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Abstract

In this work, we compare the morphological and
structural features of SiGe membranes fabri-
cated by three different processes: direct depo-
sition of Si0.5Ge0.5 on Si(001) nominal substrate,
direct deposition of Si0.5Ge0.5 on silicon on insu-
lator, and deposition of SiGe with low Ge con-
centration on silicon on insulator followed by
Ge enrichment by condensation. We show that
the formation of fully strained Ge rich layers
free of defects with flat surface is only possible
by the two-steps epitaxy/condensation process.
We demonstrate that the condensation based
process enables the total inhibition of the mor-
phological instability, together with the hinder-
ing of dislocations for critical thickness much
larger than the ones commonly obtained by di-
rect deposition. Those behaviors could be ex-
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plained by the injection of self-interstitials in
the Ge rich layers during condensation. Such
remarkable properties could be generalized to
many other systems using similar condensation
process.

Introduction

Microelectronic industry needs to combine var-
ious strain additives techniques to achieve the
mobility enhancement needed in each transis-
tor and raise the drive current of the device.
Compressive stress liners and SiGe compres-
sively strained channels have been engineered
to increase the level of stress and produce the
desired stresses to benefit nMOS and pMOS
transistors. Furthermore, the benefits of strain
are not limited to transistors, they also im-
prove the charge retention and reduce the tun-
neling leakage current in memory devices. Since
the advent of Silicon On Insulator (SOI) tech-
nology, its implementation in microelectron-
ics and photonics systems is more pervasive
and widespread than ever. The benefits of
SOI could be efficiently combined with strained
semiconductors approaches to yield additional
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performance enhancement. The ability to fab-
ricate SOI and SiGe On Insulator (SGOI) fully
strained layers offers various advantages to pro-
duce mixed substrates in which n-channels are
made of thin SOI layer while p-channels are
made of thin SGOI films.1,2 These two systems
have been reported to exhibit the ultimate in
mobility and current drive characteristics.3–6

SOI is then anticipated to become the future
substrate for the mainstream electronic appli-
cations. Many of the expected advances will
depend on the further steps of the CMOS pro-
cess on SOI and in particular the epitaxy of
defect-free Si and SiGe ultra-thin layers. SGOI
is commonly produced by the germanium con-
densation technique. In this technique a di-
lute (typically Si0.9Ge0.1 layer) is first epitaxi-
ally grown on SOI. Then, an oxidation step is
performed to produce a Ge-enriched layer which
intermixes with the underlying Si layer to form
a quasi-homogeneous SiGe layer. This epitax-
ial approach has the drawback of being carried
out at high temperature and results in the for-
mation of a high density of mismatch defects
in the SiGe layer.1,7 In terms of elastic proper-
ties, such very thin crystalline layers on a com-
pliant ultra-thin buried oxide layer (UT-BOX)
pose their own challenges. SOI could act as
a compliant substrate if it is mechanically de-
coupled from the wafer at the Si/SiO2 inter-
face. Compliant substrates represent one of the
most promising approaches for the growth of
heteroepitaxial layers virtually free of disloca-
tion defects.8 A sufficiently thin or elastically
soft compliant substrate becomes strained by
the deposition of the epitaxial layer and the
lattice mismatch should be accommodated by
elastic strain in the compliant layer.9–11

The partitioning of strain between the epitax-
ial layer and its substrate causes a reduction
in the overall strain energy. Despite extensive
studies, the major issue whether SOI behaves
as a compliant substrate is still under debate.
The first problem is that, in several studies, the
thickness of the compliant top Si SOI layers was
not thin enough to avoid dislocations in the epi-
taxial layers according to our model.11–14 The
second problem comes from the Si/SiO2 inter-
face which is not fully slippery at temperatures

of growth15 and only started to glide at very
high temperature in conjunction with the for-
mation of misfit dislocations.16

Moreover, several studies focus on the forma-
tion and compositional evolution of SiGe lay-
ers epitaxially deposited on SOI during thermal
oxidation. It is commonly reported that at a
high oxidation temperature SiGe interdiffusion
is dominant and allows the formation of SiGe
layer with smooth but gradually decreasing Ge
concentration profile. Such layer can be easily
homogenized by a non-oxidizing high temper-
ature annealing and form a dilute SiGe layer
on top of the oxide. In these conditions, the
process of SiGe interdiffusion is strong enough
to homogenize all the Ge accumulated beneath
the oxidation front across the SiGe/Si system.15

The composition of these homogeneous diluted
SiGe layers results from the perfect intermixing
between the nominal SiGe epitaxial layer and
the SOI pseudo-substrate without any visible
loss of Ge during oxidation.17 Even if this com-
position can be tuned as a function of the nom-
inal SiGe concentration/thickness, SOI thick-
ness and annealing conditions, it remains lower
than that of the nominal diluted epitaxial SiGe
layer.

In contrast, at low oxidation temperature, the
Ge repulsion mechanism is dominant and pro-
duces a Germanium Rich Layer (GRL) with
a surprisingly fixed Ge concentration x=0.5
whatever the experimental conditions are (i.e.
initial SiGe composition, epitaxial stress, oxi-
dation duration).18 The very abrupt GRL/SOI
interface and the constant composition of the
GRL (Si0.5Ge0.5) over a 700-850 ◦C oxidation
range of temperatures, follows from the dra-
matic decrease of germanium diffusion in Si
compared to Si0.5Ge0.5. In these conditions
the final GRL concentration is enriched as
compared to that of the initial Si0.8Ge0.2 and
reaches Si0.5Ge0.5. The layers obtained are fully
strained, perfectly flat and free of extended de-
fects.

To understand the role played by SOI sub-
strate on the strain and morphology of GRL,
we analyse in the present work, the morpholog-
ical and structural features of SiGe membranes
fabricated by three different processes: (1) di-
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rect deposition of Si0.5Ge0.5 on Si(001) nominal
substrate, (2) direct deposition of Si0.5Ge0.5 on
SOI and (3) an epitaxy of dilute Si0.8Ge0.2 on
SOI followed by Ge enrichment during thermal
oxidation. After precise strain characterization
of the three samples, we show that the forma-
tion of fully strained GRL free of defects with a
flat surface is only possible by the two steps epi-
taxy/condensation process (i.e process 3). We
demonstrate that only in these conditions, the
morphological instability is inhibited and the
nucleation of dislocations is hindered. These
behaviors are attributed to the reduced surface
diffusion at the SiO2/SiGe interface and the in-
jection of self-interstitials produced by the ox-
idation process respectively. We suggest that
the phenomenon could be generalized to other
systems if appropriate experimental conditions
are available.

Experimental details

In this study we focus on the comparison of
three samples: sample A was obtained by the
condensation process, i.e. epitaxy of a 30 nm
thick Si0.8Ge0.2 layer on SOI followed by rapid
thermal oxidation (RTO) to obtain 8 nm of
Si0.5Ge0.5 on the SOI. Sample B was obtained
by direct MBE of 8 nm of Si0.5Ge0.5 on SOI and
sample C was obtained by direct MBE of 8 nm
of Si0.5Ge0.5 but on nominal (001) Si substrate.
A schematic representation of the three struc-
tures is given in Fig. 1.

The specific Ge-rich layers have been obtained
via three different processes either on a Silicon-
On-Insulator (SOI) substrate or a Si (001) nom-
inal substrate. The SOI substrate was fabri-
cated using the SmartCutTM process.19 It con-
sists of a top 12 nm ultra-thin Si layer on 10
nm UT-BOX. Then, Si1−xGex layers of different
thicknesses, with x=0.2 or x=0.5 were epitaxi-
ally grown by Molecular Beam Epitaxy on the
cleaned SOI substrates. Surface preparation for
epitaxy consists of ex situ and in situ clean-
ing. Ex situ, the silicon cleaning follows a mod-
ified Shiraki recipe: (i) 10 min in HNO3(65 %)
heated at 70 ◦C, (ii) 1 min in deionized wa-
ter, and (iii) 30 s in HF (5 %). The samples

are introduced into an ultrahigh-vacuum MBE
RIBER MBE32 growth chamber with a base
pressure below 10−10 torr. As a consequence
of the dewetting instability20,21 in situ heating
cannot be applied to very thin SOI. Instead, we
finish the ex situ clean by HF to leave the sur-
face unoxidized and we introduce the sample
right away in the chamber. Then, we in situ
anneal it at 550 ◦C for 30 min. SiGe layers are
deposited at 450 ◦C.

Low temperature oxidation was carried out at
750 ◦C for 8h by steps of 30 min in accordance
with the Rapid Thermal Oxidation (RTO) fur-
nace JIPELEC technical specifications. These
conditions were extracted from previous ex-
periments using similar condensation process,18

that provided accurate data on the experimen-
tal RTO conditions to obtain a single Si0.5Ge0.5
layer on SOI. To prevent SiGe/Si intermixing,
the RTO temperature was kept low as com-
pared to conventional temperatures typically
reaching 1100 ◦C. A complete study on the for-
mation of this Si0.5Ge0.5 layer has already been
published.18 The two steps-process with oxida-
tion refers to the condensation process (sam-
ple A), while the direct deposition of Si0.5Ge0.5
refers to the epitaxy processes (samples B and
C).

Cross section samples were prepared using a
dual-beam FIB HELIOS 600 nanolab or tri-
pod polishing followed by PIPS (Ar+) thinning.
Transmission Electron Microscopy (TEM) was
done using a FEI Tecnai G2, and a FEI Ti-
tan 80-300 with Cs corrector in TEM and
Scanning Transmission Electron Microscopy
(STEM) modes. EDS analysis and line profiles
are carried out with the FEI Tecnai G2 using
a probe size of approximately 3nm. The k fac-
tors of Si, Ge and O were measured on reference
samples and allowed the determination of abso-
lute concentrations. Geometric Phase Analysis
(GPA) was done using Digitalmicrograph soft-
ware on HRTEM and HRSTEM images.

X-ray measurements were performed using a
nano-focused X-ray beam at beamline ID01 of
the European Synchrotron Facility in Grenoble
(France). The nano-beam was focused down
to a 150 × 300 nm2 (vertical × horizontal)
spot size using a Fresnel Zone-plate (FZP) of
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Figure 1: schematic representation of the three
structures. Sample A is a 8 nm thick Si0.5Ge0.5
layer on a 6 nm thick Si on insulator (10 nm)
obtained by oxidation of a thicker (30 nm) ini-
tial Si0.8Ge0.2 layer. Sample B is a 8 nm thick
Si0.5Ge0.5 layer on a 12 nm SOI and sample C
is a 8 nm thick Si0.5Ge0.5 layer on a bulk Si sub-
strate. Sample B and C were both obtained by
direct MBE deposition so the Si0.5Ge0.5 layer is
not flat and islands formation occurred.

270 µm diameter and 80 nm outer-most zone
width. The nano-diffraction experiments were
carried out at a beam energy of 8 keV (wave-
length λ of 1.55Å). The diffracted beam was
recorded with a two-dimensional (2D) MAX-
IPIX photon-counting detector, characterized
by 516 × 516 pixels of 55 µm pixel size. The
sample was mounted on a fast xyz scanning
piezoelectric stage, with a lateral stroke of
100 µm and a resolution of 2 nm.

Figure 2: TEM EDS profile of sample A, and
the corresponding HRTEM image identical to
the one in Fig. 3.

Results

First the composition of the SiGe layers ob-
tained by the three different processes was mea-
sured by semi-quantitative EDS. We show here
the in-depth line profile of Si, Ge and O only
for sample A (Fig. 2). A similar composition
close to x = 0.50± 0.05 was found in the three
samples. In the present case (sample A, con-
densation process), the Si0.5Ge0.5 rests on top
of a 6 nm thin layer of pure Si remaining from
the initial UT-SOI. The interface between the
two layers (Si0.5Ge0.5/Si) is very abrupt and is
lower or equal to the resolution limit of EDS.
The latter is limited by probe size and fluores-
cence effects and can be estimated to 3 nm.

Fig. 3 shows cross-section TEM images of the
three structures. Sample B and C both ex-
hibit island and/or dislocations in the Si0.5Ge0.5
layer. Defects are highlighted in the case of
sample B in the higher magnification image
shown in the insert. On a semi-infinite silicon
substrate such as sample C, the critical thick-
ness for island nucleation (h3D) is evaluated in
our experimental conditions to 2 nm (see results
below) and slightly larger for dislocations nucle-
ation (hc). Both are much lower than the de-
posited thickness. The results are then consis-
tent with previous studies22 and the morpholo-
gies and structures are explained by the biax-
ial strain relaxation. On the two substrates,

Accepted Manuscript

4



Figure 3: High resolution TEM cross-section
images of the three structures A, B and C.
For each structure, the corresponding schematic
representation similar to Fig. 1 is presented on
the right. For sample B, an insert shows a
higher magnification TEM image to highlight
the presence of defects in the cristal.

the SiGe epitaxial layers evolve similarly, so an
initial observation is that in spite of the small
thickness (12nm) of the Si top layer, the relative
compliance of UT-SOI is not sufficient to avoid
3D islands or dislocations in these experiments.

Figure 4: AFM images of a 2 × 2 µm2 area of
the surface of a respectively 2, 2.3 and 2.5 nm
thick Si0.5Ge0.5 layer which were epitaxially de-
posited on silicon at 550 ◦C.

We then investigated more precisely the 2D-
3D growth transition for Si0.5Ge0.5 deposition.
In these experiments, the growth temperature
was maintained at a lower value, typically
550 ◦C, in order to avoid the nucleation of dis-
locations. As attested by AFM images of three
Si0.5Ge0.5 layers with h=2, 2.3 and 2.5 nm, the
2D-3D transition occurs at a critical thickness

of approximately 2 nm (Fig. 4). One can eas-
ily observe the increasing density of small is-
lands from h=2.3 and h=2.5 nm while only pre-
pyramids are observed at h=2 nm. It is the
nucleation of these pre-pyramids which attests
the onset of the 2D-3D growth transition.23

In contrast, neither dislocations nor islands
could be observed on sample A obtained in sim-
ilar experimental conditions via the two steps
process. An even more intriguing result is that
while critical thicknesses of both island nu-
cleation and dislocation nucleation are largely
overcomed, the Si0.5Ge0.5 layers about 8 nm
thick remain totally flat and free of extended
defects.

In order to address this question we under-
took a detailed study of the strain in the dif-
ferent samples using geometric phase analysis
(GPA) on TEM images24 and X-Ray diffrac-
tion.

When applied to the very flat and uniform
layer of sample A, the GPA method provided
accurate measurements while it was made diffi-
cult by the presence of islands and dislocations
that relieve inhomogeneously the strain in sam-
ples B and C.

Fig. 5 shows GPA analysis of a TEM im-
age of sample A. The HRTEM image ana-
lyzed is shown on Fig. 5 a. Fig. 5 b shows
the corresponding GPA image of the deforma-
tion along in-plane x axis. No variation of
the lattice parameter could be observed be-
tween the silicon substrate, the UT-SOI and
the Si0.5Ge0.5 layer. This accounts for a fully
biaxially strained Si0.5Ge0.5/UT-SOI, having a
lattice parameter aligned to that of the relaxed
Si and without any strain sharing between the
Si and SiGe membranes. Along the out-of-the-
plane y axis, the SiGe lattice parameter is dis-
torted following Poisson’s law.

We name a(x) the lattice parameter of a fully
relaxed Si1−xGex. When the SiGe is epitaxi-
ally grown on silicon, the lattice is deformed
and we name b the in-plane lattice parame-
ter (equal to the silicon lattice parameter aSi),
and c(x) the out-of-the-plane lattice parameter
resulting from the tetragonal deformation dic-
tated by Poisson’s law. The lattice deformation
under bi-axial strain is given by25 :
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Figure 5: TEM cross-section image of sample A (a) and geometric phase analysis of the image along
x (horizontal) axis (b) and y (vertical) axis (c). GPA is irrelevant in the SiO2 part of the image
and was masked to improve clarity. (d) is a line profile along y (vertical) axis from GPA image
(c) and summed over 250 pixels. Corresponding area is marked by a black dashed rectangle on
GPA image (c). Reference for the lattice deformation was taken in the red rectangle area indicated
on the STEM image (a) and on both GPA images (b and c). The color scale for GPA images is
indicated along the axis of the plot (d).

a(x) = (c(x) + bP )/(1 + P ), (1)

with P = 2ν
1−ν

, ν being Poisson’s ratio. The
lattice parameter of relaxed Six1−Gex can be
calculated from aSi and aGe (lattice parameters
of pure relaxed Si and pure relaxed Ge respec-
tively):26

a(x) = 0.02733x2 + 0.1992x+ 5.431 (2)

On the GPA image representing the deforma-
tion along out-of-the-plane y axis (Fig. 5 c), it is
clear that the lattice parameter in the Si0.5Ge0.5
layer is higher than the one in Si. As evi-
denced on the plot (d), the difference is approx-
imately 3 % .Since the composition of this layer
is known (50 % Ge) and thanks to relations 1
and 2, we can deduce a corresponding 3.4 %
out-of-the-plane expected expansion, resulting
from the bi-axial in-plane compressive strain
between the Si0.5Ge0.5 and Si layers. The slight
difference with the GPA measurements (4 %) is
attributed to the imprecision of this technique
in the determination of stress and strain values.
An important issue with GPA measurements is

also the very small size of the surface measured
which does not give a statistical representation
of the full sample. More global and accurate in-
formation can be provided by X-ray diffraction
experiments.

Figures. 6a,b,c show reciprocal space maps
(RSMs) around 004 Si and SiGe Bragg peaks
on the three samples (respectively A, B and
C) and a RSM around 115 Si and SiGe Bragg
peaks on the sample A (Fig. 6a, right panel).
The intensity attributed to the SiGe layer has
been circled in black in all RSMs and the ex-
pected Qz positions for the Si and pseudomor-
phic Si0.5Ge0.5 layer on Si are indicated by hor-
izontal dashed lines. RSMs around 004 reflec-
tions give information about out-of-plane lat-
tice parameters of Si and SiGe while the RSM
around 115 reflections shows information about
both the in plane and the out-of-plane lattice
parameters.

For the three samples, the RSMs around 004

Si and SiGe reflections exhibit a sharp intense
peak centred at Qz = 4.62Å

−1
attributed to the

Si substrate. In samples A and B, the SOI sys-
tem is slightly twisted from the Si substrate as
evidenced by the small difference in Qy between
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Figure 6: (a): Reciprocal space maps (RSMs) around 004 (left panel) and 115 (right panel) Si
and SiGe Bragg peaks of sample A. (b) and (c): RSMs around 004 Si and SiGe Bragg peaks of
respectively samples B and C.

the peaks of the Si top-SOI layer and the Si sub-
strate on RSMs (see Fig. 6a, left panel and b).
The peak of the SixGe1−x layer is broader and
positioned at Qz = 4.47Å

−1
for sample A and

Qz = 4.51Å
−1

for sample C. It is virtually invis-
ible for sample B, because of thickness fringes
coming from the 12 nm thick silicon layer of the
SOI.

On the RSM around 115 (see Fig. 6a, right
panel), the peak of the SiGe layer is positioned
at the same Qy as the peak of the Si substrate.
This confirms that the SiGe layer is pseudomor-
phic - i.e. has the same in-plane lattice param-
eter as the Si substrate.

From the Qz coordinates of the peaks, we can
deduce the lattice parameters along the out-of-
plane axis for Si and SiGe and then calculate a
difference of lattice parameter (∆az).

For sample A using the 004 RSM (see Fig. 6a,
left panel), we find a difference of ∆az = 3.5 %
and using the 115 RSM (see Fig. 6a, right
panel), a difference of ∆az = 3.68 %. These
distorsions correspond (following Equations 1
and 2) to a concentration in Si of respectively
52.2 % and 50.1 %, in good agreement with the
50 % value determined by EDS (Fig. 2).

For sample C using the 004 RSM (see
Fig. 6c), we find a noticeably smaller value of

Accepted Manuscript

7



∆az = 2.6 %. This smaller strain is representa-
tive of a partial relaxation of the Si0.5Ge0.5 layer
in agreement with the presence of dislocations
and islands evidenced in Fig. 3.

For sample B (see Fig. 6b), while an accurate
position of the SiGe peak along the z-axis could
not be determined, a bright diffuse intensity is
attributed to SiGe at a Qz position larger than
4.5Å

−1
, which is again representative of a par-

tial relaxation exactly like in the case of sample
C.

We did not record RSMs around 115 reflec-
tions for sample B and C, but the difference in
Qz between the peak of the SiGe and the one
of the Si visible on the 004 RSMs shows the
partial relaxation of the SiGe.

These measurements already show that the
strain of the SiGe layers obtained by direct de-
position (on Si and on SOI) is completely dif-
ferent from the one with the two-step deposi-
tion/condensation process.

Figure 7: Map of a region of 20 × 20 µm2 of the
strain of the 004 planes of the SiGe layer for
sample A. The strain is calculated with strain-
free silicon as a reference (aSi=5.4309Å).

Using the focused x-ray beam, a mapping of a
20 × 20 µm2 region of sample A was performed
using the quicK continuous Mapping (K-Map)
technique developed at the ID01 beamline.27

Fig. 7 show a map of the strain on the (004)
planes of the SiGe in this region. The origin
of the strain values is taken for strain-free sili-
con. The map shows an average strain of about
3.85±0.05 % on large areas (20 × 20 µm2) with

low variations, which reflects a very good ho-
mogeneity over the entire region. This average
strain corresponds to a Si0.47Ge0.53 alloy fully
biaxially strained on Si substrate. This result
is in very good agreement with the electron mi-
croscopy results. It confirms the absence of re-
laxation of the Si0.5Ge0.5 layer over large areas
and probably over the entire sample.

Discussion

In summary, we have compared the morpho-
logical and structural evolution of Si0.5Ge0.5
epitaxial layers obtained by direct deposition
on Si and on SOI and by a two-step deposi-
tion/condensation process. It should first be
noted that the Si-top SOI layer is in principle
sufficiently thin (12 nm) to produce a signifi-
cant increase of the critical thickness of misfit
dislocations nucleation as would predict the ef-
fect of the substrate compliance.8 The experi-
ments were then well suited to determine the
compliant effect of SOI substrate.

In spite of that, it is found that the relaxation
of Si0.5Ge0.5 is similar on bulk Si and SOI. This
first reveals that the SiO2/Si interface is rigid
as discussed below. In both cases, relaxation
is accompanied by both the growth of 3D is-
lands and the introduction of misfit dislocations
at the SiGe/Si interface. Tensile strain in the
Si-top layer, as predicted for a sufficiently thin
compliant substrate, has not been observed ei-
ther by GPA or by X-ray diffraction.

In addition to that, even in sample A ob-
tained via deposition/condensation (where the
Si0.5Ge0.5 layer after condensation is much
thicker and unrelaxed), the amount of strain
in the Si-top layer was also too low to be ob-
served. These results confirm that at this tem-
perature (750 ◦C), the SiO2/Si interface is fully
rigid and the SOI does not behave as a compli-
ant substrate for the epitaxial growth of SiGe.

In this last case, the large increase of the crit-
ical thickness for an epitaxial overlayer i.e. for
both the 2D-3D growth transition and dislo-
cations nucleation is then only attributable to
the deposition followed by condensation pro-
cess. Indeed with this process, the 8nm-thick
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Si0.5Ge0.5 layer is still flat and fully strained as
attested by both GPA and X-Ray diffraction
measurements. In similar conditions, the same
SiGe layers obtained by direct deposition, ex-
hibit 3D islands and are partially relaxed by
misfit dislocations.

The delay of the nucleation of 3D islands in
sample A is easily understood by the presence of
the SiO2 cap layer which fully inhibits the sur-
face diffusion at the Si0.5Ge0.5 top surface and
thus prohibits the nucleation of islands.

The increase of the critical thickness of dis-
location nucleation is more difficult to under-
stand. Indeed, it should be noticed that in
spite of the extensive literature on dislocations,
the nucleation mechanism is extremely difficult
to observe and then the nature of dislocation
sources remains unknown. Various mechanisms
have been suggested to favor the nucleation of
dislocations, such as the presence of surface
steps, surface dislocation loops, point defects,
extended defects, interfacial impurities.28,29

The presence of the SiO2 cap layer could in-
hibit the nucleation of dislocations. However,
while surface mechanisms prevail in various het-
eroepitaxial systems, they are commonly con-
sidered as negligible in SiGe/Si.30

In this system, the source of dislocations com-
monly reported is the density of point defects
and their ability to nucleate clusters.31–35 In
our experimental conditions, the SiGe layers
are subjected to thermal oxidation which is
known to induce silicon self-interstitial (I’s) in-
jection into the subsurface.17 So, in the whole
SiGe/SOI system considered, the density of
self-interstitials is much larger than in conven-
tional epitaxial systems. We suggest that this
large density of I’s could be at the origin of the
strengthening of the SiGe layer. The increase
of the critical thickness of nucleation of disloca-
tions would then be attributed to a mechanism
similar to Cottrel atmosphere in face-centered
cubic (FCC) metals.36

Conclusions

In conclusion, we compared SiGe membranes
fabricated by three different processes: direct

deposition of Si0.5Ge0.5 either on Si(001) nomi-
nal substrate or on UT-SOI, and deposition of
SiGe with low Ge concentration on silicon on
insulator followed by Ge enrichment by conden-
sation.

In spite of the very thin top Si layer of the
UT-SOI, no compliance effect was observed for
the sample of Si0.5Ge0.5 deposited on UT-SOI.
Instead, we observed the same relaxation by is-
land nucleation and dislocation nucleation as on
Si(001) nominal substrate.

We show that the formation of 8 nm-thick
fully strained Ge rich layers free of defects with
flat surface is only possible by the two-steps
epitaxy/condensation process. We demonstrate
that this process enables the total inhibition of
the morphological instability, together with the
hindering of dislocations for a Si0.5Ge0.5 thick-
ness of 8 nm, which is much larger than the ones
commonly obtained by direct deposition. We
verify that the Si0.5Ge0.5 layer is fully strained
and homogeneous over large areas. This re-
markable stability could be explained by the
injection of self-interstitials in the GRL during
the condensation even if a reduced surface dif-
fusion at the SiO2/SiGe interface could not be
ruled out. The results can be generalized to
different systems and we think that this work
will promote and expand possibilities on a wide
variety of devices.
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