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of temperature irEarth air ambient, GEER nitrogen, and
GEER Venus conditions. The data charesentsthe
temperaturelependentesistancesf both assemblieduring

the upward temperature ranbgward 460- 5 C, constant
terperature dwellat 460— 5 C, and downward ramp
towards room temperature alf three phases of Earth Oven,
GEER N, and GEER Venus conditions. The resistances of
both assemblies decrease signifitantvith temperature
increase for all theaemperatureramps. The temperature
dependence of resistances are approximately reversible in
Earth air, but the changes of resistances in GEERd
GEER Venus conditions are largely not reversible. It is
noteworthythat in Eartheir phase the pressure is constantl

1 atm, but the pressure in GEER; Nhcreases with
temperature and reaches 90 bar when the temperature
reaches 466- 5 C. The insulation resistances of both
assembliesdecreaseseverty in Phase 3GEER Venus

conditiors, and are not reversible. The totd drops of
inailatinn recictances after thmlrace tectare nver five

(Figure 6: EDS elemental map o& bond pad and HTC
alumina regions surrounding the pad. The yellgveern

-and bluedots indicate Pt, S, and Alistributions on borggting
tpad and surrounding alumina surfaces es

I .
(green) vs. timewith the packageat 460— 5 C ambient
temperaturaluringall 3 testing phasesAs shown in Fig5,

for the first testing phase 460 — 5 C Earthair, the
insulation resistancef assembly Bvith package s initially
790 DQG LGRUGKNDYHDIWHU KRXUV
temperature while theassembly4 insulationresistancds
initially D W 0 DQGSMWHUHDVH

In the second phagestin GEERN> at 90 bar, the insulation
resistance vary with time at 460— 5 C negatively
exhibiting substantial degradation. In particulathe
resistance ofassemnyS stars at 384 0

Flgure 7: FESEM mlcrograph of alumina surface on theS
side of the bond pad showing particles including PtS. "
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of temperature irEarth air ambient, GEER nitrogen, and
GEER Venus conditions. The data charesentsthe
temperaturelependentesistancesf both assemblieduring

the upward temperature ranbgward 460- 5 C, constant
terperature dwellat 460— 5 C, and downward ramp
towards room temperature alf three phases of Earth Oven,
GEER N, and GEER Venus conditions. The resistances of
both assemblies decrease signifitantvith temperature
increase for all theaemperatureramps. The temperature
dependence of resistances are approximately reversible in
Earth air, but the changes of resistances in GEERd
GEER Venus conditions are largely not reversible. It is
noteworthythat in Eartheir phase the pressure is constantl

1 atm, but the pressure in GEER; Nhcreases with
temperature and reaches 90 bar when the temperature
reaches 466- 5 C. The insulation resistances of both
assembliesdecreaseseverty in Phase 3GEER Venus
conditiors, and are not reversible. The totd drops of
insulation resistances, after thnglease testare over five
orders of magnitude.

The insulation resistances decrease at 460-5 C with testing
time. Fig. 5 shows themeasuredinsulation resistances
between Wire4 and 5 ofassembly (blue) and assemblyb
(green) vs. timewith the packageat 460— 5 C ambient
temperaturaluringall 3 testing phasesAs shown in Fig5,

for the first testing phase 460 — 5 C Earthair, the
insulation resistancef assembly Bvith package s initially
790 DQG LGRUGKNDYHDIWHU KRXUV
temperature while theassembly4 insulationresistancds
initially D W 0 DQGSMWHUHDVH

In the second phagestin GEERN> at 90 bar, the insulation
resistance vary with time at 460— 5 C negatively
exhibiting substantial degradation. In particulathe
resistance ofassembly5 stars at 384 0
decreasgalmost 3 orders aghagnitudeo 448 N at48 hours

in GEER N at 90 bars shown in Figh, while the insulation
resigance ofassembly4 similarly decreasefom 424 0

to 760 Since N is generally regarded asmostly inert

gas, the large degree of insulation resistance degradation
overthetime at 460- 5 C was unanticipated

In phase 3GEERVenus conditios, themeasured assembly
insulation resistansecontinue the downward trendAs
shown in Fig5, the resistance dfssembly5is N in 460
—5 C GEERVenusconditioninitially, and further decrease
to 721 D Meminimummeasured resistance281 hours
beforegradually increassto 2.26 N at 1459 hours~ 60
days) in GEER Venus conditipwhile the resistance of
assembly4 declinesfrom 1.18 0 WR M GEER
Venusconditiors.

After thefinal GEER tesphasethe assembly 5 was removed
from GEER for postest disassembly and investigation to
uncover the physicamechanismof the measured severe

GHIJUDGDWLRQ RI ¥FRSHQ FLUBvatdg/ -
this end, aseries ofSMU I-V curves of assembly 5 curves
weremeasure@s assembly was systematically taken apart.
Prior to the disassembly, the roe@mperaturensulation
resistancebetweenWire 4 and Wire 5of assembly 5
WHUPLQDOV ZDV PHDVXUHG WR EH N

LQV

The criticalconfiguration forpostGEERtestdiagnostid-V
measuremenis depcted by Fig 3, the resistance between
Wire 4 and Wire 5 of ceramic package 5 was measured
following its disconnection (i.e., physical and electrical
isolation) from the rest acissemblys. The ceramic package
resistancebetween Wire 4 and Wire Beasuredat room
temperatureby directly clipping the 10 mil diameter Au
wiresasdepicted in Fig ZDV 0/earwhile, the
resistance measured betwedhe corresponding long
fiberglassinsulated 20 mil diameter Auwires running
through thestainlesssteel tibe and pressure sedlsow
entirely disconnected from the ceramic package 5 lesas)
RQO\ N

While theresults ofabove measurements clearly lexte the

HTCC ceramic packagas the primary source of observed
IRSHQUFXLW- LQVXODWLRQ UHVLVWD
insulation resistance of 0 S ROERRtest package 5

Wire 4 to Wire 5at room temperaturés nevertheless
substantiallyand permanentlydegradedtoo. Therefore,
materials analysis described in the following section was
Pondudtel to see if physicavidencesresponsible for
degraded insulation resistance could be observed.

B. Surface Analysis

Fig. 6 showsthe EDS elemental map of a bond pad ahe
surrounding HTCG@lumina surface. The yellqwreen, and

DQG VKD U slkuecolors indicatelistributions of Pt, S, and Alln thearea

of box 16 of bond padas labeledin the Fig. 6, weight
percentage of Pt, Au, S, and Mkasured by EDE&C, O, and

Al are also in EDS spectrynare 4.1%, 36.4%, 9.4%gand
1.1%, respectively EDS of a cross section of the bond pad
generated by FIB (not showrnhdicate that athin non
uniformed surface layer of PtSesulted from reaction
betweenthe Pt bond pad and the sulfur containigasesn

the simulated Venus environmeriut the underlying Pis

not reacted In box 23 of the alumina surface close to the Pt
pad, weight percentage of Pt, S, C, and Al (O, Si, and Mg are
also shown in EDS spectrum) are 1.2%, 0.5%, 1.9%, and
53.4%, respectively Fig. 7 shows FESEM micrographof
alumina surface of ~ 45 m x 25 m on the left side of the
bond padshown in Fig.6. Scattered particlesf PtS and
alkaline earth impurities from treduminaareshown in Fig.

7. EDS elemental map (not shown) of Pt, Aund S ofthe

Pt bond padshows that the distribution of Awriginally
coated on the top surfaces of the Pt pads, is no longer uniform
and continuous
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XPS of theexposedco-fired aluminasurfaceof package 5
showsthe presencef C, S, F, Na, Mg, Ca, Ske,andtrace
amounts of Pt, in addition to the O and Al. The relative
atomic surface concentrations of these elements before
surface sputteringre shown in Table.2After a 1 min. At
surface sputtering, the surface carbon is significantly reduced
and Ca is eliminated. Relative atomic concentrations of
remaining elements ashown in Table 2.

The FE-SEM and EL5 results ofthe Pt pads show that even
though a thin surfackyer of PtS formed orthe bond pads,

underlying Pt remaired chemically stable. Due to the
reaction on theop surface of the bond palke Au coaing
layer largely diffused and distributatbn-uniformly. The
surface coloof the bond padalso change from golden to
grey as shown ifig. 1 and3. If thesesurface reactioand
surface phenomenare strictly contained onbond pad
surfacestheymay not have direct and significant impact on
the electrical performance and packaging reliabilifijhe
mechanism of formation dhe PtSPt particleson alumina
surfacenear bod pads still neesito be investigated It is
unlikely that hesescattered ad isolatedPtS/Pt particles
significantly affect the indation resistance of the package.
The results othe XPS study of the HTCC alumina surface
indicate thatwhile the alumina is stable irthe simulated
Venus environment, buts surface was contaminated by
carbon and ionic compounds that may elevate surface
conductivity, especially at high temperature.

V. Summary and Conclusion

Two customer test packagdased on previously developed
HTCC aluminapackagewith Pt metallizationhave been
tested in simulated Venus environment & Earth days.
The bulk material system composed offted Pt and 92%
aluminahas been shown to lseemicallystable inong term
Venus environment. The formation of a thin top surface
layer of PtS was observemh originally Au coated Pt bah
pads Both packags sucessfully facilitated the test of SiC
ICs in the simulated Venus environmemtitut thepackage
electrical insulation resistancesubstantially degraded
possibly causedby surface contaminationgsulting from
reactions of the impurities in alumirnveith Venusgases at
high temperature and high pressuamd possible surface
depositions fronthe simulated Venus environmergurface
encapsulationo protect metallization and alumina surface
is suggestedo further improve electrical performance and
long term rdability of the HTCC packaging system for
possibleong term Venus surfaapplications
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Table 2 Relative atomiconcentrations of elementseasuredy XPSon alumina surfacbefore and after Arsputtering

Elements C Pt Na Mg Ca Fe Si S F (6] Al
Prior sputtering 33.5 0 0.9 0.2 0.3 0.5 5.6 2.7 0.5 38.6 17.2
1 min. sputtering 7 0.2 0.3 0.3 0 0.9 1.9 1.2 0.3 57.9 30
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