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ABSTRACT

The main objective of our project is 10 avoid the number of
railway accidents oceurring in the unmanned level crossings by providing
pecessary and detailed information regarding the train arrival and its current
position to the public at the gate and also to prevent the direct collision

occurring between the two trains traveling in the same track.

The gate control part is done by glowing appropriate
LEDs relevant to the train position and switching ON the buzzer at
appropriate time along with automated gate closing. The information
regarding the time that will be taken for the train to reach the gate and s
velocity will be displayed at the gate using LCD display continuously. The
opening and closing of the gate will be controlled using servomotor operated

by relays.

The collision prevention part is done by transmitting and
receiving the train and track number information within a particular area, SO
that if any train comes in the same track, further enhancements can be done

either to stop the train or to change the track. The microcontroller used here

is ATMEL 89C51.



TABLE OF CONTENTS

CHAPTER NO. TITLE
ABSTRACT
LIST OF TABLES
LIST OF FIGURES
1. INTRODUCTION

1.1.A strategy of railway
accidents in India
1.2. Need for our project.
2. PROJECT DESCRIPTION
7 1. General block diagram

2.2. Introduction {0
Microcontroller

2 3. LCD display

2.4. Servo motor

7 5.Circuit explanation
7 5.1 Power supply circuit
7 5.2 Relay circuit
2.5.3 Keypad

254 RF Transmitter

PAGE NO.

vi
X

ix

14

16

17
20
21

23

vii



4.

7.5.5RF Receiver

7 6.Main circuits

2 6.1.Transmitter circuit
7 6.2 Receiver circuit
7.6.3.Gate control circuit
2 7. Software description

2 7.1.Gate control

2.7.2 Transmitter

2.7.3.Receiver

2.7.4. Flow chart

CONCLUSION AND FUTURE

24

25
26
30

32
43
45

49

ENHANCEMENTS 51

APPENDICES

REFERENCES

52

79

vitl



Serial no.

2.1

2.2

1.1

2.1

2.2

2.3

2.4

2.5

2.6

2.7

List of tables

Title
Interrupt Enable Register
n 7800 series

Positive Voltage Regulators 1

List of figures

Collisions and fatalities
General Block Diagram
Program Status Word

5V power supply
Fixed positive voltage regulator
+12V and —12V power supply

Relay circuit

Keypad

1X

page no.

12

19

11

18

18

19

20

21



2.8

2.9

2.10

2.11

2.12

2.13

2.14

ASK modulation
RF Transmitter circult
RF Receiver circuit
Transmitter circuit
Receiver circuit
Gate control circuit

Flow chart

22

23

24

25

30

49



CHAPTER 1

A2 Va3 WES oy

INTRODU CTION:

INTRODUS 22—

1.1.A strategy of railway accidents in India:

Accident 1s an occurrence in the course of working of Railway which

does or may affect the safety of the Railway passengers OF servants or

| which affect the safety of others, of which does or may cause delay to a
train or loss tO the Railway. The term “accident' envelopes 2 wide
spectrum of occurrences of consequences not necessarily leading to a
mishap. 'Failures of railway equipment’ are also treated as technical and
potential “accidents' for the purposes of managing the assets safely. Assel
fajlures arc continuously monitored and offorts made to OvVersee that they
do not cause actual accidents. Consequential train accidents include train
accidents having serious repercussion in terms of loss of human life,
injury, damage to Railway property or interruption to rail traffic of laid
down threshold levels and values. These consequential train accidents
include Collision. Derailments, Fire in Trains, Collisions of trains at
Level Crossings and few miscellaneous incidents. All other train
accidents, which are below the threshold values, are treated as "other train
accidents". Such categorization s, broadly, in consonance with practices
adopted i many of world railways. though varying . details and degree.
Indicative Accidents, distinct from Consequential Train Accidents include
all cases of ‘train passing signal at danger , “averted collision’, breach of

block rules etc.

Collisions arc the most dreaded accidents for any railway-

' man. These can be 'side collisions’, ‘Rear-end' and “head-on collisions'.



Trains ramming into another from behind are called rear-end collisions,
while trains colliding on the same track from opposite ends, are called head-
on collisions and are the most fatal of all accidents. Side collisions can occur
either in station area, while converging of diverging or by fouling the
adjacent track in multiple lines territory. Rear-end collisions and head-on
collisions can occul at stations or between the stations. Of the total
consequential train accidents, that occurred during the last decade, the
percentage of collisions involving passenget carrying trains was 4% only,
but they are highly volatile mishaps and call for necessary steps to prevent

them at all costs.

Colisions anvd fatalities
(AFaz2o]
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Fig. 1.1

Of the total consequential train accidents, that occurred during the last
decade, the accidents at level crossings Were about 16%. Accidents at
manned level crossings were at the level of 4% of the total consequential
irain accidents, whereas unmanned level crossings accidents shared 12% of

mishaps.

Accidents at unmanned level crossings occur primarily
due to dashing of road vehicles with the oncoming trains and cause fatality

of the road user. A road vehicle driver, though having the advantage of



L]

maneuverability and lesser braking distances and shorter reaction time as
compared to train drivers, fails to maintain the level of alertness, normally
expected, while crossing such intersections, where he 18 supposed 10 take
necessary precautions as stipulated in the Motor Vehicles Act 1988. It has
been observed that over 95% of all accidents occurring at urumanned level
Crossings, involved passenger carrying trains, reflecting that the road vehicle
drivers normally misjudge the speed of the oncoming trains and take chances

while crossing the rail track.

On an average, every year, 141 persons died and 158
injured in the accidents occurring at unmanned level crossings only durtng
the last decade, contributing a share of 37% of the total fatalities in all
accidents. 9% of the total fatalities occurred 1n manned level crossing
accidents, thus indicating that 46% of train accident fatalities take place

at rail-road intersections only.

1.2.NEED FOR OUR PROJECT:

Whether it is systems failure or human error that causes accidents,
experts believe 2 majority of them could have been avoided if proper
signaling equipment was installed. Trains are recklessly added, but the
corresponding investment in technology and equipment, which will
qutomatically ensure safety, 18 disregarded. A orowing network, populist
demands and poor funds have given the Indian Railways a bloody track
record n the past decade. Since 1086, railway ministry reveal more than

5,000 people have died in train accidents across the country.
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india has the second-largest rail network 1n the world
and it transports the largest pumber of passengers = four billion people —
annually. Rail experts argue that accidents will inevitably occur in such a

mammoth system.

“While sophisticated communication and automation
systems have considerably reduced the number of accidents in the West,
there has been a sStee€p increase in the number of accidents in India,” says

Rajmani Singh who retired from the Railway Board last yeal.

Thus from the data as seen above tells us the importance of
safety measures 10 be adopted n railways. 1f that is automated, then it
becomes easier to control the disasters. The size and complexity of the
previous operations, growing traffic and changing technologies, placed
inevitably a heavy burden on manual information syster. So need for

modernization in such systems is important now @ days.

In our project, the time taken for the train to cover the
distance that is already known between two keys < sensed using the timers.
From the distance and the time Known. the velocity of the train can be
calculated. Thus the time that will be taken for the train to reach the gate is
known approximately and the status of the train can be displayed at the gate
location. This is a part of the project. And the other is that the transmitter
kept at one train transmits the (rain information 1o the receiver kept at the
other train if traveling in the same frack at a reasonable distance. This will be
useful to stop the trains by some mechanism or the other. Microcontroller

employed for this purpose 13 g9C51.



CHAPTER 2

I_’_BOJECT DESCRIPTION:

JAGRAM

2.1.GENERAL BLOCKD
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Servomotor
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Fig 2.1
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ONTOhﬂCROCONTROLLER

QQJNTRODUCTI

INTRODUCTION:

A Micro controller consists of a powerful CPU tightly
coupled with memory RAM, ROM or EPROM, various 1/ O features such
as Serial ports, parallel Ports, Timer/Counters, Interrupt Controller, Data
Acquisition interfaceS-Analog o Digital Converter (ADC), Digital 10
Analog Converter (DAC), everything integrated onto @ single Silicon Chip.

Any microcomputer system requires memory (o SOT€ a
sequence of instructions making up a program, parallel port of serial port for
communicating with an external system, Gimer / counter for control purposes

like generating time delays, Baud rate for the serial port, apart trom the

controlling unit called the Central Processing Unit

ADVANTAGES OF MICROCONTROLLERS:

1. If asystem is developed with a microprocessor. the designer has 10 go
for external memory such as RAM, ROM or EPROM and peripherals
and hence the size of the pCB will be large enough 10 hold all the
required peripherals. But, the  micro controller has got all these
peripheral facilities on & single chip sO development of a similar
system with a micro controtler reduces PCB size and cost of the
design.

One of the major differences between a MmICTo controller and @
microprocessor 15 that a controller often deals with bits, pot bytes as in
the real world application, for example qwitch contacts can only be
open Of close, indicators should be lit of dark and motors can be either

turned on O off and so forth.



INTRODUCTION TO ATMEL MlCROCONTROLLER

SERIES: g9C51 Family
TECHNOLOGY: CMOS

TECHNIL ==

The major Features of 8-bit Micro controtler ATMEL {9C51:

. g Bit CPU optimized for contro} applications
. Extensive Boolean process’mg (Single - bit Logic)
Capabilities.

° On - Chip Flash Program Memory

. On - Chip Data RAM

. Bi-directional and Individually Addressable 1/O Lines
. Multiple 16-Bit Timer/Counters

| Full Duplex UART

. Multiple Source / Vector / Priority Interrupt Structure
. On - Chip Oscillator and Clock circultry.

. On - Chip EEPROM

o SPpl Serial Bus Interface

o Watch Dog Timer

MEMORY ORGANIZATION:

* Logical Separation of Program and Data Memory *

All Atmel Flash micro controllers have separate address spaces for
program and data memory. The logical separation of program and data
memory allows the data memory 10 be accessed by Q bit addresses. Which

can be more quickly stored and manipulated by an 8 bit CPU Nevertheless
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16 Bit data memory addresses can also be generated through the PPTR

register.

PROGRAM MEMORY:

Fig shows the map of the lower part of the program memory, after
reset, the CPU begins execution from location 0000h. As shown in Fig each
interrupt 18 assigned a fixed location in program memory. 1he interrupt
causes the CPU to jump 10 that location, where it executes the service
routine. External Interrupt O for example, 15 assigned to location 0003h. It
external Interrupt 0 is used, its service routine must begin at location 0003h.
If the interrupt in not used its service location i available as general-purpose
program memory.

The interrupt service locations are spaced at 8 byte intervals
0003h for External interrupt 0, 000Bh for Timer 0, 0013h for External

interrupt 1,001Bh for Timerl, and so on.

Timet2 — | 002Bb
Serial Port ™ \ 0023h
Timer | —™ | 001Bh
External \ JXVS Bytes
Interrupt 1 — \ 0013h
Timer 0 — \ 000Bh
External \.‘
Interrupt 0 — . \'w, 0003h -

Reset — - \ 0000h
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onger service routines can us¢ a jump ‘nstruction to skip over
subsequent interrupt jocations. If other interrupts are in use. The lowest
addresses of program memory can be either in the on-chip Flash or in an
external memory. To make this selection, strap the External AcCcess (EA) pin
to either Vcc or GND. For example, in the AT89C51 with 4K bytes of on-
chip Flash, if the EA pin is strapped to Vec, program fetches to addresses
0000h through OFFFh are directed to internal Flash. Prograii fetches to

addresses 1000h through FFFFh are directed to external memory.

DATA MEMORY:
The Internal Data memory is dived into three blocks namely,
&  The lower 128 Bytes of Internal RAM.
&  The Upper 128 Bytes of Internal RAM.

& Special Function Register.

80C51 MEMORY STRUCTURE

ADDRESSING MODES:

DIRECT ADDRESSING:
In direct addressing, the operand specified by an 3-bit address field in

the instruction. Only internal data RAM and SFR’s can be directly

addressed.

INDIRECT ADDRESSING:
In Indirect addressing, the instruction specifies a register that contains
the address of the operand. Both internal and external RAM can indirectly

address. The address register for R-bit addresses can be either the Stack
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The address register for

lected register Bank.
ister, DPTR.

Pointer or RO or Rl of the se
he 16-bit data pointer reg

16-bit addresses can be only t

D ADDRESSING:
wed addressing this

INDEXE

Program memory can only
reading look-

R or the Program Cou

be accessed via inde

up tables in program memory-

g mode s jntended for
ase register (Either pPT

addressin
nter) points 10 the

A 16 bit b

base of the t

le entry number.

tor 1s set up with the tab
of the

able, and the accumula

¢ base pointer forms the &

Adding the Accumulator data to th

table entry in program memaory- (

NSTRUCT]ON:

ster banks, which conta

ins registers RO through R7. can be

s carry a 3.bit register s

s way make efficient U

REGISTER 1

The regl
peciﬁcation.

ructions whose opcode
se of code,

accessed by st
at access the registers thi
5 executed,

[nstructions th
. When the instruction i

iminates an address byt
the row bank sel

since this mode el
g selected at execution ime by ect bits in

one of four banks 1

PSW.
S WORD:

PROGRAM STATU
Program Status Word Register in Atmel Flash Micro controller:

g bits that reflect the current

The Program Status Word contains Statu

status of the CPU. The

contains the Carry Bit,

pPSW shown in Fig resides in SFR space. The PSW
BCD Operations) the two -

The auxiliary Carry (For
bit and two user

s, the Overflow flag, 3 Parity

register bank select bit

Definable status Flags.
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ol

pSW 7
pPSW 6 — |
PSW 5

PSW4 n
Fig 2.2
PSW 0: Parity of Accumulator Set By Hardware To
number of
PSW1:
PSW2: Overflow Flag Set By
PSW3: Register Bank Select

pPSW4: Register Bank Select
PSWS5: General Purpose Flag.

is, Otherwise it is reset 1O 0.
User Definable Flag

Arithmetic Operations

1

J s vl =L

1"’ PSW O

- PSW
. PSW2
___PSW3

1 af it contains an Odd

PSW6: Auxiliary Carry Flag Receives Carry Qut from

Bit | of Addition Operands

pSw7: Carry Flag Receives Carry Out From Bit 1 of ALU Operands.

The Carry Bit, In addition to gerving as a

Carry bit in arithmetic

operations also serves the as the « Accumulator” for a number of Boolean

ations .The bits RSO an

Oper d RS1 select one of the

four register banks. A

number of instructions register 10 these RAM locations as RO through

R7.The status of the RSO and RS1

of the four banks 1s selected.
The Parity bit reflect the

Accumulator contains an even

number of 1s, and P

contains an even number of 1s.

bits at execution am

Thus, the number of 1s1

e determines which

Number of 1s in the Accumulator p=1if the

=0

if the Accumulator

n the Accumulator
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QW are uncommitted and can be

plus P is always even. Two bits in the P

used as general—purpose status flags-

s: Two External interrupts,

External [nterrupts

INTERRUPTS

The AT89CS! provides 5 ipterrupt sOurce

The

serial port interrupts.
transition - activated,

fimer interrupts and a

two
and INT1 can each el

ther level activated of
e Flags that actually

INTO

depending on bits 1T0 and IT1 in Register TCON. Th

generate these interrupts are the 1E0 and 1E1 bits in TCON. When the
dware clears the flag that generated an

ne is vectored to har
pt only if the mnterru
d, then th

service routi
pt WA transition - activated. 1f the

e external requesting SO

quested flag. T1O and T1l

external intertd
urce (rather

evel - activate
generate

interrupt was 1
ardware) controls the 1¢
r in their

than the on-chip h
I are set by 2 rollove

imer 1 Interrupts, whic
¢ Timer 0 in Mode 3).

the Timer 0 and T
When a

respective Timer/Counter Register (except 0
ag that

timer interrupt 1S generated, the on-chip hardware clears the fl
generated it when the service routine is vectored 0. The logical OR of Rl
and T1 generate the Serial Port Interrupt. Neither of these flag is cleared by
dware when the service 10 fact, the service routing

must determine whe

utine 18 vectored to. In

har
ther Rl or T1 generated the interrupt and the bit

normally

must be cleared in software.

1E: Interrupt Enable Register
Toal Lem s oo exi, ET0 EX0

Enable bit = | enabled the interrupt

Enable bit = 0 disables it.



unction

Position Function
k. Global enable / disable all interrupts.
1fEA =0, 00 interrupt will be

Acknowledge.

WEA=1, each interrupt source 15
individually enabled 1O deabled by

setting OF clearing its enable bit.

reserved

er 2 Interrupt enabl

e Bit

ort Interrupt enabled bit.

Timer | nterrupt enable bit.

External Interrupt 1 enable bil.

nable bit.

Timer 0 Interrupt €

“ £.0 External Interrupt O enable bit.

Table 2.1
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2.3.LCD DISPLAY

e of display used digital

g utilize two sheet

en them. An electric

INTRODUCTION :
Short for liquid ¢

portable compu

| display, @ WP

pvsta
5 of

ters. 1L.CD display

watches and many
stal sotution betwe

| with a liquid cry
gh the liquid cau o align s0 that light

them. EFach crysta

polarizing materia
ses the crystals t

e a shutiel, gither

current passed throu
i, theretore. is lik

cannot pass through
allowing light to pass through of plocking the light.
ally appear as blue or dark gray

Color LCD display

trix 1s the 1ess exp

e LCD 1mages usu
white ‘oackground.

g color: Passive mad

monochrom
g use two

ensive of
(TED)
| CRT

ntopofa grayish—
ques for producin

ologies. The othe

images ©
basic techni
thin film fransistor

r technology. called

images that are as sharp as traditiona

ix, produces color

or active-matr
ensive.

displays. but the technology 15 eXp

LCD appears ransparent. When

s, the liquid crysta

two

L.CD without any oriental
] molecules

rough the

ion,

ed to the clectrode
ght rays passing th

1d result in act

sufficient voltage 1S appli

would b
LCD wou
‘nighlightin

The

fic direction. The li
h wou

e aligned in @ spect
vating, /

the polarisers. whic

1d be rotated by
{ers.

ght with only 2 few
ower, they are com

ered for long durati

g the desired charac
millimeters thickness-
ower

1L.CD’s are lightwel
patible with low P

Since the LCD’s consume less P
its, and can be pow ons.

electronic circu
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wer supply should be of +5V, with maximum

v. 1o achieve a better
n 3 should be adjusted

minal of the poWer supply
dule s
t induced, which could

The po
/ suitable contrast for the

ble transients of 10m

allowa
properly.

the voltage (VL) at pi
must be isolated

display,
The ground ter

so that no voltage 18 induced in it The mo hould be isolated

properly
at stray vO

from the other circuits, sO th {tages are no

cause a flickering display.

en, TW and rs are interfaced 10 the pins 5,0

The LCD variables

f the port 2. LCD initia
| values .For the display 10 appear in the first

{ization is done by sending corresponding

and 7 pins O
line, 0x80 is 1o be

hexadecima
h the display has

sent and for second line. Oxc0 is sent. The location at whic

to appear 18 10 be sent appropriately.

RS —reset

R/W - read/ write
EN - enable
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2.4.SERVO MOTOR
ystems are called

s used for the automatic control s
convert an electrical signal appli
chaft. They can either operate in a

construction.

The motor
ed to them

into an

continuous duty or step duty de
In general, a servomotor should have the following features,
ear relationship between the speed and the electric contro! signal.

stabihity

e LN

o Steady state
ghout the entire speed

e Lineanty ©

range-
ical and electrical inertia and fast response.

o LOW mechan
{or control

tors available
articular application

¢ system and

There are yarieties of servomo

he suitability of

s of the system

m applications. T 4 motor for a P
the purpose of th

syste
e characteristic

depends oD th

its operating conditions.
d for the gate control

N/OFF and the
y. After

Here, the gervomotor 15 use
the gate. The O

elays respect'wel
e buzzer 13 ON to

pen and close
olled using tWo T
ed LED and th
o run in forward

the third switch and green LED is ON.

1on to close the gate.

m, which 1s 10 O

mechanis
directions of the motor are contr
the train crosses the second qwitch, the T

direction 1O

indicate the tr

ain arrival and the motot 18 made t

se the gate. After the train Crosses

s made 1O run mn

clo
the reverse direct

the motor i
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ANATION

2.5.CIRCU1T EXPL

ult:

2.5.1.POWER SUPPLY CIRC
parts of a ypical power supply and

A block diagram containing the
oltage at yarious points in the unit 15 shown. The ac voltage. typically
hich steps that ac voltage down

rectifier then pro

a simple capacito

y has some ripple

the Vv
120 V rm

oa transformers W
¢ output. A diode

tiatly filtered by

g, 18 connected {
1 for the desired d vides a full-
r filter 10

to the leve
or ac

d voltage that is inl

wave rectifie
ge. This resultin

g dc yoltage usuall

can use this dc input to provide 2 dc

produce 2 dc volta

A regulator circuit
remains the same

has much 1ess rippl
dc voltage varies

ges. This voltage

e voltage but also
somewhat, Ot the 1

regulation is usually

voltage variation.
oad connected

ge that not only
e even if the input

ut de voltage chan

volta
obtai'ﬂed

de valu

to the outp
r 1C units.

r voltage regulato

a number of popula

using one of

1C VOLTAGE REGU LATORS:
rise a class of widely

Voltage regulators comp

contain th

arator amplifier. €0

ence source, COmp
its provide regulation

‘ units e circuitry for refer
device, and overload protection all in a single 1C. 1C un
d negative yoltage-

jve voltage, @ fixe
nected to the ac
ectifying that

and finally

of either 2 fixed posit
can be built using a ransformer con

4 amplitude, then r
alter, if desired,

A power supply
yoltage 10 @ desire

supply line 1o step the a€

ac voltag

e, filtering with a capacitor and RC
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r. The regulators cah be

g an IC regulato
{ milliamperes to

e dc voltage usin
ts from hundreds ©

n with load curren
ding to poweT rating
sV POWER SUPPLY

regulating th

selected for operatio

peres, correspon
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s
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— 02 04|
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¢ voltage, Vi, applie
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2.5.2.RELAY CIRCUIT:
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2.5.3.KEY PAD

Fig 2.7

The keypad 1s used in the collision prevention part {o enter the
train and the track number accordingly and is interfaced with the micro
controller. Four keys are placed among which two are used for entering the
train number and the other two for entering the track number. Keys 1 and 2
are programmed to enter the train number and 3 and 4 are used for entering
the track pumber. Thus according to the requirement the number of keys can
be varied and we can obtain several combinations out of them.

In case of gate control, in the place of sensors, keys are used here
at positions 1.2 and 3.The first two keys are used for calculating and
displaying the time taken by the train to reach the gate and the train velocity
and to close the gate. The third key is used to open the gate after the train

leaves the gate.
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ASK modulation

There are three Ways in which the pandwidth of the channel
carrier may be altered simply. These techniques give rise 10 amplitude-
shift-keying (ASK), frequency-shift-keying (FSK) and phase-shift—keying
(PSK), respectively and ASK is used here.

ASK describes the technique the carrier wave 1s multiplied by the

digital signal f(t). Mathematically, the modulated carrier signal d(t) 181

5(t) = (1) sin@I1 fe t+ o) ., fc= 433.93MHz.

ASK modulated wave

e L S J—i]‘_l

' y 1 1 1 '

e _“\ ‘ 'r'n : {ﬁl o
1

Y

Fig 2.8

Amplitude modulation has the property of translating the
spectrum of the modulation f(t) to the carrier frequency. The bandwidth of
the signal remains unchanged. The fact that AM simply shifts the signal
spectrum 18 often used to convert the carrier frequency to a more suitable
value without altering the modulation. This process is known variously as
mixing, up—conversion or down-conversion. Some form of conversion will
always be present when the channel carrier occupies a frequency range

outside the modulation frequency range.
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R CIRCUIT

2.5.4.R¥ TRANSMITTE

AEK
0k

oGND

Fig 2.9

on the concept of ASK modulation.

The RF Transmitter works

5 It is driven by @ single 9V supply froma battery

is 433.0 MHz

% The carrier frequency
er biased with a voltage divider

% 1t uses a common emitter amplifi
circuit
% The parallel circuit components of 0.1mH inductor and 0.01uF

capacitor make up the tank circuit

% The 0.01

uF capacitor at the signal entry point is an bypass



1K

.01
0 inpLit

K

Fig 2.10

% The circuit consists of a preampliﬁer that serves two purposes. to give
reasonably well-defined input impedance and provide isolation
between the oscillations of the super regenerator and the antenna,
reducing unwanted radiation.

% The super-regenerator input is applied 0 the tank circuit via a small
value capacitor 10 minimize the loading of the circult.

» The non-linearity of the device when operated in this mode also
detects the AM signals and the output is taken at the biasing resistor

and is low pass filtered using an RC network.
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2.6. MAIN CIRCUITS

2.6.1. TRANSMITTER CIRCUIT

o

Antenna

R
Transmitter

Fig 2.11
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EXPLANATION:

TRANSMITTER:

There are four keys, two for entering the train number and the other two
for entering the track number as explained earlier.

When the train number and the track number are entered, the micro
controller sends the entered number to the encoder.i.e., HT640, so that

the parallel data is converted to serial for transmission.

Then the serial data is transmitted through the rf transmitter which 1s

explained earlier.

The keys 1,2,3 and 4 are connected to the pins 14,15,16 and 17 of the

micro controller respectively.

Two keys are provided with a combination of numbers, which

represents the train number.

The other two keys are programmed with a single digit number, which

is the track number.

When keys 1 and 3 are pressed, then a train number and a track number
are transmitted and when keys 1 and 4 are pressed, then the same train

number with a different track number 1s sent.

similarly for the combinations of key 2 with 3 and 4.

RECEIVER:

The transmitted train number and the track number are received through
the rf receiver and the data is sent to the decoder 1.e., HT648L.

The serial data is converted to parallel again and then given to the micro
controller,with the help of the decoder HT6481..

The data given to the micro controller is then sent to the 1.CD display

where the entered train number and the track number are displayed.



ENCODER AND DECODER

HT640 encoder:

The HT640 encoders are a series of CMOS LSls for remote
control system applications. They are capable of encoding 18 bits of
information, which consists of N address bits, and 18 N data bits. Each
address/data input is externally programmable if bonded out. It is otherwise
set floating internally. The programmable address/ data is transmitted
together with the header bits via an R¥F or an infrared transmission medium
upon receipt of a trigger signal. The capability to select a TE trigger type or
a DATA trigger type further enhances the application flexibility HT640

Encoder series of encoders.

FEATURES:

Operating voltage: 24V~12V

Low power and high noise immunity CMOS technology
Low standby current

Three words transmission

Built-in oscillator needs only 5% resistor

v V ¥V ¥ Y V

Easy interface with an RF or infrared transmission media

Y

Minimal external components
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HT648L decoder:
The HT648L decoders are a series of CMOS LSis for remote

control system applications. They are paired with the 318 series of encoders.
The HT648L decoder receives serial address and data from that series of
encoders that are transmitted by a carrier using an RF or an IR transmission
medium. It then compares the serial input data twice continuously with its
local address. If no errors or unmatched codes are encountered, the nput
data codes are decoded and then transferred to the output pins. The VT pin
also goes high to indicate a valid ransmission. The HT648L decoders are
capable of decoding 18 bits of information that consists of N bits ot address

and 18 N bits of data.

FEATURES:

Operating voltage: 2.4V~12V

Low power and high noise immunity CMOS technology
Low standby current

Capable of decoding 18 bits of information

8~18 address pins

>

>

»

»

»

» 0~8 data pins
5 Trinary address setting

% Two times of receiving check

> Bu‘ilt—in oscillator needs only a 5% resistor

% Valid transmission indictor

% Easily interface with an RF or an infrared transmission medium
>

Minimal external components
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GATE CONTROL CIRCUIT:

The basic component used for gate control the keys which are
provided at the places of the sensors i.e., sensors are provided when used
practically. Three keys are employed here each connected to the micro
controller. In this case, when the train reaches sensor 1 .the micro controller
starts calculating the time till the train reaches the sensor2.As the distance
between the two switches and also the time difference between the two are
known, using these information, the micro controller is made to calculate the
velocity of the train and the time taken by the train to reach the gate. These
two are displayed using LCD display.

After the train leaves the sensor2, the calculated time is decremented
such that, when the train reaches the gate, the display shows zero.

To alert the people that the gate is going to close, an alarm system 1s
provided which produces a sound when there is a few seconds to gate
closing. Opening and closing of the gate is done by using a servo motor
which can be made to rotate in both forward and reverse direction easily
through relays. Two relays are used here, one for ON and OFF of the motor
and the other one for forward and reverse rotation of the motor.

Three LEDs are provided here, yellow, red and green 1o glow at
corresponding time -stervals i.e., when the train reaches the sensorl, sensor2
and when it leaves the sensor3 respectively.

The LEDs are connected to the micro controller through an interface,

ULN2003.



2.7.SOFTWARE DESCRIPTION:

2.7.1. GATE CONTROL:

#include<reg51.h>

void scan_full();

void scan();

void ser _out_st(unsigned char *,unsigned char);
void ser_out(unsigned char);

void ser init{);

void dela(unsigned int);

void chk_ndata_sub();

void display_all();

void chk_start();

void chk_ndata();

void htd(unsigned int);

void display();

void read(unsigned char);

void write(unsigned char);

void led_init(void);

void led_dis(unsigned char * unsigned char);
void delay(unsigned int);

void del(unsigned char);

sbit en=P2"7; /finitializing port 2 to lcd variables
sbit rw=P2"6;

sbit rs=P2"3;

sbit p7=P177://matrix keys connected to pins of portl
sbit p6=P176;

(9]
-2



sbit p4=P1"4;
sbit p3=P173;
sbit pOZPl’\O;
sbit ndata = pP3°4;
sbitred = p24/12.2 // initializing pins of port 2 10 LEDs
shit green = p2/~3;//2.1
shit yellow = p2/2://2.0
sbit forward = par02.4 1 forward and reverse bits for motor
shit reverse = P3~3://2.3
sbit buzzer = P21 // initializing port pin to buzzer
bit z,y,start;bit,ndataﬂbit,ﬂag,ﬂag1 forward_bitkey 1 key2.key3 one_bit;
unsigned char thous,hund,ten,one,hund,r;
unsigned int thous_f;
unsigned int time,sec.train;
unsigned char datum[S],val,addIOXCS,dtmf,e;
float velocity,time _sec;
main()
{
buzzer=0; 1/ buzzer bit initialised
forward=reverse:0; // reverse and forward bit initialised
led_init(): // initializing 1L.CD varaibles
read(0x01);
while(1)
{
first:
red=yellow=0; // initialize red and yellow LEDs to ze10
read(0x80); // to display at first line of LCD
1cdﬂdis("EMBEDDED RAILWAY",16),

(W)

[y



read(0xc0); //to display at second line of LCD
jed dis(" CONTROLLER ",16);
val=0;
EA=ETO=1;
TMOD=0x21; // to operate the timer at mode 2
THO=TLO0=0;
sCn:
scan();
if(tkeyl) goto scn; /f scanning key
key1=0;
read(0x01);
yellow=1; // yellow LED ON to indicate train is approaching
green=0;
flag=1; //timer in incrementing mode
time=0;
TRO=1; //timer ON
scnl:
scan();
read(0x80); //display at first line
led_dis(" ALERT... ".10)
read(Oxcl); // display position at second line of LCD
jcd_dis("TIME 1.0
read(0xcB); 7/ display position at second line of LCD
lcd_dis("sec",3);
htd(sec);, // fnto convert the hex data to decimal
read(0Xc7);
display();
if('key2) goto senlt: //ifkey2is pressed



key2=0;
TRO=0;
flag=0;
display_all();
velocityf—O.S*3600/sec; // calculating velocity
htd(velocity);
read(0X.86);
display():
timegsec:?_*3600/velocity; // calculating time to reach the gate
flagl=1; // tumer . decrementing mode
time=0;
TRO=1;
scnl:
scan();
if(timeﬂsec:=0)
d
TRO=0;

L
§

htd(time_sec); // hexa to decimal conversion
read(0XC7); // display location

display();

if(time_sec<=35 && time_sec>30}

{

buzzer=1; // buzzer ON when 358 remain to reach the gate
]

if(timersec<=30 && tme_sec>29)

{

yellow=0; /fyellow Led is OFF



red=1; /| Red LED ON when 30s remain to reach the gate
read(0x80);

lcdﬂdis(" GATE CLOSED " 16}

read(Oxcl); /idisplay location at second line
1cdfdis("TlME "6);

read(0xcB);

led dis("sec’ '3,

if(one _ bit==0) forward b= 1,

§

if(forWard;bitZﬂ )

!
v

one bit=1; i/ servo motor ON/OFE controt
forward_bitiO;

forward=1; // servo motor forward/ reverse control
dela(125); i/ calling delay fn.

forward=0;

reverse=0;

buzzer=0; /| buzzet OFF

1
}

if(tkey3) goto scn?; /jscanning keyd
key3=0;

timc::ﬂagiﬂagl:O; Jireset the flags
TRO=1;

read(0x80); jidisplay at first line
jcd_dis(" GATE OPEN " 16);
read(0xCO);

lcd_dis(" HAPPY JOURNEY " 16);

tme=0;



in reverse direction

ceverse=1; // motor run

delay(d 0000Y;
delay(50000);
delay(SOOOO);

j/delay fns. called

/1 in forward direcuon

forward=1:
delay(SOOOO);
delay(SOOOO);

delay(?.S()OO);
/ forward and re

i/ delay fos. called

forward=0; verse bits reset

reverse:O;
=sec:time_sec:one_bit:0;

=0, // red Led 18 OFF
d the gate

green LED ON 1o indicate train has crosse

green:h /
TR1=0; // timers reset

TRO=0:
EA=ET0=0;

T™MOD=0; /] amer mode reest
THO=TLO=0;
ontinuing gcanning process

goto first; /e

§
§

void tOEisr(void) inter

rupt 1 // interrupt service routin€

{

TRO=0;
T0=0;
timet+;

if(flag==1 & & ume”~ menting mode

{

ox10) /umer in mcre

37



time=0;

gsect,

if(sec>=999) sec=999,
}

if(flagl==1 & & time>=
'

time=0;

time_sec-;

if(timefsec=:0xfffﬂ time_sec=0:

1
§

TRO=1:
1
§

void display() /idisplay fn.

{

write(hund+0x3 0);
write(ten+0x30);
write(one+0x30);

1
$

void htd(unsigned int hex_val)

{

thous=hex _val/l 000;
thous_r=hex_V al%1000;
hund=thous _t/1 00;
hund_r:thous_r% 100;
ten=hund_r/10;
one=hund_r%el 0,

v
J

0x10) // timer in decrementing mode

// hexato decimal conversion
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void delay(unsigned int b)// the only delay routine, which is user variable &

is decided by the values given in the brackets
{
do b-=1;
while (b!=0);
;
void del(unsigned char del)  // delay fn.
\
while(del--)

f
t

delay(65000);
}
!
]
void led_init() //initialisng LCD display
{
recad(0x38);  // reading at appropriate locations
read(0x06);
read(0x0c);
)
void read(unsigned char i) // read fn.
{
PO=i;
en=1;  //enable bit high
rs=rw=0;  // disable reset and read write bits
delay(125); // delay fn. called
en=0;  // enable bit low

delay(125);

i
§



void write(unsigned char i) //write fn.
{
PO=1;
en=rs=1: // enable and reset bit high
rw=0; // read write bit low
delay(125); // delay fn. called
en=0; //enable bit low
delay(125),
j
void led_dis(unsigned char *mess,unsigned char n)
{
unsigned char i; // i is the character t0 be displayed
for(i=0;i<n;i++) //nis the no. of characters to be displayed
{
write(mess|i]);
delay(255); // delay fhn. called

1
§

}

void display all()

{

read(0x80); // display at first line
led dis("SPEED:  Km/h ",16);
read(0xc0); // display at second line
led_dis(" TIME :000 sec ",16);

}

void dela(unsigned int del)

{
while(del--)

40



ot

htd(time_sec); // hexa to decimal conversion
read(0XC7);
display();

j

t
J

void ser_init()
1
TH1=0xe6; //e6=1200 b/s,72=110 b/s
TMOD=0x21; //auto-reload mode for serial comm
TRI=1;
delay(255);
SCON=0x58; // SCON reg for serial commn.
j
void ser_out(unsigned char ser_data)
{
SBUF=ser_data;
delay(255);
SCON=0x5%;
delay(2000);
h

void ser_out_st(unsigned char *mess,unsigned char n)

{

unsigned char 1;
for(i=0;i<n;i++)

{
ser_out(mess[i]);

¥
]

41



}

void scan()

§
L

else if(P4::0)

{
delay(20000);
keyz-':l >

1
}

———



2.7.2. TRANSMITTER:

#include<reg5!.h>
void transm(unsigned char};
sbitkeyl =P374; //initializing pins of port3 to keys
sbit key2 =P3"5;
sbit key3 = P376;
sbit key4 = P37,
main()
{while(1)
{
if(key!==0) //key! for train no.

§
1

again:
if(key3==0) //key3 for track no.
{
transm(0x03); // transm fn. called
transm{0x04);
transm{0x05);
transm(0x01);
goto end;

}
else if(key4==0) // key4 for track no.

{

transm(0x03); // transm fn. called
transm(0x04);

transm(0x05);

transm(0x02);

goto end;



! else goto again;

}
else if(key2==0) // key2 for train no.

{
againl:

if(key3==0)

!
transm(0x06);
transm(0x07);
transm(0x08);
transm(0x01);
goto end;

}

else iffkey4==0)
|
transm(0x06);
transm(0x07);
transm(0x08);
transm(0x02);
goto end;

;

else goto againl;
|

else if(key3==0)
{

transm(0x09);

}

end:;



I}
S

!
'

void delay(unsigned int b) //delay n.

§
1

do b-=1;
while (b!=0);
j
void transm(unsigned char da)
{
Pi1=da;
delay(20000);
P1=0x{f;
delay(20000);

P

2.7.3 RECEIVER:
#include<reg51.h>

void disp_all();

void htd(unsigned int);
void display();

void read(unsigned char);
void write(unsigned char);

void led_init(void);

void lcd_dis(unsigned char * unsigned char);

void delay(unsigned int);

sbitack =Pl174; 7/ ack bit assigned to port 1
shitrs = P270; //rsbit assigned to pin 0 of port2

shitrw = P27 /rw bit assigned to pinl of port2

45



shiten  =P27°2; /len bit assigned to pin 2 of port2
unsigned char thous,hund,ten,one hund_;
unsigned int thous_r;
unsigned char u,address=0x89.dat;
main()
\
lcd_init(); //LCD variables initialised
disp_all();
delay(65000); // delay fn. called
delay(65000);
read(0x01);  // display at appropriate location
read(0x80);  // display at first line
led_dis("TRAIN NO: " 16);
read(0xc0); //display at second line
led dis("TRACK NO: " 16);
while(1)
{
if((ack==0)&&(u==0)) u=1;
if{(ack==1)&&{u="1 ))
£ u=0,
dat=P1&0x0f;
if(dat!=0x0f & & dat!=0x09)
{
read(address);
write(dat+0x30);
address++;
if(address==0x8¢)} address=0xc9;
if(address==0xca) address—0x89;

46



}

else if(dat::OXOQ)

{

read(0x01);

read(0x80); /{ display at first line
lcd;dis(”TRAIN NO: " 16);

read(0xc0); // display at second line

1cd_dis("TRACK NO: ".16).
address=0x89;

}
Py

I}
}

void delay(unsigned int b)/ the only delay routine, which is user vari

is decided by the values given in the brackets

{ dob-=1;
while (b!=0);
\
void led_init()
{
read(0x38);
read(0x01);
read(0x06);

read(0x0c);

|
f

void read(unsigned char add)
f

1

PO=add;

rs=rw=0; // low the rs and Tw bits

47



en=1; //en bit high
delay(125); // call delay
en=0: // low the en bit
delay(125);
;
void write(unsigned char dat)
{ PO=dat;
rs=en=1: // rs and en bit made high
rw=0; // rw bit made low
delay(125);
en=0; //en bit made low
delay(125); // call delay
}
void led_dis(unsigned char *mess,unsigned char n)
{ unsigned char i;
for(i=0;i<n:i++) //n - no. of characters to be displayed
!
write(mess[i]); /i - character to be diaplayed
delay(125);
i
void disp_all()
{
read(0x01);
read(0x80); // display at first line
lcd_ dis(" Railway gate ".10);
read(0xc0); //display at second line
led dis(" Controller ",16)

1
|
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2.74.FLOWCHART
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CHAPTER 3

CONCLUSION:

In our project we implemented an automatic gate
control system that includes appropriate warning signals at the gate, thus
avoiding danger to life and property of the public by eliminating manual
operation. In collision prevention system we took measures to prevent direct
collision between the trains which is becoming a serious problem to the

economy of the country.

FUTURE ENHANCEMENTS:

e Provision of sensors at the gate to sense if anyone is crossing the
gate at the time of its closing so that appropriate measures could be
taken to prevent their damage.

e To avoid the human involvement in entering the data such as train
no. and its track no. for transmission.

e Real time simulation can be done.
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APPENDIX 1
Serial | Components  Price
number - In Rs.
1. 1C ULN2003 B 40
2. IC 7805 - 5
3. IC 7812 ) i 15
4. IC 7912 15 |
5. AT 89C51 90 |
0. Crystal Oscillator-12 MHz 18
7. | 1OuF Capacitor 2 |
3. 1000pF Capacitor 8
9. | Key 12
10. LCD Display i 650
11. | ON/OFF Relay B 60 |
12. Resistor 3K 0.15
13. Servo motor 950
14. Gate Model 1600
15. | Resistor 33k - 050
16. Resistor 10k ~ 0.25
17. RF Transmitter 250
18. | RF Receiver 250 |
19. HT648L and HT640 400
20. Diodes 0.50
21. Transformer 190
22. | PCB per Square cm. 2
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Instruction Set Summary

AIMEL

L)
hn

o] 1 2 3 4 3 3] T
o MNOP JBC B JHB Jo ANC JZ INZ
bit, red bit. r=l tit. rel rel ral ral rel
[38. 2] [3B. 2C)] [38. 2C] 12B. 2C] 2B, 2C) [28. 2C] [2B. 2C]
1 AP ACALL AP ACALL AJNP ACALL AJMP ACAL L
1P (PD) P11 P13 {P2) {P2) {P3) P2
[2B. &C] [2B. 2C] [2B, 2C)] [2B. 2C] {2B, 2C] [2B. 2C) [2B. 2C] {28, 2C]
2 LImP LCALL RET RETI ORL ANL *RL ORL
addrif addr1é 2C| 2 dir, A dir, A dir. a . bt
2B, 2T| [3E. 2C] 2B [2B] [2E1 [ZB. 2C]
3 RR RRZ RL RLC ORL ANL FRL JMP
A A A ~ dir. #jala dir. #data dir, ®dala @A+ DPTR
[38. 2C] [3B. 2C] |3B. 2C] [2C]
4 NG DEC ADD ADDC RL ANL ARL RO
A A A, ®dala A, =clata A, mdats A, #data &, Fdata A #data
(28] {2B] [22] [2E] i2E] [2B)]
5 NG DEC ADO ADDC ORL ANL XRL MCAS
dir dir & dir A, dir &, dir £ dir A i dir, #data
28] [28] [zB] [2E] |2B] [2B] [2E] [2B. 2C]
é INC DEC A00 ADDC ORL ANL FRL MACHS
@R RO A @R0 A QR0 AL mRo AL RO A R @RS, @data
(28]
7 INC DEC ADD ADDC ORL AML xRL MCH
@R 2RI A ERY A @R A, @R A @R AR @R1, #data
28]
8 INC DEC ADD ADDC ORL AML %RL PACAY
RG RO A RD A RO &, RO A, RU ALRD RO, #data
[2B]
G INC DEC ADD ADDC ORL AML XRL R
R R1 ARl AR & Rl A R1 & R1 R1, 8dala
(€]
A N DEC L00 ADDC DRL AML ARL MM
Rz R2 A RZ A R2 A RE A R2 AR2 R2, #data
(28}
B INC. DEC ADD s00C ORL ANL KEL BACH
R3 R3 ARZ A, R2 .R3 AR AR3 R3, #data
(e
NG DEC ADD ADDC oRL ANL KRL AT
R4 R4 A, R4 & R4 A, R4 A R AR R4, #data
[28]
INC DEC ADD ADCC DRL AML XRL TAZH
R% R5 A RE &, Ra # Ro & RS A RS RE . #data
[28)]
INC DEC ADD ADDC ORL ANL XRL MRS
R R& A RE AL RE A, R &, RE A RE RE. #data
[28]
™NC OEC ADD ADDC QRL ANL YRL MACH
RT RT ART A RT A RT A R7 A RT R7.=data
[2B]

Note:

2-72

Key. [2B] = 2 Byte. [3B] = 2 Byte, [2C} = 2 C

wle [1C] = 4 Cyda, Blank = 1 byterl oycle
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/ Instruction Set

Instruction Set Su

mmary (Continued)

r 8 l 4 ‘E F
o SIMP (Flol RACHX A, MR
REL EOPTR @OPTR. &
128, 2C) [2¢) 120

2 ANL PAON X WMITAX
. bit A @RO wRO, A
[28. 2C (2C] 12C1
3 MONVC A WICHX MOV
A G @Rl A
201 2cl
4 CJME A cPL
#data, 2l A
|38. 2C]
] CJE
A dir rel
[38. 2€
= CJNE xCH XCHD (il MOV
dir. TR0 AL BRO @Ry, dir &R0, #data. ret A@RO A @RO A EROQ RO, &
{28. 22] [2B. 2] 138, 2C
MO suUBB MCH CJME HioH KCHD bACH ROV
dir. @R A @R @R, dic @R, #data, rel &, @RI A @R1 A AR @R A
[2B. 2C] 28. 2C] |38, 2C]

CUME
R, #das. ral
13B. 2

C.AHE
R1. #data, rel
[3B. 2C1

CINE
R2. #data. rel
138, 2C)

|
it
A, RO

RACK
RO, A

TN CJNE DUNZ
R3, dir R3, #data, 3l ARZ R, rel
[2B. 27 [38. 2C} 28, 241
c MY SINE (CH DT P MO
R4, dir R4, #data. 15 A, R4 R4, = A R4 R4, A
28 25} j3B. 20 [2B. 2C]
-
D MOV CANE DJWZ MO BACH
RS dir R%, #dala, 2l RE, rel ALRS RE. A
[2B. 27 [38. 2}
E Xl CINE
RE. dir R, £data. =l
[2B. 2] {38, 2C)
F MY MOV TJINE
dir, RT A RT R7, dic R7. #data, 2l
[28. 2] i28. 2C) (38, 2C1
Mote:  Key: [28]1= 2 Byte, [3B] = 2 Byte. 20 = 2 Cyola, [4C] = 4 Cydle. Biank = 1 bytei1 cycia
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Mnemonic Description Byte | Qscillator
Payied

24

AcaLL | addrit Absclute Subrouting Call 2

Long Subreuting Cal

Relon from Subroutine

Return from
intarrupt

Absclute Jump

Long Jump

Shnrt Jump irelative
addiy

Jump indirect ralalive to 1 24
the DPTR

Jump if Apcumulaton & 2 z4
Zero

INZ Jump il Accumuiator [ 2 24
Nt Zeeo

~INE | Adirectet Compars direct bpte e 3 24
Aon and Jump if Not
Equal

CJHE | Agdata,ral Compars immediate Lo 3 24
Ace and Jump if Not
E qual
=

CINE

R, data.rel Compara immedialz o 24
register and Jume if Mot
Equal

[

@R, #dala rel Compars immadiale L 3 24
indirect and Jump i Mot
Equal

Dacramart &gzt and 2 24
Jump i Not Zero

Desramant diract byle 3 24
and Jumg if Mot Zere

N Operation 1 12

2.76 Instruction Set /



T
Table 1. AT&S Instruction Set surnmaryt !
Mnemonic Description Byte | Cscillator Mnemonic Crescriptian Byte | Dscillator
FPeried Foriod
ARITHHETIC OPERATIONS LoGICAL QPERATIONS
ADD  |ARn Add register to 1 12 AML AR, AMD Registar 1o 1 12
Anzumulator Accumulator
ADD | Adirect Add direct byte 1o 2 12 ANL | Adirset AMD dimect bytato z 12
Aocumulator Accumulator
ADD  VAER Add indirect RAM to 1 12 AR, AMD indiract RAM to 1 12
Ao urnuiator Accumulator
ADD | Agdala Add immediale data to 2 12 A#dala AND immediats data lo 2 12
Az urnulator Accumuolator
ADDC |AR, Add registar to 1 12 direct.A AND Accumulsion 1D A 12
Acaumulatar with Carry dirait btz
ADDC | A.direcl Add direct byte to 2 12 ANL  |direct sdata AND immadiaie data to 3 24
Aceumulator with Carry direct byt=
ADDC TA@R &dd indirect RAM 1o 1 12 ORL &R, CR reqgister to { 12
Accumulator with Carmy J Accumulaion
@DC Afdata Add immadiate data to 2 12 ORL | Adiract OR direct byte 1o 2 12
Aoz with Carry Accumulaior
SUBE | AR, Sublract Register from 1 12 ORL  |AGR, OR indirect RANM o 1 12
Ao with borrow Accymulator
5UBB | A, dirsct Subtract direct byt from 2 12 ORL A gdata OR immediale data o 2 12
Ace with borrow Accumulatar
SUBE |A @R, Subdract indiree t R4 1 12 QRL | direct A QR Accumutatar o diract 2 12
from ADC with borrow twle
SURB | Afidata Syubtract immediate data 2 12 ORL | direct #data OR immeadiate data to 3 24
from Aos with bormoe diract byt=
N A increment Agccumulator 1 12 YRL AR, Exciusive-OR pzgister to 1 12
A lat
INC Rn [nceement registar 1 12 cumya®ar
) ) ‘ XRL & direct Exclusive-CR direct byle 2 12
INC diract inarement direct byte 2 12 P to Ascumulates
fed - ] -
NG | BR, Increment difct RAM ! 12 XRL | AGR; Exclusive-OR indirect 1 12
DEC | A Dacrement Actumulator 1 12 RAM to Accumulater
DEC |R, Decrement Ragister 1 12 XRL | Awdata Exclusive-OR immediate | 2 12
data to Accumulaiar
DEC [dirsct Decrement dinzel byte 2 12
XRL direct. A Exclusre-OR 2 12
DEC (@R Decrament indiract RAM 1 12 Accumulatorto direct
INC |OPTR inerament Data Pointar 1 24 J e
MUL | AB Mulliphy A & B 1 48 XRL |directsdala Exclusig-—OF‘. immediate K 24
- data to direct byte
DIV AB Divide A by B 1 42
CLR A Clear Accurnulatce 1 l 12
DA A Decimal Adjust 1 12
Aocurnulator cPL A Complemant 1 12
Accumutator
Mete: 1. Al mnemonics copyrighted & Intel Corp. 1980, Raotate Ascumulator Lef 1 12
RLC |A Ratate Accumulator Led 1 12
through the Camy
LOGICAL OPERATIONS icontinuad:

2.74 Instruction Set e
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S Instruction Set

Mnemonic Dasgription Byte | Dscillator Mnemonic Diescription Byte | Dscillater
Fericd Period
RR A Relate Accumulatar 1 12 MOV | A2DPTR Mowe Exernal RAK {15+ 1 24
Right kit addri Lo AcC
RRC A Ratale Azcumulatar 1 12 MOV | 2FA Mowve Az 1o Extarnal 1 24
Right through the Carry RAM {8-bit addr)
SWAR 1A Swap nibbles within e 1 12 MOVX | @0PTR.A Mo Act to Extermal 1 24
Accurnulator Rk ¢ 16-bil addr)
DATA TRANSFER PUSH |diract Push direct byls onio 2 24
stack
MOV [ AR Mo ragister to 1 12
Accumulatar POP  Jdirect Pop direct byte from 2 24
stack
MOV | A dieact Movs dirsct byls to 2 12 h
Accumulator *CH AR, Exchanga register with 1 12
- Accumulator
MOV | AR Mo indirect RAM to 1 12
Ascumulator XCH Adirect Exchangs dirscl btz 2 12
. I with Accumulator
Moy | Asdatas Mewe immediate data to 2 12
Ace umuiztar “CH  |A@R, Exchange indiract RAM 1 12
with Accumulator
MO [ Ry A Mo Aczumulabst 12 1 12
ragistes #ACHD | AWER Exchange Joww-order 1 12
Digit indirect RAK wath
MOV | Ry direct Fcve dirscl byl 1o 2 24 A;gc' indirect RAM s
registar
8COLEAN VARIABLE MANIFULATION
MOV | R, #dala tove immediale dsta to 2 12 ! I
register CLR C Clear Carey 1 12
MOV | directh Move Accumulator o 2 12 CLR bil Claar direct bl 2 12
direst byt=
et SETR |o Set Carry 1 12
MOV [direet R, Move ragister to direct 2 24
brs SETE | kil Sat direct bit 2 12
ric]
MOV | directdiract | Move direct byt to direcl | 3 24 CPL|E Complemant Carry i 2
MOV |dicecl@R, | Move indirect RAM to 2 24 CPL_ b Cemplemert dir=ct Gt £ 12
dirent Gyle AML | Cubit AND direct bit 1& CARAY | 2 24
Moy |direci#dats Mowe immadiate data o 3 24 AML ot AND complemant of = 24
direct biyte direct bil to Casry
MoV L@RA ldove Actumnulator o 1 iz ORL |C.bit OR direct bit 1o Carry 2 24
indiract RAM
ORL Cubit COR complamsmt of direcl z 24
MOV | @R, direcl Sdove direct byie lo 2 24 Lit ta Carry
indiract RANM
Mo ]2 bil Merve direct kit to Carry 2 12
Meed | @R #dala Mers immediate dats to 2 12
indiracl RAM MO | bit< Mave Carry o dirset bil 2 24
Mo | DPTR.#data1é | Load Oata Ponter witha | 3 24 e rel Jurnp i Catry & sat 2 24
15-bil sonstant Juc el Jump if Carry not sst 2 24
MOV A EA+DPTR | Move Cods bl retative 1 24 . ! L
: 1 bit,ra o
16 DPTR 1o Act B it,ral Jump # direcl Bit is st 3 24
B i if di iti 3
MOVE | A @A+PC  |Mows Cadebyts relative |1 24 Rl o f e Biis Mot #
toPC 1o Age
JBc Lit ra if direct Bit is set & 3
MOV | A @R; Mows External RAM 8- | 1 24 frel Jumg i direct Bt &5 s B
! clzar bit
it gcddr) 1o oo
DATA TRANSFER {continued} FPROGRAM BRANCHING
——— AL 275
—
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e 2 TS89 C 51

The ATA9C51 provides the following standand features: 4K
Bytes of Flash, 128 bytes of BAN. 32 070 lines. two 18-bit
timercounters, A five veclor two-level intariust architacturs,
a full duplex serial port, on-chip asciliater and clock cir-
cuitry. [0 addition. the ATR2CST is designad with static lage:
for operation doown 10 Zers fraquwsnsy and supports beo
soffeare seleciable powsr saving modes Tha Fle Mods
stops the CTPU while aliowing the BANM. Himeracuntsrs,
serial port and interrupt system to continug functicning. The
Power-down kode saves the RAR cantents but freazas
the oscillator disakifing all other chip funclions until the next
hardware reset,

Pin Description

VCC
Supply woltage.

GNP
Ground.

Port &

Port Qs an 8-bit open-drain bi-directional 11O port. As an
ouiput part. ach pin can sink gight TTL inputs, YWhen 15
are written 1o port O pins, the pins can be used as high-
impedance inputs

Fort 0omay alse be configured to b tha multiplexes ow-
order addressidata bus during accesses b external pro-
gram and data memaory. In this maoda BO Ras internal
pullups.

Part 0 also receives the 2ode bytes during Flash proagram-
ming. and outputs the code Bytes dunng program
verification. External pullups are raquired during program
werification.

Port 1

Port 1 is an &-bit bi-directionai 11O port with intarmal pullups.
The Fort 1 cutput buffers can sink:sourze tour TTL inputs.
Wien 1s are written to Fort 1 ping they ars pulled high by
the internal pullups and can be used as inputs. &s inputs,
Por 1 pins that ars externaily baing pullzd low will scurse
current iy 1 becguse of tha intemal pullups.

Fort 1 alss recaives the low-order address bytes during
Flash programming and werification.

Port 2

Port 2 ts an &-bit bi-directional 110 port with intemal pullups.
The Port 2 oulput buffers can sink:scurce faur TTL inputs.
“When 1s are written to Fort 2 pins they ars pulled high by
the internai pullups and can be used as inputs. As mputs.

Fort 2 pins that are externally being pullad low will source
ureent iy because of the intermal pullups

Fort 2 enits the high-order address bytg during fetches
from axtzrnal program memaory and duning acoesses 19
avternal data memary that use 16-t addresses (MOVY &
DFTR In thizs application. [t uses strong internal pullups
whan amitting 15, Ouring accesses o sxternal data mem-
ary that uss S-it addraases (MY X & B PO 2 emils the
centents of the P2 Spacial Function Register,

Pant 2 alss recelvas the high-ordsr addrass Lits a
control signals during Flash programming and verification.

Port 3

Fart 215 an 8-bit bi-directional 1°0 port with internal pullups.
The Port 3 output Buffers can sinkssource four TTL inputs.
When 12 ars written to Fort 2 pins they are pulled high by
the internal pullups and can e used as inputs. As inputs.
Fort 2 ping Wat are axternaly being pulled jow will source
current iy » becauge of the pultups

Fort 5 also serves the functions of various special features
of the AT39C 51 as listed below:

Port Pin Alternate Functions

P30 RED (sadalinput pedl)

F TX[D isarial outpul port

P32 THTD «axtarnal inlerupt 07

SR TRITT iamternal inkanup 1)

R | Traclimee O external npot

35 ' iimer t extarnal input)

Paag VR faxtarnal data MSMory wriis stroba)
Frai R0 istarnal data MIMry read strabed

i

Fort 5 also réceives some 2ontn:l signals tor Flash pro-
qramiming and verification.

ALE/PROG

Address Latch Enable output pulss for latching the low btz
of the address during accesses to external memary, This
pin s alza the program pulss input iFROG!: during Flash
RIOGramruing.

In normal spsration ALE 1S emitted at a constant rate of 13
the gsclllator frequency. and may ke used for external tim-
ing ar clocking purpeses. Nots howesvar, that one ALE

L] m 3
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pulse is skippad during each acces
Memaory .

If dlasired, ALE aperation can he disabled by
SFR location 8EH. With the hit set, ALE is
ing a MOVX or MOVC Instruction. Stherwise, the pinis
weakly pulied high. Setting the ALE-disable bit has no
effect if the microcontrolier is in extermal execution mods.

s 13 external Dala

setting bit o of
aztive only dur-

PSEN

Program Store Enable is the read strebe 1o caternal pro-
aram memory.,

When the ATRICE 3 BXecuting code from axternal pro-
aram mamory, FS is activated twice =ach machine
cycle. except hat two PSEN activations ars skippxed during
2ach access to zxternal dats memaory.

EAvPPR

External Aczess Enable. EX must be strappsd (= GHD in
Grder to enable the davice (o feteh code from extsral prg-
aram memaory locations starting at 4000H up to FFFFH
Motz howaver. that if lock bit 1 is pregrammed E& wil ha
intzmally latched on reset

E& should be strapped to Voo for intera
execitions,

This pin also raceives the 12-volt programiming enabl
age Vppl duwring Fh
12-volt Vpp.

=

[ rogram
= vali-

ash programming. for parts that require

XTAL1

Input 1o the inverting eaciliator amplifizr andg
internal clock cparating cirsuit,

1 input to the

XTAL2
Output from the irneerting oscillator amplifiar

Oscillator Characteristics

XTALY and XTALZ are the input and ocutput, resrectivaly,
of an inverting amplifisr which can e configurad for yse as
an cn-chip ascillator, as shown in Figurz 1. Eithar & quartz
crystal or ceramic resonator May e usx=d. T driva the
device friom an external @lock, souree. XTALL should e [eft

=S

unconnected while XTALY is driven as shown in Figur
Thare arg na requirements on the cuty cyvcle of the exlernal
clack signal, sincs the input 1o the intemal clacking cirguitry
is through & diside-lyy-tws flip-flop. but minimum and maxi-
mum woltage high and low time specifications must be
absarved

Idle Mode

Inidle made, the CPU puts itself to sleep whilz all thes on-
chip periphzrals ramain active. The mode is invoked by
softwars. The content of the on-chip RAM and all the S
clal functions registers remain unshanged during this
mode. The idie mods can be terminated by any =nalled
interruEt or by a hartware reset,

It should be noted that when idls iz terminatsd by
ware reset. the davies normally resumess program exeacu-
tian, fram where it 1sit off UR 16 e machine oycles befora
the internai resst algodthm takes control. On-chip hardwars
inhibits ac tointernal RAM in this event. but ACCEss to
the portping is not inhibited. Ta Zliminate the possibility of
AN Unexpected Wit & port pin when s s terminaten by
tesel {the instrustion following Me one that invok = il
Bhould not ke ane that writss to a Portpin ar o sxternal
MEnry.

a hard

LS8R

Figure 1. Oscilater Conneclions

(o)
[—"_—I_ XTALZ
1
»—y XAl
FND

i CAC2 S3pF 0 pFfor Crysials

=M pF - 0 pF o Caramic Resonators

Status of External Pins During Idle and Power-down Modes
Made Program Memory ALE FSEN PORYC PORTH PORT2 PORT2
Idla intemal 1 1 Dats Data Data Data
Idie External 1 1 Floa) Uata Arftrees Uit
Powrar-cown Intermal [ata Data Data Data
Powar-clawn Extarnal Fleat Data Dty ’ Dala J




APPENDIX 3

National Semiconductor

Livi78XX
Series Voltage Regulatcrs

General Description

The LKITBX A serfes of thr. = termimat Fegulaters 15 g
il seaerai figed makimng th
Alde range of i o these s |
requlation, glimmating the dstitute
with singhs poim regulatian, The
these requialors o be used in o
i, HiFe ang ther ol state AMONE St et &)
hotgh desiined pntarily as fixsd . Naye 1 =mlata . e
devices can be used with extermal SAMPonEts b oktain
Justable voltagss and currents,
The LM7EXX serizs is available in an aluminum Tio
age which will allow aver 1,04 lca Surespt ff adeuate
sinking is peodetent Current limiting is inciy o limit the
PEAK DU ZUment 1 Al ! o I (NI O
SULRUL EransIston 1s i St wlenal o230
patlen. I intrmal ¢ ) ERULR IRl T TR I )
ihdng pray LbTeesn Cieonr bk
reentie e b))

allalle
E
A an ard

#sten, nstrrmerta-

Ears ke
hezat

thie

fraulatons 2asy to Uss
salsmal compansnta 1L

RIS ETe

b lpde s e et

Aoy

SARNPTes skl respange put b
1 e abed Tar ront the

Pt althangh ty

T the passesr supply,
T atleer fhan ard 15
edan Ctiut waltage raris trom 12,

For cutput

E I RN LA

Features
DRI UL SUTTERL I 2o
& nternal thenmal auerl

& nte, 2 sher sivcuit currsnt limit
m Aeallakae v e aluminum TO-3 Jod ThaAags

Voltage Ranyo

R LA

Connection Diagrams

Metal Can Package
T0-3 (K)
Alumiritim

QUTPUT -

INFaY

Lty
Bottom View
Order Mumber L M7805GK.
LM7812CK or LMYB15CK
See NS Package Mumber KCOZA

Plastic Package
TO-220 (T}

wha m O

Top View
Orcler Numbrer LM7805CT,
LM7812CT or LM7815CT
See NS Package Number To38

P00 Nahenal Samimond o Camaratin TS T

W Ot Al cnng

63

sioje|nBey abejjop soleg XX8.W



Absolute Maximum Ratings o 2

It Mititary‘Acraspace specifisd devicos are required,
please contact the Natienal Serniconductor Sales Office:
Distributors far avallahility and specifications

Input “ellage

Iaximur Junction Tem peratura

'K Package)
T Package)

Storage Temparabire Range

Lead Temperatre 1 Saldenng, 10 sen. i

131 ¢
120G
SGEClo+1s) C

Ve, = 8V, 12 and 13v) 3oy TQ-3 Packaga K o G
Intemal Power Dissipation (Note 1) intamally Limitad T0-220 Packags T EETE
Operating Ternperature Range (T, OCto+r0C
Electrical Characteristics LM78XXC (Note: 2

0 C =T, 5 125C unless otherwise notad.
Quiput Voltage 5 12v 15V
Input Voltage lunless otherwise noted) 19V 19y 3V Units
Symbal Parametor Conditions Min | Typ [ Max | #in | Tvp [™ax | Min | v | Max
Yo Quiput Voltage Ti=25C 5mA s, <14 48 5 32 |M3 17 1Zs[1a4 15 158 W
PuzisW, smA s, £ 14 475 3251114 12.6 1425 15.75 v
Viing 5 Vg © Vigan 755 W 200 | (1455 vy, = 1752 Yy a W
27) 30
EAT Line Regulation Iy = 300 T=25C 3 &0 4 120 4 1&D m
ma
Wi 075 Ny 7 250 | 145 2 Wy < 30) %
Q0T #1258 oo 120 my'
YWy, [t )] M5 = 27 N
[ Y UEREES 30 120 m'!
W 20 PTE Vs [N W
27 I
QCTis #1250 25 [E0) TE e
AV BV 12) UG 2 Yy, w22) | (20« Vi w26 3
LN Load Regulation T=25C |amhal, 134 10 =8 12120 12 1% my
250 mé = . n 25 £ 75 my
750 mA
IMAS L 5 1A D C T« 58 120 180 mv
+125°C
[’ Quisscant Current [ 1, 5 1A Tj=25C g 8 8 m&
O0C%Tj2+125C 8.5 85 EX mai
Al Quiescart Currant | 5 mA < by 5 TA 0.5 0s 5 mAa
Change T=25C Iy 5 1A 1.4 16 1.0 ity
Yinar % ¥y 2 Vigas AWy 2200 | (148 o Vs 271 MN79 V= Y
30,
lys 500 m& OC -~ Tjz +128 19 10 ] ma
Y © ¥y - Yz T n Vg 5 25 4.5 = Yz 30) 7.2 My = N
304
Yy Output Noise Ta =25 CAD Hz = [ 100 kHz 40 75 a0 8
Voltage
Rippla Rajaction oo 1A Tp=25C | 67 a0 55 72 a4 70 dB
AWy ar
A¥oyr =120 Hz | 1. - 300 ma GE 55 54 dB
DCTj 1250
Vi % ¥py % Vegne BNy s B L sav, <25 | ies Yoy
28,5
Ry Dropout Valtage Ti=25C Iy = 14 2.0 20 20 W
Output Resistance | f = 1 kHz 8 18 14 el

Wawnationd com

XXBLWT
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I
Electrical Characteristics LM78XXC inoe 2 iContnued)
0'C 5 T, 5 125'C untess otherwise noted.
Cutput Voltage _l' &V 15V
thput Voltage junless otherwise notad} 23V Units
Pararmeter < onditions Min Max
Short-Circuit 21 1.2 A
Cursent
Peak Output 24 2.4 74 A
Currant
pverage TC of [y 1.5 18 myi G
“'r’.')l.l T
Wi \nput Wallage
Raquired o 1) =25°C 1o, VA o 146 177 'v
Maintain
\ Line Regulation

Note 1 Theind reskslance ol fhe 1O 5 package?
(T) b typhoatty 4 O pmeion o case & o Cw case fo ambient

Mote 20 AL chasclensiss r Mamsnkes) WIN CApEA A0S e ripu a0 22 P anuda
£ A duy SV

ard 1ppe repetion Al are measurad Lsig puiss serhnvjues y
e Laieh Into acconnt separately

Nole 3 Absomt fammen Raings mdak: IS Deyminl ahi dankgs b
il Chatacdartsics

Typical Performance Characteristics

Kaximum Average Powet Dissipation

s

—tamad L

29

POWER TISSIPATION (!

wosh.2 3 50
LMBIENT TEMPERATURL I L

1]

jy oG 13

peak Cutput Current

LI e e

ouIPyT CURRENT 141

1
g 5 1w 15 2w 3 K 15
PUT TR DUTPUT QIFFCAENTIAL ¥}
T T

i dasdin: Iy =00

Maxirmam

POWER ISSIPATION O

capsclon
y Crtpul voltage Changes dne K changas ininfems I mpelatE: sl

tF KOS typicaty 4 CW JUNTION D Case Arvl 38 GO s I amblent. Thermal rasistarion of e 10 WA DA KIgE

arriss (e olipul ol 3 Lyl 201 characiereos & R noss ik

ul For guaranieed sperficallons and i les! condiions. 52 Eler

Avaragae Powel Dissipation

AMBIENT TEMPERATY RE ¢

Qutput Voltage {Nermalizad to WatT, =258

[ R0LTAGE VI

HORMALIZED GUIrU

1910

e
. vig o wgur Y
rges Booc 0 T T gy e Gan {

T or

|

|

A%y h
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|
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APPENDIX 4

’
EAIRCHILD
SEMICONDUCTOR®

KA7BXX/KA7 8XXA

‘mvw.tairchild.semi.com

3-Terminal 1A Positive voltage Regulator

Features

« Ouiput Cwtent Ui o b A

- Quiput Voltages of 3.8 %, 9,106, 12 15 18, 24N
« Thenmal Ose rlorad Proection

o ghont Cireutt Protection

+ Outpul Transistor Safe Operating Ared Protection

internal Block Digram

Description

The RATEXX K ATENN A series of threa-teriminal positive
regulalor ane awpilabte in the TO-220D-PRK packape amd
with severul e OUIpUL ¥ oltages. making them usetul ma
wide ranae of applications. Each tvpe 2T S internat
current timiting. hermal shul dov and saf? operaling avea
e LT making it gssentially indestructible. 1 adeaquile
neat sIKIDG 1% provided, they can detiver over b Gt
curint. although designed privnarily a8 fixed wilinge
regulators. thase devices cih he usael with extermal
cornpanents W ohtarn adjusable voltages and currents.

el

[
L EMERT

#2001 Fairchild Serniconducton Carpordin

Fare, 1010

66




Electrical Characteristics (KA?SOG!KA?SOGR)

67

ifRetar totest sivouit R R VI ok Aty ) E 1 L A3F, Doen Tub snless athetwise spectied)
P Symbol Conditi KATBO8 Unit
arameter Sy mno Coaaitions —— ni
4 Min. | Typ. | Max.
Ty =25 °C |5.76] 6.0 | 829
Output Yoltage iy Ao - o - 10A Po 18 .
o B W Y Al IO !
o - 5 120
s e featian T PoteE Sl e AT e
jme Reou lation iMNete Yegline | Td=r£870 T o 1Y - . o fiant
] o o ctmaAto 154 l - i 1210 )
Laad Regulation iNote1) Raload | TJ =+ @™ — — - '
I =250mA o7 50mb | - 3 S
Quissoent Curent 0 Ty =+25090 - =0 | 40 1 md
) . Ig=5mhto 1A - - 0.2
Ouiescent Cumert Change AlQ — T —1 A
Wy 8 oAl - - 1.
Dutput Yoltoge Drift oinl | lo - Smi - s - i
ol oltage LN SAOA [eIEREI T o,
gt Hedse Wallags S| § A0kt 100K, Ta =25 o - 40 o
e - fou A2 o .,
Rippl: Riejection R ) - 19 ) D - dB
[_Drr_xpr:;ut Waltage: v Drop REErNTE AR - 2 -
Output Resistance e 1= 1KHz - 14 - g
Sheort Cirguil Current lsc Wl aey, Tase2n ol - 250 - sy
Peak Current IPK Ty o 2nnl - 2.2 - FiY
Note:

1. Load and ling regulation ara
into account saparatsly. Putse testing

spacified at constart junction temparature. Changes in
wth low duty is used.

Typical Perfomance Characteristics

b L

Vi m 8V

| g Satl,

sra .
i | |
T amb ey

s SR
% . : 4 et}
: | i
' Lo
; . ! H i i
% -3t % & TE w7

IMCVION TERMERATURE [~

Figure 1. Quiescent Current

¥ due 1o heating effects st ba taken

i

w x »
DeMFT-DUTIUT DIFPERENTIAL [y}

bl

Figure 2. Peak Output Gurrant
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APPENDIX 5

@ MOTOROLA

Three-Terminal Negative
Voltage Regulators

The RCTAN0 sares of fixad ouUtput negatize goltage redJulators are
imended as complaments 1o the popular MCTROD Senes devioes. Thege
negative regutators are available in the salme seven yoltage options a3 the
RIC 7200 davices. In addition. one axtea voltage option commonty employed
in MECL systemns is alsn available in the negatve MC 7900 series.

Aueailablg i fixed output yoltage options from _a0 Y o =24 Y. thess
requlators arnploy current limitng, thermal huidoen. ard safe-area
compansation — making them ramarkably nigged under mast operaling
conditions With adequats heatsinking they <an Aedivar output cureents n
axcess of 1.0 A

o bo Exteenal Cornponants Required

¢ internal Themmal Ovedoad Protection

e Intarnal Short Circuit Cumrert Limiting

» Oulput Transistor Safe-Arza Compansation

o Ayailable n 2% Yoltags Tolarancs (See Qrkering frfenmali i

Representative Schem atic Diagrarn

This davice conlains 26 antive transistors.

ORDERING INFORMATION

R
Cippetating
Temperature Range Package

Clutput Vlags
Tolerands

Device

MG TUXXACTRT 2%
Guface Mount
MCTUXXCD2T 4%
T =0 o 12H 0
MCTIXAACT 2
Ingerion Mourt
MCTROCT 4%,

MCTROBTET
MCTEXXBT

Surface Mourt
45 Ty = -4 to +125°C

Inserion Mount

X indicates nominal voltage.

Oieler this desument by WCTeaeD

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surfacs:
sornectad 1o Pin 2

02T SUFFIX

PLASTIC PACKAGE
CASE 930

{D2PAK]

Haasink surface ishown a8 berminai 4in
g cuting draming} & connectad s Fin 2.

A commongmundisrequired petaszanthizinput
and the output vidkaJes . The inpuit vcitage must
remain typically 20% above more negabive even
during the high poirt of the input npple vollage

Wk These taro digits of ha typs nurmkssr
indiaate nominal voltags.
* Ty is required if regulator is jiccaled an
appreciable distance from power supply fiter.
GOy improve stability and transienl rEspaNss.

DEVICE TYPENOMINAL CUTPUT YOLTAGE

MICTE0D MCTHIZ 12V
NCT205.2 MCTU1E
ST 08 728

MCTa08 MM TH24

_ tolerda, Ine 1EOR Reva




MC7900

MAXIMUB RATINGS Ta = +26°C, uniess othenwiss noled )

69

Rating Syl Walte it
- . —
Input Voltage i-5.0V N0 ™ RT-AV W -25
(24 W) -
Power Disaipation
Caza 2214
Tp = +28°C Pp Internally Limited W
Thermal Rasistarce, Junction—to—Ambient ENT e (=R
Thearmal Resistancs, Jurclion-to—Case Al S0 [+
Cass 976 {EPAK)
Tp = +25°C Ppy Imbennally Limited W
Tharmal Resistanos, Jynction—lo—Ambient "o T T
Thiarmal Resistance, Jure tion—o-Cas2 [3WTes =4 e

Sloragae Junction Tomparatuny Rangs —0% e +150

Jlunction Temparature +150

THERMAL C HARACTERISTICS

Charasteristics Symbcl

Thermal Ragistanos, Junction-te—Ambient Rela,
[ Tharmal Resistanca. Junetion-te—Case Ryl

MC 79050

ELECTRICAL CHARACTERISTICS iv = -11 Vi = S0 mA, O < Tyet

2%C. unless othamwisa natsd.)

Characteristics Symbal | Min | Typ [ wax | unk
Outpot Voltags (Ty = +25°C) Yo —43 \ -5.D ] _g2 | -
Line Regulation {(Mote [§] Reglime

{Tg=+25°C. )0 = 100 mA)
_7.0Vde 2V 2 —25Vde
8.0V z e -12Vde

Ty=+26'C In = SO0 mA)
~70Vdoz V) z -28Vde
~B.0 W 2 V212 VWde

Load Regulation. Ty = +28 CiMote 1
EomALin s LEA
260 mA 5 [y % TR0 mA

Qutput Yoltage

U

Redmad

o
—ToNVde sV _20vae 50mALIn ] OAREW
Inpul Bias Currenl Ty ==25Ch B
: ]
Input Bigs Currant Change ihg
_7.0vdez V2 -25Vde
somAclgstbA
JE—
\_omput Noima Voltags (Tp = +25'C. 10 Hz 5 f+ 100 iHz] ¥
Ripple Rejecticn lo = 20 mA, f = 120 Hz) RR
]
Diroypout Voltage W=V
p=10AT)= ~254C 20
Average Temparalure Coe Fcient of Output "Woltags AT

Iy = 5.0mA, gCaTys+129C

-1.0

NOTE: § Loxad and line:

raguiation ae specified Al carglant junclion lamparatuts. Changes in Y
Mulse tesing

wilh Jow duty eyose B used

1) o i Pealing eFieels must b taken into acoounl saparataly.

MOTOROLA ANALOG IZ DEVICE DATA




MC 7900
Figure 1. Worst Case Powet Dissipation as Figure 2. Peak Qutput Current as a Function
Function of Ambient Tempearature of Input-Gutput Differential Voltage
A T T I 23
o= | Infnite Healsick ]
f-E £ g = E2w | o <24 ’ﬁ\\ — J
= g = - ey = f P T =+A"C
S 40l oys = 150w o] Y i ~
3 - - w f
5 30 I B o £ s P,
% 20 SHRNY \ = ~
5 [ Noreao T AN E 15 N,
R ! e 14
£ s AN 3 N
& a4 T 9. L
- DAt 25 O A 3
& g3} Pug=¥ o =~
Ay =65 QW
o LPOimmi 164Y 3
) 5 T 1030 125 150 T T D s B B B
Ti, AHBIENT TEMPERATURE ¢ C ) =¥y INRUT-QUTPUT YOLTAGE DIFFERENTIAL
Figure 3. Ripple Rejection as a Figure 4. Ripple Rejection as 2 Function
functinn of Fraquency of Qutput Vellage
0o T 30
] PN 11
= Vo= -0 _ - .
B L] lg=20ms @ f=120Hz
Z 1 =T o= 20mA —
2 A - & Wi = 10 VRMS
=) il [ =
@ 50 X
& [, ol 50
ol il o !—.\-‘
E ® £
E &
ol = oap
« a0 =
. I 3
10 100 1.0k Wk 100 k 20 40 B0 80 W 12 M 16 1§ 2 X
1, FRECIJEMCY tHzy Ve, OUTPUT WOLTAGE <)
Figure 5. Qutput ¥eltage as a Function Figura 6. Quiescent Current asa
of Junction Temperature Function of Tomperature
5.2 2y
I J
" «‘ =
T8 ) \\
3 N
&
S I L al =H
2 e v o
|5 =
Eea ! &4z L Y= -1V
3 P Y1V | = N P
. o upe-6ny | | = o= 2mh ]
Fs _,/ I =20 mA 4 @ dd
= i -
l ™
a.08 — . 42— — — i
%0 5 50 T8 0B 25 1300 7S i gt &) ki 1 125
Ty, JUMCTION TENPERATURE i°C 7). JUNCTHIN TEMPERATURE "
3 MOTOROLA ANALOG IC DEVICE DATA
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M

i

LCD General Information

R

Part Numbering ~ LCD ~ Glass Only {without drivers)

) OPERATING TEMPERATURE

$ = Stamdard (0° TO 50° C)
H = tigh Temg (-30° 0 75° C}
UH = Ultra High Tomp (407 10 857 C)

MODEL NUMBER

EOR: ALPHANUMERIC AND NUMERIC
A= Alphanunseac <1.07
8 = Alphasameric 21 .07
&= Muineris <1 07
£ = Numetie 21.0"
4 = Custom Display <1.0'
W = Custorn Display 21.0°
ABICAD = 4 Character x % kne, J40
41045 = 4.5 Characta) « 1 line, 045"

x - reprosents 12 colmn

101021 = 1 Character x 1 Lie, 23
104040 = 1 Character x T e, 4.0

FOBR. MATRIX AND GRAPHIC MODEL

A
L C o - 8 4 0
L C 0 o0
| F i P E
a Y S &M
L s P BP
1 T L ALE _
D A A TR
L Y LA
MNoT
Cou
=

=l F I o
L L O
htl u L =
= = I
= ] 3 L
= | =
T Z b
he =
i’ 24 A
E i

m ol

)= POLARIZER MODE

R = Reflectve
F = Transheciive
t = Transrmssive

=]

m— <

2

N T =

rer ARDITIONAL PART NUMBERING SEQUENCE FOR

NON DEFALLT SETTING™™
@ 0IsPLaY MODE
Oefacl = Posilve image {no lettar}. o1 i more
Descriphon tolows, use ™
N = Megative image
(3= VIEWING DIRECTION

DEFAULT = 6 CCLOCK (NO NUMBER)

= 12 O'CLOCK
016020 = 18 Characters x 2 Lines. Dot Malnz
1908645 = 128 Colusms x 64 Rows, Graphics
= FLUDTYPE
T = Twisted Nemati: (TN}
% = Super Twisted Nemalic {STNY
USAIC
.278-5666
SA/Canada 1-800-278-566 ‘_fal ’Ti'*_i'ﬁ KAC O @USNCamda 1-847-359.8804

sia +B86-3-5821124

Al Asia +886-3-3821154

-




LCD General Information

LLD Panels ~ Custom Design Guidelines

Types of Display

Lighting Methods

Tt wlua e

arnbient Ight condion,

cralng sy o in the da aed a

} back ight Is usedt in the dark,

Connecior and LCD Mounting Method

o eonnect LED i the dive chioult, followlng Sornacton am avalkotiea,

Argothocic Type . bin | 25

Rubbex Connechor ]

LD MADUNING Mo | exarrrsa SOOI | I L0 0F 3Rpdin GOkt |
Lo
b Ctwvriacfa P wiaton )
M“;” » - - Loy o cEsernie
‘c"a ol ..a“ " """w , - Agdoptedt for mory
Yeung nopar. | e L, el ot s 10
Connachng Method | | ot Rucor O DAk,
we:m[ﬁcol]ccmm~ | By | Pt Cicdt DO
Pich [ mm ) © vy TR PCR naed god pianrg o
a

Minga e PR | NP Y r relebr AT SO

Pin Conmachor
LCD Mouning Menod | exammpe | . ot
Strochwe: T OV MG !
Mot e i CreG e o
Connechng Method . ;
Soldering . " [ S ] S
Pitcn [ mm } ) Pesradpnn - DIOCRICEON .
15,18 20,254 "varefachon o matesi |

Aeilie Connactor « o o e
LED Mourg Memodr [ exarmipes | antrbcAng et
Strachme:
KiTy wth @hechoconchic s N twm_;n - o PR
1in #m ot mintag Connactu ¢ Pl
grapnse. e - e e I
Connecting i : ;::c;muc cur
e and pressae g, . . L . .

: SOICHNG O PECITGO GO EARSon, | e mﬁ?f;::ﬂ
i Piteh ( #nem reE Do,

i 3] Transmisshe Mode

g pi
| Fefocks } A
L
f |
R nn 1 =y
~ |
i

o A
Back-Aghitng oy, ko case
ol B, no rafiacton b used

*ABack #3ht i abvays Lsed

—
USKiCanada 1-800-278-5566

U AIIES b oo i exdc o

————
m USA/Canada 1-847-352-8904
[ Asia +856-3-5821154

253




APPENDIX 7

HOLTEK

3’ Series of Encoders

Features

+  Dperatinyg woltuge: 2.4V 12V

*  Lowpowerund high noise immunity CR0OS
techoo Loy

o Low stundby current

¢ Three words trunsmission

Applications

+  Burglar absrm system

+ Smoke and fire alarm system
+  Garage door controllers

o Cardosr contmllers

General Description

The 3" encoders nre s series of (MOS LS1s for
remote contrel system applications, Thev are
capable of encoding 18 bits of information
which eimsists 0f N address bits and 158-N duty
bits. Each address’daty input is externally
trinary programmable if banded mat, Tt s other-
wise set floating internally. Viriows parknges of
the 3 encoders offer foxible combinations of

Selection Table

o Built-in ascillntor needs only 54 resistor

¢ Euasy interface with an RF ar infrured truns-
mission mediy

v DMipimsl externul components

¢ {uraularm syslem

v Security system

v Cordless telephones

o Other rernote control svslems

programmable addressidats w meet various
application needs. The programmuble ad-
dress/duta is transmitted together with the
header bits viu un RF or an infrared o msmis-
ston medium apon receipt of o trigger sienol.
The capability Lo select & TE trigger tyvpe or o
DATA trigger type further enhunces the uppli-
cation Rexibility of the 37 series of encoders.,

_Pa;?Ctlon MN":; oss ’3:;“;; ';;“L'f‘* (':(‘:: ol Oscittator | Trigger Package
HTH0G 4 5 0 ¢ | B asdillater TE |20 Dipzo sop
HT640 10 3 a 0 | RC oseillator TE |24 S0P sow
HTE80 8 14 o 5 | RO nseil lator TE  |15DIP
HT6187 9 u 3 8 | RCescillator [D32D14,015 18 DiPEe SOP
HT6207 10 0 1 1 [ RCosallater | DI2-DI5 | 20 DIA2G SO
HT6247 12 a 8 0 | BCescillator | DI2-DI7 |21 SOP24 SDIP

Note: AddressDutu represents udd res suble pins or dsily according o the deeoder requirements.

-



I-I:!I.'I'EK# 3'% Series of Encoders

Block Diagram

TE trigger DATA trigger
HIHMHT6: G HTERE HTHIST HTH2H7HTE247

Lo v SRR | rECE wEst
— P .

¥ 1 5 3 1
i atdator 33 Dewger e Bohoct g
l - . Kirer T‘-”-”

! [ Jacikivx H 35 Dhecky

113 l

. 18 Courmy . 18 ooy o I
A Vot is x-[-.nﬁr'—l*t - %o 18 e .
il 13 Dociodey . 1% D ey i I

| I | Te w5 scas 1 | | | erar e SN ‘.

i i | ke Crout L i | Tk (et [ I
‘*'ff > SSE; AT J&':;L LELY Siroaat L e 0

AL — RN T WO WES QpE T WEXD WEE

Note: The gddressiduta pins ure avadable in various combinu lions.

Pin Assignment

TE trigger type
S-Address B-Andress 10Address
S-fAddress/Data 4-Address/Data 8 Address/Data
aonide = z4 [Ivop
— api2G2 231 [JADie
ADTT [+ 2awenD i AD13C]3 2z [Gag
ADY2 2 121145 g~ aPbvos ADte 4 21 ma
AD13[]3 18 [ag ADVIETF T AR ADIE]E FamLV
AD14 [+ 17 [OAr ADw a2 16 [ Al AD1E[8 13 [Jas
Aaptadls 16 [JaG aDs 4 w [ A7 ADTr 13 OAS
bout J& 15[ A pouT s 9 [DAdE Dour e 17 [Jas
TE 7 14143 TEOS 1Al rey2 16 [OA3
oscz 8 13[az oscE 7 w2 A2 fazziobd gy v 15 []A2
as5ct Ose 12 [0a gl O 8 QA [o -l 14 [Jal
vss [0 1173A8 VSB[ 4 b vas ]tz 1 AN
HT600 HT&80 HT640
- 20 BIPISOP - 18 DIPISOP — 24 SOPISDIP

(24

July & 169




L

3" Series of Encoders

Flowchart

—

L

J_’r

-

>

T~

rArEeSEIcn
argiied 7

by

raeihed

3 daa warde

—

g

~
&l
.r"’ff

Lolgesdy bR-te i
3 daig werds
He i) s 0]
i irnady

Ry

SR Y HE e

Notes: D12-D17 are transmission enables of the HTEIRTHTH20 T HTE 247,

is the transmission enable af the HTSGGHTR4VHTES G,

'
',

Tt

Osclliatwer frequency vs supply voltage

Reose {1}

F---

ok

1 BEH

2

VOB {¥ DS}

o1

= [ ew fenvoder?,

sdicodear:

The recommended osallutor frequency s Geen



APPENDIX 8

HOLTEK

318

Series of Decoders

Features

= Operating voltage: 240 - 12Y
*  Low power and high noise bnmunity CAOS
technology

¢ Low standby cursent

+  Capable of decoding 18 bits of information
+  Pairs with HOLTEK s 3% series of encoders
-

8- 18 aclclress pins
o O-Bdatapins

Applications

»  Burglar alarn sysiem

s Smoke and fire alarm system
*  Carage door contrellers

*  (Car deor contrallers

General Description

The 3 decoders are a series of CWI08 LS5
retnate control systerm applications. They are
paired with the 3" series of encoders. Fol
propet operation a pair of encaderrdecoder pair
with the same number of address and data
farmat should be selected frefer to the en
coderidecoder cross reflerence tahles).

The 3" series of decaders receives sertal ad.
dress and data from that series of encoders that
are ransimitted by a carrier using an RF or an
IR transmission medun. It then compares the
serial input data twice continuously with irs
tncal address. I no ervors or unmatched codes

Selection Table

= Trinary adidress setiing

*  Two times of receiving check

» Buile-in oscillator needs enly a 5% resistor

+  Valted transmission indictor

» Easily nterface with an RF or an infrared
transmission mecium

»  Minimal external components

»  Car alarm system
v Security system

» telephanes
* (ther remete ontral systems

are encountered, the input data codes are de
cocded ard then transfecred to the ourput piis.
The T pin also poes kigh w indicate & valid
LI nsniss o,

The 3" decoders are capable of decoding 18 hits
of formation that consists of N bits ol address
and 18N bits of data. To meet various applica
tions they are arranged to provide a number of
data pins whose range is from 0 o 8 and an
address pin whose range is from 8 1o 1R In
adetition, the 3" decoders provide varisus rom
binations of addressidata number in different
packages.

Lunction] sddress Data Y1 Oscillmor Trigaer Package
Itesn No. No. | Type '
HTBH2L. 12 2 L i | RC oscillator | DIN active "Hi™ | 20 DIP/200 SOP
HTGO4]. 10 1 L RC oscillator] DIN active “Hi™ | 20 DIP20 SOP
HTBO51. 9 5 L v |RC ascillator | DIN active "Hi™ | 20 DIFZ0 SOP
HI6G11 14 U RC oscillator | DIN active "THI™ [ 20 DIF/20 SOP

Zncl Ot 07
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HOLTEK i , 3" Saries of Decoders

Block Diagram

OECE CRCi

Oiciiﬁ'.-il!'l'——.l Do aes Baie
I T DF’;‘?‘? Snitz Latn Gt | | I pea
T ST _.
d

DM ()—b@ ﬁl‘.’;ai‘a D—z:emoa— I
[ ; *
Syre Dew\ﬂ -Cnmpauﬂ—"‘q Curapsrstor l Conrol Lﬁ;zcl
L

\ Trangrigy o SEke Tooal Burer WY
g g

e 2
Auvdiess Waw  WE&

MNaote: The address‘data pins are avatlable in various oornbinaticns
{refer tn the adcressddata tabile).

Pin Description

Pin Name | 14) (,:J::f::ﬁtlm Description

AC-ALT I TRANT‘S.M?S.SI ON _T!1put pins for address A[J——Al'{serti.ng )

: GATE They can be externally set to VDD VSS, ar teft apen.
21017 9] CHOS QUT Output data pins

DIN I CMOSIN Serial data input pin

VT O CMQAS OUT Walidtransmission. active high

0s5C! 1 QSCILLATOR | Oscillarer input pin

0sC2 o] CSCTLLATOR | Oscillater cutout pin

Va5 I Negative pover sup ply (GND)

VDD I - Pasitive power supply

K 2ned Kt 97
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HOLTEK i 5 3'¢ Saries of Decoders

Oscillator frequency vs supply voltage

F o
Gealkey
pT111] i
27}
2EGF -
zask,
o] ol
1.8
150f
125
KA 10G
ars
asaf ¢
; mre—_— ' 3
pash , i . —————-a

L)
£
o
;)
%]
=]

& o 12 1 12 23 YOD{Y OC)

The recomemended ascillator frequency is Foson ichecocer) = Fiscr (encoder].






