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Abstract

Using different scattering mechanisms such as, surtagghness, alloy, charge impuristrain, phonon scattering and
regarding the effect of various dielectric constants, calculations of the carrier mobility in a strained SiGe quantum well
on (001) Si are implemented. It is shown that the mobility of carriers inside the channel increases several times as a
result of increasing the dielectric mismatch. At low temperatures, using a dielectric cdatingp 1t 1the mobility

rises fromp @ MIB & | topcowaw ( which shows an increase of more than seven times, whereas at
room temperature and same density the mobility increases frapmac @ { to wxdaw { . In fact,
increasing the dielectric constant weakens the screening effect and the attenuation of Coulomb potential. This mobility
enhancement at low temperatures occurs for any cdeigities, but at high temperatures and low densities, the
behavior is completely different. Failure to account for this dielectric mismatch causes incorrect results at high
densities, and this becomes more obvious with increasing dielectric coefficient. The findings of this study emerge a
comprehensive picture of the effect of dielectrics on charge transport in quantum well for low and room temperature at
different carrier densities, as well as, help us to identify the optimal dielectric coating for the design and fabrication of
the high mobility nanoscale transistors.
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The continuous demand for smaller and faster devicesHowever, some studies have investigated the effect of the
has changed the geometry of devices from bulk to dielectric environment on Coulomb scattering and surface
smaller dimensions, such as tdonensional charged roughness in two dimensions-J4] and one dimension
gases in modulatiedoped quantum wells {3], [12,13]. These studies have shown that neglecting dielectric
graphene [4,5], onedimensional electron gases in mismatch leads to inaccurate scattering rates, which
nanotubes [6] and nanowires [7]. This is due to both thebecomes less important in one dimension and at higher
need for a large number of transistors on a chip and thedielectric constants but more crucial at lower constants.
increase in carrier mobility in a transistor for faster Additionally, it has been predicted that the Coulomb
switching and lower power consumptiokience the potential in both two and one dimensions is significantly
physics of nanostructures (layers and wires) has becomaffected by the dielectric environment [14,15], a fact later
an active research area in the field of solid state devicesconfirmed by experimental results. Furthermore, another
The dielectric mismatch between a nanoscale study [16] examined the effect of dielectric mismatch in one
semiconductor material (relative dielectric constant  dimension for various scattering mechanisms but excluded
and the surrounding environment) can result in a  the limiting cases of surface roughness and alloy scattering.
number of peculiarities not present in their bulk and Another work [17] only considered the impact of dielectric
layered forms (such as epitaxially grown quantum wells mismatch on the combined effect of Coulomb and phonon
and superlattices). In this work, we propose a novel scattering. Similarly, the influence of dielectric coating on a
technique for improving the electron mobility in such graphene layer has only been explored for surface
bottomup 2D semiconductor nanostructures by showing roughness and Coulomb scatterit§, 9.

that the dielectric environment has a profound effect onScattering mechanisms mediated by loagge
electron transport which do not require the stringent Coulomb interactions, such as charged impurities, polar
lattice-matching requirements placed by epitaxy. optical phonons, and piezoelectric acoustic phonons, can
The effect of the dielectric environment on the charge be effectively screened by free carriers.

transport properties of nanostructures has not been studied

as extensively as its effect on optical properties [8].
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various scatterings has been considered at very low
temperatures as well as room temperature. In this work
2DHG the potential well considered here is a triangular because
it is more realistic, and five different scatterings have
been regarded, but in [9,12], a square potential well and
only with two different scatterings have been considered.
The availability of highquality insulating materials with
a very wide range of relative dielectric constargs
- omn 1t shows that the proposed mobility
improvement technique can be implemented with current
technology. In this study, we have studied different
scattering mechanisms in the first section, carrier
mobility at low temperature in the second section, and
metal dielectric  Si | SiosGeos | Si carrier mobility at room temperature in the last section.
i To significantly improve the performance of devices and
Figure 1. Energy band diagram fa E ‘anll formation of twe  nderstand  the transport in3 E A systems,
dimensional hole gasnder an applied negative gate bias. investigating fundamental scatterings {23] is essential.
This article reviews these scatterings, including surface

. roughness, alloy, strain, charge impurity, and phonon. we

E,

g

ignore phonon scattering (optical and acoustic) at low
temperatures [24]. Determining the exact contribution of
each of these mechanisms remains challenging, both
experimentally and theoretically [23figure 1depicts the
energy band diagram for tteE 'channel ina / 3 &.%4
With a negative gate voltage and the rejection of electrons
from the oxide surface, the energy bands bend upwards,
causing carriers to accumulate near the surface and form a

two-dimensional gas.
In figure 2 we schematically depict the influence of

dielectric coating on the Coulomb potential, a crucial
scattering mechanism at low temperatures. The figure
demonstrates that if the dielectric constant of the coating
is higher than that of the channel layer (figure on the
right), the Coulomb potential inside the layer decreases,
causing the field lines inside the channel to move away.
This results in an increased mobility. Conversely, when
the dielectric constant of the coating is lower than that of
the layer figure on the left), the potential inside the
channel increases, leading to a decrease in mobility as
the field lines inside the channel approach. For triangular
quantum wells, the lowest energy band employs the
FangHoward wave function [26]

Figure 2. Variation of field lines and Coulomb potential - Y —VY (1)
resulting from the dielectric difference inside and outside the _
dielectric layer.-g represents the dielectric constant of the 0 —0 (2)

Ju
@ having the reciprocal unit of length, serves as the
parameter representing the thickness of the potential
well. where. is the dielectric constant of the host
Neglecting the dielectric mismatch in the screening lattice, & is the effective mass in the growth
function leads to inaccurate results. However, free direction,) is he carrier concentration of carriér, is
carriers may not respond to rapidly varying scattering the depletion charge densit@is the elementary charge.

cover, and-Fis the dielectric constant of the channel. As the
dielectric of the environment increases from 1 to 100, the
potential decreases.

potentials that arise from sheenge interactions [17]. The scattering rate and dielectric function are also
An alloy of silicon and germanium, two wé&hown expressed in the following manner
semiconductor elements, can form the basis of very & sO o 3)

high-speed transistors. Previously, different mobilities
for 3 ' Agchannel without dielectric mismatch have where ™Y} represents the random scattering potential.
been calculated [20]. This paper investigates the mobility The primary contribution of this integral is notable when
of carriers considering dielectric mismatch in a Ne ¢E . The screened potentialY vr']ﬁ his lowered

heterojunction metal oxide semiconductor / 3 & %4 from the unscreened potent® Ah , by didectric
structure with3 E 'ctannel. To this end, the effect of function- 1



