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SYNOPSIS

The telephone exchange presented in this
project allows upto 8 pulse telephone sets to be
connected. It has options for connecting calls to
or from .external telephone line. fThis unit is

controlled by 8052 based BASIC computer.

Since our telephone exchange is controlled
by a BaAsIC interpreter, it is relatively easy to
add or change certain features simply by extending
or changing the control program. 8052 based
computer is wused because it can be programmed in
BASIC, a computer language which is familiar to
many. In the present application, application program
is from an onboard EPROM, which has been stored

after checking.

Our project comprises of some advanced

features which are not pPresent in other private

exchanges. The circuit is completely designed,

fabricated, and tested.
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CHAPTER ONE

INTRODUCTION

The world is witnessing an extraordinary
upsurges in the develépment of information tech-
nology. The sweep and the range of these mini
and maxi technological upsurges are both wide and
far reaching in their implications generating not
only new products and processes but also new
global players in what has now come to be called
infotelecom industry. with accelerating synthesis of
telecommunication informatics and electronic media,
the resulting infotelecom industry is leadiﬁg the

Process of a new information revolution which

virtually puts the world on  palm.

The 1Indian wurban areas have seen signi-
ficant changes in telecommunication services in the
last few years. Yet, this is only a glimpse of
what is to come. On the one hand, there are
definite Plans to extend telecom services to our
rural areas and on the otherhand the services in
the cities are to become more sophisticated with
the introduction of ISDN, Data networks, Mobile
telephones and Paging services. Yet these changes
are too miniscule compared to what is happening

in telecommunication around the ~world, with the
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increasing globalisatjon of markets, many of these

new technology are likely to make an impact in

our Country.

Our project jg a step in the direction
of Preparing for the future. Telecommunication to~-
day €ncompasses g large variety of Speculities
which requires skill and éxpertise. Our Project

MICROCONTROLLER BASED TELEPHONE EXCHANGE

provides 3 glimpse of few:

SPECIAL FEATURES :

~* This €xXchange has 8§ intercomes with facility to

recieve external callsg with 3 por lines.

* CALL INVITATION: When the called party is not

available another free intercon can invite the
call,

* TRANSFER OF CALLS: The called party can direct

the call to a free intercom.

* CALL MONITORING: Here g record is  maintained

about the number of calls and the number

dialled.
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* FEATURE TONE: This tone indicates to the already

engaged subscriber, that an external call is on

line.

* MUSIC ON HOLD : This tone indicates to subscriber
that he is under another subscriber's attention.
This may take place during call transfer or

when the subscriber waits for some information.

* RINGING TONE: Two Seperate ringing tones are
available to differentiate between the incoming

external call and a call from a mutual inteféom.

* CALL CONFERENCING: 3 party conferencing has been
implemented where 3 persons can communicate at
the same time. This can be  between 3 intercoms

or an external DOT and 2 intercoms.



T.E.L.E.P.H.O.N.E.
—THE BASICS=—
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CHAPTER TWO

TELEPHONE THE BASICS

Before discussing the operation of the
telephone exchange, it ijig useful to 1look at the
basic operation of the telephone sysﬁem. In the
following discussion, it is assumed that pulse-

dialling telephone sets are used.

Figure(2-1) shows the general layout of
a telephone connection. When the receiver is on
the hook, the bel]l inside the telephone set is
connected to the telephone line. When the
receiver isg lifted, the voice circuit of the set
is connected to the telephone natwork, and a

direct current flows through the microphone. The

telephone extensions connected to the network
receive their supply voltage from the local
telephone exchange. All are connected to two

lines andg operate free fronm the earth 1line. 7The
use of balanced 1line is a simple, vyet effective,
way, to eliminate noise in the network. Since any
noise introduced on the network is, in Principle
equally strong and of equal Phase on the uaw and

"b" lines, it is effectively inaudible.
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2.1 OUTGOING CALLS :

The timing diagrams in figure(2-2) shows
the switching Sequences during a telephone call.
Again, only the "a" and ‘"p» lines are involved
in establishing the call. Normally a voltage of
50 to 60V exists  between these lines. The
exchange detects  that a receiver is 1lifted when
the line voltage drops to about lov and a
microphone current of about 20mA is esfablished.
Next, the exchange sends dial tone to the calling
extension to indicate +that a number may be dialled.
In the pulse dialling system, the current loop
is interrupted‘ repetitively. The pulse rate
usually lies between 9 ang 11 pulses per second.
The break period is called 'pulse’, and the
‘connect' period is called 'pause’. The pulse
length is generally defined as 61.5% + or - 3% of
the period. Assuming that the period is 100ms
the current is interrupted for periods of 58.5

to 64.5ms. The pause allowed between successive

numbers is 0.7 to 1s.



The local exchange starts to call up
the wanted extension with the aid of 4 ringing
signal after the complete number has been
réceived form the calling extension. When the
call is answered, the exchange starts to put a
cost count signal on the "a" and "b" lines.
This signal is a Sine-wave burst with an
amplitude of about 50V. Since it js the same on
the "a" and "p" line, it is inaudible to the
calling as well as to the called party. a cost

counter, however, is connected asymmetrically to

the network to allow it to detect the pulses.
When either party rings off, the voltage between
the "a" and wp* line reverts to the 'standby

level of 5 +o 50V,

2.2 INCOMING CALLS :

An incoming call is detected by the

ringing signal pProduced by the telephone set. The
exchange calls up the extension by putting an

alternating voltage of about 50Vpp on the ta®
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and "b" line. The fact that the signals on "a"
and "“b" are in anti-phase allows the telephone to
detect  the ring signal and actuate a sounder
device. The ringing continues until the called
party 1lifts the receiver to answer the call. If
the call is not answered after the Predetermined
number of rings, the connection is broken. when
the called party 1lifts the receiver before the
last ring, the previously mentioned direct current
flow is  established, enabling the exchange to

detect that the call is answered. The telephone

conversation can then begin. .
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2.3 DIGITISATION OF TELEPHONE NETWORKS

ARCHITECTURE:

The telephone network of today is a
multilevel star network. as shown in figure(2-3). at
the lowest ievel of the network, there are local
exchanges to which 4 number of telephone sub-~
scribers are connected using wire local 1loops. Any
call within +the local area ig completed by the
local exchange which circuitswitches the calling
subscriber to the called subscriber . The local-
exchanges are usually connected to each other
directly or via a tandom exchange using two or
four wire trunks. Local exchanges are also connected
to trunk exchange for intercity traffic. when a
subscriber calls Someone outside his local exchange
area the 1local exchange connects the subscriber to
the called 1local exchange either using direct
trunks or via tandom exchange or trunk exchange.
Finally the called subscriber: switches the 1line to
the called Subscriber thus completing the voice
circuit. The Process  requires transmission of
signalling déta between subscriber, 1local exchange

and also between two local exchanges or between

local exchange and tandom exchange .,



DIGITISATION:

The process of digitisation of telephone
networks in 1India is well underway, with digitisa-

tion of trunks and introduction of digital

switches.

Till around 70's the complete telephone
network (local loop, exchange and trunks) was analog.
With the development of techniques for voice

digitisation .and due to the advantages provided by

digital transmission, this started changing. The
first impact was on the trunks. With optical
fibers emerging on the scene, the pace of

digitisation increases and data rates moved higher.
Improvement in quality of voice services, especially
for long distance communication was the obvious
result. Till . about late 70's, all exchanges were
analog. At the trunk interface, the analog voice
was converted into digital stream and multiplexed
before transmission. The incoming digitised voice

on trunk .line was converted to analog before

being switched.
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By late 80's, task of digitisation was
almost complete. Local loop is digitised to provide
an end to end digital network. Local loop carries
voice, on-hook, off-hook - information and number
dialled from subscgriber to exchange. From exchange
to subscriber it carries voice, dial tone, and
most importantly battery feed for telephone. all
this transmission takesﬂ place on the same two
wires. Let us look at two way digital transmission
on pairs of wires. There are two Dbasic techniques

for transmission of digital data in both directions

over the lopal loop.

l.Ping pong technique.

2.Echo cancellation.

1.PING PONG TECHNIQUE:

It uses a time duplex high speed data
transmission 1link, where data is transmitted in
small burst alternatively in each direction. Since
it takes a finite amount of time for the data
to propagate on the link, guard times are required

between each burst of data as shown in figure(2-4).



It also requires a clock on two sides to be

synchronous. VLSI chips existing today implements

this technique.
2.ECHO CANCELLATION TECHNIQUE:

It essentially converts the combined
signal on two wires to separate 1's on four wires,
by cancelling out the transmitted component of the
signal which is transmitting on two wires

referred to in figure(2-5).

The voice, tones, on-hook, off-hook informa-
tion, the number dialled and the ring commands can
be easily digitised and multiplexed into a two
way data stream to be carried on the above

described digital loops.
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CHAPTER THREE

WORKING PRINCIPLE

External subscriber on dialling the number gets
access to the DpoT line as per availability of free
lines. When a Particular por line is selected, initially
when the handset is in on hook condition the first
rectifier converts the ac signal to dc signal and thus
enables the optocoupler to conduct. The conduction of
the optocoupler indicates the Presence of an external
call. The information is given to the Processor through
the input pPORT C. The address regarding the information
is sent to the switching matrix. a software routine
keeps track of status of the intercoms. It keeps recorq
of whieh line is free ang which is engaged in
conversation. Both off-hook and on-hook status of

the 1line are sensed as follows:

1. OFF HOOK STATUS SENSING :

Subscriber off hook status is
signalled by completion of the dc loop resulting in a dec
current of 20 to 35 mA. The sensing is done by
an  optocoupler arrangement which can unambiguously

detect the lowest expected loop current as well as
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the highest. 1t should not detect any dc leakage
current due to poor line insulation of the cable

itself. The Sensor is designed to detect if current

exceeds 10 ma.
2. ON-HOOK STATUS SENSING :

When the subscriber telephone
is in on-hook there is only an ac path through
the loop. There is no dc path. These on-hook
status ‘is interpreted when there is near zero dc
current in the loop. The information given "in the
switching matrix dertermines which intercom is called

and the software determines the status of the

intercom.

3. RING FEED :

When the software senses that
the desired intercom is free that is jp on-hook
a ringing signal is to be given to that
pParticular intercom. To activate the ringer in the
subscriber telephone set, a 25 Hz, 75 Vrms signal
is fed onto the 1loop. This level is obviously

too high for the audio Circuits to handle. so
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the transmitter ang receiver pair is switched by
means of "ring feed" relay onto the another

circuit that feeds this signal. The line Circuit-
card which provides direct interface between the
exchange and subsciber is provided with the 25 Hy
75 Vrms signai. When an instruction is given to
ring a given subscriber bell, the card merely
activates the changeover relay in switching matrix
that connects the Tip and Ring wires to this

signal. Thus a ringing tone is heard by the

intercom.
4. RING TRIpP:

When the handset of the intercom is 1lifted
that is in off-hook condition, the exchange should
stop feeding the ringer signal. This event is
called ring trip. Here aAysin o QB L ugguu bva

be sensed . to detect off-hook status,.

With the  subscriber in  the on-hook
condition, the ac ringer waveform causes an ac
current. The dc voltage is blocked by a capacitor.
As soon as the subsriber goes off-hook a shifting

of dc current level takes place.
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The current sensor now senses an ON for

a longer peried in the 25 y, waveform and this jis

detected by a counter and interpreteqd as subsciber

off-hook. The current detecting element is an

Optocoupler ang the duration measuring component is
a8 counter which ig reset to zero whenever the

current goes positive (due +to ac current level

shifting when -48 Vv is Superimposed). The counter

reaches its terminal count only if the positive

current duration has been lengthened and the

occurence of this terminal count is the indication

of off-hook condition having occured.

Now voice path has to be established

between the external Subscriber and intercom. The

switching system used requires that the two way

voice  signal present at the Tip and Ring wires
should be seperated into two unidirectional Speech
nignals, The isolateq incoming’ rignal  is  then
digitised and switched +o the requireq destination

subscribers circuitry, where it is again  converteq
to an analog 8ignal, before being  sent onto the

Tip and Ring wire. The analog to digital conversion
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is done according to PCM. The coded outputs are
multiplexed to form a pcm format as per CcCIpT

standard.  fThig goes for switching for every
channel, one  CODEC ig used, The LCC card
interfaces 8 intercoms and each intercom
subscribers voice signal is sampled 8000 times g4
second by the CODEC ang encoded into 8 bit PCM.

The bit rate is 2.048 MHz.

The carbon microphone in the subscribers
handset requires a de¢ current of about 25-40 ma
to operate at jtg optimal level, Furthermore the
line Circuit card 1is meant for an environment
that uses dgc signalling. fThat ls  information Buch
as  hook status and called subscriber member are

detected solely from the dc condition of the

Subscriber loop.

When a subscriber telephone is on-hook
there is an 3¢ path through the 1loop, but not
dc. Lifting the handset causes a switch to close
across the  capacitor in the subscriber handset

establishing a dc loop. Furthermore when the

subscriber is offfhook and dials a number, it



results in the dc path opening and closing a

number of times in accordance with the digit
dialled.

On-hook status is interpreted when there ig
a near zZero dc current in the loop and off-
hook when. 10-35 mA flows in the loop. The dialling
of @ digit by a subscriber results in a  make
break sequenéa of the loop current, which is

detected and the information conveyed to the

decoder to get the actual digit it represents.

The dc current used for this signalling
is provided at the LCC. To introduce this current
into the loop without disturbing the balance of
subscriber loop, the transformer primary is wound in
two halves with a break in middle through which
the direct current is introduced. A capacitor across
this break creates an ac path through the
transformer primary. The extension 1is connected to
the DOT when there is power failure thus providing

power for the operation of the exchange.
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CHAPTER FOUR

HARDWARE DESCRIPTION

4.1 8031 MICRO PROCESSOR:

The term 8031 jig often used generally to
refer to 8051 ahd 8751. The 8031 is & ROMless 8051
and fetches al1 instructions from external memory .,

The architecture, memory organisation of addressing

modes of 8031 are dealt in detail Chapter (5).
4.2 MEMORY COMPONENTS :

The Mmemory components used for the Project

are listed below:
(a) EPROM (27C256)

(b) EEPROM (28C65)

(c) RaM (6264)
(a) EPROM (Erasable Programmable Read Only Memory):

The information stored in this memory is
bérmanent and can pe erased by exposure to UV-light.
The chip can be reprogrammed again ang again. The
EPROM used for the Project is 27¢256 (UV-erasable
PROMs ) with a memory capacity of 32K byte.
It is a cHMOS production. Some of the important

feutures of thus chip are as follows:
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* Micro controller and Micro processor Ccompatible.

* High bPerfomance speeds (170ns maximum access

time).

*

Noise immunity features.

*

New quick-pulse Programming algorithm,

PROGRAMMING THE CHIP:

Initially, andg after each erasure all bitsg

of the EPROM are in the "1" state. Data is
introduced by selectivity Programming "0's"  into
the desired bit location. Although only "0's" i1l
be Programmed, both "]gn and "Qg" ¢an be present
in the data word. The only way to change a uwgn
to "1v jig by UV-light €rasure. The device is in
the Programming mode when the VPP is raised to
its Programming voltage and (aLE / CE) is pulsed to
TTL 1low and OE=V1H. The data to be Programmed is
applied as g bits in parallel to the data output
Pins. The levels required for the address and  gdata
inputs are TTL.

| We opted this chip for the project

because 87c256 was designed to reduce the hardware
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interface requirements when incorporated in

Processor systems with multiplexed address-data
buses, This chip is used in the Project for
Storing the control Programs (main running

Program) and can also be reprogrammed according to

the requirement. For more details refer to

figure(4-1).

(b) EEPROM (ELECRICALLY ERASABLE PROMS) :

This is fabricated with reliable
n-channel floating gate Mos technology. The main
features of this chip are: |

* 250 ns access time.

* Fast write cycle time.

* High Reliability,

* Data Polling‘(A system software support

| scheme used to indicate the early

Completion of write cycle).
* Compatible with industry, standard Rapm,

.ROM, EPROM.



DEVICE OPERATION:

l. READ:

The read operations are initiated by both
OE and CE and the termimated by either CE or OE
returning to high. The data bus will be in high

impedence state ywhen either of OE or CE is high.

2.WRITE:

The operations are initiated when both CE
and WE are low and OE is high. This chip
supports both a CE and WE controlled write

cycle. That is the address is latched by falling
edge of either WE or CE, whichever occurs last.
Similarly, the data is latched internally by the
rising edge of either CE or WE whichever occurs

first. A byte write operation, once initiated, will

automatically continue to completion.

EEPROM is similar to EPROM except that
information can be altered using electrical

signals rather than erasing all the information. For

exanmple pPreprogrammed priority conditions can be

038



altered according to our needs. Also the exchange
is programmed in such a way that only particular
intercoms can receive or make STD/ISD calls.
These type of programs are stored in EEPROM,
since the user can>make in it. The chip used

for our project is . 28C65. For more details refer

to figure(4-2).
C.RAM: (RANDOM ACCESS MEMORY):

The features of RAM are:
* Fast access time.
* Low power stand-by.
Capability of battery back-up operation.
* Completely static memory.
No clock or strobe required.
* Equal access and cycle time.
* Common data input and output.

The memory capacity of RAM chip is 8K
and the memory is volatile. The information
regarding the incoming calls, outgoing calls, the
data, timing can be stored in RAM. The RAM chip
used is 6264. For more details refer to

figure(4-3).
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4.3 RECTIFIER UNIT:

The Bridge rectifier ig the circuit most
frequently used for full wave rectification. During
the positive half cycle of the input voltage to
the bridge rectifier, diodes D1l and D4 conducts as
shown in figure(4-4). at the same time diodes D2 and
D3 are revere biased. Figure(4-5) shows diodes D2 ang
D3 forward biased during the negative half cycle
-of the input while D1 and D4 are reverse biased.
The result in that both positive and negative
half cycles of the input are pPassed to the 1load
resistance R . also the negative  half cycles are
inverted, so that the output is a series of

positive half cycles of alternating unit.

In the on-hook condition of a
subscriber, there is an a.c path through the loop,
but not d.c. Information such as hook status and
the called subscriber number' are detected solely
from the d.c condition of the Subscriber loop. So,

a rectifier is used to convert a.c to d.c.

049



4.4 OPTO COUPLER:

The Optocoupler or the optical isolator is
generally used in a digital interface. An optical
coupler can be thought of as 3 circuit, which
comprises. of a LED and a light sensitive device
such as a photo transistor as shown in the
figure(4-6). The general operation of an optocoupler
in a microprocessor interfacing is explained as
follows:

Now, figure(4-7) shows how a single digital
line of System-A may be connected to system-B
using optocoupler. The driving source is the
system-A and the digital signals from system-A

is to be sent to system-B which is done by the

optocoupler.

With the digital signal from system -A at

logical-0, the LED of the optical isolator will
not be forward biased. This means that the LED
is OFF. The photo transistor has no base current

as a result of light source being OFF. Thus the

Photo transistor is OFF also. With the transistor

OFF, the collector is pulled up to the +5V  of
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system-B. The collector voltage of the photo-

transistor is the digital signal input to system-~B,

Hence when the driving signal from system-A is at

logical-0, the input to the system-B is inverted

to logicalfl.

If digital signal from system-A is
logical-1l the LED is turned ON which requires 10 to
l6ma of éurrent. To accomplish this an external
pull up resistor is added. Now the
Photo transistor is forced into Saturation, the
collector voltage becomes  equal to the emitter
voltage. Since the emitter of the output
transistor is connected directly to the system-B

ground, the output voltage will be zero.

The dc signal from rectifier is fed to
Optocoupler-1 which enables it to conduct. The
number dialled (that 1is ringing Pulse) is sensed by
this Optocoupler arrangement and then sent to the
Processor. The optocoupler 2-9 present in intercom
circuitry senses the status of itg line that is
during the OFF time of the ringer waveform, this
optocoupler Checks whether the hand set is in

off-hook or on-hook condition.
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4.5 INPUT AND OUTPUT PORTS:

The input and output ports used are 74245 and
74573 respectively. Here, two input ports and one
output port is used. The input port is used to read the
information ang send it to the Processor. The input
port 245 reads information such as statﬁs of the
intercons, status of the por line, and whether the
incoming call is DOT or intercom. The output port 573
is used to output data such as the dialled number and
latch " the line status information to the relay coils.

This port is also used to display the status of the

lines using LED's.

The 74245 used is an octal bus transreceiver.

It is designed for synchronous two way communication

between data buses and the control function
implementation minimizes external timing requirement.
. The devices allows transmission from the A bus to
B bus or viceversa. Depending on the logical level at
the direction control input. The enable input G can be

used to disable the device so that the bus is

effectively isolated.
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The 74573 used is an output latch which
features tri-state outputs designed specifically for
driving highly capacitive or relatively low
impedance 1loads. Since they are particularly suitable
for implementing buffer registers, output ports,
bidirectional bus drivers and working registers, this IC

is used. For more details refer to figure(4-8).

4.6 SWITCHING MATRIX:

This project uses IC CD22100 as a switching
matrix. It is a cross pPoint switch with control memory.
The operation of the switching matrix is dealt in detail

in chapter (6).

4.7 DECODER FOR CHIP SELECT:

The decoder is 3 logical circuit, which
identifies each combination of the signals present at
its input. - For example, the input to the decoder has 2
binary 1lines which can assume 4 combination of
input lines with each combinatiqn identified by
the output lines 0 -~ 3. This process is called
decodiﬁg, In addition, some decoders have active

low output lines as well as enable lines.
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The chip wused isg 74138. It is 3 to 8 1line decoder
and is designed specifically for hi§h Speed memory
decoders and data transmission systems. It also
incorporates 3 enable inputs to simplify cascading.
The conditions at the binary select input and 3
enable inputs select 1 out of 3 input lines. Two
active low and one active high enable input
reduces the need for external gates or invertors,
when expanding. Chip selection is carried out by

2 such decoders. For more details refer to

figure(4-9).
4.8 LINE CIRCUIT:

The ©Line Circuit Card(LCC) is the direct
interface between the exchange and the subscriber.
The card has 8 pairs of subscriber intercom
telephone wires. The function of each of these
circuits is to detect the Status of the corres-
ponding subscriber telephone  handset and to enable
the voice of the subscriber to reach a point
within the exchange from where it is sent to the
called party and vice-versa. The Line Circuit Card

communicates with the terminal interface network

(PIC/SN) card for voicev data transfer,
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The analog portion of the Line Circuit-
Card has been divided on the basis of its function
into constituent sections.
(a) BAnalog  line interface with A/D(and D/Aa)
conversion.

(b) Subscriber Line Status Sensing.

(a) ANALOG LINE INTERFACE WITH A/D(and D/A) CONVERSION:

There are essentially 2 types of information

flowing over the analog lines - the voice and the
signalling.. The analog circuitry has to cater the
both. The switching system used is the c-DoT.
Digital Switching Systems (DSS) requires that the two
way voice signal present at the Tip and Ring wire
should be Separated into two unidirectional speech
signals. The isolated incoming signal is then
digitized and passed on to the TIC/SN card, where
it is switched in time and passed back to the
required destination subscribers circﬁitry, where it
is again connected to an analog signal, before

being sent out onto the Tip ang Ring wires.
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The Tip and Ring wires, leading in from
the subscribers loop, goes to primary of the hybrid
transformer, making the voice signal available at the
secondary of tﬁe transformer. The secondary of the
transformer is connected to a converter which
provides two unidirectional speech paths. The signal

is given fo CODEC which encodes it into 8 bit PCM.

For the voice signals in the direction
the signals going to the subscriber communicate to
the LCC from TIC/SN card in PCM form, and are
converted to analog at subscribers CODEC. This

passes to the secondary of the transformer and to

the subscriber via Tip and Ring wires.

4.9 POWER BACK UP:

The power back up unit enable the DOT
line being connected to the extension directly in

case of a power failure.

During the normal conditions that when
there is no power failure the voice path 1is

established between an external call and a

subscriber. Under this condition the power backup
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relay is in (3,4), (5,6) with extension relay

in (2,3), (7,6) positions.

In case of power failure the pPower backup
relay switches to (2,3), (6,7) position thus
eénabling the direct connection of poT to the
extension. Hence noy the DOT 1line js connected to
the extension through the power back up wunit in
the case of power failure. The relay position

switchings are controlled by means of 3 software

routine.
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Figt 4.1 Pin Configuration of IC 2725¢
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Fig: 4.2 Pin Configuration Of IC 286S
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System A

+5 VvV

Digital signal line
output from
system A

Schematic diagram showin
line may be connected u

System B

+5V

LED

ANAANANAN

Optical coupling

g ! 4.6 Schematic diagram showing how a single
digital line may be connected using optical isolators
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CHAPTER FIVE

8031 ARCHITECTURE

The major features of the 8031 are

* 8-bit cCpuU.

* on-chip oscillator.

* 4K bytes of ROM.

* 128 bytes of RamMm.

* 21 Special Function Registers.

* 32 I/0 lines.

* 64K address space for external Program Memory.

* two 16-bit timer/counters.

* a five-source interrupt structure with two

priority 1levels.
* a full duplex serial port.
* bit addressability for Booloan Procausing,
The term "8051" jisg often used generally
to refer to the 8051, the 8031, and the 8751.
The 8031 is a ROMless 8051; it fetches all

instructions from external memory. The 8751 is an

8051 with EPROM instead of ROM.

A Dblock diagram of the 8051 is shown in

figure(5-1).
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5.1 MEMORY ORGANIZATION:

The 8051 maintains Separate address spaces
for program memory and data memory. The program
memory can be wup to 64K bytes long, of which the

lowest 4K bytes are in the on-chip ROM.

The data mémory consists of 128 bytes of
on-chip RAM, plus 21 special function registers,
in addition to which the device is capable of

accessing up to 64K bytes of external data memory.

The program memory uses 16-bit addresées.
The external data memory can use either 8-bit or
l6-bit addresses. The internal data memory uses
8-bit addresses, which provide a 256-location
address space. <The lower 128 addresses access the
on~chip RAM. fThe special function registers occupy

various 1locations in the upper 128 bytes of the

same address space.

The lowest 32 bytes in the internal RAM
are divided into 4 banks of registers, each bank
consisting of 8 bytes. Any one of these banks

can be selected to be the "working registers" of
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the CPU, and can be accesseqd by a 3-bit address

in the same byte as the opcode of an instruction.

The next higher 16 bytes of the internal

RAM have individually addressable bits. These are
provided for use as software flags or for one-bit
(Boolean) processing. This bit—addressing capability
is an important feature of the 8051. In addition
to the 128 individually addressable bits in RAM,

eleven of the special function registers also

have individually addressable bits.

5.2 SPrCIAL FUNCTION REGISTERS:

The Special Function segisters are as

follows:
ACCUMULATOR

ACC is the Accumulator. The mnemonics for
accumulator-specific instructions refer to the

accumulator simply as A, but the register itself is

named ACC.

B REGISTER

The B register is used during multiply and
divide operations. For other instructions it can be

treated as another scratch register.
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STACK POINTER

The Stack Pointer is 8 bits wide. The stack
can reside anywhere in the 128 bytes of on-chip RAM.
When the 8051 is resét, the stack pointer is initialized
to 07H. when executing a PUSH or a CALL, the stack

pointer is _incremented before data is storéd, so the

stack would begin at location 08H.

DATA POINTER

The data pointer is a 16 bit register
consisting of a high byte (DPH) and a low byte

(DPL). Its intended function is to hold a 16-bit

address.

PORTS 0 THROUGH 3:

These four parallel ports provide the 32 I/0
lines. Each port consists of a latch (special
function registers PO through P3), an output driver,

and an input buffer.

The output drivers of ports 0 and 2 and
the input buffers of port 0 are used to access
the external memory. In this application, port 0

outputs the low byte of the external memory
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address, time-multiplexed with the byte being
written or read. Port 2, meanwhile, outputs the

high byte of the external meémory address.

SERIAL DATA BUFFER

The serial buffer jis actually two separate
registers. When data is moved to SBUF, it goes
to the transmit buffer where it is held for
serial transmission, When data jsg moved from SBUF,

it comes from the receive buffer.

During seriail reception the incoming bitg

are clocked into g4 Seéparate shift register, When
Feception of 4 frame 1ig complete, and jif various
other conditions are satisfied, g received datg
bits are transferreqd from the shift register to
the receive buffer. The shift register is then
ready to commence reception of a second frame,

while the frame already received awaits servicing.

CONTROLS AND STATUS REGISTERS

Special function registers IP, 1IE, TMOD,

TCON, scon, and PCON contain control and status
bits for the interrupt system, the timers, and the
Serial port. They will bpe fully described in the

remaining sections of thig chapter.
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5.3 OSCILLATOR AND CLOCK CIRCUIT:

XTAL1 and XTAL2 are the input ang output,
respectively, of an inverting amplifier which iy
intended for use gas a crystal oscilator, ip the
Pierce configuration, in the frequency range of
1.2MHz to 12MHZ, XTAL2 is also the input to the

internal clock generator.

The clock generator ' divides the oscillator
frequency by 2, and Provides g two-phase clock
signal to the chip. The Phase 1 signal js active
during the first half of each clock period, and

the Phase 2 signal ig active during the secondg

half of each clock period.

5.3 cpu TIMING

A machine cycle cbnsists of 6 States.
Each state jg divided into a phase 1 half, during
which the Phase 1 clock is active, and g Phase 2
half, duriné which the phase 2 clock is active.
Normally, arithmetic ang logical Operations take
Place during phase 1l and internal register-to—register

transfers take place during phase 2.
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5.5 PORT OPERATION:

All four ports in the 8051 are bi-
directional. Ports 1, 2, and 3 have internal Pull-ups.
Port 0 has open-drain outputs. Figure(5-2) shows

a functional diagram of a typical bit in each of

the four ports.

Each 1/0 ‘line can be independently used
45 an input or an Output. For a 1line to be used
as an iﬁput, the port latch must contain g 1,
which turns off the output driver FET. Then, for
Ports 1, 2, ang 3, the pin is pulled high by the
internal pull-up, but can be pulled low by an
external source. For Port 0, a 1 in the port 1latch
causes the output bin - to float. a1l the port latches
in the 8051 have 1's written to them. by the
reset function. If 4 0 is Subsegently written to

& port latch, it can be reconfigured as an input

if desired by writing a 3 to it.

Because Ports 1, 2, and 3 are pulled high
when configured as inputs, they are Sometimes called

"quasi-bidirectional" pPorts. As inputs they can be
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driven ip a normal manner by any TTL or MOS
Circuit. Because they do have the internal
pPull-ups, however, they can also be driven by

open-collector or open-drain outputs without the

Port ¢ differs in not having internal
Pull-ups, The upper FET in the po output driver
is turned OFF except when the port isg being useqd
as an ADDR/DATA bus in accesg to the external memory.
Consequently, PO lines that are being used as
output ports have open-drain outputs. Writeing a )
to PO latch results in both output FET'g being
turned off, so the Pin floats. 1p that condition

it can pe used as g high-impedance input,

READING A poRrT

Notice in figure(5-3) that there are two
ways to read a port: an instruction reads either
the latch or the pin. 1p the 8051, some instruc-
tions reag the 1latch and some read the pin. ©The
instructions that read the latch rather than the

Pin are the ones that read a value, Possibly
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change it, and then rewrite it to the 1latch.

These are called "read-modify-wirte" instructions.

The reason that read-modify-write instruc-
tions are directed to the latch rather than the
pin is fo avoid a possible misinterpretation of
ﬁhe voltage level at the pin. For example, a port
bit might be used to drive the base of a transistor.
One might write a 1 to it in order to turn the
transister on. If the CPU now reads the same port
bit at the pin rather than the latch, it will
read the base voltage of the transistor and
interpret it as a 0. Reading the 1latch rather than
the pin wili return the correct value of 1. It
is to avoid this type of problem that the 8051

directs read-modify-write instructions to the port

latch rather than the port pin.

WRITING TO A PORT

In the execution of an instruction that
changes the value in g port latch, the new value
arrives at the latch during S6P2 of the final

cycle of the instruction. However, port latches are
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in fact sampled by their output buffers only
during Phase 1 of any clock period. Consequently,
the new value in the port 1latch won't actually
appear at the output Pin until the next Phase 1,

which will be at 81p] of the next machine cycle.

If the change requires a 0-to-1 transi-
tion in Port 1, 2, or 3, an additional pull-up is
turned on during S1P1 and Sip2 of the cycle in
which the transition occurs. This is done +to
increase the transition speed. The extra pull-up

can Source about 100 times the current that the

normal pull-up can.

It should ' be noted that the internal
pull-ups are FET's, not linear resistors. The pull-up
arrangement is shown in figure(5-4). The fixed part
of the pull-up is a depletion-mode transistor with
the gate wired to the source. If the port pin is
shorted to ground, this transistor will allow about
0.25ma to exit the pin. 1In parallel with the
fixed pull-up is an enchancement-mode transistor

which is activated during 81 whenever the port



bit does 4 0-to-1 transition. During this interval,
if the POort pins shorted to groung, this extra

transistor will allow an additional 30mA to exit

the pin.

5.6 ACCESSING EXTERNAL MEMORY

Accesses to external meémory are of tywo
types: accesses to external Program memory and
accesses to external data memory. Accesses to

external ‘Program memory use signal PSEN as the
read strobe. Accesses to external data memory use

RD or WR to strobe the memory.

- Fetches from external Program Memory
always use a l6-bit address. Accesses to external
data memory can use either g l6-bit address or an

8-bit address.

5.7 TIMERS:

The 8051 Provides two 16-bit register,
Timer 0 and Timer 1, that can be used as timers
Or event counters. For each timer/counter register

there is a control bit in  Special Function Register

U6
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TMOD that selects the timer/counter function +to be

"timer" or "counter."

‘

In the ‘"timer" function the register is
incremented €very machine cycle. Thus one can think
pf it as counting machine cycle. Since a machine
Cycle consists of 12 oscillator periods, the count

rate is 1/12 of the oscillator frequency.

In the ‘“counter" function the register
is incremented in response to a 1-to-0 transition
&t ite corresponding external input pin, T0 or TL.
in this function the external  input 1 sampled
ﬁuring S5P2 of every machine cycle. When the
%amples show a high in one cycle and a 1low in
&he next cycle, the count is incremented. The new
4ount value appears in the register during S3r1
&f the cycle following the one in which the
ﬂransition was detected. Since it takes 2 machine
c&cles to recognize a l-to-0 transition, the
mEximum count rate is 1/24 of the oscillator

f%equency.
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5.8 SERIAL INTERFACE:

The serial port is full duplex, meaning
it can transmit and receive simultaneously. It is
also receive~buffered, meaning it can commence

reception of ga second byte before a previously .
received byte has been read from the receive
register. Thé serial port registers are both
accessed at Special Function Register SBUF. A write
to SBUF loads the transmit register, and a read

accesses a physically Sseparate receive register.

5.9 SERIAL PORT DATA REGISTERS:

In all serial modes a write to SBUF
loads the same 9-bit shift register. The data byte
goes in to the first 8 bits, with the LSB at
the output bit of the register. The write to SBUF

also loads the 9th bit of the shift register with

either a 1 or TB8, depending on the mode. And it

initiates the transmission,

The receive registers are an input shift

register which is 8§ bits wide in mode 0 and 9
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bits wide in the other modes, plus SBUF itself, a
read-only register which is loaded by the hardware
with the data byte at the same time that Rl is
activated. In the UART modes, the 9th bit is loaded
into RB8 in SCON at the same time that the data
byte is loaded into SBUF. RB8 and SBUF are not
changed if smM2 causes the received data to be

ignored.

5.10 INTERRUPTS:

The 8051 provides five interrupt sources,
each of which can be programmed to one of tyo

pPriority 1levels. The five interrupt sources are

listed below:

Source Description
INTO External request from p3.2 pin(sampled at

S5P2 of every machine cycle).

Timer 0 Overflow from Timer activates interrupt
request flag TFO.

INT 1 v External request from P3.3 pin (sampled
at S5P2 of every machine cycle).

Timer 1 Overflow from Timer 1 activates interrupt

request flag TF1l.



Serial Port

Completion of transmission or reception

of one signal frame activates request
flag T1 (on transmission) or Rl (on

reception).

5.11 8051 FAMLIY PIN DESCRIPTION:

Vss

vCcC

Port 0;

Port 1:

Circuit ground potential.
Supply voltage during programming,
| verification and normal operation.
Port 0 is an 8-bit open drain
bidirectional 1/0 port. It is also
the multiplexed low-order addressvand
data bus during acgesses to external
memory. It also outputs instruction
bytes during pProgram verification.
Port 0 can sink eight LS TTL inputs.
Port 1 is an 8-bit bidirectional
I/0 port with internal pullups. It
receives the 1low-order address byte
during program verification in the
8051 or 8751. Port 1 can sink/source
three LS T7L inputs. It can drive

MOS inputs without external pullups.
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Port 2:

Port 3:

Port pin
P3.0
P351
P3.2
P3.3
P3.4

P3.5

Port 3 is an

Port 2 is an 8~bit bidirectional

I/0 port with internal pullups. It

emits the high-order address byte

during accesses to external memory.

It also receives the high-order

address bits and control signals

during Program verification in the

8051 or 8751. Port 2 can sink/source

three LS 771, inputs. It can drive

MOS inputs without external pullups.

8~-bit bidirectional

I/0 port with internal pullups. It

also_ serves the

functions of various

special features of the MCS-51

family, as 1listed below:

Alternate Function

RXD (serial input port)

TXD (serial cutput port)
‘INTO (external interrupt)
INT1 (external interrupt)
T0 (Timer 0 external input)

Tl (Timer 1 external input)
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P3.6 WR (external Data Memory wirte strobe)

P3.7 RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTL inputs.
It can drive MOS inputs without external pullups.

RST/VPD: A high 1level on this pin for two

machine cycles while the oscillator

is running resets the device. An
internal pulldown permits Power-0On
reset using only a capacitor

connected to VCC.

ALE/PROG: Address Latch Enable output for
latching the low byte of the
address during accesses to external
memory. ALE is activated though for
this purpose at a constant rate of
1/6 the oscillator frequency even
when external memory is not being
accessed. Consequently it can be used
for external clocking or timing
purposes. This pin is also the
program pulse input during EPROM

programming.
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PSEN:

EA/VPP:

XTALL:

XTAL2:

Program Store Enable output is the read
strobe to external Program Memory
PSEN is activated twice each machine
cycle during fetches from exXternal
Program Memory. PSEN is not
activated during fetches from
internal Program Memory.

When EA 1is held high the CPU
executes out of internal Program
Memory. When EA is held 1low the
CPU executes only out of expernal
Program Memory. 1In the 8031, EA
must be externally wired low. In
the 8751, this Pin also receives
the 21v Programming supply voltage
(Vep) during EPROM pProgramming.

Input to the inverting amplifier
that forms the oscilator. Should be
grounded when an external oscillator is
used.

OQutput of the inverting amplifier
that forms the oscillator, and input

to  the internal clock generator.
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Receives the external oscillator

signal when an external oscillator

is used.
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Fig 6.5 Pin Configuration of IC 8031
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CHAPTER SIX

SWITCHING MATRIX
6.1 GENERAL DESCRIPTION:

The CD22100 combines g 4*4 array of
cross Points(transmission gates) with a 4 line to
16 line decoder ang 16 1latch Circuits. Any one
of the 16 transmission gates can be selected by
applying appropriate 4 line address. The selected
transmission gate can be turned ON or OFF by
applying logical 1 or o respectively to data
input and strobing the strobe input to légical 1.
Any number of transmission can be ON

simultaneously. For more details refer to

figure(6-1).
6.2 SWITCHING MATRIX ARRANGEMENT IN THE CIRCUIT:

A  single CD22100 forms a 4*4 array. For
forming a 12%8 array 6 such IC's are used. The
formation of 12*8 matrix is as follows. The first
pair of two CD22100 1IC's arranged in parallel
result in a 4%8 pmatpix, An  addition of a second
such pair in series to the first pair results in

a 8*8 matrix. Third such pair connected in series

078



to the first two results in a 12*%8 nmatrix. This
forms a switching matrix with 9¢g Cross points or

transmission gates.

The lines Y0-Y7 denotes the coloumn. The
8 intercoms are connected to these coloumn lines.
The lines x0-x11 forms the row. The row lines
consists of 3 DOT 1lines, 1 MOH, 3 control lines
and four tones. The four tones comprises of two
ringing tones to differentiate between externail and

internal call, 1 feature tone, 1 busy tone or

eéngaged tone,
6.3 OPERATION:

The &6 chips are selected by Strobing
the strobe input to a logical 1. Selection of
Cross points isg done by the address bits in the
line AQ-AS which comes from the microcontroller
8031. any number of cross points can be selected
according to the requirments. The various operations
that are done by switching matrix, when the
exchange is in the operation of implementing the

following features are as follows:
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(a) EXTERNAL AND AN INTERCOM COMMUNICATION:

When an external Subscriber wants to
eéstablish a ¢a131 in our exchange the Operations
that takes place in Switching matrix are as
follows. The address lines AQ0-A5 from the Processor
go to the. Switching matrix. These address 1lines
are used in the selection of cross points, The
Selected por line which forms 3 row is in the
enabled State. a software Program  monitors the
intercoms and keeps record of the status of the
intercoms. On receiving the address, the software
Program checks whether the required intercom ig
free or busy. When a intercom isg free, contact ig
established between external subscriber and the

intercom, Otherwise €ngaged tone ig Produced.

(b) INTERCOM T0 INTERCOM COMMUNICATION:

When a calling party dials the required
intercom's address, the address isg fed to the
Processor through an input Port. In +the pProcessor

the lower order address bytes are Separated and

fed to the switching matrix. This address selects
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the cross point.,

between two

The control line

perpendicqlar to the

engaged in the
this intércom to

points are selected.

6.4 TONES:

1. RINGING TONE:

The ringing

Once +the

intercom ig
Previous Operations,

switch the relay

period of the
During the
the handset of the
or off-hook

ringing is

path is eéstablished
determines whether
and respective tone

Switching matrix.

For
intercoms, a

forms

conversation.

intercom

the processor

ringing waveform is

OFF period, the

condition.

continued.

the

establishing

the connection

control 1line is selected.

the row ang this 1line ig

two intercoms which

are to be

Hence, in establishing

communication tyo Cross

tone circuit voltage "is 75y,

selected as explained in the

Supplies data to

and OFF. The ON and OFF

PXeprogrammed.

Process

checks whether

selected intercom is in on-hook
When it is ip on-hook, the
When it is off-hook voice
which is of 12v. Processor

call is external or internal

lines are selected in the



In the switching matrix as soon as the
intercoms are selected, the Ccorresponding ringing

tones for the interconms are enabled.

2. MUSIC ON HOLD:

‘When one subscriber wants another sub-
scriber to wait, the MOH circuitry comes into
action. For this, MOH 1ine in the Switching matrix
has to pe enabled. Thig happens as follows: fThe
contacts between the Subscribers jre made as
explained Previously. The MOH 1line ig enabled whon

the processor determines the waiting Subscriber's

address, which is fed to the switching matrix.

Thus selection of cross point is made possible.
The paths established by the cross points produces

MOH for the waiting subscriber.

3. ENGAGED AND FEATURE TONE:

When 2 Subscribers are conversing and g
third subscriber wants to communicate with an already
engaged Subscriber, an eéngaged tone ig Produced at
the third subscriber intercom ang feature tone ig

produced at the already eéngaged subscriber.
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A software Program monjtors the intercom
and finds out whether the required intercom jsg

already engaged.

If the e€ngaged Processor €nables the engaged
line, the address of third party is obtained frop
monitoring' software and is feg to switching matrix
which determines the Ccross point, Through the
€stablisheg pPath, busgy ~tone is gent to the thirg
subscriber and feature tone 1line jg eénabled. fThe

address of the engaged Subscriber jg got from the
monitoring Program ang the Crosspoint ig rolated to

Provide the path for feature tone.
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CHAPTER SEVEN

INSTRUCTION MANUAL

1. NUMBERING PLAN:

Intercom - 31-38 (8 Intercoms)

Call transfer -1

Music on holg -2

Call conferencing -5

Call invitation - 3

2. TO MAKE AN INTERCOM CALL:

(a) rLift your
the dial tone.

(b) Dial

handsget

and wait for

the number of intercom You
require,
3. TO MAKE A DOT LINE CALL:
(a) Lift Your handset and wait for
the dial tone,.
(b) Dial the code Number ang wait
for the dial tone.
(c) Dpial the Outside Number yoy
require.
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The system Selects one out of the three

DOT 1lines for your call ag follows:

* If only one 1line is free, the free
line is selected.

* If all the lines are free, the One
which was not selected for the

Previous ¢cal3 is selected.

4. TO ANSWER A CALL:

(a) Lift  Your handset ang Speak.
*  The ringing cadence indicates- whether
the incoming " ealj is an intercop call

or a poT line call.

5. caLL INVITATION:

(a) Lift Your handset and wait for

dial tone.
(b) Dial 3 and speak.
*  Call pick—up is possible by dialling
3 irrespective of any Station at

which the ringing takes pilace.
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6. CALL CONFERENCING :

(a)

(b)
(c)

Call between first two Subscribers
is done a5 explained Previously.
Dial 5 for call conference.

Dial the Number of third

subscriber.
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OPTO COUPLER SENSES ADDRESS
OF CALLED SUBSCRIBER

CHECK FOR OFF HOOK
STATUS OF CALLED
SUBSCRIBER

ENABLE THE RELAY
THRO® PORT C To
GIVE RINGING TONE

TO CALLED SUBSCRIBER

CHECK
OFF HOOK OF
CALLED
SUBSCRIBER
THRO" OPTO COUPLER
SENSING

SPEECH PATH Is ESTABLISHED
BETWEEN CALLED AND CALLING
SUBSCRIBER AFTER DIALLING
THE RELAY TO pUT - OFF THE
RINGING TONE THRO' PORT C (output porty

ENABLE ENGAGED
TONE TO CALLNG
SUBSCRIBER

CHECK ON HOOK
OF CALLING
SUBSCRIBER

YES

ENGAGED TONE 15
DISABLED

INTERCOM T1O INTERCOM
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CONCLUSION

The 'MICROCONTROLLER BASED TELEPHONE EXCHANGE' hgag
been designed, fabricated and tested to confornm to

the target Specificationg.

Details about the Microcontroller has been
enclosed. . The Chips pin configuration, Operational
characteristics of all the chips used in

implementing the hardware has also been explained.

There are also pProvisions for future
developmentg such as Dual Tone Multi Frequency,
which is a faster mogde of operation than the
Pulse mode. The report also features the switching
matrix Principles and itsA role in implementing the
features. What has been achieved through the
Project can at Dbest be g techno-compromise to give

an  optimum performance.
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256K (32K x 8)"CHMOS[PRODUCTION
’ | PROMS

+“AND UV ERASABLE PRO
% CHMOS/NMOS Microcontrotier ang ® Nolse Immunity Features :
Microprocessor Compatible - - = 110% Vge Tolerance
— 870256-Inumﬂddm. Latoh--- — Maximum Latch-up immunity
— Universal 28 Pin Memory Site, 2-ine Through EP| Processing
| Controf ® New Quick-Puise Programmingru
| @ Low Power Cauumpugn . Algorithm
— 100 LA Maximum Standby Current — 4 Second Programmlng
® High Performance Speeds v ¥ Available in 28-Pin Cerdip Package and
- — 170 ns Maximum Access Time 32-Lead PLCC Package. '

(See Packaging Spec., Order #231369)

The 27C256 and 87C256(1) gre offered in both a ceramic DIP and plastic leaded chip carrier (PLCC) package.
' rdip packages provide flexibility in prototyp(ng and R&D environments, whereas, PL(_)C EPROMs Provide

information at the address inputs (Ag—Aq) o latched internally, The address Cipé:uts are then ignored as data
hformation is passed on the same bus from the EPROM Oo~07 Pins (ALE/

he highest degree of protection against latch-up is achieved through Intel’s unique EPI Processing. Preven-
1)" of latch-up is provided for stresses up to 100 mA on address and data pins from —1V to Vee + 1V

QATA OUTPUTS
& OUTPUT DARLE | ;
Phos Loac - ¥ ouTruT surreRs
e
' > MM ) X
Ag=ayy e‘t‘:.tuum
ADORESS
WAUTS
290044 -1
Figure 1. Block Diagram
VUL e . represent the 87C256 version
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27C256/87C256

Y

e Pin Names SESED
o A1 | ADDRESSES IR : ey
0o~-0; {OUTPUTS _
OF _ |ouTPUT ENasLE '
CE CHIP ENABLE . *
i MENED G
| NC. INOCONNECT
| O.U. _ |DONTUSE ]
27108 . 2764A | 2732A | 2718 27C256/87C256 [ 2716 | 27308 T 270 27128
™
Vep| | vpe V, V,
A2 | Ay A A P& P&
Ay LA, 7 7 Veo | Vee N.C. Aqgg
Ag | Ag As As Ag Ag Ag Ag
Ag CAg :s‘ :‘e Ay Ay Ag Ao
Ag [ A Vep | Ay Ay Ay
Az { A Aj A3 OF GE/VPP Gg O
4, Y Az Az am Aqo Ao Ay A
Ay A Ay Aq CE CE Cy
Ao A Ao Ag o | o o, 0y |
O | . Go Co Os | Og Og Og ;
O | 0 0, 0, Os | Os Os Os :
O lo 0, O, : Oy |04 O4 O4 ’
Gd | Gna | Gnd | Gng 200044-2 Os |0 O3 ;
Figure 2. Pin Configuration )
| NOTE:
| intel “Universa Site™ -Compatibie EPROM Pin Configurations are Shown in the Blocks Adjacent {
Shaded Areas mwmnczsem :
it nrairs Vool OV | Ivee | Ipou ] [ e i
M7iam vexxs| | Pgad | {ars
w2700 saxxs Ate] a3
4 3 2 ] 2 30
“ Es( o 29 j a8 y
as E ] 28 j as
A E 7 27 ] Aty : s
< E s 32 PN PLce 26 j ne
s (11430 X vaaney =[] H=
At Enb_ (“imerens) 24 ] ~a
| P e s | I O :’ 34 ) )
1 1ZETrr: ‘ ¥ o
;‘ i = :C 3 {:
| & b )
b . o
7

290044-10
Figure 3. PLCC Lead Configuration
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- Z7o2s6/87C388 PRELIMINARY

" EXTENDED TEMPERATURE
(EXPRESS) EPROMs - -

t -
f electrically read only memories which
. have mhonalmsing to - enhance
product EXPRESS: s

available with 168 +8 hour, 125C dynamic burn-in
using Intef’s standard biag configuration. This proc-
93¢ exceeds or meets most industry Specifications

10 0.1% electrical AQL. This may afiow the user to
reduce or éliminate incoming inspection tesﬁng._

EXPRESS Options
27C256 Versions
Speed Packaging Options
Versions Cerdip PLCC
~1.

,;_ =T —'1
5_5: -2 T.LQ ,
L -2 T,L.Q
L_ - STD T.LLQA ]
f—— ~25 T,L,Q A
i -3 T,L,Q A .
—
. =30 T.LQA ]

|

READ OPERATION

EPROM Product Family

PRODUCT_DEFINITIONS
Operating
Type Temperature () Bum-in 125°C (hr)
Q. 0°Cto +70°C 168 +8
T —40°Cto +85°C NONE
L —40°Cto +85°C
A —40°Cto +125°C

2
3 A3
Ag (T4 257 Ay
Ag 5 240 A
A, s 23074,
447 27c2s5, 22 OE
4208 grcas6 21P1A10
Wi = K 20 36!‘ nv
Yeeq Ao 10 19 :;-.\r.{ocf
Og Lﬁr—c 11 18 :}-Q:V.. O
9 - 12 17 :}-qp.. 0g
02 w13 16 ) o,
Vss O 14 15.:-;3:] 05
20004412

CE=5v R=1Kkn Vee = +5v
VPP = +5V Vgs = GND CE = GND

]
~TLILT
ot N I

Arg

29004413
Binary Sequence from Ag to A,

Burn-in Bias and Timing Diagrams

099

Symbo Parameter il Test Conditions
. . : TTL 1.0 P
Vog Active Current (ma) ~ | T .30 OE=TE-v,
o, @ “ Vo Acve Current TTL 30 OF = TE = v, .
l“ at High Temperature (ma) 1 Vpp= Ve, Tambient = 85 C‘J
NOTE:

1. The maximum current value is with outputs Op to O7 unioaded.
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27C256/87C256

UTE MAXIMUM RATINGS*
ing Temperature During

et e, 0°Cto +70°C(2
eUnderBias ....... —10*Cto +80°C(2)

omperatwe . ....... —85°Cto + 125°C
Any Pin with

toGrouna ... ., . .. ... —2Vto +7v(Y)
Ag with :

toGrouna. ... ..... .. -2V to +13.5V(1)
Voltage with Respect to Ground

ogramming .. .
Voltage with
toGroung ... ... . ... -2Vt +7.0v(1)

<o...—2Vio +14.0v(1)

READ OPERATION

D,C. CHARACTERISTICS: 27C256/87C256

*Notice: Stresses above those listed under “Apso-
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
éxtendsd periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

rating it mperature is for commerciai product defined
by this specification. Extended temperature options are
available in EXPRESS and Military version.

3. T?Ai limits are at Vo = 5V, Ty = +25°C.

4. ALE/CE orCE is Voo *0.2V. All other inputs can have
any value witrJ

in spec.

|
1
|

B

]

|

. ' |

Parameter Notes| Min_ |Typ®3)| . Max |Units| Test Condition]
i Input Load Cument 0.01 1.0 pA |ViN = 5.5V
ho Output Leakage Current 0.01 1.0 rA Vout = 5.5V
PP, Vpp Read Current 5 200 HA | Vpp = Veg
5‘,% Vee Current Standby cMos| 4 100 | pA [CE = veeo
- 8 1.0 mA |CE = v,
i { CE = ViL
lcg, | Voc Current Active 5,8 30 MmA |t = § MHz,
i : louT = 0 mA
nput Low Voltage (+ 10% Supply) ‘
_ -0.5 0.8
REALY \ -
Vi vV Vpp = Ve
l+pm Low Voltage —02 0.2
| {CMOS) ‘ :
Input High Voltage (+10% Supply) 20 Voo + 0.5
. (TTL) ‘
[V Input High Voltage v |Vep=Veo
| (CMOS) {Vgo — 0.2 Voo + 0.2
VoL |Output Low Voltage | 0.45 V liop=21mA
Vo  |Otput High Voltage " 35 V llop=-25mA
| {OUtput Short Circuit Current 6 100 | mA
o Veg — 0.7 Vee Y

'S, MaximumActivepov’verusageisthesumlpp+ icc. The
maximumcuneruvalueiswiﬂtoutpuuootomm

8.

Outputshortodiornonmthanoneueond.NoMo

than one output shorted at a time. los is sampled but not
100% tested.

7. Vpp may be one diode voltage drop below Vce. it may
be connected directly to Ve, Also, Ve must be applied
simuitaneously or before Vpp and removed simultaneously
or after Vpp.

6. Vi, Vin leveis at TTL inputs.

100
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27C286/87C256 PRELIMIMARY
A.C. CHARACTERISTICS 27C266(1) 0°C < T4 < +70°C
5 T Vee £5% | 27C256-1 | 27C256-2 27C256 27C256-3
Versions(3) cc N27C256-1 | N27C256-2 N27C258 N27C256-3
Vee +10% 27C256-20 | 27C256-25 | 27C256-30 Unit
cc N27C256-20 | N27C256-25 | N27C256-30
ymbo! Characteristic Min | Max | Min | Max | Min | Max | Min | Max
tacc  |Address to Output Delay 170 © | 200 250 300 | ns
fee CE to Output Delay 170 200 250 300 | ns
toE OE to Output Delay 70 75 100 120 | ns
tort?  |OE High to Output High Z 55 55 60 75 { ns
ton(?)  {Output Hold from Addresses, CEor | 0 ) 0 0 ns
L Change-Whichever is First
NOTES.
1. A.C. characteristics tested at Viy = 2.4V and V) = 0.45V.
Timing measurements made at Vo, = 0.8V and Vo = 2.0V.
2. Guaranteed and
3. Model Number Prefixes: No Prefix = CERDIP; N = PLCC.
A.C. WAVEFORMS 27C256
i Vi l
! AODAESSES AQoRESS
1 Ve “
{
E Vin
tE
Y
) .- g™ -
Vin
o€ |
i
™ e
tace™ .
; Vi e 60 0 0 ’
: HIGH 2 /777;7 > MIGH 2
QUTPUY - VALID QUTPUT
;i v‘& m- e e e
: 2900445

NOTES: .
1. Typicai vaiues are for Ty = 25°C and nominal supply voltages.

= T™'s parameter is only sampled and is not 100% tested. ) _
may he delayed up to tog—tog after the falling edge of CE without impact on tog.

~ 101
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i [+ y oty
27C256/87C256 (PIRIS LU WRARY
REAJ) OPERATION
A.C. CHARACTERISTICS il
! : Ve + 59% 87C256-2 87C256 87C256-3
cc N87C256-2 N87C256 N87C256-3
Versions(3) 87C256-20 87C256-25 87C256-30
Voo £10% | Ng7C256-20 | NB7C256.05 N87C256-30 | Unit
Symbol . Parameter Min | Max Min | Max Min Max
Wi Chip Deselect Width 50 60 75 ns
taL Address to CE-Latch Set-up 20 25 30 ns
ta Addaress Hold from CE-LATCH 45 50 60 ns
TAGL CE-Latch Access Time 200 250 300 ns
' oE ; Qutput Enabie to Output Valid 75 100 120 ns
e E
tcoe |  ALe/CE to Output Enable | 45 50 60 ns
oHZie : Chip Deselect to Output in High Z 55 60 75 ns
| tonz® | Output Disable to Output in High 2 55 60 75 | ns
INOTES:
1. A.C. characteristics tested at ViH = 2.4V and V= 0.45V.
| Timing measurements made at VoL = 0.8V and Vou =2.0V,
2. Guaranteed and sampled.
8. Model|Number Prefixes: No prefix = CERDIP; N = PLCC.
AC. \&AVEFORMS”_; 7C256
|
i
ADORESSES 3 }000000000000000000000<X)C
N e §1 ) i
ALE/TE X {
ty [ toa
ﬁ \
OUTPUTS "
— [EN— —— Yooe tog ———f 'N—"l
of I ’E
l 260044-6

102
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.

CAPACITANCE() Ta=25C, f= 1.0MHz

Symbol Parameter Max | Units | Conditions
CiN ‘Address/control capacitance | 6 PF | iiy=ov “ |
Cour Output Capacitance 12 pF Vour = 0V

NOTE:
- 1. Samplad. Not 100% tested.

A.C. TESTING INPUT/OUTPUT WAVEFORM

24

28 - - 20
’ > TEST POINTS <
0as 0.8 0.8
290044 -9

A.C. testing inputs are driven at 2.4V for & Logic “1” and 0.45V
for a Logic “0” timing measurements are made at 2.0V for-a
Logic “1" and 0.8Y for & Logic “0."

DEVICE OPERATION

The modes of operation of the 27C256/87C256 are listed in Table 1. A single 5V power supply is required in

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

Cy = 100 pF
Cy Inciudes Jig Capecitance

C.

1.3v
1N914
: 2 33xn
———0 out
1

290044 -3

the read mode. All inputs are TTL levels except for Vpp and 12V on Ag for intgligent Identifier™ mode.

Table 1. Mo«;Ie Selection for 27C256 and 87C256

Pins :

W OE Ag Ag Vpp Vee Outputs
Vi vie | xm X Vee 5.0V Dout
Vi Vin X X Vee 5.0V High Z
ViK X X X | Ve 5.0V High 2
Vi Vin X X (Note 4) | (Note 4) Din
Vi ViL X X (Nots 4) (Note 4) Dourt
ViL ViL X X Vee (Note 4) Dout

‘ {Note 4)
ViH ViH X X (Noted) | (Noted) | HIGHZ
Vi Vi, | VW@ | vy Voo . VNee 89 H
Voo vl i@ vk | vee | Veo | som
vie | ve@ | ViH Vee 80H:

1. X can be V)_ or Viy
2 Vi = 120V x 0.5V,
A1-Ag A1p-12 = Vi

(95 )

ming.

4. See Table 2 for Vcg and Vpp voltages during program- |

5. ALE/CE nas to be toggled in order to latch in the
dresses and read the signature codes.

ad- |



- “e ) . 27C256/87C256 R LUt B

ead Mode: 27C256 | o ' by mode, the outputs are in a high impedance state,

independent of the OF input,
27C256 has two control functions, both of which
tbelogicauyaeﬁvehorderbobtainda_taatthe
- Chip Enable (CE) is the power control and  Two Line Output Control

) is the output control and should be used to Because EPROMS are usually used in larger memo-

data from the output pins, independent of de- Ty arrays, Intel has provided 2 control lines which
selaction. Assuming that addresses are stable, accommodate this multiple memory connection. The
address access time (tacc) is equal to the delay  two control lines allow for:

from CE to output (tce). Data is available at the out- a) the lowest possibie memory power dissipation,

after a delg_é of tog from the falling edge of OE, and
assuming that CE has been low and addresses have .
sen stable for at least tacc-toE. b} ::?lrr?c‘:tat:c zsrsurance that output bus contention
; T t ‘ icie CE
Hea d Mode: 87C256 0 use these two control lines most efficiently, CE

(or ALE/CE) should be decoded and usgg as the
. primary device selecting function, while should
; edgzgzrggu‘;:s %tmgg igir:{:égr: - be made a common connection to all devices in the
r systems w“hmams"' lexed address-data busses -array and connected to the READ line from the sys-
Chip count (and therefore power and board spaoei tem control bus, This assures that all deselected
an be minimized whe the B7C256 is igned as memory devices are in their low power standby
in Figure 4. The prodessok‘s multnqpleaslgxed bus - Mmode and that the output pins are active only when

‘ —) is tied o ‘| th address and data pins of the data is desired from a particular memory device.

87C256. All address inputs of the 87C256 are

fa hen ALE/CE is brought low thus eliminat.
ing the r:aed for a sec-serate address latc;‘\.s et SYSTEM CONSIDERATIONS
H T | 87C256 internal address latch is directly en- The power switching characteristics: of EPROMs re-

. h quire careful decoupling of the devices. The supply
d through the use of the ALE/CE line. As the  Curent, lcc, has three segments that are of interest
sition occurs on the ALE/CE from the TTL high e 5 )

: ‘ ystem designer—the standby current level,
to the low state, the last address presented at the the active current level, and the transient current
address pins is retained. Data is then enabled onto v ks that are oduce'd by the falii d risi
bus from the EPROM via the OE pin. 6dges of oh Eroduced by the faling and rising

- e edges of Chip Enable. The magnitude of these tran-

: sient current peaks is dependent on the output ca-

pacitive and inductive loading of the device. The as-
sociated transient voltage peaks can be suppressed
by complying with Intel's Two-Line Control, and by
properly selected decoupling capacitors. It is recom-
mended that a 0.1 uF ceramic capacitor be used on
every device between V¢ and GND. This should be
a high frequency capacitor for low inherent induc-
tance and should be placed as close to the device
as possible. In addition, a 4.7 1F bulk electrolytic
capacitor should be used between Vee and GND for
every eight devices. The bulk capacitor should be
located near whers the power supply is connected

N T A

[NV

; to the array. The purpose of the bulk capacitor is to
s P -+ overcoms the voltage droop caused by the inductive
ot effect of PC board-traces.
L
J n | PROGRAMMING MODES
. Standby Mode Caution: Exceeding 14V on Vpp. will permanently
] i . damage the device.
The 27C256 and 87C256 have Standby modes
whigh reduce the maximum Ve current to 100 pA. Initially, and after each erasure, all bits of the
Both are placed in the Standby mode when CE or EPROM are in the “1” state. Data is introduced by
ALE/CE is in the CMOS-high state. When the Stand-

2-61
104
|
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27C256/687C256

LI (TR T VITIIPNYSNTIN

selectively programming “0s"* into the desired bit lo-

cations, only:“0s” ‘will ba )
both *“1s” and “0s” can be present in the data word.
The only way to changea “0"toa “1" s by uitravio-
let light erasure. -

The device is htheprogfamming mode when Vpp is
raised to its ogramming volitage (See Table 2) and
CE (or ALE/&) i8 puised to TTL low and OF = ViH.
The data to be programmed is applied 8 bits in paral-
iel to the data output pins. The levels required for the
address and data inputs are TTL.

Program Inhibit

Programming of multiple EPROMS in parallel with
different data is easily accomplished by using the
Program Inhibit mode. A high-level CE (or ALE/CE)

level pulse applied to (or ALE/CE) input with
Vpp at its Programming voitage will program the se-
lected device.,

Program Verity

A verify should be performed on the programmed
bits to determine that they have been correctly pro-
%@mmed. The verify is performed with OF at VL and
E (or ALE/CE) at V), and Vpp and Vg at their
' programming voltages. Data should be verified a
minimum of tog after the falling edge of OF.

Optional Program Verify

All 27C256s with Vpp = 12.75V (12.5v intgligent
programming) and = V)L will present data on the
bu CE state. The optional verify

VlL(asopposedbﬁwstarldardveﬁfywhichhasCE
at Vi), and Vpp = Ve = 6.25V (6.0V intgligent
Programming). The outputs wilf then tri-state accord-
ing to the signals presented to OF and.TE. With Vpp
lowered to Veg (= 6.25V/6.0V—See Table 2), the
normalreadmodemaybeused_toexecmaapro-
gram verify. ) ~

intgligent Identitier™ Mode

The intgligent Identifier Mode allows the reading out
of a binary code from an EPROM that will identify its
manufacturer and type. This mode is intended for
use by programming equipment for the purpose of
automatically matching the device to be pro-
grammed with its corresponding programming aigo-
rithm. This mode is functional in the 25°C + 5°C am-
bient temperature range that is required when pro-
gramming the device.

To activate this mode, the programming equipment
must force 11.5V to 12.5V on address line Ag of the
EPROM. Two identifier bytes may then be se-
quenced from the device outputs by toggling ad-
dress line Ay from ViL to Vin. All other address lines
must be held at v, during the intgligent ldentifier
Mode.

INTEL EPROM PROGRAMMING
SUPPORT TOOLS

Intel offers a full line of EPROM Programmers pro-
viding state-of-the-art programming for intel pro-
grammable devices. The modular architecture of
Intel’'s EPROM programmers allows you to add new
suport as it becomes available, with very low cost
add-ons. For example, even the earliest users of the
iUP-FAST 27/K module may take advantage of
Intel’s new Quick-Pulse Programming Algorithm, the
fastest in the industry.

Intel EPROM programmers may be controlled from a
host computer using Intel’s PROM Programming
software (iPPS). iPPS makes programming easy for
a8 growing list of industry standard hosts, including
the IBM PC, XxT, AT, and PCDOS compatibles,
Intellec Development Systems. Intel’s iPDS Person-
al Development Systems, and the Intel Network De-
velopment System (iNDS-1l). Stand-alone operation
is also available, including device previewing, edit-
ing, programming; and i
data from any source over an RS232C port.

For further details consult the EPROM Programming
section of the Development Systems Handbook.
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27C256/87C256

PRELIMINARY

—_—

I8 7258 Wsec/cm2 (1 week @ 12000 pw/
cme<). Exposure_of the ce to high'-intenslty uv
light for longer periods May cause permanent dam.-
Fgez

CHMOS NOISE CHARACTERISTICS

paciat EP! proc d'techniques have enabled In-
tel to build CHMOS with features adding to system
reliability. These include input/output protection to
fatch-up. Each of the data and address pins will not
i2ich-up with currents up to 100 mA and voltages
fiom -1V 1o Voo + 1.

i

|
|
|

Additionally, the Vep (pr
to resist latch-up to the 14y

ogramming) pin is designed |
maximum device limit,

Quick-Pulse Pro
Algorithm

Intel's 27C256 EPROMs can
using the Quick-Pulge

grammingT™.

N
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27C256/87C256

) T

o
|

beng e, 75 o the PROM pro. Inteligent Programming ™ Agorhn;

o ] The intgligent Programming Algorithm has!;eet;a ‘
-PwaqP'megNoomhmusesWﬁal Gtandardlntheindustryformepastfewym.l\
of 100 microseconds {ollowed by a byte vei- flow-chart of the intgligent Programming Algorithm is

fo determine when the addregs byte has shown in Figure 6, ’

T ._«A...._‘.;_.......l..,».;;.;:lt;? o

- A flowchart of the Qu; -Puise. Program- different putse types: initial and overprogram. The i

ming |Aigorithm is shown in Figure 5, duration of the initial pulse(s) ig one millisecond, ;
which will then be followed by a larger ov am
e Quick-Pulse Programming Algorithm, the en- Pulse of length 3x msec. X is an fteration counter

tire saquence of programming pulses and byte verifi- and is equal to the number of the initial one millisec. '

Cations is preformed at Ve = 6,25y and Vep at  ong puises applied to a particular locatjon, beforg a .

12.75V. When programming of the EPROM has correct verity occurs, Up to 25 one-millisecond puls- f

been completed, af| bytes should be Compared to 6s per byte are provided for before the overprogram

the original data with Vee = Vpp = 5.0v. Pulse is applied.

|

in addition t¢ the Quick-Pulse Programming Aigo- The entire 8equence of program Puises and byte
athm, | the 27C256 is also compatible with verifications [g performed at Vee = 6.0V ang
Intel’s |intgtigent Programming Algorithm. Vep = 12.5V. When the intgligent Programming cy-

| | cle has been completed, all bytes should be com-

pared to the original data with Vee = Vpp = 5.0v.

2. D.C. PROGRAMMING CHARACTERISTICS 27C256/87C256 ;
5°C +£5°C i

Limits g

S

! Symboi Parameter Test Conditions i
Min Max | Unit i
i | g oo (All inputs) 1.0 A | ViN= Vi or vy |
Vi | | input Low Level (Allinputs) | ~0.1 0.8 v |
Vii | mput High Laval 20 | Vec+05 | v ’
Vo | | OupuiLow Voltage During Verity | 0.45 V oL =21maA |
| Vou | | Output Hign Voltage During verfty 35 | V | lon=-25mn !
| lece® | e Supply Current 30 mA
|ep2® | Vep Supply Gurrent (Program) o mA | TE=v,
Vip __As intgligent Identifier Vottage 11.5 12.5 v o]
Ver -._?;inteligem Programming Algorithm 12.0 13.0 v
i Quick-Puise Pr‘ogramming Algorithm 12.5 13.0 \
Vee T ntgligent Programming Algorithm 5.75 6.25 v
| Quick-Puige Programming Algorithm 6.0 6.5 \'

| 2es 108




(PN S Ul URILARS i

' , N GRS PRI EE BY ST T Typ - Max Unit
tas ‘Address Setup Time 2 us
toes OE Setup Time - 2 us
tps .Data Setup Time 2 us
L taH Address Hold Time 0 us
! 3 "
' oM Data Hold Time 2 us
‘ OE High to
. tope Output Fioat Delay | 0 130 ns (See Note 3)
tvps Vpp Setup Time 2 - us
tves Vce Setup Time 2 us
tow CE Initial Program | o5 100 105 us Quick-Pulse
, Pulse Width 0.95 1.0 1.08 ms intgligent ‘
- | - CE Overprogram
topw , Pulse Width 2.85 78.75 ms .{See Note 2)
toe Data Valid romOE = | . - , 150 | ns
tce ~-CE to Output Delay - 500 ns Optional Verify | |
: ‘R - |“% Vpp Recovery Time 2 us Optional Verity 1
tvPH Vpp Hold Time - 2 us Optional Verify
. AC. CONDITIONS OF TEST NOTES: o
Input Rise and Fall Times (10% t0 90%). .. .. . 20ns 1. Voo must be applied simultaneously or before Vpp and
input Pulse 0.45V to 2.4V removed simuitaneously or after Vpp. !
put Puise Levels . ............. soerU ‘ 2. The length of the overprogram pulse (Intelligent Pro- !
input Timing Reference Level . ......0.8v and 2.0V gramming Algorithm) may vary from 2.85 msec to 78.75 f
Onstput Timing Reference Leve! . .. ... 0.8V and 3.5V msec as a function of the iteration counter value X.
k o S . 3. This parameter is only sampled and is not 100% tested. |
e i Output Float is defined as the point where data is no long-
ettt S x or driven—see timing diagram. ' " ;
v R B S 4. The maximum current valua is with outputs Op to 07 un-
; et o loaded. ) ' {
‘a
‘ |
|
|
|
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Commercial
Industriaj

X2864A
X2864Al

8192 x 8 Bit

Electrically Erasable PROM

—16-Byte Page Write Operaticn
3yte or age Write Cycle: 5 ms Typical
e Memory Rewrite: 2.6 Sec. -

+ Byte Write Cycle Time of 300 us
i

—+Aj lows User to Minimize Write Cycle Time
* High Refiablility
—Endurance: 10,000 Writes Per Byte
—Data Retention: 100 Years
* Simple Byte and Page Write
—Singte Level WE Signal
—intemally Latched Address and Data
—Automatic Write Timing ‘
* JEDEC Approved Byte-Wide Pinout

DESCRIPTION

The Xicor X2864A is a 8K x 8 E2PROM, fabricated with
the same reiiabie N-channei floating gate MOS tech-
nology used in all Xicor SV programmable nonvolatile

Pinout for byte-wide memories, compatible with industry
standard RAMs, ROMs and EPROMs,

The X2864A Supports a 16-byte page write operation,
effectively providing a 300 ns/byte write and enabling

characteristics. -

|
|
™ 1 ’ -
PIN ¢dkﬂ@u$no~s FUNCTIONAL DIAGRAM -
"C' ‘i lgg%“ :<:¥¥ 8‘3 — '
- N N . 65.536-817
g = 3 = — Srcnes EPROM
s i’ x5 = —_ AND ARRAY
&Cl ! n: d :A" ‘O"AIZ choofa
s IR a g ADORESS .
~Je T . D& INPUTS | I .
ol CR G Y o g T Y — —
\C" ': i 5" P mm . - .
~g- L] =] oy ~ Lavcsies O BUFFERS
>Jw D -AND . ANO LATCHES |
> = 7 J oecooen | | L, )
I TR | T
oor0- | oomo-2 & — CONTROL
s LOGIC —
Ot “ano V0o-0y
N NAMES ! WE TIMING | DATA INPUTS/IOUTPUTS
T " Vec O—
0-A1p Addtess lnputs Vss O—m
'00-”07 Dat Input/Output : 0070-3
E Write Enable
£ ChipTEnabie
E Output Enable 17
| + tﬂm \ 1 Y, 1
S Grou S
C No Connect
!




A, X2864Ai

D

ANCE AND DATA RETENTION

m#\eter Min. Max. Units Conditions
surance 10,000 Cycies/Byte X ccr Reliability Report RR-520 —
ta Reftention 100 Years Xicor Reliability Report RR-515
(R
1ARACTERISTICS
+Ta = 0°Cto +70°C, Veec = +5V $£5%, unless otherwise specified.
MNTpl= — ‘C to +85°C, Voo = +5V 110%, unless otherwise specified.
setokints. |
| X2864A-25 | X2864A | X2864A-35 | X2864A45
ol | parameter X2864A125 | X2864Al | X2864A135 | x2864A145 |
| Min. | Max. | Min. | Max | Min. | Max. | Min. | Max.
Read Cycle Time ' 250 300 350 450 ns
Ghip Enable Access Time 250 30| | as0 450 | pns
Address Access Time 250 300 | 350 450 | ns
Qutput ERable Access Time 100 100 100 100 | ns
Chip Enable to Output in Low Z 10 10 10 10 ns
Chip Disable to Output in High 2 10 | 60 | 10 | 8 [ 10| 8 | 10| 100 ]| ns
* _{ Ovtput Enable to OutputinLowZ | 10 | 10 10 10 ns
¥ _| Ovtput Digable to Outputin High Z | 10 | 60 | 10 | 80 | 19 80-| 10 | 100 [ ng~-
Output Hid from Address Changs | 10 10 10 10 ns
‘ :

and max.aremeasuredtrommepbintwhen@orﬁéremmhigﬁ(Mverocaxsﬁrst)tothetimeMren
'.o%longerdﬁven.uqmiri.,m'nin.,t{znm.andmmNepenodwrysampledandamnot100%
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X2864A, X2864Al-
—— -,
ABSOLUTE MAXIMUM RATINGS® *COMMENT
f Te: . :ture Under Bias Stresses above those listed under '/ ::solute Marimun
X2BO4A .. ... . . ...=10°Cto +85°C ings” may cause permanent damage i« the device. This |
X2864Al ... ~65°Cto +135°C stress rating only and the functional operation of tre devic
Storage Temperature . .. ... ... ... ~-65°Cto + 150°C these or any other conditions above those indicate! in the
Voltage on any Pin with eratichai secticns of this spacification 1 not implied. Expoy
RespecttoGround. . ......... ... .. .. .. ... -1.0Vto +7V to absolute maximum rating conditions for extanied pes
DC.OutputCurrent . ... ... . . ...... . ... ....... S mA may affect device reliability.
Lead Temperature %
i (Soldering, 10Seconds) . ...... ... ... ... ......... 300°C ’ "
0.C. OPERATING CHARACTERISTICS "
X2864A Tp = 0°Cto +70°C, Vo = +5V £5%, unless otherwise specified. e
! X2864A1 To = —40°C to +85°C, Voc = +5V +10%, unless otherwise specified. e
i Symbol Parameter X2864A Limits | X2864Al Limits Units Test Conditics s
! Min. Max. Min. Max. ‘- - RS,
Icc Vcc Current (Active) 140 140 mA |CE=0E=v, - -t
: All1/O’s = Open T
' | ; Other inputs = Ve s
: | isg Ve Current (Standby) 60 70 mA | CE = Vi, O = v -8
| = Al 1/O's = Open .
‘ Other Inputs = Voo ]
u Input Leakage Current 10 10 pA | Vin = GNDto Voo 3
3 o Output Leakage Current | 10 10 pA_ | Vour = GNDto Ver;, CE =
Vi {2 input Low Volitage -1.0 0.8 -10 0.8 Vv o
3 Vi® | Input High Voltage 20 |Voc +05] 2.0 |vee 1.0 V S A
5 Vor Output Low Voltage 0.4 0.4 V llor=21mA
P VoH Output High Voltage .| 2.4 24 V_ |lon = —400 uA
TYPICAL POWER-UP TIMING i
; 3 Symbol Parameter Typ1) Jnits
S f teyr(? Power-Up to Read Operation 1 . ms
touwt2) _Power-Up to Write Operation 5 o ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vo = 5V | |
Symbol .| .- - Vest. Max. Units  ° Conditions.
Cys0t@) input/Output Capacitance . . 10 -1 . pF ~ ~ - Vo =0V
Ciy®@ . -»- | . InputCapacitance | ' pF___ 1 Viu=o0v
Tk e i e A S
A.C. CONDITIONS OF TEST . ... MODE SELECTION . S e T .
Input Pulse Levels| OVito30V | | *CE | OF -]-WE .|~ .Mode . 1 WO- . Pow
input Rise and 1ons . | st L ] H |“Read " " | Doyr | Activ
FallTimes '~ | SIS I L | H L -~ Write | Dw. i Actiw
input and Output 1.5V H X X Standby and HighZ " | ‘Stan
Timing Levels Write Inhibit |
Output Load éTT:L 1Gant° :"d X L X Write Inhibit — _
" L P X X H Write Inhibit — Z
Notes: (1) Typical values are for To = 25°C and nominal supply voltage.
{2) This parameter is periodically sampled and not 100% tested.
{3) Vy_ min. and Vy4 max. are for reference only and are not tested.
113 390
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X2864A, X2864A|

Write Cycle Limits

Symbol Parameter Min. Max. Units
twc(®) Write Cycle Time 10 ms
L tag Address Setup Time 10 ns
tAH Address Hold Time 200 ns
tcs Write Setup Time 0 ns
ton Write Hold Time 0 ns
tow CE Puise Width 150 ns
toes OE High Setup Time 10 |
toen OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
twPH WE High Recovery 50 ns
tov Data Valid 300 ns
tos Data Setup 100 -
N toH Data Hold 20 ns
| tow Delay to Next Write 500 ps
tsic Byte Load Cycle 3 40 ps
WE Controtied Write Cycle
ADORESS BEQ_ |
- l“-»
L BANNN il e ////71177x
o 4 4 )
WE
DATA IN -
h M
' ' HIGH 2 3
oara our TR »-
) -
A%

Note: (5) twc is the minimum
maximum time the d

cydenmelobeanowedfrommesys em pe
evice requires to automaticaily complete the internal write operation.

rspective unless pohng techniques are used né

114




(2864A, X2864A1
E|Controlled Write Cycie
aconsss * . KRR RIS JRIX
. B /.
[—togs—] toen [e—s-
u ¥ of S
L e N ""'41’77777/l ZlfZz7\
DAYA IN | X OATA WL m
e 200207034
DA ™ ouT HGH 2 :
ge| Mpde erfte Cycle
| ©%_/777 N7/ /A A/ /4 W];
& W@ L 77 KT\
4 — W /ﬁ
we o -
(7) *ADORESS ' /

writes to an unknown

- Vo XXX X X )9 e A X[ ST BYTE Y
4 ‘ SYTE0  8YTE1 BviE2 °Bvme © BYTEnet BYTEne2 . ©
Tt ach Successive writs within the page wie operation, A—Arz Should be the same or
page Operation, Aq~Ay2

writes within a write operation, OF can be

page write operations. Indiwdual
or WE controlied write cycle timing.

shown above are unique to
form fo either the CE

strobed LOW: e.g. this can be done with
the system for the next write; or with WE HIGH and

byte load operations within the page write must

115
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X2864A, X2864Al

r1 5 DATA Polling Timing Diagram(®) - .




, X2864Al

PTIONS

-A12)
inputs select an 8-bit memory location

Data is written to or read from the X2864A through the
1/0) pins. | ’

ation is terminated by either CE or OE
. This 2-line control architecture elimi-
tention in a system environment. The
in a high impedance state when either
IGH :

ions are initiated when both CE and WE
OE is HIGH. The X2864A supports both
WE controlied write cycle. That is, the ad-

urs last. Simiiar:y, the data is latched in-
rising edge of either CE or WE, whichev-

A byte write operation, once initiated,
lly continue to completion, typically with-

ration '
Age writq feature of the X2864A allows the entire
memory to be written in 2.6 seconds. Page write aliows

!
i

two to sixteen bytes of data to be consecutively written
to the X2864A prior to the commencement of the inter-
nal programming cycle. The destination addresses for
a page write operation must reside on the same page;
that is, A4 through A, must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte write cycle must begin within 20 us of the falling

—

edge of WE of the preceding cycle. if a subsequent
WE HIGH to LOW transition is not detected wiihin
20 us the internal automatic programming cycle will
commence.

DATA Polling

The X2864A features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation t0 determine the status of the
X2864A, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1705 (i.e., write data =
0x0c 0%, read data = 13000 x00x). Once the program-
ming cycle is complete, 1707 will reflect true data.

WRITE PROTECTION

There are three features that protect the nonvolatile
data from inadvertent writes.

. ® Noise Protection—A WE pulse of less than 20 ns will

not initiate a write cycle.

® Ve Sense—All functions are inhibited when Vee is
<3V, typically.

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes.

3-35
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X2864A, X2864Al

SYSTEM CONSIDERATIONS

Because the X2864A is frequently used in large memo-
fy arrays it is provided with a two line control architec-
ture for both read and write operations, Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where muiltiple
1/0 pins share the same bus.

| Ta gain the most benefit it is recommended that CE be

decodedfrommeaddressbusandbeusedasthem

read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus,

Because the X2864A has two power modes, standby
and active, proper decoupling of the memory array is of

% N AP PR

prime concern. Enabling CE will cause transient cus

spikes. The magnitude of these spikes is dependent:
the output capacitive loading of the 1/0s. Thore 'ore%s
the larger the array sharing a common bus, the larger

the tran-,ient spikes. The voltage peaks associated th....
the current transients can be suppressed by the propasiis
selection and placement of decoupling capacitors,
minimum, it is recommended that a 0.1 uF high

In addition, it is recommended that a 4.7 uF electroly
bulk capacitor be placed between Vce and GND
each eight devices employed in the amray. This bulk:
pacitor is employed to overcome the voltage dr
Caused by the inductive effects of the PC board tra e T 1

SYMBOL TABLE

: WAVEFORM INPUTS OUTPUTS
Must be Wil be
———— steady steady v
May change Will change ‘28
_ﬁ— from Low to from Low to 29
High High i - 3
May change Will change ~ S8
—“_ from High to from High to o 2
Low Low 0
Don't Care: Changing: ;4 3
m Changes State Not ...
_ Allowed Known e -
~ Center Line . 73R
, L _mpedanca - “rRl

et b
Tt

- = e o

: - ol
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N lized Active Supply Current Normalized Standby Supply Current
vs| Ambient Temperature vs. Ambient Temperature
| 14 —— 14
‘ | Vec=S.0v Il Vee =5.0v
r F\
2 — 1.2 —_—
38 2
o o
8 ‘ g
= X 3 10 _
« «
b 3 P 3
[ 4 -4
2 as 2 08 L
| N N
ols i 06
]-55 *25 *125 ~55 +*25 +125
| AMBIENT TEMPERATURE (°c) AMBIENT TEMPERATURE (oC)
0070-9
1
N lized A Time
vs. Ambient Temperature
i
—" R
i Vm=5.0v
12 }—’ e
Q i
5 o
b i
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........................... 7v
................................... .7V
Oponﬁng tree-air ummtum range: SN54AL808 ........................ e, ~56°Cto1250C
SNTAALSOB .0°Cto70°C
Storage temperaturs B R R R ETT PPN NI ~656°Cto150°C
; recommended Opersating conditions
4 | sNs4aisos 8N74ALS08 UNIT
- MIN NOM  MAX | min NOM - MAX
' Vcc Supply voltage 4.5 5 65 45 5 55 v
High-level input voltage 2 2 v
r_ Low-leve! input voltage | 0.8 0.8 v
'ou High-level output current. [___ ~-0.4 -0.4 | ma
o loL Low-lsvel output current 4 8 | maA
E“ Ta Operating free-sic temperature ) i -55 125 0 70 °C
slectrical characteristics over recommended Ooperating free-air temperature range (uniess otherwise noted)
SN54ALS08 SN74ALS08
;____W TEST CoNoITIONS MIN_Tvpt MAXT MIN_ Tver max] UMT
i Vi Vec =45V, . h*= -18 mA -1.5 ~-1.5 v
Vor VCC = 45V1056V, ion = S04 Vee-2 v ]
; Vec = 46V, loL = 4 mA 0.25 0.4 025 04
| Vou Ve = 45V 1oL = 8 mA 035 o0s5] Y
{" i Vec =55V, Vi=7V _ -~ 01 0.7 | ma
' C T m Vee = 6.5V, Vi=27v 20 20 | LA
» Vec = 5.5V, Vi=04V ~0.1 -0.1 | ma
'c; [ io? Vee = 5.8 v, Vo =225V -30 -112 | <39 -112 [ ma
! lech Vcc =65V, Vi=45vy 1.3 24 13 24 ma
) Vee = 55V, Vi=ov 2.2 4 2.2 4] ma
2 T;l typical values are a1 Vee =Sy, Ta = 25°C.
o # The output conditions have been chosen 0 produce » current that ciosely spproximates one halt of the true short-circuit output current, los.
(% switching characteristics (see Note 1) ,
;, Vee = 45Viob 8y,
g ;' CL ~ 5O pF,
i FROM TO R = 500 Q,
(3 PARaMeTEm INPUT) (ouTPUT) TA = MIN 1o MAX NI
E ! SN54ALS08 EN74ALS08
~ MiN MAX | N MAX
n L tPLH AowB Y 4 18 4 14 ns
. terL AorB Y K 12 3 101 ns
NOTE 1 Famm«uwn.g. waveforms, see page 112
\_ A———
: Ti
T lNSTRElm%NTS
POST OFFicE 80X 225012 DALLAS, TEXAS 75§51
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PES SN54AS03, SN74As08

_ TY
QUADRUPLE 2.INPYT POSITIVE-AND GATES

FThn gy

— ‘,3.-~.~_, e

Storage t8Mperature range . | .

- ) P 0.1 t 01! ma |
e T_-___‘__~VCC =55V, Vi=27y o o 20 e —_2\0‘«_"#A !
TN wEv Vi =04V 05 f 5 1

R S ™ e S -“a—T_-\.._J

te. T Vec =585y, Vi=0vV
[ — VCC = 5V, T, = 2550,

T EDNIIONS ave been chosen 1o produce 8 current that ciosety

i
switchl}-og characteristics {see Note-1)

Low-

) High-level inpyt voltage 2 2 ‘ I‘QV
— —--'—ﬁs‘\\‘_“}—xk \#\-ﬁ\ﬁ» ——— ]
level inpyut voitage 4_‘ 0.8 ! . 0.8 v
.-.._\ TTTTTY———— %_:::T? :_. —
High-level Output current | ~2 -2 ma i
Low-lave} output current Q'F 20
Operating free-air temperature ~-58 125 o]

+ VCC = 45Vi088 Y, Ton s o3 mA C e ! !
== <mA v . a—— T
__Vec =45V, oL = 20 mA r——2035 051 535 53 v
I VeeTssv Vi=7Vv

Sl absolute maximum ratings over Operating free-air temperature fange (unless otherwise noted)
.
} | Supply vaitage, Vee

7V
§nputvmzage . S . R AV
Operating freg-air temperature range: SN54AS08 . -=55°Cto1255¢

SN74ASOB..,.,.. --.0°Cto70°C

....... T - =65°Cto150¢°¢

recc%mmondod Operating conditiong

——— \\\\7\\_
| SNE4ASO8 i SN74AS08

F\\,**-- NOoM o= unIT
e Mege T ————— | MIN nowm MA".&MMA’S ]
Supply vohtage | 4.5
- .._4--\‘\\ .

-
|
'

i 4.5 5

2 5 55 5557 v ]

20 mA |
70 Hﬁ

air temperature range (unless otherwise noted)

SNS4ASOs | SN74AS08 ?

MIN  TYpPy MAX
——— MAX

]
12] v

. 49 24 | qa |

approximates one half of the true short-circu:y Sutput currens, 'OS'

ALS AND AS CIRCUITS m

A A Vec =45Viessy, ,
,‘ / CL = 50 pF, ! ,
! FROM T0 R, = 500 g, / |
; NIT |
PARAMETER ‘ (INPUT) (oUTPYT) Ta = MIN to MAX v
SNS54AS08 SN74AS08
o : , MIN MAX | MiN MAX
PPl AorB Y 1 6.5 1 5.5 ns
PHL 1 AorB Y 1 6.5 1 5.5 ns
;OTE 1: Forlload circuit snd voltage waveforms, see page 1-12.
2 C i
! | TExas 2-23
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TYPES SN54ALS32, SN54As32, SK74A1832, SN74AS32

QUADRUPLE 2.1Npyr POSITIVE-QR GATES

D2661, ApRy 1982 - REVISED DECEMBER 1883

R L S SR

Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIps

Dependable Texas Instruments Quality

and Reliability

description

These devices contain four independent 2-input OR
gates. They perform the Boolean functions Y = A . B
orY = A-Bin positive logic.

The SN54AL532 and SN54AS32 are characterized
for operation over the fulf military tempaerature range
of —~559C 4o 125°C. The SN74ALS32 and
SN74AS32 are characterized for Operation from Q °C
to 70.°C,

FUNCTION TABLE
teach gate)

fogic symbot

-t * (3)

Y
132 ‘

PYV. '

. () E\G) 2y
———mannand

3A-t19) ®
(10) 3y
3B B -

4A

12

{11)
{13} 4y
48

Py mumibers shown are for J ang N packages.

SNE4ALS32, SNB4AS32 . <4 PACKAGE
SN74A1532 SN74AS32 | N PACKAGE
{TOP ViEWw)

SN54ALS32, SN54A832 | FH PACKAGE
SN74ALS32, SN74AS32 . FN PACKAGE
(TOP VIEW)

N

N terngt ronnect:gn

lNSII?UMENTS 123
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TYPES SN54AS32, SN74AS32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

abgolute maximum ratings over operating free-air temperature range {unlasg otherwise noted)
Supply vohtage, T e e L7V
lnputvoltage.., ...................................... T Y ALY,
Oporating free-air temperaturg AnaeSNSaAssz T e =BB9C g 25°C
‘ SN74As3z2 el -0°Cto70°¢C
| Storage temperature range

.................. S . —65°Ct0150°C
recammendad Operating conditions

f-—%\\~~— \‘T‘\ -----
SN54AS32 SN74AS32 UNIT
i | [ MIN  NOm MAXx | my NOM  max |
- e -~--\- 'ﬂ\-~\j\~—¢
VCE .. Bupoly voirage 7 45 5 55 215 e SVM
Vgﬂ Eigh—leve! input voltage I 2 ; 2 VN
——— v, —— —-—M\\~».\wﬁ.\——.g.»““‘“_‘_.w*\~\\—\#‘\J
Vi Ow-leval npy voltage i 0.8 | 08! v
i ~~~~~~ h-leve: outoit sarremr I e S »—ﬂj
DR N igh-leve: SUIBUL current ~2 -2 mA
iDi 20 | ma

0;. W-lgvei Sutput currgnt T \ ) 20 h.i_“&‘

perating free-ajr t8Mperature

8Mperature range (unless otherwisgg noted)
g
I SN53As32 SN73AS37 oNiT
- —— i _MIN TYP[ MAX l
Vee = 45V, It = =18 ma “12 ] v ]
Voo =43 V55V, ion #o Vce-2 Vec-2 [ v
A, \"T\\—
L.Yec =45y, loL = 20ma ; 635 05 935 o5 v
] JCC =55V, Vi= 7y 0.1 . 0.1 mA
VCe =55y, Vi=27y 20 20 m
Ve =55V, Vi=0av -05 ~05 | ma | wn
Vec =55V, Vo = 225 v -30 =112 | _3g ~112 ] mas o
Vee = 55V, Vi=4ds5y 73 12 73 12 mA ] S
[Ty V=5 N T 3
A= oy —_— Tt
tVCE = 5 V.Y, « 2500, [oed
have been chosen to Produce 3 current that closely 2Dproximates one half of the trus short-circunt Oulput current, los- c_)
teristics (see Note 1) w
Ve =45 Vios5 v g
CL = 50 pF, 0
| FROM TO AL~ 6000, 2
! (INPUT) (OUTPUT) Ta = MIN to MAX <
MIN MAX ‘ _‘?
ot
o t;;; i A AorB <
or
E 1 For Kiad circuir aha voRage wavelorms, see Page 1.12.
L
|
*—1
| Texas ’ 2-61
INSTRUMENTS
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Supply voltage, Vee

T 7v
Input e s 7v
Oper-ting free-air temperature range: SN54AL832 ................................ -550¢ to1250¢
SN74ALS32 e S 0°Cto 70°¢C

Storage temperature wnee. T L

........... ..~65°Ct0150°C

fecommended Operating Conditiong

f
t Vee Supply voktage

| Vin High-

L2

level input voltage
Vi Low-leve! inpuy voitage

o High-leves OUtPUt Curreng .
lot Low-lgvej OuUtput currant
i Ta Operating free-air temperatyre

TEST Conpmions %
\Vcc =45y, h = 18 ma
\VC *45Vics s Vv, lon = ~0.4 mA

Vec = 45 v, oL = 4 'ma
Ve = 4.8 v, 0L = 8 ma
Vcc-&.sv, Vi= 7y
Vee =58 v, Vi=27vy
Vee ~ 5.1 v, Vi=04y
Vee = 8. /, Vo = 225V
Ve =5 T Vi=4sy
Vec =~ 5.5 \Z

TAN ty,

Dicllvﬂu..nnnvcc LA 28¢C,
2The outpur conditions haye been chosen

Switching chanctorhﬂcs {see Note 1)

P
12
g
g\
|
|

Vee = 45Vioss v,
CL = g0 pF,
Ry = 500 Q,
TA = MIN 10 MAX

128}
2460 I
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TPES SN54ALS138, SN54A8138, SN74AL3138, SN74As138
3-LINE TO 8.LINE DEL‘ODERSIDEMUI.TIPLEXEBS

D2881, apai 1982 - Revisep DECEMBER 1933

® |Designed Spacifically for High-Speed Memory SN54AL8123g, 8NG4AS138 . . PACKAGE
Decoders and Data Transmission Systems SN74ALS 138, SN74As138 . . PACKAGE
. rates 3 Enable Inputs to Simplity Cascading _ (TOP view)

/or Data Reception

vVee
® ckage Options include Both Plastic and Ceramic Y0
Chip Carriers in Addition to Plastic and Ceramic Dips \8
, =

® Dependabie Texas Instruments Quaiity and Reliabitity Y3 "

Ya
description Ys
The ‘ALS 138 ang AS138 circuits are designed to be used in high- Y6

SN54ALS138. SNS4AS138 - - . FH PACKAGE
SN74ALS1 38, SN74AS133 . . . FN PACKAGE
decprders and the enable time of the memory are ugually less than

(TOP ViEW)
the |typicai 8ccess time of the memory. This meansg that the
effefcmve system delay introduced by the Schonky-clamped %) 8 o
sSystem decoder ig negligible.
3 2
The Conditions at the binary selact INputs and the three enable
npuls seiect one of eight Input lines. Two active-low and one - Cla 18 Y1
activie-high enabte inputs reduce the need for external gates or G2a s 7UY2
inverters when éxpanding. A 24-line decoder can be implemented - GNC J 6 :6 {ne
wit exte:nal inverters and a 32-line decoder requires only one . 2B l. 7 syv3
nverte:. An anatie input can pe used as a data input for . G1 e 1Qva
demqmplexmg applications. 172}
. ~00®© o -
The LSN54AL5138 and SN54AS138 are characterized. for > 5 Z > > 5
operation over the full military temperature range of -559C o O
125°C. The SN74ALS138 and SN74AS1 38 are characterized tor NC=No intemal connection o
operation from 0°C 1o 70°C. ard
&)
| 2
Ipgic symbois {alternatives)
‘ Q
8iN/OCT OMUX <
(N LW - (15)
e o e Ao ] Yo )
BL 2 1 g‘av' BL G% 1 &y1 —
e __ 2&'2 c2_f, a3, g
3 ‘ va 12 va
1
- = Bt ’v © - & (nl“
G‘T 5&’_%,' G1T sha 101 ve
au-—-hm €N b :1’: ve Bu—h‘s’ sh®
S s . 828 - ) L
Paninqmb.u shown are for J and N packages.
! ; Copyngh[ S 1982 by Texas Instruments Incorporateg¢
| TExAs - 2-113
/ INSTRUMENTS
. POST OFFiCE BOX 225017 & JALLAS TEXAS 75265
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: ] U {18) vo
| - ) D b .
| ’ v ‘ i14)
| Y1
| 4
o | = a2 v2
SELECT s 2 DE ‘ )|
s : - | (124
[ - Y3
. i {11) Ya
c (3 f[: E : l
i { ,
) S { (10) ve
' 193 ve
E 14) i —
24 — n
ENABLE gz. - 3 — vy
wNeuTS

G1 {8)

Pin numbers shown are for Jand N Peckages.

T e e

FUNCTION TABLE

ENABLE
INPUTS
mm Yo

SLINJuIo sy dNV sV

*G2 = G24 +828

nge: SN54AL5138, SN
SN74AL8138, SN

- 2112




. TYPES 8l54AlSI38. SqA74AL8133
3-LINE TO B-Ling nsconsnsmmummxsns
recommended Operating conditions ’
' SNS4ALS 138 SN74ALS138 m
VCC __ Supply voitage mmn
ML By —— : _!—n
YL Lowievl nput vortege ‘,ﬁn
'O High tovel ovrpet s ‘z.wm
OL___ Low-level output cumens ‘.‘;.m
"4 Operating trew-s temparerors M‘_a“
, electrical characterlttica Over recommended operating free-ajr temperature range (unjegg otherwise noted)
- - SNS4ALS 133 SN74ALS138
, paunfl'sn TEST CONDMIONS MIN_TYPT aas MIN_TYpT gl UNIT
v Ve ~ 45y, = ~18ma -15 -i1s] v
 Von Vee = 45Vicss v loH = —04 mA Veo -2 Ve -2 %
b= - Vec = a5V, lot = 4mA 025 g2 025 o3 v
i oL Vec =45V, oL =~ 8mA 035 o035
Iy Vec =55, Vi=7V 0.1 . 0.1 ma
i Vcc =S5y Vi =27y 20 2]
T Veec =55V, Vi=04y -0.1 -0 ma
igf Vec =58V, Vo =225y ~30 112 [ "3 112 ma
ice Yec =55y 5 10 5 101 ma
YAD typica values are a Vee =5, TA = 259, I .
*The output conditions have been chosen to produce & current that Closety #Pproximates one haif of the true short-circuit outpy current, ing.
- 72]
=
‘ >
switching characteristics (gee Note 1) &)
- ‘ Vec =d5viessy 2
: . CL = 50 pr, &)
? FROM TO RL = 500 g, (7))
; : uNnIT
PRRAMETER owpUT) ouTPyT) TA_= MIN 1o MAX <
* ‘ SNS4ALS13g SN74AL813g o
i MIN MAX | miN MAX 2
tpLH [ 27 6 22
'N\‘WL ; A B C Any vy ; 27 | g ——22 5 <L
S ————
tPLH 4 20 4 17 n
t: L | Enable Any ¥ 5 T 5 7 -l
— < .
NOTE +. waadckc\itmwm'm. $8¢ page 1-12. -
;
'y
- AN }
TExas 2115
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1YFED JWIGALIZY4TA, ONVGADL4D, OSN/GALSZ4HA, SN74AS245
OCTAL BUS TRAHSCEIVERSWITH 3-STATE OUTPUTS

D2681. DECEMBER 1982 — Revisep OECEMBER 1983
® 3-State Outputs Drive Bus Lmos Directly SNB4ALS246A, SNE4AS245 . J PACKAGE ’
SN74ALS245A, SN74AS245 - . N PACKAGE

® P-N-P inputs Reduce D¢ Loading (TOP Vigw)
® °‘AS Version in Development. Data Will Be Provided As

It Becomes Available. Contact the Factory for Latest

information
e p

ge Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic lnd‘Ceumic DiPs

® Dependable Texas instruments Quality and Reliability
i

1
description

Thése Gcial bus transceivers are designed for synchronous two-
way communication between data buses The control function
smplementation minimizes external timing requirements.

‘ SN54ALSZ45A. SN54AS245 FH PACKAGE
Th4 devices ailow data transmission from the A bus to the B bus SN74ALS245A, SN74AS245 . gN PACKAGE
or ﬂfom the B bus to the A bus depending upon the logic level at : (TOP ViEw) '

the firec’tson cantrol (DIR) input. The enable input (G) can be used
1o disabie the device so that the buses are effectively isolated.

The ! 1 version of the SN74ALS245A is identical to the standard
1

verséon except that the recommended maximum I is increased

10 48 miliamperes. There is no — 1 version of the SNS4ALS245A

The }SNSAALSZ‘lSA and SNS4AS245 are characterized for

operatior. over the full military temperature range of ~55°C 1o 1
1259C The SN74ALS245A ang SN74AS245 are characterized g
for operation from 0°C to 70°C. !
; 2]
i = i
! >
.FUNCTION TABLE g
ENapLg | DMRECTION OPERATION > ;
CONTROL {
G %) ‘
.DIR . < ;
L L B data to A bus !
L H ‘1 Adata to B bus Q {
H X Isolation 2 :
' g
n
-~
g

Copyright © 1982 by Texas lnstruments Iicorparstac

s

Texas 2.235
INSTRUMENTS
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‘3-STATE OUTPUTS
logic diagram (positive logic)
[A}]
om @ logic symboi . ¥
. o s i
-G
1 - .
a2 g ‘n?’ 53
118 _— DIR JENT [BA]} o
a2ty , 3 EN2 (AB) ,J ‘
[ 2}
B Vet L . a1 { o1 g . (18) 81 ‘
(4} : D 2v b
A3 - (3) 17 ’
L ¥ ne_. A2 = ) - :m’
8) . A3 —ap—| 40— g3
. 5) -
1 : s | L as ey I —
1s) ' 16) 14)
f - AS ‘—7)‘—.—- A "‘L'?, -1
f As [ 114) N " B
| o " AT S = 87
A8 A8 "‘-‘O—, 88
. {33) as
3 8 Pin n mbers sho tarelor Jang N &
; A? u wo are packages.
! I—V LETI.
| as Y
1; 1y
absolute maximum ratings over opouting free-air tempofatura fange (unless otherwise noted)
Supply voltage, Vee . S S S . R 7v
! Input voltage All lnputs o R o e 7v
‘ ‘ - /0 ports: S . e e 585y
! Operating free-air temperature range SN54AL8245A ............. . e ~55°C t0 1259¢
' ¥ SN74AL524SA ....... RRIEII e 0°C to 70°c
, Storage temperature fange . . e . e =65°C to 150°¢
]
. «‘ '
3“ g recommended Operating conditiong
! ; T SNS4ALS245A SN74ALB245A T
§ - MIN _NOM _ MAX | miN NOM  mAX
g - YCC ___ Supply vohage - | 4.5 5 55| 48 § 551 v
; L ViH High-teve! input voltage 2 2 v
i LV Low-level input vortege ‘ ‘ 0.8 ‘:-3 v
; L lon High-level output current ~ ‘1; ‘ -2: mA
H ‘ oo Low-level output Current - T mA
g r“ Ta Operating free-air tomponm : -65 . 125 0 ] 70 .°c :
m.mmmwmdvcc-mﬁumnsv.mszsv.
f ‘ : mwmmmmwsmmsuu-vm
t
|

- Texas
INSTRUMENTS
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ébctricd‘ characteristics over recommended operating free-air temperature range {unless otherwise noted)
Rl SN54ALS245A SN74ALS245A
PARAMETER TEST CONDITIONS NIT
A MIN TYP!  Max | min TypT max | Y
Vik Vee = 45 Y, If = ~18 mA - -1.5 -1.5 \
Vee = 45V t0 5.5V, IoH = -0.4 mA Vee -2 Vee -2
Vv =45V, I¢ = -3 mA 2.4 3.2 4 .
Von cc OH 3 2 3.2 v
Vee = 4.5 v, loH = -12mA 2
Vece = 45V, IoH = - 15 mA 2
vee = 4.5V, oL = 12 maA 0.26 0.4 0.25 04
Vv \" = 4.5V, i = 24 mA \
oL cc oL m 035 05
B . gy = 48 mA for - 1 versions)
. Contro! mputs Vee = 55V, Vi=7V 0.1 0.1 A
" Ao Bpons Vee - 5.5 v, Vi=55V 01 o1 ] ™
Control nputs 20 20
i V = 565V, Vi= 27V A
i A o B ports? cc. ! 20 20| *
Control inputs : -0.1 -0.1
v = 55V, Vi =04V A
i A ¢r B poris? cc I -0.1 -0.1 m
0! Vee = 5.5V, Vo = 2.25 V -30 -112 | ~30 -112 | ma
Outputs high 30 48 30 45
ee Vee =S5V Outputs low 36 60 36 55 | maA
Qutputs disabled 38 63 38 58
TAR typecsi values are o VEE =5 V. Tp = 28°C.
*Foe 1O ports, the parameters i 8nd Iy inciude the off-state output current.
57he oUIpUt condrtions have been chosen to produce 8 current that clossly approximates one haif of the true short-circuit output current, ing
switching characteristics (see Note 1)
Vee = 45V iw 55 Y, (7))
‘ CL = 50 pF. o
; R1 = 500 Q, 5
i FROM TO R2 = 500 Q,
PARAMETER uNIT (&)
! {INPUT) {OUTPUT) TA = MIN to MAX o
SNS4ALS245A SN74ALS245A 6
MIN MAX | MIN MAX
3 15 3 1
PLH AorB Bor A 9 ns 2
oL 3 13 3 0 g
= 5 25 [s]
tPZH G AorB > 2 ns Q
tPZL 5 25 5 20 2
PHZ - 2 12 2 10
G AorB ns <
T i,z 4 18 4 15
NOTE 1: For ioad ewcun and voitage waveforms, see psge 1-12. &l
I !
| TeExas 2-237
| INSTRUMENTS
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S1INJyID

Storage temperature fange . .,

range: SN54AS245

air temperature range
: SN54AS245
PARAMETER TEST CONDITIONS MIN TypT MAX
Vik Vee = 4.5 Vv, | » —18 ma -1.2
Voo = 45 v to 5.5V, IoH = -2 ma Vee-2
v Vee = 4.5 V, IOH = -3 maA 2.4 3.2
OH Ve = 45V, 'O = -12ma 53
Vee = 4.5 Vv, 04 = 15 ma
] v Veg =45y, oL = 32 ma 025 o5
oL Vec = 45V, IoL = 48 ma
Control inpuyts Vec =55y, Vi=7v 0.1
A or 8 ports Vec =55V, Vi=55y 0.1
:T'":p':”:‘: Vee = 6.5 v, Vi=27y :g
i .%::m Vee = 6.5 v, Vi =04y - o.‘;'si
Vec =55y, Vo =225v - 30 -112
. Outputs high 62
Vee =55y Outputs jow 95
Outputs disabled 78

{uniess otherwise noted)

SN74AS245
MIN _TYPT pax] UNT
12 v
Vee -2 :
24 33
v
73
035 ozl Vv
o
0.1] mA
20
50| *A
o1
~0.75] ™A
“30 112 | A
82
95 mA
79

I ———




f b i,
ST e e

{

i ( -

o ANSCI LS SNB4AS245, SN74AR245
- | OCTAL BUS TRANSCEIVERS WITH, 3.7 57 OUTPUTS
| 4
%

“ :m,‘.m (see Note 1) o

b ’ Vec =46 Vwss vy
Cp = 50 pF,
i Rt =~ 500 ¢,
L FROM TO R2 = 500 g
: | PAM*EIER 3
a1 iNPUT ouTeuT) Ta = MIN 10 MAX UNIT
i \
5 SN54A8245 SN74AS245
278246
L o " —{MIN_TYP' “MaX | wiN TYPT  max
H tH H : \
"r AorB Bora \‘L‘_ 6
H H -
[ Buaa G AorB —_—
L tez 1 8
M T oz — -t
p— - G Aorg 4.5
ol Pz >
?’A“' . values are at Ve x5y, Ta = 25°C.

;NO‘TE‘ ¥: For load pircuit and voltage wm'omu,uomo 1-12.

1

i l
o
O
o
-—
Q-
7))
<
Q
2
<

. 7]

‘i -t

é =,

é |

T —
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Naﬁona' e o -""?t"'f;“‘“»”;;_*swh LT

DM ALS14IDM74A‘LS14 Hex Inverters with
Schmitt Trigger Inputs

PRELIMINARY

‘IvisTvpsia

&
~
| &
, | =
! i £
§‘ General Description Absolute Maximum Ratings ot 1, ;
’5 This gsvice LOntame g ndependent gates, each of which Supply Voltage v t
| periommg 1he LT INVERT fun;tiqn. Eaa,‘h input has nput Voitage 7V }
j Nysieresis vr.,. ases the noise immunity ang tr;ns- Storage Temperature =65°Cto + 150-C
Cforins & ke '3 niput signal to a fast Changing,
| Jitter-freq
: Note 1; Tp. L EYRE Max:imym Ratingy are e valyes teyong
! ; which the sately of the gevice Cannstbe Gua-anteen The device should
| 19T De uperated 3t trage fMis The faramietne vaiues defined 1n the |
? IFeatu‘b'es E!ec:ucai Characrensr;as’ table are r.p Guaranleed gt the absoicte ,
: . maximum ratngs. The ‘Re.;ommende.j Opﬁrarmg Conaitions™ table wilt |
S\N[’fcqing specifications ay 50 pF deline the cond.tigng f, aCtual device orerangn I
Switcnjing specifications guaranteed over tyy) |
| temperature 4n Ve range

Amaniecz sxide-isolated, ion-implanted Schonky TTL I

Droces .

: J Funcujna.'r, and pin-tor-pin compatibte with Sc'noztky / -,
angd low powe: Soh Ottky TTL Counterparis i

[ o lmbrovq‘d AL nericrmange over Schottky and low E :

Power Jenotiay courterparts

|

R S T —
i i

1

| Ctonnedtion Diagram . Function Table

Dual-in-Line Package

]
x !
Y= A i
Yoo oA v Az vs as ) l
) T R e
J!._~-.;L_---é'_ il ‘” - l’ l' Input i Output J
o N a—-

|
i H = high iogic ieve!
’ ‘ $ ‘-‘] N L=low iogic ievei
T i N
i .

i IR el

i L] 5 ¢ ?
. 2 v‘: . A’J V’J s8D
; . i TUFiG1831
z |
I DMS54ALS 14 () DM74ALS14 (N)

{
s'

i ., « . e SCCALAGe this aduet wit it notice
TSgakuren o dns s emanon Of & product unger deveisnment NSC TESETVES the ngNt 10 crange or wstranage shis Freduet witheut ne i
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hw"EMHALsM

Min
Suppty Voitage 4.5
e, -._._‘____.,;_‘
Positive- (zomg Input "4
7nreshoid Voltage (Note 1;
SN

Nagative- -Going Input
: m eshold \/O“aOE(N/"U 1)

; n put Hy<t~xesxs (Note - T

; H ! 1
S Bt R B = S
ol Le—ver O tput Cunem 4‘_ 14 ! | - 0.4 ;

| i ‘ LT LpVe‘ Outpu! Currﬂr' I T ‘4; T 7“"“‘_“ ﬁ-w?»"
e e LT Puteut Gy e e SR S —
‘ Fee A Op Operating [ 125 17 j 70

. { 1

i rat i

i . Perature —— | A_k,,_fi, ] S

Elecmcal Charactenst:cs over rec

Ommended Operatin

Symbor Parameter | Conditions’

!
)t

| e e
i Input Clamp /
]

g free air tempearatyre {unless otherwise noted)

——

Vee = Min, Iy = ~ 18 mA
VQnage

utput

C o Low Leve) Qutput
- ! Voitage

input Currem at
Positive. Going
:h'esnold

i
I

‘rout Current at
‘ D Negative-Going
i - " Thresholg

- —
i Input Current at Max

P f o oInput Voitage

T

’,‘ e ! High Level Input

o i Current

S

{ ;i"

Low Leve! Input
i Current
—
o - Output Drive
Current

’“N ‘: \‘f\\
! eew “‘ Supply Current with Ve = Max
: ‘ ~ Dutputs High

\T\\\ —
SLDD;YCU’FGM with 1 Voo = Max

Cutputs Low ;

,
S Mﬁrm“‘

Noter i ... YOC v, Th =28

@

e [ -

- i - T £
2 3%
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éwftchiag« niaractsiistics.
Symbol

—
o

e o e

- | Propagation Delay Time, Vec=45v
Low to High Levei Output R = 2Kk,

]

[P
i High to Low Level Cutput

3

Pagation Detay Time, | CL=50 pF

Note |3: Al typi Fals are a1 v~( =8y, Ta=25* C

e

Paramater . Conditiong

055V,

(Note 3) Maxv Min ’

136
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N
e, i

i
| SU—

Nou

\
1
Noui

_ngh ro Low Level Outpyt [ J_
Voo =8V

At ty e “diS are al Voo w 5y, Ta=25C.

|

I

3 pibes JB?
- T

|

|

|

— - Vi
. : : | ~04 mA>
» I Low Leve! Outpy Current 8 mAY,
5 Free Al Opofaﬂng 0 70 )
) i Temparature : Z
’ Electncal Characteristlcs Over recommengeq Operating free ajr temperatyre (unless otherwige noted) i‘
[ ?
Il Symbor | Parameter Conditio Mi Typ .
- N oo | Notez | Max Unity
‘ R "9_ Input Ciamp Voitage Vec = Min, |, = ~18'mA -15 Ve
‘f Ve ; High Leve| Output Vee = Min OM54 Vee -2 3.4 Vi
: | Voltage lon=Max [ Vee-2 34 v
Vi=Vi_jin .
Ve | Low Levej Output Ve = Min DM354 0.25 0.4 v
; ! Voltage loy = Max DOM74 0.35 0.5 V.
,§ 1 L Vi= Vi, Max -
' fr ! input Current at Vee=5V, v, = vy, 0.03 mA
Positive-Going 3
. Threshoid
T
R . Input Current a1 Vec=5V,v,= v, _ 0.034 mA.
i Negauvo-Gom .
; ; Threshold
; Input Cusrent at Max Ve = Max, v, = 7v 0.1 mA
! i input Voitage
I + —_
| High Level Inpuyt Vee=Max, v, = 27v 20 WA,
i | Current : r
,' g i Low Level input Vcc=Max. Vi=04v -0.1 mA
) ! Current
- Output Drive Ve = Max, Vg = 2257 -30 -112 mA;
} Current b
I e, Supply Current with | Vee = Max
; Outputs High
L " Suppiy Current with Vee = Max
; R : outml.w
: vatching CharaCterlstles over 'Oeommmaed Operating frag ajr tempeorature fange
, ; T - DMB84ALS13
Symbol | Conditions Min Typ
lp+ Ve =45V 10 55y, 8
R =2kn e
! o Dé[;,*\]nme =50 pF i !
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e e
o e Sr— A

o

GEETA ELLCTRONICH ol
2nd Floes, Custdd BUNYINg. st B .=
e ' AVENUE ROAD, Ui '~
BANGALORE-$60002."

[ }gv '; '. .
-1 SoCLLP-10,HME626 4L P-127—
IMIS2C 4.1 P15 - o i

X

ull

[ &

8192-word x 8:bit High Speed Static CMOS RAM

a FEATURES
® F:st access Time 1000s5/120ns/16)ns {max.)
® Liw Power Stanoby Standby: 0.01ni\Y (typ.)
Low Power Operation Operating: 200mw {typ.)
® Capability of Battery Back-up Operation
® Singie +5V Supply
¢ Comoletely Static Memory. . . .. No clock or Timing Strobe Required
® Equal Access and Cycle Time
¢ Common Data Input and Output, Three State Output
® Directly TTL Compatible: All Input and Qutput
¢ Standard 28pin Package Configuration
® Pin Out C. npatible with 64K EPROM HN482764
= BLOCK DIAGRAM e f :
g "
I - "- - - ,']ﬂ‘
o ennumn IR n . . Mewnnry Mavr oy T, T
4 O] ;) ! . : o o
CEe—— i e v
OF omm - Foy UO‘EW
® ABSOLUTE MAXIMUM RATINGS _ L ey uo,[i3f %
ltem ’ Symbol " Rating Uit NN B
Terminal Voltage * T v -0.5 MR 07_.0_ ML U\DE
Power Dissipation = o 7 W SR
_qu‘x.nmg Tempesature Topr 010 +70 L— ¢
i _Storage Temperature 1 T EINrYIi e Coo
* - Storage Temperarure (Under Bias) ™ -101o #RS

* With respect 10 GND.  ** Bulys width SOns: ~3.0v :
8 TRUTH TABLE

WE TS5 |cs, [OoE | - C Mode - 1O Pin Voo Cuirent s
SX AR X | X TNotSelected Highz =1 758, 158
X L x| (Powet Down) HohZ Iss,JsB2. .
4 L iHH Ouitput Disabled  ~ . Hgnz icc.leei
o SR IE U £.T i lee jeey
L Lt T T Write L _Din RN
L - i s 0 7%

Hor L
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TYPES SN54ALS573

’

SK74AL8573, gn7

OCTAL D-TYPE TR

ANSPARENT LATCHES wiTH 3-8

SN54ALS580, SN54a

SN74ALSE8Q, SN74AS573, sx742

ATE oUTPUTS

S .

® 3.State Buﬂcr-Typo Outputs
° 8u§~8tmctur0d Pinout

Drive Bus-Lines Di;'octly

Choice of True or Inverting Logic

‘ALS573, ‘AS573 True Outputs
"ALS580, ‘AS580 Inverting Outputs

Package Options include Both Plastic and Ceramic
Chip Carriers in Addition to Plnt!c and Conmlg: DiPs

Dependabie Texas Instruments Quality ang Rellability

description

outputs designed
or relatively jow.

cqisters

The eigne latches are transparent D-type lutches. While the
#riavie (C) is high the outputs (Q of Q) will respond to the data (D)
TUls When the enable is taken low the outputs will be latcheq
¢ etan the data that wWas set up,

~U1puls 0 either a normal logic state (high or low logic leveis) or a
“gh-impedance state. in the high-impedance $tate the outputs
seither load nor drive the bus lines - significantly, The high.

~nNile the outputs are at high impedance.

2ed for operation from 0°C 10 700

- They are particularly suitable for implememing‘

02681, DECEMpER 1982 - nevisep OECEMaER 1933
8N54AL8573. SNE4ASE7T .. - J PACKAGE
8N74AL8573. 8N74A8873 .

(TOP Vigw)

- - N PACKAGE

SN54ALSS573, SN54ASE73 | | - FH PACKAGE
SN74ALS5 73 SN74aS573 - FN PACKAGE
(TOP view)

Q
Selg g0
.
3 2
D[}« 2Q
4D(])s 3Q
506 4Q
6D(j 7 5Q
7018 8Q
\ LIBIRE 1213

SN64ALSS80, SN54ASS80 | . . J PACKAGE
SN74ALSBS80, SN74ASS580 | . | N PACKAGE
(TOP ViEw)

SN54A-L3530. SN54ASSs80 . | FH PACKAGE
SN74ALSE80, SN74AS580 « - FN PACKAGE
(TOP vigw).

ALS AND AS CIRCuUITS @

T
INSTRUMENT

POST OFFICE BOX 225012  DALLAS

Copyright © 1982 by tomimm-ud

2-397
S

TEXAS 7526¢
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B TYPES SK54ALSE73, SNEAALSER0, SN54ASET3, SN54ASEE0
; SN74ALS573, SN74ALS580, SN74AS573, SNT4ASE8G
OCTAL D-TYPE TRANSPARENT LATCHES WITH 3-STATE OUTPUTS

FUNCTION TABLES

‘AL8573, ‘AS573 ‘ALS580, ‘AS580
{EACH LATCH) . (EACH LATCH) !
3 b
INPUTS | outpuT INPUTS | outpuT
ENABLE a ENABLE a i
oc ¢ o 60c ¢ o :
L H H H L H H L
L H L L L H L H '
L L X Qo Lt x Qo v
H X X Z H X X b4 i
logic symbols
‘ALS573, ‘AS573 ' "ALS580, 'AS580
!R’—“—lh‘tu frL EN
{1} {11}
C ——s—a C1 € ——l C1
- r -1
1w-2__fo Do V——"‘%IO 1w-2__Ip > v hﬂu}
202 :": 20 2013 il G
08 o4l ST
51 s 16} (18)
=5} sy 4© 40— s 48
o] T o= ] b
ot 1 o2 04 o
T {8) o 10 70 (9) {13) 75
0 {9 - e {9) {12) 5

logic diagram (positive logic)
"‘ALS573, ‘AS573 ] ‘ALS580, "‘AS580

' > I
‘ 5 C—E«D— (uuucﬂD_. {
: 2 ™ b 2% 1a 2 e (AL
! > 0 0 0 10
L 2 1 4
: {1 18, . [ = [ e
O 20 L3 w P - 20 20 42 10
P ‘ ‘
o o e
i 14) in @Lﬂ_ 3Q (4) '30& 34
| 30 10 10 10
| P '
! ——
2 ' o 1
L an A 1181 1 116
O w0 10 Y} 0 8 0 48
I C
’3 : < 4»—]3
—qC (15) o Cr (16)
1¥p) so 8 w P 3 e so & 10 50
‘E 1 ,
1>-<C' 114) [ oo [ 114) ;
. (k] o . sQ o0 1 . ed i
Ho L T | Tl
p—{C 113} - [ = [3] 13 :
0 =2 o P 10 0 B o 24
w2l D# sa w2l

# - oumbers shown are for J and N packages.

B g v s cmna e e

TeExas
- INSTRUMENTS

POST OFFICE BOX 2250'2 ® DALLAS, TEXAS 75265
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| TYPES SN64AS573, S.'!!')IIIAS!ESQ'I1 SN74AS573, SN74AS580

Sy o

B OCTAL B-TYPE TRANSPARERT LATCERS WiTH 3-STATE QUTPUTS

|
}
:tJt# maximum ratings over oparating free-air temperature range {uniess otherwise noted)

Supply voltage. Vee . e

‘ S . e . VY
input vohtage L o S 7v
Vottage appligd to a disabled 3-state output . ... Sl e ... 558y
Opetating free-air temperature range: SN54AS573, SN54As580 .. . - - ... =B5°Ch9 12500

SN74AS573, SN74As8580 . . o ... 0°Cto70°C

Storage zempéra:ure enge . S o - . —65°Cto150¢°C

mmebded operating conditions

——— ,_~—~_______<—-~r____
i ‘ ! SN54AS573 SN74AS8573

SNS4ASE80 SN74AS580
MIN  NOM MaXx

T T e — A
:-A Mign-isvel innur vo!"{)a‘g——:‘*ﬂ~ B [ — : )
T Low ievell :npyt veitage T T
+ [Fighievel sutpur corren
o Low-ievei output current

Puise durduon erapie ¢ high AS573

‘AS580
Setup time, gais ééi}ue enable C1t

Hold time| datz after enable Ct

Cperating free-ai temparature 0 oC ’

ical gharactetistics over recommended Ooperating free-air temperature range (unless otherwise noted) E '

o Pl SN53AS573 SN73AS573
PARAMETER TEST CONDITIONS SN54A8580 ‘SN74AS580 n
’* e MIN TYP! MAX | MiN Typ! MAX .
U el L as Y I = ~18 mA ~12 5
“ :__ YCC =85V1055V, fon = S2mA vee-2 ) Ve -2 O
L vYcc =45V, IOH = ~12 mA 24 37 o
i veg = 45V, IOH = ~15mA - 24 33 —
- {_Yocc =48V, oL = 32 mA 0.28° as o
o oL = 48 mA T 0.33 w
Vo = 2.7V 50 ] 50 | pA <
Vo =04V -50 ~50 [ kA 0
Vi=7V g1 0.1 mA 2
] Vi=27Vv 20 20 ,a e
| Vec = 55V, Vi =04V -0.5 -C5 | maA
) .l" Yee = 55V, Vo = 2.25 v —30 -112 | =30 -112 | mA ‘_DJ
T "“‘”‘l Outputs high 56 93 - 56 93 <
AS573 ! Outputs iow 55 80 55 80
. Outputs disabled 65 106 65 1C6
) P e =55y Outputs high 62 00 62 10| ™
., ABsBC ‘ Outputs fow 65 106 65 106
N ‘ Outputs disabled 71 115 71 . 118 ‘J
it value‘j Bre 3t Vo - B3V T, wog8ec
'Dur c ! s have been chosen 1o produce a current that closely aporoximates one haif of the true short-circurt output current. g
{
1
TExas 2-401

INSTRUMENTS

POST QFFICE BOX 225012 » DALLAS TEXAS 75265
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o N : - . - . -2 - * - .
| TYPES SNG4ALS573, SN54ALSS8D, SH14ALSS573, SN74ALSSR0
» OCTAL D-TYPE® SPARENT LATCHES WITH 3-STATE QUTPUTS
——— Earp :
'ALS573 switching characteristics (see Note 1)
|
! VCC = 45Vio5.8 Y,
i CL = 6O pF,
| FROM T0 R1 = 500 *
PARAMETER -
' | UNPUT) JOUTPUT) R2 = 5000, UNrT
Ta = MIN 10 MAX
3 SNS4ALSE73 SN74AL5573
; MIN MAX | mIN MAX
[ tpm o a 2 15 2 14
T e 2 15 2 4] ™
1PLH c o 8 27 8 20
T e V 8 20| 8 9] "™
C tpzp 4 21 4 18
I oc © 3 21 4 8] ™
,: PHzZ o a 2 10 2 A
N Py 3 6 3 13
i
"ALS580 switching characteristics (ses Note 1)
Vec = 46Vticbb Vv, :
i Cy = 50 pF,
3 f FrOM To R1 = 600 Q,
3 ' PARAMETER A R2 = 500 0, UNIT
! INPUT) fouTPUT) TA = MIN 1o MAX
: SN54ALS580 SNT4ALS580
> MIN MAX | MmN MAX
- - 3 F1) 3 18
\PLH
w o ° @ 3 EE e] ™
D P ~ 8 29 8 22
[ Q ns
2 : T T
— ~ ]
O PZH oc Q 2 T ‘ B ns
> PZL
— _ 2 10 2 8
v tPH2Z oc G ns
tpLZ 3 15 3 13
Q
g NOTE 1- For load circuit and voltage wevelorms, see page 1.1
. =
-
wn
, TExAs
‘ £-400 INSTRUMENTS
i POST OF F1CE ajj 225V 8 JALLAS TEXAS 15265
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TYPES SN54ALS573, SN54ALS580, SN74ALS573, SN74ALS580
OCTAL D-TYPE TANSPARENT LATCHES WITH 3.STATE 0yTPUTS

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

Supply voitage, Vee ... .

Storage temperature range

recommended operating conditiong

....................... YA
inpyt vokage S o . T 7V
Voltage applied to a disabled 3-stateoutput . . .. . o e .5.5Vv
Opgrating free-air temperature range: SN54ALS573, SNS4ALS580 . ... -55°Ct0125°C

SN74ALS873,SN74ALS580 .. . . 0°Cto70°C

........ . —65°Cto150°C

SN54ALS573 SN74ALS573
SN54ALSS80 SN74ALS580 UNIT
MIN NOM mMAX MIN NOM MAX
Vee Supply voliage 4.5 5 5.5 4.5 5 5.5 i
ViH High-level input vaitage 2 2 v
ViL Low-level input voltage 0.8 0.8 Vv
OH High-level output current -1 ~-2.6 mA
oL Low-level output current 12 24 mA
. . ‘ALSS573 10 10
[ Puise duration. enable C high "ALS580 pps 15 ns
tsy Setup titie, data before enable C 4 10 10 ns
‘ALS573 7 7
1, ; Hold ume. gata after enable C TALS580 0 T3 ns
Ta ] Operating free-air temperature ~ 55 125 0 70 °C

|
electricalj characteristics over recommended operating free-air temperature range {unless otherwise noted)

-~
! r SNS4ALS573 SN74ALSE73 (75}
PA%METER ‘ TEST CONDITIONS SN54ALS580 SN74ALS580 uNnIT [
1 ! MIN TYPT MAX | MIN TYPT MAX 5
ik Vee = 4.5V, = 18 mA -1.5 -15] v O
Vce = 45Viwos55y, IOH = -0.4 mA Vee -2 Vee -~ 2 o
VO : Ve = 4.5V, IoH = ~1 mA 2.4 3.3 v 6
Vee = 45V, IOH = ~2.6 mA 2.4 3.2
Vec = 4.5V, oL = 12 mA : 0.25 04 025 04 %)
Vou Ve = 45V, loL = 24 mA 035 o0s5] <
lozn Vee = 55V, Vo = 2.7V 20 20 [ nA o)
jozL Vee = 55V, Vo = 0.4V, -20 -20 | A b
1 Vee = 5.5V, Vi =7V 0.1 0.1] maA <
LiEY) vee = 585V, Vi =27V 20 20 KA
m Vee = 5.5 V, Vi = 0.4V ~-0.1 -0.1| mA 2
o vVee = 5.5V, Vo = 225V ~-15 -70 | -15 -70 | mA P2
! Outputs high 10 17 10 17
; -A@.5573 ; Outputs low 15 24 15 24
i i , Outputs disabied 16 27 16 27
Hee vee = 8.8V Outputs high 0 17 w0 7] ™
; "ALS58C i Outputs low 15 2a 15 24
| | \ Outputs disabled 16 27 16 27
“AK vypicai vq‘ilues e 8 Vee = 5V, Ty = 259C,
"The Pulput donditions have been chosen to produce a Cuirent that closely approximates one half of the true short-circuit Quiput current, los
. Texas 2-399
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS TEXAS 75265
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I e

X

e R N o TR,

Ve = 4BVwEsY,
CL = 80 pF,
R1 = 500 q,
. R2.8000, UNIY
TA = MIN to MAX
SNB4ASET3 SN74A8573
MiN MAX | Min MAX
PLH 3 -8 3 (]
D Q
P . 3 7 3 8] ™
tPLH 6 14 8 1.8
C Q
tPHL 4 9 2 75| ™
PZH — p) 8 2 6.5
oc
P4z 2 8 2 8.5
oc lo!
T 2 8 |- 2 71 ™
‘AS580 switching characteristics (see Note 1)
f Vee = 45V 6.5V,
j CL = 50 pF.
FROM TO R1 = 500 Q,
PARAME NIT
TER {INPUT) (OUTPUT) R2 = 5000, u
Ta = MIN to MAX
SN54ASE80 SN74AS580
MIN MAX | MIN MAX
tPLH o o 3 10 3 7.5 ns
> tPHL 3 7.5 3 7
- PLH c 3 5 12 5 ol .
(7)) tPHL 4 8.5 4 8
tPZH — = 2 7.6 2 6.5
5 2L . 0¢ Q n 105 3 95| ™
o PHZ - 3 2 7.5 2 851
tpt 2 2 8 2 7
5 NOTE 1: For load circuit and voltage waveforms. sae page 1-12
o
p o]
O
c
-4
w
2-402 INSTRUMENTS
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S1iNJYID SV ANV SV

TYPES. susoxALsoSA,.smALsnsA
HEX INVERTERS, WITH,

E— ﬁ‘,‘. W,

absolute maxlmum nﬂngs over oponthg froo—nlr ta-nporamre range (unluc otherwise noted)

Supply voltage, Voe . .
input voitage

recommended operating conditions

f

SN54ALSO6A SN74ALSO5A umﬁ i
MIN NOM MAX | MIN NOM MAX
TV Supply valtage 4.5 S 55| 4.6 5 5.5 v :
" iy High-leve! input voltage 2 2 v !
LoV Low-level input voltage 0.8 0.8 v ;
. VoH High-leve| output voltage 5.5 551 Vv }
oL Low-level output current 4 8 | ma |
TaA _ Oparating free-air temperaturs -55 125 0 70 | °C i
|
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted) 3
. SNS4ALSO5A SN74ALSO5A o
PARAM TEST CONDITIONS
L ETER ONOIT MIN _TYPt  MAX | MIN Tvpt max | N7
. Vi Ve = 4.5V, j = -18 mA -1.5 -1.8 v
; OH Vee = 4.5V, VoH = 5.5V ‘ 0.1 0.1 mA
! ‘ Vee = 4.5V, oL = 4 mA 0.25 0.4 0.25 0.4
Voo Vee = 4.5V, oL = 8 mA 035 05 o
o : Vee = 5.5V, =7V 0.1 0.1 | mA E
] vec =85V, Vi=27V 20 20 ! A i
m Vee = 8.5V, V)= 04V -0.1 -0.1 ] ma
o _lccH Vee = 5.5V, Vi=0Vv 0.65 1.1 065 1.1 | mA
~leeL Voo = 5.5 V, V=45V 29 4.2 29 42| ma :
TA% typical vaiues are st Voo = SV, Ty = 259C ;
switching characteristics {see Note 1) )
[ VeC - 45V1066V, |
i : CL = 50 pF, ‘
’ FROM T0 RL = 2 kQ,
. UNIT -
| PARAMETER (INPUT) {OUTPUT) TA = MIN to MAX !
! SNS4ALSOBA SN74ALSOBA
- MIN MAX | MIN MAX
: 1PLH AorB Y 23 59 23 54 | ns
tPHL AorB Y 4 19 4 14 ns
NO'E 1: For load crcult and voltage waveforms, see page 1-12.
. 1
TExas
INSTRUMENTS

POST OF FICE BOX 229012 ® DALLAS

TEXAS 7528%
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IYPES SN54AS137, SN74AS137
m—;caemsm

TAIME 7D B1E

UlTIPLEXERS WITH ADDRES. LATCHES

B
=
&
>
2
o
>
7
o
o
3]
c
=]
%)

SN54AS137 SN74A8137 )
MIN NOM MAX MIN NOM MAX UNIT
vee Supply voitage 4.5- 5 55 4.5 5 5.5 v
{ Y High-level input voltage 2 2 v
i“ vy Low-level input voltage o 0.8 0.8 Vv
L. 'OH High-fevel output current -2 -2 &
! ¥ Low-levei output current 20 20! mA
; Pulse duration, GL low ns
1}_ ) Setup tmes at A, B, and C before GLI j‘_u—q‘ ns
] Hold time 2t A_ B, and C after GL! ns
o Operating tree-ar temperature 55 125% 0 70 °C

eiectrical characteristics over recommended operating free-air temperature range (

unless otherwise noted)

| PARAMETER TEST CONDITIONS SNSaAS137 SN74A5137 UNIT
‘ _ MIN  TYP! MAX | MIN TYP'! MAX
VK Vee = 4.5V, I = ~18 mA ~1.2 -1.2 v
i VoR VCC =45Vt 55V. iny = - 2mA Veg 2 Vee -2 v
LV Vee = 45V, 1oL ~ 20 mA 0.35 0.5 0.35 0.5 \
’ Enabl - —
- A“aa ec vee = 55V, Vi - 7V — ma
! Enable )
4 \% = 5.5V, V- 27V A
: iH A B C cc | B} “
; Enabie -0.05
Oy v - 8.5V, Vi - 04V e - A
it " A B C ce ' B -0.05 ™
oo it Vce = 5.9V, Vo = 2.25 V 30 112 | ~-30 -112 1 mA
Cice vee = 5.8V 16 16 mA
Al typreai vaives are at Voe = 5 V. Ty = 25°C.
TThe oulput conditions have been chosen to produce a current *hat closely approximates one hat of the true short-circuit output current, ‘os
switching characteristics {see Note 1)
r Vee = 45Vt 5.5V,
CL = 50.pF,
i R FROM T0 Ry = 500 Q, ONIT
PARAMETE ‘ (INPUT) (OUTPUT) TA = MIN to MAX
SNS4AS137 SN74AS5137 .
MIN TYP! MAX'| MIN TYP' MAX
. 6.6 6.6
IPLH A B.C ¥ > ns
PHL 7.1 A
- 5.4 5.4
PLH G2 Y ~ ns
PH{ 5.3 5.3
6.2 6.2
tPLH G1 ¥ ns
TPHL 5.6 5.6
P 5.4 5.4
tPLH. & Y ns
PHL 5.3 5.3
Ak 1ypical values ara 2t Voo 5V, Ta = 25°C
NOTE 1 For load circuit and voltage waveforms, see page i-12.
PRODUCT PREVIEW
Trus peage contsins informstion o0 o pﬂ)dﬁ\::', o:dm TEXAS
Tezas in seerves the rght to o
changs or ace:n:m this pfodn’:cl without notice. lN STRUM EN1S
PUST OFFICE BOX 225013 @ DALLAS TEXAS 15265
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TYPES SN54AS137, SN74AS137

34 !!E ™ &'-!!‘ BECQB&.JJULTIP[EXEBS WITH ADDRES. LATCHES

B e S

recommaended operating -conditions
)  SNBAAS137 SN74AS137
MIN  NOM MAX MIN NOM MAX UNIT
VeC  Supply volage ) 45- 5 55| a5 5 &5
Visg High-level input voltage 2 2 v
Vi Low-level nbut voliage B B T c.8 081 v |
IOH High-level output curient 7 -2 B ~2 1 mA |
I L Low level output current T 20 1 ma |
Pulse duration, GL low T T
Setup tmes at A, B, and C hefore G»l B _; ‘:_l__::_:j“:_:‘;:;:_‘i
Hotd time at A B and C \1'er Gl' Ions
L Operating frec ar tempeia o T ”*Tz‘ij:?““_'_’ ol

eiectrica!

characteristics over recornmended operating free-air temperature range (unless otherwise noted)

147

| PARAMETER TEST CONDITIONS | _SNSaAs137 SN74AS137 N
; MIN TYP! MAX | MIN TYP' max
Vee = 4.5V, iy = --18 mA -12 - 1.2 v
VeC = 45V I05E V. 19y - 2 mA Vi 2 Vee 2 v
Vee = 45V, tGL 20 mA 0.35% 0.5 0.35 0.5 \
Enable v 55V T Y A
= , Vo -
‘ A.B C e ' m
b ,, Enable N 55 v o 2y - ] A
" A B C ce m =Y ‘ T .
Enabie 305 -0.05
i Vee = 55V V) = 04V mA
- A B C 0.0% -0 05
- —
it vee = 5.5V, \Ze) 225V 30 - 112 - 30 112 mA
B = SO
Voo = 5, 1 1
L ice vee = 55V - 6 6 mA
TAL rypecai values are at Vee ¢ 5 V. Ta = 25°C
LR -tput condimions have been chosen to produce a current that closely approximates one hatf of the true shont circut output current, ‘ns
switching characteristics {see Note 1)
r Vee -~ 45V to 5.5 V,
CL = 50 pF,
FROM T0 Ry = 500 Q,
PARAMETER UNIT
H (INPUT) (OUTPUT) Ta = MIN to MAX
| SN53AS137 SN74AS137
MIN TYP' MAX | MIN TYP' mMAX
- 6.6 6.6
(PLH A B C v ns
i PHL 7.1 7.1
j P 4 4
L.._ tPLH G2 Y 5 5 ns
1PPHL 5.3 5.3
6.2 6.2
tPLH G w ns
1PHL 5.6 5.6
! t —_ 5.4 5.4
[ PLH. ol v = ns
i tPHL 5.3 R
AT tvpicai values are at Ve 5V, Ty = 25°C
NOTE 1 For load circuit and voltage waveforms. see page 1-12
PACDUCT PREVIEW
P st Leimns FOIMAEon oan 8 procuct under TE.XAS
12 cev T Texas instrument the rght ta
! :a:::’:mcon::m this wo:i:::’:’l:\om natice 'N STRUMFN‘X g
PUDT OFFICE BUX 22510 @ DALLAS TExAn 5068
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