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Abstract— In this paper a new 3-D analytical model for the
potential distribution in nano-scaled lightly doped trigate silicon on
insulator MOSFETs in the subthreshold regime, is proposed. This
model is derived by solving 3-D Poisson s equation and using
parabolic potential distribution assumption between lateral gates. The
proposed analytic model is investigated and compared with the
obtained results from 3-D simulations using ATLAS device
simulator. It is demonstrated that analytic solution has a good
accuracy to predict potential distribution along the silicon body.

Keywords— analitical model; trigate SOI MOSFET; 3-D
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[. INTRODUCTION

Device architectures based on Silicon-On-Insulator (SOI)
technology, i.e., ultra-thin body SOI transistors, double gate
(DG) and trigate (TG) SOI MOSFET are candidates for
extension of CMOS scaling beyond the limits set for the bulk
transistors [1-2]. These devices can operate in fully depleted
(FD) regime and thus provide reduced short channel effects,
leakage current and maintain good scaling capability [3-4]. TG
transistors are more interesting as compared to DG transistors
for scaling because the 3-D structure of TG SOI MOSFETs
redounds to improve control of the gate over the entire
channel, therefore the short channel problems are less than
those in DG SOI MOSFETs [5-6]. The TG MOSFETs are
being used by Intel because of high I,/I [7]. The body of
these transistors are usually lightly doped, because the body
scattering effects are reduced that lead to increase the carrier
mobility and derive current [8 For obtaining an analytical
solution based on gradual channel approximation (GCA) [9] in
DG transistors, 3-D Poisson’ s equation can be reduced to 1-D
equations because of their symmetric structures. Although, in
TG SOI MOSFETs due to asymmetric structures, finding an
analytical solution directly is so challenging and more
approximations are required [10-12]. In order to obtain an
analytical model for potential distribution along the channel
for TG MOSFET, in [13] 2-D Poisson s equation in symmetry
and asymmetry DG MOSFET is solved separately and the
total potential for TG MOSFET is produced by adding the
obtained potential in symmetry and asymmetry DG MOSFET
based on perimeter-weighted approximation In [14] 3-D
Poisson’ s equation is solved by using 1-D Poisson s equation
and 3-D Laplace equation in TG SOI MOSFET. The obtained
potential is independent of the drain voltage. In this paper,
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alternative and simple analytic model for potential distribution
is investigated based on solving 3D Poisson s equation in
lightly doped TG in subthreshold regime. This model is
explicit and dependent on the drain voltage. The achieved
body potential has been verified by comparison with the
results obtained from 3-D numerical device simulations.

II. DESCRIPTION OF MODEL

The schematic of the cross-sectional view of TG SOI
MOSFET is given in Fig. 1.

Fig. 1. The schematic cross-sectional view of trigate SOI MOSFET. t, and
toxy are thicknesses of the gate oxide and buried respectively.
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The potential distribution along the channel, ¢(x, y,z), is
derived by solving the 3D Poissons equation.

d’p(x, y,2) + d’p(x, y,2) + d’p(x,y,2) _gN, (1)
dx’ dy’ dz’ £

0<x<W/2, -W/2<y<tg, 0<z<L

Where N, is the channel dopant concentration and &, is

the dielectric constant of silicon. The potential between the
lateral gates is assumed parabolic [15-16].

plv.y.2)=a,(x.2)+a,(x. 2)y + a,(x,2)y° @)
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In low drain voltage, the potential distribution is parabolic
function in the z-direction [17]. At y=0, the potential
distribution is as follows:

9(x,0,2)=a,(x,z) = C,(x)+ C,(x)z + C,(x)z* 3)

The potential at front, lateral (¢, ) and back (¢, )

interfaces are:
9(x,0,0) = 9, (x) = a,(x,0) = ¢, (x) )
P(x,0,2,) = 0, (x) = a,(x,t,) = C,(x) + C,(x)t, + C,(x)t5,  (5)

And because of symmetry along y coordinate:

' j ©)

From equation (6) the coefficient, a,(x, z) is zero,
therefore:

w
QD(X,—?,Z) = ¢(x5

2

(p(xi%’z):¢f(x):ag(x,2)+az(x,z)WT @)

By using Gauss'law in z-direction, the boundary conditions
at the channel-oxide interface are:

d g, 9, x)-V,
C(x)=22 L A (8)
dz|y=0,z=0 g, ¢,
C(0)+2C, (01, i 1) )
d y=0z=t, &, 1,
WhereV,) =V, -V, , V., =V, ~Vp, that ¥ _and V, a

the top and bottom gate voltages respectively and ¢, is the

constant of the oxide. The V,, and V,,, are the top and
bottom gate flat-band voltages respectively. The flat-band

—kT
voltage is V,, =——In(N,/n,) for mid-gap gate material that
q
kT . . S .
— is the thermal voltage and n; is the intrinsic carrier
q

concentration. By using (8), (9) ¢, is obtained and expressed
through ¢, .

(10)
& &, &t & & &t
ox th q)/ 1+ ox”si + ox + ox 1+ ox”si VI
wto\h gwtm g\ltub g\ltub gwto\ gwto\h

2

&g .

21“1 4 Zoxsi
Eil o

By considering (7), the coefficient ayis (11):

G ()=

a,(x,2) = %[co/(x)—aﬂ(x,z)] (1)

By substituting the coefficients in (2), the 3D potential
distribution is achieved in (12).

(12)
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The differential equation for the surface potential is obtained
by inserting (12) in (1), which is given by (13):

&, t,

d’p
—d;z(x)—aqyf(x)zﬂ (13)
Where

8

—(iz—Azz)+2A—£y A

o= w g&tox (14)
&
2 4 2, 4
1+—9% 7 gzo -~ OX 78y~ 4777
&t w2 et w2
S1 0X S1 0X
15)
t
b fu yr [1+ £ jV
> = &t &t &t
gNA 8 ([s,\ j” Gl \ Ealw) "y
& w g I - 2
a PR 2+ &1,
Y L T, i
) ¢ 2_ 4 2,4 2
1+—2 -4z — oX oy +—2Az ¥
si ox w gs‘itox w
t t
5t & {14—5 ij b, ¢ (14—5 ij
R et el 8 el et et
2( F 27 )+Wﬁy ( F B )
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14— ;4.2 42 ox zszr—Azzy2
si-ox w s‘itox w
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A= (16)
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By using the boundary conditions as follows, equation (13)
can be solved

(17)
#0,y,2)=V,
WL, y,2)=V, +V,
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Where V,,; is the built-in voltage (V,, = V,Ln(N N, /n’ )) in

which Np is the source/drain doping concentration.

By solving (13) with the suitable boundary conditions in

(18), the surface potential is obtained:

(18)

a_[VmC*D W]exp )

exp( —I') — exp (F)

'T+o-/ —(Vb'gD +o/)exp(l“)
+

exp(-I') — exp(F)

exp((a )71 : x)

Where
(19)
C=1+kz—kz"—kzy’ +kz’y’
D=—kz+kz +kzy'—k,z'y’

The coefficients, k;, kj,..., kg are given in appendix.
oc=f/aand T’ :L(a )”2 .By replacing ¢, in (2), the 3-D
potential distribution is obtained.

III. RESULTS AND DISCUSSION

Fig.2 shows the potential distribution within the channel.
This figure compares the obtained results from the analytical
model with the simulation results. The front gate, back gate
(substrate) and drain voltages are 0.2, 0 and 0.02 V
respectively. The channel is lightly doped (donor
concentration 10" ¢cm™), the n* source and drain are highly
doped, and the dimensions of TG structure are as follows:
buried-oxide thickness (tox,) = 100 nm, gate oxide thickness
(tox) =1nm, tg=5nm, W=5nm, L=15nm and the midgap gate
material is applied. The simulation tool used in this study is
Silvaco ATLAS [18]. The analytical model is classic model in
which the quantum confinement [19] is neglected. It is
observed that the results of the analytical model are verified
with a good accuracy with the simulation results.

Fig. 2. The potential distribution in trigate SOI MOSFET while the gate,
drain and substrate bias are 0.2, 0.02 and OV respectively. The parameters of
the transistor structure are t,,=100nm, t,=Inm, tsi=5Snm, W=5nm,
L=15nm.The potential is shown at different cut lines (a) y=0, z=2nm (b) y=0,
z=5nm (c) y=2.5nm, z=2nm (d) y=2.5nm, z=5nm.

(@
LA ) -
—#=simulation v=1.5nm, 2=2nm
82 —~model
A
[
£ i
E s /
-
Lt
Y S S S S S |
(] 3 L 9 I 1%

Position along the channel,x (nm)

—#=simulation
—+—model

Potential (V)

€xXp (5’)I 2)‘) o 3 3 5 12 1

Position along the channel,x {(nm) ’

©

] == simulation ¥=1.nm, r=tnm

055 - —~model

=
-,!

Potential (V)

[ o 3
Pasition along the channel,x (nm)

(d)

055 —s—simulation
~==model

v=1.5nmz=5Snm /

Potential (V)

Position :lﬁ]nng the rhanryml.x {nm) "

Fig.3 depicts, the potential distribution along the channel
at the position z=2nm and y=0 with the drain voltages 0.4V
and 1V, and the gate voltage 0.2V. It is observed that the
results of the analytical model coincide with the simulation
results for the different drain voltages.

Fig. 3. The potential distributions along the channel at y=0 and z=2nm .W, ty;
and L are 5, 5, 15nm respectively. The drain voltages are applied 0.4V and 1V
and the gate voltage is 0.2V.
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IV. CONCLUSION

By using the parabolic potential distribution assumption
between two lateral gates and solving the 3D Poisson’ s
equation, a simple analytical model for the potential
distribution in nano-scaled lightly doped trigate SOl MOSFET
is obtained. This model is advantageous in explicit equation
and good accuracy to predict potential through the transistor
body.

APPENDIX

The coefficients, ki, ko,...,ks are as follows:
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