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"It is not by discoveries only, and the

registration of them by learned societies, that
science is advanced. The true seat of science is
not in the volumes of Transactions, but in the

living mind..."

James Clerk Maxwell(1831-1879)
In Grove's " Correlation of
Physical Forces"
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Messrs. ON LOAD GEARS, MADRAS adds a new dimension to

control mechanisms for on-loacd tap changers.

The existing system built on hard-wired
logic, controls the different modes of operation of

the on-load tap <changer.

The proposed design incorporates a
microprocessor unit with additional circuitry for
interfacing with the inputs from the system and

deliver outputs after processing for system c¢ontrol,

The software developed using assembly
language for the system allows a versatile operation
of the different modes such as OFF, FOLLOWER,
MASTER, and INDEPENDENT. It 1is a user-friendly and

highly 1interactive system.

This application oriented project introduces
processor based control of HT . electrical eguipment

for the first time 1in the market.
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CHAPTER I
0\\
.f‘}/
INTRODUCTION A

An On Load Tap Changer i{s a mechanism f0
provide the required voltage for wvarious loads. This
is achieved by changing the tap positions relative
to the required voltage. The tap positions are
changed by the movement o0of a shailt, driven 92y an
induction motor.

The control system currently used 1is eleacrtro-
mechanical in nature, witih logiz autputis terived
1sing hard-wiring. The svsiam facss *he drawback of
not being versatile T LTS xpoerstion Jor ans >Tner
additicnal logic reguirement. ALSC due e rard-
wiring, it becomes necessary T use large Tciary
switches which add wup to the svstem cost.

The prototvpe designed is wversatile in its
operation with the processing o° tpgic information
taken over by the microprocessor The 1inputs ars
processed through signal conditicners &nda H SRS
The information recelived is  made Dinar in nafare
and nence nakes the Irocessing = L 2
through the interracing Toris ind The orocessocr s e



processor system used 1is the 8085 along with its

associated hardware.

The electronic control system with the
addition of software proves an effective combination

in controlling the system as & whole.



CHAPTER -11

TRADITIONAL SYSTEM

The existing system at present is an electro-
mechanically controlled system. The description of
which is given below. This explanation is to be read in
conjunction with the schematic diagram. (included in

the enclosure)

2.1. SUPPLY VOLTAGES :

This scheme 1is mainly designed for an
operation of 3 phase, 3 wire system .
3 phase, 3 wire supply 1is fed to the
Motor Circuit from Terminals H85, H86 and H87.
The Control circuit is operating on a 110V A.C.
Circuit fed from an auxillary supply transformer
of 250 V.A. rating 230V PY/55-0-55V and is provided
in the Drive Mechanism Chamber.
The input primary voltage of 230v A.C. for
this Auxillary supply Transformer will have to be

given at Terminals H83 & H88.

2.2 MOTOR CIRCUIT :

The Motor M gets 3 phase power supply
through tapchanger isolation switch TCSIS, set of HRC

fuses, cverload relay (al), crank handle



interlock (b8) and through normally open contacts

of ~contactor(cl), for raise directions and for lower
direciions through normaily opern contacts o
contactor(cl). All the equipment and switches
mentioned above are located in the Drive

Mechanism.

2.3. ACTIVATING CIRCUIT =

The working voltage of this circuit is 110V
A.C. which is derived from the Auxillary supply
Transformer (AST) . The choice of remote and local

operations 1is ©possible by the Control Selector Switch
Css - 1 which is housed in the Drive Mechanism
Chamber. The motor contactor for raise tap nos.

(cl) 1is energised by the push button 'bl' for 1local

operation and 'b3' for remote opefations. The motor
confactor for lower tap nos. is energised by push
button ‘b2’ for local operation and 'b4' for remote
operations. The supply for the contactor bl/b3 via
limit switch 'b6', normally closed contact of '‘c2’ and
through one of the normally open contacts of the
stepping contactors c3/c4. One of these stepping
contactors c3/c4 will always be under energised
conditions, depending on the position of the
changeover switch 'b9'. The moment the main spring
of the tap changer releases its stored energy,



the changeover switch b3 also changes over to

the other side and thereby de-energising C1 or
c2 contactors whichever is in operation. This
prevents the motor running further until another
tapchanging ‘operation is effected through the

respective push buttons.

7.4. INDICATION CIRCUIT :

During remote operation, in order to indicate
the tapchanger operation is in progress a
230V A.C. bulb (TCPL) for visual indication is
provided in the Control Panel (CP). This TCPL is
conneéted between the neutral and one of the
phases of the Drive Motor{M). In order to
indicate the tap position , a set of dial switch
is housed in the Drive Mechanism and 1is wired
with a set of resistances. This dial with a set
of resistances act like a potentiometer and
is connected to a Digital Display Indicator for
showing the respective tap numbers. This Digital
Display Indicator is housed in the control

panel.

2.5. LOCAL ELECTRIC OPERATION:

The tap changer can be made operational in
local mode by the wuse of the push buttons bl
§ b2 1in any direction either Raise/Lower. Only one

tap change is possible at a time and fresh impulse



is to be given for next tap change.

A+ the end of ach tap change. the witch julS
throws over, breaking the supply to the motor
reversing contactor coils C1 & CZ as well as the

stepping relay C3 § C4 coils. I1f all the operating

push buttons are 1in the normal (non-operational)
state, and if the motor reversing contactors, Ci § CZ
have dropped off, then only the complementary
stepping relays coil will energise restoring the
continuity in the ci1 & Cz2 coil circuit. This
ensures "Stepping" which means the ability of the
tapchanger to do only one tap change per
initiation, irrespective of the length of time for

which the initiating action persists.

2.6. REMOTE ELECTRIC OPERATION :

In this system the tap change is made from
Remote tap change Control Panel(CP). For remote
electric operation remove the temporary supply
connection given to the Drive Mechanism Chamber
for Local Electric Operation and as well as
the shorting links. Keeping the control
Selector switch (Css-1) mounted on tapchanger
drive mechanism on Remote’ and Sequence
Selector Switch' (SSS) mounted on CP on
Independent position. Sswitch on TCSIS and al' on



the drive mechanism. The wunit is then ready for
remote electric operation and tap change can be
made by pressing the raise push button (b3) or
lower push button (b4), as desired.

The operation of tap change takes place
similarly as in case of Local Electric

Operation.

2.7 .PARALLEL CONTROL OPERATION :

When two or more Transformers are connected
in parallel, it becomes very essential to
maintain the same tapping position of the
Transformers in parallel. This is being achieved
by a Sequence Selector Switch {885) provided in

the RTCC (Remote Tap Change Control). This switch has

got four positions namely Independent, Off, Follower
and Master. When the SSS is Kkept at " INDEPENDENT"
position, it allows the individual tapchanger of the
particular transformer to operate. For the position
"OFF", it indicates that the entire control circuit
of the tapchanging mechanism gets switched off. The
remaining two positions, "FOLLOWER" and "MASTER" are

used for parallel control of the tapchangers.

When two or more( a maximum of 4 units)
Transformers are connected in parallel, it 1is to be
ensured that all the respective tapchangers are in



the same tap number. This is done Dby sending the

Reising or Lowering pulse initiated from the
"Master" unit of the RTCC to the "Follower" also
and checking up whether they are at the same 1ap
number. Hence when a pulse is given from the
"Master" unit, gsimultaneously all the "Fpllower"

units also get operated.

An interlock system 1is provided to prevent
any further tap changing operations 1in case the
tapchangers in parallel are not in the same tap
number. This switch also helps in the manual
operation of the tap changer. When the switch is
put ON the connections to the motor power supply
are opened. When the followers are not in
conjunction with the Master the Out of Step
Lamp gets ON along with the Buzzer as an
indication. After corrections the tapchangers can be

operated as usual.

Based on the existing system the simulation
board has been designed S0 as to incorporate

every possible signal of it in the processing.



CHAPTER ITI

SIMULATION BOARD SPECIFICATIONS

The simulation board has been designed for

the real time testing of the DICOLT system. The

block diagram in figure 1 shows the various
sections of the on 1load tap changer system from
which the inputs are derived. The simulation board
has the following switches and push buttons to

generate the inputs for real time analysis.

PSPl TO Ps@3

This switch represents the power supply
conditions of the motor. {3-phase supply]

ON - POWER FAILURE

O.R. :
This is to 1indicate the overloading of the
motor.
ON - MOTOR OVERLOAD
I.L. 3

It is the interlock for the crank handle
which 1is engaged whenever the handle is inserted.

ON - INTERLOCK ENGAGED

X
=
|.l

|

This switch indicates that the current
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temperature of motor is higher than the nominal

Vvaiuge.
ON - TEMP. HIGHER THAN SPECIFIED VALUL
M.H. =

This 1is to check the motor cabinet humidity
level.

ON - HIGH HUMIDITY LEVEL

OFF - HUMIDITY WITHIN SAFE LIMITS
bl - bd :

These are the push button switches wused 10O
change the taps. bl & b2 are used for local
operation, b3 § b4 for remote operation.

PRESSED CONDITION

bl, b3 : RAISE TAP
b2, b4 : LOWER TAP
OFF :

This denotes the OFF condition of the entire
system. No operation can be performed in this
mode.

ON - SYSTEM IN OFF CONDITION
FOLL :

If the system operates as a follower, it 1is
indicated by the switch.

ON - SYSTEM AS A FOLLOWER



Master or Independent condition

shown by this switch.

ON - INDEPENDENT MODE
OFF - MASTER MODE
A/PB :
This is a mode switch indicating either

Automatic (or) Push Button mode of operation of

system.
ON - AUTOMATIC MODE
OFF - PUSH BUTTON MODE
L/R :
Local or Remote mode of operation

indicated by the switch.
ON - LOCAL MODE

OFF - REMOTE MODE

The control signals for the follower
changer is indicated through this switch.
ON CONDITIGN
F.UP - FOLLOWER TAP RAISED BY 1 STEP

F.DN - FOLLOWER TAP LOWERED BY 1 STEP

E denoctes EMCO AVR which representis

is

the

the

tap

the



+
e

automatic operation of the system according

m
-

.
T

voltage reguirement. The switch represent
control signals for the EMCO AVR.

ON CONDITION

E.UP - TAPS RAISED BY 1 STEP

E.DN - TAPS LOWERED BY 1 STEP

LIMIT MAX § L.MIN :

This switch indicates the upper and lower
tap positions of the system.
ON CONDITION
LIMIT MAX - UPPER LIMIT OF TAPS

L.MIN - LOWER LIMIT OF TAPS

CF C1 § C2 :

CF indicates the contactor feedback

after a tap position has been moved correctly.
C1 ON - TAPS ONE STEP HIGHER
C2 ON - TAPS ONE STEP LOWER

ADC - Analog to Digital Converter

The systems tap positions are indicated by the

ADC inputs.
ADC 1-4 : Lower order packed BCD.

ADC 5-8 : Higher order packed BCD.

-13-



ON - LOGIC 1

OFF - LOGIC O

FTN1-1 to 5 :

These switches represent the binary

the follower's tap number.
ON - LOGICAL '1'

OFF - LOGICAL 'O’

MODE :
This switch indicates the mode 1in
follower tap changer 1is working.

ON - FOLLOWER

OFF - MASTER

code

which

-14~-

of

the



CHAPTER IV

SYSTEM HARDWARE

The hardware section of DICQOLT consisis
of three parts, one is the input interfacing
section , the other is the processing section and
the third is the output section. The detail of
each section is explained below. The input and
output section details are to be read in

conjunction with the figure 2.

4.1. INPUT INTERFACE SECTION :

This section includes the different
processes of signal conditioning, signal selection
and noise suppression. The inputs here are derived
from the simulation board . The inputs after
conditioning are fed to the ports of the
programmable peripheral interface chip intel 8255A.

The inputs are then processed in the microprocessor.

Input Signal Conditioning
The input voltage from the simulation
board though is TTL, the actual voltage from the
field lines is 24V. The input voltage of 24V is
attenuated to a lower voltage of 5V using a

resistive network.



The TTL 1level voltages of either 5V or ov
are then reconstructed by feeding through inverting

Schmitt Triggers ( IC 74LS14 ). The Schmitt Trigger

aliows to reconstruct the signal levels if they
tend to vary about the nominal signal levels. Also
interferences due to noise is reduced due to

the inclusion of the Schmitts. The output of the
Schmitt trigger is either +5V or 0V for respective
inverted inputs.

The = signals that trigger the interrupt

roetines of RST7.5,RST6.5, and RST5.5 are fed through

Schmitt Trigger «circuits with decoupling capacitor
copnected between vecce and Ground. The value of
capacitance is about 0.01 micro Farad. This causes the
inclusion of interference from the power supply to
be decoupled from the circuit.

Input Signal Selection

The signals after being conditioned are
connected to a latch or directly to the ports of
the peripheral 1interface device - 8255A. The signals
connected directly to the ports of B8255A-1 are as

follows:

PS01, PSO0Z, PS03 POWER SUPPLY FAILURE A0,Al1,AZ2

C.L OVERLOGCAD A3

I. INTERLOCK Ad

[

-16-



OFF
FOLL
IND
A/PB
L/R
bl
b2
b3
b4

LIMIT MAX

L MIN LOWER TAP LIMIT
F.UP FOLLOWER TAP RAISE
F.DN FOLLOWER TAP LOWER
CF C1 CONTACTOR FEEDBACK
CF C2 CONTACTOR FEEDBACK
E.UP ENCO AVR RAISE
E.DN ENCO AVR LOWER
The inputs given to 8255A-2 are
the latches ( IC 74LS373 ). Each of the

selected by enabling
of it. The data enable

we have to give a

MOTOR TEMPERATURE
MOTOR HUMIDITY
OFF MODE

FOLLOWER MODE
INDEPENDENT MODE
AUTO / PUSH BUTTON
LOCAL / REMOTE
LOCAL TAP RAISE
LOCAL TAP LOWER
REMOTE TAP RAISE
REMOTE TAP LOWER

UPPER TAP LIMIT

B3

B4

BbS

B6

B7

Co

®)
N

through

latch

data enable ( pin number

an active low

signal to the pin

signal,

inorder

-17-

i.e.



to enable the latch. Once selected, the inputs from
that particular latch is passed onto the interface
port. The selection of each latch is done Dby using

the outputs of the Decoder (IC 74LS154)

Operation of the Decoder
The latch selection is done by feeding
the outputs of the higher order bits of port C

(bits 4.,5,6,7) to the decoder inputs of A,B,C & D

respectively. Each latch has a seperate code in
hexadecimal format for its selection. When the
respective selection code for a latch 1is fed to
the decoder inputs, it outputs a low level signal
to the pin connected to the data enable of the
selected latch. The pins 18 and 19 of the

decoder chip IC 74LS154 should be grounded inorder to
enable the outputs from it.
The inputs connected to the ports of

8255A-2 are as follows

LATCH NO. DECODER
CODE
ADC1 - A/D CONVERTER AO L3 3H
ADC2 Al L3 3H
ADC3 AZ L3 3H
ADC4 A3 L3 3H
ADC5S | A4 L3 3H

-18~



ADC6
ADC7
ADCS
FT1-1 -
FT1-2
FT1-3
FT1-4
FTI-5
MODE -
FT2-1 -
FT2-2
FT2-3
FT2-4
FT2-5
MODE -
FT3-1 -
FT3-2
FT3-3
FT3-4
FT3-5

MODE -

A5
Af
AT
FOLLOWER TAP NC. BO
B1

B2

FOLLOWER 1 MODE B5
FOLLOWER TAP NOC. BO
B1
B2
B3

B4

FOLLOWER 2 MODE BS

FOLLOWER 3 TAP NO. BO

B1

B2

B3

B4

FOLLOWER 3 MODE B5

NOTE : The latches

The Schmitts

type.

used are

used are

L4

L4

L4

L4

LS

L5

L5

L6

L6

Lo

L6

L6

L6

4H
4H
4H
4H
4H

4H

5H
S5H
5H

5H

6H
6H
bH
6H
6H

6H

transparent.

of inverting

-19-



The interrupts of the microprocessor intel
8085 are used to trigger operations in case we
operate the push buttons, EMCO AVR and follower up §&
down switches.

The interrupts used are the RST7.5, 6.5 and
RST5.5. After conditioning through the Schmitt, the
inputs of bl,b2,b3 & b4 are connected 1O the NAND

gate (IC 74LS20), the output of it is connected 1o

RST7.5 through a noise suppressing capacitive
network. The noise suppressing network is shown in
figure l3 . The capacitor acts as a short circuit

to the high frequency signals which is typical of

noise interference signals.

The inputs of EMCO AVR up and down form
the interrupt RST 6.5. The inputs of Follower up a
down form the interrupt RST 5.5. These interrupts

are used to +trigger subroutines for tap changing.

4.2. PROCESSING SECTION

This section acts as a sandwich to the
input and output sections. It supports the software
for actuating the <control system according to the

inputs. This is supported by the microprocessor intel
8085 chip and its associated hardware devices. The
project software has ‘'been designed wusing the PRI 835AD

kit manufactured by Precitron, Coimbatore.

-20-
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The 8085 is an 8-bit general purpose

microprocessor capable o©f addressing 064K of memory .
The device has 40 pins, requires +5V single power
supply, and can operate with a J3-MHz single phase
clock.

Interface Device
Associated with the interfacing devices
is the 1intel 8255A programmable interface device. It
is a widely used parallel 1I/0 device. The 8255A
has 24 1/0 pins that can be grouped primarily in
two 8-bit parallel ports: A and B, with the

remaining eight bits as port C.

Mode of Operation
The mode of operation wused is the 1/0
mode. The I/0 mode is further divided into three
modes : Mode 0, Mode 1 and Mode 2. Here the Mode 0
of operation 1is <chosen since the handshaking signals
are not required in the process of controlling the
tap changer.
The features of operating in Mode 0
are as follows:
1. Outputs are latched.
2. Inputs are not 1latched.
3. Ports do not havé handshake or interrupt

capability.

-21-



The interrupts obtained from the input
section are connected to the respective pins on the

trainer Kkit.

4.3. OUTPUT SECTION :

This section delivers the required
signals to the various displays ., indicators and
follower tap changers if connected. It proves to De
very effective in giving commands to the operator
whenever the requirement arises while processing.

The outputs delivered at the ports of the
8255A 2 are as follows

Displaying Outputs
LATCH DECOCDER CODE

7 SEGMENT LED - 1 A0 to A7 L7 7H
7 SEGMENT LED - 2 A0 to A7 | L8 8H
7 SEGMENT LED - 3 A0 to A7 L9 9H
7 SEGMENT LED - 4 AQ0 to A7 L10 AH
The connections from the output latch to

the seven segment LEDs are made as given Dbelow

A7 A6 A5 A4 A3 A2 Al AQD
dp g f e d c b a
The 7 segment LEDs wused are of the common
cathode <configuration ( LT 543 ). Also a driver unit

is connected to the output of the latches and then



connected to the displays. The buffer driver used
is IC 7407 which 1is of the open collector type.
Using this type of driver, allows to obtain output
voltages according to the choice within the limits
specified.

The tap numbers and mode of operation is
indicated by the 6 LEDs connected to port B of

the 8255A -2.

LATCH DECODER CODE
FTN - 1 BO L11 3H
FTN - 2 B1 L1i1 3H
FTN - 3 B3 L11 BH
FTN - 4 B4 L11 BH
FTN - 5 B5 L1l BH
MODE B6 Li1 BH

The mode bit signifies either Independent

of OFF mode of operation of the Follower.

The remaining outputs are signals for the
Buzzer, Heater, Motor Raise and Lower and Follower
Raise and Lower.

The Buzzer is used to indicate alarm
situations. The buzzer used 1is a d.c. operated
buzzer.

Heater bit indicates that the heater is
put on due to high humidity levels. An LED

indicates that the heater Dbit is on.



Raise/Lower
operation

signals

produced

Motor raise

ithe respective

motor for a

is completed.

direction

specific

operate relays

relays for

Follower

to indicate
the master

Master. This

with the

BUZZER

HEATER

MOTOR UP

MOTOR DN

FOLLOWER UP

FOLLOWER DN

driving
raise
the
whenever
helps

Master.

B6

B7

Co

C1

Cc2

C3

Followers

({

which

duration

motor.

Raise/Lower

[

and down)

+ -~ 1y b v
PTUT oucx [O} 8

either ihe

turnoff when - the

raise and lower

turn drive higher

lower signals are

to Dbe in step

is actuated

holding the followers

LATCH DECODER CODE

L1z CH
L1z CH
L1z CH
L1i2 CH
Li2 CH
L12 CH

-24-



CHAPTER V

SOFTWARE EPITOME

DICOLT uses simple, module based logic. The

whole logic can be divided into four parts.

(1) Initialization loop

(2) Diagnostics 1loop

(3) Interrupts loop

(4) Allied Routines

A brief description of the above logics are
as follows:

(1) Initialization loop: - Here the loop
initializes all the output side latches and outputs
the follower tap number as 20 decimal.

(2) Diagnostics 1loop :- This 1loop checks
succesively the input side lines i.e. power supply,
overload relay, interlock, motor temperature, cabinet
humidity, QFF, Master, Independent and Follower
conditions, etc., and takes the appropriate action.

(3) Interrupts loop: - This can be
further subdivided into RST 7.5 - Push button
interrupt, RST 6.5 - EMCO AVR interrupt,
RST 5.5 Follower interrupt. The RST 7.9
handles all the push button requirements. The RST
6.5 handles the EMCO AVR requirements, and likewise
the RST 5.5 handles {ollower requirements.



L

{4 Alliec EBEoutines:- Theses are ToE
by the above meniicned 100pS.

subroutines used
The general flow of the software 1s

is as shown in figure 4.

-26~-
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0000
0000

8000
8000
8003
8005
8008
800A
800D
800F
8012
8015
8017
801A
801cC
801F
8021

8024
8026
8029
802B
802E
8030
8033
8035
8038
803A
803D
803F
8042
8044
8047
8049
804C
804E
8051
8053

8056
8057
805A
805C

31FFEF
3E80
CDh0581
3ECO
Cch0881
3E0O0
CDhO0BS81
3201C0
3EBO
CD0881
3E14
CDhOB81
3EFF
CDh0881

3E3F
3200C1
3E30
3201C1
3E5B
3202C1
3E4F
3203C1
3E66
3204C1
3E6D
3205C1
3E7D
3206C1
3EQ7
3207C1
3E7F
3208C1
3E67
3209C1

F3
31FFEF
3E00
3200C0

CHAPTER VI

SOFTWARE DETAILS

CPU "8085.TBL" ;CPU TABLE
HOF "INT8" ;HEX FORMAT
ORG 8000H
STARTI:LXI SP,OEFFFH; INITIALIZATION LOOP.
MVI A, 80H

CALL CREGII; SET 55I1 AS ALL O/P.
MVI A,OCOH

CALL WRPCII; SET MUX L1Z

MVI A,O0H;RESET ALL L12 BITS
CALL WRPBII

STA OCOO1H; STORE L12 STATUS

MVI A,0BOH

CALL WRPCII; SET MUX L11

MVI A,14H; SET O/P TAP # AS INIT
CALL WRPBII

MVI A,O0FFH; SET MUX L15

CALL WRPCII

MVI A,3FH; START LOADING CODES
STA 0C100H

MVI A,30H

STA 0C101H

MVI A,5BH

STA 0C102H

MVI A, 4FH

STA 0C103H

MVI A, 66H

STA 0C104H

MVI A, 6DH

STA 0C105H

MVI A,7DH

STA 0C106H

MVI A,Q07H

STA 0C107H

MVI A,7FH

STA 0C108H

MVI A,67H

STA 0C109H; END LOADING CODES

STARTD:DI; DIAGNOSTICS LOOP.
LXI SP,OEFFFH :

MVI A,O0O0H

STA OCOOOH; INITIALIZE STATUS REGISTER
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805F
8061
8064
8067
806A
806C
806E
8071
8074
8076
8078
807B
807E
8080
8082
8085
8088
808A

808C

808F
8092
8094
8096

8099

809C
809E
80AO0
80A3
80A6
80A9
80AB
BOAD
80BO0
80B3
80B5
80B8
80BB
80BD
80BF
80C2
80C5
80C7
80CA
80CD
80CF
80D1
80D4
80D7
80D9
80DC
80DF

3E9B
CDOES81
CDh1181
320ACO
E607
FEOO
c42881
3A0ACO
E608
FEOO
C45081
3A0ACO
E610
FEOQOO
C49F81
3A0ACO
E620
FEOO
C4B681
3A0ACO
E640
FEQO
C4F881
3A0ACO
E680
FEOO
C44C82
CDh1581
320ACO
E601
FEQO
C4EC82
3A0BCO
FEFF
CAC580
3A0ACO
E602
FEOO
C41983
CCc3283
3EQO
320BCO
3A0ACO
E604
FEQO
C4F483
3A0ACO
FEOO
CCFC83
CD1981
320ACO

MVI

CALL

A,9BH; SET 551 AS ALL 1/P
CREGI

CALL RDPAI

STA
ANI
CPI
CNZ
LDA
ANI
CPI
CNZ
LDA
ANI
CP1I
CNZ
LDA
ANI
CPI
CNZ
LDA
ANI
CP1
CNZ
LDA
ANT
CPI
CNZ

0CO00AH
07H; CHEKING PS1 PS2 PS3
00OH
POWER
0C00AH
08H; CHEK OVER LOAD RELAY
00H
ORLOAD
0CO0AH
10H; CHEK INTERLOCK
00H

ILOCK
0CO00AH
20H; CHEK MOTOR TEMP
0CH

MOTEM
0CO00AH
40H; CHEK MOTOR HUMIDITY
00H
MOTHUM
0CO00AH
80H; CHEK OFF CONDITION
O0O0H

OFF

CALL RDPBI; OPR ON PORT B OF 551

STA
ANTI
CPI
CNZ
LDA
CpPI
JZ

LDA
ANI
CPI
CNZ
CZ

0CO0AH
01H; CHEK FOLLOWER CONDITION
00H
FOLLO
QCOOBH ; IF FOLLOWER DONT (NOTE1)
OFFH; CHECK FOR
SKIP; MASTER OR INDEPENDANT
0CO00AH
02H; CHEK INDEP CONDITION
00H
INDE
MAST

SKIP:MVI A,OQ0H; REFER NOTE1l

STA
LDA
ANI
CPI
CNZ
LDA
CPI
CZ

CALL RDPCI; OPR ON PORT C OF

STA

0COOBH; REFER NOTE1l
0COO0AH

04H; CHEK AUTO CONDN

00H

AUTO

0C00AH

00H; CHEK PB CONDN.
PUSBOT

51

l

0COO0AH
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80E2
80E4
80E6
80EQ
80EC
80EE
80FO
80F3
80F6
80F8
80FA
80FD
8100
8101

8104
8105

8107
8108
810A
810B
810D
810E
8110
8111
8113
8114
8115
8117
8118
8119
811B
811C
811D
811F
8120
8121
8123
8124
8125
8127
8128
8129
812B
812D
812F
8131
8134
8137
813A

E601
FEOO
£40484
3A0ACO
E602
FEOO
C41584
3A0ACO
E603
FEOO
CC2684
CDA082
FB
C35680

76
D343

C9
D342
c9
D341
c9
D303
c9
DBOO
2F
C9
DBO1
2F
Cc9
DBOZ2
2F
C9
DB40
2F
C9
DB41
2F
C9
D340
c9
00
0673

‘0OE6D

1671
1E38
CDhCD81
110100
CDh6781
33

ANI O01H: CHEK LT MAX CONDN

CPI OOH

CNZ MAXLOD

LDA 0COOAH

ANI 02H: CHEK LT MIN CONDN

CPI 00OH

CNZ MINLGOD

LDA OCOOAH

ANI O3H . CHEK LIMITS NOT SET CONDN.
CPI OCH

CZ NOLOAD

CALL ADC

EI

JMP STARTD; END OF DIAGNOSTICS LOOP

HLT

CREGII:0OUT 43H; SUB TO WRITE CONTROL REG
I1

RET

WRPCII: OUT 42H; SUB WRITE PORT c 1II

RET

WRPBII:OUT 41H; SUB WRITE PORT B II

RET

CREGI:OUT 03H; SUB WRITE CONTROL REG I

RET

RDPAI:IN 0OOH; SUB READ § COMPLIMENT PORTAI

CMA

RET

RDPBI:IN O1H; SUB READ § COMPLI PORT 3 1

CMA

RET

RDPCI:IN 02H; SUB READ & COMPLI PORT C 1

CMA

RET

RDPAII:IN 40H; SUB READ + COMPLI PORT A I1

CMA

RET

RDPBII:IN 41H; SUB TO READ + COMPLI PORT BII

CMA

RET

WRPAII:OUT 40H; SUB WRITE PORT A 11

RET

POWER:NOP; POWER SUPPLY CHEK SUB

MVI B,73H; O/P 'P!

MVI C,6DH; O/P 'S’

MVI D,71H; O/pP 'F!

MVI E,38H; O/P 'L’

CALL LOADCP

LX1 D,0001H

CALL BUZZ

INX SP



813B 33 INX SP

813C C3568C JMP STARTD

813F 00 DELAY1:NOP: DELAY SUB. TIME 16BIT IN DE
REG.

8140 O1FFFF LXI B,OFFFFH

8143 0B LOOP:DCX B

8144 79 MOV A,C

8145 BO ORA B

8146 C24381 JNZ LOOP

8149 1B DCX D

814A 7B MOV ALE

814B B2 ORA D

814C C23F81 JNZ DELAY1

814F C9 RET

8150 00 ORLOAD : NOP ; OVER LOAD RELAY SUB

8151 O063F MVI B,3FH; O/P 'O

8153 OE50 MVI C,50H; O/P 'R’

8155 1671 MVI D,71H; O/P 'F’

8157 1E38 MVI E,38H; O/P 'L'

8159 CDCD81 CALL LOADQOFP

815C 110100 LXI D,0001H

815F CD6781 CALL BUZZ

8162 33 INX SP

8163 33 INX SP

8164 C35680 JMP STARTD

8167 00 BUZZ :NOP; BUZZER SUB( TIMING IN DE

REG PAIR])

8168 3EFF MVI A,OFFH

816A CD0881 CALL WRPCII; DE-SELECT MUX.

816D 3A01CO LDA OCOO1H;LOAD L1z STATUS

8170 F640 ORI 40H; SET BUZZ BIT

8172 3201CO STA O0COO1H

8175 CDOB81 CALL WRPBII

8178 EG60F ANT OFH; RESET D- 7,6,5,4 OF ACC.

817A C6CO ADI OCOH; SET MUX L12

817C CD0881 CALL WRPCII

817F 3EFF MVI A,OFFH

8181 CD0881 CALL WRPCII; DE-SELECT MUX

8184 CD3F81 CALL DELAY1

8187 3A01CO LDA OCOO1H; LOAD L1z STATUS

818A E6BF ANI OBFH; RESET BUZZ BIT

818C 3201C0O STA O0COO1H

818F CDOB81 CALL WRPBII

8192 E60F ANI OFH; RESET D-7,6,5,4 OF ACC.

8194 C6CO ADI OCOH; SET MUX L1Z
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8196
8199
819B
819E

819F
81A0
81A2
81A4
81A6
81A8
81AB
81AE
81B1
81B2
81B3

81B6
81B7
81B9
81BB
81BD
81BF
81C2
81C5
81C8
81C9
81CA

81CD

81CE
81D0
81D3
81D4
81D7
81D9
81DC
81DD
81E0
81E2
81E5
81E6
81E9
81EB
81EE
81EF
81F2

CDh0881
3EFF
CDh0881
Cc9

go
0630
OE38
1671
1E38
CDCD81
110100
CDh6781
33

33
€35680

00
0676
0E30
163D
1E76
CDCD81
110100
CD6781
33

33
£35680

00

3E70
cbosgsl
78
CDh2581
3E80
ch0881
79
Cbh2581
3ES0
Cch0881
7A
CD2581
3EAQ
cb0ss1l
7B
CDhz2581
3EFF

CALL. WRPCII
MVI A, OFFH
CALL WRPCII

RET

ILOCK:NOP; INTERLOCK
MVI B,30H; O/P 'I’
MVI C,38H; O/P 'L'
MVI D,71H; O/P 'F'
MVI E,38H; O/P 'L'
CALL LOADGP

LXI D,0001H

CALL BUZZ

INX SP

INX SP

JMP STARTD

MOTEM:NOP; MOTOR TEMP
MVI B,76H; O/P 'H'
MVI C,30H; O/P 'I'
MVI D, 3DH; O/P 'G'
MVI E,76H; O/P 'H'

CALL LOADGP
LXI D,0001H
CALL BUZZ
INX SP

INX SP

JMP STARTD

LOADOQOP : NOP;

MVI A, 70H
CALL WRPCII
MOV A,B
CALL WRPAII
MVI A, 80H
CALL WRPCII
MOV A,C
CALL WRPAII
MVI A,S80H
CALL WRPCII
MOV A,D
CALL WRPAII
MVI A, 0AOH
CALL WRPCII
MOV AL E
CALL WRPAII
MVI A,Q0FFH

O/P LOADER SUB.

SUB

SUB

i/p B,C,D,E
REGISTERS
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81F4
81F7

81F8
81F9
81FB
81FD
81FF
8201
8204
8207
820A
820C
820F
8212
8214
8217
821A
821C
821E
8221
8223
8226
8229
822B
822D
8230
8233
8235
8238
823B
823D
823F
8242
8244
8247
8248
8249

824C
824D
824E
8250
8253
8255
8258
825A
825D
825F
8261

ch0881
C3

00
0676
0E79
1677
1E78
CDCDB1
110100
CD6781
3EFF
CD0881
3A01CO
F680
3201CO
CDOB81
E60F
C6CO
CD0881
3EFF
CD0881
CDh1181
E640
FEOO
C2F881
3A01CC
E67F
3201C0
CDOB81
E60F
C6CO
CD0881
3EFF
CD0881
33

33
C35680

00

F3
3EBO
Cbh0881
JE13
CDh0OB81
3EFF
cDh0881
063F
OE71
1671

CALL WRPCII
RET

MOTHUM: NOP ; MOTOR HUM SUB
MVI B,76H; O/P 'H'
MVI C,79H; O/F 'E’
MVI D,77H; O/P 'A’
MVI E,78H; O/P 'T'

CALL LOADOF
LXI D,0001H
CALL BUZZ
MV1 A,OFFH
CALL WRPCII
LDA 0OCOO1H
ORI 80H ;
STA 0C001H
CALL WRPBII;
ANI OFH;

ADI OCOH;
CALL WRPCII;
MVI A, OFFH
CALL WRPCII
CALL RDPAI
ANI 40H;
CpPI OOH:
JNZ MOTHUM
LDA 0COO01H
ANI 7FH;
STA O0COO01H
CALL WRPBII;
ANI OFH

ADI OCOH
CALL WRPCII;
MVI A,OFFH
CALL WRPCII
INX SP

INX SP

JMP STARTD

QFF: NOP ;
DI

MVI A,O0BOH
CALL WRPCITI;
MVI A,13H;
CALL WRPBII
MVI A,OFFH
CALL WRPCII;
MVI B, 3FH;
MVI C,71H;
MvVI D, 71H;

SET HEATER BIT

SWITCH ON HEATER

SET MUX L1Z

CHECK IF HEATER REQD AGAIN

RESET HEAT BIT

SWITCH OFF HEATER

SET MUX L12

OFF CHECKER SUB

SET MUX L11
SET O/P TAP# AS OFF CONDN

DE-SELECT MUX

o/p '0OF
O/P 'F'
O/P 'F'

-32-



8263 1E80 MVI E,80H; O/P '.'

8265 CDCD81 CALL LOADOP

8268 110100 LXI D,0001H

826B CD6781 CALL BUZZ

826E CD1181 CALL RDPAI

8271 E680 ANI B80H

8273 FEOOQ CPI 00H

8275 C24C82 JNZ OFF

8278 33 INX SP

8279 33 INX SP

827A C30080 JMP STARTI

827D 00 BCDBIN: NOP; BCD TO BIN CONVERT SUB. I/P
PACKED BCD ACC. O/P ACC.

827E Cb PUSH B

827F D5 PUSH D

8280 47 MOV B,A

8281 E60F ANI OFH

8283 4F MOV C,A

8284 78 MOV A,B

8285 EG6FO ANI OFOH

8287 OF RRC

8288 OF RRC

8289 OF RRC

828A OF RRC

828B 57 MOV D,A

828C AF XRA A

828D 1EOA MVI E, OAH

828F 83 SUM: ADD E

82890 15 DCR D

8291 C28F82 JNZ SUM

8294 81 ADD C

8295 D1 POP D

8296 C1 POP B

8297 C9 RET

8298 00 LEDCOD: NOP; 7SEG LED CODE GEN. SUB

8299 2100C1 LXI H,0C100H

829C 85 ADD L

829D 6F MOV L,A

829E 7E MOV A,M

829F C9 RET

82A0 Q0 ADC: NOP; ADC READER SUB

82A1 3EQ0 MVI A,90H ; SET PORT AII AS I/P

82A3 CD0581 CALL CREGII

82A6 3E30 MVI A,30H

82A8 CDh0881 CALL WRPCII; SET MUX L3
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8 2AB
8§ ZAE
§2B1
8§2B3
§2B6
82B8
82BB
8 2BE
82C0
82C1
82C2
82C3
82C4
82C7
82CA
82CC
8§2CF
82D2
82D5
82D8
8 2DA
8§2DD
82E0
82E2
82E5
82E8
8 2EB

8 2EC
8 2ED
B2EF
82F0
82F3
82F6
82F9
82FB
82FE
8300
8303
8306
8309
830B
830E
8310
8313
8315
8318

CD1D81
3202C0
3EFF
CD0881
3E80
CD0O581
3A02CO
E6F0
OF
OF

OF

OF
CD9882
3203C0
3E80
CD0881
3A03C0
CD2581
3A02C0
E60F
CD9882
3203C0
3E90
CD0881
3A03CO
CD2581
o

00
3EOE
30
CDA0B82
3A02C0
CD7D82
F620
3250C0
3EBO
CD0881
3A50C0
CDOB81
3E70
CD0881
3EF1
CD2581
3EFF
320BCO
c9

CALL RDPAII
STA 0C002R;
MVI A,QFFE

STORE TAPZ IN BCD FORMAT

CALL WRPCII:DE-SELECT MUX

MV A,80H ;
CALL CREGII
LDA OCOO0ZH
ANI OFOH
RRC

RRC

RRC

RRC

CALL LEDCOD
STA 0COO03H
MVI A, 80H
CALL WRPCII;
LDA OCOO3H
CALL WRPAITI;
LDA 0COO0ZH
ANI OFH
CALL LEDCOD
STA 0CO03H
MVI A,S0H
CALL WRPCITI;
LDA 0COO03H
CALL WRPATI
RET

FOLLO: NOP;
MVI A, OEH;
SIM

CALL ADC
LDA 0OCOO02H;
CALL BCDBIN
ORI Z20H;

STA 0OCO50H
MVI A,OBOH
CALL WRPCII;
LDA 0CO50H
CALL WRPBII;
MVI A, 70H
CALL WRPCII;

SET PORT AIl AS O/F

SET MUX L8

WRITE TAP# ON DISPLAY

SET MUX LS

; WRITE TAP# ON DISPLAY

FOLLOWER CHECKER SUB
MASK 7.5, 6.5 ONLY
LOAD TAP# IN BCD FORMAT

SET FOLLOWER MODE BIT

SET MUX L11
WRITE FOLLOWER O/F TAP

SET MUX L7

MVI A,O0F1H; O/P 'F.‘

CALL WRPAII
MVI A,OFFH
STA 0C00BH
RET
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8319
831A

831C
831D
831F
8322
8324
8327
8329
832C
832E
8331

8332
8333

8335
8336
8338
833B
833D
8340
8342
8345
8347
834A
834C
834F

8351
8354
8356
8359
835C
835F
8361
8364
8367
836A
836C
836F
8372
8375
8377
837A
837D
837F
8382
8385
8388

00
3E09

30
3EBO
cDho0881
3E15
CDhOBS81
3E70
CDh0881
3EBO
CDh2581
c9

00
3E09

30
3EBO

CDh0881

3E12
CDhOB81

‘3E70

Cbh0881

‘3EB7

CDh2581
3EFF

CD0881

3E82

CD0581
3E40

Cbh0881
Ch2181
3204C0
3E50

Cbh0881
Cb2181
3205C0
3EG0

CD0881
Cbh2181
3206C0
3E80

CDh0581
3A04CO0
1E30

2A04C0
CD9C83
3A05CO
1E5B

INDE :NOP;

MVI A,09H; MASK 5.5 ONLY

SIM;

MVI A,O0BOH
CALL WRPCITI;
MVI A,15H
CALL WRPBII;
MVI A,70H
CALL WRPCITI;
MVI A,O0OBOH;
CALL WRPAII
RET

MAST :NOP;

INDEPENDANT CHEKER SUB

(CHANGE ODH TO

09H AFTER TEST)
(CHANGE)

SET MUX L11

WRITE INDEP O/P TAP

SET MUX L7
o/p '1.!

MASTER CHEKER SUB

MVI A,09H; MASK 5.5 ONLY (CHANGE ODH TO 09H

SIM;

MVI A, O0BOH
CALL WRPCII;
MVI A,12H;
CALL WRPBII
MVI A, 70H
CALL WRPCITI;
MVI A,OB7H
CALL WRPAITI;
MVI A,OQFFH
CALL WRPCII;
MVI A, 32H;

CALL CREGII
MVI A, 40H;
CALL WRPCII
CALL RDPBII
STA 0C004H
MVI A,50H;
CALL WRPCII
CALL RDPBII;
STA 0CO0O05H
MVI A,60H ;
CALL WRPCII
CALL RDPBII;
STA 0COO06H
MVI A,80H ;
CALL CREGII
LDA 0CO0O04H;
MVI E,30H;
LHLD 0€004H
CALL CHEK
LDA 0COOS5H;
MVI E,5BH:

AFTER TEST)
(CHANGE)

SET MUX L11

LOAD TAP AS MASTER
SET MUX L11

0o/P '™M.'

DE-SELECT THE MUX

SET PORT BII AS I/P
READING FOLL

(START
TAP NOS)

SET MUX L4
; READ FT#1
SET MUX L5
READ FT#2
SET MUX L6
READ FT#3
SET PORT BII AS O/P

LOAD
LOAD

FT#1

Q/P LAST SEG AS '1'

LOAD
LCAD

FT#2
O/P LAST SEG AS

t 0t
o
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838A
838D
8390
8393
8395
8398
839B
839C
839D
839F
83AZ2
83A4
83A6
83A8
83AB
83AE
83B1
83B2
83B3
83B6
83B8

83BB
83BD
83BF
83C1
83C4
83C7
83CA
83CB
83CC
83CF
83D1
83D3
83D4
83D5
83D7
83D8
83DB
83DE
83DF
83EOQ
83E2
83E4
83E6
83E9
83EC
83EF
83F0
83F1
83F4

2A05C0
CDh9Cs83
3A06C0
1E4F
2A06C0
CDh9C83
C9

00
FE14
C2B683
0630
0E54
1630
CDhCD81
110100
CDh6781
33

33
C35680
FE12
C2CF83

0637
0E77
166D
CDCD81
110100
CD6781
33

33
C35680
E620
FE20
co

7D
E61F
6F
3A02C0
CD7D82
BD

c8
063F
0E3E
1678
CDCD81
110100
CD6781

LHLD OCOOb5H

CALL CHEK

LDA 0CO006H ; LOAD FT#3

MVI E,4FH ; LOAD O/P LAST SEG AS '3'

LHLD 0CO006H

CALL CHEK

RET

CHEK :NOP; FOLLOWER TAP# CHEKER SUB

CPI 14H; CHEK IF INIT MODE

JNZ TRIPA; IF NOT IN INIT MODE GOTO TRIPA

MVl B,30H; O/P 'I'

MVI C,54H; O/P 'N!

MVI D,30H; O/P 'I'

CALL LOADOP

LXI D,0001H

CALL BUZZ

INX SP

INX SP

JMP STARTD

TRIPA:CPI 12H; CHEK IF MASTER MODE

JNZ TRIPB; IF NOT IN MASTER MODE GOTO
TRIPB

MVI B,37H; O/P 'M!'

MVI C,77H; O/P 'A’

MVI D, 6DH; O/P 'S’

CALL LOADOP

LXI D,0001H

CALL BUZZ

INX SP

INX SP

JMP STARTD

TRIPB:ANI 20H;CHEK IF FOLLOWER MODE

CPI 20H

RNZ; IF NOT FOLLOWER MODE RETURN
MOV A,L; 'COMPARE THE

ANI 1FH; MASTER AND

MOV L,A; FOLLOWER

LDA 0COO02H; TAP NUMBERS.'

CALL BCDBIN;

CMP L;

RZ;

MVI B,3FH; O/P 'O'

MV1 C,3EH; O/P 'U'

MVl D,78H; O/P 'T'

CALL LOADOP

LXI D,0001H

CALL BUZZ

INX SP

INX SP

JMP STARTD

AUTO:NOP; AUTOMATIC MODE CHEKER SUB
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83F5 20 RIM

83F6 E60F ANI OFH:MASK 7.5 ALONE RETAINING OLD MASK
SETTINGS

83F8 F60C ORI OCH

83FA 30 SIM; (EXCLUDE DURING PROBS)

83FB C9 RET

83FC 00 PUSBOT:NOP: PUSH BUTTON MODE CHEKER SUB

83FD 20 RIM

83FE E60F ANI OFH

8400 F60A ORI OAH:; MASK 6.5 ALONE RETAINING OLD MASK

SETTINGS

8402 30 SIM;  (EXCLUDE DURING PROBS)

8403 C9 RET

8404 00 MAXLOD:NOP: LOAD O/P WITH LT MAX CONDN

8405 3EAD MVI A,OAOH

8407 CD0881 CALL WRPCII

840A 3E76 MVI A,76H

840C CD2581 CALL WRPAII

840F 3EFF MVI A,OFFH

8411 CD0881 CALL WRPCII

8414 C9 RET

8415 00 MINLOD:NOP: LOAD O/P WITH LT MIN CONDN

8416 3EAQ MVI A, OAOH

8418 CD0881 CALL WRPCII

841B 3E38 MVI A,38H ]

841D CD2581 CALL WRPAII

8420 3EFF MVI A,OFFH

8422 CD0881 CALL WRPCII

8425 C9 RET

8426 3EAO NOLOAD:MVI A,0AOH; CLEAR  LAST DISPLAY
SEGMENT.

8428 CD0881 CALL WRPCII

8428 3E00 MVI A, OQO0H

842D CD2581 CALL WRPAII

8430 3EFF MVI A,OFFH

8432 CD0881 CALL WRPCIT

8435 C9 RET

8436 00 RS75 :NOP; RST7.5 PUSH BUTTON INT SUB

8437 11D007 LXI D,07DOH

843A CD0087 CALL DELAY; CALL 16 MSEC DELAY

843D CD1581 CALL RDPBI

8440 320FCO STA OCOOFH: STORE AT SOME LOCATION

8443 E6FO ANT OFOH: CHECK IF FALSE TRIGGER OF INT

8445 FE0O CPI 0OH

8447 C24B84 JNZ TRUE75

844A C9 RET; IF FALSE TRIGGER RETURN

844B 3A0FCO TRUE75 :LDA OCOQFH
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844E
8§44F
§450
8451
8453
8454

8457
8458
845B
845C
845D
845E
845F
8462
8463
8466
8468
B46A
846D
8470
8472
8474
8476
8478
847A
8§47C
847F
8482
8485
8487
8489
848B
848D
848F
8491
8494
8497
8498
849B
848D
849F
84A1
84A3
84A5
84A7
84AA
84AD
84B0
84B2
84B4

OF

0F

OF
E61E
47
3A00CO

BO
3200C0
20

1F

1F

1F
D26384
C9
CD1581
E608
FEO8
Cc29884
3A00CO
E602
FEO2
0637
0OE77
163E
1E73
CDCD81
CCC384
3A00C0
E604
FEO4
0637
0E77
165E
1E54
CDCD81
CCD284
c9
3A00CO
E608
FEO8
0637
0E77
163E
1E73
CDCD81
ccc384
3A00C0
E610
FE10
0637

RRC

RRC

RRC

ANI 1EH

MOV B,A

LDA OCOOQOOH:; STORE THE PUSH BUTTON STATUS IN
STATUS REG

ORA B

STA 0COOOH

RIM

RAR

RAR

RAR; CHEK 7.5 MASKED OR NOT

JNC R70K; IF NOT MASKED SERVICE 7.5

RET

R70K:CALL RDPBI

ANI 08H; CHEK LOCAL OR REMOTE MODE

CPI 0O8H

JNZ REMO

LDA OCOOOH; LOCAL / CHEKING HERE

ANI 02H

CPI 02H; CHEK Bl

MVI B,37H; O/P 'M!'

MVI C,77H; O/P 'A'

MVI D,3EH; O/P 'U'

MVl E,73H; O/P 'P'

CALL LOADOP

CzZz ACTUP

LDA 0OCOOOH

ANTI 04H

CPI 04H; CHEK B2

MVI B,37H; O/P 'M'

MVI C,77H; O/P 'A'

MV D,5EH; O/P 'D'

MVI E,54H; O/P 'N'

CALL LOADOP

CzZ ACTDN

RET

REMO:LDA 0COO0OH

ANI O8H

CPI 08H; CHEK B3

MVI B,37H; O/P 'M'
MVI C,77H; O/P 'A’
MVI D,3EH; O/P 'U'
MVI E,73H; O/P 'P!
CALL LOADOP

Cz ACTUP

LDA 0OCOO0OH

ANI 10H

CPI 10H; CHEK B4
MVI B,37H; O/pP 'M!'
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84B6 OE77 MVl C,77H; O/P 'A!

84B8 165E mMvil D,5EH; O/P 'D'

84BA 1Eb54 MVI E,54H; O/P 'N'

84BC CDCD81 CALL LOADOP

84BF CCDZ284 CZ ACTDN

84C2 C9 RET

84Cc3 00 ACTUP:NOP; UP ACTIVATOR SUB

84C4 CD1581 CALL RDPBI

84C7 E602 ANI O2H

84C9 FEOQ2 CPI 02H; CHEK IF IN INDEP MODE

84CB C4E184 CNZ SFOLUP; IF NOT INDEP CALL SEND FOLLOWER

up

84CE CD4D85 CALL SMUP

84D1 C9 RET

84D2 00 ACTDN:NOP; DOWN ACTIVATOR SUB

84D3 CD1581 CALL RDPBI

84D6 E602 ANI 02H

84D8 FEOQ2 CPI 02H; CHEK IF IN INDEP MODE

84DA C41785 CNZ SFOLDN; IF NOT INDEP CALL SEND FOLLOWER
DOWN

84DD CDE585 CALL SMDN

84E0 C9 RET

84E1 00 SFOLUP:NOP; SEND FOLLOWER UP SUB

84E2 3A01CO LDA 0COO1H

84E5 E6CO ANI 0OCOH

84E7 CDOBS81 CALL WRPBII

84EA 3A01CO LDA 0COO01H

84ED F604 ORI 04H; SET FOLL UP BIT

84EF 3201CO STA 0COO01H

84F2 EG60F ANI OFH

84F4 C6CO ADI OCOH

84F6 (CD0881 CALL WRPCII

84F9 113900 LXI D,0039H; 30 SEC DELAY

84FC CD3F81 CALL DELAY1

84FF 3A01CO LDA 0COO1H

8502 E6CO ANI OCOH

8504 CDOBS81 CALL WRPBII

8507 3A01CO LDA OCOO01H

850A Eb6FB ANI OFBH;RESET FOLL UP BIT

850C 3201CO STA 0C001H

850F E60F ANI OFH

8511 C&6CO ADI OCOH

8513 CDh0881 CALL WRPCII

8516 C9 RET
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8517
8518
8L1B
851D
8520
8523
8525
8528
852A
852C
852F
8532
8535
8538
853A
853D
8540
8542
8545
8547
8549
854C

854D
854E
8551
8552
8555
8557
8559
855B
855D
8560
8563
8566
8567
856A
856C
856F
8572
8574
8577
8579
857B
857E
8581
8584
8587
8588
8588

00
3A01CO
E6CU
CDh0B81
3A01CO0
Fe08
3201C0
EGOF
C6C0O
cD0s881
113900
CD3F81
3A01CO
E6CO
CDhOB8&1
3A01CO
EGF7
3201C0
E60F
C6CO
CcDh0881
C9

00
CD1981
1F
D26785
0638
OE78
1676
1E30
CDCD81
117300
CD6781
c9
3A01CO
E6CO
CDOB81
3A01CO
F601
3201C0
E60F
C6CO
CD0881
117300
CD3F81
CD1981
17

17

17

SFOLDN:NOP; SEND FOLLOWER DOWN SUB
LDA 0COO01H

ANI OCOE

CALL WRPBi1I

LDA OCOO01H

ORI 08H; SET FOLL DN BIT
STA 0COO1H

ANI OFH

ADI OCOH

CALL WRPCII

LXI D,0039H; 30 SEC DELAY
CALL DELAY1

LDA 0COO1H

ANI OCOH

CALL WRPBII

LDA 0COO1H

ANI OF7H

STA 0CO01H; RESET FOLL DN BIT
ANI OFH

ADI OCOH

CALL WRPCII

RET

SMUP :NOP; SEND MOTOR UFP SUB
CALL RDPCI

RAR; CHEK LT MAX BIT
JNC ULOK:; JUMP IF LT MAX BIT NOT SET
MV B,38H; O/P 'L'

MVl C,78H; O/P 'T'

MVI D,76H; O/p 'H'

MVI E,30H; O/P 'I'

CALL LOADOP

LXI D,0073H; 1 MIN BUZZ TIME
CALL BUZZ

RET

ULOK:LDA 0COO01H

ANI OCOH

CALL WRPBII

LDA 0CO0O01H

ORI 01H; SET MOTOR UP BIT
STA 0CO001H

ANI OFH

ADI OCOH

CALL WRPCII

LXI D,0073H; 1 MIN DELAY
CALL DELAY1

LNOCON:CALL RDPCI

RAL

RAL

RAL
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858A
858B
858E
8591
8594
8596
8599
859C
859E
85.»‘1
85A3
85A5
85A8
85AB
85AE
85B1
85B2
85B3
85B4
85B5
85B8
85BB

35BC
85BD
85BF
85C1
85C3
85C5
85C8
85CB
85CE
85CF
85D0

85D1
85D2
85D4
85D6
85D8
85DA
85DD
85E0
85E3
85E4

85E5
85E6

17
D4BC85
D28485
3A01CO
E6CO
CDhOB81
3A01CO
E6FE
3201C0
EG60F
C6CO
CD0881
110200
CD3F81
Cb1981
17

17

17

17
DCD185
DAAES85
c9

00
0639
0E3F
1654
1E71
CDCD81
110100
CD6781
37

3F

Cc9

00
063F
0E73
1654
1E71
CDCD81
110100
CD6781
37

c9

00
tb1981

RAL ;CHEK CF1 STATUS

CNC NOCONT

JNC LNOCON

LDA 0CO0O1H

ANI OCOH

CALL WRPBII

LDA 0COO1H

ANI OFEH; RESET MOTOR UP BIT
STA 0CO01H

ANI OFH

ADI OCOH

CALL WRPCII

LXI D,0002H

CALL DELAY1l; 5 MIN DELAY
LNOPEN:CALL RDPCI; CHEK CF1 OPEN
RAL

RAL

RAL

RAL

CC NOPEN; CALL ON CF1 NOT OPEN
JC LNOPEN

RET

NOCONT :NOP; CF1 NO CONTACT SUB
MVI B,39H; O/P 'C'
MVI C,3FH; O/P 'O'
MVl D,54H; O/P 'N!
MVI E,71H; O/P 'F'
CALL LOADOP

LXI D,0001H

CALL BUZZ

STC

CcMC

RET

NOPEN:NOP; CF1 BREAK FAIL SUB
MVI B,3FH; 0O/P '0'

MVI C,73H; O/P 'P'

MVI D,54H; O/P 'N'

MVI E,71H; O/P 'F'

CALL LOADOP

LXI D,0001H

CALL BUZZ

STC

RET

SMDN:NOP: SEND MOTOR DOWN SUB
CALL RDPCI
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85E9
85EA
85EB
85EE
85F0
85F2
85F4
85F6
85F9
85FC
85FF
8600
8603
8605
8608
860B
860D
8610
8612
8614
8617
861A
861D
8620
8621
8622
8623
8626
8629
862C
862E
8631
8634
8636
8639
863B
863D
8640
8643
8646
8649
864A
864B
864C
864F
8652

8653
8654
8657

1F

1F
D200e66
0638
0E78
1638
1E3F
CDCD81
117300
Cb6781
c9
3A01CO
E6CO
CDh0B&81
3A01CO
F602
3201C0
E60F
C6CO
CDh0881
117300
CD3F81
CD1981
17

17

17
D4BC85
D21D86
3A01CO
E6CO
Cch0B81
3A01CO
E6FD
3201CO0
E60F
c6Co
CD0881
110100
CD3F81
Ch1981
17

17

17
DCD185
DA4686
C9

00
O1FFFF
CD0087

RAR
RAR
JNC LL

AT
1y 4

MVI
MVI
MVI
CALL LOADOP
LXI
CALL
RET
LLOK:LDA 0CO
ANI OCOH
CALL WRPBII
LDA 0CO01H
ORI 02H

STA 0COO01H
ANI OFH

ADI OCOH
CALL WRPCII
LXI D,0073H
CALL DELAY1;
LINOCO:CALL
RAL

RAL

RAL

CNC NOCONT
JNC LINOCO
LDA 0COO1H
ANI OCOH
CALL WRPBI1I
LDA 0CO01H
ANI OFDH

STA 0COO1H
ANI OFH

ADI OCOH
CALL WRPCII
LXI D,0001H
CALL DELAY1;
LINOPE:CALL
RAL
RAL
RAL
cC
JC
RET

BUZZ

NOPEN
LINOPE

RS65:NOP

LXI B,OFFFFH
CALL DELAY;

E:. O/PF tie
y O/P
O/P
O/P

=
!L!
lO‘

D,0073H

O1H

1MIN DELAY
RDPCI

5 MIN DELAY
RDPCI

RST6.5 EMCO AVR INT SUB

CALL 525 MSEC DELAY
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865A
865D
8660
8662
8664
8667
8668
866B
866C
866D
866E

866F

8670
8672
8673

8676
8677
867A

867B

867C
867D

8680
8681
8684
8686
8688
868A
868C
868E
8690
8693
8696
8699
869B
869D
869F
86A1
86A3
86A5
86A8
86AB

86AC
8 6AD
86B0
86B3
86B6
86B9

CD1981
320FCO
E6CO
FEOO
C26886
C9
3A0FCO
OF

OF

OF

OF

OF
E606
47
3A00CO

BO
3200C0
20
1F
1F
D28186

C9
3A00CO
E602
FEOQ2
0677
0E78
163E
1E73
CDCD81
ccc3s84
3A00CO
E604
FEO4
0677
OE78
165E
1E54
CDCD81
CCDh284
C9

00
01FFFF
CD0087
Cch1981
320FCO
EGOC

CALL RDPCI
STA OCOOFH;
ANT1 OCOH; CHECK
CPI 00H

JNZ TRUEGS

RET; RETURN IF
TRUE65 :LDA O0COOFH

RRC

RRC

RRC

RRC

RRC

ANI O06H
MOV B,A
LDA OCOOOH;

STORE SOMEWHERE
FOR FALSE TRIGGER OF INT

FALSE TRIGGER

STATUS 1IN THE
STATUS REGISTER

STORE THE AVR

ORA B

STA 0COOO0OH
RIM;

RAR

RAR

JNC RS60K; IF 6.5

CHECK 6.5 MASKED OR NOT

SERVICE
6.5

NOT MASKED

RET
RS60K:LDA 0COO00H
ANI O2H

CPI 02H; CHECK
MVI B,77H; O/P

AVR UP
|Al

Mvl C,78H; Q/P
MVl D,3EH; O/P
MVI E,73H; O/P
CALL LOADOP
CZ ACTUP
LDA 0COO0OH
ANI 04H

CPI 04H;
MVI B, 77H;
MVI C,78H;
MVI D, 5EH;
MVI E,54H;
CALL LOADOP
Cz ACTDN
RET

Q/P
o/P
0/P
0/P

RS55:NOP; RST
LXI B,0FFFFH
CALL DELAY;
CALL RDPCI

STA OCOOFH;
ANI 0OCH; CHECK

ITI
YUI
IP'

CHECK AVR DOWN
Al
T
D!
N

5.5 FOLLOWER INT SUB
525 MSEC DELAY

STORE
FOR

SOMEWHERE
FALSE TRIGGER OF
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86BB FEOO cpI 00

86BD C2C18¢ JNZ TRUESS
86C0 CS RET; RETURN ON FALSE TRIGGER
86C1 3A0FCO TRUES5:LDA OCOOFH
86C4 07 RLC
86C5 E618 ANI 18H
86C7 47 MOV B,A
86C8 3A00CO LDA 0COOOH
86CB BO ORA B
86CC 3200CO0 STA (0COOOH; STORE THE FOL STATUS 1IN
STATUS REGISTER
86CF 20 RIM
86D0 1F RAR; CHECK IF 5.5 MASKED OR NOT
86D1 D2D586 JNC R50K; IF NOT MASKED SERVICE 5.5
86D4 C9 RET
86D5 3A00CO R50K:LDA 0OCOOOH
86D8 E608 ANI 08H
86DA FEO8 CPI 08H; CHECK FOL UP CONDN.
86DC 0671 MVI B,71H; O/P 'F'
86DE OE38 MVl C,38H; O/P 'L'
86E0 163E mvil D,3EH; O/P 'U'
86E2 1E73 MVI E,73H; O/P 'P'
86E4 CDCD81 CALL LOADOP
86E7 CC4D85 Cz SMUP
86EA 3A00CO LDA 0COOOH
86ED E610 ANI 10H
86EF FE10 CPI 10H; CHECK FOL DN CONDN.
86F1 0671 MVI B,71H; O/P 'F'
86F3 OE38 MVI C,38H; O/P 'L'
86F5 165E MVI D,5EH; O/P 'D'
86F7 1Eb54 MVI E,54H; O/P 'N'
86F9 CDCD81 CALL LOADOP
86FC CCES585 CZ SMDN
86FF C9 RET
8700 00 DELAY:NOP; SMALL VAR DELAY SUB I/P DEL
TIME IN BC REG. PAIR
8701 OB LOOD:DCX B
8702 79 MOV A,C
8703 BO ORA B
8704 C20187 JNZ LOOD
8707 C9 RET
; RESTART INT LOCATIONS
FEOG6 ORG OFEOG6H
FEO6 C3AC86 JMP RS55
FEOC ORG OFEOCH
FEOC €C35386 JMP RS65
FE12 ORG OFE12ZH
FE12 C33684 JMP RS75
0000 END
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0007
82A0
827D
839C
0002
0003
819F
8298
8600
81CD
0006
8415
85BC
824cC
83FC
8111
8121
86AC
8436
80C5
80C5
80C5
8056
83B6
8668
8125

A

ADC
BCDBIN
CHEK

D

E
ILOCK
LEDCOD
LLOK
LOADOP
M
MINLOD
NOCONT
OFF
PUSBOT
RDPAI
RDPBII
RS55
RS75
SKIP
SKIP
SKIP
STARTD
TRIPA
TRUE65
WRPAII

84D2
83F4
8167
810E
8700
82EC
8319
861D
8584
8701
8332
81B6
8426
8150
86D5
811D
8119
8653
8517
85E5
85E5
85E5
8000
83CF
844B
810B

ACTDN
AUTO
BUZZ
CREGI
DELAY
FOLLO
INDE
LINOCO
LNOCON
LOOD
MAST
MOTEM
NOLOAD
ORLOAD
R50K
RDPATII
RDPCI
RS65
SFOLDN
SMDN
SMDN
SMDN
STARTI
TRIPB
TRUE75
WRPBII

84C3
0600
0001
8105
813F
0004
0005
8646
85AE
8143
8404
81F8
85D1
8128
8463
8115
8498
8681
84E1
854D
854D
854D
828F
86C1
8567
8108

ACTUP
B

C
CREGII
DELAY1
H

L
LINQPE
LNOPEN
LOOP
MAXLQOD
MOTHUM
NOPEN
POWER
R70K
RDPBI
REMO
RS60K
SFOLDUP
SMUP
SMUP
SMUP
SUM
TRUEGSS
ULOK
WRPCII
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1)

3)

4)

6)
7)
8)
9)
10)
11)

12)

13)

14)

CHAPTER VII

TESTING PROCEDURE

SET THE TAP NUMBER FIRST
SET LIMIT SWITCHES ACCORDINGLY

CHECK ©Ps01, PS02, PS03

CHECK OR
CHECK IL
CHECK MT
CHECK MH
CHECK OFF
CHECK FOL

CHECK IND

SET THE MODE AS MASTER

CHECK THE THREE FOLLOWERS FOR THE FOLLOWING MODES
INITIALIZATION

OFF

INDEPENDANT

FOLLOWER

MASTER

SET THE MODE AS INDEPENDANT § CHECK CONDITIONS LISTED
UNDER STEP # 12

SET THE MODE AS FOLLOWER § CHECK CONDITIONS LISTED

UNDER STEP # 12



15)

16)

17)

18)

19)

20)

SET THE MODE AS OFF & CHECK CONDITIONS LISTED
UNDER STEP # 12

SET THE MODE AS OFF & TEST ALL THE INTERRUPTS
SET THE MODE AS MASTER AND DO THE FOLLOWING:

SET TO PUSH BUTTON
SET TO LOCAL

TEST bl', b2' INCLUDING LIMITS AND CONTACTERS
ci1' § cCz2'.

SET TO REMOTE

TEST b3' § b4' INCLUDING LIMITS AND CONTACTERS
TEST FOLLOWER UP § DOWN INCLUDING LIMITS
AND CONTACTERS

CHECK FOLLOWER TRIGGER OUTPUT

CHECK EMCO AVR UP § DOWN INCLUDING LIMITS AND
CONTACTERS

SET THE MODE AS INDEPENDANT AND CHECK CONDITIONS
LISTED UNDER STEP # 17

SET AUTO CONDITION AND REPEAT STEPS # 17 18

fap)
H.

S

SET THE MODE AS FOLLOWER AND REPEAT STEPS # 17 & 18

END OF PROCEDURE

Project DICOLT has been successfully tested

under real time simulated conditions using the above

test

procedure.



CONCLUSION

A year's intriguing work, has made project D I C
successful. At this juncture we cannot but help cite
Isaac Newton -

Knowledge is like a shell,

I am Jjust a child who picks

up some of these colourful c¢nes,
but when T 1look back there are
millions others still 1lying on the
shore of the "Ocean of knowledge™.

The prototype is very much still in its

premature state, as a lot of signal conditioning,
noise and transient surge suppression has to be
done, to make the product reliable, This we are

>

certain that, it will be completed in a short épan

of time.
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APPENDIX

MICROPROCESSOR - INTEL 8085

The 8085 is an @8-bit general purpose

capable of addressing 64K of memory. The device has

forty pins, requires a +5V single power supply,
and can operate with a 3-MHz single-phase clock.
figure A shows the 1logic pinout of the 8085

microprocessor.

The various signals are grouped as follows:
The ADDRESS BUS which has bits AlS5 to A8
unidirectional and bits A7 to A0 shared along with

the data bus which are bidirectional.

The control and status signals are the

ALE(Address Latch Enable), which is used at the

start of the machine <cycle, the Read{active low)
and Write (active 1low), the 1I0/M, which 1is used to
differentiate between I/0 and memory locations and

the S1 and S0 signals, which are wused for various

other memory and I/0 operations.

There are five 1Interrupt signals that can be
used to interrupt a program execution. They are

the following:
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% INTR{Input)

% INTA(Output)

3¢

RST 7.5(Inputs)
RST 6.5

RST 5.5

3

TRAP(Input)

* HOLD(Input)

L1

HLDA(Output)

L

READY( Input)

Interrupt Request

Interrupt Acknowledge
Restart Interrupts,
Maskable interrupts.

Non maskable, highest
interrupt.
Used to indicate
device such as a
controller is requesting
use of the address and data
Hold Acknowledge.

Signal to

delay «cycles

Read or Write.

ARITHMETIC AND LOGIC UNIT (ALU)

This unit performs the computing functions;
includes the accumulator, the temporary register,
arithmetic and 1logic circuits, and five flags.

The flags are affected by the arithmetic
logic operations of the ALU. The various flags
s, Z, AC, P, CY, where

S - Sign flag.

Z - Zero flag.

AC - Auxiliary flag

that

priority

a

DMA

the

bus.

of

it

the

and

are



P - Parity flag

CY - Carry flag

PROGRAMMABLE PERIPHERAL INTERFACE - 8255A

The 8255A widely wused, programmable, parallel
1/0 device. It can be programmed to transfer data
under various conditions, from simple 1/0 to
interrupt I/0. It 1is flexible and versatile 1in its

operation.

It has 24 1/0 pins that can be grouped
primarily in two 8-bit parallel ports: A and B,
with the remaining 8 Dbits as port C.(divided into

two four bit groups with C-upper and C-~lower).

The different functions of peripheral interface
device 8255A, are classified according to two modes:
the Bit Set/Reset(BSR) mode and the 1I/0 mode. The
BSR mode is used to set or reset the bits in

port C. The 1I/0 mode 1is further divided 1into three

modes: Mode 0, Mode 1 and Mode 2. In Mode o, all
ports  function as simple I/0 ports. Mode 1 is a
handshake mode whereby ports A or B use bits from

port C as handshake signals.

The block diagram in figure c shows ports
A, B, C upper and C lower, the data bus buffer, and

control logic.
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INTERFACING PERIPHERALS (VO'S) AND APPLICATIONS

Control Word

[o-ToeTo: [0 o [0 ] o0 ]

et Group B
, Port C (Lower—PC,-PC,)
e ! = lnput
0 = Output
Port B
e p———— I = Input
0 = Output
Mode Selection
— » 0 = Mode 0
! = Mode |
Group A
Port C (Upper—PC,-PC,)
w—————1 | = Input
0 = Output
Port A
*{ | = Input
0 = Output
. Mode Selection
00 = Mode 0
T 01 = Mode 1
{X = Mode 2
»] | = /O Mode
0 = BSR Mode
FIGURE 18.4

8255A Control Word Format for 1/0 Mode
SOURCE: Adapted from Inte! Corporation, Peripheral Design Handbook (Santa Clara, Calif.: Author, 1981), p. 1.316.

V4

3. Write a program to read the DIP switches and display the reading from port B at port A
and from port C, at port C,.

Solution 1. Port Addresses Thisisa memory-mapped 1/O; when the address line A, is high, the

Chip Select line is enabled. Assuming all don't care lines are at logic 0, the port addresses
are as follows:

Port A == 8000H (A, = 0, A, = 0)
Port B = 800IH (A, = 0, A, = I)
Port C = 8002H (A, = 1, A, = 0)
Control Register ~ RO03H (A, = 1, A, = 1)



The control word format for I/0 mode is as
shown in figure D
The mode used here is the Mode O of
operation. In this mode each port can be programmed
to function as an input port or an output port.
The features are as follows:
1. Outputs are latched.
2. Iinputs are not latched.
3. Ports do not have handshaking or interrupt
capability.
DETAILS OF OTHER CHIPS INCLUDED
1. 74 LS 04 - HEX INVERTER
2. 74 LS 14 - SCHMITT HEX INVERTER BUFFER
3. 74 LS 20 - DUAL 4-INPUT POSITIVE NAND
GATE
4. 74 LS 07 - HEX BUFFER 30V O0O/P
5. 74 LS 154 - 4 TO 16 LINE DECODER
6. 74 LS'373 - OCTAL LATCH WITH 3 STATE O/P



TYPES SN5404, SN54H04, SN54L04, SN5S4LS04, SN54504,

SN7404, SN74H04, SN74LS04, SN74504
HEX INVERTERS

REVISED DECEMBER 1982

¢ Package Options Inciude Both Plastic and
Ceramic Chip Carriers In Addition to Plastic

and Ceramic DiPs

¢ Dependable Texas Instruments Quality and

Reliabiiity
description
These devi

in six ind 4

t inverters.

The SNG404, SNE4HO4, SN54LO4, SNEALS04 and
SN54S04 are characterized for operation over the full
military, temperature range of — 56°C to 125°C. The
SN7404, SN74HO4, SN74LS04 and SN74504 are
characterized for operation from 0°C to 70°C.

FUNCTION TABLE (each inverter)
INPUTS ouTRUT
’ A A
b4
: H L
L H

& bgic disgram (each inverter)

i

'R

H A

"
?; )

~liv0 logic

SNB404, BNE4HO4, SNEALOA . . . J PACKAGE
SNE4LE04. SN54504 ... JORW PACKAGE
SN7404. SN74HO4 ... J OR N PACKAGE
SN74L804. EN74804 ... D, J OR N PACKAGE

(TOP VIEW)

1A
v
2a g
2v
3Aa(Q
v g
GNO ]

SNB404, EN54HO4 ... W PACKAGE
(TOP VIEW)

1A
2v (]
2a @
vee 4
3A (]
v
4A[:

BNS4L504, SNB4S04 . . . FK PACKAGE
SN741504, SN74S04 . .. FN PACKAGE

(TOP VIEW)

i

TeExas
INSTRUME

*»
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TYPES SN5404, SN54H04, SN54LO4, SN54LS04, SN54504,
SN7404, SNT4HO4, SN74LS04, SN74S04

HEX INVERTERS s
l
schematics {each gate}
o4 L0t ‘HoA
4 Vee
28 kS
INPL mePuT
A A
—1 ouTPUT
Y
b\“ GND
"
CIRCUIT Rt R2 R3 Rna
‘04 4uf) 1.6 k82 1302 1k82
108 | | 40k§2 20 k{2 so0§ | 12kQ2
‘LS04 504
vee Vee
20 k§ 114 1202
INPUT < outrut
A QUTPUT
ﬁ 4 k82 Y
124813 {4 f
ry
1.5 kN2 a2
GMD
L > GHD
A
Ranictor valuna shown are norninal
ahsolute maximum ratings over operating free-air temparature rangn {uninss otherwise noted)
Supply vottage, Vg (ane Notr 100 04, 'HOA, LS04, "SDA e T
oA ... . S LI
Inpit voliage: ‘04, BHOA, “LOA, "SOB L Lo an e e e T 5t
L W R “
Dprerating free-air temperatuce range: SMBA . . -55°Ctn 1M
BNTA . o e CCun™
101208 1PMPEIAUNE FANGRE . . -« oo s oo e en st T B85 Co

NOTE 1- Valtaaa vahies are with resuant to natwork geaund reravinat

X

) TEXAS
3-30 INSTRUMENTS

POST OTFICE ROX 225017 @ DALLAS TEXAS TSRS
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1YPES SN5ALSO4, SN74LS0A
HEX INVERTERS \

ncommondod operating conditions

ee-Bif tamperaturé range {unless ©

36 686
use the loevopnn- veiue ;pocilivd LU vucomm-mio« oneratin® v,o,udmcn._
o second.

. 28°C.
q 8 time, ¥

t shahid not ey coed ON

t For conditions shown o8 MIN or MAX,
3 AN typicet veluet arsotVeg "3V TA
§ Mot more than one auteyt should b® shorted @

stics, VeC =5 V- TA® 25°C (see note 2)

nd the duration of ine shorrewest

switching character

snd voltaa® wmvnforme

ioad cireuits

NOTE 2: Sre Ganerst tniormation Gaction for

L e W
. h
EXAS {?
‘NSIRUMEN!S

14
rost QFFICE .1o2.8 77501 * DALLAS TEXAS 19265




TYPES SN5414, SN54LS14,
SN7414, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS
REVISED DECEMBER 1983
* Operation from Very Slow Edges SN5414, SN54LS14 ... JOR W PACKAGE

SN7414 . . JORN PACKAGE
SN74LS14 ... O, JONNPACKAGE

¢ improved Line-Receiving Characteris-

tics [TOP VIEW)
¢ High Noise tmmunity 1A ] Vce
1Y 3 6A
. 2A D sy
dascription 2y [ 5A
Each circuit functions as an inverter, but because of the 3A D sy
Schmitt sction, it has difterent input thresiold levels for 3y D 4a
positive (VT 4 ) and for negative going (VY _) signals. GND _3 ay
These circuits are temperature compensated and can SNSaLS14 X PACKAGE
b: tvigegeve(? lvot'n the slowosl of' input ramps and stitt SNTALS14 . .. FN PACKAGE
give clean, jitter-free output sianals. {TOP VIEW]
The SN5414 and SN5AL.514 are characterized for oper )
ation over the full military temperature range of -55°C xd g s 2
to 125°C. The SN7414 and the SN74LS14 are charac ’“‘?tgn:":ﬁ\
terized for operation trom0° C 10 70° C :
2A0) 4 18[]16Y
. NC{}s 17 I NC
ic diagram
tog s 2Y[}s 16[] 5A
NC{])7 15[ NC
3afle 1415y
A |8 Doy : N 910111213 ¢
ooy S
e >0 0> g
o
N . NC - Mninternal connec tion
positive logic

{i’
EXAS -
INSTRUMENTS e

FOST CFFICE BOX 225012 » DAL AS T¥XAS *S26%
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TYPES 5115414, SH54LS 14, SN7414 SR7HRIC
HEX SCHMITT-TRIGGER INVERTERS

sghematlcs ‘4

S Sp— R —V
(3 1% [ ee
100 0

ey
INPUT LT AL _ouTtPUT
A T4 Y

— e

sl
~—~ GND

e

1 s s el V00
20k

I
mrurr g L— VL] P {_t;lgmvrm
R : Tha, L,

3 Resistor values shown sre nominat j;
sbsolute maximum ratings over operating free-air termperatine range {unless otherwise noted)

Supply voltage, Ve (see Note 1)

j Inputvoltage: *Y4 .. oL
- LSV
o Overating free-air temperature: SNG4 e e
m SNT7A
< Storage temperature range . .. .. .. ... ..
—-—

o NOTE 1: Voltage values e with 1esnert 10 natwork graaeet sorrana:

m

(/2]

.......... 7V
- 55"C1o0 125°C
.. 0Cto70°C
- 65 Cto 150°C

. /
3.86 TexAs "w“
INSTRUMENIS

[ @ aTr A Thva L e
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TYPES SN5ALS14, SN74LS14
. HEX SCHMITT-TRIGGER INVERTERS

recommended operating conditions

AOST P E1CE 8O Y 750017 @ DAL L

AN tFeas e

SNSALS 14 T __sn7asis NIT
. _ .. |MiN _NOm Max | MIN NOM MAX
Ve Supnly voitage a5 5 5% [4715 5 5325 v
lon High-lewst oblm cureent - 04 -04 mA
g1, Low-ievel output current 4 8 mA
TA  Operating fren-sir temperature -1 125 o 10 c
alectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
- SNEALS 14 SN74LS14
TE ot TIONS? Uit
PARAMETER ST CONDIT MIN TYF$ MAX | MIN _TYP) Max
Vya Veg =5V 14 16 19] 14 16 19 v
vy Vec-3V us 08 1 { o5 o8 1 v
Hysteresis Vec =3V [ ] [42:] na 08 \
Vpe—-Veld | |
ViK Veg = MIN, )=~ 18 mA -8 15 \
Von Veg=MIN, Vv, =05V, 10K * — 0.4 mA 25 34 21 34 v
i 1 wd 0.25 04 0.4
Vou Vee *MIN, V=19V o "4 mA g 928 v
| ot - 8 mA 035 05
2 2% Vec =5V, V) Vrs 0.14 ~0.14 mA
7. Vec -8V,  Vi-Vyo 018 " 0.8 mA
n Veg “MAX, Va7V 01 01 | ma
'™ Voo MAX, Vi -2V B 0 20| wA
hL Vog = MAX, Vi - 04V T o Taa | mA
losg Vee = MAX -0 20 100 | mA
ceH Ve = MAX ) 36 16 mA
iecL Vee @ MAX o TR 17 21 mA
t For conditions shown a1 MIN or MAX, usa the appropriats valua soncifiad noder farrceomndrd corrating randdiong
t Alt typicel valums gre st Ve =3V, To = 25 C.
§ Not more than one output should be shorted at 8 tima, and duration of tha skartcircint shaonbd net ov: redt one sacond,
switching characteristics, Vg =5V, TA=25°C
FROM 10 )
PARAMETER TEST COND! TIONS MIN TYP MAX | UNIT
IINPUT) {OUTPUT) .
v 1 22
FLH A Y Ry -2 %0, CL - 1S 0f $ i
tPHL 15 22 | m™
a8 ) lu
INSTRUMENITS




TYPES SN5429 SN54H20, SN54L29, SN54LS20, SN54S20,
- SN7420, SN74H20, SN74L520, SN74S20
: DUAL 4-iNPYT POSITIVE-NAND GATES

REVISED DECEMBER 1983

SN5420, SNS4H20, SNS4L20 . . JPACKAGE
SNS3LS 20, SNS4s20 JOR WPACKAGE

Ceramic Chip Carrigrs in Addition tq Plastic SN7420. SN74H20 JORNPACKAGE
and Ceramic DiPs SN74LS20, SN7452¢ - D.JORNPACKAGE
(Top VIEW)

. Depondable Texas Instruments Quality ang
Rallability
description

These devices contain wo independent 4nput NALE
gates.

The SN5420, SN54NZO, SN54!20. SN54LS:) i
SN54520 are characterizeq for operation over the fuy
military range of ~-565°C o 125°C. The SN7420

SN73H20, SN741520 ang SN74520 yre characierizeq SNS420. SNsamzg | W PACKAGE
for operation from 0°C 070 °C. (TOP view)
1A 1D
1Y 1c
FUNCTION TAR £ leach gate) Ne 18
vee GND
NC 2y
2A 2D
2B 2C

SNSaLs20. SN54520 FK PACKAGE
SN74Ls20. SN7as20 . . FNPACKAGE

ITOP vigw)
R
23299
3
logic diagram leach gate) NC ] 4 2C .
NC [1s NC
1C []s NC
A Ne 5 NC
8 v 1D ()e 28
c
. EART] 12 13
o ~mmseS sy
g o
228254
5
Pei P LU ER T LOhie iy
positive logic
Y AB.C gy A8,
— A v— ————

Xip

e xas
INSHRIR Y

TTL DEVICES m



0.SN54H20,SN54L20,SN54L320,SNSAS?Q
H20, SN74LS20, SN74520
T POSITIVE-NAND GATES

sh gnte!

20, 'L20 ‘120

— Ve
FLEAY

T
ouTrUT ov ‘YPU

Y C —+-t—

S GHD

GND

R1 R2 A3 R4
ax$) | 18%52 1130 Q tkil
2ok | 20x02 J 50082 | 12% Q

'LS20 '§20

vee

+-— Ve

INPUTS

A —
8 oUTPUT
ouTPuY Y
v ¢ —
| AN
GND
GND

"

wg shown e nomine

ximum ratings over operating free-ait tempnratira ranage {untrss othervise noted)

roltage. Ve (s Nowe 130 720, 'H20, 1Le7N nTn X R TV
AP/ o SR . .. BV
. eV

staqe: 20, 'H120,°L20. 'S20 .

LS20 . e . 7V
g freg-air temperature SN54° RS Cto 125 €
SN74T L. S0 Cw0e

temperature 1ange ..o S5 Croise

age vaiLes 8T8 with respact tn network qracnst peeneneal

) (|
TexAS *'4’
- INSTRUMENIS

POST OFFICE 80X 7200312 & DAL AT Y ST
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TYPES SN54LS20, SN7ALS20
DUAL 4-INPUT POSITIVE-NAND GATES !

recommended operating conditions

SN541520 SN74LS20
UNIT

MIN NOM  MAX | miN NOM MAX
VCC‘ Supply voltage a5 5 5.5 | 4715 s 5.25
Vi High-level input voitage 2 2
ViL . Lowtevel input voltage 0.7 08 v
tom High-level output current ~-04 -0.4 mA
oL Low-level output current 4 -3 mA
Ta  Operating iree-air temp - 65 125 0 10 °c

electrical characteristics over recommended operating fres-air temperature rangs {unless otherwise noted)

SNSALS20 SN74LS20
PARAMETER TEST CONDITIONS | UNIY
MIN TYPE MAX | MIN TYPE MAX
Vi Veg = MIN, fy= — 18mA -15 -15 v
Vou Ve =MIN, Vi s MAX,  lgyt - 04mA 25 34 27 34 5 .1V
Ve = MIN, V=2V, gL -~ 4mA 0.25 0.4 0.4
VoL v
Vee * MIN, Vig=2V, oL ~8mA 0.25 05
Al Vee ® MAX, Vyelv 0.1 0.1 mA
LY vee = MAX, Vi~ 2V 20 20 BA
e Veo T MAX,  Vy-0.8v -04 04 | mA
"os$ vee = MAX - 20 - 100 | - 20 - 100 mA
[lecH Vee « MAX, V=0V 0.4 0.8 0.4 08 mA
:lcc._ Veg * MAX,  Vy=4S5V 1.2 22 1.2 221 mA
1 £ ok eonditions shown as MIN or MAX, use the eppropriate value meciHisd under recommencad onar ating conditions.
$ AN typical vsiues sre atVee = SV, Ta-~" 15°C.
§ Nt more than one output should be shorted at s time, and the duration of the short ciretnt thoutd not axcesd one second
switching characteristics, VCC = 5 V, TA = 25°C {see note 2}
FROM TO
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIY
{INPUT) (ouUTPUT)
PLH 9 15 ng
Any ¥ e = 2%, Cy - 15 0F
PHL 10 15 %

HOTE 2+ See Genersl information Sectian for lomd Frents and voftoge wavelorme

. 1,
Texas ‘V
INSTRUMENIS
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TYPES SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

REVISED DECEMBER 1983
R ————

description

Converts TTL Voltage Levels to MOS Levels SNG407.8N5317 ... J OR W PACKAGE
- SN7407,SN7417 ... JORNPACKAGE
High Sink-Current Capability (TOP VIEW]
Input Clamping Diodes Simplify System
Design 1A Wvee
1v Q2 13]6A
Open-Coliector Driver for Indicator Lamps 2A [ 12038y
and Relays 2y Qs n)sA
inputs Fully .Compatible with Most TTL 3a0s 100} 6Y
Circuits vQs  g4a
GNO (] s[4y

These monolithic TTL hex butfers/drivers feature high-voltage open-collector outputs for interfacing with high-level circuits
{such as MOS), or for driving high-current loads isuch as tamps or 1elays), and are also charscisrized for uss as buffers for
driving TTL inputs. The SN5407 snd SN7407 have minimum breakdown voltages of 30 volts and the SN5417 and SN7417
have minim b j k 1 voltages of 15 volts. The maximum sink current is 30 millisamperes for the SN5407 and SN5417,
and 40 millismperes for the SN7407 and SN7417.

These circuits are completely compatible with most TTL tamilies. Inputs are diode-clamped to minimize transmission-fine ef-
fects which simplifies design. Typical power dissipation is 145 milliwatts and average propagation delay time is 14
nanoseconds. The SN5407 and SN5417 are characterized for operation over the fuli military temperature range of ~55° C 10
125° C; the SN7407 and SN7417 are characterized for operation from 0° C 1o 70° ¢

logic diagram {each gate) schematic
‘07, 17
vee
1.8k
A Y &
m:uv (X}
S
ouvur Tt
. o
positive logic (each gate) o
Y= A ,* _ . GND t
Resistar values shown sre nominat,
\ PRODUCTION BATA
Ehm:?h?r-mcmtg TE # 115
ng"" " Prodotten povscosog Socs INSTRUMENTS -
-mmmr:mm-u .

AL RUTNEIS R L DN Er LR P R
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TYPES|SN5407, SNSA1

HEX BUFFERSIDRIVERS WITH

7, SN7407,

SN7417

OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

absolute maximum ratings over operating free-sir temperature range (unless otherwise noted)

Supply voltage VCE {see NOtE 1) .. ..o .oiuniiie ettt bAY
Input voitage (588 NOME 1) ..o vuunnneevernunnnaneeee e 55V
Output voltage {see Notes 1 and 2): SN5407, SN7407 Circuits . ...........coovnrerormees oo oV
SNB417, SNTBITCIrCUItS . ... coenveonmnrnne e eee e 15V
Operating free-air temperature range: SN§407, SN5417 Clrcuits . ........ceeneeees ~55"Cin 125°C
SN7407, SNTAIT Circuits .. ......vcvvvrrar e 0°Cto 70°C
SUOTage 1EMPETBTUTE FANGE . . . . oo o s s anea s s onon e e _65°Cto 150°C
NOTES: 1. Voltage valuss are with respect 1o network ground terminal,
2. This is the maximum voltage which shouid be spplled 1o sany sutput when It is I thae of f state.
recommended operating conditions
SN5407 SN7407
SNS41T SN7417 UNIT
MIN NOM MAX | MIN NOM MAX e
Vee Supply voltege i 45 5 585|478 5§ 525| Vv
Vin |High-tavel input voltage 2 2 v
Vi Low-levei input voltage 08 08 v
™ ‘07 30 30
Vou High-level output voltege II 57 s 15 v
1oy, | Low-isvel output current 0 40 mA
Ta iOpersting free-sir tempersture — 58 128 0 70 T_rg

electrical characteristics over recommended operating free-air temperature ranga (unless otherwise noted)

=

| SN5407 SN7407
PARAMETER TEST CONDIT IONS' SNS417 SN7417 uNIt
MIN TYPS MAX | MIN TYPE MAX ]
Vik Ve @ MIN, ly= - 12mA ~-15 -15 | v
lon Vee = MIN, Vi =08V, VpH-§ 0.28 0.25 mA |
, tor = 18 mA 04 04
Vo Vee * MIN, Vi 2V v
oL cc H oL~ 1 0.7 07
t Veg=MAX, V=55V 1 1 mA
T Voo * MAX, V=24V 40 40 mA
Ny Veg = MAX, Vi =04V - 186 - 18 mA
ICCH Vee = MAX 29 [T 23 41 | mA |
iccL vee MAX 2 30 2 0 mA
1 For conditions shown as MiN or MAX, use the appropriste velue wpecified undsr racommanded cparating conditions.
1 Al typicsl vaiuss ara st Vg = 3 V. Ta = 28°C.
$ Vou - 30V for ‘07 and 18 V for 17,
§ gy = IO mA for SNG4’ and 40 mA for SNT4&°.
switching characteristics, Voc = 5 V. TA = 267C (see note 3)
PAR)\METER FROM o TEST CONDITIONS MIN TYP MAX UN:‘T 1
) INPUT) fouTPuUT)
1 t
PLH A % R - 1oq, Cy - 150F 6§ o1
TPHL 20 304 o~
NOTE 3 Soe Ganersl information Section for load circuits and voltage wavatorme
2.46 w
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General D§séﬂpﬂon

Each of thess 4.line-10-18-line decoders utilizes TTL cir-
‘euitry to decode lour binary-coded Inputs into one of six-
teen mutually exclusive butputs when both the strobe
inputs. Gt and G2, are low. The damuitiplexing tunction is
performed by uaing the 4 lhput lines to sddregs the output
line, passing data trom one of the sirobe inputs with the
other strobe input low. When either strobe input is high, sl
outputs are high. These o multiplexers are ideally suited
for impl ing high-parfpr Y decoders. All
inputs are bulfered and inpyt clamping diodes are provided
to minimize transmission-fine effects and thereby simplity
system design. .

; ?eatures

8 Decodes 4 binary-coded inputs into one of 18 mutually

- exclusive outputs

® Performs the dernuitiplexing function by distributing
data trom one input Hng to any one of 16 outputs

DM54LS154/DM74LS154 4-Line to
| Decoders/Demultipiexers

16-Line

® Input clamping diodes simplify system design
® High tan-out, low-tmpedance, totem-poie outputs
B Typicai propagation delay

3 leveis of iogic 23 ns
Strobe 19 ng )
® Typical power dissipation 45 mw

Absofute Maximum Ratings ot 1)

Supply Voitage 7V
Input Voitage v
Storage Temperature Range —-65°Cto 150°C
Note 1: The “Absoiute Maximum Ratings™ are those vaives deyono

Which the salety of the device cannot be Quaranieed. The oavice should

nOl be opsrated at thess iimits. The parametnc vaiues ostined in the
“Eisctricsl Charactenstics” tabte are not guaranteed at the absoiute

maximum ratings. The “Aecommandad Operating Conditions ~ tabie wiii
detine the conaitions for actuat gdevice operation.

Connection and Logic Diagrams

Duatin-Line Package
INPUTS oUTRUTS
Yee A 0 C D Gz GT 15 [ERRTERT
24 |23 |22 {29 {20 |19 I{a ln lm lys ‘u im

L

14

-

LTI
T FT

———
TLIF18394.1

T T74LS 154 (N)

ouTPUTS
54LS 154 (J)

INPUTS

]
s (A2}
" o— o :
c ?::‘o-« !
I
) Y . cous N ;21‘ ]
i
I b o NS ]
. . 5!——.—-‘ W < !
e ¢ r— i
N o) ;
i
4
(5)
T
(23
A z (6} s
3
(22 s = M,
8
(21 c w’ g
[ 5 g
SNk
o
3 (10}
(20! o
b puy
8 3 (1
O
-
)
€
-
{14}
o 12
[
& b (15)
Ak}
ry >
L (16
{ D= 11
Gt |
A = (17
Rl ﬁjf)— 1ef ‘J
i
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Recommended Operating Conditions .
| DM74LS154 i —

parameter

i

|

| T
Symbol \ Unby \
|

i

i
|
|

High Leve! tnput
Voltage
Low Level tnput
Voltage
High Leve! outpul |

Current

toy Low Level Qutput » i
Current

Ta Eree Air Operating _g5 |
Tampetature \

ature {untess otherwise noted)

perating tree air temper

Electrical Charac{erisﬁcs over recommended ©

conditions

Symbol ’\ parameter
1

i input Clamo vonaae

Hich Lever Cutoul '
voltace

! Low Levei Qutout
I voitage

\
,
‘ 1
i | to=ema DNA7
|
.

Vrp = Min ‘ i
e E ot | mA

input Current @ Max
Input Voltage

Hign Level Input
Curtent
Low Leve! 1nput \ e
Current

short Circust
Output Current

Veg =

cC

| orasa l-2o
(Mote 2} i

LDMT4

| veo=Max (hote B

Supply Current

YAV PRSP A

1 snouid e snort=a atat

tote 1t A1 rymeals are At vNCT
. secons

tiote L. ot mora than or DUIDY
g crth alt autpuls oorn andd ATl

e aan the cannn chouty nct rrcern cre

' Note 3 'cC 't measure
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TYPES SN54LS373, SN54LS374, SN54S373, SN54S374,
SN74LS373, SN74LS374, SN745373, SN74S374

-

»
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS &
] OCTOBER 1975 - AEVISLO AbRILI9AS & |!
¢ Choice of 8 Latches or 8 D-Type Flip-Flops snstigg,:‘s’atsusn:. sus:s:n:«, #
4 ... JPACKAG!
in a Single Package SN74LS373. SN74LS374. SN74S373.
¢ 3-State Bus-Oriving Outputs SN74S374 ... DW. JORN PACKAGE
(TOP VIEW) ;
* Full Parallel-Access for Loading ' -
oc{J* UnPvece E
* Buffered Control tnputs 1od? 19f) 8a :
* Clock/Enable Input Has Hysteresis to w3 18Jgo
Improve Noise Rejection ('S373 and 'S374) 20{Js 170 .
5 16 o
* P-N-P Inputs Reduce D-C Loading on igEG e %;8 ’ };
Data Lines ('S373 and '$374) ol weo g
18373, 5373 - wols 3)so it
FUNCTION TABLE s 1203s0 A
GNO(d1o n[]ct v
OouUTPUT ENABLE i
o | ourrur ot
ENABLE i
2 =ATCH SNS54LS373, SNSALS374, SN545373, ;
- H H H SNS54S374 ... FX PACKAGE }
t H L L SN74L5373, SN74LS374, SN745373. :
L L x Qg SN74S374 ... FN PACKAGE o
H X X z (TOP VIEW) '}
i
<}
L5374, 'S374 5 l
FUNCTION TABLE i
ouTPUT ]
ENABLE CLOCK D | output
L t H H
L t L L
L L X Qq
H X X 4
description

. "Clor £$373 and 'S373. CLK far 1$374 snd 5374
These B-bit registers feature three state outputs

designed specifically for driving highly-capacitiva or
relatively low-impedance loads. The high impedance
third state and increased high-logic-levet drive provide
these registers with the capability of being connected
directly to and driving the bus lines in a bus-organized
system without need for interface or pull-up com
ponents. They are particularly attractive tor impiement.
ing bulltes registers, 170 ports, bidirectional bus rivers,
and working registers ]

The eight latches of the 'LS373 and 'S371 are
transparent D-type latches meaning that while the
enable (C) is high the Q outputs will foliow the data (O}
inputs. When the enable is taken low the oulput wiil be
latched at the tevel of the data that was set up.

'

PRODUCTION DATA
l'hil :::,;:cln:l. C.:.l:ﬁl :q:z-[nh- u.unl :l *EXAS %
[] i . Products comiocrm 1o ) 3 1021
»annnb-sp-:‘u'_mmd tuul-m-'nuu lNSTRUMENTS !
ot aecessarily include tasting nf p porameryrs. ¢

B R R P R X P ORI



TYPES SN54LS373, SN54LS374, SN54S373, SN54S374,
SN74LS373, SN74LS374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

descﬁption (continued)

The eight Hlin-fiops of the 'LS374 and 'S374 are edge trignered D-type fip flops. On the positive transitinn nf the cloack the 0
outputs will he set to the logic states that were setup at the D inputs

Schmitt-trigger bulfered inputs at the enable/cinck lines of the ‘$373 and 'S374 devices. simplify systermn design as ac and -
noise rejection is improved by typically 400 mV due to the input hysteresis A buffered output control input can be used to
place the eight outputs in either a normal logic state thigh or low logic tevels) or a high impedance state. in the high
impedance state the outputs neither load nor diive the bus fines significantly.

The output control does not affect the internal operation of the fatches or flip fiops That is, the old data can he eetainad or
new data can be entered even while the outputs arn nff

logic diagrams
‘18373, '$373

. ‘L5374, 5374
TRANSPARENT LATCHES POSITIVE.-EDGE - TRIGGERED FLIP FILOPS
ourtputr _1V ﬁ.{> ouvpyr _1 <{>
CONTROL CONTROL
w1 P < I o <
Y
T o 1> CK 4/1 121
B L {o] o 12
12) 14}
20 D [ 20 D [
[ e i< 5 P CcK 15t
o] ksl B 0
(2] 7
30 D < an L o} 4
. -z ' ) +—Pcx 6}
EREE 7 ] 4{/ 30 L] n
[P
oo i8) 8)
".'6 1) D J ap o ¢
3 ‘!1 ‘ % 191 b cx ©
) 'lf’ L[] 40 ko] a0
¥
L]
}. S o013 5 ) L p :
W -Ir"\ | S 13 $—apcx
NI o 112) 112}
\
'# { .(\;—\ ] 50 L] 50
]| {14} 4
! (1) J D p oo 4! D <
t —AaG <P CcK
t - 115} (15}
! | a 6Q T GO
i tn 11
I 70 2] < 70 o <
*—q e
' g 116) I i l ti6)
4 70 ko 0
' - 1s) (18}
80 [ 80 o

!

P> CK
19} (RL:1]
Ko a0 bol ~:$__. PO
¢ ENABLE 111) [R11}
: c — cLK
J 1 1or 'S373 only

. P numbers shown on logic Notation are far DW, J or N packages
i

{1 for 'S374 only

J
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TYPES SN54LS373, SN54LS374, SN74LS373, SN74LS37
: OCTAL D-TYPE TRANSPARENT LATCHES AN
i EDGE-TRIGGERED FLIP-FLOF!

schematic of inputs and outputs

‘18373
EQUIVALENT OF DATA INPUTS EQUIVALENT OF ENABLE AND TYPICAL OF ALL QUTPUTS
OUTPUT CONTROL INPUTS .
VCC VCC ¢ " - Vr( :
7 X |
17 M8 NOR 100 31 HOM 1’
t
f
f
Y
& -
HNPUT -1 |~
INPU T I _
Je !L
'ir jy_ GLETen
°
e [~
° °

)
i
\
i
o |
i

1 ‘L8374
EQUIVALENT OF EQUIVALENT OF CLOCK TYPICAL OF ALL OUTPUTS
DATA INPUTS AND OUTPUT CONTROL INPUIS
vee _Y—'— - Vee * - vee
3 .
$ 30ka'NOM 17 k52 NOtA 100 12 NOM
INPUT —4 i -
o-ld N
INFUT 91 e B
J‘

b—

outrur

{a. . la la
s JN TN

3¢

*p
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TYPES SN54LS373, SN54LS374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND

EDGE-TRIGGERED FLIP-FLOPS

stics, Vg = 5V. Ta = 25°C

FROM 70 '1§373 15374
TEST CONDITIONS UNIT
'““mé"m uneun | 1ouTPUT) MIN _ TYP MAX | MIN__TYP MAX
fmax EH 50 MMz
t 12 18
PLH Data AnyQ 3 Y (&5
'PHL Cy = 45pF, Ry = 6670 - ]
1PLH Clack or 20 30 15 28 N
AnyQ See Notes 2 and 3 — s
PHL enable 18 20 19 28
PZH Output Any Q 15 28 20 26 e
WL Cantrol v 75 16 IR
Output Ay O SNB4 28 32 28 32
1) o ——— [
PHE Controt v €, SuF. m - 8670 [SNT4 ERE 15 28
Qutput Sec Note 3 ) T ) )
! Any Q 12 20 M A
mz Control v
NOTES 2 ‘“acinum clock traquancy s tastad with sl cutpiers ioaded
3 See Genecal Informanon Secren Ins loge cireintt et Lnnage <
lings & Maxunum clock frequency
. 1pL M = PTOOBgALION delay tine. 10w (0 Fign level butput
Ipry < nropsgation delsy tima high to-low leval 0 tput
tpz ¢ Output snebie time 10 high lavel
tpgy 3 Sutpiit enable ime 1o fow fevel
tpi g © QUtpul disable time from high level
tpy 2 & Gutput drsabie time from low level
{
192}
wl
Q
—_—
wi
Y
=
="
i
i
) !
!
’ :
TEXAS )
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OUT LINE DIMEMSIONS

- M50 _
(g) (7:3 .- 1040
1 X ‘ }.‘
! | {7 :
L | i
A, I
§ e
(o e o= = = ]}
N i 1: H
wl = o ol R
< o = e s = [’
c——o—»}__mfm——ﬁ?'_ e &His &5 <4
[ Jdle e o
fo = r:!\t: o o
L= = -
l

<

(D (5X0%3) (8 6

csQ

Bt

160

e

DRIVING MECHANISM DOOR
PUSH BUTTON SWITCHES FOR RAISE

CABLE ENTRY, GI AND PLATE
OIL DRAIN AND FILTERING VAL VE

1 OILFILLING AND FILTERING VALVE FLANGE 10

2. CRANK HANDLE LID n

3. WINDOW FOR TAP NUMBER COUNTER AND LOWER

4 DOORHANDLE 12

5 REMOVABLE INSPECTION COVER 13

& TERMINAL BARRIER BOARD FLANGE

7 AIRFILTER 14, SUPPORTING LECG
e LIFTING LUG 15

9 Oil SURGF BUCHHOLZ RFL AY

|
1150

)

-
I

{
Y

|

NOTES |

1 ALL DIMENSIONS ARE 1N "Mt ‘

2 TRANSPORTATION DIMENSIONS AR? )

MARKED THUS [ XXX | i

2 DIMENSIONS ARE LIABLE TO CHANCE \

WITHIN THE TOLERANCE (AS PEF |
152102,

REMOVABLE CRANK HANDLT

TEST LEVELS :

Power Freq. Imp. Voliage

for 1 Minute  of 1.2/50

(KVRMS)  Wave (KVP)

Between Phases 70 170
Between Phases and Earth 70 170
Between Adjacent Contacts 25 70
Over Fine Taps 25 70
Over Pre Selector 25 70

TESTING :

This Tapchanger has been Type Tested to IS 8468 at
CPRI., and of the Division of High Voltage Engineering,
Anna University, Madras.

As part of our Quality Assurance Programme, we con
duct several tests at our Works, in o routine manner
before despatch. The main test, which goes beyond the
requirements of IS 8468, is an operation test for 5000
operations, without the contacts energised. During this
test, the Motor is run at its normal voliage, and speed
ond is switched on and off for each tap change. This is
a very rigorous, and very practical test from the point of
view of the user. Tanks are hydraulically Leak Tested at
equivalent of 10t liquid head.

We also conduct the following Routine tests :

2. Contact Resistange
4. Aux. Circuit Withstand

1. Megger
3. Timing of Contacts

As the design and manufacture of our equipment are subject 1o constant improvement, the produci supplied may dific

in certain details from the specifications and iilustrations

ON LOAD GEARS

338 Sidco Estate Ambattur Madras 600 098
Tel : 655480, 655506 Tix :

41-22033



