£95 0,90 ¢) D)Ls.»f;

Modern Research in Aviation Electrical and Electronic Engineering
Vol.2, No.1, Autumn 2025
https:/www.mreea.ir

Investigating the effects of technology refinement on the performance of metal-oxide-
semiconductor field-effect transistors (MOSFETs) using the key parameter of

Key words:
MOS (Metal
Oxide
Semiconductor),
IC (Inversion
Coefficient), WI
(Weak Inversion),
MI (Moderate
Inversion), SI
(Strong
Inversion), RF
(Radio
Frequency)

inversion coefficient

Gholamreza Khademevatan', Ali Jalali'*

"Department of Electrical Engineering, Shahid Beheshti University, Tehran, Iran

Abstract

The integrated circuit design and manufacturing industry has led to the explosive
development of information technology in the past six decades and has acted as a
powerful engine of contemporary human civilization by advancing modern computing.
The main factor in the progress of this industry is the refinement of manufacturing
technology (shrinking the transistor channel length) of MOS devices, which in this paper
will examine its effect on the characteristics and performance trade-offs of MOS devices
in terms of the key design parameter of the inversion coefficient (IC) in all inversion
regions (WI, MI and SI). These performance trade-offs include physical dimensions,
bias voltages, small signal parameters, signal distortion, intrinsic voltage gain, intrinsic
and non-intrinsic bandwidths, thermal noise, flicker noise, manufacturing process
mismatch, leakage current and RF circuit figure of merits in terms of IC in 90nm and
180nm manufacturing technologies. Through the graphical display and sweep of the
performances in terms of IC in two different manufacturing technologies, it is possible
to select the desired trade-offs with the refinement of the process. Finally, an operational
plane for the MOS device is introduced, which can be used to select appropriate bias
points for transistors to map the tradeoffs for optimal device performance as the
technology becomes more refined in the desired circuit.
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