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A STUDY OF HIGH TEMPERATURE
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ABSTRACT

To fulfill the increasing need for measurement devices in high temperature
environment, sensors that can work a high temperature are investigated in this
dissertation research. In this research, both polycrystalline Silicon-on-Insulator (PSOI)
and single crystal 6H-SIC substrates are used as high temperature piezoresistive
sensor materials. Because PSOI has an insulation layer between the piezoresistors and
the substrate so it forms no pn-junctions, the PSOI piezoresistive sensor can work at
temperatures above 250°C. 6H-SIC has a wide band gap (about 3 times that of silicon),
thus 6H-SIC piezoresistive sensors are predicted to work above 700°C. To further

contribute to research related to high temperature piezoresistive sensors, a high



temperature piezoresistive pressure sensor is proposed in this dissertation at first.

Because polysilicon shows isotropic piezoresistivity and 6H-SIC shows isotropic

piezoresistivity on the (0001) surface, a circular membrane with center boss structure

is chosen for the design of the sensor. With such a structure, the pressure sensor has

not only high sensitivity but also an over-range protection mechanism if the package

is designed properly. After deriving the analytic solution for the pressure sensor based

on the circular membrane with center boss structure, guidelines which include the

arrangement of the piezoresistors on the circular membrane, the determination of the

ratio of the center boss radius to the circular. membrane radius, the design of

over-range protection and the calculation of ‘the 'second sensitivity when the center

boss touches the bottom plate are.given:

To further utilize the circular membrane with center boss dructure a

piezoresistive tactile sensor is proposed because the contacting force can be

conducted from the center boss structure. Since the applied load is a force, the

analytic solution of the tactile sensor is different from the one of the pressure sensor.

After the derivation of the sensor’s model, the arrangement of the piezoresistors and

the design of the over-range protection are suggested in order to maximize the

sensitivity while minimizing the loss of linearity.

Then the micro fabrication process of the PSOI and 6H-SIC sensor is developed.



Both the fabricated pressure and tactile sensors have a size of 4x4 mm?. After testing,
the PSOI tactile sensor shows a sensitivity of -9.9 uV/V/g.w., a nonlinearity of 1.5%
and a hysteresis of 4.3% a room temperature. The 6H-SIC tactile sensor has a
sensitivity of -31 uV/V/g.w., a nonlinearity of 9.8% and a hysteresis of 24% a room
temperature.

Before the testing of the PSOI and 6H-SiC pressure sensor at high temperatures,
a package based on thick aluminum bonding wire, alumina spacer and carrier and
high temperature hermetic sealing adhesives is developed which is capable of
maintaining hermetic at a pressure of 10 bar and.a temperature of 350°C. The PSOI
piezoresistive pressure sensor -is tested up-to 300°C and has a sensitivity of 378
uV/V/bar, a nonlinearity of 0.07% and a hysteresis of 0.47% at room temperature.
TCO and TCS are 6.88 puV/V/°C and -0.0002 %/°C, respectively. The 6H-SIC
pressure sensor is measured up to 200°C and was found broken as the temperature
goes further higher. However, it has a sensitivity of 1.0 mV/V/bar, a nonlinearity of
3% and a hysteresis of 7% a room temperature. TCO and TCS of the 6H-SIC
pressure sensor are 1.74 uV/V/°C and -0.361 %/°C, respectively.

To summarize, piezoresistive sensors that can work at high temperatures are
studied in this dissertation research. With the derived analytic solutions, both the

pressure and tactile piezoresistive sensor based on a circular membrane with center
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boss structure can be designed with high sensitivity and over-range protection. Two
kinds of semiconductor materials, namely PSOI and 6H-SIC, are used to fabricate the
designed sensors. With the developed micro fabrication process for PSOI and 6H-SIC,
the piezoresistive pressure and tactile sensor are fabricated. After the measurement, all
the fabricated high temperature piezoresistive sensors demonstrate high sensitivity,
good linearity and low hysteresis. Thus, a feasible way of making high temperature

piezoresistive sensors is presented.
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