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For integrated FET based circuitry in close proximity to the front-end detectors or semiconductor or super-
conducting qubit generating hardware held at cryogenic temperatures, any transfer of heat produced in the
FET circuitry alters the performance conditions of the system and results in noise and spurious signals. There-
fore, it is of great interest to analyze and experimentally characterize the processes of heat generation at the
transistor level, the heat transport mechanisms from the intrinsic active region of the transistor to the inter-
connection metal lines, the substrate, and finally the entire circuit itself.
We introduce the analysis and experimental results of the energy consumption, the energy transfer mecha-
nisms, and the process of conversion of electrical energy into heat. The different heat transfer mechanisms
that consider the contributions of phonons and electrons, respectively, are modeled as a function of the FET
technology parameters including gate oxide thickness, bulk and source/drain doping, and the device geometry
and structure. This model serves the purpose of calculating the intrinsic device temperature, the amount of
self-heating, and the coupled electro-thermal transport effects at sub-Kelvin temperatures.
We prove that as the temperature is reduced down to the sub-Kelvin regime, more than 70% of the heat in the
transistor is transferred by electrons rather than phonons, and that such a heat transfer is a function of the
gate oxide thickness, as well as the bulk and source/drain doping levels. The characterization and modeling
of the thermal behavior and its coupling to the electrical performance is crucial in determining the electrical-
thermal cross coupling. FETs fabricated in 65nm and 14nm CMOS technologies are characterized from room
temperature down to 250 mK.
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