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Power Semiconductor Device With Negative Thermal Feedback 

Power semiconductors include power transistors, 
which are generally multi-emitter devices or parallel-
connected multi-transistors. When used in power 
circuitry, one of the greatest drawbacks of transistors 
is the incidence of failure due to an inherent tempera-
ture instability called second breakdown. An increase 
in temperature at one region of the transistor leads to 
a disproportionate electric current flow through that 
region, which leads to a further increase in the tern-
ature of the region, until failure occurs; or an ex-
cess current in one emitter finger or region with ac-
companying temperature rise initiates the instability, 
and the cycle continues due to positive thermal feed-
back until all the current flows through the one region. 
A thermally unstable region or hot spot will be present 
even in ideal device structures. Second breakdown is 
most troublesome in the low current, high voltage 
operation range. 
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thermally, so that both have substantially the same 
temperature at all times or have a predetermined tem-
perature relationship. The two are interconnected in 
a fashion that will produce high electrical gain. 

There is negative thermal feedback which controls 
the gain of the low-level amplifier in such a manner 
that when the temperature increases, the negative 
feedback also increases. This condition results in a 
decrease in the gain of the low-level amplifier and, 
in turn, in a decrease in the output power, since it is 
a function of the gain of the low-level amplifier. An 
increase in temperature, which tends to cause the out-
put device and the low-level amplifier to conduct a 
larger amount of current, can maintain the output 
current substantially constant because of the close 
thermal coupling and interconnection. 
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