VSS ADS VY
o ADB 1 A
‘? E% E‘?
HT12F e
Flowchart
e HT12A « HT12E
? Power on } Power on i

4

| N !
! Standby mode I Standby mode

+ |
hi
Data enable? ransmission
enabled 7
Yes Yes

Data with carrier 4 data words {
serial oulput transmitted i

ransmission
still enabled

Data still enabled ?

No

é‘(es

Yes 4 data words

transmitied

continuousty

No 1
vy | I
E Send the i Send "1" 7 times for |
{ tasteode | |2k of the data codes |
13 ]

Note: D8~D11 are transmission enables of the HT12A.
TE is the transmission enable of the HT12E.
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HT12A/HT12E
Oscillator frequency vs supply voltage
fosc
(Scate)
Rosc (£2

;470K
| 510k
. 560k
: 620K
" 580K
750k
; 826k

‘810K
£ 1.0M

- 1.2M
- 1.5M

: 2.0M

' 4

8 9 106 11 12 13 Voo (Vv DC)

The recommended oscillator frequency is fygep {deceder) = 50 {pyog (HT12E encoder}

11

1

= fosce (HT12A encoder)
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HT12A/HT12E

Application Circuits

Voo 1600
)
‘——0\0—14 AD VDD 18 Q
10k 8050
: 17
\0—24 Al oouT
455k
o3 Az X1 P8 200 | 4 100pF
15 5 <10MmMa
ot Az X2 }-¢ 1000F
+—o\0i At UMB o4
o2l as TR A
o1 A6 Do 2 =
o8] A7 ns .ﬂ._;,—-o,__[
3 vss pelle &% |
37 7
HT12A

Note: Typical infrared diode: £1-1L2 (KODENSHI CORP.)
Typical RF transmitter: JR-220 (JUWA CORP.)

12

T

1 Transmitier Cirouit i:—l"f

s
L o~o3l

I

AQ vOD
A1 DOUT
A2 asc1
A3 OsCZ
Ad TE

18

<

Voo

PN, 0T ¥ LEA0

A7 Aol

VSS  ADSB io\o-;
HT12E
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Holtek Semironductor inc. (Headquarters)

Na.3, Creation Rd. i, Scienco-hased Induserial Park, Hsinchu, Taiwan, RO
Tel: B86-3-563-1999

Fux: 886-3-563-1189

Holtek Semiconductor Inc. (Taipei Office) o
11F, No.ATh, Sce, 7 Chung Hsino K. Rd., Taiped, "Faiwan, ROLC
T'el: RRE-2-2782.9635

Fux: 886-2-2782.9636

Fux: B56-2.2782. 71498 (Internationad sules hotline)

Holtek Semiconductor (Hong Kong) Ltd.

HM. 713, Yower 2, Cheung Sha Wan Plaza, 833 Cheung Sha Wan Rd., Kowlaon, Hong Keng
Tal: RR2.2.745-8288

Faux: 852-2-742.8657

Holtek Semicanductor (Shanghai) Ltd.

7th Floar, Building 2, No 889, Yi Shan Ré., Shanghai, China
Tel: N21-64R8A-A560

Fax: N21-6485-03138

Holmate Technology Corp.
485331 Warm Springs Boulevard, Suite 413, Frenionz, CA 94539
0-252-0838¢0

Fali-

Hax: H10.232-98R5

Copyright © 2000 by HOLTEK SEMICONDUCTOR INC.

T'he information appearing in this 1)ata Sheet is betieved to be accurate at the time of publication. However, Holtek
assumes na respansibility arising fram the use af the specifications doseribed, the applications mensioned hercin are
used sulely for the purpase of ustration and Holtek makes no wurranty ur representation that such applivations
will be suituble without further modification, nor recommends the use of its products {or application thut may pres-
ent a risk to human life due to malfunction or otherwise. Holtek reserves the right to alter its products without prior
notification. For the most up-to-date information, please visit our web site at http://www.holtek.com: tw.
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2'“ Series of Decoders

Features

Operating voltage: 2.4V~12V
Low power and high noise immunity CMOS
technology
+ Low standby current
« Capable of decoding 12 bits of information
e Pair with Holtek's 2" series of encoders
= Binary address setting
* Received codes are checked 3 times

Applications

+ Burglar alarm system

+ Smoke and fire alarm system
+ (Garage door cantrollers

= Car door controllers

General Bescription

remote control system_ applications. They are
paired with Holtek's 2™~ series of encoders (re-
fer o the encoder/decoder crass reference ta-
ble} For proper speration, a
encoder/decoder with the same number of ad-

dresses and data format should be chosen.

ir of
pair of

The decoders raceive serial addresses and data
from a programmed 2 series of encoders that
are transmitted by a carrier using an RF or an
IR transmission medium. They compare the se-
rial input data three times continuously with

e Address/Data number combination
- HT12D: 8 address bits and 4 datia bits
- HT12F: 12 address bits only

s  Built-in oscillator needs only 5% resistor

« Valid transmission indicator

s Easy interface with an RF or an infrared
transmission medium

+ Minimal external components

e (Car alarm system

s Security system

« Cordless telephones

s Other remote control systems

their local addresses. If no error or unmaiched
codes are found, the input data codes are de-
coded and then transferred to the output pins.

ine Vi

pin also goes high w indicaie a valid

transmission.

The 212 series of decoders are capable of decod-
ing infarmations that consist of N hits of ad-
dress and 12—N bits of data. Of this series, the
HT12D is arranged to provide 8 address bits
and 4 data bits, and HT12F is used to decode 12

bits of address information.

Selection Table

— .,..,: !vT | Oscillator | Trigger Package
Na. | Type
4 L v | RC oscillator | DIN active “Hi* | 18 DIP/20 SOP
] 0 — ¥ | RC oscillator | DIN active "Hi"{ 18 DIP/20 SOP

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

VT can be used as a momentary data output.
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HOITEK 2" Series of Dacodors

Block Diagram

0sC2 0O5C1

Ty et

ry
l Oscillater ;—4 Divider l‘ ™ noeognn 7 . _bo-
T ] Register |1, | Reten Creut] DAl
; + :
| Bufler | =1 ZiData Detector | i
DiN (>—PI .erJ r"'"_—"l a De orf_ 1
¥ i J ]

iSync. Detectori Comparator i‘_‘“ﬂ[ Comparator { Controf Logic !

T :

v i v L 2
; f i i

i i Transmission Gate Circuil i i Bufler !—'\ VT
H H — s - i

VoD V5SS

po

4

~ Address

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

Pin Assignment -
8-Address 8-Address 12-Address 12-Address
4-Data 4-Date §-Heta g-Date
— U - e — U YR o Y
Nt 2Gp NG NCOH GINC
Anri1 ~ 12y AnCia 1q 1y ANy e 18T 1w,y Adlo 1aiymn
An O 23 vDn An s 18y m 2IVDD AgCin 2 1vnn
A1{l2 170V IXEm! wivT A2 1713vT INEn k! 183vT
Az{3 W6[Josci  A2[4 17{J0sCct  A2(03 1B6{10sC1 A24 17 |3 05¢1
Az 4 15[Josc2  A3Qds 16iJosc2  A3I[G4 15{30s8C2 A3Os 16[Joscz
asDs 14 DN ale 1EI0m AT S Hgom a0 ISION
AslR 12 D4 ASI7 141 A 133 A4 AETY 7 14131 A11
A67 120 D10 A61s 131300 A7 12[3A10 Asl]8 13 A10
AT[C]8 113 oe AT s 12[3Dg A7) 8 1113A9 A7(Jo 12]] A8
vss{j¢ i 0ns VSS(J 10 11 JD% V555 1003 A8 Vss ] 10 11{J A8
HT12D HT12D HT12F HT12F
—18 DIP - 20 SOP -18 DIP - 20 S0P
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I TEK 35 2" Saries of Decoders

Pin Description

C

. Internal -
Pin Name | I/O Conpection Description

A1 . Input pins for address A0~A1l1 setlling

TS - ‘'hey can be externaliy set to VUL or V83

D&-D111 [0} Ouf_.put. data pi_5

Dy 1

VT G CMGS GUT Valid transmission, active high

0O5C1 1 OSCILLATOR | Osciliator input pin

0S8C2 0] OSCILLATOR | Oscillator output pin

VSS I —_ Negative power supply (GND)

vhn 1 -— Positive power supply

Approximate internal connection circuits

TRAN e ION “cios ouT CMOS iN OSCILLATOR
GATE
m‘L ----—'Lr\/‘o——ﬁ Wy o USENF_W W:S::
Absolute Maximum Ratings
Supply Voltage....cooonveciennniininens -0.3V t0 13V Storage Temperalure................. -50°C Lo 125°C
Input Voltage.........c.c.eee V5s—0.3 to Vpp+0.3V Operating Temperature ............ -20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absonlute Maxi-
mum Ratings” may cause substantial damage to the device. Functional operation of this de-
vice at other conditions beyond those listed in the specification is not implied and prolonged
cxposure to extreme conditions may affect device reliability.
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Electrical Characteristics Ta=25°C
Test Conditions . .
Symbol Parameter — Min, | Typ.| Max. | Unit
Vpp Conditions
Voo Operating Voltage — — 24 5 12 v
) o Vi — 01 1 uA
ISTB Standby Current Osciflator stops
19v — ) 4 A
12% 2 4 uA
Inn Operating Current 5V 2:“1‘:“: ALTE. —_ 200 400 pA
so=150kHz
Cusrent (DE-DI1) 5V | Vor=4.5V -lo-ie] — fmA
T 4 ;
Data Gutpui Sink i _ .
Current (DA-D11) 5V | Vor=0.5YV 1 1.6 — mA
VT Gulput Svarce Curreni Vou=4.5V -1 -1t — mA
Ivr 5V
VT Output Sink Current Vip1=0.5V 1 16 — mA
Vi “H" Input Voltage 5V — 35 — 5 v
Vir, "L Input Voliage 8V —_ 0 — 1 v
iosc Usdiilator Frequency 5V | Ryge=0ikiz — i58 — kHz
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22 gorias of Docoders

Functional Description

Operation
The 22
binations of addresses and data me m diﬁ'er-
ent packages 50 as to pair with the 27 series of

l:llLlrul.‘.l R,

The decoders receive data that are transmitted
by an enceder and interpret the first N bits of
code period as addresses and the lusi 12-N bils
as dais, where N is
signal on the DIN pin activates the nscillatar
which in turn decodes the incoming address
and data. The decoders wili then check the re-
ceived address three times continuousiy. If the
received addresa cades all match the contents of
the decoder’s lncal address, the 12-N hits of
data are decoded to activate the output pins
and the VT pin is set high to mchcabe a valid

This wiil iast uniess {

i1 dn\uuabwll

igh rmly when the
transmission is valid. ﬁther\msﬂ 1t is always
low.

Gutput t‘ype

Of the 2" series of decoders, the HT12F has no
data cutlpul pin but its VT pin cws be used as a
meomentary data cutput, The HT12D, on the
ather hand, provides 4 latch type data pins
whose data remain unchanged until new data
are received.

Part |Data|Address] Output| Operating
No. [Pins|{ Pins | ‘Llype Voltage
: ;
HT12D| 4 & Latch | 2.4V-12V
I o .‘"; 12 —_ 2'4"{._12‘.’,"

23]

Fiowchart
The oscillator is disabled in the standby state

and activated when a logic "high” signal applies
to the DIN pin. Thatis io say, the DIN shouid be

Kept iow if there is no signal input,

“7 Agdiess biis 0
matched ? .> >

Jyes

—_—mmm

i Store data E

_—___._;‘

-
/ Malw
] !
‘Yes
Mo ﬁpﬁ\\
~ @)
—_— =l Yag
v
Laich data
1o output &

aclivate Vi
T

¥

~ Agdress of
c¢ata error 7

g

=

A4 j

; Yes
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MO TEY ﬁ 2" Serios of Decoders

Decoder timing :
Trensi?igg’gg ‘_‘] { I f T ‘ V: - “ )
‘Enable U i — TT R g
—nf e < word . T T PR
Encoder [ 1 | }
waer g H H i
le— dwords —»f le— Jransmited _ niq— 4 words —a
! w Cominuously d : “
> 2" dlocks el 2" docks
1
Decoder VT 1 1
l4— check -~ - check —™
Latched \/
Data Out A\ N
Encoder/Decoder cross reference table
Puckago
Decoders | _ . . . e N B . — - — -
Part No Data Pins | Address Pins | VT { Pair Encoder Encoder Dlecoder
DIP | SOP | DbIP | SOP
o . _ ) HT12A 18 20 o -
HTizD 4 ] N is 20
HT12E 18 20
HTI1Z2F 0 12 Ky .o n 18 20
TI12E ib 20 I
Address/Qata sequence
. . ) 12 .
The following table provides address/data sequence for various models of the 27 series of decoders. A

correct. device should be chosen according to the requirements of the individual addresses and data.

4ddress/Date Bits

Py titis)
Part No.
4] i Z 3 4

w

6 i 8 3 10 i1
HT12D AD Al A2 A3 Ad A5 A6 AT D3 D9 | D10 | D11 §
HT12F AD Al A2 | A3 A4 AB

| AG | AT | A8 | A9 | A10 | Al

% July 12, 1999



UQLTEK? 2'2 garias of Decoders

Oscillator frequency vs supply voitage

{Soake)

Rosc {1}

80

3.00

250

150

{(160kHZ)1.00

059

0.25

2 3 4 5 6 7 8 9 10 1 12 13 VDD {(VDC)

The recommended oscillator frequency 1s {ggep (decoder) = 50 fogop (HT12E encoder)

= % focrz (HTIZ2A encadar).

3
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HOLTEY # 2" Series of Dacodars

Application Circuits

S . WY ,
M——- l—»[ Receiver Circuit !L--———
~. 1 15 ©Q VDD - L] 13 QVDB
00— a0 vop = [oTo—A0 VDD
A T -0 +0"0—" Al w0
! { ]
o~o3a  osciPEan— +o~oHn  osctFEan—
I ROSC | i ROSC |
Lo~ oscoft "0 $+o~~oHas  osc2lE
Losl,, o NN Y Dint
c[—~?-\:~—-§- A8 oo _"__P\,_fi 25 Y] LE N NN
i ” | '
oot as oigh o oo A6 PRT RF S
-~ B bt b el 11~ E
T_c ol o ¢ Al AG:i " o ~O_?
r—:vss ol:§ EAAN Y $——{ VS Aa_i__o‘\o—q
HT12D HT12F

Notes: Typical infrared receiver: PIC-12043T/PIC-120438 (KODESHI CORP.}
or LTM9052 (LITEON CORP.}

Typical RF receiver: JR-200 (JUWA CORP.)
RE-99 MING MICROSYSTEM, U.S.A)
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Holtek Semiconductor Inc, (Headquarters)

No.3 Creation E&. 1, Science-bas
Tel: 886-3-563-1923
Fax: 886-3-563-1189
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SHARP

GP1A30R

GP1A30R

M Features

1. 2-phasc {A, B) digital cutput
2. Possible to use plastic disk
3. High sensing accuracy
{ Disk slit pitch: 0.7mm )
4. TTL compatible output
5. Compact and light

M Applications
1. Electronic typewriters, printeis
2. Numerical control machines

QPIC Photointerrupter with Encoder

Function

B Outline Dimensions (Unit : mm )
Internal connection diagram
® s
@
e 3
OPIC
@ Anode @ GND
@ Cathode & Veo
A Vos ® Voa

B Absolute Maximum Ratings (Ta=25°C)
Parameter Symbol] Rating | Unit
! Forward current Ir 65 mA + Tolorance-+ 0 3mm
Ioout 'Peak forward current Fene 1 A *{): Reference dimensions
P Reverse voltage Vr 6 v
Power dissipation P 100 mwW
Supply voltage Ve 7 v * OPIC™ {Optical IC } 5 a trademark ot the SHARP Corporation.
- An OPIC consists of a light-detecting element and signal-
o - 5 2 e
Output | Low lcu-I oulput Curent Lot 20 mA processing circuit integrated onto 2 single chip.
Power dissipation Po 256 mw
Qperating temperature T {00+ 70 [ °C
Storage temperature Tag (- ¥ | °C
"*Soldering temperature T 260 C

*3 Pulse width <= 100t 5, Duty ratio= 0.01

*2 For § seconds

B Electro-optical Characteristics

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

Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Input Forward voltage 1 ve Ta= 25'C,1 r= 30mA - 1.2 L5 v
Reverse current Ta= 25C,V r= 3V - - 10 u A
Operating supply voltage Veo 4.5 i 50 55 v
Output High level output voltage Vaor "Wee= 5V, I p= 30mA 24 49 - v
Low level output voltage Vou o = 8mA, Vo= 5V, Ir= 30mA - 0.1 0.4 A%
Supply current Icc  |™p= 30mA, V cc= SV - 5 29 mA
Transfer Duty ratio “5Din Vee= 5V, 1 r= 30mA, 20 50 80 %
charac- 5Dy “f= 2. 5kHz 20 50 80 %
teristics Response frequency max SVee= 5V, I = 30mA - - 5 kHz
*3 \easured under the condition shown in Measurement Conditions. *5

*4 I the condition that outpot A and B arc low level.

Da= 481 1 100, py= 125 ¢ 100
tar tgr

“In the absence of confmation by devics speciiication sheets, SHARP takes a0 responsibilty for any defects that ccees in equipment using any of SHARP's devices, Shown in gatalogs,
2alta books, etc. Contact SHARP in order to obrtain the latest version of the: device: speciication sheets before using any SHARP's device™

=




SHARP GP1A30R

B Output Waveforms

Output A [ I ] I

(Vor) ; |
e ]
Qutput B : l 1 | |
{Vos)
aB1 tew ‘
! fep |

Rorational direction:  Counterclockwise when seen
from OPIC light detector

Fig. 1 Forward Current vs. Ambient Fig. 2 Output Power Dissipation vs.
Temperature Ambient Temperature
100 300 —7
30
30 ; 250
Z =
2R & 20
60 \ S \
E 50— % 150 }——nv AN
E} N =
g w0l .
z 30 f £
27 : E |
20 - : —Fii 5 w ‘ | |
134 + L L l i
ol -‘ ' 0 | ! }
0 25 s 70 7S §00 0 3 50 075 100

Aipbient temperature T, CC) Ambient emperature T, {°C)

Fig. 3 Duty Ratio vs. Frequency Fig. 4 Phase Difference vs. Frequency
04 T 130
0.8 J; i Ip= 30mA 120 ” 11F= 0mA
I T,=257C - ( d h = 35C
07 i;l B 10 ”’% = il
06 ‘ — E o —
o ® %\};(Omput,\ [ s 10 M e
£ s bg=m==mm 2 g P |
z I eny] g b j
g || [T heemeeed 2
04 —— - Z
tBH {Output B ) 2
ar =
0.3 = 7
0.2 ’— o)
0.1 l 50 1 I
! 2 s 10 20 i 2 5 10 2

Frequency f{kHz ) Freguency f{kHz )




SHARP GP1A30R

Fig. 5 Duty Ratio vs. Ambient Temperature Fig. 6 Phase Difference vs. Ambient
Temperature
L 140
0 Vee= S5V Vo= 5V
0.9 - Iy = 30mA 136 f——— —}1p= 30mA
= f=2.5kHz
05 e [-23He ~ 120
AH I e
07 y———«——- Tar (O“‘P“‘im — 3 Lipp————
I - t
ABI "
. t Aap: = x 360" |
£ ¢6 o (Output B) 20 Tt
Eoas g 90
E 8
2 04 = 80
S
0.3 —- g 70 ~—
=
=
02 60
0.1 P 50
0 40
0 25 50 75 100 Y 25 50 75 100
Ambient temperature T, (*C) Ambient temperature T, (°C)
Fig. 7 Duty Ratio vs, Distance {X direction ) Fig. 8 Phase Difference vs.
Distance (X direction }
0y : 3
Ve SV 130 ; Vo= SV
1r= 30mA 4 Ig= 30mA
0.
8 ] f= 2 5kHz 120 J f= 2.5kHz
T,= 25°C - T,= 25°C
0.7 tAl (O; 2 1o ; s
Tap tput A ) z T
06 “ —F 5 100k tan
- Tom 2 Bap= — 360°
£ tap— (Output B) - BT e
S 05 — g %0 —+
Zz 4 Reference position
= 3]
04 £ 80
%
02 % — £
0.2 ] o 60
! ! i
.l ‘ —L ! i 50
- 1.0 - 05 #] .5 1.0 - 1.0 - 08
Distance X{mm ) { Shifting encoder ) Distance X (mm ) { Shifiing enceder )
Fig. 9 Duty Ratio vs. Distance (Y direction ) Fig.10 Phase Difference vs.
Distance (Y direction}
0.9
T ’ P 30 (T —T T
08 | : (2 [ = 30mA
} A —_ f= 2.5ktiz
! T,= 3¢ -- T,= 25°C ]
0.7 FA : —A4 510
&) =
2 Qurpw A) j 2 l__,_.-f:
= _ ABL e
g_, 0.6 tan © & 100 /‘—- Bap1 = . x 360
z Tap utpat B) o |
2 05 g 9
s 2
04 S 80
g
0.3 & 70 ]
02 L» 60
0.1
S 10 - 05 0 0.5 1.0 e s

Distance Y { mm) { Shifing encoder) Distance Y {mm} { Shifting encoder)




SHARP GP1A30R

Fig.11 Duty Ratio vs. Distance (Z direction } Fig.12 Phase Difference vs.
Distance {Z direction }
130
08 | J Vo= SV Voo = 5V
. Ip = 30mA 120]1F= 30mA
} f= 2.5kMz _ f= 2.5kiiz
| T,= 25°C " T, = 25°C J4.L—"‘
0.7 }— 1 — 1 e
tan 3 oy
Car { Qutput A ) - e P LBl 360"
0.6 < —+ ERT | Oami= % 3607
& lBH {Output B} z I
E g5 LR R
: | ‘9 |
A g
04 _.E 30 T
; Z 7( Detecting side )
03 £ T % i Disk
02— fo—1- |
L { Emiting side )
a1 50
0 01 02 03 04 05 06 07 08 D ©1 02 03 04 05 06 07 08
Distance Z(mm ) { Shifing encoder ) Distance Z { mm ) { Shifting encoder}

B Measurement Conditions

<Basic Design>

Ro (distance benween the disk center and hal? point of a it ).

P {slit pitch ), Sy and S; {installing position of photointer-
rupter) will be provided by the following equations.

Slit pitch: P {slit center)

N
Ro= “-‘—;U—x 15.45 (mm) WN: pumber of slits

p= 2xpx Ro Nx Roimmi

Si= Ro- 1.765(mm), S;= S+ 6.7(mm)
Notz } When the number of sits is changed. velues in parenthesis

arc alse changed according fo the numper.

Disk carier
o 318 0.1
. A 114
Disk o9 slits T A
S 2 | Enlarged drawing (EX.} in the case of
T e — — of A portion N- 200P:R
! o ™ Slit pitch: P
| - o= R 200 31345 (rus
i ﬂ I = 22.42mm
! :
: S, 2xpx2242
{11.685) LP : 20
! i ! = 0. 704mm
M Precautions for Use ‘ U S= 2242 1765
. . ) | x -
(1) This module is designed to be operated - L*v - = 20.653mm
at I r= 30mA TYP '\ =Ty S2= 20.655+ 6.7
.- . i = 27.355mm
(2) Fixing torque: MAX. 0.6Nm (6kgf+ cm) L
(3) In order 1¢ stabilize power supply line, __ Diskcenter

connect a by-pass capacitor of more than 0.01uF
between Vee and GND near the device.

(4) As for other general cautions, refer to
the chapter “Precautions for Use™ .
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General Descrip'tion

The LM78XX series of three terminal requialors is avaiiable
with several fixed ocutput voltages making them useful ina

wide range of applications. One of these is focal on card

LM78XX Series Voltage Regulators

Fabruary 1985

of external components. il is nol necessary Lo bypass lhe
culout, although this does improve trangient respense. Input
bypassing is needed only if the regulator is located far from

i fiiter capacilor of ihe pdiver SUppiy.
For sutoud vollage other than 5V, 12V and 15V th

series provides an output voltage range from 1.2

réguiation, Eiminaling §1e dsiiioution piobienis associaled
with single point reguialion. The vollages available aliow
thase regulaloes Lo be used in loge syslems instrumenta-
tory, Hif, and ciher equEpment Al
though designed primarily as fixed voltage reguiators these
devices can be used with extemal components to obtain
adiustable voltages and curents,

The LM78XX series is available in an aluminum TO-3 pack-
age which wiil allow over 1.0A load current it adequale heax

M1t7
57V,

CRE
V to

ohd slele alschionic

Features

& Qutput current in excess of 1A
& Inlemal lhemlal overload prolectlon

= Ompm translstor safe area protection
Intemal shod ctrcut wrrent Ilmlt

anlqnn ie orowaded Currant

peak oulpul cument to a safe value. Safe area protection for L
e output bansision 15 provided 1o mil miernal power Gssi- =
pation. If intemal power dissipation becomes oo high for
the heat sinking pfowded. the thema shutdown cirout Volitage Range

it Lr7805C 5V
Considerable effodwmexoandedlomakeu\e LM78XX s&-  yaa7g400 10y
ries of reguialors easy to use and mininze the number o 1 v
Schematic and Connection Diagrams
J | R Metal Can Package
—f o . R g i TO-3 (K}
| .| ! ! Tk Atuminem
ST'C“" ! 3w Lﬂ_w *—C'“‘ WIRKT s — 040
I3l & 7 3 ] <N
PR o S < 7
It ol Lhdd NPUT —
T gh H E nie " TLIHITTAR -2
l 7] i i ::=;.~. Bottom View
— [ ‘L‘ . Order Number LM7805CK,
=3 ug “‘3 1 _j See NS Package.Num-ber KC02A
L T
‘_-% " i—r ) 5‘ Rs i Piastic Package
i 2:§ i ™ l TO-220(T)
“H | Hep—te | o
[ | L | I~ o
N N s AP e
m} 7]‘ :;; I——1- - a2 i l_r\ > iR
! '] l '] i_ ; Tos Viow TLIHITT46-3
AL é J f“g & é b ! Order Number L M7805CT,
IR S e S { i LM7812CT or LM7815CT
— +— d "‘?_i_ See NS Package Number 7038
B TLIH/TTAS=1

1865 Natanal Senicondurter Copanetion TLA/7746

RRD-830M11S/Prrmod inli. & A

IS XUSLNT

-
4

B8l

si0enboy abeijoa



Absoiute Maximum Ratings

if Miiitary/Aerospace specified devices are required,

Maximum Junction Temperature

pleasa contact the National Semiconductor Sales {K Paciaqa) 150°C
Oftfice/Distributors for avaitability and specifications. (T Package) 150°C
input Voitags (Vo = &V, 12V and 15V} 33V Storags Temparafurs Rangs 65°Cio +150°C
A foad Y
Operating Temparature Range {Ta) 0*Clo +70°C c 300°C
TO-220 Package T 230°C
Eleciricai Characteristics LM78XXC (note 2 0°C < Tj < 125°C uniess otherwise noted.
Qutput Vollage 5V 12v 15V
Input Voitage (unless otherwise noted) oV 189V 23V Units

Line Regulation

Symbot Parameter Canditions Min !Typ l Max | Min | Typ [ Max | Min 1 Typ ( Max
Vo Output Voltage Ti=25C.5mA Z Ipgp < 1A 4.8 5 S5z 115 12 1254{ 144 15 1586
114 126 | 14.25 1575
{ Vieg > 2734 {17.5 5 Vi 3 305 ¥
Vg U 4 4 180
145 Vi 30 | (17.5 € Vi < 30) v
120 150 | mV
(15 < Vg < 27) | (185 < Vg < 30) v
in=1A my
(7T IV ¥
2% il 8 my
E=Vin=12) | 185V =23) (20 < Vi < 26) v
Ava  lLoad Regulation Tj = 25°C 10 50 12 120 12 150 | mv
25 %0 75 mv
S5mA < ig = 5 i20 150 | mVv
iQ QuiescentCurrent  jip < 1A 8 ] & mA
a5 85 | mA
Alny QuusecantCurrant |ama £ 1n 214 o5 ase oS ma
Changa Ti= 250, g < 1A 10 10 10 | ma
Vst < Vi £ Viaax (Fs5cvn <20} (e vy 2n | 78 sviyE3n | v
1o < 500 MA, O°CG = Tj & +125°C 1.0 1.0 ! mA
Vi = Vin 3 Vgax {7 < Wy 529 {145 <V 30 N
e = w0 Y
& 53 7z 54 70 48
a2 55 54 das
Vi S ViN = Vias i8 8 j {5V 25 ({185 SWVjN <385 ¥
fate) Droqpout Voitage 3j = 2vCliagy = 1A ¢ 2.0 28 s
Output Resistance  {f = 1kHz 8 18 13 mil
Short-Circuit Current [Tj — 25°C 2.1 1.5 12 A
Peak Outpui Current {Tj = 25°C 2.4 24 z4 A
Average TC of Y, DCE T +125°C 4y = SmA LY 1.5 18 mysC
fnput Voltans
Regquired to Maintain {T{ = 25°C 15 5 1A 7.5 4.6 177 vV

Mote 2 All characieristics am maasured with CIRaCiLor ACTOSS 11a iNDUE of 022 uF, and & cApacHor 3¢r0ss (e outpul af U. (uf, Al ChEraclansics excep’ nose
w0li3ge and rippla rEclion ralia ara Madsusd usiNg puise lechniquas {L, < 10 ms, duly oyels < 5%). Quiput vohage changes dus 10 Changss in nternat
1SMPErAIURS MUE e 1akan N0 accou™ SEparRIaly
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Physicai Dimensions inches (miimeters)

1 0.920-0.080 ;
—-!(z:m zus;|<—

G860 — 4 815 0.250-6.350

(203224 1m—UG——~>H . -_:—?S’:‘}
0.007-0.128 DA i] }! !
278319 i

i
] ¥
Y 4 ous-asz
u SEATHNG PLANE (11.30-13.25)

I $

GA TYP

G425 —0.440
ne 6714, m

G. 151 —6.161
38384089

oA Tve \ /’Q\g
0.155—0.17%

l
B _4 =8
EESE R

(’4,54 2667

____ -
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Alusninumn Matsl Can Packass (M0
Order Number LM7805CK, L M7812CK or LM7815CK
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LM78XX Seris

£ 74C-0.760

Physical Dimensions inches (milimeters) (Continued)

T0-220 Package (T}
Order Number LM7805CT, LM7812CT or LM7815CT
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CTS ARE NOT

1. Lifs support devices or systems are devices o
systems which, {(3j are intended for surgicai impiant
ha bc-f_fv or | and whose

Fatkage Rumber TOIE

AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPGRT

L OF THE PRESIDENT OF NATIONAL

2. A crtical compeonent is any component of a i
SUPPOTt device or sysiem whase fafiure 1o periom can
ha reaconably expactad to cause the a of the lits

Support device or systarn, or to affect its safety or

wilh instructions ?'u use provigsd in tha iabeling, can sifecivensess.

be reasonably expected to resuit in a significant injury

fo the user.
AT} Nationes National Semiconductor
U 7705 Weat Bordin Poad P o Saght Blook, Tal 61-055-265-2308

Arington, TY 76017
Tol: 1800) 272-uwsy
Faxc 1{806) 7377015

Canlon Bd
Temshatsui, Kowican

Ctean Camre Fay. 81.043-289-2408

Fax: (352) 27369960

Hatioral does not sezirne Xy 1asoonsibity o s of ary SrCUfty degcrnad, ro S ateat Hosasde e inphadd nd Manar ol Teseves te fire 32 w Bme withoul noticd 1o shahe &30 2029y ars spectzatione.



———
FAIRCHILD
———
SEMICONDUCTOR n
Medium Power Linear and Switching
Applications
- Complement to BD136, BD138 and BD140 respectively
1 TO-126
1. Emitter  2.Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings Tc=25"C unless otherwise noted
Symbol Parameter Value Units
Vero Coilector-Base Voitage :BO135 45 '
1 BD137 a0 Y
. :BD139 30 v
Veeo Collector-Emitter Voltage 1 BD135 45 \Y
1 BOD137 650 v
: 80139 80 v
Vepo Emitter-Base Voltage £ v
le Collector Current (DC) 15 A
lop Collector Current (Pulse) 3.0 A
I Base Current 05 A
Pg Collector Dissipation {7¢=25"C}) 175 w
Pc Coliector Dissipation (1,=25°C) 1.25 W
Ty Junction Temperature 130 °C
Ts1G Storage Temperature -35-- 150 N
Electrical Characteristics 7=25:C unisss stherwise noted
Symbol Parameter Test Condition Min. | Typ. | Max. | Unis
Vegglsus) Coltector-Emitter Sustaining Vollage
- BD135 Io=30mA, g =0 a8 v
1 BD137 60 v
: BD13% &0 vV
leo Collector Cut-off Current Veg =30V, i =0 G BA
‘a0 Emitter Cut-off Currant Veg =5V 1o =€ 10 s
gy NC Current Gain | ALL DEVICE Vee = 2V, Ig = 5mA 25
hrE2 - ALL DEVICE Vee =2V, ig = 0.5A 25
hees :BD135 Ve = 2V, Ig = 150mA 40 250
1 BD137, BD13S 40 180
Veg(sal) Collector-Emitter Saturation Voliage lg = S00mA, Ig = 50ma oe Y
Vae(on) Base-Emitter ON Voltage Vee =2V, 1 =054 1 v
hgz Classification
Clagsification & 10 15
hFE3 40 ~ 100 83 ~ 180 100 ~ 250

$2000 Fairchilg Semiconductor intemationst

Rev_ A Fabmary 2000

6EL/LEL/SELAY



Typical Characteristics

Fee, DC CURRENT GAIN

{v], BASE-EMITTER VIDLTAGE

V.

Pc[it], POWER DISSIPATICN

132 23 1888

{odma], COLLECTOR CURRENT

Figure 1. DC current Gain

0.z

0.1 -
i€ a4t a4 1 1

I [A], COLLECTOR CURRENT

Figure 3. Base-Emitter Voitage

Figure 5, Power Derating

Veesatmyl, S4TUTATIGN VOLTAGE

500

450

400

154

=200,

3 oot

1 A}, COLLECTOR CURRENT

Figure 2. Collector-Emitter Saturaticn Voltage

1[4} SOL.ECT-2R CLURRENT

1. MAX, (Putsed)

o
>

i MAX. (Continuous)

19

V. [¥), COLLECTOR EMITTER VOLTAGE

Figure 4. Safe Operating Area

Q2000 Fairchild Semiconducion intematonal

Rev L Cebryary 2000

6ELLELISELAH



Package Demensions

TO-126
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TRADEMARKS

The foilowing ars registered and unregistered trademarks Fairchild Semiconductor cwns oris 2utherized to use andis

o ahuwWl

not intended 1o be an exhaustive list of all such trademarks.

¢

ACEx™ HiSeC™ SuperSOT™-8
Bottomiess™ {SOPLANAR™ SyncFET™
CooIFETW MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™

:Qcmosm PowerTrench® YOX™
EACT™ QFET™
FACT Quiet Series™ Q™
FAST® “Quiet Series™
FASTr™ SupersOT™.-3
GTO™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHGUT FURTHER NOTICE TO ANY

1T DRI D MOt DAL ~e T

am A AT . - o
ITY, FUNCTION COR DESIGN. FAIRCHILD DOZE NOT ASSUME ANY

F3 o4
BRODUCTE HER PROVE RELIAS

LIABILITY ARISING QUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCLHT DESCRIBED HEREIN:
NE{THER DOES {T CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, NOR THE RIGHT: OF OTHERS.

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN UFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHI_D SEMICONDUCTOR

FIRITITEaR A TR LY
INTERNATIONAL.

As used herein:

1 Life suppart davices or systems are devices or systems 7 A entical component s any cornponant of a ife suppont

which, (@) are intended for surgical implant into the body, device or system whose failure to perform can be

or (D) support or sustain iife, of () whose faiture to perform reasonably expectad to cause the tailure of the iife support
4 - .

Drovndﬁd in the labeling, can be reasonably expsacted to
result in significant injury to the user,

PRODUCT STATUS DEFINITIONS

Definition of Terms

Tatncihnml (A mmbifiramiime Bemrdiimt Tiaboim MimSimitem
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