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ABSTRACT

This thesis presents theory and simulation of computer integrated manufacturing. The
whole system consists of conveyor system, robot arm, humanoid robot and insect robot. The goal
of this project is to propose automation manufacturing processes simulation in order to use the
knowledge for application. Our responsibility in this project is insect robot.

Procedure of this project can be explained as follows. Firstly, the structure of robot is
studied and designed. Secondly, the necessary circuit for robot is studied and designed. Thirdly,
the C language program is written for control movement of insect robot. Then, the control signal
from remote is transmitted to receiver of insect robot. After that, the controller will send a
command to control servo motor for the movement of insect robot. Lastly, the insect robot can
turn left, turn right, go back and go straight. The results show that the movement of robot can be

controlled to the expected position with negligible error.
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Mass
Characteristic Production

Wide - Narrow

~ Higrarchical levels Many ; Few

~ Tasks Routing, repetitive Adaptive, craftlike
Specialization High Low

- Decision making Centralized Decentralized

~ Overall Bureaucratic, mechanistic Self-regulation, organic

. Human Resources

Interactions Stand alone Teamwork

Training ~Narrow, one time Broad, frequent

Expertise Manual, technical Cognitive, social
Solve problems

Interorganizational

Customer demand Stable Changing

Suppliers . Many, arm’s length Few, close relations

Source: Based on Patricia L. Nemetz and Louis W. Fry, “Flexible Manufacturing Organiza-
tions: Implications for Strategy Formulation and Organization Design,” Academy of Man-
agement Reaview 13 (1988): 627-38; Paul S. Adler, “Managing Flexible Automation,”
California Management Review (Spring 1988}: 34-56; Jeremy Main, “Manufacturing the
Right Way,” Fortune, 21 May 1990, 54-64.
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[ 9 V-4 Y 14 4 1o o ]
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Pulse width modulation (PWM) A® MAlATIMIUAIUANIIITNIA I
aiang laslddaanatemiuniuuadaoaveslulas Tuswamsesaiugu
MIMAUUBITYIH PWM
- Taw g1t 3.5 n uaasdayno PWM 7} 10% duty cycle Ao dayaialumsoenaziiu
10% Yosmudayanat uag vzooitlu 90% vosmudyaia
- T 3 3.5 9 iaaedayma PWM 1 50% duty cycle Ao Fayanalumsseuaziily
50% veuAUFana iz aweowiilu 50% vesmudyann
- lag 31]‘7'1 3.5 A uaAIday I PWM i 90% duty cycle Ao daynnalunseenaziily
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- PWM Tllsz@niam Ao unaseielwazsreiias 1/iiunne ON Az OFF(FULL ON

and FULL OFF)

o Y 4 < J o (i) T

- pwM MI#14d1 nosa ey A rgegavesneamed IWuims iz unasiie Iz

@

42
fMaalARUTANT ON tiaz OFF(FULL ON and FULL OFF)

33.14 Yoyaveuneilinenes

Speed : 0.23sec/60degrees at 4.8V , 0.23sec/60degrees at 6V
Torque : 10kg.cm(4.8V) , 12kg.cm(6V)

Stz &8 40.7 X 19.7 X 42.9 mm.

Weight : 55g

Servo Horn

Potentiometer Output Gear

Intermediate . Servo Screw
Gears ‘Q?’*
Output
Bushing

519 3.6 MHusznoume e Iuonos

U
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3.3.1.6 U05ANIUAN ET-casyl68 STAMP

51 3.12 veian QY ET-casy168 STAMP

AuauiAveIUD3 A ET-casy168 STAMP

{#onld MCU ns5#na AVRS 1ua5 ATMEGA 168 409 Atmel 14971 RUN a2
16.00 Mhz

MNU8AIUT1 Flash 16 Kbyte, SRAM 1 Kbyte, EEPROM 512 byte

7 GP1O 19411 22 bit (114 Digital $14IH 14 bit 1AZ A to D YHIA 10 bit $1UIMU 8 bit
Power Supply 7@ 143911 5 VDC 910 Port USB 1a291ALNAI918 SVDC A18UDN N3 01

LED POWER e ad1ue
117995 External 1411 reset RC reset Liay SW reset

b4

12610 149142199201 Pin header 5882¥114 2.54 mm. Y119 28 PIN TE8LH14 600 MIL
fedeomsih ldelszynalda uazrenaasauy Project Board

VWIAVBSA 2 x 5 CM. vinavesalszuauinulo® 28 PIN

¥
v

9779 USB MINI itag 0@ USB BRIGE 494 FDTI 1o FT232R vuveia

3
v 1

4970 AVR ISP 1111 IDE 10 PIN 15 usia 14911 Download 198U McU luveia lu

n51 11499015 Download H1UN14 Port USB
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3.3.1.7 Li-po Battery 4000 25C

511 3.13 Li-po Battery 4000 25C

Quick Details :

Brand Name: Turbojet Model Number: 25C, 4000mAh,7.4V
Type: Li-Ion Application: RC Car

Voltage: 7.4V Weight: 220g  Size: 22*47*138mm
Colour: Black Nominal Capacity: 4000mAh

4
33.1.8 2sesmunuvueuaua sy iae

woc

H ] L4
31N3.14 29vsmuguyHeuduNauy 1¥me
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- Frequency Range: 433.92MHz
- Modulate Mode: ASK
- Circuit Shape: SAW
- Date Rate: 8Kbps

- Supply Voltage: 3~12V
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- @24U®4 Encoder

lﬁﬂﬂcl‘lsf’ 2" Series of Encoders ;'u HTI12E 18 DIP ﬁdﬁﬂmﬁmﬁﬁ’ﬂﬁ

Operating voltage : 2.4V~5V for the HT12A 1laZ 2.4V~12V for the HT12E
Low power and high noise immunity CMOS technology

Low standby current: 0.1 _A (typ.) at VDD=5V

HT12A with a 38kHz carrier for infrared transmission medium

Minimum transmission word : Four words for the HT12E

Built-in oscillator needs only 5% resistor

Data code has positive polarity

Minimal external components

HT12A/E: 18-pin DIP/20-pin SOP package
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[ Start Program ]

) 4

NO
F ==0and R==1 and

L==1 and B==

YES

Forward

A

F ==1 and R==1 and
L==1 and B==

Back

A

F ==1 and R==0 and
==1and B==

Turn right

<
<

) 4

F==1and R==1 and
==0 and B==

Turn left

Bl

A 4

Stop

U1 3.23 WWURIMINUYBIUIUALLAY 6 U (Flow Ground)
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Interrupt

A 4

Read input
F = PIN15
B=PIN19
L=PIN11

R =PIN17

v
LBack main program J

314 324 unuramshamvesusuRILal 6 U1 (Back Ground)
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#include <MegaServo.h>
#define FIRST SERVO_PIN 1
MegaServo Servosf]MAX_SERVOS] ;
int sensorValue[5];
int flag = 0;
int f=1,b=1,k=1,r=1,I=1;
void setup()
{
//Seial.begin(19200);
// Serial.println("main");
for( int i =0; i <9; i++)
{
if(i!=1)
Servosli].attach( FIRST _SERVO_PIN +i, 800, 2200);
}
for(int i=0;i<8;i++)
{
if(i'=1)
Servos[i].write(90);
}
pinMode(14, INPUT);
pinMode(16, INPUT);
pinMode(18, INPUT);
pinMode(10, INPUT);
pinMode(15, OUTPUT);

pinMode(17, OUTPUT);
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pinMode(19, OUTPUT);
pinMode(11, OUTPUT);
digitalWrite(15,1);
digitalWrite(17,r);
digitalWrite(19,b);
digitalWrite(11,1);
delay(10);

}

void cc()

{

// Serial.println("interrup_0");
detachInterrupt(0);

// delay(2);
k=1;
delay(2);
f=digitalRead(14);
r=digitalRead(16);
b=digitalRead(18);
I=digitalRead(10);

// delay(2);
digitalWrite(15,5);
digitalWrite(17,r);
digitalWrite(19,b);
digitalWrite(11,1);
/ldelay(2);

for(int i=0;i<9;i++)
{
Servos[i].write(90);

}

attachInterrupt(0,cc, CHANGE);
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}
void loop()

{

attachInterrupt(0,cc, CHANGE);
if(f&&b& &r&&1)

{

/I Serial.println("stop");

}

if(f&&b&&r&&!1)

{

/I Serial.println("left");
TurnLeft();

}

if(f&&b& &1 &&1)

{

/I Serial.println("right");
TurnRight();

}

if(1f&&b& &r&&l)

{

/I Serial.println("forword");
No_Grean_Forward();

}

(& & b& &r&&1)

{

/I Serial.println("backward");
No_Grand_backward();

}

k=0;

delay(10);
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}

void position(int n,unsigned int first,unsigned int second)
{

intr=0;

if(first<second)

{

for(;first<second;first++)

{

for(r = 0;r<500;r++)

{

Servos[n].write(first);

}

}

}lend if 1

else if(first>second)

{
for(;first>second;first--)
{

for(r = 0;r<500;r++)

{

Servos[n].write(first);
}
}
}
else if(first==second)
{
for(r = 0;r<500;r++)
{
Servos[n].write(first);

}
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}

void Grean_Forward(void)

{
position(5,90,130); //should be real time
position(3,90,50);
position(4,90,50);
position(2,90,130);
position(5,130,90);
position(3,50,90);
i
position(0,90,50);
position(7,90,130);
position(4,90,130);
position(2,90,50);
g
position(8,90,90);
position(0,90,90);
position(2,90,90);
position(3,90,90);
position(4,90,90);
position(5,90,90);
position(6,90,90);
position(7,90,90);

}

void Grean_Rlegup(void)

{
intr=0;
int first = 90;

int second = 130;
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int count = first;
if(k==0)
{
for(;first<second;first++)
{
for(r = 0;r<100;r++)
{
Servos[5].write(first);

Servos[3].write(count);

count--;

}
/[For forward function
void Grean_Rforward(void)
{
int r=0;
int first = 90;
int second = 50;
int count = first;
if(k==0)
{
for(;first>second;first--)
{
for(r = 0;r<100;r++)
{
Servos[4].write(first);

Servos[2].write(count);

41



count++;

}
/[For forward function
void Grean_Rreward(void)
{
intr=0;
int first = 50;
int second = 90;
int count = 130;
if(k==0)
{
for(;first<second;first++)
{
for(r = 0;r<100;r++)
{
Servos[4].write(first);

Servos[2].write(count);

count--;

}
void Grean_Rlegdown(void)
{

intr=0;

int first = 130;

int second = 90;

int count = 50;
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if(k==0)

for(;second<first; first--)
{
for(r = 0;r<100;r++)
{
Servos[5].write(first);

Servos[3].write(count);

count++;

}
void Grean_Llegup(void)
{
int r=0;
int first = 90;
int second = 50;
int count = 90;
if(k==0)
{
for(;second<first; first--)
{
for(r = 0;r<100;r++)
{
Servos[0].write(first);
Servos[7].write(count);
}

count++;



}
void Grean_Llegdown(void)
{
intr=0;
int first = 50;
int second = 90;
int count = 130;
if(k==0)
{
for(;second>first; first++)
{
for(r = 0;r<100;r++)
{
Servos[0].write(first);

Servos[7].write(count);

count--;

}
//For forward function
void Grean_Lforward(void)
{
int r=0;
int first = 90;
int second = 130;
int count = 90;

if(k==0)
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{
for(;second>first;first++)
{
for(r = 0;r<100;r++)
{
Servos[8].write(first);
Servos[6].write(count);
}
count--;
}
}
}

/[For forward function
void Grean_Lreward(void)
{

intr=0;

int first = 130;

int second = 90;

int count = 50;

if(k==0)

{

for(;second<first; first--)

{
for(r = 0;r<100;r++)

{
Servos[8].write(first);
Servos[6].write(count);

}

count++t;
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}

//For Reward function
void Grean_back_Rforward(void)
{
intr=0;
int first = 130;
int second = 90;
int count = 50;
if(k==0)
{
for(; first>second;first--)
{
for(r = 0;r<100;r++)
{
Servos[4].write(first);
Servos[2].write(count);
}
count++;

}

}

//For Reward function
void Grean_back_Rreward(void)
{

intr=0;

int first = 90;

int second = 130;

int count = 90;

if(k==0)



for(;first<second;first++)

{
for(r = 0;r<100;r++)
{
Servos[4].write(first);

Servos[2].write(count);

}

count--;

}

//For forward function

void Grean_back Lforward(void)

{

intr=0;

int first = 50;

int second = 90;

int count = 130;

if(k==0)

{
for(;second>first;first++)
{

for(r = 0;r<100;r++)
{
Servos[8].write(first);

Servos[6].write(count);

count--;
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}
/[For forward function
void Grean_back_Lreward(void)
{
intr=0;
int first = 90;
int second = 50;
int count = 90;
if(k==0)
{
for(;second<first; first--)
{
for(r = 0;r<100;r++)
{
Servos[8].write(first);
Servos[6].write(count);
}

count++;

}
void RswingUp() {
int r=0;
int first = 90;
int second = 130;
int count = 90;
if(k==0)
{
for(;first<second;first++)

{



for(r = 0;r<100;r++)

{
Servos[4].write(first);
Servos[2].write(count);
Servos[8].write(180-first);
Servos[6].write(180-count);

}
count++;

}

}
void RswingDown() {
intr=0;
int first = 130;
int second = 90;
int count = 130;
if(k==0)
{
for(;second<first;first--)
{
for(r = 0;r<100;r++)
{
Servos[4].write(first);
Servos[2].write(count);
Servos[8].write(180-first);

Servos[6].write(180-count);

count--;



void LswingUp() {
intr=0;
int first = 90;
int second = 60;
int count = 90;
if(k==0)
{
for(;first>second;first--)
{
for(r = 0;r<100;r++)
{
Servos[8].write(first);
Servos[6].write(count);
Servos[4].write(180-first);

Servos[2].write(180-count);

count--;

}
void LswingDown() {
intr=0;
int first = 60;
int second = 90;
int count = 60;
if(k==0)
{
for(;second>first; first++)
{
for(r = 0;r<100;r++)

{
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}

Servos[8].write(first);
Servos[6].write(count);
Servos[4].write(180-first);
Servos[2].write(180-count)

}

count++;

void TurnRight()

{

}

Grean_Rlegup();
RswingUp();

Grean_Rlegdown();
Grean_Llegup();
RswingDown();

Grean_Llegdown();

void TurnLeft()

{

}

Grean_Llegup();
LswingUp();
Grean_Llegdown();
Grean_Rlegup();
LswingDown();

Grean_Rlegdown();

void No_Grean_Forward()

{

Grean_Rlegup();

Grean_Rforward();

>
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Grean_Rlegdown();
Grean_Llegup();
Grean_Rreward();
Grean_Llegdown();
Grean_Llegup();

Grean_Lforward();

Grean_Llegdown();

}

Grean_Rlegup();
Grean_Lreward();

Grean_Rlegdown();

void No_Grand backward()

{

Grean_Rlegup();
Grean_back_Rreward();
Grean_Rlegdown();
Grean_Llegup();
Grean_back_Rforward();
Grean_Llegdown();
Grean_Llegup();
Grean_back_Lreward();
Grean_Llegdown();
Grean_Rlegup();
Grean_back_Lforward();

Grean_Rlegdown();
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.1 RNAIRNBMIF 111 RWS-374 Series

RWS-374 Series fin lugadd s udaya1a1Ingn21ud 433.92 MHz

RWS'374 Series  wensHincoo

V1.02

Wireless Hi Sensitivity Receiver Module (RF ASK)

» Model: RWS-374-6(433.92MHz)

*Frequency Range: 433.92MHz
*Modulate Mode: ASK

*Circuit Shape: LC

*Date Rate: 4800 bps
*Selectivity: -108 dBm

*Channel Spacing: +500KHz
*Supply Voltage: 5V

* High sensitivity passive design.

*Simple to apply with low external count.

hitp://www.wenshing.com.tw ; hitp//www.rfnetbw RWS-374 Series Data Sheet P.1
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> Electrical Characteristics :
Characteristics Sym Min
Operating Radio Frequency FC 433.42
Sensitivity Pref. -106
Channel Width -500
Noise Equivalent BW

Baseboard Data Rate

Receiver Tum On Time

> DC Characteristics :
Symbol = Parameter ' Conditions i Typ Max Units

Vce Operating Supply s 5 5.1
Voltage

I Tot Operating Supply k

Voltage: - ,
V Data Data Out 1 Data = -10 uA ( Low )

1 Data =-10 uA ( Low )

http://www.wenshing.com.tw : hitp://www.rfinet.tw RWS-374 Series Data Sheet P.2
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» Pin Assignment:

Digital Output
Linear Out
vee
VCce
GND
GND
ANT About 13cm

1
2
3
4
5
6
7
8

Jiwww.wenshing.comutw ;) hitp/www.rlinettw RWS-374 Series Data Sheet P.3
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» Demo Circuit:

RWS - 374 FALCHE ( RIEES 13 )

P 3
riblia 4

RWS-374 Series Data Sheet P.4




2.2 (eNE139NeM31H 911 TWS-BS Series

TWS-BS Series A0 lugadidsdaya1a13ngad1ua 433.92 MHz

i

TWS'BS Series

WENSHING®®
V1.01

Wireless Transmitter Module Series (RF ASK)

» Model : TWS-BS-3(433.92MHz)

*Frequency Range: 433.92MHz
*Modulate Mode: ASK

*Circuit Shape: SAW

*Date Rate: 8Kbps

*Supply Voltage: 3~12V

> Absolute Maximum Ratings:
Rating Value

Power Supply and All Input/Output Pins -0.3to +12.0
Non-Operating Case Temperature -20 to +85

Soldering Temperature(10 seconds)

Vv
Celsius

Celsius

TWS-BS Series Data Sheet P.1
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> Electrical Characteristics, T=25C , Vcc=3.6V, Fre=433.92MHz:

Characteristic
Operating Frequency (- 300KHz)
Data Rate

Transmitter
Performance(OOK@2.4Kbps)

Peak Input Current,12 Vdc Supply
Peak Output Power

Tum On/ Tum Off Time

Power Supply Voltage Range

Operating Ambient Temperature

Tx Antenna Out (3V) +2.4dBm

SIDEVIEW

Sym
VCC
ASK

PO
T ON/T OFF
VCC
TA

hup://www.wenshing.com.tw : hitpi//wwwarlfnetiw

Min

Typ Max Uint
433.92 MHz
Kbps

mA
mwW
us
vDC
Celsius

mA

T0P VIEW

SIDE VIEW

TWS-BS Series Data Sheet P.2
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» Pin Assignment:

Data In
VCC
ANT

http://www.wenshing.com.tw ; hitp:/Zwww.rfnet.tw TWS-BS Series Data Sheet P.3
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» Demo Circuit:

FRguae
A\

3 o 005 W e 23
oL e o o R T

f ] ol e g

S
W ey v O
vt ] ] vy

o
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TWS-BS Series Data Sheet P.4
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e q

22 Series of Decoders

Features

o Operating voltage: 2.4V~12V

Low power and high noise immunity CMOS
technology

Low standby current

Capable of decoding 12 bits of information
Pair with Holtek's 2" series of encoders
Binary address setting

Received codes are checked 3 times

Applications

« Burglar alarm system

o Smoke and fire alarm system
o Garage door controllers

+ Car door controllers

General Description

The 2' decoders are a series of CMOS LSIs for
remote control system applications. They are
paired with Holtek’s 2 series of encoders (re-
fer to the encoder/decoder cross reference ta-
ble). For proper operation, a pair of
encoder/decoder with the same number of ad-
dresses and data format should be chosen.

The decoders receive s&;zrial addresses and data
i ;

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

Selection Table

» Address/Data number combination
- HT'12D: 8 address bits and 4 data bits
- HT12F: 12 address bits enly

o Built-in oscillator needs only 5% resistor

* Valid transmission. indicator

s Easy interface with an RF or an infrared
transmission medium

» Minimal external components

Car alarm gystem

Security system

Cordless telephones

Other remote control systems

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

The 2" series of decoders are capable of decod-
ing informations that consist of N bits 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.

. Functi o5 Dat
unc lon)Addresa | - o8 VT  Oscillator | Trigger Package
PartNo, .. No. No. Type
HTI12D 8 4 L v | RC oscillator | DIN active "Hi" 18 DIP/20 SOP
HTI2F 12 0 o v | 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.

July 12, 1999
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2'? Series of Decoders

Block Diagram

A N
Address

vDD VSS

0SC2 0SCt
O Oy
2
‘Oscilla!or i-—bl Divider }—b e —»0O
Data Shift {atch Gircuit |- 12T Data
| »| Register e SlcUl —"O
i >
DIN O—» Bufferi T Data Detector]— ’
A v
Sync. Detector Comparator < Comparator Control Logic
] !
A4 v A4
Transmission Gate Circuit Buffer D VT

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

Pin Assignment

8-Addres
shagd
9
- NC[]1 20[7INC
Ao 1 18 [J VDD AO[] 2 193 VDD
Al]2 173VT AL 3 18 [1VT
A2[]3 16[00sc1  A20]4 17 0scC1
A3[]4 15[J0sC2 A3[l5 16[J0SC2
A4[]5 14 [ DIN A4l B 15[ DIN
A5[6 1371 D11 A5 7 1471D11
A7 12[0D10 A6 8 13[1D10
AT[]8 11 D9 AT 9 12[JD9
vss[]9 10[JD8 vSS[] 10 11 D8
HT12D HT12D
-18 DIP —20 SOP

12-Address 12-Address
0-Data 0-Data
= NCI[]1 i~ 20[JNC
A0 1 18[]VDD Ao 2 19 VDD
A1[]2 17[VvT A1[]3 18 VT
A2 3 16 [ OSC1 A2 4 17[J osc1
A3[]4 15[ 0sc2 A3[]5 16[J] OSC2
A4[]5 14 DIN Ad[ e 15[ DIN
A5[]6 13[7A11 A5 7 14 [ A1
A6[17 12[JA10 As(ls 130 A10
A7[]8 11 [AS A7 9 12 A9
VSS9 10 A8 Vss[] 10 11 A8
HT12F HT12F
-18 DIP - 20 SOP
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Pin Description

Pin Name  1/O Ccfzflil::?;n Description
R R g
D8~D11 (o) CMOS OUT Output data pins
DIN I CMOS IN Serial data input pin
vT 0} CMOS OUT Valid transmission, active high
0SC1 I OSCILLATOR | Oscillator input pin
0SC2 O OSCILLATOR | Oscillator output pin
VSS I e Negative power supply (GND)

VDD I — Positive power supply

Approximate internal connection circuits

NMOS
TRANSMISSION
GATE

CMQOS OUT CMOS IN OSCILLATOR

Absolute Maximum Ratings

Supply Voltage........ceceticitiuenniiniis -0.3V to 13V Storage Temperature................. -50°C to 125°C
Input Voltage.....ccooouvenenene Vgs-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 "Absolute 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
exposure to extreme conditions may affect device reliability.
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2'? Series of Decoders

Electrical Characteristics Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ.| Max. | Unit
Vop Conditions
Vpp Operating Voltage e — 24 5 12 v
5V — 0.1 pA
Istp Standby Current —  Qgcillator stops
12V o 2 4 HA
; No load
Ipp Operating Current 5V fos=150kHz - 200 | 400 nA
Data Output Source \| )
: Current (D8~D11) NS NS 2
0]
Data Output Sink f
Current (D8~D11) G-y oL7e-5¥ i T E s
I VT Output Source Current e Vou=4.5V -1 -1.6 — mA
VT
VT Output Sink Current Vor=0.5V 1 1.6 — mA
Vin "H" Input Voltage 5V e 3.5 e 5 \'%
ViL "L” Input Voltage 5V — 0 — 1 A\
fosc Oscillator Frequency 5V Rpsc=51k) - 150 —_— kHz

July 12, 1999



lﬂOETEKi;‘!5

2'? Series of Decoders

Functional Description

Operation

The 212 series of decoders provides various com-
binations of addresses and data pin%in. differ-
ent packages so as to pair with the 2 " series of
encoders.

The decoders receive data that are transmitted
by an encoder and interpret the first N bits of
code period as addresses and the last 12-N bits
as data, where N is the address code number. A
signal on the DIN pin activates the oscillator
which in turn decodes the incoming address
and data. The decoders will then check the re-
ceived address three times continuously. If the
received address codes all match the contents of
the decoder's local address, the 12-N bits of
data are decoded to activate the output pins
and the VT pin is set high to indicate a valid
transmission. This will last unless the address
code is incorrect or no signal is received.

The output of the VT pin is high only when the
transmission is valid. Otherwise it is always
low.

Output type

Of the 212 series of decoders, the HT'12F has no
data output pin but its VT pin can be used as a
momentary data output. The HT12D, on the
other hand, provides 4 latch type data pins
whose data remain unchanged until new data
are received.

Part Data Address Output Operating
No. Pins| Pins Type @ Voltage
HT12D, 4 8 Latch | 2.4V~12V
|HTI2F| 0 12 — 2.4V~12V

Flowchart

The oscillator is disabled in the standby state
and activated when a logic "high” signal applies
to the DIN pin. That is to say, the DIN should be
kept low if there is no signal input.

Power on

>l
V‘

Disable VT &
Code in ? ignore the rest of
this word
Yes

A

Address bits
matched ?

Yes

Store data

e, —— e ——

Match
previous stored
data ?

No

3 times
of checking?

Latch data
to output &
activate VT

v

Address or
data error ?

Yes

July 12, 1999
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HOLTEK # 2'? Series of Decoders

Decoder timing

Encoder
Transmission l l I I
Enable

—»| |« <1 word

Encoder
DOUT ! l ]

Transmitte
|4 4words —p| . f— Con?muousy —p{e— 4 words —p] 5
le-»| 2 clocks l&» 2" clocks
Decoder VT l
|4 check — |€— check —¥

Latched
Data Out

Encoder/Decoder cross reference table

Package
]%Zi:(ﬁzs Data Pins | Address Pins | VT | Pair Encoder | Encoder Decoder
DIP | SOP | DIP | SOP
HT12A 18 20
HT12D 4 8 v &Y 20
HT12E 18 20
HT12A 18 20
HT12F 0 12 y 18 20
HT12E 18 20

Address/Data sequence

The following table provides address/data sequence for various models of the 2" series of decoders. A
correct device should be chosen according to the requirements of the individual addresses and data.

Address/Data Bits

2 3 4 5 6 7 8 9 10 11
HT12D A0 | A1 | A2 | A3 | A4 A5 As6 A7 | D8 | D9 | D10 | D11
HT12F A0 | Al | A2 A3 | A4 | A5 | A6 A7 A8 | A9 | A10 | A1l

Part No.

6 July 12, 1999



67

HOLTEK # 2'? Series of Decoders

Oscillator frequency vs supply voltage

fosc
(Scale)
Rosc (Q)}
4.00
27k
3.50
30k
33k
3.00
36k
39k
2.50 43k
47k
51k
2.00 56k
62k
68k
75k
1.50 82k
100k
(100kHz)1.00 120k
150k
180k
220k
0.25

N
w
S
w
o
~

8 9 10 11 12 13 VDD(VDC)

The recommended oscillator frequency is fogep (decoder) = 50 fogep (HT12E encoder)

% foscre (HT12A encoder).

~
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Application Circuits

\NL’I Receiver Circuit l————— \NLV| Receiver Circuit }'_——‘

L A0 VDD ﬁ b
A1 vT 1—7—0 A1 VT l7—O

a2 oscip® a2 osci}®

A3 0SC2 &C_] A3 0SC2 1—_5——%3@
A4 DIN |2« Ad DINFA

AS o110 A5 RE] LEAY

A6 o020 A6 At0[12_3

AT pof o A7 I LEEDS
VSS psl'l VSS Asl19 3

HT12D HT12F

Notes: Typical infrared receiver: PIC-12043T/PIC-12043S (KODESHI CORP.)

or LTM9052 (LITEON CORP.)

Typical RF receiver: JR-200 (JUWA CORP.)
RE-99 (MING MICROSYSTEM, U.S.A.)
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HT12A/HT12E
22 Series of Encoders

Features

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

s Minimum transmission word
~ Four words for the HT'12E
- One word for the HT12A

e Low power and high noise immunity CMOS e Built-in oscillator needs only 5% resistor
technology « Data code has positive polarity
e Low standby current: 0.1pA (typ.) at « Minimal external components
Vpp=5V s  HTI12A/E: 18-pin DIP/20-pin SOP package
= HTI12A with a 38kHz carrier for infrared
transmission medium
Applications
= Burglar alarm system e Car alarm system
»  Smoke and fire alarm system * Security system
= Garage door controllers e Cardless telephones
e Car door controllers e Other remote control systems

General Description

The 2'% encoders are a series of CMOS LSls for
remote control system applications. They are
capable of encoding information which consists
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 transmitted together with the header bits

Selection Table

via an RF or an infrared transmission medium
upon receipt of a trigger signal. The capability
to select a TE trigger on the HT12E or a DATA
trigger on the HT'12A further enhances the ap-
plication flexibility of the 2" series of encoders.
The HT12A additionally provides a 38kFHz car-
rier for infrared systems.

" Function| Address | Address/ Data H 4 Carrier Negative
i No. Data No. No. | Oscillator  Trigger | Package Output | Polarity
» [>
HT12A s 0 o | SSBKEE | pripir | Ea 1N 38KHz, No
HT12E 8 4 0 ()sci‘]‘l(';u)r :FE ;g XS)(I)l;’ No No

Note: Address/Data represents ping that can be address or data according to the decoder require-
ment.
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HT12A/HT12E

Block Diagram

TE trigger
HT12E

0sC2 0scC1

]

e ; 2 Divi Data Select

TE ()—bl Oscillator H 3 Divider }—-P ST O DOUT
y

: 1

+12 Counter & Sync.

kO | 1 of 12 Decoder [ | Circuit

i i | 12 Transmission
Gate Circuit
ATO— Binary Detector

S/ a4

J \J N/ S
AD8 --eeeree AD11 VDD  VSS

DATA trigger
HT12A

X2 X1
%\ JES.

i - i Data Select
l Oscillator }—»l 576 Divider }—-» ata Select— (5 00UT

L/iMB O—————; T 4

H
O‘ > ¢ +12 Counter & Sync.
800w 1 of 12 Decoder e Circuit

t1E |12 Transmission
i i Gate Circuit
ATO— Binary Detector J

bt el

O 19 O O
D11 vDD 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 8-Address 8-Address 8-Address
4-Data 4-Data 4-Address/Data 4-Address/Data
i neclt ~ 20fNc . neClt ~ 20QNC
A0C] 1 18[1VDD A0C]2 19 [JvDD Ao 18[VDD A2 19[1VDD
A1 2 17 [71DOUT A3 18 [JDOUT A1 2 17[0DOUT  A1[]3 18 [1DOUT
A2[]3 16 X1 A2(14 17 X1 A2 3 16 [J OSC1 A2 4 17 1 0OSC1
A3[] 4 15[J%2 A3C]5 16 [1X2 A3[]4 15[J0sC2  A3[]5 16 [10sC2
A4S 14 [JL/MB A4Cl6 15[JLUMB AdL]S 14[TE A4 15[1TE
A5[]6 13[JD11 A5 7 14 D11 As[]6 13[JAD11 A5 7 14 [JAD11
A7 12[71D10 AS )8 13[JD10 A6]7 12 AD10 A6 8 13[1AD10
AT[]8 11[D9 AT[]9 12[1D9 AT[]8 111 AD9 A7 9 12[JAD9
vss([]9 10[1D8 vss[]10 11108 vss[]9 10[JAD8  VSS[J10 11 [J AD8
HT12A HT12A HT12E HT12E
-18 DIP —-20 SOP -18 DIP -20 SOP
Pin Description
A Internal A
Pin Name | I/O X Description
Connection
CMOS IN
Pull-high
(HT124)
AO~AT I NMOS Input pins for address A0~A7 setting
- TRANGSX@I‘ISSION These pins can be externally set to VSS or left open
PROTECTION
DIODE
(HT12E)
NMOS
TRANSMISSION
ADS-AD11| 1 GATE Input pins for address/data AD8~AD11 setting
7 PROTECTION | These pins can be externally set to VSS or left open
DIODE
(HT12E)
Input pins for data D8~D11 setting and transmission en-
D8~D11 I CMOS IN able, active low
= Pull-high These pins should be externally set to VSS or left open
(see Note)
DOUT 6] CMOS OUT | Encoder data serial transmission output
CMOS IN Latch/Momentary transmission format selection pin:
L/MB I Pull-high Latch: Floating or VDD
g Momentary: VSS
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HOLTEK# HT12A/HT12E
Pin Name | 1/0 C(ftr::gc:?;n Description

TE I (13311\111?}?1;;1 Transmission enable, active low (see Note)

0SC1 I | OSCILLATOR 1 | Oscillator input pin

0SC2 O | OSCILLATOR 1 | Oscillator output pin

X1 I | OSCILLATOR 2 | 455kHz resonator oscillator input

X2 O | OSCILLATOR 2 | 455kHz resonator oscillator output

VSS I —— Negative power supply, grounds

VDD I - Positive power supply

Note: D8~D11 are all data input and transmission enable pins of the HT'12A.
TE is a transmission enable pin of the HT12E.

Approximate internal connections

NMOS CMOS IN
TRANSMISSION Pull-high CMOS OUT OSCILLATOR 1
GATE
EN -----
OSCILLATOR 2 NMOS TRANSMISSION GATE

PROTECTION DIODE

X1 X2
D : E] Voo

Absolute Maximum Ratings

Supply Voltage (HT12A) .............. -0.3V to 5.5V Supply Voltage (HT12E) ............... -0.3V to 13V
Input Voltage......ccoevenennn. Vgs—0.3 to Vpp+0.3V Storage Temperature................. -50°C to 125°C
Operating Temperature............... -20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maxi-
mum Ratings” may cause substantial damage to the device. Functional operation of this device
at other conditions beyond those listed in the specification is not implied and prolonged expo-
sure to extreme conditions may affect device reliability.
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Electrical Characteristics

HT12A Ta=25°C
Test Conditions :
Symbol Parameter : Min. | Typ. | Max. | Unit
Vbp Conditions
Vop Operating Voltage — S 2.4 3 5 A%
3V — 0.1 1 LA
Istn Standby Current Oscillator stops
5V e 0.1 1 A
I 0 P e 3V | No load = 200 400 HA
DD erating Current i
— 5v. | fosg=455kHz N | 400 | 800 | pA
Vou=0.9Vpp (Source) -1 -1.6 — mA
Ipour |Output Drive Current | 5V ;
Vor=0.1Vpp (Sink) 2 3.2 — mA
Vg "H" Input Voltage — — 0.8Vpp| — Vop A%
ViL “L" Input Voltage — — 0 28 (02Vpp| V
D8~D11 Pull-high B
RDATA | pocictance 5V | Vpara=0V 4 150 | 300 | kQ
HT12E Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vb Conditions
Vpp Operating Voltage — — 2.4 5 12 v
3V — 0.1 al pA
Isrs Standby Current Oscillator stops
12V e 2 4 pA
3V | No load 7 40 80 pA
Ipp Operating Current 3
el 12V | fosc=3kHz = 150 B0 | e
VOH=0-9VDD (Source) -1 ~-1.6 e mA
Ipour |Output Drive Current 5V
VOL'_'O-lVDD (Sink) 1 1.6 S mA
Viu “H" Input Voltage — e 0.8Vpp| — Vobp \Y%
ViL "L” Input Voltage — — 0 — |02Vpp| V
fosc Oscillator Frequency 5V |Rogc=1.1MQ — 3 — kHz
R | TE Pull-high Resistance | 5V | Vig=0V i 1.5 3. | MQ
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Functional Description

Operation

The 212 series of encoders begin a 4-word transmission cycle upon receipt of a transmission enable
(TE for the HT12E or 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 output completes its final cycle and then stops as shown below.

= 1l | E

—»| |4 <1word
Encoder
DOUT
itt
|¢— 4 words —p] [T ggﬁgﬁmu%?y i 4 words —b]

Transmission timing for the HT12E

D8~D11
Key-in | I
—»| |4 <1 word
Erg:g%q'[ with 38kHz carrier
e e pe> \Wpret L0 3 e oo
Transmission timing for the HT12A (L/MB=Floating or VDD)
D?(:gji:\ ‘ r (all data=1)
- | <1word j¢ 7 words |
0 A RO
HER 7wy o diEEmise e 1 vord

1 word (all data=1)
Transmission timing for the HT12A (L/MB=VSS)
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Information word

If L/MB=1 the device is in the latch mode (for use with the latch type of data decoders). When the trans-
mission enable is removed during a transmission, the DOUT pin outputs a complete word and then
stops. On the other hand, if L/MB=0 the device is in the momentary mode (for use with the momentary
type of data decoders). When the transmission enable is removed during a transmission, the DOUT
outputs a complete word and then adds 7 words all with the 1" data code.

An information word consists of 4 periods as illustrated below.

— 4 1/3 bit sync. period

ata code
period

<——  pilot period (12 bits)  ~——#= i#— address code period —pig— I
Composition of information

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

shown below.
fosc L | ] I l | l I ’ l l l l I I ‘
"o ] e @i

worhy, Yol & T ol o/

‘- Address/
" Data Bit

Address/Data bit waveform for the HT12E

fosc

: Hl ” “ 38kH
"One’ mm”u "‘carrie%
sezeor | T

-» DataBit <

“One* T M [

Address Bit 1

“ze | [T ML VNN OO

—» Address Bit i«

Address/Data bit waveform for the HT12A

Data Bit

7 April 11, 2000



76

HOLTEK i ‘ HT12A/HT12E

The address/data bits of the HT12A 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". If a transmis-
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad-
dress/data serially in the order A0 to AD11 for the HT12E encoder and A0 to D11 for the HT12A
encoder.

During information transmission these bits are transmitted with a preceding synchronization bit. If
the trigger signal is not applied, the chip enters the standby mode and consumes a reduced current of
less than 1pA for a supply voltage of 5V.

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

The following figure shows an application using the HT12E:

e

OSC1 0Osc2

Transmission

DOUT ¥ medium

VDD A0 A1 A2 A3 A4 A5 A6 A7 VSS TE AD8 AD3 AD10 AD11

LIPS

Voo

VSS

The transmitted information is as shown:

Pilot | A0 Al A2 A3 Ad A5 A6 A7 | AD8 | AD9 ADI10 | ADI11
&
Sync. 1 0 1 0 0 0 1 1 1 L it 0
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Address/Data sequence

The following provides the address/data sequence table for various models of the 2!2 series of
encoders. The correct device should be selected according to the individual address and data require-
ments.

Address/Data Bits
Part No.
0 al 2 3 4 5 6 7 8 9 10 11
HT12A A0 Al A2 A3 A4 A5 A6 A7 D8 D9 | D10 | D11
HT12E A0 Al A2 A3 A4 A5 A6 A7 | AD8 | AD9 |AD10|AD11

Transmission enable

For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the
HT12A encoders, transmission is enabled by applying a low signal to one of the data pins D8~D11.
Two erroneous HT12E application circuits

The HT12E must follow closely the application circuits provided by Holtek (see the "Application cir-
cuits”).

¢ Error: AD8~AD11 pins input voltage > Vpp+0.3V

% -

Pt
—

0SC1 AD11
TE AD10
e AD9
OB (L 12V
B
HT12E
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* Error: The IC's power source is activated by pins AD8~AD11
12V
0SC2 VDD L 4 ?
0SC1 AD11
TE AD10
AD9
VSS
AD8 i
O go do
[ 1
HT12E oy
Flowchart
e HT12A s HT12E
‘ Power on Power on t
> P
v y
Standby mode Standby mode
Data enable? Transmission
enabled ?
Yes (¢
h 4
Data with carrier 4 data words
serial output transmitted
i 7 ransmission
Data still enabled 7 il orbiod
No
4 data words
transmitted
continuously
y [t i)
Send the | [Send "1” 7 times for
last code | |all of the data codes

Note: D8~D11 are transmission enables of the HT12A.
TE is the transmission enable of the HT12E.
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Oscillator frequency vs supply voltage

fosc
(Scale)
Rosc (Q)
7.00
470k
510k
6.00
560k
620k
5.00
680k
750k
4.00 820k
910k
1.0M
(3kHz)3.00
1.2M
1.5M
2.00
2.0M
\ ///'

N
w
N
o
o
~
o)

9 N1 A2 13 veo(vDC)

The recommended oscillator frequency is fogep (decoder) = 50 fogcg (HT12E encoder)
& 7 fosce (HT12A encoder)
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HT12A/HT12E
Application Circuits
Voo 100Q
| Transmitter Circuit l——T/‘/’
‘\: ?— VoD
S 18
o e 10kQ2 8050 vop 18
2 17
\o—; Al pouT L pouT [17_|
> ~o—34 A2 X1 |—0100pF 0SsC1 16
T 10MQ Rosc
o4 A3 x2 {13 14100pF 0sc2 :&]15
R PYRRRY Y L TE 14
solas DIyl s AD11[13 5
~o—] A6 g2 = AD10 125
o8] A7 Do P11 3% a9 o
10
vssf / ps it ®g o1 < VSs  AD8 o
77
HT12A HT12E

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

12
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