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Letter from the Editor

Roberth um phrey
Editor ofEEE Links
(301) 731-8625
rh um ph re @pop300 gs fchasagov

Wekonme ©te Aprilissue ofEEE Links. In an e flort
o im prowe accessibi My ©© te e Bctronic\ersion oftie
EEE Links we hawe swithed toaPD Fform atfor t e
EEE Links W eb page - This form atw i Balbw users ©
dow nbad te entire issue mud faskrand easier.

As all ays, p Base keep us inform ed ofyour questions
and needs sot atwe maybe ab I tbsene you beter.

Call for Papers
Microelectronics Reliability and
Qualification Workshop
June 16-17, 1998

JtPropullion Laboratory
4800 O & Growe Dri\e
Pasadena, Ca Hornia
Sponsored By: EEE Part Program
JtPropullion Laboratory

The EEE Part Program atJ_w i Bsponsor t e

Microe Bctronics Re labi Hy and Qua Mication W ork -
shop on dine 16-17, 1998 in Pasadena, CaMornia.The
purpose oftie w ork sh op is © promMde a forum for
open discussion in a Mareas ofm iaoe Bctronics re F
abi My and qua Hication for h igh re Babi Ky and

com m erda Bapp Bcations. Papers presenting te hest
resulk in microe Ictronics denice re lbi ly and qua b
fication m et od o bgies or w ork in progress are
sollded .Generalopic ofintrestinchde:

Re Bbi My

Design ofExperiment
QuaMication

Fai lire Mecd anism s
Inspection and \Mrification
Envronm enta BStudies
Process Mrification

COTS

Com pound Sem icond uctors
O ptoe Bdronics

Low Tem perature App Bcations
Pow er Con\erers

ASICS

Mixed SignaDewics

Mem ories

Microprocessors

Passine Com ponent

Re Bbi iy Mode Ing

Matriall Issues

Thermalk DynamicAnalbsis
QuaMly Assuranc Practics
Acc Iratd Testing
Production and Yie B Enhanaement

Radiation Efk cts

PAPER SUBMISSIO N

Prospective aut ors are request®d o subm itan ab-
stractofapproxim at ¥ 100 w ords in topicaloutine.
The abstractm ustinclide tie aut or name, affi la-
tion, com p B address, & Eph one num ber, and FA X
num ber and be suitab I for a 20-m inut presentation.
The abstractm uststak: (1) tie purpose oftie w ork
and w h atprob Im s and questions are being ad-
dressed, (2) e resulk or conclision oft e w ork, and
(3)how tework advances e know Bdge ofm icaroe-
Ictronics re lbi Ky or qua Hication .A ut ors are
responsib I for obtaining a Wrequired com pany and
governm entclarancs prior o subm ission.Sum m a-
ries musthe reccined by May 1st 1998_Aut ors are
requestd tosubm itacam era-ready origina lof\ew
graph s att e time ofpresentation.

REGISTRATION
Registration e —None .

For registration and furt er inform ation, contact
Sam my Kaya (W ork sh op Ch airm an)
JdtPopullion Laboratory

4800 O ak Growe Drive,MS 303-200

Pasadena, CA 91109

Te 1(818) 354-6830

FA X (818) 39 3-4559

Em ai ISam my A Kaya k@ p lhhasagov
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Off-the-Shelf Class S Products
Dawvd P €rs
E BctronicPart Engineering O flice
JtPropullion Laboratory
CaHornia Instttu® of Tea no bgy
(818) 354-7744
davd m peers@p bhasagov

Bob Karpen
E BctronicPart Engineering O flice
JtPropullion Laboratory
CaHornia Instttu® of Tea no bgy
(818) 354-8556
RobertCKarpen@p bhasa gov

The Chss Sand Chss Vawai b I part innentory
pub Bdzed by t e JALE Bctronic Pars Engineering
Offie Webpage (go toh tip:/parts. jp Ihasa.gow/t en
clic on Inentory) h as greath enh anced partaqyuisi-
tion. Reentexam p ks inchide:

For SeaW inds Quick SCATTW TA, Clss Spart were
bcatd,quotd, procured, and de Iered w it in 60
days-On ¥ one custom transistorw as upgrade
sareened king 12weeks. A lpars are de hered ©
te Program .

For SeaW inds Quick SCAT SES, Chss Spart were
bcatd,quotd, procured, and de Iered across te
nation 1o our subcontractor in Fbridaw it in 30 days -

For Seaw inds Quick SCATPBIU, Chss Spart were
bcatd,quotd, procured, and de Iered ®© our sub-
contractor in Pom ona, CA witiin 2weeks.The
subcontractor w rok *Under norm alldrcum stancs,
tis type ofdesign, fabrication and €sting tBkes 6 © 7
mont s ©produc figh thardw are . ... Th ank you
very mud formeeting a Bour fllgh tpars and m ak-
rialneed dats enab Ihg us o o m ee tour
conmimentBmontssaedull]..l "Using your
heband te On Line Aqquisition sysem ,we were

ab I thexercise atrue conaurrentengineering process
by designing around avai b B part and m akriall
rater tanordering itafer design?*

For SeaW inds Quidk SCAT Conmerer, Chss Spart
were bcakd, quokd, procured, and de Nered wit in
3weeks. Anadditionahigh powerdiode w as bcakd
and supp led o our sat B m anufacturer in Co b
radow itin 2weeks.

Our subcontractor Rayt eon E-Sysem s in Fbrida
*Used e websit ofu FBa USAFrequestforte Mill

2

star Program findingalCBss S pars needed on our
websit and avai b Bw it in 30 days".Additiona lin-
form ation from te industry, is e JALwebsit is
extreme ¥ he bfu lin bcating and preparing quota-
tonsinrealime’.

Commercial Off-the-Shelf (COTS)
Mike Sandor
JtPropullion Laboratory
(818) 354-0681
mid ae Bsandor@p Ihasagov

CommerdalOfFThe-She F(COTS) PRsticEncapsu-
htd Microdrauit (PFEMs) pad ages are w ide ¥ used
inteconmerdalk Bctronics marketp ke _They are
now being considered form i Hary app bcations in ku
ofhermeticpack ages - FLis aloevaliating PEM’s
for Space app bcations .0 fiice 507-E Bctronic Part En-
gineering has recenty exallakd p Bsticpack ages for
de Bm ination type de® cts using A cousticMicro Im -
aging.-Be bw is tie abstractfrom arecentd re Based
reporttitld ‘"PhsticPart De Bm ination \aldation
Using Fai lire AnaFsis Met ods*.For furt er infor-

m ation contactKen Evans (818) 354-4834 or Mike
Sand or (818) 354-0681 .

ABSTRACT

AcousticMicrolIm aging (AMI)w as successfu Il em -

p byed by JALO fice 507 o evaliak Com mercallo fF
The Sie F(COTS) p ksticencapsu led microdreuit
(FEMs).A num ber ofsam p Bs from diferentcommer-
dalendorswere pura ased and ten evaliatd using
C-Scanning Acoustic Microscopy (C-SAM)™ anabsis .
C-SAM™ js one ofti e AcousticMicro Im aging (AM1)
met ods avai kb I for non-destructine de € ction of

de Bm ination.A num ber ofinkrestng anom alles and
potntalre Babi Hy defck were found inchiding
minim um die attad (10%), wvoids att e Badsw it in
te encapsu knt tinning encapsu Bnt and m y br tape
used in te assemb b oftie pack age -Th ese anom alks
detckd by C-SAM™ im agingw ere analzed using
fai bire anabsis aross sectioning ©estab kh te valld-
ity ofAMI as a too LA lanom alles and defeck were
\erified . The suceess oftie valdation dem onstraks

t atC-SAM™ can be used in screening part for fligh t
hardw are . Part t atexh ibitcertin types ofdefect
tatcoull Bad © bng £rm re Babi Ky prob Im s
woull be re pcted based on risk crigria.
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The NASA Parts Selection List
(NPSL)

Is Available On-Line
Ay Brusse
NA SA Part and Pack aging Program
Unisys Corporation atNA SA Goddard
(301) 286-2019
Ay A Brusse 1@gsfcnasagov
h tip: /A isspiggy.gsftnasa.govhps

Inte MgentEEE part se Bction and app Bcation is arit-
callo t e sucxss ofNA SA space fllgh tprograms. The
appropriat “up-front’device c oice stream Hnes in-
€ gration and significantl im pro\es sysem

re BBbi Hy . Anim proper¥ dosendevice mayhawe a
m easurab B im pacton progpctcostand sciedullinte
enxentofsubstandard devc perform ance or fai lire .

The NASA Parts Se Iction List(NPSL)is aW or B W ide
W eb-based EEE part se Bction toollit The NPSL
provdes on- Ine aceess o inform ation ¢ atw i Bguide
tedesignengineer, part engineer orexperimentr
sound se Bction and app Bcation ofEEE pars. A I
tough e NPSL3 prime benefidary is ©e uninersity
experimentr or sm alcontractor wh oh as il or no
part engineering expertise, NASA % prim e contrac
tors and OEMs w i Bfind exensine and \aliab I part
inform ation avai bb I att eir finge rtips.

The NPSLis fastbecom ing NASA % base Ine part

se Bction guide Bne in ku ofMIL-STD-975 (NASA 3
Standard EEE Part Listw hia is being canc 1d) and
Goddard Spac: Fligh tCenter’ (GSFC) PPL-21 (Pre-
®rred Pars Listwhid may no bnger be m aintained).

Some oftie im pronem ent provided by e NPSL
Oo\er it predecessors are:

Fast Unrestriced W or B-W ide A ccess

RobustSe Bction List for EEE Part for Space -
filgh tA pp keations
Fu BPartNum ber/ Ordering Exp hnations

A\ai b 1/ Suitab B Sources ofSupp ¥ for t e
Lised PartTypes

Detai Id App Bcation Nots/ Guide Bnes/ Lessons
Learned

DimensionaD raw ings/0 utine Configura-
tions/ Connecor InsertArrangem ent

Links © Additiona BPartRe labi Hy D atabases
(Radiation Efke ds/ Construction A na ¥ses)

Links © Manufacturer3 H om epages for Cata bg
Info

In particu br, tie se Bction sections for conne dors,
wire and cab B are grow ing rapid ¥ and provde espe-
da ¥ \aliab I guidanc (connecor insert

arrangem ent, pros and cons ofvarious w ire and ca-
b 1 insu ktion types). The NPSL.is a “IMng”’
homepage whid isregulr¥ updatd wit new part
for se Bction and new app Bcation guide Ines ©he b
space fligh tpropck m ake w ise pars dedsions and
avoid costh partprob EIms. The adm inistrators oft e
NPSLatNA SA GSFC encourage your fedback 1

he b identify arcas for updat and im pronement t at
w i lprovide te mostvallie ot e space filgh tEEE
part com m unity.

The NPSLhas been dewe bped by NASA GSFC as part
oftte NASA Part { Pack aging Program adm inis-
tred pinth by GSFC and te dtRopullion
Laboratory (JAL) and funded by NASA H eadquarters
This o llitis avai kb I on- Ine at

htip://misspiggy gsfchasagow/npsl

Geometry Related to Fiber-End
Polishing

H enning Leidecker
Code 562
Goddard Space Fligh tCentr
(301) 286-9 180
me@Bided er gsfcnasagov

INTRODUCTION

Anopticalfiber is €rminakd in a®rrul .We wish
form te end oftie fiberintoadome ---which we will
suppose can be accurat ¥ m ode Bd as asegm entof
te surface ofasphere --- satisfying @ o conditions:

te centroftesphere corresponding tis
dome musthe coinddentw it te fibers optical
axis, and

te radius ofainature ag oftis dom e m usth ave
aspedfied valie.

O foourse,each condition need on¥ bemetowitin
aspedfied olranc .
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Anend-finisheris used tbcreat te domed end-
surface _This is arotating fhtdisk faced w it aresil
ientm akriake g, rubber) charged w it a po khing
agentThe ®rrullis clhm ped into a fixture t ath oBs
itapproxim at ¥ norm alio t ¢ Thtrotating face, and
ten presses itagainsttis face . Thisw i Bpokh te
end ofte frrull,inchiding t e exposed end ofth e
opticalfiber,intoadome.

The radius ofaurnvature is detrmined by te resil
iency oft e facing m atrialland by te pressure w it
which e Rrrullis pushed intote face . The anerof
tesphereis notnecessari ¥ coinddentw it te axis
ofte fibersinc itis difficu kin practice bachiewe a
predse ¥ norm alcondition, and,exen iftiiswere
done, B e pokhing action is notnecessari ¥ isotropic
around te fiber axis - Thus, e usualbroczdure is ©
sette fixture atsome initta Knear¥ norm al orienta-
tion, po kh , and obsene te ofFseterror.Then one re-
set te orientation oft e fixture, re-pokhes, and re-
obsenes.A skilld operatoris ab I o gradua ¥ re-
duc te ofFseterrorowitinaceptb l Initin
tisway.-A lo, te pressureis adjsted untlbe de-
sired radius is achiened: tis o is accom p khed by
i®raton.

The purpose oftiis articl is todetai M e geom etry so
t ata procdure can be deve bped © ad jstt e ori-
entation oft e fixture sot atcoinddenc canbe
reached by caku ktion --- tisw i Mreduce ourde-
pendence onskild operators .Perhapswe mayewen
beab B tominimize ©e offseterror faserby caku b
tion, t anaskild operator can reduc ithy
experience .

MAPPING TH ETOPOFTH E HBER USING
INTERFEROMETRY

A fixture holls afiber opticassemb ¥ (fiber and €r-
rull), presenting te domed face oftie fiber o an
inerkrometr._The side \iew and tie top \ew are
shownschem atical® in FHgure 1.

Not te (x,y)-coordinat sysem im posed onto t e op
Mew ,whid isasdiematicofthe inerkrogram .FHg-
ure 2 i listtaks te fulpatern avai kb 1 in a typical
inerkrogram .(The alower ph ase oftie paternde-
pends onte c oice ofthe reRrence phase p bhne _This
im age supposes tatte refrenc has been ad justed
tomake te entrakone brigh t)

Side view of fiber Top view of fiber

Crown
of fiher

Center Line
of the fiber

Cronm
of fiher

! Center of
: fiber sphere

vangle &
: Line from center of filer to centar

ofthe sphere that fits the top of
the fiber

Hgure 1: HberD raw ing
Side and top view oft e end ofafiberopticw it a
dom ed Op. An (Xy)coordinat systm is assum ed
forte opofthe fiber,inwhid te enerofte
fiberis at(0,0) and tie crow n oft e dom e is at(x,y).

Hgure 2: Inerferogram
A typicallinkerferogram . The cenerofte fiberis at
(0.0,0.0) and te crow n oft e dome is at(0.3,0.2) in
unis inwhia 1.0is te radius ofte fiber.

Analbsis ofte inkerkrogram m akes avai b 1 bot

te bcation ofte dome, (Xq4,yq), and t e radius of
ainature ofte dome,aqs-The radius oftie m® brigh t
ringisrn ={n-f /(2p)Jas | }/2wherel iste
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waw Ingt oftte Ightinwhich te inkrkrogram is
made and f measures te phase ofte inerfrome-
ersrerenc p hne _Thus, ap btofr, 2 \ersus m gives
astraighthe with sbpe s=D(rn2)/Dm =a4l or

a=s/1 =1/1)D 2/ Dn ]

We donotneed te vallie off,or te bcation ofthe
inerkromeersrekfrenc p hne, odetrmine ag-
Some inerkrometrs are equipped w it softw are ©
detrmine ag directh;ten, tereisnoneed forap bt

Exending te (x,y)-coordinat sysem oftie domed
top oft e fiber by addingaz-axis parall o t e fi-
ber's axis, e equation oftie dom ed surface is

(X-xa)2+ (y-ya)?+ (z-Zaf =@q?

where zqis te bcation ofte entrofte spherical
surface ;tie aneroftesphereis atbe radius ag be-
bv tie cown.The angl F between te fiber's enter
Ihe and te eankroftie sphereis

F =arcin{[(x-x¢)2+ (y- ya)> 2 / aq4 } approx [(x-
Xa)2+ (Y- ya)? 2 / ag

where ©e approxim ation is essentia l¥ e xactfor t e
typicalpracticc in whid te radius ofaurvature ay of
tedomed end oftie fiberismud hrgertante
crow n's ofFsetdistance [(X-xa)?2+ (y- Ya)?2 /2,sinc te
angl Fistenmud smalrtanunity.Undersuad
typicallpractice,w e can sak Fresolle tisangll into
carksian com ponent,
Fx=xq 7/ aq, Fy=yd/ad
Whenwesee sud an ofFsetwe ad justte fixture
presenting tie fiberote end-finisher by te anglls
(Fx, Fy) and pokh again.Upon re-inspection by te
inerkrometr,we expectte new bcation ofte
crow n © be (0,0).In practice, w e can suppose t at
various efct (inchiding e Bstidty, h yseresis, and
stiction) m ay pre\entus from obtaining exactly tis
condition;butwe can alosuppose tatwe w i lbe
substantia ¥ chbser o e desired condition.

A PO SSIBLE HXTURE

One w ay o constructa fixture © atw ou I albw

straigh torw ard ad justm entoft e angls Fx and Fy
quid Fbringte cownofte domeintoallgnment
wit te fiber's axishas beendescribed tome by ®hn

Ko ksinski (Code 565 ofGoddard Space Fligh tCen-
€r).

W e suppose te fixture pivot ata fixed point and is
pressed againstsetsaew s attw o ot er bcations, per
FHgure 3.

| Fodzhing wheal
Side view
Fisbure-plede: Adpstatke Foed pa
BEEECTE
Fuivula with Tl
« [ —>
Fisture-plate
rdpailakle Farruls with e
T‘:' sl ecraw 88 caplued na —
g i
H Top view
Adjusiabk
sebsciEw, B @ l ® Flad pival

FHgure 3: Fixture D raw ing.
Top and side \iew s ofapossib B fixture. The ferru B
(containing t e fiber) is captured in a\-groow in a
p ht. The p ke issupporkd atone fixed pointand
attw osetsaew s,separatd by H and Lfrom the
fixed point

W e ignore any ¢ Bsticor p Bsticde form ations, and
suppose te sim p Bstpossib B geom etricalire htions
am ong t e m oions .W e suppose tatt e d anges in
te anglls aboutte tv 0 axes ofte main sp kep ke
are im posed precse b onte anglls te fiber's axis
makeswit tepokhingdisk .The assemb ¥ holing
te sekscrew s and fixed point(tis assemb ¥ is not
show n in Hgure 3) is arranged ©m o\ in a friction-
free manner paral v it te fiber's axis, and is dead-
weigh thaded . Th us, itcuses te fiber o be pressed
againstt e pokhing disk wit afore setby te bad,
independentofad pstment oftie sekscrews.

W e suppose tie x-axisin te inerkrogram is algned
wit te bngaxis oftie sp Fep B, and te y-axisis
algned wit teshortaxis;ie,wit Landwit H ,
respectine ¥.The advance z; oftie se€screw #1is
ginen by tie productofit pit Py (inindies per trn,
say) and t e fraction FLoft e turn t atitis rotakd ;
tus, z:=PiR.And tesame,wit appropriat sub-
scriptad anges, forsetsaew #2 .

These ch oices ofm eaning for P, and F meritdiscus-
sion:

W ebs®r's dictionary defines pitth as “the distance
betw een any ofvarious tings,”sua as te distanc
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betw een any pointonte tread ofasaew e cor-
responding pointon an ad pcentt read, m easured
parall Bo te axis. ButW ebser's ten defines pith as
te "numberoftreads perind * These W omean-
ingsare in\erse § re hed .

The Machinery'sH andbook: A Refrence Book for the Me-
cdranicalEngineer, D raftsman, Tooh aker and Machinist
(19 80: 21stedition, t ird printing . Ind ustria BPress,
Inc)speaks ot is on page 1383:

pitth is te distance from e eznerofone screw
tread ©Dte aneroftie nextone. The w ord
Tpith "is ofen, @ ough tim proper ¥, used tode-
noe tie number oft reads perinc .Forexampl, a
screw is spoken ofas having a 12-pitch tread,
when twe le tireads perind iswh atis rea ¥y
meantThe num ber oft reads per ind is te in-
\erse ofte pith: 1/pitdh .

lad is te distance te nutw i Brane Horw ard
abng tesaew when itis rotatd once .

Inasingl-treaded saew ,te pitth and te Bad are
identicakinadoub -t readed saew ,te Bad iswic
tepith,and soon.

The fraction ofaturn Fis adim ensionss num ber
ranging from 0 (no rotation) © 1 (asing I rotation,
corresponding t 360<0r 2p radians); krger \a lies
correspond © additiona lrotations . Negative \a lies
correspond 1 rotations in t e opposie sense.

Then
Fx= 21/ L= P1F1/L
Fy= 12/ = PR/H

or
R=(L/P)Fx=(L/P)(xs/ a)
FR=(H /IP)Fy=(H IP)(ya/a)

The Bstpartoftese & oequations gie te required
fraction oft e turn ofeach oftie W oseEsaewsin
trms oftie quantities measured using te inkerkro-
gram, and te parame®rs bui kinoo te fixture .

Now itis time for a stoftis resu EThis w i Hgive
tebestaded onteimportance ofteignored ef
o, sua as e bstidty, pbsticty, and stiction.

Programmable Logic Application

Notes
Rid ard Kat
Microe Bctronics and Signa BProcessing Branai
Goddard Space Fligh tCentr
301-286-9 705
rid kat @gsfchasagov
h tip://rk gsfchasagov

This colimnw i lbe provded each quarer as asourc
for re Bbi My, radiation resu ks, NA SA capabi Hies,
and ot er inform ation on program m ab 1 bgicdewcs
and re lked app kcations. This quarer's cobmnw i B
inclide som e design app Bcation noks and som e re-
antradiation e€stresu lk and exaliations ofinkerest
Speaficaly, t e folbw ing opic w i lbe covered:

\ D Lcodingsty Is, & o €d niques for SEU-
hardening fllp-fbps using CAE tooll, btaldose qua k
fication oft e RH 1020, initia E Bctricand radiation
enallation ofth e Quick bgicpA SIC 3 QL3025 HPGA,
RH 1020 Sing I ExentUpsetReportw it adiscussion
of“chbck upset”e Icricaland additiona bradiation

a aracktriz ation oft e RT54SX16, and asum m ary of
antifuse h ardness data. Not t atadditiona lEinform a-
tion onsom e oft e opics discussed here are avai b I
ath tip://rk gsfcnasa gov

WH DLCoding Sty B in ACTm ap

Aswemow ahigher perentage ofdesign using

\A DL,itis im portant® understand te efect of

\ DLondesigneflidency and denice perform ance .
A num ber oftest usingdiferentcoding sty Is h a\e
beenrun.Obvious ¥, testyl t atalbw s ACTmap 0
recognize standard structures and callACTgen for

m acro generation are \ery eficdentw it some control
ower area-speed trade-offs avai Bb B_H ow e\er, ith as
been show n t atcrtain com pactfixib sty s w il
produc bwerqualty netlkss. In particu br, te use
oft e for- bop constructin crtin instances, suad as
com puting e XOR ofallte bitsina\ector,will
produc inkrior resuls ©h avng code t at‘unrol”
te bopwhid inturnisinfriorote netlstpro
duced by ACTgen. The code be bw show s an

exam p B ofthe tw ocoding sty Bs . More com p Ix
cases have show n,in some instancs, simihrresulk
wit afactor of15- 2 obser\ed in bot size and speed
for identicalfunctions coded in diferentsty s .

Foranexamp B, a%-bitXOR functionw as syntiesized
tree ways, targetd A ct3 Ibraries . Using
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ACTgen,8modu s were used and e drauithad a
de by of3gak de hys ACTmapw as ten used ©
syntesize tie drauitusing te for- bop constructus-
ing 19 modu Bs and having 5 gak de hys as show n
be bw .

XorP.Proass (X)--9 E Iment\£ctor
\Aariab I t: Sd_Logic;
Begin
t©="0";
Foriln (X'Lengt -1) Dow nTo 0 Loop
t=tXor X(i);
End Loop;
Y<=t
End Procss XorP;

The folbw ing \A D Lcode,which ismore chimsy?,
had im proved perform anc using 8 m odu s and 4
gat de hys. Analsis oft e outputusing Mew gen
showed tatatypicalXOR tree w as constructed using
2-inputXOR gakswhiad did notexp bitte Act3

m odu Bs functionaly which ACTgendid . Schem at
icsare avaiBb Bontewww .

XorP. Process ( X)
Begin
Y <= X(8) Xor X(7) Xor X(6) Xor
X(5) Xor X(4) Xor X(3) Xor
X(2) Xor X(1) Xor X(0);
End Procss XorP;

Flp-Fbps for t e Radiation Environment

Inte Bstedition,we refrenced an app Bcation not
onhow t use Synopsis t contro Eflip-fbp synt esis
foreiter C-Modu B or TMR structures © im pro\e t e
SEU-imm unity oner tie hard-w ired fllp-fbps present
inte Ace Bard iecture (exeptActl).H ere,wo
additonain et odo bgies are presentd .

"H ardening Flp-Fbps for Acte IFHPGAs for schem afic,
macro, and H D LDesign,"”

Recenth wee designed a braryw it C-Modu 1l
substtuts foraliSModu I flp-fbps and Rtthes w it
h ooks are in for TMR . These Ibraries can be used in
sexerallv ays .One, tiey canbe used as astandard

m acro brary and one can pick from te bkt Thisis
handy for s em aticbased design and perm it use of
standard'm acrodefinitons .For Actgen or \A D L-
based designs,we hawe w riten a utt Hy © autom ati-

call make substitue C-Modu B rep hcement forall
S Modu I flip-fbps and Bt es . This canbe done
gbba ¥ or on a case by case basis.This program and
te macro brary is for Mew bgicsysems and it
autom aks wh atone candoby hand .ltshou W easi ¥
be pored ©Orcad orotiersysems. Nok t atMew -
genwilaeak avald sdiem aticfil from A ctgen or
\A D generatd netlss perm itling use ofstand ard
ol suad as Actn ap and postprocessing tie netlst.

Synp kcity

Synp ldty is now supportingeiter C-Modu ll or
TMR-generation and an app Bbcation note h as been

w riten titld "Using Synp ldty 1o Contro IFIp-Flp

Im p Em entation for SEU-H ardness™'w it te fu lap-

p Bcation not avai kb I at

htip://rk gsfchasagov/rid contnt Softw are_Cone
n¥ Synp IdtySEUContobh tn . The folbw ing excerpt
provides some conment and show s tie procdure
for generating C-Modu I flip-fbps.

The folbw ing procedure, supp Bed by Synp laty,
giwes aprocdure tosyntesize code for "EU-

H ardness*™and is geared forte Act2deMas. Eiter
C-Mod flp-fbps canbe generatd or TMR-trip I'6 can
be generakd. In tie case ofthe TMR tip &, 3C-
Mod flip-fbps are used and one C-Mode \okr for 7
modu Bs perbit Not tatSynp bldty’s use oftie

trm ‘rad hard ' for flp-fbps designats aC-Mod flp-
fhpimp Imentatonw hid woull proper ¥ be chssi-
fied as 'Yad-tolrant'" Not allot attere is mem ory
(twvo Rtes)ineach 1/0 modu B ofAct2 denices .
For tie A1280A and RH 1280, tiese are considered 1
be rad-tolrantand t atte TMR ®d nique described
here donotappy ote I/0 modulls. The fills B at
Synp bldty provides are user-custom izab I fordifkr-
entsolitions .

Act RadH ard (RH 1280) Usage

There are crain e Min Ace k ACT2 Ibrarywhia
are RadH ard .RadH ard (RadiationH ardened)dexices
are required form any m i Hary and space app kcations.
This €ch nicalipw i Bdescaribe how b utike te

RadH ard ®atures ofA ct Band Synp Hy.

How O Use SynpHy30bwit Ace B RadH ard De-
Vs RadH ard cc W are notused by defaulTom ak e
your design RadH ard [rad-tolBrantw / C-Mod flip-
fbpsJusing Synp Hy 30b, folbw te procdure be-
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bw _The procdure described is for a \Aribgdesign.
Ifyou are usinga\A D Ldesign pBase read te info
contained witin e parentesis ().

1. When compibhg tedesign, firstinchide e syn-
phy/ bh/ack Fac2 vac vd) filinte
Synp Hy progctw indow . This fill contains te
b hck_box dechrations oftie RADH ARD ¢ .

2. Add tesynp Ry/ Ib/ack Fradh ard_ac® \(rad-
hard_ac\nd)as tesecond fillinte Synp My
progctw indow _This fill h as inform ation © sub-
stitut te sequentalic M (non-radh ard cc W)
wit teradhard c H.

3. Add yourdesignfilas tie tird ilinte Syn-
p Hy progpctw indow and click ontie RUN
bution.

The defaulkc B used by SynpHy wilbe te
RADH ARD ¢ .

TOTALDOSE QUALIHCATION O FTH E RH 1020

The folbw ing are excerpt from te qua Hication re-
portoft e RH 1020 (courtsy ofLockheed-Martin).
No® t att e totalose qua Hication reportw as done
onaj6A ONO antifuse ®ick ness;some production
bt have diferentantifuse @ ic nesses. The antifuse
rupture data, presentd herin tis colmn,shows
some additionalata. For tie fu Mreport, p Base see:
htp://rk gsfchasagov/rich conent/fpga_conentrh
1020_td P F

Sum m ary

PartType: RH 1020 FHe B-Program m ab I Gae
Array (FPFGA), Si, CMOS,monoltic device type
# 19 7A 805, 2000 gats -

PartProcess: RH CMO S4EF (Lepr= 08 pm ;\bp =
+50V:96 A ONO).

Sam p Bs Testd: F\we (5) plisone (1) “contto K’

TestLot T7012E 1;Manufacturing Lot
#96509A 11 #96500B1.

TestRaci Iy: Lockheed Martin FederalSysems -
Manassas (LMFSM) JL_Shepherd Mode BL09-68
(SN 3028) gam m asource -

D ose Lene B: 200 k rads(Si), 300 k rads(Si), and 600
k rads(Si)-

Dose Rat: 1253 rads(Si)A -

1@ (]

TestDat: 17 Sepember1997.

Bias Conditions: + 50Vdc(exposures);+ 4 50\,
t 475\ + 500V + 525V, and + 550\V/(m easure-
ment®);and + 55V (anneal.

TestPatern: ALFH A-11w it “Binning Cirauit’

Tem peratures: ~+28<C (exposures);t 25T m eas-
urement ;+ 125<C (168-h our anneall.

TestMet od: Radiation-es®d per MIL-STD-
883E, Met od 1019 4. The Device Under Test
(DUT)w as exposed whill powered,i measured
onte ADVANTEST bgictser.DUT? param e-
€rs and functiona ly m easured before radiation,
aferead exposure, and again afer 168 h ours ofa
high-&m perature (+ 125<C) anneallvh il onbias.

RH1020 FPEA: Static Supply Current (iddg) vs. Total Dese
[Vidd = +5.0; T = +25°C)

50 —_—

—— #1813
==
—h—gs

4%

Il {ma)

—H—g1et
=155

=817 jeonird]

40

i —— L = 26 m, (e

18 i
BE4 1E+5 IE4S S AES SErS EES
Tiotal Dosa radsfSi)

FHgure 1A. Static Supp ¥ Current\s. ToaD ose.
The finaldata point are afer t e 168-h ourh igh
tm perature anneal

RH1020 FPGA: Propagaetion Delay (tp) vs. Total Dose
(Vdd = +5.0W; T = +25"C)

1]
i E1414
75 |
e 1S
A
by} = s
i F1 T [rameieed)
— i = 186 na (g @ 50V
-1
BE#D  9E¥5  2E+5  3E+E  4E+S
Tatal Doss jrads[55)

BE+i  EE+D

FHgure 2B. Propagation De by \&. TotalD ose fort e
Binning Circuit The finaldata point are afert e
168-h ourhigh -&m perature anneal
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ANTIFUSEH ARDNESSD ATA

Antifuses have beenshow n he hard o btaldose
efkct, [see h tip://rk gsfchasagov/ridh conent pa-
pers/radpalantifuse FD Fforarecentexam p Il on
am orph ous si Bcon antifuses]- A summ ary ofreent
heaw iondatisshow ninte tiree chart be bw .
The first from February, 1998,shows e perform ance
oftie productionRH 1020 w it 9 0A O NO antifuses,
used for tis bt A Boshow nare prototype SXseries
devces,em p bying diferent“redpes” ofm eta o
metaBantifuses. These ear¥ €st confirm te data
from A ¥, 1998, shownabove,wit nobreakdow nat
LET=60 MeMan2/mg,w it te strange suoxss-
fu ¥ extended o an LETof823 MeMan 2/m g.
Difkrentantifuse form u ktions, based on m akriall
and tid ness,showed difering SEE h ardness . For
te RH 1020, a Bnear re ktionsh ip betw een critical

e Ictricfie B strengt w as obsened, consisentw it
tecarkrresu k;datapoint atan LET of37 Me\/
an2/mgwilbe kenin dine,1998.Dataonte
UT22\PL0 am orph ous si Bcon antifuse PA Lis st ll
beingevaliatd .

Antifuse Rupture Data
rk (nasa), jj (actel), jm (actel)
BNL 2/98

All Runs at Normal Incidence

545X16 and RH54SX16 - No Failure @ LET = 37.1, Vi, =4.0 V.
RT54SX16 - No Failures @ LET =59.8, Vgus = 4.0 V.
RT54SX16 - No Failures @ LET = 82.3, Vi, =36 V.

Critical Bias (Volts)
S

®  RH1020 - Pass 6, 90 Angstrom
34 | o 54sx16 o
v RH545X16
—— RH1020 Fit
3.6 VDC - 54SX16, RT54SX16, RH54SX16 - Spec.
5.5 VDC RH1020 - Spec.

2 T T T T T T T T T T T T T
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

LET (MeV-cm?mg)

—@— A1280A (87 A)
—O— RH1020 (96A)
—w— RH1280 (99A)
—/— Pico-amorphous (500A)

—— TD-amorphous (1000A)
—{1— SiO,, - reference

Bias Voltage (V)

- Note: - I

: Two processes were used for this 3.3V
Process 1 failed immediately @ 3.3
1 Process 2 didn't fail @ 4.0

2 — T T T T T T T T T T

20 30 40 50 60 70 80

LET (MeV-cm?mg)
Antifuse Breakdow n Vo lage \& _LET (Me\£an 2/m g).
Devices falin® one oft ree chsses, 12 \m ixed-
signall5Vdigitalland 33\Vdigital On ¥ one deic
show ed positine m argin up © an LET of60 Me\/

an 2/mg-
10x108
b —@— A1280A (87 A)
—O— RH1020 (96A)
—w— RH1280 (99A)
b —y— Pico-amorphous (500A)
8x10° 4 —m— TD-amorphous (1000A)
— 7 —1— SiOy, - reference
E i
2 6x10° ]
T ]
@ B
'8 4
L 4x10° -
3]
@
w
2x10° +
b | |
0 . T . T . T . T . T .
20 30 40 50 60 70 80

LET (MeV-cm?/mg)

Antifuse Break dow n E-He B Strengt \s. LET (Me\/
an 2/n g). The B id eram orph ous si Bcon antifuses
ruptured at bw e Bctricfie B strengt s

INITIALEVALUATION OFTH EQUICK LOGIC
PASIC 3QL3025 AMORM OUS SILICON
ANTIRUSE FPGA

E IctricaICh aractkristics

The QL3025 isbuikona4- hyermet@a 8035 m bu ll
process - As such, tie core runson 33wk, config-
ured in asea-ofm odu Bs ara it cture . This vo lage
resubkinreducd pow er consum ptionsinc te

pow er is a function oftie square ofthe vollage . This
ard itcture does m ake som e provsion for int rfacing
wit standard 5 wo k bgicfor m ostapp Bcations . This

9
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is achiexed by allbw ing te sysem board o provde a
5Vrekrenc coup Id wit TTL:- Ine Enputwo Bage
tresholls. For pure 33\voksystms, tie entire de-
e maybe run atMec =33 \w k. This configuration
albvste inpus Dinkerfacc wit eiterTTL: I\ 1
output or rai lo-raibw it ing CMOSoutput .

Device output,howexer, ke many 33\wokdevics,
require carefu Bapp Bcation . Itis noktd from te sped-
fications and t e osc Bbscope ph otos be bw t att e
output sw it betweenOand 33\vokk,enenwhen
te deMa is configured for 5 voksysem s as our €st
board w as. This perm it directkoonnection oeiter
otier33\vokdevices or5vokdevieswit TTL-Ie i
tresholls. Typicalb voECMO Sdevias w i Enothe
re b ¥ drivensinc teirw orstcase bgic 1 tresh-
ol (wit some exceptions) is 70% oftie supp ¥
vollage ornomina W 35\vok. Clar¥, tere isinsuf
fidentm argin.

Anoterconsiderationwhen usingm odern dexices of
tis typeissignaualty. The @ o ph otos show n
here, for rising and falihg output oft e Q L3025,

h ave sub-nanosecond transition imes . This dataw as
obtained w it a20 GigaSam p 1/secdigitalosa ib-
scope and actinve FET probes w it abandw it of800
MH z ;tie obsened waneforms m ay be €stequipment
inied.Obvious ¥, lhe EIngt s and €rm inatons

need carefu Bconsideration.

A5 stopped

1 100 vediv
pos: 3.000 W
10,001 308 dc

3.00000 W

=7.200 ns 2.800 ns 12.80 ns

#Avg 2.00 nssdiv repetitive Trigger Mode:
current minimum max imum average Edge

risetime 1) 5oz ps 793 ps 1.501 ns G43 ps

i f 1.250 ¥

FHgure 1: Sam p B Rise Tim e Ch arackristicoft e
Q L3025 atNom inallSupp ¥ Vo Bages

The folbw ing pow er num bers w ere obtained from
ourtestsampll. For tese measurement, w e used
te woshiftregiserswit te restofte diip re-

10

Ao stopped

i 1,00 Vidiy
pos: 3.000 V¥
10.00:1 508 dc

b e v

3.00000 ¥ f/f"" :
—7.200 ns 2.800 ns 12.80 ns
#Awg 2.00 nsfdiv repetitive Trigger Mode
current minimum maximum average Edge
falltime (1) 742 ps 702 ps 769 ps 744 ps

1 &L 1m0 v

Hgure 2. Sam p B FalTime Ch arackristicoft e
Q L3025 atNom inallSupp ¥ Vo Bages

m aining static. Each shiftregistris 200 bit bngw it
one oft e tw oconsisting of TMR-tip It abngw it
votr drauit and error de e ction drcuit for counting
upset t atare re pcted by tie \vokrinheaw ion ra-
diation €st. The denice w as &€std int ree modes:

1) Statc;
2) Cbck Distribution Netw ork ;
3) Achw.

The staticmode was measured w it alinput atei-
terMVecor GND ;tie chbak distribution measurement
utilkzed te hard macrodistributing bot positive and
negatine cbcks, and tie actinve m ode h ad a Bflip-fbps
togghhg at500kH z wit te cbck inputatl MH z.
Foralest,currensonte 50\DCsupp ¥ were es-
sentia 0, registring on ¥ 210 mA on te active st
and Oe Bewhere. The core 33D Csupp ¥ measured
500 mA static 16 m A distributing te 1 MH z cbck,
and 54mA forte actine m ode .

Antifuse Bakage currentis an im portantparam e€r
and be bw is some ofour firstem perature dataon a
m etao-m etalam orph ous si Blcon FPGA . W e &s&d
sexerallem perature cyclls onerte fulni Hary €m -
perature range, (-55C 0+ 125T)w it €m perature
transitions of1<C/m inut . Fgure 3 sh ow s partofour
stripdrars whill Hgure 4show s an lccsmoey \6-Tem -
perature cune .

Senerakeyresulk are show n by tese curves . Frst,
operation oft is device over te fulimi Hary €m -
perature range w i Bconsum e approxim ak ¥ 3 pW atk
whiad isclar¥ acceptab 1. Second ¥, itis clar t at
te aurrenth as anexponentia frise w it €m perature .
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QL3025 I cgrpgy VS Temp

NASA/GSFC
March 20, 1998

140 1200

— 1100

— 1000

— 900

— 800

— 700

— 600

— 500

— 400

Temperature (Degrees Celcius)

H\TN |
VY WwAlrwwn m [l Ak Norm
'NWWMWWUAJW¢WJAuWMWWWWW

-80 T T T T T T T 200

| — 300

0 1 2 3 4 5 6 7 8

Time (Hours)

FHgure3: Iccsz and Tem perature Strip Ch artfor a
Sam p B QL3025 pASIC 3 HRGA w it Am orph ous
Sillcon Antifuses

QL3025 | . ogrpgy VS. TEMp
NASA/GSFC
March 20, 1998

1200

1000

800 4

lec3-3 (mA)

600 4

400

200 T T T T T T T T T
60 40 -20 0 20 40 60 80 100 120 140

Temperature (Degrees C)

Hgure 4: lccss 6. Tem perature fora Q L3025 pASIC
3 FHPGA w it Am orph ous Sillcon Antifuses Sh ow -
ing An ExponentialRe Btionsh ip.

Singl ExentEfEcts

Th ree ®stdevices were prepared for e February,
1998, heawy ion &statBrook h aven Nationa lLabora-
ory. The portions oft e enaliation patern re Ivant
tisdeva were tiree shiferegistrs. Two 200¢ B-
mentshiftregiserswere inte devc 3 core wit one
ofte wobeing TMR-hardened w it error m onitor-
ing drauit, m ak ing a tota lof300 flp-fbps. The tird
shiftregiserwas 25e Iment bng and w as con-
structed in te 1/0-m odu Bs.

lec 3.3 (A)

Testing stared w it Titanium (Ti),whid had an LET
of188 MeMan2/mgand te denice had nominall

vo lages app kd (50 and 33 \DC). Bott devices
Btdhed duringeach run,w it S/N 001 dam aged after
6 runs and S/N 002 dam aged afer5. S/N 001, afer
dam age,had 137 m A excess currentand w as func
tionaBS/N 002 h ad 100 m A excess currentand fai Bd
functiona kesting .

Ineresting ¥, each oftie denie 3 supp ks hthed .
Tab B 1hasasummary ofsome typicalruns. Based
onalloft e runs, tie rough estim ak fordeMc

Bt up cross-section is 2 7x105 an 2/deNice - Testing
w as stopped afer te tw odeies were dam aged -

Anotierintresting resu kis ¢t atfor ©is 035 pum, 33
WD CdeMe, noupses were seenineiterte core or
te 170 fllp-fbps.

Tab B: Summ ary of Som e QL3025H eaw lon

Latth ups

RUN Flienc 5VLat 33 Vlath

Num ber (ions/an 2) Current Current
(approxim ation) (mA) mA)
QuUTL 2 4E4 82
QLIT2 1 6E4 420
QLT3 2 8E4 200 380
QLIT4 2 OE4 290
QLT 4 7E4 165
QL2 21E4 400, >400
(2nd hich)

QL2T3 56E3 170
QL2T4 17E4 170
QL2TS 430 170

11
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Toa ID ose ETEcts

An inita ITID €stw as run on te Q L3025 S/N 003
devce,wit tie resublkshown bebw .

QL3025 TID Test
NASA/GSFC
March 27, 1998
5 kRads(Si) / Day <= 70 Hrs
0.772 kRads(Si)/Hour > 70 Hrs
Data for S/N 003

80 14§
70

60 -

lecas (MA)

0 Jrb ; ‘ :
0 20 25 30 35 40
kRads (Si)

Aferirradiation, e denie passed functiona lest

and tie currens ontie 33voksupp¥quick ¥
dropped: The 33\DCsupp ¥measured 13 mA
static,31and 34mA distributing te 1 MH z cbbck,
wit diferencs for bading1%and 0%,and 85mA

for ©e actine mode .

RH1020 SINGLE EVENT
UPSET

SUMMARY REPORT
Rid ard B.Kat/NASA GSFC
JJaWw ang/A ck KCorp.

Prepared: Mara 5,1998

1.0 BACKGROUND AND SUMMARY

Thisreport summarizes the testing and analysis of "single
event clock upset” in the RH1020. Also included are SEU-
rate predictions and design recommendations for risk analy-
sisand reduction.

The subject of “upsets’ in the RH1020 is best understood
by using a model consisting of a global clock buffer and a
D-type flip-flop as the basic memory unit. The RH1020 is
built on the ACT 1 family architecture. As such, it has one
low-skew global clock buffer with a TTL-level input
threshold that is accessed via a single dedicated pin. The
clock signal is driven to full CMOS levels, buffered, and
sent to individual row buffers with one buffer per channel.
For low-skew performance, the outputs of al of the

12

1020 Family SEU Data

10° 5

o o °
» e
4 - .
6

10 é ...
I B
o -
2 107 | b

[ ]

© ] o°
o
2 108 4 ® .
o E e A1020 (2.0 mm)
3 © ., m  AL020A (1.2 mm)
5 1 e RH1020 (1.0 mm) @ BNL

109 | RH1020 (1.0 mm) @ TAMU

100 ——
0 20 40 60 80 100 120 140

LET (MeV—cmzlmg)

Fgure 1. C-modu B SEU resu b ofA1020, A1020A
and RH 1020

RH1020 row buffers are shorted together via metal lines.

All storage in the RH1020 consists of routed flip-flops,
congtructed with multiplexors and feedback through the
routing segments. A simple latch can be constructed from a
single (combinatorial or C) module; an edge-triggered flip-
flop is constructed using two concatenated latches. Thereis
no storage in the 1/0 modules.

The front end of the clock buffering circuitry, at a common
point relative to the row buffer, is a sub-circuit that was
determined to be the most susceptible to heavy ions. This
isdue, in part, to its smaller transistors compared to the rest
of the circuitry. This conclusion is also supported by
SPICE simulations and an analysis of the heavy ion data,
described in thisreport.

The edge triggered D flip-flop has two single-event-upset
modes. Mode one, called C-module upset, is caused by a
heavy ion striking the C-module’ s sensitive area on the
silicon and produces a soft single bit error at the output of
the flip-flop. Mode two, called clock upset, is caused by a
heavy ion strike on the clock buffer, generating a runt pulse
interpreted as afalse clock signal and consequently pro-
ducing errors at the flip-flop outputs. As shown in Figure
1, C-module upset sensitivity in the RH1020 is essentially
the same as that of its ACT 1 siblings (A1020, A1020A and
A1020B), which were well tested, analyzed, and docu-
mented in the literature.

RH1020 clock upset has not yet been detected directly
by measuring a heavy ion induced pulse. Transmission
of the clock signal via clock network interface hard
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macros, routing to an output module, and driving the signal
off-chip can tend to act as alow-passfilter. A more sensi-
tive “detector” are flip-flops constructed on the die, directly
hooked to the global clock network.

Detection and analysis relies on carefully designed test
patterns and equipment to decompose the total number of
flip-flop upsets into a C-module upset component and a
clock upset component. Although in reality only the total
upsets count, the separation is necessary because they have
different frequency dependence and system effects. To a
first approximation, the clock upset rate has a strong, linear
dependence on clock frequency. The C-module upset rate
is frequency independent (for all practically used frequen-
cies). Since most applications use a clock frequency
different from the SEU testing frequency, only the clock
upset component has to be scaled to get an accurate rate
prediction.

Conclusions from the test data indicate that a heavy ion
hitting on the clock buffer will induce “clock upsets’
mainly when the clock signal istransitioning. A plausible
scenario is the generation of arunt pulse on the positive
going transition of the clock (with respect to the device
pin). This can be interpreted by the flip-flops as two clocks
or “double clocking,” as shown in Figure 2. The system
affect is similar to other familiar problems, such as ground
bounce induced problems (see, for example, “ High-Speed
Digital Design: A Handbook of Black Magic”, by H. John-
son and M. Graham, Prentice Hall, 1993, page 69).

Clock upset has been detected in some previous Act 1 de-

Heavy ion induced negative pulse

FHgure 2. Doub B Cba ing as aResu kofH eaw
lon Induced Pu e

vices (see “Programmable Logic Application Notes,” EEE
LINKS, published by NASA/GSFC). RH1020 clock upset
was initially found during QML SEU testing. It was then
thoroughly investigated by heavy ion tests (four accelerator
trips), laser stimulation, circuit smulation, and laboratory
electrical evaluation. The most sensitive nodes were de-
termined to be in the clock buffer. Heavy ion tests were
performed, under identical conditions, on samples of all
models of the A1020 series devices, confirming the earlier
preliminary detection of clock upset susceptibility.

Changes to the clock buffer circuitry to reduce the sensitiv-
ity to heavy ion upsets were done without negatively
affecting the product characteristics or die size. SEU test-
ing was performed on five (5) production parts with the
new design changes. The clock upset data was extracted
and is presented in this summary report. We found more
than an order of magnitude reduction of clock upset due to
the changes made, resulting in clock upset rates being an
order of magnitude smaller than one C-module flip-flop.
Thus, the clock upset is minor when compared to the C-
module upset for most applications. Nevertheless, for an
RH1020 user to evaluate specific applications independ-
ently, we provide detailed data and methodology in this
report to support the effort.

2.0 SEU TESTING AND RATE PREDICTION
21 TestSetO e nfew

The SEE test set consists of two sections, one set of equip-
ment outside of the vacuum chamber and aDUT card
mounted inside of the chamber. All power supplies are
configured for remote sensing, ensuring accurate voltage
settings at the DUT for all conditions. All I/O to and from
the chamber is transmitted over RS-422 differential drivers
and receivers, providing good noise immunity and reliable
signal transmission. A 2X clock is sent to the DUT card, as
arelevel commands. The DUT card sends back either raw
data (in test mode) or error pulses.

A laboratory computer controls the test and records the
data. The PC is equipped with an HP-1B interface card for
computer control of the HP6629A system power supply.
Also embedded in the PC is a custom RS-422 board, pro-
viding level commands, a programmable frequency clock
(viaan external pulse generator or crystal oscillator selec-
tion), and ten (10) 16-bit event counters.

Test control is provided through a WHFI interface with real-
time error counter display. Strip charts can be made of ei-
ther device currents or error counters. For the clock upset
tests, each mismatch triggered the recording and time tag-
ging of the counters. Sampling was at approximately 4
kHz.

The DUT card is a multi-layer PCB with all signalstrans-
mitted and received via RS-422 buffers. The 2X clock is
divided down to anominal 1 MHz by an on-board FPGA
(A1020A). All pattern generation, DUT stimulation, and
error-checking/error-pulse-generation is also performed by
the FPGA.

13
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2.2 DUT (DEVICE UNDER TEST) D ESIGN

AND CONHGURATION

The test pattern used for the majority of tests was the
TMRA1BRB pattern, previously used on A1020, A1020A,
and A1020B devices. For clock upset testing, a subset of
the device' s capabilities was used. Specifically, two 34-bit
shift registers were used. One consisting of simple flip-
flops and the other was a TMR-hardened (triple modular
redundancy) string. Error monitoring circuitry is provided
to count all upsets rejected by the error-correction circuitry.
All flip-flops are constructed without any asynchronous
preset or clear functions. This eliminates upsets on other
portions of the die as a possible cause of device error.

The RH1020 is packaged in an 84-pin ceramic quad flat
pack, surface-mounted to an adapter board. This multi-
layer adapter includes power and ground planes, short lead
lengths and is compatible with the A1460PGA207 socket
on our test board. This configuration gives a good quality,
realistic environment for the RH1020 and removes restric-
tions on beam angle to the device, a problem with the Wells
ZIF socket normally used. Ground bounce and V ¢ spikes,
measured at the RH1020 pins, was minimal and comparable
to typical well-built systems. The clock was driven to full
CMOS levels by an A1020A. The relatively moderate out-
put transition times of this device resulted in clock signals
at the RH1020 which were clean and had minimal ringing.

The input logic pattern to the shift registers was nominally
a checkerboard pattern, (i.e. an alternating ‘0’ and ‘1’ pat-
tern at % of the clock rate). Other patternssuchasall *1's,
all ‘0’s, or twisted ring counters would mask the effects of
clock upsets since the output signature would be difficult or
impossible to distinguish from “normal” C-module upsets.
The TMR string makes the D-latch part of the shift register
practically immune to SEU, eliminating the upset compo-
nent of the C-modules.

2.3 CLOCK UPSETDETECTION

A runt clock pulse or “double-clocking” by one heavy ion
hitting a sensitive clock node will shift the internal flip-
flops and the resultant output logic pattern out of phase by
one state for al flip-flops affected. A “full” extra pulse will
result in all flip-flops receiving a clock pulse, with all flip-
flops holding ‘0’s changing to * 1’s and vice versa. Check-
ing circuitry, external to the RH1020, would then flag 34
errors on each string asaburst. 1n practice, at device oper-
ating voltages of 4.5 VDC < V¢ < 5.5 VDC, we normally
saw error bursts of approximately 17 errors on each of the
two shift register strings simultaneoudly, including the
TMR-hardened string. Typically, zero or only asingle er-
ror would be reported on the TMR error monitor indicating
that all flip-flops in the same region of the chip reacted
identically to arunt pulse.

To accomplish testing in reasonable times, most runs had
ion fluxes of 10° ions/c’/sec and a fluence of 10’

1 MHz/Checkerboard
LET=344
250 20
184
P
e DOS s
200 161
DOH -
144
o = TMRMon / £ - Dos
L 150+ H g 12
5 @, w DOH
[e] [} 104
O [=%
el of 0 . Vo
2 100 e 8y
L [ 4 w
o ] &
] 3 "N
50 . cane® //
Py 29
®
'r
40 60 80 100

0 100x1C° 200x1C° 300x1C° 400x1C®

Sample Number

500x1C°

120 140

Emor Event Number

Fgure 3: TypicalD ata Sh ow ing Cum u htine and D ifferentiaBError Count
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iong/cr?. While an estimate count could be made by
watching the error counters, accurate clock upset and SEUs
could be counted by our test equipment. To detect clock
upset, our three error counters were monitored by the test
computer at approximately 4 kHz. Any change to any of
the counters resulted in each of the three counters being
recorded and time stamped. By examining the d ange of
errorcount w it respectto time, cbd upsetand all
otiermode of SEU are re htine ¥ casi ¥ separatd and
countd,exenforhigh LETrunswit a btofupset.
Som e typicaldata is presentd in FHgure 3.

2.4 TEST FACILUTIES AND CONDITIO NS

Most of the testing was performed at Brookhaven National
Laboratory using the SEU facility in the Tandem Van de
Graaff building. Other facilities included the cyclotron at
Texas A&M and the pulsed laser facility at the Naval Re-
search Laboratory. Electrical testing was performed at both
the Actel Corporation and the NASA Goddard Space Flight
Center. Typically, clock upsets were measured at 5 volts
bias, 1 MHz clock frequency and room temperature with
ion fluxes of 10° ions/cm?/sec and a fluence of 10°
ions/cm?. The nomina V cc was used over the full range of
LET. The voltage dependence of clock upset istoo weak to
establish the worst-case V¢ to be 4.5 volts or 5.5 volts.
Additionally, several low-flux runs were conducted, with
no major dependence on flux observed.

2.5 DATA AND RATE PREDICTIO N

Fgure 4show s te cbc SEU cross section \ersus LET
datap btoffive (5) €std deics, P61 o P6-5. For a
sam p I caku ktion, te median dataare used © fita
W eibu Bcune by using H ITHIT utilies in Space Ra-
diation sim u htor. The resu ling W eibu lparam e€rs
(TebB 1) togeterwit typicalorbitalenvironmental
and shie Bing param e®rs ofasat B on tie geosyn-
a ronous orbit(Tab B 2) is beninputtotie heaw
ions ratks prediction m odu B ofti e Spac: Radiation
simultor. The resu koft e upsetrae prediction is 3
x 108 upsesAHevice-day . For com parison, tie C-

m odu B upsetrak in te sam e conditions is approxi-
mae ¥ 1x107 upset/bitday.

1.00E-05

1.00E-06 E

g

= X O o

3 % O o % X P61
£ 1.00E-07 © P62
z 9 O P63
£ o Pe4
3 1.00E-08

8 A P65
%]

2 == weibul Fit
G

1.00E-09 E

1.00E-10 ¥
10 20 30 40 50 60 70 80

LET (MeV»cmzlmg)
Fgure 4 Cbck SEUresu

Forasam p I mission consisting of10 RH 1020s for a
duration of10 years, tie error rat is caku led be:

3x 108 chbck upsetsAMlenice-day x 10 deicesAystm
x 10 years/ ission
or
1 upsetperth ousand missions persystem .

Tab B1 Weibu Mparame®rs

Cross S ction 25x 107 an 2/ device
LET Thresholl 188 MeMan 2/m g
Weibu W idt 15MeMan2/mg

W eibu lSh ape 2

Tab B 2 Environm entéh ie Bing param e€rs

Orbit 36,000km, 0°
SpaccaaftShie Bing  |100miBA 1

Eart Shadow ing Yes

MagneticW eatier Stormy

Sohr Cycl So kr Min (1975, M=1)

The frequency dependence ofcbck upsetw as meas-
ured using denices before te design dianges w ere
made ote chbc bufler (Aferdesign diranges, tie
upsetoount are o bw tom ake sud measurement
practicall. Fgure 5show s tie num ber ofchbck upses
\ersus te cbck frequency ofdata from four part for
afixed fllence measured atchbck frequendes ofl

kH z,10kH z,100kH z and 1 MH z . LETof371 10 742
MeMan2/mgand aMec=5\MDCand 45\DCwere
used. The dataclar¥ show s upsetincreasing w it
cbc frequency . Toafirstorder approxim ation, tie
upsetra® can be treatas Bnear ¥ proportionalio te
chck frequency.
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100
10 //
é ——p1B0
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3 —&— p2B05S
[} —0— n2B604
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1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07

Clock Frequency

FHgure 5 FHequency dependenc ofchbd upsetfora
fixed fhience

3.0 DESIGN RECOMMEND ATIO NS
3.1 FREQUENCY DEPEND ENCE

The oalupsetin te devia and i€ im pactatte
sysem H\e Bssomewhatdependenton tie detai I of
te designand app Bcation. H ow e\er,since we can
calbu bt te cbd upset and C-m odu B upset® inde-
pendentd, te otalupset can be caku ked

unam biguous ¥ . Toscall te cbck upset, te com -
putd rat from te SEU €sting datah as o be divided
by 1 MH z and tenmulip kd by te cbc frequency
ofinkrest Foratypicallgeosynd ronous app lcation,
ifthe cbcak frequency is T, te cbck upsetrae is:

¢ 3 10 ®(upset/device- day)
1(MH2)

Tominimize asusceptibi Mty o te gbballchc upset,
te chbc shoull be runatas bw afrequency as pos-
sib . For czrtain aiticaliregisers tie sysem designer
may w antt use aseparat cbck whid ishe Binac
v exaptwhenupdating te regisers vallies.
Based on avai bb I data and ana ¥sis, itis recom -
mended oholl ©e chck high atbe device 3 input

pin.
3.2 REDUNDANCY DESIGN

Iftere is redundancy design for t e chbcked Flp-flps,
te redundancy shoull be designed across a ips, if
possib B, simikrtosome memory EDACarch itc
tures . Itis pre®rred t atredundantinform ation not
be stored inonesingll aip for t e ob\ous reason
tatte gbbalkchd upsetm aysim u Baneous ¥ pro-
duc possib Berrorsin allit e cbced Flip-fibps .
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Separating redundanthit onto difkerentd ips m ay
allodecease © e number ofsing I pointtai Bires
(SPFs).

3.3 CLOCK UPSET TO LERANT DESIGN

Forextrem e ¥ criticalapp Bcations, cbck upse® m ay
be deakw it atte drauithe L Forexam p I, i ree
inputpins can be used,w it te generatd chbck being
te outputofam aprity drauit Using te conclision
t atte drauitis more suseptib § during t e period
ofte rising edge, tw ochbck inputpins cou B be
ANDed ogeter, requiring bot signal tbogohigh ©
swith te AND gak . Foreiter €d nigue, noe t at
te drauitoutput can notaoess e gbbalicha ,
sineinte ACT1fami ¥ te netw ork is on¥ accessi-
bl \viatededicakd device inputpin.

3.4 CLO CK UPSET AT SYSTEM LEVEL,
DOES EVERYONE MEASURE CLO CK UPSET?

The RH 1020 is one ofm any devic types, and sim i br
gquestions aboutchd upsetanswered in tissum -

m ary reportsh ou Ml be asked foraldigialdeas in
t atsysem . Particu br ¥ im portantquestions are:
sysem Flp-fbp €stm et odo bgy, flip-fbp SEU rat
frequency dependence, cbck upsetdetction €d -
niques, and separation ofcbck upset and bt or
fiip-fbp upse tfrom te aquired datase®. Some
“standard” €sting ®€d nigues w i Bnotproper ¥ detct
chbck upsetindevices . Todae, ©e RH 1020 h as been,
we be ke, tie mostt orough ¥ €std CMO Sdee
for tis phenomenon t atis avai kb I for space-fllgh t
e Bctronics .

CONTINUED EVALUATION O FTH E RT54SX16

This sectionw i Mpresentadditonalblataon te
RT54SX16. Reaentdata on antifuse radiation h ard-
ness can be found in antifuse h ardness section abo\e .

The wvolage configuration and t e output ofte
RT54SX16 are sim i hr o te QL3025 described prew-
ous ¥. Pllase reRrenc t atsedtion for back ground
inform ation. The W och art be bw show some output
w axe form s for bot rising and falihg edges . Again
we see 33wvobksignakwingsw it extreme ¥ fast sub-
nanosecond transittion times These measurement
were obtained wit a2 GigaSam pl/ Scond digital
storage osa Bbscope and an 800 MH z bandw it active
FET probe .
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Az running
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FHgure 1: Sam p B Rise Tim e Ch arackristicoft e
RT54SX16 atNom inallSupp ¥ Vo Bages

A5 running

3

pos:

1,00 ¥idiv
3.000 ¥

10,0041

S0g do

0,000 s

—10.00_ns 10.00 ns

#fvg ([ 2,00 nsidiv repetitive Trigger Mode:
current minimum max imum average Edge

falltime (3) 834 ps o1 ps 1.879 ns 1.021 ns

Hgure 2. Samp B FalTime Ch arackrisicoft e
RT54SX16 atNom inalSupp ¥ Vo Bages

Antifuse Bakage currentis an im portantparam e€r
and be bw is som e ofour firstem perature dataon a
metalo-metalbntfuse FPGA . We &sted seneral
€m perature cyclls oner e fu lim i Hary €m perature
range (-55C 1+ 125C)w it €m perature rtansitions
of1<C/m inut . Hgure 3 sh ow s a partofour strip
dart

Senerakeyresulk are show n by tese curves . Frst,
operation oft is device over te fulim i Hary €m -
perature range w i Bconsum e approximat ¥ 25

pW atts, clar ¥ aceptab B. Second ¥, itis clar t at
te aurrenthas a lhear re ktionsh ip w it €m perature,
in contrastw it te QL3025whid had anexponental
re kionship. The s Igh tinaease in currentatcoll
€mperatures for t e RTo4SX16 w as repeatab B over
sexerallem perature cyclls and profills .

Dynam icpow er dissipationw as alom easured w it
resuls show nin FHgure 4. As expected, tie power
consum ption oft e device w as Bnearw it respectto
frequency -

Temperature (Degrees Celcius)

1§

‘JI!Y‘\\»MU m!v‘J\qu

A
S

— 300

&
S

&
S

200

0 1 2 3 4 5 6 7 8 9 10
Time (Hours)

FHgure 3: 1ICC3.3and Tem perature Strip Ch artfor
aSamp B RT54SX16 FFGA w it ametakometal
Antifuse.

RT54SX16
Power per Gate
NASA/GSFC

March 25, 1998
700

600 — >
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nmVatts/Gate
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LS L I A
0 210 4x10°  6x10°  8x10P  10x10P  12x10P  14x10P
Freq (Hz)

FHgure 4: Pow er per Gat Ch arackrization as aFunc
tion of Hequency for t e RT54SX16

Additiona lota b ose £s€ hawe been performed in-
creasing our database and know Bdge aboutt ese
devices - Hgures 5and 6 be bw show teresulbs. The
devices were functiona laferexposure wit te €st
being €rm inatd as a resu koffaci iy avai bbi Ity .
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RT54SX16 Total Dose Test
NASA/GSFC
March 22, 1998
1 kRad(Si)/Hour
S/IN B1
Lot Split PO8W8/9807

4] Note: +5VDC Supply Showed No Change
In Current - Essentially 0.
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Fiber Optic Cable Assemblies for
Space Flight 11:

Thermal and Radiation Effects
MELANIEN.OTT
Ted no bgy Valdation Assuranc Group,
Goddard Space Fligh tCentr/ Sv alls Aerospac

Code 562, Builling 6, S-30

Greenbe EMD 20771
301-286-0127
m e Bnie oti@gs fcnasagov
h tip://m isspiggy gsfchasa gov/ ta

The folbw ing is being pub khed and presentd atte
1998 SPIE Int rnationa BSym posium on O pticalsa-
enc, Engineering and Insttum entation in San D iego,
att e Sssion on B otonics for Space Envronm ent
M.

ABSTRACT

Goddard Space Fligh tCen®r is conducting a seardh
for spac fligh tw ort y fiber opticcab B assem b ks
tatwilbenefitalpropcts atalloftie NASA centers.
This paperis num ber @ oin aseries of papers being
issued as aresu kEoft is task todefine and qua iy
space grade fiber opticcab I assem b ks . Th ough ©
qua My and use afiber opticcab Bin space requires
treatm entoftie cab B assemb ¥ as a sysem , itis \ery
im portantto understand t e design and beh axvior of
it park . This paperaddresses t© atneed, provding
inform ation on cab B com ponent sh rink age €sting
and radiation £sting resu ks from recentexperiment
atGoddard Spacc Fligh tCentr. This w ork is anex-
tnsion oftie ""Issons Barned*'repored in te first
paper oftis series entitld "FHber OpticCab I As-
sem b ks for Space Fligh t Issues and Rem edies,"

pub khed and presentd attie AIAA W or B Con-
gress in Anaheim CA, onOcober 15, 1997



EEE Links, Vol 4 No. 2

12 Channel Optical Fiber Con-
nector Assembly: From
Commercial off the
Shelf to Space Flight Use

Me Bnie O tt
Sw alls Aerospace
Code 562
Goddard Space Fligh tCentr
301-286-0127

Dy Breth auer
Program Manager of FODB
Code 561
Goddard Space Fligh tCentr
310-286-1050
Dy W Breth auer 1@gsanasa gov

The folbw ing is being pub khed and presentd atte
1998 SPIE Int rnationa BSym posium on O pticalSa-
enc, Engineering and Insttum enttion in San D iego,
att e Sssion on B otonics for Space Environm ent
M.

ABSTRACT:

For com m ercia le Bcom m unications app bcations, a 12
ad anne BopticaMiber ribbon cab B and M TP conne ctor
assemb ¥ was anai bb I from W 1 _Gore for cab I, and
USCONEC for t ¢ MTP 12 d anne Bconnector. Itw as
dedded tatfor te FHber OpticData Bus (FOD B)
schedu ld for figh ton Eart Orbitrl, (EO-1) b at
tiscabBassemb ¥ woull be made forspace filgh t
usew it as fw alerations as possib I, tereby pro-
\ding acom m ercia loffth e she Fproductfor space
filgh tapp Ications . Te d no bgy valdation & d niques
were used odetrmine te functiona My oft is con-
nector/cab I assem b ¥ for space filgh t As partoft at
valdation, an enaliation w as conducted todet®rm ine
wheteralllicon ponent oftie connectorassemb

w ou B pass space fligh toutgassing crikria. A £d -
no bgy \valdation study conducted on t e radiation
efect ofthe com merda Miber proposed for t is ap-

p Bcation proved t e com m ercia lopticaliber from
Spectran o be adequatk for an EO-1 app kcation. As a
resu kofahigh Mbration ennironm ent, a hrger core
opticalfiber (100/140 m icron) w as chosen ohe b in
perform ance oft is MTP conne cor under conditions
t atwere notin t e origina lcon m e rcia bpedfication .
Using te hrger core fiber required t e fabrication of
connector £rrulls of140 micron outr diam e €r for
te MTPt atw ere prenjous ¥ notavai bb 1. \bra-
tionand termalest were conducted odeermine if

teconmercdall avai Bb I 125 m icondiam e € r con-
nector Rrrulls woull meette EO-1envronmentl
requirement . Aferte £d nobgy \aldatonw as
com p Bed te finaljua Hicaton €sting w as con-
ducttd insure b atte new space fiigh t
connector/cab B assemb ¥ woull perform ote
FODBrequirementin te spac fligh tenvironment
The resu b and conclisions from t is € no bgy
valdation and qua Hication ®sting ofacom merdal
ribbon connector/cab B assem b ¥ are presented here.

Availability of Low Power High
Speed Radiation Tolerant Phase
Locked Loop (PLL) Frequency

Synthesizers for Flight
SiriAgarw all
JtPropulion Laboratory Com pany
(626) 795-49 28
sh rigagarw aBp lhasagov

Up untibhow , te LIMX23XX fam i ¥ ofm ono bt ic bw
pow er, high-speed *phase bcked bop frequency
syntesizers from Nationa BSem iconductorh ave been
avai b I on ¥ as con m ercia Bpars in 20-pin p bstic
pack ages .H ow e\er,based onte resulk oftieirown
evalbiaton, JPLevalaton done forte EOSMLS
progctand intrestfrom ot er Spac users, National
has announced t atse Bced ALL product w i Bbe of
£red as radiation o IrantQM Lpart in 20-pin
surface m ountab B ceram icpadi ages -Th is provides a
good exam p B oft e infusion ofnew COTSE®d noll
ogy in FL/NASA missions.The product se Bcted for
te QM LofEring are:

Product Process Status SMD #
IMX2315  |ABIC v | IMCharacer- | o) 4 5001
z ation
LMX2325  |ABIC IV :;(;ms aall o oo 085002
LMX2306 |ABICV  |Prows TBD
LMX2330A |ABIC v |os aail
ab il
MLX2326 |ABICV |Protos TBD
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Bot te ABIC I\V(08u fature size) and ABIC V(0 5u
Rature size) are stak-ofFt e-artBiCM O S proasses -

JL_perform ed exensive exaliation on representatine
devias bui kon te ABIC IVVprocess, LMX2305 and
LM X2325_0 ur ena biation sh ow s aceptab | consttuc
tion, no bkt up,some SEU anom alks which were
found acceptab I for te EOSMLSprogd; and ac
cptb 1 btablose (hot bw dose rak and high dose
rag)forte EOSMLSenvironmentThe re labi My
group atNationa b as pub kh ed an app lcation not,
AN-708, which document® te hotarrier and gate
oxide re labi Ry a aract rization oftie ABIC I\VVproc
ess .

A _performed a Im ited enaliaton ofte ABIC VV
procss as w e land itsh ow ed acce ptab I construction
and no Rkt up.

The pars were initia ¥ designed ©ow ork over indus-
tria e m perature range,-40C o+ 85C.H ow e\er, by

h aving an on-going d aracke riz ation program in p kee,
Nationallv i Batem pttoextnd te €m perature

range .

*Typicakupp ¥ currentd mA at3\V/for 550MH 7
LM X2305, 10 mA at3Vfor 25GH 7 LM X2325.

Electronic Industries Association
(E1A)
G-11 Committee Meeting
Summary (Feb. 1998)

Ay Brusse
Com ponentTec no bgies Brand! (Code 562)
Unisys Corporation atNA SA GSFC
301-286-2019
Ay A Brusse 1@gsfcnasagov

The E Bctronics Industry Association (EIA) passi\e
EEE part usercomm itee,knownas te EIA G11
Comm itkee,he B one ofit ti-annua Im eetings on
February 19-20, 1998 in Athnta, GA . The G-11 Com -
mitee recom mends soltions © €d nicallprob Ims in
t ¢ app kcation, standardization and re Babi Ky ofpas-
sive EEE parts. The G-11 adiie\es tiese ob pcti\es

t rough evabiation and preparation ofproposed ad-
vancement in spedfications, standards and otier
docum ent, bott gonernm entand industry, o assure
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t atpart are suitah 1 for teir inended app Bcations
and for procurem ent

Mem bership on tis conmitkee consist prim ari¥ of
maprDe®nse and Aerospace contractors . Additional
routine partidpation inclides guestmem bersh ip from
NASA GSFC,te Detense Supp ¥ Centr Colim bus
(DSCC),USAir Fore,USArmyand te Aerospace
Corporation. NASA GSFCh as actine ¥ representd
te NASA Part, Pad aging and Radiation Program
onte G11 conmitke form any years. Through it
partdpation in te G-11, GSFCensures © atNA SA
inkerest and tie inkrest oftie generalbpace com -

m unity are considered and adopt®d during

dexe bpm entofbot miMary and non-gonernment
spedfications and standards .

The high lgh & oftie Rbruary 1998 meeting oft e G-
11 are outlined in te folbw ing sum m ary trip report
Ifyou need furt er inform ation or ifyou w ish ©sug-
gestaopictobe discussed att e nextG-11 m eeting
in dine, p Base contacty Brusse at(301) 286-2019 .

The mostinkresting topicoftte meetinginvolled tie
discussionover tie EIA U-1 Com m itke actinities dis-
cussed be bw :

EIAU-1COMMITTEE QUALIHCATION
STANDARDSDEMELO PMENT

D aw Rich ardson of\Msh ay (Georgia) addressed te
G-11 com m itke regarding e effors oftie EIA U-1
Comm itkee (asubcom mitkee oftie EIA PPane I). The
U-1 Com m itke is apassive part “users’com mitee
com prised m ain ¥ ofEEE part m anufacturers. Their
prim ary function is o estab kh industry standards for
passine part (predom inanth “‘con m erda I part)
inchiding de\e bpm entofstandard part\allies (ca-
padtance, resistanc, e tc), ratings (pow er, o lage,
€m perature, etc) and physicakizes .

The purpose ofDawe 3 presentationw as ©odisauss te
aurrentU-1Com m itke initiative ©© de\e bp EIA stan-
dards for passi\e partqua HMication €stfibw s for

com merdalproducts. The U-1 Com m itke is strimving
estab kh “comm onbase Ine” €5t for t e \arious
passine com m odities whid canbe used by allofte
m anufacturers in e industy o “qualy” teir

com merdaKFindustrialgrade com ponent. (Att is
tim e no EIA qua Hication fibw standards h awe been
finaked, abh ough some drafts doexist). The supp F
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ers are hopefu b atiftiey can ad\ertise © b eir cus-
tomerbase tatbeir products hawe been base Ined ©
anestab khed “EIA fibw ”,tentey canreduc te
costlh need o perform high ¥ redundantcustomer
spedficqua Hication fbw s. In addition, an industry
standard fibw can be used as abase lne by whiac all
supp Ers can be benchm arked .

Aferfurterscautiny ithecam e apparentt atte EIA
aurrentd has no“w atthdog” med anism whia
woull oversee/auditt e manufacturers o te pro-
posed base Ine fbw s. The existing p knw ou B h ae
te manufacturers “se FqualHy” one tme (w it no
qua Mication m ainknanc proposalland provide data
pack ages 1o prospectinve custom ers as requestd .
Customers wiling baceptt e manufacturer?’ base-
Ine fbw cou Bl tenrequestspedficqua Mication €5t
for teir app Bcation, which were notcowered by te
EIA fbw . During a “brainstorm ing”’session som ¢ G-
11 partidpant suggestd tatte EIA fhwsshoull

be adoptd into tie equivalntm i Hary spedfications
for e con ponentas an “EIA Qualty Le\e F part(in
additontote akcadyanaibbl e Bwitin te

m i Hary specifications, NOTas arep kcemen®). Their
h ope is t© atsud an adoptionw oull enab I DSCC 10
become tewatthdog forte EIA base Ine fbw - This
concpthas num erous poknta lprob Ims:

Pot ntia lconflictofinkrestfor DSCCw h ose
drareris assure te avai bbi ly of“m i Hary”
part forte “mikary”’marketp b, noto qual
ify “commercialF part for “almarket

Resourc Emitations ofD SCC o auditte “‘com -
merdaF product lnes many ofwhid are notte
same as (orexenin te same bcation as) te

m i Hary product Ines whiad D SCC audit

EIA standards are inended forte entire e Ic
tronics industty which means m any non-m i Hary
qua Hied sources wou ll w anttobe qua Hied and
DSCCcurrentld has nomed anism (nor te a ar-
€r) auditbe vastom mercia kupp ker base

Risk ofw atringdow n te miMary specfications
and te avai hbi ly ofEstab khed Re Babi Ry (or
high re Babi My) part

Despit te poentalprob Ims, tis conaeptw arrant
furt er innestigation as itproposes a\ehicl whereby
“commerdal productk from amu kitude ofdifRerent
sources may be qua Hied © ak now n base Ene setof

requirement. The U-1Com mitke hasinviked G-11
representatives o participat in teir Aprillneeting ©
evallak te detail oftie EIA de\e bped qua Hication
fhbw s and o furt erdiscuss p bns forim p Im entation
and owersigh t Inaddition,bot G-11and te P

Pane 1w i Bry o coordinat teir autum n meetings so
tatsome over hp/intraction betw een t e groups
woull be possib I.

HIGH LIGH TSO FNASA PARTSACTIMTY

NASA Part & Bction List(NPSLH omepage is
avai Bb I on- ke at

h tip: /M isspiggy.gsftnasa.govhaps il
Thishomepage is fillhg te part se Bction and
app Bcation needs oft e spac fllgh tcom m unity in
EuofMIL-STD-975wh idh is ©be canc Bd and
GSFCPPL-21 whia is notfunded for future up-
dats .

NA SA is encouraging a re\ita k ation e flortfor
MIL-STD-9 81 (Design, Manufacturing and Qual
ity Standards for Custom E Bctrom agne tic

Com ponent for Spac App Bcations). D SCCis
aurrentl te preparing actinMty for MIL-STD -9 81.
NASA p kns ©beginw orking w it D SCC and
otiers ©updat tis documentin FY98.

GSFChas updatd te GSFC procurem entspedfi-
cation S-311-P-813 for predsion m e ta Hoi
resistors (simi lir © RNCIOY). This spedfication
is avai Bb 1 on- kne at

h tip: farioch .gsfcnasa.gov/311A tm Kpecs.h

HIGH LUIGH TSOFMIUTARY SPECIHCATION
ACTIMTY

CAPACITORS

MIL-FR 55365 for tantallim cip capacitorsw i il
drcu bt aproposalo ch ange t e partnum ber
scheme toalbw te case size bbe encoded inte
partnum ber. This optionw ou il free e m anu-
facturers o ofkradisaet capadtanc vallie in
m u lip B case sizes depending on t eir procssing
capabi Hies (ie,more capacitanc inasm allr
case).

DSCCw i lde\e bp drafts Bsh sheet for MIL-
PRF55681 ceram icd ip capacitors t atw i Bcover
diip sizes 0402, 0504 and 0603. D raft are antid-
patd by dine 199 8.
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MIL-FPRF49470 for stack ed ceram icSv ith M ode
Pow er Supp ¥ (SMPS) capacitors h as been re-
Based . When sources begin oqua iy, tis
spedficaton w i Brep bhce D SCC-DW G-87106.
AVX O Ban, ®hanson, Presidio, and UTCh ave
expressed inerestin qualying. Space e k ksh
sheett may be added inte future .

CONNECTORS

The Naw h as proposed (and is pursuing) transer
ofseneralMi Hary Spedfication Sheet (MS

D raw ings) for connectors from t e Nawy prepar-
ing activity O t e Socie ty of A utom otine
Engineers (SAE). The G-11 issued arecom m en-
dation t atresponsibi By for t ese draw ings
shoull be tans®rred ©DSCCinstad of SAE.
This reconmendationw as m ade for sexeralrea
sons inchiding kck ofinfllience G-11 and otier
miMary/space usershawe wit SAEand te po-
tntalcostofrenam ing draw ingsw it SAE
identifiers (costto purd ase draw ings from SAE,
costto ch ange existing part k& o re fICtSAE
num bers). Itappears © att e Naw is pursuing
con\ersion oft eir spedfications into Non-
Gowernm entStandards (NGS) as partoftieirroll
in Agquisiton Reform . The ot erm i Hary agen-
des (Army,Air Fore)hawe taken te general
approad oftrans®rring teir specfications ©
DSCC.

HLTERS

Maxw ¢ W Sierrah as proposed m odifications ©
te CBss Srequirement for MIL-FRF28861/12
fikrs. Their proposalvoull albw Group B €st
resu s for one dash num ber o coner e Group B
requirem entfor t ree otier dash numbers pro-
vided e discoidallcapacitors used are a lifrom
tesame btand te €stingis performed onte
“m ostoom p IX” fiErdesign (“L’drauitin tis
case). In addition, Maxw ¢ s recon mending all
bwing te pin (“Bad”) Ingt ©be “as specfied”
by te customer (speda Bpartm ark ing designation
m ay be proposed). Mostend-users end up cut
ting te pin waspedfic Ingt (forhigh
frequency efectk) Baving exposed copperwhia
present asoBerabi My prob Em .

RESISTORS

MIL-PRF914/1 and /2 (Surface MountResistor
Netw orks)h ave been cance Bd because tere are
no sourcs qua Hied otese sty ls.
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TRANSFORMERS

1553 ransform ers in accordanc: w it M IL=T-
21038/27-27 m ay h axne com patibi By prob Im
wit some transcivers (im pedance mism ath )
causing 1553 bus &sterrors. Ken Beymer of

D SCC (614-69 2-0557) is a pointofcontactfor in-
form ation.

MI1L-T-21038 h as been con\ered 1 a pe rform anc
spedfication. MIL-T-21038/27 is being con\e red
©“PRF’_ A new s Bsh sheet(/28) cowvering dual
unit of1553 data bus ransform ers is in draft

MIL:-T-27 is unde rgoing pe rform ance con\ersion.
A draftis expected during FY98.

OSCILLATORS

MIL-C-55310 is in t e process ofbeing coordi-
nakd as a perform anc spedfication.

Space Parts Working Group
(SPWG)
Meeting Summary March 1998

Ay Brusse
Com ponentTec no bgies Brand (Code 562)
Unisys Corporation atNA SA GSFC
301-286-2019
Ay A Brusse 1@gsfcnasagov

The USAir Fore Spac and Missi I Sysems Center
and The Aerospace Corporationhostd te Space Parts
W orking Group (SPW G) confrence on Mara 24 and
25, 1998 in Torrance, CA . The SPW G is an annua Ho-
rum for gonernm ent intrnatona kpace partners,
contractors (h ardw are bui Bers, €s€rs, and experi-
mentrs), and m anufacturers ©share teir
experiences w it respecttom anufacturing, se Iction
and app Bcation practices for EEE part for a \ariety of
space Tlgh tapp Bcations. Approxim at ¥ 300 peopl
atended tie confrence . Com m on topic inchided:

Approad es o part contro Hor space (conmer-
dakpace, miHary, NASA)

Approaaies otie use ofCommercialOffThe
She F(COTS)itms in space fligh tprogram s

Im pack ofand approadies 0 te Departm entof
Defnse Agquisition Reform initiatie

(initakd by former De®nse Secretary W i lam
Prry-~1994)
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Dexe bpment in m i Mary and industry part
contro lpo bces and procurem entspedfications

Approad es  using PhsticEncapsu lhtd Mod-
ulls (FEMs)in space

Topics in radiation e fle s (€sting approad es,
Estresu ks, productde\e bpment)

Dexe bpmentin te marketp ke forspace grade
com ponent

Dexe bpment in m anufacturer prod ucts for space
figh t

Ay Brusse from Unisys atNA SA Goddard atended
te conkrence and presentd onbeh aFoftie Com -
ponent Ted no bgy Brand1 (Code 562) atGSFC. An
ovenvew oftie high Bgh & from tis conkrence is
provided be Bbw .

NASA PARTS PROGRAM PRESENTATION
FROM GODDARD

A copy oftie presentation ginen on beh alFofNA SA
GSFCis anai Bb I from Gy Brusse uponrequest The
presentation focused on t e part engineer-

ing/se Iction ol currenty avai bb I from GSFCwvia
teWorB Wide Web. These bolinchide sud

h om epages as:

NA SA Part & Bction List(NPSL)
h tip: /M isspiggy.gsfcnasa.govhps il
EEE Part Inform atton Managem entSysem (EPIMS)
h tip:/Apim s.gsfcnasa.gov
Parts AnalsisWeb (PAWS)
h tip:/&pim s.gsfcnasa.gov
EEE Links New s Iter
h tip: /Arioch .gsftnasa.gow/ 312A.ink spg.h tm

Additiona Bopics inclided discussion oftie de Ier-
ab s produced by tie Supp ErAssessm entProgram s
(PSA P—Passives, ASAP—Actines)sud as te on-Ine
“Core Supp Ekrs Listings”, inform ation bu lns \a e-
m ai Band €d no bgy input into t e NPSL. PSA Pand
ASAPpersonne lallo participat as t e Wi ofNA SA
in DoD and industry m eetings for EEE part.

COMMERCIALO H=TH E SH ELF(COTS)

Ifthere was one pointt atbecam e \ery cllar from all
ofti e various presentations ginen on COTS, itw ou
be: tereis no universaldefinition for CO TS. E\xery or-
ganization h as t eir ow n intrpretaton ofw h at

constttuts aCommercialOffFThe She Fiem . Som e
define COTSas te manufacturers high volime
product Some tink ofCO TSas ANY partt atcan
be procured directl from te \endorcatabg-Oters
consider COTStobe defined in €rms ofti eir operat
ing €m perature range - And st ot ers consider
COTS®be any itm (miMarygrade, space grade,
industrialgrade orot erw ise)which is readi ¥ availl
ab 1 and canbe procured w it outspeda Ensttuctions
orrequirement. The IRIDIUM program from Mo-
torohdefines COTSas “Industria iGrade™

com ponent purch ased straigh tfrom a\endor?’
catabg.

Regard Bss oftie definition used for COTS, te recur-
ringteme from alofte presenersis © atCOTScan
be used successfu ¥ in space fligh tapp Bcations. H ow -
e\er, prob Im -free usage is continge ntupon app ¥ing
t e appropria® engineering resourcs in te form of
partand \endor se Bction, design and app Bkcation
considerations, part engineering and procurem ent
engineering.Large program s sud as IRIDIUM (w it
w e Hover 100 sak Bes in ©e conse Bktion) are capa-
b I ofam ortizing (o\ner am u K-bi lon do B program )
t e Non-Reaurring Engineering (NRE) cos® assodi-
atd witt COTSse Ictionsud as sourc inspection
and prod uctqua Mication. IRID IUM can aczptaddi-
tiona Brisk due © t e avai hbi Hy ofredundant

sak HWes. Inaddition, tie benefit oftie econom ies of
scalwit high volime procurement gi\e te

IRID IUM procuring activity aczess © and inflience
owverwendorswhia are aittcalfactors tom aking suc
assfu bbroductand sourc se Bctions. Insmall
program s sud as t ose typical} m anaged by NASA,
te additiona Engineering cost and associatd risks
w it using COTSmay be fargreakrtan te costs of
procuring high re labi Ry, space grade com ponent
whid haw ahistory ofre b I perform ance .

MANUFACTURER COMMENTSON USE O F
CO TS IN SPACE

The manufacturers whowere representd (Nationall

Sem iconductor, H arris, Inernationa Re ctifier, Miao

semi,AnabgDeNices, Tl, oname afw )had

com m on recom m end ations regarding use ofCO TS for
space fligh tapp bcations:

Use robustdesigns capab I ofusing t e m anu-
facturer? “standard ”h igh volim e product
(NOTE: The m anufacturer’ “stand ard”” prod uct
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typicall has abroader distribution ofparam e tric
variab Is tante equivalintm i Hary specfica-
tion productincliding som e param e®€rs wh id

m ay nothe specfied in te catabgs or mi Hary
spedfications.

Ex: Inductanc ofresistors is typical} m ore
wide ¥ distribued in “standard” productt an in
m i Hary product)

Do NOTask tie manufacturer for speda bbroc
essing b atis outide oft eir norm allprocss
capabi Hies and fibw s

Minim ize h and bhg ofpart o reduc risk of
dam age (ESD, ¢ Bctricalesto\erstress, physical
dam age)

Do NOTuse COTSbeyond tie m anufacturer?
ratd conditons

Atem pt upsaeen COTSw i lihu Band woid all
w arranties and m ostsupp krs w i Bihotprovide
any €d nicalbssistanc in te exentoffai bires of
part whid hawe recined tird party €st

ing/h and Ing

Com m erda bproducts are subpcttom anufactur-
ing process and m akrialldhanges W ITH OUT
NO TICE

Som e m anufacturers m ay produc teir conmer-
dalproduct in sexeralbcations each ofwhiah
may use diferentm atriall and processes. This
m akes know ing ©ie manufacturer and t e prod-
uct teysupp¥mud more dificu L

Spac fligh tusers shou l Ty o forecastt eir
productneeds (4 years in advanc) o te supp b
erstohe breduc obsolsena risks

Where possib I e space fllgh tcom m unity
shoull Ty o com bine t eir productneeds in or-
dertoappearas one hrge customerratier t an
sexeralbm alones. Thisw oull give tie space
com m unity greatkr infllence overm arkettrends.

In sum m ary, suczssfu buse ofaxendor’ conmercial
productin space fligh tapp Bcations requires tie user
thawe know Bdge ofwhere and how te manufac
twrerbui Bs it produck and when process/m akriall
aanges occur . Ch anges do occur and engineering
resources w i lh ane obe app kd inorder o assess tie
m anufacturer’ “current’ product Therefore, requa b
fication ofa ginen con m ercia broductm ay be
necssary due o ongoing c anges in processing and
maerial.
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MIUTARY MARKET AND SPECIHCATION
DEVELOPMENTS

The folbw ing is a briefsum m ary oft e recentorin-
procss danges in tie miHary marketp hee and
m i Hary spedfication:

PASSI\ES:
Specfication issues:

MIL-FPRF49470 for Ceram icSv itch Mode Power
Supp ¥ (SMPS) capadtors h as been re Based and
sexeralkourcas are in ©e process ofqua Hying
(AN, dh anson, Presidio, UTC). Mostw i liry ©©
qualyonl te smalstsizes, butAVX O lan

p kns o qua Hy a Bkix case sizes . This spedfica
tionw i lu lim at ¥ rep bhee DSCC-D W G-87106 -
SMPScapadtors m ade in accordance w it 87106
hawe been p hgued by num erous prob EIms in-
cliding t erm abkrad ing, so Ber fatigue, Tlix
entrapm ent and re\erse bias fai Bires. The first
qua Hied sourcs 1 49470 are expected by tie end
ofFY98.

MI1L-C-123 h as been “perform anc” con\ertd as
of&n._1998. The albw ab B capacitance range h as
beenincreased forte CKSO6 toallbw forup ol
uF.

Many passi\e spedafications h ave been m odified
inchde a“T” I Hor space grade require-
ment and a“C” I\e Hor quasi-com m erdal
offrings from acertified QPL Ene .

O ptiona BSurge Currentesting w as added ©
MIL-FR 55365 (antaim d ip capadtors)

MIL-FR 55681 (ccram icd ip caps)w i Bsoon
hawe s bsh sheet offring e smallr dip sizes
incliding 0402, 0504 and 0603. D rafts oft ese
s bsh sheet are expected in dine 1998.

M anufacturer Issues

Msh ay Sprague (Sanford, ME) is m oving teir
assem b ¥ and €stoperation for MIL-FR F39 003
(Naded,solld antalim capacitors) © Jdiarez,
Mexico (inita Buditoccurred Mard 1998). Pro-
duction ofte anode shigw i Brem ainin te U S.
forte time being.

Msh ay Sprague is discontinuing production of
CW R06 conform allcoatd tantalim d ip caps and
prom oting @ ¢ form , fitand function rep beement
CWROI molled aip instad .
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Dall (Bradford, PA)m o\ved teir MIL-PRF55182
(filh resistor) e © Israe En 1997_.Dall st M

m aintains a Q PL_faci My for 55182 resistors in Ne-
brask a-

ACTIMES:

Spedfication Issues

A meetingw as schedu lld for Apri -2 atD SCC
discuss adding anew Chss I\e Hor “Sae Be
Const Btions” (i, high volime spac I\e Bin
each oftie key active part spedfications MIL-

R 38535, MIL-PR 38534 and MIL-PR F~19500.
The designation for tis chssification is being
calld Chss “T’. A draftoft e proposed d anges
isavai b B.

MIL-FR 38535 (Microdrauit): The BEstrewu-
sion (12/97)has te folbw ing c anges

- Rem owed requirem entfor qua Hication o a
minimum neutron fllenc I\e HOrRH A
rakd part

- Neutron and SEE &sting w i lbe perform ed
onk¥ ifspedfied ontie purc ase order

- H AST for FEMs increased from 50 h our £st
1 100 h our €st

- SEE €sting m oned © Appendix A

QM L=38535 (Miaodrcuit): There are currentd 30
supp Ers(10are “\v” e b1 7 h ane Radiation

H ardness Assuranc [RH AJ]quaMication). Four
new sources are seeking QM L rtification .

MIL-FR 38534 (H ybrids): Proposed updats for
e nextre\sion

- Add appendix forRH A requirement

- Rew rit te e Imentevaliation require-
ment (considering rem oMng e Iment
evalbiation requirem entfor AN discrees
whid shoull be aceptab B based on MIL-
PR F19500 processing/€sting)

- Change te acx Bration €sth\e I from
6000 g 1o 3000 g and from 10,000 g 10 5,000 g
respectine ¥

- De '€ Appendix D for new €a no bgy
quaHication and mow tie key require-
mentinAppendixC

- Commentw as made t atno one has been
buying hybrids ©te newer Chss Lexe I
added o te spedfication in 1995 (Chss G =
hire §Chss D = consisentproduct Chss E
=G,H orKwit excptions)

QML:-38534 (H ybrids): There are currently 44
supp Ers (7 are Chss “K”). E Inen new sourcs
are seek ing qua Hication. Three sourcs h awe
optd forte Ted nicalRe\iew Board (TR B) op-
tion ofered by tis specfication (AnabgDeas,
Remecand Lockheed Martin)

MIL-PRF19500: Recentad anges

- New produck have beenadded t 19500 in-
cldingRad hard MOSFETs,SMT
transistors and rectifiers, pow er pac aging
products (TO-25x types),high vollage FETS

- Amendmentladds aDMSsection, m odifi-
cations © ANC for Chss H and K hybrid
use

- Contains “TestO ptim ization” prowsions,
butno Ted nicalRe\ew Board

OTHERH IGH LUGH TS:

Andrew Moorofte App kd P ysics Laboratory
(AP gawe analiab I presentation outhing one
approad taken by APL_1oqua Hy PhsticEncap-
sulked Modu Bs (FEMs) for space figh t

Seph ane Ponom arenk o ofte Fenal Space
Agency gawe apresentation entitld *Henad Ini-
tiative on Com m ercia BE Part Po koy for Spac
App Ecations". The primary message w as "al

t ough CNESiswe Eengaged wit Fend
industry in © atfie B, attie propct Ine Bbe use is
imied and im p Im entation is se Bctive based

m ain ¥ on pe rform anc: aieria’.

W ayne Dai By ofMotoro k ga\e a presentation on
te Pars Program for te (com merdakpace)
IRID IUM program .

A Rhin Mouton ofMatra Marconi discussed te
status ofan ISO standard for Parts Contro Re-
gquirement (1SO-14621-2). The basic conc: ptof
tisstandard folbv s te ideas putfort inte
AIAA-R-100 Part Managem entspedfication.
This standard is expected o be appro\ed by te
end of FY98.

LeonH am ier ofCTlgawe asumm ary oftie in-
form ation sh ared att e recentCom m erca lk ation
of Space W orking Group m eeting in H untington
Beach, CA in February 1998. Many oftie ideas
shared attiis confErence mirror @ ose discussed
atte SPW Geonfrence .

Num erous presentations w ere ginen aboutR a
diationefecs: incliding presentations by Ch ud
Barnes (JAL), Lew Cohn (DSW A), CaptDan King
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(Prilips Labs), A Kueh KUSArmy), Billp Layton
(SEl)and Don Mayer (The Aerospace Corp)

Sandy Kraftfron GIDEPgaw a presentation on
te inform ation avai Bb I t rough GIDEPp bis
some new initiati\es in datash aring by OEMs . A
prototype sys€m is beingdeve bpedwhid will
enab 1 OEMs tohawe teirinkernaldatbases
Inked/accessib B ©te GIDEPoom m unity (ex.,
contractor sh aring t eir database on fasener
€sting and fai bires). Sandy high Kgh €d one

\va liab I portion of GIDEPw h i is ofen not
broad ¥ discussed is © e avai hbi ly of“on- Ine””
callbration proczdures shared by m anufacturers
oftstequipment This inform ation cou B be \ery
usefu Hor m e tro bgy, cabration and repair or-
ganiz ations .

Electronic Components for the
Commercialization of Military and

Space Systems Workshop
Mich ae K1Sam pson
Com ponentTe d no bgy and Radiation EfE ck Brand
Code 562

NA SA Goddard Spac: Fligh tCener

Greenbe EMD 20771
(301) 286-8838
Mid a L1Sam pson 1@gsfcnasagov

The E Bctronic Com ponent For The Com mercia kb &
tion O fMi Mary And Space Sysems W orkshophe il
it second annua lm eeting February 2 € rough 4, 1998,
in H untington Beach , CaMornia and atendance
seemed Dheexenhighertan bsttime ;tiere were at
Bast400 peop l present A \ery dinerse groupw as in
atendanc, inchiding representatives from : part

m anufacturing, part engineering, drcuitdesign,
board and boxassemb ¥, systm and sub-sysem ine-
gration, m ark e ting, and pars m anagem ent, controll
and st Com merdaland governm entm i Hary and
space inkeress were we Brepresentd . Inaltiisw as
an unusua Bpossib ¥ unique colction ofinkrest and
perspedives © be found toget er in one room .

The presentations conered Opics as dinerse as: a new
fai bre mec anism in anam d ip capadtors ;m iao-
sak B batkeries and ruggedized PCM CIA disk
drines . A m aprity oft e presentations contained one
ormore oft e folbw ing, recurring tiemes:
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1) CommerdalofFte-she F(COTS)w orks satis-
factori ¥ for high re lbi Ry app Bcations
inchiding spac butnot“straigh toutoftie box”.

2) SucxssfuBuse of CO TSrequires:
a) CarefuRendorse Bction.

b) Detailld know Bdge ofthe part—perform -
ance, strengt s and w eak nesses .

C) Qualication by &sting, data ana ¥sis, etc.

d) Screening specfical¥ aim ed atpoental
w eak nesses t© atcou B negatine ¥ im pact
te inktnded app Bcation.

e) Ruggedized pac aging, enchbsures, m ount
ing m eans appropriat 1 t e app Ication .

3) Changes ©COTSproductwhiad can afkctper-
form anc in app Bcation, w | Boccur . Trying ©
prexenttis by requiring tie \endor t provde
notification d oes notw ork .

4) The conmerdalendorhas Bl or noinkrestin
temiMary/spac marketand wildonot ing ©
teirproductiohe b suitabi Ry for tese app F
cations. Ch anges/proass \ariation can produc
hrge \ariations in suseptbi By o radiaton e ¥
fcts, €m perature/ frequency a aracke ristics etc,
witinte pubkhed catabgenwe bpe.

5) Costreduction is notareason t pursue COTS
foruse inhigh re Bbi My and space app Bcations.
The returns are generall smalland te risks m ay
be Brge. Mostoftie itm costsavings are e I i-
nakd by te additonalcos® oftie qua Hicaton,
screening and se Bction activities necessary 1 as-
sure partperform ance .

6) Few reportd ¥ suczssfu b i-re lapp Bcations of
COTSar rcall COTS(see discussion ofMars
Pat finder be bw ).

Tw o oustanding keynok presentations w ere ginen:
Cobne KCardine ofte USArmywhotalled about
COTSand tie Abrams tank and &mes Chwson oftie
JdtRopullion Laboratory wh odiscussed “Com m on
Sense”” Mission Assurance as app kd tote Mars

Pat finder Propct.

Cobne KCardine is te PropctManager forte hest
generation ofAbrams tank ,whid is equipped w it
\2ry sophisticakd e Bctronics . The e Bctronics are
Brge ¥ COTS,butheavi ¥ ruggedized COTS. Cobne 1
Cardine3 staementw as “Eneryt ing does noth a\e
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be miMary,itpusthas obhe ab l osurviwve inamilk
tary envronment’. Anexam p B oftis phibsophy in
practice is: a con m erda R-Gigaby® disk drive

m ountd in a nittogen-filld, metallh erm etichox,
equipped w it intrnaland extrnakhock mount.
The disk drive was COTSbutt e finallpackage cer-
tin ¥ was not

Jmes Chwsonisnow te Manager of JAL% Re labi i
ity Officc and w as © e Mission Assuranc Manager for
te Mars Pat finder Propct.Mr.C lw son provded
fact aboutt e Mars Pat finder © atclar¥ show a bt
ofm isinform ation h as been drcu kting aboutt is
progctand it use ofCOTS. Som eh ow te rum or got
stared t atMars Pat finder used “‘con m erda bpart”
and Mars Pat finderbecame agbw ing exam p I of
COTSinspace. Infact te bull oftie e Bctronics

used fortie missionw ere fu MM ILspedfication. A p-
proxim a ¥ 50% ofthe microdrcuit were Chss Stie
restwere Chss B and essentia iy a Moft e passies
were NASA Grade 1 (MILfai lire rak Ine R and S).
The Mars missionad iexed it im pressive costontol
and tigh tsdiedu B by utiking a con m on buy of

e Bctronicpart w it te CASSINI progct nothy ex-
€nsine use ofCOTS. There were COTSitms used,
temodemsonte Lander and Rower, tie cameras
and powermodu Bs onte Ro\er,buttieywere in
te minorityand tese itms are notavai bb 1 as MIL
spec. Additona ¥, te COTSitms were upscreened
for te extrem e Martian ennironm entby t e use of
exensive burn-in and €m perature cyclls. In te case
oftemodems,te twoused for fllgh twere hand
picked outoft e popu ktion of50 unit © atA_pur-
a ased .Exen tiough te progctused m osth NA SA
Grade 1 and 2 ¢ Bctronicpart, t ¢ totalpart costw as
Iss ©tan 2% oft e o lpropctcost This suggest

t atfor propct sud as one-offsdentificsat Bes,
CO TSshoull notbe pursued simp ¥ tbsawve money.

The Workshopseemed tobe inte procss ofa

a ange ofem ph asis, aw ay from “wh atis CO TS and
canwe rcalf use i’ “whatis COTS,how hasit
been used sucessfu ¥ and wh atcan | Barn from
1is?” Anotier W orkshop is p hnned for around te
same time nextyear.

Jet Propulsion Laboratory Parts Analyses
Ddan W estgat
NASA/ L
818-354-9 529
Jpancw estgat @p hasagov

Fai lire analses (FA), destructive physicalanabses DPA) and partconstruction ana bses (PCA)h awe been per-
formed on t e folbw ing parttypes. For acopy oft e report, contactm e (ph one 818-354-9529 , fax 818-39 3-4559 or
e-m ai Mo pancw estgak @p lhasagov) and requesttie desired docum enthy "Log# "

NOTE: TH ESUBECT JPLREPORTSMAY CONTAIN PROPRIETARY INFORMATION WH ICH ISSUBECT TO LEGAL
RESTRICTIONS. QUESTIO NS REGARDING TH ISNO TICE Si OU LD BE ADDRESSED TO DANC.WESTGATE.

FAILURE ANALYSIS

Log No. Manufacturer Dat Code PartType PartNum ber
. 10-Bit™M hicA/D
6990 Anabg Devics, Inc.(ADI) 1620 HEVIono BB IC AD773
Con\erer
7066 Com pensatd Devics, Inc. Unk now n Surfgce MountSd1 otk y ANDONE711UR- 1
(CDI) Barrier Diode
7069 Motoroh(MOT) 8704 NPN Transistor AN S2N2222A
7070 PPC Products Corporation 1433 sl.\ilsF:SIr' Si'flcon Pow erTran- | )\ jeaqy

27



EEE Links,\Vol4 No. 1

DESTRUCTIVE H YSICALANALYSIS

Log No. Manufacturer Dat Code PartType PartNum ber
6991 Si Bconix 9718 Quad Transistor SD 50001-2
6999 Lam bdaAdwvancd Anabbg 9507 DC-DC Con\erer AH \V2812TH CH

7002 Reticon 9645 P otodiode Array RLO128KAU
7002A Reticon 9645 P otodiode Array RLO128KAU
7004 BEI (Be Mindustries) None :n?;o;e WFRipac As- | 51.0046-100
7005 BEI None IR Ligh tEm itting Diode | 611-0024-101
7009 Lam bdaAdwvancd Anabbg 9637 DC-DC Con\erer ATR2812D/ CH
7011 CTS 1730 PC Pream p § ybrid 21053818 -101
7012 CTS 1730 Re By Driver i ybrid 210539 01-101
7014 In€rnatonaManutacturing | | 1y 3g5 | 50K Ohm Resistor IMS 007-1-5002.3

SErvc
7024 MDI 1724 1 ybrid DC/DCRower | ,q op
Con\erer
702 KD 1721 Capadtor 87106-075
7030 g':f) gKem ¢tE ctronics 1534K A Tantaim Capaditor 95158-11KH
7031 KEM 1708 Tantalim Capacior 15158-19 KH
7032 KEM 1708 Tantalim Capacior 15158-23KH
7033 Unk now n 9703 Tantalim Capacitor 93026-47KS
7034 KEM 1644 Capadtor M39014/01-1305
7035 KEM 1645 Capador M39014/01-1351
7036 KD 1740 Capadtor SM20B103K 501M
7037 MT (Mtram on, Inc) 1620A Capadtor \D805Y332K FCAB
7038 T 1626A Capador \D805Y102K FCAB
703 T 1726A Capador \D805Y561K FCA B
7040 T 1741 Capadtor 5\D805A 68LKBM T
7041 Inkrnationa Rectifier 9634 DuaDiodes 12CGQ 150
7042 Inkrnationa Rectifier 9710 Diode 22CGQ0045
7043 CDI 1434 Tem p.Com pensatd JANTXVINA56S A UR-1
ZenerRefrenc Diode
7044 H arris X3 645AAA8 222" 2 InputNAND CD 4011BKM SR
7045 H arris X3 645AAAB gg: §3 InputNAND CD 4023BKM SR
7046 H arris X1705AAAF | CMOSPh ase- Lock Loop | CD4046BKMSR
. H igh Volage Positive
7047 Linear Tech no bgy 6D 9 713A AG jistab B Regu Rior LM117H \A /883B
7054 Comm .Industries, Inc. 9642 Re hy M39016/9-060M
7084 BKC Sem iconductors Unk now n S‘ﬁi@ MountScotky |\ 1014
PART CO NSTRUCTIO N ANALYSIS

Log No. M anufacturer D at Code PartType PartNumber

Part Construction Analysis Reports were not submitted for publication at this time.
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Goddard Space Flight Center Parts Analyses

Listd be bw are te EEE part analses con p Ied by te GSFCPart Analsis Laboratory . The GSFCreport are
awai b I © NASA personne Band currentNA SA contractors by contacting your NA SA prog ctoffice .

EV JOBS

Job Number Manufacturer CD:;ee Part Type Part Number Result Date

80626 | EV |HARRIS SEMICONDUCTOR %i:fz MICROCIRCUIT HS926C31RH-Q P 03/25/98
80651 | EV NANONICS - CONNECTOR STMOSSJ"(\J‘S?SSCA P 02/27/98

EC JOBS

Job Number Manufacturer CD:;ee Part Type Part Number Result Date

88186 | EC ADVANCED ANALOG 9804 ASA2805S/CH 5962-9462901HXA F 03/13/98
89164 | EC TRIANGLE LABS UNKN P W BOARD XPAA-117 F 01/29/98
89159 | EC | NORTH TEXAS CIRCUITS 00698 P W BOARD 435526 REV B P 01/28/98
89160 | EC | NORTH TEXAS CIRCUITS 00698 P W BOARD 435532 P 01/28/98
89161 | EC SOVERIGN CIRCUITS 9751 P W BOARD 7370-3140 REV A P 01/28/98
89162 | EC SOVERIGN CIRCUITS 9751 P W BOARD 7370-1344 REV A P 01/28/98
89163 | EC COLONIAL CIRCUITS 9750 P W BOARD 7348-3044 REV B/B P 01/28/98
89156 | EC| SPEEDY CIRCUITS INC 9752 P W BOARD 80892510 P 01/27/98
89157 | EC TYCO ENGINEERED 0198 P W BOARD 2009323-1 P 01/26/98
89145 | EC COLONIAL CIRCUITS 9750 P W BOARD 2009331-1 P 01/23/98
89152 | EC TYCO ENGINEERED 0198 P W BOARD GC1561123-1FM P 01/23/98
89153 | EC COLONIAL CIRCUITS 9748 P W BOARD GD2009332-1 P 01/23/98
89150 | EC TYCO ENGINEERED 4897 P W BOARD 185353-1 P 01/22/98
89154 | EC CIRTECH INC 5297 P W BOARD EVL2160 REV B F 01/22/98
89155 | EC CIRTECH INC 5297 P W BOARD EVD2170 REV A P 01/22/98
89158 | EC TYCO ENGINEERED 5197 P W BOARD 185089-1 P 01/22/98
89148 | EC TYCO ENGINEERED 4897 P W BOARD 185323-1 P 01/20/98
89142 | EC ADVANCED QUICK 5297 P W BOARD 2009357-1 P 01/20/98
89149 | EC ADVANCED QUICK 5197 P W BOARD 185088-1 P 01/15/98
89146 | EC TYCO ENGINEERED 5297 P W BOARD 184969-1 P 01/15/98
89143 | EC ADVANCED QUICK 5297 P W BOARD 2009356-1 P 01/15/98
89147 | EC TYCO ENGINEERED 5297 P W BOARD 184968-1 P 01/15/98
89151 | EC PRECISION CIRCUITS 5297 P W BOARD 040-082 P 01/14/98
89140 | EC CIRTECH INC 5297 P W BOARD 040-057 P 01/13/98
89144 | EC COLONIAL CIRCUITS 9750 P W BOARD 2009393-1 P 01/13/98
89139 | EC CIRTECH INC UNKN P W BOARD 857282-1 P 01/12/98
89141 | EC COLONIAL CIRCUITS 9750 P W BOARD 2009302-1 P 01/12/98
89138 | EC | NORTH TEXAS CIRCUITS 36097 P W BOARD 435529 F 01/07/98
89136 | EC ADVANCED QUICK 5197 P W BOARD 185319-1 P 01/06/98
89101 | EC COLONIAL CIRCUITS 9744 P W BOARD GD2009296-1 P 01/05/98
89131 |EC COLONIAL CIRCUITS 9744 P W BOARD GD2009296-1 P 01/05/98
89130 | EC COLONIAL CIRCUITS 9748 P W BOARD GD2009332-1 P 01/05/98
89135 | EC PRECISION CIRCUITS 5297 P W BOARD 040-082 F 01/05/98
89134 | EC CIRTECH INC 5197 P W BOARD GE1552321-3 P 01/02/98
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SEMICONDUCTOR

CA JOBS
Job Number Manufacturer CD:;‘Z Part Type Part Number Result Date
88194 | CA LINFINITY 9712 5962-01-239-4123 M38510/11703BXA P 03/28/98
MICROSEMI
88191 | CA CORPORATION 9713 1IN5611 JANTX1IN5611 P 03/26/98
MICROSEMI
88190 |CA CORPORATION 8835 1N4944 JANTXV1N4944 P 03/25/98
9715, CDR31BX103AKW
88180 | CA UNKNOWN 9719, CAPACITOR S P 03/20/98
9725
88171 | CA |HARRIS SEMICONDUCTOR| 9719 CD4049UBDMSR 5962R696063601VE P 03/11/98
88168 | CA ADVANCED ANALOG 9745 HYBRID 91020-02HZA P 03/02/98
88169 | CA ADVANCED ANALOG 9750 HYBRID ASIEI'SI.GEl{?CH P 02/26/98
88154 | CA uTmMC 9736 UT22VP10T-20U 5962R9475404VXA P 02/25/98
88163 | CA |HARRIS SEMICONDUCTOR| 9721 2N7225 JANTXV2N7225 P 02/24/98
88164 | CA MICROSEMI, INC. 9713 1IN5611 JANTX1IN5611 F 02/23/98
88105 | CA ANALOG DEVICES 9723 MICROCIRCUIT ADVFC32SH/883B P 02/06/98
88142 | CA |HARRIS SEMICONDUCTOR| 9750 N-CHANEL MOSFET FSJ260D1 P 02/05/98
88100 |CA| LINEAR TECHNOLOGY 9449 LT1058AML/883 5962-8989701XA F 02/01/98
NATIONAL
88138 | CA SEMICONDUCTOR 9530 MICROCIRCUIT JM38510/10702BXA P 01/27/98
NATIONAL
88139 | CA SEMICONDUCTOR 9703 MICROCIRCUIT JM38510/10703BXA P 01/26/98
88128 | CA| BKC SEMICONDUCTORS 9649 1N6328 JANTX1N6328 P 01/26/98
88128 | CA| BKC SEMICONDUCTORS 9649 1N6328 JANTX1N6328 P 01/26/98
88118 | CA MICROSEMI 9718 1N4148-1 JANTXV1N4148-1 P 01/23/98
88140 | CA NATIONAL 9702 MICROCIRCUIT JM38510/10707BYA P 01/21/98
SEMICONDUCTOR
88143 | CA MICROSEMI, INC. 9709 1N6492 JANTXV1ING6492 P 01/16/98
SENSITRON
88110 | CA SEMICONDUCTOR 9735 1N4245 JANTXV1N4245 F 01/13/98
88103 | CA NATIONAL 9738D MICROCIRCUIT LM140K-15/883 P 01/07/98

NASA Advisories, GIDEP Alerts, Problem Advisories, Safe Alerts, Product Change Notices, Diminishing Source Notices and
Agency Action Notices Related to EEE Parts

GIDEP & NASA Advisory Impact Report

GIDEP & NASA Advisory Impact Report summary will no longer be included in the EEE Links publication. For the most
current information on parts issues please refer to the EPIM S database on the WWW. The URL for EPIMS-WEB is:
http://epims.gsfc.nasa.gov
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