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SYNOPSIS

“AUTO CROSS” is an attempt to automate the process of
vehicle speed testing. This finds applicaﬁon in wvehicle
@anufacturing plants where the vehicles have to under go a test drive
oﬂ rigorous standards .The purpose of automation is to improve the
ao}curacy of speed performance of the vehicle , after being
rdanufactured during test drive. The main purpose of automation is to
id%prove the accuracy with which the vehicle speed is tested over the

cq‘)nventional methods.

The vehicle is allowed to travel an average distance of 400-500

n*clrcs and the time taken to traverse this distance is calculated
awtomatically by locating sensors at suitable points.This sensor
ir{formation is sent through wireless means, which activates the
ﬂjcrocontroller based circuitry. The results of the time taken is

dﬁsplayed for each test run.
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1. INTRODUCTION

“ All history —as well as current experience - points to the
ifact that it is man , not nature , who provide the primary
resource : that the key development comes out of the mind of
1man . Suddenly , there is an outburst of vdaring , initiative,
invention . . . ”

- E.F SCHUMACHER
w in Small Is Beautiful
Q

ﬂhe automobile is one such invention of a daring man, HENRY

FORD .| This project attempts to completely automate the speed test of
an autobobile.

HARDWARE USED

> Miicrocontroller (8031)

> FM Transmitter ( 400 - 500 ) meters

» FM Receiver

» Infrared Sensors

» DTMF Coding

> 827$ controlled LED display



SOFTWARE USED :

» Microcontroller programming using C — compiler.

ADVANTAGES :

| Our main aim has been to automate the whole process
of car speed testing. This cuts down labour cost and
ir#lproves the accuracy with which the car speed is tested.
Such tests are carried out on parts of various shapes on
Mhich the car is allowed to run, thus testing the efficiency
|

of the car on these paths. In a world where time
n#anagement is so important, automation helps in saving

v{iluable time .
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2. DESCRIPTION

The process starts by pressing the ‘START’ button on the
keypad .This ‘START’ button activates the 5 traffic lights that go
‘ON’ one after the other .This 'actiQn is controlled by software
through ]the 5 bits of PORT 1 of the microcontroller 8031 . After the
last digi* goes ‘ON’ TIMER O gets activated and at the same time the
count is\ displayed simultaneously in the LCD and LED display . This
is the indication for the vehicle to start it’s test run . The vehicle
start is %sensed by two infrared sensors that produce a pulse when

cut. Thlj pulse activates the TIMER 1 of the microcontroller and the

count is again displayed both in the LCD and LED display .

Aﬁer covering the required distance of (400-500) meters, the

|
vehicle cuts the scnsors kept at the finish line. The pulse thus
produced| is fed to the DTMF encoder that encodes the pulse in terms
of ‘0’s and ‘I’s. This encoded message is then transmitted to the start
using an FM transmitter. At the start, the encoded message is

received ’by an FM receiver, that directly feeds to the DTMF decoder.

Once the‘ message is decoded, it is fed to the higher order bits of the



buffer that is constantly checked for any inputs . These decoded bits

deactivate the TIMERS ‘1’ and ‘0’ and the final time elapsed is

displayed in the LCD and LED displays .In order to start the

process all over again, for a new vehicle , the ‘RESET’ key is used .
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3.1 8031 MICRO-CONTROLLER

FEATURES:-

The 8031 MICRO- CONTROLLER consists of the following:

e 8bitCPU
- o 128 Bytes of ON — CHIP RAM
e 21 Special fuction registers
. ® Extensive Boolean processing (single bit logic) capablities
e Full Duplex UART
‘ ® 6 Source/ 5-vector interrupt structure in two priority levels
. ® Two 16-bit / counters
. 64 K program memory address space

* 64K datamemory address space

; e 32 bi-directional and individually addressable I/O lines
e 4K ROM

ON-CHIP clock oscillator

i
INTERRUPTS:
In order to use any of the interrupts in 8031 the

fd)llowing steps must be taken;



1. Set the EA (ENABLE ALL)bit in the IE register to 1

2. Set the corresponding individual interrupt enable bit in the
IE register to 1

3. Begin the Interrupt Service Routine at the corresponding

vector address of that interrupt

INTERRUPT VECTOR

SOURCE ADDRESS
IEO 0003 H
TF O 000B H
1E 1 0013 H
TF 1 001B H
R1& TlI 0023 H
TF2 & EXF2 002B H

Fo}k external interrﬁpts INTO—®P32 and INT1 —»P33

m#st be set to 1. |

For the interrupt is to be level or transition activated .
ITx=0 - Level activated

ITx=1 » Transition activated
PIbV CONFIGURATION:

V&c:

Supply Voltage.



Vss:

Circuit ground.
PORT 0:-

PORT O is an 8 bit open drain bi direction /O port.
As an output port each pin can sink 8 LS TTL inputs. PORT
0 is also the multiplexed low order address and data bus
during access to external program and data memory.
PORT 1:-
| PORT 1is an 8 bit bi -directional /O port with internal
phllups .The port 1 output buffers can sink source 4 LS TTL
inputs.
PORT 2:-
| PORT 2 is an 8bit bi- directional I/O port with internal
phllups. It emits the higher order address byte during access to
external memory. It also receives the higher order address byte
and control signals during program verification . Port 2 can

Si*lk /source 4 LS TTL inputs.



PORT 3:-

PORT 3 is an 8 bit bi—

directional I/O port with internal

pullups. It also serves the function of various special features of

the MCS 51 family as listed below

PORT PIN ALTERNATIVE FUNCTION
P3.0 RXD ( Serial I/P port)
P3.1 TXD (Serial O/P port)
P32 INTO (External interrupt 0 )
P33 —
INT 1 (External interrupt 1)
P34 TO (Timer 0 external Input )
P3.5 T1 (Timer 1 external input )
P3.6 WR  (external data memory
with strobe)
P 3.7 RD  (external data memory
with strobe)

RSh‘ :

Reset Input . A HIGH on this pin for two machine

|
|
cycﬂes while the oscillator is running resets the device .

ALE :

Address Latch Enable

output pulse for latching the

loM byte as the address during accesses to external memory .




PSEN :

Program Store Enable is the read strobe to external

program memory . PSEN is activated twice each machine cycle

during fetches from external program memory. PSEN is the
not jactivated during fetches from natural internal program
memory .

When EA is held HIGH the CPU executes out as
intexjnal program memory . When EA is held LOW the CPU

I
execﬁltes out as external program memory .

w Output to the inverting oscillator amplifier.
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3.1.1 8031 MICROCONTROLLER INTERFACING WITH

EXTERNAL PROGRAM AND DATA MEMORY.

Port Bit Assignment:

Port 0 : Multiplexed Address / Date bus ADO — AD7

Port1: P1.0 — P1.4 is used to control the five traffic lights

Port2:  Higher order Address Bus A8 — A15.

Port 3: P3.2 bit (INTO) is used for output of sensor at start.

. Lowefr order 4 bits of INPUT LATCH (74LS573) is used for keys
(RESET Key, START Key, INCREMENT key, DECREMENT Key)

e Higher order 4 bits of INPUT LATCH (74LS573) is used for out put

DTMF receiver.
3.1.2 TiMER:
In/8031 micro controller, two timers are there namely Timer O and
Timer 1
TCON: TIMER/COUNTER CONTROL REGISTER, BIT

ADDRESSABLE.

TF1 | TR1 | TFO |TRO |IE1 |IT1 |IEO |ITO




TF1 -

TFO -

TRO

IE] -

IT1 -

IEO

ITO -

Timer 1 overflow flag, set by hardware when
Timer/Counter. 1 overflows, cleared by hardware as
processor vector to the interrupt service routine.

Timer O overflow flag, set by hardware when the

Timer / counter O overflows, cleared by hardware as
processor vector to the service routine.

Timer O run control bit , set/cleared by software to turn
timer / counter 0 ON/OFF.

External Interrupt 1 edge flag, set by hardware when
external interrupt edge is detected, cleared by hardware
when interrupt is processed.

Interrupt 1 type control bit, set/cleared by software to
specify falling edge/low level triggered external interrupt.
External interrupt O edge flag, set by hardware when
external interrupt edge detected, cleared by hardware
when interrupt is processed.

Interrupt O type control bit, set / cleared by software to
specify falling edge / low level triggered external

interrupt.



TMOD:

TIMER /COUNTER MODE CONTROL REGISTER

NOT BIT ADDRESSABLE

GATE | C/T

Mi

MO | GATE |C/T | M1 MO

k—‘ Timer 1 “>| k—‘ Timer O “4

GATE - When TRX (in TCON) is set and GATE=1 Timer/Counter X

will run only while INTXPin is high (hardware control)

When GATE=0 TIMER/COUNTER X will run only while

TRX=1 (Software Control)

C/T- Timer or Counter Selector, cleared for Timer Operation, set for

Counter Operation (Input from TXpin)

Modes-f M1

0

M2

0

Operating mode

0

1

2

13-bit timer (mcs-48 Comptaible)

16-bit timer/counter

8-bit Auto — reload Timer/counter

(Timer 0) TLO is an 8-bit Timer/Counter
controlled by the standard Timer 0
control bits, THO is an 8-bit Timer and is
controlled by Timer 1 control bits.

(Timer1) Timer/counter 1 stopped.
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3.1.3 DECODER:

THE HCI38A decodes a three-bit address to one of eight active
LOW outputs. This device features three chip select inputs, two active
LOW and active ~-HIGH to facilitate the demultiplexing, cascading and chip
— selecting functions.

3.1.4 LATCH:

The Latch (74L.8573) appears transparent to data i.e., output changes

asynchronously, when latch enable is HIGH. When the Latch enable goes

LOW, dqita meeting the setup and hold times becomes latches.

3.1.5 BUFFER:
Th%: HC245A is a 3-state non inverting transceiver that is used for 2
way asyrﬂ‘chronous communication between data buses. The device has an .

active — LOW output enable pin which is used to place the input ports into

HIGH imbedance states.

3.1.6 EPROM:

Eer%sable programmable read only memory (EPROM) stores a bit by

changing the floating gate of an FET. Information is stored by using an

EPROM programmer which applies high voltages to charge the gate. All the



DECODER
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information can be erased by exposing the chip to ultraviolet light through

its quartz window and the chip can be reprogrammed.

3.1.7 EEPROM:

Electrically erasable PROM (IC 93C06/46) is functionally similar to
EPRdM except that information can be altered by using electrical signals at

the reé;ister level rather than erasing all the information. This is mainly used

. ‘ . .
in remote control application.

cLK ]2 - |
- 93C06 1 Ne
o] 93C4s nalo
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3.2 KEYBOARD AND DISPLAY INTERFACE WITH 8279

3.2.1 8279:

8279 is a dedicated keyboard and display controller usually interfaced
with the microcontroller. The chip automatically controls the display
refreshirbg and multiplexing. It contains the debounce circuitry needed for
any nodnal key switch. It also contains an 8x3 — bit RAM which can be
conﬁguﬂed as a first in first out (FIFO) buffer or it can représent the actual

condition of all switches at any given time.

3211  CONTROLLING DISPLAY USING MULTIPLEXING
" TECHNIQUE: .

Multiplexing is the technique where only one digit is ON at a time in a
sequence, which continues indefinitely. Since ON time is in micro seconds,
the displ#)y appears as static for human eye.

me seven segment codes for the numbers to be displayed is stored in

.a 16 bit i{AM. The 8279 first outputs the binary number for the first digit to
7445 deqj:oder on scan lines to turn one of the digit driver transistor. The

8279 thth outputs the seven segment code for the first digit on the A3-AQ

& B3—B(i) lines. This will light the first digit with the desired pattern. After



around 490 micro seconds, the 8279 produces a blanking code for 120 micro
seconds to avoid ghosting of information from one digit to the next. Next
the seven segment for digit 2 is put on A&B lines. This then lights the
desired pattern on digit 2. After 490 micro seconds, the 8279 blanks the
display again and goes as to digit 3 , this process continues repeatedly. With
6 digits it takes a total of 4 milli seconds to come to digit one, called scan

time. This it automatically keeps the display refreshed.

3.2.1.2} SCANNING THE KEYBOARD MATRIX

The count sequence from scan lines through the 74LS156 decoder
puts a low on one row of the key-board at time. The column lines of the
keyboalrd are connected to the return lines, RLO — RL7 of 8279. As alow is
put on each row, the 8279 checks these return lines one at a time to see if
any of them are low. If 8279 finds any of return lines low, indicating a
keypress, it waits for a debounce time of about 10 milli seconds and checks
again. iIf the key is still pressed, the 8279 produces an 8-bit code . Three
bits of ilhis code represent the row in which it found the pressed key and
another? 3 bits represent the column of the pressed key. The upper 2 bits of

the SHIFT and CONTROL key. The 8 bit code is stored in 8 byte FIFO

RAM.



3.2.2 KEYPAD:

The keypad consists of four keys namely the
increment decrement , reset and start key. The reset key is

used in case there happens to be a false start .

The increment and decrement keys are used to
move to the next and previous competitor respectively. Start
key is used to start the entire process . The scanning of

kdypad is done by 2 X 2 matrix in the 8279 controller .

3.2.3 DECODERS :

The digit selection of the display is done
thi‘ough a 7445 BCD to DECIMAL decoder called the 1
of; 10 low decoder . When a four bit BCD code from
sc{ian lines of 8279 is applied to the input of decoder , the
output corresponding to that BCD number will go low .

| The 8279 generates a continous count sequence
frq;m 0000 to 1111 over and over again . This causes

difits to be selected one by one using the multiplexing

technique.

Another decoder used is 74LS156 1 to 8 low
decoder , which sclects the output according to the binary input.
This also acts in continuos count sequence such that one row

is kept low and the columns are checked . Then it moves

to |the next low and soon.Here as we use Just four keys

b

on]‘y two binary inputs are given. The 3 to 8 decoder



is used as a purpose of future expansion if the number of

keys are to be increased .

324 LAYOUT:

The layout of one digit uses 10mm LEDs . Here
four LEDs are used in vertical segment and five LEDs are
u%ed in horizontal segment with a total height of six inches

and length of 4.5 inches .
3.2.5 CIRCUITRY:

Each segment requires 20 to 30 mA to drive
th;e LEDs. The 8279 can only source around 0.2 to 0.3 m
Aj , so to drive the LEDs connected in series. We use
drﬁver transistor BC548 with beta value of around 100 with
se;/en segment in one digit a total of 200 m A is drawn
from supply when one digit is turned ON. Since we use

multiplexing only 200 m A is consumed when display is ON

and power consumption is reduced to great extent .
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COMMUNICATION



3.3 COMMUNICATION

As itis a wireless transmission from finish to start of the race
(400metres) ,the efficient method of transmission would be using

frequency modulation.

3.3.1 FREQUENCY MODULATION :

 Frequency modulation is a system in which the amplitude of
the modulated carrier is kept constant, while its frequency is varied
by quulaling signal. FM transmission is more resistant to noise . The
amount by which the carrier frequency is varied from its unmodulated
value , ;k:alled the deviation, is made propotional to the instantaneous
value ﬂf the modulating voltage . The rate at which this frequency
variation or oscillation takes place is naturally equal to the modulating

frequenJ;y. The amplitude of frequency modulated wave remains

constan(l at all times; this is, infact the greatest single advantage of

FM .
3.3.1.1 ‘ Mathematical representation of FM :

?The instantaneous frequency ‘f ’ of the frequency modulated

wave is| given by



f=fc (1+k Vm Cos wmt)

where

fc = unmodulated carrier frequency .

. k = propotionality constant .

- Vm CosWmt= instantaneous modulating voltage .

332 FM TRANSMITTER :

. BQOCK DIAGRAM
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« CIRCUIT DIAGRAM
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3.3.2.jr REACTANCE MODULATOR METHOD :
| ,

o V4RACTOR DIODE :

. Varactor diode is a semiconductor diode whose junction

capaci‘tance varies linearly with applied bias when the diode is back-

biasecﬂ i



Varactor diode may also be used to produce frequency
mbdulation ; they are employed toga:ther with a reactance modulator ,
to provide automatic frequency correction foran FM transmitter. It is
seen that the diode has been back-biased to provide the junction
ca*)acitance effect, and since this is varied by the modulating voltage
which is in series with it, the junction capacitance will also vary,

caﬂj.lsing the oscillator frequency to change accordingly .

3.3.2.# DESCRIPTION OF CIRCUIT :
|

The circuit built around transmitter T1(BF494) is a basic

low-power variable frequency VHF oscillator . The output of the
oscillaJtor is about 50mW . Transistor T2(2N3866) forms a VHF
class. A power amplifier . It boosts the oscillator signal’s power four to

five times. Thus , 200-250 mW of power is generated at the collector

of transistor T2 .

Potentlometer VRI isused to vary the fundamental frequency
wherea‘s potentiometer VR2 is used as power control . Transistor T2

must He mounted on a heat sink . Adjust both trimmers VC1 and VC2

for maximum transmission power .



333 FM RECEIVER

The FM Receiver is a superheterodyne receiver, and the block

diagram is given below

RECEAVING -
ANTENNA

RF
AMPUIFIER

| 1F
D
AMPLIFIER LiMiteR DISCRIMINATOR AvDio
Lﬁn L—j { AMPLIFIER

\

N

|

|

\

| .

|

‘ DSCULLATOR DE CODER AMPLIFIER

3.3+3.1 RF AMPLIFIER:

An RF amplifier is always used in an FM receiver .It’s main

pUIJPOSC is to reduce the bandwidths needed for FM. It is also

reqhired to match the input impedance of the receiver to that of

antjénna.
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3.3.3.2 MIXERS:

The oscillator circuit takes any of the usual forms,with a
J;olpitt’s and clapp predominant, being suited to VHF operation. A
#ery satisfactory arrangement for the front end of an FM receiver
consists of FETs for the RF amplifier and mixer , and a bipolar

tLransistor . Separately excited oscillators are normally used.
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3.3.3.b INTERMEDIATE FREQUENCY AMPLIFIERS:
‘Very high intermediate frequency'and bandwidth is required for
FM receiver.Typical receivers operating at 88 — 108 MHz band have

an IF, of 10.7 MHz and a bandwidth of 200 KHz . As bandwidth

increises ,the gain per stage may be low.Hence two IF amplifier

|
stages are often used.
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3.3.3.4 AMPLITUDE LIMITING :

An amplitude limiter should be used in an FM receiver to make
tbe full advantage provided by FM demodulator . On the grounds that
z#ny amplitude chaﬁges in the signal fed to the FM demodulator are
sLun'ous .They must therfofe be rempved if distortion is to be avoided.
"ﬁhe limiter is a form of clipping device , a circuit whose output tends

t0 remain constant despite changes in the input signal A

potentiometer is used to limit the amplitude in the circuit.



Noise Limiter

AF AMP

AF AMP

AV
Bias




3.34 DTMF CODING

Dual tone multiple frequency (DTMF) addresssignaling

is used by the telephone industry to signal over the

~voice transmission path of the telephone system . A

- signaling method that employs fixed combinations of two

'~ specific voice frequencies , one of which is selected from

signals ,one from a “ low group ’

a group of four low frequencies , and the other from
the group of either three or four relatively high

frequencies .

This method of signaling uses 16 distinct voice band
frequency “signals , each consisting of two sinusoidal

and one from a “high

group 7 of frequencies . The characters that represent is

| DTMF signals are asshown in the table

Nominal low group | Nominal high — group frequencies (hertz)
frequencies (hertz)

1209 1336 1447 1663
697 1 2 3 A
770 4 5 6 B
852 7 8 9 C
941 * 0 # D




A,B,C,and D buttons are used in special applications

and are not part of common telephone keyboard.

DTMF signals , unlike dial pulses , can pass through the
~entire connection to the called party , and therefore lend
ithemselves to various schemes such as remote control or
tone coded data transmission , after the connection is

w established .
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FEATURES :
* Low power consumption .
. Adjus’table acquisition and release times .
® Power - down and inhibit modes .
* Single 5 volt power supply .

® Dial tone suppression .

APPLICATION :

® Telephone switch equipment .

Sﬁ70 DECODER :

8870  decoder uses a digital counting technique  to
deterMne the frequencies of the limited - tones and to verify
that they correspond to standard DTMEF frequencies . A

ck)mplex averaging algorithm is used to protect against tone

simulation by extraneous signals while tolerating small frequency

variations .



3.3.5 DTMF DECODER

8870 is a full DTMF receiver that integrates with bandsplit
filter and decoder functions into a single 18 —pin IP package.
Manufactured using state - of — the - art CMOS process technology,
the M 8870 offers low power consumption and precise data handling.
It’s ﬁl{;er section uses switched capacitor technology for both the low

and high group filters and for dial tone rejection .

It |uses digital counting techniques to detect and decode all 16

DTMF |tone pairs into 4 - bit codes . External .component count is

minimised by provision of an on - chip differential amplifier, clock
|

generat#r and latched tri — state interface bus . Minimal external

componkznts required to include a low —cost 3.579745 MHz color burst
|

crystal , a timing resistor and a timing capacitor .
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3.4 SENSORS
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SOFTWARE



SOFTWARE OVERVIEW :

Software consists of an  application software and the
asserdbly language programming .The application software is
writteh in C for DOS environment.The assembly language
progr%m is also written in C which is cross compiled using an
AVCS51 cross compiler which converts C code into hexadecimal

code for 8031 microcontroller and is written to the EPROM

using a EPROM programmer.

The application software consists of the following
modules: |
» To turn ON the traffic lights.
» To turn the TIMER ON when the vehicle cufs the sensor .
= To display the time using the LCD display.

» To deactivate the TIMER at the end of the test run.

= To store the results in the EEPROM.



ASSEMBLY LANGUAGE PROGRAM(FIRMWARE):

This performs the following :

1. Initialises 8031 registers .

2. Initﬁalises the interrupt service subroutines so that the processor updates

the

memory locations.

3. Inmitialises the LCD display module.

4. The processor after initialising all the interrupt services subroutines

checks for the interrupt in the INTO pin which gets activated when the

vehicle cuts the sensor at the start. At the same time the FEMERO also

get

s activated.
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TYPES SN54155, SN54156, SN54LS155
iy SN74155 SN74156 SN74L
DUAL 2-LINE TO 4-LINE DECODER

A, SN54LS158,
S155A, SN74LS156

S/IDEMULTIPLEXERS

;;luée maximum ratings over operating free-air temperature range (unless otherwise noted)

'In ut voltage:
% '.i.;-: ‘LS15

-

N

St orage temperature r

Voitage values ars wi

:,..‘—s‘pp(yvoltage, VeelseeNotety . . 0 o . . . -
: ‘185,156 . . . .

5A, ‘LS156:. . . ..

Oﬂ-state outputvoitage: ‘156 . . . .

‘LSi156 |

o&reratmg free-air temperature range: SN54‘ SN54LS Cnrcults

SN74’, SN74LS’ Circuits
ange

th raspect o network ground tarminal.

I AV,
55V

.1V

. 55V

Y A
—ssmousc
0°C to 70°C
—65°C 10 150°C

NOTE T

recomnnended operating conditions

SN54185 SN74155 uNIT
S MIN NOM MAX | MIN NOM MAX
Sapply voltage, Voo 45 5 550475 5 s525]| v
Highievel output current, Igy - - 800 T a0 | A
Lowlevel output current, fg) ‘16 16 | mA
Operating free-air temperature, Ta -55 125 Q 0 °C
_ "d&ﬁic?l characteristics over recommended operating free-air temperature range {uniess otherwise noted)
.. ‘ SNS4155
N PARAMETER TEST CONDITIONS? SN74155 UNIT
' MIN TYPt max
igh-leve! input voltage ' 2 . v
ow-level input vol tage 0.8 v
ViK'~ lnput clamp voltage Ve =MIN, |1 =—8ma -1.5 v
VoH High-tevel output voltage VCCTMIN, Vi =2V, 24 . 34 v
!i Vig =08V, 1oy =—-8004A
l? Lowievel Vee = MIN, V-!H =2V,
J OL_ w-ieve oum‘:-( voitage ViL=08V, loL = 16 mA 0.2 0.4 \Y
k Input current at maximum input voltage Vee=MAX, Vi=§5Vv 11 mA
1 l'l High-level input current Voo =MAX, V=24V 40 | uA
M~ Low-level input current Vee=MAX, V=04V —1.6 | mA
: L - SN54155 —20 -55
Short-circuit output current§ Vee = MAX SN74155 18 57 mA
L Ve = MAX, SN54155 25 35

A C... Supoly current See Note 2 SN74156 25 w)™

Foe conditions shown as MIN or MAX, use m- appropriste value specified under, recommended opunmg conditions.

; Al typical values SeA V=SV, Ty~ 25°¢C.

i “ﬁtmor- than one output should be shorted at a time.

-_ CC is Measured with QuUtpuTs open, A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G INPUTs grounded.

_ 'fChlng characteristics, Voc =5V, TA =25°C

N . FROM TO LEVELS - -

: "RAMETEM (INPUT) (OUTPUT) OF LOGIC TEST CONDITIONS MIN  TYP MaX |UNIT
p: B zc_'_ Y 2 13 20 ns
1G, or 2G
&8' 2CL Y 2 ©CL=15pF 18 27 ns
1G, or 2G ’

AorB Y 3 AL =400 0, 21 32 | m
AorB v 3 See Nowe 3 21 32 | m
ic Y 3 18 24 ns
iCc Y 3 20 30 ns

PRagation delay timae, low-to-high-lavel output
Pagation deiay time, high-to-iow-level ocurput

e General Information Section for kead circunts and voltage waveforms.
- vtk ~ —

;
4
!
?

TTL DEVICES W




TYPES SN54155; SN54156, SN54LS155A, SN54L5198,
SN74155, SN74156, SN74LS155A, SN74LS156
DUAL 2-LINE TO 4-LINE DECODERS/DEMULTIPLEXERS

schematics of inputs and outputs {continued)

‘LS155A, ‘1.S156 ‘LS155A . ‘L8156
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS TYPICAL OF ALL OUTPUTS
1 Vee
v __ 120 2 NOM
cc S
20 kN2 NOM OUTPUT
INPUT ~—o-Ji -— T
i ouTPUT
; h 4 V
3 E
‘ Y
”
logic diagram FUNCTION TABLES
3TROBE (2) (7)OUTPUT 2-LINE-TO-4-LINE DECODER
6 o | . 1Y0 OR 1-LINE-TO-4-LINE DEMULTIPLEXER
: INPUTS QUTPUTS
ATA
Dw ) ”DQOU‘TPUT SELECT | STROBE | DATA
l . Y1 1Y0 vl 1Y2
8 A 16 1C
—H {5)OUTPUT x X H x H H H
1v2 L L L H t H H
SELBECT (3) D L H L H H L H
; . (4) oUTPUT WL L H H H L
| 1Y3 H H L H H H H
| X X x L H H H
|
M i
i .Dﬂourpur , INPUTS ' QuTPUTS
L 2v0 SELECT | STROBE | DATA
;’ELim' 113) >: *> { L = T = 2v0  2Y1  2Y2
DE)OUTPUT X X H x H H H
2 -t 8 L L H H
DATA (15) | (11)OUTPUT - H L L " L "
2E —— 2Y2 H [N L L H H L
H H L L H H H
?TRQBE (14} —\{12)ouTPUT X x| X H H H H
! 26 ‘ 2Y3
IOQIC symbol 24ine t0 4-line Decoder
’ X/Y L) FUNCTION TABLE
?g: G :\Y(? 3.LINE-TO-8-LINE DECODER
16 2) & 200 P~ (5-\Y2 OR 1-LINE-TO-8-LINE DEMULTIPLEXER
1c 1) ENQ 3o b~ (4 13 .
A 13) 3 ©) INPUTS OUTPUTS 3
g3 0pep~—roy2Y0 seeect | STORE L @ @ @ s e
~(14) .| & £ 1%9\ 1112Y1 OR DATA
25_“(15) = " |ENS g e 32 ot 8 Aa] GF |2vo 2v1 2vz 2va 1vo 11 1v2 Y3
= ] x X X " H H 4 H H # H H
1dine to 4tine DMUX LoL ot WL t H H H H H.
JRTE I L oL H L H L H H H H-
p 3 1}6% L H L L H H L H H H
L o Lt "H H L H H H L H H
{7} H L L t M H H H L H
{2) OMUX ¢ 1Y0 .
16(1) G4 1 125 1v1 oL H L H H H H H L
1Cc 4 2~ 1Y2 H H L L H H H H H H M
3\(;”3 M H H L W R W W WA HEAD
g he ~2 2vo : Tl
— s 2Y1 : .
2¢ (15} b 7 2Y2 1C « inputs 1C and 2C connected togsther
. . 2v3 & = inputs 18 and 28 connected togather
Pin nurabers shown o logic notation are for D, J or N packages. . H = nighievel, L = low level, X = irrelevant




|1-of-8 Decoder/Demultiplexer
llgh—P rformance Silicon—Gate CMOS

‘The MC54/74HC138A is identical in pmout to the LS138 The device
iputs are compatible with standard CMOS outputs; with pullup resistors,
1ey are conpatible with LSTTL outputs.

The HC138A decodes a three-bit Address to one—of—eught active—iow
is device features three Chip Select inputs, two active—low and
ne active-high to facilitate the demultiplexing, cascading, and chnp—select-
1g functions. The demuitiplexing function is accomplished by using the
iddress inputs to select the desired device output; one of the Chip Selects is
sed as a data input while the other Chip Selects are held in their active
tates. 1 ‘

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS and TTL

Operating Voltage Range: 2.0t0 6.0 V

Low Input Current: 1.0 uA

High Noise Immunity Characteristic of CMOS Devices
- In Compliance with the Requirements Defined by JEDEC Standard

No. 7A
1 Chip Complexity: 100 FETs or 29 Equivalent Gates

LOGIC DIAGRAM

'ADDRESS 2 14

CINPUTS | A1 ,

A2 —— b12_y3 | ACTIVE-LOW
OUTPUTS

‘ CHIP- St
' SELECT S2

{INPUTS o 5

PIN16 = Voo
PIN 8 = GND

FUNCTION TABLE

OQutputs -
Y2 Y3 Y4

- Inputs
CS1Cs2Cs3
X

>
-
»
°
S
<
-
<
]
<}
o

FerFrlE- T
IITXT|rrerixxx|B
ITrr|TIrr|xxx
IrIc|TrIefxxx
IIII|IIIrC|XTIX
rxxzfxxrzjzx
g = g [ e o J [ - o -
ITIII|(rTITII|{TIII
rrxr|lzxxzz|zIx
rxrTfrrI(zx
rrxxfzrzzz|zzx
rzxzjzzzz|zzx|S$)

= high level (steady state), L =

low level (steady state);
= don't care \

X
X
L
H
H
H.
H
H
|-
._
H
X

MC54/74HC138A

2 JSUFFIX
| 'CERAMIC PACKAGE
16 CASE 620-10
1
N SUFFIX
6 PLASTIC PACKAGE
: CASE 648-08
1 )
D SUFFIX
16\(& * SOIC PACKAGE
) CASE 751B-05
‘ &, ' DT SUFFIX
> TSSOP PACKAGE
1 CASE 948F-01

ORDERING INFORMATION

]

{

.. MCS4HCXXXAJ: - Ceramic: . . : -
= "MC74HCXXXAN  Plastic ~~ -
.MC74HCXXXAD . soic. ..
MC74HCXXXADT ~ TSSOP
PIN ASSIGNMENT
Al re 7 18 i Vcci
A Q2 15[ vo
kR 4 v
csells & 3dve
csall 5. S 120v3
csills | npva
vzl 7 3 1 ] vs
esofs & 9 ve:




TYPES SN5445, SN744

_BCD-TO-DECIMAL

DECODERS/DRIVER!

voltage, Vco (see Note 1)
oltage . . . . ..

Storagetemperature range ., . .

m current into any output (off -state) .
ing free—alr temperature range: SN5445 Circuits
' SN7445 Circuits

-

3 : Volu;o values are with respect to n-twork ground terminal.

aximum ratings over operating free-air temperature range (unless otherwise noted)

. 7\
... 55\

S .. ITms
-ssc:o125c

. 0°Cto70°C

—65°C 10 150°C

SN5445 SN7445 UNIT
3 : MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo . 4.5 5 55 }4.75 5 825 | v
[ FOrfstate outpyt voltage 30 30| v
i, (Operating free-air temperature, T —55 . 125 0 . 70 | °¢

ical characteristics over recommended operating free-air temperature range {(unl

ess otherwise noted)

PARAMETER TEST CONDITIONS? MIN  TYPi maXx |uniT
High-level input voltage 2 AY
" Low-jevel input voltage ] 08} Vv
Input clamp voltage Vec=MIN, Iy=—12mA -15}1 Vv
’ Vee = MIN, ViIH=2V, 10l{on) * 80 mA 0.5 [oK:]
| v
On-state output voltage ViL~0.8V 10(on) = 20 mA T o4
. v "MIN, Vjy=2vV
Off-state output current cc + VIH i 250 | wA
. ViL=08V, VO(off) =30V
Input|current at maximum input voltage Vee = MAX, Vy=ss5v 1| mA
High-level input current Vee=MAX, V=24V 4Q | pA
Lowlevet input current Voo =" MAX, Vi=04V ~-1.6] mA
SN5445 43 62
Sy t Vee = MAX, See Note 2 mA
poly curren cc ¢ SN7445 a3 70

'!fg',‘_.““didons shown as MIN or MAX, use the appropriate value

. typse.l valuesare at Ve = 5 V, T4 = 25°C. .

measured with atl inputs grounded and outputs open.

specified under recommended operating conditions for the applicable typo

PARAMETER TEST CONDITIONS MIN  TYP MAX{UNIT
P_ropoqation delay time, low-to-high-leve! output . X . : 50| ns
CL=15pF, R =100 N 3
Propagbtion delay time, high-to-low-level output L SPF, L =100, SeeNote 50| ns
E3: See Gen

Matics of jinputs and outputs

leral information Section for load circuits and voltage waveforms.

-

" EQUIVALENT. OF ALL INPUTS

TYPICAL OF ALL OUTPUTS

QUTPUT




ABSdLUTE MAXIMUM RATINGS*

................ 0°Cto 70°C
—65°Cto 125°C

Ambier{t Temperature
Storage Temperature

Voltage on any Pin with
Respect to Ground

Power Dissipation

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T, = 0°C to 70°C Vss = OV (Note 3)*

Symbol Parameter Min Max Unit Test Conditions
ViLs Input Low Voltage for Return Lines -05 1.4 \
Vi input Low Voltage for All Others -0.5 0.8 \Y
ViH1 Input High Voltage for Return Lines 2.2 \
ViH2 Input High Voltage for All Others 20 v
Voo Output Low Voitage 0.45 v {Note 1)
Vou1 Output High Voitage on Interrupt Line 3.5 v (Note 2)
VoH2 Other Outputs 2.4 lon = —400 uA 8279-5
—100 nA 8279
iy input Current on Shift, Control and +10 RA ViN = Vo
Return Lines -100 RA VIN = 0V
e Input Leakage Current on All Others +10 nA ViN = Vec lo OV
lorFL Output Float Leakage +10 HA Vout = Vg to 0.45v
Ice Power Supply Current 120 mA
CiNn Input Capacitance 10 pF fc = 1 MHz Unmeasured
| Cout Output Capacitance 20 pF | Pins Returned to Vgg(®)
A.C. CHARACTERISTICS Ta = 0°Cto 70°C, Vgs = OV (Note 3)*
Bus Parameters
READ CYCLE
8279 8279-5
Symbot Parameter Min T Max Min NMax Unit
tAR Address Stable Before READ 50 0 ns
trA Address Hold Time for READ 5 0 ns
trR READ Pulse Width 420 250 ns
trpi) Data Delay from READ 300 150 ns
tap®) Address to Data Valid 450 250 ns
tor READ to Data Floating 10 100 10 100 ns
troy Read Cycle Time 1 1 us
taw Address Stable Before WRITE 50 0 ns
twa Address Held Time for WRITE 20 0 ns

= %

R
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)ctal 3-State Noninverting
'ransparent Latch with

STTL Compatible Inputs
igh—Performance Silicon—-Gate CMOS

! The MC74HCT573A is identical in pinout to the LS573. This device may
e used as a level converter for interfacing TTL or NMOS outputs to
Jigh-Speed CMOS inputs. :
‘These latches appear transparent to data (i.e., the outputs change
ynchronously) when Latch Enable is high. When Latch Enable goes low,
ata meeting the setup and hold times becomes latched.

{ The Output Enable input does not affect the state of the latches, but when
Jutput Enable is high, all device outputs are forced to the high—impedance
state. Thus, data may be latched even when the outputs are not enabled.

;i The HCT573A is identical in function:4o the HCT373A but has the Data
inputs on the opposite side of the package from the outputs to facilitate PC
board layout.
£ The HCT573A is the noninverting version of the HC563.

Output Drive Capability: 15 LSTTL Loads

TTUNMOS—Compatible Input Levels

Outputs Directly Interface to CMOS, NMOS and TTL

Operating Voltage Range: 451055V

Low Input Current: 10 pA

In Compliance with the Requirements Defined by JEDEC Standard
No. 7A ‘
+ Chip Complexity: 234 FETs or 58.5 Equivalent Gates
— Improved Propagation Delays

— 50% Lower Quiescent Power

e g Yz Tt N 1 B

LOGIC DIAGRAM

DO 2 2 Qo
o1 2| 18 o
D2 .f__.. _.l Q2
DATA 03 2—| |16 3 | NONINVERTING
INPUTS | pg B 15 a4 OUTPUTS
D5 ~— 1 s
D6 2 LR
| 07 2| |12 o7
LATCH ENABLE o
: PIN 20 = V(G
QUTPUT ENABLE PIN 10 = GND
Design Criteria Value Units
Internai Gate Count* 58.5 ea
Internal Gate Propagation Delay 15 ns
Internal Gate Power Dissipation 5.0 W
Speed Power Product 0.0075 pd

* Equivalent to a two—input NAND gate.

MC74HCT573A

N SUFFIX
PLASTIC PACKAGE
20 CASE 738-03

DW SUFFIX
20 @ SOIC PACKAGE
1 . CASE 751D-04

ORDERING INFORMATION

MC74HCTXXXAN  Plastic
MC74HCTXXXADW SOIC

PIN ASSIGNMENT

OUTPUT
enagle { '® 20 f Vge
pof2 7 19fao
D1{l 3 4 18p0Q
D2} 4 L 17 Q2
p3lls S 16 [1 Q3
D4l 6 15 ] Q4
psfl7 S 14pGs
pss T 13ps
ols 3 wpa
GND [ 10 11 ) LATCH
ENABLE
FUNCTION TABLE
Inputs Output
Output | Latch
Enable | Enabie D Q
L H H H
L H . L Laons-
L L X | No Change
H X X z
X = Don’t Care

Z = High Impedance




Octal 3-State Noninverting

MC54/74HC245A

-
Bus Transceiver :
High—Performance Silicon-Gate CMOS - JSUFFIX |
i" CERAMIC PACKAGE i
The MC54/74HC245A is identical in pinout to the LS245. The device 20 CASE 732-03
inputs gre compatible with standard CMOS outputs; with pullup resistors, 1 :
they are compatible with LSTTL outputs. :
The HC245A is a 3-state noninverting transceiver that is used for 2-way
asynchronous communication between data buses. The device has an N SUFFIX
active—low Output Enabie pin, which is used to place the /O ports into h PLASTIC PACKAGE
high—impedance states. The Direction controt determines whether dala 20 CASE 738-03
flows from A to B or from B to A. : ' !
e Output Drive Capability: 15 LSTTL Loads DW SUFFIX
« Outpts Directly interface to CMOS, NMOS, and TTL 20 € SOIC PACKAGE
« Operating Voltage Range: 2to 6 V ! CASE 751D-04
e Low [nput Current: 1 uA
» High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION
* In Campliance with the Requirements Defined by JEDEC Standard MC54HCXXXAJ Ceramic
No. 7A - MC74HCXXXAN Plastic
» Chip Complexity: 308 FETs or 77 Equivalent Gates MC74HCXXXADW  SOIC
} LOGIC DIAGRAM
} PIN ASSIGNMENT
- - DIRECTION[] 1 20 [} Vog
3 ' 17 v
A2-4—<-—— -—4-782 miz 7 g [ OUTPUT ENABLE
\ ot B . rlls 4 18fs
A4 —ttpi . E—
DATAL - & : ' ,14: DATA albe ) vpe
PORT ——— i [ PORT
) ALl 5 16
A6-7—<->— -—4-—3 B6 { S 89
a8 12 g, Asle o 15084
MS 1 11 88 Asl 7 4_ 14 1] B5 :
A7l 8 13 {1 B6
] 5
DIRECTION 5 A8l 9 12087
OUTPU}ENABLE aNo 10 117 88
PIN 10 = GND
PIN20 =V
FUNCTION TABLE
Control Inputs '
|
Output i
Enable | Direction Operation '
L L Data Transmitted from Bus B to Bus A
L H Data Transmitted from Bus A to Bus B 5
H X Buses Isolated (High—impedance State) °

X =don't care



© 256 Bit/1K 5.0V CMOS Serial EEPROM

VIOS technology
y organization

‘Automatic ERASE before WRITE
Power on/off data protection circuitry

: ,_k‘ Ejétéhﬁo > 200 years
w8-pin,DIP or SOIC package
g ! ble for extended temperature ranges:
.Commercial: 0 C to +70 C

Icrochip Technology Inc. 93C06/46 family of
al Electrically Erasable PROMs are configured in a
16 organization. Advanced CMOS technology makes
) devices ideal for low-power non-volatile memory
, qppl_lcaﬁons.» 93C06/46 is available in the standard

- 8-pin.DIP and surface mount SOIC packages. The
;- 93 .comes as SOIC only.

:':"flfhese devices offer fast (1 ms) byte write and extended
.(-40 C to +125 C) temperature operation. It is recom-

~‘mended that all other applications use Microchip’s
salceer

STRUDIT

QUL

PACKAGE TYPE

DIP A
48 [} &[] Vee
CLK [j 2 gacos 7 ’:l NC
s ¥4 g NC
DO q 4 5[] vss
* SOIC \
cs 1 817 vee
2 7
CLK E': 93C06 1 Ne -
ol Eﬂ 5 93C46 ™ Ne
po [ 14 5 E'.,] Vss
U/
NC E: 1 8 Fr::| NC
V. [,‘:l 2 7 \%
cc 93C46X ] Ves
cs s 6| oo
CLk 4 sl
BLOCK DIAGRAM
vce Vss
Lo
MEMORY C: ADDRESS
ARRAY DECODER
DATA REGISTER - ‘;‘U’;’;EU; )
o )
MODE
DECQDE
cs ——P LOGIC

- CLOCK
s GENERATOR




NSTRU

CTIONS “OF t LCD - MODULE - sessmsmsspms e

SRR Lt a3 Code - s 0T o | Execute
- Instructio Tos[os|[ps]oB|DB|0OB | D8 | Time 3
R R S6'1Tsc -4 ]3] 200 {max.)
: Clears nif display and returns the cursor to
Jar Display | 0 0 0 0 0 0 0 0 0 ! the home posttion (Address O], t.64mS
'l‘“‘l'“”* gmo n\u-»u 1 thiu |Inm|’\g ulmln\-m
) { . Adhdiess OF. Ao retuins the display e
ursor At Home 0 0 0 0 0 0 0 0 | x ing shitted 10 the original position. pp | !.64mS
RAM contents remain unchanged.
Sets the cursor move direction and speci-
P fies or not to shift the display, These oper-
atry Mode Spt ¢ 0 0 0 0 0 0 L jI/0| S ations are performed during data write 40uS
and reaa.
. Snts ON/OFF of sll display (D) cursor
play On/O{f olololololo| || c|B |oNnoOefE (C) ond blink of cursor posi- | 40uS
: tion charactar (B). )
wrsor/Display ' Moves the cursor snd shifts the display '
hift 0 0 0 0 0 L IS/CIR/L| » | * without changing DD RAM contents, 404S
unction S | Sets interface data length (DL) number of
unction Set . 0 0 0 0 l OL[ N F *v ® display lines {L) and character font (F}. 40uS
‘G RAM Address . Sets the CG RAM address. CG RAM data
ot 0 0 0 ! Aci is sent and received after this sotting. 40uS
0D RAM Address Sets the DD RAM address. DO RAM data
fet 0 0 : Avp is sent and received after this setting 404S
| Reads Busy flag (BF) indicating internal
;‘;;‘é Flag/ Address | ¢ \ | BF AC operation is being performed and reads | 40uS
address counter contents.
:G RAM/OD| A AM . . ‘ .
Sata Write | 0 Wiite Data Writes data into DD RAM or CG RAM. | 40xS
(G RAM/ODIRAM | | Reap  Data } Reads data from DD RAM or CG RAM. 40uS
Data Read . T N
INOTE:
Code Description Execute Tima {max.)
1/D = 1: In¢remont DD RAM: Display Data RAM fcp or fosc = 250 kHz
/D = 0; Degcremant CG RAM: Choracter Generator RAM Ho f frequ ch s
- K .. . weover, when {requency anges,
S=1 W_' h display shift ACG: CG RAM Address exccution time also changes.
S/C = 1: Display shift ADD: DD RAM Address Corresponds
§/C = 0: Cursor movement to cursor address. Ex.
R/L = 1: Shift to the right AC: Address Counter, used for both ‘-
R/L = 0: Shilt to the loft DD RAM ond CG RAM When fcp o fose = 270 kHz,
DL = 1: 8.bit »  Invalid 40uS x %%% = 37uS
DL = 0: 4-bit
N = 1: 2lines
N = 0: 1line
F = 1: 6x 10 dots
F = 0: 5x7dots .
BF = 1: Internal operation is being
pdrformed,
BF = 0: Instruction acceptable,

|i

!!
|
|

INOTE: Po% detalls In program, refer 1o the

User's Monual whl%h Is sepurately provided.



L N e ‘, 2 - = - X RN NG IR '_- )
Lower i 22 4wi| 0000 | 00t0 | 00117} 0fo0 | -0lal | o1t | of1i7|"i010, | 1011|1100
- ca :..:: -.-.: E“.: ‘ .-‘ Hosrl BERE ) sensd. la:.i
X X X|X 0000 R(l,\)M BRI - fee
X % X< 0001 @ e e R |
| N R Y Y N P O B FEE
xxxxo | 9 ool e S ) e B )
X X XX 0011 NS Y Y acl Y Bt I I e I
XX X0100 O adie o |84 8 ] el LA
oo | © | T E F e E] R | ]
' N x x x XOI lo .(7) :::.: E:::. §... '. -. E .. " ... .= .:_ sEDRS
X % X X0111 8 S AR TR B IO BT B e
o L R e e L e e
X% XX 1001 Sl I Al I e I I et B I B
’ .IEI L E o* 'E "::‘ sssge ....g . .': .é
XX XX1010 S R BT P R P s e e L :
+ ' “5e’
4 .-:-' :: E':. g ::-.. I: ..::. : E E...- a9
xx.xx‘OII ( ) : ‘ :: E '. :l. : .' -I L] Ld -. ) .I...
X X XX 1100 N I T IR O I I T - L il I
x x K x ' lo' (6) o e g ) § .-§ E. : E I: ll.:. ..- M
IR E-CN B ST P meer | TEE L TH
XXX 1110 M e | o] PR e | A5
8 .-- . .: E :: ..u: 'E"'  r . E ....
x x ): x l l I ' ( ) -. : :...- sunmae .-.-- . .'- ... »
* G RAM: Character pattern area which can fresly Le rewritten by program,
©




