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Abstract:

In this paper, a comprehensive investigation and simulation of the source/drain (S/D) resistance (Rsd) in 22 nm channel
length double-insulated (DI) silicon-on-diamond (SOI) metal-oxide-semiconductor field-effect transistors (MOSFETSs)
is presented. For the first time, the effect of the S/D ion implantation region with different dimensions (namely,
reference, minimum, and maximum) on Rsd is thoroughly investigated and simulated. Simulation results demonstrate
that Rsd is significantly affected by the dimensions and type of the S/D ion implantation region. Optimizing the
dimensions and type of the S/D region can reduce Rsd by up to 5 times. This study reveals that employing a properly
designed S/D region can considerably reduce Rsd in 22 nm channel length DI-SOI MOSFETs. This can lead to
improved performance and efficiency of these transistors in various electronic applications.
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1. Motivation of the work

The motivation behind this research stems from the
ongoing trend of transistor miniaturization in integrated
circuits, which presents significant challenges. Silicon-
on-insulator (SOI) devices have been introduced as
alternatives to bulk transistors, but they face issues such
as weak source and drain contacts and the floating body
effect. Additionally, SOI transistors suffer from self-
heating effects due to the low thermal conductivity of the
silicon dioxide insulator, leading to reduced current,
transconductance, and transistor speed.

To address the self-heating problem, using high thermal
conductivity buried insulators like diamond has been
proposed. However, diamond's high dielectric constant
results in larger junction capacitances. Short channel
effects also impact SOI transistors. To mitigate these
issues, double-insulating silicon-on-diamond (DI-SOD)
transistors have been developed, utilizing both silicon
dioxide and diamond as insulators. This structure
leverages the advantages of both materials, offering
solutions to the aforementioned problems.

This study specifically investigates the source and drain
ion implantation regions in DI-SOD transistors with a 22
nm channel. Understanding the impact of these regions
on the source and drain resistance and overall device
performance is crucial. Previous research has focused
primarily on electrical effects and thermal dissipation in
these transistors, but there is a gap in understanding how
ion implantation affects resistance and current flow.

By optimizing the ion implantation dimensions and types,
this research aims to significantly reduce source and
drain resistance, potentially improving the performance
and efficiency of DI-SOD transistors in various electronic
applications. This optimization can lead to high-
performance, energy-efficient transistors, crucial for
advancing technology in the electronics industry.

2. Contributions

This research offers significant advancements in the field
of semiconductor devices, focusing on the optimization
of double-insulating silicon-on-diamond (DI-SOD)
transistors with a 22 nm channel.

Firstly, it provides a comprehensive analysis and
simulation of the source and drain resistance (Rsd) in DI-
SOD transistors, highlighting the impact of ion
implantation regions with varying dimensions. This novel
investigation fills a gap in existing research, offering new
insights into device performance.

Secondly, the study finds that optimizing ion
implantation dimensions and types can reduce source and
drain resistance by up to five times. This reduction
significantly enhances the performance of DI-SOD
transistors, making them more efficient for various
electronic applications.

The research demonstrates that appropriately sized ion
implantation regions lower source and drain resistance,
improving current flow and overall device performance.

This directly addresses the self-heating and short channel
effects in conventional SOI transistors, providing a
practical solution to these issues.

Additionally, the study offers valuable insights into the
thermal conductivity and dielectric properties of DI-SOD
transistors, guiding future research. By proposing a
model that leverages the advantages of both silicon
dioxide and diamond insulators, the research paves the
way for further advancements in transistor technology.
Overall, the research aims to optimize ion implantation
regions in DI-SOD transistors to enhance their
performance and efficiency, presenting a clear and
concise objective that underscores the practical benefits
of the proposed approach.

3. Procedures

This study investigates the impact of source and drain ion
implantation regions on double-insulating silicon-on-
diamond (DI-SOD) transistors with a 22 nm channel
through comprehensive simulation and analysis.

Subjects:

DI-SOD transistors with a silicon dioxide insulator
beneath the channel and a diamond insulator beneath the
silicon dioxide layer.

Simulation Setup:

Three primary configurations of the ion implantation
regions were modeled:

Zero State: Ion implantation region of 43 nm (reference).
Minimum State: 20 nm smaller than the reference.
Maximum State: 20 nm larger than the reference.
Conditions:

Simulations were conducted under varying drain-source
voltage (VDS) and gate-source voltage (VGS) conditions.
Constant temperature of 300 K was maintained.

Duration:

Simulations ran for enough iterations to ensure accurate
and stable results.

Measurements:

Drain Current (IDS): Current flow through the transistor.
Source and Drain Resistance (Rsd): Resistance changes
due to ion implantation.

Threshold Voltage (Vth): Voltage at which the transistor
enters saturation.

Transconductance (gm): Conductivity under different
VGS values.

Comparisons:

Impact of different ion implantation dimensions on IDS,
Rsd, Vth, and gm.

Performance differences among the zero, minimum, and
maximum states.

Effects of modifying the ion implantation region by 0 to
40 nm from the reference.

This study identifies optimal ion implantation dimensions
to minimize source and drain resistance while enhancing
DI-SOD transistor performance and efficiency.
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4. Findings

This study presents significant findings on the impact of
ion implantation regions on double-insulating silicon-on-
diamond (DI-SOD) transistors with a 22 nm channel.
Major Findings:

Source and Drain Resistance (Rsd):

Rsd is significantly affected by the dimensions of the ion
implantation regions.

Optimizing the ion implantation region can reduce Rsd
by up to five times, substantially improving transistor
efficiency.

Drain Current (IDS):

In the zero state (reference), IDS increases with
increasing VDS and VGS.

In the minimum state, IDS increases significantly due to
reduced Rsd, enhancing current flow.

In the maximum state, IDS decreases substantially,
indicating that excessive ion implantation increases Rsd
and hinders current flow.

Threshold Voltage (Vth) and Saturation Region:

Vth remains relatively constant across different ion
implantation regions, but the saturation region shifts with
varying dimensions.

The saturation region moves to lower VDS values as the
ion implantation region decreases, beneficial for low-
voltage operations.

Transconductance (gm):

Transconductance increases with higher VGS in the zero
state, indicating improved conductivity.

In the minimum state, increased IDS leads to higher gm,
showing better performance.

In the maximum state, higher Rsd reduces gm, negatively
affecting speed and power efficiency.

Significance:

These findings underscore the crucial role of ion
implantation region dimensions in optimizing DI-SOD
transistor  performance. Adjusting these regions
significantly reduces Rsd, leading to improved IDS and
gm. This optimization enhances the efficiency, speed,
and power consumption of DI-SOD transistors, making
them more suitable for advanced electronic applications.
The study's insights into thermal management and
dielectric properties further support developing high-
performance, energy-efficient semiconductor devices.
This research offers practical solutions to challenges like
self-heating and short channel effects, contributing
valuable knowledge for future advancements in transistor
technology.

5. Conclusion

In conclusion, this study has demonstrated significant
advancements in the optimization of double-insulating
silicon-on-diamond (DI-SOD) transistors with a 22 nm
channel. The major outcome of the study lies in the
successful reduction of source and drain resistance (Rsd)
through the optimization of ion implantation regions. By
varying the dimensions and types of ion implantation, the
research achieved up to a five-fold decrease in Rsd,

thereby enhancing the overall performance of DI-SOD
transistors.

Furthermore, the study highlighted the efficacy of DI-
SOD transistors in mitigating self-heating and short
channel effects compared to conventional SOI transistors.
This improvement is crucial for applications requiring
high efficiency and reliability in electronic devices.

The findings underscore the importance of optimizing ion
implantation in semiconductor devices, particularly in
enhancing thermal conductivity and dielectric properties.
The proposed model combining silicon dioxide and
diamond insulators offers a promising approach for future
transistor technologies.

Overall, this research contributes significantly to the field
by providing a systematic analysis of DI-SOD transistor
performance and presenting practical solutions to
improve their efficiency and reliability in electronic
applications.
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