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Abstract:

This manuscript presents a comprehensive investigation of the performance of a Heterostructure Tunnel Field-Effect
Transistor (InGaAs/InP) operating under cryogenic temperatures (~ 7 8 K) with emphasis on DC, analog, and RF
characteristics. Device simulations are performed using SILVACO ATLAS TCAD to investigate the underlying device
physics and analyze the impact of lattice temperature on carrier transport through parameters such as transfer
characteristics, lon/loff ratio, and subthreshold swing (SS). Notably, steeper lon/loff ratios and improved SS are
observed at cryogenic temperatures, indicating superior switching behaviour. Furthermore, analog performance is
evaluated through transconductance (gm) and the transconductance gain factor (TGF), while RF performance is
analyzed in terms of parasitic capacitances and the cut-off frequency (f). Additionally, the impact of interface traps on
device behaviour is examined by comparing fresh and degraded devices under both cryogenic and ambient conditions.
The findings demonstrate that the heterostructure TFET exhibits enhanced performance and CMOS compatibility at
low temperatures, making it a promising candidate for quantum computing applications.
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