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Spacer Dielectric Engineering for Enhanced
Analog/RF Performance in Dual-Metal Double
Gate GaAs/Si; . Ge, TFETS

Rohit Tripathi'>®) @, Vedvrat? @, Syed Hasan Saeed' @, and Vivek Kumar?

1 Electronics and Communication Engineering Department, Faculty of Engineering and
Information Technology, Integral University, Lucknow, Uttar Pradesh, India
rohitpsit@iul.ac.in
B Department of Electronics and Communication Engineering, Pranveer Singh Institute of
Technology, Kanpur, Uttar Pradesh, India

Abstract. The present study provides an investigation DMDG GaAs/Sij — xGex
tunnel field-effect transistor device (TFET) with dielectric spacer based on its ana-
log and RF performance metrics. The device performance is assessed for varying
spacer dielectric medium (g; = 1, 3.9, 7.5, 9, 25). For precise device modeling
and electrostatic control, all simulations are conducted using the 2D TCAD sim-
ulation platform. The study reveals that by using the high-k spacers the device
parameters i.e., transconductance, cut-off frequency, and gain bandwidth product,
substantially increased whereas the threshold voltage decreased. However, use of
low-k spacers suppresses the parasitic capacitances but lowers ON-state current
(Ion)- The incorporated spacer modulation indicates that &, = 9 offers an opti-
mized device DC and RF characteristic and obtains a higher IoN/Iopr ratio. These
findings emphasize the significance of dielectric spacer selection as a significant
design element for energy-efficient and high-speed nanoelectronic circuits.

Keywords: Spacer dielectric geometry - Hetero-dielectric spacer - Dual-Metal
Double Gate (DMDG) - GaAs/SiGe TFET - Analog/RF performance - Fringing
field control - RF Figures of merit (FOM) - Energy-efficient nanoelectronics

1 Introduction

TFETs have arisen as viable substitutes for conventional MOSFETs due to their sub-
threshold swing (SS) performance beneath the thermionic threshold of 60 mV/dec and
their enhanced energy efficiency in ultra-low-power applications [1-3]. TFETs employ
BTBT as the principal conduction mechanism, leading to sharp switching characteris-
tics and diminished leakage currents, rendering them appealing for logic and analog/RF
applications. To augment tunneling probability and electrostatic control, device architec-
tures employing heterojunctions [4, 5], Work-function engineered [6—8]; high-k/low-k
double-gate stack configurations [9] have been thoroughly investigated. While previ-
ous study has predominantly emphasized gate stack engineering [10], source-pocket
optimization [11-15], and material selection [16], there has been comparatively scant
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