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Letter from the Editor
R ob ert H um ph rey
Editor of EEE Link s

(301) 731-8625
rh um ph re @pop300.gsfc.nasa.gov

W e lcom e  to th e  A pril issue of EEE Link s.  In an e ffort
to im prove  accessibility to th e  e le ctronic version of th e
EEE Link s  w e  h ave sw itch e d  to a PD F form at for th e
EEE Link s  W eb page.  Th is form at w ill allow  users  to
dow nload  th e  e ntire  issue m uch  faster and  easier.

 A s  alw ays, ple as e  k e e p us inform ed  of your q ue stions
and  ne ed s  so th at w e  m ay b e  able  to s erve you b etter.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Call for Papers
Microelectronics Reliability and

Qualification Workshop
June 16-17, 1998

Je t Propulsion Laboratory
4800 O ak  Grove  D rive
Pasad ena, California

Sponsored  By: EEE Parts Program
Je t Propulsion Laboratory

Th e EEE Parts Program  at JPL w ill sponsor th e
 M icroe lectronics  R eliability and Qualification W ork -
s h op on June  16-17, 19 9 8 in Pasad e na, California. Th e
purpose  of th e  w ork s h op is to provid e  a forum  for
ope n discussion in all areas of m icroe le ctronics re li-
ability and  q ualification for h igh  re liability and
com m ercial applications. Papers presenting th e  latest
re sults in m icroe le ctronics  d evice  re liability and  q uali-
fication m e th odologie s  or  w ork  in progres s  are
solicited. Ge neral topics of intere st includ e :

• R e liability
• D e s ign of Experim e nt
• Qualification
• Failure  Mech anism s
• Inspe ction and Ve rification
• Environm e ntal Studi e s
• Proces s  Verification
• CO TS
• Com pound Se m iconductors
• O ptoe le ctronics

• Low  Te m perature  A pplications
• Pow e r Conve rte rs
• A SICS
• Mixed  Signal D e vice s
• Mem orie s
• Microproces sors
• Passive  Com pone nts
• R e liability Mod e ling
• Materials Issues
• Th e rm al &  D ynam ic A nalysis
• Quality Assurance  Practice s
• A cce le rated  Testing
• Production and Yie ld Enh ance m e nt
• R adiation Effe cts

PA PER SUBM ISSIO N

Prospective  auth ors are  re q ue sted  to subm it an ab-
stract of approxim ate ly 100 w ords in topical outline.
Th e  abstract m ust includ e  th e  auth or’s nam e , affilia-
tion, com plete  address , te leph one  num b er, and  FA X
num ber and be suitable  for a 20-m inute  pre s entation.
Th e  abstract m ust state : (1) th e purpos e  of th e  w ork
and  w h at proble m s and  q ue stions are being ad -
d re s s ed , (2) th e  re sults or conclusion of th e  w ork , and
(3) h ow  th e  w ork  advances  th e  k now le d ge  of m icroe -
le ctronics re liability or q ualification. A uth ors are
responsible  for obtaining all re q uire d  com pany and
gove rnm e nt clearance s  prior to subm ission. Sum m a-
rie s  m ust b e  rece ived by May 1st, 19 9 8. A uth ors are
re q ue sted  to subm it a cam era-re ady original of vie w
graph s  at th e  tim e  of pre s entation.

REGISTR A TIO N

R e gistration fe e  – None.
For re gistration and furth e r inform ation, contact:
Sam m y Kayali (W ork s h op Ch airm an)
Je t Propulsion Laboratory
4800 O ak  Grove  D rive , MS 303-200
Pasad e na, CA   9 1109
Te l: (818) 354-6830
FA X (818) 39 3-4559
Em ail: Sam m y.A .Kayali@jpl.nasa.gov

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



EEE Links, Vol. 4  No. 2

2

Off-the-Shelf Class S Products
D avid Pe te rs

Ele ctronic Parts Engine e ring O ffice
Je t Propulsion Laboratory

California Institute  of Te ch nology
(818) 354-7744

david.m .pete rs@jpl.nasa.gov
Bob Karpe n

Ele ctronic Parts Engine e ring O ffice
Je t Propulsion Laboratory

California Institute  of Te ch nology
(818) 354-8556

R ob ert.C.Karpen@jpl.nasa.gov

Th e  Class S and  Class V available parts inve ntory
publiciz e d  b y th e  JPL Electronic Parts Engine e ring
O ffice  W ebpage  (go to h ttp://parts.jpl.nasa.gov/ th e n
click  on Inventory) h as gre atly e nh anced part acq uisi-
tion.  R e ce nt e xam ples includ e :

For SeaW inds  Quick SCA T TW TA , Class S parts w e re
located , q uoted , procured , and  d e livere d  w ith in 60
days.  O nly one  custom  transistor w as upgrad e
scre e ne d  tak ing 12 w e e k s.  A ll parts are  d e livere d  to
th e  Program .

For SeaW inds  Quick SCA T SES, Class S parts w e re
located , q uoted , procured , and  d e livere d  across th e
nation to our subcontractor in Florida w ith in 30 days.

For Seaw inds  Quick SCA T PBIU, Class S parts w e re
located , q uoted , procured , and  d e livere d  to our sub-
contractor in Pom ona, CA  w ith in 2 w e e k s. Th e
subcontractor w rote  "Und e r norm al circum stances ,
th is type of des ign, fabrication and te sting tak e s  6 to 7
m onth s  to produce  fligh t h ardw are. ... Th ank  you
ve ry m uch  for m e eting all our fligh t parts and m ate -
rial ne e d  date s  enabling us to to m e e t our
com m itm e nt [3 m onth s sch e d ule ] ..."  "Using your
h e lp and  th e  O n Line  A cq uisition syste m , w e  w e re
able  to e xe rcise  a true  concurre nt e ngine e ring proce s s
by des igning around available parts and m ate rials
rath e r th an ord e ring it after de s ign."

For SeaW inds  Quick SCA T Conve rte r, Class S parts
w e re  located , q uoted , procured , and  d elive red  w ith in
3 w e e k s.  A n add itional h igh  pow er diod e  w as located
and supplied to our sate llite  m anufacturer in Colo-
rado w ith in 2 w e e k s.

O ur subcontractor R ayth e on E-Syste m s in Florida
"used th e  w eb s ite  to fulfill a USA F re q ue st for th e  Mil-

star Program  finding all Class S  parts ne e d e d  on our
w ebs ite  and available  w ith in 30 days". Add itional in-
form ation from  th e  industry, is "th e  JPL w ebs ite is
e xtre m e ly h e lpful in locating and preparing q uota-
tions in re al tim e".

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Commercial Off-the-Shelf (COTS)
Mik e  Sandor

Je t Propulsion Laboratory
(818) 354-0681

m ich ae l.a.sandor@jpl.nasa.gov

Com m ercial O ff-Th e -Sh e lf (CO TS)  Plastic Encapsu-
lated  M icrocircuits (PEMs) pack ages  are  w id e ly used
in th e  com m ercial e le ctronics m ark e tplace. Th e y are
now  being considere d  for m ilitary applications in lie u
of h e rm e tic pack age s.  JPL is also e valuating PEM's
for Space  applications. O ffice  507-Ele ctronic Parts En-
gine e ring  h as rece ntly evaluated plastic pack ages  for
d e lam ination type  d e fects using A coustic Micro Im -
aging. Be low  is th e  abstract from  a re ce ntly re le as ed
report titled  "Plastic Parts D e lam ination Validation
Using Failure  A nalysis Meth ods". For furth e r infor-
m ation contact K en Evans (818) 354-4834 or Mik e
Sandor (818) 354-0681.

A BSTR A CT

A coustic Micro Im aging (A M I) w as succe s sfully em -
ployed by JPL O ffice  507 to e valuate  Com m e rcial O ff-
Th e  Sh e lf (CO TS) plastic encapsulate d  m icrocircuits
(PEMs). A num b e r of sam ples  from  diffe rent com m er-
cial vendors w e re purch as e d  and  th en  evaluate d  using
C-Scanning A coustic Microscopy (C-SA M )™  analysis.
C-SA M ™  is one  of th e  A coustic Micro Im aging (A M I)
m e th od s  available  for non-d e s tructive  d e te ction of
d e lam ination. A num b e r of inte re sting anom alie s  and
potential re liability  d efe cts  w e re  found including
m inim um  d i e  attach  (10%), voids  at th e  le ad s  w ith in
th e  encapsulant, th inning encapsulant, and  m ylar tape
used in th e  as s em bly of th e  pack age . Th e s e  anom alie s
d e te cted  by  C-SA M ™  im aging w e re  analyz e d  using
failure  analysis cros s  s ectioning to e stablish  th e  valid -
ity of A M I as  a tool. A ll anom alies  and  d e fe cts w e re
ve rifi ed. Th e  s ucce s s  of th e  valid ation d e m onstrate s
th at C-SA M ™  can be used in scre e ning parts for fligh t
h ardw are . Parts  th at e xh ibit ce rtain type s  of d e fe cts
th at could  le ad  to long te rm  re liability proble m s
w ould  b e  re je cted  bas e d  on risk  crite ria.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The NASA Parts Selection List
(NPSL)

is Available On-Line
Jay Brusse

NA SA  Parts and Pack aging Program
Unisys Corporation at NA SA  Goddard

(301) 286-2019
Jay.A .Brusse.1@gsfc.nasa.gov

h ttp://m isspiggy.gsfc.nasa.gov/npsl

Inte llige nt EEE parts  s ele ction and  application is criti-
cal to th e  success  of NA SA space fligh t program s.  Th e
appropriate  “up-front” d evice  ch oice stream lines  in-
te gration and significantly im proves syste m
re liability.  A n im prope rly ch os en d e vice  m ay h ave  a
m e asurable im pact on project cost and sch e d ule  in th e
e ve nt of substandard  d evice  perform ance  or failure.

Th e  NASA Parts Selection List (NPSL) is a W orld W ide
W eb -based EEE parts  s ele ction toolk it.  Th e NPSL
provid e s  on-line  acces s  to inform ation th at w ill guid e
th e  d e s ign e ngine e r, parts engine e r or e xperim e nter to
sound  s ele ction and  application of EEE parts.  A l-
th ough  th e  NPSL’s prim e  b ene ficiary is th e unive rsity
e xpe rim e nter or sm all contractor w h o h as little  or no
parts engine e ring e xpertise, NA SA ’s prim e  contrac-
tors and  O EMs w ill find exte nsive  and valuable parts
inform ation available  at th e ir finge rtips.

Th e NPSL is fast b ecom ing NA SA ’s bas eline parts
s ele ction guid e line  in lie u of MIL-STD -9 75 (NA SA ’s
Standard EEE Parts List w h ich  is being cance led) and
Goddard  Space  Fligh t Ce nte r’s (GSFC) PPL-21 (Pre -
fe rre d  Parts List w h ich  m ay no longer b e  m aintained).

Som e  of th e  im provem e nts provided by th e NPSL
ove r its pre d eces sors  are :
• Fast, Unre stricted  W orld-W id e  A cces s
• R obust Se le ction Lists for EEE Parts for Space -

fligh t A pplications
• Full Part Num ber/ O rd e ring Explanations
• A vailable/Suitable  Sources  of Supply for th e

Listed  Part Types
• D e taile d  A pplication Notes/Guid e line s/Lessons

Le arned
• D im e nsional D raw ings/O utline  Configura-

tions/Conne ctor Ins ert A rrange m e nts
• Link s  to A d d itional Part R e liability D atabas e s

(R adiation Effe cts/Construction A nalyses)

• Link s  to Manufacturer’s H om epages  for Catalog
Info

In particular, th e  s ele ction s ections for conne ctors,
w ire  and  cable  are  grow ing rapidly and  provide  e spe -
cially valuable  guidance  (conne ctor insert
arrange m e nts, pros and cons of various w ire  and ca-
ble  insulation type s ).  Th e NPSL is a “living”
h om epage  w h ich  is re gularly updated  w ith  ne w  parts
for s ele ction and  ne w  application guid e line s  to h e lp
space fligh t proje cts m ak e  w ise parts  d ecisions and
avoid costly part proble m s.  Th e  adm inistrators of th e
NPSL at NA SA  GSFC e ncourage your fe e dback  to
h e lp identify are as  for update  and im prove m e nts th at
w ill provide  th e  m ost value  to th e  spacefligh t EEE
parts com m unity.

Th e NPSL h as  b e en d eve loped by NASA  GSFC as part
of th e NA SA  Parts &  Pack aging Program  adm inis-
te re d  jointly by GSFC and th e  Je t Propulsion
Laboratory (JPL) and funded  by NA SA  H e ad q uarte rs
Th is toolk it is available  on-line  at:

h ttp://m isspiggy.gsfc.nasa.gov/npsl

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Geometry Related to Fiber-End
Polishing

H e nning Le ideck e r
Code  562

Goddard  Space  Fligh t Ce nte r
(301) 286-9 180

m e @leideck e r.gsfc.nasa.gov

INTR O D UCTIO N

A n optical fiber is te rm inated in a fe rrule. W e  w ish  to
form  th e  e nd  of th e  fiber into a dom e -- -  w h ich  w e  w ill
suppos e  can be accurate ly m od e led  as a s egm e nt of
th e  surface  of a sph e re - - -  satisfying tw o conditions:

• th e  ce nte r of th e  sph e re  corresponding to th is
dom e  m ust b e  co-incident w ith  th e  fiber's  optical
axis, and

• th e  radius of curvature  ad of th is  dom e  m ust h ave
a specifie d  value.

O f cours e , e ach  condition ne e d  only be m e t to w ith in
a specifie d  tolerance.
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A n e nd-finish e r is  used to cre ate  th e  dom ed  e nd-
surface . Th is is a rotating flat disk  faced  w ith  a res il-
ie nt m ate rial (e .g., rubber) ch arged  w ith  a polish ing
age nt. Th e  fe rrule is clam ped into a fixture  th at h olds
it approxim ate ly norm al to th e  flat rotating face , and
th e n presse s  it against th is face . Th is w ill polish  th e
e nd  of th e  fe rrule , including th e  e xpos ed  end  of th e
optical fiber, into a dom e.

Th e  radius of curvature i s  dete rm ined by th e  res il-
ie ncy of th e  facing m aterial and by th e  pressure  w ith
w h ich  th e  fe rrule  is push ed into th e  face . Th e  ce nter of
th e  sph e re is not ne ces sarily coincident w ith  th e  axis
of th e  fiber since it is difficult in practice  to ach ie ve  a
pre cisely norm al condition, and , eve n if th is w e re
done , th e polish ing action is not ne ces sarily isotropic
around th e  fiber axis. Th us, th e  usual procedure is to
s et th e  fixture  at som e initial (ne arly norm al) orie nta-
tion, polish , and obs erve  th e  off-set e rror. Th e n one  re -
s ets th e  orie ntation of th e  fixture , re-polish e s , and  re -
obs erves. A  s k ille d  ope rator is able  to gradually re -
duce  th e  off-set e rror to w ith in acceptable  lim its in
th is w ay. A lso, th e  pressure is adjusted  until th e  d e -
sire d  radius is ach ieved : th is too is accom plish ed by
ite ration.

Th e purpos e  of th is article  is to d e tail th e  ge om etry so
th at a procedure  can be  deve loped  to adjust th e  ori-
e ntation of th e  fixture so th at coincid e nce  can b e
re ach ed  by calculation --- th is w ill reduce  our d e -
pe nd e nce  on s k illed  operators. Pe rh aps w e  m ay eve n
b e  able  to m inim iz e  th e  off- s et e rror faste r by calcula-
tion, th an a s k illed  operator can re duce it by
e xpe rie nce.

M A PPING TH E TO P O F TH E FIBER USING
INTER FERO M ETR Y

A  fixture  h olds a fiber optic as s em bly (fiber and fe r-
rule ), pre s enting th e  dom ed  face  of th e  fiber to an
inte rfe rom e ter. Th e  s id e  vie w  and th e  top vie w  are
s h ow n sch e m atically in Figure  1.

Note  th e  (x,y)-coordinate syste m  im pos ed  onto th e  top
vie w , w h ich  is a sch e m atic of th e  interferogram . Fig-
ure  2 illustrates  th e  full pattern available  in a typical
inte rfe rogram . (Th e  all-over ph as e  of th e  pattern d e -
pe nds  on th e  ch oice  of th e  re fe re nce ph ase plane . Th is
im age  suppose s  th at th e  re fe re nce  h as  b e en adjuste d
to m ak e  th e  ce ntral z one  brigh t.)

Figure  1: Fib e r D raw ing
Side  and top view  of th e end of a fib e r optic w ith  a
dom ed top. An (x,y)-coordinate system  is  assum ed
for th e  top of th e  fib e r, in w h ich  th e center of th e

fib e r is  at (0,0) and th e  crow n of th e  dom e  is at (x,y).

Figure  2: Interferogram
A typical interferogram . Th e center of th e fib e r is  at
(0.0,0.0) and  th e crow n of th e  dom e is at (0.3,0.2) in

units  in w h ich  1.0 is  th e radius of th e  fib e r.

A nalysis of th e  interfe rogram  m ak e s  available both
th e  location of th e  d om e , (xd,yd), and th e  radius of
curvature  of th e  dom e , ad. Th e  radius of th e  m th  brigh t
ring is rm  = {[m - φ /(2 π)] ad  λ}1/2 w h e re  λ is th e
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w ave le ngth  of th e  ligh t in w h ich  th e  interfe rogram  is
m ad e  and φ m e asure s  th e  ph as e  of th e  interfe rom e -
te r's  re fe re nce plane . Th us, a plot of rm 2 versus m  gives
a straigh t line  w ith  slope  s = ∆ (rm 2)/∆ m  = ad λ or

ad = s / λ  = (1 / λ) [∆ (rm 2)/ ∆ m  ]

W e  d o not ne e d  th e  value  of φ, or th e  location of th e
inte rfe rom e ter's  re fe re nce plane , to d ete rm ine ad.
Som e  interferom ete rs are  e q uipped  w ith  softw are  to
d e term ine  ad d ire ctly; th e n, th e re is no ne e d  for a plot.

Exte nding th e  (x,y)-coordinate syste m  of th e  d om e d
top of th e  fiber by adding a z -axis paralle l to th e  fi-
b e r's axis , th e  e q uation of th e  d om ed surface  is

(x-xd)2 +  (y- yd)2 +  (z - z d)2 = ad 2

w h e re   z d is th e  location of th e  ce nter of th e  sph e rical
surface ; th e  ce nter of th e  sph e re is  at th e  radius ad be -
low  th e  crow n. Th e  angle  Φ  b etw e e n th e  fiber's ce nte r
line  and  th e  ce nte r of th e sph e re is

Φ  = arcsin{ [ (x-xd)2 +  (y- yd)2 ]1/2  / ad }  approx  [ (x-
xd)2 +  (y- yd)2 ]1/2  / ad  

w h e re  th e  approxim ation is essentially e xact for th e
typical practice in w h ich  th e  radius of curvature  ad of
th e  dom ed  e nd of th e  fiber is m uch  larger th an th e
crow n's off-set distance  [ (x-xd)2 +  (y- yd)2 ]1/2, since  th e
angle  Φ  is th e n m uch  sm alle r th an unity. Under such
typical practice , w e  can safe ly re solve  th is angle  into
cartes ian com pone nts,

Φ x = xd / ad,      Φ y = yd / ad

W h e n w e  s e e  such  an off- s et, w e  adjust th e  fixture
pre s enting th e  fiber to th e  e nd-finish e r by th e  angles
(Φ x, Φ y) and  polish  again. Upon re-inspection by th e
inte rfe rom e ter, w e  e xpect th e  new  location of th e
crow n to be  (0,0). In practice , w e  can suppose  th at
various  effects (including e lasticity, h yste resis, and
stiction) m ay pre ve nt us from  obtaining e xactly th is
condition; but w e  can also suppose  th at w e  w ill b e
substantially closer to th e  de s ire d  cond ition.

A  PO SSIBLE FIXTURE

O ne  w ay to construct a fixture  th at w ould  allow
straigh tforw ard  adjustm e nt of th e  angles  Φ x  and Φ y

to q uick ly bring th e  crow n of th e  d om e into alignm e nt
w ith  th e  fiber's  axis h as  b e en d e scribed to m e  by Joh n

Kolasinsk i (Cod e  565 of Goddard  Space  Fligh t Ce n-
te r).

W e  suppos e  th e  fixture pivots at a fixed point, and is
pre s s e d  against s et-scre w s  at tw o oth e r locations, per
Figure  3.

Figure  3: Fixture D raw ing.
Top and side view s of a possib le  fixture. Th e ferrule
(containing th e fib e r) is  captured in a V-groove  in a
plate. Th e plate is supported at one fixed point and

at tw o set-screw s, separated  by  H  and L from  th e
fixed  point.

W e  ignore  any e lastic or plastic d e form ations, and
suppos e  th e  s im ple st possible  ge om etrical re lations
am ong th e  m otions. W e suppos e  th at th e  ch anges in
th e  angles  about th e  tw o axe s  of th e  m ain split-plate
are  im pos ed  pre cisely on th e  angles  th e  fiber's  axis
m ak e s  w ith  th e polish ing dis k . Th e  as s em bly h olding
th e  s et-scre w s  and  fixed point (th is as s em bly is not
sh ow n in Figure  3) is  arranged  to m ove  in a friction-
fre e  m anne r paralle l w ith  th e  fiber's axis, and i s  dead-
w e igh t load ed. Th us, it cause s  th e  fiber to b e  pre s s e d
against th e  polish ing dis k  w ith  a force  s et by th e  load,
ind e pe nd e nt of adjustm e nts of th e  s et-screw s.

W e  suppos e  th e  x-axis in th e  interfe rogram  is aligne d
w ith  th e  long axis  of th e  split-plate , and  th e  y-axis is
aligne d  w ith  th e  s h ort axis; i.e ., w ith  L and w ith  H ,
re spective ly. Th e  advance   z1 of th e  s et-screw  #1 is
give n by th e product of its pitch  P1 (in inch e s  per turn,
say) and  th e  fraction F1 of th e  turn th at it is rotated;
th us,  z 1= P1 F1. A nd th e  sam e , w ith  appropriate sub-
script ch ange s , for s et-scre w  #2.

Th e s e  ch oice s  of m eaning for P1 and  F1 m e rit discus-
sion:

W eb ster's dictionary d e fine s  pitch  as  `̀th e  d istance
b etw e e n any of various th ings,'' such  as  th e  d istance
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b etw e e n any point on th e  th read  of a scre w  to th e  cor-
responding point on an adjace nt th re ad, m e asure d
paralle l to th e  axis.  But W eb ster's  th e n d e fine s  pitch  as
th e  `̀ num b er of th re ads per inch .''  Th e s e  tw o m e an-
ings are inve rs ely re lated.

Th e  M ach in ery's H andbook : A Reference Book  for th e  M e-
ch an ical Engine er, D raftsm an, Toolm ak e r an d  Mach in ist
(19 80: 21st e d ition, th ird  printing.  Industrial Press,
Inc.) speak s to th is on page  1383:

• pitch  is th e  d istance  from  th e  ce nter of one  screw
th re ad  to th e  ce nte r of th e  next one.  Th e  w ord
`̀ pitch ' is ofte n, th ough t im properly, us ed  to d e -
note  th e num ber of th reads per inch . For e xam ple, a
screw  is spok e n of as h aving a 12-pitch  th read,
w h e n tw e lve  th re ads  per inch  is w h at is really
m e ant. Th e num b er of th re ads per inch  is th e  in-
ve rs e  of th e pitch : 1/pitch .

• le ad is th e  d istance  th e nut w ill trave l forw ard
along th e  scre w  w h e n it is rotated  once.

In a single-th re aded  scre w , th e pitch  and  th e  le ad  are
identical; in a double-th re aded  scre w , th e  le ad  is tw ice
th e pitch , and so on.

Th e  fraction of a turn F is a dim e nsionless num b er
ranging from  0 (no rotation) to 1 (a single  rotation,
corresponding to 360°or 2π rad ians); larger value s
correspond  to additional rotations.  Ne gative  value s
correspond  to rotations in th e  opposite  s ense.

Th e n
              Φ x =   z 1  / L  =  P1 F1 / L
              Φ y =   z 2  / H   =  P2 F2 / H

or
              F1 = ( L / P1) Φ x = ( L / P1) ( xd  / ad )            
              F2 = ( H  / P2) Φ y = ( H  / P2) ( yd  / ad )            

Th e  last part of th e s e  tw o e q uations give  th e  re q uire d
fraction of th e  turn of e ach  of th e  tw o s et-scre w s in
te rm s of th e  q uantitie s  m e asured using th e  interfero-
gram , and th e param e ters built into th e  fixture.

Now  it is tim e  for a te st of th is re sult. Th is w ill give
th e  b e st ch e ck  on th e im portance  of th e ignore d  e f-
fe cts, such  as  elasticity, plasticity, and stiction.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Programmable Logic Application
Notes

Rich ard  Katz
Microe le ctronics and  Signal Processing Branch

Goddard  Space  Fligh t Ce nte r
301-286-9 705

rich .k atz @gsfc.nasa.gov
h ttp://rk .gsfc.nasa.gov

Th is colum n w ill b e  provid e d  e ach  q uarte r as a source
for re liability, radiation re sults, NA SA  capabilitie s ,
and  oth e r inform ation on program m able  logic d e vice s
and  re lated  applications.  Th is q uarte r's colum n w ill
include  som e  d e s ign application notes  and  som e  re -
ce nt radiation te st re sults and  evaluations of intere st.
Spe cifically, th e  follow ing topics w ill b e  cove red :
VH D L coding styles , tw o tech niq ue s  for SEU-
h ard e ning flip-flops using CAE tools, total dos e  q uali-
fication of th e  R H 1020, initial e lectric and radiation
e valuation of th e  Quick logic pA SIC 3 QL3025 FPGA ,
R H 1020 Single Eve nt Upset R e port w ith  a discussion
of “clock  upset,” e le ctrical and  add itional radiation
ch aracteriz ation of th e  R T54SX16, and  a sum m ary of
antifuse h ardne s s  data.  Note  th at additional inform a-
tion on som e  of th e  topics discussed h e re  are  available
at h ttp://rk .gsfc.nasa.gov

VH D L Coding Style in ACTm ap

A s w e  m ove  to a h igh e r pe rce ntage  of de s ign using
VH D L, it is im portant to und e rstand  th e  e ffe cts of
VH D L on des ign e fficie ncy and  d evice  perform ance.
A  num ber of te sts using differe nt coding style s  h ave
b e en run.  O b viously, th e  style  th at allow s A CTm ap to
re cogniz e  standard structure s  and  call A CTge n for
m acro ge ne ration are  very efficie nt, w ith  som e  control
ove r are a- speed  trade -offs available .  H ow e ve r, it h as
b e en sh ow n th at certain com pact flexible style s  w ill
produce  low e r q uality ne tlists.  In particular, th e  use
of th e  for-loop construct in ce rtain instances , such  as
com puting th e  XO R  of all th e bits in a vector, w ill
produce  inferior re sults to h aving cod e  th at ‘unrolls’
th e  loop w h ich  in turn is infe rior to th e  netlist pro-
duced by A CTge n.  Th e  cod e  b elow  s h ow s an
e xam ple  of th e  tw o coding style s.  More  com ple x
case s  h ave  s h ow n, in som e  instances , sim ilar re sults
w ith  a factor of 1.5 - 2 observed in both  siz e  and  sp e ed
for identical functions coded in differe nt styles.

For an e xam ple , a 9 -bit XO R  function w as synth e s i z e d
th re e  w ays, targeted  to A ct 3 librarie s.  Using
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A CTge n, 8 m odules  w e re  us ed  and th e  circuit h ad  a
d e lay of 3 gate  d elays. A CTm ap w as th e n used to
synth e s i z e  th e  circuit using th e  for-loop construct us -
ing 19  m odules  and h aving 5 gate  d elays as sh ow n
b elow .

XorP:Proces s  ( X ) -- 9  Ele m e nt Vector
Variable  t : Std _ Logic;
Be gin

t := '0';
For i In (X'Le ngth -1) D ow nTo 0 Loop

t := t Xor X(i);
End Loop;

Y <= t;
End Proces s  XorP;

Th e  follow ing VH D L cod e , w h ich  is m ore  ‘clum sy’,
h ad im proved perform ance  using 8 m odules  and  4
gate  d e lays.  A nalysis of th e  output using Vie w ge n
sh ow ed  th at a typical XO R  tre e  w as constructed  using
2-input XO R  gates  w h ich  did not e xploit th e  A ct 3
m odules  functionality w h ich  A CTge n d id.  Sch e m at-
ics  are  available  on th e  w w w .

XorP: Proces s  ( X )
Be gin

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 Proces s  XorP;

Flip-Flops  for th e  Radiation Environm ent

In th e  last e d ition, w e  re fe re nced  an application note
on h ow  to us e  Synopsis to control flip-flop synth e s is
for e ith e r C-Module  or TMR structure s  to im prove  th e
SEU-im m unity ove r th e  h ard-w ire d  flip-flops pre s ent
in th e  A cte l arch itecture  (except A ct 1).  H e re , tw o
add itional m eth odologie s  are pre s ented.

"H ard en ing Flip-Flops for Actel FPGAs for sch em atic,
m acro, and H DL Design,"

R e ce ntly w e 've  de s igned  a library w ith  C-Module
substitute s  for all S-Module  flip-flops and latch e s  w ith
h ook s  are  in for TMR.  Th e s e  librarie s  can be used in
s eve ral w ays. O ne , th e y can b e  us ed  as a standard
m acro library and one  can pick  from  th e  list.  Th is is
h andy for sch e m atic-bas ed  de s ign and perm its use of
'standard ' m acro d e finitions. For A ctge n or VH D L-
based  de s igns, w e  h ave  w ritte n a utility to autom ati-

cally m ak e substitute  C-Module  replacem e nts for all
S-Module  flip-flops and  latch e s. Th is can b e  done
globally or on a case by case  basis. Th is program  and
th e  m acro library is for Vie w logic syste m s and it
autom ate s  w h at one  can do by h and. It s h ould  easily
be ported  to O rcad or oth e r syste m s.  Note  th at Vie w -
ge n w ill cre ate  a valid  sch e m atic file  from  A ctge n or
VH D  ge ne rated  ne tlists perm itting use of standard
tools such  as A ctm ap and  post-processing th e  netlists.

Synplicity

Synplicity is now  supporting e ith e r C-Module  or
TMR-ge neration and an application note  h as  b e en
w ritte n titled  "Using Synplicity to Control Flip-Flip
Im ple m e ntation for SEU-H ardnes s" w ith  th e  full ap-
plication note  available  at
h ttp://rk .gsfc.nasa.gov/rich conte nt/Softw are _ Conte
nt/SynplicitySEUControl.h tm .  Th e  follow ing excerpt
provide s  som e  com m e nts and  s h ow s th e procedure
for ge ne rating C-Module  flip-flops.

Th e  follow ing proce d ure , supplied by Synplicity,
give s  a procedure  to synth e s i z e  cod e  for "SEU-
H ardnes s" and is ge are d  for th e  A ct 2 d e vice s.  Eith e r
C-Mod flip-flops can b e  ge ne rated  or TMR-triple ts can
b e  ge ne rated.  In th e  cas e  of th e  TMR triple ts, 3 C-
Mod flip-flops are  us ed  and one  C-Mod e  voter for 7
m odules  per bit.  Note  th at Synplicity's use of th e
te rm  "rad  h ard" for flip-flops de s ignates  a C-Mod  flip-
flop im ple m e ntation w h ich  w ould  properly be classi-
fie d  as  "rad-tole rant."  Note  also th at th e re is  m e m ory
(tw o latch e s ) in e ach  I/O  m odule  of A ct 2 d evice s.
For th e  A 1280A  and  R H 1280, th e s e  are  considere d  to
b e  rad-tole rant and  th at th e  TMR tech niq ue  d e scribe d
h e re  d o not apply to th e  I/O  m odules.   Th e  files  th at
Synplicity provides  are  user-custom iz able  for differ-
e nt solutions.

A cte l R ad H ard  (R H 1280) Usage
Th e re  are  ce rtain ce lls in A cte l's  ACT2 library w h ich
are  R adH ard. R ad H ard  (Radiation H ard e ne d ) d evice s
are  re q uire d  for m any m ilitary and space  applications.
Th is tech nical tip w ill de scribe  h ow  to utiliz e  th e
R ad H ard  fe ature s  of A cte l and  Synplify.

H ow  to Us e  Synplify 3.0b w ith  A cte l's RadH ard  D e -
vice s  R ad H ard  ce lls are  not us ed  by  d efault. To m ak e
your d e sign R ad H ard  [rad-tolerant w / C-Mod flip-
flops] using Synplify 3.0b, follow  th e proce d ure  b e -
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low . Th e  proce d ure  d e scribed is for a Verilog de s ign.
If you are using a VH D L des ign ple as e  read  th e  info
contained  w ith in th e  pare nth es i s  ( ).

1. W h e n com piling th e  d e s ign, first include  th e  syn-
plcty/lib/acte l/act2.v (act2.vh d ) file  in th e
Synplify project w indow .  Th is file  contains th e
black _ box d eclarations of th e  R A D H A R D  ce lls.

2. A d d  th e synplcty/lib/acte l/rad h ard _ act2.v (rad -
h ard _ act2.vh d ) as th e  s econd  file  in th e  Synplify
project w indow . Th is file  h as inform ation to sub-
stitute  th e  s e que ntial ce lls (non-rad h ard  ce lls)
w ith  th e  rad h ard  ce lls.

3. A d d  your de s ign file  as th e  th ird  file  in th e  Syn-
plify project w indow  and  click  on th e RUN
button.

Th e  d efault ce lls used by Synplify w ill be  th e
R A D H A R D  ce lls.

TO TA L D O SE QUALIFICA TIO N O F TH E  RH 1020

Th e  follow ing are  e xcerpts from  th e  q ualification re -
port of th e  R H 1020 (courte sy of Lock h e ed -Martin).
Note  th at th e  total dos e  q ualification report w as  done
on a 9 6 Å  O NO antifuse  th ick ne s s; som e production
lots h ave  d iffere nt antifuse th ick ne s s e s.  Th e  antifuse
rupture  data, pre s ented  later in th is colum n, s h ow s
som e  additional data.  For th e  full report, ple as e  s e e :
h ttp://rk .gsfc.nasa.gov/rich conte nt/fpga_ conte nt/rh
1020_ tid.PD F

Sum m ary
• Part Type:  R H 1020 Fie ld-Program m able  Gate

A rray (FPGA ), Si,  CM O S, m onolith ic, d evice  type
# 19 7A 805, 2000 gates.

• Part Proces s:  R H CMO S-4EF (LEFF = 0.8 µm ; VD D  =
+ 5.0V; 9 6 Å  O NO ).

• Sam ples  Tested:  Five  (5) plus one  (1) “control.”

• Test Lot:  T7012E.1; Manufacturing Lots
#9 6509 A .1 &  #9 6509 B.1.

• Test Facility:  Lock h e e d  M artin Fed e ral Syste m s -
Manassas (LMFS-M) J.L. Sh eph e rd  Mod e l 109 -68
(S/N 3028) gam m a source.

• D ose  Levels :  200 k rads (Si), 300 k rads (Si), and  600
k rads(Si).

• D ose  Rate :  125.3 rads (Si)/s.

• Test D ate:  17 Se pte m b er 19 9 7.

• Bias Conditions :  + 5.0V dc (exposure s ); + 4.50V,
+ 4.75V, + 5.00V, + 5.25V, and + 5.50V (m e asure -
m e nts); and  + 5.5V (anne al).

• Test Pattern:  ALPH A-11 w ith  “Binning Circuit”

• Tem peratures:  ~ + 28°C (exposure s ); + 25°C m e as -
ure m e nts; + 125°C (168-h our anne al).

• Test M e th od:  R adiation-te sted  per MIL-STD-
883E, Meth od  1019 .4.  Th e  D e vice  Und e r Te st
(D UT) w as expos ed  w h ile pow ere d , &  m e asure d
on th e  ADVANTEST logic te ste r. DUT’s param e -
te rs and functionality m e asured  b efore  radiation,
afte r e ach  e xposure , and again afte r 168 h ours  of a
h igh -te m pe rature  (+ 125°C) anne al w h ile  on bias.

Figure  1A.  Static Supply Current vs. Total D ose .
Th e final data points are  after th e 168-h our h igh

tem perature  anneal.

Figure  2B.  Propagation D e lay vs . Total D ose  for th e
Binning Circuit.  Th e final data points  are after th e

168-h our h igh -tem perature  anneal.
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ANTIFUSE H A R D NESS D A TA

A ntifuses h ave  b e en sh ow n to b e  h ard  to total dos e
e ffe cts, [s e e  h ttp://rk .gsfc.nasa.gov/rich conte nt/ pa-
pe rs/radpal_ antifus e.PD F for a rece nt exam ple  on
am orph ous silicon antifus e s].  A  sum m ary of rece nt
h e avy ion data is sh ow n in th e  th re e  ch arts  below .
Th e  first, from  February, 19 9 8, s h ow s th e  perform ance
of th e production R H 1020 w ith  9 0Å  O NO antifuse s ,
used for th is lot.  A lso s h ow n are  prototype  SX s e rie s
d e vice s , e m ploying differe nt “recipe s” of m e tal to
m e tal antifuses.  Th e s e  e arly te sts confirm  th e  d ata
from  July, 19 9 8, s h ow n above , w ith  no break dow n at
LET = 60 MeV-cm 2/m g, w ith  th e  te st range succe ss -
fully e xte nded to an LET of 82.3 MeV-cm 2/m g.
D iffe re nt antifuse form ulations, based on m aterials
and  th ick ne s s , s h ow ed  d iffe ring SEE h ardnes s.  For
th e  R H 1020, a line ar re lationsh ip betw e e n critical
e le ctric fie ld stre ngth  w as obs erved , consiste nt w ith
th e  e arlie r re sults; data points at an LET of 37 MeV-
cm 2/m g w ill be  tak e n in June , 19 9 8.  D ata on th e
UT22VP10 am orph ous silicon antifus e  PA L is still
being e valuated.

A ntifuse Bre ak dow n Voltage  vs. LET (MeV-cm 2/m g).
D e vice s  fall into one  of th re e  classe s , 12 V m ixed -
signal, 5V digital, and 3.3V digital.  O nly one  d e vice
s h ow ed positive  m argin up to an LET of 60 MeV-
cm 2/m g.

Antifuse Break dow n E-Field Strength  vs. LET (M e V-
cm 2/m g).  Th e th ick er am orph ous silicon antifuses

ruptured at low  electric field strength s

INITIAL EVA LUATIO N O F TH E QUICK  LO GIC
PA SIC 3 Q L3025 A M O R PH O US SILICO N
ANTIFUSE FPGA

Electrical Ch aracteristics

Th e  QL3025 is built on a 4-laye r m etal, 0.35 µm  bulk
process.  As such , th e  core  runs on 3.3 volts, config-
ured in a s ea-of-m odules  arch ite cture.  Th is voltage
re sults in re d uced pow er consum ption since  th e
pow e r is  a function of th e  s quare  of th e  voltage.   Th is
arch itecture  d oe s  m ak e  som e  provision for inte rfacing
w ith  standard 5 volt logic for m ost applications.  Th is

Antifuse Rupture Data
rk (nasa), jj (actel), jm (actel)
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is ach ieved by allow ing th e  system  board  to provide  a
5V re fe re nce  coupled  w ith  TTL-le ve l input voltage
th re s h olds.  For pure  3.3 volt syste m s, th e  e ntire  d e -
vice  m ay b e  run at VCC = 3.3 volts.  Th is configuration
allow s th e  inputs to interface  w ith  e ith e r TTL-le ve l
outputs or rail-to-rail sw itch ing CM O S outputs.

D e vice  outputs, h ow e ver, lik e  m any 3.3 volt d e vice s ,
re q uire  careful application.  It is noted  from  th e  speci-
fications and th e  oscilloscope ph otos  below  th at th e
outputs sw itch  b etw e e n 0 and  3.3 volts, eve n w h e n
th e  d evice is configured  for 5 volt system s as our te st
board w as.  Th is perm its dire ct conne ction to e ith e r
oth e r 3.3 volt d evice s  or 5 volt d evice s  w ith  TTL-le ve l
th re s h olds.  Typical 5 volt CMO S d e vice s  w ill not b e
re liably drive n since  th e ir w orst-cas e  logic ‘1’ th re s h -
old  (w ith  som e  e xceptions) is 70% of th e supply
voltage  or nom inally 3.5 volts.  Cle arly, th e re  is insuf-
ficie nt m argin.

A noth e r consideration w h e n using m od e rn d evice s  of
th is type is signal q uality.    Th e  tw o ph otos sh ow n
h e re , for rising and falling outputs of th e  QL3025,
h ave  sub-nanos econd  transition tim e s.  Th is data w as
obtained  w ith  a 2.0 GigaSam ple/s ec digital oscillo-
scope and active  FET probes  w ith  a bandw ith  of 800
MH z ; th e  obs erved  w ave form s m ay b e  te st e q uipm e nt
lim ite d .  O b viously, line  le ngth s  and  te rm inations
ne e d  care ful consideration.

Th e  follow ing pow er num bers w e re  obtained  from
our te st sam ple .  For th e s e  m e asure m e nts, w e  used
th e  tw o s h ift re giste rs w ith  th e  re st of th e  ch ip re -

m aining static.  Each  s h ift re giste r is  200 bits  long w ith
one  of th e  tw o consisting of TMR-triple ts along w ith
voter circuits and  e rror d e tection circuits for counting
upsets th at are  re jected  by th e  vote r in h e avy ion ra-
diation te sts.  Th e  d evice  w as te sted in th re e  m ode s :

1) Static;
2) Clock  D istribution Netw ork ;
3) A ctive .

Th e  static m od e  w as m easured w ith  all inputs at e i-
th e r VCC or GND ; th e  clock  d istribution m e asure m e nt
utiliz e d  th e  h ard  m acro distributing both  positive  and
ne gative  clock s, and th e  active  m od e  h ad  all flip-flops
toggling at 500 k H z  w ith  th e  clock  input at 1 MH z .
For all tests, curre nts on th e  5.0 VD C supply w e re  e s -
s entially 0, re giste ring only 210 µA  on th e  active  te st
and  0 e ls ew h e re .  Th e  core  3.3 VD C supply m e asured
500 µA  s tatic, 1.6 m A  d istributing th e  1 MH z  clock ,
and  5.4 m A  for th e  active  m od e.

A ntifuse le ak age  curre nt is an im portant param e ter
and  b elow  is som e  of our first te m perature  d ata on a
m e tal-to-m e tal am orph ous silicon FPGA .  W e  te sted
s eve ral te m pe rature  cycles  over th e  full m ilitary te m -
pe rature  range , (-55°C to + 125°C) w ith  te m perature
transitions of 1°C/m inute.  Figure  3 s h ow s part of our
strip ch arts w h ile  Figure  4 s h ow s an ICCSTD BY vs. Te m -
pe rature  curve .

Se ve ral k e y re sults are  s h ow n by th e s e  curves.  First,
ope ration of th is  device  ove r th e  full m ilitary te m -
pe rature  range  w ill consum e  approxim ate ly 3 µW atts
w h ich  is cle arly acce ptable .  Se condly, it is cle ar th at
th e  curre nt h as an expone ntial rise w ith  tem pe rature.

Figure  2: Sam ple Fall Tim e  Ch aracteristic of th e
QL3025 at Nom inal Supply Voltages

Figure  1: Sam ple Rise  Tim e Ch aracteristic of th e
QL3025 at Nom inal Supply Voltages
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QL3025 ICCSTDBY vs. Temp
NASA/GSFC

March 20, 1998
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Figure3: ICC3.3 and Tem perature  Strip Ch art for a
Sam ple QL3025 pASIC 3 FPGA w ith  Am orph ous

Silicon Antifuses

Single Event Effects

Th re e  te st d e vice s  w e re  prepared  for th e  February,
19 9 8, h e avy ion te st at Brook h ave n National Labora-
tory.  Th e portions of th e  evaluation patte rn re levant
to th i s  d evice  w e re  th re e  s h ift re giste rs.  Tw o 200 e le -
m e nt s h ift re giste rs w e re  in th e  d e vice ’s core  w ith  one
of th e  tw o being TMR-h ard e ned  w ith  e rror m onitor-
ing circuits, m ak ing a total of 800 flip-flops.  Th e  th ird
s h ift re giste r w as 25 e le m e nts long and  w as con-
structed in th e  I/O -m odules.

Te sting started  w ith  Titanium  (Ti), w h ich  h ad  an LET
of 18.8 MeV-cm 2/m g and th e  d evice  h ad nom inal
voltages  applied  (5.0 and 3.3 VD C).  Both  d evice s
latch e d  during e ach  run, w ith  S/N 001 dam aged  after
6 runs and S/N 002 dam aged  afte r 5.  S/N 001, after
dam age , h ad  137 m A  e xces s  curre nt and  w as func-
tional; S/N 002 h ad  100 m A  e xces s  curre nt and faile d
functional te sting.

Inte re stingly, e ach  of th e  d evice’s supplie s  latch e d.
Table  1 h as a sum m ary of som e  typical runs.  Bas ed
on all of th e  runs, th e  rough  e stim ate  for d evice
latch up cross - s ection is 2.7x10-5 cm 2/device.  Testing
w as stopped  after th e  tw o d evice s  w e re  dam aged.

A noth e r intere sting re sult is th at for th is 0.35 µm , 3.3
VD C d evice , no ups ets w e re  s e en in e ith e r th e  core  or
th e  I/O  flip-flops.

Tab le: Sum m ary of Som e QL3025 H eavy Ion
Latch ups

Run
Num ber

Flue nce
(ions/cm 2)

(approxim ation)

5V Latch
Curre nt

(m A )

3.3 V Latch
Curre nt

(m A )

QL1T1 2.4E4 82

QL1T2 1.6E4 420

QL1T3 2.8E4 200 380

QL1T4 2.0E4 220

QL2T1 4.7E4 165

QL2T2 2.1E4 400, >400
(2nd latch )

QL2T3 5.6E3 170

QL2T4 1.7E4 170

QL2T5 430 170

QL3025 ICCSTDBY vs. Temp
NASA/GSFC

March 20, 1998
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Figure  4: ICC3.3 vs. Tem perature  for a QL3025 pASIC
3 FPGA w ith  Am orph ous Silicon Antifuses  Sh ow -

ing An Exponential Relations h ip.
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Total Dose Effects

A n initial TID  te st w as run on th e  QL3025 S/N 003
d e vice , w ith  th e  re sults s h ow n below .

A fter irradiation, th e  d e vice  pas s ed  functional tests
and  th e  curre nts on th e  3.3 volts supply q uick ly
dropped : Th e  3.3 VD C supply m e asured  1.9  m A
static, 3.1 and  3.4 m A  d istributing th e  1 MH z  clock ,
w ith  diffe re nce s  for loading 1’s and  0’s, and 8.5 m A
for th e  active  m od e.

RH1020 SINGLE EVENT
UPSET

SUMMARY REPORT
Rich ard B. Katz/NASA  GSFC

J. J. W ang/A cte l Corp.
Prepared : March  5, 19 9 8

1.0 BA CK GR O UND  A ND  SUM M A R Y

This report 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-
sis and 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 all of the

RH1020 row buffers are shorted together via metal lines.
All storage in the RH1020 consists of routed flip-flops,
constructed 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.  There is
no storage in the I/O 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
is due, 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 this report.

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 a false 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 a low-pass filter.  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 is transitioning.  A plausible
scenario is the generation of a runt 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-

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 simulation, 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  R A TE PRED ICTIO N

2.1 Te st Se t O ve rvie w
The SEE test set consists of two sections, one set of equip-
ment outside of the vacuum chamber and a DUT 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
are level 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-IB 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
(via an external pulse generator or crystal oscillator selec-
tion), and ten (10) 16-bit event counters.

Test control is provided through a WFI 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 signals trans-
mitted and received via RS-422 buffers. The 2X clock is
divided down to a nominal 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.

Heavy ion induced negative pulse

Figure  2.  D oub le Clock ing as  a Result of H eavy
Ion Induced Pulse
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2.2 D UT (D EVICE UND ER TEST) D ESIGN
AND  CO NFIGUR A TIO N

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 VCC 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 ½ of the clock rate).  Other patterns such as all ‘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 CLO CK  U PSET D ETECTIO N

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 all 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 as a burst.  In practice, at device oper-
ating voltages of 4.5 VDC < VCC < 5.5 VDC, we normally
saw error bursts of approximately 17 errors on each of the
two shift register strings simultaneously, including the
TMR-hardened string.  Typically, zero or only a single 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 a runt pulse.

To accomplish testing in reasonable times, most runs had
ion fluxes of 105 ions/cm2/sec and a fluence of 107
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ions/cm2. 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 ch ange  of
e rror counts w ith  re spect to tim e , clock  upset and  all
oth e r m od e  of SEU are  re lative ly e asily separated  and
counted , e ve n for h igh  LET runs w ith  a lot of upsets.
Som e  typical data is pre s ented in Figure  3.

2.4 TEST FA CILITIES AND  CO ND ITIO 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 105 ions/cm2/sec and a fluence of 107

ions/cm2.  The nominal VCC was used over the full range of
LET.  The voltage dependence of clock upset is too weak to
establish the worst-case VCC 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 D A TA  AND  R A TE PRED ICTIO N

Figure  4 s h ow s th e  clock  SEU cross  s ection versus LET
data plot of five  (5) te sted  d evice s , P6-1 to P6-5.  For a
sam ple  calculation, th e  m e d ian data are  used to fit a
W e ibull curve  by using H ITFIT utilities in Space  Ra-
diation sim ulator.  Th e  resulting W e ibull param ete rs
(Table  1) toge th e r w ith  typical orbital, e nvironm e ntal
and s h ie lding param e ters of a sate llite  on th e  ge osyn-
ch ronous orbit (Table  2) is  th e n input to th e  h e avy
ions rates pred iction m odule  of th e  Space  R adiation
sim ulator.  Th e  re sult of th e upset rate pred iction is 3
x 10-8 upsets/device -day.  For com parison, th e  C-
m odule  upse t rate  in th e  sam e  conditions is approxi-
m ate ly 1 x 10-7 upse ts/bit-day.

Figure  4  Clock  SEU results

For a sam ple  m ission consisting of 10 R H 1020s for a
duration of 10 ye ars, th e  e rror rate  is calculated  to b e :

3 x 10-8 clock  upsets/device - day  x  10 devices/system
x  10 years/m ission

or
1 upset per th ousand m issions per system .

Tab le 1  W e ibull param eters

Cross Se ction 2.5 x 10-7 cm -2/device
LET Th re s h old 18.8 MeV-cm 2/m g
W e ibull W idth 15 MeV-cm 2/m g
W e ibull Sh ape 2

Tab le 2  Environm ent/sh ielding param eters

O rbit 36,000 k m , 0°
Space craft Sh ie lding 100 m il A l
Earth  Sh adow ing Ye s
Magne tic W e ath e r Storm y
Solar Cycle Solar Min (19 75, M=1)

Th e  fre q ue ncy d e pe nd e nce  of clock  upset w as m e as -
ure d  using d evice s  b efore  th e  de s ign ch anges  w e re
m ad e  to th e  clock  buffer (A fte r des ign ch anges , th e
upset counts are  too low  to m ak e  such  m e asure m e nts
practical).  Figure  5 s h ow s th e num b er of clock  upsets
ve rsus th e  clock  fre q ue ncy of data from  four parts for
a fixe d  flue nce  m e asure d  at clock  fre q ue ncie s  of 1
k H z , 10 k H z , 100 k H z  and 1 MH z .  LET of 37.1 to 74.2
MeV-cm 2/m g and  a VCC = 5 VD C and 4.5 VD C w e re
used.  Th e  d ata cle arly sh ow s upset incre asing w ith
clock  fre q ue ncy.  To a first ord e r approxim ation, th e
upset rate  can be  tre at as line arly proportional to th e
clock  fre q ue ncy.
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Figure  5  Freq uency dependence  of clock  upset for a
fixed  fluence

3.0 D ESIGN RECO M M END A TIO NS

3.1 FREQUENCY D EPEND ENCE

Th e  total upset in th e  d evice  and its im pact at th e
syste m  le ve l is som ew h at d e pe nd e nt on th e  d etails of
th e  d e s ign and application.  H ow eve r, since  w e  can
calculate  th e  clock  upse ts and C-m odule  upsets inde -
pe nd e ntly, th e  total upsets can be calculate d
unam biguously.  To scale  th e  clock  upset, th e  com -
pute d  rate  from  th e  SEU te sting data h as to be  d ivid e d
by 1 MH z  and th e n m ultiplied by th e  clock  fre q ue ncy
of intere st.  For a typical ge osynch ronous application,
if th e  clock  fre q ue ncy is f, th e  clock  upse t rate  is:

To m inim iz e  a susceptibility to th e  global clock  upset,
th e  clock  s h ould b e  run at as low  a fre q ue ncy as pos-
sible .  For ce rtain critical re giste rs th e syste m  de s igne r
m ay w ant to use  a separate  clock  w h ich  is h e ld inac-
tive  e xce pt w h e n updating th e  re giste r’s values.
Bas ed  on available  d ata and analysis, it is re com -
m e nd e d  to h old th e  clock  h igh  at th e  d e vice ’s input
pin.

3.2 RED UND A NCY D ESIGN

If th e re is re dundancy des ign for th e  clock e d  flip-flips,
th e  re dundancy sh ould be  d e s igne d  across ch ips, if
possible , sim ilar to som e  m em ory ED A C arch ite c-
ture s.  It is pre fe rre d  th at re d undant inform ation not
be  stored in one single  ch ip for th e  obvious re ason
th at th e  global clock  upset m ay sim ultane ously pro-
duce possible  e rrors in all th e  clock e d  flip-flops.

Separating re dundant bits onto diffe re nt ch ips m ay
also d e cre as e  th e num b er of single point failure s
(SPFs).

3.3 CLO CK  U PSET TO LER A NT D ESIGN

For extre m e ly critical applications, clock  upsets m ay
b e  d ealt w ith  at th e  circuit leve l.  For e xam ple, th re e
input pins can be  used, w ith  th e  ge ne rated  clock  being
th e  output of a m ajority circuit.  Using th e  conclusion
th at th e  circuit is m ore susceptible  during th e  period
of th e  rising e d ge , tw o clock  input pins could b e
A ND e d  toge th e r, re q uiring both  signals to go h igh  to
sw itch  th e  A ND gate.  For e ith e r te ch niq ue , note  th at
th e  circuit outputs can not acces s  th e  global clock ,
since  in th e  A CT 1 fam ily th e  netw ork  is only acces s i-
ble  via th e  d e d icated  d evice input pin.

3.4 CLO CK  U PSET AT SYSTE M  LEVEL,
D O ES EVERYO NE M E A SURE  CLO CK  UPSET?

Th e  R H 1020 is  one  of m any d evice  type s , and s im ilar
q ue stions about clock  upset answ e red in th is sum -
m ary report s h ould be  as k e d  for all digital d e vices in
th at system .  Particularly im portant q ue stions are :
syste m  flip-flop te st m e th odology, flip-flop SEU rate
fre q ue ncy dependence , clock  upset d e tection tech -
niq ue s , and separation of clock  upse ts and latch  or
flip-flop upse t from  th e  acq uire d  data s ets.  Som e
“standard” te sting tech niq ue s  w ill not prope rly d ete ct
clock  upset in d e vice s.  To date , th e  R H 1020 h as  b e en,
w e  b elie ve , th e  m ost th orough ly te sted  CMO S d e vice
for th is ph e nom e non th at is available  for space -fligh t
e le ctronics.

CO NTINUED  EVA LUATIO N O F TH E  RT54SX16

Th is section w ill pre s ent add itional data on th e
R T54SX16.  R e ce nt data on antifuse radiation h ard -
ne s s  can be found in antifus e  h ardne s s  s ection above.

Th e  voltage  configuration and  th e  outputs of th e
R T54SX16 are s im ilar to th e  QL3025 d e scribed previ-
ously.  Ple ase  refe re nce  th at s ection for back ground
inform ation.  Th e  tw o ch arts  below  s h ow  som e  output
w ave form s for both  rising and  falling e d ge s.  A gain
w e  s e e  3.3 volt signal sw ings w ith  extre m e ly fast, sub-
nanos econd transition tim e s   Th e s e  m e asure m e nts
w e re   obtained  w ith  a 2 GigaSam ple  /  Se cond d igital
storage  oscilloscope and an 800 MH z  bandw ith  active
FET probe.
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A ntifuse le ak age  curre nt is an im portant param e ter
and  b elow  is som e  of our first te m perature  d ata on a
m e tal-to-m e tal antifus e  FPGA .  W e  te sted  s eve ral
te m pe rature  cycles  over th e  full m ilitary tem pe rature
range  (-55°C to + 125°C) w ith  tem pe rature  transitions
of 1°C/m inute .  Figure  3 s h ow s a part of our strip
ch art.

Se ve ral k e y re sults are  s h ow n by th e s e  curves.  First,
ope ration of th is  device  ove r th e  full m ilitary te m -
pe rature  range  w ill consum e  approxim ate ly 2.5
µW atts, cle arly acceptable.  Se condly, it is cle ar th at
th e  curre nt h as a line ar re lationsh ip w ith  tem pe rature ,
in contrast w ith  th e  QL3025 w h ich  h ad  an expone ntial
re lationsh ip.  Th e  sligh t incre ase in curre nt at cold
te m pe rature s  for th e  R T54SX16 w as repeatable  ove r
s eve ral te m pe rature  cycles  and profile s.

D ynam ic pow er dissipation w as also m e asured w ith
re sults sh ow n in Figure  4.  A s  expe cted , th e  pow e r
consum ption of th e  d evice  w as line ar w ith  re spect to
fre q ue ncy.

A d d itional total dose  te sts h ave  b e e n pe rform ed in-
cre asing our databas e  and  k now ledge  about th e s e
d e vice s.  Figure s  5 and  6 b elow  s h ow  th e  re sults.  Th e
d e vice s  w e re  functional afte r exposure  w ith  th e  te st
being te rm inated  as a re sult of facility availability.

RT54SX16
Power per Gate
NASA/GSFC

March 25, 1998
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Figure  4: Pow er per Gate Ch aracteriz ation as a Func-
tion of Freq uency for th e  RT54SX16

RT54SX16 ICCSTDBY vs. Temp
NASA/GSFC

March 16, 1998
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Figure  3: ICC3.3 and  Tem perature  Strip Ch art for
a Sam ple RT54SX16 FPGA w ith  a m etal to m etal

Antifuse.

Figure  1: Sam ple Rise  Tim e Ch aracteristic of th e
RT54SX16 at Nom inal Supply Voltages

Figure  2: Sam ple Fall Tim e  Ch aracteristic of th e
RT54SX16 at Nom inal Supply Voltages
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Figure  5.
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Figure  6.

Fiber Optic Cable Assemblies for
Space Flight II:

Thermal and Radiation Effects
MELA NIE N. O TT

Te ch nology Validation Assurance  Group,
Goddard  Space  Fligh t Ce nte r / Sw ale s  A e rospace

Code  562, Building 6, S-30
Gre e nbelt, M D  20771

301-286-0127
m e lanie .ott@gsfc.nasa.gov

h ttp://m isspiggy.gsfc.nasa.gov/tva

Th e  follow ing is be ing publish e d  and  pre s ented  at th e
19 9 8 SPIE Inte rnational Sym posium  on O ptical Sci-
e nce , Engine e ring and Instrum e ntation in San D ie go,
at th e  Sess ion on Ph otonics for Space Environm e nts
VI.

A BSTR A CT

Goddard  Space  Fligh t Ce nte r is conducting a s earch
for space  fligh t w orth y fiber optic cable  as s em blie s
th at w ill b ene fit all projects at all of th e  NASA  ce nters.
Th is paper is num b er tw o in a s e rie s  of  papers being
issued as a re sult of th is task  to d e fine and  q ualify
space  grad e  fiber optic cable  as s em blie s.  Th ough  to
q ualify and use a fiber optic cable in space  re q uire s
tre atm e nt of th e  cable  as s em bly as a syste m , it is very
im portant to und e rstand th e  de s ign and  b e h avior of
its parts.  Th is pape r addre s s e s  th at ne e d , providing
inform ation on cable  com pone nts sh rink age  te sting
and  radiation te sting re sults from  re ce nt expe rim e nts
at Goddard Space  Fligh t Ce nte r.  Th is w ork  is an ex-
te nsion of th e  "lessons le arne d " reported in th e  first
pape r of th i s  s erie s  entitled  "Fiber O ptic Cable  A s -
s em blie s  for Space  Fligh t: Issue s  and  R em ed i e s ,"
publish e d  and pre s ented  at th e  A IA A  W orld Con-
gress in A nah e im  CA , on O ctober 15, 19 9 7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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12 Channel Optical Fiber Con-
nector Assembly: From

Commercial off the
Shelf to Space Flight Use

Melanie  O tt
Sw ale s  A e rospace

Code  562
Goddard  Space  Fligh t Ce nte r

301-286-0127
Joy Bre tth aue r

Program  Manage r of FO D B
Code  561

Goddard  Space  Fligh t Ce nte r
310-286-1050

Joy.W .Bre tth aue r.1@gsa.nasa.gov

Th e  follow ing is be ing publish e d  and  pre s ented  at th e
19 9 8 SPIE Inte rnational Sym posium  on O ptical Sci-
e nce , Engine e ring and Instrum e ntation in San D ie go,
at th e  Sess ion on Ph otonics for Space Environm e nts
VI.

A BSTR A CT:

For com m ercial te lecom m unications applications, a 12
ch anne l optical fiber ribbon cable  and  MTP conne ctor
as s em bly w as available  from  W .L. Gore  for cable , and
USCONEC for th e  MTP 12 ch anne l conne ctor.  It w as
d e cid e d  th at for th e  Fiber O ptic D ata Bus (FO D B)
sch e d uled  for fligh t on Earth  O rbite r 1, (EO-1) th at
th is cable  as s em bly w ould b e  m ad e  for space  fligh t
use w ith  as fe w  alterations as possible , th e reby pro-
viding a com m e rcial off th e  s h e lf product for space
fligh t applications.  Te ch nology validation tech niq ue s
w e re  us ed  to d e term ine  th e  functionality of th is con-
ne ctor/cable  as s em bly for space  fligh t.  A s part of th at
validation, an evaluation w as conducted  to d e term ine
w h e th e r all com pone nts of th e  conne ctor as s em bly
w ould  pass space  fligh t outgassing crite ria.  A  te ch -
nology validation study conducted  on th e  radiation
e ffe cts of th e  com m ercial fiber propos ed  for th is ap-
plication proved  th e  com m e rcial optical fiber from
Spe ctran to be  ad e q uate  for an EO-1 application.  A s  a
re sult of a h igh  vibration e nvironm e nt, a large r core
optical fiber (100/140 m icron) w as ch os en to h e lp in
pe rform ance  of th is MTP conne ctor und e r cond itions
th at w e re not in th e  original com m e rcial specification.
Using th e  larger core  fiber re q uire d  th e  fabrication of
conne ctor fe rrules  of 140 m icron outer diam e ter for
th e  MTP th at w e re  pre viously not available .  Vibra-
tion and th e rm al tests w e re  conducted  to d e te rm ine if

th e  com m ercially available  125 m icron diam ete r con-
ne ctor fe rrules  w ould  m e e t th e  EO-1 e nvironm e ntal
re q uire m e nts.  A fter th e  te ch nology validation w as
com ple ted  th e  final q ualification te sting w as con-
ducted  to insure th at th e  ne w  space  fligh t
conne ctor/cable  as s em bly w ould perform  to th e
FO D B re q uire m e nts in th e  space  fligh t e nvironm e nt.
Th e  results and conclusions from  th is tech nology
validation and  q ualification te sting of a com m ercial
ribbon conne ctor/cable  as s em bly are pre s ented  h e re.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Availability of Low Power High
Speed Radiation Tolerant Phase

Locked Loop (PLL) Frequency
Synthesizers for Flight

Sh ri A garw al
Je t Propulsion Laboratory Com pany

(626) 79 5-49 28
sh ri.g.agarw al@jpl.nasa.gov

Up until now , th e  LMX23XX fam ily of m onolith ic low
pow e r, h igh - speed  * ph as e  lock e d  loop fre q ue ncy
synth e s i z e rs from  National Sem iconductor h ave  b e en
available  only as com m e rcial parts in 20-pin plastic
pack age s. H ow e ver, bas ed  on th e  re sults of th e ir ow n
e valuation, JPL evaluation done  for th e  EOS-MLS
project and  intere st from  oth e r Space users, National
h as announced  th at s ele cted  PLL products w ill b e  of-
fe re d  as radiation tole rant QML parts in 20-pin
surface  m ountable  ce ram ic pack ages. Th is provid e s  a
good  e xam ple  of th e infusion of ne w  CO TS tech nol-
ogy in JPL/NA SA  m issions. Th e  products  s ele cted  for
th e  QML offering are :

Product Proces s Status SMD #

LMX2315 A BIC IV In Ch aracteri-
z ation 59 62-9 85001

LMX2325 A BIC IV Protos avail-
able 59 62-9 85002

LMX2306 A BIC V Protos TBD

LMX2330A A BIC IV Protos avail-
able

MLX2326 A BIC V Protos TBD
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Both  th e  A BIC IV (0.8u fe ature  s i z e ) and  ABIC V (0.5u
fe ature  s i z e ) are  state -of-th e -art BiCM O S proces s e s.

JPL perform ed  exte nsive  evaluation on repre s entative
d e vices built on th e  A BIC IV process, LMX2305 and
LMX2325. O ur e valuation s h ow s acceptable  construc-
tion, no latch  up, som e  SEU anom alie s  w h ich  w e re
found  acce ptable  for th e  EOS-MLS proje ct, and ac-
ceptable  total dose  (both  low  dos e  rate  and h igh  dos e
rate ) for th e  EOS-MLS e nvironm e nt. Th e  re liability
group at National h as publish e d  an application note ,
AN-708, w h ich  docum e nts th e  h ot carrie r and gate
oxid e  re liability ch aracte riz ation of th e  A BIC IV proc-
e s s.

JPL perform ed  a lim ited  evaluation of th e  A BIC V
process  as w e ll and  it s h ow ed  acce ptable  construction
and  no latch  up.

Th e parts w e re  initially des igned  to w ork  ove r indus-
trial te m perature  range , -40C to + 85C. H ow eve r, by
h aving an on-going ch aracteriz ation program  in place ,
National w ill atte m pt to exte nd  th e  te m pe rature
range .

* Typical supply curre nt 4 m A  at 3V for 550MH z
LMX2305, 10 m A  at 3V for 2.5GH z  LMX2325.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Electronic Industries Association
(EIA)

G-11 Committee Meeting
Summary (Feb. 1998)

Jay Brusse
Com pone nt Te ch nologie s  Branch  (Code  562)

Unisys Corporation at NA SA  GSFC
301-286-2019

Jay.A .Brusse.1@gsfc.nasa.gov

Th e  Electronics Industry As sociation’s (EIA ) passive
EEE parts user com m itte e , k now n as th e  EIA  G-11
Com m itte e , h e ld one  of its tri-annual m e etings on
February 19 -20, 19 9 8 in A tlanta, GA .  Th e  G-11 Com -
m itte e  recom m e nds  solutions to te ch nical proble m s in
th e  application, standard i zation and  re liability of pas-
sive EEE parts.  Th e  G-11 ach ie ves  th e s e  objective s
th rough  evaluation and preparation of propos ed  ad -
vance m e nts in specifications, standards  and  oth e r
docum e nts, both  gove rnm e nt and industry, to assure

th at parts are suitable  for th e ir inte nd e d  applications
and  for procurem e nt.

Mem b ers h ip on th is com m itte e  consists prim arily of
m ajor D e fe nse and  A e rospace  contractors.  A d d itional
routine participation include s  gue st m em b ers h ip from
NA SA  GSFC, th e  D e fe nse Supply Ce nte r Colum bus
(D SCC), US A ir Force , US A rm y and th e  A e rospace
Corporation.  NA SA  GSFC h as active ly repre s ented
th e  NASA  Parts, Pack aging and  Radiation Program
on th e  G-11 com m itte e  for m any ye ars.  Th rough  its
participation in th e  G-11, GSFC e nsure s  th at NA SA
inte re sts and  th e  intere sts of th e  ge ne ral space  com -
m unity are  considere d  and adopted  during
d e ve lopm e nt of both  m ilitary and non-governm e nt
specifications and standards.

Th e  h igh ligh ts of th e  February 19 9 8 m e eting of th e  G-
11 are  outlined in th e  follow ing sum m ary trip report.
If you ne e d  furth e r inform ation or if you w ish  to sug-
ge st a topic to be  d i scussed at th e  next G-11 m e eting
in June , ple as e  contact Jay Brusse at (301) 286-2019 .

Th e  m ost inte re sting topic of th e  m e e ting involved  th e
discussion over th e  EIA U-1 Com m itte e  activities dis-
cuss ed  below :

EIA U-1 CO M M ITTEE QUALIFICA TIO N
STAND A R D S D EVELO PM E NT

D ave  R ich ard son of Vish ay (Georgia) addre s s e d  th e
G-11 com m itte e  re garding th e  e fforts of th e  EIA U-1
Com m itte e  (a subcom m itte e  of th e  EIA  P-Pane ls).  Th e
U-1 Com m ittee  i s  a passive parts  “users” com m itte e
com prise d  m ainly of EEE parts m anufacturers.  Th e ir
prim ary function is to e stablish  industry standards  for
passive parts (pre dom inantly “com m ercial” parts)
including d eve lopm e nt of standard part values  (ca-
pacitance , res i stance , e tc.), ratings (pow e r, voltage ,
te m pe rature , etc.) and ph ysical siz e s.

Th e purpos e  of D ave ’s pre s entation w as to d iscuss th e
curre nt U-1Com m ittee initiative  to d e ve lop EIA  stan-
dards  for passive part q ualification te st flow s for
com m ercial products.  Th e U-1 Com m ittee  i s  striving
to e stablish  “com m on bas eline ” te sts for th e  various
passive  com m oditie s  w h ich  can b e  used by all of th e
m anufacture rs in th e  industry to “q ualify” th e ir
com m ercial/industrial grad e  com pone nts.  (A t th is
tim e  no EIA  q ualification flow  standards  h ave  b e en
finaliz e d , alth ough  som e  drafts  do e xist).  Th e suppli-
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e rs are  h ope ful th at if th e y can advertise to th e ir cus-
tom e r bas e  th at th e ir products h ave  b e en bas eline d  to
an e stablish e d  “EIA  flow ”, th e n th e y can re duce  th e
costly ne e d  to perform  h igh ly re dundant custom e r
specific q ualification flow s.  In addition, an industry
standard flow  can be used as  a bas eline by w h ich  all
supplie rs  can be bench m ark e d.

A fter furth e r scrutiny it b ecam e  appare nt th at th e  EIA
curre ntly h as no “w atch dog” m ech anism  w h ich
w ould  overs e e/audit th e  m anufacture rs  to th e  pro-
pos ed  bas eline  flow s.  Th e  e xisting plan w ould h ave
th e  m anufacturers “s elf q ualify” one  tim e  (w ith  no
q ualification m ainte nance  proposal) and  provide  data
pack age s  to prospective  custom ers as re q ue sted.
Custom e rs  w illing to accept th e  m anufacturer’s base -
line  flow  could th e n re q ue st specific q ualification te sts
for th e ir application, w h ich  w e re not covered by th e
EIA  flow .  D uring a “brainstorm ing” sess ion som e  G-
11 participants sugge sted  th at th e  EIA  flow s sh ould
be  adopted into th e  e q uivale nt m ilitary specifications
for th e  com pone nt as an “EIA  Quality Le ve l” part (in
add ition to th e  alre ady available  le ve ls w ith in th e
m ilitary specifications, NO T as a replacem e nt).  Th e ir
h ope  is th at such  an adoption w ould  enable  D SCC to
becom e  th e  w atch dog for th e  EIA  bas eline  flow .  Th is
concept h as num e rous pote ntial problem s:

• Pote ntial conflict of intere st for D SCC w h os e
ch arter is  to assure  th e  availability of “m ilitary”
parts for th e  “m ilitary” m ark e tplace , not to q ual-
ify “com m e rcial” parts for “all” m ark e ts

• R e source  lim itations of D SCC to aud it th e  “com -
m e rcial” product line s  m any of w h ich  are not th e
sam e  as (or e ve n in th e  sam e  location as) th e
m ilitary product line s  w h ich  D SCC aud its

• EIA  standards  are  inte nd e d  for th e  e ntire  ele c-
tronics industry w h ich  m e ans m any non-m ilitary
q ualified  sources  w ould w ant to b e  qualified and
D SCC curre ntly h as no m ech anism  (nor th e  ch ar-
te r) to audit th e  vast com m ercial supplier bas e

• R isk  of w ate ring dow n th e  m ilitary specifications
and  th e  availability of Establish e d  R e liability (or
h igh  re liability) parts

D e s pite  th e pote ntial proble m s, th is concept w arrants
furth e r investigation as it propose s  a ve h icle  w h e reby
“com m ercial” products from  a m ultitud e  of differe nt
sources  m ay b e  qualifie d  to a k now n bas eline  s et of

re q uire m e nts.  Th e U-1 Com m itte e  h as invited  G-11
repre s entatives  to participate  in th e ir A pril m e eting to
e valuate  th e  d e tails of th e  EIA  d e ve lope d  q ualification
flow s and to furth e r discuss plans for im ple m e ntation
and  ove rsigh t.  In addition, both  G-11 and th e  P-
Pane ls w ill try to coordinate  th e ir autum n m e e tings so
th at som e  ove rlap/inte raction b etw e e n th e  groups
w ould be  possible .

H IGH LIGH TS O F NASA  PA R TS A CTIVITY

• NA SA  Parts Se lection List (NPSL) H om epage is
available  on-line  at:

h ttp://m isspiggy.gsfc.nasa.gov/npsl
Th is h om epage is filling th e  parts  s ele ction and
application ne ed s  of th e  space fligh t com m unity in
lie u of MIL-STD -9 75 w h ich  is to b e  cance led  and
GSFC PPL-21 w h ich  is not funded  for future up-
dates.

• NA SA  is encouraging a revitaliz ation effort for
MIL-STD -9 81 (D e s ign, Manufacturing and Qual-
ity Standards  for Custom  Electrom agne tic
Com pone nts for Space  A pplications).  D SCC is
curre ntly th e preparing activity for MIL-STD -9 81.
NA SA  plans to b egin w ork ing w ith  D SCC and
oth e rs to update  th is docum e nt in FY9 8.

• GSFC h as updated  th e  GSFC procure m e nt specifi-
cation S-311-P-813 for pre cision m e tal foil
res istors (sim ilar to RNC9 0Y).  Th is specification
is available  on-line  at:

h ttp://arioch .gsfc.nasa.gov/311/h tm l/specs.h tm

H IGH LIGH TS O F M ILITA R Y SPECIFICA TIO N
A CTIVITY

CA PA CITO R S

• MIL-PR F-55365 for tantalum  ch ip capacitors w ill
circulate  a proposal to ch ange  th e part num ber
sch e m e  to allow  th e  cas e  s i z e  to b e  encoded  in th e
part num b er.  Th is option w ould  fre e  th e  m anu-
facture rs  to offer a d iscre te  capacitance  value  in
m ultiple  cas e  s i z e s  d epending on th e ir processing
capabilitie s  (i.e., m ore  capacitance  in a sm alle r
cas e ).

• D SCC w ill d eve lop draft slash  s h e ets for MIL-
PR F-55681 ce ram ic ch ip capacitors th at w ill cove r
ch ip siz e s  0402, 0504 and  0603.  D rafts are  antici-
pated by June  19 9 8.
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• MIL-PR F-49 470 for stack e d  ce ram ic Sw itch  M od e
Pow e r Supply (SMPS) capacitors h as  b e en re -
le as ed.  W h e n source s  b egin to q ualify, th is
specification w ill replace  D SCC-DW G-87106.
A VX O le an, Joh anson, Pres id io, and UTC h ave
e xpressed intere st in q ualifying.  Space  leve l slash
s h e e ts m ay b e  added  in th e  future.

CO NNECTO R S

• Th e Navy h as proposed (and is pursuing) transfe r
of s eve ral Military Spe cification Sh e e ts  (MS
D raw ings) for conne ctors from  th e Navy prepar-
ing activity to th e  Socie ty of A utom otive
Engine e rs  (SAE).  Th e  G-11 issued a re com m e n-
dation th at responsibility for th e s e  d raw ings
s h ould b e  transferre d  to D SCC inste ad of SA E.
Th is re com m e ndation w as m ad e  for s eve ral re a-
sons including lack  of influe nce  G-11 and  oth e r
m ilitary/space  users h ave  w ith  SA E and th e po-
te ntial cost of re nam ing d raw ings w ith  SAE
identifie rs (cost to purch as e  d raw ings from  SA E,
cost to ch ange  e xisting parts lists to re fle ct SA E
num bers).  It appe ars  th at th e Navy is pursuing
conversion of th e ir specifications into Non-
Governm e nt Standards  (NGS) as part of th e ir role
in A cq uisition R e form .  Th e  oth e r m ilitary age n-
cie s  (A rm y, A ir Force ) h ave  tak e n th e  ge ne ral
approach  of transferring th e ir specifications to
D SCC.

FILTERS

• Maxw e ll/Sie rra h as propos ed  m odifications to
th e  Class S re q uire m e nts for  MIL-PR F-28861/12
filte rs.  Th e ir proposal w ould allow  Group B te st
re sults for one  d ash  num b er to cover th e  Group B
re q uire m e nt for th re e  oth e r dash  num b ers pro-
vided  th e  d iscoidal capacitors used are  all from
th e  sam e  lot and  th e  te sting is perform ed  on th e
“m ost com ple x” filter des ign (“L” circuit in th is
cas e ).  In addition, Maxw e ll is recom m e nding al-
low ing th e pin (“le ad”) le ngth  to b e  “as specifi ed”
by th e  custom e r (special part m ark ing des ignation
m ay b e  propos ed ).  Most e nd-users end up cut-
ting th e pin to a specific le ngth  (for h igh
fre q ue ncy e ffects) le aving e xpos ed  coppe r w h ich
pre s ents a sold e rability proble m .

RESISTO R S

• MIL-PR F-9 14/1 and  /2 (Surface  Mount Res i stor
Ne tw ork s) h ave  b e en cance lled  b ecause th e re  are
no source s  qualifie d  to th e s e  styles.

TR A NSFO R M ERS

• 1553 transform e rs in accordance  w ith  M IL-T-
21038/27-27 m ay h ave  com patibility proble m
w ith  som e  transce ivers (im pedance  m ism atch )
causing 1553 bus te st e rrors.  K en Be ym e r of
D SCC (614-69 2-0557) is a point of contact for in-
form ation.

• MIL-T-21038 h as  b e en conve rted  to a pe rform ance
specification.  MIL-T-21038/27 is be ing conve rte d
to “PR F”.  A  ne w  slash  s h e et (/28) covering dual
units of 1553 data bus transform ers is in draft.

• MIL-T-27 is und e rgoing pe rform ance  conversion.
A  d raft is  expe cted  during FY9 8.

O SCILLA TO R S

• MIL-C-55310 is in th e  process  of being coord i-
nated  as a pe rform ance specification.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Space Parts Working Group
(SPWG)

Meeting Summary March 1998
Jay Brusse

Com pone nt Te ch nologie s  Branch  (Code  562)
Unisys Corporation at NA SA  GSFC

301-286-2019
Jay.A .Brusse.1@gsfc.nasa.gov

Th e US A ir Force  Space  and Missile  System s Ce nter
and  Th e  A e rospace  Corporation h osted  th e  Space Parts
W ork ing Group (SPW G) confe re nce  on March  24 and
25, 19 9 8 in Torrance , CA .  Th e  SPW G is an annual fo-
rum  for governm e nt, international space partners,
contractors (h ardw are builde rs, te ste rs, and  experi-
m e nte rs), and m anufacturers to s h are  th e ir
e xpe rie nce s  w ith  re spect to m anufacturing, se le ction
and  application practice s  for EEE parts for a varie ty of
space  fligh t applications.  A pproxim ate ly 300 pe ople
atte nd ed  th e  confere nce .  Com m on topics includ ed :

• A pproach e s  to parts control for space  (com m e r-
cial space , m ilitary, NA SA )

• A pproach e s  to th e use  of Com m e rcial O ff Th e
Sh e lf (CO TS) ite m s in space  fligh t program s

• Im pacts of and  approach e s  to th e  D e partm e nt of
D e fe nse  Acq uisition R e form  initiative
(initiated by form er D e fe nse Secretary W illiam
Pe rry ~ 19 9 4)
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• D e ve lopm e nts in m ilitary and industry parts
control policie s  and procurem e nt specifications

• A pproach e s  to using Plastic Encapsulated  Mod -
ule s  (PEMs) in space

• Topics in rad iation effe cts (te sting approach e s ,
te st results, product d e ve lopm e nts)

• D e ve lopm e nts in th e  m ark e tplace  for space  grad e
com pone nts

• D e ve lopm e nts in m anufacture r products for space
fligh t

Jay Brusse from  Unisys at NA SA  Goddard atte nd ed
th e  confe re nce  and presented  on b e h alf of th e  Com -
pone nts Te ch nology Branch  (Cod e  562) at GSFC.  A n
ove rvie w  of th e  h igh ligh ts from  th is confe re nce is
provid ed  b elow .

NASA  PA R TS PR O G R A M  PRESENTA TIO N
FR O M  GO D D A R D

A  copy of th e  pre s entation give n on b e h alf of NA SA
GSFC is available  from  Jay Brusse upon re q ue st.  Th e
pre s entation focused on th e parts engine e r-
ing/se le ction tools curre ntly available  from  GSFC via
th e  W orld W id e  W eb.  Th e s e  tools include  such
h om epage s  as :

NA SA  Parts Se lection List (NPSL)
h ttp://m isspiggy.gsfc.nasa.gov/npsl

EEE Parts Inform ation Manage m e nt System  (EPIMS)
h ttp://epim s.gsfc.nasa.gov

Parts  Analysis W eb  (PA W S)
h ttp://epim s.gsfc.nasa.gov

EEE Link s  New sletter
h ttp://arioch .gsfc.nasa.gov/ 312/Link spg.h tm

A d d itional topics included  d i scussion of th e  d e liver-
ables produced by th e  Supplie r As s e s sm e nt Program s
(PSA P – Passives , A SA P – A ctive s ) such  as th e  on-line
“Core  Supplie rs  Listings”, inform ation bulle tins via e -
m ail and tech nology inputs into th e NPSL.  PSA P and
A SA P pe rsonne l also participate  as th e  voice  of NA SA
in D oD  and industry m e e tings for EEE parts.

CO M M ERCIA L O FF TH E SH ELF (CO TS)

If th e re  w as one point th at becam e  very cle ar from  all
of th e  various pre s entations give n on CO TS, it w ould
be : th ere is no universal defin ition for COTS.  Every or-
ganiz ation h as th e ir ow n inte rpre tation of w h at

constitutes  a Com m e rcial O ff Th e  Sh e lf ite m .  Som e
d e fine  CO TS as th e  m anufacturer’s h igh  volum e
product.  Som e  th ink  of CO TS as  A NY part th at can
be procured  d irectly from  th e  ve ndor catalog.  O th e rs
consider CO TS to b e  d efined in te rm s of th e ir ope rat-
ing te m pe rature  range .  A nd  still oth e rs  consider
CO TS to be  any item  (m ilitary grad e , space  grad e ,
industrial grad e  or oth e rw ise) w h ich  is readily avail-
able  and can b e  procured  w ith out special instructions
or re q uire m e nts.  Th e  IR ID IUM program  from  M o-
torola d e fine s  CO TS as “Industrial Grad e ”
com pone nts purch as ed  straigh t from  a ve ndor’s
catalog.

R e gardless  of th e  d e finition us ed  for CO TS, th e  recur-
ring th e m e  from  all of th e pre s ente rs is th at COTS can
be used successfully in space fligh t applications.  H ow -
e ve r, proble m -fre e  usage  is continge nt upon applying
th e  appropriate  e ngine e ring re sources in th e  form  of
part and ve ndor s election, de s ign and  application
considerations, parts engine e ring and procure m e nt
e ngine e ring. Large  program s such  as IR ID IUM (w ith
w e ll over 100 sate llites in th e  conste llation) are  capa-
ble  of am ortiz ing (over a m ulti-billion dollar program )
th e Non-R e curring Engine e ring (NRE) costs associ-
ated  w ith  CO TS s ele ction such  as  source inspection
and  product q ualification.  IR ID IUM can accept add i-
tional ris k  due  to th e  availability of re d undant
sate llites.  In addition, th e  b ene fits of th e  econom ie s  of
scale  w ith  h igh  volum e procure m e nts give  th e
IR ID IUM procuring activity acces s  to and influe nce
ove r ve ndors w h ich  are  critical factors to m ak ing suc-
ce s sful product and  source  s ele ctions.   In sm all
program s such  as th os e  typically m anaged  by NA SA ,
th e  additional e ngine e ring costs and  associated  risk s
w ith  using CO TS m ay b e  far gre ate r th an th e  costs of
procuring h igh  re liability, space  grad e  com pone nts
w h ich  h ave  a h istory of re liable perform ance.

M A NUFA CTURER  CO M M ENTS O N USE O F
CO TS IN SPA CE

Th e  m anufacture rs w h o w e re  repre s ented  (National
Se m iconductor, H arris, International R e ctifie r, Micro-
s em i, A nalog D e vice s , TI, to nam e  a few ) h ad
com m on recom m e ndations re garding us e  of CO TS for
space  fligh t applications:

• Use robust de s igns capable  of using th e  m anu-
facture r’s “standard” h igh  volum e  product
(NO TE: Th e  m anufacture r’s “standard” product
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typically h as a broad e r distribution of param e tric
variables  th an th e  e q uivale nt m ilitary specifica-
tion product including som e param e ters w h ich
m ay not be  specified in th e  catalogs or m ilitary
specifications.
Ex.:  Inductance  of re s istors is typically m ore
w idely distributed in “standard” product th an in
m ilitary product)

• D o NO T ask  th e  m anufacture r for special proc-
essing th at is outside  of th e ir norm al proce s s
capabilitie s  and flow s

• Minim iz e  h andling of parts to re duce  risk  of
dam age  (ESD , e lectrical test overstre s s , ph ysical
dam age )

• D o NO T us e  CO TS beyond th e  m anufacture r’s
rated  cond itions

• A ttem pts to upscre e n CO TS w ill null and  void all
w arrantie s  and m ost supplie rs w ill not provide
any te ch nical assistance  in th e  eve nt of failure s  of
parts w h ich  h ave  rece ived  th ird party te st-
ing/h andling

• Com m ercial products are  subje ct to m anufactur-
ing process  and m ate rial ch anges  W ITH OUT
NO TICE

• Som e  m anufacture rs  m ay produce  th e ir com m er-
cial products in several locations  each  of w h ich
m ay use differe nt m ate rials and proces s e s.  Th is
m ak e s  k now ing th e  m anufacture r and th e prod -
ucts th e y supply m uch  m ore  d ifficult.

• Space  fligh t users sh ould try to forecast th e ir
product ne e d s  (4 ye ars in advance ) to th e  suppli-
e rs to h e lp re d uce  obsolesce nce  risk s

• W h e re  possible  th e  space  fligh t com m unity
sh ould  try to com bine th e ir product ne eds  in or-
d e r to appe ar as one  large  custom e r rath e r th an
s eve ral sm all ones.  Th is w ould give  th e  space
com m unity gre ate r influe nce  ove r m ark e t tre nds.

In sum m ary, succes sful use of a ve ndor’s com m e rcial
product in space  fligh t applications re q uire s  th e  user
to h ave  k now ledge  of w h e re  and h ow  th e  m anufac-
ture r builds its products and  w h e n process/m aterial
ch ange s  occur.  Ch ange s  do occur and  e ngine e ring
re sources  w ill h ave  to b e  applie d  in ord e r to asse s s  th e
m anufacture r’s “curre nt” product.  Th e re fore , re q uali-
fication of a give n com m ercial product m ay b e
ne ce s sary due to ongoing ch anges in processing and
m ate rials.

M ILITA R Y M A R K ET AND  SPECIFICA TIO N
D EVELO PM ENTS

Th e  follow ing is a brie f sum m ary of th e  rece nt or in-
process  ch anges in th e  m ilitary m ark e tplace  and
m ilitary specification:

PA SSIVES:

Spe cification issues:

• MIL-PR F-49 470 for Ce ram ic Sw itch  M od e  Pow e r
Supply (SMPS) capacitors h as  b e en re le as ed  and
s eve ral sources  are in th e  process  of q ualifying
(A VX, Joh anson, Pre s idio, UTC).  Most w ill try to
q ualify only th e  sm allest siz e s , but A VX O le an
plans to q ualify all six cas e  s i z e s.  Th is specifica-
tion w ill ultim ate ly replace  D SCC-D W G-87106.
SMPS capacitors m ad e  in accordance  w ith  87106
h ave  b e e n plagued  by num e rous proble m s in-
cluding th e rm al crack ing, sold e r fatigue , flux
e ntrapm e nt, and reve rse  b ias failure s.  Th e  first
q ualified  sources  to 49 470 are  e xpe cted by th e  e nd
of FY9 8.

• MIL-C-123 h as  b e en “perform ance” converted  as
of Jan. 19 9 8.  Th e  allow able  capacitance  range  h as
b e en incre as ed  for th e  CKS06 to allow  for up to 1
uF.

• Many passive specifications h ave  b e e n m odifie d
to includ e  a “T” leve l for space  grad e  re q uire -
m e nts and  a “C” le ve l for q uasi-com m ercial
offe rings from  a ce rtified QPL line .

• O ptional Surge  Curre nt te sting w as add e d  to
MIL-PR F-55365 (tantalum  ch ip capacitors)

• MIL-PR F-55681 (ce ram ic ch ip caps) w ill soon
h ave  slash  s h e ets offering th e  sm aller ch ip siz e s
including 0402, 0504 and 0603.  D rafts of th e s e
slash  s h e ets are  e xpected in June  19 9 8.

M anufacturer Is sue s

• Vish ay Sprague  (Sanford, ME) is  m oving th e ir
as s em bly and  te st operation for MIL-PR F-39 003
(le ad ed , solid tantalum  capacitors) to Juare z ,
M exico (initial audit occurred  March  19 9 8).  Pro-
duction of th e  anode  slug w ill re m ain in th e  U.S.
for th e  tim e be ing.

• Vish ay Sprague is  discontinuing production of
CW R 06 conform al-coated  tantalum  ch ip caps and
prom oting th e  form , fit and function replace m e nt
CW R 09  m olded  ch ip inste ad.
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• D ale  (Bradford , PA ) m oved  th e ir MIL-PR F-55182
(film  res istor) line  to Israe l in 19 9 7.  D ale still
m aintains a QPL facility for 55182 res i stors in Ne -
brask a.

A CTIVES:

Spe cification Issues

• A  m e e ting w as sch e dule d  for A pril 1-2 at D SCC to
discuss  adding a ne w  Class le ve l for “Sate llite
Conste llations” (i.e., h igh  volum e  space  le ve l) in
e ach  of th e  k e y active parts specifications MIL-
PR F-38535, MIL-PR F-38534 and  MIL-PR F-19 500.
Th e  d e s ignation for th is classification is be ing
called  Class “T”.  A  d raft of th e  propos ed  ch ange s
is available .

• MIL-PR F-38535 (M icrocircuits):  Th e  late st re vi-
sion (12/9 7) h as th e  follow ing ch ange s
−  R e m oved  re q uire m e nt for q ualification to a

m inim um  ne utron flue nce  le ve l for R H A
rated parts

−  Ne utron and SEE te sting w ill be perform e d
only if specifie d  on th e purch as e  ord e r

−  H A ST for PEMs incre as ed  from  50 h our te st
to 100 h our te st

−  SEE te sting m oved  to A ppe nd ix A
• QML-38535 (Microcircuits): Th e re  are  curre ntly 30

supplie rs (10 are  “V” le ve l.  7 h ave  R adiation
H ardness  Assurance  [R H A ] q ualification).  Four
ne w  sources  are  s e e k ing QML certification.

• MIL-PR F-38534 (H ybrid s ):  Proposed updates  for
th e  ne xt re vision
−  A d d  appe ndix for R H A  re q uirem e nts
−  R e w rite  th e  ele m e nt e valuation re q uire -

m e nts (considering re m oving e le m e nt
e valuation re q uire m e nt for JAN discrete s
w h ich  s h ould be  acceptable bas ed  on MIL-
PR F-19 500 proce s s ing/testing)

−  Ch ange  th e  acce le ration te st le ve ls from
6000 g to 3000 g and from  10,000 g to 5,000 g
re spective ly

−  D e le te  A ppe ndix D  for ne w  te ch nology
q ualification and  m ove  th e  k e y re q uire -
m e nts into A ppe ndix C

−  Com m e nt w as m ad e  th at no one  h as  b e en
buying h ybrid s  to th e  ne w e r Class Le ve ls
add e d  to th e  specification in 19 9 5 (Class G =
h i re l, Class  D  = consiste nt product, Class E
= G, H  or K w ith  exce ptions)

• QML-38534 (H ybrids): Th e re  are  curre ntly 44
supplie rs (7 are  Class “K”).  Ele ve n ne w  source s
are  s e e k ing q ualification.  Th re e  sources  h ave
opted  for th e  Te ch nical R e view  Board (TR B) op-
tion offered  by th is specification (A nalog D e vice s ,
R e m e c and Lock h e e d  Martin)

• MIL-PR F-19 500:  R e ce nt ch ange s
−  Ne w  products h ave  b e e n add ed  to 19 500 in-

cluding R ad  h ard  M O SFETs, SMT
transistors and rectifiers, pow e r pack aging
products (TO -25x type s ), h igh  voltage  FETs

−  A m e ndm e nt 1 adds  a D M S s ection, m odifi-
cations to JA NC for Class H  and K h ybrid
use

−  Contains “Test O ptim iz ation” provisions,
but no Te ch nical R e vie w  Board

O TH ER H IGH LIGH TS:

• A ndrew  Moor of th e  A pplied  Ph ysics Laboratory
(A PL) gave  a valuable pre s entation outlining one
approach  tak e n by A PL to q ualify Plastic Encap-
sulated  Modules  (PEMs) for space  fligh t.

• Steph ane  Ponom are nk o of th e  Fre nch  Space
A ge ncy gave  a pre s entation e ntitled  "Fre nch  Ini-
tiative  on Com m e rcial 3E Parts Policy for Space
A pplications".  Th e prim ary m es sage  w as "al-
th ough  CNES is w e ll e ngaged  w ith  Fre nch
industry in th at fie ld , at th e  proje ct leve l th e  use is
lim ite d  and im ple m e ntation is se lective  bas ed
m ainly on pe rform ance  crite ria".

• W ayne  D aile y of Motorola gave  a pre s entation on
th e  Parts Program  for th e  (com m ercial space )
IR ID IUM program .

• A lain Mouton of Matra Marconi discussed th e
status of an ISO  standard for Parts Control R e -
q uire m e nts (ISO -14621-2).  Th e  basic conce pt of
th is standard follow s th e  id e as put forth  in th e
A IA A -R-100 Parts  Manage m e nt specification.
Th is standard i s  expected  to b e  approved by th e
e nd  of FY9 8.

• Le on H am iter of CTI gave  a sum m ary of th e  in-
form ation s h are d  at th e  re ce nt Com m ercializ ation
of Space  W ork ing Group m e eting in H untington
Be ach , CA  in February 19 9 8.  Many of th e  id eas
s h are d  at th is confe re nce  m irror th ose  d i scussed
at th e  SPW G confe re nce .

• Num e rous pre s entations w e re  give n about R a-
diation e ffe cts: including pre s entations by Ch uck
Barne s  (JPL), Le w  Coh n (D SW A ), Capt. D an King
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(Ph ilips Labs), A l Kueh l (US A rm y), Ph ilip Layton
(SEI) and  Don Maye r (Th e  A e rospace  Corp.)

• Sandy Kraft from  GIDEP gave  a pre s entation on
th e  inform ation available  th rough  GID EP plus
som e  new  initiatives in data s h aring by OEMs.  A
prototype syste m  is being d eve loped  w h ich  w ill
e nable  O EMs to h ave  th e ir internal databas e s
link e d/access ible  to th e  GID EP com m unity (e x.,
contractor s h aring th e ir databas e  on faste ne r
te sting and  failure s ).  Sandy h igh ligh te d  one
valuable portion of GID EP w h ich  is ofte n not
broadly d iscussed is th e  availability of “on-line ”
calibration procedure s  s h ared  by m anufacturers
of te st e q uipm e nt.  Th is inform ation could b e  very
useful for m e trology, calibration and repair or-
ganiz ations.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Electronic Components for the
Commercialization of Military and

Space Systems Workshop
Mich ael J. Sam pson

Com pone nt Te ch nology and  Radiation Effe cts Branch
Code  562

NA SA  Goddard Space  Fligh t Ce nte r
Gre e nbelt, M D  20771

(301) 286-8838
Mich ael.J.Sam pson.1@gsfc.nasa.gov

Th e  Electronic Com pone nts For Th e  Com m ercializ a-
tion O f Military A nd  Space  Syste m s W ork s h op h e ld
its  s econd  annual m e e ting February 2 th rough  4, 19 9 8,
in H untington Be ach , California and atte ndance
s e em ed  to b e  eve n h igh e r th an last tim e ; th e re  w e re  at
le ast 400 pe ople  pre s ent.  A  ve ry d ive rs e  group w as in
atte ndance , including re pre s entatives  from : part
m anufacturing, parts  engine e ring, circuit de s ign,
board and  box as s em bly, system  and sub-system  inte -
gration, m ark e ting, and parts m anage m e nt, control
and  te st.  Com m ercial and governm e nt m ilitary and
space inte re sts w e re  w e ll repre s ented.  In all, th is w as
an unusual, possibly uniq ue  colle ction of intere sts and
pe rspectives  to be  found  toge th e r in one  room .

Th e pre s entations cove red  topics as divers e  as: a ne w
failure  m ech anism  in tantalum  ch ip capacitors; m icro-
sate llite  batte rie s  and rugge d iz e d  PCMCIA  d isk
d rives.  A  m ajority of th e pre s entations contained  one
or m ore  of th e  follow ing, re curring th e m e s :

1) Com m ercial-off-th e -sh e lf (CO TS) w ork s satis -
factorily for h igh  re liability applications
including space  but not “straigh t out of th e  box”.

2) Succes sful use of CO TS re q uire s :
a) Care ful ve ndor s election.
b) D e tailed  k now ledge  of th e  part – pe rform -

ance , stre ngth s and w e ak ne s s e s.
c) Qualification by te sting, data analysis, etc.
d) Scre e ning specifically aim ed  at pote ntial

w e ak ne s s e s  th at could negative ly im pact
th e  inte nd e d  application.

e ) R ugge d iz e d  pack aging, e nclosure s , m ount-
ing m e ans appropriate  to th e  application.

3) Ch ange s  to CO TS product, w h ich  can affe ct per-
form ance  in application, w ill occur.  Trying to
pre ve nt th is by re q uiring th e  ve ndor to provid e
notification does not w ork .

4) Th e  com m ercial ve ndor h as little  or no inte re st in
th e  m ilitary/space  m ark e t and w ill do noth ing to
th e ir product to h e lp suitability for th e s e  appli-
cations.  Ch anges/proces s  variation can produce
large  variations in susceptibility to radiation e f-
fe cts, te m perature/fre q ue ncy ch aracte ristics  etc.,
w ith in th e publish e d  catalog e nve lope.

5) Cost re d uction is not a re ason to pursue  CO TS
for use  in h igh  re liability and space  applications.
Th e  returns are  ge ne rally sm all and th e  ris k s  m ay
b e  large.  Most of th e ite m  cost savings are  elim i-
nated by th e  additional costs of th e  q ualification,
scre e ning and  s ele ction activities  neces sary to as -
sure  part perform ance.

6) Fe w  re porte d ly succe s sful h i-re l applications of
CO TS are  re ally CO TS (s e e  d i scussion of Mars
Path find e r be low ).

Tw o outstanding k e ynote  pre s entations w e re  give n:
Colone l Cardine of th e US A rm y w h o talk ed  about
CO TS and th e  Abram s tank  and Jam e s  Claw son of th e
Je t Propulsion Laboratory w h o discussed “Com m on
Se nse” Mission Assurance  as applied  to th e  Mars
Path find e r Proje ct.

Colone l Cardine is th e  Proje ct Manage r for th e  late st
ge ne ration of A b ram s tank , w h ich  is  equipped w ith
ve ry soph isticated  ele ctronics.   Th e  e le ctronics are
large ly CO TS, but h e avily rugge d iz e d  CO TS.  Colone l
Cardine’s state m e nt w as “Eve ryth ing does not h ave  to
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b e  m ilitary, it just h as to be  able  to survive in a m ili-
tary e nvironm e nt”.  A n e xam ple  of th is ph ilosoph y in
practice is : a com m ercial 2-Gigabyte  d isk  d rive
m ounted in a nitroge n-fille d , m e tal, h e rm etic box,
e q uipped  w ith  inte rnal and  exte rnal sh ock  m ounts.
Th e  d isk  d rive  w as CO TS but th e  final pack age  ce r-
tainly w as not!

Jam e s  Claw son is now  th e  Manager of JPL’s  R eliabil-
ity O ffice  and  w as th e Miss ion A s surance  Manage r for
th e  Mars Path find e r Proje ct. Mr. Claw son provided
facts about th e  Mars Path find e r th at cle arly sh ow  a lot
of m isinform ation h as  b e en circulating about th is
project and its use of CO TS.  Som e h ow  th e  rum or got
started  th at Mars Path find e r us ed  “com m ercial parts”
and  Mars Path find e r b ecam e  a glow ing e xam ple  of
CO TS in space.  In fact, th e  bulk  of th e  e lectronics
used for th e  m ission w e re  full MIL specification.  A p-
proxim ate ly 50% of th e  m icrocircuits w e re  Class S th e
re st w e re  Class B and  e s s entially all of th e passive s
w e re  NASA  Grad e  1 (MIL failure  rate  leve l R  and S).
Th e  Mars m ission ach ie ved  its im press ive  cost control
and  tigh t sch e d ule by utiliz ing a com m on buy of

e le ctronic parts w ith  th e  CA SSINI project, not by ex-
te nsive use  of CO TS.  Th e re  w e re  CO TS ite m s used,
th e  m od e m s on th e  Land e r and  Rove r, th e  cam eras
and pow e r m odules  on th e  R ove r, but th e y w e re  in
th e  m inority and  th e s e  ite m s are  not available  as  MIL
spec.  A d d itionally, th e  CO TS item s w e re  upscre e ne d
for th e  e xtre m e  Martian e nvironm e nt by th e use  of
e xte nsive burn-in and te m perature  cycles.  In th e  cas e
of th e  m od e m s, th e  tw o us ed  for fligh t w e re  h and
pick e d  out of th e  population of 50 units th at JPL pur-
ch as ed. Eve n th ough  th e  project used m ostly NA SA
Grad e  1 and 2 e le ctronic parts, th e  total parts cost w as
les s  th an 2% of th e  total project cost!  Th is suggests
th at for proje cts such  as one -off scie ntific sate llites ,
CO TS sh ould  not be pursued sim ply to save  m one y.

Th e  W ork s h op s e em ed  to be in th e  proces s  of a
ch ange  of e m ph asis, aw ay from  “w h at is CO TS and
can w e  really use it?” to “w h at is CO TS, h ow  h as it
b e en used  succes sfully and w h at can I le arn from
th is?”  A noth e r W ork s h op is planned  for around th e
sam e  tim e next ye ar.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Jet Propulsion Laboratory Parts Analyses
Joan W e stgate

NA SA /JPL
818-354-9 529

joan.c.w e stgate @jpl.nasa.gov

Failure  analyses (FA ), d e structive ph ysical analyse s  DPA ) and  part construction analyses (PCA ) h ave  b e en pe r-
form ed  on th e  follow ing part types.  For a copy of th e  report, contact m e  (ph one  818-354-9 529 , fax 818-39 3-4559  or
e -m ail to joan.c.w e stgate @jpl.nasa.gov) and re q ue st th e  d e s i re d  docum e nt by "Log#".

NOTE: TH E SUBJECT JPL REPORTS MAY CONTAIN PROPRIETARY INFORMATION WH ICH  IS SUBJECT TO  LEGAL
RESTRICTIONS.  QUESTIONS REGARDING TH IS NO TICE SH OULD  BE ADDRESSED  TO  JOAN C. W ESTGATE.

FAILURE ANALYSIS

Log No. Manufacturer D ate  Cod e Part Type Part Num ber

69 9 0 A nalog D e vice s , Inc. (A D I) 9 620 10-Bit Monolith ic A /D
Converter A D 773

7066 Com pe nsate d  D e vice s , Inc.
(CD I) Unk now n Surface  Mount Sch ottk y

Barrie r D iod e JA NTXV1N5711UR-1

7069 Motorola (M O T) 8704 NPN Transistor JANS2N2222A

7070 PPC Products Corporation 9 433 NPN, Silicon Pow er Tran-
sistor 2N5339
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D ESTRUCTIVE PH YSICAL ANALYSIS

Log No. Manufacturer D ate  Cod e Part Type Part Num ber
69 9 1 Siliconix 9 718 Quad  Transistor SD 5000I-2
69 9 9 Lam bda A d vance d  A nalog 9 507 D C-DC Converter A H V2812TF/CH
  7002 R e ticon 9 645 Ph otodiod e  A rray R L0128KAU
7002A R e ticon 9 645 Ph otodiod e  A rray R L0128KAU

7004 BEI (Be ll Industrie s ) None Ph otoce ll Flatpack  A s -
s em bly 621-0046-100

7005 BEI None IR  Ligh t Em itting D iod e 611-0024-101
7009 Lam bda A d vance d  A nalog 9 637 D C-DC Converter A TR 2812D / CH
7011 CTS 9 730 PC Pre am p H ybrid 21053819 -101
7012 CTS 9 730 R e lay D river H ybrid 210539 01-101

7014 Inte rnational Manufacturing
Se rvice H TK-382 50K  O h m  Res i stor IMS 007-1-5002J

7024 M D I 9 724 H ybrid  DC/DC Pow e r
Converter 269 0R

7029 K D 9 721 Capacitor 87106-075

7030 KEM (K em e t Electronics
Corp.) 9 534K A Tantalum  Capacitor 9 5158-11KH

7031 KEM 9 709 Tantalum  Capacitor 9 5158-19 KH
7032 KEM 9 709 Tantalum  Capacitor 9 5158-23KH
7033 Unk now n 9 703 Tantalum  Capacitor 9 3026-47KS
7034 KEM 9 644 Capacitor M39 014/01-1305
7035 KEM 9 645 Capacitor M39 014/01-1351
7036 K D 9 740 Capacitor SM20B103K501M
7037 VIT (Vitram on, Inc.) 9 620A Capacitor VJ0805Y332KFCA B
7038 VIT 9 626A Capacitor VJ0805Y102KFCA B
7039 VIT 9 726A Capacitor VJ0805Y561KFCA B
7040 VIT 9 741 Capacitor 5VJ0805A 681JXBMT
7041 Inte rnational R e ctifie r 9 634 D ual D iod e s 12CGQ150
7042 Inte rnational R e ctifie r 9 710 D iod e 22CGQ O O 45

7043 CD I 9 434 Te m p. Com pe nsate d
Z e ne r R e fe re nce  D iod e JA NTXV1N4569 A UR-1

7044 H arris X9 645A A A 8 Quad  2 Input NA ND
Gate CD 4011BKMSR

7045 H arris X9 645A A A B Triple  3 Input NA ND
Gate CD 4023BKMSR

7046 H arris X9 705A A A P CM O S Ph ase -Lock  Loop CD 4046BKMSR

7047 Line ar Tech nology 6D 9 713A H igh  Voltage  Positive
A d justable  R e gulator LM117H VH /883B

7054 Com m . Industrie s , Inc. 9 642 R e lay M39 016/9 -060M

7084 BKC Se m iconductors Unk now n Surface  Mount Sch ottk y
D iod e LL101A

PART CO NSTRUCTIO N ANALYSIS

Log No. M anufacturer D ate  Code Part Type Part Num b er

Part Construction Analysis Reports were not submitted for publication at this time.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Goddard Space Flight Center Parts Analyses
Listed  b elow  are  th e EEE parts analyses com ple ted  by th e  GSFC Parts  Analysis Laboratory.  Th e  GSFC reports are

available  to NA SA  pe rsonne l and curre nt NA SA  contractors by contacting your NA SA  proje ct office.

EV JOBS

Job Number Manufacturer Date
Code Part Type Part Number Result Date

80626 EV HARRIS SEMICONDUCTOR 9435,
9422 MICROCIRCUIT HS926C31RH-Q P 03/25/98

80651 EV NANONICS --- CONNECTOR STM05510573SCA
N P 02/27/98

EC JOBS

Job Number Manufacturer Date
Code 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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CA JOBS

Job Number Manufacturer Date
Code Part Type Part Number Result Date

88194 CA LINFINITY 9712 5962-01-239-4123 M38510/11703BXA P 03/28/98

88191 CA MICROSEMI
CORPORATION 9713 1N5611 JANTX1N5611 P 03/26/98

88190 CA MICROSEMI
CORPORATION 8835 1N4944 JANTXV1N4944 P 03/25/98

88180 CA UNKNOWN
9715,
9719,
9725

CAPACITOR CDR31BX103AKW
S P 03/20/98

88171 CA HARRIS SEMICONDUCTOR 9719 CD4049UBDMSR 5962R69663601VE
C P 03/11/98

88168 CA ADVANCED ANALOG 9745 HYBRID 91020-02HZA P 03/02/98

88169 CA ADVANCED ANALOG 9750 HYBRID ASF-461/CH
FILTER P 02/26/98

88154 CA UTMC 9736 UT22VP10T-20U 5962R9475404VXA P 02/25/98

88163 CA HARRIS SEMICONDUCTOR 9721 2N7225 JANTXV2N7225 P 02/24/98

88164 CA MICROSEMI, INC. 9713 1N5611 JANTX1N5611 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

88138 CA NATIONAL
SEMICONDUCTOR 9530 MICROCIRCUIT JM38510/10702BXA P 01/27/98

88139 CA NATIONAL
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
SEMICONDUCTOR 9702 MICROCIRCUIT JM38510/10707BYA P 01/21/98

88143 CA MICROSEMI, INC. 9709 1N6492 JANTXV1N6492 P 01/16/98

88110 CA SENSITRON
SEMICONDUCTOR 9735 1N4245 JANTXV1N4245 F 01/13/98

88103 CA NATIONAL
SEMICONDUCTOR 9738D MICROCIRCUIT LM140K-15/883 P 01/07/98

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

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