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SYNOFSIS

Telemetry simulator 13 one wrich S 1M
lates data which resembles the original gata
for the checking of Ground Station. SO tTar
Various technigues have Deen a=mp loyead to
gensrate stable signals wszing BL, =G Crys—
tal Osciliavars and FLo cilrcurts. Witnh the
agvent of Mign speaad Digital integrated
Circuits it 1s possible  to syntnesize s1g-
nals witn greater JCCUracy. The prolect  wors
the sSimulation ot z1gnals ot
Digital teohnigues.

deals wilth
frequenciles using

YAy 1Mng
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. CHAFPTER 1

INTRODUCTION

The literal meaning of telemettry 1s
measuring at a remote gistance. Telemetry
1s used to maasurea paramaters such as
temperature, pressura, acceiefation, velocity
etc. Telemetry 1s used in many industrial
and aerospace appiication an a gay—to—day
basis. Especially i the case of space
applications, telemetry Iimulation plays a
vital roilie.

The observed parameters  Trom  the satel—
lite 1s  receilved by the ground station ang
processead. before that, the readiness  oOF the
ground station nas to  be  checked. For that
a signal correspondling tio Aa HMOWN parametar

15 simulatea and given T the recelver whetre

the si1gnal 15 processeda and veriTied witn
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CHAFTER 2

TELEMETRY SIMULATION

In space applications, different launch

vehicles and ditferent satellites wi1il nave
different set of measurement requltrements.
Accordingly, the felemetry bit rate and
telemetry farmatting will be different for
each applications. However, the Ground and

on—-board equipments have to be built 1n such

a way that differsnt mission requirements can

be met with the same sst of equipments S0
that Wwe Can Mminimize the t1me reguired TOr
setting up  tne  ground station  ana  also £0o
reduces the cost of mission operations. This
easentially calls far gesigning puise
Cods modulation 2y S TEMS wilth VS TLIGH

programmability.

FCM  is particdiarly wsed becauss o7 1t

ability to be reconstituted pulse reshapilng)
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sync, Sub Frams Sync and the different words

1m the reguired fasnion. The output of the
Formatter 18 a NRZI code which can bDe con-—
verted into the desired codes uWsing & code
convearter.

The Fulse Code Modulation OGround System

consists of the Fulse Code Modulation simula—

tor, pit synchronizer, frame synchronizer, SuUp

frame synchroni zer, a display as SNOWN in
FIG (Z). The FCM simulator gengrates the
regulred signal which 13 chacked for its
Frams BYNC, Sub  Frame =sync anag  then 1t 1s

brought to the reguired format and displayed.

FOM ENCODER

in Fulse Code dodulation izlematry
SyStem, the different patamaters Lo De
mEasured areg first convartead Nt sgluivalent
eisctrical signals. The output  of the Transauis-
a#rs are amplifisd and then  fad o a rulise
Code Modulation Encooer. The Fulss Coade Modu—
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& Multiplexer,

lation Encodet consists of a
Sample andg Hold, analog to Digirtal Converter
and a Fulse Coges Moduiation Formatter as

SMNOWN in FIG(Ir.



MULTIPLEXER

SampLe
Anp HOLD

Fle=x PCM RORMATFER




Telemettry formatting mainly Consists of
encoding these oigitized samples 10L0 ENOWN
approved standaras, SO that Lhey Can ne
easily decoded i the ground. The =ystem
consists of S major elements namely @

% Central Control Unit (CCUI
+ Remote Unit CRUY
* DROFS  EBus

The CCU is  located near the transmit-
ting source  anad the R o1s iocated naar The
data Sourca. The CCU  and  the Ru are con—
nected Dy Serial communlcation  Link  whioh 1S
~allea a=s= DROFPS BUS. 8 Driet d1souss10n oT
2ach ot e above  thres 2lemants  ars 1V EN
el Ows

CENTRAL CONTROL UNIT (CCU:
The prlmary  funoctions ot LnE Lol £

-

CHAFTER 3

FCM FDORMATTER



the fTollowing @

= tne ceguireg  FOM tormat

i

enerat

3t

-

—-  Gensrates the commands  to the R =
and receives the digitized data  from gi1ffer-

ent RU's  through DROFS  Bus  ana  formats this
data as ragulred.
- Frovides  system  level interface  tao  the

Onboard transmitting system and LGround system.

REMDTE UNMIT (RU)

The primary Tunction of  tne RU are the
following :

- Recsives  tne adgdre Trom the Loy
arnd  acguirss cata  from different  s2nsors SN
sigrnal oCondltionacs.

= flires Ml biplening, sampiing and &
vy L CONVERSION WIEPeyser  rEgu

- e SR Tl DI IEa TAL.E i b
T as reguestec.



DROFPS BUS

vital 2liemant in
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the 2rtire functioning  of the DROFS. The
functionh o  the Bus  1s o provide  COMMUNICAaT
ci1o0n between CCU  and  Ru. i+t 13 Dbasically a

ed  enieid pair
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i the CAHE nh =ate .l CopsSrations and

Launoch Ve 1o ie oEerations, VANIDUS ground

ME WS PR = vE= T AT v AN LS iocations,

trhiroughiout L plobe nave [ ol =Rul= 0 WAVE < e
data foom o multiple o VERTT LD LR in oeger
i e ey PR L TENER TS, = iy GULdE
i AN E A 1V L v Ed
2y VA LIOUES imnTernatl L BOENTIEE. The
o e iar LB t Inter—Range

Instrumentation Group (IRIG).
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CHAFTER 4

DIRECT DIGITAL SYNTHESIS

Until recent yesars, all technigues for

synthesizing wavetorms were implemented 1n  the

freguency domain using the traditional analog
pscillator pnase locked loop or a Bank of
Crystals pw] gensrate stable signals of

controllable freguency.

The avaitiapiiity of Tast digital cit—
cuits and accurats Digital to Analog converr-
tors make CLE teocnnology availlapblie to the
average elsctronics anthusiasts who are 1n
need of  ACCuUrats TrEgquencles.

Qut of many paramaters o be wvaried in
the simulator, tre  programmnacility Tor & o1t
rate simulation nsedas a careful  design o
sideration T Che fine resolution
reqgulred in tThs Bt " WAL LIRS, Traditional—

¥ 3 VAN 1IDOWS Uirfi&En DT DLt =] Enera tors SR



being used 1n  such simulatars. Some of the
traditional technigues are

* Analog RC Usciliators

* Bank of Crystals

# FLL Oscillators

* (Uscillators with simple dividers.

However such technigues are having many

limitations such as the following :

(i 1t 18 very difficult to get a very
fine resolution over a wide D1t rate varia—
tions.

{ii7 The bpi1t rate stabpility ochang2s with
respect to environment and age.

{111y They are becoming mnare sxpensive  and
bulky.

(1vr They nave limited operating speed.

Becauss of the above limitations and
also pecause ot the 1Mpresslve developmaents
11 m1lCero glectronics, Numerically Controlled
Oscillators us1ng Direct Digital Synthesis
Techniques 15 replacing the older ClttCual s
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and techniques i &ll the contemporary  telsm-

gtry Snulpments.

Zignal synthe goes Not Dbegln wilth o an
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Wwith  ths  vertical axs  defines  the iength  as

= as  shown 10 L FiGidr. s the tradilius

e 1= allowed to make a 2 complete rotation
around  the circle, the length of =i takes

winl all values DEtWwEen + 1 EXa] - i (radius of

z from 8 to  Zeo

ct
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n]
e
3
i3
fms
it}
z
=
-
p—t
it
-
<
[H]
s
i
i

degress. Thus the length = 15 precisely

the sine function of T, Cie2a ) & = sin(F}
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if rather  than allowing [ to rotate
smoobhly Srouna e Circie, = mat e ei1ght
Sual SRR ArOuUnd thea ool le, then the

from  the STeEp-wlsee approx{ima-

1)

vAaluss of

the numpatr oT

I
11

t 1o as E MM 1N Fiisia.

=teps 15 o reased, tne  approwimatlon becomes

closar o cne SCTLAL H1TE function wilth
L

FIGC7 showing the approximation for &4
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g functions  are  combined.

Some writers 1n  the Tield incorrectly
state that a Dbasic direct digital synthesizer
carn be readily constructed from a counter, a
R OR EFROM and a DAC assembled in a
strailgnt chain. This type of device 1s
simply a clocked waveform and not a direct

giglital synthesizer.
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Let fc be the clock freguency and fw
be the binary 1nput data as shown in the

FIG(1e:.

Let the length of the Fhase Accumulator

be N«

Consider fw = 1 (decimal) as the input
to the adder.

Now the output of the latch gets

incremented by one with every clock pulse.

N
Hence 1t takes clock pulses to
read the complete EFROM tabile once ang
N
thus it takes 2 clock pulses Lo complete
one cycle of the =sine Wave.
Thersfors the  time taken Lo complete
one  cycle 1s  gilvean by,
L ™
Tc = ——— % 2
T



Theretfors the output fraguendy,

fo = ———— % 1
N

-
s

the valus of Tw.

i}

wheare 1 1

Consider fw = 2 {decimall as the input

to the adder.

ifi

Now the OUERLT il the latch get
incremented by two with every clock pulse.

Hence 1t takes o clock pulses 1o

read tne compiets EFROM table once and
Iy
thnus 1t takes o cloocw  pulses to complete
b
one  oyvole of  the S1hs  wave.
Therertors ne L1me TAaKen ] comp lets
one  cyole  1s glven Dy,



Therefors the

8]

—

i

whet

in

Zimilarly

value ki

T
4]
ift

i

read the completes

o

—

4 ]
) Wl

feid e .3 e e
T i

output

frequancy,

i
T
fe
e e o -

walid

TW.

{decimal) as

programmet  which

of L iatoch gets

ey Lo
Py

pulse.

Ciook pulses  to

vapLe ornce  and
Dl Ees no complets



Theretors Che
Qe Cyole 18 given
Tooo o=

Theretores The

wnare M 1E the

ThsrerTors

oL tput

W

The

AmL koA

Fraquenicy,

TN

FAmo e
tor.

RECR



it
i
&
b
[
oF
[
]
4
o
Ui
0
|
i
i
-
i
T
i
i
hn}
i
-
4
i

programner 1s  s=2t to & Dinary value M

rhen the output fragusncy 13 glven

‘f-D = AT e

whetre,

s

-l‘
i

-

it

trhe reguired Tragquency

™M - 1=  thes valus of  step S1IZ€

progranmear

fm  — 13 the master  Clock Trequency
N - L& (Rt oT rhe  pnhnase

prEsan ted R ==k i

At une

. . . -
DUTRLT . & R RAat=

it

Lzed

A, S
Ly [ AN T orm i al=]

AaccumuLabor T [

& TVAT tihe R

ST LnL

latar ouTpuT

Evantually, Tie  ad




at whn1ohn point s fuii  oyole of possible

and anothear

phase valuss has oaan
saguence bhegins. Thne fragusnoy  odtput by  suach

function  of  the clock fre-—

i

a Ziroult 1S
quency, the lengtn  of  tns accumdlator Ana

L Etep Hlie IriCrEman .

The tuning 1% sSccomplished by changing

the z1Ze2 0y the LaEEn oy the phase

accumulator while Deimg o locwed around the
prase circle. Since The a@iita pnase ragister
o hop reglster 1 S separate structure
THrom the &actual aocoumwlacos  gortion of the
ol Sl w7 the resulit of & arnangs 10 tuning

wa Lues 1E simply ErmAat et averall phasa
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theotra2m. Thus the

autput fregquency
W 1N can  praciically D generatad 1s some~

thing iess  tham  halt af  tme  clock freguancy.
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fupction so that 1ts  valus ranges from @ to
255 As R ranges  trom ot to 2047 and
avoids negative values which would complicate
the next stage. This matches the function to
the 2716 EFROM with  1ts 11 bit address
gpace and with 1ts 5 Dit cutput  range. AL

program used to generate the valuss 1n the

table 18 shown D=low.

i



/% FROGRAM «—1+/

s%  THIS FROGRAM CALCULATES THE VALUE OF THE
SINE FUNCTION OFFSET S0 THAT THE -4th AND 1st
QUADRANTS CAUSE A& CODE FROM @ TO 235, CODE
1S GENERATED TO FILe & 2648 BYTE EFROM (2716
OR  EQUIVALENT! FOR A FULL CIRCLE aF Z#F ]
RADIANS. */
#include <stdio.hs

#include <math.hsr

main
double p=u; JHPHASE INFUT TO SIN FUNCTION*,

double b=oj; J¥0QUTPUT VALUE OF TRUE SIN FUNCTION=/

int s3 SHAAMPLITUDE TRUNCATED 70 € BITS*/
double sin iy /RTRUE SIN FUNDT I0ON=/

dounle p1=I.1415726504;

1in%t addr = /#ADDRESE OF ERFROM*.

int bytes=2od8; #8118 OF EFROM [N ByTES#*/

printf " ¢ i = et & = & 7 8
printt o ki = £ C {3 £ o

while (addr < bytes:

41



printf ("\nkd4x ",addriyg

hs}
H

Z.é%pi* ({doubleraddr)/ (ldoublelbytess;

3¢
il

127.5% (1. G+s1n (p~pi/2. @1 /*GIVES & AT -0 DEG*/

jH

vouinty S JACONVERT TO AN INTESER*®/

1f (S -~ ((doubler s) » = G5 JRROUNDS IF NECESSARY*/

printt wEn",s)

it

Yy

addr-++; S INCREMENT ADDRESS#*/
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The values generated Ws1ng the apove

program 15 shown pelow for differsnt address
location. Since the EFROM zalected has only
i1 adaress iines, only 11 lines from the

accumulacor are usad in this appllcatlon.. The
gight bits at the output of trhe EFROM are
a digital representation of the amplitude oT
the sine wave and must bDe converted into an
analog voltage nefore beaing Fiitered and

buffered.

Simce simplicity and L COST were
design goals of this project, The output ot
the £ ROM 1€ latcned DYy ancLthar FTALSIT A,
which alliows the full ciloocs perica for the
EFROM putput  to  settle, permlIting the nse
of inexpensive slow  EFROM =. The  lataon also
guarante=s  a glitan frese 1nput ba the i T

& converter ss2ction.

o

D to A convertaEr 1 accomplilsneda

ne =
using & MFP7%%4 8 bit D to f convarter., The
outpus OF the converter 1w & currant ptropor

&



tional to the digital valus present  On its
8 bit parallel input. The current 1% set by
resistor RB cannectéd between pins corresponding
VR + and WV + of the DAC to & MK L Mmum of
1.06mAa. The digital word presented to the D
to A varies Trom £ to 255, forcing the
current output to vary from © %O (2557256 *
1.e6ma. The cutrrent is then T=2d to an op-—
amp (ie.) 1IC 4-b of FIG(17%, which converts 1t
to a voltage that varies from G LD approxi-
mately 1 Volt.

The complete Circunt for the pnase
accumulator is shown 1IN FIGO14) and the
circutt for the analog section 18 shown in
FIG(14:.

First oarder Filtering 13 accomplished Dy
capacitor C% 1n  this conversion stage of ic
4—p . Op—amp IC 4 provides additional  TfTililftering
to  further smooth out  the steps 10 the sine
approximation. The output ©OTF  $Nis LW pole
filter 1s AC coupled to the output connextion.

ag



FIsoLs, SMNOWS i pElAtlve rRESDONS oT
the filtering, provided 1in the output SLAGS.
The Cornae rraguency  oF  the Tilter 18 SE 1%
by  the “orouis

Froam L2 % v o RT % J1@ % Rs 4 Clld
Swhiloh Tor the  valuss  assumed 11 the citroult
15 S2giial to 4EE ow Hz. A haign spesd op - AmD
135 el e in this stage Lo attectively
filter L wavaTorm. The 43358 Dp—a&mp us2ad
Aere 1% & Qood compramiss DeltweEn pertormancs
and cnst.

The clock for all functions 18 provided
by a crystal oscillator running at 4.1942%04
MHz, wiicn  nappens  to  be  exactly tne 22nd
power at 2. Thne clock 13 dividega by = to
provide B phasa accumulator clock and
EFROM latch clock. Additional invartars ara
used as uveslay el=ments to ensure that the
latches are clocked at precissely the Fright
instant to pravent gilitcnas. Wwith thea Ciock
and tTiming as sk, EFROM = Wl th aAcCess
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times as slow as 473ns can De used.

With 1 bits of the pnhase accumulator
used and the  clock freguency of 4.194204/2
MH= (fo, the output resolution 15 precisely
1H=. Since 12 bits are presented as the
input to the phase accunulator DY the DIF

switch, the output freguency 1is @

19 fo fo

e

While a DDS system can approach focrz,
fe/4 Wwas chosen as a maximum  to  limit the
total distortion 1n  thes output wavetorm. The
top frequency 18 actually 1HzZ less  than that

19
because the maximum s=2tting 1S P - 1 for
a 19 bpit Dbinary 1Nput. The fiiter roll orT
shown 1n FIGOLS) attenuates Clock-relateq
dimtortion by over I& to 1.



SPECIFICATIONS

FREQUENCY RANGE

RESOLUT ION

ACCURACY

OuUTPUT

QUTFUT AMPLITUDE

POWER REQUIREMENTS

iHz TO 24.287 kHz
1Hz OVER COMFLETE
RANGE

DEFENDS ON CRYSTAL,
TYFE, @9.@05%

LOW DISTORTION SINE

WAVE

AFPPROXIMATELY 1 VOLT PEAK -
7O - FPEAK, DECREASES AT T10OF

END

+ 5V AT AFFROX. Z20¢mA

- SV AT APFROX. DS2mA



Since cthe O0% 13 a sampled ocata Sy e
tem, &0 obvious souros af Srrors 15 e
finite guantizZation OF A& S1ne  wave as  ampii-
tune valuss 10 the wavetorim  map. Fredictably,
The Tamal DUTEU SLNe wave will exhibit
gistortionsg NOWEVar, tne distortion whi the
o5 1= generally not narmonic value  to the
=ime wvalue 1tself, but ratner the result of
bhe aritnmecic  sniTts ©of  the original spec—
T ruim whicnh are Spacaq according to the
SAMP L LY Vreguensy . PhE sampling erfftect
proguces  1mage  responses  above and below the
T TrEqUancy , L 00 T ion TO The gesltred

fungamsantal. The pregictabls fragquencles Tor
cm@ss  lMmagss may  be  derives  from @
T o1mg = e f o cik: 2 of oout
WOHE
Tilnered Wsing a Low
(1 Fontae at Lre L=t
Dl A w R
& Pl TR WAVETOrM  MAap relatvive
T e [HO= AreE another oreglcraple SOUrce o



SPULLIOUS energy 1n a DD system. The Das1

purposs of the waveform map 1% 0 translates
quantizead phase values 1nto quantized amplf~
tude values for presentation to the DAC.
Typically, a waveform map Contains pRE1" of
time—-pnase addressed amplituge 1nformation Tor
a cosing function. The cosine 1s often usad
instead of the si1ne 10 order to minimize
amplituge 2rrors at zero Crossings and To
ptrovide fév syncnronization ofF delta phase
changes with peaks 1n the carrier waveform

{zero slope points).

In general, LS implementations truncate
the Bana wigdth of the overall accumulator
ChAaLn prios to 1nput o 0 waveTorm MAD

which in  turn  outputs an  amplitude resolution

appropriate () the D1t widtn  ofF the LA,
The truncation of tihe resolution ot the
phase value 1N ErOOuTES jrtter 10 G output

wavaeform which appears Spurs 10 the  Spactrum,
and the amplitude guantization ot che inlulhi-Twhv

wavetorm 4also produces  Spurs. Frase truncation



2rrors devices Contributs

no  greater  tnhan about -~ DT the
V10w of typical DAC = 18 likely 30
in a nigher Tigure Tor ZPUM1IOUS
derived from amplitude relatea  factors.
it is important to note Lrnat
intrinsic gquantization Srrors of L
topology do not necessarlily appear AE
formliy distributed nolse ACrosSs the
band widthy, as conventional wilsdom
1mply. In general, ospendlng uwupon tne =

properties of the DDS, 1tz waveTtorm

I to & converter C1.2., pand waidth o
phase accumalator  wvs o band widtin  OF e
Vs resolution ang  other o
STATIN guantization eerrors will PEDEAT
ically at certaln freguenoies AT
agdirtional spurs 1n e ourput. T

as a result of aiffersntial rion iinm .
the DonG Wwhloh  DeRcomss apparant g
prase seguence valuss and

Tude salues input to s

L
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thras Grlmasy

phase, o ampl:tu

uandarstand P D

thess  =S1gnad P A ams
COns L oer bz e WY

m1gnal

Current  wisdom  regarding
18 >that the most s1gnitTicant Souroe ot
spurious  signal content s tre pesult o7 DA
gquantization errors. Howsver, it WO lao appeat
that eszsentially atl currently availiable
DDE /DAL combinations rEsult i1l SpUrs o
greatar than —&adbo . in general, tnhe =tw)
called é&db-per~DAC-bit rule (quantization &Sk =
1é, 8db + edb-per-biit resolution! CannoLt  De  asens
as a prediction of DAL SpUr levels for
reasons  cited T 1o the precedling  paragraphng AT
DOS/DACD  combinations O 00T always  Appear T
hehave 1R Strlct Compliance  with tne SxpecTad
édb zlope.
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CHAFTER &

GENERATION OF SRUARE WAVE USING DDS
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Many applications oo not rEuLre 1
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far smaller tharn the clock peariod ot ANy

current DD&. fAny  variation  from  the regulred
pet 1 od 1s mcduiation,k wriioh creates Rl
bands and spurs. Because the time quantiza-
tion 15 too coparse to  achieve the necessary
signal quality, interpolation 1S NECesSSAary.
The DDS  output Low Fass  Fllter (LFF) per—
forms the interpolation. Because the LFF 1S
built from Tiwxed componEnts, it guailifies as
an LTI {(Lingar Time Invariant) netwark. L7l
networks have 'a  natural freguency”  whicn is
sinusoidaly one  abtains he highest quality
output signais by driving the filters with
simusoidal  signals. This purpose uwnderlies the
COSINe wavetorm map and tne  DAC. To eftec—-

tively filter the phasse nformation, one must

make the LFF azs  perftect as possible.
LFF will then perform the regulrad time

interpoiation  and  yield an @rror Tres S1gnali.

But 1% 1s & BIOE WARVE. T Mk e 1t SO e,
e MUS L employ amplibus limiting, wsual by

with & comparator o7 somE 200t



il

waveTtorm,

Ifi

QEF')E‘T“E\tE a SOuars

ifi

o to

s

zine wave 15 generated first and then it 1
amplitude limited wusing & comparator  of very

high speed.



CHAFPTER 7

CONCLUSION
Even though in the Dos prototype
demonstration, Cual Input Fort (DIF; switches
have besn used to program the requiltred
o1t rate. Howawver 1n actual ragulremnents,
DIF switches can be replaceg  and interfaced
£t A bus and the reguirsd D1t rate can

be programmed from the FC console.

Eventhough 1n  this prototype, =s1, Mol
digital iog:c devices N AN E oeen used tao
dempnstrate  the conoept. Sames L 1ng can be
implemanted uwsing  programmable logic devices
like Erasable Frogrammab L& Logile Levices
(EFLD), Field Frogrammabie Hate HArray  (FRPLEA)
SN [ reduce the powarr Consumption

and cost.



The DDS described here 15 an  open  loop
citcult  and does not use feedback to ensure
output freguency accuracy.

Simultaneously achieving fine fregquency
resoclution, fast switching speed and low
phase noise are its Hallmark.

This 1z infact a MNumeric method whers
i1t Uses numerlc  means  to represent gquanti—
ties. It also hnas the advantage of being a
purely digital circult.

Fecause of thess Hallmarks of DDE and
the versatality of the circuit used, the DDS
method wWas Tinally chosen for telemstry

simulation.
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TYPES SN54283, SN54L5283, SN545283,
SN74283, SN74LS283, SN745283
4-BIT BINARY FULL ADDERS WITH FAST CARRY

OCTOBER 19786—REVISED DECEMBER 1983

SN54283. SN54LS283 ... JORW PACKAGE

[ FPII-Cafry Look-Ahead Across the Four SN545283 . .. ) PACKAGE
. Bits SN74283 ... JORN PACKAGE
e Systems Achieve Partial Look-Ahead $SN7415283, suustc:'; ...D.JORNPACKAGE
Performance with the Economy of Ripple {TOP VIEW)
Carry 2 0] v Uhe 5 vece
B2L]2 151)83
e Supply Voltage and Ground on Corner als wpas
Pins to Simplify P-C Board Layout os nps
Aards . 12[Jae
TYPICAL ADD TIMES gille njjes
wo TWO TYPICAL POWER cojr wflIs
sair war DISSIPATION eNo(Js  ofjce
TYPE WORDS  WORDS PER ADDER SN54ALS283, SNS4S283 . . . FX PACKAGE
SN74LS283. SN745283 . .. FN PACKAGE
'283 23m 43 310 W (TOP VIEW)
15283 25m s 95 mW
5283 15ns 30ns 510 mW
description

The ‘283 and ‘LS283 adders are electrically and
functionally identical to the '83A and ‘LS283,
respectively; only the arrsnge of the terminals
has been changed. The ‘S283 high performance
versions sre also functionally identical.

Mimwmdfulluddnnpodotmﬂnnddiﬁono'
two 4-bit binary words. The sum (I) outputs are
‘provided for each bit and the resultent carry {C4) is

obtained from the fourth bit. Thess adders feature
full internal fook-shesd across all four bits generating
the carry term in ten nanoseconds, typicatly, for the
*283 and 'LS283, and 7.5 nanoseconds for the "5283.
This capability provides the system designer with o n VLX) VY]
partial look-ahead performance 3t the economy and y y
reduced package count of & ripple-carry N E S A L N B Y
implementation. wio oo mjofupaifmge
L - L L L] L L L " L
L " L " L] L L t L] 8 L] “ [
The sdder logic, including the carry, is implemented clodwmio e fmfugminte
in its true form. End around carry can be accomplish- Wl ol w e [l loje e pw
ed without the need for logic or level inversion. [ I I U I L A T L B
" ” L] L xS (8 L " t L]
L 1 L]
Series 54, Sevies 54LS, and Series 54S circuits are N D M D N B R
characterized for oparation over the full temperature clm e fminwrlo]lotenw
range of —55°C 10 125°C. Series 74, Series 74LS, and wim i fm ol ietn
Series 74S circuits are characterized for 0°C t0 70°C (S B R N B T LT BB B B
tioﬂ " 8 - L] " (8 - L L] L]
operal N L ] " L] ] [§ [ S ] -
" ~ (2] L] L - (o] L] L ]
= Mugh tevel, L - low leve!

NOTE. input conditions at A, 81, A2 82 and CO are useg toO
detercine outputs L1 end 12 and the value of the internal
carry C2. The values at C2_ A3 83, Al ane B4 are \hen
used 10 determme Outputs L3, L4 end C4

- PRODUCTION '::u M
docement containg infermation cwiTent a3

ot 'Wba dote. hoﬁn contorm 1o TEXAS

e e processing toos INSTRUMENTS

ot necassarily include testing of ol parasmetens. POST OFFICE BOX 225012 ® DALLAS TEXAS 75265



TYPES SN54283, SN54L.5283, SN545283,

SN74283, SN74LS283, SN745283

4-BIT BINARY FULL ADDERS WITH FAST CARRY

logic diagram schematics of inputs and outputs e
283
EQUIVALENT OF TYPICAL OF ALL
EACH INPUT OUTPUTS
v -~ ————VcC
cc - A
Req ]
INPUT -
OuTPUT
. ) )
CO0 input: R,q-lkuNOM C4 output: R = 100 2 NOM
Any AorB: R.Q-S.SUINOM Any L: A = 120 1 NOM
gt : ‘LS283
nalk 1 O— EQUIVALENT OF TYPICAL OF ALL OUTPUTS
s vor-, EACH INPUT
vee - - ——vVee
A 100 2 NOM o
> L] b
(15) ! -
a3 INPUT —y-2¢ -
(14) M1t
A3 (ki)
L3 ouTPUT
. ¥
Hi ) 4 ——
(2)
82 - oy
a2t L . ;
COmpul:R.q-17 k2 NOM R
pe Any A or B: Req = 8.5 k@ NOM
a 18) 1
(4)
s £ 5783
co Xl EQUIVALENT OF TYPICAL OF ALL OUTPUTS
3 EACH INPUT
P numbers Shown on loge notation sre tor 0. J or N packages "—m—Vcc |
vee - 4
2.8 kNl NOM
NPUT p~—— OUTPUT
4 —_—
4
P2

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

Supply voltage, VC( (see Note 1)

Input voitage: ‘283, 'S283
‘'LS283 .

fnteremitter voltage (see Note 2)

Operating free-air temperature range: SN54283, SNS4LS283, SN~4S283 .
SN74283, SN741.5283, SN745283 .

Storage temper ature range
NOTES 1.

VOoltage veiues, excent nteremitier vOItage, sre with respect 1o network ground terminat

2. This it the voliege Detween two emiters of 8 multiple smitier (ransistor Ths rating sppties tor

the totiowing paws. Al end 81, A2 snd 82, A3 and B3, A4 and aa

5.5V

v

. ... . &S5V
. -55°Cto 126°C
0°C 10 70°C

. —65°C 10 150°C

the 283 any "S283 onty between

Texas “9

INSTRUMENTS

POSYT QS 6ICE BOX 225012 @ DALLAS TEXAS 75285



TYPES SN54283, SN74283
4-BIT BINARY FULL ADDERS WITH FAST CARRY

recommended operating conditions

SNS4283 SN74283 wNIT

MIN NOM MAX | MIN NOM MAX

Supply Voluage, Voo 4.5 S 55 | 4.75 5 §$25) Vv
Any output except C4 -800 ~800

High-tevel output current, Iy ot Ch Ta00 uA
- Any output except C4 16 16

L ow-level output current, Oy Output A s s mA

-56 125 ] 0 °C

Operating tree-sir temperature, T o

electrical characteristics over recommended operating free-sir temperature range (unl

ess otherwise noted)

PARAMETER TEST CONOITIONS' % N7 UNIT
MIN TYP? MAX |MIN_ TYP! MAX
Vi High-tevel input voltage 2 2 v
ViL Low-ievel input voitage 08 08| Vv
Vi input ctamp voltage Ve =MIN, 1= -12mA -15 -1.5 v
Vee=MIN, V=2V,
VoH Hiph-level output voltage 24 36 24 36 v
Vi =08V, Ion=MAX
Vee T MIN. Vin=2V. 02 o4 02 o4 v
Vv, evel vol . X . X
oL Lowdevel output volisge ViL =08V, gL = MAX
[ ] Hem
§ Ieutcummentatmex Ve = MAX, V|55V 1 1] ma
input voltage
Iy High-level input current Vee = MAX, V=24V 40 0| sA
fj. Lowrlevel snput current Ve *MAX, V=04V -1.8 -16§ mA
Short-circuit Any output t C4 -20 -55 | -18 ~55
tos oy vl oncwe veg = MAX mA
output current ¥ Output C4 -20 -70 | -18 -70
AN B low, other
Vee = MAX, l inpusat 4.5V
lcc  Supoly currem mA
" AN
Outputs open puts st %9 10
4S5V
1 £ or conditions shown ss MIN or MAX, use the appropriate veive fract wvnder .
LAN typicat values sra st Ve = 6V, Ty = 25°C
30niy one output should be shorted 8t s ime
switching characteristics, VeCc =5 V. Ta = 25°C
PARAMETER® FROM (INPUT) T0 {OUTPUT) TEST CONDITIONS MIN  TYP MAX|UNIT
P 4 n
al (o] Any ¥ "
PHL CL- 150F. Ry = 40052, 17 N
tpy See Note 3 16 24
L A, o0r B, X, ns
PHL 16 24
L 9 14
L <o Ca ns
PHL CL~ 15pF., Ry = 780102, 1" 16
\ See Note 3 9 14
- PLH A, or 8, Cs ° 2
PR T 16

ALY

YipLm  PrORAgaTIOn delsy time, 10w 10 high leve! OutDut

Prapagation delay time high 10 iow level output
NOTE 3 See General Intormanon Section toe 10ad Crrcunts and voltage wavetorms
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TYPES SN54L5283, SN74LS283
4-BIT BINARY FULL ADDERS WITH FAST CARRY

recommended operating conditions

SNS54LS283 SN74L5283 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voitage, Ve 4.5 5 55475 § 528 V
High-tevel outut current, IoH —400 400 | uA
Low level output current, I 4 8] mA
Operating free-sir tempersture, Ta -55 125 ] 70| *C
electrical characteristics over recommended operating free-sir temperature range {unlass otherwise noted)
SNGALS283 SN74L5283
PARAMETER c t P
ARAMETE TEST CONDITIONS N 1 MIN_ TYPE MAX uMIT
Vi High-level input voltage 2 2 \4
Vi Low-level input voltage 0.7 o8] v
VK Input clamp voltage Vo * MIN, iy = —18mA -1.5 -18| v
Ve = MIN, ViH=2V, V=V max,
\Y High-leve! output vol 2.5 34 2.7 3.4 v
o High- tage 1o# = —400 uA
Vee = MIN, Vi=2V, jlopL=4mA 0.25 o4 0.26 0.4
V Lowlevel t vot v
oL ouTut voltage vy = Vi mex o »8mA 0.38 [ 1]
Input current Any A or 8 0.2
P Vec s MAX, V=7V mA
input voltage co 01 o1
High-teve! Any A or B 40 40
] Ve = MA Vi= 27V
M putcurnm  [Co cCmMAX.  Vi-2 20 o] A
Lowlevel Any Aor B —0.8 -0.8
] vee = MAX, V=04V
W nputevrent  [CO cc 10 04 o4l ™
1o Short-circuit output currem¥ | Voo = MAX -20 —-100 | -20 —100 | mA
AN inputs
ey n » n »
Voe » MAX, AN 8 tow, other
| Supply 19 34 1 mA
cc current Outputs open inputs st 4.5 V ® e
AN inputs st
1 ) t
sV ] 9 M
TEor conditions shown ss MIN or MAX, wee the app velue itted under o "
$AN typicet values sre st Ve = 5 V, To = 28°C.
,Oﬂ'v ©ne output should be shorted at 8 time snd duration of the short-cicult Should not encesd one second.
switching characteristics, VcCc =5V, TA= 25°C
PARAMETERY FROM INPUT) TO (OUTPUT) TEST CONDITIONS MIN TYP MAX JUNIT
tPLH 16 o
Any T
TPHL ¢ i s 24
PLH 156 24
A;or B; E;
PHL Por S J Cp = 150F. R -2k, e
! See Note 3 11 17
PLh co ca ~
tPHL LA 2
PLH Ajor B ca n KA
TPHL 12 17

{tpy 14 = Propsgation deley tme, tow -to-tugh-level output
tpyy = Propaegation delay time. hegh-10-low -level output
NOTE 3: See General information Section for load cwcwnts and voltage waveforms.

+
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TYPES SN545283, SN745283
4-BIT BINARY FULL ADDERS WITH FAST CARRY

recommended operating conditions

SNSASIKI SN745283 UNIT
MIN NOM MAX MIN NOM MAX
Supply voitege, Voo 45 S 5.5 4.76 5 525 v
Any output except C4 -1 -1 mA
High-level output )
igh Py OH " Gomut C4 ~8500 —500 uA
Any output except C4 20 20
Low-level cutput t, |, mA
e oL Output C4 . 10 10
Opersting free-sir temperature, Ta -85 128 [} 70 °c

electrical characteristics over recommended operating free-sir temperature range (unless otherwise noted)

. PARAMETER TEST CONDITIONS! MIN TYP  MAX UNIT
Vi Mighdevel input voltege 2 v
ViL _ Lowevel input voltage [ v
ViK input clamp voitage Vee =MIN, = —18mA -1.2 v
SNBAS28I | Vo= MIN, V=2V 25 34
V High-level output vol " > v
OH tput voita SNT4S283 | V) <08V,  fow = MAX 27 34
VeC e MIN,  Viy=2V.
v, Low-level ou! voltage 0.5 v
oL b ViL=08 V., g = MAX
Input current st meximum )
4y Voo = MAX, V=58V 1 mA
input voltege
{IT") High-level input current Ve = MAX, V=22V 50 pA
hw Low-level input current Voc =MAX, V=08V -2 mA
Shortcircuit Any output except C4 —40 —100
i - mA
05  cutputcurrentd | Output C4 Vee - Max -20 -100
Al 8 low, other
- [ 45V
‘ec v " Vog = MAX, np\fnu $ mA
Outputs apen | AN inputs ot
aBV 160
18 or conditions shewn es MIN or MAX, use e SPETORTIeN vaiue pecified uader h i for the e device
typs
TAN typical veluss sre st Ve = 8 V, Tp = 28°C
§0Mv one output should be shorted at 8 time, and durstion ot the short circuit should not encesd one second.
switching cheracteristics, Vg = 5 V., To = 26°C
PARAMETERY FROM (INPUT) | TO (OUTPUT) TEST CONDITIONS MiN TYP MAX UNIT
1" 1)
LM co Any T i
YL Cp = 15pF. Ry ~200 1, 12 18
See Note 3 12 18
L A or B L, ns
PHL 15 18
L4 ~ [} 11
[« [} ne
PHL 0 Cp = 15 pF, AL = 860 02, 15 11
Ses Note 3 7.
hala © A or 8 ca 5 12 ™
HL 85 12 ]

%tp( 1 = Propegetion Geley time, 10w-10-high-levet output
HL” Propagetion delay time, high-t0- low-level output
NOTE 3: See Generat Information Sectson tor load cucuts and voltage wavetorms
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. TYPES SNS4LS373, SN54LS374, SN54S373, SN54S374,
SN74LS373, SN74LS374 SN745373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

OCTOOER 1975 — REVISED APRIL 1985

SNSALS3T73, SNSALSIZ4, SNE4SIT3,

o Choice of 8 Latches or 8 D-Type Flip-Flops pos g
‘e ks 548374 . .. J PACKAGE
in a Single Package SN74LE373, SN7418$374, SN748373,
o 3-State Bus-Driving Outputs SN74S374 ... DW, J ORN PACKAGE
‘ (TOP VIEW)
I « Full Parallel-Access for Loading
oc' U2 vee
e Buffered Control inputs a2 1980
¢ Clock/Enable Input Has Hysteresis to w{s w[Jeo
improve Noise Rejection ('S373 and ‘S374) 20+ P
¢ P-N-P Inputs Reduce D-C Loading on 20 : :: %70
Deta Lines ('S373 and "SI74) 3a 6a
s3of]? 1 Jeo
‘L$373, 5373 s 130so
FUNCTION TABLE salje 121150
oNof]wo n[ct”
outruT [ Emase 1
ENABLE LATCH
SNSALSITI, SNGALEI74, SNGASITI,
L " H W SNS4S374 . .. FX PACKAGE
L H L L SN74LS373, SNTALS374, SNT48373,
L L x Qg SNT745374 . . . FN PACKAGE
D] x X Z TOP VEW)
L5374, '$374
FUNCTION TABLE
oUTPUT c
ENABLE Lock 0 | ouTRUT
L t ] H
L t L L
L L x Qg
L] X X r4
description -
'C tor “LSI73 and S373: CLK tor LSI74 and "$374

These B8-bit registers festure tiwee-state Outputs
designed specifically for driving highly-capecitive of
eiatively low-imped: fosds. The high-impedance
Mmmwwmmm
these registers with the capebility of being connected
directly to and driving the bus lines in 8 bus-organized
system without need for mtovha or pu!up com-
ponents. They are particularly for i
ing butter registers, 1/0 ports, bcdncmdbmdmws
-ndwoﬁmongsm
The eight lstches of the 'LS373 and 'S373 are
o D-type latch ing that while the
ensbie (C} is high the O outputs will follow the data (D}
inputs. When the ensble is taken low the cutput will be
tatched st the levet of the data that was set up.

™ PRODUCTION DATA @
o pescasee “.“.‘..""m"':"‘“":.i?."." " Texas
spociicatons por the torms of Tesss lestramonts INSTRUMENTS

o0t socessarity incinde touting of ol prametars.  psT OFFICE BOX 225012 & DALLAS TEXAS 752¢



11PES SNSALS313, SN54LS3IT4, SN54S373, SNS4S3T4,
SN74LS373, SN74LS374, SN74S373, SN74S374
JOCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

{description {continued)
! The eight flip-flops of the LS374 and *S374 are edge-triggered D-type fiip-flops. On the positive transition of the clock, the Q
outputs will be set to the logic states that were setup at the D inputs

Schmitt-tripger butfered inputs at the enable/clock lines of the "S373 and "S374 devices. simphty system design as ac and dc
noise rejection is improved_ by typically 400 mV due to the input hysteresis. A buttered output control input can be used to
place the eight outputs in either a normat logic state (high or low logic levels} or a high impedance state In the high

impedance state the outputs neither load nor drive the bus lines sigrificantly.

The output control does not affect the internal operation of the latches or flip- flops. That is. the okd data can be retained or
new data can be entered even while the outputs are off

logic diagrams
'LS373, 'S373 "LS374, °S374
TRANSPARENT LATCHES POSITIVE-EDGE-TRIGGERED FLIP-FLOPS
outeyr _V 4> oureur Y <{>
CONTROL CONTROL
10 8 o L 10_(3’__.__—.‘0 [
—QG P> CK
5 2 - (2)
(4 (4)
20 o L E o <
*—q3 *—Pcx
S) 15)
.8 % ® 2 L]
(1) n
0 o < 30 o 4
P W, 1.4 —PCK ©
5 ® v &
8
o S < w2 o Y
g% g e P cx 19
L N 9 g
13)
so-112. o < 0 o 4
7T P cx
2 (12)
& ; > sa ° ; >
(14 . (14)
0 o < L —1° <
*q¢ . (15) P~ (15)
[ q (] L]
un un
70 o r 70 o L
*q° 116) | G )
4 70 ]
(18 118)
80 o 80 o

ENABLE (u)D
C

"

5 119}

:

118}

CLK

{J tor 'S373 only

Pin rumbers Shown on logec notation see for DW. J or N packages

o k‘w ‘5374 only

10

7Q

X
%J

*

Texas
INSTRUMENTS

POST OFFICE 8OX 225012 @ DALLAS TEXAS 75265



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

EDGE-TRIGGERED FLIP-FLOPS

absolute maximum ratings over operating free-air temperature range {uniess otherwise noted)

Supply voltage, Ve (see Note 1)
fnput voltage . .
Otf-state output voltage . A
Operating free-sir temperature range: SN54LS°

SN74LS’
Storage temperature range

NOTE 1

recommended operating conditions

Voitage values sre with respect (0 network ground orminsl.

-55°Ct0 125°C ¥
0°C 1o 70°C

T A i

BT L i Pt

SNS4LS" SN74LS’ uNIT
MIN NOM MAX | MIN NOM MAX

Ve Suoply voitage 45 S 55 | 4.75 5 525 v

VO High-level output voltage 5.5 55 v

oK Hhgh-level output current -1 -26 mA

ot Low-level output current 12 P mA

ty  Pulse durstion CLK hoh S hid ns :
CLK low 15 15 :
‘LS373 51 54

iy Dateserp ume ‘L5374 201 201 "’
‘L8373 20¢ 201

th Dats hoid tune ns
‘LS3747 o1 ot

Ta O froe-ow - 55 125 [¢] 0 °c

* The 1), wecitication spplies only for dets trequency betow 10 MMz, Desgne sbove 10 MHz should use & minimum of 5 ns.

electrical characteristics over recommended operating free-air temperature range {uniess otherwise noted)

1t £or cOnditons Shown es MIN or MA X uss the sppropriste value wpecitind under

TAN typecst valuss sre st Ve = BV, Ty o 28°C.
§Not more then One OUtPUt should be shorted st & time and

duration of the short circuit should NOt exceed one second.

SNSALS® SN74LS"
PARAMETER TEST CONDITIONS? uNIT
MIN TYP! MAX [MIN TYP! MAX
Viu High devet input voitage 2 2 v
viL Low-level input voltage 0.7 08 \
Vi Ingut clamp voltage Ve " MIN,  Ig= -18mA -15 -15 v
v High-devel output voltage Vee " MIN, iy~ 2V, 24 34 24 3 v
oM ViL = Vipmex, ign = MAX ) ’ - -
Vee ~MIN, Vi =2V, I = 12mA 0.25 04 0.25 04
VoL Low-ievel output voitags cc ™ oL v
Vi = Vi max 1oL = 24 mA 0.35 05
Off-state output current, Ve * MAX, Vi =2V,
lozH 20 20| A
Mgh-level voitage apphed vo+2171V
Oft-state cutput current, Vee *MAX, Vi =2V,
0zt cc " -20 -20} wA
low-levetl voitage apphed Vo044V
Input current ot
N Ve - MAX, V=7V 0.1 01| ma
MEXITRNT INPUL VOitage
[T High-devel input current Vee - MAX, V=27V 20 20} uA
he Low-level input current Veoe * MAX, V=04V -0.4 ~-04] mA
1os Shortcircuit output current § Vee = MAX -30 ~130 { -30 -130] mA
; current Vee = MAX, "L$373 24 40 24 s}
SQM m,
cc Output conrot at 45V 115374 27 40 27 40
operating

Texas
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TYPES SN54LS373, SN54LS374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

switching characteristics, VCC = 5V, Ta = 25°C

FROM 10 ‘LS373 ‘LS374
PARAMETER TEST CONDITIONS UNIT
(INPUT) _ | (OUTPUT) MIN  TYP MAX MIN  TYP  MAX
trax 35 50 MHz
t 12 18
PLH Data AnyQ ns
PHL . 12 18
CL = 45pF, R = 667Q
tPLH Ciock or 20 30 15 28
AnyQ See Notes 2 and 3 ns
PHL enable 18 30 19 28
Out 1 2
P7H utput AnyQ 5 28 20 6 ns
P21 Controt 25 36 23 28
Output SN54 28 32 28 32
PHZ AnyQ ns
Control CL = 5pF. Ry = 667Q | SN74 15 25 15 28
Output See Note 3
A 12 20 12 {4
oLz Control ny G 2 ns

NOTES 2. Masimum clock trequency i tested with eil cutputs loaded.
3. See Ganeral inftormanon Section for losd circurts and voltage wevetorms

tmax B Mmaximum clock fragquency

1pLH & Propegation deley time. low-20-high .ievel output
tpr ¥ Propegetion delay time, high -10-iow-level output
1pzi & output snable time 1o high level

tpz ®* output enable t1me to low level

tpZ = output disable tme trom high level

tpy 2 ® Output diseble time trom low level

™
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TYPES SN54S373, SN54S374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

schematic of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
- vVee
$son
2 Nom
Vee ———
2.8 k12g —
4
NOM 1
9
b3 OUTPUT
INPUT ———— b3

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

Supply voitage, Vi (see Note 1) v
Input voitage . . . . . . 55v
Off-state output voltage e e e e e e Coe 55V
Operating free-air temperatwre range: SNS4S° . . . . . . . . . L oL ~55°C 10 125°C

SN74S° . . . . . . . . . . . . . . .. .. 0cw7r°C

Storage temperature range

NOTE 1 Voltege values 8r8 with 168DeCt 10 NETWOrk §round tevminsl.

recommended operating conditions

-65°C 10 150°C

SN54S° SN74S°
MIN NOM MAX MIN NOM MA X uNsT

Supply voitage, Voo 45 5 55 4.75 5 5.25 v
High-level output voltage, VO 55 55 \Y
High-level output currem, IgK -2 -65 mA
Wadth of clock/enable pulse, 1y, Hegh s J L

Low 13 73
Date setup time, ty,, 373 o4 0 n

‘$374 S5t 5t

‘'$373 104 104
Data hold hme, 1, ns

5374 21 2t
Operating treeair temperature, T o -55 25 0 70 [

TeExas “9
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TYPES SN545373, SN545374, SN745373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

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

PARAMETER TEST CONDITIONS?! MIN TYP$ MAX | UNIT
ViH 2 \
| Vit 0.8 v
ViK Ve = MIN, = — 18 mA -1.2 v
v SNSas v MIN v 2v Vi =08V ! MAX 22 34 v
OH SN74S cC . IH . L . OH 2.4 R
VoL Ve = MIN, Viu=2V, Vi =08V, Igy = 20 mA 05 v
10ZH Ve = MAX, V=2V, Vo =24V 20 nA
10ZL Vg = MAX, Vig=2V, Vp=05V - 50 uA
th Ve * MAX, Vi=55V 1 mA
{IT*] Ve = MAX, V=27V 50 uA
e Vee = MAX, V=05V — 250 A
108§ Vee = MAX ~ 40 - 100 mA
outputs hgh 160
‘'$373 Outputs low 160
. v MAX outputs dissbled 190 mA
cc cc outputs high 10
‘'$374 outputs low 140
outputs dissbled 160
? For conditions shown as MIN or MA X, use the sppropriste value specified under operating
1 Al typical vaives sre st Ve =8 V, Ty = 28°C.
§NOt more than one output shoukt! be shorted st & time and durstion of the short-circuit shoukd NOt exceed One second.
switching characteristics, Ve =5V, Ty = 25°C
FROM TO 373 €374
PARAMETER TESY CONDITIONS UNIT
INPUT) {OUTPUT) MIN TYP MAX [MIN TYP MAX
Trmax 75 100 Mz
Em Owe A 0 T -
L CL=V5pF, R =200 02,
PLH Clock or 7 14 8 1%
Any Q See Notes 2and 4 "~
PHL orable 12 18 1" 17
1PZH Output 8 AL 8 15
Any Q ns
WwZL Controt 3] 18 11 18
tPH2 Output CL=SpfF, R =2000, [ 9 S 9
Any Q ns
Lz Controt See Note 3 8 12 ? 12
NOTES 2. Maximum clock trequency is tested with all cutputs loaded.

4. See General information Section for load Crcuits snd volage wavelorms

tmea ® Maximum clock frequency

P E propagation delay time, low - 10-high level output
e ™ OTOpagation delsy time, high-to low levei output
P21 T OUtput enadle tims 10 Negh lovel

tpZ ® Output enable TiMe to tow level

P Z = Output disable time from Nigh level

1pLZ © output disable time from low jevet

*
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ntel

2732A

32K (4K x 8) PRODUCTION AND UV ERASABLE PROMS
8 200 ns (2732A-2) Maximum Access ® Low Current Requirement

Time ... HMOS*-E Technology ~100 mA Active
8 Compatible with High-Speed —35 mA Standby

Microcontroliers and Microprocessors 2 intgligent ldentifier™ Mode

... Zero WAIT State —Automatic Programming Operation
a Two Line Control R Industry Standard Pinout ... JEDEC
B 10% Ve Tolerance Avallable Approved 24 Pin Ceramic and Plastic

c Package

(See Packaging Spec. Order #221369)

The Intel 2732A is a 5V-only, 32,768-bit ulraviolet erasable (cerdip) Electrically Programmable Read-Only
Memory (EPROM). The standard 2732A access time Is 250 ns with speed seloction (2732A-2) available at
200n&TheaooeutimeisommaﬁblewimmghpedomammicroprocesmmchasmesMHziAPx 188. In
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states.

The 2732A is currently available in two different package types. Cerdip packages provide flexibility in prototyp-
ing and R & D environments where reprogrammability is required. Plastic DIP EPROMs provide optimum cost
sffectiveness in production environments. Inventoried in the unprogrammed state, the P2732A is programmed
quickly and efficiently when the need to change code arises. Costs incurred for new ROM masks or obsoleted
ROM inventories are avoided. The tight package dimensional controls, inherent non-erasability, and high
reliability of the P2732A make it the ideal component for these production appfications.

An important 2732A feature is Output Enabile (OE) which is separate from the Chip Enabie (CE) control. The
DE control eliminates bus contention in microprocessor systems. The CE Is used by the 2732A to placeitina
standby mode (CE = V;) which reduces power consumption without increasing access time. The standby
mode reduces the current requirement by 85%; the maximum active current is reduced from 100 mA to a
standby current of 35 mA.

*HMOS is a petented process of Intel Corporation.

OATA OVUTPUTS .
——e 00-0 2784 2764
vee —_— 27128 [2764A[ 2732A 2716 2TO4A[ 27128
Gnoo—— U 1 271284 | 27084 P2732A 27ce4 (271200
PROGAAN
Servpy —o gm 97C84 TRt Aal] 87C84
&t — LOGIC OUTPUT BUFFERS Vep Vep o B Voo | Vee
] 1
— Y 0 v-aam Az | A2 A\ FGM | FGM
aoann | oo 2 A A A eds #Pvee Vo | NC. | A
wours | ] . B As A | As | 82 2314, As | Ae As
= oecoorn |2 | cewimaran As | As | As | a3 22004, Al A | A
[ * ] Ay Ay | A 2O 2104, Vep | A1y | Ay
A; Ay | A3 | ads 2008 /v, |JOE| OE | OF
Az Az | A2 | a,s 1] = L39) Aol Ao | Ao
290081 -1
Ay LYBN . Y Y - B [Li=F. 4 TE| .2 CE
Figure 1. Block Diagram A | A | Al r%dds 173 0 07101 O
Oo Op | Oo| o5]s 183 0 Og [ Os Os
Oy Oy | 01| o,cdre 150 0g Os | Og Os
Pin Names Oz 1 Oz {02/ o0,cf s 14f0 0, Os| Oy | Of
Ag-A1y | Addresses GND | GND |GNOJ auo ] 12 15 os G310 | 0
cE Crp NOTE: 290081 -2
OE/Vpp | Output Enable/Vpp intel “Universal Site” compatible EPROM configurations are shown in
0p-0; | Ovpus the blocks adiacent 10 the 2732A pins.

Figure 2. Cerdip/Plastic DIP Pin Configuration

intel Corporation sseurmes no humdmmmmmmmmmlmummmmmm
censes are imphed. ik r.”m“‘!mnh_.,w previously p specifications on these devices from intel. November 1985
© Intet Corporation, 1985 Order Number: 29008 1-002
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2732A

EXTENDED TEMPERATURE
(EXPRESS) EPROMSs

The Intel EXPRESS EPROM family is a series of
electrically programmable read only memories which
have received additional processing to enhance
product characteristics. EXPRESS processing is
available for several densities of EPROM, allowing
the choice of appropriate memory size to match sys-
tem applications. EXPRESS EPROM products are
available with 168 18 hour, 125°C dynamic burn-in
using Intel's standard bias configuration. This proc-
ess exceeds or meels most industry specifications
of burn-in. The standard EXPRESS EPROM operat-
ing temperature range is 0°C to 70°C. Extended op-
erating temperature range (—40°C to +85°C) EX-
PRESS products are available. Like all Intel
EPROMs, the EXPRESS EPROM family is inspected
to 0.1% electrical AQL. This may allow the user to
reduce or eliminate incoming inspection testing.

.

READ OPERATION

D.C. CHARACTERISTICS

Electrical Parameters of EXPRESS EPROM prod-
ucts are identical to standard EPROM parameters
except for:

EXPRESS EPROM PRODUCT FAMILY

PRODUCT DEFINITONS

Type|Operating Temperature| Burn-in 125°C (tw)

0*Cto +70°C 168 8
—40°Cto +85°C None

~—40

—40°Cto +85°C 168 +8

EXPRESS OPTIONS

2732A Versions
Packaging Options

Speed Versions Cerdip Plastic

-2 Q

STD QT.L

-3 Q

-4 QT L

—20 Q

—25 QT.L

-30 Q

TD2732A
Sz::- Parameter LD2732A Test
Min | Max

lsg Ve Standby
Current (mA)

CE = Vin.

45 OF = vy

—45 QT.L

Vo Active
U] - -
lecy Current (mA) 150 {OE = CE = vy

Vee Active OE =CE = vy,
Current at High 125 [ Vpp = Vcou
Temperature (MA) Tambieat = 85°C

NOTE:
1. Maximum current value is with outputs Og to Oy unicaded.

A4

27324

"cm N0
O 4
0, ¢

]
] G
0, L«m—(:n 14
Yss (12 13

»>
”
ful
PR
<
u
r
o

o
»

290081-3
OE/Vpp = +5V, A = 1K, Vgg = +5V
Vgs = GNO, TE = GND

Ay

200081-4
Binary Sequence from Ag 1o Aqy

Burn-in Blas and Timing Diagrams
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ABSOLUTE MAXIMUM RATINGS® *Notice: Stresses above those listed under “Abso-
Mite Maximumn Ratings” may cause permanent dam-
Operating Temp. During Read ... ... 0°Cto +70°C 896 lo the device. This is a stress rating only and
Temperature UnderBias . .. ...... -10°Cto +80°C tfunctional operation of the device at these or any
Storage Temperature .......... -65°Cto +125°C other conditions above those indicated in the opera-
All Input or Output Voitages with onal sections of this specification is not implied. Ex-
Voﬁ:;ge:r: stv;?tlrJ\ng;sb&:'t ------- ~0.3Vto +68V  posure to absolute maximum rating conditions for
0GroUNd ... —0.3Vto +13.5y  X1ended peniods may affect device reliability
Vpp Supply Voltage with Respect to Ground
During Programming ........... ~0.3Vto +22v
Ve Supply Voltage with
RespecttoGround ......... ... -0.3Vto +7.0V

READ OPERATION

D.C. CHARACTERISTICS 0°C < T, < +70°C

Symbol Parameter Limits Units Conditions
Min Typl® Max

) Input Load Current 10 A - Vin = 5.5V

o Output Leakage Current 10 1A Vour = 5.5V

Isf@ Vg Current (Standby) 35 mA | CE=vVyOE =V,

lecy (@ Vce Current (Active) 100 mA OF =CE = v;_

ViL input Low Voltage -0.1 0.8 v

Vin Input High Voltage 20 Ve + 1 v

VoL Output Low Voltage 0.45 v loL = 2.1 mA

Vou Output High Voltage 24 v lon = —400 uA

A.C. CHARACTERISTICS 0°C < T, < 70°C

Vee 15% 2732A-2 | 2732A | 2732A-3 | 2732A-4 .
Versions cc P2732A-2( P2732A |P2732A-3|P2732A-4 Units Test
Vec +10% 2732A-20 | 2732A-25 | 2732A-30 | 2732445 Conditions
Symbol Parameter Min [Max| Min {Max| Min [Max| Min | Max
tacc Address to Output Delay 200 250 300 4501 ns |CE = OF = v
tce CE to Output Delay 200 250 300 450| ns |OF = vy
o OE/Vpp to Output Delay 70 100 150 150| ns |CE = v_
tpr(4) OE/Vpp Highto Output Float| 0 |60{ 0 [80| 0 |130] o 130| ns [CE = vy
ton Qutput Hold from Addresses,| 0 0 0 0 ns [CE = OF = v,
CE or OE/Vpp, Whichever
Occurred First
NOTES: ' '
1.vccmmNWMMwaoDENppmmmmtymmuUENpp.
2. The maximum current vaiue is with outputs Og to O7 unifoaded.
3. Typical values are for Ty = 25°C and nominal supply voltages.
4.Thismnmorbon'yumpiodwbnot100%m.0tmnﬂombdoﬁnodnthopointwhemdataisnolonqer

|

timing diagram.
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CAPACITANCE (2) T, = 25°C,t = 1 MHz

Symbol Parameter Typ Max Unit Conditions
Cint input Capacitance 4 8 pF ViN = OV
Except OE/Vpp '
Cin2 OE/Vpp Input 20 pF Vin = OV
Capacitance
Cout Output Capacitance 8 12 pF Vour = OV
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
13V
24 - 1 e
29 20
TESY POINTS b= 31
s X" > < °"X v ouT
X TESY
290081-5 I C - 108 pr
A C. testing inputs are dnven at 2.4V for a logic 1" and 0.45V tor B 290081-8
& fogic “0”. Tuning measurements are made at 2.0V for a logc Cy = 100 pF
“1" and 0.8V for a logc 0", Cy Inciudes Jig Capacttance

A.C. WAVEFORMS

A\ [ LX X RS
ADDASSSES ‘y YALID
Y ‘

: it

]
Ve
Stvee )
" A o [
N o™ ——
tacc™ 1wy 0 p—
Vo b 0000
naM 2 /;;;;; ‘(\ man
ouTeuT vauo outRyT 1)
NN\ A

290081 -7

NOTES:

1. Typical values are for T4 = 25°C and nominal supply voltages

2. This parameter i8 only sampled and is not 100% tested. Output float is defined as the point where data is no longer
driven—see timing diagram.

3. OE/Vpp may be delayed up to tacc—-toe atter the falling edge of TE without impacting tce.
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PLASTIC EPROM APPLICATIONS

Intel's nmumrmuammmmm
make EPROMs more cost stfective: for prodhiction
‘applications. mm«umm

able the P2732A t0 be used for high volume produc-
tion with lower profie boards and sasier production
assombly(nocovofovefuvnmpwnwhdows)

mmmmsmnw»n
ditional CERDIP packaging.  The piastic is regged
and durable making & optimal for auto insertion and
auto hending squipment. Design and testing oen-
undwboprmum datamogmy indlm-

intel's Plastic EPROMSs are designed for total com-
mwmmmc&nmpwm
This encompasses quality, rellability, and program-
ming. MMMEMMWW:
mmmmmmmwwmm

DEVICE OPERATION

mmdw«aﬂoﬂdmmm”wm
Tabie 1. A single 5V power supply is required i the
read mode. All inputs are TTL levels except for
UE/Vppd\ﬂngprogtamnmandionAgfofme
lm,lgém Identifier™ mode. In the program . mode

ppmnlspmsedfromamlovoltozw

'r.un.mm e

P8 2 |2/ Vpe!| Aq| R | Voc | Outpits
Read/Program Verity|Vn | Vn | X| X |Vec| Dour
Output Disable . {V |-~V | X §X: | Voo| tsgh2 |
. [Standby V| X IX]X]Voo) HighZ
{Program W] Vee | X|% {Veo}-.Dw:-
Program it [wel Vop | x [ |Voc] vaghz
Intgligent identifiert) o ) P N
~Manufactrer  |Vy | Vi - |VHiVaiVoc) OOH -
—Device Vil -V {ViulVimiVee] O01H-
NOTES: ' S .

1. X can be Vyy or V.
2Vy = 12V 108V,
3. Aj-An At Ajy = Vi

Read Mode

mmmmmmaumbommm
. must be logically active in order to obtain data at the
outputs. Chip Enable (CE) is the power control and
should be used for device selection. Output Enable

(OE/Vpp) is the output control and

bbb address access time (tacc) is equal to the delay

m&wm«w Data is avaliable at the out-
after the faliing edge of OE/Vpp, assuming that
has been low and addresses have been stable
for at least tacc~toE.

‘Standby Mode '

EPROMs can be placed in a standby mode which
reduces the maximum active current of the device

_by applying a TTL-high signal to the TE input. When
‘in standby mode, the outputs are in a high imped-
‘ance state, IndepondontoﬂheUE/Vpp input.

Two Line Output Control

BomePROMsmusuaﬂyusedmlargormemo—
ry arrays, intel has provided two contro! hnqs which

8) The lowest posstble memory power dissipation,
and

b) tx:mplob assurance that output bus contention
will not occur.

To use these two control lines most efficientty, TE
should be decoded and used as the primary device
selecting function, while OE/Vpp should be made a

connectad to the READ #ine from the system control
bus. This assures that af deselected memory devic-
es are in their low power standby mode and that the
output pins are active only when data is desired from
apamanu'memotydm

4

SYSTEM CONSIDERATION

current, icc. has three segments that are of interest
1o the system designer-—the standby current level,
the active current level, and the transient current
peaks that are produced by the falling and rising
edges of Chip Enable. The magnitude of these tran-
sient current peaks is dependent on the output ca-
pacitive and inductive loading of the device. The as-
sociated transient voltage peaks can be suppressed

tance and should be placed as close to the device
as possible. in addition, a 4.7 uF bulk electrolytic
capacitor shouid be used between Vo and GND for
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every eight devices. The bulk capacitor should be
located near where the power supply is connected
to the array. The purpose of the bulk capacitor is to
overcome the voitage droop caused by the inductive
offects of PC board traces.

{( ADORESS = FIRST LOCATION )

Vec ®3.0V
Vpp =21.0V

({ PrOGRAM ONE 50 ms PULSE )

weremenT ) MO LAST
ADORESS ADORESS?

Yo = Vpp = 3.0V

COMPARE
ALL 8YTES TO “S.FAR | pevice
ORIGINAL FAWLED
DATA
PASS
DEVICE
PASSED
2000818

Figure 3. Standard Programming Flowchart

PROGRAMMING MODES

CAUTION: Exceeding 22V on OE/Vpp will perma-
nently damage the device.

Initially, and after each erasure (cerdip EPROMS), all
bits of the EPROM are in the "'1” state. Data is intro-
duced by selectively programming “0s” into the bit
locations. Although only *“0s" will be programmed,
both ““1s’ and “0s" can be present in the data word.
The only way to change a “0" to a “1” in cerdip
EPROMSs is by uitraviolet light erasure.

The device is in the programming mode when the
OE/Vpp input is at 21V. it is:required that @ 0.1 uF
capacitor be placed across OE/Vpp and ground to
suppress spurious voltage transients which may
damage the device. The data to be programmed ls
applied 8 bits in parallel to the data output pins. The
levels required for the address and data inputs are
TTL

When the address and data are stable, a 20 ms
(50 ms typical) active low, TTL program puise is ap-

plied to the TE input A program puise must be ap-
plied at each address location to be programmed
(see Figure 3). Any location can be programmed at
any time—either inds , sequentially, or at ran-
dom. The program puise has a maximum width of 65
ms. The EPROM must not be programmed with a
DC signal applied to the TE input.

Programming of multiple 2732As in paralle! with the
same data can be easily accomplished due to the
simplicity of the programming requirements. Like in-
puts of the paralieled 2732As may be connected to-
gether when they. are programmed with the same
data. A low level TTL puise applied to the CE input
programs the paraileled 2732As.

Program Inhibit

Programming of muitiple EPROMSs in parallel with
different data is easily accomplished by using the
Program Inhibit mode. A high level TE input inhibits
the other EPROMSs from being programmed. Except
tor CE, all like inputs (including OE/Vpp) of the par-
allel EPROMs may be common. A TTL iow level
puise applied to the CE input with OE/Vpp at 21V
will program that selected device.

Program Verity

A verity (Read) should be performed on the pro-
grammed bits to determine that they have been cor-
rectly programmed. The verify is performed with
OE/Vpe and TE at V. Data shouid be verified tpy
after the falling edge of CE.

intgligent Identifier™ Mode

The intgligent identifier Mode aliows the reading out
of a binary code from an EPROM that will identify its
manufacturer and type. This mode is intended for
mbyumwmmmepurposeof
automatically ma the device to be pro-
grammed with its corm: programming algo-
rithm. This mode is functional in the 25°C +5°C am-
bient temperature range that is required when pro-
gramming the device.

To activate this mode, the programming equipment
must force 11.5V to 12.5V on address line A9 of the
EPROM. Two identifier bytes may then be se-
quenced from the device outputs by toggling ad-
dress line AD from V_ to V). All other address lines
must be held at Vi during the intgligent Identifier
Mode.

Byte 0 (AD = Vy ) represents the manutacturer code
and byte 1 (AD = V) the device identifier code.
These two identifier bytes are given in Table 1.
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INTEL EPROM PROGRAMMING
SUPPORT TOOLS

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

inte!l EPROM programmers may be controlled from a
host computer using intet's PROM Programming
software (iPPS). iPPS makes programming easy for
a growing list of industry standard hosts, including
the 1BM PC, XT, AT, and PCDOS compatibles, Intei-
lec Development Systems, Intel’s iPDS Personal
Development System, and the intel Network Devel-
opment System (iNDS-ll). Stand-alone operation is
also available, including device previewing, editing,
programming. and downioad of programming data
from any source over an RS232C port.

For turther details consult the EPROM Programming
section of the Development Systems Handbook.

ERASURE CHARACTERISTICS (FOR
CERDIP EPROMS)

The erasure characteristics are such that erasure
begins to occur upon exposure to light with wave-

PROGRAMMING

D.C. PROGRAMMING CHARACTERISTICS
Ta = 25°C £5°C, Vog = 5V £5%, Vpp = 21V $0.5V

jengths shorter than aproximately 4000 Angstroms
(A). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-4000A range. Data shows that constant expo-
sure to room level fluorescent lighting could erase
the EPROM in approximately 3 years, while it would
take approximately 1 week to cause erasure when
exposed to direct sunlight. If the device is to be ex-
posed to these types of lighting conditions for ex-
tended periods of time, opaque labeis should be
placed over the window to prevent unintentional era-
sure.

The recommended erasure procedure iS exposure
to shortwave uttraviolet light which has a wavelength
of 2537 Angstroms (A). The integrated dosae (i.e., UV
intensity X exposure time) for erasure should be a
minimum of 15 Wsec/cm2. The erasure time with
this dosage is approximately 15 to 20 minutes using
an ultraviolet lamp with & 12000 uW/cm2 power rat-
ing. The EPROM shouid be placed within 1 inch of
the lamp tubes during erasure. The maximum inte-
grated dose an EPROM can be exposed to without
damage is 7258 Wsec/cm2 (1 week @ 12000
pW/cm?2). Exposure of the device to high intensity
UV light for longer periods may cause permanent
damage.

Symbol Parameter Limits Units Test Conditions
Min [Typ®)| Max (Note 1)
Iy Input Current (All Inputs) 10 uA [ViN = VjLorVig
Vie Input Low Leve! (All Inputs) —-0.1 0.8 v
Vin Input High Level (All inputs Except DE/Vpp)| 2.0 Ve + 1| V
VoL  |Output Low Voltage During Verify 0.45 V jloL = 21 mA
Vo  |Output High Voitage During Verity 2.4 V |lon = —400 pA
'ocz“’ Ve Supply Current (Program and Verify) 85 100 mA )
Ipp,(4) | Vpp Supply Current (Program) 30 mA [CE = V), OF/Vpp = Vpp
Vio Ag intgligent identifier Voltage 115 12.5 B
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A.C. PROGRAMMING CHARACTERISTICS
Ta = 25°C £5°C, Vo = 5V £5%, Vpp = 21V £0.5V

Symbol Parameter Umits || Test Conditions®
Min| Typ(®)] Max (Note 1)

tas Address Setup Time 2 us

toes | OE/Vpp Setup Time 2 us

tos Data Setup Time 2 us

tAH Address Hold Time 0 us

ton Data Hold Time 2 us

torp | OE/Vpp High to Output Not Driven 0 130| ns (Note 2)

tow TE Puise Width During Programming 20| 50 [ 55| ms

togH | OE/Vpp Hold Time 2 us

tov Data Valid from CE t | us |CE = vy, OE/Vpp = Vi

tvR Vpp Recovery Time 2 fre

toar | OE/Vpp Pulse Rise Time During Programming | 50 ns

NOTES:

1.vocmmwwwmwawuom/vwmrmwwumﬁe/vm

z.mspwmtorhmymplodmdbnot100%testw.0uwantbdoﬁndumopohtmdmisnoW
. Brming o !

3. Typical values are for Ty = 25°C and nominal supply voitages.

4. The maximum curent vaiue is with outputs Og to 07 uniceded.

*A.C. TEST CONDITIONS

Input Rise and Falt Time (10% t0 80%) ..... <20ns
input Pulse Levels .................. 0.45V to 2.4Y
Input Timing Reference Level ....... 0.8V and 2.0V
Output Timing Reference Level . ... .. 0.8V and 2.0V
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Operational Amplifiers

CA741, CA747, CA748, CA1458, CA1558,
LM741*, LM748*, LM1458*, LM1558*

Operational Amplifiers

High-Gain Single and Duat Operational Amplifiers

For Military, Industrial and Commerical Applications

Features:

® Input bias current (all types)
500 nA max

s Input olfset current (all types)
20U nA max

The RCA-CA1458. CA1558 (dual types): CA741C. CA741
(single-types), CA747C, CA747 (dual types); and CA748C,
CA748 (single types) are generai-purpose, high-gain
‘operational amplitiers for use in military, industrial, and
commercial applications.

These monaolithic silicon integrated-circuit devices provide
output short-circuit protection and latch-tree operation.
These types also feature wide common-mode and
differential-mode signal ranges and have iow-oftset voitage
nulling capability when used with an appropriately valued
potentiometer. A 5-megohm potentiometer is used for
offset nuiling types CAT48C, CA748 (See Fig. 10); & 10-
kilohm potentiometer is used for ottset nulling types
CA741C. CA741, CAT47CE, CAT4TE (SeeFig.9): and types
CA1458, CA1558, CA747CT, have no specitic terminals for
offset nulling. Each type consists of a ditferential-input
amplitier that eftectively drives a gain and fevel-shifting
stage having a complementary emitter-follower output.

ACA's manufacturing process make it possidle to produce
IC operational amplitiers with low-burst {“popcorn”) noise
characteristics. Type CA6741, a low-noise version of the
CA741. gives limit specifications for burst noise in the data

Applications:

Comparator

DC amplitier

Integrator or dilferentiator
Multivibrator

Narrow-band or band-pass filter
Summing amplitier

bulletin, File No. 530. Contact your RCA Sales
Representative for information pertinent to other
operational amplifier types that meet iow-burst noise
specifications.

Tnisoperationalampliﬁer|inealsoof1ersthecircuitdesigner
the option of operation with internal or external phase
compensation.

Types CA748C and CA748. which are externally phase
compensated {terminals 1 and 8) permit a choice of
operation for improved bandwidth and siew-rate
capabilities. Unity gain with external phase compensation
can be obtained with a single 30-pF capacitor. All the other
types are internally phase-compensated.

RCA No. of Phese Ottset Voltage Min. | Max. Vo Opornino-‘l’on;punuu
Type No. Ampl. | Comp. Nult Aot {mV) Range { C)
CA1458 dual int. no 20k 6 0to +70*
CA1558 duat int, no S0k 5 -55 to +125
CA741C single int. ves 20k 6 Oto +70*

CA741 sinple int. yes 50k E] -55 10 4125
CA747C dus! nt, yes® 20k 6 010 +70*
CA747 duai nt. yes® 50k 5 —-55t0 +126
CA748C single ext. yes 20k 6 010 +70*
CA748 single ext. ves 50k 5 ~55t0 +125

®tn the 14-lead duai-in-line plastic peckage only.

AAll types in any package s}vle can be operated over the temperature range of -55 0 +125°C.
although the pubhished hmits for certain electrical specifications apply only over the tempera-

ture range of 0 to +70°C.

e
‘Technical Data on LM Branded types is identical to the corresponding CA Branded types.



Operationai Ampiitiers

CA741, CA747, CA748, CA1458, CA1558,
LM741, LM748, LM1458, LM1558

ORDERING INFORMATION

When ordering any of these types, it is important that the appropriate suffix letter for the
package required be affixed to the type number. For example: If a CA1458 in a straight-
lead TO-5 style package is desired, order CA1458T.

PACKAGE TYPE AND SUFFIX LETTER
TYPE NO. TO-5 PLASTIC | CHIP |[BEAM-| FIG.NO.
STYLE LEAD
st | tou [ DIL-| 8L | 14
CAN

CA1458 T s E H 16.1h
CA1558 T s E 1d.1h
CA741C T s E H 1a. 1e
CAT741 T s E L 1a.%e
CA747C T E H b, 1
CAT47 T E 1b, 1
CAT748C T s E H 1c, 1g
CA748 T S E 1c, 1g

MAXIMUM RATINGS, Abso/ute-Maximum Values at T = 25°C:
OC Supply Voitags (between V* and V= terminais):

CA741C, CA747C*, CA748C, CAY 458, . . . . . - .o 36V

CA741, CA747%, CA748, CA1558* . . . L. F . 44 Vv
Differential Input Voltsge . . . . . . . . L. . .. . . . tov
DOC Input Voltage® . . . T . nsv
Qutput Short-Circuit Duunon oL . N . Indefimite
Device Dlmmnon

Up to 70 C (CA741C,CA748C) . . . . . . . . . . . 500 mw

Upto 76°C (CA?41,CAT48) . . . . . .o A P 500 mw

Upto 0°CCATAT) . . . . . . . . . ... .. . . . . . soOmW

Up1025°C (CATATC) . . . . . . . . . .- .. . . . . 8soomw

Upto 30°C ICAISS8) . . . . . . . . . .. . . . . . . esomw

Upto 25°C (CAI488) . . . . . . . . . . o .o 680 mW
For Temperatures indicated Above . . P Dor.u lmnvly 6.67 mwW/°C
Voltage between Offset Null and V= (CA741C CA741 CA747CE) R R - 05V
Ambient Temperature Range:

Operating — CA741, CA747E, CAT48, CA658. . . RN . 5510 +125 °C

CA741C, CA747C, CA748C, CA1458 . o o 010 +70°Ct

Storsge . S . .. -6510+150°C
Lesd Tompouiuu (Durmg SOldumg)

At distance 1716 £ 1/32 inch (1.59 £ 0.79 mm) trom case for 10 saconds mex. ... . %

® | Supply Voltage is less than £ 15 voits, the Absolute Maximum Input Voitege is equsl to the Supply Volt-
age.
2 voitage veluss spply for sach of the duai operstional. amplitiers.

T All types in any peckage styie can be opersted over the temperature range of =55 to +125°C, aithough the
published limits for certain electricsl specifications apply Only over the temperature range ot 0 to +70°C.



Operational Amplitiers

CA741, CA747, CA748, CA1458, CA1558,
LM741, LM748, LM1458, LM1558
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Fig. 1 — Functional diagrams




Operational Amplifiers

CA741, CA747, CA748, CA1458, CA1558,
LM741, LM748, LM1458, LM1558
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Qperationai Ampiiters

CA741,

CA747, CA748, CA1458, CA1558,

LM741, LM748, LM1458, LM1558

ELECTRICAL CHARACTERISTICS
Typical Values intended Only for Design Guidance

TEST TYP.
CHARACTERISTIC CONDITIONS VALUES UNITS
Vi=2t15V * ALL TYPES
tnput Capacitance, C, 1.4 pF
Ottset Voltage
Adjustment Range 15 mvV
Output Resistance, Rg 7% Q
Output Short-Circuit Current 25 mA
Transient Response: Unity gain -
Rise Time, t, V) = 20 mV 0.3 us
Overshoot R = 2%Q2 %
Cy < 100 pf
Slew Rate, SR:
Closed-loop RL > 2 K0 0.5 Vs
Open-ioop* 40
& Open-loop siew rate appiies only for types CA748C and CAT48.
ELECTRICAL CHARACTERISTICS
For Equipment Design
LIMITS
TEST CONDITIONS CAT41C
Supply Voltage, cA747C®
CHARACTERISTIC vi=15V, - UNITS
- Ambient CA748C
vo=-1sv CA1458°
Temperature, T
Min. Typ. |Max.
o
Input Offset Voltage, Rg=< 10k i S — 2 & mvV
Vig 01070 C - - 75
[}
Input Oftset Current, B C - 20 1200 } A
1o 010 70°C - - 300
input Bias Current, 2%5°C - 80 {500 A
I 01070°C - - |800
Input Resistance, R, 0.3 2 - MQ
Open-Loop Differential | Ry >2kQ 25°C 20,000 | 200,000 —
Voltage Gain, Ag | Vo =10V 01070°C 15000f - |-
Common-Mode Input I3
Voltage Range. ViCR 26°C 12 33 - v
Common-Mode °
Rejection Ratio, CMRR R <10kQ Bc e 0 |- |
Supply-Voitage ° _
Rejection Ratio, PSRR RS(‘OKQ »c 30 150 [uv/V
o v v Ry »10kQ 25°C £12 | 214 | -
tput It ving,
uteut Yo ;ge 9 2%°C $10 3 | - v
OPP Ry 22kQ 5
O0to70 C +10 13 -
Supply Current, I 25°C - 1.7 |28} mA
Device Dissipation, Pp 25°C - 50 85 | mW

® valyes apply for each section of the dusl amplifiers.




Operational Amplitiers

CA741, CA747, CA748, CA1458, CA1558,
LM741, LM748, LM1458, LM1558

ELECTRICAL CHARACTERISTICS

For Equipment Design

TEST CONDITIONS LIMITS
Supply Voltage, CA741
ML CA747*

HARA R - =~ NIT
c. RACTERISTIC \" 15v CA748 U S
¢ Ambient CA1558°
} Temperature, T Min. Typ. Max.

Y o
Input Otfser Voltage, Vo Rg = < 10k % C _ ! 5 mv
~-5510 +125°C - 1 6
25°C 20 200
tnput Oftset Current, I -55°C - 85 500 | nA
+125°C - 7 200
25°C - 80 500
Input Bias Current, g -56°C - 300 | 1500 oA
+125°C - 30 500
Input Resistance, R 0.3 2 - MQ2
Open-Loop Ditterenual | R 22k 25°C 50,000 { 200,000 | -

Voltage Gain, Ag_ Vo210V [ 5510 +125°C | 25000 - -
Common-Mode input 125 ° . o v

Voltage Range. VycR -55t0+125°C | 12 | 13
Common-Mode Rg<10kQ [-5510+125°C | 70 | 90 - | 8

Rejection Ratio , CMRR
Supply Voltage Rg<10kQ |-5610 +125°

- (o} - 30 150 {MV/V

Rejection Ratio, PSRR s M

R > - ° *1 14
Output Voltage L >10k§2 [-5510 +125°C 2 1 v
Swing. Vopp R 22k} |-5510+125°C 10 | 213 -
25°C - 1.7 2.8
Supply Current, 1% -55°C - 2 33| mA
+125°C - 1.5 25
25°C - 85
Device Dissipation, Ppy -55°C - 60 1006 mW
+125°C - 45 75
* Values apply tor each section of the dual amphtiers.
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Operational Amplitiers

CA741, CA747, CA748, CA1458, CA1558,
LM741, LM748, LM1458, LM1558
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Fig. 11—~ Transient response test circuit for all types.



Operational Amplitiers

CA741, CA747, CA748, CA1458, CA1558,
LM741, LM748, LM1458, LM1558

CHIP PHOTOS
Dimensions and Pad Layouts

60 64

50—
!
]
40~ i
|
54-62
11372-4879,
CA741CH |
.
) T wzoma |
L Teas-r Ty
.
CA747CH

4-10
‘ ©0102-0284) O @

®
101-109
(2.565-2.768)

52-60

NOTE: NOS. IN PADS ARE FOR 10-LEAD TO-S
NOS. OUTSIDE OF CHIP ARE FOR 14-LEAD DiP

30~ N 20 | s4-62

92CM - 33260

30- 52-60
1372-1.574) 1 321-1 524)
20~ 20~
[P T
o- — (0102-0.254) l
101-109 !
_‘I (0.102-0.254) I | (2.565-2 768) ]
61-69
T (1.549-1.752) ] s B2
92CS - 332¢
CA748CH
CA1458H

Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.
Grid graduations are in mils (10~ inch).



