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A CONTROLLER
COMPUTER INTERFACE AND DRIVER FOR

A RADIO TELESCOPE CORRELATOR SYSTEM

A SYNOPSIS

INTRODUCTION

Radio Telescope Is used to study the radiation from celestial
objects In space, in the Radlo frequency region. ( Roughly in

millimeter to meter long waves )

A Radio Telescope in its simplest form consists of three

elements.

a) Antenna:

The antenna collects electromagnetic radlation from a

selected region of the sky.

b) Receiver:

The output of the antenna is fed to the input of a recelver.
A" recelver amplifiles a certain specified band of frequency and
conditions it for further processing. In the simplest

configuration the output of the recelver is fed to a detector
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whose output is proportional to the power of the Iinput

kad lations.

¢) Indicator:

The indicator registers the detector reading and records it.

INTERFEROMETRY

A Radlo Interferometer has two antennas separated by a distance

and has their outputs multiplied in a correlator.

It is designed to give an output proportional to the average
product of the voltages from the two antennas. In an
interferometer the signal from the celestial source reaches the
two elements with & small time difference. The delay is removed
by a delay unit and then correlated to give a measure of one

of the fourier components of the ratio brightness distribution.

A digital correlator system employs samplers each
comprom'islng of an orthogonal power splitter and two A/D
converters. ( one for each component ) The sampler outputs are
input to the delay units to suitably delay the signals. Then
they are correlated in the correlators which is nothing but a
process of multlblicatlon and integration carried out In a

multiplier and an accumulator.

This project describes the design of a 1024 channel
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correlation receiver interface to a computer. The computer by an
extensive decoding process selects and reads all the correlator

outputs in a sequence via the interface.
DATA COLLECTOR

The computer interface serves the purpose of collecting and
holding the correlator output data for the computer to read.

CONTROLLER - COMPUTER INTERFACE AND DRIVER OR MASTER CONTROLLER

It also enables the computer to output control signals to the

correlator and delay circuits ( and samplers ).

A llst of input to the master control board and their

corresponding outputs are as follows.

Inputs : modify / reset code
Outputs : a) active resets
b) Interrupt signals
c) reset signals

d) integration bank select signals

B I T - Dept of Electronics and Communication 1980 - 91



Inputs : A 48 MHz basic oscillator signal
Outputs - a) a four phase clock

b) a 5.46 ms timing pattern

c) update signals

d) blanking signals
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INTRODUCTION

Radlo Telescope is used to study the radiation from celestial
objects in space, In the Radio frequency region. ( Roughy

millimeter to meter long wavés )

In 1932 a Bell Laboratories engineer, Karl Jansky, was
investigating radio reception of an antenna system in order to
design a Trans Atlantic telephone system. Hls antenna, about 100
feet long and pivoted so that the whole contraption could rotate,
pinpointed a mysterious source of radiation. Surprisingly the
radiation came from no where on earth, but from the centre of our
galaxy, some 30,000 light years away. His study was much later
continued by Grote Reber who on studing Jansky’s report built his
own Radio Telescope and studied the galactic nucleus, which
hidden by a gas cloud could not be studied by optical means.
Reber pinpointed some strong sources. Ever since Radio Telescope

has_ contributed a lot to the progress In astronomy.

A Radlo Telescope In Its simplest form consists of three

elements. #

a) Antenna:

The antenna collects electromagnetic radiation from a

selected region of the sky.

b) Receiver:

The output of the antenna is fed to the Input of a
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receiver. A recelver amplifies a certain specified band of
fr’equency and conditions It for further processing. In the
simplest configuration the output of the receiver Is fed to a
detector whose output is proportional to the power of the Input

radiation.

¢) Indicator:

The indicator registers the detector reading and records it.

ANTENNAS

Radio waves from celestial objects are very  weak and
therefore the aperture of a radio telescope should be
sufficiently large to get a clear Iimage. A single telescope of
very large aperture would be physically impractical to construct.
Therefore radio telescopes of large apertures are bullt by using
extended arrays of smaller telescopes which together make up a

large aperture and are easily steerable.

The controller described In the present project was designed
for a 1024 channel correlator system. This In turn is a receiver
system for an array of helical antennas arranged in the form of a
'T’. The EW ( east west ) arm is two kilometres long and has
1024 antennas. The NS ( north south ) arm has 16 rows of 4
antennas each on movable trolleys. Before being fed into the
samplers the outputs of every four antennas are combined in a

four way power combiner. The outputs of elght such adjacent
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combiners in the EW array are further combined Iin an eight way
pbwer combliner. The 48 group outputs after suitable
amplificatiton in the field are brought to a central recel-vef
room. 32 outputs from EW array and 16 from NS array are further
processed in a 16 X 32 = 512 channel complex correlation

receiver.

51 512 W

64

These antenna outputs are passband signals and are
mathematically to be regarded as vector signals containing both
amplitude and phase information. The sighals are split into two
orthogonal signals by a phase splitter. In a complex correlator
the signals are split into two orthogonal sighals by a quadrature
phase splitter Each sub matrix of 4 X 4 = 16 correlators form a

correlator unit and are controlled by one microprocessor.

Inspite of carefully shielding the RF line-receivers and IF
lines there is always a certain amount of cross talk between the
individual channels. This causes spurious correlation over long

integration intervals. To reduce Cross Talk a concept called

Walsh Switching is used.
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The Walsh function generator uses the same clock period as
16
the system. ( 2 / 12 micro seconds = 5.56 ms )

SAMPLER UNITS

The sampler units split analogue input signals into an in
phase and a quadrature phase signal and then performs, In both
paths, a two bit three level A/D conversion at a clock rate of 12
MHz. The analogue signal Is compared with two levels, a +Vo and
a -Vo, and a two bit code is generated which indicates if the
analogue signal is above the upper level ( +Vo ), below the lower

level ( -Vo ) or betweem them.

A/D Conversion in the Sampler

. +Vo

30

o

_.\/o
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+ -—
X X X
1
1 0 +1
0 0 0
0 1 -1
DELAY UNITS
o+ -

The delay lines delay the two input bits X and X for the
programmed number of clock intervals. The first phase switch is
located at the delay line inputs and is used to synchronously
demodulate the corresponding switch on the analogue end. It s
called PS Walsh as the switch function will be a Walsh function.
The second phase switch is located at one end of the two outputs
of the delay line. It _represents the synchronous modulation
which is needed to get rid of the offset, Iin the correlators,

provided for unidirectional counting.

The delays are individually programmable using the delay

programming code.

Delay settings are stored on the delay line boards. Al the
d'elay line Inputs are connected in parallel to the computer

outputs. The same decoder is used to clock a delay setting into
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a specific delay line and to enable correlator outputs.

CORRELATORS

The correlators multiply outputs of the delay lines and

integrate them over a certain period of time.

Two custom made chips VLA 1 and VLA2 constitute the heart of
the correlators and are designed to perform two bit three level

correlation.

The VLA 1 performs the multiplication and VLA 2 the addition.

Actual signal level Symbolic notation + bit - bit
Signal > +Vref . +1 1 0
-Vref < Signal < +Vref 0 0 0
Sighal < -Vref -1 0] ‘ 1

The VLA 1 contain basically a multiplication logic and the

VLA 2 is a 14 bit unidirectional counter.

Three level approach was chosen for it gives a good
compromise between complexity of hardware and signal to noise

ratio.
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An appropriate multiplication table for the purpose is shown.

+ -

Output of delay line A: X a, X a, Xa
“ + -

Output of delay line B: X b, X by Xb

Xa Xb

+1 0 -1
+1 - # 0 -1
0 0 0 0
-1 -1 0 +1

In the present correlator system the multiplication table is

modified according to the table below.

( Xa) ( Xb )
+1 (10) 0 (00) -1 (01)
+1 (10) add 2 add 1 add 0
0 (00) add 1 add 1 add 1
-1 (01) add O add 1 add 2

The modification in the table is seen to be the addition of,
an offset of 1 to every product. The reason for this Is that the
VLA 2 consists of unidirectional counters only. The offset thus

allows the counter to count up only and not down,which would be
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necessary |If there were to be a -1 output. However for correct
integration, the data shouid be stripped of this offset before
the computer reads It. This Is done by using a concept calléd
Phase switching, where data bits from the ’vert’ delay outputs
are periodically inverted and a corresponding Inversion occurs to
the data at the correlator outputs. One phase switch Is included |
at one of the tv.vo‘ delay line outputs. Another Is present at the
correlator output. An Inversion at the delay line output is
accompanied by an Inversion in the microprocessors sign bit.
When it accumulates the correlator outputs. The offset thus gets
counted up In one switch interval and down in the other while

only the information gets accumulated.

CENTRAL OUTPUT COLLECTOR

The central output collector interfaces the_ correlator output
to the computer. The computer selects and reads all the
correlators In sequence through the data collector. It serves
the purpose of coliecting and holding the correlator output data

for the computer to read.

In an integration Iinterval the correlators per%orm the
Integration after which the update causes an interrupt. Then the
data in all 16 correlators of all 64 boards are sequentially read
by the computer. The computer does not read directly from them.
The update causes the correlator data to be outputed to

intermediate data collectors ( one for each 8 correlator rows ).
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And finally data stored in these Iintermediate storage are
outputed to a central output collector through hardwired

circuits. The computer then reads data from this collector.

The sélection of correlator cards Is done using a 6 : 64
decoder circuit comp“rising of two stages of 3 : 8 decoders. The
first stage selects the row of cards to be read and the second
stage which has eight 3 : 8 decoders, one for each row selects
Individual correlator cards on each row. Once a correlator card
has been selected additional hardware allows the output data from
every one of the 16 correlator ( VLA 2 ) present on each card to

be read sequentially into the collector.

This data collection process is performed for aill the 64
cards once every update pulse occurs and data is stored in the
central output collector. The computer then reads data from the

central output collector before continuing the post integration.

CONTROLLER

a) It is the interface between the computer output and the

inputs of the correlators, delays and samplers.
b) It provides the necessary timing signals and programming

information to the system. c¢) It provides the necessary signals

for the computer to read the correlator outputs.
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The correlators and the delay lines need a clock, a phase
switch signal and a stop switch signal at the end of each
integration time. They are provided by the controller. The

phase switch signal has a phase switch period of 10.92 ms.

The three phase switch signals are :

PHASE ( CX ) - Switches sigh bit of the microprocessors.
PHASE ( SQ ) - Switches modulators at delay line outputs.

PHASE ( Walsh ) - Wired separetely to each delay line input.
'V Orthogonal phase switch patterns ( Walsh

functions) can be provided for the delay

line.
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MODE OF OPERATION AND TIMING

The system is designed to dperate with high time resolutions,
therefore integration intervals have to be contiguous. This
requires that different levels of operations such as -
programming, system configuration, delays, integration, transfer
of data, etc, have to run simultaneously. To meet this demand
thé microprocessors controlling the correlators need to have two
seperate register sets. One for integration and the other for
readout. This is controlled by Integration bank select ( IBS )
signal which alternates between integration intervals. The
system has to be programmable without Immediately affecting
current operations. The information has to be presorted and
activated by an internally generated command (Activate signal)
This signal Is not only used internally to activate a new system
configuration and new delays. It also controls external,
intermediate memories where information Is used to steer the
antenna arrays, the first LO synthesized (observing) frequency

etc, precisely between Integration intervals.

To avold Integration of transient signals after a change In
configuration, the delay outputs are resat by a blanking signal
at the beginning of an integration interval - every 10.92 ms or
every integration interval input. It is estimated that the
longest transient Iinterval occurs after steering the antenna
array and changing the delays, an interval of approximately 20

micro seconds.
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The following timing diagram shows the beginning of
integration intervals where the configuration has to be changed

after the second integration interval.

GROUP A

It consists of three fixed timing patterns synchronous to the
16
basic timing pattern 2 / 12 MHz = 5.46 ms.

UPDATE SIGNAL PULSE

Update signal pulse loads the state of the preintegrator
counter into the shift register and resets the counter after tﬁat
interrupts the microprocessors, which in turn reads all the
shift registers and accumulates them Into the 16 bit registers.
The IBS signal determines which of the two register sets
(integration bank O or 1 ) has to be used with a positive or

negative sign.

WALSH SEQUENCES

Walsh  sequences are produced In a separate generator
depending on the system conflguration( PB, FBNS, FBEW ) clocked
by the basic timing pattern. They control the inversion switch
in the second LO inputs to the receivers and in the outputs of

the sampler units.
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BLANKING SIGNALS

To simplify the blanking concept a blanking interval is sent
every 5.5 ms, synchronous to the basic timing pattern. This
assures that the positive and negative phases are equally
shortened and any possible transient phase is covered. The
blanking Interval is ( 256 / 12 micro seconds -= 21.3 micro
seconds ) Therefohre it only reduces the maximum -possible
integration interval by approximately 0.4%. This is in addition

to a 0.1% reduction due to the gaps between the update Intervals.

GROUP B

These consist of signals from the computer that affect the

timing of the signals In group C

INITIALIZE

Initialize causes the system to generate a reset aﬁd
activate pulse at the next clock of the basic timing pattern (
A within < 5.5 ms ). It also causes the Phase and the IBS signal
to go or to stay low. The reset pulse goes directly to the
microprocessors directing it to cléar all the accumulators. The
Activate pulse brings the system configuration A ( programmed
anytime before the initlalize signal ) into effect. The phase
sighal will now regulary change with every clock of the basic

timing pattern. The IBS signal stays low during the integration
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lﬁterval. The shortest interval is choosen. At the end of each
integration Interval the system generates an interrupt signal
telling the computer to read the data from the previous
integration interval In the bank 0. The IBS sighal changes the
second integration interval which immediately starts accumulating

in bank 1.

MODIFY

In order to run the third Integration interval with a
different configuration, the modify signal has to be sent during
the second Integration Interval. This causes the system to
generate an activate pulse at the end of the second (ntegration
interval which brings configuration B into effect, which was
previously programmed sometime between start of the first

integration interval and the modify signal.

Reading the data from bank 0 or 1 always clears the
accumulators. Therefore the reset pulse is only required at the

beginning of the integration signals..

INTERLEAVED / NON-INTERLEAVED MODE

The mode of operation described Is called interleaved. It
requires a relatively fast data transfer to the computer, which

for short Integration intervals can only be acheived by direct
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memory access ( DMA ).

To observe stationary radiating objects where high time-
resolution Is not required, In a simpler mode, the non-interieaved
mode is used. To operate this mode, a special initialize signal
is sent which causes the IBS signal to stay high after the first
integration interval until after the next initialize signal Is
sent. No further interrupts are sent to the computer , therefore

the computer can read the data from bank 0 at any desired speed.
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CODES

SYSTEM CONFIGURATION CODE

16 0

Plofx X [x[x[x[x[x[X[X|X[X[X]X]X]

MODIFY/RESET CODE

15 ’ 0

t [1]/ofjofofoJofJofofofoJo[x]x[x]x]
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EXISTING SYSTEM

BOARD VI A - Part(a)

Data 1lines which are connected to this board are numbered
from 61 to 77. The data bits comes in from the input/output
panel. DA is a signal which also comes in from the input/output
panel. This signal is delayed and routed to enable the three
line to eight line decoder ( 74LS138 ) to allow enough time for
bits on the lines 61 to 76 to settle to their. correct values, at

the inputs of the octal D flip-flop ( 74LS374 ).

The working of the boards VI A - Part (b), VI A - Part (c)
and- VI B boards depends mainly on the programming and status
words entered in the System configuration code. A 1list of all
the codes appear 1in the introduction. It is observed that lines
75 and 76 ( 215 and 216 ) play an extremely important part in the

in the implementation of the various codes.

Since the output lines of the 74LS138 ( Chip C3 ) are active
low, the outputs from this chip - YO to Y3 are inverted outputs.

Y3 goes noninverted to Board VI A - Part (b).

The delay programming code which is not handled in VI A and B

are channelled to the delay control from the 74LS374 1latch

inputs.
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BOARD VI A - Part (b)

When activated these circuits output a modify/reset enable
bit or clocks Test mode selection data to the Sampler Controller.

. 9 i3
If any onhe of the data inputs ( 2 to 2 ) and Y3 are 1 then

neither of the outputs are activated.
' 8
When all of the above mentioned data inputs are 0 then the 2
input decides which of the two outputs to activate - A 0 value
for 28 enables the a modify/reset output and a 1 enables the test
mode selection output, which in turn, outputs test mode selection
data to sampler controller through a 74LS374 latch.
14
When a new system configuration code is to be sent, the 2
and 215 ( pin no. 75 and 76 ) are entered with 0 and 1
respectively. This enables the rest of the data from pins 61 to
74 to be latched to the appropriate points of the various
circuits. The latches being chips G4 and H4 on VI A - Part (a).
| 14 15
When both pins 75 and 76 ( 2 and 2 ) are made 1 and pins
69 to 74 ( 28 to 213 ) are made 0 then the resultant at Y3 ( Chip
C3 - 74L8138 ) is an active low signal and the 0's at pins 69 to
74 ( 28 to 213 ) generate the modify/reset enable signal which in
turn activates appropriate signé]s in board VI B.
4 7
Pins 61 to 68 ( 2 &o 2 ) are also 0O's and are gated to the

Sampler control ( Board VI B - Part (f) ).
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BOARD VI B - Part (a)

The programmable integration interval timer sets the timing

interval for the integration taking place in the correlator.

A rising edge at <clock 1input of Chip K4 outputs the
integration 1interval data on lines 91 to 94. The 74138’s (Chip
J4 and K3 ) are so connected that Chip J4 is activated for all

integration values from 0000 to O0111.

The ’Clear integration interval counter’ - line X should " be
at 0 for 740LS138’s to be enabled. Both X and rc ( ripple carry
out pin 15 ) of Chip G1 are at 1 during counting. This .disab]es
the load inputs to the 74169’s and enables count operation to go

on.

The actual integration interval ( Z ) is decoded from the
integration interval code ( n ), using the formula
n+1
Z = ( 2 -1 ) X 10.92 ms.

where n = 0, 1, 2, ...,14.

Thus the smallest integration interval is 10.92 ms. For non
zero values of n the counters count down the decoded 1integration

interval with the 5.46 ms clock.
At terminal count when chips G1-G4 reach 0000 the rc¢ output
pin 15 of Gi disables the counters and chip F2 the flip-fiop

converts the negative going rc ( ripple carry-out pin 15) to a
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positive pulse after sufficient delay ( 5.46 ms ). This signal

is called integration interval elapsed ( IIE ).

Should a modify signal occur between two IIE’s, the 1line X
goes low disabling the counters from counting and loading the new
integration 1interval into the counters from the adder outputs.
At the occurence of the rc output the IIE is sighalled and the

count down process for the new integration interval begins.

When no modify signal occurs the ripple carry output reloads
the unchanged integration interval from the adder output into the

counters and when rc goes high count is enabled.

BOARD VI B - Part (b)

A basic clock frequency of 12 MHz clocks the 4 counter

cascade ( 7418169 - Chips L1 - L4).

The basic integration clock is tapped at pin 11 of chip L1
(the MSB of cascade). This pin 11 corresponds to the divide by

16
2 output which yields a 5.46 ms clock.

As the multiplication and accumulation involved 1in the
correlation involves repeated addition by an offset value of 1, a

counter is necessary whose value is incremented by 0,1 or 2

depending on the product of 2 bits.
This preintegration counter has a maximum capacity of 14
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bits. If a worse case is imagined where 2 is added to the counter
14
value, the counter would overflow at the 2 clock pulse.

Therefore after every 213th clock pulse, the value of the
counter must be stored, before the 214th clock pulse occurs an
overflow would occur. This value is moved into a string of shift
registers and the counters are reset with an update pulse of
ﬁidth 2 X 83.3 ns = 166.6 ns. This pulse also causes an interrupt
to the microprocessor which the contains the integrated data and
then reads the 12 bit shift register whuch holds the result of an

integration over an interval and further integrates them into 16

bit values. and accumulates them into 16 bit registers.
BOARD VI B - Part (c)

A 48 MHz oscillator output 1is available from a 1:1

transformer. The oscillator is located on the input output panel.

The 48 MHz output is used to generate 12 MHz clocks which
clock the various circuits on VI A and VI B and also on the

various controller boards.

This 1is done by dividing the 48 MHZ into four, 12 MHz
sighals. Now each 12 MHZ clock is 90 degrees out of phase with

respect to each other, resulting in a 4 phase clock.

The output of the transformer is fed to Chip 03 ( HC 10116 )

and Tlater to ECL D-flip-flops HC 10176 (Chip 02 ) These pulses
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are then converted from ECL levels to TTL levels with the help of
Chip 01 ( MC 10125 ). After this four JK flip-flops which are
interconnected as in the circuit and generate the clocks in four

phases.

Further chip N3 ( MC 10124 ) converts TTL levels to ECL
levels, this conversion is necessary as clocks in ECL levels are

also required for the samplers, delays and correlators.
BOARD VI B - Part (d)

The three key bits that control the operation of the
0
correlator system are the initialize ( 2 ), the
1 2
interleaved/noninterlieaved ( 2 ) and the reset ( 2 ).

This circuit receives these latched bits and generates
appropriate signals to control the mode of functioning of the
correlator. These signals are the interrupt, the IBS, the reset

and the activate.

A change 1in system configuration made 1in between two
integration intervals is implimented by the system only at the
end of the current integration interval. The integration
interval elapsed signhal from VI B Part (a) ( which signals the
end of every integration interval ) is therefore Qéed to actually
generate appropriate signals for the bits 20, 21 and 22. These

bits are latched into the circuit whenever there is a change 1in

modify/reset code through the m/r enable. The difference
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between initialize signal and reset signal is that 1initialize
causes reset, activate to be generatéd and causes IBS to go low
before 1ntegratioﬁ interval elapsed occurs. When reset is 1

integration elapsed signal is generated.

0 2
2 - 2 of m/r | IBS goes 1low interrupt generated &
activate & reset IBS switched
generated
Initialize = 1 generated genekated by
immediately - ITE 1+ & all

other subsequent IIE’S

noninterleaved = 1 generated by generated by
IIE 1 IIE 2 only

reset =1 generated by generated by
ITE 1 ITIE 2 &-by

all subsequent IIE’s

BOARD VI B - Part (e)

The smallest integration interval is 10.92 ms. The phase

switch inverts once every 10.92 ms, and phase switching takes

place every 5.46 ms.

Any change 1in system configuration may give rise to
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transient signals and care must be taken to see that these
signa1s are not integrated. Again transient signals may also
arise after every phase 1nversion which occurs every 5.46 ms as
both + ve and - ve phases must be symmetrically blanked so that
the amount of data accumulated ( in the microprocessor ) during

+ve and -ve phases are the same. the 2 phases.

To avoid such an integration of spurious signals, the
bTanking' pulse is generated every 5.46 ms which zeros the delay
outpuﬁs so that (although the integration interval clock is on )
the integration does not take place during this time. As the
longest interval for which transients can occur is about 20 micro
seconds,‘ in the circuit the blank pulse is 21.6 micro seconds

long.

The basic 5.46 ms pulse clocks a high to the output whiéh
through a counter cascade selects the blanking interval forces
down the high after 21.6 micro seconds ( by a divide by 8
configuration 12 MHz / 28). The blanking pulse therefore lasts

21.6 micro seconds and occurs every 5.46 ms.

A pulse synchroniser circuit synchronises the programable

delays input and Clr.rdy input with the basic 12 MHz clock.

BOARD VI B - Part (f)

4 5 6 12
Bits 2, 2 , 2 and 2 of system configuration code are
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channelled for sampler ane delay control.

4 5 6 12

The outputs to the sampler control are 2 , 2 , 2 and 2

which are latched out only on the arrival of the ACTINT signal
4 5
from VI B - Part (d). 2 and 2 are also output to the delay

control. 1In addition to this the delay control also receives an
4 5
AND’ ed output of 2 and 2 which specifies whether the

system should work in fan beam or pencil beam mode.
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PROPOSED SYSTEM

The system clock operates at a set frequency of 12 MHz. The
generation of this clock frequency is done by a 48 MHz local

oscillator, located in the correlator unit.

This signal is first converted into a proper square wave by
using an operational amplifier comparator chip - the NE521. The
output s then fed to a divide by four arrangement called the
four phase clock generator, which basically consists of a chain

of three, hex D flip-flops ( 74F174 ).

As four phases of the resultant 12 MHz clock 1is required, the
flip-flop chain 1is tapped at 4 output points and the driving
capability of the four phase signals are enhanced by a 74F365

Tine driver.

As the sampler, delay and correlator boards contain ECL
chips, the four clock phases are level shifted from TTL to ECL

levels using the MC10124 - TTL to ECL interface chips.
As a set of clock phases is required for the proposed system,

which operates at TTL 1levels, one set of clock phases are

thus retained, at TTL levels.

The basic integration interval of the correlation process is

10.92 ms. The 5.46 ms waveform is generated from Clk 0 using a

B I T - Dept of Electronics and Communication 1990 - 91



16
divide by 2 circuit as shown comprising of four 74LS169 chips.

The 5.46 ms timing is obtained at the MSB of this cascade.
13
The Update signal occurs once every 2 clock 0 cycles that
is once every 682 micro seconds. Therefore the Update signal is
tapped at the 13th output of the divider chain and is delayed by
166 ns seconds before it is synchronised with Clk Correlator
Control ’and sent to the correlator system. This delay is

introduced using a chain of 748175 and 74874 flip-flops.

The 480186 has three functions:-
a) Acquires data from the correlator matrix.
b) Programmes the correlator/delay system through the 8088
system.

c) For power system monitoring.

The outputing of the SCC ( system configuration code ) and
the MRC ( modify/reset code ) from the 80186 to the 8088 is
accomplished through two programmable peripheral interface chips
( 8255A );‘ Ports A and B in both chips are programmed by the
80186 software to operate in mode 1 ( strobed output ). In this
mode the OBF pins of the 8255A go low as soon as the data 1is
written into its port. The OBFb of the MRC 8255A interrupts the
8088 through the 8088’'s INTR pin. This ensures that both SCC and
MRC have been transfered entirely before the interrupt to the

8088 1is actually made.
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In the interrupt service routine the 8088 reads the four
ports by seperately adressing four tri - state buffers ( 74241 ).

After this it generates an ACK signal to clear the OBFb pin.

To ensure that the 8088 has received the codes, the 80186,
after writing out all the codes, polls bit PC 1 of the MRC 8255A
until it senses a logic 1 or a high bit. This indicates that the
ACK signal has arrfved and therefore the codes have been read.
The .80186 software may be written so thét it polls the PC 1 bit
for only a predetermined period of time. Withen this time if the

poll is unsuccessful the 80186 may write out the codes again.

An 8286 chip has been used as a parallel bi-directional bus
driver for the 8088 data bus. The 8088 DEN 1is connected to the
OE of the 8286 and eliminates bus contention and the DT/R ( of
the 8088 ) to the T ( 8286 ) determines the direction of data
flow. T is sent low to receive data and is high if data is to be

sent.

The 8282 1/0 ports are used as address latches for the 8088.
The OE pin is permanently at ground and the address is enabled
into the 8282 using the ALE of the 8088 to the STB of the 8282.

There are three in all, to latch the 20 bit address.

The 8254 select inputs are AD3 - ADO and its chip select pin
is enabled by an I/0 device decoder circuit in accordance with
the address mapping of the I/0 devices, i.e. OF00 being the

decoder chip select combination and A3 - Ao enable the particular
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I1/0 chip pin of the 74241 ( tri staté buffer ) whose 1input is
hard wired to 08h, the interrupt type. When the INTA signal is
generated the 1interrupt type is read from which - the interrupt
pointer 1is calculated and using the CS and IP contents stored

therein the interrupt service routine is acessed.

There are two interrupts in this sub system,
1) Interrupt 1 ( INT1 ) to signify a change 1in system,
modify/reset code.
2) Interrupt 2 ( INT2 ) to 1ndicate the occurénce of an

1nte9ration elapsed signal.

As the first is a level and the secend is a pulse it was
decided to use a 74LS74 ( D flip-flop ) with an associated
circuitry which latches the interrupts ( when either occurs ) to
the flip-flop output. The 74L874 output therefore forms a
"Interrupt Word’ which 1is read by the 8688 as soon as an
interrupt occurs. The interrupt is identified ( as INT1 or 1INT2
) by the 8088 software. A 74LS241 - non 1inverting tri state
buffer which is enabled by the 8088 using I/0 addressing, to read

the interrupt word.

The work of the circiut in VI B (a) is to handle the task of
decoding and counting down the entire integration interval and
then signalling an integration interval elapsed to the rest of
the system. It was decided to replace this circuit with a
- combination of hardware and software. The hardware is the 8254 -

timer chip, and it counts down the integration interval. The
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signalling and decoding of the integration interval is done 1in
the microprocessor 1itself in its software instructions. The
software also handles the loading of the current integration

interval value into counter 1 of the 8254.

The basic timing of the integration process is the 5.46 ms
clock. This is therefore the clock input to the counter 1.

The D - type flip-fiop at the gate of counter 1 has a power -
on reset connection to 1t: This ensures that at the beginning of
the operation counter 1 does not begin counting from any random
number its count register might hold. Again, keeping the gate
tied high would enable counting before the interrupt 1 occurs.
This would disturb the entire system sequence of operation and
its performance. The gate is.at Tow level from the beginning of
operation till the time the first Activate pulse 1is generated,
i.e. - until the first set of System configuration and
modify/reset codes are input. This pulse clocks the gate which
enables the count. This counter is operated in mode 2, that is,
it fqnctions as a rate generator. The mode 2 is specified in the
counters control register contents ,which is loaded 1nto.the 8254

at the beginning of operations.

The output pin is connected to the interrupt latch and to the

interrupt enable.

Counter 2 of the 8254 generates the reset or interrupt

pulses. The samevcount is loaded into the count register for
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both signals as both have the same pulse width of 1.3 micro
seconds. The closest pulse width obtainable to this using its 6
MHz clock is 1.44 micro seconds. The 6 MHz clock is obtained from
the first output pin of the divider chain (in VI B (b) ). The

count loaded is 0%h.

The counter operates in mode 1 and therefore functions as a
programmable one-shot whose output pulse width is a product of

the count and the clock’s time period

The gate 1input to this counter is an OR’ed output of the
RESAND and INTRAND. This is because the same output pulse from
the counter functions as two different signals. The reset is
channe11éd to the output controller, the correlator and ADC
controller. The negated reset serves to pull the IBS to 0 through
a connection to the clear pin of the IBS flip~-flop. The RESAND

output goes high whenever there is an MRC change.

As the same output functions as two different signals
at different times. A 7418241 has been used to explicitly

identify the pulse as a reset or an interrupt as the operation

demands.

The output of counter 2 is input to two buffers ( of the
available eight ) in the 74LS241 chip. Each is controlled by a
separate enable pin. When the configuration requires a reset
pulse to be output, the enable of the corresponding buffer is

activated and simultaneously the buffer which channels the
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interrupt pulse is disabled , and vice-versa . The reset has been
used to enable one buffer and disable the other. Likewise the
INTRAND output is always high for an interrupt signal to be
generated and therefore used to enable the buffer for interrupt

and disable the one for reset.

A1l signal generation in this subsystem is microprocessor
controlled (by software). Whenever operation protocol demands,
the reset, activate interrrupt and the IBS signal have to be
directly generated by the software. One way to do this is to use
two—-input AND gates as separately addréssab]e output devices. Thé
I/0 decoder enables the chosen AND gate . A high on a uniquely
chosen data 1ine produces a high output which either clocks the
necessary flip-flops or enables the concerned gates to generaté

the necessary signals.

The activate signal signifies a change in the operating mode

of the telescope to the various components of the digital system.

The pulse width of the activate-signa1 is 166 ns. This has
been retained 1in the proposed system along with the flip-flop
circuit which generates it. Three D flip-flops are connected to
constitute a shift register with the MSB flip-flop’s Q is fed
back to the clear input of the first. The activate is generated
by the system whenever the initial bit in the modify/reset code
is high or otherwise whenever there is a change 1in system
configuration. The INITAND and the ACTAND which respectively

signify the above conditions are both OR’ed before they clock the
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activate generation. To ensure that the activate pulse is not
shorter than 166 ns , the OR’ed output is AND’ed with CLK O

before the AND output initiates the activate generation.

The ACTAND output goes high only after the occurence of the
IIE signal ( integration interval elapsed - which is sensed by
the microprocessor ) or when there is a modify signal. The
INITAND output however, goes high immidiately after the
modify/reset code has its 20 bit high. The activate generation
in this case does not wait for the IIE to occur. The 1IBS
(integration bank select ) is cleared to 0 at the advent of every
reset signal and toggles at the occurence of every interrupt
sighal. This 1is achieved by using a D-flip-fliop ( called the IBS
flip-flop ) <connected 1in toggle mode, clocked by the by the

interrupt signal and cleared by the reset signal.

The blank signal should occur a few nano seconds after the
5.46 ms clock’s rising edge. To ensure this and keeping in mind
the 21.3 micro second pulse width of the blanking pulse ( < 5.43
ms ) itself, it was decided to AND the 5.46 ms delayed clock with

a 6 MHz clock ( from the divider chain ) at the clock input of

the 8254’s third counter.

As the gate pulse to the counter is specified to be of a
minimum of 150 nano seconds, a 166 nano second gate pulse is
generated using a CLK 0 and three flip-flops (7474 type ). This
flip-flop chain has an AND’ed clock input of CLK 0 and the 5.486

‘ms delayed signal. This ensures that the counter 1is enabled

B IT - Dept of Electronics and Communication 1990 - 91



through the gate, every 5.46 ms. The 5.46ms delayed clock is
derived from two 7474 flip-flops connected in 2 bit shift
register mode. A count of 128 ( binary ) is loaded into the
third counter’s count register during initilization and remains

unchanged throughtout the system operation.

The output of the negative going pulse which is tapped for
the sampler controller. An inverted pulse functions both as a

Walsh clock and as the blank to delay controller.

The phase signal which is equal to the smallest possible
integration interval ( 10.96 ms ) is generated in both inverted
and noninverted versjons by a D-flip-fliop in toggle mode or
divide by two mode. This output is suitably delayed using flip-
flop register before the phase signal is sent to the correlator

and inversion is sent to delay.

Pulse synchronisation is achieved ( VI B (e) ) for both the
clr.rdy ( clear ready from V A ) and program delays ( from VI A )
with clock correlator control and the clock enable respect;vely.
The programhed delays is the clock input to a D-flip-flop ( 74874
) with the D pin tied high. This flip-flop is followed by two
other flip-flops connected in as a 2 bit shift register, c¢locked
by CLK Enable. A 5'fédback to the clear of the first flip-flop
ensures that the enable out pulse to the delay controller is of

166 nano second maximum width.

A similar connection for the Clir.rdy signal from board V A
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ensures that the Clr.rdy pulse to the correlator is a maximum of
166 nano seconds. Four output bits - test mode, 2/3 1level
mode, horizontal switch and vertical switch are channelled to
sampler control through a seperately addressable 74241 buffer.
Further, the horizontal and vertical switch bits have to be sent
to delay control also. These are tapped from the buffer inputs
and are sent to delay through the buffer itsé1f. A NAND’ed
output of the vertical and horizontal switch bits specify whether

or not the fan beam mode is operating. This output is also sent

to the delay.
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Store MRC and Input MRC
§C¢ to AX

A

Clear OBF,
C=IN=20
4
Decode 1]
load in CTIR4
Send out
4 activate
¢ =1
Y
" .
output to
IRET MODBUFF &
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Genarate [BS
IN]= 2 SHITCH and
IHTERRUPT
¥ N
Generate IBS
SHITCH and
INTERRUPT “
L
¢=3
4
IRET
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INl= 4

Generate Reset
Activate
IBS =0

y

0/P %o
HODBUFF
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ASSEMBLY CODE FOR THE PROPOSED SYSTEM
OF THE RADIO TELESCOPE

——— e s i e Al o . S o e ki e i (e i Mkl Wt o s ot S i et e e o

if1
include macro.lib
endif

int_vec segment at Oh
org 020h
dd int_rout

int_vec ends

P s e — i —— = —r T~ — o — —— —— — ¥

data_seg segment at 070h
memsc dw ?
memmr dw ?
i dw ?
ini dw ?
Cc dw ?
data_seg ends

¥ v e e S s o e . —— —— e o - —_—— e e e ®

stack_seg - segment at 076h
dw 50 dup(?)
tos . labe1l word
stack_seg ends

code_seg segment at O0ff0o0h
assume cs:code_seg,ds:data_seg, ss:stack_seg

intrand equ 0f000h
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initand equ 0f001h

actand equ 0f002h
resand equ 0f00dh
lachclrnand equ 0f003h
ctri equ 0f004h
ctr2 equ 0f005h
ctr3 equ 0f006h
crctr equ 0f007h
codbuff1 equ 0f008h
codbuff2 equ 0f009h
codbuff3 equ 0f00ah
codbuff4 equ 0f00bh
intbuff equ 0f00ch
modbuff equ 0f00eh
cwectri equ 034h
' cwetr2 equ 052h
cwetr3 equ 092h
cntctr2 equ 00%h
cntctr3 equ 080h
datintrand equ O01h
datinitand equ 02h
datresactand equ 04h
datlachcirnand equ 08h
datresand equ 010h
start
mov ax, data_seg
mov ds, ax ; point ds to data
seg
mov ax, stack_seg
mov 8s, ax ; point s8s to
stack seg
mov sp, offset tos ; init stack
intvectlod
push ds ; save ds
xor ax, ax ' ; 0 ax
mov ds, ax ; O ds
mov , bx, offset int_rout
mov ax, offset inint
mov [bx], ax ; store offset of
intr
mov ax, code_seg
mov [bx+2], ax ; store reg.addr.
of intr
pop ds ; restore ds
loadcw
mov al, cwctri
@__sout <crctr> ; load cw of ctri
mov al, cwctr?2
@_sout <crctr> ; load cw of ctr2
mov al, cwctrs
@_,sout <crctr> ; load cw of ctr3
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ctr2

ctrs

ctri

loadcnt
mov
@_sout

mov
@_sout

hit

inint
Xor

Xor
@_gin

cmp
jnz

@_gin
@_gin
mov
@_gin
@.gin
mov
mov
@..sout

integint
push
mov
and
add
mov
shil
sub

@_sout
@..sout

pop
mov
mov

intret
iret

intr21:
mov
cmp
Jjnz
mov
and
cmp

al, cntctr?2
{crctr>

al, cntctr3
{crctr>

ax, ax
cX, cX
<intbuff>

al, Ot
intr21

<codbuff>
<codbuff2>

memsc, ax
<codbuff3>
<codbuff4>

memr, ax

ax, datlachclirnand
<lachclrnand>

ax
ax, memsc
ax, Ofh
al, 01
cl, al
ax, cl
ax, 01
<ctri>
<ctri>

ax

ax, 1

c, ax

ax, c

ax, 1
intr23
ax, memrc
ax, 7h
ax, O

load count ‘of

load count of

halt

zero
accumulator
Zero reg. ¢

input interrupt
word

check 1if 1

if not 1 goto
intr21

extract it

decode count

from it

output count to
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jnz “chkbits

‘mov ax, datactand
@_sout ‘<actand>

call near ptr modbuff

mov ax, 2
mov c, ax
Jmp intret
intri
@_gin " <codbuf1>
@_gin <codbuf2)>
mov memsc, ax
@_gin <codbuf3>
@ _gin <codbuf4>
mov memmr, ax
mov ax, datlachclirnand
@_sout <lachclrnand>
integint:
mov ax, 1
mov c, ax
mov ax, O
mov ini, ax
Jmp intret
intr22
mov ax, ¢
cmp ax, 2
Jjnz intr23
mov ax, ini
cmp ax, 1
jnz theta
mov -ax, 2
mov ini, ax
theta
mov ax, datintrand
@_sout <intrand>
mov ax, 3
mov c, ax
Jmp intret
intr23
mov ax, ini
cmp ax, 2
Jz intretrn
mov ax, datintrand
@_sout <intrand>
intretrn:
Jmp intret
chkbits
and ax, 3

B I T - Dept of Electronics and Communication 1990 - 91



cmp ax, 3

jnz chk1
mov ax, 1
mov ini, ax
Jmp genrai
chk1i
and ax, 1
cmp ax, 1
Jjz genrai
genrai
mov ax, datactand
@_sout <actand>
call near ptr modbuffer
mov ax, datresand
@_sout <resand>
mov ax, 2
mov i, 2
Jjmp intret
modbuffer proc near
modb: )
mov ax, memsc
and ax, 1070h
xXor bx, bx
mov bh, ah
mov cl, 05
shr bx, ¢l
and ax, O070H
add ax, bx
@_sout <modbuff>
modbuffer endp
code_seg ends

end start

CREATE "MACRO.LIB"

3 @_sout
macro aport?
local around, where
push dx
out dx, al
mov where, dx
Jjmp around
where dw aport?
around:
endm
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@_gin macro aport?
local around, where

push dx

mov dx, where

in al, dx

Jmp around
where dw aport?
around:

endm
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CONCLUSION
In this project, a means of arriving at a previously
hardwired circuit for a computer controller interface for a radio
telescope correlator system has been attempted at, using an

intelligent system based on a Intel 8088 microprocessor.

The existing system was made up of two boards VI A and VI B

which were implemented using digital hardware only.

The system has the following advantages over the existing

system.
a) The entire hardware is laid out on one card.
b) The system is easily software upgradable.

c) This system is perfectly compatible with the 80186 master

processor of the data acquisition system.
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intgl

The Intel® 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate
technology (HMOS), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8- and
16-bit microprocessors. Itis directly compatible with BOB6 software and 8080/8085 hardware and peripherals.

8-Bit Data Bus Interface
16-Bit Internal Architecture
Direct Addressing Capabillity to 1 Mbyte

of Memory

® Two Clock Rates:
Direct Software Compatibllity with 8086 —§ MHz for 8088

CPU

8088

8-BIT HMOS MICROPROCESSOR
8088/8088-2

m Byte, Word, and Block Operations
m 8-Bit and 16-Bit Signed and Unsigned

Arithmaetic in Binary or Decimal,

Including Multiply and Divide

— 8 MHz for 8088-2

14-Word by 16-Bit Register Set with

Symmetrical Operations
24 Operand Addressing Modes

N Avallable in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

( MEMORY INTERFACE )

BUS
INTERFACE
UNIT

EXECUTION
UNIT

INSTRUCTION
STREAM BYTE

AH

B8H

CH

CcL

ARITHMETIC/
LOQIC UNIT

OH

oL

SP

BP

St

DI

QUEUE 2

EXECUTION UNIT
CONTROL
SYSTEM

231456-1
Flgure 1. 8088 CPU Functional Block Diagram
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Vee
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AVIIB4
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Figure 2. 8088 Pin Configuration
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Table 1. Pin Description

The following pin funiction descriptions are for 8088 systems in either minimum or maximum mode. The “local
bus" in these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to
additional bus buffers). )

Symbol Pin No. | Type Name and Function

AD7-ADO 9-16 | 1/0O | ADDRESS DATA BUS: These lines constitute the time multiplexed
' memory/10 address (T1) and data (T2, T3, Tw, T4) bus. These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and
local bus "hold acknowledge".

A15-A8 2-8,39| O | ADDRESS BUS: These lines provide address bits 8 through 15 for the
entire bus cycle (T1-T4). These lines do not have to be latched by ALE
to remain valid. A15-A8 are active HIGH and float to 3-state OFF -
during interrupt acknowledge and local bus “hold acknowledge'.

A19/S6,A18/S5, | 35-38 | O | ADDRESS/STATUS: During T1, these are the four most significant -
A17/54, A16/S3 - | address lines for memory operations. During 1/0 operations, these lines
are LOW. During memory and /O operations, status information is
available on these lines during T2, T3, Tw, and T4. S6 is always low.
The status of the interrupt enable flag bit (S5) is updated at the
beginning of each clock cycle. S4 and S3 are encoded as shown.

This information indicates which segment register is presently being
used for data accessing.

These lines float to 3-state OFF during local bus "hold acknowledge™.

S4 S3 Characteristics
0 (LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None,
1 1 Data
S6is 0 (LOW)
RD 32 O | READ: Read strobe indicates that the processor Is performing a

memory or I/0 read cycle, depending on the state of the I0/M pin or
S2. This signal is used to read devices which reside on the 8088 local
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is
guaranteed to remain HIGH in T2 until the 8088 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge”.

READY 22 | READY: is the acknowledgement from the addressed memory or 170
device that it will complete the data transfer. The RDY signal from
memory or I/0 is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The 8088 READY input is not
synchronized. Correct operation is not guaranteed if the set up and hoid
times are not met.

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vactor lookup table located in
system memory. It can be internally masked by software resstting the

. interrupt enable bit. INTR is internally synchronized. This signal is active
HIGH. .
TEST ' 23 I | TEST: inputis examined by the "wait for test" instruction. If the TEST

input is LOW, execution continues, otherwise the processor waits in an
. | "idle” state. This input is synchronized internally during each clock
cycle on the leading edge of CLK.
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Table 1. Pin Description (Continued)
Symbol | PInNo. | Type Name and Function

NMI 17 | NON-MASKABLE INTERRUPT: is an edge triggered input which causes a
type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup
table located in system memory. NMI is not maskable internally by ’
softwara. A transition from a LOW to HIGH initiates the interrupt at the end
of the current instruction. This input is internally synchronized.

RESET 21 | RESET: causes the processor to immaediately terminate its present activity.
The signal must be active HIGH for at least four clock cycles. It restarts
execution, as described in the instruction set description, when RESET
returns LOW. RESET is internally synchronized.

CLK 19 1 CLOCK: provides the basic timing for the processor and bus controller. it is
asymmetric with a 33% duyty cycle to provide optimized internal timing.

Vee 40 Vee:is the +5V +10% power supply pin.

GND 1,20 GND: are the ground pins. .

MN/MX 33 | MINIMUM/MAXIMUM: indicates what mode the processor is to operate in.

The two modes are discussed in the following sections.

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vo). Only the pin
* functions which are unique to minimum mode are described; all other pin functions are as descnibed above.

Symbol | Pin No. | Type Name and Function

10/M 28 O | STATUS LINE: is an inverted maximum mode 52. It is used 1o distinguish a
memory access from an /0 access. I0/M becomes valid in the T4 preceding a
bus cycle and remains valid until the final T4 of the cycle (I/0 = HIGH, M =
LOW). 10/M floats to 3-state OFF in local bus “'hold acknowledge".

WR 29 O | WRITE: strobe indicates that the processor is performing a write memory or write
1/0 cycle, depending on the state of the 10/M signal. WR is active for T2, T3, and
Tw of any write cycle. Itis active LOW, and floats to 3-state OFF in local bus

= | "hold acknowledge".

INTA 24 O | INTA:is used as a read strobe for interrupt acknowledge cycles. It is active LOW
during T2, T3, and Tw of each interrupt acknowledge cycle.
ALE © 25 O | ADDRESS LATCH ENABLE: is provided by the processor to latch the address

into an address latch. It is a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never floated.

DT/R 27 O | DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use
a data bus transceiver. It Is used to control the direction of data flow through the
transceiver. Logically, DT/R is equivalent to 51 in the maximum modse, and its
timing is the same as for I0/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local "“hold acknowledge™.

DEN 26 O | DATA ENABLE: is provided as an output enable for the data bus transceiver in a
minimum system which uses the transceiver. DEN is active LOW during each
memory and 1/0 access, and for INTA cycles. For a read or INTA cycle, itis
active from the middle of T2 until the middle of T4, while for a write cycle, it Is
active from the beginning of T2 until the middle of T4. DEN floats to 3-state OFF
during local bus ""hold acknowledge™.
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Table 1. Pin Description {Continued)

Symbol | Pin No.

Type

Name and Function

HOLD, | 31,30
HLDA

1,O

HOLD: indicates that another master is requesting a local bus “hold'". To be
acknowledged, HOLD must be active HIGH. The processor receiving the “*hold”
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
Ti clock cycle. Simultansous with the issuance of HLDA the processor will float
the local bus and control lines. After HOLD Is detected as being LOW, the
processor lowers HLDA, and when the processor needs to run another cycle, it
will again drive the local bus and control lines.

Hold is not an asynchronous input. External synchronization should be provided if
the system cannot otherwise guarantese the set up time.

o
%]
O

34

STATUS LINE: is Iogtcal%equiva!ent to SO in the maximum mode. The
combination of 550, 10/M and DT/R allows the system to completely decode the
current bus cycle status. ’

I0/M DT/R §50 Characteristics
1(HIGH) 0 0 Interrupt Acknowledge .
1 0 1 Read I/0 Port
1 1 0 Write I/0 Port
1 1 1 Halt .
O(LOW) 0 0 Code Access
0 0 1 Read Memory
0 1 0 Write Memory
0 1 1 Passive

The following pin function descriptions are for the 8088/8288 system in maximum mods (i.e., MN/MX =
GND). Only the pin functions which are unique to maximum mode are described; all other pin functions are as

described abovs.

Symbo! |Pin No.|Type

Name and Function

53,531,580 26-28§ O

STATUS: is active during clock high of T4, T1, and T2, and is returned to the
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is
used by the 8288 bus controller 1o generate all memory and 1/0 access control
signals. Any change by 52, $1, or 50 during T4 is used to indicate the beginnlng
of a bus cycle, and the return to the passive state in T3 and Tw is used to
indicate the end of a bus cycle.

These signals float to 3-state OFF during "*hold acknowledge'. During the first
clock cycle after RESET becomes active, these signals are active HIGH, After
this first clock, they float to 3-state OFF.

S3 31 50 Characteristics
o(LOW) 0 0 Interrupt Acknowledge J
0 0 1 Read I/O Port
0 1 0 Write I/Q Port
0 1 1 Halt
1(HIGH) 0 0 Code Access
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive




lnter 8088

A.C. CHARACTERISTICS o

{Ta = 0°C to 70°C, Tcase (Plastic) = 0°C to 85°C, Tcase (CERDIP) = 0°C 10 75°C,
Ta = 0°C 1o 55°C and Tgage = 0°C to 80°C for P8088-2 only
Ta I3 guaranteed as long as Tcase I8 not exceedad)

{(Vcc = 5V £10% for 8088, Voo = 5V £5% for 8088-2 and Extended Temperature EXPRESS)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Svmbol b . 8088 " 8088-2 Unit Test
mbo arameter nits
y Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 125 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 : 44 ns .
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL2 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 1 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ns
(Notes 1, 2) »
TCLR1X RDY Hold Time into 8284 0 0 ' ns
(Notes 1, 2)
TRYHCH READY Setup Time 118 68 ns
into 8088
TCHRYX READY Hold Time 30 20 ns
B into 8088
TRYLCL READY Inactive to CLK -8 -8 ns
: {Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NM!, TEST Setup Time | 30 15 ns
) (Note 2)
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 ns From 2.0V to 0.8V
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8088
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
2 8088 - 8088-2
Symbol Parameter i Mo Min Max Units Co:;l:ltom
TCLAV | Address Valid Delay 10 110 10 60 ns
TCLAX | Address Hold Time 10 10 ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 ns
TLHLL | ALE Width TCLCH-20 TCLCH—-10 ns
TCLLH | ALE Active Delay 80 50 ns
TCHLL | ALE Inactive Delay 85 55 ns
TLLAX | Address Hold Time to TCHCL-10 TCHCL-10 ns
ALE Inactive
TCLDV | Data Valid Delay 10 110 10 60 ns N
TCHDX | Data Hold Time 10 10 ns
TWHDX | Data Hold Time after WR | TCLCH—30 TCLCH-30 ns
TCVCTV | Control Active Delay 1 10 110 10 70 ns
TCHCTV | Control Active Delay 2 10 110 10 60 ns
TCVCTX | Control Inactive Delay 10 110 10 70 ns
TAZRL | Address Float to READ 0 0 ns
Active
TCLRL | RD Active Delay 10 165- 10 100 | ns
TCLRH | RD Inactive Delay 10 150 10 80 ns
TRHAV | BD Inactive to Next TCLCL—45 TCLCL-40 ns
Address Active
TCLHAV | HLDA Valid Delay 10 160 10 100} ns
TRLRH | RD Width 2TCLCL-75 2TCLCL-50 ns
TWLWH | WR Width 2TCLCL-60 2TCLCL-40 ns
TAVAL | Address Valid to ALE Low | TCLCH—-60 TCLCH—40 ns
TOLOH | QOutput Rise Time 20 20 ns | From 0.8V to 2.0V
TOHOL | Output Fall Time 12 12 | ns |From2.0Vto0.8V
NOTES:

1. Signal at 8284A shown for reference only. See 8284A data sheet lor the mos! recent specifications.
2. Set up requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3 state).
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8088

AC. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

4

><s <—— TEST POINTS —— ‘X

231458-11

A.C. Testing: Inputs are driven at 2.4V for a logic 1" and 0.45V
for a lagic 0" Timing measurements are made at 2.0V for & logic
“1" and 0.8V for a logic “0".

E'EVISS
ND
TEST I
Icl 100 pF
231458-12

Cy Includes Jig Capacitance

WAVEFORMS

BUS TIMING—MINIMUM MODE SYSTEM

CLK {8284 Output)

Ars-Ag

AvSe-AeSy

ALE

ROY (8284 Inpul)
SEENOTES

READY {8088 Input)

AD; - ADy
RD
READ CYCLE
(NOTE 1)
(WR, [NTA = vou) B
DTIR
DEN

Vew '::.c'. CHI1CH2 ‘,Hf TCLZC‘I’." ;- Y‘
I \__E\ . 1 S A S SN
=—1 TCHCTY TCHCL fo-=TCLCH—={
% % X
Aty - Ag {Flout during INTA)
retara] o dd TCHDX
aae| X n
L l— TiLAX
|
Y A
TeHLL—] - L — TR1vCL
a1 SR NN
avthF f—
{ — CHAYX
——f— _
- -‘-TC'AI TOVCL TCLOX—~4
‘}C ADr-ADo FLOAT DATAIN D T FLOAT V—
TAZRAL—={ TCLRH = { 7INAV$
/
_—_‘{vcucw TCLAL { /l— TALAK Fvcncvv
rcvcvv-ujQL Teverx—

L/

231458-13




Inter | 8088

WAVEFORMS (Continued) ‘ ' R 5

BUS TIMING—MINIMUM MODE SYSTEM (Continued)

18 T A} Tw Ta
TCHICH2 ad TCLICLY /

CUx 18284 Dutpun Vr]‘mq 7m\ ljr——xT 1[——\___

TCLav—- — e _ TeHOX—~]  fom
AD; - AUp D AD, DATA OUT :
. [TwHoxX
A\

TeveTy—] ) — cveTx
WRITE CY o . - -

€ CYCLE SER . -
NOTE 1 .
TEVCTY—] l-—

- - * TWLWH ] r :

. TeVeTX— f—
— ~¥CLAZ .
——TDVCL =] -—TCLOX
AD; - ADg |/ {
A FLOAT \__FomTen FLOAT \

I

|

»|

INTA CYCLE rovery
NOTES 1.3 -1
(KD, WR = Vou) &

TCYCTY—|

TCVCTX—1

\

DT/R INDETERMINATE ToLAY —]

SOFTWARE HALT
BEN.AD WR.INTA  vaw AD; - ADg f INVALID ADDRESS SOFTWARE HALT

23145614

NOTES:

1. All signals switch between Vo and Vg uniess otherwise specified.

2. RDY is sampled near the end of Ty, T3, Ty to determine if T, machines states are to be inserted.

3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is fioating during both INTA cycles. Control
signals are shown for the second INTA cycle. : '

4. Signals at 8284 are shown for reference onty. ’ /
5. All timing measurements are made at 1.5V unless otherwise noted.
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82C84A
CHMOS CLOCK GENERATOR AND DRIVER
FOR 80C86, 80C88 PROCESSORS

Generates the System Clock for the

80C86, 80C88 Processors:
82CB84A-5 for 5 MHz

82C84A for
Pin Compatible

8 MHz
with Bipolar 8284A*

Uses a Crystal or an External

Frequency Source

READY Synchronization

Provides Local READY and MULTIBUS®

Schmitt Trigger Input

other 82C84As

Low Power Consumption
Single 5V Power Supply

TTL Compatible Inputs/Outputs
Avallable in 18-Lead Plastic DIP

{See Packaging Spec., Order #231368)

Generates System Reset Output from

Capable of Clock Synchronization with

The Intel 82C84A is a high performance CHMOS clock generator-driver designed to service the requirements
of the BOC86/88 and 8086/88. Power consumption is a fraction of that of equivalent bipolar circuits. The chip
contains a crystal controlled oscillator, a divide-by-three counter and complete READY synchronization and
reset logic. Crystal controlied operation up to 15, 25 MHz utilizes a parallel, fundamental mode crystal and two

small ioad capacitors.

*The Bipolar 8284A requires two load resistors and a resonant crystal.

L1 D____ 0
G}-o RESET
—{ {CX
x1
XTAL
OSCitl o]
2 | iearon [T {: osc
kT
.3 -2 }erewx
SYNC SYNC
EFl
CcsYNG | T
ROY1
D————D—. cux
RENT
ADY2 L 1
cxt CKi
RENZ [ ] D Q }—» READY
FFt FF2
i 231198-1
82C84A Block Diagram
CSYNC[]1 — 18 [JVee
pcLk]2 7x
R AENIC} 2 18 )x2
] 15 ) KSYRT
ROVICY pocaan PP
READY (]S 14 [JEFI
Rov2(]e 1 rt
KERZ() 7 121Josc
cik{}s 1 [JRES
aND (] ? 10 [ JRESET

82CB84A 18-Lead
DIP Contiguration

Control
Pin Logical 1 Loglical 0
F/T External Crystal
Clock Drive
RES Normal Reset
RDY 1 Bus Ready Bus not
RDY 2 ready
AENT Address Address
AEN?2 Disabled Enabled
ASYNC | 1 Stage Ready | 2 Stage Ready
Synchronization | Synchronization’

82C84A Pin Description

231198~

2




82CB4A

Table 1. Pin Description

Type

Name and Function

>
m
Z
N

ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify
its repective Bus Ready Signal (RDY1 or RDY2). AENT validates RDY1
while AEN2 validates RDY2. Two AEN signal inputs are useful in system
configurations which permit the processor to access two Multi-Master
System Busses. In non Multi-Master configurations the AEN signal inputs
are tied true (LOW).

RDY1,
RDY2

BUS READY: (Transfer Complete). RDY is an active HIGH signal which
is ah indication from a device located on the system data bus that data
has been received, or is available. RDY1 is qualified by AENT while
RDY2 is qualified by AEN2.

READY SYNCHRONIZATION SELECT: ASYNC is an input which
defines the synchronization mode of the READY logic. When ASYNC is

LOW, two stages of READY synchronization are provided. When ASYNC -

is left open (an internal puli-up Is provided) or HIGH a single stage of
READY synchronization is provided.

READY

READY: READY is an active HIGH signal which is the synchronized RDY
signal input. READY is cleared after the guaranteed hoid time to the
processor has been met.

X1, X2

CRYSTAL IN: X1 and X2 are the pins to which a crystal Is attached. The

" crystal frequency is 3 times the desired processor clock frequency. (If no

crystal is attached, then X1 should be tied to V¢ or GND and X2 should
be left open.)

F/C

FREQUENCY/CR_Y_STAL SELECT: F/Cis a strapping option. When
strapped LOW, F/C permits the processor’s clock to be generated by the
crystal. When F/C is strapped HIGH, CLK Is generated from the EFI
input.

EF!

EXTERNAL FREQUENCY: When F/C is strapped HIGH, CLK Is
generated from the input frequency appearing on this pin. The input
signal is a square wave 3 times the frequency of the desired CLK output.
When F/C is strapped LOW, EFI should be tied HIGH or LOW.

CLK

" PROCESSOR CLOCK: CLK is the clock output used by the processor

and all devices which directly connect to the processor’s local bus (i.e.,
the bipolar support chips and other MOS devices). CLK has an output

frequency which is V4 of the crystal or EF| input frequency and a /4 duty
cycle.

PCLK

PERIPHERAL CLOCK: PCLK is a TTL level peripheral clock signal
whose output frequency is 1/, that of CLK and has a 50% duty cycle.

0sC

OSCILLATOR OUTPUT: OSC is the TTL level output of the internal
oscillator circuitry. Its frequency is equal to that of the crystal.

RESET IN: RES is an active LOW signal which is used to generate
RESET. The 82C84A provides a Schmitt trigger input so that an RC
connection can be used to establish the power-up reset of proper
duration.




82CB84A

Symbol

Type

Table 1. Pin Description (Continued)

Name and Function

RESET

RESET: RESET is an active HIGH signal which is used to reset the
80C86/88 family processors. Its timing characteristics are
determined by RES.

CSYNC

CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal
which allows multiple 82C84A’s to be synchronized to provide clocks
that are in phase. When CSYNC is HIGH the internal counters are
reset. When CSYNC goes LOW the internal counters are allowed to
resume counting. CSYNC needs to be externally synchronized to EFL.

ground.

When using the internal oscillator CSYNC should be hardwired to

GND GROUND.

Vee POWER: + 5V supply.

FUNCTIONAL DESCRIPTION

Osclilator

The oscillator circuit of the 82C84A is designed pri-
marily for use with an external parallel resonant, fun-
damental mode crystal from which the basic operat-
“ing frequency is derived.

The crystal frequency should be selected at three
times the required CPU clock. X1 and X2 are the two
crystal input crystal connections. For the most sta-
ble operation of the oscillator (OSC) output circuit,
two capacitors (C1 = C2) as shown in the waveform
figures are recommended. The output of the oscilla-
tor is buffered and brought out on OSC so that other
system timing signals can be derived from this sta-
ble, crystal-controlled source.

Capacitors C1, C2 are chosen such that their com-
bined capacitance:

CieC2

T =
c C1 + C2

(Including stray capacitance)

matches the load capacitance as specified by the
crystal manufacturer. This insures operation within
the frequency tolerance specified by the crystal
manufacturer.

Clock Generator

The clock generator consists of a synchronous di-
vide-by-three counter with a special clear input that
‘inhibits the counting. This clear input (CSYNC) al-
-|lows the output clock to be synchronized with an
external event (such as another 82C84A clock). it is
necessary to synchronize the CSYNC input to the
EFI clock external to the 82C84A. This is accom-

plished with two Schottky flip-flops. The counter out-
put is a 33% duty cycle clock at one-third the input
frequency.

The F/CT input is a strapping pin that selects either
the crystal oscillator or the EFI| input as the clock for
the + 3 counter. It the EFI! input is selected as the
clock source, the oscillator section can be used in-
dependaently for another clock source. Output is tak-
en from OSC.

Clock Outputs

The CLK ouput is a 33% duty cycle MOS clock driv-
er designed to drive the 80C86/88 processors di-
rectly. PCLK is a TTL level peripheral ciock signal
whose output frequency is Y, that of CLK. PCLK has
a 50% duty cycle.

Reset Logic

The reset logic provides a Schmitt trigger input
(RES) and a synchronizing flip-flop to generate the
reset timing. The reset signal is synchronized to the
falling edge of CLK. A simple RC network can be
used to provide power-on reset by utilizing this func-
tion of the 82CB4A.

READY Synchronization

Two READY inputs (RDY1, RDY2) are provided to
accommodate two Multi-Master system busses.
Each input has a qualifier (AENT and AENZ, respec-
tively). The AEN signals validate their respective
RDY signals. If a Multi-Master system is not being
used the AEN pin should be tied LOW.




- 82C84A
D.C. CHARACTERISTICS (Continued)
mg;(.m-boul—1 Parameter Min Max Units Test Conditions
ViL Input LOW Voltage 0.8 \
VIH Input HIGH Voltage 2.2 Vgg + 05 V
ViHR Reset Input HIGH Voltage 0.6 Vco \
VoL Output LOW Voltage 0.4 V [ClK:ilgL = 4mA
! | Others:lg = 2.5mA
VoH Qutput HIGH Voltage Voo — 0.4 V |CLK: gy = —4mA
. V | Others:lpy = —2.5mA
V|Hh~Vu_n RES Input Hysteresis: 82C84A 0.15 v
82C84A-5 0.25 \'
CiN Input Capacitance 7 pF |freq = 1 MHz
NOTES: »

1. Vi, F/T, X1 2 Vg — 0.2V: EFI = Vg or GND; ASYNG = Vg or OPEN; X2 = OPEN; Vy < 0.2V.
2. An internal pull-up resistor Is implemented on the ASYNC input.

A.C. CHARACTERISTICS (Tp = 0°Cto +70°C, Vg = 5V £10%)

TIMING REQUIREMENTS

Symbol Parameterl 82c84A 82C847-5 Units | Test Conditions
Min Max Min Max
tEHEL External Frequency HIGH Time 13 20 ns | 90%-90% VN
teLEH External Frequency LOW Time 13 20 ns | 10%-10% V|N
teLEL EFI Period 40 66 ns | (Note 1)
XTAL Frequency 2.4 25 6.0 15 | MHz
trivcL | RDY1, RDY2 Active Setup to CLK 35 35 ns | ASYNC = HIGH
trivcH | RDY1, RDY2 Active Setup to CLK 35 35 ns | ASYNC = LOW
imvcn_ RDY1, RDY2 Inactive Setup to CLK 35 35 ns
tcLrix | RDY1, RDY2 Hold to CLK 0 0 ns /
tayver | ASYNC Setup to CLK 50 50 ns
toiayx | ASYNC Hold to CLK 0 0 ns
tasvriv | AENT, AEN2 Setup to RDY1, RDY2 15 15 ns
tciatx | AENT, AEN2 Hold to CLK 0 0 ns
tyneH | CSYNC Setup to EFY 20 20 ns
teHYL CSYNC Hold to EF! 10 20 ns
tyHYL CSYNC Width 2¢te el 2% 6L ns
fiicL | RES Setup to CLK 65 65 ns | (Note 2)
tcutn | BES Hold to CLK 20 20 ns | (Note 2)
YuH input Rise Time 15 15 | ns | (Note1)
YL Input Fall Time 15 15 ns | (Note 1)
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82C84A
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter Min 82C84A | Min 82C84A-5 | Max | Units | Test Conditions
tcLoL CLK Cycle Period 125 200 ns
tcHoL | CLKHIGH Time (Yatored+2 | (Atcc) t2 ns
tcicH | CLKLOW Time Ghtoc)—15 | Gatocy)—15 ns
:gt;cct‘f CLK Rise or Fall Time 10 | ns 1.0V 10 3.5V
teHPL PCLK HIGH Time tcLoL —20 tcLoL—20 ns
tPLPH PCLK LOW Time tocLcL—20 tcLeL—20 ns
tryLcL | Ready Inactive to
CLK (Note 4) -8 -8 ns
tayHcH | Ready Active to CLK :
(Note 3) (Aterc—15 | (Atoc)—15 ns
tcuL CLK to Reset Delay 40 ns
tcpH | CLK to PCLK HIGH DELAY 22 | ns
toLpL CLK to PCLK LOW Delay 22 ns
toLcH OSC to CLK HIGH Delay -5 -5 22 ns
toLcL | OSC to CLK LOW Delay 2 2 35 | ns
toLoH Output Rise Time
(except CLK) 15 ns From 0.8V to 2.0V
toHoL Output Fall Time ’ :
{except CLK) 15 ns From 2.0V to 0.8V
NOTES:

1. Transition batween V| (max) — 0.4V and Viu(min) + 0.4V.
2. Setup and hold necessary only to guarantee recognition at next clock.
3. Applies only to T3 and TW states. !
4. Applies only to T2 states, '

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT /

OUTMUT

1.% TEST POINTS —-o><1v

A.C. TESTING: ALL INPUT SIGNALS MUST SWITCH BETWEEN
0.45V AND 2.4V. Trisg AND Tpa MUST BE < 15 ns.
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V.

231198-4

DEVICE
UNDER
TEST

Vi - 138V
R = 7400 POR ALL OUTPUTS
LXCUPT CLX
4430 POA CLOCK OUTMUT
:I;c‘

231198-5
C_ = 100 pF FOR CLK .
C_ = 30 pF FOR READY

Cy INCLUDES PROBE AND JIG CAPACITANCE
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8254
Ki
i PROGRAMMABLE INTERVAL TIMER
2 Compatible with All intel and Most m Six Programmable Counter Modes
Other Microprocessors m Three Independent 18-Bit Counters
& Handles Inputs from DC to 10 MHz ' :
— 5 MHz 8254-5 m Binary or BCD Counting
, — 8 MHz 8254 m Single +5V Supply
i =10 MHz 8254-2 m Available In EXPRESS
. Status Read-Back Command — Standard Temperature Range

The Intel® 8254 is a counter/timer device designed to solve the common timing control problems in micro-.
computer system design. It provides three Independent 18-bit counters, each capable of handling clock lnputs
up to 10 MHz. All modes are software programmable. The 8254 is a superset of the 8253, R

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP packags. .
Ny
l«——CLK O oot~ 2l vee
010y Us COUNTER | 4 aATEO (g2 [ WA
BUFFER ° os (13 2|76 .
|———» out 0 ar 2R &
Dy s 20 :_] Ay
— = BN S
WO Clk 2
w .
AD ———f 2 | ———CcLK 1 [ml] 17{Jjourz
WR READ] 3 COUNTER ko9 18
WRITE -] 1 € GATE 1 cLKo ] QATE 2
Ag —————-| LOGIC z ouro (] 1sfJcky
Ay ——— z > oum GATE 0 (] 11 14 aate

anp [ 12 13{7JouTtt
: cs——j »————’ ' 231184-2

Figure 2. Pin Configuration
- CLK 2 T
<:‘ COUNTER | GATE 2

CONTROL
WORD

REGISTER 2

p— 0UT 2

v
231184-1
Figure 1. 8254 Block Diagram
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8254

Table 1. Pin Description

Symbol :l(r; Type Name and Function
D,J)n 1-8 el DATA: Bi-directional thioo slata data b'u;lines, connected to system
o data bus.

CLKO 9 | CLOCK 0: Clock input of Counter 0.

ouT o 10 O OUTPUT 0: Output of Counter 0.

GATEO 11 ! GATE 0: Gate input of Counter 0.

GND 12 GROUND: Power supply connection.

Vee 24 POWER: + 5V power supply connection.

WR 23 I WRITE CONTROL: This input is low during CPU write operations.

RD 22 I READ CONTROL: This input is low during CPU read operations.

CS 21 | CHIP SELECT: A low on this input enables the 8254 to respond to
RD and WR signals. RD and WR are ignored otherwise.

Ay, Ag 20-19 | ADDRESS: Used to select one of the three Counters or the Control
Word Raegister for read or wrile operations. Normally connected to
the system address bus.

Ay Ag Selects
0 0 Counter 0

0 1 Counter 1

1 0 Counter 2

1 1 Control Word Register

CLK 2 18 | CLOCK 2: Clock input of Counter 2.

QuT 2 17 @] QUT 2: Output of Counter 2.

GATE 2 16 | GATE 2: Gate input of Counter 2.

CLK 1 15 | CLOCK 1: Clock input of Counter 1.

GATE 1 14 | GATE 1: Gate input of Counter 1.

OUT 1 13 O OUT 1: Output of Counter 1.

FUNCTIONAL DESCRIPTION

General

The 8254 is a programmable interval timer/counter
designed for use with intel microcomputer systems.
Itis a general purpose, multi-timing element that can
be treated as an array of 1/0 ports In the system
software.

The 8254 solves one of the most common problems
in any microcomputer system, the generation of ac-
curate time delays under software control. Instead of
setting up timing loops in software, the programmer
configures the 8254 to match his requirements and
programs onae of the counters for the desired delay.
After the desired delay, the 8254 will interrupt the
CPU. Software overhead is minimal and variable
length delays can easily be accommodatead.

Some of the other counter/timer functions common
to microcomputers which can be implemented with
the 8254 are:

* Real time clock

* Event-counter

¢ Digital one-shot

e Programmable rate generator
e Square wave generator

s Binary rate multiplier

* Complex waveform generator
e Complex motor controller

Block Diagram

DATA BUS BUFFER

This 3-state, bl-directional, 8-bit buffer is used to In-
terface the 8254 to the system bus (see Figure 3).
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Figure 16. Mode 1

initial count has expired, OUT goes low for the re-
mainder of the count. Mode 3 Is periodic; the se-
quence above Is repeated indefinitely. An initial
count of N results in a square wave with a period of
N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. If GATE goss low while OUT is low, OUT is
set high immediately; no CLK pulse is required. A
trigger reloads the Counter with the initial count on
the next CLK pulse. Thus the GATE input can be
used to synchronize the Counter.

After writing a Control Word and Initial count, the
Counter will be loaded on the next CLK pulse. This
allows the Counter 1o be synchronized by software
also.

Writing a new count while counting does not affect
the current counting sequence. if a trigger is re-
ceived after writing a new count but before the end
of the current half-cycle of the square wave, the
Counter will be loaded with the new count on the
next CLK pulse and counting will continue from the
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A GATE transition should not occur one clock prior o terminal count.

J

231164-9

Figure 17. Mode 2

new count. Otherwise, the new count will be loaded
at the end of the current half-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initial count is
loaded on one CLK pulse and then is decremented
by two on succeeding CLK pulses. When the count
expires OUT changes value and the Counter is re-
loaded with the initial count. The abova process is
repeated indefinitely.

Odd counts: OUT is initially high. The initiai count
minus one (an even number) Is loaded on one CLK"
pulse and then is decremented by two on succeed-
ing CLK pulses. One CLK pulse after the count ex- *
pires, OUT goes low and the Counter is reloaded
with the initial count minus one. Succeeding CLK
pulses decrement the count by two. When the count
expires, OUT goes high again and the Counter is
reloaded with the initial count minus one. The above
process is repeated indefinitely. So for odd counts,
OUT will be high for (N + 1)/2 counts and low for
(N — 1)/2 counts.
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso-
lute Maximum Ratings' may cause permanent dam-
Ambient Temperature Under Bias ...... 0°Cto 70°C age to the device. This is a stress rating only and
Storage Temperature .......... —65°Clo + 150°C functional operation of the device at these or any
other conditions above those indicated in the opera-

Voltage on Any Pin with
Respect to Ground. .. ........... —08Vio +7v  fonal sections of this specification is not implied. Ex-

posure lo absolute maximum rating conditions for

P?wer Dissipation .......... ... ... iiialt 1w extended periods may affect device reliability.

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

D.C. CHARACTERISTICS Ta = 0°C10 70°C, Vog = 5V £ 10%

Symbol Parameter Min Max Units Test Conditlons
ViL Input Low Voltage -0.5 0.8 \Y

ViH Input High Voltage 2.0 Vee +0.5V \']

VoL Output Low Voltage 0.45 \4 o, = 2.0 mA

VoH Output High Voltage 24 \V lgH = —400 pA

L Input Load Current +10 pA ViN = Vo to OV

loFL Output Float Leakage +10 pA Vout = Vg to 0.45V
lcc Vg Supply Current 170 mA

CAPACITANCE T, = 25°C, Vg = GND =0V

Symbol Parameter Min Max Units Test Conditions

CiN Input Capacitance 10 pF fe = 1 MHz

Ciso 17Q Capacitance 20 pF Unmeasured pins
returned to Vsg

A.C. CHARACTERISTICS T = 0°Cto 70°C, Vg = 5V £ 10%, GND = 0V

Bus Parameters(1)

READ CYCLE J

Symbol Parameter 8254-5 8254 8254-2 . | uUnit
Min Max Min Max Min Max

" AR Address Stable Before RD ] 45 45 30 ns
tsR CS Stable Before RD | 0 0 0 ns
™ Address Hold Tme After RO T | © 0 0 ns
tAR RD Pulse Width 150 150 95 | ns
trD Data Delay fromRD | 120 .| 120 85 ns
tAD Data Delay from Address 220 220 185 ns
toF RD 1 to Data Floating 5 90 5 90 5 65 ns
trv Command Recovery Time 200 200 165 ns

NOTE:

1. AC timings measured at Vo = 2.0V, Vo = 0.8V.
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A.C. CHARACTERISTICS Ta = 0°Cto 70°C, Ve = 5V £ 10%, GND ~ 0V (Continued)

WRITE CYCLE

Symbol Parameter 8254-5 8254 8254-2 Unit
Min Max Min Max Min Max
taw Address Stable Before WR | 0 0 0 ns
tsw CS Stable Before WR | 0 ' 0 0 ns
tWA Address Hold Time After WR | 0 0 0 ns
tww WR Pulse Width 150 150 95 ns
tow Data Setup Time Before WR T 120 120 95 ns
twp Data Hold Time After WR T 0 0 0 ns
tRv Command Recovery Time 200 200 165 ns

CLOCK AND GATE

Symbol Parameter 8254-5 8254 8254-2 Unit
Min Max Min Max Min Max
tcLK Clock Period . 200 DC 125 DC 100 DC ns
tPwH High Pulse Width 60(3) 60(3) 300) ns
tewL Low Pulse Width 60(3) 60(3) 5003) ns
tR Clock Rise Time 25 25 25 ns
e Clock Fall Time 25 25 25 ns
taw Gate Width High 50 50 50 ns
taL Gate Width Low 50 50 50 ns
tas Gate Setup Jime to CLK T 50 50 40 ns
tGH Gate Setup Time After CLK T 50(2) 50(2) 50(2) ns
too Output Delay from CLK | 150 150 100 ns
tooa Output Delay from Gate | 120 120 100 ns
twe CLK Delay for Loading | 0 55 0 55 0 55 ns
twa Gate Delay for Sampling -5 50 -5 50 -5 40 ns
two OUT Delay from Mode Write 260 260 240 ns
toL CLK Set Up for Count Latch —40 45 —40 45 ~40 40 ns
NOTES:

2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the'8254-2) of
the rising clock edge may not be detected.
3. Low-going glitches that violate tpwi, tpwi mMay cause errors requiring counter reprogramming.
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WAVEFORMS

8254 PRELIMINARY

WRITE

twa |

|
DATA BUS X VALID

tow ——»

+—lwp—n

231184-13
READ

“ X

tan -

s N i
N ey e

tan—-{

l————— tap

DATA BUS o= = oo =of

I S S —— Gu—

VALID

23116414
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WAVEFORMS (Continued)

RECOVERY

sa N/ __/

CLOCK AND GATE

231184-15

W~

t— 1y —

R f— MGI"«; a— 1

GATE |

fow ]B
!a\—-vl *—> top
X

ouTPUT O |

1000 -1

two
- 231184-18
*Last byte of count being written.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
20 20
v DEVICE
>< > TEST POINTS < X U,NEDSETR
0.8 2] l
0.4 C, = 150 pF
231164-17 ' I
A.C. Testing: Inputs are driven at 2.4V f¢. a Logic “1" and 0.45V —_
for a Logic "0." Timing measurements are made at 2.0V for a -
Logic “1"* and 0.8V for a Logic “0". 231184-18
Cy = 150 pF
Cy Includes Jig Capacitance
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MCS-85T™ Compatible 8255A-5
24 Programmable 1/0 Pins
Completely TTL Compatible

Fully Compatible with Intel
Microprocessor Families

Improved Timing Characteristics

8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

Direct Bit Set/Reset Capability Easing
Control Application interface

Reduces System Package Count
improved DC Driving Capabillity

Avallable in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

40 Pin DIP Package or 44 Lead PLCC
(See Intel Packaging: Order Number: 231368)

The Intel B255A is a general purpose programmable 1/0 device designed for use with Intel microprocessors. It
has 24 1/0 pins which may be Individually programmed in 2 groups of 12 and used In 3 major modes of
operation. In the first mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input
or output. In MODE 1, the second mode, each group may be programmed to have 8 lines of input or cutput. Of
the remaining 4 pins, 3 are used for handshaking and interrupt control signals. The third mode of operation
(MODE 2) is a bidirectional bus mode which uses 8 lines for a bidirectional bus, and 5 lines, borrowing one
from the other group, for handshaking.

.
rowER GO
wnun{ oo a
vo
— e ) o KD Wl
| comma [K——— :
CONTROL -
-
[V ] .
KA e KD 2
PORT C
rCy-#Cy
B-OMECTIONAL DATA BUS hosd
DATA N
oroe T wn
BUFFER < y)
-ar
TERAL [- ¥ ]
DATA SUS [ ] vo
I : : w-n‘ : y-Co
16} |
gy
W e 0] "EAD.
it Y "m—— %
A—] c?nna“ CONTROL m K:,, c vo
. re;-peg
[V PE—— "
T ——— ] L) }—

Figure 1. 8255A Block Dlagram

231308-1

s S 0[] rea
]2 »l ]
=] .n:m
~o [} Bl m Y]
» (] »[Jwm
a]s 30 7] meser
oo ] o
Risi n[oe
s (e 1 [ o
wr ] 7w
g 8255A wFn
s »l]n
L s B LIn
~e ) wle
s »l)vee
i v ni)ee
s (0 s 1) res
ek n;-u .
L= K 1] e
1] ) 1]m |
231308-2
Figure 2. Pin

Configuration
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface
(PPI) device designed for use in inte! microcomputer
systems. Its function is that of a general purpose 1/0
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 8255A Is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to inter-
face the 8255A to the system data bus. Data is
fransmitted or received by the buffer upon execution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Write and Control Logic

The function of this block Is to manage all of the
internal and external transfers of both Data and
Control or Status words. It accepts inputs from the-

CPU Address and Control busses and in turn, issues
commands 1o both of the Control Groups.

(CS)

Chip Select. A "low" on this input pin enables the
communication between the 8255A and the CPU.

(RD) "

Read. A “low" on this input pin enables the 8255A
to send the data or status information to the CPU on
the data bus. In essence, it allows the CPU to “read
from' the 8255A.

(WR)

Write. A “low"” on this input pin enables the CPU to
write data or control words into the 82656A. . = -

(Ag and A4)

Port Select 0 and Port Select 1. These input sig-
nals, in conjunction with the RD and WR Inputs, con- -
trol the selection of one of the three ports or the
control word registers. They are normally connected
to the least significant bits of the address bus (Ag
and Aq).

v
POWER -
sueeLIey

comTaoL

caouw
py
10
K M ronte K
L] 6 /
@y \
I DIRECTIONAL DaTA BUS oata 4
0,0, s :> [
surree [N
[ y
LIt crouw
catast < . N 1o
rortc <
} ‘> 1owtR )"'-l’cc
ey
D ecy
- RCAD!
- N mmrg onow C—— anow
conta .
A LM:‘ CONTAOL < > no:l ..:".
A -~ .
A | L ety
= 4?

231308-3

8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Loglc Functions
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8255A BASIC OPERATION
Ay | Ao |RD | WR | CS | Input Operation (READ)

0] 0 1 Port A — Data Bus

011 0 1 Port B — Data Bus

010 1 0 | PortC — DataBus

Output Operation
(WRITE)

0oj0}| 1 0 | O | DataBus — PortA
o1 1 0 0 { DataBus — PortB
1101 0 | O |DataBus — PortC
1{1]1 0 | 0 |DataBus — Control
Disable Function
X1 X X | 1 | DataBus — 3-State
11110 1 Ilegal Condition
X X1 1 Data Bus — 3-State
(RESET)

Reset. A “high” on this Input clears the control reg-
ister and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is pro-
grammed by the systems software. In essence, the
CPU “outputs™ a control word to the 8255A. The
control word contains information such as *“mode”,
"bit set”, “bit reset”, etc., that initializes the func-
tional configuration of the B255A.

Each of the Control blocks (Group A and Group B)
accepis "commands’ from the Read/Write Control
Logic, receives "control words" from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A—Port A and Port C upper (C7-C4)
Control Group B—Port B and Port C lower (C3-C0)

The Control Word Register can Only be written Into.
No Read operation ot the Control Word Register Is
allowed.

Ports A, B,and C

The 8255A contains three B-blt ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or *'personality” to further
enhance the power and flexibility of the 8255A.

Port A. One 8-bit data 'ou!pu! latch/buffer and one
8-bit data input latch.

Port B. One 8-bit data input/output latch/buffer and
one B-bit data input buffer.

Port C. One B-bit data output latch/buffer and one
8-bit data input buffer {no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B.
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CONTROL WORD #12
o, Dy O, O, O, D, D, D,

(LLLLTLL

A v‘——F——. PA, PA,

{4———#—-—&7&.
c

CONTROL WORD 814
b, By B, D, Oy D, D, D,

) e N

{44—&”.
<

Iy <———+—'———— A, A,
$255A

ot ey e,
D, Dy -——] c {

[ 70

231308-25

Operating Modes

MODE 1 (Strobed Input/Output). This functional
configuration provides a means for transferring {/O
data to or from a specified port in conjunction with
strobes or "*handshaking’’ signals. In mode 1, port A
and port B use the lines on port C to generate or
accept these “handshaking” signals.

Mode 1 Basic Functional Definitions:
e Two Groups (Group A and Group B)

® Each group contains one 8-bit data port and one
4-bit control/data port.

® The 8-bit data port can be either input or output.
Both inputs and outputs are latched.

e The 4-bit port is used for control and status of the
8-bit data port.

y 0yDg - 5,0,
i)
____,d._.pc,n' ;—/———'c,*c.
231308-23 231308-24
CONTROL WORD #13 CONTROL WORD #15
D, Dy Dy D D3 D; Dy Dy D; Oy Oy D, D3 D D, D
|||0(0“l“°lo‘ 1 Qﬂl‘]'lo 1 1

A ‘—f——-——. PA, PA,
ot — PC,¥C,

D, Dy +————+{ [ {
o rcyrey

o fe—rptt— ra, e,

231308-268

Input Control Signal Definition

§TB (Strobe Input). A “low” on this input loads
data into the input latch. o / K

i

IBF (Input Buffer Full F/F)

A "high” on this output indicates that the data has
been loaded into the input latch; in essence, an ac-
knowledgement. IBF is set by STB input being low
and is reset by the rising edge of the RD |nput.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the
CPU when an input device Is requesting service.
INTR is set by the STB is a "one", IBF is a ‘‘one”

. and INTE is a ““one". It is reset by the falling edgse of
RD. This procedure allows an input device to re-
quest service from the CPU by simply strobing its
data into the port.
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INTE A )
Controlled by bit set/reset of PCy.

INTE B

Controlied by bit set/reset of PC,.

MOOE 1 (PORT A) MODE 1 (PORT B)
N )

CONTROL WORD COMTROL WORD

D, Dg Og D, O, D, D, Oy D, Dy O, D, Dy O; D, D, Fe-n
R NTE §

CL[ [ XX . ~ T | L ™
PCe7 [ 187, ey |—— F,
1= INPUT
0= OUTPUT

L INTR, —— INTRy
D ——e-f "D — o]
2 -
Py [0
231308-27 231308-28
Figure 8. MODE 1 Input
- gy
m 4
'ug
] —
turfe— Tae
INTR l . ,
r mvﬁ\
" \.L/————J ,
et
e ————~{ 3-- ____________________
]
231308-2¢9

Figure 9. MODE

1 (Strobed Input) .
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Output Control Signal Definitlon

OBF (Output Buffer Full F/F). The OBF output will
go “low” to indicate that the CPU has written data
out to the specified port. The OBF F/F will be set b
the rising edge of the WR input and resst by A_C%
input being low.

ACK (Acknowledge Input). A “low” on this input
informs the 8255A that the data from port A or port
B has been accepted. In essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request). A "high” on this output
can be used to interrupt the CPU when an output

device has accepted data transmitted by the CPU.
INTR is set when ACK is a "one”, OBF Is a "one",
and INTE is & “one". It Is reset by the falling edge of
WR. - :

INTE A
Controlled by bit set/reset of PCg.

INTE B
Controlled by bit set/reset of PCj.

MODE 1 (PORT A)

s

CONTROL WOROD

D; Dy Dy D, Dy D, Dy D,

Lrle [ To]wXIXDX] o
PCis PCe I+ ATk,

1= INPUT
0 = QUTPUT

231308-30

MODE 1 (PORT B)

8,78 3

CONTROL WORD

Dy 04 By D, D, D, Dy Dy

O o
e xR,
|« inTR,

WR ————e-0O

231308-31

Figure 10, MODE 1 Qutput

N/

le— twon

INTR \
wir

OUTPUT

231308-32

Figure 11. MODE 1 (Strobed Output)



TYPES SN5400, SN54H00, SN54L00, SN54L.S00, SN54500,

SN7400, SN74H00, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

REVISED DECEMBER 1983

* Package Options Iinclude Both Plastic and
Caramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

¢ Dependable Texas Instruments Quality and
Reliability
description

These devices contain four independent 2-input NAND
gates.

The SN5400, SN54H00, SN54L00, and SN541S00,
and SN54S00 are characterized for operation over the
tull military temperature range of —55°C to 125°C. The
SN7400, SN74H00, SN74LS00, and SN74S0Q are
characterized for operation from 0°C to 70°C.

FUNCTION TABLE (each gate)

INPUTS ouTPUT
A B v
HooH L
Lox H
x H

logic diagram (each gate)

positive logic

SN5400, SN54H00, SN54L00 . .. JPACKAGE
SN541LS00. SN54S00 ... JORW PACKAGE
SN7400. SN74HO0 ..  JORNPACKAGE
SN74LS00. SN74500 ... D, JORNPACKAGE

(TOP VIEW)
1A Uha vee
18 2 130] 48
1y Qs 120 4a
2A [a v ay
2B (s 0[] 38
2y (s a{] 3A

GND []7 813y

SN5400, SN54HO0 ... W PACKAGE

TOP VIEW)
a Uhdbay
1B (]2 1348
1y s 1203 4A

veceds 11D GND
2v (s 100]38
2A s 9[] 3A
2847 8[]3Y

SN54LS00. SN54S00 ... FK PACKAGE
SN74LS00, SN74S00 ... FN PACKAGE
{TOP VIEW}

NC . No internat connection




TYPES SN5402, SN541.02, SN54L.502, SN54502,

SN7402, SN74LS02, SN74502

QUADRUPLE 2-INPUT POSITIVE-NOR GATES

REVISED DECEMBLR 1983

e Package Options Includn Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

e Dependable Texas Instruments Quality and
, Reliability
description

These devices contain four independent 2-input-NOR
gates.

The SN5402, SN54L02, SN54LS02 and SN54S02 are
characterized for operation over the full military temper-
ature range of —55°C to 125°C. The SN7402,
SN74LS02 and SN74S02 are characterized for opera-
tion from0°C to 70°C.

FUNCTION TABLE (each gate)

INPUTS QUTPUT
A B Y
H X L
X H L
L L H

logic diagram (each gate)

A Y
B

positive logic

SNH402, SN54L02 . . JPACKAGE
SNGA4LS502 SN5H4S02 . JORW PACKAGE
SN7402 . JORNPACKAGE
SN741LS02. SN74502 ... D. JORNPACKAGE
(TOP VIEW)

OVce
13]4Y
120348

1Y
1A
18

2y N4a

2A N3y

28 3.
GND

DBA

SN5402 ... WPACKAGE

(TOPVIEW)
1iar Uidgay
182 13(] 48
1y (s 120 4A
vee Os 11[] GND
2y s 10[] 38
2A (s 9[] 3A
280} 3Y

SN54LS02. SN54502 ... FK PACKAGE
SN74LS02.SN74502 ... FNPACKAGE

(TOP VIEW)

NC - No internal connection




TYPES SN5404, SN54H04, SN54L04, SN54LS04, SN54S04,
SN7404, SN74H04, SN74LS04, SN74504

HEX INVERTERS

MEVISED DECEMBER 1083

* 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 six independent inverters.

The SN5404, SN54104, SN54104, SN54LS04 and
SN54S04 are characterized for operation over the full
military temperature range of —55°C to 125°C. The
SN7404, SN74H04, SN74LS04 and SN74S04 are
characterized for operation from 0°C to 70°C.

FUNCTION TABLE {each inverter)

INPUTS OuUTPUT
A Y
" l
L L]

logic diagram (each inverter)

"positive logic

SNHA04, SNHANHOA. SNH4AL 04

SNHALSO4. SNH4ASN4 J
SN7404. SN74HO4 .
SN74LS04.SN74S04 ... D.

JPACKAGE
ORWPACKAGE

JORNPACKAGE

JORNPACKAGE

(TOP VIEW)
ah U 1a[] Vee
1Y 32 13[] 6A
2a (s sy
2y de  1ifysA
3A s 10{] 5Y
3Y Os o[} 4A
GND Q- a4y
SN5404. SN54H04 ... W PACKAGE
(TOP VIEW)
i Uy
2y Oz 13[] 6A
2A O3 1200 6Y
Vee (4 1] GND
3A [Os 0] 5Y
Y O~ 4[] 5A
4A [ aD ay
SNS4LS04. SN54S04 ... FK PACKAGE
SN74LS04, SN74504 . .. FN PACKAGE
{TOP VIEW)
O
222358
| S0 4 S GRS & SN @ W |
321

2A
NC
2y
NC
3A

]

M
> Qo>
mZzZw

NC  Montermal cornactbor

|95Y
d Ne
16 [] 5A
(] NC
14 ] 5Y

"




TYPES SN5420, SN54H20, SN54L20, SN54L.520, SN54520,
SN7420, SN74H20, SN74LS20, SN74520
DUAL 4-INPUT POSITIVE-NAND GATES

REVISED DECEMBER 1983

N54 N54H 4 L JP
¢ Packnagn Options Include Both Plastic and ss:nfﬂ.ysn 5<~r‘?'&75:5 Lj%n WJPAT:?(’(A%(:E
Ceramic Chip Carriers in Addition to Plastic SN7420. SN74H20 JORNPACKAGE
and Ceramic DIPs SN74L520, SN74520 .. D,JORNPACKAGE
. (TOP VIEW)
* Dependable Texas Instruments Quality and
Reliability 1a U vee
'
. 18 (]2 13(] 2D
description
P ne Qv 2 2c
These devices contain two indrpendent 4-input NAND . 1C (4 1] NC
gates. 10 (s 0[] 28
1Y (s 9{] 2A
The SN5420, SN54H29, SN54120, SN541L520 and GND 7 8:] 2y
SNb4S20 are characterized for operation over the full
military range of —-55°C to 125°C. The SN7420,
SN74H20, SN74L520 and SN74520 are characterized SN5420. SNS4H20 . .. WPACKAGE
for operation from 0°C to 70 °C. {TOP VIEW]
w Ui
v 2 130 1C
FUNCTION TABLE (each gate) ne O3 ,2% 1B
\ (sl 1[J GND
weuts | ouTpuT CCH B
A B C D Y -2A (e 98 2D
H H H H L 28 7 8[J 2C
X X X H
x t X X " SN541520, SN54520 . .. FK PACKAGE
X X L X H SN74LS20, SN74$20 ... FN PACKAGE
X X X U H (TOP VIEW)
o 8o
9 ?-: Z >~
|G G G5 | G5 | S0
321
L NC [J 4 18(] 2C
logic diagram (each gate)
g NC {15 17(J NC
1C |le 16{] NC
A NC [J7 15[] NC
8 v 10 (s 147] 28
s ‘ 9
D I aracra
o
z22Xx8
U]

NC - No internal connection
positive logic

Y-AB-CDoY A:+B:C+D




TYPES SN54H21, SN54LS21,
SN74H21, SN74LS21
DUAL 4-INPUT POSITIVE-AND GATES

REVISED APRIL 1888

SN54H21 ... JPACKAGE

¢ Package Options Include Both Plastic and SN54L521 ... JORW PACKAGE

Ceramic Chip Carriers in Addition to Plastic SN74H21 ... JORN PACKAGE
SN74L521 ... D, JORNPACKAGE
and Ceramic DIPs .
(YOP VIEW)
, | * Dependable Texas Instruments Quality and
Reliability 1a g Unal vee
: 18 ]2 13(] 2D
description Ne O 20 2¢
These devices contain two independent 4-input AND 1c Qe 113 NC
gates. 10 s 0{] 28
1¥v (s s} 2A
The SN54H21 and SN54LS21 are characterized for GND Q7 8[] 2y
operation over the full military temperature range of
—-55°C tf’ 125°G; The. SN74H21 and SN74LS21 are SN54H21 ... W PACKAGE
characterized for operation from 0° C to 70°C. (TOP VIEW)
FUNCTION TABLE {each gata) 0 10
1 1c
INPUTS OUTPUT g B
GND
A B C D Y 5 2v
H H H H H :] 20
L X X X L N 2c
X L X X L
X XL X L
X X X L L SN54LS21 ... FK PACKAGE
SN74LS21 ... FN PACKAGE
(TOP VIEW)
s}
2229
|G § G b S8 | GND
logic diagram (each gate) 32
NC 4 18([]2c
A . Ncls 17({ne
B v 1cfs 1e(jNne
o—1 - Nc? 15 [{NC

14128
9
[
z

positive logic

NC - No internal connection

Y-A-B-C-DorY=A

of

+B+C+




TYPES SN5432, SN54LS32, SN54S32,
SN7432, SN74L532, SN74S32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

REVISED DECEMBER 1983

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

s Dependable Texas Instruments Quality and
Reliability
description

These devices contain four independent 2-input OR
gates.

The SN5432, SN541S32 and SN54532 are charac-
terized for operation over the full military range of
-55°C to 125°C. The SN7432, SN74LS32 and
SN74S32 are characterized for operation from 0°C to
70°C.

FUNCTION TABLE {each gate)

INPUTS OouTPUT
A B Y
H X H
X H H
L L P L

logic diagram {each gate)

positive logic

SN5432, SN541532, SN54532 ... JORW PACKAGE
SN7432 ... JORNPACKAGE
SN741S32.SN74532 .. . D.Jor NPACKAGE

(TOP VIEW)
1A[:| UIADVCC
1B[]? 13(] 48
1v {2 120 4A
2A0« 1pay
2B(s  10[138
2Y s 933A

GND 7 8[33Y

SN541532. SN54832 ... FK PACKAGE
SN74LS32, SN74532 .. . FNPACKAGE

(TOP VIEW}

NC  No intsnal connection




TYPES SN5474, SN54H74, SN54L74, SN54LST74A, SN54574,

SN7474, SN74H74, SNT4LST4A, SN74S74

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

RLVISED DECEMBER 1983

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

* Dependnble Taxas instrumants Quality and
- Reliability

description

These devices contain two independent D type
positive-edge triggered flip flops. A low level at the
preset or clear inputs sets or resets the outputs
regardless of the levels of the other inputs. When preset
and clear are inactive {high), data at the D input meeting
the setup time requirements are transferred to the
outputs on the positive-going erdge of the clock pulse.
Clock triggering occurs at a voltage level and is not
directly related to the rise time of the clock pulse.
Following the hold time interval, data at the D input may
be changed without affecting the levels at the outputs.

The SNK4° {amily is characterized for operation over the
full military temperature range of —55°C to 125°C.
The SN74°. family is characterized for operation from
0°Cto70°C.

FUNCYION TARLE

" TiNeuTs ouTPUTS
PRE_CLR _ClLk D | Q a
L " X X “)I t
H 1 X X 1 H
L t x x|t nt
H H ! H H L
H H L L H
H H L X | Q To
1 The output lavals in this conliguiation are not guarantaed
10 meet the minunum lavels in Vo if the fows at preset
and clear are near Vi maxunum. Furthermore, this can-

figuration is nonstable; that is, it will not persist when
sither preset or clear returns to its inactive (high) level

lgic symbol
1PRE 4ALINGT is)
1cLK -‘L——>c1 a
12)
102 o -
s bl P> 13
10
2PRE AL AN 19) L4
2CLK 1—'—‘:;,
20 ——— 8) =
2ctR 13N —— 20
P oumbess shawn on foge natatesnvnee foc () J oe N packages

SN5474 SNS54H74.  SN54L74 .. . JPACKAGE
SNS4LS74A, SN54574 JORW PACKAGE
SN7474 SN74H74 JORNPACKAGE
SN74ALS74A SN74S74 D.JORNPACKAGE
(TOP VIEW)®

Hvee
) 2CLR
‘D2o
D2CLK
] 2PRE
aplel
120

SN5474. SN54H74 ... W PACKAGE
{TOP VIEW)

[11PRE
]j1Q
1a
[JGND
1120
o[]2Q
[]2PRE

SN541S74A SN54S74 .. FK PACKAGE
SN741LS74A SN74574 FN PACKAGE

(TOP VIEW)

Gvee
oL 2CLR

(8]
z

MUIC_L—ﬁ

o
pas |
3

9 10111213

100000
- 2Z 2 NN
Q

NC - No internal connection

logic diagram




TYPES SN541.5138, SN54S5138, SN74L5138, SN745138

3-LINETO 8-LINE DECODERS/DEMULTIPLEXERS

DICIMRIR 1972 REVISED APRIL 1985

*» Dasigned Specifically for High-Speed:
Memory Decoders
Data Transmisdlon Systems

¢ 3 Enable Inputs to Simplify Cascading and/or
Data Reception

¢ Schottky-Clamped for High Performance

description

These Schottky-clamped TTL MSI circuits are designed
to be used in high-performance memory decoding or
data-routing applications requiring very short propaga-
tion delay times.-In high-performance memory systems
these decoders can be used to minimize the effects of
system decoding. When employed with high-speed
memories utilizing a fast enable circuit the delay times of
these decoders and the enable time of the memory are
usually less than the typical access time of the memory.
This means that the effective system delay introduced by
the Schottky-clamped system decoder is negligible.

The 'LS138 and 'S138 decode one of eight lines depen-
dent on the conditions at the three binary select inputs
and the three enable inputs. Two active-low and one
active-high enable inputs reduce the need for external
gates or inverters when expanding. A 24-line decoder
can be implemented without external inverters and a
32-line docodar requires only ona inverter. An enable in-
put can be used as a dnta Input for demultiplexing
applications.

All of these decoder/demultiplexers feature fully buf-
fered inputs, each of which represents only one nor-
malized load to its driving circuit. Alt inputs are clamped
with high-performance Schottky diodes to suppress
line-ringing and to simplify system design.

The SN541.S138 and SN545138 are characterized for
operation over the full military temperature range of

—55°C to 125°C. The SN74LS138 and SN745138 are
characterized for operation from 0°C to 70°C.

SN541L5138,SN545138 ... JORW PACKAGE
SN741LS138. SN74S138B . . D, JORNPACKAGE
(TOP VIEW)

Jvee
yo
[ ]v1
Jy2
Nvy3
[Jva
ys
[Ive

SN54LS138B. SN545138 . .. FK PACKAGE
. SN74LS138,SN745138 ... FN PACKAGE

{TOP VIEW)
o
>
-

Q
Qo
z >
T
120

139

_cp Bv
GzA[l s 17{]y2
NC{] 6 6{JNC
G2l) 7 15 va

14{]va

10
amVanionbas '
w
sgey

G

9
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NC - No internal connection

logic symbols

A”) ‘BIN/OCTO (15)
g2 ], i LT
PETIN o N TETIVS
k02
6) |& apitlly
T 5 l10lyg
EzAHA. EN sh 'Q'YG
G28 2L 1Ty
OR
(1) DMUX
A1), O ‘“:"Yo
8. 6% 1 t‘ 'y
c zﬁ%:m
3
Gr 8 _J& . TEIN
G2A :‘;: o 5k (10)
G28 5l o 6b :9: ve
7 >.._Z- Y7

Pin numbers shawn on logie notatinn ace for D, J ar N packages.




TYPES SN54154, SN54L154, SN74154
4-LINETO 16-LINE DECODERS/DEMULTIPLEXERS

OteLtBCAR 1972 NEVISED DECEMBER 1983

* ‘154 is Ideal for High Performance Memory SN54154  JORW PACKAGE
Decoding SN54L154 . JPACKAGE
SN74154  JORNPACKAGE

e 'L154 is Designed for Power-Critical ) (TOP VIEW)
Applications

o(fr Unoa vee
e Decodes 4 Binary-Coded Inputs into One of 102 231JA
, 16 Mutually Exclusive Outputs 2003 22[08
* Performs the Demultiplexing Function by 31;4 2{c
Distributing Data From One Input Line to Any a(ls 20:]9
One of 16 Outputs SEG '9392
. 6 (] 18[]G1
¢ |nput Clamping Diodes Simplify System 708 17:]15
Design 8o 16[]14
+ High Fan-Out, Low-Impedance, Totem-Pole 9[]

10 15 {13
Outputs 100 1e[]12
GND([ 2 13Jn

e Fully Compatible with Most TTL and MSI

Circuits
TYPICAL AC\’/SR:EGE TYPICAL logic symbol
TYPE PROPAGATI LAY -
3LEVELS OF LOGIC  STROBE ' O'ER DISSIPATION A i1 S
‘154 23 ns 19 ns 170 mw 112,
‘L164 46 ns 38 na 85 mW g :_%_45_‘_3
description A‘g;: 1 2 q7 ;
Each of these monolithic, 4-line-to-16-line decoders 2-‘2—'1-——: !; ng
e N . K pl0 g g b8l g
utilizes TTL circuitry to decode four binary-coded inputs g =110) g
into one of sixteen mutually exclusive outputs when 10 P 10
both the strabe inputs, Gt and 62, are low. The " : risti
demultiplexing function is performed by using the 4 in- . (18) & 11§ 5 :;
put lines to address the output line, passing data from 1.”_é.'_>. EN 14 P £ 14
one of the strobe inputs with the other strobe input low. G2 ——bx 15 15
When either strobe input is high, all outputs are high. oR
These demultiplexers are ideally suited for implementing DMUX
high-performance memory decoders. For uitra-high o ; 0
speed systems, SN54S138/SN74S138 and ; L (3 ;
SN54S139/SN74S139 are recommended. 3 p=14] 5
. . i : 123) ap—tbla
These circuits are fully compatible for use with most A PFl] [o] 5 P~ “75 5
other TTL circuits. All inputs are buffered and input g 21 ¢l ? b“"}‘g‘:g
clamping diodes are provided to minimize transmission- ptf20t 14 L ST
line effects and thereby simplify system design. ‘g ) 90
o 1
The SN54154 and SN541154 are characterized for 1P~ n
operation over the full military temperature range of - (18) :3 113
-55°C to 125"C. The SN74154 is characterized for : E’EATI 14 P2l 14
operation from 0°C to 70°C. G2—— 15 P~ 5

Pin numbers shown on logic notation ate for J or N packages.




TYPES SN54LS169B, SN545168, SN545169,
SN74L5169B, SN745168, SN745169
SYNCHRONOUS 4-BIT UP/IDOWN COUNTERS

OCINABLR 1976 RALVISED MAY 1983

description

‘'S168 . . . SYNCHRONOUS UP/DOWN DEC-ADE COUNTERS
'LS1698, 'S169 . . . SYNCHRONOUS UP/DOWN BINARY COUNTERS

o SN5A4S 168, SNSALS 1698, SN545169 . . J OR W PACKAGE
SN745168. SN74L51698. SN745169 ... D. J OR N PACKAGE
(TOP VIEW)
Programmable Look-Ahead Up/Down vl Uss vec
Binary/Decade Counters ck(2  1s[JRCO
N . 3 4(]Q,

Fully Synchronous Operation for Counting BAE‘ :3 %0:
and Programming » CéS v2[Joc
Internal Look-Ahead for Fast Counting DES n[Jap

. enp[7  so[JENT
Carry Qutput for n-Bit Cascading anolls o[110AD

Fully Independent Clock Circuit

SN545168. SN54LS169B, SN545169 .. . FK PACKAGE
SN74S168. SN74L51698, SN745169 ... FN PACKAGE

{TOP VIEW)

These synchronous presettable counters {eature an in-
ternal carry look ahead for cascading in high speed

counting applications. The ‘S168 is a decade counter A 0a
and the 'LS169B and 'S169 are 4-bit binary counters. B s
Synchronous operation is provided by having all flip- i NC NC
flops clocked simultaneously so that the outputs change c Qc

coingident with each other when so instructed by the D
count -enabla inputs and internal gating. This mode of
operation helps eliminate the output counting spikes
that are normally associated with asynchronous (ripple-
clock) counters. A butfered clock input triggers the four
master-slave flip-flops on the rising (positive-going)
edge of the clock waveform.

9 10111213
a0 Vlolk
PERIEE
w o Qlw
-

NC No iriternal connoction

. TYPICAL MAXIMUM
These counters are fully programmable; that is, the TYPICAL
. CLOCK FREQUENCY
outputs may each be preset to either level. The load TYPE POWER
input circuitry allows foading with the carry-enable COUNTING COUNTING DISSIPATION
output of cascaded counters. As loading is uP DOWN
synchronous, setting up a low level at the load input 'LS1698 35MHz 35MHz 100mwW
disables the counter and causes the outputs to agree '$168,'S169 70MHz 55MHz 500mwW

with the data inputs after the next clock pulse.

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional gating.
Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable inputs (‘E_NT’,
ENT) must be low to count. The direction of the count is determined by the level of the up/down input. When the input is
high, the counter counts up; when low, it counts down. Input ENT is fed forward to enable the carry output. The carry output
thus enabled wilt produce a low-level output pulse yith a duration approximately equal to the high portion of the Qa output
when counting up and approximately equal to the low portion of the Qa output when counting down. This low-level
overflow carry pulse can be used to enable successive cas.caded stages. Transitions at the ENP or ENT inputs are allowed
regardless of the level of the clock input. All inputs are diode-clamped to minimize transimission-line effects, thereby simplify-
ing system design.

These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, LOAD, U/D) that will modify
the operating mode have no effect until clocking occurs. The function of the counter (whethar enabled, disabled, loading, or
counting) will be dictated solely by the conditions meeting the stable setup and hold times.




TYPES SN54174, SN54175, SN54LS174, SN54LS175, SN545174, SN545175,
SN74174, SN74175, SN74LS174, SN74LS175, SN74S174, SN745175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

OCCEMBER 1972- REVISED DECEMBER 19882

'174,°LS174,'S174 .. . HEX D-TYPE FLIP-FLOPS
‘175, °LS175,'S175 .. . QUADRUPLE D-TYPE FLIP-FLOPS

174, 'LS174,'S174 Contain Six Flip-Flops
with Single-Rail Outputs

‘175, 'LS175, 'S175 Contain Four Flip-Flops
with Double-Rail Outputs

Three Performance Ranges Offered: See
Table Lower Right

Buffered Clock and Direct Clear Inputs
Individual Data Input to Each Flip-Flop

Applications include:
Buffer/Storage Registers
Shift Registers .
Pattern Generators

description

These mondlithic, positive-edge-triggered flip-flops
utilize TTL circuitry to implement D-type flip-flop logic.
All have a direct clear input, and the ‘175, 'LS175, and
‘S175 feature complementary outputs from each flip-
flop.

Information at the D inputs meeting the setup time
requirements is transferred to the Q outputs on the
positive-going edge of the clock pulse. Clock triggering
ocgurs at a particular voltage level and is not directly
related to the transition time of the positive-going pulse.
When the clock input is at either the high or low level,
the D input signat hz})s no effect at the output.

These circuits are fully compatible for use with most
TTU circuits.

FUNCTION TABLE
{EACH FLIP-FLOP]

INPUTS QUTPUTS

CLEAR CLOCK D | a at
L X x| L H
H 1 H H i
H t L L H
H L x | Qg Qg

H = high level {steady state)

L = low ievel (steady state)

X = jrrelevant

t = transition from ltow 1o high leval

Qg = the level of Q bafore the Indicated steady state
input conditions were e«tablished.

Y =175 'LS175 and 'S175 onl,

TYPICAL TYPICAL
MAXIMUM POWER
TYPES
cLoCK DISSIPATION
FREQUENCY PER FLIPFLOP
‘174,°17% 35 M, 38 mW
‘LS174,°LS178 40 MHZz 14 mW
‘5174, 5175 110 MH, 15 mwW

SNG64174, SN54LS174, SN54S174 .., JORW PACKAGE

SN74174 ... JORNPACKAGE
SN74L5174,SN74S174 ... D. JORN PACKAGE

[TOP VIEW}

ai@‘ 1611 Vee
a2z 1sPea
vy  weo
2000 5o
20E5 12{] 50
aos nap
30007 10]J aa
evolde  9[) cx

SN5415174, SN545174 ... FK PACKAGE
SN74L5174, SN745174 ... FN PACKAGE

{TOP VIEW)

SN54176, SN541L5175, SN54S175 ... JOR W PACKAGE

SN74176 ... JORN PACKAGE
SN74LS175,SN74S176 ... D,J ORNPACKAGE

(TOP VIEW)
ctrlr Usvee
1wz 1s[Jea
1al]s  Pao
i+ 130a0
ngS. 12{J3p
2als Q3o
22> w30
onolle  s[Jcix

SN54LS175, SN545175 ... FK PACKAGE
SN74LS175,.5N74§1756 ... FN PACKAGE

(TOP VIEW) ;

NC - No Internal connection




TYPES SN54365A THRU SN54368A, SN54LS365A THRU SN54LS368A
 SN74365A THRU SN74368A, SN74LS365A THRU SN74LS368A
HEX BUS DRIVERS WITH 3-STATE OUTPUTS

REVISED DECEMBER 1983

» 3-State Outputs Drive Bus Lines or Buffer SN543B5A. 386A. SN54LS3B5A, 368A ... JPACKAGE
Memory Address Registers SN74365A, 366A ... JORNPACKAGE
v 9 SN74LS385A. SN74LS366A ... D, J OR N PACKAGE

* Choice of True or Inverting Outputs (TOP VIEW)
¢+ Package Options Include Both Plastic and 1] Ue Vee
Ceramic Chip Carriers in Addition to Plastic Al[]>  s[]G2
and Ceramic DIP's Yi[s a[JAs
. A2(1a  13[]ve
. De?en.d.able Texas Instruments Quality and v2 (s 12[] A5
Reliability A3[le mnifJYs
Y317 10[]As
‘365A, ‘367A, 'LS365A, ‘LS367A True Outputs GND s o] va
'366A, ‘368A, °‘LS366A, °'LS368A Inverting
outpu‘s SN54LS365A, SN54LS366A ... FK PACKAGE
SN74LS365A, SN74LS366A ... FN PACKAGE
description (TOP VIEW)
8]
These Hex buffers and line drivers are designed UG g glg
specifically to improve both the performance and dens- v g o g emn g o g o
321

ity of three-state memory address drivers, clock drivers,

and bus oriented receivers and transmitters. The Y1fje 18 [} A6
designer has a choice of selected combinations of A2[)s 17(}ve
inverting and noninverting outputs, symmetrical E; NC[]e 16 [| NC
(activa low control) inputs. Y21{}? 15 [] A5

A3[]s 14{]Y5

These devicns featurs high fan out, improved fan in, 9 10 1112 13
and can be used to drive terminated lines down to 133 3
ohms. . e % % ; g:

. (U]
The SN54365A thru SN54368A and SN54LS365A thru SN54367A, 36BA, SN54LS367A, 368A ... JPACKAGE
SNS4LS368A are characterized for operation over the SN74367A. 368A ... JORN PACKAGE
fult miT™ gy temeee ce czmpe of -3 C o 12T CLThe SNTUSILTA SMTUSILRL . O JOA NPALKAGE

SN74365A thry SW74358A and SNTLLS355A thy

S;:‘y;x QIE2A 22 Foraterred b mowr st &0 0 C

1A4
1Y4

SN54LS367A. SN54LS368A ... FK PACKAGE
SN/4LS367A. SN74LS36BA ... FN PACKAGE

(TOP VIEW) !
Zow S
9z '3

s § e v
3 2 12019

w1 2A2
1A2 2Y2
NC NC
1Y2 2A1
1A3 2Y1

10 111213

9
™
>

NC - No internal connection
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QUADTTL TO ECL TRANSLATOR

F10124 » F10524

DESCRIPTION — The F10124 and F10524 are Quad Translalors, designed to convert
TTL logic levels to 10K ECL logic levels. The Inputs are compatible with standard or
with Schottky TTL. A Common Enable input (Ec), when LOW, holds all inverting
outputs HIGH and holds all True outputs LOW. The differential outputs allow each
circuit to be used as an inverting/non-inverting translator or as a differential line
driver. The output levels are voltage compensated.

When the circult is used In the differential mode, the F10124, due to its high com-
mon mode rejection, overcomes voltage gradlents between the TTL and ECL ground

systems.

LOGIC DIAGRAM

Ve =9(13) Logic Equations
VEE =8(12) 2=58
GND = 18 (4) 4=508
DC CHARACTERISTICS: Vgg = - 5.2V, Voo =GND
. LIMITS
SYMBOL CHARACTERISTIC 5 v A UNITS Ta CONDITIONS
Sy Input Current HIGH +19 50 v 0'C Guaranteed Input Voltage
“to\t o ‘Y\v_, +18 5.0 25°C HIGH for All Inputs
+1.8 50 75°C
ViL Input Voltage LOW 0 +1.1 \ 0°C Guaranteed Input Voltage
0 +1.1 25°C LOW for All Inputs
0 +0.95 75°C
veb Clamp Input Voitage -15 \% 25°C IIN = - 10 mA
VBD input Breakdown°Voltage +5.5 \% 25°C lIN = + 1.0 mA, Other inputs
V]N =GND
IH Input Current HIGH 50 uA 25°C ViN= +24V,
ECVIN= ¥0.4V
hHX Input Current HIGH Ec 200 uA 25°C Ec VIN= 4+ 2.4V All Other
lnputs ViN= +04V
hx Input Current LOW E¢ -128 mA—-} -38:C p Y Ec VIN= +0.4 V, All Other
LAY Inputs ViN= +40V
IR Input Currenl LOW -3.2 mA 25°C VIN= 404V,
Ec VIN= +40V
lee Power Supply Current —34 - 26 mA 25°C Inputs and Outputs Open
lccH Power Supply Current +13 + 18 mA 25°C Al inputs Vi = +4.0V
lccu Power Supply Current +18 +25 mA 25°C All tnputs Vi = GND
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