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A B S T R A C T

A novel silicon on insulator metal semiconductor field effect transistor (SOI MESFET) structure is presented in
this paper. The proposed structure includes a thin layer of nickel located in the buried oxide (BOX) of the
structure which causes RF parameters to experience improved values. A thin layer of oxide in the channel under
the gate edge near the drain, controls the electric field distribution and has considerable effect on the breakdown
voltage. The breakdown voltage is increased by 53%. In addition, the maximum output power density is im-
proved by 148%. The gate capacitances are reduced as a result of decreasing the depletion region extension into
source and drain regions and due to the effect of metallic region in the BOX. So the proposed structure has better
RF and high voltage characteristics compared to the conventional structure in terms of breakdown voltage,
maximum oscillation frequency, cut-off frequency, and maximum output power density.

1. Introduction

Silicon-on-insulator (SOI) technology constitutes an important
fraction of high speed and low power consumption circuits. SOI tech-
nology has many advantages such as reduced junction capacitances,
latch-up immunity and improved device isolation by the use of buried
oxide [1–3]. Metal-semiconductor field-effect-transistor (MESFET) is
one of the most promising devices for high power and microwave cir-
cuits because it has amazing electrical and physical features including
high breakdown voltage, high current density, high power density, and
the capability to work at high temperatures [3–8]. SOI MESFETs are
considered as reliable devices for high power and high speed applica-
tions and have many advantages over the conventional CMOS devices.
CMOS technology is a low-cost technology which can be used in in-
tegrated circuits because of its ability to merge RF circuits and digital
logic circuits on a single IC [2,9–11]. Although SOI MESFETs have
considerable RF characteristics, some applications need higher fre-
quency and power density. To response these demands, recently many
works based on changes in the structure of SOI MESFET have been
reported [8,12–16] to improve device characteristics.

Due to the trade-off between drain current and breakdown voltage,
power density enhancement has been limited. It is worth to note that
increasing channel doping level and channel thickness leads to drain
current increment while breakdown voltage will be decreased [8].
Breakdown phenomenon occurs at the gate edge near the drain side at

the surface of the device which is due to the electric field concentration
[8,17–23]. Considering this issue, the challenges discussed in this paper
include preventing the expansion of the depletion region toward source
and drain regions, controlling the electric field, modifying channel
charges and removing the gate adjacent spaces in order to increase
breakdown voltage and drain current. So the proposed structure con-
tains an insulator region in the channel which controls the expansion of
the depletion region. Breakdown voltage of the presented structure is
enhanced mainly because of three reasons. First, the critical electric
field of the oxide is higher than silicon used in the conventional
structure. Second, the oxide layer prevents the expansion of the de-
pletion region then it requires higher drain voltages for breakdown
occurrence. Third, due to the metal layer ability in dispersing the equi-
potential lines. So the Breakdown voltage of the proposed structure is
higher than that of the conventional structure. Also, the additional
layers modify the gate capacitances and consequently enhance the RF
characteristics of the device. More discussions and detailed descriptions
will be presented in next sections.

2. Proposed SOI MESFET structure and simulation method

Fig. 1(a) and (b) show the schematic view of the conventional and
the proposed structures, respectively. Both structures contain a p-type
substrate, a buried oxide (BOX), and an active layer. The difference
between the structures is this point that the proposed structure includes

https://doi.org/10.1016/j.mssp.2018.07.035
Received 23 March 2018; Received in revised form 20 July 2018; Accepted 24 July 2018

⁎ Correspondence to: Electrical and Computer Engineering Department, Energy Faculty, Kermanshah University of Technology, Kermanshah, Iran.
E-mail address: a.naderi@kut.ac.ir (A. Naderi).

Materials Science in Semiconductor Processing 88 (2018) 57–64

1369-8001/ © 2018 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/13698001
https://www.elsevier.com/locate/mssp
https://doi.org/10.1016/j.mssp.2018.07.035
https://doi.org/10.1016/j.mssp.2018.07.035
mailto:a.naderi@kut.ac.ir
https://doi.org/10.1016/j.mssp.2018.07.035
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mssp.2018.07.035&domain=pdf


an oxide layer in its channel and a metal layer in its BOX. It is worth
noting that the oxide layer utilized in the channel is made of SiO2 and
the metal layer is made of Nickel. It should be mentioned that some
technological problems may be occurred in using Ni as metal layer in
the BOX because the nickel adherence on SiO2 is poor. In this case, to
get a good contact between nickel and SiO2, it is necessary to deposit an
adhesion layer, such as titanium. Using other materials as metal layer in
the box may remove this problem but may result in other fabrication
difficulties. The main role of metallic region is modifying the gate ca-
pacitances which will be discussed in next sections. We have done si-
milar simulations for metals other than Ni as metal layer such as Al and
Ti. Simulations show that for different metals the results are similar and
their differences are small and can be neglected. Thus, using Ni is not
mandatory and if there is a problem with fabrication, the designer can
use other metals. Required parameters for the simulation of both
structures are listed in Table 1. The process flow for the fabrication of
the proposed structure is explained in this section too. To do that, we
need two<100>oriented silicon wafers A and B, as shown in

Fig. 2(a). Then SiO2 is deposited on wafer A which will role as a part of
the buried oxide of the transistor. The next step is via definition on the
oxide in order to deposit the metal layer in the buried oxide. As can be
seen in Fig. 2(d), some additional metal particles are deposited on the
structure too, so performing a chemical-mechanical planarization
(CMP) process is necessary in order to remove the extra metal layer.
The next step to develop the proposed structure is depositing the re-
maining part of buried oxide. Si wafer B is considered as the handle
wafer, so we need to flip the developed structure in Fig. 2(f) and then
bond it to wafer B. Then the structure shown in Fig. 2(g) will be ob-
tained. After that, another via definition is needed to be done to locate
the additional oxide layer in the channel. So, after deposition of oxide
and doing CMP, conventional metallization steps should be done to
complete the fabrication process and achieve the structure shown in
Fig. 2(k).

2-D ATLAS simulator from SILVACO software is utilized for simu-
lating the structures [24]. ATLAS is not only associated with device
layout, but also is able to analyze both DC and RF characteristics of the
device. It is worth mentioning that silicon (Si) material parameters are
used to simulate the structures. Also the simulator is calibrated with the
experimental data from [25] and the results are shown in Fig. 3. It
shows a good agreement between the simulation results of this paper
with the experimental data of [25]. In order to achieve precise results, it
is necessary to activate some physical models in ATLAS simulator, such
as SRH: Shockley-Read-Hall (SRH) Recombination, Auger: Auger re-
combination model, bbt.std: standard band to band tunneling, analytic:
the analytic low field mobility models, fldmob: field-dependent mobi-
lity, conmob: Concentration Dependent, Incomplete: Incomplete Ioni-
zation, and impact selb: Selberherr Impact Ionization [24].

3. DC simulation results and discussions

Fig. 4(a) and (b) show the electric field distribution of the con-
ventional structure and the proposed structure, respectively. Electric
field concentration on drain side corner of gate metal is obvious. At this
region, due to high electric field, the probability of breakdown is higher
than other regions. Creation of metal and oxide layers in proposed
structure redistributes the field lines as shown in Fig. 4(b). Colored
legends illustrate that in proposed structure, inside the oxide region, the
electric field has been increased. Additional figures that zoom in on
high field region help to see that electric field lines are more con-
centrated in oxide region of proposed structure. To more investigate
this issue we have plotted Fig. 5. A comparison between the electric
field of the conventional structure and the proposed structure are
shown in Fig. 5. This plot is obtained through AA’ cutline shown in
Fig. 1, at the applied bias of VG =−3 V. As mentioned before, the
breakdown phenomenon occurs at the gate edge near the drain side,
which is the place where the electric field focus is high. Oxide layer in
drift region increases the electric field and metal layer in the BOX
lowers the electric field. By considering both layers, the final electric
field has been increased. Simulations show that these two layers help to
increase the breakdown voltage but with two different mechanisms. In
the proposed structure, by using a metal layer in the BOX and opti-
mizing its position and dimensions, the electric field distribution in the
channel is modified and redistributed such that a higher voltage is
needed for the electric field to reach its critical value. Using an oxide
region in the drift region increases the electric field at the gate corner
but due to the higher critical field of the oxide than semiconductor, in
spite of increased electric field, our proposed structure can tolerate
higher fields than conventional structure. The critical electric field of Si,
and SiO2 are about 0.3 and 10MV/cm respectively which shows about
33 times higher tolerable field in SiO2. Also, to describe the influences
of additional metal layer and oxide layer on electric field distribution
and breakdown voltage clearly, the electric fields in the presence of
either metal layer or oxide layer are shown in Fig. 5. It can be seen that
in the presence of only metal layer, the maximum electric field

Fig. 1. Schematic view of conventional structure (a) and proposed structure (b).

Table 1
Utilized parameters for the simulation of the structures.

Device parameters Value

Gate length 0.5 µm
Drain length 0.3 µm
Source length 0.3 µm
Gate-Drain spacing length 0.5 µm
Gate-Source spacing length 0.5 µm
Channel thickness 0.2 µm
Buried Oxide thickness 0.4 µm
Substrate thickness 0.1 µm
Source/Drain doping concentration 1e20 cm−3

Channel doping concentration 5e17 cm−3

Substrate doping concentration 1e13 cm−3

Oxide length 0.7 µm
Oxide center distance from device left end 0.9 µm
Metal width 0.05 µm
Metal length 0.45 µm
Metal center distance from device left end 1.55 µm
Metal distance from channel 0.05 µm
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