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Scope

Electronic systems are required to operate undéerae temperatures in NASA planetary
exploration and deep space missions. Electromedsoard spacecraft must also tolerate thermal
cycling between extreme temperatures. Thermal gemant means are usually included in
today’s spacecraft systems to provide adequate a@eanpe for proper operation of the
electronics. These measures, which may includéngealements, heat pipes, radiators, etc.,
however add to the complexity in the design of slgstem, increases its cost and weight, and
affects its performance and reliability. Electmparts and circuits capable of withstanding and
operating under extreme temperatures would refledimprovement in system’s efficiency,
reducing cost, and improving overall reliability.

Semiconductor chips based on silicon-on-insulaB®I} technology are designed mainly for
high temperature applications and find extensive nsterrestrial well-logging fields. Their
inherent design offers advantages over siliconadsvin terms of reduced leakage currents, less
power consumption, faster switching speeds, andl gadiation tolerance. Little is known,
however, about their performance at cryogenic teatpees and under wide thermal swings.
Experimental investigation on the operation of SBLhannel field effect transistors under wide
temperature range was reported earlier [1]. Thaskvexamines the performance of P-channel
devices of these SOI transistors.

The electronic part investigated in this work comsgd of a Cissoid’'s CHT-PMOS30, high
temperature P-channel MOSFET (metal-oxide semictioddield-effect transistor) device [2].
This high voltage, medium-power transistor is desdyfor geothermal well logging applications,
aerospace and avionics, and automotive industrg ianspecified for operation in the
temperature range of -3& to +225°C. Table | shows some specifications of this tistos [2].
The CHT-PMOS30 device was characterized at variengperatures over the range of -£€0

to +225°C in terms of its voltage/current characteristicves. The test temperatures included
+22, -50, -100, -150, -175, -190, +50, +100, +18075, +200, and +22%C. Limited thermal
cycling testing was also performed on the devicBhese tests consisted of subjecting the
transistor to a total of twelve thermal cycles lew -190°C and +225C. A temperature rate of
change of 10C/min and a soak time at the test temperature ohibites were used throughout
this work. Post-cycling measurements were alscoped at selected temperatures. In addition,
re-start capability at extreme temperatures, ogvgr switched on while the device was soaking
for a period of 20 minutes at the test temperatafe$90°C and +225C, was investigated.



Table I. Manufacturer’'s specifications of CHT-PM&Sransistor [2].

Parameter Rating Units
Operating temperature, T —55 to +225 °C
Drain current, d 1.9to0 2.8 A
Drain-source breakdown voltagep ¥BR) > -30 \%
Drain-source on-state resistancgg(@n) at \g<= -5V & Vps= -50mV 1.7t0 3.9 Q
Gate threshold voltage,gth) @ Vps = -50mV -0.8103-1.4 vV
Gate-source voltage,c¥ 6tol \/
Package TO3

Lot Number 2080162.1

Results and Discussion

Although two devices of this CHT-PMOS30 transistwere evaluated in this work, data
pertaining to only one is presented due to thelairty in the results of both devices.

Temperature Effects

The pre-cycling drain currentp{l versus drain-to-source voltaged curves at various gate
voltages (\és) of the SOI CHT-PMOS30 transistor at selectedttsiperatures between -190
and +225°C are shown in Figure 1. In the temperature redsteveen +22C and -190C, the
transistor’s linear region initially decreasedeftected by the increase in the slope of t¥ bs
curves, with decreasing temperature down to -20Q0Q but it reversed trend as the test
temperature was reduced further. This initial @ase in the slope of the curves with decreasing
temperature to -100C is an indication of a decrease in the transidtain-to-source on-state
resistance Rs(on). At -150°C and cooler temperatures, however, the on-staistaace
exhibited an increase with further decrease in txatpre, as shown in Figure 1. In the other
temperature region, i.e. high temperatures, thet&@sistor exhibited a gradual, slight increase
in its drain-to-source on-state resistangg(Bn) as the temperature was increased from €22
to +225°C. Figure 1 also shows that the gate thresholthgel (\&g(th)) of the SOI transistor
exhibited gradual decrease as the test temperatseswept from -190C to +225°C. These
temperature-induced changes in the characterisiicghe device could be attributed to
redistribution in the dopants in the P-channelldf transistor and possible diffusion into the
oxide gate, and to surface potentials that aretenleby interface and mobile ionic charges
created by the thermal stress, especially at l@giperatures.

Re-Sart at Extreme Temperatures

Re-start capability of the P-channel SOI PMOS3adistor was investigated by allowing it to
soak at each of the extreme test temperatures feast 20 minutes without the application of
electrical bias. Power was then applied to theageand measurements were taken on the output
characteristics. The SOI transistor was able toessfully re-start at either extreme, i.e. -190 °C
and +225 °C, and the results obtained were the sasnéhose obtained earlier at each
corresponding temperature.
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Figure 1. Pre-cycling characteristics of the CHWIE@S30 transistor at various test temperatures.



Effects of Thermal Cycling

The effects of thermal cycling under a wide tempegarange on the operation of the PMOS30
transistor were investigated by subjecting the ceto a limited thermal cycling consisting of 12
cycles between -190 °C and +225 °C at a temperasiiecof 10 °C/min and a soak time at the
extreme temperatures of at least 10 minutgs/etsus \js curves at various gate voltagessEV
were then taken at +22 °C, -190 °C, and +225 °@mpgarison of the output characteristics of
the SOI transistor at these selected test tempestefore and after the thermal cycling are
depicted in Figure 2. It can be seen that the PRO®ansistor did not display any significant
change in its characteristics. In addition, theickedid not experience any package deterioration
or structural damage due to the extreme temperatpesure and thermal cycling.

Conclusion

New P-channel SOI transistors were evaluated inwiltke temperature range of -190 to
+225°C for potential use at extreme temperatures. Titke pawer prototype CHT-PMOS30
devices, were recently introduced by Cissoid Capon for use in power switching and motor
control applications under high temperature coadgisuch as in well logging fields. Drain
current (b) versus drain-to-source voltagedy characteristics of the MOSFET device were
obtained at various temperatures. Re-start aemertemperatures and the effect of thermal
cycling on the operation of the transistor wer® atwestigated. The SOl MOSFET device was
able to maintain good operation throughout thetesperature range of +226 to -150°C. At
lower temperatures, i.e. -176 to -190°C, the transistor continued to operate but % bs
curves exhibited some deviation in their charastes. These changes comprised of an increase
in the on-state resistance,dfon), an increase in the gate threshold voltages((K)), and a
reduction in drain current level that can be ackicat other test temperature for a given bias
conditions. The changes, however, were temporartha device recovers to its original
characteristics upon removal of the thermal strédse SOI transistor was able to re-start at the
extreme temperatures of -190 °C and +225 °C, aedafpplied limited thermal cycling has
yielded no effect on its performance or on its p@ikg. These preliminary results suggest that
the CHT-PMOSS30 transistor could potentially be useder wide temperature conditions but
further comprehensive testing is required to esthhts reliability for long term application in
extreme temperature space exploration missions.
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Figure 2. $/Vps curves of the PMOS30 transistor for pre- & pogthcyg at selected test temperatures.
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