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of temperature in Earth air ambient, GEER nitrogen, and 
GEER Venus conditions.  The data chart presents the 
temperature dependent resistances of both assemblies during 
the upward temperature ramp toward 460 – 5 °C, constant 
temperature dwell at 460 – 5 °C, and downward ramp 
towards room temperature of all three phases of Earth Oven, 
GEER N2, and GEER Venus conditions.  The resistances of 
both assemblies decrease significantly with temperature 
increase for all the temperature ramps.  The temperature 
dependence of resistances are approximately reversible in 
Earth air, but the changes of resistances in GEER N2 and 
GEER Venus conditions are largely not reversible.  It is 
noteworthy that in Earth air phase the pressure is constantly 
1 atm, but the pressure in GEER N2 increases with 
temperature and reaches 90 bar when the temperature 
reaches 460 – 5 °C.  The insulation resistances of both 
assemblies decrease severely in Phase 3 GEER Venus 
conditions, and are not reversible.  The total drops of 
insulation resistances, after three-phase test, are over five 
orders of magnitude.   
  
The insulation resistances decrease at 460–5 °C with testing 
time.  Fig. 5 shows the measured insulation resistances 
between Wires 4 and 5 of assembly 4 (blue) and  assembly 5 
(green) vs. time with the package at 460 – 5 ° C ambient 
temperature during all 3 testing phases.  As shown in Fig. 5, 
for the first testing phase in 460 – 5 °C Earth-air, the 
insulation resistance of assembly 5 with package 5 is initially  
7.9 �0���� �D�Q�G�� �L�Q�F�U�H�D�V�Hs to 650 �0���� �D�I�W�H�U�� ������ �K�R�X�U�V�� �D�W�� �W�Kis 
temperature, while the assembly 4 insulation resistance is 
initially �D�W�����������0�����D�Q�G���L�Q�F�U�H�D�V�Hs �W�R�����������*���� 
 
In the second phase test in GEER N2 at 90 bar, the insulation 
resistances vary with time at 460 – 5 °C negatively, 
exhibiting substantial degradation. In particular, the 
resistance of assembly 5 starts at 384 �0���� �D�Q�G�� �V�K�D�U�S�O�\��
decreases almost 3 orders of magnitude to 448 �N����at 48 hours 
in GEER N2 at 90 bar as shown in Fig. 5, while the insulation 
resistance of assembly 4 similarly decreases from 424 �0��  
to 7.6�0����  Since N2 is generally regarded as a mostly inert 
gas, the large degree of insulation resistance degradation 
over the time at 460 – 5 °C was unanticipated. 
 
In phase 3, GEER Venus conditions, the measured assembly 
insulation resistances continue the downward trend. As 
shown in Fig. 5, the resistance of Assembly 5 is �����N�� in 460 
– 5 °C GEER Venus condition initially, and further decreases 
to 721 �����D�V��the minimum measured resistance at 231 hours,  
before gradually increases to 2.26 �N����at 1459 hours (~ 60 
days) in GEER Venus condition, while the resistance of 
assembly 4 declines from 1.18 �0���� �W�R�� ���������N ���� in GEER 
Venus conditions. 
 
After the final GEER test phase, the assembly 5 was removed 
from GEER for post-test disassembly and investigation to 
uncover the physical mechanism of the measured severe 

�G�H�J�U�D�G�D�W�L�R�Q���R�I���‡�R�S�H�Q���F�L�U�F�X�L�W�·���L�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H����Towards 
this end, a series of SMU I-V curves of assembly 5 curves 
were measured as assembly 5 was systematically taken apart. 
Prior to the disassembly, the room-temperature insulation 
resistance between Wire 4 and Wire 5 of assembly 5 
�W�H�U�P�L�Q�D�O�V���Z�D�V���P�H�D�V�X�U�H�G���W�R���E�H���������N�
���� 
 
The critical configuration for post-GEER-test diagnostic I-V 
measurement is depicted 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 of assembly 5. The ceramic package 
resistance between Wire 4 and Wire 5 measured at room 
temperature by directly clipping the 10 mil diameter Au 
wires as depicted in Fig. ���� �Z�D�V�� ���������� �0�
���� Meanwhile, the 
resistance measured between the corresponding long 
fiberglass-insulated 20 mil diameter Au wires running 
through the stainless steel tube and pressure seals (now 
entirely disconnected from the ceramic package 5 leads) was 
�R�Q�O�\���������N�
���� 
 
While the results of above measurements clearly exclude the 
HTCC ceramic package as the primary source of observed 
�‡�R�S�H�Q-�F�L�U�F�X�L�W�·�� �L�Q�V�X�O�D�W�L�R�Q�� �U�H�V�L�V�W�D�Q�F�H�� �G�H�J�U�D�G�D�W�L�R�Q���� �W�K�H��
insulation resistance of �����������0�
���S�R�V�W-GEER-test package 5 
Wire 4 to Wire 5 at room temperature is nevertheless 
substantially and permanently degraded too.  Therefore, 
materials analysis described in the following section was 
conducted to see if physical evidences responsible for 
degraded insulation resistance could be observed.  

  

B. Surface Analysis 
Fig. 6 shows the EDS elemental map of a bond pad and the 
surrounding HTCC alumina surface.  The yellow, green, and 
blue colors indicate distributions of Pt, S, and Al.  In the area 
of box 16 of bond pad, as labeled in the Fig. 6, weight 
percentage of Pt, Au, S, and Al measured by EDS (C, O, and 
Al are also in EDS spectrum) are 47.1%, 36.4%, 9.4%, and 
1.1%, respectively.  EDS of a cross section of the bond pad 
generated by FIB (not shown) indicate that a thin non-
uniformed surface layer of PtS resulted from reaction 
between the Pt bond pad and the sulfur containing gases in 
the simulated Venus environment, but the underlying Pt is 
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 FE-SEM micrograph of 
alumina surface of ~ 45 µm x 25 µm on the left side of the 
bond pad shown in Fig. 6.  Scattered particles of PtS, and 
alkaline earth impurities from the alumina are shown in Fig. 
7.  EDS elemental map (not shown) of Pt, Au, and S of the 
Pt bond pad shows that the distribution of Au originally 
coated on the top surfaces of the Pt pads, is no longer uniform 
and continuous.   
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XPS of the exposed co-fired alumina surface of package 5 
shows the presence of C, S, F, Na, Mg, Ca, Si, Fe, and trace 
amounts of Pt, in addition to the O and Al.  The relative 
atomic surface concentrations of these elements before 
surface sputtering are shown in Table 2.  After a 1 min. Ar+ 
surface sputtering, the surface carbon is significantly reduced 
and Ca is eliminated.  Relative atomic concentrations of 
remaining elements are shown in Table 2.  
  
The FE-SEM and EDS results of the Pt pads show that even 
though a thin surface layer of PtS formed on the bond pads, 

underlying Pt  remained chemically stable.  Due to the 
reaction on the top surface of the bond pad the Au coating 
layer largely diffused and distributed non-uniformly.  The 
surface color of the bond pads also changed from golden to 
grey as shown in Fig. 1 and 3.  If these surface reaction and 
surface phenomena are strictly contained on bond pad 
surfaces, they may not have direct and significant impact on 
the electrical performance and packaging reliability.  The 
mechanism of formation of the PtS/Pt particles on alumina 
surface near bond pads still needs to be investigated.  It is 
unlikely that these scattered and isolated PtS/Pt particles 
significantly affect the insulation resistance of the package.   
The results of the XPS study of the HTCC alumina surface 
indicate that while the alumina is stable in the simulated 
Venus environment, but its surface was contaminated by 
carbon and ionic compounds that may elevate surface 
conductivity, especially at high temperature.                 

 
IV.  Summary and Conclusion   
Two customer test packages based on previously developed 
HTCC alumina package with Pt metallization have been 
tested in simulated Venus environment for 60 Earth days.  
The bulk material system composed of co-fired Pt and 92% 
alumina has been shown to be chemically stable in long term 
Venus environment.  The formation of a thin top surface 
layer of PtS was observed on originally Au coated Pt bond 
pads.  Both packages successfully facilitated the test of SiC 
ICs in the simulated Venus environment, but the package 
electrical insulation resistance substantially degraded 
possibly caused by surface contaminations resulting from 
reactions of the impurities in alumina with Venus gases at 
high temperature and high pressure, and possible surface 
depositions from the simulated Venus environment.  Surface 
encapsulation to protect metallization and alumina surfaces 
is suggested to further improve electrical performance and 
long term reliability of the HTCC packaging system for 
possible long term Venus surface applications.            
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Elements C Pt Na Mg Ca Fe Si S F O 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 

Figure 6: EDS elemental map of a bond pad and HTCC 
alumina regions surrounding the pad.  The yellow, green, 
and blue dots indicate Pt, S, and Al distributions on bond 
pad and surrounding alumina surfaces.        

Table 2: Relative atomic concentrations of elements measured by XPS on alumina surface before and after Ar+ sputtering. 

Figure 7: FE-SEM micrograph of alumina surface on the left 
side of the bond pad showing particles including PtS.  
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