Transconductance Analysis of
FET Sensor Channel Topology

Enhance field-effect transistor (FET) performance by
investigating the impact of planar channel geometry
on conductance, transconductance and consequently,
sensitivity.
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Abstract

As sensors, FETs employ their gate or active channel as a sensing This study presents a unique approach whereby unconventional

area, where exposure to a target analyte results in a measurable planar channel topologies are modeled for a metal-oxide-

threshold voltage shift or change in drain current. By improving the semiconductor FET (MOSFET). The findings demonstrate that

active area’s design, FET sensor performance can be enhanced. incorporating angled terminals within a FET structure of the same
footprint enhances the electric field density, current, and

A critical metric for aSSESSing the SenSitiVity of FET-based sensors is COnsequenﬂy’ transconductance Compared to the conventional

their transconductance, which can be analyzed from its |-V rectangular topology.

characteristics.

Methodology

A conventional rectangular MOSFET and angled channel topology are
(a) modeled in 3D with the same gate width-to-length dimensions for fair
comparison.

The semiconductor equilibrium study generates initial conditions for

computing the output characteristics of the device. To ensure efficient

analytical computation, the model is discretized using a swept meshing
A 193x10° technique.
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For device characterization, the models are plotted for drain-source

FIGURE 1. Top views of field-current relationship at saturation showing a voltages up to saturation, from O V to 5V, at gate voltages of 2 Vto 4 V.
higher current density for the (a) angled channel topology than (b)

conventional rectangular reference.

I-V Curve Comparison for Angled vs Conventional Rectangular Topologies

Results - _ .
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Incorporating angled terminals within a MOSFET structure of the same =
footprint enhances its electric field density, current, and consequently, £ 300
transconductance compared to the conventional rectangular topology. LE
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For applications in biosensing or environmental monitoring, high
current and transconductance are beneficial for the low concentration

detection of target analytes. The angle acuteness and geometries with FIGURE 2. Comparison of I-V curves for conventional rectangular (blue) and
varying vertices provide additional degrees of freedom to modulate FET angled channel (red) topologies.

performance using this design approach.
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