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The varistor diode is typically used for circuit protection. 
However, its bipolar current-voltage (I-V) characteristics 

can be modified to produce hybrid devices having the 
attributes of a transistor and a magnetic sensor.  The 
modifications are induced with the application of an electric 
or magnetic field. By tuning the I-V characteristics with an 
electric field we have produced a hybrid device that can be 
used either as a varistor or an electric field effect (E-FET) 
transistor. The paper will describe how this can be achieved 
using a varistor based on a ceramic IHC 45 (ilmenite-hematite 
ceramic) substrate. The E-FET attributes are comparable 
to those of a bipolar junction transistor.  The high level of 
signal amplification and transconductance of the E-FET 
device exceeds the values normally found in commercially 
available bipolar transistors. Also the varistor itself acquires 
the properties of signal amplification and transconductance 
while still retaining its basic function of circuit protection. All 
these devices are particularly suitable for high temperature 
operations. Furthermore by tuning the voltage dependent 
resistance (VDR) mode of the varistor by a magnetic field one 
can produce magnetic sensors that can detect the magnetic 
field in the range of 150<H<4500 Gauss. It is rugged and 
suitable for hostile field operations.

Figure 1:  I-V characteristics of a ceramic based voltage-
biased transistor (VBT) with varying bias voltage, Vb.
Figure 2:  Magneto-resistance vs. voltage of a VDR 
device with varying magnetic fields.
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