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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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l. 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 A, 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 I, we develop the evanescent
model, with characteristic length A., and draw the
threshold voltage, DIBL and swing.
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In the part III, we just recall the bases of the classical
polynomial model as well as the characteristic length
A, Then, we take into consideration the ECPE and
deduce the corrected characteristic length A,.. From
one model to another, only Ai,, 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.

1. Evanescent Model
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Figure 1: Cross section of an n-channel SOI MOSFET
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The structure SOI MOSFET (figurel) is completely
depleted and the inversion charge is neglected in
regard to that of the depletion. We define by L the
channel length. tpy tg and tyex (Or tpwsimex) represent
respectively the thickness of the frontal oxide, the
silicon body and the buried oxide. N, is the silicon
doping concentration under the frontal oxide and Ny is
the doping concentration of the source and drain
regions. g and &, 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)
=e1(X)+e(Xy). @(X) is the solution of Poisson
equation for a long channel and ¢,(X,y) is the solution
of the Laplace equation and contain the short channel
effect.
ngo(é, ) d2(p(>;, y) _Na (1)
dx dy s
The necessary boundary conditions of ¢, and ¢, to
define ¢(X) are as follow:

For ¢;:
¢1(0)= Vg = ((:: ::X Pyt + CCb:(X Pgp — q,;j:Si (+ ;:é":l )-
aa%j Cf:X (@1(0) =@t ).
aa%j C; (01 t5) =gy )-

Where (pgf =ng _Vfbf and g[)gb =ng _Vfbb .

Vg represents the surface potential, at x =0, for a long
channel, Vi is the flat band voltage at x =0and Vg, is

Eov |.
X 1is the
t fox

o }is the buried

box

the flat band voltage atx=t. Cfox{:

frontal oxide capacitance, C,,, [:

oxide capacitance and Cg {: gi} is the silicon body

si
capacitance. Cox ,Ebox and C,, represent the following
expressions:

1 1 1 1 1 1 1
— = + +— — = +— and
Cox c fox Cbox c si Chox Cbox c si
_ C fox 'Cbox
oxX Cox
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For ¢:
P, (x,y =0) =V —9 (x).
P, (x,y =L) =V, +Vy — 0 (x).

0 Cox
%j 2 (p(x=0,y) -, (x=0)).
X x=0 si

0 C
ﬂj O (o(X =ty Y)— g (X=1g).
x=t

gSI
where Vy; [: k;— .Ln ($ﬂ denotes the built-in
n;

voltage between the source/drain end.
The frontal surface potential is defined as
o (Y) =@, (x=0)+ ¢, (x =0, y)and written as follow:
Py (Y)=Vg +(Vy +Vg —Vg ). S?nh( y/A,)
sinh(L/A4,) Q)
sinh(L—-y/A,)

sinh(L/4,)
where A, represents the characteristic length for the

+ (Vi =V ).

evanescent model and verify the follow equality:

tsi _CfOX Chox +COS(ti _Cbox -0 3)
) 2, —=0.

| i
—.sin(—
ﬂ’e ﬂ“e Esi C si &

The threshold voltage is defined as a grid voltage

(Vo=V) for oy =2¢g where ¢B{= k(']I' Ln (n ﬂ is

the Fermi potential in the channel. This leads to write
Vin as the
form

C N_tg C
Vth Vfbf CbOX { box (ng fof )_ Palsi (l+ﬂ)}
C 0X Cox Cox 2Csi

2s. Ebox ~ (Vi V). sinh(y/ le) s1n.h(L— Y/ )
Cox sinh(L/ 4,) sinh(L/4,)
B sinh(y/ ﬂe) B sinh(L—Yy/4,)

sinh(L/4,)  sinh(L/A,)

bi'

The gradient of threshold voltage is defined as
AVy, =V —Vi, Where Vyo denotes the threshold

voltage for a long channel FD SOI MOSFET [10] and
written as:

Vino =V =

Ebox Cbox CIN tg Ebox (5)
e +2¢.— & (1- .

c. Voo =Vign) + ¢ c.. c. ( 2Csi)

11-2. Drain Induced Barrier Lowering
For the FD SOI MOSFET with short channel, the

surface potential minimum increase with the drain



240 Investigation In The Convergence Of The Evanescent Model And The Polynomial... 12

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.

The ® parameter defined by R =2://—”‘ evaluates the
ds

DIBL effect and written as
L

_ 2sinh?

Coe | 257G K, v, (©)
=T ko 72 7

Cox | (K2 —4K K2 (KZ-4KK,)"™?
where

K, =sinh?(L/4y) —4sinh*(L/24,)
K, = (2¢g — Vi )sinh®(L/ ) — Vg sinh*(L/27,)
Ky = (265 —Vyi ) sinh?(L/ 4) + Vs

11-3. Swing
The subthreshold slope, appealed swing, is defined as
the grid voltage that modifies the drain current under a

. oV
threshold of a decade and written as S=—3%
ALn(lgy)

where 14 denotes the drain current.
Sean be written differently according to the minimum

. oV, .
surface potential g, : S = Ln(10).—2= _O%smin_

ag”smin oLog(l ds)

the drain current is proportional to exp(qg?(s—'_?i“j , this

leads to write S as the form
oV,
S= %.Ln(l 0)—% @)

Psmin

The determination of the minimum surface potential y,
abscise allows to write the parameter S taking into
consideration tlle short channel effect as
S = k—T.Ln(lo).C_box (==

q Cox sinh(L/4,)
The corrective term

_|_sinh(¥o/4e) _ sinh((L —¥p)/Ze)

s sinh(L/4) sinh(L/4)

denotes the short channel effect [13].

sinh(L/,)

)

I11. Polynomial Model

I11-1. 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.

AxY) =G +CEX+C(y)X (10)

_sinh(y, /4,) sinh(L-y,/4,) (8)

Using the classical boundary conditions [4]
_(P(X = 07 y) = Qg (y)
—p(X=1g,Y) =g ()

_ a¢(xa y) — C fox -
X |y Esi s ) ‘/’gf)
d0(x, C
JOPU Y S (1) - 0g)
OoX X=t si

si

and writing the Poisson equation as ¢g (x=0,y), we

deduce the polynomial characteristic length

1
j’p :(gsi i /Cfox)é- (11)

111-2. Including the ECPE
The notion of the ECPE supposes that the gravity
center of the conduction current is at x=dg [18]. The

presentation of the electrostatic potential ¢(x,y) at
x=d, allows us to bring about a correction to
polynomial characteristic length Ay,

The new corrected characteristic length corresponding
to the polynomial model including ECPE is

1
Cfox 1 Cfox dz JA

Ape = A l+——dg ——. .
P p( & e 2tsi &

(12)

The evanescent model and the polynomial model with
and without the ECPE are utilized to analysis the short
channel effect. The analytic expressions of
Os Vin,AVy,Rand S presented through  the

evanescent model remain adequate for the polynomial
models with and without ECPE save for the
characteristic length 4_ , ,c which changes in the

expressions.

IV. Results and Discussion

In order to show the convergence situation of the
already

2.2

Vds=1V ji’ds:l Y
@ polynomial model [
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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
position a long the channel for different values of Vds.

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 d.=0.5t,, [17].

For the three models, figure 2 shows the evolution of
the surface potential along the channel for
towsibox=9-2/80/300nm, N,=1.10"cm”, L=0.2 and
0.5um and for V4=0.05, 0.5 and 1V. We notice an
adequate convergence, at d.;=0.35t;, 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 tiysinn=9.2/80/300nm, N,=1.10"cm>,
L=0.2 and 0.5um and for V4=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 d.;=0.35t;.
Figure 4 illustrates the evolution of the threshold
voltage in regard to the normalized position to L along
the channel.
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Figure 4. Threshold voltage versus normalized position along

the channel y/L
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Figure 5. Variation of threshold voltage versus drain bias

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 tgysipe=10/50/200nm, N,=2.10"cm”
and L=0.140pum. 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 d.;=0.35t;.
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
trowsibox=1/10/50nm, N,=1.10"cm™ and V4=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
dcff:O.35tsi.

Figure 7 presents the swing parameter, in weak
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inversion, as function of the channel length for
trowsibox=7/30/80nm, N,=3.10""cm™ and V4=0.1V. We
notice an adequate convergence, at d.=0.35tg,
between the evanescent model and the polynomial
model including the ECPE.
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Figure 6. DIBL versus a channel length L
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Figure 7. Subthreshold Swing versus a channel length

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 d.s=0.35t;.
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