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ABSTRACT: Here, we study the morphology and dislocation dynamics of metalorganic vapor phase epitaxy (MOVPE)-grown GaP
on a V-groove Si substrate. We show that Si from the substrate stabilizes the (0 0 1) GaP facet, which is critical for achieving
coalescence. The SiNx caps covering the (0 0 1) tops of the V-grooves must be sufficiently small for the 3 × 1 GaP surface
reconstruction caused by Si to continue to influence the GaP coalescence while the V-grooved sidewalls are covered. If the SiNx caps
are too large, (1 1 1) diamond faceting develops in the GaP, and coalescence does not occur. On samples where coalescence is
successful, we measure a root-mean-square roughness of 0.2 nm and a threading dislocation density of 5 × 107 cm−2. Dislocation
glide was found to begin during coalescence through transmission electron microscopy. With further TDD reduction, these GaP on
V-groove templates will be suitable for III-V optoelectronic device growth.
KEYWORDS: MOVPE growth, III-V on Si, heteroepitaxy, thin films, nanopatterning

The direct growth of high-quality III-V semiconductors on
Si substrates for optoelectronic devices has been a key

research goal for decades. Recently, advances in the control of
crystalline defects in the epitaxial III-V layers1−11 has enabled
rapid performance increases for III-V-on-Si solar cells12−14 and
lasers.15−18 V-groove Si, a type of selective area growth (a
strategy used in many epitaxial systems19−24) where a substrate
uses selective etching of nanopatterns to produce {1 1 1}-
faceted trenches on a (0 0 1)-oriented Si wafer, is one of the
technologies that has enabled this progress.25,26 The {1 1 1}-
faceted surface of these templates stops the formation of
antiphase domains (APDs), which historically have been a
persistent problem for III-V-on-Si growth. V-grooves have
been used for the direct growth of GaAs,27−32 InP,33−36

GaSb,37 and GaP38−41 on Si for laser and solar cell applications
via metalorganic vapor phase epitaxy (MOVPE). We
previously studied the nucleation of GaP on V-groove Si and
identified suitable high-temperature growth conditions for GaP
nucleation.40 In this work, we explore the coalescence of
MOVPE-grown GaP on V-groove Si to establish a suitable III-
V-on-Si template for optoelectronic device growth.

For applications requiring continuous, large-area III-V thin
films, V-groove Si adds a degree of complexity that is not
present for growth on planar substrates or selective area growth
not requiring thin films. Namely, material nucleated in
neighboring grooves must coalesce to form a thin film. As
opposed to conventional thin-film growth on planar substrates,
conformal growth on the V-groove substrate is not always
desired. For films grown by MOVPE, lateral growth is typically
encouraged with a high V/III ratio to promote coalescence
when growing over nanopatterns.21,27,42 Additionally, the
dislocation dynamics differs between a V-groove system and
planar substrates. The coalescence of relaxed, lattice-
mismatched material can drive the formation of grown-in,
sessile threading dislocations.43 Additionally, the shape of the
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V-grooves changes the strain profile in the III-V material and
thus the driving force for dislocation glide.44

This work seeks to understand the evolution of morphology
and defects during the coalescence of MOVPE-grown GaP on
V-groove Si. Due to the relatively small lattice mismatch
between GaP and Si (0.4% mismatch), this heteroepitaxial
system allows us to focus on the impact of the V-groove
morphology without the large lattice mismatch that is present
in other III-V materials that have grown on V-groove Si, e.g.,
GaAs (4% mismatch)27−31 and InP (8% mismatch).33−36 We
discuss the effects of the substrate geometry on the resulting
coalesced material and propose a mechanism for the observed
behavior. Additionally, we study the dislocation dynamics and
strain relaxation of the GaP before and after coalescence. Using
SiNx hard mask caps to fabricate the V-groove leads to smooth
coalescence when they are ≤100 nm wide and demonstrates
that Si from the V-groove sidewalls stabilizes the (0 0 1) GaP
surface and produces smooth coalescence. We demonstrate
coalesced GaP on V-groove Si thin films with a root-mean-
square roughness (Rq) of 0.2 nm, measured by atomic force
microscopy (AFM), and a threading dislocation density
(TDD) of 5 × 107 cm−2, measured by electron channeling
contrast imaging (ECCI).
V-groove substrates introduce a number of variables that can

influence III-V nucleation that are not present on conventional
chemomechanically polished (CMP) Si substrates. These
include the exact geometry of the nanostructures,45 the spatial
period of the grooves, the direction of any substrate offcut
relative to the grooves, and any deviation in the alignment of
the V-grooves relative to the [1 1 0] direction. In this work, we
investigated the impact of the SiNx cap dimensions on the
coalescence process. We produced V-groove samples with SiNx
caps ranging from 100−140 nm in width as well as a sample
without a cap, leaving an exposed (0 0 1) Si surface at the top
of the grooves. Then, GaP was nucleated and grown on the

samples by MOVPE for 50 min with the optimized conditions
described in the experimental section.
The scanning electron microscopy (SEM) cross-sectional

images in Figure 1 show a transition from (1 1 1)-faceted GaP
growth41 to (0 0 1)-faceted GaP coalescence as the SiNx caps
decrease in width. We observe that for caps less than 100 nm
wide or for samples with no caps, the GaP coalesces into a thin
film. For samples with a wider SiNx cap, the GaP develops a
diamond-like morphology with {1 1 1} faceting after it fills the
grooves and does not coalesce. We always observed (0 0 1)-
faceted growth in the V-groove trenches, regardless of cap
width. We investigated a number of additional factors as
possible variables controlling morphological evolution; we
observed that the reactor history, the magnitude of sample
offcut, direction relative to the V-grooves, and the details of the
wet chemical and AsH3 pretreatments had no effect on the
morphological evolution of GaP as it grew over the V-grooves.
The role of the cap thickness was not investigated here but is
expected to follow a trend with some maximum thickness
beyond which the GaP does not coalesce.
One factor that changes between growth within the v-

grooves and growth after filling is the presence of the exposed
Si substrate. The change in GaP faceting upon the complete
filling of the V-grooves points to a change in the surface energy
of the (0 0 1) GaP surface at that point in the growth. At the
high temperature at which the GaP is grown, it is likely that the
Si from the exposed sidewalls is transported to the GaP surface
via vapor phase transport and/or surface diffusion. Once the Si
sidewalls are covered with GaP, there is no longer a source of
surface Si present. As Si has been observed to influence the
surface reconstruction of GaP,46 we hypothesize that the
mobile Si supplied from the V-groove sidewalls stabilizes the
(0 0 1) facet.
To more directly study the effect of Si on the GaP surface,

we carried out a series of three experiments using Si2H6 flow

Figure 1. (a,b) Schematics of GaP on V-groove Si with a (1 1 1) diamond morphology (a) and a coalesced (0 0 1) morphology (b). (c−f) SEM
cross-sectional images of GaP grown on Si, with varying SiNx cap widths on V-grooves with a 500 nm spatial period. Diamond morphologies are
produced for larger cap widths (a,b), whereas flat morphologies are produced when the SiNx cap is under 100 nm wide (c) or not present (d). All
samples were grown together in the same run (WB989) at Tg = 800 °C and V/III = 5000.
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during GaP growth to mimic the effect of Si transport onto the
GaP surface from the V-groove sidewalls. The SiNx caps for
these samples were 200 nm wide, ensuring that growth would
be expected to have the diamond morphology at our standard
growth conditions. All growth began with unintentionally
doped GaP nucleation and growth in order to avoid
influencing the nucleation process. After 12 min, the V-
grooves were about 1

2
-filled with GaP, with exposed Si sidewalls

remaining above the (0 0 1) GaP growth front (Figure S1a).
After 30 min of growth, the V-grooves were completely filled
(but not overgrown) with GaP still with an (0 0 1) surface
(Figure S2b). For sample a, unintentionally doped GaP was
grown for the entire 42 min (Figure 2a). For sample b (Figure
2b), unintentionally doped GaP was grown for 12 min,
followed by GaP:Si under Si2H6 for 30 min to provide excess Si
even after the sidewalls were covered. For sample c,
unintentionally doped GaP was grown for 12 min, followed
by GaP:Si under Si2H6 for 20 min, followed by unintentionally
doped GaP for the final 10 min to show the morphology that
forms without excess Si present. All three of these samples
were grown for the same amount of time, with the same Ga
flow throughout, at Tg = 800 °C and V/III = 5000. The 42 min
of GaP growth used here provides sufficient time for the GaP
to coalesce for samples with narrow caps.
SEM cross-sectional imaging (Figure 2) shows that the

control sample (a) has the expected diamond morphology.
The sample exposed to Si doping throughout the later portion
of growth (b) did not coalesce into a thin film nor did it
develop diamond faceting. This sample retained its (0 0 1)
GaP faceting, with growth filling the grooves and then
stopping. Finally, for the sample where Si doping was turned
on and off again (c), the growth developed a diamond
morphology. These results suggest, as hypothesized, that (1) Si
stabilizes the (0 0 1) GaP facet at the growth conditions used

in this work and (2) this effect can be reversed by removing
the Si source. Intermediate growth steps after 12 and 32 min
without any Si2H6 flowing are shown in the Supporting
Information (S1).
Previous work has shown that the presence of some Group

IV elements, such as Si and Ge, can produce a 3 × 1 surface
reconstruction on III-Vs that results in a chemically inert
(0 0 1) surface.46 Work on GaAs nanowires has also shown
that dopant level Si can have a stabilizing effect on certain
facets.47 In the current work, we observe a correlation between
(0 0 1) GaP faceting and the supply of Si atoms to the GaP
surface, and we hypothesize that these (0 0 1) GaP facets are
similarly stabilized by Si atoms at the GaP surface. In this case,
the Si could be supplied from the exposed Si surfaces until the
grooves are filled with GaP. Our prior work was done on a
growth reactor connected to an ultra-high-vacuum (UHV)
chamber, enabling low-energy electron diffraction (LEED),
scanning tunneing microscopy (STM), and Auger electron
spectroscopy studies of the resulting 3 × 1 surface
reconstruction.46 The current work was done in a stand-
alone MOCVD chamber without these capabilities; however,
both MOCVD chambers have in situ reflectance difference
spectroscopy (RDS), providing a connection between current
and prior work. A comparison was done using GaP (001)
surfaces grown homoepitaxially on GaP substrates to avoid
complications due to optical diffraction from the V-groove Si.
GaP layers were grown both with and without Si doping, using
the same Si flow as the experiments shown in Figure 2 at the
optimized growth conditions described in the experimental
section. Between layers, the wafer was cooled to 350 °C to
measure RDS.
Figure 2d shows the RDS measurement from our current

work. As a comparison, Figure 2e shows the RDS of a LEED-
confirmed Si-contaminated 3 × 1 (0 0 1) GaP surface
reconstruction and the RDS of a standard 2 × 2/c4 × 2 (0 0 1)

Figure 2. (a−c) SEM cross-sectional images of GaP on V-groove Si comparing the impact of adding external Si dopants. All samples were grown
under the same V/III ratio and temperature for the same length of growth time (V/III = 5000, Tg = 800 °C, time = 42 min). The bars above the
images visually represent the flow of Si over the course of growth. Sample (a) was grown without Si2H6 (WC206); sample (b) had Si2H6 at the end
of growth (WC150); and sample (c) had the Si source flowing for part of the growth (WC174). These three samples suggest that Si on the GaP
growth surface suppresses the formation of {1 1 1} GaP facets. (d) shows RDS measured on homoepitaxial GaP wafers using the same growth
conditions as for V-groove growth (WC323). (e) shows the RDS of a standard 2 × 2/c4 × 2 and a Si-contaminated 3 × 1 (0 0 1) GaP surface
reconstruction from a previous study,46 where the surface reconstructions were confirmed with LEED (PC178).
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GaP surface reconstruction that was acquired for a previous
study46 but not previously published. The RDS shows a
decrease in intensity and a shift to higher energies of the peaks
for the Si-doped GaP compared to the intrinsic GaP. This
same shift is observed for 3 × 1 GaP compared to 2 × 2/c4 × 2
GaP, suggesting that the high Si2H6 flow induces a 3 × 1
reconstruction on the GaP.
We suggest that this surface reconstruction, induced by a

large amount of Si from the V-groove sidewalls (or
intentionally by high levels of dopant flow), is the mechanism
by which the (0 0 1) GaP facet is stabilized for growth in the
grooves. A possible kinetic picture of this process is as follows:
on the {1 1 1} Si sidewalls, Ga species can adsorb, but no GaP
growth occurs there, as shown in previous work.40 Con-
currently, on the 3 × 1 GaP surface, no Ga adsorption can
occur, but GaP growth can occur as Ga migrates from the Si
sidewalls. When the groove is filled, the source of Si is
removed, resulting in a different surface reconstruction and
thus allowing {1 1 1} GaP facets to develop. If instead Si
continues to be supplied via dopant flow, then growth stops
entirely, as there is no surface to which Ga readily adsorbs. For
a sample where thin-film coalescence occurs, the coalescence
likely takes place during a transient period associated with an
intermediate level of residual Si on the growth surface that
maintains stable (0 0 1) facets but does not bring the Ga
sticking coefficient on GaP to zero. This would explain why the
SiNx must be sufficiently narrow for coalescence: there is likely
only a small window where this transient condition could
facilitate coalescence. The high-temperature GaP growth
conditions, which produce exposed Si sidewalls, are key to
this effect�if GaP growth began conformally, as is typical of
low-temperature nucleation, we would not expect to see the
stabilization of the {1 1 1} GaP facets.
Given this ability to control GaP coalescence on V-groove

Si, we studied the material quality of these thin films further to
evaluate their suitability for use as virtual III-V substrates for
III-V optoelectronic device fabrication. Using AFM, we studied
the roughness of a GaP thin film on a V-groove sample with
SiNx caps, as shown in Figure 3. A to-scale cross-sectional SEM
image properly aligned with the AFM image of this sample is
also shown as an inset. The root-mean-square roughness (Rq)
over a 25 μm2 area of the film was 0.2 nm. In comparison, the
starting roughness of the CMP Si used to fabricate our V-

groove Si was 0.1 nm. In addition, Hool et al.4,10 achieved an
Rq of 0.6 nm for 500 nm of GaP grown on offcut, CMP Si
without any nanopatterning, and Li et al.27 reported an Rq of
1.9 nm for a 300 nm coalesced GaAs on V-groove Si film. The
steps visible on the image are a either 0.3 or 0.6 nm in height,
consistent with monatomic or diatomic GaP steps. The V-
groove caps are also visible through the GaP, which could
result from an electrostatic interaction of the tip with the
dielectric caps through the thin GaP layer. This smooth
coalescence demonstrates control of the GaP morphology from
nucleation to the formation of a thin film and provides a
suitable template for further device growth from the
perspective of morphology.
Defect density is also an important consideration for the use

of these templates for optoelectronic device growth. For
example, threading dislocations through active device layers are
known to decrease III-V solar cell efficiency significantly if
their density is higher than 106 cm−2.48 In addition to
threading dislocations, ECCI can also identify planar defects
such as stacking faults. ECCI was used in this study (Figure 4)

to measure the TDD of coalesced GaP thin films with and
without SiNx caps as well as to identify any planar defects
potentially associated with nucleation problems. For samples
with SiNx caps (Figure 4a, GaP thickness of 400 nm from the
bottom of the groove, 70 nm from the top of the cap), the
TDD is 5 × 107 cm−2, measured from 115 dislocations counted
over a 212 μm2 area, and for samples without SiNx caps
(Figure 4b, GaP thickness of 400 nm from the bottom of the
groove, 150 nm from the top of the groove), the TDD is 5 ×
108 cm−2, measured from 111 dislocations counted over a 23
μm2 area. The ECCI shown for the sample with caps was
previously reported,41 but further analysis of this ECCI has
revealed an additional feature: the lines running perpendicular
to the grooves are likely misfit dislocations. In some cases, as
indicated in Figure 4a, these misfits can be observed ending at
threading dislocations. Some of the lines appear light, and
others appear dark, as is expected for misfit dislocations of
opposite Burgers vectors.49 The continuity of these misfits
across many neighboring grooves suggests that they result from
dislocations gliding in after coalescence.

Figure 3. AFM of coalesced GaP on V-groove Si showing an Rq of 0.2
nm. The wavy steps observed have a height consistent with
monatomic or diatomic GaP steps. The inset shows an SEM cross-
sectional image of the same sample to scale, positioned to align with
the AFM for orientation (WB430).

Figure 4. ECCI of coalesced GaP on V-groove templates with (a) and
without (b) SiNx caps. In (a), TDD ≈ 5 × 107 cm−2 (WB430), and in
(b), TDD ≈ 5 × 108 cm−2 (WB989). An example of a threading
dislocation is circled in each, and a misfit ending at a threading
dislocation is circled in (a). No planar defects or associated pits are
observed in the cap-free sample, unlike in previous work,40 but the
TDD remains elevated compared to the sample with caps. The
direction of the V-grooves is marked with an arrow. (a) is reproduced
from ref 41 with permission from IEEE. Copyright IEEE 2021.
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We have previously reported elevated TDD for coalesced
samples without SiNx caps,

41 along with pitting and associated
planar defects above the (0 0 1) V-groove tops. In this work,
we eliminated the pitting and associated planar defects by
extending the length of the AsH3 anneal prior to growth. This
likely produces diatomic steps on the (0 0 1) tops,50

eliminating possible APD formation; however, this improve-
ment in surface morphology did not improve TDD. A possible
explanation is that the caps prevent any (0 0 1) nucleation,
thus preventing additional coalescence events between the GaP
growing in and on top of the V-groove trenches as growth
advances. Another potential explanation is the change in strain
state at the top of the grooves�since the SiNx caps are
amorphous, there is no strained interface (no misfit
dislocations, as can be visualized with virtual dislocations43)
at the top of the V-grooves when there are caps. This may help
avoid interacting dislocation strain fields leading to dislocation
pinning and the inhibition of dislocation glide. Further study,
perhaps on substrates with a smaller V-groove pitch and thus
thinner GaP and more clearly visible misfit dislocations, is
needed to understand this effect. Regardless of the mechanism,
the caps are critical to maintaining a moderate TDD after
coalescence, even when improvements to the surface pretreat-
ment produce a suitable (0 0 1) Si growth surface from the
perspective of APDs.
The lowest TDD we observed in coalesced GaP films on V-

groove Si, 5 × 107 cm−2, is still significantly above the level
needed for optoelectronic devices. Recently, there have been a
number of innovations in controlling TDD in III-V-on-Si
heteroepitaxy,2,4,5,7,10 and developing these techniques has
largely relied on an understanding of the relaxation of the III-V
layers as growth proceeds. In order to understand the strain
relaxation process as growth proceeds, we used transmission
electron microscopy (TEM) to image the GaP/Si interface to
identify misfit dislocations.
Figure 5 shows cross-sectional TEM of focused ion beam

(FIB) cuts made parallel to the V-grooves just before (a) and
after (b) coalescence. In the case of Figure 5a, the lamella was
taken from near the top of the groove, so the SiNx cap is
visible. The (1 1 1) GaP/Si interface passes through the (1 1
0) FIB cut at an angle, so misfit dislocations on the {1 1 1}
sidewalls appear as diagonal lines in the cross-sectional TEM.
Three misfit dislocation directions are possible on a given V-
groove sidewall defined by the three 1 1 1 planes intersecting
the fourth {1 1 1} plane of the V-groove sidewall. Two of these
directions are at an angle to the grooves, and the third is
parallel to the grooves. For the coalesced sample (Figure 5b),
all three of these misfit dislocation orientations can be

observed. However, before coalescence (Figure 5a), only one
dislocation is observed, in approximately the same size of
imaged area the GaP/Si interface. This, along with the misfits
observed to continue across multiple grooves in the ECCI
image in Figure 4, suggests that virtually all of the lattice
relaxation in the GaP occurs after the film coalesces. Additional
TEM images from FIB cuts taken perpendicular to the V-
grooves can be found in the Supporting Information (S2).
The Matthews-Blakeslee critical thickness for dislocation

glide for GaP grown on Si is around 40 nm, but experimentally,
it is typically observed to not begin to relax until 45−95 nm of
GaP has been grown.51 In this work, the GaP growth
completely filling the V-grooves is about 300 nm thick in the
center of the groove, but at this stage of growth, it shows no
misfit dislocations at the GaP/Si interface. This apparent
increase in the GaP thickness that is needed to begin lattice
relaxation through dislocation glide has a number of possible
explanations. First, the V-groove structure has been computa-
tionally shown to increase critical thickness due to the different
stress profile of growth in the trenches44 and has been
experimentally reported to affect strain relaxation.52 Alter-
natively, the 3 × 1 surface reconstruction on the GaP could
play a role: It creates a very smooth surface, which may create a
higher barrier to dislocation half loop formation, inhibiting
lattice relaxation by inhibiting dislocation nucleation. Regard-
less of the reason, this delay in relaxation is likely beneficial to
the final material quality of the thin film. When relaxed islands
of growth coalesce, grown-in sessile dislocations can form due
to alignment errors between existing dislocations in neighbor-
ing islands;43 however, here, the lack of relaxation in the V-
grooves likely prevents such issues with grown-in disloca-
tions,21 so the population of dislocations present after the film
relaxes will be largely glissile.
In conclusion, we have studied the morphology and

dislocation dynamics of GaP as it coalesces into a thin film
on V-groove Si. The width of the SiNx caps was found to be
the determining factor in the final morphology of the films,
with narrow caps (100 nm wide) resulting in thin-film
coalescence. This effect was traced to the influence of Si on
the surface reconstruction of the epitaxial GaP, changing it
from a standard 2 × 2/c4 × 2 reconstruction to a 3 × 1
reconstruction that is thought to stabilize the (0 0 1) facet.
Narrow SiNx caps likely allow the GaP to coalesce during a
transient period where the V-groove Si sidewalls are covered,
but the stabilizing influence of the Si remains on the (0 0 1)
surface remains. Under conditions where coalescence occurs,
AFM measurements showed a smooth surface with an Rq of 0.2
nm and visible atomic steps. ECCI showed that these films had

Figure 5. TEM of a focus ion beam (FIB) cross section prepared parallel to the V-grooves, showing a portion of the GaP/Si interface (schematic of
FIB cut shown on the left). In (a), a (220) bright field image, the GaP growth filled the V-groove and was stopped just prior to coalescence
(WC195). In (b), a (220) dark field image, growth continued longer so that the GaP growing in neighboring grooves coalesced into a thin film.
The images are to the same scale (WB989).
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a TDD of 5 × 107 cm−2 shortly after coalescence, a moderate
value that is still too high for most optoelectronic devices; the
development of further dislocation reduction strategies is
ongoing. TEM combined with the observation of misfit
dislocations spanning many grooves further suggests that
lattice relaxation occurs via dislocation glide after coalescence.
The GaP exceeded the experimental critical thickness for GaP
grown on planar Si by approximately a factor of 3, perhaps due
to differing strain fields from the V-grooves or changes to the
kinetics of dislocation half loop nucleation from the atypical 3
× 1 surface reconstruction. For these films to be useful as
optoelectronic device templates, future work must focus on
decreasing the TDD.

■ METHODS
V-groove Si substrates were prepared via nanoimprint lithography
(NIL), as described in ref 38, with a pattern area of 1 × 1 cm2. Such
patterns can also be made over much larger areas using roll-to-plate
NIL53 or laser interference lithography.54 To prevent growth on the
(0 0 1)-oriented tops of the V-grooves, the SiNx caps used for pattern
definition were left on the top of the V-grooves.41 To vary the
geometry of the V-grooves (as in Figure 1), some samples were
etched in HF prior to the removal of the microresist (mr-NIL210FC-
500nm, NIL analogue to photoresist) mask to laterally etch the SiNx
caps, resulting in V-grooves with varying cap widths and thus varying
distances needed for lateral overgrowth to result in coalescence.
Prior to growth, all samples were prepared with a wet chemical

cleaning regimen of 30 s in 2% HF, 1 min in 4:1 H2SO4:H2O2
(piranha etch), and 15 s in 2% HF to produce a clean, hydrogen-
terminated Si surface. All growths began with an As-based
pretreatment anneal50,55 as described in ref 38, but with an extended
20 min hold at 900 °C under AsH3 to ensure complete cleaning of the
surface. The GaP was nucleated and grown in a custom-built, vertical,
atmospheric-pressure (620 torr) MOVPE reactor at optimized growth
conditions of 800 °C and a V/III ratio of 5000 using AsH3 and
trimethylgallium (TMGa), as developed in prior work.40,41

SEM cross-sectional imaging was done with a Hitachi S-4800 SEM.
ECCI49,56 was performed on a Thermo Fisher Nova 630 SEM at 25
kV with a beam current of 3.2 nA using a vCD backscatter detector
inserted under the pole piece to characterize misfit and threading
dislocations in coalesced films. TEM cross-sectional images of select
samples were taken with an FEI Tecnai ST30 TEM with an
acceleration voltage of 300 kV.57 The TEM cross sections were
prepared using a FIB in an FEI Nova NanoLab 200 dual beam FIB
workstation. AFM images of the coalesced material were taken with a
Bruker D3100 AFM.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsaelm.2c01688.

S1: SEM of GaP on V-groove Si after 12 and 32 min of
growth, as described in Figure 2. S2: Cross-sectional
TEM of GaP on V-groove Si just before and after
coalescence, as described in Figure 5 (PDF)
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