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FORE WORD
1 Its military handbook 1s approved for use by all Depaitmenty and Agencies of the Department ot Defense

A Benefrcral comments (recommendations, additions, dgetetions) and any pertinent data which may be of use
noamproging thic document Should be addresced to Spa e and Naval Wattare Svstems (ommand washinaton Dt
JUAR-ST00 by usIng the self-adarecsed Standardization Document Improsvement Proposal (DL Form 1420)

appearing at the end ot this document o bv letter



MIL -HOBK 81

CAUTION

5

84

FO

I

UIDELTI

~
(&

»
+y

A5

BEEN ASSEMBLED

HAS

nT

r

DOCUM

HIS

II)

e8]

ESTABLISH SUCE A PROGRAM.

)

v NEEDED TQ

101

nom

NFORM?

-
4




MIl HDBN 815

PREFACE

Preparation of this handbook has been carried out under the direction of
Defense Nuclear Agency (DNA), and their contractaing officers Major B. Hickman
and LCDR L. Cohn. Many individuals in the hardness assurance community have
contributed significantly to the preparation of thir document by preparing
text, cffering comments, and reviewiny draft documents. Special thanks must
be given to Mr J. Ferrv {AFWL) wheo has served as the prorect monitor for thas
work: Dr. Eliecius Wolick: who servec as the DNA Frogram Aresz Reviewer for
Hordness Assurance and the Chairman of the Space Parts Working Group Hardness
Assurance Committee; and to Dr. Harvey Eisen, the present DNA Program Area
Reviewer for Hardness Assurance. Special acknowledpement 1s given to William

Alfonte (KAMAN-TEMPO), Tom Ellis (NWSC), Joseph Halpin (BDL), John Harraitw
{IRT), Arthur Namenson \  Ron Pease (MRC) Robert 1 {JAYCOR) who have

IRT Arthur Namenso }, Ron Pease (MRC) Rober cil have
contribufed signific o the preparation of this document. Without the
a:d and expert knowl all of these individuals anc the Hardness
csurance Comr:ttee :‘ NASA/SD Srace Parte Grcup, the develcpment of +tias

ocument would not have been pessible.
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1 SCOPE

1 1 Scope The scope of this document 1s limited to dose-rate radiation effects on semiconductor
electronics and 1s specifically intended to address hardness assurance at the piece-part level Because the
nature of dose-rate effects sometimes requires a close i1nteraction between system hardness assurance and
prece part hardness assurance, come sycstem requirements are alsc discussed

1 2 Users of this document This document 1s written primarily for those individuals who are involved
with haraness assurance activities It also provides a guide for designers of radiation hardened systems
and as & resultl, 1s an aid wn deveioping hardnecs assurance oesign documentation (HADD)

1 2 Locument dpplicartiorn This cocument primarily disiucces prece-part haroness assurance methods tor
the dose-rate environment, and addresses system hardness assurance topics only as they are necessary to
complete the discussion of prece part hardness assurance Thus, the discussion will deal with the radiation
categorizing of prece-parts according to certain criteria, which will determine the controls needed during
part procurement Specific activities and functions which mav be signiticantly different for different
systems anc for different contracting organizations will not be discussed 1n detarl in this cocument

1 31 Dose-rate dependent problems Certain aose-rate gependent problems, suct as burnout and latchup,
cannot effectively be handiec at the piece-part {evel In these cases, svstem- ana circuit-leve{, or both
design solutions mav be the most etfective means of ensuring survival

I« Eftects Ths sectior provide: & brief coervien of the 1rpec-tant elemerts ¢t deose rate hardnece
assurance  The following sections o1 the document wicc acdress some of lnese 'ssues 1r greater getal! A
summary of gose-rate effects 1s snown on tigure 1

7« 1 Pnclocurrents The acse-rate environment proguces transient cur-ent surges Ir semicongudctor
devices Ir a single yunction, the current s caliec pnectocurrent I ) anc flows 1n the cirectior o°
iunctier teakage current  In transisters  the cu-rent surce 1r the collector-base junctior 1s caliec the
prImary pnotocurrent (ID ) and mavy 1n certair. cases, be amplitied by the transistor gain to produce

v

secongary photocurrents (I1_ 3

sp
“ & I Drscrete devices In discrete gevicers the photocurrent mas appear as & transient nol1se pulse
intertering with the norma. operation o the adevice or the circuil 1n which 1t 1s used 1t the raciation ¢
intense enough and it the resuliing energy Gepostied 1k the device 1€ great enough, the device may burn out

1 43 Integratec circuils Dose-rate etfects Ir integralec circults are similar tc the effects observec
in discrete devices. One commorn term which 1s used to describe the dose-rate effect 1n integratec circuits
1s '"upset " The device 1s said to have upset when the dose-rate eftect results 1n the device being 1n an
unwanted operating state as & result of the radiatior For example, the dose rate response of bipolar
linear circuits may appear as an cutput voltage transient lasting 10 or more microseconds, aleng with pow
supply surge currents Digital circulls may experience a change 1n output state, a change of state of
store¢ data (b1t flip), or swmply a deviation 1n output voltage which 15 defined as bewng unacceptable for
proper operation ot the device Ir most cases, the device will recover anc continue to function normally,
once the radiation pulse terminates ana the i1nduced transient subsides However, 1f sufficient energy 1s
avallable, the device mav be damaged ana may not recover afte- the ragiatior pulse

14 4 Latchup In both (inear end digital 1ntegrated circuirts, the de.ice may experience an effect
catlec four-iaver latchup Shoulo the agevice enter a iLatchup condition, the circuit will cease to operate
normally, anc may 1n fact burn out A summary of these effects 1s shown on figure 1

1 5 Part_categories by effect It should be noted that the parts must be categorized separatelv for each
dose-rate radiatior ettect For example & orelectricallv 1solated 1ntegrated circuit may be judged to be
HNT fer latchup but a HC(-1 for upset Therefore, the aevice woulc be categorized as HC(-1

1 ¢ Documentation Haraness assurance for piece partc takes piLace during the system production anc parts
procurement phases The tests ana screens which were determined guring the design phase, and are descrivec
n getarl n the hardness assurance aesign documentation (HADD), are put 1nto effect during the hardness
assurance phase



MIL-HDBK-815

1 6 1 Design documentation This 1s a collection of information on the design hardening techniques used,
the survivabirlity/vulnerability analysis, configuration and quality control, test data, procurement
specifications, management, and any other information necessary for production of the system 1/

16117 Typrcal documentation These documents may vary between systems, but a common set would contain
the following

a Ar antrocductior  Providing a genersl systemc cperatior and functional description

v AT RTD ] il
application The hardn

a nardaness iritical T1emw
s cr

j tist which fecate: ha
“ticat tv ~e andicated and cresi-referenced te analysas

niex provia raness critical parts io theis

¢ A haranecs assurance plan Presenting the management corganizatior and technical requirements which
are tc be ymplemented throughout the proauction period

[

An analysic discussion Containing the survivabiivty/

discussion CLontainmin g th
intormation

1/ For a more complete description of the HADD, see 6 1 herein



2 APPLICABLt DOCUMENIS

2 1 Government documents

211 Specifications, standards, and handbooks The following specitications, standards, and handbooks
form part ot this document to the extent specitied herein Unless otherwise specified, the i1ssues of these
documents are those listed 1n the 1ssue of the Department ot Deferse Index of Specifications and Standards

(DOD1SS) anc supplement thereto, cited 1n the solicitation

SPECIFICATIONS

MILITAFR
M1L-5-19500 - Semiconductor Devices, General Specificatyons for
MIL-*-38510 = Microcircults, General Specifications for
MIL-1-38535 - Integrated Circuits (Microcircuits’ Manufacturing General Specification for
STANDARDS
MILITAR:
M1L-STD-202 - Test Methocs tor Electronic anc Electrical (omponent Farts
Mic-810-75C - Test Methods ter Semiconductor Devices
MI -S70-BEZ - Jest Methoas anc Proceaures tor Microelectronice

MIL-STD-45602

Calibraticr Svstems Reguirements

HANDBOOF ¢ [
MILITARY
MIL-HDBK-27< - Total Dose Hardness Assurance Guidelines tor Semiconductor Devices and
Microcircuits
MIL-HDBK-280 - Neutron Hardneess Assurance Guidelines tor Semiconducto~ Devices and
Microcircutts
1.-HDOBK-81¢ - Guidelines tor Developing Radiation Hardness Assurance Device Specifications
{linlace Atraruiea 1nAYcaran rontae At famaral and milytary enarstisartinnc etandardc ana hamdbnanai ¢ arao
{Unless otnerwise indicated, copiles of federal and military speciticaticns, standards, ana handboOks are
availapbie frcm Standardization Documents Order Desk, Building 40, 700 Robbins Avenue, Philadelphia, PA
19111-5094

1 2 Other Government documents, drawings, and publications The following other Government documents,
drawings, anc publications torm a part cof this document to the extent specified herein Unless otherwise
eneci1fa

ed the 1gssues are thocse ci1ted 1r the colicitation
! the re Ingse C1 0o The sglicianion

g
1SSues a2

DODIS?T - Department ot Defense Index of Specifications and Standards

DhE RO10F - Prece-Part Neutron Hardgness Assurance Guidelines tor Semyconductor Parts
DNt S90GF - Jota! Dcose Hardness Assurance Guidelines

DN& 3528 - Latchup Anaivsis of Bipolar Integrated (ircuits

DNL Q13 - Unset scnnnce Tectina ot MS! Intenrated Circurte

DN 5613 pset Response lesting ot MS! Integrated (ircuts

2/ MIL-HDBK 215 will supersede MIL-HDBI-279 and MIL-HDBK-280 when available
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(topres of Defense Nuclear Agency (DNA) gurdelines and repoits are available from the Defense Nuclear

Agency, 6801 Teiegraph Road, Alexandria, VA 22310-3398 (opies of the DODISS are avairiabile on a yeariy
cutscraption basts erther from the Government Prainting Offyce for hard copy, or microfiche are avarlable
‘rom the Director, Navy Publications and Printing Service Office, 700 Robbins Avenue, Philadelphia, PA

A srnAa _cong N
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2
e

o2 Non GO”“Fhmehlgpdbl\(d'VOﬁf The following documents form part of this document to the extent
crwer1tr1ed harain Inlege ptharyiea gnacytyag tho vTeciime AY the Ancomante chirh are DON adAanterd are thioco
cpecaitred herean Unleqe otherwise specithed, the 1ssues of he documents whaich gre DOD adopted are these
l1ntes ar the 'ssue of d0(ument, net Listea ar the DOLISS are the i1csues of the documents cited ni the

S oL 1tataor

AMLPIUAR SOLIETY FOR TESTINC ANL MATERIALS (ASTM.

ASTM E6C5 - Standard Practice for Determining Absorbed Dcse Versus Depth 1n Materials Exposec to

the X-Ray Output ot Flash X-Ray Machines
AGTM EOOG - Stangard Fractace for (accuiating Apsorbea Dese from Gamma or k Radiation

ASTM ESGOE - Standarc Practice tor the Application cf Thermoiuminescence-Dosimetry (TLD) Systems
tor Determining Absorbed Deose 1n kadiation-Hardness JTesting ot Electronic Devices

RETM EE2( - Stangare Fra.taie ter Determaning Absclute Absorbec Lose Rates tor tlectron Bearm.

ATTM Fudt - Stancard Test Metheg feor Measuming Steady-State Praimary Photocurrent

ACTM P5z- - Srandarc Tect Methoo tor Measu-ing Dose tor Use 1n Lineat Accelerator Puisec
hagia* or Ettects leste

ACTM t677 - Stancz'd Test Methoc fer Measuring Noneour it ~ium Transient Photocu-rents 17 r-n
Juncilons

ACTH FTue - Stangarc lect Metnoo 10r Measu-ing Dese Rate Threshoic tor Upset o Digita.
integratleéc (17Cuile

ASIM £77F - Stanoarc Fractice fo- Measumine Dose Rate kesponse of Linear Integrated (ircuits

(Application for copires shoulc be addressec to the American Societv for Testing and Materials, 191¢ Race
eet, Phyiadelph: PL  1Q102-1187

Ceroe a
sireé ‘age ,, g,

le
prepare or H!str!bute The documents These documnn*c aise ma. he available 1n or throuch
.

rformational servicec

2 ¥ Order ot breceagence 1h the event of a confiict betwue

“tec hereir. the text ot th s acocument takes preceoence No
off v1cabe (8ns and regudatron. unleos @ specitic exempraor hat been obtaires
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3 DEFINITIONS

3 1 Acronyms used 1n this handbook  The acronyms used in this handbook are as tollows

a C(CCB8 - Configuration Control Board

b HA - Haroness assurance

¢ HADD - Hardness assurance design documentation

¢ H{C - Hardness critical category

e HCI - Hardnese cratical 1tem

f HM - Hardness maintenance

g HN{ - Hardaness noncriticatl

n PHP(B - Parts, material and process control boarc

1 SPC - Svstem Project Office The SPC 1s the overali controlling organization for the
project unger consideration It 18 intended 1o be & generic terr sO as o
stancardize, ‘0" the purgoses ¢° thh:c gooumert  sulh exprescicns ac oyster  syster
project, Project Manager ‘s Oftice Froject Manager, procurement agency, anc
contracting agency

> ¢ DPertinmitions and sympois For the purpuse ©* tris handbook the toltowing gefiri®icne and symboic
chall apply

2 2 % Burnout Burnout 1s the tailiu~e ot a device subjlectec 1c eiLectrical overstiress Typically,

227 (onrtraence lLe el ten*haence leve. (C° 15 the probab. i1ty (usualis giver 17 percent) tnal at (east
rTon (PDIST' o1 tne parts In the (ot witc survi.e

N -

T T (umulative probabii-t, Curulative probabil=ty (P, .. s the percentage o proportion of &
i

< 2
3

ProbapI ity dist-ibutior which 1s DeLow & Qiver upper Limit io- above & given Lower Limit

T es\gr_margin breat pcin esign margin break poin 1s a cateqorizaticr wnich

ITzd4 D breat t  Desig gn break point (DMBP) tegorizat method wnich
provides a criterion which may apply to atl parts r a systerm ang 1s baseo on a single fixec value of design
marqin

-
w
-
J
a4
o
Q
v

3 2 ¢ Dose rate decign margir Dose rate aecigr margin (DV‘\ 1s the ratio o the mean tailure dose rate

1o a specified dose rate

pa~t under test at which a parameter designated as PARRAD equals PAR. 1L

i bose rate efreci: mav be caused by & variety ot jonizing radiatior environmen
Tnese environments ma. consist ot neutronc photons, elect-on:, or single particie 10omizasror The methoce
whict are used to harger against the va~ious environments mav vary from one environment to another Fer
avamel chealdema ~arn e = addone s o eamm) oo cmmn oal s P mmiie it me A s;adfd ot aiia tae by abias
CROPLT SIITAUNNG Ltar, b an crhieciTve ool 100 50Mt LOw C”ng‘ ¥=rayd> LDU. magy DC 1mnTireliwve Tui Ulgll:{
fnergy gamma ravs In contract even though the hardenina methods mav be different, one mav find that the

tardness assurance procurement procecures may be similar regardless of the environment
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3 2 9 Hardness assessment Hardness assessment 1s the determinatiron of the susceptibilyty to damage or
upset of a system, subsystem or component

32 10 Prece-part hardness acsuranie Prece part hardness assurance 1< the application of production
controls and tests tc the procurement of an electronic part io ensure that 1ts radiation response 1s within
acceptable Limits

I 2 11 Svstem hardness assurance  System hardness assurance consists of the procedures applied during
tvstem taprication, ano procuremen' to ensure that the systen maintains a nuclear response that stave wittar

o.ceptabie (1mits

I ¢ 1 Haragne.c maintenance Hardness Malnlénance Y. the comuinglion OF angpection tesl, anc repans
st ities accompiisned or o hardened system 10 ensuie that the hardness designed i1nto the svetem s
reta ned tnroughout the system (itelime

3 2 12 Haroness sucverliance Hardness surverllance consists of the long term I1nspection and test
procedures, pertormea bevond hardaness maintenance, which are congucted 1c assure that systems are propet iy

maintained with the desireq hardness

3 2 74 Hargness verification Hardness verificetion s the determination througr a careful seguence of
stc and analvses tha* a svetem desigr 1¢ 1n fact hardened 1n compliance with the nuclear specification

[

TEoL=reorar Latehup 1r *nteqtalec Sirculls 1s a” abnormal operating statle usually character lel L.
The *arlure C* & Qe.ide L0 respond proper iy 1o 1nput conaitions, and the presence o abnormadlis nagh
rerrente or botr Tlowing 10 tne de.ice Latchut ¢ usualls causea b. the regenerative action of four laver

LPNPH L conauItior path: within the device

.0y

2% Le- [2% 3¢ the Zoyv1ectior ©* pdrls trom which the sample tes Deer tare (see MIL-M-3831C

21T Ler acceptan e L0t alceptance tes® 1c tne test ¢f & sample o' pa~tc tror a procurement (ot 1c
getermine 1° the (0t ¢ alcepiabie For the purpose ¢f hardness assurance this terr 1t 1ntendec tc be a

gener1 terr 1r order 10 £13NQATIIZE OF COMMON(Y USEC expressions sucr as (o° contormance test aualit

t

)
=
on

LO* £12¢ LO% size (N 1¢ the numper o* parts 1r the lot betore the sample hac been removec

\

T2 9% hmean ogose rate tc tatiure  Tne mear cose rate tailure for vy,

Y~ ONP I Y a0 Y

T .20 Mescurec logartinm ¢ mean  Measured logarithmic mean tor PARp.~ LEN(PARGaR) ]

n
—— 1
InTPARgap = = ¥ £n(PARg,p

12 21 Measurec logarithmic mean  Measurea loga~ithmic mear ftor yp,
¥ YA




. R
EIn(ypap) = - PN LECTIVTR)
11

[

2202 M ation The measured logarithmic standard deviation for

n
1 /2
T CTNTR ) B¢ LISTIVT Entypay )3
1=
2 7 23 Measured tocarithmic stanumard geviation  Measured logarithmic stanoard ceviatior for
PARRAr 7500 pr(PRRRAGDS
- r - A
— ! T T T Al VL
SortPRRpay) =1 N LEn(PARpg, © En(PARgap)]

P ¢ £« Measurec mean Measurec mear for PAR(PAR:

PAF =

o I )
M
"

paxy

n
where PAR. 15 the parameter value measured for the 1t aevice

"
a8
ro
W

Measurec standard devialion Measured stancard ceviation for PARgap [S(PARgap? 3,

2 )1/?

3 2 26 One-sided tolerance Limit  One-sided tolerance Limit (kn) 31s the number c* stancard deviations
from the mean wnich cefines a Limit or & normalls distributed parameter (PAR), with configence  that the
parameter 1n the parent population 1s greater than

ot e ~

PAF - Ky (n, L, Fpay) X S(PARS
or Less than

PAR k1 (n, 0, Prap) X S(PAR)

3
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31 2 27 Parameter failure value parameter failure value (PARiﬁ'L) 's the value ot a particulart paramete
tor the device under evaluation al which circuit farlure s deflnoé 1o occur This value 1s applicatron
dependent

Min ©OF PARHAX) 1s the specifred
1o

usually given hy the

3 2 28 Parameter specitication value Parameter specification value (PAR
minymum Oor maximum device parameter value prior to irradiation Thys value
manutacturer

T2 2% faiameter_des)gn marqir Farameter design margin (DM®
oM - ‘)ARFAIL erp LLF\P‘\RRAI\,

fo- par-ameters wnich increase with radiation, and

D¥ = exp LLntPARRAD>] © PAREAIL

1or parameters which oecrease with raociation, where PAR ve evaluated @° ygepo

RAL
T IR Foaor Par® (plece part) 1s the eitectironic device used N @ spetitaic ¢Ircull application o test
T2 2" pPari cateqoriratiop critenior  Fart categorization crate 1o (PO g @ categoriratior methoo

Whogr orete & separate criterion te categorize eact particular part Levps ULEC 18 fhvstler Trhe DM o oeacr
rart twvpe 1 comparecd 1o tC FIL 10 determine 1ls part cateqory

.  Far- paramete- value Fart parameter value (PAV' 1c¢ the electrica’ parameter value measurec tor

ce e

30 23 Ragiationi-ingucec parametler value Ragiation-ingucec paramete- vatue (PARRAD ¢ the value cf &
parameter at a particular radiation (evel

3u  Sampie size Sample s312¢ (n' 1s the number o7 parts, seieclec al randor *rom the (0T  tc be

Tz
testec

3 2 37 specitred dose rate  Specifiec dose rate (ygpge) 1S the maximum dose rate which the circurt

32 3¢ Survivabrlaty level Survivatility Level 1s the radiation level which the device, circuit or
svstem can withstand without suftering ar 1mpairment of 1t abilrtsy to accomplish 1ts function

2 2 37 svmbols

L Configenze le el

DM(PAR? Parameter design nafg"t
DMBP Desygn margin break point
ik Dose rate design margir
Yral. Dose-rate-to-tarlure value
YMF Mean gose rate to failure
Yopre Specified dcse rate

1

ar

p
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Circumvention dose rate

YCiRL
Ip Junction photocurrent
Ipp Primary photocurrent
!S (ircult saturation current
lsp Secongary photocurrent
17 Terminai current
1k Thresholo current
RTL One-sidec tolerance Limit factor
fanARRAo) Measured logarithmic mean tor PARRAD
EH(YFAIL) Measurec logarithmic mean for vy,.,.
r Sample size
h Lot siz2e
PAF Device parameter value
PAF;AX‘ Paramete~ taiiure value
pAEMlh or PARMA; Spes1tired parameter volue (minimum o7 M3 1mum’
PARRAE Ragiatior-1noucec parameter value
pCe Par® categorization criterior
r r ton r
spn(PARRAD Standard aeviatior fo PARRA[
Sen' YEAIL' Measurec logarithmic standard deviatiorn tor Yy, -
90157 Cumulative proportion of distributior
Yrec Recovery time
T - Allowable recovery time
spec

32 39 yulnerability levei Vulnerapility Level 1s the level at which tnhe device 1¢ considerec tc have
faried the functional requirement
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4 DESIGN HARDENING
4 1 Overview of dose-rate design hardening Dose rate design hardening 1s the i1terative process by which
the system requirements are assessed, the circuits are designed, parts are selected, and circuit
sasceptibility 1s assessed to achieve an optimall, hardened circuit design The system specitications are
met Dy hardening methods such as part selection, current Limiting, photocurrent compensation, power
management, shielding, and other methods The following sections describe those specific aspects of design
rardening which atfect dose-rate hardness assurance and outline the general requirements for radiation
deciar hargening The output of the design hardening program as required 1or hardnesc assurance 1s
¢ oscucsec

- 7 Rezsatiorn gesiar hardering Rad ator desigh baraen no ¢onr 2ot of raryl® desigr parts
celestior  anc hargness assecsment activitres performecd to achieve ar ootimur and cost-etfective caircult
design that will be survivable 1n & given radiation environment

4 " 2 Dose-rate hargening metnods Dose-rate hardening methods cannot usually be limited to a single
technigue which appiles te ail eiiects Iro addition, mary of the techrigues used 1n.oive circultl on
svstem-level consideration ancd do not necessariiy depeno or tpeiific device characteristics Ir general,
raragening tectniques tall i1nte three categories

o

These wnich dea. with the device: anc, theretore, a-e stroncly rtwuenced by the choice o* gevces
(e o drelectric rsclation,

L Thoce which use & (177u1” Or Systler sowutior that cepends O knowledde C* tre de..ce
therartlerretice, (e C current (imiting?

’ Thoss which use a2 fircutt o svslerm solution that does noOl Li'rllos gepenc of the cpecitti ge.ice
crharagttercett o e o ciriumvention,
~ 7 I Deccgr narder nc procesc Cnce c.ster analvsic har ageter~ ned tha® cose-rate hardening s

regurred the proces: ot oesigr hargeninc begine and proauce:r several results that are reguirec tor the

tarares. acc rance proarar The tclriowing steps are reguirec tC <¢anr. outl & successtul program
& Dete-minatior ©c* haroeming measures
t Determination c* the chyrcutt tarwure cratertor ftor eazh pa-t arpiicaticr anc aose-rate effect or the

basic ot worst-case anaivsos
4 Determinatior ot the mean-dose-rate-to-failure which causes the circuit o~ aevice to fail

c lgentificatror o the characterization data, data source, and qualitv of data used tor the
dete~minatior of ta-lure

€ Dete-rinatior of the de.ice design margins

+ Determinatyron of the part catego~ization criteria, P((, or the DMBF value The dgevice gesign
marg ns arc compared tc the categorizatiron criteria to determine test and control criteria

¢ (ategc-ization ot the parl to- each application anc etfect pbeing evaluatec

« 7 4 Statistica. qualiticaton 1r some cases, where liltie dats a~e availabie, part characterization
mav be usec to aualify devices on a statistical basis Statisticai gualification requires that the
population of devices has @ statistically well behaved dose-rate response which follows a known
drstributior ir othe~ situationc where the part response 1¢ extremel: variable 2 woret-case estimate of
Lhe bounc ¢ the statlstica. arctr-Lutios may be usel

« 1 % Smali design marging Part types w1ib very smaill desigr margins shouia pe eliminated irom use n
the system  The decision as tco when a design margin 1s small enough to make the part unacceptable wili
depend on the cost of rejecting lots during hardness assurance versus the cost of either using a less
sensitive part type or redesigning the circuit Since these cosis are nighly dependent on the specific part
*ype and the specific syster in whrch the part 1s used, no one formula for determining a minimum acceptable

design marg'n can apply to all situations  Two suggested general rules for selecting parts are

in
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a Part types with design margins 1 or less will not be used

b Part types with design margins between 1 and 2 are generally unacceptable, and should be used only
1f no alternatives are available On the basis of calculatiyons for silicon bipolar transistors, a
relatively high rate of lot rejection and part failure or both 1s to be expected when parts with
design margins less than two are used The actual rejection rate and risk will depend on the part
distribution and the variance of that distribution

4 1 ¢ Fart selection During design hardening, one ot the mcst ettective steps for reducing hardnesc
assurance coste 1s the proper seiectyon of radiation-resistant parts Thnis 1s particuia~iv important for
dose-rate effects since some of thece effects are most efticiently handied by the choice of proper parts

41 ¢ 1 Device design tabrycatyor parameters Device de<ian fahrication parameters may be an 1mportant
tactor wn controliing the dose-rate response of a device (see figure 1) for example, parts with dielectrac
1solation, goid doping, buried lavers or other techniques, may be used to avoid latchup Internal
photocurrent compensation mavy be used to improve the threshold for upset These kinds of factors need to be
considered when components are being selected Fa~te with smaller geometr., having lower photoresponse,
m1ght be substitutec for parts with unacceptably large photoresponse Parts wi1th higher thresholds for

upset or burnout mavy be supbstituted for others

417 Crcurt design features  The use of special circuit design teatures may be ar. effective system
sowution tc accomplish haraening for the dose rate environment  The use of low voltages and long circuit
time Constants may be an ettective harcering metnoc Low vcltage: reduce tne probarilisy of latchup, white
long circurt Time constants may raise the upsel threshoitd of the devace

« 171 Current LImitinc Current Limi1ting 1s & hardening technique which, through ¢itcult design,

Lirits the maximum current which may be del vered 1o the aevice Ir general current lamiting car be &
ettestive means of Increasinc the immunity o' tne gevice tc burnout anc preventing tatchur

PHOTOCURRENTS

T

1

DISCRETES INTEGRATED CIRCUITS

| | | |

TRA"SIE“‘} CHANGE OF BURNOUT BURNGUT TRANSIENT UPSET LATCHUP

NOISE STATE NOJSE

FIGURT 1 Response tree for dose-rate effects
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418 System level solutions Like part selection, circuit design hardening can be a very eftfective way

of reducing the hardness assurance effort Again, 1f a citcait can be redesigned to change the
classification of a part from radiation sensitive to 1nsensitive, such redesign may be highly cost-effective

over the lLife cycle of the system Although the subject 1s very complex and a complete treatment 1s beyond
the scope of this document, the following suggestions are considered

=) Where possible, circuits should be dersigned so as tc marimize the use of intrainsicalliv-hard parts,
and to minimize the use of costly radiatron hardened parts

t (rreu1ts shoulc be decigned 1C minimize censitioity tc the transient dose-rate response

N Limiting resistors shouwa be utea 18 protect o » e *ron bLurrout ang 1o reduce latchur sencyty oty

d Svstemr or circuit design solutions should be considered for devices where 3 design margin approact
1s not possible For example, devices that are susceptible to Latchup do not usualiy lend

themselves to a design margir approach In this case a power management technique, where power 1s
morentariiy removed, would be & possible alternative at the system levet

« 1 &7 i1rcumvention and power management It ¢ not alwavs feasible to eliminate all devices which are
chup-prone tror the svstem desigr Therefore, the pcssibility of device Llatchup must be eliminatec by
1S usec N circull design.  Either the power 1s

crher mears Qfter, some torm of pouer management

p=rigodicalt . removes fror the device t ruuun a meinoc ©1 power SITOo , ere the device pOwer 1s
re- 14 -a remo.ec  Or power 1o remo ed upor the getlecticr ¢ oraalation, ac Ir o circumventior

~ 7 87 ‘fault-toleran® geshign The ares of tfau!t-tolerar design 1s bevono the scope ot thic accument
fr- o the present 1t o< suttichent te note that some circuitl: are able 1o tolerate the upset or farlure cf
Rl oL I X Ir upset-toieran’ c1r7culls 1tre de.ices are usualyy (1near or compingtorial logic qevicer anc
aUF Teclere 1C thelr correct oneralirg conartions altter (ne maci1atior puise Mar-attendeg eguipren® 3
o= e g Lowed TC 1r erate (&UThupb DUCwr tucses ang 1rpper C1rIult brearers

« 1 &3 Smetaing tfor space svystems prompt dose-rate e*TecTs are the resull of the sum o1 the »-ra,
ST TOmMST gamme-ray yngucec transient ionszatior The dose rate caused by the x-ravs s usualiv dominant

€7 Ine gJamnz-ray goce rate  The »--a dose rate car be reagucec witr shiewaing  Let environmen® cannot
tticall Dpe regucec w lh smiewding tom missile or airborne svetems  Thus, shigloing 1s 1n genera. onls

reguce the x-ray component to the Level of the ) component For svystems which mus: operate
vert  thhs car be 1mportant since the gamma rave a.one car 1nduce circult upset 1t shoulc be
¢ th ome shielar usec 1c reduce the x-rav dose car cause 1EMF proplems
tow-1 coatInc mate~1a. may be reguirec tc reduce electron emiscion Of certaln space or airborne svstems
‘o me c-ound-based svstems large amounts ot shielding mav be possibie Concrete bunkers or other hea.»

o
s'newds may be considered

anc technigues cr

w

4 3 " < wuein-
proplemrs anc chniques suc $ousng

« 17 82" tpace system shieiding Ir many space system: dose-rate e*tects car be greatl, reduced
through the use of some careful gesign factors and yudrcious shrelding Some simple design rules that are
cfter. usec are

a Bur. sensitive components deep I1n the svster, for self-shielding

t Group sensitive componente together 1o mutuad. protection and shaauwing and more econom-ca
relding

¢ Locate such groupings near massive structural elements

o Increase chassis anc structura. eilement thaickne 1n selected areas fo- 1ncreased shielding

. lnziuae smai. Loca. aevice snre(ds 10 aduistiona. dose rate reauclror

« 1812 Weight penalty 1t 1 amportant to note that the weight penalty tor ertensive and massive
shirewaing 1o often prohibitive for space or airborne cveters and device location 1s otten dictated by
circunt requirements which mav preclude locating the part in an optimum tocation for shielding New
packaging tTechniques are being develored which incorporate shietding as part of specially constructed
packages (see 6 1 4 herein)
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4L 2 Part categorization methods As part of the design phase, 1t 1s necessary to determine the radiation
respunse of the part types, and to classify the parts with regard to the need for hardness assurance The
categorization of the part types 1s performed 1n accordance with 5 herein.

4 2 1 C(ategorazation of parts (ategorization of parts 1s more complex for dose-rate etfects than tor
other radiation effects Because of the multiplicity of effecte 1n the dose-rate environment, each effect
should be considered separately for example, a part may be protected from burnout by providing adeguate
current-lLimiting but mav still be sensitive to upset Thus, the part would be examined for each faiture
mode 1dentitred 1n the design

« 2 2 fFarlure moges fFortunately some failure modes such es upse! are nondestructive and, therefore,

mav be nandied using a 100 percent screer. 1o ensure haranesc However, such ccreen:s mav be necessany on'.
in the most severe environments where the parts have a small margir, or fo- speciai cases such as radiation
detectors

4 2 3 Part cateqories The categories into which parts may be segregated based on their various dose
rate responses are

a Hargnes: critical Lct acceptance tests
categors ¥ (HCC-TM) screens required
t Hardness c-itical These paris mav not reguire Lot acceptance
tategery 1% (H{7-10 aczertance tests because tnev nave sutiicient desigr margin, bul a7¢
inc.udec 1r the HC{-T class*tication because the. may be nonstandarc parlc
O mav reguire speciai procurement from one or more specific manutacturers
due tc the particular process-related raciatior characteristics o the
man.tacturers HCT-IS parts may require occasiona. sampie testing similar
tC that which may be done for HI.-Z parte 1o assure that the
prccess-related ragiation chara“teristice Qo not change with time
d Hardness critical Tnese parts woulc not reguire Lot acceptance
categir. Mk (HI{-TH° tects on the basic of gesian marain, but are ncluded 1r the HC(-"
ciassiticatior because they are nhardness-agegicatec parte These partc are
1ncwuaec 10 the gesigr for the purpose ©f haraening  Protection drodes anu
circumvention detectors are 1n this category
d Hardness critica. These parts ac not require Lot acceptance tests,
category 2 (HC{-2? but may require occasional sample testing to verify that the manutacturing
process has not changed significantly
e Harcness noncritica. These parts have such large design margins, or ao not have a
(HNO cratical radiation farlure criterion, sc that testing 15 not

required, even on an occasional bas>s
4 2 4 Design margins Design margins are usec to categorize parts to determine the degree of control anc
testing that may be required Two methods are proposed for cltassifying the parts, the design margin
breakpoint method and the part categorization criterior method Both methods require pa~t radiation
characterization test data to determine a design ma~gin  The design margin 1< then compared to 3 nume-3ical
value specified b. one of the two methods

4 2 &% Desigr margin break point method (DMPB) The DMBP method (see € 1 2 herein) 1c¢ generaily most
usetu' for svstems with mogerate reguirements When the DMBP method 1s used, a single value of the DMBF 1s
specifiec during the oesign phase This number 1s the breakpoint between HC((C-IM where tests are required
on each Lot, and H((-Z, where tests are not reauired on each lot In addityon a design margin which
separates H{i-¢ trom HNC will alsc be specifiec

12
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42411 Dpesign margin break point value Since the DMBP value 1s the breakpoint between categot ies 1
and 2 Increasing this value ncreases the confidence that can be placed n the HC(C-? part categorization
However, 1t also 1ncreases the number of HCC-1M part types that will reqguire lot acceptance testing
1t 1s cost-effective to set the DMBP value as low as practical within the risk factors

a ed by the system requirements The DMBP method s important for dose-rate hardness assufance
aure statistical tailure distributions are not known for all effecte, and the designer must rely more
ongly on engineerinyg judgment A de<iar. margin breakpownt value will need to be specified on the basis

o‘ the bect avarlable information

I
[1]
>
@
m
bt
o
> <
)~

« & 4 ¢ Fart categoriratior _croteria method The PCC methoo (see ¢ 1 7 ang ¢ © Z hereirn) 1¢ most often
dcec 1or syvotems with severe reauirements However, one of the more i1mportant assumptiont made in using the
Foo methoo "¢ that the tfairlure response of the gevice mav be characterized b & known or perhapc a
«Orst-case, statistical agrstraituton Betore the methods used to determine the part categorization are
presentec, 1t should be pointea ou® that a significant portion ot radiation test data seems to be best
representec by the log-normal statistical distribution (The log-normal distribution is nonsymmetrical,

-tk & positivelv skewed tarl ) The mean value for this distribution 1s the geometric mean, and the
variance ot the date s the geometric gispersior Tu apply normat statistical calculetions te log-normat

Gate, 11 1¢ tarst necessar, 10 transform the data intc a normal distribution space by, taking the toga~ithm
c* the data A*ter the norma. statistical caiculations are completed the antilogs must pbe usecd tc transtorm
tne calculatlion: back into the {og-normal space (see 6 1 1 and € 1 £ herein)

4 2 w2 lecigr margin compromise Ir addition to the DMBP and PCC values, the desigrn devetopers may
spe ~f. a (ecvel above the cpelticatior criteria requirements tnat 1c used ¢ o fferent.ate Let .eer
unalcenptabie parte and those classi‘ied as HI(-1m The vaiue ass gned 1C tnic "umber "¢ Dasel Ol S€ € g
consycerat 1ore A smatl vaiue mav be cesirable tc minymize the number ¢ part types categor.red as

small of a8 value mav result n an unace
Topart tvpel witn small gesign margan v s

« . > lLese-rate staricstacs tome cose-rate evtecte acr noct foliow log-normatr ctas stice for e»avyle
some purncut aata mas toilow @ bimoda. cistributyron (see ¢ 1 ¢ herein® Theretc~e betore thece haraness
areurante methods at¢ aor' red  the statistics beint usec to gefine the hardnesc assurance tests must be
veritiec tnrough standars statis I reste ir some cases, & lar~Qer gesigrn marcir the DMEF methoc md. bt

Tica
used 1C coTpensate tor drsttibuticnal variatiens

« 1 Werst-case analysae The oose-rate envirorment produces a transient photoresponse 1n sem conductor
aevices which results Yn a variets or aevice eftects aepending or the 1ype ot ge.ice The de=i1g~ marqir

on the other hand, 1c usually defined 1r terms of the ratic of the mean tairlure dose-rate tc the specifieq
tevel  Although the actual oesygn marcin may be defined 1n terms of a gose-rate margir, the actual failure
occure wher a particular device pa~ameter reaches some {1mit This end-point electrica. parameter failure
value 15 called PARFAIL and 1s determined by worst-case circuit analysis

4« 77 fa lure parameter criteria Upset 1s 3 nondestructive transient effect that interrupts normal
system operarion Circurt upset may or mav not-occcur because cf device photocurrent, acepending on the
rircytt and plece-part response and recovers time Hargening against upset can reguire circult modification

€ @ , 1ncreasing circuitl time constants, sottware moaification, signal time seguencing or pilece-part
teplacemert Since dosc rate eftects are otter transyent in nature, the actua! faillure parameter may not be
one of the usualiy measured ceviLe parameters such a: gair or saturation voltage The dose ra*e ettect ma.
te ar upset change n output voltage or even a device burnout Jable ] gives a partial list of some

/

4 22 Burnout analysic  Burnout analysis corsists of determining the stresc or the device and comparing
that stresc tc the fariure threshold o the device However, burnout cata 1n the aose rate environment 1s

not usual.v readily availiabie anc some procecure to- estimating the burnout thresholc must be usea
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TABLE 1 Yypical dose-rate farlure parameter criteria for several device types
! - 1 - C T T - !
Part | Parameter Failure condition
clace ! | and comments
i) 1 - - - 1\
Dhode ! lp = photocurrent i ID = 1th where | 1s the pulsed i
| puwer damage threshold .
! i
Trans stor 1. = saturation current ! 1. - lth or
! = secondary protocurrent 1 =1
st T | <p th
1
r t =
Linear 1(s Transient upset ! rec tspec
H !
. -
Burnou* i 1, = t:h
: i |
Latchup ! Latchup cannot be handied 1n terms of a '
I . P :
i 'ARFAIL Device ceases to responc
Digrtac . Upset ' 8\ change 1r output V Upset mav be handled;
TP terms ©f novse marging, of simply IR '
term ot 1he gose rate whict proauces upset
Byt fiar Changs ©* ctate 1n slorec parameter
Surnout ' iy 7 iy,
Latchuy Lartchut cer~not pe handled "n te-ms ¢t &
FRF: 0y {evice ceases tc functior
I
« 2 ¢ 1 raiiure estimation AT mogeratle dose rates, DUrNOU® SeLoof outurs because

ir the pulse

Ratner, burnout occurs beca%§ﬁ< er
supclies, capacitors, Inductors), releasing their energy ™ the device

cﬁﬂener 2

];”E&S ir the ¢rrcust {power
S
ThHe analvsis then must consider tne

circult current Lamiting, device susceptibility threshola anc often witl use the Wunsch-Bell equation (see
% 7 herein) or one of 1ts modifred forms (see 6 1 8 herein), to translate the threshold data to the time

d

regime I1n guestior

thresholca,
should be used

4 2 22 Burnout aata

threchetigs

pr

analvysis

La

Ltatchur -prone

0
he
(\

aent

OCess

)
L 2«

tchur

PO

1Ty

e
1

Latchup anaiysis

§
L

10 hereir)

the part

1s considered safe

1f not,

If the device stress multiplied by the design ma-gin 1s less than the expected failure
then device substitutior, or circult hardening techniques

Ex1sting date bases usually exhibit a wice range of values 1n the burnoul

These agata bases are usuaily most useful for comparison of devices In the gevice selection
Fer reliable burnout data, a number of factors such as the defined failure criterion, the test
technigues, anc the data analvsis methods must be carefully examinecd for consistency with the application
1* adequate documentation 1s not avaliabie with the data, the data base may be unusabie tor accurate burnout
and new data may be requirec

Latcnup anaiysis consists of ilaentifving devices which are susceptibie to

Some device technotogies such &8s junction 1solated integrated circuits are known 1o be

atchup paths

Other technologies mav require tormalized tatchup analvsis procedures (see € 7
1* iatchup paths exist, then some actior musi be taken
rn oiscussed eariyer, ang consist of hardening features like pa~t substitution, or system solutions isee
Some technologires, such as SOS and SOl, are Latchup tree

¢ herein) to

Some of these actions have
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4 4 Design margins There are several design margins which can apply to a system As previously
mndicated, the dose-rate design margin 1s usually 8 ratio of a mean dose rate threshold to a specified dose
rate However, there are some exceptions Typical design margins are given below

a For circuits in which the failure probability increases with dose rate, the design margin 1s

where 1s the mean dcse rate tor tailure An example of this design margin woulc be the case
TMF 9

of upsel n antegratea circuits

tset of the first case would appl. for circuite tha® ancorportate circumeention ir therr gecaign
R*s case

t Loeu
Ir t , the desig~ margin would be

YuE
DM\ -
Y oIF.
. For seme caoet, T Tatwure resulte from ¢ crange 11 g re.at (e LIrcutt responce time Tne
JLCCN maTEIr Ir tnese catel ma  be get nec 1 terme ©F e allcwalbile trarcient auration The

tlallowed:
DM, = ot

T Ynauteg’

N

The aliower transient duratior coulo be & recovery time 1r digital circults o- @ saturatior time Ir
L a 1t

ineat ¢trecy

« ¢ Dare reguirements Radration response dats on devices are neeaged for various aspects of the aesign
C¢* & racratior hardenec sysier  The requirementcs on data tor the design hardening phase and the hardnecs
assurance phase are scomewhat different These differences are relateo to the 1ssue of part qualification
anc part acceptance

« £ Radiatior characterization Dose-rate respense data are needed 1n the desigr hardening effort to
a1Cc 1r part selection and the aetermination of expectea design margine  The characterization date mav be
crtained tror existing data, o trom new part characterizatior teste

“« F 7 Eurnout A-tual cnara-terizatior measurement< can he avoided 1% there exysts a large body of
oata descriping the aose-rate response of the devices  However, extreme cautior must be exercised wher
r

ex1stInc gata are used Since mest aose-rate effects are related to device geometry, aiffusion length,
JOLIng  eic assurance must be obtained that the date being used oo r tact apply tc the aevice in

guestior

« £ 7 T ¢ Dx)stinc data sources Exicting date sources 1o~ burnout daté may be consicered for use
bawerer  tness gre a variety of wav- r whick burrou date mav be taner The test pulse duration and shape
the test circuit  the de‘inition of taviure and the sources
the date  Burnout thresnolc cate may be useful, pro.iged that the design margin 1s Large enough tc make the
aevices H((-Z or HNC

of devices are all va~iables which mav affect

45113 tLatchup Latchup can be a low probability fariure mode in latchup-susceptible devices, and no
Amount ot existing data can estanlish the latchup susceptibility of a part type with confidence Latchup 1s

a sigmticant tatchup problem
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45 114 Prece-part photocurrent data. The use of piece-part photocurrent data s frequently lLimited n
upset analysis to comparison of circuits and devices as a first-cut screen to 1wdentaify critical circuits
that require detatled analysis and further test data Existing piece part photocurrent data often must be
wnterpolated or extrapolated because the radiation levels or pulsewidths used to obtain the data are not the
came as those of the specified environment Extrapolation of photocurrent data to higher radiation levels
can leac to larqe errors because effects become nonlinear (e g , the device may saturate)

L & 1?2 (haracterization tests Characterization measurements are made on samples of parts to estimate
the radiation response of the population of parts The sample set consists ot prece parts of a2 single part
Tvpe se(ected 1rom a procurement Lot 11 1s wmportant to assure that ¢ variely of date coaes be representec
11 the sample in oraer te obtain a representative device response (see o 1 11 herein) Several situa*iong

ex1sl

4 S 1217 Upset testing Upset testing 1s almost always nongestructive Therefore, an upsetl thresholc
test or 100 percent of the devices could be performec, provided that only a small number of state vectors
are required 10 be tested For iarge-scaie I1ntegrated circuits, the number of stale veciors which need 10
be tested may preciuce a 100 percent test because o1 polential total cose damage to the device, test taime
and cost In these cases, the upsetl threshold must be found or a sample basis

4 51 22 Burnout threshold  Burnout thresnold measurements are destructive tests Therefore, sample
t s

measurements must be made The prancipal difficulty 1n burnout characterizatior 1s that threshold date are
autlle vamiable the test:s are 1ime CONSUMING, and since tests are usuzlly cdone on smalli samples, good
c1attItrzal anaitysis ¢ not avallarle (see T3 2

~ & 12 2 Latchup Latchur s 2 nroblem which cannot be solvea by sampling, since latchup can be & low
rrorabilyty tartiure mode Therefore sample tests are usualiv 1nadeguate tc cetermine the extent o tne
propLem As a result latchur cannc be handled by statistica. 1nterence

~ 27 2 Sampie saizes It 1¢ amoortant, trom statistical corsyaergtiong  tma@t ac many devices as

practical be used 1o~ radiatior characterizatior measurementc (see ¢ ° 12 herein® k gooc statisticac tecs”
woulc Include at least 22 parts, anc more would be better The sample should come from several (ots AP
apcolute mimirur woulc be five parts witn such & smal. number beinc usec only wher the parte are di1vticult
1C obtair O lhe test: are ver. exbensive 4 small numrber ¢©* part: coutc (eac tCc & poo~ anc Possibiy
erroneouc characterizatior furthermore <since the criteria 10r categorizing parts mav. depenc cr
statistical corsiderations, the use of a small number ot parts mav result 1n gevices being categorized as
HCT-1 (lot acceptance test required simpiy because of wige statistica. uncertaintres This si1tuatror canr
teao tc the requiring o* large aesign margins, anc perhaps greater expense It 1s wortr nciing thal & Sha.t
sampie size mav tdrn out to be an "expensive economy

« 51 4 Heasurement of stress to farlure The recommended proceaure for characterizatiorn measurementls
*s tc measure the thresholo gose rate at which the dose-rate effect occurs  Many test methods have been
written gescribing radiation test proceaures A Listing of some ct these prccedures 1s given 1r Appenaix B

« £ 7 47 General test procedures The general test proceaure va-ies, depending on the effect being
measured However, 1r almoct all casec 1t 1s the threshold aose rate at whicn the dose-rate effect occurs,
which 1s to be measured The exception to this rule 15 data taken tor burnout effects This exception wiil
Le arscussed later

L& 515 Example of upset data An example of data fer CMOS 1ok randor access memories 1s shown 1n table
! The data showr are tfor loss of data measurements performed ai a (inear accelerator These cata are
presented as an example of the calculations described 1n the previous sectiorn, and should not be usec fo-
gesign 1nformation A log-normal cumuiative plot of the data ¢ shown on figure 2, 1ndicating the
well-behaved distribution of this particular cata set A similar plot would need to be maae tor each data
set 1n orger 1c assure that the statisiics used ac, r fact, apuls tc the date 1n question

4217517 bats points The datz points representing the lowest unset value for the acse rate have been
teast square *1t for the analvsis Using the lowest upset values mav be aaequate tfor aata of sutficient
qual1ty where the difference between the highest nonupset acse rate and the lowest upset dose rate 1s ontly
a few percent (-Z5 percent) In other cases, a maximum L kelihood estimate could be used (see 6 1 i3
herein)
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45152 log-normal statistics The cumulative plot of figure 2 indicates that the distribution of

these data 1s approximately log normal Therefore log normal statistics will he assumed to be justified for
11ca for hardnace ascurance on thie davice The laga-normal mean and standard deyiation are calculated 1n
use for hardness assurance on this device The log-normal mean and standard devhation are calculated n
table 1! for use 1n this document (These parameters are defined n 3 herein )

L ¢ 2 hon cannot be analvzed statistical

i
.
[+4]
-
-
(4}
-
-

robhiems Some duse-rate effe

s

4 call n
tat chup sometimes han cuch a low Cocurrence rate *hat the qQathering ot stat:stics aboutl the stress to
tailure would be 1mpractycatl Therefore n the case of latchup, a less rigorous hardness assurance
approach e often used for cde.icec that are latchur prone The procedure generally totlows one ot the
1ulrowing tecnmigues

- caltohiul st eer
t Latchup analysie
C Svster solutions
« £ 0 7 Latthup screens wWher tour-taver~ pdtns exist 1 devices the questicn of lalchup must be
consiaerec It hac beengguggeste: that 1* the bete proauct o* the four-laver path could be determinecd,

latcnur could be handled statistacal s However, 1nsuf*ticient gata exists te Qualify tros technigue, since
parasitice are 1mvoliea anc guantification s elusive
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45 2 2 LUatchup analysis A tatchup analysis procedure (see 6 1 9 herein) Has been developed tor bipotar
Crreurts to aid an the latchup assewosment of circults The purpose of the latchup analysis procedure 1s to
determine whether the device 1s latchup free, by using an analytical technique This procedure attempts to
1dentify all the four-laver PNPN paths 1n the devaice By use of this procedure, one can determine 1f four-
layer paths exist, and 11 they are biased correctly for ilatchup, the device witl not tatchup It should be
noted that such analyues are comple» and i1nvolve considerable time in acquiring the necessary device-design
data to pertorm the analve:s

4 22 Syerem solutions finaliy atchup car be handied effectively at the systen leve' Dy a8 variety
0* metnodc These method: are nol the sublect of this cocument, and thus are not discussec n aetail here
Hower €7, s0m= o 1he more efteclive technigues are

a Power management wherebh the power to the device s momenta~1iiy Interrupted thus nterrupting
latchup

t Current and voltage Limiting, where the applied bias and the allowable currert are held well below
e requirec tor ST

4L 5 2 & Pilece part solutions The best solutior to the Llatchup probler 1¢ to use devices which are not

latchup susceptible whenever possible Three means of avoiding latchup at the device level are

Drelectric 1solatior whnere no more thanm twe active junctions are aliowea within an 1solated

ratec

s}

h

recion ST ILOf O S380DDNIre OF £ 010N O TNSLL3Tor subse

b Frocess controls to preven* latchur, which recuce the parasitic gairs of the tour-iaver patns t¢
ex*reme(v LOw values These controls ma, inwolve gold aoping neutror ragiatior, emitasxial lever:
or Pigh(y dopec subsiratec

N Anz'vstc whith gemonstraler tha® any tour-iaye~ pathe that ma. e»1s” carnot (atclh belguse ¢f L1as
O7 T17CuUTt conarltions

accepiance tes*ing Ha~gdness assurance acceptance tests are pe~teor~mec or aevices durinc the
rhace ©° 2 prograr These tests are usualt pe-tormec on samcies fror procurement lots oOf

€c 3F OFger 10 assufe TNa® the devicec procurea ourinc prodguctior have the same racialicn periormance
indicatec 1n the characterization tests  Acceptance testing wili be discussec r 5 hereir
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S HARDNESS ASSURANCE

5 1 Hardness assurance Hardness assurance (HA) 1s the application of methods and procedures during the
production phase of a system to ensure that the system retains the radiation hardness which 1t was designed
o have  Although the prancipal application of hardness assurance s in the production phase, 1t 1s
nececsary to consider HA during the design phases of a program 1f a cost-effective system 15 to be obtained

Hardnecs ascurarce begins In the design phase with detinition of the svetem requirements, radiation

.......... B R 4 T R P PN P ol miil me s an ad PN Setmr mormrme mmdAd tha coatamsaryzatsnn ~F

N‘”dth‘( l4dLIUT A ne piece- [ Tts, Catlluilalion O1 e quUIICU Ut‘blg” llldlyl 15 andg  wnic Ldltgk}l 1Ll Tuiy Vi
semicondustor parts

L Dacymr mar~Yrn The Aacinn marAsr anneaac dAar mart fcatasnt1YatInn e ticard ta fdetermine 1Y haronace

S 7 1 Degign margin The desigr marqin approach for part categorizalion 1s useC 1o delermine 1t haraness
assurance (ot acceptance testing 1s reaquirecd tor a particular part tvpe The twe methods used for thae
categorization ace the desigri margin break point (DMBP) method ancd the part categor~ization criterya (PC()
method Both methods require part characterization gata to determine the design margins

512 Desiagn marain breal point DMBP 15 generally usec for svstems with mogerate requirements, and r
cases wnere dose-rale responses of the devices are well understood, or at least are bounged In this case,
the calculated aesian margin tor each prece-part 1s compared to specitiec breakpoint, and based on this

h
comparison, tne parti category 1s chosen

5 * 3 Part cateqgorizaticn criteria PCC applies 1n all cases where the statistical distribution of
tariure vs knowr anc 1s generaltv used In svstems with severe reguirementc or part survivabil
Sometimes & commnation ¢t Tne two methods can be used that 1 DIBF : usec 1C categormize lesc cencit, e
parts, anc the #{( vailue ¢ used 1or the more sensitive parts

S % « Unacceptable part's in anv application of these hardness assurance methods, a vatue must be

she 1tiec wrich wWil. be useC 1C separale unacceptabie and HI(-T parts The valde must DC basec or severa.
consygerations such as number of parts rejecteg, part avaliabliltiy anc cost Tatie 111 1cwustirates thio

utIng a vaiue of ¢

£ Az NMOL math~A~ The DMBP method 3 otten specified for systems with moderale reguirements with
- . - IR= INT LY IR THIT ViloT WT LTI Wi LTI QT L 11 10U [A%) SYSLTHIS wWilll NMUOUT  @ailT rCTuu i Tmciis Lt
respec? tC the gevice response levels The DMBF values are sometimec pased or statistical baseline, but are

more ctler basec or gooC engineerinc jucqement threat specificatior levels anc svster considerations Tne
tirst DMBF value 15 the brear point between HU(-1M, where acceptance tests are requirec on each tot, anc
HI(-2 where tests are not required on each Lot DMBP provides @ qualitative leve(-of-survival probability
anc confidence teve., basec on past gene~1c response and engineering judgement  Tabte Il shows the

IS
ue 1¢ the breaknoint be
(945

reLatigonship betweer the breat peoint values  The second DMB® value 3¢ the breakpoelr tween HI({-2 anc hN(
TABLE 111 Relationship between dose-rate DM anc DMBF value
{Dose rate DM =< 2 < DM < DMBP (1) Value = jolg < DMBP (2) vailue = DM !
i
‘Part e HCC-1M part HCC-2 part, HNC |
<unac eptatie Lot acceptanc Lot acceptance
| testing 1s testing s not |
, required required

51 ¢ PCC method The PCC method (see & 1 1 and © 1 2 herein) 1t generally reouired for svstems in which
stringent requirements are piaced on part types. When PC( 1s used, 1t 1s necessary to calcuiate the PCC
vaiues based on the characterization data The PCC data are used primarily to differentiate between HCI-1
anc RHi{-2 & second PC{ could be calculated using a smaller allowed failure probab:litv (o~ & breakpoint
could be chosen) to separate HC(-Z partse from HNC parts Tabte Iv shows this relationshic  When the part

—

€ jucged unacceptabie, the corrective action indicated 1n S 1 3 should be considered
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TABLE Iv Relationship between dose-rate DM and PCC vatue

|Dose rate DM =< < DM < PCC (1) value = DM X PCC (2) value = DM |
| ;
iPart 1s HC(C-LM part, H(C-2 part, HNC
iunacceptable Lot acceptance lot acceptance

| testing 1s testing 1s not |
' raniivrad ramiiyras I
| requirea Tequired |
| |

C e 1 PC celiulations Betore the metnoz usec tor determining the PII value 1. presented, &
drscuscron ot tne tactors usec 1n the calcutations 1s n oraer The discussion will 1nclude the variability
of the dose-rate fariure values obtained during characterization, a confidence factor anc the requireg
survivat probabitity

S 7 ¢ 2 Vvariability The variability ot the data 1s represented by the stanagarc cevialion, 5, and 1s
calculatec using the v values de<craibed 1r « ¢ «  Because the log-normal distribution 1s assumed,
VEAIL .
Y » which 1¢ the'‘standard de.1atior c* the Ltogarithm of the y values s caicuiated as tollows
St FAZL FAIL

n
NP 5.2 12
ooy = — N Lnlyrap ) ~Enty ey 02" 00,

r-

™
where v 1: tne Qose rate resulting r taliure tor the » aevice, anc n s the sample size
FALL

27 e I The (eve of contidence and sur 1val probaty!oty The level cof contigence anc the su’.iva.

rropbabyorte ere Yntrocuces Intc the awcuations by muitipivang () , Dy the cne-siged tolerance ymit
“Er FALLY
tacton by which 1s selectec trom a table ot one-cided toierance (1imit tactore isee appendix () Thre

“
tactor 15 & functior of sample size n, survival propbabitity PDYQT ana configence (eve. ( For exampie 90
percen® confidence 1r Q0 percen prcoabiiilt  ©0* surviva. mean: that 1' tne charasteriIatior 1est were

repestec man. 1imes or difterent samplec trom & lot, 90 percent c¢f the time 9% percent of the vaiues

; FAIL
wOuld be egua. 1o ©~ greater thar the mean less LT’ times the stanacard deviation s, or

R T ) tor & loc normaily distributed va-iable The PC{ value 1t calculatec tror the
AU SYEATLY TRl Ser YYRaLL
‘ollowing reationship

PCC =exphy spnlypary?

£ 1 ¢ & Increasing pD'ST anc ( and consequentiv h. Increasing pD'S' ana {, and consequentiv kTL'
I . 1§87

o! part appilications tha 1. be categorizeg as H((-iM, requiring expensive (ot
acceptance testing Increasing the sample si1ze n generally will wncrease the cost of the characterization
test Howeve~ thic added cost ma. be more  than offser during the HA phase 0f the program, since
wncreasing the value ot n results n a lower value ot k, and hence a lower PCC Thys yn turn mav reduce
the number of part types reguiring lot acceptance testwﬁé As can be seen, the valuec of PD1 y Canon

1nireases the PI{ value and the cost of the hardness assu-ance prograr, since increasing the value of PCC
increases the number W

!
selected are a tradeof’ betweer the level-o*-hardness assurance gesired anc the amount of tundirg available
for the HA prograr  Tne values of Fa,ST, { and n Should be approved by the SPC when the PC( methoc 15 usec

$ 7 €% Parc type HC(-2 # part type classified ac HCC-Z ooes not require routine (ot acceptance
teqting howe rer  wner. the dose-rate marcir approaches the PCC value & sampie tes: snould be conducted
pe-iodically ouring parts procurement It should be noted that a value of 10 1c otter used as the
treakpoint value for HIC-z wher using the DMBF metnod

516 6 Dose-rate upset testing Nondestructive tests such as dose-rate upset testing may be periormed

on a 10C percent screening basis for parts which have been categorized as H((-1 Table V 1ndricates the
possible test action which may be reguired




TABLE V Possible testing requirements

! | HCC-1 ] H(C-2 B
i 1 1 I
! Upset ! 100" screen . Periodic Lot screen |
' Burnout Sample test . Occasional sample test!
. _Latchup | 100'. screen : Not required |
© 1T pse o' the PCC method I“ & svstem hac steingen” reauirementc, or 11 the parts used 1r the svetem

have tailure Levels close to the specification tevel then a separate decisior must be mage about the raisk
to be taker tor each part type used Sometimes, oniy a few part types are mission criticai, anc cannot be
allowed to tar. Often, certain memories used 1n the system may not be allowed to upset or tc lose data
through the radiation event. for these parts, ar estimate of the survival probabilitv and the confrdence 1r
survivail are essential for design hardening

5 7.7 %7 1ne reason for using the P(( method  The reason for the use of the PCC method 1s that the
catculateu gesign margin 1s usually lowerec from the value used 1n the DMBP method, since the margin s
pbased on the actual device performance, and not or a worst-case estimate of the performance of a numper of
device tvpes

£ 17 L Ar_exampie .et us assume that the memorv usec on figure ¢ s usec 1r a svster 1rn & moderate
environment Let us further assume tha* the requirements tor the part are describea 1n table Vi

& Tne tirst quaniity required for the calculaiion 1s the deose--ate desigr margin This 10 geilermine
trom the gate of tabie 1. anc the upsel tevel speciticatior

t  The mear fariure level s given 1n section & 2 5 as ar

Y*© = exyp tn(y:

b o s 3 - , . R
. oT the Gate °n tab.c C Yur = exp (e 1@ = © O2E

[ With & the specified threat level of 5Eé, the dose-rate design margin 1s

(85

[aN]

D =7 O2ET/5E6 =

I3 The part categorization criterion P(C(, 1s obtarned trom & 7 2 The one-sided toierance factor,
i]., 1c obtained from appendix (, for the aporopriate sampie size (h = 10°, the surviva.
propability (P = 0 9999), and the confidence level (C = 0 & Caution must be exercised when

extrapolating aata to extremely high probabilrty levels

PCC = exphy, spnlyppy?

Orf - ayn (& §2QwN 15) 2
TLLe = QRPN JI0U 12 <o

¢ Since the P(C value 1s Larger thar the DM, the part 15 categorized as H((-1M and (ot acceplance
tests must be nartArman
t s m pertormea
TARI £ U Daniitramante at nart lAaratasnn
TABLE VI Reguirements at 1 _location
. Specified threat level i S E6 rads(Si)/s
keguired-survival probability | 0 999% ]
| __kequirec configence level ‘ cc

© ¢ Hardness assurance requirements The various techniques which can be used for hardness assurance
have now been discussea This section will provide some guidance on how to apply some of these techniques
to various systems
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decisions, depending on the requited probability of survival and the device technology used Upset testang
may often lead to an adequate statistical determination of thresholds for failure One, therefore, has the
(ption to use a number of ditferent hardness assurance techniuaues n the application of the PCC and DMBP
methods  One can select from

5 2 1 Upset hardness assurance Either the DMBP or the P(C method could be used for hardness assurance

a Pevice selection

t pPecign mod fication
I8 -

. 100 percent screen

rod Camri o tocYINC

c Sample testing

3 Svstem solutior

S 27 % 10C percent screering For systems reauiring high contigence ot survival, a 100 percent screern
T be used to assure the upset survivability o* the device with greater confidence & 100 percent screer
car be an effective technigue for integrated circults at smali-to-mecium levels of 1ntegration For higher
tevels of 1ntegration, a statistical approach mav be used, since the number ot state vectors required tc be
restec mav preclude a 100 percent screer The cost of a 100 percert screer can be large, and one must mare
= tradecf* petweer the coct ©f tectinc each device anc the reguirecd survivabilirty of the syster

L2 "0 Sampie testing For systems with mooerate reguirements the DMSF hnique mas be the most
{ f

s tec
rort-etrectiie metrod o0f acrneving the desired corfidence anosury or casec wnere the desgr margir ¢
I e re

s *ro DT o matnas m I - L
ima. . the PCT metnoc ma. be Us tc ne 2 f e

r upset can be usec The circuits car
{f racya-on Pevices less sensitive

N 1S, ter scluthon In most cace. a syslem-le.el s
pe cec.gnea to De upsel tclerant, anc woud be resel a‘te- the puise

o "

TC Tac.eT1or car be cubsiitutec Tor raclation “sott' gevices Irn the tinal analvsyrey, & combinatior o7
teznnigues provice: the bect solytior 1o the upset hardnesc assurance probienm
2 1 Latrcnhur haranecc acsyrance Since Latchur masy have o (O- probability o occu-rence, hardness

assurance for tatcnup presents & uniqQue probler There are very lew casec wnere sufficient statistica. date
e»)sts 1c apoiy the PCC haranesc assurance method Ir mogerate environments, where the dose rate
emyironment ¢ significantiv Lower thar the expectec {atchup threshoids ¢ the gevices tne DNBF methoc ma.
be usec In any case alternate haraness assurance technigues must be usec The only technigques availabie
tc pe used are the following

a Device selection
t 100 percent screer
c Syster solutior
S ¢ ¢ " Hardness assurance for Latchup Haroness assurance tor latchup 1s best solved by part
subctitdtior o by a system-level solution Fart subst tution ymplies that parts which are not latchur

cus.eptible are substituted tor parts which are Llatchur prone The-e are a number O' ways by whicr
atcnur-free de 1-esc are found Some 0 these wave are arscucsed below

£ ¢ I 177 Device construction The use of special processing methods, such as dielectric 1solatior,
burvec lavers, go.c doping etc  are techniques which are usec to prevent latchur These techniques either
el1minate four-iaver patns or assure that the parasitic gains o* tne devices are too smal. to sustain
archur

S 08T 0 Latchur srreent The use of atchurs screenc artempls t¢ find aevices which latch by using a
nongecTtryctive ragiatior screering test Devrces whi~h lat L1minated trom uv'se In the system There
are several significant protilems with, the use of latchur screent thece will be discussed later

ch are e
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52213 tatchup analysis Latchup analysis 1s an attempt to find latchup-prone devices through the
analysis of the layout and processing rules used 1n the device manufacture It 1s usually assumed that
devices that have four-layer paths will not latch 1f the current source supplying the path 1s insufficient
to support latchup Since the four-layer paths are parasitic, one must perform a careful analysis to ensure
that the biases and current sources that are present 1n the nonradiation environment are In fact the correct
current and biras sources that are supplying the path during the dose-rate 1rradiation

5222 Cautions - latchup There are a number of precautions which need to be considered when deciding
or {atcnup hardness assurance techniques Some of these precautior: are discussed below

£z 22" .atchup screens  Most lstchup tests are performed usinc & Linac or a flash x-ray facitity
These tests are usua.lv mage at & tired dose, appro>imately S00 racc(Si' r some specifred test

contiguration There are a number of probiems with this ¥ind of test procedure

s the design of the test conf

g
r eha eace At hems tha As
i ae
1

It 1s necessary to determine the
~1y $gor the test The latch

ur
LS ARG -2 R AEBTCNUL

-

T O

he 1est, and 10 pigs Ine

m o

ace conditions An arbitrary
.
t

e preferred way to arrive at
t y Iin the test results

t
ses and test configuration can only lead
b LS] circuits pose a more complex problem  The problem of proper selection of test vectors for the

latchup screen 1s extremely complex 1t can be made on the basis of internal rajl-span collapse
analvsis Internal node fan-out and functionat ity These circults may contain more output states
tna” can De practicalyy moritcred and an eva.uaticn of the applhcation of the device 'r the syster
1N whick 1t 1s used 1t one was that the test vectors ma. be determined Thie, o' course leads ¢
uncertainties 1n the results o' the screening prccedure Ir tnese cases, 1t 1s ofter better (o

power strobe or powe~ 1nterrupt upor detection of a radiation puise

“w

< Finalty, 11 1s weiL recognized that latchup v irtegrated circulls ¢ temperature dependent i
1s pecause the condition ot latchup depenas on the magnitude o the gair of parasitic transistors
v the Integrated circult these gaine increase with temperature dependent, and may vary by tactors
cf three tc four over the operating temperature range £ gevice which does not Latch n & roor
ltempergtyre test mav latch 1m & test at the maximum ope-ating tempertature  Theretore the screer
must e performed at the maximum qevice operatinc temperature 1 orde~ tc be valic

£ 2 2.2.2 Lretchup windows The oifficultres of latchup screeninc are exacerpatec by the existence of
letcnur wa some technology types Thus, prior tc screening a caretul characterization must be

noows
accomplishec tc 1aentifsy this pnenomenor, 1° 1% exists

52.2.2 2 7 Latchup window phenomenon The latchup wincow phenomenon has been seen in CMOS cevices  1Ir
particular, the CD4D47, CD406T anc the (D494 have been observed to have latchup wingows  However this has
not beer shown tc be & widespreac 1ssue There 1s no reason to believe that the latchup window problem 1s

Limited to CMCS devices

52 2.2.3 iatchup analvsis Latchup analysis 1s a usetul tool in the 1dentification of latchup wn
gevices The latchup analysis procedure details the requirements and methods to perform the analysis tc
achieve reasonable confidence in the result However, the application of the technique requires detariea
rnovieoge o the desian rules for the device, and the acquisition of Layout information for the cevice
processing This 'nformation s difficult to get

522.2317 Obiectives of latchup anailysis. The objective of the latchup analysis procedure 1s to
wdentify all four layer paths 1n the device and to make a judgement about whether or not tne patns will
tatch  Obviously, 1f no paths exist the device 1s latchup free however, 1f paths are found ir the
agevice, the procedure seeks to determine the susceptibility of the paths

£ 2 ¢ 24 Suggester procedure £ reasonable proceaure tc follow for latchur hardnecs assurance 1s
gesrribed below for devices

a The process begins with device selection The aevices are subjected to a analysis to aetermine
whether or not four layer paths exist 1f no paths exist, a high-contidence, latchup-free design
can be assured
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b Should four layer paths exist, two options are avdilable The part may be replaced and the process
repeated, or the circuit design may be altered  Should the analysis again determine that a four
layer path exists that 1s properly brased for latchup, two options are possibie The parts may be
screened to test for latchup occurrence using test conditions determined from the analysis  This
procedure may result n moderate confidence in a latchup-free system Alternately, a system
sclution, suth as circumvention, may be used to obtawn a high confidence, latchup- free design
towever, power must be removed quickly, within a fes tens of microseconds, tc prevent burnout 1r
de.yces

4 Should & tour-laver patt. erx1st, ancd should the (atchup aneilysile vemonstrate that the path 1¢ not
tiacec comrectiy 1o~ latunul tc occur, one can terminate the procesc with low tc moderate
con‘rgence that the systen g latchur tfree However , the andiyoie shoulo inriude the etlects of
racratior and electrica. transientc tc ensure that the latchup structure cannot be activated auring
such events Thrs approach mav be feasible and ccst eftective for the kincs ot svstems where
latchur may be tolerateq ancd operation manually restored

d Aiternately, one may 1mprove the system through the ute of latchup screens and svstem sotutions or
poth This tlow 15 otagrammec on tigure 3

5 ¢.2 Burnout hardnesc assurance  Burnout 1n the dose rate environmen: may tare on mo~e than one form
The most common farlure s 1uncttior burnout occurring as a result of the dose rate radiation  Another
burnout mechanysm car pe the fairlure of the metallizaticon Hardnesc assurance techniques for controliing
thete ettelte are con” "gerer  a° frecen’ 1C be only tentative and uncrover The matte- of burnout 1n the
GOse rate emoaronmert e <t- o tre sut)e~t of researck anc & compuete characterizatror of t1he mechanism: 1c

nct vet acariat le

O 27 Methoc of tnecre The most reasonable chotce of a2 ha~dness assu-arnce method ~c¢ the DMBP metnod
SOw¢ em The lalluaatior o' 3 gecan matalr treal poirt s complicated by the tact tha' all burnout
rona1ion are net tuliy unuer ttood Az a resu.t the hardnecsc assurance technigues av.ailable are the
tclicening

- frte Yc¢ seleztror
t tarrent Lametang
< Syster sowutrors

£ 227" Aapplication of the techrigues These techniques are used to achreve a gesign margin which 1s

sutficientiy large tc assure survivabiiatv Since uncertainty ex1sts 1n the actua. burnout thresholc of
gevices, a agreat deal of judgement must be used 1n the application of the techniques

227 11 Device selection  The use of devices which have higher burnout thresholds 1s a useful
bardness assurance technique However since littie data are a.aillabie on burnout 1n the aose rate

environment, pulsed powe~ data are often used to compare the relative hardness of devices Pulsec power
data ma. proviae a meaningful measure of relative hardress for discrete devices and small scale integrated
circuts However, larger scale i1ntegra*ec circults mav have interna. tailure modes 1n the aose rate
environment wnich ma, Not be measurec by pulsed power technigues

C 02172z (urrert lLamitang Tne most effective hardnesc acsurance techrigue for burnout hardness ¢
the technique of current limiting The purpose of current lLimiting 1$ to prevent any current sufficiently
targe tc cause burnout from flowing 1ntc the terminals of the gevices Power supplies, capacitors and
nputsoutput terminals are protected with current Limiting resistors A rule which 1s often used 15 to
provige approximatels one ohm ot resistance per volt to provide current Limiting for all Lines connectea tc
ar energ. soJrce Input anc outpu' leads can be protected tc Levels to prevent puisec power burnout a°
1nose termina.s turrent (imitaing resistors adaec tor burnout protectior are classifiea HC{-TH  however
one unaderstannarie consequence 0! current (Iimiting 1¢ to lower the oevice upset level since the voltaae

.

pro.ided 1o the device 1s reauced by the surge “pp

52 32 Burnout hardness assurance - cautions The question of hardness assurance for burnout 1n the
dose rate emvironment 1< an extremely difficult 3issue The pranciple difficulty 1s the fact that very
1ttle burnout data exists for devices 1n the dose rate environment In fact, avairlable burnout data for
devices 15 often performed using pulsed power techniques, and comparisons are made on the basis of that
data
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§ 2 7 21 tinancuarad quect ynne HUnéfartmatal o tha vact mainrity of the extcting data addresses digorate

52 3217 Unanswered questions Unfortunately, the vast majority of the existing data addresses discrete
devices A further complicating factor 1s that several significant unanswered questions have arisen
concerning the existing data Some of these questions which cause concern are listed below

a Some devices du not conform to 1dealized models for device burnout response
v The distributions of burnout response do nct always conform 1o expecteg statistical resporse

- The bturnout response of integrated circutrts In dose rate enmvironment mav be dirfferent than the
response predicted on the basiys of discrete gevice pulsec power gata

c The cratericer, tor burnout mav differ betweer aevice NC stancara te 1 methoda:s er ot
¢  Swnergistic effects affecting burnout are no* complete(y understood
52222 Untertainties As a result of these uncertainties, burnout hardness assurance has not been
well devel.opea System hardening techniques will need to be used uniil many ot the unanswerec questicns

have beer resolved Some cf these uncertainties are aiscussed 1n the foliowing sectione 1n orger tc pro.ide
ar ungerstanding of the magnitude of the problem

£ 222217 ldealizea burnout models In many 1nstances, the catastrophic effects of current or power
ctreccec on gevices are the significant failure mode for the svstem Howe.er, the methoas usel tc¢ anal.ze
ANt CLtletr gesigr asta tor the fvslems 40 No” €80 1L ¢ gredl dea. O COnTIgEncE in IRe anduv.,ig

ST 2" (ontrmibuting facto-s The power reguirec tc burn out a semiconductor uNction gepencs cr a
varier. of tfaciors Some of these tactors are the phvsica. geometry ot the device, the mpurity profite,
tne Luly ang contact resistance ©f tne celce the polarits ana intencity o' the appliec siress, and &
variety ¢cf otner factor: The point 1s tnat althouar o Larae number o! tactors whith contribute tC the
“ailure ¢* @ de.iie nace been 1gentifhiec, the burtnuul prot erm Ir gecites 1t noT vel compietels ungerstoc:t

Sl rran Unanswereg guestions Muct wors has been done tc fu~thes ou~ understanding of the

<
phenomrencon Some ¢ the meet Impo~tant unanswered QuestiIons are

a What are tne proper tesl metnods 107 determining *e@jriure tNreshowCo anc MINIPIlinge the statter ar
the data”

L What 1s the proper statistical gistributicn whicr Qescripes the .atiatior o1 burnoll catle witr
stress”

4 Are there anv measurabie nondestructive, screening parameters which can indicate a8 cevice with a
tow failure threshold”?

5232272 Analysis One of the most common burnout models used 10 analvsis 1s the Wunsch-Bell power

model (see ¢ 7 7 herein? This mogel 1s an engineering approximation to the phyvsice ot the 1dealrzed pucsed
powe~ burnout phenomenon as 1t 1s presently underctood

£ 2222174 Imtal desian Initral design ot carcust~y ¢ usuyally based on burnout threshoid gats
previously acquired, or ne. test data obtained specifical.y for the prograr  Tvpically a2 sample of devrces
s testes to provide character-zation data where they dc not alreacy exist The tests are usually pertformec
or electrically equivaient unscreenec parts

523221%5 Farlure threshola The failure threshold 1s usually determined by step-stressing the
gevice using singie etectrical pulses of increasing powe- but of fixed pulsewidth Tne device s
charactlerizec atter each puise 1c gelec! amy gamage

S 23221 ¢ Power leve. The power level 1ncrease between pulses becomes & critical factor 1r the
1egtc £ tactor of twe ncrease between pulses 13 not unusual Theretfore 1the uncertainty 1n the threshold
mav be ac much as 2 d8  eimply due te tect techninuec The time to burnout may be somewhat less than the

pulsewidth of the driving pulser



5232217 Time regimes For time regimes between tens of nanoseconds and1?21eu microseconds, 1t s
nuted that the power required to burn out a junction i1n reverse breakdown 1s K/t , directly from the
Wwunsch-Bell equation  This power 1s absorbed 1n the junction and bulk resistance giving a current of

44v? ¢ 4R K/!1/2)1/2
Vap g K/

where ‘

1< the device bulk resistance

gL ¢ tne junction b-eakdown voltage

N 1e the Wunsch-Bell damage constant
1 1s the rectangular pulsewidtn

e recommended to be used However , when quality data are not avariable, the values

r
ed accoraing to some gerating scheme One such scheme 1¢ shown In table V11

Measured va
us

1
o! kK are y Qera

TABLE VI1I Deratinc tactors for Wunsch-Bel! damage constants

Source Derating
kelrabie, wel.-documentec data ) 1/3
Cimilar mar* toct data t 110
, Similar par: test data ‘ 1/1C
' {alculated ocata 1/5¢€

tor parts which are cnaracterizec for the system 1 which they are to pe usec, anotner modificatior of the
wunsch-Bell eguation 1c often maoe Thne test cate are least-souares f311 tc the eguation

e - oAk

where F 1s the power, t 1s tne pulse duration anc A and B are constants founcd bv the teast-squares fit
Ther thrc curve ~¢ uysed tc finc the farlure threshold at the expectec pulsewidth Once the cerated current
*s founc and the oamage thresholo 1¢ ocetermined, then the CiIrcult currents are LImitec 1o vield & desirec
cesign margin

$23.2.2 1.8 Basic assumptions ALl of the approaches presently used make certair basic assumptions
and use simila~ ertrapolation methods For example, the Wunsch-Bell engineering moael 1s commonly used 1t
1¢ otten necessary tc extrapolate the burnout data to pulsewidths of interest, and the simple power ilaw
seems 1o be a convenient wav to perform this extrapolation

£2.322179 Analysis technigues There are a number of areas which must be discussed 1r assessing
these analysis techriques

s of the burnout threshoid

i
(7]
-
)
-
-
0n
.
-
A

b  Extrapolation using the Wunsch-Bell power law

¢ (ombined environmental effects
523,222 Statastacal analysis  Burnout testing of devices has vieiged verv (1ttle n the way of
nTormatior on the statistical distributions describing burnout data 1t the statistical aistributior 1s
known derating part cate for the statistical uncertainties resulting from small sample data 1s a2
cirarahtforward application of confidence bounds  The technigues outlined previously using one-sided
tolerance limits can be modiftied to whatever distribution 1s used On the other hand, without knowiedge of
the statistycal distributions, any derating scheme 1s subject to question

5732221 statistical distrabuthyon A number of authors have attempted to studv and describe the
statistical distribution of burnout data  Typical of these efforts are the works of Egelkrout and Alexander
et al
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S 232222 fgelkiouts study The most commonly used distributions are the normal and log-normat

distrabuthions tgelkrout set out to examine the lot-to lot variability of burnout data, and attempted to
show that exi1sting data analysis methods and thé statistics used result n inadeguate uES'lgﬁ margins (see

¢ 1 ¢ here:n) He also tested several trial distributions against existing data to determine the proper
statistical distributiyon He postulated that burnout data may follow a Weibull distribution rather than the
usual tog-rormal tgelkrout aces, 1 fact, show that the statistical problem ys not yet solved Perhaps
more care‘cl test procedurec and use of contidence Limitc 1n the statistical extrapolation nay result 1n a
more ~ealictic estmate of useful margins

S 7307 0% AKieranaer: study Alexander, et al attempted tc develoy ta.lure thresholc information by
tectane le ce nunbers ot transretors (see € 1 1C herexn?® A numper of tranc'sto- topologiec were used In
The ewper me, * ¢ provige the varitety of chapes and <12€z commonty usec 1n aeronautical systems A number

o' commor statisiaca. distributhyons were tlested 1o determine which distributior would be moct usetul fo-r
tavlure tnreshotd analvsis  They, foung that no single dgistributiyon was universally applicable to their
date

S22l ¢« lonclusion The pcant tc be drawn from this 1s that the use of an, statisticatl procedure
basea on tne tariure threshoud for devices (eaas Ic some cegree ot uncertaint, kW1thout an adgecguate
ctatretica. gescription, the extrapolation trom samnle gata cannot be made with confiaence Most often,
what ¢ gone 1s that @ partccular drsTributior 1s tudgeo to Le acceptable trom an engineering point of view
and 1t usec or that bas?s

< 2 J 1 Furnoct tnmec<holc vardtabilin 11 ma. De Lsetul 1o examine the burnout thresholc

varsarilit tror & ononparametrac perspective The oesrgnes ma, wish to wnow the number of stangard
de.-atiens Tror The mean Which are reauired to bounc the tasiure threshold 14 the farlure thresholc can be
bourdec T withir a- acceptabl, small (imit  ther a su table aesign margin car be chosen

S 220 07 Pulte. dtr cepenganie  Burnout 0ate ate MOSt O*ler mMeasureg us NG one 0" twC Stressing
pulcesrCIre Shcuic tre puitcesdih ©f interest no* be the same ac ihe measuyrement stress the gata will

rave t0 be extrapclatec or interpclated 1r order tc rro.vade faviure thresholds ar the required pulsewidth

SINCE TN 1CE3LITED POWE™ 1awt apdl. CNnily tC Limitec tTime regimes 07 pulse widthe txtrapciation tc¢
puisen1dlt oulsioe o! the recior of applicability can teac tc ve~y sigrificant errcors 1r aadrtior the
uncertainiy 0* the gate or which the extrapolatior s made contributes tc the error

£ 227 X7 dcealirer power {aws Extrapolatior using the 10ealizec powe~ lawe can i(ead to errors
.

S ¢l ¢« ompinec envaironments  There 1s some concerr about the combinec ettect of nuciear
environments particulariy 1r the area of burnout There may be & combinec effect should the ocose-rate
effect occur simultaneousiv with the ncicence of an electrica. overstress Tnis problem has been studred
bv some recearchers with varying degrees of success These studies 1ncicates that current Limiting of
devices se-ves tc etfectively control combined effects for most digital and anaitog devices  High power
devices where cutrent Limiting 15 difficult, may be subject tc combined effecte, and testing 1n the
dose-rate and pulsec power comdined envnronment may be requirec

S % Lot acreptance testing Du~ing the proauction phase ot & program, 1t 1s assumed that the parts which
are to be used have peen characterizec and categorizec guring the desigr phase The most cost-effective
app-oach *~ piece part haraness assurance 1s tc determine the part requirements during tnhe design phase, and
ther 1¢ ust tne same requirements tor all future hardness assurance part nrocurement activits Therefore
the hsrdnecc assurance desigr documentation (HADD) must 1nclude all the 'nformation needed to 1mplement

S 21 HI -1M parts As previouslv indicated parts which are catego~ized as HCC-1M require lot
acceptance testing before use 1r the svstem for dose-rate effects, the haranesc assurance Lot acceptance
tests may take a numper o* forms They may be 100 percent tests of the {ot (screens), or they may be sample
tests The 100 percent screens ma. apply only tc some urset anc latchur tests and will be discussed later
Alternateis  some testy for upsetl anc most burnout tests mav be degrading because of the high current flowe

anc theret-re must oepend on sample tests
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5 3 117 Lot tolerance percent detective (LTPD) Two general methods may be used for lot accepltance tests
The first 1s called an attribute sampling test method or, more commonly, a lot tolerance percent defective
(LTPD) test  This method specities how many devices out of a given sample size can fail under & given test
condition, and still meet an acceptance criterion (see appendix () The t TPD method 1s widely used for
quality assurance 1t 1s simple to use, but requires inordinately targe sample sizes when low failure
probabilitires with a high level of confidence are needed for example, to allow prediction of a faiiure
probability of 1 1n 10- at 90 percent confrdence, about 2,000 sample parte woulc have to be tested with no
tarlures Alternatively 1t may be possible to obtain high survival probabilities with a small sample size
by performing an LTPL test at several timec the specificatior dose rate the extrapolation to higher
survival provabilitres a* the speciticatior fluence can be done using @ knowleage of the probabiirty
distributyon

£ 392 variables campiing test method The second method, calied a va-iabies sampiing test method,
determines the statistical behavior of a variable (e g , dose-rate upsel threshoid) under test conditions
This method has the advantage of being able to predict a low tailure probability with high confidence, on

P G 1
L10Ms aovluL e

ihe basis of a relatively small sample size It has the disaovantage that 11 reguires assum
probability cistribution ot the variable imolved Such assumptions are usually reasonable, however, and
the advantage of being able tc use sample sizes which are easily attainab.e far outweighs any disadvantages

53 2 Upse: testing Upset tesIing 1s 1dentified as & nonoestructive test method, and therefore can
sometimes be 1mposec as a 100 percent screen on devices used in a svstem However, & 100 percent screen 1s
not alwaves the solution to assuring hardnese  Moreover there 1s some controversy concerning the effects of

COse-rate screening witn the generattor ¢f .atent gefects gue tc the larg- current surges which resudt tfrom
thie testang Thue, whiie gose-rate screen:s may be used, & ful. characte-izatior of the qevice tvpe s
recommengec pric te 100 percent screening

S22 % Jest issues There are severa. factors tc consider wher upse* tests are perfo-med For example
1Y the gevice °s @ combinationat logic ge.ice the device may sportaneous’. recover from upset withir some
recovers time One ther~efore ma. be concernec with either the upse? Level or the recovery time to- the
aevice  gepend ng upor whether o~ not the corcult 1n which 1t 15 usec 1s cesignec IC be upset tolerant
Shoulc tne de. ce be a seguential logic aevice, the stale may be restorec only tnrough reiprtializatior
after the radisation pulse Ir thie case the upset Level mav be the paramele~ ¢* 1mportance Or the other
hard recover. time mav be the paramete- c©f 1nterest particulariy tor linear ae ice. because tne. ¢o*ter

saturate wher exposec tC the agose-rate environmen:

T3 T Z humber cof puises Ir alt cases the number of pulses reguirec to getermine tne upse: level
contributes tC the tota. acse exposure ot the device  The tota acse exposdre ma. be particuiaris important
fo- MSI or LSI ocevices where L(arge numbers of state vectors may need to ps testec These cases mav agair
force the use o sample tests

© 22 2 MNondestructive tests - screens The radiation characterizatior tests anc the required circuirt
upset tolerance will aete~mine the survivability level requirec for devices For (ess complex devices, a
100 percent test of the gevices at the reaquired level mavbe sufficient tc quatify the part The tcta: dose
accumulatiorn and the overstress o* the devices subjected to the 10U percent screer are factors which witl
need tco be considered when deciding on screening tests for the devices

© 2 4 Destructive tests - acceptance tests In some cases, the oevices mav be damaged 1n determining
either the upse* threshold or the survivabiiity level In these cases the tests must be performec on
samples anc the approp~iate procedures used tor Lot acceptance An adequate sample size, consistent with &
desirec confidence and survival probability, must be chosen (see MIL-HDBL 81¢ and appendi» E herein’

5 2 3 Burnout tests Acquiring data to assess the burnout susceptibility of devices in the dose-rate
environment presentc a unique problem Burnout characterization tests are onlv sometimes pertormec n the
cgose-rate emironment  The burnout or damage levels wherebv gevices are compared are usuallv determined by
putse power teecting of the device to tariure Theretore, burnout testc are alwav:s sample tests anc
s1atistica. ynference must be magae

533 1% Pulsed pover tests Most burnout tests are pertormed by applving an electrical overstres: to the
device, and measuring the stress to faiture tfor a girven pulse duration There are ob.ious problems
acsocrated with this method of measurement Some of these are (a) the pulse duration, (b) faiture
«tatistrcs, and (c) correlation with dose-rate-induced burnout mechanisms

2
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5 3311 Pulse power duration The pulse power tests are usually performed at some pulse duration
comparable to the expected duration of the dose r1ate induced photouut rent The power to farlure 14 usualty

assumed to fotiow the Wunsch-Bell power taw, for time regimes between approximateily 100 ns to a few
micruseconds,

POUERF =k 1_1/?,

{lowe the extrapolaticon of the failure power (PF» to tymes comparable to the photocurrent putse

S 3T 70 Statistrcal analvsic Stat-srical analvsie 1c uctually pertormed using log-normal statistics on

the stress tc tairlure and acceplabie del g marging are applied ine choyee of Log norma. statriiics e &
convenient cholce, proviaing & corsisten' approach  However, .1 s not certain that the log normal
statistics are the correct one: 1C use

S 33173 Log-normal statistice Tne use of the (og-normal statistics allows the application PCC methoc
»1th 1ts mathematical tormalism Another approach which 1s sometimes used 1s to determine the failure
tnreshola tor gevices by gata analvs1s ana 10 appiy @ derating tactor basec on engineering judgement in

this way, 2 DMBP value may be cncser, anc the DMBP methoc app.ied

524 Latchup tests Latchur car be e low propability faivlure mode, and therefore 1s mpractical to
approach using sample ctatistics  The usua' hardness assurance test applired tc (atchur prone devices 1s &
e

latchut s:reen Thne coreer ~ooannay tc "0l percent ©* the e Yrec  and ali gevices which (atch are
reyectec trom use 3r the cvstlen

S 24" Problems There are c<ignitfocant probiems with the use o a latchur screen  Possible
“ncentaintier 11 the screening tects sugdest that cvster-(evel sciutions shoulc te usec 1 (atihup-vrons
ae.1080 cannot be eliminaten from the gesior The uncerTairties anc cautions tc be observeo are oiscussec
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APPENDIX A

10 SCOPE

T 1 Siope This appendix covers the effects of photocurrents on semiconductor devices This appendix
1< a mandatery part of the handbook The 1nformation contained herein 15 intended for guidance oniy

10 ¢ Device photoresporse Tne principa. dose-rate eftest 1r semiconguitor 1unctions 1s the generation
¢’ phototurrents The pnotocurrents arise 1n device: wher high-energy particles suth as gamma ravs, »-ravs
(' electrone are absorbed anc create excecs eiettron-hole poirs 1n *he material of the aevice The
covtestrcr ot thesr excess carriert by the device junction resdits ¢ current flow in the device

1 £ 1 Device photoresponse  The theory of junction photocurrents i1s well understood, and can be
calcuiatec for mest normal 1onizatron sources and simple gevice geometries  for an i1ncident dose-rate
tulee  the trancrent photocurrent collected by a PN junction 1s approximatel.

.2 LI P
Ip =qeryRlipert Y ° o ert ) i,
- -
e Th
where

fe) 1¢ the etectron channe

o ¢ the electron change

Foyc tre yuncthor area

+ 1C the w30th of the junctior depietion reg on

L 1< the minority carryer diffusior lencth ct electrone r p material

L. 18 tne minority ca~rie~ drffusion lengtt c* holes 1n r material,

s the corresponging mInorits carrier Litetaime, anc

C ¢ t*ec cgmrier generatior rate

- 1z
o« 2> 07 hole-electron pa rs. cmX-raa(Svy

N hY - . e N s &b - s o £ N
where T3 Tne raadlatior, aose-rate Ir ragsidiise & sImM1ad” Qecay ollurs al 1Tre 1erminalior o7 1ne

7307281107 [FU.GE

10 ¢ £ cong bpulse For & raciatior puise which s Long w»11r respeci tc the minority carries Litetime,
tne photocturrert reaches & steadv-state value ot
Ip =QAC (W L. +L,.0Y = QAQ L s Y
¥ S Q) o) H halA- et C3 I B |
whe~e ! 1¢ the etfectrive miIno~1*y carrter ralier*iar teanAath aronnd the PhN 1un~tinr t _ 1¢ the cu of
e"t | 4. s the etfective minom1ty carrier collection length eround the Ph junctyor eff 'S the sum of
the gepletion layer width and the di1tfusior lengths or each sige of the junction

2C APPLICABLE DOCUMENTS This section 1s not app.icable tc this appendir

ki NACSF_BATE £aAaT!II'DE
30 DOSE-RATE FAILURE
30 * Dose-rate tailure The photocurrent dose-rate trarsient talture threshold for an integrated circu't

e normaces gefined as the racialion Level reauires to preduste ar output veltage which 1s sufticientiy large
1C cause a change Ot state n subsequent (ogl. stages or o change o state ¢! storec gata or log ¢ state

4&C CORRECTIVE ACTION

40 7 Unwanted photocurrents  The photocurrent generation 1n devices acts as an internal current

generator 1n parallel with each of the PN yunctions 1n the device The approach to hardening devices to
guse-Tate effects 1: tc eliminate, feauce ©OF 1S compensate for the unwantec photocurrents Some of the
major te~hnigues which agre usec are

a Mimimize the number of reversed biased junctions 1r orger to reduce the photocurrent

t  Increase the operating current gens'ty 1n the de.i.e by oecreasing tne junction area, o° t»
increasing the operating current

Minimizo tha rallo-~
TN LT UIT LU

o

d  (ompensate tor the photocurrents which flow by adding semiconductor elements to the circuit
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40 2 Mmimizang _junctions. This technique can be achieved by the use of such techniques as dielectric

-olation and thin film resistors 'n device construction The goal 1s to have no more than two junctions n
any conduction area

40 2 Insrearing current denaity This technigue reduces the retative amount of photocurrent with respect

to the device operating current Since the photocurrent 1s area dependent, one method o! increasing the
cuTrent Ggertity 1c 1o reauce tne device junction size

40 « Miymamizing collection geptr This method car be wmpiementec by reducing the Litetime 1r the
rotiesrior regior ©* the device b. use of some titetime billina method suct as aolc doping The collecthon
volume can also be reguced by the use o* very thin layers on 1nsulating supstrates, such as 1r 508 or SUI
technology

40 ¢ Compensatyion This technique places semiconductor junctions across the base emitter junction o
ge.ices yn order 1c shunl the generated photocurrents away from the device bDase region in this way, 1
photocurrent doe< not cause unwanted voltage arops 1n the devices, andg dues not unuerge amplification b
actrve devices 1r the circuits

S0 TRANSIENT UPSET HARDNESS

5C 7 Transient upset tnresholds  Tvpical transient upset threshcids tor several technologies a~e showr on

Y aure o ' shoui.a be noted that there masy be considerable variat ocm "¢ the upset threshold *or various
members ©0' & tamily 0! gevices withir & technology thype Thie ¢ wpecause of the sironc depencance of upset
or tne guallts ©° the power bussinc and on the lavout Any one fam iy within a technclogy may cover the
entire range shown

T Some genera. observations car be made TTi{ age ~cec seer 10 have comparable upset
t--esnc 0t regatd. o* the Level o‘ wntegration  NMBS 1¢ the most sensitive technology for transient
uprset  whice (MCS seem: 1C be the second most sensitive technology CMQS/S0S  on tne other hara, exhibits &
higt tnresholc level tor upset because 0* the reagucec coliectior voiume 1om photocurrents

Latchur thresholas Typical atchur thresholas fo- these tamilies o! gevices are showr cr figure ©

fut 1c & pnenomenor which 1s very much device gepengent as wel. a: tecnhnologsy depengent  The intiaence
atchuc 1~ bulr {MJ3¢ 1c high while the incidence 1n some tamyiles of TTL devices 1s extreme(y (Ow

6l REFERENCES

60 " Reterences The gocuments Listed 'n this section where used as references for tne preparation of
this document

011 F L uwirth and S € Rogers, "The Transient Response of Transistors and Diodes tc lonizing
Radiatyon,' IEEE Trans on Nuct Scir , NS- 11, No 5, November 1964

6C 12 J F Leavy and R A Poll, "Radgiation-lnduced Integrated Circuirt Latchup," 1EEE Trans on Nucl
$c1 . NS-le, No e, December 1969

eC 13 ¥ Simons, et al , "Integrated (ircuits for Radiation-Hardened Systems A State-of-the-Art
Feive. " AFAL Report AFAL-TR-76-194, Januarv 1977

60 " « T M Long, "State-of-the-Art Review Hardness of MOS and Bipolar Integrated Circuits ' TEEE
irans on Nuct Scr , NS-27, No €, December 1980
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10 SCOPE

11 Scope Thic appendis rcvers the Jarious rag ation sourcecs used when performing dose-rate testing
This appendix 15 a mandatory part of the handbock The intormation contained herein 1s intended for
quigance or Ly

1C £ Ragiarior teciing The mest commer radiatior sourles which are used for dose-rate testing of
CemyDnguotor companents arse the sanear acce.erater ([1ng ' anc the f.ast »-ra, (FXR' mactine Because of
the w10e variety o' components and muct wiager va-iety of wave tha* a component mav be usea Yn a circuitl, a
radiatior test plar ano report are reguirec for the proper documentation and pertormance of the tests
Excert to- dosimetry test detaile wil. vary trom one device type to another

~ . & .
2 % Lnace Ir general Linacs are useful for testing devices ir gose-rate ranges frorm 1 x 107 to 1 x
qn —_—

W rads ) ¢, with .ariable pulsewidthe

W2 ¢ FXRs FXF machines cover the same duse-rdle [ange A tew large machines can reach
S

12
7O1LFGOSKS1‘/S Those that car be operatec 1n the electron bear mode can gc above 1C " racs(Si)/c ALl

cperate @ or'y at g cang'e pulsenndr

2l ATFLICABLE DOTUMENTS

U7 Nom-Jowermment oublication: The *aitovcrn gozemente forr 2 rart of thie document to the exter:
_pel toel nerenr Uree.. Cctheraice cpec *hec  the tcogyec 0f the documentc whicr are DOD aaoptec are those
Phctel ) the 1esus 07 the DOCIST cotel o0 the soliaiiation Uniess otherw se specifiec  the 1ssues o

cotuments not Listea 1r tnhe DOLIST are the 1ssuyes O° the gouuments cited 1n the solicitat-or
AMERICAN SOQCIET™Y FOF TESTING AND MATERIALS (ASTM:
ASTM £ 6oL tandarc Methoc tor (ailculation of Absorbec Dose tromr Gamme or X
Raaration
ASTM £ 60F Practice tor the Apptization of Thermoluminescence-Desimetrry (TLD)
Svsterms for Determininc Absorbecd Dose 1r Radiatior-Hardnes:s Jestinc of
Eiectronic Devices

ASTM E 82C Standarc Practice for Determining Absolute Absorbed Dose Rates fo-
Eiectron Beam:

AST™ f 448 Standard Method tor Measuring Steadv-State Primary Photocurrent

ASTM F 526 Methoc ot Dose Measurement for Use in Linear Accelerator Pulsed

Radration Effects Tests

({oprec c* these nocuments may be obtained from American Society for Testing and Materials, 1916 Race
Streer, Phylagelphia, PA 191032-1187 )

Newe Ce era. ctandard tect methodc ana ¢randard pract)

C
P S A P Y T N eVl ] | - v P T S
T h ao it o] ttec T

¢ COnsu

kK numhe~ of relevan' tes' method: are avaiiable 1n the military stancards systen The fcllowing can be
tound 1n M1L-ST0-882

Metnoc 102( “Raoiatior-lnauced Latchur Test Proceoure
Matnod 1007 “Dose kate Threshold tor Upset of Digital Microcircui*s
Metnod 1023 “0Oose Kate Response ot Linear Microcircudtls

30 CAUT]IONS

30 1 Cautions  There are a number of test variables which must be considered when dose-rate tests are
pertormed (learly, good engineering practice must be exercised, and correct radiation test procedures must

v ot ~ 1 Coama ~F thim tact A erse ara ar fal lnge
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3017 1 Ar_ionization The radiation pulse can cause air ionization which can result wn a spurious
component of the measured signal The presence of these signals can be checked by irradiation of the test
fixture without the device being 1nstalled The effect can be minimized by coating the DUT chip and bond
wires with silicone or a similar material

30 1 2 Secondary emission Charge emission trom, or charge injection 1nto, the test device and test
circunt can also result 1n a spurious component ot the measured signal In contrast to ayr romization
ceconaary emiscion ettects are generally not field oependent, and therefare 1t Yc possible to separate the
twe ettects Secongary emission can be reaucec bv shieicing the surrounding ares and 1rradiating the device

onoy

IC 1 2 Oryentation The effective dose to the semiconouctor device can be altered by oriyentation
e

Severe dose gradients 1n a radiation field, along with package shieiding may result in nonuniform, and even
unknown aoses 1n regions of the gevices  (are must be taken 1 the positioning of devices 1n the radiation
tielc

3C 1 « Dose enhancement  High atomic numper material near the active regions of the test geuvice can
cause ar enhancement of the dose delivered to sencitive regions of the device wher the gevice 1s 1rragiated
at an FXF  The e“fect 1s energv dependent, increasing with lower energies Tne extent ot this effect must
be corcicered In any FXR dose-rate testing

3C ¢ Nolse  Most puised ragiatior facilities are Inherent sources 0f r-f ngcise  Such notse momamiIang
techriques at single-point grouncd fiitered power sJppiy Lines, etc , musl be usec wher altemrts are made tcC
make gua. 'ty data measurements through the radiation pulse

32" ¢ Desimetrry Accurate agose-rate monitors tor gose-rate tesiing are Ni° reagi’h a.ar.avls
Generally tre total dose deliverec 1n each putse 15 measurec alonc with some Tvpe of measuremert o tht
nutse shape The dose rate 1s tnen caiculated Good dosimetry practice must be usea 1r. crae” tc proviase
accurate agose-rate values

2L 17 T Jemperatu-e Many aose-rate effects are temperature sensiTive £ notable example "¢ (atchur n
ntegratec circulls The temperature auming the test shoui.d be contrcoliec, anc tor latchup ac eievatrec
test temperature must be chosen

301 & TJota. gose Some gose-rate eftects, such as upset, are generali: nongestructive tC¢ tne ge.ice
Therefore some gevices mav be screened on a 100 percent basis to getermine tne upset threshola However
each putse of the radiation source imparts some total dose to the deivice The accumuiatec tota:. dose
detivered to the device during dose-rate testing may alter the response of the device or cause total cose
be taken to ensure that the total dose delivereg to the device duming dose-rate testing

1\.-»5

fare mict
[NA S Lare mUST 02 (aken ¢ ansure 1natl tG0iay GO5°T [S41 vigee ng

£ 2
| R=]

agces not cause damage to the device which can mask the adose rate effects
40 REFERENCES

40 1 References The documents {1sted I1n this section wnere used as references for the preparation of
thi1c appendix

4T % 1 "TREE Preferred Proceaures, Selectec Electronic Parts,' DN& 2028K, .!anuary 3%, 1982

4L % 2z "Practice for the Appication of Thermoluminescence-Dosimetry (TLDY Systems for Determining
Absorbec Dose in Radyration-Hardness Testing of Electronic Devices," ASTM E 668

40 4 3 "Method of Dose Measurement tor Use in Linear Accelerator Pulsecd Radiation Effects Tests " ASTM E

«C

>

30
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ONE-SI1DED TOLERANCE FACTORS

10 scopt

1w The purpose of thhs gppendix 1y 1o present some ¢f the techniques necessany for vose-rate
hardnece assurance A complete treatment 1¢ not given, onltv the information required to use this document
Topresenteg Thy- appendix 1¢ @ mandatory part ot the handboor The 1ntormation contained herein Js
intenaes tcor auiydance only

17T T Luer aew Haranes: assurance applications generall, 1ol ¢ statisticat terhnigues 1o aetermine

ac
lhe aceguacy C1 design margins 1 achleving required survivel probat lities The ctatistical auestion 1
addressec well 1n apoenagirx € of DNA S5910f, "Prece Part Neutron Hardnesc Assurance Guidelines for
Semiconducto~ Devicec" and shoulc be consulted for questions involving statistics

20 APP_1CABLE DOCUMENTS This section 1s not applicavte 1o thre appendia

30 SAMPLINC

3C " Sampling  Most hardness assu-ance techniques require some sc-t of samnling anc statistical
extrapclatior tc the paren?t poputation The results ot samp.ing are most freauentl. reported in terms of &

contanence L that 3t leart & proportien. P01 thne (CU will net tar( unger allual tlest

LT Jeesc Twi o band:c ©f test are otter pertorrmed on the seielted sampie to agetermine the population

attribute The fire* 1< *ermed 's b, atimibdtie,

5 C 1 the item i, moOnil0iea FOT example upset 1en ; : wOuls
geterm ne wherres Of NO” tne Semicongullor ge.ices within g se set or not at
that aose rate This woutc pe & 'go-po-agc' situation tithe- articular
ooLe rate "o anfocrmslicn would be C 3 ™
tnresNOLC 10T upse* This kinc c* te
Letective (TR ¢ make pregiclions

307 © ¢ Sampling by variable The second methoc of sampling 1¢ termes "sampuing by variabie " 1Ir thac

case, a measu~ement s maage of some critical parameter ir & sample for exampie the upset threshclc of
each semiconguitor de.ice 1n A samnie mav he measured 1n terms of the threshoig dose rate for upset

Sampling by variable lengs 1tself well to the app.ication of statistical techniques, provided the
statistica. distrobution of the data 1s known

30 £ hormsz  and log-normal statistics for haraness assurance applications, normal and tog-normal
statistics are often used (see SC 1 | heren) A& chechk should alwavs be made tc see 1f the application of a
par~ticula~ statisticatl cistrmibution 1o the gata ¢ proper  Most often, tor raciatior effects, the log-
no~mal drstrobution 1s assumed, even though the actual distributior of data 1s not knhown There 1s evidence
that ever 1t the log-normal distribution 1s not exactly correct, 1ts use car still provide good engineering
appro» 1matIon: 10 the ha dness assurance problem Ir log-norma. arctribution  the logarithms of the
quartyties are distributed normalli

4C SAMPLING BY VARIABLES - ONE-SIDED TOLERANCE LIMITS

4C 7 COne-sigeg tolerance Lamits One statisticai technique used with sampling by variable data 1s the
methoo knowr as the one-sidea tolerance Limit 14 a parameter 1s known tc be normaliv distributed, then the
stimates ¢f (0ot gualily car be oblainec with small samples Thus 11 the parameter, > 15 normall:
gistriputec « mas be the (ogarithr o' & parameter’ ant 1 Yters are sampier  ther a (c1 ¢ rerectec 1 tne
Lmitane quattity L, exceegc a satlue [ MAY  where

[ #1L(n,r PYe
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m 15 the measured mean of the sample,
5 1s the <tandard deviation of the sample,

¢ 15 the reauired confrdence level, and

3 1¢ the required surviva. probabyiity, or Lot quality

The one-siaec tolerance Lim ' tactor >1 1¢ a funzi~on of the campie s 2e n  the con‘ dence {, and the
“
lot quality, P The ctatistica. statement that can be made 1s that 1f more thar the proportion, P, devices
¢t the parent distribution has vaiues of x tess than L,,,, then the (ot witl be rejectec with probability,
d

{ LHA, may be a parameter selected such that 1f 1ts value 1s exceeded, then failure will occur

4C 2 Minamur parameter tormuiation 1n many haraness assurance applicationc, the critical parameter mav
be a8 miniymum and NOT a ma> imum The formulation 1s similar, anc a lot 1c rejectec 1f the quantity o, s

s thar , where

Les ar Lypy e

L=~ KT‘ (n C,P)s

“

T
o
3
4
2

Whese the cganiitiel ha.e peern pregiousoy gef tnec in thio case LML me te a parare e~  3lue se’
suct that 17 the aCtuz. vatue tacl: below this value system-taiture <3l occur

L0 2 One

~
Treguent v ouse

1cen tolerance Tabie VIII 1s a table of one-sided toiterance tactors for some ot the most
2 Lot gualither anc Y. percent contidence

TABLE VILL Cne-sided tolerance (imolc N
. =0%
A
It C < 0 cs 0 ©cC { Qoc C OOOOA
13 4 2s¢ £ 7.340 ¢ 651 1 566:
- 3 18¢ T oc s .38 T a2e g 533,
' ¢ el T WX L obe ¢ 11 T3
¢ 2 493% T 0% 4 243 § s¢¢ & 645,
i 2 33 2 B9% 3672 £ 202 6 222
e 2 21t ¢ 755 3.783 4 952 S Qv
ra 2 132 L 64 3 647 e s 708!
P 2 0t 2 S8 3532 4 628 £ 538!
| 2 oM 2 503 2 443 457 £ .02,
(" 1 Qo 2 wh 3371 4 420 5 2901
[ 1 628 2 403 2302 4 347 5 19
ta 1 803 2 303 3 257 4 273 < 14
i 7 8o” ¢ 320 3212 4 215 S Q46
I 1 8l 2 299 317 4 Y6l 4 986!
1 1 8¢ z 22 3 137 4 119 4 932
P 1 80C 0 248 2 105 4 078 4 8Ba,
P 178 - 228 3077 4 042 o« BL1!
12 1768 C 208 3052 « 089 - 802
02 1 750 ¢ 190 3 028 1 Q70 4L 766
le 1 736 2474 2 006 195z 4 734
- 1 72, 2 1cC S oQ” T OD. eV
(XS 3 e~ (S s “~ TO. - 7EU A S
P2 1712 2145 2 969 3 903 4 677
i2 1707 2132 2 952 3 882 4 651
i3 1657 . 08C 2 884 2 79 4 546/
12 1622 o W 2 833 3 T7es 4 470
r- T 5% ¢ Cic 2 703 I67¢ A
i 1 57¢ 1 98¢ 2 760 3 638 4L 363
|£ 1 85¢ 1 9eS < 735 1 605 4 324,
|o 1832 1933 2 694 2552 4 202,
T 1611 1 900 2 662 7 812 L 215!
8 1494 1 890 2 637 3482 4178
9 1 481 1 874 2 617 3 456 4 148
o 1 47 1861 2 601 3435 4 124

1

[
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Factors ¥, such that with confidence, (, at least a proportion, P, of a normal distribution will be less
than
morL
TL
The Gocuments tisted in th': Section where used atz references for tne preparatyor of
50 11 A Namen on, et al , "Fiece Part Neutror Kardness Assurance Guigelines for Semiconductor Devices,”
DN& S910P, October & 19841
S0 1 ¢ “Military Specificatior, Microcircuits, General Specrtication for,' MIL-M-3851C, Appendi» 12,

Deterse Logistice Agency 196

5C 4 I "Military Stanoarc Test Method: and Proceagures tor Microelectronics," MIL-STD-B883C, August 1982
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