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fOREWSD
1. m{. ❑ilitary hmdbok IS aFWOVed for use by att DepormantaandMjemcfes of the Dcpmtmnt of

De+mm.

2. Omeficic.t _ts (re~timn, addition% deletions) and my pertinent data tiich cay be of use
in icpmvim this &arxnt should be addressed to: Spoce and rlaval Warfare System ~, unshirgtca, DC
~51W, by usiq the Stmdardiu.tfm _t Iqrwencnt Proposal (00 Fom 14.%1 qfmarfng at the ud
of this ~t or by letter.

3. C.autim. lhls timcnt Iw.s k assecbted u a w+deline for the devetmt of a tie-rate hardness
essuremca proaraa for smimnb.mtor e(ectrmics. It is mat intended to km used as 0 rcquirenmts ~t.
mi8 ~t my mt contain ali the information needed to esmbtish wch o pmgroa.

4. This docuamt discusses hou data m the per fommce of en etecm’on{c port shcdd be taken ad
~tcd so tfxn i t canbe easi Iy malyzed and how erd+oint Iioits for ms8-fei 1 lot acceptance tests
shcdd be cokulated. Atthcqh these guidelines specifically addrcm the pmblm ot radiation Iw&ess
assurance, nny of tha diocussims given q k useful cm. gmeratly to pemcm reapansibke for electrical
resFQue IXSatmcents mdlor the dmet~t of procurement spccif icmiotu.

5. During the writinE et this docuaent mm! the discussimi with cuny imdivitits relating to it, it Lwr.am
clear tk.t the prcblcns associated with toting and ~ting gmd dntn d with onnlyzfrq it, were far

. mre difficult than the euhors had e$ectcd. AS a result, the dincumims given to data exminc.t ion,
docu=ntmim, and unotysio kca=d cvch mm extensive thm Id originally been intended. Having thus
rcapmded to a perceived need, the mthora cm only hope that the length ot the ti-t Wi11 rot UI@.Jly
deter the reader ard tlw.t the extra detai 1 provided tit tokiq cud adyzing data .i ( 1 prove bmrthuhi (e.
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PREFACE
This document di sc..sses how date o. the per f.amance cd an elect mni c part shouLd be taken end documented so
that i t can be easily annLymd and hw end-point Limits f.x pm%-f ai L lot acceptance tests sttxld be
calculated. Although these @ ldelines speci f i caLty address problem of mdiat ion hardness ess.rance, m-my
of the discussions given my be usef. L ume generally to persons respmsible for electrical respmse
Measurements andlor the develap.ent of procurement specifications.
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1. SMPE

1.1 ~. % Prbav Wectiv. of thisdmc.m is to pravide guiddfnm d easy to fo[lod pt-ocedurcs
for the prqmratim of detai (cd device specificstims for the prucurecem of r.icmcircuits ad aenicmdctor
devices where radtatim l!ambmss Aswronce (Rl!A) is required. The ~idetines me OPPticnb(e to II1L+-38S1O,
HIL-S-19503 nicmcircuit and om{r.onductor device detailed specifientima as well m to other spccificnt ima
WC!! as zourr.e SCYWOI Drawings (scD), Selected ltm DmulnQs [sID), specification Cmtmt Drawirgs (SCD),
end Smndardized nititory Drawiltsa (Smo). Re~ pmcedurea are provided for characterizing the
radiatim resrease of a part cd for obtaining F08t-irrodiatim end-coint ({nits for quatif{catim ad Lot
Acceptance Tests (UT) .

1.2 Radiation hardness als.r.snca at th. Piec ewrt (eve(. These guidelines dress radiation respanse
ceasurecaw ad hardness asaurance quest imn at the pieccpnrt teveI. In keepirq .i th She IIr.?SMt SChCOCfCU
IIIL-STD PM device specificmims, which only addresses imizltq radioticn tie effects ncnaured at 200,
plus or nifnn 10J rads(si)lmcmd ard displace=?m d.awL!e effects due to neutrms (SM table 1), these
guidel inea eqihasize these two radi.t im emircmmts. Moue..r, because the addition of dose rate and
sinple Event upset (SEW Smc{ficntiom {8 nom umJer c.amideratim. brief cemim of these t- rodiat ion
cmi-ts it alno included. lhe principles discussed are o#iwble to bath bipolar and IfGS silicon
transistors end integrated circui 1% md to devices rade f ma @ (tua arsenide ONJ other sec.imrJuctor
eeteriols. T@ hove, furthermore, been presented in term of the intrinsic performance characteristics of

. the Prt irdcptmlmt of any systen {n b+!ich it cay be used. For RIL-STO specificntims, the levels 8hmn in
table 1 are used as reference points. The general principles my b4 applied to systen specific
rcquirccerm.

1.3 UT end-m i“t t id ts. k PIWC*F- for Geasuriw radiation reapcnae characteristics emd for
calculc.timj LAT end-point linits are discussed in term of pnrts bfune design ad prcductim processes are
~t.re. tit is, these guidelines do mt attecpt to discuss the case where the pert is still under
devel~t md its Chc.racteri St ics are st i t \ undergoing dwqe. It is recqpimd that this tatter case is
iqrtmt ad occurs frequmtty bacause systm desi~ers are interested in G4xaining the r.mt admnccd mrrs
for their SYStCM. ti proce8s of ct$taininu LAT end-point [inits for such prts, &eve,, invw(ves testing
and iterative dqm$nt adjumxms by tha port nrwfacturer 6iKI the 8ymm Prts Grgineers and desiwers
which would be difficult to formlate M a set of gmeroli red otcpa which Cc.uld be q@ied to . variety of
syaten needs. &cause PIIL-STD prowresats of MU dwices use attribute tit Tolerance Percem Defective
(LTPO) UT tests exclusively, tfw cd-point Linit discussions here ecphlize LTPO tests.

1.4 LOU yield dwice$. If saqle coats ore affordable, the UT c8tlmda discussed will be perforcd on
sc@es of the devices themselves. In the cdse of very Large Scale tntegrotion (VLSI) devices for wf!ich
mly b.! yields can be achieved, me possible optim ❑ight tm to use devices for LAT ~ich are acceptable
frca an ete.ar ical performance .tand$oim LaJt da not ceet all the rmrmt visual acceptance crireria. 2udI
devices are said to be aelectcd according to “altermte” visual criteria. Another ~sible qticn sight be
to use test strictures for UT which have been processed m the - wofers as the lot umfer cmuideratim.
2S test structures are cennt nfqler and 1.ss expensive .icmircuito b%ich have bun desiwed specifically
to carrel.ate vi th the radiation respm$e Cfwm3cterist ics and fei lure levels of the subject VIS1 circuit;
rediatim tetts m the test strwcture cm then be used to estimte the perforcence characteristics of she
VLSI circuit. The use of test structures for UT cm.not ba re~ed until data ad experience shou
def i nit +vely that test structure resmnaes correlate reliably with the actual devices.

1.5 Gmeric QJBlificatim Drearm. A f~tally different qqronch to qmlfty assurance, fnn that
based mmly an testing the end product, is ICN being icplmmted. AI! uverly siglif ied de8cripti.m of this
+pmc.ch is to say tfmt it is breed on teats h+ich wilt ontinuws(y ceoaure the quality of the otart{ng
c.ateria(s and of the pmductim pmceos itsetf end OI(W the mterfal purity and the process to Lm
cantm(laf w that avemtl qtolity i* fur mly mintained LxIr is iqmved uith rim. This ammech, *i*
uses n dw~if ied smufoct.rers, List (ML), in not yet {n P1OCOml the my {“ which hnr.hess essumnce witl
be achieved under it has not yet been deterointd. Ilith respect to the oi 1{ taq stmdrwd procuraent or
‘JAN” sysmn this apprcech ii elm temed %cneric dwlif icati on- (CO) been.se it will OLIW o verdar to
q!nlify a particular prcdmtim tine end then to ~ip a variety of ~rt types f- thm t{ne withw: having
to qualify ench new part type separately (as is required mder the presmt qualified psrts list or OPL
0-). GO .i 11 be iqmrtunt became i t is expected to icprova radiot ion reqmtse uniformity over extended
pericds of tice. figure 1 ahwa wm of the fcm.res of the pr.apoacd generic qualification sy.t.m. A mu
draft cmtmllim ~t has recmtly been issued by Rms Air Oevalpt center (R4DC) (see nlL-1-3SS35).
Thin dOCKCIIt inclbzfm RtLArequirecmts in all the nppmprir.te sections but cbes w onty in Qmerol tm’cs.
A ‘str~- pLan emitted: ‘mtf!cdologj for lmludirq Rcd{otim lmdmas Assurance i“ the Generic
qualificatim Prcgma- is present(y urdm-go%g mviev.

1
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2. APPLICSELE 00SIJItENTS

2.1 Gwern=ent Lklcuamts.

2.1.1 Soecificatfms, atmdani$. ad hemlmks. lhe follouim specifications, standards, and Im@coks fom
o F+Jrt of this docu=mt to the extmt $pccif ied herein. mless o:heruise ●pecif ied, the issuei of these
~ts ore ttmae tisted in the i8sue of the Dqw.rtccm of Defense Index of Specificatim$ and Smndsrds
(DoOISS) cd ql=t thereto, cited in the solic{tatim.

sPEC1F1tATIW3

I!lLITAAY

ons-rR-aA-mvt -

DNA-m-G4-220-v2 -

ONA-TR-S1-$0 -

lllL-S-19SM

HIL-M-SS31O

STANDARDS

RILITAF!Y

1111-STO-750

nIL-sT-

luNDsalKs

HILITARY

OIU 5SWF

DIU 59SOF

IIIL-HDSX-279 -

fllL-HOGX-2W -

n1L-HOES-339( lJSSf) -

lllL-HDSl(416 -

AFLIL-TR-S6-26 -

OIU-TR-S4-E9 -

OU-TR-S4+ -

HDL-CR4141 5-1 -

NDL-SR-M-1

Nnrdness Ssaured Device Speci f icnt {ens for IWerote Requir=ts.

H2.tiess Assured Device SPOcif icnt im a 4K x 1 Ss0S/303 static IWf.

tWdm.s* s8mred De.{ce Speci f {cat Ions.

Smicmductor Dwices, Cmeral Specificatfm for.

nicrocirmits, Gmeral spccif{cstim for.

lestIlethcdsfor Senic.cmcbctor Devices.

lest Iietlxda and Procedures for nicmelectronics.

Tote.1-ome Nsrdne$n Assurance Guidelines for Ssoi&ctor Devices.

Piece Part Ncutrm Nar%eas hss.rmce Guide.(ines for Seo{wnductor Devices.

Total Dose I!-srdnem Assurance Guidelines for Smicnmiuctor Devices ti
fiicmcir cults.

fleutrm ltmxlnem A8surance Ouldelines for Smimnductor Qevices ard
flicmcircuits.

Custon tnrge Scale Integrated Circuit Develxt and Acquisition for Spnce
Vehic (es.

Vxai Oose 4 Neutrm l!-srdnsss Assurance Guidelines far sc$ai~ctor
Devices and nicmcircuita.

Guidelines to tlrmdneas Msurmce for Nuclsnr Aadiet im.

Dose sate Nstiess Assurance Guidelines.

twdnesa Assurance Guideline for fllL-NOSK-339 WWF) custm large Scale
Intsgratsd circuit dsvets+asm and kqmisitim for qmce vshiclea.

Design Guidelines for Trmsimt Radiatim Effects m Tactical Amy system.

Nuctem Hn&ess Assurmce ad Nardnesa Rc.intenmce for Amy Tactical
systsns: Part 1. Initial Nuclssr rsdiStiC+t, Th.WId Rsdiatiori, ti Air Slast.

(lml.sss athetwise {ndicc.tsd, supie8 of fsderal ard ❑ilitsry qmcif{smim$, standsrds, srd hsndksmks sire
wc.i lsble f ma Defense PrintiI!q Service 0et8ckem Office, Bl~. 40 (Custccer Service), iW !Ac&ins Avsme,
Phi lade l~ia, PA 19s11 -30%. )

3
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2.1.2 Other Government doc..enzs, dmwims, and cabli cat ions. The f.al lowing other Government documents,
drawinus, and Publi cations for!d B C-W% of this docummt to the extent sDecif ied herein. Unless othewise
specif~sil, the ‘issues are those cith in the $olicitatim.

SCR-607 - Factors fo. One-sided Tdermnce Limits and for Variables Sampling Plain.

(Copies are a.ni labte f rum U.S. Department of commerce, National Technical In formst im Service. )

HEIGK Experimental Statistics.

(Copies are available from the U.S. Government Printing office, Washington, 0[ EC402. )

2..2 Man+owrnment wblicat ions. The fallcwing documents form a part of thi 8 document to the extent specified
herein. unless otherwise specified, the issues of the documents “hi ch are 200 adopted are tlwse listed in the
issue of the 0001SS cited in the solicitation. Unless othewi se specified, the issues of documents not listed
in the 0001SS are the issues of the documents cited i“ the salicitetion (see 6.2).

~ER1cm SJ)CIETY FOR TESTING ND HATERIAL5 (Asm)

1989 mnuzd Zonk of ASTM standards, Votme 12.02, Nuclear, zolar, and Geothermal.

1989 Annual Gook of ASTM standards, volume 10.04, Electronics.

(@P(i~tjOn fOr coPies shauld be addressed to the American society
Street, Philadelphia, Ptf 19103-1187. )

3. ACRONYliS, DEF1N1TIoNS, AND SYHROLS

for Testing and naterials, 1916 Race

3.1 Acr.nv.s used in this standard. Tlw acronyms used in this standard are def incd as follows:

AWN

DESC

DNA

DOD

EPL

ERRIC

ESD

GQ

HA

JAN

LAT

LET

LTPD

MIL-STD -

MIL-HDSS -

flos -

American Society for Test ing and Materials.

Defense Electronic SUppty’ center.

Defense Nuclear Age”Gy.

Department of Def cnse.

End-Point Limirs.

Electronics Rsdiat im Response In formnt ion Cent.w.

Electrostatic Discharge.

Generic Qualification.

Nard”ess Assurance.

Joint Army Navy (military standard).

Lot Acceptance Tests.

Linear Energy Trnnsfm proi.ced when a high energy ionizimg particle traverses n sotid.

Lot Tolerance Percent Defective.

llilitary Stmdard.

Military Nmdbmk.

Ifeta 1 oxide Stmi r,or,ductor.
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SPAUAR

PIPL

Pn

an

acr

an

w

WL

am

SADc

Pm

PJIEPL

SCD

sEC

sEP

SEU

sID

Sm

Soco

SPC

S10

TC1

TCV

VLSI

mlL-noL?x-816

ftatinnc.t Aeronautics and SpOce tiiniatrat {m.

.spuCe and Ilm?al Uarfare system Cccand.

Pwt-lrrdhmim Perccxttar L{oit, the s.9=4 es tuIEPL in this docucent.

Process nmti tor.

Oual fry Assurmce.

Cwal i ty Cmformnce Inspect lm.

0u81ity waalt.

.aual ifled Itnmfacturer’a List.

OlOlificd Parts Lint.

Cvdlity and Reliab{t{cy Amuremce.

Rum Air Develqunt Cmter.

sedi.atim Hardness Assured or Sndiatim W-dtteas Assurance.

Sad{at im Hardmss Amuronce End-Point Liait.

Specificntiarl -trot Omluing.

Stedard Evaluatim Circuit.

Single EveIIt Ph_.

Sir!@e Event (@Et.

Selected Itm Orawing.

Stem!ardi zcd n{ t ire-y Orowing.

Swrce C.ntml Orawfng.

Statistical Process Cmt ml.

standard.

Techmlcgy Cmformce Inspeetiuu.

Technology Character zat {on Vehicle.

Very urge Scale Inttgratim.
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3.2 General usam for definitims md SY.IW IS. To make this report ●asier to read for those who wi 1L need
to refer to i t onlv inf reu.ent lv. m atte!ust has been made to devise a mathemt i cal IFOtat im which is mere self-. .
●xplanatory than the notations used in other recent reports related to hardmss assurance. TMs notation is
used in the definitions listed in this section and thrmghaut the rest of the report. As m example of the
differences, the present “.stat ion uses W4N(PAR) and GMEAN(PAR) for the !de.as.md arithmetic and gemet ri c ma”
values, respectively, of n parameter; in several other reports an overlim m the wurd PAR is used to indicate
the ari thrnet i c mea” value nnd PARti is used to denote the geometric mean value. [onvemio”s to the other
not.st ions, f f necessary, slw.ld p.esent w difficulties. The folbm<ng is a list of specific definitions:

Absorbed dose

C( lower case)

Confidence level

Device smcification

Oiffusion lot

Dose

OOse rate

EXP(X)

Flueme

Gmdness of fit

Gray

i ( louer case)

I(upper case)

In-flux

[onizisg mdiatim
dose

JAN Parts

TL(n, C,P)

The absorbed enerGy usually expressed i“ reds.

The acceptance numbm in an LTPD test.

The chance of m j.cting a let where th=re is less than p-.ababi lity P that my
part f r..a the lot can pass the test condi t ions.
The umtractual document to which an electronic devic= i~ ●ither sold or
purchased.

A set of wafers heated at o“e time i“ one diffusion furnace.

See Ionizing Radiation Dose.

Rads per secmd due to ionizing radiation.

Napi er$s constant, e, to the X-th power. Please note that m ●xpment can only
be a PWe number. Therefore, i f the natat ion shows a ve,rie.b Le that ha, a
dicmns ion (such as a“ ion< zing radiat im dose expressed i“ rads, for ●xample)
as an ●xponent, it should be umlerstad that the exponent has been made
dimensionless by dividing it by a quantity having a vaLue of me bm with the
sane dimensions as the variable in question.

The accumulated mmber of i rmdiat ing particles per square cent i.eter.

The degree to which a ❑easured pr.abab+ li ty di stribut im fits the msumd
distribution; the CH1-sqwsre test is mmonly used to determine the Goodmss
of fit.

10, ~ ergs of absorbed energy per gram; equnls fal reds.

The subscript used to Label the i-th device in a sampLe of devi cm.

The subscript used to lebeL the 1-th lot in a ample of lots.

Reasurem”ts made on a device while it is being irradiatti.

The accumulated absorbed energy in reds m Grays due to ion? zing mdiat ion.

JAN parts are listed in the QuaLif ied Products List (QPL) and undergo scheduled
periodic audits by the qualifying activity to H1L-N-3851O and NIL-STEI-8S3.
requi rernents. The J4N part takes precedence over the Stmdmdi z.sd fli 1i tin-y
Drawing (SHD) part.

One-sided to Lerance limit. mis factor takes imo account the certainties
resulting from mall sample size statistics. It is applied to nomal
distributions as fol Lows: For a sample size “, if REAN(PAR) and STDEV(PAR) me
the measured ❑ean end standard deviation respectively far paramter PAR, then
with conf idenc.e C, there 4s a probability P, that future .eas.re.ents of the
p.arnmeter PAR wi L1 be Les$ than:

L-N(x)

REAN(PAR) + KTL(n, C, P) ● STOEV(PAR)

or larger than:

NEAN(PAR) - ~L[n, C, P) * STDEV(PAR)

The natural lcgari thm of X. PLease n-ate that the argument of a lcgari thm can

6
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Lot

tat acctpmnce test

REM(X)

6M4N(X)

only be a pure mrsber. Therefore, if the rtmat im shows a lc.sari thn of a
variable tbt has a diumsim (such as m imizinE radiation &se expressed in
reds, for exu.vie), i t shouid bt urderatad that the argmcm has barn mde
di-simless by dividi~ it by e quantity hrI.ins a value of me but with the
- diaens fana as the variable {n questim.

The populatiaof parts frm whir-b a ~le has been taken.

lho te9ting of a sacple of prts fma D lot to detero{ne kfvmher
acceptable or not.

The arithmetic uean value 01 X.

n

e.g. MEAN [WI (PLsD)l~ ~ PAR i(RAD)
fii.1

lhe geomtric (or kgarit~idl uem value of X.
e.g., HEM WI (PAR (SAD) )]-- ~ IN (PAR i(RAO ))

ns.~ -.
M*(X) = EXP(RSAN(LN(X)I

a

e.g., SIIEAN(PAR(SAO)) * SXP(PIWS(lNIPAR( SS~)))

n(l-er case]

fI(uoper case)

NC+MLHAdevices

Stmdard devices -

I!nn8tmdmd devices -

Not-in-flux

osn

P(upper case)

PARi

PARi(iWD)

Phi (SPCC)

SAD

me -r Of devices in a MCPle of device%

me nt&er of lots in a ~Le of lets.

the lot is

Parts that heve not been tested with radiatim or psrts that fail the radiation
test criteria.

Parta that ooet the criteria for aititary atmdard (flIL-STD or JAN)
spec{ficatims or for %mdardized Military Drauinga (sMD).

Parts that * mt met the criterio for Military StcmW_d (RIL-STD or JAN)
specifications or for Standardized nil!tary Drauims (SRD). lhere are three
types of rnmsthmimd parts that are used for ai 1i tat-y prucurecent. mey are
es follmfs: a) Selected Itm Orminga (S10), b) hrce Gmtml Drawings (SOSD),
and c) Specificatim Scmtml ormfings (sCo).

llamurecents mde m a device b+m it ismt beingirradiated.

me sided tolermce limit.

The pf’ok@ility that any part frm a lot sat! pass the test SoIXfititi; alSO
called tho piscepnrt survival p-ility.

lhe pre-rud praoeter value ma$urcd for the i-th device.

TTIe post-rod pmaacter value m%sured for the i-th d.svfce.

The radiatfm level required in the device speciffca.tfon for lot acceptance
tests.
Equals lm eqa of absorbed energy per groa.

?
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Radiet ion hardness
msstirmce

Radiat ion hardness
m i .tenan.e:

Radiation hardness
survei 1La”cc

RHA devices

Selected item drawing -

Standardized ❑ilitary
drawing

The application of Imth.xs and procedures during the proc.m.ent of a.
elect ronic system to ensure that the rsdiatim respmse of the system is within
kmun and acceptable 1imits.

Procedures applied during the depl.ayoent phase to insure that the systm, s
operational procedures, mai”tenanm m.qui rerne”ts and aging cha,acteri sti .s
maintain the system, s hardness. These procedures inc L“de tests and
impect ions.

Pericdic inspectim and testing during the lifetim of deployed systems to
ensure that, wi thin acceptable tolerm. es, the radiation responses of the
system remain .sdquate for aissim completion.

Parts label led by’ letter designators which itiicate that the psrt type has
psssed lot acceptance tests based o“ a sample of devices tested to the device
specification radiatim levels.

A Specificatim that is writtm egainst my standard part when the syste.
design has a critical requi mm.t not covered by th= stmdmd part
specification (JAN or SI!D). The acronym for this term is SID.

A specification written for parts which are listed in MIL-8uL-103 and for which
LIESC has a certificate of mmplimce to III L-STD-SZ3. Approved S@urces of
supply are listedon this drawing, Pericdic compliance verification audits are
Per fomedata do not mmtain my faulty masuremnts or rmnmmdm effects. me
data should be examined also for suf f i c~ency. Data examination is .11 the mre

imlwrtmt. when a significant emunt of t irne has elapsed betwem the
character zat ion measurements and the data Snalysis or when the person .X
mgani zat ion undertaking the data analysis is di f ferem f mm the persons wlm
tmk the data i“ the first place. Some of the most comon reasom for
suspecting that data my be bsd me discussed below.

.4. GENERALCONS1OERATIONS

4.1 Device per f.mmsnce in the radiation environment. Rany rniLitary and civi Lian eLect roni c systems crest
operate reliably in radiat ion envi ronmmt$. The de=ign of such systems therefore rqui Pes that the performance
of the itiiv i dual component senic.c.nductor devi cm i“ radim ion envi rtmmms be charecteri zd. TIIe pr~uctim
of the systems then further r.squi res thst the parts pmdmsed for pmductim have characteristics m least as
good as thnse m tii ch the design was based. These guidelines discws how to character ze the P-srfmu.mce of
semiconductor devices in radiation environments and how to obtain hardness assurance through device prcmmment
speci f i cat icms based m the chsracterizat ion date. APpLfcation9 to an existing systeo of Hi Lit.wy standard
(H IL-STD or JAN) detai led Sp-acif icatiom for Re$Aistion Ilmdmss Assured (RHA) devices .sre erphasi zed ht the
discussions my be applied also to other part specifications. Radiatim hardness assurance is genem.lLy
achieved through the use of LOt Acceptance Tests (I-Al) in which parts fma the lot being purchased are
irradiated and tested. Because the ltlL-STD lot acceptance tests rely LargeLy on pass-f ai 1 tests in which a
part’s Performance= is cot!pard to a specified end-poim Li.it, these guidelines discuss, specifically, how
Radiation Nardness Assurance End-Point Limits (AHEPL) for such tests shoutd be calculated frm the
characterization data.

4.1.1 Dmradiim effects of radiation. The performance of semi conductor devi ma cm be degmded by ●posu?e
TO radint ion *4cII produces ionization or displacm!ent dmage. Oepending on the type of radiation imide”t on
the device, the rate at which ●ergy is absorbed, and the total accumulated cmamt of absorb+d emrgy, the
device per f.r!mnc= cm be degraded pemmently or temporari Ly. Examples of temparary degradation are: (a)
Circuit upset due to the instantaneous photocurrent prcduccd throughout the dwi ce by a short puLse of high
intensity ionizing radiatim or (b) cireu!t upset due to the collection of chsrge fma n sing Le, Local, ionized
partic Le track passing through the device. upsets d“e to photocurrents are comanly CSLled dose rate upsets;
upsets due to the COLLect ion of chsrge f rorn sing Le ionized tracks are caL Led Sifigle Event Upsets (SEU$).

ExaTLes of permanent damage are: (a) device fai lures due to atomic displacements produced i“ the semiconductor
(usual Ly by neutrons), (b) fai Lures due to trappsd charge in insuLs.ting Layers, which are present in mast
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devices, prcduced by {mizinE radic.tim, or (c) latch-q or kurfmn produced by Photocurrents or by aingte
imized tracks. Trapped charge effects are saetines calltd {mizirq rediation &se effects or total dose
effects. However, btcnuse of t i= dtpcndent effects after irradist ion, speci f yi~ the total dote is mat
oauidered adequate for describing these effects.

4.1.2 Radiation hardness essurance. If nondestructive .Aectricnl cec.turesants alme could be used to predict
the Pcrfomce of a part typo in a md{atim envimnmm t, thm the hmdnes5 assurmco Pmblcn wuld be largely
solved. We of the case, where such cemureotms have proven useful has been that of usirg transistor currmt
gain-beduidth p-cc, ft, nea$urewws to screen cut (bY requirim ft to be aboue == Oini- vaLue) Wrts
wfIich muld be extra sensitive to neutron di8plactumt dm=ge. For fOnizinE radistim dose, it is neces6aw
m use actual radiat im team to assure the rediat im response of a port. In Practice, radic.ttm lm-dness
assurance is achieved mst —lY through the use 0? IAT blIich ore perforced m the 10IS that are king
~rcfmed.

4.1.3 Dose rate tests. For the &so rate uwets discussed prwicusly, if tufficitnt care ia used, rndiarim
tests cm be m-tda=qing. TIIUS, pnrts vhich have been tested cm be used for production. In this cnse 1C9
percent of the parts co be usei for #ystea prafuct im can b tested (screened) end a high dtgree of aisurmce
can be obtained that the Prts Mitt oeet systtn requirtcento. Sautian fs still required, bttnuse there exicts
so= ~sibiliry, especially for co=@ex oicmcircuits, that the ocrecnim2 tests cmductcd will mt have covered
the worst case amditims or exerciocd elk possible mtha. Report -F Df6t-nt43-2P, 14 ftc!vtder 1933,
entitltd: ‘Dose It8te I!nrdtess Assurmce Guidelines, ” my km cmautttd for e detailed distmsim of Shis P*lM.

4.1.4 Dimlaceamt damu e, eteedv state imization ml oinqle event upsets. For disp(acecent daage, steady
state imizatim effects. ad #imle e.vmt umsts. the rediat{m tests are damuim and it is aeneraliy mt
~sible to use the test& parts i; the ●yatrn. tie use of ~irig radic.t ion te~ts ‘tlw!s prcafuce; the c&ral
ptilm of hnrdnesa as8urmce, rwely, tlw esttcates of the survival pr.i.mbi l{ty of the mrts to be used in
the system cust be km.scd m statistical inference frm a tested aa@e of psrts uftich are degraded by the tests
and therefore camot be ustd {n the system lhi a pmblm i o coqmmded by the fact that pr@ucticn prae$ses
can vary so that the currently produced radiation herd Porte cay not be typical of those that were masured in
the pat. 7his case, ufIich is SOC=+’1, has been carefulty revitwtd by koth users end canufecturers of
semiconductor devtces. me ccmsensusminim is that, if m edditioml informtitm is availel!le, the degree
of hmdness asturmce obtained frca the detailed specif{catim in linited ntatioticelly to that provided by the
retaliation MT or Quality Smfornmce Inspections (9S1) that are performd (the tern RSI is resewed for t-ts
perfo~ by the manufacturer before the lot is appmvcd for shipsent).

4.2 fllL-STD c.rocureoent SYSttO. In order to mke hfgh rel iabf 1f ty hardness assured devices e.vai (able to
designers ad canufacturere of system, the existing nlL-STD pmcurmmt Systtn wan a~ted a fen yesrs a@I
to include MFA smicmductor devices. At the present tire, JJN PM ports are labetltd by letter designators
which indicate tlmt the port type has passed lot acceptance tests based on a s.a@e of parts tested at the
rcdiatim levola slumt in table 1.

6.3 Lot occcpmnce tests. Lot acceptc.nce testo are u$ed in the IIIL-STD cystm for detemini~ uftather a
prcductim Lot in of high enough qualfty m C&at it can be shipp?d ky the Wndor. m* tests are of e

statistical nature end fall fnto M general catwr fen: (a) attribute tec.ta and (b) variablea tests.

4.3.1 Attribute variables tests< Attribute testo are the testo m$t ofttn used in the lilL-STD prOaJrecem
system For this reasm, these gufdet inca wi ( ( be di recttd at rhe use at trikute teats for lot acceptance.
Varfables tests, m the other hand, are of ttn ustd for qualifying d accept i~ ayatea prcduct icm PWtn ti,
for such use, my depcml m the port i cular hat-hens a$surmce and deratirg procedures that the gfvm systm is
Usilqi. Variables tests, therefore, mm properly shculd be discmstd os port of a Syatea hntiss assurance
guideline doacmt and, for ttuM rcmm, ore not diacuased in detail hero.
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TASLE 1. M li tary standard RHA detai led specif feat ions.

Hardness assurance levels

Letter designator*
*

Ionization effects Neutrons
*

/ NORMA M RHA

H 3 X lf# rad(S1) 2 x 10”

D 1 X 106 rad(S1) 2 x 1012

R 1 X 105 rad(S1) 2 x 1012

H 1 X 106 rad(S1) 2 x 1012

● For !nicroci rcuits, the Letter designator for RHA parts replaces the slash in the psrt number;
e.g., 38510_&91A in place of 38510/291A. For discrete devices it is a suffix, e.g., JANTXV~.

W At a dose rate of 2W reds(SI)/SEc plm or ~in”s lCU rads(S1 )/SEC.
* 1 HEV si 1{ cm displacement d.mage equivalent neutron f luence.

4.3.2.2 Adva”taqes and disadvmtaqes of mtribute tests. w advantage of the attribute tests is that the
data CO1lect ion and malysis me simple and relatively inexpensive. A further iq.mtant advantage is that the
test is distribution free (i e., N assumptions are required atmt probability distributions). However, a major
dra.bsck is that the tests require inordinately large saM@e sizes if significant survival probability
requi rernents are iqvscd. For ●xample, to check with 5U percent conf idenc.e that a lot has at least 99 percent
survivable parts, i. ●, that the LIPD is 1 percent or less, i t is necessary’ to test a sample of at Leasr 231
parts with no fai lures. It is i“teresti”g to nom that attribute tests can be applied to attributes that m.
assume mare than just the two values of pass O. fai (. ttcceptance criteria for Lots can also be based m a ❑ix
of attributes that my be desired (e. g., with confidmce C rhe probabi lity of a given attribute mm be between
49.9 perc=”t an+ 50.1 percent).

4.3.1.2 The nlc test. The most commontype of attribute test is the so called nlc test where a sample of

n Wrts is test~ a~ if mre than. c of the parts fail the test then the bat is rejected. The significmt test
result for each part IS the attribute of passing or fai li”g md hence the tern attribute test. The usual
fai lure criteria for psrts are: [o) functional failure or (b) deterioration of any critical psrameter past m
acceptable li.nit.

4.3.1.3 I!ultipLe sampling. time attribute tests a 110U the drawing of extra samples if bats fai 1 cm the first
try (multiple sampling plms), A ccmmn ruultiple sampling plan used in the HIL-STD systw, for example, is e
test of 11 parts where the lot is passed if there are no fai lures. Then, i f there is exactly one fai L“rer m
additional seven parts my be s.mpled and tested with n-a further fai lures allcwsd. If there is a total of two
or mm f.si lures, the original lot ia rejected.

L.3. 2 Cc.nfideme and Dr.ababi ( i ty. The results ef the MI L-STD att ri buts bat acceptance test are phmssd i“
term of a confidence C which is the chance of rejecting a lot where there is less than a probebi lity P that
any part in the lot can pass the test mnditims.

4.3.2.1 usual omfidence and Drobabi lity. In the HIL-STCI system, the significance of an nlc attribute test
is USU. L(y given in term of 90 percent cmf idence ad a .qUa”t ity called %he Lot Tolerance Percent Defective
(LTPD) which my be found, for example, in PIIL-H-3851D, the general specification for .icr.xirc. its. These
tests are, ther= for=, cmummly also referred to as LTPD tests. Thus, for example, the LTPD associated uith en
1110 LTPD test my be fc.md in the t.sbLe to be 20 percent. A“ 11/0 LTPD test .i 11 there fc.?e pro. ide 92 percent
confidence that a lot with 20 pe?cent defective parts or greater will be rejected. 1. terms of the pmb.sbi lity
P Mentioned in 4.3.2, LTPD equals 1 minus P.
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4.3.3 Va,iebles tests. variables LAT tests censure a post-i rre-dim{m pmmeter and apply statistical
.maIysis using appmxicace or txnct prc&b{Lity distrikx!t{ms to describe the vari~il icy of that pmaceter
(hmce the tern variables). usually pre-irr.adiatim values are alto censured end they often figure in the
analysis (e. g., bf!en the quantity of interest is the change in the pnrc=ater, sccetiom referrsd to c.1$0 as the
parrmcter “delta”). 3cetices the variable of cmcern is the stress to failure.

6.3.3. f 8dv.mtaues md disodvmttaoes of va?lables tests. The mjor advantJxJe of variBbLes rests is that a
high PmLmbility rcquirecent nay k i~ed even if the saqle size is only mderme (typically 10-30 wrts).
A disadvantage is that the Gea$urments and analysis are generolly mre COVleX cd expmsive. The mjor
di~mmge, hwever, is that asmqtians wst be de akcut the protmbility distribution gmuerning the failure
of ports. If the dfstrikutim is very well kmm, thtn this technique cm yield high probabilities with hi@
confidmces. 14Wever, it is usually difficult to knw the “wfnos- of the distribtim accurately. lherefore,
extrqolatimt to excessively high probabilities (such as O.%I9) breed m mptrimce with mly e few piwts mat
be regarded with skepticism It is iqmrtant to note thin, for s kids of electmoics effects (e. g., Lmch-
UP), there it very little reliable infer-tion abcut the mture of the governing probability distrihtim.

6.3.3.2 variables tests depend m tolerance (inits. Variables teats dtpend on tolerance Linits bf)ich mat

be vrcd with the gi.tn 1pecific8timt for the Pnrnmter or tress. A Lot is rejected if the psr-ter in
quest im deteriorates beyond an acceptable liait (or if the ot ress to fai be is helm the rqui red
specificc.tim). me tolerance limits are chosen wch that with cmfidmee c, the probability io at least P that
ports will mt fail the test.

4.3.3.3 Cmfidmce end ptibility for variables teats. There is a cmfidence C of rejecting a lot if there
is less than probability P tbt any prt in the lot wilt ceet tha specified pmantter (Or stress) tOleF~ce
Lioit.

6.3.3.4. kmorml distrikutim. The mat mly assmed distribJtim for the testing of electmmic parts
is the Logrmrcal di8triLutim (in the l~rml distrilxnim it is the lcgariths of the quantity that io

o

mrmlly distributed). The mrml distributim is alto frcqutntly used. Other pmLAility distrihtima which
hme been s~ested for sme circtmstmces are the Ueibull distributica and the extrme value distrikutim.
If emugh ports have & tested, the charecterizmim data can km exaaincd, perhaps with e chi-r.qwre test,
to see uf!tch type of distribmim fits best.

4.3.3.5 Rmifice.ticos to variebles teats. As in the case of attribute tests, there are amy renificat iana
to the use of variables tests. In c.e@a cases (e. g., step-stress tests) the mcertainty in the ccasured
pweter or stress cm h of iqmrtance. [n othar cases a mm-sided tolerance limit cay be of icpmtance.
Because IUL-STO device Specificc. tima use attrikute LTPD tests aimat exclusively, this doaccnt wil( not
eddress the ways in bfIich variables tests any be used. It should be recognized, hwever, that, $dwn system

rmi re vew hf@ piec~rt cumival p-it i t ies. variables tests for Lot acceptance my becose necessary.

6.3.6 Samli m atatistic~. lhe word umfidtnce. as used here, refers strictly to aarpling statistic and
is the chance of rejecting a lot where there is less than a probability P that any part in the lot cm PIISS the
test cmditiuu. me ~eneral prectice is to take this cmfidence as the confidence that shi~ts wilL be
acceptable. lhi5 latter use of the wrd confidence is a =tter that is being discumed in the still ~t
cmtrwers ial subject of Llayesim statistics md io beymd the scope of this ~t. The iqmrtmt point is
that the latter cmfidmce cay only be approximated md involves juckpmtal decisims. A cann practice in
hardness assurance is to take the ~Ling statistics coaf idmce as the cmf idmce that atcepttd pnrts wi 11
survive. lhis is an appmximtim ufIich, though usunlty valid, my ~timn tend to error. Perhaps the best
Justfficntion for such m appmximtion it tfmt It fs USU.YIIY rot the mjor factor which li.its the accuracy
ard confidence levelt associated with systcn surviv~illty estimtes and risk nssesments. Oftm, a mre
difficult pmbko, for ex~te, is aieulotim fidotity (does the test accurately repr.smt the threm
environxn t tlmt fa apecfffed for the syatm).

4.3.5. Reas.mabftiw of risk assess~t results. me cajor pint of the above discussions is to shm the
appmx i fate nature of risk assemccrtt. 2xcesaiveiy high mmvfval p~ilities, such m, for exaqle, a
survival probability of O.WPPW (W called t-nines) my be unreliable for a nudbsr of rensms. First of all,
such @ra can mly be obtained frca extrqmlati.ms bmcd on m ex8ct krk%ulcdga of the Prtimbility
distributim. However, because rcdiatim tests use u.ieat mzbtrs of parts and the Prts which are tested
cannot be used afterwards, kmwltdge of the assuxed prubc.bflfty distrilwtim is never odequate for such
eat rap31at ims. Thus, for exnqle, ~ mcidenta( occurrence during the prd.xtion of the parta my, w{th e

@

prc&ability exceeding 1 oinua 0.$99999, prcduce a port bf!ich does mt fit the potability distribute.m asstJA

11



FIIL-HDBS-S16

●
for the majority of the parts; the presence of such parts cannot be detected with confidence by th= sample sizes
which are typical of radiation tests. At the d-nines level also, human errors in mnkicg tueasurefomts or in
hamIlim the warts . . . become a significant f ai lure wde tiich is total (y outside the assumed causes of part
failure:

I PERFORM PRE-RAO HEASUREHENT I

I PERFORH IRRADIATIONS I

t
PERFORM PoS1-RAO MEASLNCEHENTS

i,
RECORO ANO OOCUflENT PRE-ANO POST -RADIATION OATA

SELECT OESIREO LOT Acceptance PR08ABIL1 lY ANO CONF1OENCE
LEVELS FOR LTPO TESTS

t

SELECT RHA LTPO TEST REQUIREMENTS
1

t

CALCULATE RHEPL FROH CARACIERIZATION OATA

t
lNCCIRPIJRAIETHERHEPL VALUES ANO LTPD TEST REOUIREHENTS
INTO THE OETAILEO SPECIFICATIONS

I COOROINATE OETAILEO RHA SPECIFICATION I

INCORPORATE RHEPL ANO PUBLISH THE OEIAILEO RHA
SPECIFICATION

F1GUR2 2. Fbm’ diaqra. for c.haracterizin.a and specifyim the performance of smicomluct.m
devices in a radiation mvimmmt.

6.4 Part characterization. Figure 2 shows the major steps by which charactmiz atim data is LVSasured and
used for calculating the RNEPL which are then used in the device procurement specif ic,ati.an for radiation
qwlific.atim and LAT. An importmt point shown on figure 2 is that m objective must be selected for the LAT
(or QC1) tests and thm the RNEPL are thm calculated to met that objective (the acrmym PIPL, standing for
past-irradiation paramter limits, is also used). TIIUS, for ●xample, the objective could t-s to set the end-
~int limits so that, with W percent confidence, et least 50 ptrcmt of future lots my be expected to pass
a 22/0 test. Pre-rad Measurements are essential when the change (delta) in the value of a parameter is of
greater interest thm the absolute value of the parameter. Although they my mt be essmt ial hen the absolute

●
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value of the parweter is the iqmrtant quantity, they are nevertheless highly desirable. Ffqmc 2 d

ticwmt di wa!ssima, therefore, include pm-rod censurccents as Wrt of the character{zat im procedure.

4.5 CmMiderat ions bevmd the scma of thfs docu=ent.

4.5.1 Incm-mrat im addftionc.1 radiatim and mnmtiatim tnfommfcn. If fnfo-tfm fs obtafnd In
additfon to tht prwfdcd by the givtn LTPO tear against the fdiEPL cm:a{ned in the detailed dAcO
$peci f icnt fm, them for particular symtu applications, there are oeveral wthoda by ufIich RHA fart survivai
pmtobi ( i t f es can be ~taf ntd which are higher than those W ch COrrespnd to the LTPO testalone.lheat
odds fnclude: me use of the next higher radiat im level RM port, rad{at {cm avert ests, the use of lot
rejection fnforfatic% the .s.s of variabtes Cestiq for MT, and the use of deroted pemneter values. m m
~la, cc.st system mnufacturf T ccqmtfes are already fnai Linr with use of derming facters for tapcrotum
~ c%%. ~iatfm ~rati~ fBctOr* COY ~ UO~ fn CUCJIthe M= -Y ~ CMI thUS m fitt~ fntO =fsti~
practfces. These cethcd pqrly betma in a docuamt m systm Level hnrfbvess assurance d are not further
addressed here.

6.5.2 Furtkr w lex m estims. llte atatiat ical questiont involved in hardnesa amuranco and lot ecceptmm
tests range in caplexity fma cases for ~fch the enalyois mthcds ore relatively straightforward to cksa f=
~ich tlw required forutlim {s still beirq developed. In the forcer instmces, these guidolinea provide Bi@e
amp by step pmctdures tfmt cay bt uatd for the amlyoio of the cheracterizat ion data. In the tatter
instances, which are btymd the scope of this dowk?tnt, these guidelines can mly tuwest qwmaache$ ufIich am
overly conservative or re~ that statisticians be cm$ultcd for less conservative hJt still valid .?fmlyses.
III the Latter category are cases where the vithin-lot variations are co+mrable m lot-to-lot variatim (fn
this case the definitim of s!iqle size cm beta-a tmcertain), cams of cabintd atvi mnatnts or codtined
pnmceters, and cases where not tnwgh data is available. The IW7 paper by IEEWULM ard AriD.Ira, limed In
2.2, ray bt consulted for an approach to cuttilat and mltipora=eter data analysis.

5. DETA1LE9 REQUXRHIENTS

● 5.1 Characterizatim of piecemrt pe rfomame in rediatim mvi rm=nts (set figure 31. The fimt step

r~ir@ fOr d~eL-iw a device 8P8Cifi-tim is to characterize the radietim respms.e of the pmt tytm in
qutst fm. Suti a chnracterizat im for me or awe radiat im mvi mounts requires ceawr-t of its mt-
irradiation ptrformnce and, usually, its pro-irradiation perforccutco as well. The parts, gtnerally, sfmItd
be characterized through to failure so that the sptcifiutiont can be writtm, if necessary, for the mxi-m
c.apsbi 1 icy of the part type. For the present discuasim it is aamced that the IXJrI%Ue of the charecterizntim
mturecents is to supprt the calculatim of parcseter end-paint lioits far qualification and LAT ttats in a
FIIL-STU detailtd sptcifiatim ad tht satisfactory data for the psrt type in question dots mt already exist.
in this case, the ckrecterizmim usasurtaents shmld be such as to pemit these calculations to bt d for
the radiation (wela given i“ table 1. Alternatively, tha characterizatim neasuremms my ba required in
direct sqqort of a fwdened systtn design or production (custm specificatims). In this Latter case, the
par-ters which are cemured and tk typts ond flucnco levels of the rodiotims which are used sfwld reflect
the systm reqJi recents and the specific vtndora ho ore exptcted to be WPPl iers for the 6ysteB. lha
chtracteri zat im ceasurtccnts dmuld alm detemim the radiat ion level- rcqui red to CmJse part fai lure; mch
inforcatim can bt iqmrtunt for estimating the design mwin when the ptrt is u$ed in aam partimf=r
.applir.atim.

m sicplify the present discussion, we as- that the averqe post-irradiatim performances of a P9rt type my
differ for differmt mmufacturern and, for a given cawfacturer, my differ frm ma lot to another, but tit
the averqe radiat im reafmae characteristic m of a Fdrt type, for a givm manufacturer, do mt signif icsmt Ly
change with tire. 7hia latter assuqtion my mt nlwnyo bo warranted. lt in needed to ketp tha initial
dfscussim of data SSur-t and annlynis free of the odditi.mol ~Lexi ties that tine variations pra6Jce.

5.1.1 COcmentat im of chmacterizat im informticm Experience hes sfmm that the i?nalysis of mdiatfm
data at a future t im or by persmn other than those bfw performd the -surecents is enomsly facf litit-

L$Yw docmsntat{m of the test results. At the sam tire, a need to MIOIYZO previously acquirCd data or data
acquired by others is m. for them reasons and lwcause new -murecen:n me costly, tk$e Wfdtlfnta
re~ tlwt thtm.erall cftoracterizm ion ucasurt5mt8 k seri ttd in a tiracterizat icm report d tit
the ccnditims under bf!ich the Ce8surecmta Were cade be ~ted fn a test plan which ia inclukd in ifm
characterizot im report. These ~ta should f.rthemxe & suf f icimt Iy co#ete m that irdepudmt data

Q

ennlyses cm be ptrfmccd cm the results contained therein.
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5.1 .1.1 Characterization remrt. The steps req.i red to character ze the per foman.e of a p-art are shown m
figure 3 and discussd in the sections that follow. 1. gemral, the di scuss~ons identify the decisions that
have to be c%de and the factors that should be considered for ●ach topic. The information developed in th=se
steps is then to be documented in the character zat ion remrt. Some of these item vi 11 also b= listed i“ the
overal 1 test plan for the .easure.mts. This appr.axh preserves al 1 the i“formt ion that is developed i n the

PrWram but keeps the test pLa. as short as possible. A check-off list of all the steps required for the
character $zatlon ❑easurements is given in table 11.

I
t TEST

SELECT lRRAO I AT ION CONOI 110!4S
1

PLAN

t
PERFORM lRRAOIATION

i
PERFORH POST-RAO f!EASUREHENrS

I

t
RECORD DArA

t~
No

OOCLN!ENT IN THE CHARACTER1 ZAT IONREPOR1 ! PART 10EN1 1TY ,
HEASUREHENr CONDITIONS. ANO PRE- ANO PoST-lRRAOIATION OArA

FlGURE 3. Fkm diqram for character zinq the performance of semi cmduct.m devices in a
radiation

env i r.n.mnt,

a
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TA2LE !1. Step bY step vc.mduro for characteriz atim ceasuruxnts,

~ check-of f i tea

1. Start preprirg the characterim.t im report. The characterlzmim rermrt will ~t the
information issuirq frm steps 2 thin@ 23.

2. Idemi f y the msfntfacturer.

3. Specify a WY of aelectirta a rmdon ta@e.

4. Specify sacpte size and distribtim in ti.ae.

5. Select the saqles; include extra parts for equipcent checkout.

6. Record device idmt i ty for each tn@e device; include CracAi 1i sy to prucess lot if
a@icable.

7. Select radiatim tnvi-ts.

8. For tech rediatim mvimmen t, select test parameters.

9. For ●ach paraseter, select test Cmditims; if possible, FQSt rad conditions should be the m
as the pm-red conditions. Include locatim fn tem cell, bias cOnditiOnS, etc.

10. specify a data formt.

11. Start prepnr{~ the test plm. The test plan will be e subaectim of the characterizatim
rqrt that Wi11 ~t the lnformmim issuinE frm stept 12 thro@ 24.

12. PerfOm pre-rad csmurmtrfts

13. Eanaine cemurmmt results for M devices or data cut ( iers.

14. Replace W device or repeat ntetureotnt, MMchever is indicntd.

15. Record cemureuent CoNJitism and reiults accordi!!g to the specified data forcat.

16. For each radiatfm mviromcn t, select irradiation facility.

1?. For each rediatim mvi —t, specify irradiation Unditims, .ard device operating ca’ditiom
tiring the irradiation.

18. Estiuste device failure leve19 including possible sbrupt failures.

19. Specify irrad i at im otep-tt ress f lumces or dote rates to insure m adequate set of
eeasurecents.

20. AS rcqui red, check cut the irrad i at im pmscdure, test fixture, ad censuring equipeertt with
spare parts.

Z1. PerfOm radiation eqmsures end record irradiation cmdicims.

22. As rcqui red, prrforo in f Lux or post radiat im Cea$urecmts.

23. Exaaine msuruxnt results for bad dtvices or data cutliera.

24. Replace bad device or repeat ne.asur-t es fndicated.

23. Record post irradimim aensurecem conditions ad resu(ts in the cherecterizatim r~rt
acmrdiq to the specified data forcm .

26. Trmufer data to the ERRIC ONA data temk (see 5.1.12.2).

15
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5.1.2 selection of wm.facturers. FOP a se Lected part type, the potential !dan.facturers to supply that part
for government procurement should be ~dent i f ied. If the part type ~s already a JAN type, the QPL wi 11 serve
as a starti~ pint. DESC emd the preparing acti.it~es for the .i Litary standard procurement system (RADC,
SPAUAR, and NASA) should be consulted, however, to learn whether addi t imal .endors might be in the process of
q.a Lifyiw fO. that W,t tYPc. If the part i. q.estim is to be supplied to a Standardized Mi Litary Drawing
(SI!D) o. other government specification, the” the li St of vendors .i 11 need to be .abtaimd eith.m f run DESC or
the cog”i mnt project off i m.

5.1.3 SeLect ion of ?mdo. test sam Les. @@e Wrt. fOr testiw shm Ld be selected at random. Because of
cost, pnm avai Le.bi lity, schedules, etc., it my not always be practical to obxain a“ adequate set of wmples.
The procedures discussed under dote analysis in 5.2.6, wi 1k st i L1 apply but wi 11 produce increased .“certaint ies
i“ the results which wi 11 ref Lect the inadequacy of xh= sample of parts which was used for the Ch.smcterizatim.
One way of saving costs might bs the use of parts uhi ch have pnsscd group A eLect ri cal perf ommce tests and
alternate visual crirer ia; this passibi Lity is ❑entioned for VLSI parts in prticular but could have application
whenever the cost of smple parts is a limiting factor. It is always advisable that the test parts have gone
through burn-in.

5.1.4 Obtaininq samples. Gnce the vmd.ars have been i dent i f i cd, samples of parts shwld be obtained f mm
each vendor. For each vendor, the satples need to be taken in random fashion f mm each bat of psrts that is
being used and the lots need to be selected m that they represent, as accurately as possible, prculuctim
characteristics. ?he production variations which are of mncem are: (a) VariRtiOnS over tine, (b) variations
from one wafer lot to mother, (c) varimi.ans from me wafer to another i“ n wafer lot, and (d) variatiom of
the devicm fro. one region of th= wafer to mother.

A few ext Pa samples should be .abte.imd to cover the possibi 1ity that some devi cm may, in Later ❑a*.reme.ts,
prove to b= either bad devices or out liers which wi 11 need to be replaced.

5.1.4.1 Recommended samle size. To ❑eet the concerns li steal in the previous section, the fc.1 lowing
quantities, for each vendor and for each radim ion envi roment, are ret,.ammmtled:

a. ?hree uaf er lots taken at least 1 mmth apart.

b. Fi.e waf em per wafer lot.

c. Five devices per wafer taken one f mm each qwadrmt and one f rorn the cemer.

A f .s. ext m samples ~hould k obtained to cover the pmsibi Lity that sane devices may, in later ❑easurements,
prove to be ●ither bad devices or o.tli.ms which wi 11 need to be replaced. see 5.2.4 .1.1 for a disc, msion of
bad devices or out liers.

5.1.4.2 Reduced ssmle sizes. It stmuld be understood that, i“ cases where the rewmended quantities prove
to k impract i c81 becsuse of cmt or schsdule i ~cts, the vendor my propese reducsd sampling requi rernents.
Reduced mqui reme”ts may be acceptable, for example, where data exists stwui~ the radiation response of the
part ty~ in question to be stable and predictable over bang periods of time or that the psrt respanse wi 11 be
sirni lar to that of another part.

5.1.4.3 Minimum sample sizes. The ssmple size recemetied i“ the previous sect im, for each vendor end
radiation envi roment, is a total of 75 devices. If that number of devices cannot be made avai (able, the”
reduced sample sizes wi 11 have to be considered. Roughly s~aking, 25 is the minimm sample size which should
be USS6 for a character zat ion measurement, the mre psrts the better. For this rniniwm sample size, the
recmmmdation is that five different lots b-s sampled and that five samples per lot be take”. A sample of 25
wi 11 at Least .1 Lou a goodness of fit test to detemini whether the partss behavior belongs to a wet 1 def imd
statistical distribution. If the relevant parameters degrade gracefully with radiatim and if the pmbabi Lity
distribution is know well enough, the” five or ●ven as few as three parts fmm each lot ❑ight be adequate.

LWIer SWJPLC Sizes wit L r~.ce UnCCPrOintits aLwt the nature of the gwerning pmbabi li ty dist r+ but im and
will thereby psmit better per for!xame estimates for the parts re.msining i“ the ~pulat ion from which the sample
was dram. *MPIC sizes which are too SMSIL my result in characterization data with large statistical
Uncertainties. ?hese uncertai.t i es can result in overly conservative decisions about how the part should be
used or purchased and may Lend to costs which wi 11 cmre than undo the savings produced .py the 5-11 sample size.
No simple prescription for selecting sample size can be give”. R=l=v.mt fectmsr i“ additi.m to p.mt cost,
which will affect hw large the sample size should be (for es.ch vendor), ui 11 include the mount of previous
knoulsdge available about the psrt and the variability of the Psrtsi performance on a single wafer, within a

wafer lot, and from lot to lot. If lot to lot variability is large cwpsrsd to variability within one lot (a

●
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mt unw occurrence) then, in the &ta analyses that are per forced, the ~te s{ m e?feet ively be-s the
nurber of Lots and mt the met-ar of ports tested.

5.3.6.6 54vle sizes in chmacter{zatim rmort. Fhe -r of su@es to be tested, for esch vendor, is
m be fncludtd in the characterization repwt and in the test Plen.

.

a.
b.

::
e.
f.

s.
h.
i.

j.

rAELE 111. Device fdent i tY infoet fm.

Device idmtif ication *r
Gemric part -r
JAN psrt tir (if applicable)
mm 0? the ctatwfacturer
Lot date code
Lotnucber(wafer lot mcb.a., if ovc.i Lnble)
Uafer mcber (if appl{ able)
serial nusber (for each device)
PacSage t)Qt
Special selection criteria (if applicable)

5.1.5 Dflice idtntitv ruder d mdiaree. Serious pt-dbltot in malyzim data h9ve also been experienced
because the device that ma tested was not adequately idmtifid. 7he info-tire needed to establih an

Odqte Mjce identity is - in table 111. 7hia inforcstim tdwld be recorded in the charecteriz.atim
r-rt. ~ dl~mS*=J in 5.1.7.5 ~ data for=t, a *et of the table 111 information SkUld bs incltitd when
the actual te$t data fs recorded and tabulattd in the chmacterizatim report. It should be reagnized tit
rediat ion respmse characteristics, especially for imizing rodiatim done, cm be very sensitive to processing
unditims. mus, to the maim extent practicable, all pmseso{~ steps ed equipeent nhould be doacmted
for the lot under test. U7mmver possible also, the lotunder test ohwld be a waf ●r Lot, becnuse a m? er lot
is defined as me for which all processing sttps are the - and perfomed with the - equi~t. In the
c8se of JAN class S devices, wafer Identity is also c.vailoble and nhould be recorded.

5.1.6 Selectim of radiatica envirtm=nto. me cbrocterizmian reprt and the test plan shculd identify
tho radiatim mvi —ts, such as neutrons; imiziw radiatim dose (total dose) end dose rate, also the type
of radiatim , i.e., wfmher electrau, ~ rays, pmtona, etc., and heavy ions or protma SEIJ, the radiation
faci1itie9, and the Ievels that will need to be used for the testi~. mis step should precede that of
select ing thstestpar=tero to ensure that m permcters are overlooked uhi ch night be especial lY smsit ive
to a particthr mdiatlon mvirmcant. For the tm radiation envirmeen to of principal interest here, tily
ntutmns and i.mizic# radiation tie, the effects are expected to be indtpendmt and clmracterizatim
cee.$uresento can bt de atpmetely for the cm envi —t-. If the effects fma two envit’mcmta are expected
to depend m each other, as for .s.tacpIe, tecptrature effects m be rate induced Latch-up, or ionizing
rediatim dose effects on SEu sensitivity, then each part will have to be exgostd to both envi-ts. If the
givm part t~ is knobn to be very herd to a fmrt{cular radiation em{ m-sent .ss, for exazple, an ltm device
my bt to neutrfms, then characterization mmurecum. for that type of radiation my be mittaf. Careful
consideratim should be givm, hmwer, to the pomibility ttvm immtimnl or parasitic sensitive elecenta
(e. g., bipolar devices in the ~ ate ctted) cay be present in the device.

5.1.7 Selectim of test garamters. Al 1 the parccamro that ore to be censured need to km selected ad
listed in the test plan, tlormlly, for JAN parts, the mbset of group A electrical par.92tters that are km-n
to ta sensitive to the selected radiat ima will be uncd. I. 00=4 inStmCes, the chmge i. the vat.= of a
par-ter is mre significant thm the absolute vahte of the fmr=ter. FOF these csses, the rest plan tild
sptcify that the cfwmgt, or delta, in the paraseter value km censured.

5.1.7.1 Test cm!ditiom and mra~ters to ka recorded. me pc.r.sceters or circuit functions that need to be
ceasured will k.ve to be identified and listed in the retort d in the test plan alma with the expcrimtal
cmditi.na mdm bitich the _o.mamts m-e to Lao de. 7he 8pecified cmditims 6hwLd include both the
rminal and the uorst case tiiticm under which each pc.ramter chculd be ucmurcd. mey sfmuld also inclwke
such quantities as, bias voltages, apere.ti~ frequencies, and acbimt taperatures before, during, ad after

@

i rmdiat ion. for the worst cam ceasurenents, the report &tould cmtain re ~tims m hw such coditicma
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may be derived or at least bracketed (circuit analyses may be required ta arrive at worst case conditions).
This sect ion of the repart my n Lao be used to identify, for ●ach parameter that is to be !neasured, what value
of the parameter consci tutes device fai lure. Such definitions are needed in connection with the fluence to
fai lure ❑easurements recommended earlier for pemitting ●stimates of design rm’gin to be made for particular
applicatims. Failure may be either parametric failure, loss of functionality, .X degradation to the Pint
whine the device can no longer be used.

5.1.7.2 Obiecti.es of the test .mnditieas end wremeters. The selection of test conditions end test

Wr.meters wi LL d=pe~ 0. the object i~es of the test, time end budget constraints, and, possibly, other factors.
For each test, however; the in forr-m lon li steal in table Iv sheuld be recorded in the character zat ion report.
AS is di scmsecl in 5.1.7.5 m data format, a subset of the table IV i nfoms.t ion should be included when the
act.a 1 data is tabulated and recorded in the character zat ion report. Experi ●nce gained by the DNA sponsored
ERRIC is the basis for cast of the recometiat ions contained in these guidelines regarding data requirements
and format.

5.1.7.3 Narrative information. The narrative information listed in the table IV is used to provide a further
description of the device and the test conditions required for each test.

5.1.7.6 m. A partial list of MIL-STD symbols for particular device parameters and the corres~ding
sy.nbols used by ERRIC is given in appendix A. A standard list which all users have agreed to use does not ●xist
for device parameters. As a result, different symbols are sometimes used by different orgmizatims for the
saw device pmaueter. ERRIC can receive data Label led in any uay end uses a narrative comment as part of the
data storage to make sure the device parameter is properly identified. If data processing programs are used
for malyzing the behavior of pmt i cular pnrmeters, pmvisim should be made for re.mgni zing some liai ted set
of the symbols for the parameter in question in addition to those given in appendix A.

5.1 .7.5 Specification of a data format. Although data formt would appear to be a simple rotter, past
experience has sham that severe difficulties can be encountered, particularly with computerized data analysis
prcgrams, if a standardized data for-t is not used to record the data. Because the accumlat ion of radiot ion
msmnse i“f.amation in 8 centmli zed data hmk can help avoid dupli cation of such measurements end is therefore
highly desirable, the data format recommended here is” the one used by ERRIc.

TABLE IV. Pre- and rat-i radiation measurement information.

a. Nme and .argani zat ion of test engimer
b. List of qui prnent used for measurements and calibrat ion procedures

Description of test procedures or test standards used
:: Electrical test date
e Test number
f. List or table of electrical test parameters and correspmding bias conditions; (note that the pre-

rad bias condi t ions shou (d be used for the pmt-rad ❑easurements)

9. A complete time history of the individual irradi.atiom and the Post-irradiation ❑asure.ems
(espec ia 1ly necessary for ionizing radiation dose (total dose) bemuse of t im dependent effects)

h. Ambient mdlor case temperature
i. sample size
“. Elect rical toeas.re.ent results for each parameter
;. Narrative i“format i.m

5.1 .7.5.1 Definition of a test nurnb.w in ERRIC. In ERRIC, a unique test number is assigned to both the pre-
and pmt-rad measurements that are made on a single parameter under a single set of bias or operating
conditions, for all devices in the sample, and for all the radiation fl.emes used. The information which is
..-” to a mique test number and which cm be used therefore as the heading for that test number is listed
in table V. Pm- and mst-md test res.”its c.btaintd for all the samle devices that are covered by the sane
he-ding are then listed mder a single test “umber.

.,.
Table VI shn!ds an ●xmple of how ERRIC data is recorded.

For test number 2 and subsequent tests .mde m the sane devices and for the same i rradiat ion cmdi t ims, the
f i rst three L+nes of the heading need n-at be repeated. TI!US, the data for test number 2 c.mld be recorded as
in table VII.

I



a

nlL-HD2K-816

TABLE V. Examla of ERRIC test data.

‘

TYTIC& r~iatim: ~ Mlatim facitity: ~

Device type: ~ nmufmcturer: ~ LOr date cede: ~

E.. Bit high speed OJltiptying D/A Cmvertcr (dw{ce descriptim included only for test nudw 1).
b. Reference bias current (psraceter description).

v+ . 15 v, v- . -15 v.
:: Immured .?4 hour- after the end of the frrad{atim.

fleesurecacnt data

Oevice S8diatfon level
serial PRE-SM 2.M212 6.03E12 1.mE13
mder
am 2.00 2.m z.m 2.m
azn .zm z.m 2.m z.m
.... .... .... .... ....

TAELE VI. Inforcatim _ co a tmiaue test n!Aer in ERRIC.

a)

e. single typo of rodiatim and mrrespading test facility
b. s~ng(e Prt type

Sirqte -facturer
:: Single teat date (POst-md)
●. single lotdatecode
f. sit-sale wafer lotmdwr ({favailable]
9. Single pmw?ter neasurcd end associated bias or operating mndi t ions
h. Narrative informtfm (should fncltsie informtban abwt the {rradiot{m cmditims and tic? history

of the irmdiatimts and the electrical uaasurecmts)

5.1.8 Test Dlan. Figure 3 (me S.l.l .1) d table 11 (SM 5.1.1.1) show the cajor sttpa irrmlvcd in
characterizing the radiatim respmse of a part. Alto 6hwn are the steps biIickI are included in the teSt plan.
me test plan thwld, as a oininn, eddress the pro-i rmdiat ion acesur-ts to be de, the i rradiat iwu to
be Perfomed, the FOSt irrOdiOtiOO ceaaure=ents to bo de., and, finally, shculd specify the data docusentc.tim
requi renellts amf format.

5.%.8.1 Advanm-aes of a mod test plan. me developmw of a detai lbd test plan is rt~- as a way to
rake tharacterizatim ncasurecenta eff{ci em. h vccd test Plm wilt oinioize costs by specifying the data set
which wilt met the &jectives of the ~asurtits and by cIX{aizirtE [he use of mdiatim test facilities ad
psrt ~lcs. me test PUUI $hauLd also facilitate Wbsequmt data mn(ysfs by spmifyinE a &ta formt which
will & easy to use ad Mill protect apainst inadvertent mission of required data Fmims by providing a check
list for the rxasurwmts.
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TABLE VII. ERRIC data format for test number 2 in . series.

Test number: ~ Test date: 10-21-85
Repeati W test information: Same .9s lines 2 arid 3 for test number 1
Parameter: ~ units: ~
Test cmditims and narrative $nfomatim:

a. Zero scale current (parameter description)
b. v+ = 15 v, v- . .15 v.
c. Tine of Measurements referred to the e“d of the i rredie.t ion.

Measurement data

Devic= Radiation level
s.eriaL Pre-rad 2. UIE126. OOE121. 0LIE13
number
0’271 4 .20 E-5 2.00E-56.50E-51 .67E-4
0272 -2. OJE-6 4.70 E-59. WE-52. 54 E-4
. . . . . . . . . . . . . . . .

5.1.8.2 Pre-irradi.m$on measurements and data examination. If the pre-irradiat ion characteristics are
❑easured. the measurements shwld be made accmdim to the omdit ions listed i“ table Iv [see 5.1.7.2) and
recorded in the formt given in table VI (see 5.1.7,5.1) and table VII (see 5.1 .7.5 .1). The data should be
●xamined m make sure that there me no bad .easurecmnts, devices or data out Liers in the sample. 7his
examination is iwrtant to keep bad data f rm being .mtered i ma the report. If bad or mmal. ws data me
taken, this fact together with an exp Lamt ion of why the data is not being used should be recorded i“ the
character Zat ion r=port even if the de.ta are not smt to ERRIC or sorue other data bank. The amual bmks of
ASIH standards, Listed in 2.2, contain many of the test ❑thods that can be med far making radiatim respmse
rneasurernents.

5.1 .8.3 Caution. Caution shou Ld be exercised when devfce% me hmdLed, pmt ic”larLy ui th r.sgord to pin
alignment i~i%ldi”g fixture md whm the devices are attached to the test ci rmi t. Bias voLtage.v should
be off during attachment. ESD handling procedures shou Ld be observed for the class of parts being tested.

$..~.8. I. Irradiation co.ditims. The i rradiat ion credit ions and the reasons far selecti~ them shouLd be
discussed in detni L in the characterization report and $umarized in the test plan. me i“formtim to be
included in the test plan is listed i“ table VIII. The varicus questions that need to addressed in selecting
the irradiation conditions are discussed in the sections which follow. For each of the selected radiation
environments, the plm should imlude the test faci Li ty $elec ted, the responsible organi zat ion and personnel,
recommded dosimetry techniques, the mximnu f lueme or ionizing radiat io” dose to be reached (.hmever
possibLe, the radi.stim leveLs should be high ●nough so that tmst of the test devices can be made to fail), and
whether device masummnts vi LL be made ‘Sin f lUXB>, i e., while the device is being irradiated, or whether a
series of discrete irradiations with measurements foLlowing each irradiation will be rode. In the latter case,
which is sometimes called step strtsa testing, the test plm shauld specify the number of i rradiat ions to be
made and the ioni zing radiation dose or f luence for each i rmdiat im in the s=ri es. Bemuse t im dependent
effects can be very important, especially for ionizing radiati.m dose, a complete time history of the
i rradiat ions and the pst-mdiat ion or in-flux rnussuremnts should be recorded. This time history skauLd
include rhe srert md stop t irnes of both the irradiations and the neaswemnts es weLL 8s the rate at which the
ionizing radiatim dose was delivered. The test pbm should state, whenever pssi ble, that a stmdard
i rr.ad i at ion test method should be used and give the appropriate reference.
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a. ttaca of the radiat{on te8t facility.
b. fmca and omnnizatim of redint lea test engineer

List of dosimter types and readwt tqui~t
:: Date of irrediatims
e. Irradiation run rudtr
f. Nubcr of sc@es in each irradiatim

9. Ptacecent of M@es with respect to the radiat im source
h. R8diatim fecility ~ratimc.t cede
{. For each irrc+diatico, flux or dose rate, flumce or imizing r.adiatim dose, start end stop ticea,

MM tiitnt or device case temperature

{: Device bias conditions and whether in-ftux eeasurec-mts wilt be code
start ad step tines for post irradiatim tear.ureccnts, incloding eeaaurecents do during a series
of radiatim expasureo (part icutar(y i~rtam for imizi~ rediot ion dam bctmme of the tie

dbmt effects which m CCcut)
L
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TABLE VIII. lrrodiatim cmditionm.

5.1.8.5 Esticx.tes of device failure 1CWO1O. To reduce costs and to aptioi ze the usefulness of the data
obtained, it is iqortant to esticate the exptctcd failure levels for the selected device sype and r.sdiaticn
envimrment before full scale Ctmrecterizatim cemurcu?nts are bmun. Device failure will ustml Ly be definaf
as psraeetric fai Lure @t cay sc=et ices be defintd as fmctimal failure. In the case of per=tric faiture,
it is well known that different failure Liaits w km defined for different device applications. for the
present pu~e, engineering judgment shouldbe used to define a foi Lure Lini t for each paraatter beifq
ceasured. The iqmrtant point is that the luimt stress level wftich rmdert the device unacceptable shmtd be
antaidercd aa the fai (ure tevel. Estieaten of failure lwels will hove to based either on previous experience
and data or m ntasurtcfms m a feu prts frva the avaihble ~tes. TW stepsby which the failure points
are esticatcd shculd be docmted in the charocteri zntim report. Secause the def i nit ion of param?t ric failure

d-s m the fnt~ devfce amlic atim, the eatic.sted failure paints uill only be approximately correct.
They wi 11 nevertheless be useful for ed]ust inE the irrndimim increctnts md the total f lumces to catch the
●xpecwd device performance. The i rradiat ion incrcnerm and the total f himce8 $elected m the bnsis of the
estifated failure points shwld be listed in the teat plon.Afterthe Charocteri Zat itm Cwsurectnts are
co@eted, dsvice fai Lure Wints tan be mre accurately defined.

5.1.8.6 Gradual dearadatim. For devices ~ich degrode greduc.lly as they approach failure, it .i(( gmemlly
be useful to fxaaure post-i rrufiat ion performance chmecterist ics as a funct im of accumtated rediat ion f lucnce
or ioniziw rediatim dose because such results can be used to interpolate or, in tae cases, extrc@ Late she
part’s performance to rdiat ion levels other than those used in the tests. For such devices, the ncber of
irradiations cd the radimim incremsrms thould be de —rote with the exptcted failure leve(s. 11 is
mrth mti~ that a grC!duOl appruach to failure cay mt elwaya be mmtmic; tmetima a par=ter my first
increase with radiation f knee and thm subsequently decrease. Thi o behavior ceana thin, in the I!lL-STD systm
and for the mdiation levelo shorn in table 1 (me 6.2), o ~rt type that hos been qualified at e hi@er level
my not ci?et the sate SHEPL at a lower level. Oue.lif ication et o higher Level c.fmuld therefore mt cem,
aut~tically, thnt the ~rt is el$o qualified ot o lmmr level IMleas care is taken to select the S)(EPL so tfmt
it does not shou Less dtgradatim et the higher Leve(.

5.1.8.7 Abrwt failure. = devfcea give little or m irdicati.m that a rediation failure pint is being
appmmhed, until they fail abrupt(y; usually ebrupt failuren occur os 10S8 of fmctimality. The ctain has
scetices betn de that there is usually SC=Q grtilly deteriorati!!q parmeter which can be uatd as a
predictor of abrupt failure (e.g., a flip-flop circuit failing functionally b%m the fmout capability of the
circuit, as indicated by the sink current, dcgr.ades post a certain point). An a pract icat rotter, however, e
dtvice mst be considered to fail abmptly when there is m feasible way to pin-point its failure level by cems
of intewlat im. m est icated fai lure level i o also iqmrmnt for ouch devices and sfmuld be used for
selecting the -r nNJ incrmem value for the irradiations such that the abmpt failure point will be
mrt’wly bracketed. !Jlmever possible, the tmt desi mble ma$urecem is to cmi tor the device *i Le it iS
being irradiated to datemine the exact stre9s lwel here fai Lure occurred. Again, the eat imttd f c.i hire point
.itl have to be kmsed cm previous data or m neakwrecents m a limited saqle size before full ●c.ate
characterizatitm -surecents are rode.
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5.3.8.8 Omimm use of radiation faci Lities. such f mtom as the n.mber of de.i m. which . . . be i mediated
at one t irne, the length of time mqui red for the i rradiat ion, and the length of time requi red to complete post-
i radiation ❑easurements should be considered when m i radiation schedule is being phmned. The selected
irradiation schedule should the” be itemized i“ the test pk.

5.1.8 .8.1 selection of radiation levels. For ●ach type of radiation md for each ●stimated device fai lure
level, a series of i rradiat ions should be selected m that data is obtained mast ●f f i c<ent ly. The Lowest Level
of radiat <on should be below that which produces any fai lures. 1. general the subsequent i rradi atim increments
wi 11 be sizeable fractions of the fai lure level. If significant nonlinear behavior is praiuced, h-mever, the”
the Locat <on of the hanli near region must be estimated and the radiation incremnts should be made smaller thnn
they are cwtsi d.? of it. The highest rad+atim le.el should be high ●rough so that all of the tested parts wi 11
f.ai 1. This selectim ui 11 not only .aLlou the device specification to be written for the mxim.a capability of
the part type, should that be necessary, but wi 11 provide information on h-w close the psrt is to fai lure for
a gi .m syste.a qnpli cat im.

5.1 .8.7.1 Selection of radiation levels and abrupt failure. For step stress ❑easurements and the presence
of abrupt fai lure, the proper selection of r.sdi ation stress levels is of particular importance because a bad
choice cm co.pr.arnise the measurements. The spacing between stress levels should be as sml 1 m feasible. At
the very least, care should be taken to assure that the spmi ngs are sml 1 omp.sred to the eat i rated standard
deviatim of the fai lure f lumces for the parts to be tested. AII estimate of this standard deviation may not
be ●asy to obtain. AS a first approximrim, data on siu.i Lar parts cay be used. If there is no suitable data,
ma 1ler than expected spacing my be necessary for the first f ●. parts and the”, if costs cm be louemd
thereby, the spac{~ for the rest of the parts can be adjusted according to the ❑easured standard deviation.
For a complete character zat ion, the highest st res.s level .mst be large enough to drive all the tested parts
to failure. Very wide stress levels my require an extra large sample size. Less than four stress levels are
unacceptable if abrupt fai lure of devices is considered a pctssibi Lity.

5.1.8.9 Efficient use of test samples. me costs of radi.st ion testing and, for some part types, the cost
of the parts themselves Luth provide string reasons for keeping the mmber of test parts as low m possible.
1. these ci rcu.stances i t is esscmt ial that the experiments be speci f i ca 1(y planned so that the uaxicum momt
of useful in fomat ion is obtained f mm the sample size thm is a.ai (able.whenever ~ssible, preparations for
the actual tests should be conducted on spare and pmh.aps less ●xpensive parts which are not part of the final
sarnp1e.

5.1.8 .9.9 Selection of exposure sequences. Because mst character zat im ❑asuremms are destructive, a
sing le device is exposed to mly one radiation mvi ronmnt and the expesure seq”mce simply proceeds f i-m LOW
levels to functional or parmetric fai lure. The coses where one devi m can be used for two radiation
envi ron.ents are three id-ten the dose rate upset threshold measurement, uhi ch cm be non dar.aging, is made f i mt
and is followed by neutron, gamma ray, or SEU tests. In these cases care must be take” to emum that the
mcumulated ionizing Padiat ion dose in the dose rote testing has not epprecinbly changed the characteristics
of the device. The use of one device for two radi.st ion envi roments is not recrwmended. It should be
considered only tien sample costs are so high that every possible uay of conserving sample si m must be used.
Time dependent effects should be considered whm a seri m of exposures is bej“g pLamed.

5.1.9 Radiation ex!msur es. Rsdiat ion exposures should be made in accordance with the test pl.m md should
contain at least the in forest ion listed in table VIII (see 5.1 .8.4). Initial test system checkout, e.g., of
test equipment operation, dosimtry, ●tc., sh.a Ld be accomplished with pmt. which are less costly md readily
available; one possibi 1i ty is to use parts of the sane type as the ssmple b.!t seiected to a less stri”gsm
visual .miterim. The use of a commercial equivalent device type cm OISO be considerti but such use wi 11 need
to be . . L{dated experinmt.sl ly.

5.3.9. T Neutron exm sure%. Neut m“ ●xposures can be made either at fast burst reactors or at water moderated
reactors. In either case, the dosimtry practices at the selected facility should be checked to make sure that
a valid 1 Hev displace.nmt damsge (Si) equivalent fluence can be obtainsd (see ASTM E722). Test method 1017
of HIL-sTD-SS3 m“ be used as a guide for the exposure prc.ced”re. Short tern (of the order of seconds)
anneal ing effects do mat ha.e to be eva hated tfl L-STD part types.

5.7.9.2 Ionizinq radiation dose (total dose) ●xrmsums. Test method 1019 of II IL- STD-2S3, emit Led ‘,Steady
State Total Dose Irradiation Prc.cedure,,b specifies either CO-643or an ●lectron bem as the radintim source to
be used for i.mizing mdiatim dose test~”g. Ionizing radiation testing can also be per f.ar.nd with Cesium137
sources and with Lou energy x-ray sources. If e source other than C.a-60 is used, correlat im measurements must
be per formal to ●ffect a comparison with Co-@3. High energy electron Linr.cs are not recommended becau$e of the
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ramibftity that tfm displaccsent data.ae which high energy electrons produce nay interfere with the
-surmmts. Flesh x-my sources which, typically, deliver the dose at a very high dose rate, are not
re~ed becc.use the results MY be difficult to capare with CO-SO. Lw mergy x-ray sources are mt
re~ed for chc.racterizatlm ucasurments unless a va~id corralatim to to-&2 is establi~d.

5.1.9.3 Q,@. Bias nut be applied m the device during the irradiatiml and the bias cmditims mst be
in accordance with the test plm. If neasureoents are to ba tie “in flux, ” then the test Phn should specify
these cmditims as well. Because tim dtpmdmt effects can be very icportmt for imizing rafiatim dose,

o ~Lete ti~ hi$tOv of the irrcdiatimt and the peat-rrdiatim or in-flux cwsure=encs afwld bc recorded.
This tine history should include the start and atoptioesof kath the irradiations and the eeeaurcocnts as well
as the rate at which the imizing rediat ion dose we8 delivertd. A pm-test evatu.stim of the ti= dcpendmt
effects ray be a(sa be necessary to uake sure the cicen used for the irradiations d the ceasurecmts wilt give
ceanirgful results.

5.1.9.6 Tremimt ionizatim (dose rate) exposures ad measurements. Iii@! mergy etectrm Limes are the
facility of choice for dose rate upset -sureaenta. If ftosh x-ray omhines are usti, extra care is required
with the dmtcerry to mke results obte$ned at me facility ~rable to those cbtained at mother.
l!lL-STP-1021 and M1L-STD-1023 my be used as guides. HIL-STO-1O2O is under revision, principBtty because it
does mt adequately treat the case of latch-up “.indmm”. It can be used for gtneral guidance pmvidtd that
m interfermce is expected fmn this ‘window” pmbltn.

. .

5.1.9. S Sirmleevmt upset irradiations and neasurecents. SN cessurmenta are Wfficimtly cc@ex w that
they akuld be csde in Cotlaboratim with me of the several groups in the U.S. that are asking wch
ceazure=ents rcutinely. A full characterizatim ceasureoent for single evmt upsets or latch-up produced by
heavy icuts requires that thenusber of upsets or the latch-upina prticular device be Ceasuredas a functfon
of the Linear Snergy Trantfer (LET) of the i.m. Heav im irrediatims are usually perforued at Ttieo Van 00
6raaff accelerators but my otto bt pcrforctd at other hio mergy heavy ion accelerators (me ASTM F1192).
For single event wets iticed by protons, a cca$ureoent of the n@Jcr of qmets per unit flumce at a pmtm
energy of (O Rev or higher shculd be edtqwte as m itqmt data point to a theoretical mdel that cm then be

e

ustd for estimting the total nusber af device upset9 to be expected in sma particular proton envir.maent.
(See BendeL and P.stersen, 19S3. ) High energy protms for SN tests can be @taine.1 frma rubtr of cyclotron
accelerators. Laser and cc.liforniua-2S2 techniques are being studied but have not yet advanced to the roint
where they can be used routinely for ssu characterization neasurecents.

5.1.10 Pmt-irrediatim ceasureaents and date exaninatim. The peraseters tiich vill be cessured after
irradiation md the masurenent Conditims, and the qui~t if possible, simuld bt the sate es tho$e for the
pr-irrdiatim -asur~t8. Table 111 (see 5.1.5) end cablev (s~S.l .7.5.1) list the infomatic.nr equired.
The test plm wilt contain the actul Pereueter- to be masurcd and the mrrespmdinLI %rating cmditims.
Hcuever, the Past-i rrodiatim ceasurecmt procedure will have to take into account the wsibility of tice
dcptndmt effects. In the case of ionizing radiation dose, tine dtpmdmt effects can be especially 5erious
andmmt beevc.luated for thedevice being tested. MIL-STD mtMlm9- kusdasa Widamtilmip-d
mtitad for taking tice dependent ●ffects into account is devetc+md. 8i0S U.J$t bt applied during the
irradic.tim. Bias cay mt be necemmy et all ticea after the irradie.tic.n but the bias conditions and other
crasureccnt Conditims and tins intervals should bt as ccmaistent as possible frm me run to mother. Bias
or shorting ccditicm m the device between the end of a radi.atim exposure md the start of electrical
nee$.recents shcdd be recorded. AQain, the caemmnent results should km exaained for bcd devices or mttiers
fuxf, appropriate action takm if necessary. mia excdnation is icportmt in prevmting Lmd data frm being
imltded in the charecterizatim re$ort and, possibly later, fma entering a data base.
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●
Table 1X gives a s.mmy of the recording requirements for the test plan.

TABLE 1X. S.mary of data to be recorded in the test plan.

Pre-rad ❑easurement condit$ms: Item in table Iv.

Irradiation conditions: Item in table VIII.

Post-red measurement conditions: Items i“ table Iv.

Dara recording: As in table V, table VI, and table VII.

5.1.12 Perforu.ante characterization report (see table X). An essential p.srt of any characterization
-r.mmt program is to &cument all the ❑asure.em results completely e-gh w that another ~nvestigator
w w the results withcan having to cmsult rhe originator. For a variety’ of reasms, tima.d funding being
principal among them, rhis task is often W% per formal adquately. The importance of th= documentation task,

~ver, mnmt be OvereWhasiz~. m ~ here is ~hat if the documentation task is made part of the test
plan so that it must be included in my checkoff list or, perhsps, i“ the contract data requirmems list that
is part of all governr.ent contracts, the. the results of characterizatim rneasurernents will be more avai Labie
to other users i. th= future thm they have scmetiu.es been in the past.

5.1.12.1 standard data format. The characterization report should use the standard data form.t discmsed
in 5.1.7.5. The recorded data should inc L.de the device identity in fm.rat ion listed in table 111 (see 5.1.5)
and the test conditions listed in table IV (see 5.1.7.2).

e

TASLE X. Summary of in fomati.m to be re..mded in the characterization report.

I
DeVice identity: Iterus in table 111 and correspomfing discussion.

I

Pre-md measurement conditions: Items in table Iv and carrespandicq discussion.

Irradiation conditions: Items i“ tab Le VIII and correspmding dis.ussim.

I Post-rad masuce.ent mndit iam: Item {n table IV and correspmding discussion.
I

1Data recording: As in tables V, VI, and VII and correspotiing discussion. I
I Final resu Lts: Item i“ table 1X and correspmdi”g discussi.m. I
I I
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5.1.12.2 Transfer of clmractertzatim &ta to ERRIC. 10 mke as cuch red{ation respmm data as Poasfble
available to u.S. users, the Defense Nuclear Wmcy supf.mts o data kwnk for such data at the 22SIC ~mted
by the l@mn Sciences Corporation. ERRIC is actively collecting data fr.nether dnta banks and is verj mch
interestd in receiv {ma my new dnte that is takm. It i8 strongly re~ed here, therefore, chat CM
characterize.tim data which is obtaimd and dncu=ented in the characterizotfm report alao be sent co ERRIC.
ESSIC fs equipfxd to acquire data froa ~ter disks os well es fn printed fem. The addres8 ard tetcpfma
-r for ESSIC are:

ERRIC
mum Scfmces C6rtxtratfm
816 State Street
P.o. am 14T9
tame Barbara, CM 93102-1479
(ens) W3—d484

5.2 talcularim of electrical mmnmer end-mint ({nits. The previous secrims of Chis rc$art fmw
describcdbd radiatfm response Ctwmacterizatimc eosurecents shculdbecdeso they can bc used fordeffnf~
lot acceptance tet.tc that will pmvfdo haheta assurance fn future pmcurmtnt. At thf$ pofnt the OsstLWSfOn
is cade therefore that the clmracterfzatim results hove km c4tafned and the dfscuasfm turns co the
proccduresbyhfch lot acctptunce tests thouldbe defined. The bosfc~ls here are toselcct ti~lesfze

. ad Io calculate IXMt frredfatfm tent crfteris fma the charocterfzotfmd nta such ttbst future rdiotfon lot
acceptance tests perforced a@t!M these crfterfa wfll ceet a oelected cbjectfve. TYP{ce.Lly, the asLect-
cbjective wfll be a desfred lot acceptance pmbabilfcy end ccnffdmce bet.
Ct is wrth mting that themthafs descrf bed here are not tfnfted just to redfatim hardness assurcmcekut can
bt used for the mre general pmblm of calculating ml-pint lfofts to eeet a selected lot occeptence
objectfve. ~ey my be of use, therefore, to any canuf acomer of parts ho fs interested in cwmtlfy ina the
lotacceptancere$ulmhecanexmct as a functfonof theed-pofnt Lfnft or s~cfffatimvalmb=l-tsf~
a givm pm-tar.

e

S.2.1 km accemance teste. Int acctptmco testo are bmedon testitqo mcpleof parts after they tnwebtm
frracfiate dmddetemfnin g~ether thet8z@oof Portapnsoeaor fofts-lwcifid criterfm. If ovariublex
test is befrq used thm the ceasurtd oe.sn value and statvlmddevfatfm of the pst-frr.sdlatfm Per-ter values
wiil be ccepared to the spmff ied criteria to determine whether the test was waned or fefled. If enattrfkute
test (such as an LTPD teat) fs beir!q used, then specfffcd SMEPL end, ~sibly, functionality, wfll bt used for
determining whether tact! part, fndividual(y, has pmsedor fafled the teat. ~ea or “deltas” fnope-cr
cay also be used es a RHEPL.

5.2.1.1 Attritmte tot acceptance tesm in ❑ftitaw standard C.rc.cureeent. Because Of lltm-y ●tmuiad
pmcurtcent rely alma: exclusively m attrfbutetests,the discunnfm here costly addresses thft type of teat.
It shculd be recogni zeal, Imuever, that, for the saoe mcbcr of sazplea tested, radiation bat accepcmtce teat8
based m varfables censurecenta Mill U$UB1(Y give higher quality results. Their prfncipal disachmcages are
that they are aoacwhnt core caplex and costly and requfre aa~tfmt about the probability dfstrfLutfm to
which the errs b@lomJ. Attribute tests such as the LTPO tests used in the flIL-STD systm have che 6afvrmcagex
that they require less docu=entot ion of test renults, da mt rqufre 08 cuch traininu for test pcrsonml, cd
do not depend $trcogly on as$wptfcos about the pmbebilfty distributions to vhich the tested IX!rts keLcvIB.
lhe relative ceri 1s of these tw typ.la of tests Were df scusmd fn c detaf 1 in the fOreuO@.

5.2.1.2 End-mint lfaits for LTPO teats. Ffgure 4 shmts the steps to be taken for calculating O_td-pOfnt
tioits for LTPO lot acceptmce tests. Table xl 1ins these steps in f fner datoi 1 m a step-by-step check off
procsdre.
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TABLE X1. step by step procedure for calculating ●rid-paint limits.

~ Check-of f i tern

1. Select device type and oanufact. rem.

2. Obtain chmacteri znt ion data and docu.entat in”.

3. Select desi red lot acceptance probability, ccmf idence level, and sample size far LTPD tests.

4. Select parameters to be tested and test conditions.

5. Begin data ●xamination.

6. Check data for suf f ici emy.

7. Check for out lying devices.

8. Check for outlying lots.

9. Discard outliers.

10. Check data for abrupt fai lures.

11. If abrupt failures have a signif icam likelihccd, pammter ●nd point lioits usually Ce””ot be
calculated.

l.?. Check for unexpected functional dependencies.

13. Check for systemt ic or nonrandc.m ●f f ects.

14. check for correlations with respect to tim of manufacture.

15. Check for unexpected nagni tude$ of lot-to-lot v.ariat iom.

16. Check for bad data paimr,.

17. Correct or discard bad data points.

18. Check data for suf f i ci.mcy.

79. Recast the data t.a the specified r,onditio”s.

20. Determine within-lot end lot-to-[ot variatims.

21. If within-lot variations are larger than lot-to-lot, use case 1 analysis method to calculate the
RHA end-point limits (RHEPL).

22. If within-lot variations are smaller than lot-to-lot, use case 2 malysis ruethod to calculate the
RHEPL.

23. Incorporate the RHEPL and LTPD lot acceptance test mqui rernents imo the device specif i cat ion.
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accststance tests.

5.2.1.3 Statiatica! uncertainties associated with lot acceptance testing. The lot tolerance percmt

defective tables in I! IL-sI-3S51O and other RIL-STO docmenta are Ln!scd on Statistical forwlas for s8@inE with
rcplacscsm i.e., the sacple of parts ussd for the Cests is rsplacsd into the lot of psrts froa which it US.S
dram. 2ecausa radiatim tests are &caging, the ports tested are mt replacsd inte the lot. The statistical
i~licatima of this fact cm be cG@ex d are beymd the sccqm of this ~t. cm gsneral, statistical

uncertain ies are reduced bfmn the Lot accsptmce sacple si m is large snd are further rsducsd i f the lot
acceptance history is knmm. The least desirable oituatim occurs bftm only a single lot hm been tested and
mm the s8@e size is mty a fsu parts, my four or less. In this latter case it will bs difficult to
●stimte hat the perforrmce characteristics of the IMssed lot will be. lhe reozcamdst ion is, therefore, thm

lot accsptmce tests based m four wrts or less should mt be used. For scatl sa@e sizes, information abut
the unifomity of the lots is also very iwrtanc. If a lot were PSrf ●ct ly uni fore, for exacple, thsn testing
a sirgle part wuld bs adequste. If the uniformity of each lot is high thsn, duri~ the lot acceptance tests,
mat of the tine, either all the ports prim or they 011 foil. For such w+ fom Lotn, a 2/0 or a 410 test
(presmtly s~cif ied in the gruIP E tests of csthad 5C05 in IHL-STO-.5E3) cay te able to give s cmfidmce
tlw the passed lots are of high quslity. If lots are mstly beirq rejectsd bacnuse me part out of the sa@e
is failirq, thm ths pnsmd lots atst bs cmsidered to bs of Lou quality.
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5.2.2 Definition of RHA end-point limits (RHEPL). The pmmeter values against which the post radiation

Performance Of . Prr .iLL be cOmPr& to deterrni.e if the part has passed or fai led the test have been termed
RHEPL. Th=se RHEPL . . 1..s are included in the procuremm specif i cat ion and ape used f.m the bat mceptame
tests. If the procur.me.t systera uses a qualified parts list, as, for ●xample, the present MI L-STD system does,
then these RHEPL WY also be used for part qualification. The disc. ssio”s which follow explain what decisions
Must be made before the KHEPL cm be talc.Lamd and, once the mq.i rcd deci sires are made, how they cm be
calculated f mm the char.acteri zat im ❑easurements. If the part ..s. be purchased ogain.st any’ me of se.eml
radiatim levels, m for example the four ionizing radiation dose levels, Pi, D, R, md H, shown for HIL-STD
parts i. table 1 (see 4.2), the. a separate RHEPL must be calculated for each radiation level.

A device can cease to function m a result of a radiation .?xpJsure and wi 11, obviously, fai 1 the test being
conducted. Such fai lures are mot msociated with the def i“itim of m red-p. aim limit. Of course, the
functional fai lure of a part will count .s o fai lure for lot acceptmce purposes.

5.2.2.1 One and two sides limits. A Wra.ete, US~ f.r determining whether o device has passed or fai led
a test, my be bomded by mxitmn and minimum values i . . . . by ,,two sided” limits, or by either a m.ximu.d or a

Minim. .aI.e i . . . . by a one-sided li.nit. Because a one-sided li.it is the me most COMW”LY wed i“ radiation
respnse testing, mly wch limits are treated here. The mthemst ical f.mmlas for the case of two-sided limits
are almst identical to the me-sided case so the present discussion can ●asi ly be extended to that case if it
is necessary to do so.

5.2.3 Criteria for talc.latin.q RHA end-point limits (RHEPL).

5.2.3. f Selection of objectives fop lot acceptmce tests. tfe.mi”gf. 1 RHA end-point 1i~its cam.at be
calculated unti 1 the objectives of the lot am,eptmce testing have been selected. Simply PUT, if the object
of the tests is that at least 90 percent of fm”re bats should psss the test, the end-point limits will be less
stringent than i f the object is that at least SO percent of f ut”re bats should Pss. It ShOUld be noted,
however, that the statistical uncmtninties associated with the relatively small sample sizes that are typically
used (tests are usually bEsed m tms of devices but not hundreds) ha.e the cmsequmc.e that, a host regardless
of where the RHEPL is set, there Hi 11 be a significant probability that a gccd bat my fai 1 m that a bad lot

WY wss the sPeci f i & LOt mcePtance test. The rea L constraints o. selecting an objective for the LAT and on
Calc”lat i“g the correspmdi “g RHEPL, therefore, are the performance of the part and the ●mnmi c costs of
rejecting lots. Thus if the RHEPL is sm m that, with 90 percent confidence, fO percent of future lots may
be ●xpected to pass, then the per f.amame of the lots that pass may be very’ god but the costs of rejecting such
e high percentage of lots may make the part too expemive to use. Si.ni larly, if the end-point limit is set m
that 5Q percent of future lots my be expected to pass, then the cost of the part may be atzmctive but the

Per fOr~nce of the Wrt -Y nOt aS 9~ a, WY be desired. The objectives of the lot acceptance tests are thus
seen as a trade-off between passing the largest percentage of bats a“d keeping end-paint limits which wi 11 make
the per for.mme of the part desirable.

5.2.3.2 Lot reiectim probability end choice of .md-pc.ints. In the data analysis sectims which follow,
these guidelines show how lot reject ion probsbi 1i t y depmds m the ch.ai m of end-point 1iiaits. They shmld,
therefore, assist manufacturers or specification developers in selecting end-point limits Mhich best met their
need*. The disc”ssim also shows that lot to lot vmiabi lity i“ radiation res.pmse cm present serious
difficulties to end-paim limit selection. For this latter case, which is common, the ❑ethcds recommended here

MY prOvide a better assessment Of the risks nssociatd .ith different values of the end-point limits than other
.ethcds which have been used.

5.2.3.3 many parameters and environments. The most tractable case for calculating end-pi nt 1imi ts that are
to be used for bat acceptance tests is the case of a single mdiat ion en.i mment md a single devi m parameter.
As soon as twa or more di f f ●rent and indepmd.mt test parmeters are involved in lot acceptance, then the
probabilities of passing for each parameter have to be higher by mounts such that the product of all the
passing prob.sbi lities equals the probability of passing that is desired. ~us for example, if two different
and independmt pnrmetem are sp.?cif ied md the desi red lot acceptance prc.babi 1i ty is 0.9, the” the respective
passing probabi Lities, P? and P2, have to be such that (P1)*(P2) = 0.9.

The cmplexi t i es of the calculat i.ms for combined radiation en. i mmmts or parmetem or Lwth are such as
to put them outside the scope of this doc..ent. Unless otherwise noted, therefore, the ma lysis ex.mples give”
in the sections which follow nre fm a single radiation ●“viro”.mt and a single device parameter.

5.2.3 .3.1 Many parameters. In practice, device specifications generally do have to require that post
radiat ion tests be cmde O“ se.era 1 par.a.neters against specif i cd ●rid-point limits. The reoamerrdat im here is
that, whenever possibLe, the characterization data be used to select the mst sensitive critical pma.eter end
that the end-point limit be ca Lculatsd for that parameter to give the desi red bat acceptance probability. The
end-point liu.its for the other relevant parameters then must be calculated to give sufficiently high passing
probabilities m that those Parameters wi 11 not cause a significant “umber of bat f ai lures. !fethods are
present ly being developsd to deal with the case when two or mm independent parameters hsve comparable
likelihoods of causing fai lure but they me not yet i“ a form which could be included here.

●
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5.2.3.4 End-mints end ●lectrical conditions. lt $s — also for a device specification to give values
of a lot acceptance paraseter as a function of the operat fnu undi t im of the dsvice. Thus, for exacple, ed-
~int-l inits cay be givm for the Fost irradiotim gain of a trmsistor as a fumtim of the cbllector current.
lt cm thm ~, because the cc.lculatims are statistical in nature, that d{ ffermt cean values snd stadm’d
dsviatims in the characterizatim data for the different collector currents can re$ult in Calculated Snd-paim
ti.its that do mt behave in the expcctsd way as functhm of the Collector current. The f0Lh7d{ng UJutim is
therefore advised:

C8utim: Data deficimcies snd statistics effects or both can lend to snd-mint-tiaits, calculc.t@d as a
=M of sae device poraaster, thst & mt Lmhsve {n a reasmable way. For exacple, for n given neutron
f l.mce, the calculated RNEPL for t rsnsistor win my shw a decrsase with increasing ml lector current,
insttcd of m increase (in the rsgim bclm the m(lector current at k+ich the gain is a Usximm). It i8
iqmrmnt therefore, that the calculated results be wbjected to a ‘sanity check- to cake sure thst
‘unphysical- end-pint tioits mm mt entered into the device specificatims. In gmeral, a FJ(EPL should
be a sccah functim of bias and radiatim e.tress. It chould be mud in this omnectim, hwewer, tfwt
a weduc.1 %$.-* to failure my mt always bs cmotonic; sceet ims, for exa@e, a psramter aay f imt
increase with radiat im f lusnce mtd thsn sub$equmt ly decrease.

5.2.3.5 Umuut failures. If abrupt faflures are expectsd to be the dmimnt failure mde at the radiatim
lsvels required for the lot acceptance testo, my pmsceter end-point liaito that are used shwld be calculated
to that they will mt cnuse a aignificmt rndm of lot failures. lhio situstim rescdles thm of the several
pm-tera discussed in S.2.3.3. A mthcd for esticatina end-point liaits for devices *ich suffer atmmt
failure hss been given by ftammsan and Arimra (1985); this psper is tinted in 2.2. In practice, even the@
lotacceptmce tests cay be cmductcd at 0 rediation level Acre aae sbrupt failures 5sy occur, the subject
psrt type shculd not bs used in a systen application if the speciffcd rbdic.tion Level is such that the
likelihad of &mfpt failure is expected to be si~ificmt; a derathq factor of tm m the radiatim leve( hat
ncucti~s been used but a care accurate value slmuld km based m actual flumce to failure data.

5.2.3.6 use of end-mint liaits for svstm desiun. Strictly speaking, the end-pint linitc used for lot

● acceptance terns do mt guarmtee hw the parts will bshc.ve in a systso cxFoscd to a specified radiation
envi-t. Nevertheless, systsm designers f requmt lY use the RNEPL as the starting point for der.st ing a
given perssster for a particular systen application. For system with uderate RIM requireuems, the derating
cay bs very -11 or the RNEPL cay ●vm bs used directly in the syatm design. For system with core st ringmt
SNA requirmta, the SNEPL value cay be deratsd significantly or my be set so that CAY the brdest lots are
accsptsd for aystm prufuct ian. lhua, if a part specification in being develc@ for a psrticul.sr systm, the
needs of the desi~ enginser should bs considered. The sntire topic of lot accsptsnce and its icpsct m systm
desi~ and wrvivability, bfIile very wch deserving of detailed discussion, is bs@ the s- of this
docu=ent .

5.2.3.7 An ammcd lot acceptance C4Jiective. The asny factor, int.mlvsd in selecting m rz4jective for the
lot acceptmce tests have been discusssd in S.2.3.1. To facilitate the data amslysis discussions which follw,
the tot acceptance &ject ive {s here taken to bn that, Mi th W percmt conf idsnce, at least W percent of future
lots are intended to pass. This objective ocans specifically that the end-point-t ioit, ufI{ch determines the
pmkmbility, P*, that a airqle port will pass the test, mat bc set so thst the probability that the entire test
will be pssssd is W psrcsm. TYIis particular cbjective, in gmeral, does ndt unduly psnslize the perforumce
spscificatims for a device mr does it plac4 undue rsquirmenta m the =t or quality of cheracterizstim
data. me assusptim of e specific lot eccqm,mce .abjectlwe mkes it pssible to give actual _ricai values
for the eqles which are to be discussed. me formlas rsquircd are glvsn in their psrasstric form so that
cnlculatims can bs cade for other Lot accsptmce objectives.

5.2.4 Dsta analysis. Secsu$e cost rsdiatim response results display 8ignificsm and semingly rsndm
variations, the mthzds needsd to mslyze such data are Statistical in nature. In Sdditim, -t rsdiatim
testing involves the use of sar@e parts VfIich are deatroysd by the tests, SC. the analysis techniques and
expectat ims of future perfornmce (against which lot accsptmce parsceter sml-mint lini ts are calculated) cust
be bc.sed m statistics of sa@ing uithwt rcplactmm. me nectims kfIich fotlm discuss general analysia
principles ad their s@icathns butL!4not attccpt to cover all the dsta analysis variations that cm occur
in practice.

5.2.4.1 Dam ex.sn{nat$m. A necessary prerequ{s{te for beginning any data snslysis, which was esntioml
previously LXM cust bs discusasd in greater detail sgain bscause of its crucial icportanco, is m exsninatim
of the data to snsure thnt the data do mt contain any faulty neasurecents or mnrandm effects. me data

@

should be eaaained also for sufficimcy. Data exasinatim is att the core iqmrtmt bfmI a aignificmt amunt
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of t i.e has elapsed between the character zat ion ❑easurements and the date analysis or when the person or
organization .rvJertaki ng the data nnalysis is different from the persons km tmk the data in the first place:
some of the mast WMwn reasons for suspecting that data may be bad are discussed below.

5.2.4.1.1 Outlvina devices. It is not u“cmmn, in a batch of .easuremnts, to find that one or mre devices
out of the sample she. fai lure f luences or post-irradiation parameter values that are signif icmtly outside the
values that would be ●xpected f rorn the ❑ean value and variance for the rest of the sample. (Cut lying devices
WY occasionally be found also in the pre-i rradiat ion measurements. The assu.T@tion here is that the examinat ion
of the pm-i rradint ion data has eliminated any such devices f mm the character zat ion sar#le. ) Although the
identif icetion of an ‘“out liers’ can smetitm be difficult, a plot of the cumlative probabi Lity distribution
for the radiation f luences at which the devices fai 1 (or the post-i rradiat ion parameter values) wi 11 usua 1lY
show that the dev~ce in question is not pert of the population distribution that is characteristic of the rest
of the sample. A mre detai led disc.ssim of c.mlet i ve pmbabi lity plots my be found in text beaks on
statistics or i“ appendix E o“ statistical Techniques in DNA report 5910 listed in 2.1.1. The combined MIL
Hmdbo.ak entitled: ‘S Total Oose and Neut m“ Hardness Assurance Guidelines for Semiconductor Devices and
Microcircuits” also contains an appe!rdix on statistical techniques. A discussion of hou to identify outliers
may be found in ASm E178.

5.2.4 .1.2 Outlvin-a Lots. 1“ this situation, data is available for a number of bats and an ●xamination of
the data shows that one or more of the bats are showing an unusua 1 ❑ean va he or standard deviation. Again,
B cumulative prob.abi li ty plot can be made of the data to ●valuate whether the suspect bat or lots belong to a
different population of lots.

5.2.4 .1.3 Sufficiency of data. The first step in prepa ret ion for data analysis is to see if there is
sufficient data for deriving end-point limits. The remmendat ion i” these guidelines is that the
character znt im sample stmuld .xmist of three dif f ermt Lots taken at Least one month apart, with five wafers
per lot and five psrts per waf e? taken one f mm ●ach quadrant and one from the center. The ❑inimum sampLe size
that is recommded is five different lots with five samples per lot. The data shcald also contain a range of
values and radiat {on stresses. TIIUS, for example, if stewst ress rneasurernents were performed and al 1 the parts
fai led in e si Qle “bi .“ (where a bin is defined as the interva 1 between one f hence and the next higher
fluence), there is not emagh data for an analysis. If it happens that there is no way to nquire sufficient
data, special analysis techniques may be rqui red or some !mrst case assumptions may be needed to supplement
the data. Soaet inus it may tmppe” that the wmber of lots used for obtaining the character zaticn datn is not
given in the date. For such cases, a ❑thod exists for ●stimating, from the data itself, wlmt the ●ffective
sample size of the device population is and this effective sa.zple size can be introduced into the end-point
limit calculations (A. I. NarnensorI, W79, see 2.2).

5.2.4 .1.4 Abrupt fai Mres. 7he data should be exmimd to see if abrupt fai lures are likely at the radiation
levels thst wi 11 be required for the lot acceptance tests. If abrupt fai hires are expected to be the dominant
fai Lure wde at these radiation levels, then the roean value and the stmdard deviation of the f Luences to abrupt
fai lure in the characterizetim data should be used to estimate the radiatim level et which the psrt cm be
used safely. The f Luences to abrupt fai lure are then used to check for outlying devices, outlying bats, and
the s.f f i ciency of the data.

5.2.4 .1.5 Unexpected functions 1 dependence es. If a parameter value does not vary smoothly with either bias
condi t ions or radiation dose, the data my be suspect.

5.2.4 .1.6 systematic m wmrandom effects. The smpli~ of bats and parts must be a truly random
representnt ion of future lots i f vakid bat .icceptmce end-pints are to be deterra ined. It pays, therefore, to
check whether the data is random in nature. Sme typical causes of nonracdom effects are discussed in the
sect ions .hi ch fol 10..

5.2.4 .7.6.7 Correlations with res!aect to time. Lot-m- lot variations should be checked to see if they
correlate vi th t i.e. Exa.p Les of such comelat ions are m average shift with respect to date of mmf act.re
or simply a .mmth variation with respect to the date of mnufact”re. usually, a look at the data is sufficient
to detemine if such an effect is occurring. However, mre rigorous techniques, such as t i ❑e-series
correlat ions, for example, exist uhi ch cm check whether the data varies smmth ly with respect to t i!m or has
seasonal variations.

5.2.4 .1.6.2 unexpected maq”itudes of lot-to-lot variations. If lot-to-lot variations of either the ❑m
value or the standard deviation are ❑uch larger or much smsller than expected, it is cause for concern. If a
“umber of Lots me very simi Lar, the” it may be that the sa~Ling over Lots is not truly random. There my be,

●
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for ●aa~Le, a single diffusim lot invdvrd or’ a single wafer. 1f the lots were produced Under totat process
mttrol, very srmll varic. tima nay result between lots. Thin, if future lots will cane frm the sane process,
the chmacterizc.t ion data is valid. wever, if future lot- will mt all a frm the tase process, thm the
data is mt valid.

S.2.4 .1.6.3 Other systenat{c effects. If the data -s fma several scurces, it cm vary aystmstically,
i.e., rmnrmdoaly, according m the source of the data. Even in one test faci Lity, there cay be a syst.emtic

dependence m test cell, merator, dosicetry equipmnt, etc. If iota cmt f- several pltmta, there cay be
a systematic dcpmdmce m @Iich plent SUP@icd the parts. lhiB typ@ of affect shculd not be m; it is
nmtianed here to cake sure that is mt mtirely overlooked.

5.2.4 .%.6.4 Checkim for svstteat{c effects. If data is smpsct, {t can be checkad for setf Cauistency by
remving alt data hoviq a _ attribute such aa date, test facility, place of nmufacture, CQerator, etc.
If there are m tyatemtic effects, such remval should mt seriously perturb the capned results. L$kewi se,
hem par~ter vatues or stress to fai lure are ranked, there should be m gruiQing by attr{bute excefn for lot
identity. tither Psi bi({ty that should be cfvecked is thm the devices did mt receive - previous
rad{c.tim of mother type. lhus, es an e.xa@a, imiz{ng mdietim dose data can be obtained frca e data bmk,
tut the devices listed my, previously, IMve been exFomd to neutrons.

5.2.4.2 Sorrectinq the data. If the data cxnnimtim ahous that there c8y be L@ data points present then
they have to be ●ither corrected or discarded before the &to analyaia cm premed.

5.2.4 .2.* Correcti m bnd data. Scuetiues MI isolated nissinE, outlying or otherwise faulty oea$urec.mt my
be inferred by interpolation if the Pc.raneter varies smothly with radiatim stress or bins. Whether or not
data skuld k corrected is oftm a rotter of j-t. The doc-tatim should identify kf!ere inferred data
ma used to replace incorrect or ❑imirg data.

5.2.4.2.2 Discardim bad data. Often, CO(Y a sing(e cemuremnt on a device has to be corrected or
discarded. Iiwever, if me device IMS my c+ Itlying or other G&iws oism9aurmmt8, it cay be necessary to
elininc.te the retire series of =sumntnta m tlw.t device and 8eek m ●xplanatim of what went .rmg. It my
be a case of a CIisceasurec+em or of the maauring equi~t itself having an effect m the dwice. Ca the other
hand, the device itself cay be en cutlier and the question is then raised os to k-i cany Cutliers will be likely
i. practice, i.e., uhm devices are procured for systm devet~t ard production. If the data thws evidmce
of cmy ~rcnt oisaeasureoents, cut lying de. i cm, or outlying lots, then al 1 of the data ones into question.
mm data is discarded, such actim should b docmenmd.

5.2.4.3 Recastino the data to the specified cmditims. me as$urptian i, MU cede that the data exminc.tion
ha been successfully Ca@ewd and that the d.sta to be tamlyzcd is satisfactory in all respects. me final
task nm remlna before the actual calculatim of the eml-pyint liaits can b cafe end that is that the data
cust be recast imo the conditimt that will be sprcifitd for the lot acceptance tests. lhtm, if the Lot
acceptance teat i8 to be mde on a particular paramter, PAR, at a radiation level PH1(SPEC), then the FOSt-
radiatica values PAR(PHI(SPEC)) mat be obtained frca the characterization date and they mst be obtained for
the bies conditions that.itlelm be specified in the pmcurecent docusent. 1“ gmeral these values wi 11 be
obtaim.ble by interpolation. In the case of abrupt failure, defintd in S.1.8.7 as a failure level which cannot
be detemined by interpolation, the oean value and standard deviatim of the flumces to abrupt failure in the
Characterizatfm data shwld km used eatiume the rediat{m Iwel at bfIich the part can be used Safe(y.

5.2.4.4 Exades of data ana(yse$. DCPMdi% m the exact fWtUre of the data, the statist i ml mthcds that
shculd be used to am(yze the data and to catculate the required end-point linits rarge frm relatively sicple
techniques to sooe that are still under develmt. 2xacples are givm betou for two cases for which the
calculaticm are relatively etrai@tfOniard. All statistical quantities are assd to cbey lcgnorusl
probability distributions i.e., the lcgari thm of the pc.rmeter values are mrcal ly distributed. Shis
as-t im -y be Considered remmable kcause cany of the perasster$ that are of interest for radiation
●ffects in devices have been observed experiment.ally to obey a logmmsl distributim. In my case, extmsima
of the malysfs teclmiques discussed helm can k M6e to other types of probability distritxttims.

5.2.4.4.1 Pom=tera and detm-m rrmetem. For cmvenicme, the analyses are di sassed in term of the value
of the parroter i“ queatim after irradiation. In prectice, however, it is often useful to ceakure the
chmges, or deltas, in a par~ter value pmducd by the irradiation. Again, the extmsimt frm the forculas
given to the case of par~ter deltas is stroi@tfonrnrd. It should be noted that lotacceptance tests bnsed

~ Pf~ter deltaS ~ be ~t mm Cmtlyt-use they retwi re th6t part idmt ity be mintained ad that
pm- and pmt. irrdiatim paraamer values be recorded. T@ dtould mt be overlooked, hwever, because, in
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some cases, they can provide better herd.ess assurance than lot acceptmce tests based just on the past-
irradiation parameter value. The exmple given for case 1 is based on the . . lues of n parameter; the example
give” for case 2 shows how deltas my be used.

5.2.6 .h.2 Case 1. Uithi n-lot variations lame. than lot-to-bat variations. At the present time, case 1 is
an unusual re$”lt and, when i t occurs, my indicate suspect data. most comon (y, lot-to-lot var<at ions are
larger than within-lot variations (discussed here as case 2). Case 1 is being discussed first, however, because
the formulas used for it are more fmi liar. In addition, ~t may turn out to be true in the future, when toral

qua [i tY cOntrOl PrOc~.res ha.= been s..cessf ul lY i.p Lernented, that the waf em coming of f of a prcduct ion lot
.i 11 be quite mifor. and that most of the device variations ill be associated with va. iatims across the
wafer. This case wi 11 apply to such product.

5.2..4 .4.3 Assumptions for case 1. speci f: .a( lY, the n$$..pt iO., ~de here are th.t the pa,an=t=r beiy
measured shows 8 graceful decrease i“ value with increasing radiation stress and that the within-lot variations,
or standard devi.miens, me larger th.m the lot-to-lot variations. A further assurnptio” is that the within-lot
variations do not vary greatly from one lot to .moth. w. If this latter assumption &es not hold, then, to be
m the safe side, the data should be a“alymd with the mrhod of case 2. If the above assumptions hold, then
the group of lots f m. which the data was obtained cm be considered as a single lot md the total number of
parts drawn from all the contpanent bats .i 11 be the sample size used in the formulas that require sample size.
Let this smple size be n. Now assume, as a convenient example, that the lot acceptance test wi 11 mqui re that
11 parts will be irradiated to a radiation level PH1(SPEC) and that all parts must pass for the lot to be
passed. To satisfy the lot acceptmce objective, stated as a“ msurnpt ion i“ 5.2.3.7, that with 5il percent
confidence at (east 90 percent of future lots shcwld pass, each part must have a probabi lity of passing, P, such
that:

(P)” = 0.9

This equation is satisfied if P = 0.99. For obvious rmsons, P is often also called the part survivabi Lity.

5.2.4 .4.4 Statement of probhn, Because the character zat ion sample was purposely taken so as to represent
the perf ormnce of future lots as accurately as possible, the problm cm now be restated as fol 10US: Uhat is
the parameter value, RHEPL, such that, with 5U percent confidence, fractim P of f.t”re parts have a parmeter
va (we greater than RHEPL (for a Psr.mter thdt decreases as the radiat io” stress increases) after being
irradiated to mdiatim level PHI(SPE C)? In response to this question KHEPL is given by:

RHEPL = HEAN[ LN(PAR(PH1(SPEC))) 1 - KTL(C, P,.) * STDEVC LN(PAR) 1,

where MEANILN(PAR(PH1 ( SPEC)) )1 is the mm vatue of the bagari thm of the parameter va lues ❑easured af ter
irradiation to PH1(SPEC) for each of the n devices, STDEV(LN(PAR)) is the standard deviation of these same
logarithm, and ~L(C, P,n) is the one sided tolerance limit facto. for confidence C, part survivability P, and
sample size n. Note that a minus sign is used in the quation for a parameter which decreases in value as the
radim jon stress in. mases and a plus si~n is used for a parameter that i nc,mases in value as the radiation
stress increases, The one sided tolerance limit factors may be found in tables in the statistical references

pr=.iWsLy cited. So.e of the most co!mmly used values are given i n table xl 1.

The equation for the ❑m value of the Logorithm is:

n

HEAN [ LN (PAR(PHI(SPEC )))] = ~ ~ LN (PAR i( PHI (SPEC )))
n i=,

where PAR<(PH1(SPEC)) denotes the value of the parameter after irradiation to PHI(SPEC> for the ith device.
The standrd deviation of these lcgarithius is given by:

sTDEV (LN (PAR))=

~ ,5 [LN (PAR i(PHI (SPEC))-fIEAN (LN (PAR(PHI (sPEc))))]

1-1

1)2
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TXBLE XII. One sided totermce limit facto,, - ktt.

N
3
6
5
6
7
8
9

10
11 . . . . . . ..—
12 1.966 2.U8 i; 3?i 6.620 5.290

13 1.928 2.403 5.302 4.341 5.196
14 1.895 2.363 3.237 4.273 5.116
15 1.867 2.329 3.212 4.215 5.046
16 1.842 2.299 3.172 6.164 4.986
17 1.819 2.272 3.137 4.119 4.932

Smfidence C . 0.90

P
0.9U o.% O.w 0.999

4.259 5.311 7.340 9.651
3.188 3.%7 5.438 7.129
2.742 3.400 4.666 6.111
2.493 3.091 4.263 5.35s
2.332 2.894 3.972 5.202
2.218 2.755 3.783 4.935
2.133 2.649 3.lMl 6.771
2.C65 2.568 3.532 4.628
7 ml ?.s03 3.443 4.514

0.W99

11.566
8.533
7.311
6.645
6.222
5.927
5.708
5.538
5.402

in Isnl 2.2/.9 3.tm 4.078 6.W.-
19
a

..— . .
1.781 2.228 3.077 4.042 4.%1
1.765 2.2m 3.052 4.2W 4.m2

21 1.750 2.l$U 3.028 3.979 4.766
22 1.736 2.174 3.006 3.932 4.734

23 1.72.4 2.159 2.987 3.926 /..704
2.4 1.712 2.145 2.969 3.9U3 4.677
>5 ?.?m 2.132 2.952 3.8a2 4.651
% 1.657 2.080 2.884
35 1.623 2.041 2.833
40 1.598 Z.olo 2.793
45 1.576 1.986 2.761
50 1.559 1.%5 2.n5
a 1.532 1.933 .2.694
70 1.511 1.W9 2.662
80 1.494 1.890 2.637
90 1.481 1.874 2.61?

lm 7.4m 1.e41 2.607

3.7W
3.723
3.678
3.638
3.m3
3.552
3.51s
3.482
3.456
3.435

&.546
4.4m
4.411
4.343
b. 324
/..262
4.215
4.178
4.148
4.124

5.2.6 .6.4.1 An illustrative exa=ple of en RIIEPL calculation for case 1. For this ex2qI(e the following
ass~tims are fade:

a.

b.

LOt acceptance te~ will be pe~for~ m the currmt @n Of 2fQ322 trmSi~tOrs after irr~iati~ ‘0
PH1(SPEC) -2.5*1O neutrms/co (llfev sitiuan displacmmt daeag.s equivalent). me Collector current,
bias vo(tages, and temperature for the test will fx given in the device speciticmi on.

4n11/0L4T test will be. umd i.e., 11 devices wilt be irr2diatsd t02.5*1013 nWt~S/W2~, if ●ven
me device foils, the lot will mt accepted. (In MI L-STO practice, if one part out of the first 11
fails, thm a drawirq of sevm additional devices is alloucd end the lot posses if there are m further
faitures; thin extension of the LTPO test will not be treated here. )

uith50percmt confidmce (i. e., C -0.50), at leest5Upercmt of the lotsshwtdpcm; this msucption
was mde in 5.2.3.7 precisely so that exasples such .9s thin me could be Calmk.td. This as5tCPtim
tcgether with ass~tim b.) mans that P mst be O.W.
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d. The charactmiz arim data was adequate to provide rmst-irrqgi. tion c.rre~t g.i. ,aL.e~, at rh= r-ui,~
collector current, bias voltage, and temperature at 2.5*1O ne.tronslcm This data is shown in table
X111. Because this is an illustrative example, data is shown for only ten devices. In actual praCt ice,
a sample size of 10 should not be considered ndequate to support the calculation of an end-point limit.

For the values in table X111, the following quantities may be calculatd:

MEAN(LN(hFE(PH1 (SPEC)))) = 4.591 al?d

STDEV(LN(hFE(PHi (SPEC)))) = 0.107.

Assumptions b. and c., make C = 0.93 end P = 0.99. The size of the characterization sample is 10. For C
= O.w, P = 0.99, and n = 10, the one sided tolerance limit factor, ~L, is found i. tabLe X11 to be 3.532.
7he end-paint limit, RHEPL, is thus:

RHEPL = 4.591 - 3.532 * 0.107 = 4.213

1“ more familiar terms, the geometric mean value of the curr.mt gain for the ten devices in table X11 is 98.6,
the plus and minus one standard deviation gains are 10?.7 and 88.6 respectively, and the ●rid-point limit for
the gain is 67.6 (= exp(4 .213)). Lot acceptam.e tests for 2NZ222 trami$t.ars wmuld the” be performed in the
future by irradiating 11 devices from each bat to 2.5El3 neutrons per cm and requiring that each device out
of the 11 have a past irradiation gain greater thm 67.6; otherwise the lot is rejected.

TABLE X111. Post-irradiation data for ten 2n2222 transistors.

PH1(SPEC) = 2.5*101’ neutromslcmz (1 HeV Si damsge equivalent)

Device number
1

‘FE(~~~~)) ‘n(hFE~~~)))

2 105.4 .4.657
3 93.7 6.540
4 97.7 4.5s2
5 102.6 4.630
6 lc4.5 4.650
7 84.1 4.431
8 Im.1 4.676
9 112.5 4.723
10 81.1 4.396

5.2.4 ..4.5 Case 2. Lot-to-lot variations lamer than within lot variations. Case 2 is applicable when
within-lot stamdard de. iati.m% are mall compared to lot-to-lot variatiom, in this case, the effective sample
size for tha RHEPL talc.kti.ms is the “numb=r of bats end not the mmber of devices used for the
characterization measuretwnts. An approximate amiysis method for this case was developed by I. Arimura and
A. Name?so” and publishd in IEEE Trans. N.cl. Sci., NS-30, 4322, December 1983. lhe methcd assumes that the
pararm=ters follow a normal or bagnormal probability distributim but it cm be modified for n different
distribution if mcessa?y. Ome again the assumption describd in 5.2.3.7 is made, mmely that the object of
the M acceptance tests is, with W percent cmfidence, to have at least 90 percent of bats pass. It is
assumed also that m 11/0 LTPD test will be used for lot acceptance. This last assumption ❑eans that, again,
the individual part swvival probability of the 10X being tested for acceptance ❑ust be P = .99.

5.2.4 .4.5.7 SampLinq for multi-lot analysis. Ideally, there should beat least five lots with at least five
parts in ●ach lm. If the within-km variations are very small compared to the lot-to-lot variations, the
rquireoem on having at least five parts per bat WY be waived.
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S.2.4 .4.5.2 Stem in wlti-lot amlvc. ia. The lotlwiw steps are thtn used in the talc.latim:

a. Let the -r of Lots be N and the nu=ber of devices in each tot be .1. FOr the ILh tot, ~lWLate
the nem value end the standard deviation of the givm pnraoeter. Spcc!ficc.lly, for the lth, lot the
quantities calculated are ItESN1(PAR(RAD)) and STDEV1(PM(RAD)) as gi.m by the follouiq WtiOIU:

“ , ~“$1PAR*j(SAO)MEAN , CPAR [AAO)J - ~

here PARij (RAD) in the ~asur.d vatue of PAR(RAEI) for the j th device in the Ith Lot. 0116

sTD2v [PAR (RAD)3-

1 1
112

‘ ~ [ PAR ,j(S4D)+lE4N , PAR (RAO)] 2—

‘t~j.l

b.

c.

d.

a e.

For ●ach lot cultiply the standard deviatim by 2.326 (me explanation balm) am! add it to the c.zan
(addition is used for a paraseter that incrcnae$ in value with increasi~ radiation level). This gives
a limit:

LIH1 s REAN1(PAR(L4D)) + 2.326 * STEIEV1(PAR(NAD)) for the Ith lot.

For the N values of L! RI, &.tain the W4N(LIf0 ad the atmdard deviation STDEV(LII!).

Umk up the me-sided- tolermce-limi t factor ~L for W percent Pmbabi Li ty ~ W Frcmt CC+Iffdmce
and for a sa@e size corresping to N, the -r of lots.

Use the following equntim to Obto{n the desirzd IOIEPL:

RI(EPL = IIEAN(LIII) , ~L(C . .9, P = .9, N) * STD2V(LIH)

S.2.4.4. S.3 me ratim.ale of the mtltd aivm stave is to exasine the distribution of the W percentile
points of the differmt lots and treat them as a mrcal (or lognormt) distributim. for each lot, addi~
ltEAN(PAR) + 2.326 ● STDEV(PAR) gives the beat estine.te of the W perctnti le pint because, for a standard mrf$al
dimrihtim, 2.326 otmdard deviat ima &we the cean incltdes W percent of the distribution. The

%
factor

in stcu D ekove then is used to obtain an esticate that. with $0 n.?rcem cmfidmce. $0 mrcmt of t e lots
will tive W percmt of their parts uithin the calcu(at~ SNEPL.

S.2.4.4. S.4 m illustrative exarple of an RMEPLcalculatim for case 2. The following ex~le was taken frca
actual data m voltaae 8hifts (deltas) ceasu,-ed after an imizim radistim dmse of 4M krfad. (mis data is
interesting for othe~ reaams as welt and, for tlmm mesons, wit-( be discussed in greater detail i“ eppudix
II. ) me lots do mt all have five purts per lot, but the within-lot standarddeviations are so =11 ~red
to the LOt-tc-lot variatims that the case 2 mthod cm still be used. me data in this exa.?ple is treated as
a mr,al distri Lutica (instead of a lcgrarml di8triLWim).

The values sham in table XIV yield the values slmm in table VI.
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The values of LIM1 in table XV yield following values:

REAN(LIM) = -0.6192

5TDEV(LIfI) = 5.6715.

Now for C = 0.9, P = 0.9, and N = 6, KTL ~s 2.493. The value for the RHEPL therefore i=:

RHEPL = -0.6192 + .2.493 * S.6715 = 13.520.

Future lot acceptance tests sh.auLd therefore be per forrmd against a voltage shift of ‘S3.520 W.
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TULE XIV. POst-irradiatim Wltme shifts (deltas).

PH1(SPEC) = AL!OkRads

m= -r Device -r voltage shift (09)

1 1 -6.79

1 2 -6.52

2 1 -5.46

2 2 -5.38

3 1 -3.76

3 2 -3.67

3 3 -3.63

4 1 -2.61

4 2 -2.18

.4 3 -1.72

5 1 3.25

5 2 3.ta

5 3 3.81

5 4 b.lo

5 5 4.23

5 6 4.62

6 1 7.26

6 2 7.28

6 3 7.38

6 4 7.L4

lxBLE XVI. Rankim clam and premrim for Plot m mrml Dmbnbilitv Pmer.

Unranked Oata
Attributa&

0.2372
-1.3551
-0.6667
-2.5370
-0.1677
0.6332
2.0648

-1. t817
1.2512
1.2845

-o.9&2
0.5161
0.1326

-0.L072
0.9639
1 .8L62

-0.8L30
-0.5054
0.3928
1.1946

A7TR1B. 00
A77R18. 01
A7TRIB. 02
ATTRIB. 03
AmRIB. 04
A77RUA. 03
A77RIB. W
A7TRIB. 0?
A77RIB. 08
AT7R1B. 09
A71R1B. 10
A7TRlB. 11
AllRIB. 12
A77RIE4. 13
A7TRIB. 14
ATTRIB. 15
A77R1B. 16
A7TRIB. 17
ATTR18. 18
ATTRIB. 19

~

-2.53m
-1.6817
-1.3551
-0.9622
-0.W.30
-0.M67
-0.5864
-o.4m2
-0.lLTI
0.1326
0.2371
0.3928
0.5161
0.6332
0.9639
1.19L6
1.2512
1 .2s5
1.8W?
2.0648

Ranked Oata
Attribute

A7TR113. a
A77RIB. 07
AT7RIB. 0?
A7TRIE. 10
A2TR1B. 16
A77RIB. 02
A7TRIB. 17
A7TRIB. 13
A77R19. W
A7TR18. 12
ATTRIB. CO
A71R10. 38
AmRIB. 11
A7TRIB. 05
A77R1B. 14
A7TR18. 19
A7TR19. 08
AllRIB. W
A2TR1B. 15
A7TRIB. 06

w
1
2
3
4
5
6
7
8
8
9

11
12
13
lb
15
16
17
38
19
20

0.0476
0.0952
0.1629
o.lm5
0.2381
0.2857
0.3333
0.3810
0.L284
0.4762

-1.6684
-1.3092
-1.0676
-0.8761
-O.?*24
-0.5659
-0.6307
-0.3LEJ2
-0.1800
-0.05W

0.52380.05W
0.5714 O.lmo
0.619U 0.3030
0.6667 0.4307
0.7163 0.5659
0.7619 0.7124
0.80?5 0.8761
0.8571 1.0676
0.$048 1.3092
0.95241.66s4
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APPENDIX A

A LISTING OF CORKESFUNDINGERRIC A!4D#lL-STD SWSOLS

10. SCOPE

10.1 ~. This apperwlix is to establish a correlation between ERRIC sytils and I!lL-STD symbols. This
appendix is not a !WIdatOrY part of the handbook. The information contaimd herein is intended for guidance
only.

20. APPLICABLE GOIN!ENTS. This section is not applicable to this appemdix.

30. A LISTING OF CORRESPONOINGERRIC AND MIL-STO SY?IBOLS

Item

~

High level input current

Low level input current

Output short circuit current

High le.ei supply current

Low level supply current

Emitter-base cutoff current

Collector-bme cutoff current

Current flow into an inp.n terminal

Input offset current

Inpm bias current

Zero scale current

Full scale current

Impedances

Resistance

Input resistance

Gutput impedance

Gutput resistance

0. resistance

m resistance

Tine—

High-1ow propqatim delay time

Lou-high propagation delay time

Erric

llH

lIL

10s

Icc

ICC

IEsO

lCBO

1IN

OFST1

lBIAS

lZS

IFS

R

RI

ZOUT

ROUT

RON

RDS

TPHL

TPLH

38

RIL-STO
symba1

1lH

llL

10s

lCCH

‘CCL

lEBO

lCBO

‘IN

1Lo

llB

12s

lFS

R

%

‘PHL

tmn

●

●



Rwerse recovery tiue

Rise tibe

Fall tine

Reiectim ratios

_ code rejectim ratio

Positive Per supply rejectim ratio

Nceative pxer SUFQIY rejectim ratio

Gains and transfer ratios

Forward current trc.nsfer ratio

Pcuer gain

naxinn aut-tic gain .antml range

mQJ

Naise figure

slew rate

Ncdinesrity

Pwer su@y sensitivity

Bit error

II IL-HDEK-816

APPENDIX A

TRR

TR

TF

CN RR

WSRRP

PuSRRN

HFE

AP

RAGC

NF

SL RA

NL

PSSIFS

BERR

t RR

‘TLH

‘TNL

‘t-r

●PsRR

Psrr

-PSRR

Psrr

hFE

‘G

kc

‘F

‘R

‘L

PSS%S

SIGM-NL

al
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APPENDIX 8

EValUating DATA ulm CUMULATIVE PROGAOILITY PLOTS ON PROBABILITY PAPER

10. SCOPE

10.1 =. This appendix deals with unfortunate but nevertheless f requmt problem of suspect data. Pam
characterization and lot acceptance me not complete without ascertaining the validity of the data. The

oPpendi~ wi LL concentrate o. graphic technique, for evaluating data. Uhf [e d.ta vaIidat iOn is ivrta.t, th~,
aPPe.di x is not a m.datory part of the handbook. The infomm ion contai ncd herein is intended for guidame
only.

20. APPLICABLE DOCUMENTS. This sectim is not applicable to this nppetiix,

30. 1NTROOUCTION

30.1 Checki”q end Wlid.tinq date. The importe.r,ce .af checking and validat i“g dote cannot be mphasi zed too
St r.ang (y. Often, problem of fa. lty quipaent, incorrect assu.pt ions md human error wi 11 be kmm bef.am dam
analysis bcgim. After obviously suspect data have been mmved, subtle data problem my remain whose
resolution wi 11 depenn on the graphic techniques to be rnentiomd here. Swh problem include deviations from
the assumed probabi lity distribution, systemtic effects and o.tliers. Though the ❑ethods are appli cable to
a wide rmge of situations, this discussi.m wi 11 concentrate on using pmbabi lity plots to imerpret test data.

GO. UHAT PROSABILITY PAPER 1S AND UHY IT 1S USED

40.1 Noms 1 pmbabi li ty paper. Figure 5 4Llust rates three different nays of depicting a normal distribution.
The upper curve is the differential prot.gbility fmcticm for a mmal distribution. The u.iddle curve (the so
called ‘,S-curvesS) is the cumulative normal distributim (the integral of the upper curve) plotted in linear
coordinates. The katt.m curve is the r,iddle curve with the ordinate di st.mted so that the S-curve becomes a
straight 1inc. Uhm test data is plotted m this latter SC?,L?, the eye can check their fit to m assumed f mm
by checki W their fit to a straight line. II Note that for normal statistics these plots exaggerate the
regims of very high and .ery low probabi lity uhich are generally the regions of interest.

II But note, however, that the statistics of fitting . straight line to the data code does not follow the usual
rsgressi.an analysis. This wi 11 become clear when the mechanics and eathemstics of making the plots are
explained.
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TABLE wI. Rankinn data end preoeri m forplat mmrnal prcbbilitv pmer.

Unmnked D8ta Ranked Data
~ Attriluta ~ ----:’---

0.2372
-1.3551
-0.6667
-2. 53m
-o.l&77
0.6332
2.0642

-1.dm?
1.2312
1. 2B45

-0.9622
0.5161
0.1326

-o.4m2
0.9639
3.W$2
-0.2430
-o.5ad4
0.3928
1.1946

ATTRU3. m
AllRIB. Of
AT7RIB. 02
AllRIs. m
AITRIB. 04
A77R18. 05
ATTRIB. 06
AllRIB. 0?
AllRIB. 09
A77RIB. 09
A7TR1E. 10
ATTRIB. 11
AllRIB. 12
AllRIB. 13
A7TRIB. 14
ATTRIB. 15
A77RIB. 16
A71RlB. 17
A77RIB. 7.9
A77RIfl. 19

-2.53m
-1 .6a17
-1. s551
-0.9622
-0.2434
-o.t4.67
-0.5664
-0.4M2
-0.1477

0.1326
0.2371
0. 392a
0.5161
0.6332
0.9639
1.3946
1.2512
1.2645
1 .a462
2.064B

.. T.! W..

A~RIB. 03
AllRIB. 07
AFTRIB. m
ATfRI& 10
ATIRla. 16
AT7R18. 02
AllR113. 17
A71RtB. 13
A17R1& 04
A7TRIB. 12
ATTR19. CQ
AT7RC2. li3
AllRla. 11
A77RI13. 03
AITRla. 14
AITR1a. 19
A7TRIB. 06
A77R1B. W
A77RIB. 15
AT7RIB. 06

Q.?

1
2
3
4

:
7
a
a
9

11
12
13
14
15
16
17
la
39
20

Rank P *

mm

0.0676 -1.6634
0.W32 -1.3092
0.%?9 -1.0576
0.WU5 -o.a761
0.2361 -0.7126
0.~57 -0.5659
0.3333 -0.4307
0.3210 4.3030
0.4226 -0.lBOO
0.4762 -0.03W
o. 323a 0.03W
0.5716 O.lam
0.619U 0.3034
o.t&7 0.4307
0.7143 0.5659
0.7619 0.7124
o.ao95 o.a761
o.a571 1.0676
0.90AB 1.3092
0.9324 1.6@4

40.2 Different kinds of c.mbabilitv c.aoe me kiml of pmbbility paper exist for differmt kinds of

-ilitY distribtima but the discussi~ here will deal .Lmat exclusively with nomal and Lo,2no,mL
statistics. Lcgnorml probability paper is the mce .s mrsal probability paper except that the abscissa is
a lcgarithaic insteed of 0 linear sc91e.

40.3 Obtainirm D~biLity c.mtr. Pmbc.bitity ~pcr my b-e purchased for mat of the _ly applied
distriiwmims (e.g., norcal, Ueiblt etc.). Caput.?r mile plots require calculating ordinate p.sitims frm

functions ~(p) where P is a prdmbility, F(Y) in o CuaJtetive pmkmbility distribution functim and ~(pj ie

its ami-functim. (That io 7cF(Y)I#. ) Often a look-up tab~e with interpolatim will be sufficient to

generate such e. functim. For the mrc.sl distribution, cany textstabulete ~(p) es Zp.

30. M21ffi P-1L117 PkOIS FRO?lTEST OATA

50.1 The besie B(ot. 7ha cawtrwtionofP1OCSm probability~r willbeexpleinedbyexacple. Table
WI shows 20 sirmlated data paints drawn froa a norca[ distribution (ML. 1) toaether with their actrikutes
(ml. 2). In thin case the attribute is the String “AT7RIB. - follomd by the squmce of the pint (Nm. 00
thrm!gh 19). Coltims 3 and 4 of the tab(e are the points reorrmged by rank with their attributes preserved.
C01tm15 ia the renk, i, of the ordered points and c01um6 is theprclability P . i/(N+l) mere N is the S.aq(e

size. (In this case N . 20. ) For cacputer mde p(ota, mlum 7 gives the ftmciim T(P) for a mr=l

dimrikutim. Figure 6 shws the resulting graph. flote the fit to a straight line.

@
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SAMPLE OF 28 POINTS OflA14N FROM STO.NORM.
DISTRIBUTION

0.9B0

0.950

0.900

0.750

0.s00

0.Z50

0.100

0.050
1

.-
.

.-
.

.
.

.
.-

.
.-

.
.

.

.

0.020 I
1 I I I I I

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
ARBITRARY UNITS

FIGURE 6. Samp[e rmrml probabi litv Db3t Of 20 mints - simulated data.

50.2‘,CotorinqOa the paints. The poims my be portrayed &i th different CC.1OM and desigm according to their
attributes so that any systemt i c effects in the data umld become apparent. F{g.re 7 shows the pt.ot of figure
6 with the points colored according to whether their first digit is zern or one. Clearly the squence of the
paint has mthing to do .ith its rank.

50.3 One-$idcd t.a[erame limits. One-sided tolerance lines may be drawn on the plot so that confidence
limits WY be read directly from the graph. On figure 7 the confidence lines use an approximation given by
Nat rel la (see 2. 1.2). If S and M are respective best ●st iaates of the s.d. .md ❑ean, the 50 pemem cmf idmm
line is very nearly a straight line uith slcpe 1/S and intercept 1! with the h.arizmtal 50 percmt probability
line.

50. L SterJ-st ress mas.r.smnts. In sme cases, the values wi 11 be accompanied by experiments 1 umerteinty.
A typical kind of uncertainty results f mm step-stress rnensurements where a parameter or stress- tc-fe.i lure has
merely been deteru, ined to be betueen upper and loner tmmds defining a “bin. ‘n In such cases, i t i 9 advi sable
to plot the center the bi” and display the uncertainty as a horizontal line wttase full width is the bin size.

A 9raPh Of this k$~ 9ives a quick check of ~ the ❑easurement uncertainties compare with the s.d. of the
distribution. If these uncertainties are comparable to the s.d., then step-stress analysis my be necessary.
For normal distributions, plus and Minus infinity are valid bounds for a step stress measurement (e. g., o device
which survived a maximum test level) and plott i“g such bounds rqui res some crest ivi ty. A suggest icm is to
display the finite (lower m upper bound) and use m arrw painting to plus or ❑ims infinity. See figure 8
showing e step-stress pmbabi li ty plot.

50.5 Step-stress .ea$.rments md staircase plots. In some cases, particularly i“ determining stress to
failure .si”g .s st=p-stress neasuremm, mm than one part may fail within a given ‘-bins,, If the ith through
jth parts .11 fai led within the sme bin, the” probabilities i/(N+l) thrcugh jl[ti+l) should be plotted all with
the sme center end some ,,error bare, .

●
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SAMPLE SIZE 50

0.990

o.9eo

0.950
0.900

~
0.750

fl
0.s00 1
0.Z!50

0.100
0.0s0 1
O.ozo
0.010

-3.00 0.00 3.00

ARt31TRARY UNITS

FIWRE7. Plotoffiuure6uithcok.rimandcmfidmce lines.

● 20.6 ~. In smry, the pmctdure for making pmboktllity plots ts:

a.

b.

c.

d.

e.

Rank the points preserving their attrik!utes.

CaPute PmbcLIi ({ties i/(N+l) ut!ere i is the rat and N the tacple size.

Plot the pmb.sb{t{ty .s. the value m pmbabil{ty paper. For Caputer de plots this cay rCquire

cmfmtiq ;(P) to detern$ne the O~imtea.

Cptimally color the points accordim to attribute to cake ap+tnrcm any systcMtics in the alma.

@ticmlly drau the one-sided tolerance lioitc.

S0.7Scaefine mints. lhe quantity i/(N+l) derives frw order statistics. Ultn N values are dram frw
a unifom distribution fros O to 1 and rmkcd, the average value of the ith rmktd point is i/( N+l). For norcal
di8tributiont s prefer to use (i-O.3)/(N+O.6) as a better approx{catim for the averege ~itims of ranked
pints. lhe difference is usually of m significance. There are E cases in the Literature where pn?bnbility
is calculated f- i/N M this is en ertwmnua proctdure exctpt in special cases CDnceming truncated
distribtims.

60. IIAIERPR~Iffi PkOTS

60.1 Scrutinizim probability plots requires e fair mamt of exptrimce since there are umy ways in which
data cm P wring ad cany situatims here @ d.sta cay be rejected because of subjective conclusi.nt. This
sect im .i 11 atteqn to provide _ feel for interpret f~ pmbabi 1icy plots. Ue ui 11 display typical pLot8,
Strmge tooki~ plots, e~lea of pmblcratic data ad an exacple of a step-stress ceasurccent.

60.2 Interc.retinq tYPilml Plots. To obtain typfca( plots m mrcul p-ility psper, simlet~ data sets
consisting of 50 @tts were generated frca a noruti dfmribm{ on. Figure 8 i t Iustrares an ideal case where
&w: five points are akove the 93 perc~t cmf idmce Line ad akmut five points are belw the 10 percent
confidence Line. F{gtme 9 shows a ketter than usual fit where mny of the pe.inte - close the cmfidmce
limes, kx.n rume are -e the W percent cmfidmce Line d mly two are belou the 10 percent cmffdmce tine.

L3
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such f it, are not unusual. However , if the data fit a straight line too well and mme of the measurements com
c lose to the 5U percent and 10 percent mnf idem.e lines then nommdm srmpling is indicated. Figure 10 is an
example of a very bad fit (the h“mst out of 2KII simulated data sets). Note that points which exceed the
confidence bounds tend to group tcgether because the ranking of poims assu?es a .mrrel atim between adjacent
points. Pr.ababi lity plots are not typical regression plots.

SAll PLE SIZE 50 0 OVER 90.2 CONFIDENCE

0.990
0.9e0

0.950

0.900

0. 750

0. 500

0.250

0.100

0.050

0. 020
0.010

–3.00 0.00 3.”00

ARBITRARY UNITS

FIGURE 8. Ideal normal probability P lot uith 50 points
-simulated data.

SAMPLE SIZE 50 15 POINTS OVER 90% C0t4F1tl ENCE

0.990
0. 900

0.950

0.900

0. 750

1
0.s00

0. 250 1
0.100

0.050

O.ozo 4

-3.00 0.00 3.00

ARBITRARY uNITS

FIGURE 9. Normal probability Dlot of 50mints with an overly qccd butsti 11 acceptable
-simulated data.
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60.2.1 Deviatims fma a otraiqht line. The eye is a fair indicator b+wm the plot deviates enmgh fmn a
straight line to suspect that a Gee&em of Fit (GOF) test is needed. Even when deviatims ●xist, the eastced
distribution my be m acceptable appmxinatim if you restrict YOursetf to Certein ptubabilityramzeSanddo
%~le size” corrections (discussed later).

C4J.3 hctual case histories and their fnterpretatim. lo c4tain a further feel for prcblem !hich .it( arise
in practice, sme actual situmicm are presmted and discussed.

tO.3.l Systmatic effects md inhcaz.a mews lots. Table 3V11 nhms a valmge shift for ZQ lCS (integrc.tcd
circuits) irradiated at 0 kRad. There were five lCS (indicated by attributes RI thrwgh R3) each having far
-imlly idemi cat circuits (imlicntcd by attributes Cl thmcgh C41.

TWE 2vII. Voltme shift at 400 kuad.

Unranked dnta Ranked Data
Value Attribute Rank Value Attribute
4.60, RICl 1 -5.70, R4C4
fl.31, R1C2 2 -5.17, R2C3
-2.00, R1C3 3 -4.95, R4C3
-2.13, R1C4 4 -4.81, R2C4
7.71, R2C1 5 -2.62, R5C3
7.67, R2C2 6 -2.13, RIc4
-5.17, R2C3 7 -2.00, RIC3
-4.81, R2C4 8 -1.95, R5C4
4.19, R3C1 9 -1.80, R3C.3
3.76, R3C2 10 -0.98, R3c3
-0.98, R3C3 11 3.76, R3C2
-1.80, R3C4 12 4.31, R1C2
7.89, R4C1 13 4.60, RIC1
7.58, R4C2 14 4.73, R5C2
-4.95, R4C3 15 4.79, R3cl
-5.70, R6cfl 16 5.08, R5c1
5.08, R5c1 17 7.58, R4C2
4.73, R5C2 18 7.67, R2C2
-2.62, R5C3 19 7.71, R2C1
-1.95, lUc4 20 7.89, R.iCl
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0.990

0.980

0.950

0.900

0.750

m

f%
0
a
a

0.500

0.250

0.100

0.050

0.020

0.010

SAMPLE SIZE 50 0 OVER 90% CONFIDENCE

1ox

\

CONFIDENCE

90%
CONFIDENCE

0

I I
-3.00 0.00 3.00

ARBITRARY UNITS

FIGURE 10. Normal probabilirv Plot of 50 mints with an ●xcept ionally bad fit -simulated
~.

●

60.3.1.1 Example of inkmcg eneo.s data. Figure 11 shows the resulting cumulative probability plot on normal
probability paper with the 90 percent and 10 percent confidence lines. It is clearly not a typical normal
distribute cm. A gcodness of fit test (to be discussed later) indicates only e.O.l percent confidence that thi=
data could result from a true normal distribution.
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SHIFT IN vIo AT 4oo KRAo

0.980

0.950

0.900

0.7s0

1-

-1 0.500
g
m
g

a. 0.250

●

al

0.100

0.050

0.020

lox CONFIDENCE

T

●
●

90% CONFIDENCE

I 1

8.00 0.00 8.00

VOLT. SHIFT (mV)

FIWRE 11. rim-ml Dhbi(itv P Iot of actual data that ●xhibi ted svsteoatic effects.

tJ13.1.l.l Seekim the @uses of inho=u! enei W in the examle. A study of the plot 8hws that the lCS mst
have ace frm tm distinct batches (OIIC botch keing lCS Rl, A3, R3 and the other being R2, R4). In additim,
the resrc+tseof the circuits varies sysmcat{ce.llyaccmdif’q to~ich side of the die the circuit was fantd (me
side being circuits Cl and C2 and the other being C3 d c4). T1’Ns, any circuit betaIEs to me of fcur grtupa
es i(lustrmed m figure 12. lhis figure is the plot of figure 11 without cmfidmce lines but with the points
“colored”toshouIumeachgroupcttrr.wmdstoa unique set of attributes. 2yste0atfc effette are presmt,
this is m inhaogtneaus lot and sa@e size corrections (me 70.3 d DNA doammts refermccd in 2.1.1)
fndicme an effective sarple size of sfx uftich is not in statistical disqrccccnt with the fact that the data
separates into four distinct gmiIM. my treat-t of thisdcm sfwldusesn effective m@e size bttween
far and six ami not ●stimte pdmbilities greater than almrt 8A percmt. If the systeo survivability were
to be calculated, the specific twyof parts (hot! mny britches) wutd be relevant information. Oftm it is mt
passibte to find o set of ettribtes bf!ich fit s~icus cl~ing of Winta. Nevertheless, it !muLd reasin
very likely thnt systtmtics area cerimsperturbat ionard ~te size mrrectimsuould beeppmpriate as well
as estimte$ of a mxicua reliable survival pmbnbility kftich could t-a esticated fma tlwt effective sacpLe
size. A mre riporcus Calculatim than that of ltIL-HD2K-221Cl (sea 2.1.1) is not yet available in usable fOf’0.
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MILLIVOLTS AT 400 KRAO

LEGENO

BATCH 1 SIDE
BATCH 1 SIOE
BATCH 2 SIOE
BATCH 2 SIOE

-8.0 0.0 8.0

MILLIVOLTS

FIGURE 12. Pbat of fiqure 11 with confidence lines omitted md pa ints ,}cobared,,.

60.3.1.2 Subtle systematic effects, Ue have see” that a typical signature of systematic effects is a
gro.piW.af points by attribute with elear gaps between thediffment groups. I“mre subtle cases, the groups
WY not clearly sepamte and the plot may roughly resmbte a straight line. Judgment uill be required about
the presence of systematic and inhoucgenei ties.

60.3.2 Possible outlier and mssible step-stress analysis required. Probability pLots can s.amtims be
useful in detecting o.cliers by examining whether the points et the extremes of the plot are reasmably near
a straight line fit to the points. The following example will serve the dwble purpase of illustrating a
possible outlier and illustrating a step-stress ❑easurement.

60.3.2.1 APDrOximate loqnorual distribution for this exavmLe. The distribution of stress to faihme uas
found from previous experience to b. approximately lcgn.arml. Accordingly, the lcgmithm of the upper and
lo.erbo.”ds corresponding toeachstepstress measurenenr were taken a"dthestresses to failure were express&
in term. of an average Logarithm of stress to failure and a spread in the logarithm betwem the upper and lower
bounds and the Logmithm were trcnted as a step-stress .ees.rement for a mrml distribution. The points were
ranked by their average lcgarith.m. Figure 13, the resulting plot, shows that step-stress analysis (see
Narnem.an 19S4, ,,Statistical A.naLysis of Step-stress Mee.suremrtts in Hardness A.ssurance, C, refermced in 2.2)
might be required.
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POSSIBLE OUTLYING POINT cONF1OENCE LINES

0.9s0 -
5X1OI 50X 901 95x

LEGENO
0.900 — o AI TRIBUIE A

~ ATTRIBUTE B

o

0.750 —

0.500 –

STEP-STRESS MEASUREMENT

HORIZONTAL LENGTH OFLIME
0..?s0— ISAPPROXIHAIEBINSIZE

0.100-

0.050 I I I I I I 1
0.50 -.7!31 .“00 1 .2s 1.50 1.7s 2.00 .2.2s

Ln STRESS

13. Owble ●xamte of pastible cutlier and steo- st.ess data - actual data.

@.3.2.2 potsible outlier in this examte. The point correspmding to the highest stress to failure seem

tea far off the curve (OJILY its louer bared is almst acceptable) hinting that it my be an owlier. Further
inveatigatim revealed that in tht one case, the stress tins applied usiw a different gcaetry than for the
other cases giving that Pint an attribute which in mt tired by my of the other points. Its distance ffm
the curve @ml its unique attrib.ne both Cmtribute to a j@pcntaL decision that the point is an .amlier.

do.3.3 Lot-to-lot variatims and within lot variotimn. Wm =ny Lotn are involved (s.50S.2.4.6. S), the

type of Lm91YSi9 uhich it perforned will oftm depend m the relative cagniwdes of the lot-to-lot variations
and the within lot variations. 1“ gmeral, this informstim mst be extracted froa the data. The ex8=Ple in
tO.3.l of amendix f4 further indicates that smctieea a single lot does mt reflect a ~meous populatim.
7he lognorcal probability plot of figure 14 thous the -site case where three different Lots were nixed
mgether to prcduced dota +ich is Consisrmt witha single lot. I&doubt, if a large amunt of dditimal data
time obtained, systemtic lot-to-lot differmces wmld merge tut for the data on hand, a single-lot am.lysi S
in adequate with perhaps a seqle size carrect ian for added precision and with linitatims on the caxim
survival prcbc+bility thatcan b quoted.

L9
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8 LOT TO LOT VARIATIONS CONFIDENCE LINES
5%10% 50%

I I I I I I I I I I
12 5 10 20 50 100 200 500 1000 2000

sTRESS

FIGURE 14. Within-lot variations exceed Lot-to-lot variations.

6Q.3.4 Approximate distributions. 1. practice, there is often little or no theory about the probability
distribution governing part Para.etms and stress to failure. Analysis usually proceeds on the basis somtims
Limitd ●xperience. It is, therefore, prudent not to extrapolate to very high probabilities on the basis of
a smll a.munt of data. Figure 15, which will be ●xplaimd more completely in 70..?, as m exmple of computer
generated data from simulati.am of chi-squamd goodness-of-fit tests. Each data point represents a simulation.

●

✎

●

The resulting simulatd data turned out to be quantized at specific values (n small“consideration] aml to
deviate from a normal distributions et the high extreme. Only after performing th.awsmds of siml.stiom did
the deviations became apparent and it would ha.e been unwise to 99.9 percent probabilities on the basis of fewer
than the order of 10W samples. As a general rule, unless there is strong theoretical or ●.pirical evideme
to justify the asmmed probability distribution, when probabilities and cm fidences are quoted, the
probabilities should mt be less than the order of I/Neff or exceed about l-llNeff here Neff is the effeCtiVG

number of tested parts.
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NDTE:Plot shmts hw deviations frca mrml foro my not 6e~ appartnt Untit e sufficiently lergo
m@e size is taken.

FIGURE 15. tnterc!retim Gof ttst, Winu n-s UNa l-o@mbility rmes b+!ere n is ~ Ie size.

70. ADVANCEDPRDCEDLIRES

70.1 Further exac!imtim of remsarmbflitY of data. Ue have ma that constructing probability plots is a

first step in evaluating data. Ttte plots can alsa h used Kooet ●sticate$ of relative within-lot and lot-ta-
10C variati~ti -ti~saffective ~te sizes. lha@tcxtsmp~ility thmrybve tests for specific
problem, they cannot antici~te every c+qlicatim that n{ght ar{seard them fo no rcplacecent for manining
WGtmbility plots. In what follmw we will nevertheless mggest, for the render with ~ feailimity with
pmtabitity theory, - specific tests m the rcn~ility of dam.

I/., a
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70.2 OF (mod.ess-o f-fit) tests. GoF tests are described in almost every text on probability theory [e. g.,
N.atrelln9. Usually, a proper test requires that the variable space from Minus infinity to plus infinity be
parritinmd into at least five contiguous zones and with at least five devices in each zone. However, when
there is a small number of parts, these requirements WY mk= the usual GOF test impossible and very insensitive
to gtaring problem. It ..s found, however, by Monte Carlo si.nulot ion that the test seem to wrk if the number
of zones is es Large as N-3 even though this will mean that many zones witl have less than five parts. Figure
15 shows the distrib”tim of chi-squared values for -sample sizes. of 20, 50, and lCQ wlien the range of the
normally distributed variable from minus ?nfinity to PLUS infinity divided into N-3 approximately zones of
E.PPrOXimte(Y equal probability. The “staircase” appearance of the distribution of SQRC2( CH1SO)) 1 derives
fro. the fact that the .aLues of chi-sq.amd ca” toke m only discrete values. Evidently, the chi-squared GOF
test works after a fashion, ●ven when the general rules for its validity do not hotd. The curves of figure 15
my be used to evakuate the results of e chi-squamd GoF test. (Nate that the number of degrees of freedom is
N-6 when the test is dme with N-3 zones so clearly this test cannot be done with seven or fewer parts. ) As

appli~ tQ th. ex.mple of 60.3. f, the ch~-squared was 44.5 yielding a 0.03 percent confidence that the data was
dram from a homogeneous norml populatmn.

70.3 sample size c.atvect ions. For this mthod tomrk, there oust be appmximtely the Same number of parts
in each ,Ssublots’ of an inhmcgemaus inspection lot. If the region of minus infinity to plus infinity is
divided into a recommended number of N-3 equal probability zones, the effectiva sa@e Size, Neff. MY be
calculated fro.,

‘eff = N * (N - 6.5) f (Actual CHISQ)

As applied to the example of 60.3. f with an actunl sample size of 20, the chi-squared of 44. S gives an
effective sample size of six.

70.4 Use of confidence tines. If confidence iines representing one-sidd tolerance Limits are placsd on a
probability pLot, thenurnber of data item to the left of the line isa rough test of whether there is anything
suspicious in the data. On the average, fraction C of the data item s.houkd Lie to the [eft of the C confidence
lim. However, there are wide variations about the average. Since an analytic calculation of exact(y hou this
varies, a Honte Carlo simlat ion was performed. The probability that a given fraction of data item uiLl lie o

to the Left of the confidence line seems to be independent of the sampte size as illustrated by the histogram
of figure 16 for 90 percent confidence lines. Ue can conclude that if fewer than W percent of the pints lie
to the Left of o 90 percent confidence line, for example, then the data is suspicious. Figure 17 is a similar
plot for 10 percent confidence lines.
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