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Abstract

Graphene, a single layer of carbon atoms arranged in a
hexagonal lattice, has emerged as a highly promising
material in the semiconductor industry due to its
remarkable carrier mobility, thermal stability, and
adaptability for fabrication through chemical vapor
deposition (CVD) techniques.! In conventional CVD,
carbon-rich gases are introduced into a vacuum chamber
at high temperatures (~1000°C), where they decompose
and deposit carbon atoms onto a substrate to form
graphene.? Among the variations of CVD, Plasma-
Enhanced Chemical Vapor Deposition (PECVD) stands
out for enabling graphene synthesis at significantly lower
temperatures (~350°C). This is achieved by generating a
high-frequency plasma (typically at 13.56 MHz), which
provides the energy needed for gas decomposition
without excessive heating, thus making PECVD more
suitable for temperature-sensitive applications.

As Moore’s Law drives the downscaling of transistor
dimensions, silicon-based Metal Oxide Semiconductor
Field-Effect Transistors (MOSFETs) face increasing
limitations such as leakage currents, short-channel
effects (SCE), and drain-induced barrier lowering
(DIBL). These challenges have intensified the search for
alternative channel materials, with graphene gaining
attention due to its superior electrical and physical
properties. Graphene Field-Effect Transistors (GFETs)
are emerging as strong contenders in meeting the
stringent performance needs of nanoscale electronic
devices.

In this study, we have considered a semiconducting
graphene sheet synthesized using the PECVD process,
which is used as a channel in a dual-gate GFET structure
designed using SILVACO TCAD software, based on our
specifications. Our observations indicate that altering the
physical properties of the graphene sheet—by varying
plasma processing parameters such as electron/ion
temperatures and electron/ion densities—significantly
influences the device’s electrical behavior.

Specifically, reducing the plasma parameters leads to
improved electrical performance, evidenced by an
increase in the Ion/loff ratio, drain current,
transconductance, cutoff frequency, etc. These
enhancements suggest that the device performs well in
applications such as low-power, high-frequency signal
processing and biosensing. Additionally, when the
designed dual-gate GFET is compared with a
conventional silicon-based FET, it exhibits superior
electrical characteristics, highlighting its potential as a
viable replacement for Si FETs in the ongoing trend of
device miniaturization.
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