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Symmetry for Antiphase Domains Control and Burying

Audrey Gilbert, Michel Ramonda, Laurent Cerutti, Charles Cornet, Gilles Patriarche,
Éric Tournié, and Jean-baptiste Rodriguez*

Abstract: This work reports on the precise control of III-V semiconductors’
antiphase domain formation and evolution during the epitaxial growth on an
“on-axis” Si (001) substrate with a very low but controlled miscut. Especially,
it is shown how, starting from a Si surface having a regular array of terraces,
the crystal polarity of thin GaAs epilayers grown by molecular-beam epitaxy is
defined through the Si surface topology, leading to a quasi-periodic 1D pattern
of antiphase domains in the GaAs layer. Furthermore, this work demonstrates
how this configuration breaks the symmetry between the two different III-V
phases, without any step-flow-induced asymmetry. Following this strategy, an
early burying of antiphase domains is demonstrated in GaAs epitaxially grown
on a low-miscut Si substrate. This study generalizes previous models
describing antiphase domain formation and evolution and establishes the
important growth parameters for the development of high crystal quality III-V
semiconductor devices monolithically integrated on low-miscut silicon
substrates.

1. Introduction

Due to its abundance, optical transparency windows, and high
refractive index, Si is the most widely used material for integrated
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photonics at datacom and telecom
wavelengths.[1] However, although Si
can efficiently transmit, modulate, and de-
tect light, its indirect band gap forbids light
emission.[2] As a result, the integration of
III-V lasers on Si platforms has for long
attracted much interest to develop photonic
integrated circuits (PICs) for high-speed
optical communications and chemical
or biological sensors.[3] Indeed, the co-
integration of PICs on industry-standard
platforms promises high performance,
new functionality, ultralow cost, large
integration density, and scalability.

Despite the many bonding techniques
developed over the years,[4] monolithic in-
tegration has emerged as a promising so-
lution to integrate optical emitters directly
onto a Si platform with low-cost and high
density.[5] However, epitaxially integrated

devices suffer from a severe lack of reliability because of the large
crystal-defect density created during growth. In particular, an-
tiphase boundaries (APBs), the first and most problematic de-
fect, are induced by the heteroepitaxy of polar III-Vs on nonpolar
Si substrates. Silicon diamond structure contains only one type
of element unlike the III-Vs, which allows the formation of two
polar domains (antiphase domains, APDs) delimited by APBs.
These boundaries form electrically charged paths inside the ma-
terials and create shortcuts that kill devices. Thus, they must be
avoided, or at least they should be confined below the active part
of the device.

This problem was initially studied by Kroemer for the growth
of GaAs on Si[6] who proposed that APDs, and thus APBs, can
be avoided by promoting the formation of bi-atomic steps at the
Si surface. Highly misoriented substrates create double steps,
which promote the growth of the same polar variant in the
entire crystal.[6–8] However, Akiyama et al. and Pukite et al. later
demonstrated that double steps are not necessary to obtain GaAs
layers free of emerging APBs.[9,10] The growth of a single domain
on (001) Si was attributed to APBs self-annihilation, but no clear
explanation of the mechanism was provided.[9,10] Furthermore,
Georgakilas et al. suggested that APDs annihilation results from
a tilt of the APBs toward the (001) plane.[11] Also, their observa-
tions indicated that the nucleation temperature determines the
domains’ density and size. At low nucleation temperatures, the
coalescence of small domains promotes APDs self-annihilation
faster than large domains grown at high temperatures. Alto-
gether, and in spite of recent demonstrations of APBs-free GaAs
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layers on on-axis (001) Si substrate[12,13] the physical insights into
the phenomenon remain unclear. The purpose of this article is
to solve this long-standing issue.

2. Symmetry Breaking Resulting from a
“Terrace-Driven” Initial Phase Distribution

Recently, a new theoretical perspective for forming and burying
APDs on low-miscut Si substrates was proposed.[14] This theory is
based on the observation that most III-V semiconductors cannot
wet the Si substrate, which results in the formation of individ-
ual monophase 3D Volmer–Weber islands.[15] Especially, it was
demonstrated that these islands can grow and reach sizes signif-
icantly larger than distances between monoatomic steps at the Si
surface.[15] The fact that a single monophase III-V island can be
formed over one or several Si monoatomic steps demonstrates
that the chemistry of the III-V/Si interface, and more specifi-
cally the charge compensation in the intermixed III-V-Si atomic
layers[16] is not homogeneous within one large monophase is-
lands. It also shows that, during the growth of an individual is-
land over a monoatomic step, the rearrangement of the III-V/Si
interface is energetically preferred over the formation of an an-
tiphase boundary.

The proposed antiphase burying model assumes that the
phase (or polarity) of the nucleated individual islands is governed
by the orientation of the dimers on the Si terraces on which the
nucleation initially occurs.[14] From this hypothesis, it was de-
duced that the initial domain distribution can be inferred from
the comparison between the stable III-V islands’ typical size, and
the Si terrace width. Two regimes were identified:

First, when the III-V islands are smaller than the terrace width,
the local Si dimer orientation imposes the same phase for the
numerous III-V islands nucleating on the same terrace, and the
phase distribution after islands coalescence is therefore “terrace-
driven.” If the Si surface is populated by monoatomic height
steps, the terraces form parallel stripes of alternating dimer ori-
entations. As the III-V growth is initiated, the initial phase distri-
bution mimics this organization and forms stripes of alternating
phases. The width of the stripes corresponds in first approxima-
tion to the Si terrace width and is therefore strongly related to the
miscut value when the substrate surface is properly prepared.[12]

On the contrary, if the stable islands have a larger size than the
terrace width, the phase of individual islands is also governed by
the local dimer orientation, but the monophase islands grow over
several Si steps before they can coalesce. The APD distribution
is then “nucleation-driven,” and the initial phase distribution no
longer reproduces the Si terraces topology, but rather reflects the
islands’ nucleation density.

Of course, in the case of a double-stepped Si starting surface (as
obtained by preparation in metal-organic chemical vapor deposi-
tion conditions[17–19] or sometimes with the use of large miscut
substrates[8]), the adjacent terraces have the same dimer orienta-
tion, which results in a monophase III-V layer once all the islands
have coalesced. Still, it is extremely difficult to achieve a perfectly
double-stepped Si surface, which results in residual APDs.[17]

In the case of a single-stepped Si starting surface, the previ-
ously developed model[14] describes the burying of one of the
two domains (the so-called APD) by the other (the main-phase

domain—MPD) because the two domains have steps of differ-
ent kinds (V or III steps), which translate in a growth rate dif-
ference related to the preferential incorporation of the element-
III on one of the two kinds of steps, depending on the growth
conditions. The fastest-growing domain overgrows the other one
at some point. Again, the substrate miscut is of prime impor-
tance as it allows for generating a surface where the III-steps
are predominant in one of the two domains, while the other is
mostly populated by V-steps, which is the key factor triggering
the growth rate imbalance. In that case, the burying is due to
the different atomic compositions of the steps found in each do-
main. In fact, the higher symmetry of the Si Diamond crystal
with respect to the III-V zinc-blende crystal—leading to the for-
mation of the APDs in the first place—is broken by the unidirec-
tionality of the steps at the growth front over the whole sample.
The two [110] main crystallographic directions are equivalent in
Si, which allows the growth of the two III-V phases at its sur-
face, but the unidirectionality of the steps creates an anisotropy
(which translates into the different atomic composition of the
steps and thus in anisotropic incorporation rates) leading to the
selection of one of the two phases. The proposed mechanism is
therefore strongly related to the step-flow growth mode, which
is required to maintain the steps distribution and unidirection-
ality as the growth proceeds. This burying mechanism was later
experimentally confirmed and extensively studied for the growth
of GaSb on low-miscut (001) Si.[20] The necessity of having the
same Si step direction on the whole substrate surface, which can
only be obtained when the miscut direction points toward one
[110] direction of the Si substrate, and of maintaining a step-flow
growth mode of the III-V was also demonstrated. In particular,
no burying could be observed at low temperatures, where the
step-flow is hindered. This study was an important experimen-
tal demonstration of the burying mechanism, which allows ex-
plaining the annihilation of APBs through the differences that
can exist between the growth kinetics of the two phases, rather
than from the APBs propagating in different crystallographic
planes. Still, at this stage, the nature of the initial phase distri-
bution and its influence on the APDs burying was unclear and
had not been studied experimentally, which is missing to have
a complete demonstration of the mechanism at play. Moreover,
the influence of high index surface facets that are formed at the
vicinity of emerging APBs[21] on the burying process of APDs was
not properly discussed yet in the framework of this APD burying
model.

The present paper aims at clarifying the role of the initial
phase distribution by studying the growth of GaAs on low mis-
cut (001) Si substrates. GaAs is indeed an interesting III-V ma-
terial as it generates small stable islands (about a factor of ten
smaller compared to GaSb for instance). The stable island size
indeed depends on the material (as well as on the growth con-
ditions of course), and therefore so does the maximum miscut
angle at which the transition from the “terrace-driven” to the
“nucleation-driven” regime can be observed. Interestingly, the ex-
pected stable island size for GaAs in standard conditions (a few
tens of nanometers) allows reaching such a transition at reason-
able substrate miscut values (0.2° to 0.5°) by changing the growth
temperature.[14] Besides, the epitaxy of GaAs on Si is of techno-
logical importance for the realization of photonic integrated cir-
cuits such as optical interconnects.
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Figure 1. A 2 × 2 μm2 atomic force microscopy (AFM) images of a) 25 nm, b) 50 nm, c) 100 nm, d) 110 nm GaAs layers grown on (001) Si. The areas
shown in the rectangles are displayed with a higher magnification on the right of each image. The period and the narrowing of the darker stripes with
the increasing thickness are presented, and the black arrows indicate the miscut direction.

3. Results and Discussion

3.1. Identification of the Initial Phase Distribution

In this section, we study GaAs layers grown on (001) Si to evi-
dence the initial phase distribution by comparing atomic force
microscopy (AFM) and cross-sectional transmission electron mi-
croscopy (TEM) data. We demonstrate that, in our growth condi-
tions and with our substrate preparation, GaAs is grown in the
“terrace-driven” regime and that increasing the nominal GaAs
thickness leads to the progressive burying of one of the two
phases. This mechanism proves to be very effective and can be

used to obtain emerging-APB-free GaAs layers for thicknesses
as low as 150 nm with low-miscut substrates.

The GaAs layers were grown on low-miscut Si substrates by
molecular-beam epitaxy (MBE). Note that the substrates were
randomly chosen within a batch ordered with a specified miscut
angle and direction, which can easily be obtained through most
of the wafer suppliers. Care was taken to repeat several times
some experiments to ensure that the whole substrate prepara-
tion as well as the entire growth procedure (which is described
in more detail in the Experimental Section at the end of this pa-
per) is reproducible. Figure 1 shows AFM images of 25, 50, 100,
and 110 nm thick GaAs layers grown on (001) Si substrates with
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Figure 2. a) A 2 × 2 μm2 atomic force microscopy (AFM) image of 25 nm GaAs layer and b) average height of the pattern. c) Evolution of the terraces’
width (L) for Si monoatomic steps with the miscut angle 𝜃. d) Bright field scanning transmission electron microscopy (STEM) cross-section of the
interface Si-GaAs showing the initial periodic islands repetition and HAAADF–STEM insert of V-polar main domain consisting in arsenic atom (brighter)
upward, while III-polar antiphase domain (APD) has arsenic atom downward. Black arrows indicate the miscut direction

an offcut of 0.5° toward [110]. A succession of elongated dark
and bright parallel stripes is seen at the surface of the thinnest
sample (Figure 1a). As the thickness increases, the depth differ-
ence between dark and bright stripes increases which leads to a
larger roughness, while the width of the darkest stripes shrinks
(Figure 1b,c). At a nominal thickness of 110 nm (Figure 1d), most
of the dark stripes have been overlaid by the bright ones. Even at
larger image scales, all samples show such homogeneous surface
features.

A striking feature observed on all samples is the succession
of these straight dark and bright stripes in a quasi-perfect peri-
odic network. We measured this periodicity on the sample hav-
ing the thinnest GaAs layer with the Gwyddion software. To this
end, the x and y axis of the images were first carefully aligned
along the [110] main crystallographic directions of the silicon sub-
strate. Then, the average height z in the y direction was calcu-
lated and plotted for each x position in Figure 2b. The resulting
curve shows periodic oscillations, and the period corresponds to
the sum of the widths of one dark and one bright stripe. The
value retrieved from this statistical analysis (31.7 ± 0.3 nm) is
very close to the calculated width of two terraces at the Silicon
surface for a miscut of 0.5° (31.0 nm, see Figure 2c). From there,
we conclude that the periodic topography observed at the surface
of these samples is strongly related to a homogeneous distribu-
tion of monoatomic steps lying along the [110] direction at the
Si surface prior to the growth. It is worth emphasizing that such
a distribution can only be obtained when the miscut direction
points toward one [110] direction of the Si substrate.

In order to clarify the structural difference between the dark
and bright stripes, a TEM analysis was carried out on the same
sample. Figure 2d presents a cross-sectional TEM image taken
in the direction perpendicular to the stripes observed at the sam-
ple surface. These measurements allow identifying the periodical
features seen by AFM. More importantly, it confirms that this al-
ternating bright-and-dark-stripes configuration results from the

periodical arrangement of the MPDs and APDs in these GaAs
layers. Indeed, the inset of Figure 2d shows the dumbbell ori-
entation in the two regions. The inversion of arsenic and gal-
lium atoms’ position unambiguously indicates the presence of
two crystal phases highlighted in yellow and blue. Combined with
the larger-scale analysis of the AFM data presented above, this
crucial observation demonstrates that the APD–MPD arrange-
ment at this stage is directly correlated with the step distribution
at the Si surface prior to the growth, or in other words, that the
initial phase distribution growth is “terrace-driven.” Such results
are compatible with Li et al.’s recent work[12] reporting that the Si
substrate played a significant role in APBs annihilation in GaAs
and showed a clear correlation between the III-V domain phases
and Si terraces.

3.2. Initial Phase Distribution Temperature Dependence

The burying model described above is based on the hypothesis
that the initial phase distribution depends on the relative size
of the stable III-V island, with respect to the Si terrace width.
The distribution is “terrace-driven” if the stable III-V island size
is small compared to the terrace width, and “nucleation-driven”
otherwise. In the latter case, the initial phase distribution is not
anymore correlated to the Si terraces arrangement and is there-
fore randomly organized. In an attempt to assess the validity of
this assumption, we decided to study the impact of the substrate
temperature on the phase distribution. It is well known that the
size of stable III-V islands increases with the growth tempera-
ture, while their density decreases.[22] We therefore aimed at ver-
ifying whether increasing the size of the stable island by modi-
fying the substrate temperature allowed transitioning from the
“terrace-driven” to the “nucleation-driven” distribution. Figure 3
displays the AFM images of 50 nm thick GaAs layers grown on
Si substrates with a 0.5° miscut at temperatures in the 350 °C to
520 °C range.
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Figure 3. A 2 × 2 μm2 atomic force microscopy (AFM) images of the surface evolution and zoom of the striped pattern for a) 350 °C, b) 370 °C, c) 420
°C, d) 470 °C, and e) 520 °C for 50 nm samples and stable island size in the initial phase distribution at low thickness. Black arrows indicate the miscut
direction.

At the lowest temperatures, the alternating MPD/APD stripes
are clearly visible, which confirm the “terrace-driven” nature of
the initial phase distribution described above (Figure 3a,b). As the
temperature is increased to 420 °C and then 470 °C (Figure 3c,d),
the stripes arrangement degrades, and finally, the surface mor-
phology of the sample grown at 520 °C is completely randomly
shaped (Figure 3e). As expected, the high-growth temperatures
lead to bigger initial islands, which is confirmed by the increase
of the surface roughness as well as by the loss of the phase orga-
nization. The results obtained from this set of samples are there-
fore clearly compatible with the transition from one regime to
the other at a temperature between 420 °C and 470 °C. It can
also be concluded that in our growth conditions and in this tran-
sition temperature range, the average size of the nucleated stable
islands just before coalescence is expected to lie around 15.5 nm,
the Silicon terrace width prior to growth.

3.3. APD Burying in the “Terrace-Driven” Regime

The evolution of the APD dark stripes morphology with the GaAs
nominal thickness observed earlier (Figure 1a–d) provides some
valuable information on the overgrowth mechanism itself. First

of all, the MPD grows faster in the growth direction as attested by
the increase of the average height difference between the MPD
and APD. We roughly estimated this growth rate difference by
calculating the mean height of both domains on the AFM data
shown in Figure 1. The MPD grows about 2.7% faster than the
APD, which is comparable to the value of 3.2% found in the case
of GaSb grown on Si.[20] Additionally, as the thickness of GaAs
increases, the width of the dark stripes shrinks, indicating that
the MPD not only grows in height but also laterally at a faster
rate. This results in the coverage of the APD by the MPD stripes,
eventually leading to their burial. This indicates that the burying
mechanism by which the MPD overgrowth the APD is already
active, even for a GaAs thickness as small as 25 nm.

To demonstrate the complete APD burying, a sample with a
500 nm thick GaAs layer was grown and characterized by AFM
and cross-sectional scanning transmission electron microscopy
(STEM) (Figure 4a,b). The surface of the sample shows a rough-
ness as low as 1.38 nm and elongated topographical features par-
allel to the miscut (Figure 4a). The STEM data show that the
APDs are completely buried within about 150 nm (Figure 4b),
which is consistent with the observation previously made that
APDs start to disappear from the surface after around 110 nm
of GaAs (Figure 1d).
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Figure 4. a) A 2 × 2 μm2 atomic force microscopy (AFM) image and b) bright field scanning transmission electron microscopy (STEM) images of 500 nm
GaAs antiphase boundaries (APBs) emerging free layer grown on 0.5° Si (001) substrate. White arrows indicate the miscut direction.

Figure 5. A 1 × 1 μm2 atomic force microscopy (AFM) image of the 50 nm
GaAs layer grown on 0.2° Si substrate, the black arrow indicates the miscut
direction.

Furthermore, we grew a 50 nm thick GaAs layer on a (001) Si
substrate with a 0.2° offcut toward [110] to complement our study.
Figure 5 displays a 1 × 1 μm2 AFM image of the sample surface.
Similarly to what was observed in the case of a 0.5° miscut, the
two phases are clearly visible and arranged in a periodic pattern
along one of the two [110] crystallographic directions of the Si
substrate. The average periodicity of the APD/MPD pattern ex-
tracted from the AFM data equals 82 nm. A value that once again
precisely corresponds to twice the calculated terrace size for a 0.2°

miscut substrate, and further demonstrates the “terrace-driven”
nature of the initial phase distribution in our growth and sub-
strate preparation conditions.

Finally, the AFM image of Figure 5 provides a decisive insight
into the way the MPD overgrows the APD at low temperature.
One can notice the elongated shape of the islands, which is a well-
known feature in the 3D growth of III-V semiconductors.[23,24]

Combined with the previous observation, the mechanism can
thus be summarized as follows:

I. First, after careful deoxidation, the Si substrate is homoge-
neously populated by monoatomic height steps having the
same [110] direction and a fixed width imposed by the miscut
angle value and direction. Two successive terraces have dif-

Figure 6. a) Monoatomic stepped Si (001) surface with alternating dimers
orientation terraces, b) first 3D islands confined on Si terraces, c) growth
and nucleation of polar monodomains, d) early overgrowth of the MPD,
and e) the antiphase domain (APD) is buried. [11̄0] directions for both
APD and MPD are indicated.

ferent dimer orientations, which stem from the monatomic
height step existing in between (Figure 6a).

II. After the epitaxial growth of a few nanometers of GaAs, 3D
monodomain stable islands of a smaller size than the ter-
race width are formed. The phase of each island is thus de-
termined by the Si surface-dimer orientation prior to growth
(Figure 6b). Islands of the same phase grow and coalesce on
a given terrace, but two adjacent terraces are populated with
islands of opposite phases. At some point, each phase covers
one in two terraces (Figure 6c). As a result, the domains are
arranged in a periodic APD/MPD sequence mimicking the
initial terraces dimers distribution, which indicates that the
initial III-V phase distribution is “terrace-driven” according
to the burying model.[14]

III. Due to the anisotropy of the diffusion length of Group-III
atoms, the islands elongate in the [11̄0] direction, as demon-
strated by Ohta et al.[25] (the diffusion coefficient is larger
in the [11̄0] azimuth, the direction in which islands there-
fore grow faster). However, the [11̄0] direction in the APD
is perpendicular to the [11̄0] direction in the MPD due to

Adv. Optical Mater. , 2203050 2203050 (6 of 8) © 2023 The Authors. Advanced Optical Materials published by Wiley-VCH GmbH
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the very nature of the two domains type (see the crystal ori-
entations schematics in Figure 6c). As a result, the islands
within the MPD grow faster in the direction pointing toward
the APD stripe, and eventually, the MPD overflows the adja-
cent steps to overgrow the APDs stripes (Figure 6d). By con-
trast, in the APD, the island’s fast-growing direction favors
the growth within the APD stripe itself. The expansion of
this phase over the MPD is therefore much slower. In other
words, the direction along which the islands elongate is dif-
ferent in the two phases, and one progressively extends over
the other and becomes the MPD. As the growth proceeds,
the APD stripe width gradually decreases until it is buried
within about 150 nm in the work presented here for a 0.5°

miscut. Note that the miscut value and direction along one of
the [110] direction of the Si substrate plays a crucial role here
as it allows for forming unidirectional and uniform stripes
of the two domains after the III-V islands have coalesced.

IV. Finally, when enough material is deposited (at 500 nm for
example in our experiment), the GaAs layer exhibits a flat
surface (Figure 6e) free of emerging APBs.

As predicted by the burying model, the additional symmetry
of the diamond structure compared to the zinc-blende is reduced
in both “terrace-driven” and “nucleation-driven” regimes:

In our previous work,[20] the different incorporation rates at
the III- and the V- steps in a step-flow growth mode constituted
the growth-related anisotropy that favored one of the two phases.

However, in the present work, the asymmetry is provided by
the “terrace-driven” nucleation of the two phases, and is com-
bined with the anisotropic growth of the 3D III-V islands. The
symmetry is broken by the formation of a regular array of Si
terraces/steps along a given [110] direction through the precise
transfer of the miscut. Of importance, this mechanism happens
at a very early stage of the growth and does not require that a
specific growth mode be maintained to be effective, which cer-
tainly makes it more robust to the presence of other topographic
features such as the high-index facets commonly observed dur-
ing the growth of GaAs/Si or GaP/Si,[15,21] while the step-flow
required in the other symmetry-breaking mechanism, can be
deeply hindered by these facets.

4. Conclusion

In this study, we have demonstrated that modifying the GaAs
stable island size, by changing the growth temperature, allows
switching from a “terrace-driven” initial phase distribution at
low temperatures (where the stable islands are smaller than the
Si terrace width), to a “nucleation-driven” initial phase distri-
bution at high temperature (where islands are larger than the
Si terrace width). We also demonstrated that, in the “terrace-
driven” regime, when the domains are organized in regular
stripes of alternating phases, one domain overgrows the other
despite the low substrate temperature preventing any symmetry-
breaking mechanism based on the combination of the unidirec-
tional steps’ initial distribution and step-flow growth mode dis-
cussed in our previous report.[20] Finally, a careful study of GaAs
layers grown on very small miscut substrates (0.2°) allowed us to
unravel the burying mechanism at work in this configuration. Be-
sides, we demonstrated APB-free GaAs surfaces for a layer with

nominal thickness as low as 150 nm for a substrate miscut of
0.5°.

In good agreement with the model developed by Cornet et
al.,[14] we found that a burying process is responsible for the APD
overgrowth. The homogeneous transfer of the miscut was found
to be crucial, as it allows for reducing the high symmetry of the
Diamond Si crystal. This creates a specific arrangement of the
Si terraces which is then combined with a “terrace-driven” initial
phase distribution thanks to the low-temperature nucleation of
the III-V islands to form straight stripes of alternating phases. We
then showed how the anisotropic growth of the III-V islands re-
sulting from the different diffusion lengths of the group III atom
in the [11̄0] and [110] directions is responsible for the burying
of one of the two phases, as the MPDs tend to grow faster in
the direction of the APD stripes, progressively reducing the lat-
ter width until they are completely buried. These findings allow
for a global understanding of the combined symmetry-breaking
of the group IV crystal and III-V growth asymmetry processes re-
quired to efficiently bury APDs, and provide a clear path toward
the realization of high-performance III-V devices monolithically
integrated on Si platforms.

5. Experimental Section
All the samples were grown by solid-source molecular beam epitaxy in

a RIBER COMPACT 21 system equipped with a valved cracker cell for Ar-
senic. Small offcut angle (001) Si substrates were used for this study, and
the surface was thermally prepared in situ (above 1 000 °C), in a dedi-
cated chamber, to remove the native oxide. The procedure was carefully
applied for all the samples of this study, ensuring a good reproducibility of
the observations. In these conditions, the reflection high-energy electron
diffraction reflection high-energy electron diffraction (RHEED) pattern of
the Si surface shows a superposition of (1 × 2) and (2 × 1) reconstruc-
tions, indicating the formation monoatomic steps, and two domains.[20]

The first set of samples consisted of GaAs layers of 25, 50, 100, 110, and
500 nm. GaAs layers were deposited at 350 °C (thermocouple), except for
the 500 nm sample, with a Ga growth rate of 0.6 MLs−1. A second temper-
ature step at 450 °C (thermocouple) was applied to grow the last 400 nm
of the 500 nm thick GaAs sample. A V/III ratio of 2 was maintained for all
samples. The low-temperature growth is the key to forming a quasi-two-
dimensional nucleation layer of GaAs on Si and the condition for “terrace-
driven” initial phase distribution. A second set of 50 nm GaAs samples
was grown at thermocouple temperatures ranging from 350 °C to 520 °C,
a V/III ratio of 2, and a Ga growth rate of 0.6 MLs−1.

RHEED and AFM were combined to observe the samples’ surface mor-
phology. A Brucker AFM dimension 3100 was used to probe the surface of
the samples in a classical tapping mode. Each layer was mapped at room
temperature for different image sizes (5 × 5, 2 × 2, and 1 × 1 μm2) with
nanosensors probes NCR. TEM was also performed to analyze the struc-
tural properties of the APDs. STEM observation lamellas were prepared
from the samples using focused ion beam (FIB) ion milling and thinning.
Prior to FIB ion milling, the samples were coated with 50 nm of carbon
to protect the surface from the platinum mask deposited used for the ion
milling process. Ion milling and thinning were carried out in a FEI SCIOS
dual-beam FIB–SEM. Initial etching was performed at 30 keV, and final
polishing was performed at 5 keV. The lamellas were prepared along the
<110> zone axis parallel to the misorientation direction. Finally, samples
were observed in an aberration-corrected FEI TITAN 200 TEM-STEM oper-
ating at 200 keV. The convergence half-angle of the probe was 17.6 mrad,
and the detection inner and outer half-angles for HAADF–STEM were 69
and 200 mrad, respectively. All micrographs were 2048 by 2048 pixels. The
dwell time was 8 μs, and the total acquisition time 41 s.
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