
Modeling of Coulomb Scattering of Electrons
in Ultrathin Symmetrical DG SOI Transistor

J. Walczak, B. Majkusiak
Institute of Microelectronics and Optoelectronics 

Warsaw University of Technology
Koszykowa 75, 00-662 Warsaw, Poland

1. INTRODUCTION
Coulomb scattering is one of the most severe factors

limiting channel mobility and has been widely studied for
MOSFETs (1), (2). Due to adjacent media of different di-
electric constants forming a transistor, the scattering po-
tential is affected by image charges induced by scatterers.
An image charge model for ultrathin DG SOI devices is
developed in this paper and applied to investigate the
dopant ions limited electron mobility.

2. THEORY
Double Gate Silicon-On-Insulator transistors, which

are a promising alternative to MOSFETs, comprise an
active silicon layer as a channel, sandwiched between two
oxide layers covered by a gate material (3). Here we inve-
stigate a symmetrically operated n-channel device with Al
gates (Fig. 1). In MOSFET’s Coulomb scattering theory,
semi-infinite media (SiO2-Si) are often assumed, hence
one only image of a point charge Q located in semicon-
ductor is included. In SOI devices another interface arises
and a given semiconductor thickness is imposed. Therefo-
re, more image charges are seen in the semiconductor,
which, for negligibly thick gate oxide, may be determined
as in Fig. 2 by alternating reflections around the both in-
terfaces. The total induced image potential is then higher
than that for a MOSFET. However, in ultrathin devices
both the oxide and the active layers are of nanometric
scale so the gate is supposed to affect the total image
potential. This can be determined by superposition of ima-
ge charge solution for the three media of interest (4) and
reflections around Si-SiO2 interfaces, obtaining a series of
positive and negative image charges (Fig. 3).

Having the total image charge determined the self-
consistent procedure is employed to determine energy le-
vels, electron scattering rates with screening included and
Coulomb mobility within the relaxation time approxima-
tion. Fig. 4 shows the calculated impurity ions limited
electron mobility vs. effective transverse field for DG SOI
of different semiconductor thickness (15 - 2 nm) and for
N-MOSFET whereas Fig. 5 shows the mobility for differ-
ent oxide thicknesses. Curves denoted as “conv.” refer to
a simple “one real - one image” charge model, symbol
“∞” corresponds to semi-infinite oxide layer for DG SOI.

3. CONCLUSIONS
Calculated electron mobilities for DG SOI are higher

than for MOSFET, increasing with decreasing ts value. It
results from higher and higher relative electron occupa-
tion of the lowest energy level of the smaller conductivity
electron mass with thinning the DG SOI silicon layer.
Furthermore, it can be seen that µCoul increases slightly for
oxides below ca. 3 nm, this being an effect of screening
the scattering centers by the metal gate.
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Fig. 1. A simplified cross-section of a DG SOI transistor.

Fig. 2. Image charges seen in DG SOI device of tox = ∞.

Fig. 3. Image charges seen in DG SOI device for tox ∝ ts.

Fig. 4. Coulomb electron mobility for different ts.

Fig. 5. Coulomb electron mobility for different tox.
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