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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 ( ) 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, Ion/Ioff ratio, and subthreshold swing (SS). Notably, steeper Ion/Ioff ratios and improved SS are
observed at cryogenic temperatures, indicating superior switching behaviour. Furthermore, analog performance is
evaluated through transconductance  and the transconductance gain factor (TGF), while RF performance is
analyzed in terms of parasitic capacitances and the cut-off frequency ( ). 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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I. Introduction
The continuous downscaling of Metal-OxideSemiconductor Field-Effect Transistors (MOSFETs) has led to
numerous challenges, including short-channel effects (SCEs) that exacerbate Off-state leakage current , increase
static power dissipation , and degrade SS. These limitations hinder further reduction of the supply voltage and
overall device scaling, resulting in elevated power consumption. In contrast, Tunnel Field-Effect Transistors
(TFETs) offer a promising alternative for lowpower electronics due to their steep subthreshold swing, which can
potentially be below the thermionic limit of , and reduced power dissipation. For low-power applications, TFETs
have been reported to deliver performance improvements up to an order of magnitude compared to conventional
MOSFETs [1]. TFETs are particularly attractive for applications requiring high precision and reliable operation, such
as sensing, where they outperform traditional FETs [2]. Despite these advantages, conventional TFETs face
challenges, including low on-state current Ion and ambipolar conduction [3]–[5]. Strategies to mitigate these issues
include line-TFET designs, which offer higher voltage gain than FinFETs and Gate-All-Around (GAA) FETs [6], and
Z-configured TFETs (Z-TFETs) that enhance while suppressing ambipolar conduction [7]. Furthermore, the
introduction of horizontal pocket doping at the source of Z-TFETs improves both Ion and subthreshold swing,
according to Eq. 1 [8], [9]. Heterojunction designs, such as , have been utilized in ZTFETs combined with hetero-
gate-dielectrics (HGD-HZTFET) to enhance analog and RF performance further while reducing ambipolar
conduction.

SS =
dVG

d (log )ID
(1)
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