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Nanostructured s
ilicon-germanium
(SiGe) opens up
the prospects of
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enhanced
electronic
device
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especially for
semiconductor
devices. Silicon-
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Afterwards;, the
chapter
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revolutionary
process
technology
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strain-driven
anchitectures.
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Silicon and
germanium are
both diamond
lattices. If a
SiGe layer is
grown;on .a
Si(100)
substrate (the
standard

material .in Si
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technology)
there is a
lattice mismatch
f'=(alL—a
S)/a S between
the natural
lattice
constants a L
and a Siof the
layer ;and the
substrate,
respectively.
The unit cell of
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on 'Si can
accommodate this
mismatch by
three modes: (1)
fully istrained,
(ii) partly
relaxed, and
(iii) fully
relaxed.
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defects onsilic
on—germanium
(SiGe) devices.
While it 1is
generally
accepted. that
defects have
deleterious
effectsion most
types of
electronic and
optoelectronic
devices, it is

important to
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consider the
device’s
principle of
operation in
order to
identify the
physical
mechanism by
which defects
harm
performance.

Dislocations and

other strain-
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induced defects
in silicon ...
SiGe nanowire p-
MOSFETs with a
much smaller
diameter of 13
nm have also
been reported .
Here, SGOI fin
structures with
the 40 nm
channel width
are oxidized

through the Ge
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condensation
process into
nanowire SGOI
structures with
a Ge fraction of
0.7, while the
source/drain
regions
maintained -a
lower Ge
fraction of 0.3
because of the
wider-areas,
leading. to
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compressive
strain in the
channel.

Silicon-germaniu
m._(SiGe)-based
field effect
transistors ...
A meaningful
example of this
possibility is
given- by the use
of 'silicon—germa

nium. (SiGe)
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nanostructures.
STEM image of
two
heterostructured
Si/SiGe
nanowires .in
bright field
mode. The scale
bar ...
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Physics ...

2.1. Band
structures. In
this chapter,
electronic band
structures of
SiGe systems are
described mainly
from a
theoretical
point of view.
The electronic
band structures
of bulk Si, bulk
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Ge, rand SiGe
alloys are first
reviewed (Yu and
Cardona, 1999,
Hamaguchi,

2010) .Then,
strain effects
on the
electronic -band
structures of
pseudomorphic
strained SiGe
heterostructures

are discussed.
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Electronic band
structures of si
licon—germanium
(SiGe ...

4.3. Application
of silicon—germa
nium (SiGe) bulk
cnystal to
heteroepitaxy. A
couple of
examples to
utilize SiGe

bulk.substrates
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for
heteroepitaxy
are introduced.
Usami et al.
utilized Si-rich
SiGe bulk
crystal as a
substrate for
strained Si thin
film . Epitaxial
growth of Si was
carried out both
onra SiGe bulk

substrate and on
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aconventional

Types of ‘silicon
—germanium
(SiGe) bulk
crystal growth
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semiconductor
was championed
by Bernie
Meyerson. SiGe
iscmanufactured
on_silicon
wafers using
conventional
sildicon
processing
toolsets. SiGe
processes
achieve costs

similar to those
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of isilicon/ CMOS
manufacturing
and are lower
than those of
other
heterojunction
technologies
such 'as 'gallium
arsenide..
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nanostrnuctures
such as quantum
dots and islands
are appealing
for applications
in photonics ,
microelectronics

thermoelectrics
;-and possibly
quantum
computation

The fabrication

of these
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nanostnuctures
is often
accompanied by
composition
inhomogeneities,
as. in the case
of Stranski-
Krastanov grown
self-assembled
islands . The
composition
profile 'is 'a
crucial

parameter for
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several
functional
properties, such
as bandgap ‘and
mobility.
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