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thickness and back gateoxide thickness of the proposed device
respectively. Vgf and Vgb are the potential applied at the front
gate and the back gate respectively.

Abstract
This paper presents the analysis of electrical characteristics of
nano structured Fully Depleted narrow channel SOIMOSFET.
The mathematical solution of 3D Poisson’s equation used
separation of variable technique; the surface potential is
calculated. The boundary conditions of proposed device are
considered in calculations. The impact of narrow channel
effect and short channel effect in proposed device analysed.
The narrow channel width effect on the threshold voltage is
also investigated for thin film Fully Depleted(FD)narrow
channel SOI MOSFET.
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I. INTRODUCTION
The ongoing downscaling in physical size of traditional
complementary MOS (CMOS) has been foiled by the
increasing deleterious existence of the short-channel effects
(SCEs). As the semiconductor MOSFETs starts to enter in to
the deep sub-micro-meter regime, the short-channel effects
(SCEs) event will take on a more prominent role in
influencing their performance. Suppression of the SCEs has
become essential for increasing the performance of MOSFETs.
Due to above most of work on reducing the SCE is currently
being carried out by researchers. In some cases, focus is now
on development of multiple-gate and multi material structure
of MOSFETs because of their abrupt sub-threshold slope and
lowered body-effect coefficient. The self-heating effect [3].
Further an improved complete shrinked channel MOSFET I-V
model related to circuit simulation developed. This unified
model is applicable for Fully Depleted, Partially Depleted,
and mixed-mode SOI MOSFET’s [4]. The various methods to
solve 1D, 2D analysis of SOI MOSFET were very interesting
areas for work [5-11].In present model, 3D Poisson’s equation
is solved with various boundary conditions using separation of
variable method.
II.

Fig 1. Cross-sectional view(x-y)

Fig 2.Cross-sectional view(x-z)
Cross-sectional view (x-z) of the fully depleted SOI MOSFET
is shown in the figure 2. This device has the channel width of
W. toxw is the thickness of the side wall. Side wall interface
junction is located at z=0 and z=W.

MODEL FORMULATION

Figure 1 shows the cross-sectional view (x-y) of the fully
depleted SOI MOSFET. At y=0, the source- channel junction
is located and the channel drain junction is located at y= Leff.
This implies the y varies from 0 to Leff. Here, Leff is the
effective channel length of the device. Si-SiO2 interface is
located at x=0 and x= ts. The term ts represent the thickness of
the Si film, toxf and toxb represents the front gate oxide

III.

SURFACE POTENTIAL FORMULATION

To analyse the proposed structure given above, solution of
Poisson’s equation and also the current continuity equation is
required. However, in case of subthreshold calculation, the
currents are less and hence alone Poisson’s equation will
provide the required result.
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The Poisson’s equation is given by,

III.II. SOLUTION OF THE 2-D LAPLACE
EQUATION
Using the boundary conditions, the equation solution is given
as,

Here, NA represents the doping concentration and
(x,y,z) is the surface potential at (x,y,z) point. The required
boundary conditions to solve the Poisson’s equation are given
by,

Here V and Vr will be described as follows,

and

The above boundary conditions will be useful in finding the
solution of the Poisson’s equation of MOSFET. There are
methods such as Green function technique which is used to
solve the equation. However, we have applied the technique
of variable separable to solve the 3d Poisson’s equation.

the various terms used in equation as follows

Using the method, the solution is given by,

The 1-D Poisson’s Equation will provide the solution as l(x)
and the solution of 2-D and 3-D equation will be `(x,y) and
``(x,y,z) respectively.
The solution of the 3D Poisson’s equation will be the sum of
all the Laplace equation, i.e.

III.III. SOLUTION OF THE 3-D LAPLACE EQUATION
The solution of the 3-D Laplace Equation is done with the
help of the following boundary conditions,

(x,y,z) = l(x) + `(x,y) + ``(x,y,z)

III.I. SOLUTION OF THE 1-D LAPLACE EQUATION
Solution of 1-D Laplace Equation is provided with the help of
the boundary conditions given as,

After solving all the equations, the solution is given as,
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After solving the above equations, the solution of the 3D
Poisson’s equation is given by,

The Bisection method is used to calculate

On solving the equations, the calculation will be as follows,
Here
where

From these equations, we can conclude that the Vtf0 do-not
depend on channel length and width and hence, it is the
threshold voltage of the long and narrow SOI MOSFET. Vtf1
is varying with the effective channel length and the drainsource voltage but do-not depend on channel width. This
implies that the short channel effects reduce the threshold
voltage. However, the narrow width effect leads to the
reduction of the Vtfw.

V.

RESULTS

Various results are obtained for the FDSOI MOSFET by using
all the solutions of the Laplace equations i.e. the 1-D, 2-D and
3-D equations. These equations are also called as line
potential, surface potential and the volume potential
respectively.

Line Potential (V)

Line potential
0.43
0.425
0.42
0.415
0.41
0.405
0.4
0.395

0.425
0.416
Line potential
0.40.4
0

and

40

60

Silicon Thickness (nm)

These equations will provide the solution when the values of
all the parameters are put in the equations and the result is
obtained.

IV.

20

Fig 3. Variation of line potential with silicon thickness for
x=10nm

Figure 3, we observe that the line potential increases as the
thickness of the silicon gets increased. After the variation of
the line potential, surface potential is varied.When the surface
potential varies for the different doping concentration as
shown in figure 4 along the increasing silicon thickness, we
conclude that the surface potential lowers down as the silicon
thickness increases. Even the increase in the doping
concentration reduces the surface potential of the device.

THRESHOLD VOLTAGE FORMULATION

The model of the threshold voltage is presented for the FD
SOI MOSFET. The front gate Threshold voltage (VTF1) of
narrow width SOI MOSFET is defined as VTF1 =Vgf, when
φ(0, yminf, W/2)= 2 ∅b, here yminf is the position of surface
potential in lateral direction. By differentiating the equation
with respect to y at x= 0 and z= W/2. Solving the equation,
the solution came in form.
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Fig 6: Variation of subthreshold swing with the
channel length
Fig 4. Variation of surface potential with silicon
thickness for different doping concentration

Figure 6 represents the way of tuning a device’s switching
characteristics for the scaling trends. There is a drastic
increase in the value of the subthreshold swing below a finite
gate length. It is due to the severe increase in the short channel
effects with deceasing gate length as the gate has less control
over the channel. Also, the thinner channel shows less swing
value, i.e. gate enhances control over the channel.

Figure 5 shows the variation of the volume potential with the
silicon thickness. There is decrease in the volume potential as
the silicon thickness increases.

Therefore, it can be analysed that the switching characteristics
of the device improves when the dimensions are properly
tuned i.e. the device channel thickness and the gate oxide
thickness. The characteristics deteriorate when the gate oxide
thickness increases as the gate electric field intensity reduces
over the channel. However, the thinner channel shows
reduction in swing.

Volume Potential (V)
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VI.

0.2

This paper presents the surface potential based subthreshold
model and swing analysis of proposed device. An effort has
been made to analyse the best operating performance model
for the device in terms of surface potential, off state leakage
current and switching characteristics. We have concluded that
to model the structure, there has to be a balance between the
various parameters of the device.
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Fig 5: Variation of volume potential with silicon
thickness
Diffusion phenomenon leads to the subthreshold drain current
in the device. When gate voltage increases, the off-state
leakage current increases due to the subthreshold drain current
for shorter channel length. This is due to the increase of the
DIBL and hence, the gate loses control over the channel with
decrease in the channel length due to the increased dominance
of the electrical charges of the source/drain over channel.
There is increase in slope of the subthreshold current which
indicated that the switching characteristics improvement with
increasing gate length.
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