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Abstract:

In this research, the electronic properties of gamma graphyne nanoribbons have been investigated and a nano-transistor
has been designed and simulated based on it. Density functional theory method and non-equilibrium Green's function
have been used in calculations with the help of Quantum ATK calculation package. The results obtained from the band
structure and density of states electronic indicate the quasi-metallic behavior and semi-conductivity of nanoribbons
based on the shape of their edges. The field effect transistor with a gamma armchair handle nano channel has been
designed and its characteristic curves have been obtained. The results show that the current of this transistor is much
higher compared to the graphene transistor. The simulations show that the current in the gamma graphene transistor is
well controlled by the gate voltage.
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1. Motivation of the work

The research aims to overcome the limitations
of silicon-based technologies by leveraging
gamma-graphyne nanoribbons. These materials
exhibit enhanced mobility and tunable
properties, making them ideal for advanced
nanoelectronics.

2. Contributions

The primary advantage of this work is its exploration of
gamma-graphyne nanoribbons as a superior material for
nanoelectronics, addressing the limitations of graphene-
based devices. Gamma-graphyne offers unique
advantages, such as higher charge carrier mobility
exceptional flexibility, lower thermal conductivity, and
better charge transfer characteristics. These properties
make gamma-graphyne particularly suitable for field-
effect transistors (FETS), where precise current control
and efficient charge transport are critical. Unlike
graphene, which exhibits a zero bandgap and limited
versatility in  semiconducting applications, gamma-
graphyne nanoribbons allow for tunable electronic
properties depending on edge configurations (armchair or
zigzag).

This work emphasizes a significant improvement in
transistor performance by designing a nano-transistor
based on gamma-graphyne nanoribbons,  which
demonstrates higher current output and better gate
voltage control compared to graphene-based transistors.
By leveraging the quasi-metallic behavior of zigzag
nanoribbons for electrodes and the semiconducting
properties of armchair nanoribbons for the channel, this
study achieves an optimized structure for enhanced
device efficiency.

The study’s objectives are clear: to investigate the
electronic properties of gamma-graphyne nanoribbons
and demonstrate their applicability in designing high-
performance nano-transistors. Through comprehensive
modeling and simulation, the work establishes a detailed
understanding of the material’s potential. The insights
gained are not limited to academic interest but hold
practical relevance in developing next-generation
nanoelectronic devices, with applications in energy-
efficient computing, flexible electronics, and advanced
semiconductors. These advantages prioritize gamma-
graphyne as a material of choice for future research and
industrial applications.

3. Procedures

This study focuses on gamma-graphyne nanoribbons as
the primary subject, specifically investigating their
electronic properties and application in nano-transistor
design. The research utilized theoretical models and
computational simulations rather than physical subjects.
The electronic  properties of gamma-graphyne
nanoribbons with different edge configurations—
armchair and zigzag—were analyzed under specific

A1

conditions to explore their behavior as quasi-metallic and
semiconducting materials.

The computational framework was based on density
functional theory (DFT) and the non-equilibrium Green's
function (NEGF) method, implemented using the
Quantum ATK software. The study involved designing
and simulating a nano-transistor with a channel made of
armchair gamma-graphyne nanoribbons, combined with
zigzag nanoribbons as electrode interfaces. The channel's
width and length were optimized for performance, with
widths of 11.45 A and lengths equivalent to three-unit
cells. The interface structure was rotated by 30 degrees
for effective connection, and dangling bonds were
passivated with hydrogen atoms.

The simulations were conducted under varying
conditions of gate-source and drain-source voltages. The
study measured parameters such as the energy band
structure, density of states, current-voltage (I-V)
characteristics, and energy bandgap variations. These
measurements  were compared across  different
configurations and dimensions of the nanoribbons, with a
focus on identifying optimal designs for nano-transistor
performance.

Key comparisons included gamma-graphyne versus
graphene-based transistors, zigzag versus armchair
configurations, and the impact of nanoribbon width on
electronic properties. The results highlighted the superior
current modulation and gate voltage control of gamma-
graphyne transistors, demonstrating their potential as a
high-performance  alternative  to  graphene in
nanoelectronics. This comprehensive approach allowed
for a detailed understanding of the material's behavior
under realistic device conditions.

4. Findings

The major findings of this study reveal the exceptional
potential of gamma-graphyne nanoribbons for application
in nanoelectronics, particularly in field-effect transistors
(FETs). The research demonstrates that the electronic
properties of gamma-graphyne are highly dependent on
the edge configuration of the nanoribbons. Zigzag
nanoribbons exhibit quasi-metallic behavior with a
minimal energy bandgap of approximately 0.03 eV,
while armchair nanoribbons are semiconducting with a
larger energy bandgap of 0.43 eV. Additionally,
increasing the width of the nanoribbons reduces the
bandgap, a trend consistent with graphene but more
pronounced in gamma-graphyne, providing greater
tunability for electronic applications.

The study’s most significant finding is the superior
performance of gamma-graphyne-based transistors
compared to graphene-based ones. The gamma-graphyne
FET, designed with an armchair nanoribbon as the
channel and zigzag nanoribbons as electrodes, exhibits
much higher current output and excellent gate voltage
control. The 1-V characteristics confirm a consistent
increase in current with both gate-source and drain-
source voltages, achieving current modulation at
microampere levels—significantly outperforming
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graphene transistors. This is attributed to gamma-
graphyne’s higher charge carrier mobility, exceptional
flexibility, and better charge transfer efficiency.

These findings are significant as they establish gamma-
graphyne as a promising material for high-performance,
energy-efficient nano-transistors. The ability to control
electronic properties through structural configurations
and dimensions enhances its versatility for next-
generation nanoelectronic devices. This study not only
advances the understanding of gamma-graphyne but also
provides a clear pathway for its practical application in
flexible electronics, low-power computing, and advanced
semiconductor  technologies. By addressing the
limitations of graphene, the research opens new
opportunities for the development of cutting-edge
nanoelectronics and reinforces gamma-graphyne’s
relevance in the ongoing evolution of carbon-based

materials.

5. Conclusion

The major outcome of the study is the demonstration that
gamma-graphyne nanoribbon-based transistors

significantly outperform graphene transistors in current
modulation and gate voltage control. This establishes
gamma-graphyne as a superior material for high-
performance nanoelectronics, offering enhanced charge
mobility, tunable electronic properties, and energy-
efficient  transistor  designs  for  next-generation
semiconductor technologies.
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