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The Role of Temperature in the Position Sensing System for Cochlear Implant


During the IAB site visit in October 2003, we demonstrated our passive position-sensing array and a phenomenon drew our attention to reconsider the role of the temperature in the poly-silicon piezoresistive position-sensing system. In order to demonstrate the tip contact sensing, we used various materials, such as erasers and fingers, to touch the tip so that the LabVIEW interfaced passive system could show the physical touch at the tip. At the first sight, it was really a pleasure for us to see a huge signal spike when fingers were touching the tip and different fingers even showed spikes of different heights although the signal change due to the eraser touching is almost invisible. 


The factor of body temperature may be used to account for the abnormal signals observed. The body temperature may cause the temperature of the tip to increase by 15 °C within a short period of time, which implies a significant amount of resistance changes. However, the temperature of the reference on the backend remained at the normal temperature. If this resistance change is larger or comparable with the resistance variation induced by the stress, the contact information is not reliable any more. 


Thus, more research should be conducted on evaluating and comparing the levels of the resistance changes caused by the temperature and the stress. 

· Comparison of resistive variation from temperature variation and stress

For boron-doped poly-silicon piezoresistive sensors, plenty of data about temperature coefficient of resistance (TCR) have already published. In [1], the temperature coefficient sensitivity was reported as 1%/10K. The TCR was 7.5*10e-4/K for n-polysilicon in [2]. Thus, the resistance change could be conservatively estimated as about 2% change as the sensor gets in touch with tissue at the body temperature. 


During the in-vitro implant, the stress causes the piezoresistive sensor to demonstrate a 4.2% variation in resistance when the radius of curvature changes from -1.85 mm to 8.35 mm. The negative curvature implies a tensile stress and the positive curvature implies the compressive stress. 


The piezoresistive variation caused by the temperature increase is compared with that caused by the stress, which implies the piezoresistive resolution will be limited if the sensor system is associated with some environmental temperature fluctuation between the sensors on the shank and the reference on the backend of the array. 

· Compensation of the temperature variation

Based upon previous analysis, it could be an interesting topic to introduce some temperature monitoring and compensation mechanisms into my position-sensing system. 
As the array is implanted into the cochlea, the sensor temperature may increase beyond that of the reference, so a temperature sensor could be applied to collect temperature information where the sensor and the reference piezoresistor are located. 
First, this temperature information could be utilized to control a micro-heater close to the references so that the reference temperature could be enhanced to a similar temperature evel of the sensors. The power of the heater obtains feedback from the temperature sensor and ceases its functionality as the temperature is balanced. A problem associated with this idea is that we need to estimate the power consumption for this micro-heater. These are some possibilities that the power may go beyond the limit the normal biological body can tolerate. 

 Second, we could covert this temperature difference to an electrical signal level which is decided by the thermal coefficient, and this signal could compensate the temperature-caused output drift if more sub-circuits are utilized to make use of it. 
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Circuit compensation by the addition of this offset voltage due to temp variation



































2nd: Circuit Compensation





The power through the microheater














1st: Micro-heater





Temperature coefficient of resistance (TCR)





Temperature Sensing at the back-end reference








Temperature Sensing at the Front-end sensor 
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