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Abstract:

In this article, for the first time, simulation of CMOS fabrication processes for double-insulating silicon-on-diamond
MOSFET is discussed. The fabrication process suitable for 22-nanometer feature size and the presence of two main
insulating layers, are implemented according to the standard steps of CMOS processes. The diamond layer, as the first
electrical insulator, has high thermal conductivity, which enables the application of this structure for high power and
cryogenic operation. Due to the presence of silicon dioxide as the second electrical insulator, some of the main
electrical characteristics of the transistor, such as threshold voltage, unity-gain cut-off frequency, on-current, and short
channel effects are improved. Therefore, the threshold voltage of 0.225 V, on-current as 0.045 mA/um and unity-gain
cut-off frequency of 370 GHz was extracted. The simulation results demonstrate the superiority of the structure
compared with conventional silicon-on-insulator technologies of semiconductor devices.
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1. Motivation of the work

With the advancement of technology in the fabrication
process of semiconductor devices in materials science
and electronics, scaling down the dimensions of devices
to less than 100 nanometers has continued. This scaling
down trend for conventional MOSFETSs brings certain
problems; hence, a new replacement structure is required.
Among the problems that arise with the scaling down of
devices to the nano range are: Short channel effects,
reduced gate control over the channel, attenuation of
stability of certain electrical characteristics such as
threshold voltage, self heating effects, and others.
Initially, to address these problems, the silicon-on-
insulator structure was introduced; however, due to the
presence of silicon oxide insulator in this structure and
the low thermal conductivity of silicon oxide, it causes an
increase in temperature in the chip and consequently
leads to self heating effects in the sub-silicon layers.
Therefore, to solve these problems, the silicon-on-
diamond structure was introduced. Diamond, with the
highest thermal conductivity and lowest -electrical
conductivity, solves the problem of self heating effects.
In the latest design, a silicon-on-diamond transistor with
an additional insulating layer was proposed, which, in
addition to addressing the aforementioned problems,
exhibits improved electrical capabilities in the scaling
down of device dimensions. This could potentially be a
better replacement for silicon-on-insulator devices with

more advantages.

2. Contributions

In this research, contrary to classical simulation methods,
which analyze the behavior and electrical characteristics
of a transistor by extracting its circuit model, we
performed a simulation of fabrication processes for a
Double insulating Silicon-on-Diamond Mosfet in
accordance with CMOS Standards. This allowed for a
more advanced quantum analysis of the final structure. In
addition to proving the feasibility of its fabrication, we
conducted a more precise examination of its electrical
characteristics. This method provides a better observation
of the actual and improved performance of the device,
and allows for comparison with other new and previous

device structures.

3. Procedures

One of the unique features of the Double insulating
Silicon-on-Diamond Mosfet is the ability to adjust the
length of the second insulating layer. This additional
insulating layer, positioned between the Source & Drain
Regions of the transistor and partially covering the first
diamond insulating layer, enhances some of the most
critical electrical characteristics of the transistor, such as
threshold voltage, switching speed, and power operation,
while addressing the issues related to the scaling down of
the device size. In this research, using one of the newest
methods for analyzing the structure and electrical
behavior of semiconductor devices, we aimed to

demonstrate the special capabilities of this transistor,
prove its feasibility, and compare it with other current
structures, paving the way for improved performance and
addressing new device challenges as technology
advances and device dimensions scale down. Therefore,
our focus in this study was on implementing the
fabrication processes of the transistor, particularly in the
challenging and complex steps of creating the second
insulating layer made of silicon oxide with a length of 22
nanometers. These steps were executed using special
techniques in accordance with CMOS fabrication
standards and ensuring the appropriate efficiency of the

device.

4. Findings

one of the unique features of this structure, is The ability
of Changing the length of second insulator layer, which
enables to control threshold voltage, power operation and
etc. is The fabrication process suitable for 22-nanometer
feature size and the presence of two main insulating
layers, are implemented according to the standard steps
of CMOS processes. The diamond layer, as the first
electrical insulator, has high thermal conductivity, which
enables the application of this structure for high power
and cryogenic operation. Due to the presence of silicon
dioxide as the second electrical insulator, some of the
main electrical characteristics of the transistor, such as
threshold voltage, unity-gain cut-off frequency, on-
current, and short channel effects are improved.
Therefore, the threshold voltage of 0.225 V, on-current as
0.045 mA/um and unity-gain cut-off frequency of 370
GHz was extracted.

5. Conclusion

In this project, fabrication steps of double insulating
silicon-on-diamond transistor according to CMOS
standard processes has shown, the simulation of transistor
fabrication processes has been performed with by newest
simulator tools. The simulation results demonstrate the
superiority of the structure compared with conventional
silicon-on-insulator ~ technologies of semiconductor
devices. And it has shown that Silicon-on-diamond
technology is proposed as an advanced alternative to
traditional SOI technology.
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