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Abstract: This research addresses design and functioning of single and dual channel heterostructure devices in
sophisticated electrical devices application. Unlike homogeneous structures that have uniform structure,
heterostructures, produced by combining materials with varying bandgaps, provide better efficiencies in terms of
carrier mobility, scale and energy consumption. The impact of single channel, dual channel designs on electrical
performance is also considered in the study and special focus is given to the variables involving subthreshold swing,
on/off current ratio, and threshold voltage. A dual channel can be applied where speed and low power consumption
are required because of the increased control of electrostatic and greater current drive. Simulation findings attest the
advantages dual channel topologies provide in the short channel effect mitigation and dependability of devices. This
work carries with it the promise of heterostructure engineering in next nanoscale transistor technologies.
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I. Introduction

Silicon-based traditional transistors have quite narrow limitations in performance, power consumption, and
short-channel effects when semiconductor devices continue to decrease to the nano meters level. The increasing use
of heterostructure based devices due to the ability to incorporate different semiconductor material to manipulate the
band alignment and carrier transport properties has made them one of the possible solutions to tackle these problems.
Single channel heterostructures are a better mobility, and incur less leakage, as compared to traditional structures as
they only employ one active layer to control the propagation of charges. Dual channel heterostructures instead provide
further advances in current drive, electrostatic control and the robustness of the device as a whole through the
combination of the two conductive channels separated by a barrier or dielectric layer. This paper looks at design,
simulation and future use of the single and dual channel heterostructure devices, and it focuses on crucial parameters
of device performance such as the threshold voltage, on/off ratio, and subthreshold swing. The possibility of these
structures to revolutionize nanoscale transistor has been noted with their consideration of being used in high-
speed/low-power electronics of the future generation.
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Fig 1: Bulk lattice structure
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II. Research Analysis
With material modelling approaches and simulation capabilities, the paper analyses the electrical and
structural behavior of heterostructure devices with single and dual channels. Single channel topologies provide a
moderate improvement in carrier mobility and sub threshold properties because the conduction path is constituted by
only one semiconductor layer (GaN, InGaAs or MoS 2 ). Dual channel architectures, in a contrast, adopt an additional
layer of conduction, that enhances electrostatic control, carrier transport, and raises current drive.
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Fig 2: Conventional P-Channel MOSFET Fig 3: Transfer characteristic
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Fig 4: Output characteristics
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Fig 5: Mesh initialization PMOSFET
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This research evaluates factors such as drain induced barrier lowering (DIBL), the subthreshold swing (SS)
and threshold voltage on/off current ratio. These data show that in reducing short-channel effects and maximizing
switching speed dual-channel heterostructures are significantly better than their single-channel counterparts. It is
discovered that the choice of material, channel thickness and quality of interface are serious factors that have great
relevance to performance. This investigation supports the feasibility of twin channel topologies of high-performance
yet energy-efficient electronic gadgets in the future.
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Fig 8: Output characteristics Fig 9: Dual channel heterostructure

II1. Conclusion

The research demonstrated space vector modulation techniques used to analyze comparative effects between
various resistances and inductances. The addition of energy storage components to the RL load becomes unnecessary
whenever PMSG operates with a direct AC-AC matrix converter [1-2]. Among all PWM techniques SVPWM
demonstrates superior performance. The PMSG modelling requires 12 m/s as its minimum wind velocity for analysis.
Matrix converters replace traditional DC-links to achieve high efficiency alongside low-cost operation. Future
research efforts will expand extensively to develop modelling techniques for variable speed drives based on
agricultural motors alongside water pumping mechanisms [4].

References

[17 Chie Lee and Yadav Kumar. “An Matrix Converter using Array System in Power Electronics in Communication Systems”. Springer
Conference in Hindustan University, Chennai, VOL. 2, NO. 3, March 2009

[2] Saritha, Srikanth, Subhakar and Sunitha, “A Process control system in Industrial Applications using Thyristors in power electronics for
PMSG”,”. Elsevier 2011. China, 7 — 9, January 2012.

[3] Niharika, Lakshman Reddy and Shanchie, “A Novel of MIMO concepts in wireless relay networks in Space Time and Space Frequency in
achieve diversity”, ” IEEE Conference Proceedings on Innovative Research in Communication Systems (IRCS), International Conference.
vol. 2, pp. 67 — 75, January. 2010

[4] John Diesel, Shang Chee and Cooper Lee, “Standalone Grid system for On and OFF modes Using Renewable energy sources using PMMC
Technology’, ”Springer Proceedings on Green Energy on World environmental Day”, IEEE conference proceedings held at Madras
University, on the 20tt Century. pp.10-19, 2020

[5] F Max Savio, M Sasi Kumar. “An Effective Control Technique for an Impedance Source Inverter Based Wind Energy System”. 2012 IEEE
International Conference on Emerging Trends in Electrical Engineering and Energy Management (ICETEEEM-2012)

[6] Sasikumar M and Chenthur Pandian S. “Characteristics Study of ZSI For PMSG Based Wind Energy Conversion Systems”. Journal of
Electrical Engineering (JEE). ISSN: 1582-4594.

6 | Page



