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A New Two-Dimensional Model for the Drain-Induced
Barrier Lowering of Fully Depleted Short-Channel SOI-
MESFET’s

S. Jit, Prashant Pandey, and B.B.Pal

Abstract—A new two-dimensional analytical model
for the potential distribution and drain-induced
barrier lowering (DIBL) effect of fully depleted
short-channel Silicon-on-insulator (SOI)-MESFET’s
has been presented in this paper. The two
dimensional potential distribution functions in the
active layer of the device is approximated as a simple
parabolic function and the two-dimensional Poisson’s
equation has been solved with suitable boundary
conditions to obtain the bottom potential at the
Si/oxide layer interface. It is observed that for the
SOI-MESFET’s, as the gate-length is decreased
below a certain limit, the bottom potential is
increased and thus the channel barrier between the
drain and source is reduced. The similar effect may
also be observed by increasing the drain-source
voltage if the device is operated in the near threshold
or sub-threshold region. This is an electrostatic effect
known as the drain-induced barrier lowering (DIBL)
in the short-gate SOI-MESFET’s. The model has
been verified by comparing the results with that of
the simulated one obtained by solving the 2-D
Poisson’s equation numerically by using the pde
toolbox of the widely used software MATLAB.

Index Terms—SOI-MESFET, threshold voltage,
potential distribution, channel barrier, drain-induced
barrier lowering (DIBL).
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I. INTRODUCTION

Si-MESFET fabricated on silicon-on-insulator (SOI)
has drawn considerable attention in recent years due to
its possibility as a good replacement of MOSFET for
ULSI technology. The I-V characteristics of SOI-
MESFET was first investigated experimentally by Vogt
et.al.[1] but they overlooked the short-channel effects of
such devices. The drain-induced barrier lowering (DIBL)
is the most pervasive effect in short-channel devices
which arises from the two-dimensional electric field
distribution in FET’s. DIBL is an electrostatic effect that
causes the channel charge and current of short-channel
FET’s to be partially controlled by the drain potential
rather than the gate potential. Thus, in order to
understand and optimize the device characteristics with
dimensions in the deep submicrometer regime, there is a
need to develop an analytical model for the two-
dimensional potential distribution functions by solving
the two-dimensional Poisson’s equation.

Hou and Wu [2] have reported a model for the two-
dimensional distribution function and threshold voltage
of SOI-MESFET’s by using the Green function
technique. Recently, Chang et al.[3] have presented
another analytical model for the same by using
superposition method. Despite the accuracy of the above
models, it involves a lot of mathematical complexity and
makes its understanding and application difficult. In this
paper, we have presented a simple analytical model for
DIBL in short-channel SOI-
The potential distribution function is

characterizing the
MESFET’s.
approximated as a parabolic function as considered in
ref.[4] for the SOI-MOSFET’s and consequently the
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bottom potential function at the active/oxide layer
interface has been obtained by solving the two-
dimensional Poisson’s equation with suitable boundary
conditions. The bottom potential is used to monitor the
DIBL in the short-channel SOI-MESFET’s. Finally, the
proposed model has been verified by comparing the
result with the simulated one obtained by solving the 2-
D Poisson’s equation using the pde toolbox of the widely
used software MATLAB. A good agreement has been
obtained between the two results.

II. THEORETICAL MODEL

The schematic structure of a fully depleted SOI-
MESFET under consideration has been shown Fig.-1.
Assuming a uniform impurity doping density in the
channel dimensional

region, the two potential

distribution W(x,y) in the fully depleted silicon film

may be obtained by solving the 2D Poisson’s equation
given by
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Fig. 1. Schematic structure of n-channel Si-SOI MESFET’s.
The 2-D potential function Y(x,y) is obtained by solving

the Poisson’s equation inside the rectangular domain

0<x<L 0<y<t,.

where N, is the doping density, ¢, is the permittivity

of the silicon film, L is the length of the channel, and
t, i1s the thickness of the silicon film. From the

st
simulation results as reported in refs.[2,3], it is observed

that the y-dependence of W¥(x,y) may be approximated

by a simple parabolic function as considered in ref.[4]
for the SOI-MOSFET and may be given by

‘P(an’)zko(x)+k1(x)y+kz(x) y2 (2)
where k,(x), k(x) and k,(x)are the functions of x.

This approximation differs from the one proposed by
Toybe and Asai [5] for the bulk-silicon MOSFET case,
which employs a cubic function of y. The boundary

conditions for solving the Poisson’s equation (sce
eqn.(1) ) may be given as [2]:

\Il(xay)L,:O = Vgs - (Dbi

(3)
W(xy)| | =¥, &)

Y=l 4)

¥y ey VeV PO

ay y=t_. gsi ' tr)x

=a (say) s)
\Ij(xi y)‘_\.:o = Vbi (6)
Hxy)_, =V, +V, -

where V_ is the gate-source voltage, V, is the drain-
source voltages, @, is the built-in voltage of the
Schottky barrier at gate, V,, is the built-in voltage
between the channel to source (drain) junction, ¥, is

the substrate bias, V°

» is the flat band voltage of SiO,

£, is the permittivity of the oxide layer, ¢, is the

ox

thickness of the active silicon film and ¢ is the
thickness of the back oxide layer. ¥, (x) is the bottom
potential at the silicon and oxide layer interface and
¥, (x) in eqn.(5) is the one dimensional potential

distribution for long channel SOI-MESFET which may
be given by [3]
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N,y
\Fld(y)z_Td—-+ay+Vgc —(Dhi

Esi (8a)
where

a=Ey

x=L/2,y=0

(Vi =Vn+{aN,22126,) =V, + @, )11, ) +aN,
B ¥, (8b)

“

is the electric field at x=L/2,y=0; c, =&, /t  is
oxide capacitance per unit area and ¢, =g, /¢, is the

capacitance of the silicon film per unit area.
Using eqns.(3)-(5) in eqn.(2), we get

¥Y(xy) =, -o,)

20, (x)-V,_ +D,-at,
+[a+ ( hp( ) gs bi Al)]y
t

si

+(Vgs _ +t0;t“. —‘Php(x)j .
(9)

Substituting ¥(x,y) from eqn.(9) in eqn.(l) and
putting y=t¢, in the resultant equation, we may
express the bottom potential W, (x) in terms of a

differential equation given by

e (1), ,
ox t g

_ qu +2(Vg-v_q)bi+atxi)
= = o

K} si

(10)

Using the boundary conditions from eqns.(6) and (7),
the solution of eqn.(10) may be given by

¥, (x)=®,, sinhl{y2 x/t, )]+ coshlv2 x/t,)
+B (11)

where

B= Cy {(quti /25.s-i)+ Vgs _q)hf}"'cox(Vbx _Vfb)

Cop TCy (12)

(I)S=Vbi_ﬂ 03
o, Var®li-conl2 Lrr,)

sinh(2 L/1,,) »

Substituting the expression of ¥, (x) from eqn.(11)

in eqn.(9), we may get the expression for the two-
dimensional potential distribution function for the short-
channel SOI-MESFET’s.

The DIBL effect of the short-channel SOI-MESFET’s
may be demonstrated by observing the bottom

potential ¥, (x). Since the subthreshold leakage current

often occurs at the position of the minimum channel
bottom potential, the effect of DIBL on the device
behavior in the subthreshold region may be monitored by
the minimum bottom potential W , =¥, (x=x,,)

min

where X is the position of the minimum bottom

potential which may be obtained by solving the equation:

d\}]bp (x)
dx

=0
min (15)

and may be given by

X in =(t_vi/\/5)tanh‘](—cl)0/(1)A§) (16)

Note that, for ¥, =0, ~®,/®,=tanh(L/2%,)
L

X .
(see eqn. (14)) and thus ™" 2, i.e. the minimum

bottom potential occurs at the middle of the channel.
Since tanh(x) is decreased as x is decreased, therefore,

for V, =0, if the channel length [ is decreased, the
term (—d,/d,) of eqn.(16) is also decreased and
hence the position of the minimum bottom potential

Xmin 1s shifted toward the source side. Further, from

eqn. (14), it may be observed that if the Viis increased,
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—®, is decreased and thus for a fixed channel length,

Xmin 18 decreased and shifts toward the source.

III. RESuLTS AND DISCUSSIONS

In this section, we have presented some numerical
results for the bottom potential at the Si/oxide layer
interface to demonstrate the DIBL effect in short-
channel Si-SOI MESFET’s. In Fig.2, the variation of the
bottom potential along the channel with a gate length
L=05um and 0.1 wn has been shown for different
drain-source voltages. From the figure, it is observed that

as the drain - source voltage ¥V, is increased, the

bottom potential is increased at the drain side whereas
the position of the minimum potential remains almost
unchanged for L =0.5um. This is due to the fact that for

\/EL/tS,24’ D, =V, exp (—\/E L/t»\,)—@s (using

sinh(x) = cosh(x) =~ %exp(x) [5] in eqn.(14)). Since

the exponential term is very small for L=0.5um and

t, =40nm , therefore, from eqn.(16), it may be observed

that X, is almost independent of the Vi . The
Increase in the bottom potential at the drain side due to

the increase in Vs lowers the channel barrier (i.e.
potential difference between the channel and source) of
the device which is known as the DIBL in the short
channel FET’s. It is to be noted from the figure that as
the channel length is decreased from L=05um

t0 0.1 um , the DIBL effect becomes more dominant i.e.

as the channel length is reduced, the bottom potential is
increased and thus the channel barrier is lowered. In this

case, Xmin is shifted toward the source as Vds is
increased. The graph of the bottom potential vs. the
normalized channel distance for different doping
concentration in the silicon film is presented in Fig.-3. It
i1s observed from the figure that the DIBL effect is
increased with the increase in the doping concentration.
Finally, the variation of the bottom potential along the
channel is presented for different thickness of the silicon
film as shown in Fig.-4. It may be observed that as the
silicon film thickness is decreased, the DIBL effect is

reduced. Thus, if the channel length is reduced, the
short-channel effect may be minimized by reducing the
thickness of the active layer of the device. The result has
been compared with the simulated one obtained by
solving the 2-D Poisson’s equation by using the pde
toolbox of the widely used software MATLAB and a
fairly good agreement is observed between the two. It
may be mentioned that the boundary conditions
described by eqns.(3)-(7) are the key requirements for
solving the 2-D Poisson’s equation numerically using
MATLAB. Since, the above boundary conditions are
already verified by Chiang et.al.[3], the comparison
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Fig. 2. Variation of the bottom potential ¥, (x/L) along the

channel with normalized distance (x/L) for different gate
lengths (L) and drain-source voltages (V).
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Fig. 4. Variation of the bottom potential ‘¥, (x/L) along the

channel at Si-Si0, interface with normalized distance x/L
for different silicon-film thicknesses.

between the data obtained from our proposed model and
simulation results obtained from the MATLAB is
sufficient to show the validity of the analytical model
described in this paper.

IV. CONCLUSION

A new two-dimensional analytical model for the
potential distribution and the drain-induced barrier
lowering (DIBL) effect in short-channel SOI-MESFET
is presented in this paper. The variation of the bottom
potential at the active/oxide layer interface is determined
to monitor the DIBL. It has been shown that as the
channe! length is reduced, the minimum bottom potential
is increased which further reduces the channel barrier. If
the drain-source voltage is increased, the position of the
minimum bottom potential is shifted toward the source.
The model presented in this paper is very simple as
compared to the other reported models in the literature
and may be used to predict accurately the channel barrier
variation with the gate and drain voltages in the
subthreshold regime including DIBL effects.
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