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Characterization and modelling of complementary pair enhancement mode MOSFET at

cryogenic temperatures
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Abstract

This article presents the measurement of output and
transfer characteristics of MOSFETs over a temperature range
from cryogenic to room temperature (30K-300K) to study the
changes in threshold voltage and drain current, which increase
with reduce temperature and affect the operation of MOSFETs
in the triode and saturation regions. A SPICE model was also
developed, with a study of the relevant parameter adjustments,
including threshold voltage. The methods for finding the
transconductance parameter and adjusting the carrier saturation
velocity are presented to more accurately simulate results

closer to actual experiments than the manufacturer's original

model. The simulation results using the adjusted SPICE model
show that the output and transfer characteristics of n-channel
MOSFETs are closer to actual measurements. The p-channel
MOSFETs show improvement, but there are still ranges that are
not close to actual measurements, which is due to the greater
impact of channel length modulation in p-channel MOSFETSs. By
improving this SPICE model, the methods for finding these
parameters can be applied to MOSFET models at various
cryogenic temperatures in the future.
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V199 uanA9ennsinaed adunaninnisuogianainuenn
Wyuuua Aislansgnuannin NFET Safeainisufudganuudiaes
wandn 913 Teuuanislunisadiauuuiiassosweaail
ansaiasodmuLuuians SPICE Tutisgumaiiifugindli
Ianalndfisanisinasalulueman

P o a 3 °
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FET Type | Parameter | Default SPICE | New SPICE unit
NFET Vth 245 2.45 \
KP 43.98 0.39 ANV
VMAX 1.0e+6 8.46e+4 cm/s
PFET Vth -1.536 -1.536 \
KP 16.62 0.71 ANV
VMAX 1.56e+5 4.30e+4 cm/s
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