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ABSTRACT

We study the critical thickness for the plastic relaxation of the Si quantum well layer embedded in a SiGe/Si/SiGe heterostructure for qubits
by plan-view transmission electron microscopy and electron channeling contrast imaging. Misfit dislocation segments form due to the glide
of pre-existing threading dislocations at the interface of the Si quantum well layer beyond a critical thickness given by the Matthews–
Blakeslee criterion. Misfit dislocations are mostly 60� dislocations (b=a/2 <110>) that are split into Shockely partials (b=a/6 <112>) due to
the tensile strain field of the Si quantum well layer. By reducing the quantum well thickness below critical thickness, misfit dislocations can
be suppressed. A simple model is applied to simulate the misfit dislocation formation and the blocking process. We discuss consequences of
our findings for the layer stack design of SiGe/Si/SiGe heterostructures for usage in quantum computing hardware.

© 2022 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0101753

I. INTRODUCTION

Electron spins confined in top-gated Si quantum wells are
excellent candidates for realizing reliable solid state based qubits.1,2

Such qubits have noticeable advantages over other qubit technolo-
gies: (i) their industrial production is compatible with today’s
advanced Si manufacturing technology, which benefits the scalabil-
ity of the quantum computing hardware and (ii) they can be pro-
duced such that they are free of nuclear spin by utilizing
isotope-enriched 28Si, which leads to unrivaled spin coherence
times.3 Compared to Si electron qubits at a Si/SiO2 interface, estab-
lished strain engineering concepts developed for SiGe heterostruc-
tures permit tuning the valley splitting.4,5

There are several factors that should be taken into consider-
ation for designing Si1�xGex=Si=Si1�xGex stacks for gate-based
quantum computing hardware. Sufficient tensile strain in the
quantum well layer has to be provided to lift the sixfold valley
degeneracy and create a sufficiently large energy splitting. However,
the Si quantum well layer needs to have a sufficient thickness to

ensure quantum confinement. Furthermore, strain fluctuations due
to interface steps, alloy fluctuations, and dislocations have to be
minimized in order to avoid uncontrollable potential fluctuations,
which in turn alter the effective valley splitting.6,7

Strained Si quantum well layers are realized on relaxed
Si1�xGex buffers with a Ge content x of 0:25 , x , 0:33. These
buffers are grown on Si substrates, where the mismatch strain is
relaxed by misfit dislocation networks in the lower interfaces.
However, the misfit dislocations are often terminated by threading
segments propagating to the surface, typically leading to threading
dislocation densities between 1� 105 and 1� 107 cm�2. In this
paper, we study the impact of such threading dislocations on the
strain relaxation of the Si quantum well layers and discuss the criti-
cal thickness in terms of the model presented by Matthews and
Blakeslee.8 While the relaxation of strained Si quantum well layers
on relaxed SiGe buffers has first been studied by Ismail et al., the
authors focused on the impact of misfit dislocations and their
strain field on electrical transport.9
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Examining the requirements of SiGe/Si/SiGe stacks for
quantum circuits, increasing the strain of the Si quantum well layer
can be realized by growing on relaxed SiGe buffers with a higher
Ge content. However, when both strain and film thickness are
high, the Si thin film may start to relax as the strain energy exceeds
a critical value for the generation of defects such as misfit disloca-
tions. This results in strain inhomogeneities in the quantum well
layer that affect the band structures and may perturb the electron
wave function as well as the device performance.

In this work, we present a detailed experimental study on the
misfit dislocation formation in tensile strained Si quantum well layers
and present a simple model that accounts for dislocation pinning in
these thin layers and quantitatively reproduces the observed dislocation
network. Our work is based on the contrast analysis of the dislocation
distribution by transmission electron microscopy (TEM) and electron
channeling contrast imaging (ECCI). We study identical heterostruc-
tures grown on buffers with different threading dislocation densities as
well as samples with quantum well layers of different thicknesses on
identical buffers. We show that misfit dislocations form above the criti-
cal thickness defined by the Matthews–Blakeslee criterion.

II. GENERAL CONCEPTS

The classical concept of misfit dislocation formation by
threading dislocation gliding has been presented by Matthews and
Blakeslee.8 Here, a pre-existing threading dislocation is extended at
the interface between a strained layer and the substrate once the
Peach–Köhler force acting on the threading segment in the layer
exceeds its line tension. Since the force on the threading segment
scales linearly with its length, this happens beyond a critical thick-
ness as displayed in the inset of Fig. 1.

The critical thickness can be calculated by the balance between
the force exerted on threading dislocation by misfit strain FE and the
line tension of the misfit dislocation generated at the interface FL. To
calculate the critical thickness hc for a Si quantum well layer on a
Si0:7Ge0:3 relaxed buffer, we apply the adaption of the criterion pre-
sented by People and Bean based on the Matthews–Blakeslee theory,10

hc � b
4πf (1þ ν)

ln
hc
b
þ 1

� �
, (1)

where b ¼ 0:384 nm is the Burgers vector, ν ¼ 0:28 is the Poisson
ratio, and f is the lattice mismatch between Si and the relaxed SiGe
virtual substrate. This equation is adjusted for epitaxial layers on thick
substrates, which corresponds to our case of the Si thin film on thick
SiGe virtual substrates.

The critical thickness of Si depends on the mismatch strain
and hence on the Ge content in the buffer. This dependency is
plotted for a fully relaxed SiGe buffer in Fig. 1. The strained Si on
Si0:7Ge0:3 has a critical thickness of 8.5 nm, where Si0:7Ge0:3 is the
commonly used relaxed buffer layer for Si electron qubits.5,11

One should mention that strained Si1�xGex layers on dislocation
free Si substrates can be grown coherently and fully strained far
beyond this thickness. This is due to the absence of threading disloca-
tions, which means that dislocations that can relax the strain have to
nucleate first. This nucleation of dislocations is a thermally activated

process with higher energy barrier than threading dislocation gliding
and depends on the thermal budget of the growth process.10,12

In the following, we will show that, in our case, where sufficient
threading dislocations are present, the Matthews–Blakeslee criterion is
met and the relaxation of the quantum well layer depends on the
threading dislocation density in the buffer. We also show that thread-
ing dislocations are pinned when intersecting other perpendicular
misfit dislocations in this case, because the thickness of the quantum
well layer is not thick enough for dislocations to overcome the barrier,
exposed by the misfit dislocation at the interface, which results in a
particular arrangement of the misfit dislocations.

III. EXPERIMENTAL DETAILS

Epitaxial growth of the four SiGe/Si/SiGe heterostructures
investigated in this work was carried out by utilizing a reduced pres-
sure chemical vapor deposition (RPCVD) system. Standard p-type Si
(0 0 1) wafers are used. After HF cleaning, the wafer is loaded into
the RPCVD reactor and baked at 1000 �C in H2 to remove residual
oxide. Then, the wafer is cooled down to the SiGe growth tempera-
ture. Step gradient SiGe layers were deposited using a SiH4–GeH4

gas mixture with H2 carrier gas. Finally, a thick 30% constant com-
position SiGe layer is deposited. In order to enhance relaxation and
improve the crystal quality of the relaxed SiGe buffer, annealing in
H2 is performed after each SiGe deposition step. After the final
annealing, the strained Si layer is deposited using a H2–SiH4 gas
mixture at 700 �C. For two samples (referred to as “A” and “B”), an
upper SiGe cap is deposited using the same process condition fol-
lowed by an additional 3 nm Si cap for surface protection. The sche-
matic layer stacks of the samples are listed in Fig. 2.

FIG. 1. Critical thickness of an epitaxial Si layer as a function of Ge content x
in relaxed Si1�xGex buffer. The inset illustrates the elongation of a grown-in
threading dislocation forming a misfit dislocation: (a) if no misfit is present, the
threading dislocation tends to be straight; (b) when the misfit strain is present,
the threading dislocation tends to bend; and (c) once the epitaxial layer exceeds
a certain critical thickness, the force from the misfit strain exerted on the thread-
ing dislocation FE is larger than the force resulting from the extension of the dis-
location FL. Hence, the threading dislocation glides leaving behind a misfit
dislocation segment at the interface.
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The TEM investigations of dislocations in the samples were
carried out using an aberration corrected FEI Titan 80-300 TEM,
operated at 300 kV. The plan-view TEM samples were mechanically
polished from the substrate side down to 10 μm in the thickness by
a series of diamond abrasive films with decreasing grain sizes.
Then, argon ion beam milling was performed from the same site
on the samples with a Gatan’s Precision Ion Polishing System
(PIPS) under an incident angle of the ion beams of 5� and an accel-
erating voltage of 3 kV. Polishing from the backside maintains the
original growth surface and allows us to follow the defects from the
SiGe buffer into the Si quantum well layer. The acceleration voltage
was reduced to 0.2 kV, in order to remove the amorphous layer
from the TEM sample surfaces.

ECCI measurements were performed in a Thermo Fisher
Scientific’s Apreo scanning electron microscope (SEM), operated at
10 kV, and an approximate beam current of 3.2 nA. The images
were taken by the in-lens detector (T1) which is located at the
entry of the pole piece and acts as an integrated annular back-
scattered electron detector. It allows for backscatter images at volt-
ages as low as 2 kV.

To measure the threading dislocation densities of the relaxed
buffer layers, we rely on Secco defect etching, which is analyzed in
the SEM.

IV. RESULTS AND DISCUSSION

A. Misfit dislocation observation in the SiGe/Si/SiGe
heterostructure

Figure 3 presents typical examples of TEM bright field
images taken under different diffraction conditions to analyze

the dislocation distribution in SiGe/Si/SiGe. Here, we focus on
the impact of the different threading dislocation densities in the
buffers A and B on the relaxation of the Si quantum well layer.
According to defect-selective etching, the relaxed buffer of
sample A has a threading dislocation density of 1:4� 107 cm�2

[Figs. 3(a) and 3(b)] and the relaxed buffer of sample B has
threading dislocation density of 3� 105 cm�2 [Figs. 3(c) and 3(d)].
For clarity, we show here exclusively bright field images using
2 2 0 and 2 �2 0 reflections since they already express the main fea-
tures. The dislocations are numbered consecutively. The main fea-
tures of both samples can be discussed taking as example
dislocations 2, 8, and 9. Dislocation 2 has a long threading
segment at the right hand side coming from the buffer. It bends
into the (0 0 1) plane and forms a misfit segment lying along the
[1 �1 0] direction. It has a short threading segment at the left end.
The long misfit segment has a characteristic double contrast in
2 2 0 and appears as a single line in 2 �2 0 reflection. From the
geometry, i.e., the length of the threading segments, we conclude
that the long segment at the right hand side is a threading dislo-
cation that comes from the SiGe buffer and forms the misfit dis-
location at the interface of the quantum well layer, while the left
hand threading segment is the one that penetrates the surface.
The double contrast is due to the splitting of a perfect 60� dislo-
cation, for example,

a
2
[1 0 1] ! a

6
[1 1 2]þ a

6
[2 �1 1]: (2)

Dislocation 8 has very similar contrast behavior, which means it
is split to two partial dislocations, for example,

FIG. 2. Schematic structure of the investigated SiGe/Si/SiGe heterostructure: (a) samples A and B with the different bottom SiGe buffer layers, indicated by the yellow text
and (b) samples C and D with the different Si top layer thickness, indicated by the yellow text.
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a
2
[1 0 1] ! a

6
[1 �1 2]þ a

6
[2 1 1]: (3)

Respectively, dislocation 9 vanishes at the 220 reflection and is
present at the 2 �2 0 reflection, which indicates a 90� dislocation
or more specifically a Lomer dislocation.13 From the spatial
arrangement of dislocation 9, we may infer that it has formed
by the interaction between two 60� dislocations 5 and 10.14

Similarly, the 90� dislocation 19 can be explained by a reaction
between 60� dislocations 14 and 20. All dislocations analyzed
in samples A and B can be assigned to these basic characteris-
tics for a detailed analysis into Table II in the Appendix. All
60� misfit dislocations are a result of the bending of pre-
existing threading dislocation in the buffer: the misfit disloca-
tions are split into Shockley partials. In the TEM images such
as Fig. 3 over areas of 5� 7 and 10� 15 μm2, we find that 70%
of the misfit dislocations are 60� dislocations while 30% are
90� dislocations. Noticeably, the dislocations 5, 6, and 3 are
blocked at dislocations 9 and 10.

Samples A and B show qualitatively a similar structure but
are distinguished quantitatively by the spacing of the misfit dislo-
cations at the interface. Table I compares the threading

dislocation spacings obtained from defect-selective etching of the
buffer to misfit dislocations spacing obtained from the TEM
images. Here, the

Misfit dislocation spacing ¼ AP
l
, (4)

where l is the length of each individual misfit dislocation and A is
the area of the image. The sum is performed over all misfit dislo-
cations in the images of each sample. The threading dislocation
spacing is calculated from the threading dislocation density
according to

Threading dislocation spacing ¼ 1ffiffiffiffiffiffiffiffiffiffiffi
TDD

p : (5)

where TDD is the threading dislocation density. The threading
dislocation spacing is around three times the misfit dislocation
spacing in both samples A and B.

FIG. 3. Plan-view TEM images of SiGe/Si/SiGe heterostructures on different SiGe virtual substrates: (a) and (b) presenting sample A with the virtual substrate having a
threading dislocation density of 1� 107 cm�2 and (c) and (d) presenting sample B with the virtual substrate having a threading dislocation density of 3� 105 cm�2. The
diffraction vectors g are indicated by black arrows. The misfit dislocations are numbered consecutively, whereas the invisible dislocations are numbered in red color. The
crystallographic orientations of the misfit dislocations are noted in the Appendix.
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B. Thickness effects on dislocations in strained Si on
SiGe

The analysis in A has shown that the 10 nm thick quantum
well layer is above the critical thickness and that each individual
threading dislocation transforms into a misfit dislocation according
to the model proposed by Matthews and Blakeslee. In the following,
we present results from Si quantum well layers with thicknesses
above (10 nm) and below (5 nm) the critical thickness according to
the Matthews–Blakeslee criterion grown on identical Si0:7Ge0:3 buffer
layers with a threading dislocation density of 8� 106 cm�2. For anal-
ysis of the relaxation by misfit dislocations, we rely on ECCI, which
is sensitive to dislocations located in the sample stack close to the
surface and permits to scan large areas compared to TEM.

Figure 4(a) shows a typical ECCI image of sample C using the
4 0 0 reflection. Two perpendicular sets of misfit dislocations aligned
with [1 1 0] and [1 �1 0] are visible. Similar to the results obtained by
TEM, we find that misfit dislocations are related to threading dislo-
cation segments at one of their ends (examples are indicated with
yellow arrows). In almost all cases, the other end is an intersection
with another, perpendicular misfit dislocation line (examples are
indicated with blue arrows). Figure 4(b) shows a corresponding

ECCI image of sample D under identical imaging conditions. Here,
no misfit dislocations can be observed, but a few spots with contrast
indicated by yellow arrows can be threading dislocations.

In order to compare our results on samples A and B, the misfit
and threading dislocation spacing of sample C from Fig. 4(a) is
quantified in Table I. The factor between the threading dislocation
spacing and the misfit dislocation spacing in sample C is 2.95,
similar to sample A and sample B. This striking similarity in the
factor among all samples suggests that there is a distinct relation
between threading dislocation spacing and misfit dislocation spacing,
independent of the threading dislocation density of the buffer.

C. Relationship between misfit and threading
dislocation spacing based on geometric
considerations

The results for samples A, B, and C indicate that threading
dislocations entail misfits dislocation segments as a consequence of
glide. Misfit dislocation segments grow in length until the gliding
threading segment is blocked by a perpendicular misfit dislocations,
as can be seen in Figs. 3(a)–3(d) and 4(a). It is obvious that, with
an increasing threading dislocation density in a heterostructure, the
number of misfit dislocations increases and, hence, the probability
of misfit dislocations being blocked by other misfit dislocation
increases. Consequently, the misfit dislocation length has to
decrease with increasing threading dislocation density or decreasing
threading dislocation spacing [Eq. (5)]. However, the exact relation
between threading dislocation spacing and misfit dislocation
spacing is not trivial. Here, we will try to shed light on this relation
by comparing our experimental results to simulated misfit disloca-
tion networks generated by a Monte Carlo approach.

TABLE I. TDS vs MDS. Here, TDS and MDS indicate threading dislocation spacing
and misfit dislocation spacing.

Sample TDS (μm) MDS (μm) TDS/MDS

A 3.2 1.1 2.91
B 18.3 6.4 2.86
C 6.2 1.8 3.4

FIG. 4. Electron channeling contrast images showing dislocations in the Si/SiGe heterostructure: (a) sample C—10 nm Si on relaxed SiGe buffer and (b) sample D—5 nm
Si on relaxed SiGe buffer. In sample C, misfit dislocations are present as lines with bright or dark contrast along in-plane <110> directions. Yellow arrows indicate the
examples of threading dislocations. Blue arrows indicate the examples when misfit dislocations meet perpendicular misfit dislocations.
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For the purpose of this geometric investigation of the misfit dis-
location network at the Si/SiGe interface, a simple Monte Carlo sim-
ulation has been set up. Fundamentally, this model should evaluate
the TDS/MDS ratio based on a misfit dislocation network originating
from a random distribution of threading dislocations that glide and
leave behind misfit dislocation segments. The glide is assumed to be
blocked at intersections with other misfit dislocation segments. The
necessary assumptions are depicted in Figs. 5(a)–5(c). First, a
random distribution of threading dislocations is chosen, which are
represented as intersecting points on a two-dimensional plane
parallel to the interface [Fig. 5(a)]. We assume that a misfit disloca-
tion is formed from every threading dislocation on this plane. The
line directions of the forming misfit dislocations are constrained to
the four h1 1 0i directions at the (0 0 1) Si/SiGe interface, as defined
by the glide system and as observed experimentally. Hence, every
point in the plane (threading dislocation) is assigned to one of four
misfit dislocation directions with equal probability, as represented in
Fig. 5(b). Afterward, the misfit dislocations elongate until they are
blocked by a another misfit dislocation or the sample edge, as
illustrated in Fig. 5(c). One has to mention that different boun-
dary conditions—such as periodic or non-periodic boundary
conditions—have been investigated but did not have a significant
impact on the result and are, hence, not further discussed.

An exemplary misfit dislocation structure resulting from these
assumptions with a random set of 500 threading dislocations is
shown in Fig. 5(d). The resemblance with the misfit dislocation
structure obtained by the ECCI measurements in Fig. 4(a) is

striking. It is possible to evaluate the misfit dislocation spacing and
threading dislocation spacing according to Eqs. (4) and (5), which
yields a ratio between threading dislocation spacing and misfit dis-
location spacing of 2.5 for this specific configuration in Fig. 5(d).
Figure 5(e) shows the ratio TDS/MDS of 1000 calculated misfit dis-
location configurations based on random threading dislocation
configurations with an increasing number of threading dislocations
ranging from 10 to 10 000. The simulation size is arbitrary and has
no impact on the misfit dislocation structure and consequently the
ratio between TDS/MDS. The ratio TDS/MDS fluctuates due to the
random positions of threading dislocations and misfit dislocation
line directions for each simulation. However, the ratio tends toward
TDS=MDS ¼ 3 with an increasing number of threading disloca-
tions in the simulation. We address the deviations of this ratio at
low numbers of threading dislocations to boundary effects. The
ratio of 3 seems to be a purely geometric factor arising from the
blocking of misfit dislocations by misfit dislocations in SiGe and is
in agreement with the experimentally determined ratios of samples
A, B, and C (Table I). Modified assumptions were tested and
yielded similar results. More specifically, all models yield a constant
ratio between threading dislocation spacing and misfit dislocation
spacing for a sufficiently high number of threading dislocations.

Comparing the TDS/MDS values from Table I with the simu-
lation, the dislocation numbers in the view of electron microscopy
are limited. Therefore, the experimental values are supposed on the
left edge of the simulation in Fig. 5(e), where the TDS/MDS value
is close to 2 with a relatively large deviation. The errors from the

FIG. 5. Schematic showing: (a) random distribution of
threading dislocations; (b) random selection of one of the
four h1 1 0i misfit dislocations directions at the (0 0 1) Si/
SiGe interface; (c) misfit dislocations growing one by one
until blocked by another misfit dislocations or reaching the
sample edge; (d) exemplary misfit dislocation structure
arising from the described model; and (e) threading dislo-
cation spacing/misfit dislocation spacing from a set of sim-
ulations with varying number initial threading dislocations.
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experimental values are likely impaired by the biased electron
microscopy investigation.

V. CONCLUSIONS

To conclude the misfit dislocation generation mechanism in
SiGe/Si/SiGe heterostructures, we may summarize the main elec-
tron microscopy results in Figs. 3 and 4.

(1) All Si quantum well layers that are thicker than the critical
thickness given by the Matthews–Blakeslee criterion (samples
A, B, and C) exhibit misfit dislocations at the interface between
the quantum well layer and the relaxed buffer.

(2) All analyzed misfit dislocations in samples A, B, and C have a
line direction along h1 1 0i. These misfit dislocation segments
form due to the glide of threading dislocations pre-existing in
the relaxed SiGe buffer as described by Matthews and
Blakeslee. The h1 1 0i directions of the glide are defined by the
intersection of the {111} glide planes and the (001) interface.

(3) The majority of the misfit dislocations in samples A and B
(70%) are 60� dislocations, while the rest are Lomer
dislocations.

(4) Most 60� dislocations are split into Shockley partials. The split-
ting of 60� dislocation is a typical feature of misfit dislocations
accommodating at tensile strain due to the competition
between energetic favorite and strain releasing efficiency of
partial dislocations.15 Therefore, it can be concluded that these
misfit dislocations are located at the tensile strained layer,
which means at the interface between the SiGe buffer layer and
the Si quantum well layer.

(5) Dislocations that meet perpendicular misfit dislocations at the
interface are blocked and cannot further extend at the given
quantum well layer thicknesses.

(6) Quantitative evaluation of the threading dislocation spacing
and the misfit dislocation spacing shows that their ratio has a
factor of approximately 3, independent of the threading dislo-
cation density in the respective buffer. This was simulated by a
Monte Carlo method.

From these findings, we conclude that the presence of thread-
ing dislocations in the relaxed buffer leads to the formation of
misfit dislocation segments at the interface of the Si quantum well
layer, as soon as the critical thickness of the quantum well layer as
defined by Matthews and Blakeslee is exceeded. We also find that,
at the given thickness of the quantum well layer, misfit dislocations
block the glide of threading dislocations and, thus, the further
extension of misfit dislocations.16 It is worth mentioning that the
blocking mechanism can be overcome when a thicker quantum
well layer is grown. When the layer thickness is beyond another
critical value, the forces from misfit strain on the threading disloca-
tion segments are greater than the blocking forces from the perpen-
dicular misfit dislocations, which results in the unblocking of the
misfit dislocation. According to the theoretical work of Freund,17

this other critical thickness of the quantum well layer studied in
this work is around 20 nm for dislocation unblocking. The
quantum well layers in SiGe/Si/SiGe heterostructures for qubit
applications are commonly way below this value.

The mechanism of misfit dislocation formation from thread-
ing dislocation gliding was often purposely promoted for the strain
relaxations in epitaxial layers in order to minimize the generation
of new threading dislocations during the strain relaxation, such as
epitaxial Ge or SiGe layers on Si (001) substrates.12,18,19 However,
in the study, a fully strained Si quantum well layer is required, so
the occurrence of this mechanism is not desired.

These findings are relevant for the design of SiGe/Si/SiGe heter-
ostructures for spin qubits since dislocations at the interface of the
quantum well layer lead to strong local fluctuations of strain and,
thus, the valley splitting of the Si conduction band.7,20,21 While
threading dislocations in these structures might be tolerable to a
certain degree because they only makeup a small area, misfit
running inside the silicon quantum well layer interface affect a large
fraction of the film and will likely have negative impact on the qubit
device. Although a higher valley splitting of the Si conduction bands
is realized through a higher Ge concentration in the SiGe buffer,
which leads to larger tensile strain, the critical thickness for plastic
relaxation will at the same time be reduced, as shown in Fig. 1.
Therefore, a trade-off balancing these two effects needs to be made.

Regarding the kinetics, the activation barrier of the misfit dis-
location formation due to pre-existing threading dislocation gliding
when exceeding the critical thickness is low. The activation energy
may easily be overcome by the CVD growth temperature. A way to
prevent relaxation in these structures exhibiting threading disloca-
tions could be to reduce growth at temperatures low enough to
prevent dislocation glide. Molecular beam epitaxy gives the possi-
bility, where the growth can be performed at temperatures as low
as 350 �C. However, the post-growth processing temperatures that
are currently used in semiconductor device fabrication highly
exceed this temperature and hence pose a limit to this approach.

Methodologically, our work shows that electron channeling
contrast imaging is a versatile tool for analyzing the relaxation of
epitaxial layers at an early stage and in thin layers, where conven-
tional x-ray diffraction techniques are not sensitive enough.22
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APPENDIX: DISLOCATION ANALYSIS

Table II shows the summary of the Burgers vector analysis for
misfit dislocations of sample A and B depicted in Fig. 3.
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