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Abstract

A rigorous surface roughness scattering model for ultrathin-body SOI MOSFETs is
presented, which extends Ando’s model for bulk MOSFETs. The matrix element of
the scattering potential includes a generalized Prange-Nee term and all the Coulomb
interaction terms. Using this model, we study the effects of the silicon body thickness,
effective field, and dielectric constant of the insulator on the roughness-limited low-field
electron mobility in ultrathin-body SOI MOSFETs.

1 Introduction

The low-field electron mobility of ultrathin-body silicon-on-insulator (UTBSOI) MOS-
FETs shows a strong dependence on the body thicknessts [1, 2]. In particular, for an
extremely thin Si body the mobility is almost proportional tot6

s , which is attributed to
the surface roughness (SR) scattering [2] and can be an important factor limiting the
scaling of UTBSOI MOSFETs.
Previous SR scattering models for UTBSOI MOSFETs only consider the Prange-Nee
term [3, 4] caused by the roughness-induced deformation of wavefunctions. In this
work, we take into account all the additional Coulomb interaction terms first proposed
by Ando [5]. Contrary to the Ando’s model, the matrix element is derived for UTBSOI
MOSFETs where the body thickness is finite, which reduces to Ando’s expression in
the limit of ts → ∞. The matrix element reflecting the deformation of wavefunctions
is expressed in an integral form which can be recognized as a generalized Prange-Nee
term because those two expressions are equivalent in the limit of an infinitely high
insulator-semiconductor barrier while our integral form gives more accurate results in
the case of a finite barrier-height than the original Prange-Nee expression. The matrix
element reflecting the Coulomb interactions is originated from the roughness-induced
fluctuation of the electron charge density, of the interface polarization charge, and of the
image-charge density. Screening effects are also taken into account within the random
phase approximation. We summarize the expressions for the matrix element in Fig. 1.
The meaning and detailed derivation of these expressions are explained in [6]. We
calculate the SR-limited low-field electron mobility in single gate UTBSOI MOSFETs
at room temperature using the self-consistent solution of the Schrödinger and Poisson
equations and the Kubo-Greenwood formula. Effects of (uncorrelated) roughness at
both the top and bottom interfaces are included in the simulation.
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Figure 1: Matrix element for the surface roughness scattering.

2 Simulation Results

Fig. 2 shows the low-field mobility as a function of silicon body thickness. The mobil-
ity exhibits a strongt6

s -like thickness dependence asts→ 0 especially when the electron
density is low. Also, it converges to the mobility of bulk MOSFETs whents→∞. Fig. 3
(a) shows the SR-limited mobility as a function of the effective field for different sili-
con body thickness. The dependence of the SR-limited mobility on the effective field
weakens asts becomes smaller because the kinetic energy fluctuation due to the struc-
tural confinement becomes more important. In Fig. 3 (b), we plot separately the SR-
limited mobility due to the (generalized) Prange-Nee term, to the Coulomb interaction
term, and to both terms. Although the contribution of the Coulomb interaction term is
smaller than the Prange-Nee term, the Coulomb interaction term is not negligible since
it reduces the mobility about 50% with respect to the mobility limited by the Prange-
Nee term only. Also, the screening effect makes the mobility increase slightly as the
field increases in the low effective-field region. Fig. 4 shows the effects of the dielectric
constant on the surface roughness scattering limited mobility. The mobility increases
as the dielectric constant increases because the Coulomb term cancels the Prange-Nee
term when the dielectric constant of the insulator is larger than that of semiconductor.

3 Conclusion

We have presented a rigorous surface-roughness scattering model for UTBSOI MOS-
FETs. The mobility shows the expectedt6

s -like dependence. The Coulomb interaction,
which has been usually neglected so far, actually affects the mobility significantly. In-
terestingly, the SR-limited mobility increases in high-κ materials due to the Coulomb
interaction if the surface quality remains the same.
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Figure 2: Calculated low-field mobility of UTBSOI MOSFETs as a function of the
silicon body thickness. Fig. 2 (a) shows the mobility limited by the surface roughness
scattering and (b) shows the mobility limited by the surface roughness and bulk phonon
scattering.

Figure 3: Effects of the effective field on the surface roughness scattering limited mo-
bility of UTBSOI MOSFETs. Fig. 3 (a) shows the SR-limited mobility as a function of
effective field for four different silicon body thickness and (b) shows the contribution
of the Coulomb interaction term, generalized Prange-Nee term, and screening.
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Figure 4: Effects of the dielectric constant on the surface roughness scattering limited
mobility. Fig. 4 (a) shows the SR-limited mobility of bulk MOSFETs as a function of
the dielectric constant and (b) shows the mobility as a function of silicon body thickness
for different dielectric materials (SiO2 andHfO2), where the same surface roughness
parameters are used.
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