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EXECUTIVE SUMMARY

There is no reliable way, using the conventional semiconductor material (silicon), to detect temperature in extreme environments.  Silicon is well suited for a broad range of applications when operating below 250°C. To keep silicon based microelectromechanical systems (MEMS) within their operating limits while allowing operation in high temperature environments can be space and cost intensive, leading to impracticality for many applications [8]. In the area of remote temperature sensing, most silicon based temperature sensors are rated by their manufacturer for temperature sensing ranges of 0 -150° C.

This temperature sensor must be a small bolt on package capable of detecting temperatures up to 500° C and physically withstanding temperatures in excess of the sensing range.  To ensure accurate measurements, the tolerance of the device should be within ± .5° C at 25° C. For implementation into both new and legacy systems the sensor module will operate over a voltage supply range of +5V to +25V.

As an alternative to silicon we will incorporate silicon carbide (SiC), a new semiconductor technology being used in harsh environments. Research has shown that for a fixed maximal junction temperature a SiC device can sustain about twice the power than a Si device [9]. High temperature operation, wide bandgap, and high electric field breakdown are some of the desirable attributes that SiC possess [2].  First we will discover through our own testing the thermal characteristics of SiC as compared to Si.  After which, we will implement a design to sense temperature and transmit acquired data via a RS-232 interface to a personal computer utilizing a graphical user interface system for the temperature display.

By using silicon carbide, temperatures can be accurately sensed up to 500° C.  This is a dramatic increase of 333% above common rated silicon devices.  Even though the sensor may not be able to acquire exceptional temperature magnitudes in excess of 500° C, the device will physically withstand these environments without breakdown.  In addition, the design of this sensor will integrate analog to digital conversion in the microcontroller used for the serial interface thereby removing the need for additional chips to perform this operation.  This will reduce the cost and size of the overall package, which will make it well suited for integration into applications requiring multiple testing points. 

There will be an opportunity for further developments involving integration of this product with various other silicon carbide based sensors for other various applications. For example, other devices are being developed in conjunction this project that will sense vibration and pressure.  The final goal of the entire project will be to use microelectromechanical systems (MEMS) technology to incorporate all three sensing devices onto the same silicon carbide chip.  This presents the opportunity to test these related stresses from a single point source.  An integrated multiplexing device would allow for a single line acquisition of sensor data.  This will provide the opportunity for monitoring of these stresses in harsh environments where sensor data can be used  to  trigger  compensation  systems in order to allow  early prevention of possible problems.
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