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MIL-=D-1331
L9 AugwA 1973

1. SCOPE= -- . .

1.1 - This standard describes the panmeters required as a minimum for the cpectfication
of rnicrocwcuis. Parameters, mther man circuits, are considered because circuits s-an with Jhe
manufacturers involved. Further, circuil desigru should be subject to change u Improvement
results as long as the affected desigm are compatile and fully interchange~ie. The spcclfic
objectives of this document are as foiluws:

a..

b.

c.

d.

2.

To provide the minimum parameters tfut shaiI be specified m emure adquacc erahiatlon
d circuit design 3nd perfOrm.WXe.
To provide maximum commonality of paweters for purpose9 of test end measurement,
within end ~twe.m major ckses of microcircuit tjp3s and to allow Use recognition of
interface problems between types of micmcircuita.
TO provide standard abbreviations, definitions and s ymbols pert hen: m the specification
of microcircuits.
To promote mzximum imerchargeabifity and con\patfMlity b+tween microcircuit t~es.

REFERENCED DOCUMEN7S

2.1 The following documents of the issue in ●ffect on the date of invitation for bids or request
for proposal, form a part of this smndrd 10 [he extent specUied herein.

SPECIFICATION
.MfLITARY

MIL-M-55565 Microcircuits, Packasing of

STANDARDS
,M2LfTARY

.MIL-Sr D-806 Gmphic Symbols For Lcgic Dlagnms

MIL-.STD-8e3 Test Medvxts and Procedures for ,Micrc-clectmnics ,.

“MIL-ST13- 1313 Aficroslectronic Terms ud Daflnitlons

(CW1?S cd specifications, stmdards, dr~wings, and publications required by supplicre b! cormec- -
{ion with specific procurement functiuns should be obtained fmm the procuring activity or as
directed by Che contracting office r.)

3. TERMS, LETTER SYMUOM. ABBREVIATIONS, AND DEFGWTIONS

3.1 Far Lhe purpose U( Lh’is.cmdarrt, lhe ‘terms, letter symbols, abbrevixtiors, md def initiom
of Appendix A shall apply,

. .

e Supersedes puge I of
10 January 1969

.—
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4. REQUEfEME~S

4.1 General. The appllcabw procurement documen= prepared lor the procuremeat of mi.crO-
cfrcukiitilude, as a minimum, UIS pamneters descrtbed herein apeciflsd u * fuoctlon of
temperature and any other pertimeat CadItlOnS as associated wath the applkxble microcircuit
atsgory. The procurement documeot shxlf XlXOcomtala b addltlaul ~ters ard cordrels,
t4 any, c?@red for assurance of tmerchaaseabmtY in SPCC15CaPPUUtioIM. Tbe procurement
document shsil xlsa Ldecutfy *h pamnmtere are to be tested oo a 100 percent baefx end which
aUom sampllng. Accept/reject Umlts for ester values xnd asccprabls quallty levele, ~re
applicable, shall also be imcluded me temnlnolw ad aymbels used 10 the procure m- docu-
memt shall Conform to thase used IierS&. The generk term “micracirculr’ used ti w stMI&I@
bmlwks xll categories al constnxtlon as defined in MIL-STD- 1313. Where M2L-2T2)-8E3 prwtdee
cast methods [or the panmetem Meattfbd hi sestion S or apecifled In the sppkable pcueremsmt
dosumex tbe apprqmiate teat metkd d M12.-.T28E2E2 ehall be used for tbe mexmtremeot or
>w&l c4c4~&pnmeters amd aucb use shall be gwvemed by tba applicable general rsqoiremcru

4.2 Reoulrementa for standxrdlxwd panmeters. fn order to best fit rhe microcircuit user’s
neecta for a mandarduad set al parametes, the (o[lovimg requiremems have been establfshsd.

a. All Important clrruit p-ctem shx.11be descrlbsd.
b. The symbolcgy shall be descriptive of the me=ured panmeters.
c. Teet parameters for a given mlcrosircuit type or function shall be SWcifiad la such a

mammer ~ to be indspendem al the internal microcircuit construction or the applkaiioa
of tie mlcreclrcuit.

For lruic circuits:

d.
e.

L

g-

Pa$ltlve current SW be deffmed aa conventlonaJ current flow Into a device termlmal.
‘2%5Umitlng terms ““rein’”(minimum) and ““m” (mraxtmum) shall be cons Mercd to
apply to magdfudes only and the slgrr shall be indlcxted.
V= shall be crmsidered to be a pmsitwe voltage at tsrmhaal x ~ respect to grad or
o volts. Vq shall be considered to be 3 positive malcqe ar terminal x with respect to
terminal y.
Panmeter Umita shall be epecifkd under the Icaar favorable apprcqAate condltlmre al
tempenture, biases, supply voltages, signals, and loading within the applicaljle range of
●xh test condition.

2
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MIL-STD-1331
10 January 1969

4.3 Ccnet?&ie;mk to be controlled.
specilicauom:

The fulkwing ilems siaAI be specified for all mfcracj~tiit

Sto~e temperatures (minimum and mzcimum limits).
Lead or C=e Operating temperature ●xtremes (minimum and rn~xin,um Ifmiw).
,Mechanical tnztllnc and dimensions.
Terminal designations.
Maxtmum lerminal vol~e and current (all suppLie.s, inputs, mnputs, ncdes).
Dym.mic ●lectrical panmeters (see section 5).
Stack electrical pammeters (see section S).
.Mechaniuf and enviromnental intsgrity.
Quality assumnce levels d reliability.
PacIciging and packing (refer to MIL-M-55565).
Lcgic diagn.nt, Icgic eqtmion.s and tmlh ttile (for digital microcircuits). (Lcgic symbols
shall be in accordance with MIL-~D-806. )
Complex input and output impedance chamcferistics when Wplkable.
Mzcfmurn thermal resistance for the complele nticrocircuit to Ihe lead or c&e.
Maximum power dissipation Per function and for the complete microcircuit.

ELE=RfCAL PARAMETERS TO BE COt’.TROLLSD

S. 1 lo af.1spccificatiofu or appliCal)le procurement documents for InicrocircuiU, all applfcabk
efcctrical panmele rs of taoles L D, and IfI shall k specified together with limits ad Condltlons
of me=urement, and where indicated, the lCS[ methods of MIL-STD-883 shall apply. Where “X”
appears., the Pammeter shall be specified, but no .MIL-=D-aa3 lest method ●xists. Standard test
methods are befng developed.

. .- —...——
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MIL-SD-1331 s-”
19 _ 1970

TABIJ2 L Dynamic electrical eam.melers (diuital microcircuits).

Specify input L.SL condltlm=: V~ mlz V~i MAX, VIL wm. or V[~ m= -

Test method, MIL-SD-883

Parameter symbol GaUng BislWe and nxmoetable Remarks

P~agmiOn delay tie, Imv tPIn 3003 x
to high level cwput

Propagation delay Ume, high ‘PHL 3003 x
to low level output

Tl~~tiiu~me, high tO lcw r.T~~ 300+ x

Tnruition Ume, low to high c.r~ 300+ x
level autpuc

Paver wpp17 mm-em tin vs. x x
lrecprencjj

Output pulse width
(mo.oerable OIIIY)

rermd capacitance 1012 Wlrere mrminai capacicancc
is regarded as critical to
rhe applic=ioa .

\C noise margin Vy 3013 Where” noise margin is
regarded as critical to
the application

NOT’S: Forcing Conditions which shali be spccilied (as applicable) Ior monostile or 5MUble
dlgiu.1 microcircuns are as follows: Asynchronous muix, mummurn pulse wldti; Miru.mum
chck pulse wldm; Clock levels, high and low: Clock repetition rote: Clack :eyei, tnnsl-
Uon ckaes; Timing relationships of input SWIIS.

I

I

.Supemedm paqe 4 of
10 JaIc~ 196S
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~..
TABLE II.’ Static electrical panmeters (&~I ~IcmircuiUT. ‘.

Specify Input test conditiom: VM min. Vm Max, VIL * or VIL cnax

Pacamefer
Test method

symbol MIL-STD-883 Recmdcs

FIigh level ourput voltage VOH mix and min 300s

Law level .XQut voltage VOL max znd mln 3007

High level input current b
max and min 3010

Low Ieve 1 input current IIL mzr znd min 3009

High level output current ~H nu.x and min x M-ure h conjunction
with vo~

fnw level output current %L ‘= ‘ly x Measure h canlunctlon
With VOL

Output shore circuit current & tmx and mm 3011

Collec;or cut-oU current ~Ex - O~Y x

,NO~senra.~in V* 3013 U%ere nalse margin
ls~das
critical to che
appucatiacl,

Low level supply current drun L-cu lDDL, lEE ~ ●tc 300s

High level supply current drzin ~CH, IDDH, lEEH, ●tc 3005

B retidown voltage BV 3008 w’?lec’e appucable

Where node terminals ●xist:

1. High Icvel node current r~ 3010 At SPecUied L’m

b. law level ncde current ‘INL 300s At specified VNL

. .

Supersedespage S of
10 Jauary 1969
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TABLE UL Electrical p~eters’for amu~iers.

I Pa-anwten

AC unbalance voltage

Automatic gain control nnge

Sadwidh (mall agrnl)

Common-mode tnput voltage nrqe

Couunon-mcde output voltage

Common- mode rejeccton ntlo

Common- mode vO&.se a.npllfkattm

DC power dissipation

Dtfferentbl Input Impedance

DUferenthl voltage ampllflutlon

h’ipllt bias CUITe!rO

tsput bi= currenl tempenture
SCMitlvity

Input offset current

Iquc *set current temperamre
SaUuivit y

Input affsec voltaqe

Irquc aff.eet voltage tempenture
sensitivity

Maximum CatPut voltage SW*

Single-ended input vOltaS* -e

Noiee flsure

Dlfferenttzl IJatput Impedance

Supemedes p-age 6 al
10 Jamary 196Y

IymbOl

Vou

AGC

BW

‘UR

v=

:MRR

Avc

PD

“Zfd

Am

&d

1~

*l#Al

ko

,rI&al

V1O

vx~x

VOPP

Vm

NY

Zd

Amplifler types and Cm. .

Mferentlal, opentiolla~
rldeo. RF. W4detand.
;emial p&a9e IF, audio “

frequency

Aud10 (~WiCy,
- ~, RF,
wide ~ EF,
gelled purpase

M3L-srD-6sJ testmethod

x

tom

tao4

1003

4003

W13

!003

400.5

4S44

$004

4001

4001

9001

4001

4001

4001

4004

x

4006

4005

e

4007

4004

4oa3

4003

4003

400S

400:

4004

4GQ1

4001

4001

4001

4001

4001

4004

x

4006

400S

4oul

4004

40C5

4004

x

4006

. . . ... I

o I

400s
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M2L-~D-1331
39 Au@et 197C

~ TABLE DL Electrical uaw’ne!ers for zrnplifiers - continued.

Pat-xnetere

Single-ended output Impedance

OJtput offset voltage

Phase margin

Pave r gain or insertion power @

Power supply rejection mtio

Quiescent input volbge

Quiescent OuQ.t vOlt~e

Single-emied input Impedasce

Single-ended voltage amp Iificxion

L
Slew mte

otal harmonic distotiion

mient response

Maximum cwput swins bandwidth

erlcad recovery time

I

.

Supersedes page 7/8 of

● 10 January 1969

Symbol

2=

Voo

Pm

Gp or

%

PSRR

VI

V.

Zti

%Js
AVS

SR

THD

TR

30M

‘or

AmulLfIer twes and cordiiunttoru. ‘-

Mfe rential,
ideo, RF,
eneral purpose

Operational,
wide tund,
IF, audio
frequency

Audio frequency,
video, IF, RF,..
wide ba@ HF,
genenf pu~ase

I I

=D+u-l”B-
MIL-ST D- 863 test methcd

40C6

x

4003

4004

4004

4004

7

4005

x

4002

4006

4003

4004

4004

4002

.4004

x

4003

x

4002

4006

x

x

400+

4004

40Q4
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-—-’
APPENDfx A

TERMS, LETTER SYMBOG, .WJBREVL4TIONS, A,ND DEFINITIONS

10. SCOPE

10.1 This appendkc conu.ins terms, Iellersymboi.?, abbrcvialions, =~defifiiiow for USe Wi~

microcircuits.

20. GENERAL GUIDELINES FOR LETTER SYMBOL5 ANO At3DREV2ATIONS

20.1 Letter s ymbois and Zbbrevialiom defined.

20. 1.1 Lstter symbols. A letter symboi is a chancier which M used to designate an electrical
Or ph@lcai quaatity or patzuneter, or uniis ~ msxauremenl. This use occurs mast [ceaueatiy h
mathematical ●quations, specifications, and Commc rciai dala. Tbe foifowiag charl wUi “Uftuwkam
the primary dkatinction between quantity syncbok md unil of n:easucecnent sytiols.

[
QJ-UIY Quantity symbul unit of

measucemenc unit Symboi

Curcem f,i :,y ~ ,A1/
Voicage v, v v-
Power P, p wail
Resistance R, r ohm n ‘u
Impedance z, ?, ohm cl%
Capacitance c, c fad F
Inductance L (uppsr-c=e oniy) henry H
Time t (icnvcr-c=e only) second.
Temperature T (uppe r-e~e oni y) degree “C o;”F~/
Cd (power) G (uppe r-c~e oniy) decibel 4; dB 41
AmpUficllian A (upper-c&sc oniy) (nume+ ~/ ~[

(voitWe or current)

~/ Tbe unit symbol ““A”is used with the melric system of muitipiler prefixes;
[or exzmpie, “’A””for micr-mpe res.

~ Ohm should nos be abbreviated in text. The unit symbai ‘IT” may be used
elsewhere with the melric system of multiplier pcefixes.

~/ The unit symbol for degrees ‘“kclvln’” is “IC” (without the “).
4/ Alternalivel y, puwe r gain muy be cxp ressed u J dimenaioniess ntio.
~/ Aitercuci$eiy, volw.ge xrd currwrt amplification maybe expressed in

decibels (unit symbol “dS’) provided the impetices associated with the
numerator and denomiralor U1lhe mtio are quai.

. .

Supersedes page 9 of
10 January 1969 9
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20.1.2 Abbrwiations. An abbrevtatlon is a shofiened form of a word or word comblnathm
AMrsvtalmu do not encomp~’= letter Vmbok or gnpbic wmbds. Subscripts and superscripts
ars ncx used in abbreviations.

20.2 Criterta and co!wentions for Iecter symbolc and abbreviations.

20.2.1 Prtmary svmboL The symbol LL?sdto deslgmte a quanU.ty or parameter. Amabbrev2c-
clnn maY be used as the primary symboL The ptimaw symbol maY be modifiedby subscripts or
saperecr!+cs except when tie primary symbol M an abbreviatlca (see 20.1. 2).

20. L 2 Secmdam symbol. A SutMcrtpt or superscrip~ timed to sc the see- eymboL

-Y ~ ~~ ~0 M-Y the prma.q symbol except when Use p- symbol IS WI xmu~
(see 20. L 2). The secondary symbol Is used to dssisriats apeclal wakes of ata&rs, POWS, ~,
Umes, etc. An abbrevtaUon may bs wrd ~ a aubsmipt (aecon&w symbol).

20.2.3 P~ and seemutaq svmbal cmmbmed. A letter symbol eonminiq both prtmary and
secmida’y~tuers M a umtque meaning. Thu3 msaalns Is cot tbe meznlag =soclabrd wif,b the
:*I_&IT SY~Ol ~MIS Or ~S SSCOUJSATSYMM U% but tbe cocalsinaumimeaningformed from

20.2.4 Dsscx-Iptive Information. Osscrtptlve Infortmwicm concerning a letter symbol my *
added in m!UAeSe9 titer and on the same line u the secondary SyTMM1. TIJe ~b~~om -~
sad ‘“mh” are excluded from MS de. Tbssa desl.gnate Umtt values and are act cocuktsred to be
part af the symbol itself.

20.2.S Commonly used mscific n!bscrtst abbreviations. Termitul sad value abbreviations shall
be as shown below:

Bias. B
Common- mcde c (second subscript)
Oif2ersntia1 D (secti aubscrtpt).
W@ lcq$.c \euei H
w ~Ulrst’eubscript)
k Ioglc Isvel
Maxlmncn (peak) mlue &’ X2
Node x
output O (flnt subscript)
012set o (secmid subscript)
sln@e-endsd s
Sbon-ckuit s

I/ TbM ~fers to tbe peak due on z ~veform, mX to tbe maximum-UmAt v-aLue. * 20. ~. ~

I S9pensdes page 10 cd
IO Jaouaq 1969 10

. .
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20.3 Principles of anolica: ions.

● 20.3.1 P:imary svrnbols and secondaq’ svrnbols.

I

PRIMARY SYMBOLS

Use lower-use letters foc Use upper- use letters fon

1. fmstaataneous or instantaneous L DC, RIMS, Rbfs Coq ,~m
tcta2 valuss of currmq (psak), or average values of
voltage, or power which vary currs* roltage, or power.
vlth time. Examples: EXamplss: ~ v, P
L v, p (See Ulustm.tfon 20.3.2) (see UJustntlon 20.3.2)

2. Values of f--pole matrix ‘ 2. Values af four-pale matrix pm-ameters
-ew= (raUm of teruild (ratios of tsmnld elhctriuf qtraut.lt.les),
elsctrfcal quaat.ltiss), or tier or other resistances, impedances,
resistances, Impedances, sdmltwxes, etc. la the extsrraf
admktatrces, etc. lrbherent in Ctrcuits. Sx&@e* RQ z~
thS dSViCI?. E.UMpk: Z~d

SECONDARY SYMBOLS

Use Iwe r-case Iette m foe Use q2psr-case letters for

1. 211StZIUXISOU9,RMS, or maximum L fnstant.anems taal vahies, MZXLMUM
@eak) wargins cornponsnt values. fpsak) taal values, average, DC, or
E.ulnples: VI, vi, vim Rfdst0ta2 Valws. Zxamplss: v~ v~,

‘I(AVP ‘I, ‘[(RMS)

2. Smalktsiul values of 2. Static Vatues Sad lszge-agnal values
Panfneters. S-u.mple: &s d VSLSm. ZS&@& At/s

20.3.2 IlhMtrXiO!& inout voltaqe symbols.

OC.b+.. -,..— ,—. me

.-

Supersedee page 11 af

●
10 J~ 1969 U
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●
30. TERMS AND DEl=+TTIONS APPIJCABE TO ALL MXCROCXRC&TS

30.1 Maximum UmR. The Msheet-mamkude UmU ml a range of some qucatlQ. For logic levels
only, the mat p=itive (least aesatid I@Mt.

30.2 Miritmum UmlL The lmmst-magnltutb limit d a range 01 some qmaotity. For lcglc levels
dy, tha tit pasitive (most negat.lve) limit.

Jo. 4 bLUlimum SmppIy mltage we. m4 Vnn * VgF! min. ate).
Cgewmaybeappwf

The mlalmmm Slqply rmu-
or whlchcpentaOnmfuY e miccocmcuit wiuuu epedUaMoO Umlte !s

30.1 Alieolmte maximum sunoly W* The ~um SU@y vO~ U@ Maybe a@led wtlhut
~mfpe ~9 * IiXa3titi rlstiu of the Micmcirctdt.

30. S Te-nal w itance. The tens ‘%mmimtl-to-grmnd apacibace’. ts prefefi

40. DI~AL iUCRCC2R~S
I

40.1 Ckxlera terms and dellniiiom% ,’

40. L 1 Ens@bel. The level which la the mmt pmeiUve ~ the ma @ic bmela.

40. L 2 Low level Tbe I&l whi@ M t!ie mnetaegailve & the two’lcgicbvels..- .. . m

40. L S Truth table. A ~& relattr@ aIl _ lcglc levels to all possible combtaatiom cd
input I@2 la.eis !or adficlent successive Ume Uite* (~ ~. 1) to completely ~rtze the
mtlcaml dyuunic functlomcd the le@emlcmctrcm&
~m~-

expreamrd in IOJic levels or a#p*riace

40.2 Utter eymh de, term% ad deflnttiolu rdatiq to ~rbtlc!l m“ -e mcing cOdUions .

4a%2 Mtaimumdnck Bmlse * (CPWL The smalleat pln wtdib tor which stable tnnsitim d
lcglclerele,accorats gtomemnhmble, Is gmamUed 9tnmtln c10ck&!cwthremgh therequtred
--.

40.2.3 bftnimumandmaxlm9m clm&re8etuim ntes(CRR). Thelowst amlhigtmstratesac
-clock PUhO may repealIqic levelsforvbicbsmbla Uamttlm cdInglclevels,accordingto
themtib,hb~.dtinti Claksceethawngbu!imquimdsqmmce.

40.Z 4 81gh-kel &ly cnrrent ~~, ~DH, IE=, @c). I% can.eat flmwtrtg into ● a WIY
termtnai ~ a microcircuit =imn ail the aquts are= a htgh-level voltage.

I
I

o.,
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40.2.5 IXv-tiiel supply current (~ c~ IDD~ IEEL .5tC). The Curn?nt fl&4ng @to-a s~ly

●
termiml of a microcircuit when all the outputs arc at 1 low-level volqe.

40. 2.6 .Maximum collector Cut-off current (L-Lx). The maximum forced current measursd at

the collector of an output t rmM iator without a current source (pull-up) that wifl ~rcduce a sodfisd

I high- ~evei ca!tpuc voi~e.

I 40. 2.7 High- 1evel Input current (2~). The current flowing imo ● an input when a specffied high.
level voltage is applied to that input.

I 40.2.8 Law-1evel input Nrrem (IIL). The current flowing into. an input when a spsctfied lowr-

ieve I voltzge is applied to chat input.

1’
I

40.2.9 High-ievel node input current (f~ ). The currsnc nwmg into. an input node .ith a
spscified h~n- mve i VOILage appmd to ma t ncdii.

40.2.10 Low- lsvei node input current (I~fj. The current flow@ fnto. an fnput M&? wtth a

specified low- ievel voltage applied to Urat node.

40.2.11 High- level aucput current (~H). The current flowing lmo - the output at a specified
high- level cucput voi~e.

40.2.12 Low-level miQut Currsm (~L). The current flawing fmo - the output at a specified lov-
level autput voitage.

40.2.13 Cut’put short-circuit current (2&#. The current which flows into - an output when the

~Qut G shO~ ci=uited COg~~ tith the specified coditioms WfISd to escabllch the output lcgic
level farthest from gccand potemiaL

40.2.14 Input sfgnafs timing rsbtior!ships (~R) (synchronous, asynchronous, ad cfnck). The

time refatiorship which must exis between input signala z a necessa~ cmdUion to ensure com-
pliance with :he truth table. Time must bs speciffsd from pdsitive- or nsgativs-going ecfgu at the -
cfock pulse.

40. ‘2.15 ?mpagation de fly time, high-to- law- level acput (tpH L). The Ulna bccvesn Urs speci-

fied rsfer?r.ce points on ths inpur ad output voltage waveforms with the specified atput cha@ng
fmm the definsd high Ieve 1 to the defined low level. The rsfersctce pofncs on lamb the imput ad out-
pur waveforms are the same vaiue which ia midway bsossen the maaimum Iw-lsvel iq.ut voltage

~IL Md d fh Mi@MuM hish-level Lnp.t vOI@e (@ mtn).

40.2.16 Prdpag’Mien dsfay time, Imv-to-high- level output (tp M). The Clme bstwesn the speci-
fied rsfersnce Poims cm the input and output voltage waveforms with the spectfisd _ rbngtng
from the defined low fe*ei to che definsd high lsveL The refersace pntnrs cm bath the fcexct and cut-
put waveforms an ths same vdus .frlch Is midway bsween the maximum low-fsvel Iqut voltage
(VU mzx) and Chs mtrlim.m Mgh-tevel input voirage (V~ mln).

40.2.17 Tmitidn tfme, Id@-to-low-isvel auqmt (*L). The Ums bs-n a aped!bd tdgh-

levei voltage * a specified iow-level voltage on the output vnft.age waveform wffb the speciflsd at-
put charging fmm ths defined high level to chs dsffnsd law fwel.

40.2.18 Tnnsition tfMe, ldw-to-high- level CMput (tTfJ9). The tkie be-n a xffh3d i-
level voltage arm a spscified h h- LsveI voitage on the output voitags waveform =Uh Uie Spscffled
output changing f=m the dsfln% low fs.el to the dsffned high leveL

‘Current flowing Out of a Iermimd may bc consldemd w a nsgatlve quantity.
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40.2.19 Minimum uwi ma.aiinum Ckk-kWel tnrultlon times (tTc). The shortest amd longest

t.ransttfon ttmes of a clock PuL~$ for which stable tmasitioa of logic levels, according to UM tm~
table, & gunated when the clock goes UmOugb MS rquired Sequence.

40.2.20 hflaimum ad maximum clack levels, high and Iw (V~ amd VI-J TIW Lowest ~
hlghese magnitude of clock wokagee, for MIs high ad low levels, for which stable transition of
1CU2Clevels, according to the tmmh tabIe, is guansteed when tbe clock g-s thrcugb Its rquired
squence at the specified maximum repetition rote.

40.2.21 Maximum high- level isquc vmita$e (Vrn maa). The m-t positive (least nqacive) rains

al high-level input roluge for which qmtion & rbe lc@c elemaa wtfhlo qdUcaCh kuits IS

~e~

~ Z 22 Mimimam Mgh-lerel imput voltage (V~ mim). The Iesat pmitire (most mgative) nlue

af high-kvel input witase for which qentlon cd rhe io@c eiemeae within apecti2catlon Umits ts

40.2.23 Maxtmum 1.3-s-level hqmt vokage (VfT, max). The most poeitive (2caet m3gative) value

of low-level iqut voltage far which qerati.aa of the iasic element witbio apecifbtion Umiu is
~eed.

40.2.24 Minimum low-level Irqmt rolmge (VII. fain). Tbe M p0ef2ive (meat aegaUve) value

d low- Ierel iqtu voiage for wbxh qeracian of me logic element wlthia specfficath limits is

40.2.25 Maxtmum high-level neck I@bt roltage (VINX ~). Ths me8t PIUW (&t negative)

sake cd h!gh- level nmds VOLUUWfor which .~ntioa d the logic element within spec& We
ie guannteed.

40.2.26 Minimum high-level node input voltage (V~ mlo). The ieast paeitive (meat negative)

ralue of high-level acde voltage for which openuoo al rfse 2c@c element wiUI& specification iimirs
IS guamllteed.

40.2.71 ~mum low-level nods @@ voltage (VNr max). The mwst pasiclra (feast &wgatlvw)

value of law-level mxle voltage [or U *ratiao of the 1* element M ~ limits

ie~

40.2.29 Noise margin (VN). The rwitage amplltude d ~ Stgaalwtil cboanbealge

bnlcalfy added to the Ool#e-free wont-e %qd’ level before tile _ wltage ~S from
Ule allowable Iagfc rolfagc levels. The tam ~ is escd here to refer to ~ ir@ut termtmals,
power ●qply rennlmle * or SraAaf releresce termimafs.

4.2.30 High-level wxtput vwltage (V~). Tlu rnitage bed at an axpest terrdd for a apccffied

~- ~=m rn~ the specified cmdltlaae wUed to eetabfiab a ltIsII Ierel at Use output.

4.2.31 ~- bve 1a!tput Witage (VOfJ. Tbs vmitage ~el at Um _ termiruf far a SPccfffed

mxput -at w Mh the Speclf Led Cordltiosn a@ied to eetabliah a low lewel at the m.

e
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50. L&-m (ANALOG) MICROCIRC~S

50.1 General terms anddc!initions.
.

SO. 1.1 Bafanced anmlifier. An amplifier having one Output Is Considered xced when ~e
quiescent DCoutput vol~e is reduced to Zero oraspecifi.ed leveL AnampIUierbavq twoou@”~
f?, cons idered balanced when the difference between the quksceti DCau~t VOIqeS IS ~~uced w
zero or a specified leveL

50.2 Letter svmbols. terms. lnd definitions rsfxt”uaq to cf-m.rzcteristics.

50.2.1 Automatic gain control range (AGC tange). The maxfmum change in gain expressed In dB
which may be ~fueved by ~licmion of a specified tangs of DC Volqes to UIe AGC iput.

SO.Z. 2 Co&on-mcde voltage ampli5cati0n (AVC or &)t. The mtio of the change in voltage at

the Wtput tsrmimd wtth rsspect to ground (or change fn voltage between tbe mtput ter~) tO the
c-e h cOmmon- made input voltage with the dlffersntiaf fnput “01*= hefd ~omm.

50.2.3 Differential vOlfage =plSfiCaIIOn (AVD or Avd)t. The ratio af the change in voltage at
the cwtput termirul wtth respect to ground (or change in voltage between ths output terminals) to the
c.~e ~ Memnt~I iqut vok%e with the common- tX=is Input voltage held corstant.

50. Z. 4 Single-ended voltage anpllficxion (Avs or Av~)t. The rmlo of tie change In single-
emled dqmt voltage of a differential amplifier to the change in single-ended input vol~e.

50.2.5 Bandwidth (B or BW). The nnge of frequencies w’iti which the gain of the UOpIMIer fS
not more than 3 dB bslow the value cd the midband gain. Midband gain ia the gain al a specified
frquenc y or the average gain over a specified frquericy rmge.

50.2.6 fkfaximum-output- ewing bandwidth (BoM~. The mnge ,of frequencies within which SAC
maxfrnum-output- vollage swing is above a specified value [or a specified load Lmpsdance.

50.2.7 Common- mcde re]ection tatio fCMRR). The mtig af the dUfe rsntlal voiuge ampllfica- -
tlon to the common-mode voltage amplu: cation.

50. 2.8 Noise factor (F). The ratio c! ..he total naise power delivered to the lead to the nalse
power thas would bs deh’ered to the loaz if ‘he only output noise component wers due to the thermal
noise of tie input source rssislance a! a :empemture of 290” K

50.2.9 Pover gain or insertion power gfi (GP or ~)r. The ntio, usually ●xpresssd in dB, of

the signal pwer de live red to the bad(s”; :0 the SICIU1paver deiive red to the input(s). (dB .
Io logP,~Pi”).

50.2.10 Tnr,sducer power ~in (f+ or Gt)t. The mtio, usuafly sxpressed in dB, of tbe signal

“power deliversd to the load(s) to the sigti power =vatfable from ths source. (@ .
10 @ Pld P,~r=e).

50.2.11 Input bias current (Im). The currsnt into - the input or the ave~e at the CIIrI.SmS fMO.

the iiqmrs when the device IS in tie quiescent or baianced state.

SO.2.12 hqms otiet current (l[~). The difference bstween tie currsnss into ● the input termlmlks

d a dUferentM- input device in the quiescent or balancsd state.

t Upper-ca5e subscripts indicate Ia.rge-slgnalquansltles; lovsr-c~e subscripts indicate wnafl-cIgml “
qwalultles.

- Currsnt flcnv&” out .X a iermim.1 may ba considered = a nsgative quantity.
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50.2.13 Noisefim.me (NT). tioise factor qxessed itt decihsla.

$.o.z M DC pmer dtsatp- (pD). The ~ ~pf=’er SUPPUSd tII * de~ce ~SS =Y p-r

deflrcred from the device to a lmd.

50.2.3S Power supply reiectiatr ntio (PSRR or AVI&SVCC AVI&6VDG etc). The taUo of the

change in U4mt offset voltage tO tie cmrespondl% ciuage Lnvalue cd one pavar supply voltage with
all remaining power SUPPIy vols=ges hsfd coIMunL

~
S&2. 16 slew rate (sR). The time rate of ci=ge of the closed-1~ amplifisr wuspx vohge for a

*P-S- ~~ NO~Y. slew ~ ~ =e==d us@ tie larsest input voftage sup tar which
Um amplifier pcrfor-ce rcma.tm h= * feedback adjusted for unity saln

50.2.17 Tctal harmonic distortion (TND). The ntio, czpressed & perce~ of the RF&+ voltage al
all iurmontca present tn the ourput to the total W voltage af the awfmt for a pure stae wave ~m
The = dtages arc measured at as! OUQUt termlmaf with rcapsct to grmmd.

1 SO.3. M Tnnsient response fTR). The elwed-locq step ftmctian respomae ml an ampufier under
mnaf3-6tI&l Cmldittolla.

SO.3.19 overloadrscom?ry Ume (~r). The time reqdred for an amplifler to recover its amflty
to perform ~Uficatloa wlthln stated spectlkaticm UmM aftertireatnpurvoltage amplitude has been
diSomd by Ute application cd a specified input voltage in excess af nted ~llb@e.

50.2.20 Quiescent im+amvaltage fVI). The OC voltage at the lmput d.an amplifier with refersnce to

a comrmcmtami~ notily grmmd. with no signal cppllsd to the Lrqxk
.

1 SO.3.21 Common- mede Lnput voltage (V1~). The cmmtpotsMQ ml the voltages as two input te rm&uls

which am identtcal in phase and amputudc.

50.3.22 Common-mcde but voltage m.nqe (vrr* The -e d COMMOII-tttOdI?voi@ss VhiCh,
.K aceedea wW cause UK uxal harmaqic discomion at the amplifier to sxceed a speclfkd maximum
-0!?.

I 50.2..23 Dlf.femntial input voltage (Vm). The difference bstveen the two robges appficd to Ute

tapui ts rmlIu19 cd an amp Iilier.
..

I 50.2.24 Iuput ttffset voltage (V1O). The DC voltage which must be applied between the Imput

termlmda to farce the quiescent OC output roltage to zero or ceher epeciiied ieveL

I SO. 3. 2S Single-e&d Qut mftage (v=). ihe sigttaf roitage which b applied to one input d a

I dtf$exermal ampiKiar with the miter iqut termwaf at ●lgzral grmmd.

50.2-26 s~ The mm cf simgh-emicd @m dugc .htcs,
1 K esc8sded on any LCPIXte~ WIU cause CM total hannomtc diatomon a the amp fsfier to exceed
I a specifkd =axl=um Value.

S0. 3.28 Common- mode MI!PUSvoltage (%’0=). fie dlfferetace between titeAC voltages pre&u at

* WCput te~ (or the output te~ti ~ g- far ~uften a one mp&) when sigcalc
of tdsrulcal phase ti -pticuda are applld to the Iaput termtmls.

9P
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50.2.29 Differential OuQut vobge (VOD). The difference between the voltages pr,SSeIE x the tW.o
. .

●\ OUQU1 termfi~ when a dif:erentiaI irw~ wllwe is awlied to the.input terminals os m ~pu~r.
.-

50.2.30 Cutput offset volt~e (VoO). The difference betwee.~ the ~ vd~es present at two atput
terminals (br me oucpuc tezm ~ ~ gr~ fOr UIPLifierS with one output) when the input termi@s
are grounded.

SO. 2.31 hf2ximum output voltage swing (Vopp). The mxximum peak-tc-peak mxPut voltage which

can be obcdned without wlVefOrm clipping den the quiescent ~ OuQul voltage Is set at a specified
reference lcve L

50.2.32 Single-ended output voltage (VOS). The sIgIul voltage present between one output ter-

minal and ground of am amplifier having differential outputs.

50.2.33 AC unbafance roltage (VOU). The difference between the peak values d the AC voltages

at the two cutputs when the amplifier is ~e nting in the maximum-output-voltage-s wing coadltioa

50.2.34 Dtffermtlal input Impedance (Zid). The small- signal tmp’edaace b-xween two ungrounded

&ut terminak of a differential amplifier.

50.2.35 Single-ended input impedance (z,,). The s ma.fl-signal impedance between one tnput ter-

MLu.I of a dffferemtil amplifier and ground with the other input te rmixd AC grmxdecL

50.2.36 Diffe renttil output impedance (z~). The smzll-s ignzl impedmme between two ungrcamded
owput terminus 02 a amerenuai amplu:er.

50.2.37 Single-ended OuQui impedance (z-). The smzll-sigr.d impedance between one mtput

e

terminal af a dfierential ampllfier and grand with the ocher OuQut terminal ACgmX~&

50.2.38 Input bias current tempentutw sensitivity (AI&AT). The mtio of the change In the input
bias current to the c.~e im circuit temperamm for a cmsum output val~e. This is m average
cake for a specified current range.

50.2.39 Irput offset current temperature sensitivity (AII&sT). ThI? .*Io .d the change of input

offset current to the c!mmge of circuit tempemture for a constant OUCPUCvoltage. This Q an avenge
value for a specified current mnge.

50,2.40 Input cdfset voltage temperature sensitivity (hVI&AT). The mtio af Lie chamge of input
offset .oluge to the chanse’ of circuit tempemture for z constant oucpu: ~oltage. This ts m avenge
value for a specti ied tempenuare -e.

50.2.41 P&e margin ( + ~). A figure qtul to 180 degrees minus the absolute value of tie phase

shift measured araund the loop at thm frequency at which Ute’magnitude cd the loq gzin is unity.

I
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