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ABSTRACT

In this work, a decoder based demultiplexer is designed using DG MOSFET and its functional behavior is
analyzed along with the characteristics of the device. Equivalent circuit method is followed in this work,
which is very significant in analyzing the characteristics and performance of the dual gate metal oxide
semiconductor field effect transistor. The maximum drain current obtained is 40 mA at a gate source
voltage of 5V and the variation of the drain current with respect to drain voltage is also obtained. The
decoder based demultiplexer is designed and the simulation is carried out using PSPICE simulation
software, whereas the functional behavior is in accordance with the theoretical facts.
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1. INTRODUCTION

Researchers have been investigating the
possible exploration of device scaling to meet the
changing requirements of the integrated circuit
technology. Recently, Farzan Jazaeri et al (2013)
states that the as CMOS technology is continuing
its relentless downscaling, more challenges are
encountered to sustain fabrication costs of
integrated circuits. Among alternative structures
that are compatible with CMOS technology,
junctionless [1][2] field effect devices are
promising architectures that relax some
limitations of down scaling such as the need of
abrupt junctions for source and drain since
ideally, source and drain share the same doping
as the channel [4].

In -V characteristics, the junctionless
transistor looks very similar to the regular
MOSFET, i.e. for n-type channel devices the
current increases, when increasing the gate
voltage. However, the principle of operation of
Junctionless Dual Gate MOSFETs or JL DG
FET is based on a current flow in the volume of
a heavily doped silicon layer, and not at the Si—
SiO2 interface, as in regular MOSFETs having
junctions. The temperature effect on the
threshold voltage variation also studied in the
recent past [8] [9].

Using junctionless technology also
implies some rules. For instance, the heavily
doped silicon layer should be thin enough to
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allow the full depletion of carriers, which
happens when the device is turned off. If the
silicon layer is too highly doped and/or too thick,
it may be unfeasible to fully deplete the channel
of majority carriers. These constraints will
impose a clear design space upon technological
parameters [5] [6[10].

In this scenario, a multi gate MOSFET
or Multiple Gate Field Effect Transistor or
MuGFET refers to aMOSFET which
incorporates more than one gate into a single
device comes into limelight. The multiple gates
may be controlled by a single gate electrode,
wherein the multiple gate surfaces act
electrically as a single gate or by independent
gate electrodes. A multi gate device employing
independent gate electrodes is sometimes called

a Multiple Independent Gate Field Effect
Transistor or MIGFET [12].
The Dual-gate MOSFET has

a tetrode configuration, where both gates control
the current in the device. It is commonly used for
small-signal devices in radio frequency
applications where biasing the drain-side gate at
constant potential reduces the gain loss caused
by Miller effect replacing two separate
transistors in cascade configuration. Other
common uses in RF circuits include gain control
and mixing commonly called frequency
conversion. Dual gate MOSFETs is commonly
used in VHF mixers and in sensitive VHF front
end amplifiers [11] [12]. Figure 1 shows the
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cross section view of the dual gate N channel
type MOSFET.
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Figure 1: Cross section view of dual gate N channel
type MOSFET [13]

This work is having the objective of
designing a decoder based demux using
DGMOSFET. The purpose of this work is
evident from the technological point of view i.e.
the need of exploring new methods of designing
digital circuits those are suitable for VLSI
implementation. The results are summarized in
the section V along with the future scope.

2. LITERATURE SURVEY

Extensive amount of research has been
done in the recent past and is still in demand
when it comes to the device fabrication and
integration. There are some good works in the
history of time those has helped to formulate and

execute the work in this paper. These
contributions are summarized as:
Venkateshwar Reddy et al (2005)

developed a new Dual-Material Double-Gate
Nanoscale SOI MOSFET, a two dimensional
analytical modeling and simulation. The DMDG
SOI MOSFET exhibited significantly reduced
short-channel effect when compared with the DG
SOI MOSFET. This model includes the
calculation of the surface potential, electric field,
threshold voltage, and drain-induced barrier
lowering. In their work, the threshold voltage
showed a roll up with reducing channel lengths.
In addition, it was shown that the DMDG SOI
MOSFET offers higher trans-conductance and
improved drain breakdown voltage.

Arkadiusz Malinowski et al (2009)
showed analysis of the dispersion of electrical
parameters and characteristics of FinFET
devices. Extensive numerical simulations of
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FinFET structures have been carried out using
commercial TCAD tools. A series of plasma
etching steps has been simulated for different
process conditions in order to evaluate the
influence of plasma pressure, composition and
powering on the FinFET topography.

Pramod Kumar Tiwaria et al (2010) has
developed a two-dimensional (2D) model for the
potential distribution and threshold voltage of
symmetric double- gate MOSFETs with a
Gaussian doping profile in the vertical direction
of the channel. The 2D Poisson’s equation is
solved with suitable boundary conditions in the
channel region to obtain the channel potential of
the device. The expression for the threshold
voltage is obtained by calculating the total
charge crossing the virtual cathode and setting its
value equal to the peak channel doping. A two
dimensional analytical model for the potential
distribution and threshold voltage of symmetric
DG MOSFETs with vertical Gaussian doping
profile in the channel wass proposed.

Shuvro Chowdhury et al (2010) showed
a Study of CV characterization and analysis of
temperature and channel thickness effects on
threshold voltage of MOSFET. The capacitance
voltage characteristics and threshold voltage of
the device have been analyzed with quantum
mechanical effects using the Self-Consistent
model. Reduction of channel thickness and
adding doping impurities cause an increase in the
threshold voltage. Moreover, the temperature
effects cause a significant amount of threshold
voltage shift. The simulated results showed that
threshold voltage decreases with temperature.

Zhuojun Chen et al (2012) developed a
surface-potential-based model for the symmetric
long-channel junctionless double-gate MOSFET.
The relationships between surface potential and
gate voltage are derived from some effective
approximations to Poisson’s equation for deep
depletion, partial depletion, and accumulation
conditions. Finally, they proposed that the
strengths and limitations i.e., threshold voltage
shifts of the JLFET is a promising aspect for the
JFET.

Ashutosh Nandi et al (2013) states that
the MOSFET is scaled into a nanoscale regime,
spreading of source/drain dopant into the channel
region will facilitate the lateral electric field
spread into the channel and in turn deteriorate
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the gate electrostatic integrity. The model
captures the effect of lateral electric field spread
via source/drain dopant species, which lowers
the threshold voltage and effective channel
length of the device with the increase in lateral
straggle of source/drain profile.

K.P.Pradhan et al (2013) showed a
study on the performance value of DG MOSFET
with different channel and gate engineering. Six
different structures have been proposed and
analyzed keeping channel length constant. The
short channel parameters like sub threshold
swing, trans-conductance, electric field, leakage
current, electron mobility and drain induced
barrier lowering are analyzed and compared
between Gate Stack Double Gate , GS-DG-
Single Halo, GS-DG-Double Halo, GS-DG Tri-
material, GS-DG TM-SH and GS-DG-TM-DH
MOSFETs.

Sudhansu kumar pati et al (2013)
showed that in analog circuit design an important
parameter, from the perspective of superior
device performance, is linearity. The DG
MOSFET in asymmetric mode operation has
been found to present a better linearity. The
parameter extraction model for an asymmetric
DG MOSFET is validated with pre-established
extracted parameter data, for symmetric DG
MOSFET devices from the available literature.

3. DESIGN OF DECODER BASED
DEMULTIPLEXER USING
DGMOSFET

The data distributor known more commonly
as a Demultiplexer or "Demux" is the exact
opposite of the Multiplexer. Demultiplexers take
one data input and a number of selection inputs,
and they have several outputs. They forward the
data input to one of the outputs depending on the
values of the selection inputs. Demultiplexers are
sometimes convenient for designing general
purpose logic, because if the Demultiplexer's
input is always true, the Demultiplexer acts as
a decoder. This means that any function of the
selection bits can be constructed by logically
OR-ing the correct set of outputs.

The design is carried out based on the
equivalent circuit approach. This is extracted [5]
[7] also to obtain the drain characteristics of the
DGMOSFET. The equivalent circuit of a DG
MOSFET is shown in the below Figure 2. The
input is given at gate 1 and gate 2 and the output
is obtained from the drain. DG MOSFET
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comprises of a conducting channel surrounded
by gate electrodes on either side. This ensures
that no part of the channel is far away from a
gate electrode. The voltage applied on the gate
terminal controls the electric field, determining
the amount of current flow through the channel.
The most common modes of operation is to
switch both gates simultaneously. Another mode
is to switch only one gate and apply a bias to the
second gate which is also called as ground plane
or back gate.
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Figure 2: Equivalent Circuit of DG MOSFET

A decoder based Demultiplexer is used
often enough that it has its own schematic
symbol. Using our 1-to-2 decoder as part of the
circuit, one can express this circuit easily. This
has to be activated only one by giving
appropriate input 1 or 0.

A Demultiplexer is a circuit that has one
input and more than one output. It is used when a
circuit wishes to send a signal to one of many
devices. This description sounds similar to the
description given for a decoder, but a decoder is
used to select among many devices while a
Demultiplexer is used to send a signal among
many devices. The logic circuit of 1-to-2 de-
multiplexer is shown in the Figure 3.
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Figure 3: Logic circuit of 1-to-2 De-Multiplexer [14]

The truth table for a decoder based 1-to-2 De-
multiplexer is given below in table 1, where I is
the input, S is the selection line and DO, DI are
the outputs.

Table 1: Truth table of decoder based I-to-2
Demultiplexer

[ S DO DI

0 0 0 0

0 1 0 0

1 0 1 0

1 1 0 1
4. RESULTS

The drain characteristics of the DGMOSFET are
obtained using matlab software and the results
obtained are represented in the Fig.4 and Fig.5
repsectively. These results are obtained by the
matlab programming of the DGMOSFET model.
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Figure 4: Variation of drain characteristics of
DGMOSFET with Vds
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Figure 5: Variation of drain characteristics of
DGMOSFET with Vgs

Below figures 6, 7, and 8 represents the
simulation output of the DG MOSFET i.e. the
input voltage at gate 1 and gate 2 of a Dual Gate
MOSFET and the output is taken at the drain
side, which is obtained to be 100 mv. Here x axis
is taken as time in ns and y is the different
voltage values in volts. These results are
obtained by the SPICE Programming of the
desing shown in the Figure 3 .
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Figure 6: Simulation output of Input voltage at gate 1
of a DG MOSFET
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Figure 7: Simulation output of Input voltage at gate 2
of a DG MOSFET

The output of a 2X1 decoder based De-
multiplexer using DG MOSFET is shown below.
V (10) is the input line and V (2) is the selection
line. V (11) and the V (17) are the two outputs.
Here x axis is the time and y axis is the voltage.
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Figure 8: Simulation output for decoder based de-
multiplexer

Thus the results of modeling of dual gate
MOSFET were discussed and also the decoder
based demultiplexer’s using dual gate MOSFET
is also simulated. The modeling was carried out
in MATLAB, whereas the demultiplexer was
developed in PSPICE.

5. CONCLUSION AND FUTURESCOPE

The equivalent circuit of a Dual Gate
MOSFET was developed and a decoder based
digital Demultiplexer using DG MOSFET was
also designed and simulated using PSPICE. The
maximum drain current is 40 mA and the
functional behavior of the design is in greater
coherence with the results obtained. This
proposed design is useful in exploring the new
avenues of digital circuit designing. There are
some limitations as far as modeling is considered
using equivalent circuit method such as ambient
temperature or geometrical parameters cannot be
included in the present form. In the near future
the modeling can be performed for others models
of MOSFET and also for the multigated devices
like FINFET. There is a fine scope for extending
this work for intended applications in digital
electronics using VLSI technology; this
extension of the work also lies in the
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development of new methodologies in the design
of combinational logic block circuits.
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