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Abstract

The electrical characteristics of n-channel fully depleted silicon on insulator (FDSOI) and metal oxide semiconductor
field effect transistor (MOSFET) are investigated in this paper. Both transistors are compared in terms of electrical
characteristics which are the threshold voltage, subthreshold slope, on-state current and leakage current. Silvaco TCAD
tools are used for simulating both MOSFET and FDSOI MOSFETs. Based on the results, it can be concluded that FDSOI

MOSFET outperforms MOSFET.
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1. Introduction

Miniaturization of device area and increased device
packing densities meet the need for high performance
circuit today [1,2]. The International Technology
Roadmap of Semiconductors (ITRS)[3] applies
aggressive scaling trends for the gate length (LG) and
equivalent gate oxide thickness (EOT) to meet the
requirement of a 17% annual reduction of the intrinsic
switching delay for high-performance transistors. Due
to scaling down industry is facing problem due to short
channel effect (SCE) using bulk MOSFET[4]. Silicon on
Insulator (SOI) is considered as a promising alternative
over conventional bulk device due to its benefits of
decreased silicon geometries. Silicon on Insulator (SOI)
technology possesses many benefits over bulk silicon
technology, such as excellent subthreshold slope,
elimination of latch up, resistance to radiation and the
reduction of parasitic capacitance [5]. Hence, it is
preferred for high-temperature, high-speed and low-
power microelectronic devices. In SOl MOS devices a
buried insulating thin layer usually made of silicon
dioxide is employed to electrically insulate the devices
from the bulk of the semiconductor. Silicon on insulator
(SOI) is available in two basic types, partially (PD) and
Fully (FD) Depleted. These are distinguished physically
by the silicon thickness on the insulator. Both of them
are now attractive for IC production. PD material has a
silicon film thickness greater than about 150 nm. Its
depletion region does not pass through the entire body
region. PD-SOI is easier to fabricate than FD-SOI because
of its thicker substrate [6]. The kink effect is present in
PD SOI devices which is not visible in FD SOI devices [7].

*Corresponding author’s ORCID ID: 0000-0000-0000-0000
DOI: https://doi.org/10.14741/ijcet/v.13.2.10

For fully-depleted SOI devices, the thickness of silicon
film is about less than 100nm. So the channel is
completely depleted of the majority carriers due to
thinner top silicon layer. The benefit of FD SOl MOSFET
includes better short channel behaviour and the
elimination of the floating-body effect. This paper
presents comparison between MOSFET and fully
depleted SOI devices in terms of electrical
characteristics  which are threshold voltage,
subthreshold slope, on-state current and leakage
current. TCAD Silvaco software was used for simulation
study of SOI devices. Simulation results revealed that
the electrical characteristics such as threshold voltage,
subthreshold slope and on-state current of fully
depleted SOI outperformed than that of MOSFET
devices.

Methodology

To study the electrical parameters of FD SOI and
MOSFET a schematic cross-sectional view of the
MOSFET and FD SOI, shown in Fig.1(a) and (b), is
simulated using Silvaco TCAD device simulator. 120 nm
and 80 nm gate length FD SOI devices are compared
with MOS devices.For the 120 nm gate length FD SOI
device, gate oxide thickness is of 3nm,source and drain
length is of 120 nm, silicon film thickness is of 48
nm,buried oxide thickness of 160 nm,p-substrate is of
100nm. We assumed light channel doping
concentration (1x1018 cm3) to avoid degrading of
carrier mobility and more Vt variations. The doping
concentration of source/drain region is kept at 1x101°
cm3. For the 80 nm gate length FD SOI device, gate oxide
thickness is of 2 nm,source and drain length is of 80 nm,
silicon film thickness is of 32 nm,buried oxide thickness
of 100 nm,p-substrate is of 70 nm. The doping
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concentration of source/drain region is kept at 1x1020
cm3. For both 120 nm and 80 nm gate length MOSFET
structure, only the buried oxide is replaced by p-
substrate of same thickness of the FD SOI structure. The
channel, source and drain doping concentration for MOS
was same as that used for FD SOI. Shockley-Read-Hall
recombination, field-dependent mobility model and
impact ionization model from Selberherr [8] is used for
the simulation. Numeric methods used for simulation
are Newton methods. We assumed n channel device.
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Fig.1.(a) Schematic view of n- channel MOSFET
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Fig.1.(b) Schematic view of FD SOl MOSFET

Result and discussion

The n-channel MOS and FDSOI MOSFET has been
investigated in terms of electrical parameters by
simulation results obtained using Silvaco TCAD
simulation software. Atlas syntax is used to create SOI
structures and TonyPlot is used to display simulation
results. Fig.2(a), Fig.2(b),Fig.3(a) and Fig.3(b) shows the
structural view of simulated 120 nm gate length
MOSFET, structural view of simulated 120 nm gate
length FD SOI MOSFET, doping profile view of simulated
120 nm gate length MOSFET and doping profile view of
simulated 120 nm gate length FD SOI MOSFET
respectively. Fig.4(a), Fig.4(b)Fig.5(a) and Fig.5(b)
shows the structural view of simulated 80 nm gate
length MOSFET, structural view of simulated 80 nm gate
length FD SOI MOSFET, doping profile view of simulated
80 nm gate length MOSFET and doping profile view of
simulated 80 nm gate length FD SOI MOSFET
respectively.
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Fig.2(a) Simulated structure of 120 nm gate length
MOSFET
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Fig.2(b). Simulated structure of 120 nm gate length FD
SOI MOSFET
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Fig.3(a) Doping profile of 120 nm gate length MOSFET
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Fig.3(b) Doping profile of 120 nm gate length FD SOI
MOSFET
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Fig.4(a) Simulated structure of 80 nm gate length
MOSFET
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Fig.4(b) Simulated structure of 80 nm gate length FD
SOI MOSFET
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Fig.5(a) Doping profile of 80 nm gate length MOSFET
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Fig.5(b) Doping profile of 80 nm gate length FD SOI
MOSFET

The electrical parameters obtained for FD SOI and MOS
at different gate length is shown in Table 1 and Table 2.

Table 1. Comparison of the electrical characteristics
between FD SOI n-MOSFET with n-MOSFET at 120 nm

gate length
Parameters NMOS FD SOI
Threshold
Voltage,Vth(V) 0.345356 V 0.30355V
Subthreshold
slope(mV/dec) 82.74 79.14
On-state 0.000143127 0.000253829
current,lon(A)
Leakage
current,loi(pA) 31.4162 135.27

Table 2. Comparison of the electrical characteristics
between FD SOI n-MOSFET with n-MOSFET at 80 nm
gate length

Parameters NMOS FD SOI
Threshold
Voltage,Vth(V) 0.211319V 0.091869 V
Subthreshold
slope(mV/dec) 83.39 73.48
On-state 0.000690017 0.000879956
current,lon(A)
Leakage
current, log(pA) 0.037 0.39

The Ids/Vgs characteristics comparison between n-
MOSFET and FDSOI n-MOSFET is shown in Fig.6 & Fig.7.
Smaller threshold voltage satisfies high performance of
device with technology scaling [9]. The threshold
voltage for MOS and FDSOI are 0.34535 V and 0.30355
V respectively as extracted from simulation results for
120 nm gate length. The voltage between the gate and
source needed to turn on the MOSFET is defined as
MOSFET gate threshold voltage, Vgs(th)[10]. FDSOI
MOSFET will trigger when the threshold voltage is equal
to 0.091869 V while MOSFET will trigger when
threshold voltage is equal to 0.211319 V for 80 nm gate
length.. It can be concluded that the threshold voltage of
n-MOSFET is larger than FDSOI n-MOSFET from the
results for both the gate lengths. FDSOI devices gained
highest speed of operation and power reduction. A
steeper subthreshold slope and threshold voltage
reduction allows fast switching of FD SOI MOSFET
[11].FD SOI MOSFET of smaller gate length has lower
threshold voltage and so faster switching speed.
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Fig. 6. Comparison of Ids/Vgs characteristics between
120 nm gate length MOS and FDSOI N-MOSFET
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Fig. 7. Comparison of Ids/Vgs characteristics between
80 nm gate length MOS and FDSOI

Subthreshold slope is a measure of how quickly the

transistor can be turned on/off. The smaller
subthreshold value indicates the device rapidly
switches from off to on state. Comparison of

subthreshold slope between MOS and FD SOI is shown
in Fig.8 & Fig.9. The subthreshold slope for MOS and
FDSOI are 82.74 mV/dec and 79.14 mV/dec
respectively for 120 nm gate length. For the 80 nm gate
length, the subthreshold slope for MOS and FDSOI are
83.39 mV/dec and 73.48 mV/dec respectively. For both
the case, the smaller subthreshold slope of FD SOI
indicates high speed. As device size shrinks, the
subthreshold slope of FD SOI decreases indicating fast
switching.
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Fig. 8. Comparison of subthreshold slope
characteristics between 120 nm gate length MOS and
FDSOI N-MOSFET
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Fig. 9. Comparison of subthreshold slope
characteristics between 80 nm gate length MOS and
FDSOI N-MOSFET
A high on-state current (Ion) helps to increase the
operating speed of the device. The on-state current for
MOS and FDSOI are 0.000143127 A and 0.000253829 A
respectively for 120 nm gate length. For the 80 nm gate
length, the on-state current for MOS and FDSOI are
0.000690017 A and 0.000879956 A respectively. For

both the case, the higher on-state current of FD SOI
indicates high speed. As gate length decreases, the on-
state current of FD SOI increases indicating fast
switching.

The leakage current (loff) becomes lesser with the
increment of threshold voltage [12]. The smaller the
threshold voltage, the higher the leakage current.
MOSFET failure occurs when leakage current flows
excessively. Comparing the simulation results of MOS
and FDSOI it can be decided that the leakage current in
MOS is lesser. High leakage current of semiconductor
device is caused due to ionizing radiations by the
electron-hole pair generation. The buried oxide layer in
SOI helps to eliminate the radiation effects in
devices[13]. Static power dissipation is caused by
leakage current and when input transition is absent
leakage power dissipation is contributed by current
flow [14]. Static power dissipation will be small if
leakage current is smaller. Thus, from the simulation
results the MOS will have a smaller static power
dissipation than FDSOIL.As gate length decreases,
leakage current in FD SOI increases due to reduction in
threshold voltage.

The comparison of electrical parameters of fully-
depleted SOI n-MOSFET at different gate length is
shown in Table 3.

Table 3. The extracted electrical parameters of fully-
depleted SOI n-MOSFET at different gate length

Parameters 120 nm Gate Length | 80 nm Gate Length
Threshold
Voltage,Vth(V) 030355V 0.091869 V
Subthreshold
slope(mV/dec) 79.14 73.48
On-state 0.000253829 0.000879956
current,lon(A)
Leakage
current,lor(HA) 0.000135 0.39
Conclusion

MOSFET and FDSOI has been compared in terms of
electrical characteristics using Silvaco T-CAD Simulator.
From transfer characteristics it is found that threshold
voltage of FDSOI is lower compared to MOSFET which
allows a lower power consumption. The smaller
subthreshold slope and higher on-state current of FD
SOI compared to MOSFET ensures higher switching
speed. MOSFET can ensure a low static power
dissipation as leakage current is small compared to FD
SOI. Based on the results obtained, FD SOI displays
superior performance compared to MOSFET. When
scaling down continues in FD SOI devices, both
threshold voltage and subthreshold slope decreases and
on-state current increases as found from simulation
results.
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