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Abstract: we are presenting a convergence study of the evanescent model and the polynomial model with and 
without the Effective Conduction Path Effect. These analytic models of the electric potential in the channel are used 
to analyze the short channel effect for the submicronic SG FD SOI MOSFET. Hereby, we figure out the 2D Poisson 
equation and we analytically write the surface potential, the threshold voltage, the DIBL and the sub-threshold slope.
The results show a good agreement of the evanescent model and the polynomial model including the Effective 
Conduction Path Effect with measures done by simulation tools.
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I. Introduction
Microelectronic researchers are in perpetual research 
for the speed and integration density of elementary 
components in regard to the ITRS [1]. The 
miniaturization of the components dimensions 
affecting the electric characteristics leads the
conceptors to imagine other structures [2-7] rather 
than conventional MOSFET to conserve the long 
channel performances. The submicronic FD SOI 
MOSFET is one of these components that are 
attractive devices for low power high-speed VLSI 
applications because of their small parasitic 
capacitance [8].
Various models [9-15] have been developed to analyze
the short channel effect (SCE) for the submicronic FD 
SOI MOSFET. Most of these models make use of the 
resolution of the 2D Poisson equation. The
characteristic length λ, deduced from this resolution, is 
related to technological parameters of components [5 
and 16] and relies on the adopted models and 
boundary conditions. Very few papers have dealt with 
the convergence of these models [17].
In this paper, we are interested in the convergence of
the evanescent model and the polynomial models with 
and without the ECPE through the SCE for the 
submicronic Single Gate Fully Depleted SOI 
MOSFET. In the part II, we develop the evanescent 
model, with characteristic length λe, and draw the 
threshold voltage, DIBL and swing.

In the part III, we just recall the bases of the classical 
polynomial model as well as the characteristic length 
λp. Then, we take into consideration the ECPE and 
deduce the corrected characteristic length λpc. From 
one model to another, only λi=e,p,pc changes in the 
analytic expression of the surface potential, threshold 
voltage, DIBL and swing.
Simulators measurements are superposed for the 
validation of the obtained results.

II. Evanescent Model

II-1. Surface potential and threshold voltage.
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Figure 1: Cross section of an n-channel SOI MOSFET 
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The structure SOI MOSFET (figure1) is completely 
depleted and the inversion charge is neglected in 
regard to that of the depletion. We define by L the 
channel length. tfox, tsi and tbox (or tfox/Si/box) represent 
respectively the thickness of the frontal oxide, the 
silicon body and the buried oxide. Na is the silicon 
doping concentration under the frontal oxide and Nd is 
the doping concentration of the source and drain 
regions. εsi and εox represent respectively the dielectric 
permittivity of the silicon film and the silicon dioxide.
The evanescent model supposes that the electrostatic 
potential in the silicon film is represented by (x,y) 
=1(x)+2(x,y). 1(x) is the solution of Poisson 
equation for a long channel and 2(x,y) is the solution 
of the Laplace equation and contain the short channel 
effect.
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The necessary boundary conditions of 1 and 2 to 
define (x) are as follow:
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where fbfgfgf VV  and fbbgbgb VV  .

VSL represents the surface potential, at 0x , for a long 
channel, Vfbf is the flat band voltage at 0x and Vfbb is 

the flat band voltage at sitx  .
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voltage between the source/drain end.
The frontal surface potential is defined as 
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where e represents the characteristic length for the 

evanescent model and verify the follow equality:
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The threshold voltage is defined as a grid voltage 

(Vgf=Vth) for Bsf  2 where 
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the Fermi potential in the channel. This leads to write 
Vth as the 
form
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The gradient of threshold voltage is defined as 

ththth VVV  0 where Vth0 denotes the threshold 

voltage for a long channel FD SOI MOSFET [10] and 
written as:
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II-2. Drain Induced Barrier Lowering 
For the FD SOI MOSFET with short channel, the 
surface potential minimum increase with the drain 
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bias. Thus, the short channel effect is attributed to the 
penetration of the electric field line, of the drain-
channel junction, in the channel resulting in the 
potential barrier lowering (DIBL effect). This leads to 
the decreasing of the threshold voltage.
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II-3. Swing
The subthreshold slope, appealed swing, is defined as 
the grid voltage that modifies the drain current under a 

threshold of a decade and written as
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consideration the short channel effect as
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denotes the short channel effect [13].

III. Polynomial Model

III-1. Without the ECPE
Considering the polynomial model [9] that considers
the conduction current is at the surface of the silicon 
body and supposes parabolically the electrostatic 
potential profile in the vertical direction.
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and writing the Poisson equation as  yxsf ,0 , we 

deduce the polynomial characteristic length 
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III-2. Including the ECPE
The notion of the ECPE supposes that the gravity 
center of the conduction current is at effx d [18]. The 

presentation of the electrostatic potential ( , )x y at 

effx d allows us to bring about a correction to 

polynomial characteristic length p.
The new corrected characteristic length corresponding 
to the polynomial model including ECPE is 
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The evanescent model and the polynomial model with 
and without the ECPE are utilized to analysis the short 
channel effect. The analytic expressions of 

 ,,, ththsf VV and S presented through the 

evanescent model remain adequate for the polynomial 
models with and without ECPE save for the 
characteristic length , ,i e p pc  which changes in the 

expressions.

IV. Results and Discussion
In order to show the convergence situation of the 
already
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Figure 2. Surface potential versus position a channel length
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Figure 3. Minimum front  channel surface potential and location y0 of the minimum front   
 channel surface potential versus posit ion along the channel for different  values of Vds.
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mentioned models for the FD SOI MOSFET, we 
analyze the SCE via the surface potential, the 
threshold voltage, the DIBL and the swing. 
Measurements and/or simulator data are superposed 
the obtained results for validation. The same work for 
the conventional MOSFET prove that the convergence 
situation for the evanescent model and the polynomial 
model including ECPE is at deff=0.5tox [17].
For the three models, figure 2 shows the evolution of 
the surface potential along the channel for 
tfox/si/box=9.2/80/300nm, Na=1.1017cm-3, L=0.2 and 
0.5µm and for Vds=0.05, 0.5 and 1V. We notice an 
adequate convergence, at deff=0.35tsi, between the 
evanescent model and the polynomial model including 
the ECPE. We also see that the surface potential 
minimum increases, with the same drain bias, when L 
decreases. This leads to the decreasing of the channel 
barrier high. Figure 3 presents the evolution of the 
surface potential minimum and its position along the 
channel for tfox/si/box=9.2/80/300nm, Na=1.1017cm-3, 
L=0.2 and 0.5µm and for Vds=0.05, 0.5 and 1V. The 
results, and on a large scale of drain bias, show a good 
agreement between the evanescent model and the 
polynomial model including the ECPE at deff=0.35tsi.
Figure 4 illustrates the evolution of the threshold 
voltage in regard to the normalized position to L along 
the channel. 

These results prove a perfect agreement between the 
evanescent model and the polynomial model including 
the ECPE with Banna’s measurements [10] as well as 
those of MEDICI’s [13].
Figure 5 shows the evolution of the threshold voltage
as function of drain bias for the submicronic FD SOI 
MOSFET with tfox/si/box=10/50/200nm, Na=2.1017cm-3

and L=0.140µm. The evolutions are almost linear as 
predicted by [20]. MEDICI’s data [19] agree closely 
with the predictions of the evanescent model and the 
polynomial model including the ECPE at deff=0.35tsi. 
As the drain voltage increases, the channel barrier and 
the threshold voltage are reduced. This is called Drain 
Induced Barrier Lowering. Figure 6 illustrates the 
DIBL effect as function the channel length for 
tfox/si/box=1/10/50nm, Na=1.1017cm-3 and Vds=0.1 and 
1.5V. The results, and on a large scale of drain bias, 
show a good agreement between the evanescent model 
and the polynomial model including the ECPE at 
deff=0.35tsi.
Figure 7 presents the swing parameter, in weak 
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Figure 3. Minimum front channel surface potential and location 
y0 of the minimum front channel surface potential versus 
position a long the channel for different values of Vds.

Figure 4. Threshold voltage versus normalized position along 
the channel y/L

Figure 5. Variation of threshold voltage versus drain bias



inversion, as function of the channel length for 
tfox/si/box=7/30/80nm, Na=3.1017cm-3 and Vds=0.1V. We 
notice an adequate convergence, at deff=0.35tsi, 
between the evanescent model and the polynomial 
model including the ECPE.
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V. Conclusion
The study of the short channel effects through the 
surface potential, the threshold voltage, the DIBL and 
the swing has proved the convergence of the 
evanescent model and the polynomial model including 
the ECPE. The convergence situation for the 
submicronic FD SOI MOSFET is at deff=0.35tsi.
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