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Scope
Silicon-On-Insulator (SOI) technology is becoming widely used in integrated circuit chips and computer processors for the advantages it can offer in specific applications over the conventional silicon counterpart.  SOI-based devices exhibit reduced leakage currents, less power consumption, faster switching speeds, good radiation tolerance, and extreme temperature operability.  NASA could utilize this technology in the design of reliable standard as well as application-specific integrated circuits (ASIC) that include static random access memory, power management modules, and arithmetic function chips.  Such components and circuits are essential in space exploration missions where severe operational conditions exist.  For example, planetary surface exploration, rovers and landers, planetary orbiters, and deep space probes constitute missions where harsh environments, such as extreme temperatures, are to be encountered.  In general, SOI devices are typically designed for use in high temperature and radiation applications, however, little is known about their performance at cryogenic temperatures and under wide thermal swings. The objective of this work was to evaluate SOI devices over an extended temperature range and to determine the effects of thermal cycling on their performance.  The results will establish a baseline on the suitability of such devices for use in space exploration missions under extreme temperatures, and will aid mission planners and circuit designers in the proper selection of electronic parts and circuits. 
The electronic part investigated in this work comprised of a Honeywell HTNFET (High Temperature N-channel Field Effect Transistor) device.  This power transistor is fabricated using SOI processes and is designed specifically for extreme wide temperature applications such as down-hole instrumentation, aerospace and avionics, gas and geothermal wells, electric power conversion, and turbine engine and nuclear reactor controls [1].  It has a high DC current capability and is specified for operation in the temperature range of ‑55 (C to +225 (C.  Table I shows some specifications of this SOI HTNFET [1].
The HTNFET device was characterized in the temperature range of -195 (C to +100 (C.  Performance characterization was obtained in terms of its voltage/current characteristic curves, drain-source on-state resistance (RDS(on)), and gate threshold voltage VGS(th).  These properties were obtained using a Sony/Tektronix 370A programmable curve tracer.  The SOI transistor was characterized at test temperatures of +25, -25, -50, -100, -150, ‑175, -195, +50, and +100 (C.  Limited thermal cycling testing was also performed on the device.  These tests consisted of subjecting the transistor to a total of ten thermal cycles between -190 (C and +70 (C. A temperature rate of change of 10 (C/min and a soak time at the test temperature of 10 minutes were used throughout this work.  Post-cycling measurements were also performed at selected temperatures on the investigated properties.  In addition, cold-restart capability was examined by switching the power on after soaking the transistor at -195 (C for a period of 20 minutes.
Table I.  Manufacturer’s specifications for SOI HTNFET [1].
	Parameter
	Rating
	Units

	Operating temperature, T
	–55 to +225
	(C

	Continuous drain current, ID
	1
	A

	Drain-source breakdown voltage, VDS(BR)
	> 50 
	V

	Drain-source on-state resistance, RDS(on) at VGS=5V & ID=0.1A
	0.4
	(

	Gate threshold voltage, VGS(th) @ ID = 100(A
	1.6 – 2.4
	V

	Maximum gate-source voltage, VGS
	10
	V

	Operating power, Pd
	50
	W

	Package
	4-pin Power Tab
	

	Lot Number
	22208-2C68
	


Results and Discussion
Temperature Effects

The characteristic curves of the SOI HTNFET device at selected test temperatures between -195 (C and +100 (C are shown in Figure 1.  These output characteristics are defined as the drain current (ID) versus drain-to-source voltage (VDS) curves at various gate voltages (VGS).  Upon examining the operation of the transistor in the temperature regime between +25 (C and -195 (C, two changes in its characteristics are observed with decreasing test temperature.  The first is the increase in the slope of its ID/VDS in the transistor’s linear region as temperature is decreased.  This gradual increase in the slope of the curves with decreasing temperature is an indication of a decrease in the transistor drain-to-source on-state resistance RDS(on).  The second change that was exhibited by the HTNFET ID/VDS performance when test temperature was varied from ambient to -195 (C was the downward shift in the characteristic curves in the saturation region.  This behavior is indicative of an increase in the gate threshold voltage (VGS(th)) with lowering temperature as more gate-to-source voltage (VGS) is needed to maintain a constant drain current.  At the high test temperatures of +50 (C and +100 (C, the SOI transistor exhibits similar dependency in its characteristics but with opposite trend.  In other words, the drain-to-source on-state resistance RDS(on) increases, and the gate threshold voltage (VGS(th)) decreases as temperature was increased above +25 (C.  These temperature-induced effects on the transistor’s drain-to-source on-state resistance RDS(on) and gate threshold voltage (VGS(th)) are depicted in Figures 2 and 3, respectively.  It can be clearly seen that while the drain-to-source on-state resistance RDS(on), which was obtained at ID=0.1A and VGS=4V,  decreases almost linearly with temperature between +100 °C to -150 °C, it tends to stabilize between -150 °C and -195 °C.  The variations in the gate threshold voltage (VGS(th)), however, occur mostly between -50 °C and +100°C.  The changes in these properties can be attributed to thermal stressing of the transistor that can lead to channel dopant redistribution and possible diffusion into the oxide gate, and to surface potentials that are created by interface and mobile ionic charges, especially at high temperatures. 
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Figure 2.  Drain-source resistance (@ ID=0.1A, VGS=4V) of SOI HTNFET versus temperature.
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Figure 3.  Gate threshold voltage of the SOI HTNFET as a function of temperature.
Cold Re-Start
Cold-restart capability of the SOI HTNFET device was investigated by allowing it to soak at ‑195 °C for at least 20 minutes without the application of electrical bias.  Power was then applied to the device and measurements were taken on the output characteristics.  The SOI transistor was able to successfully cold re-start at -195 °C, and the results obtained were the same as those obtained earlier at that temperature.

Effects of Thermal Cycling
The effects of thermal cycling under a wide temperature range on the operation of the SOI HTNFET transistor were investigated by subjecting the device to a total of 10 cycles between ‑195 °C and +70 °C at a temperature rate of 10 °C/min and a soak time at the extreme temperatures of at least 10 minutes.  The drain current (ID) versus drain-to-source voltage (VDS) curves at various gate voltages (VGS) were then taken at +20 °C, -195 °C, and +100 °C.  Comparison of the characteristic curves of the SOI transistor at those selected test temperatures before and after the thermal cycling are depicted in Figure 4.  It can be clearly seen that the HTNFET exhibited a slight decrease in its gate threshold voltage (VGS(th)), at any given temperature, after exposure to thermal cycling.  Similarly, a minute reduction occurred in the values of the drain-to-source on-state resistance RDS(on).  Table II lists the drain-to-source on-state resistance RDS(on) obtained at the operating conditions of ID=0.1A and VGS=4V, and the gate threshold voltage (VGS(th)) before and after the thermal cycling at three different temperatures.  These minor changes that were incurred in these properties of the SOI HTNFET could be attributed to annealing or thermal conditioning of the device with cycling.  As far as device packaging is concerned, the SOI HTNFET exhibited no structural deterioration or physical damage due to this limited thermal cycling.

Table II.  Pre- and post-cycling values of RDS(on) and VGS(th) at different temperatures.
	
	RDS(on) in (Ω)
	VGS(th) in (V)

	Temperature (°C)
	Pre-cycling
	Post-cycling
	Pre-cycling
	Post-cycling

	+25
	1.22
	1.17
	2.18
	2.15

	-195
	0.50
	0.49
	2.37
	2.28

	+100
	1.46
	1.41
	1.75
	1.70



[image: image12.wmf]0

1

2

3

4

5

V

D

S

,

 

D

r

a

i

n

-

S

o

u

r

c

e

 

V

o

l

t

a

g

e

 

(

V

)

0

0.4

0.8

1.2

1.6

2

I

D

,

 

D

r

a

i

n

 

C

u

r

r

e

n

t

 

(

A

)

V

G

S

=

 

4

.

5

 

V

4

 

V

3

 

V

2

.

5

 

V

3

.

5

 

V


Pre-cycling at +25 °C
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Pre-cycling at -195 °C
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Pre-cycling at +100 °C
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Post-cycling at +25 °C
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Post-cycling at -195 °C
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Post-cycling at +100 °C



Conclusion
The performance of an SOI HTNFET device was evaluated in the temperature range of -195 (C to +100 (C for potential use at extreme temperatures. The properties investigated included gate threshold voltage (VGS(th)), drain-to-source on-state resistance (RDS(on)), and drain current (ID) versus drain‑to‑source voltage (VDS) curves at various gate voltages (VGS). Cold re-start at -195 °C and thermal cycling between -195 °C and +70 °C were also performed on the transistor. The preliminary results indicate that the temperature-induced changes consisted of a slight increase in the gate threshold voltage and a slight decrease in the on-state resistance when test temperature was varied from ambient to -150 °C.  These changes reversed trend when the transistor was subjected to high temperatures, i.e. +50 °C and +100 °C.  Exposure of the transistor to cryogenic temperatures between -150 °C and -195 °C produced no further effect on its characteristics.  It was also found that this SOI HTNFET was able to cold re-start at -195 °C, and the applied limited thermal cycling has yielded insignificant changes in its characteristics.  It is recommended that further comprehensive testing is required to assess reliability and address suitability of such and other devices for long term use under extreme temperatures in space exploration missions.
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Figure 1.  Characteristic curves of the SOI HTNFET test temperatures between -195 (C and +100 (C.





Figure 4.  Pre- and post-cycling ID/VDS of the SOI HTNFET at selected test temperatures.
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