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The nondestructive detection and evaluation of crystallographic properties of nanocrystals is of great
significance for both fundamental physics research and further development of high-performance func-
tional devices employing nanostructured materials. Synchrotron radiation-based CXD using a nanoscale
x-ray beam is shown to be a powerful tool to explore the crystallographic properties of InP nanocrystals
(NCs) selectively grown on Si nanotip wafers. CXD characterization clearly clarifies, with atomic sensi-
tivity and without complex sample preparation, the crystallographic properties of the selected InP NC such
as the structure of the facets, the strain, the existence of defects (stacking faults and microtwins), and the
size of the defected crystallites. Several selected InP NCs explored by CXD reveal homogeneous struc-
tures. The CXD results are in good agreement with electron microscopy. These results not only confirm
that nanoheteroepitaxy is a promising approach to monolithically integrate high-quality III-V compounds
on silicon wafers, but also opens a pathway to nondestructively explore the crystallinity of materials on
the nanometer scale, particularly in nano-electronic and nano-optoelectronic devices.

DOI: 10.1103/PhysRevApplied.11.064046

I. INTRODUCTION

In crystals, defects and strain play an important role
in the definition of a material’s properties and thus
its performance when integrated into functional devices
[1–5]. Nanostructured crystals by definition are com-
plex. And despite recent developments of both electron
and x-ray techniques, the challenge remains to inves-
tigate the crystallinity of nanocrystals (NCs) in three
dimensions with high resolution and operando. III-V
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compounds on Si represent typical industrially relevant
heterogeneous epitaxial systems, III-V compounds are
exploited in high-mobility channels in higher speed and
lower power complementary-metal-oxide-semiconductor
(CMOS) devices, and are used as light sources for on-
chip and interchip optical interconnects [6–8]. The III-V/Si
systems typically exhibit defects including dislocations,
stacking faults (SFs), and antiphase domains (APDs).

InP is one of the most common III-V compounds and
has been widely studied for various applications [9,10],
such as heterojunction bipolar transistors (HBTs), solar
cells, photodetectors, lasers, optical generators, switch-
ing and detection components, and so on. Among the
strategies attempting to improve the crystalline quality
of III-V-on-Si substrates [7,11–15], the nanoheteroepitaxy
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of III-V compounds on patterned Si wafers has recently
been demonstrated as a promising approach to realize
high-quality III-V NCs with low-density defects [16–20].
In particular, one of our prior studies [17] showed that InP
NCs selectively grown on a Si nanotip wafer possess a
similar optoelectronic property as the InP bulk reference
sample. However, InP NCs at nanometric dimensions and
the ease with which InP NCs grown on Si tips detach make
the commonly used characterization by laboratory-based
XRD and TEM even more difficult and challenging.

Coherent diffraction imaging (CDI) is a lens-less far-
field imaging technique, allowing the reconstruction of an
object in direct space using phase retrieval methods on the
Fraunhofer diffraction pattern recorded in the vicinity of
a Bragg reflection [21–24]. The resulting complex object
has both an amplitude, the electron density scattering to
the specific Bragg peak, and a phase, which describes the
displacement field of the lattice relative to a perfect lat-
tice with sub-angstrom sensitivity. In particular, when used
with an x-ray beam rather than electrons, CDI can look
inside crystals in three dimensions without changing the
native state of the sample. Therefore, since its first exper-
imental demonstration in 1999 by Miao et al. [25], CDI
has been widely and successfully employed for the explo-
ration of perfect NCs with very small strain [26–29]. More
recently, the capability of CDI to evaluate the strain state
and defects in nanostructures has also been demonstrated
[21,23,24,30–35].

In this work, we employ CXD to reveal the structure
of InP nanocrystals by exploiting the coherent properties
of the x-rays. Single crystalline InP NCs are selectively
grown on patterned Si nanotips wafers via MBE. CXD is
performed on different single InP NCs. First, we demon-
strate that the CXD result on a selected InP NC is well
explained by combining the SEM images on the same
nanocrystal. Synchrotron-based grazing incidence XRD
(GIXRD) and TEM analysis are also carried out and the
results agree well with the CXD insights. It is revealed that
the InP NC with a diameter of approximately 350 nm is
monocrystalline with defects such as SFs and nanotwins,
and it is entirely relaxed on the Si nanotip. The details
of SFs and nanotwins are also revealed by CXD. A sec-
ond selected InP NC particle is characterized by CXD.
This particle is slightly compressed (−0.5%) with respect
to bulk InP. We succeed in applying phase retrieval and
thus get an image (CDI) of the particle in direct space.
A twinned crystal is retrieved in agreement with TEM.
The CXD and CDI results confirm that nanoheteroepitaxy
(NHE) is a highly promising approach to grow high qual-
ity III-V materials on silicon substrates, which is of great
significance for the monolithic integration of III-V com-
pounds on a Si-CMOS platform. CXD as well as CDI
turn out to be powerful tools to nondestructively char-
acterize crystal size, facet shape, strain, and defects in
InP nanocrystals, which thus opens a pathway for the

advanced characterization of crystallographic properties of
nanostructured materials even in fully processed devices in
the future.

II. EXPERIMENT

A Riber 32P gas-source molecular beam epitaxy system
is employed to heteroepitaxially grow InP NCs on pat-
terned Si nanotip wafers, which are fabricated in a standard
0.25-μm CMOS process line. The Si nanotip substrate con-
tains a square matrix of crystalline “Si seeds” emerging
in an amorphous SiO2 layer. The diameter of crystalline
Si seeds is controlled by a chemical mechanical polish-
ing (CMP) process and is approximately 60 nm in this
study. More details of the fabrication of Si nanotips can
be found in Refs. [36] and [37]. In order to remove the
native SiO2 on Si seeds, the Si nanotips substrate is pre-
baked at 800°C for 5 min in ultrahigh vacuum (UHV)
of the MBE chamber prior to the InP growth. The InP is
grown by cosupplying evaporated solid In and thermally
cracked phosphine gas (PH3). To achieve the selective
growth of InP on Si nanotips without nucleating on the
SiO2 surface, low-growth rates of 0.3–1.6 Å/s combined
with a high-growth temperature of approximately 500°C
and high P/In ratios are used. A Zeiss Nvision SEM is
used to examine the surface morphology and facets of
InP NCs. In order to prevent the charging effect induced
by the insulating SiO2 layer, a low electron beam energy
of 1.5 keV is used. The sample crystallinity and the epi-
taxy of InP are confirmed by a laboratory-based Rigaku
Smartlab diffractometer with a 9-kW rotating anode (Cu
Kα1, λ = 1.5406 Å). Synchrotron radiation-based grazing
incidence x-ray diffraction (SR GIXRD) is performed at
bending magnet 32, interface (BM32) beamline at Euro-
pean Synchrotron Radiation Facility (ESRF) with an x-ray
wavelength of 1.127 Å. In order to detect the crystallinity
of an individual InP NC, TEM measurements are carried
out by the FEI TITAN 80-300 Berlin Holography spe-
cial microscope operated at 300 kV and the lamellas are
prepared with a focused ion beam after covering the InP
NCs with a carbon layer to avoid possible deformation
of InP NCs and Si nanotips (Supplemental Material) [58].
CXD measurements are performed at the insertion device
01, microdiffraction imaging (ID01) beamline at ESRF. A
coherent portion [60 μm (Horizontal, H) × 200 μm (Verti-
cal, V)] of the monochromatic (8.0 keV) beam is selected
by using high precision slits. The coherent x-ray beam
is then focused to 100 nm (V) × 300 nm (H) by a Fres-
nel Zone Plate (FZP) with a diameter of 300 μm. The
diffraction patterns are collected by a two-dimensional
(2D) Maxipix detector with a 516 × 516 array of 55 × 55
micrometer sized pixels. Initially, a K map scan is per-
formed at the Bragg conditions of InP (002) (Bragg angle
of 15.2°) to locate InP NCs [38]. Then a specific tar-
get InP NC is chosen and a coherent nano x-ray beam,
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with dimensions similar to the crystals, is used to record
three-dimensional (3D) reciprocal space maps by rotating
the sample in a range of 2° with a step size of 0.0077°,
detailing the intensity distribution local to the Bragg peak.
A scan for one single InP NC takes approximately 10 min.

III. RESULTS AND DISCUSSION

The global morphology and crystalline structure of the
InP NCs are characterized. The morphology of the InP
NCs grown on Si nanotip wafers is examined by SEM and
the results are shown in Fig. 1. Figure 1(a) is a side-view
(60° tilt) SEM image showing the InP NCs array and a
cross-section view of the Si nanotip wafer at the bottom
part. The cross section is along the Si [110] direction. The
crystalline Si seeds, which emerge in the amorphous SiO2
layer, possess a circular shape with a diameter of approx-
imately 60 nm. The tip array square edge is along the Si
[100] direction and the tip-tip distance is 1.41 μm (more
details on Si nanotip wafers can be found in the Supple-
mental Material) [58]. It can be seen in Fig. 1(a) that InP
NCs are entirely selectively grown on Si nanotips without
the observation of droplets on the SiO2 region thanks to the
optimized growth conditions described previously. The InP
NCs are nominally 350 nm in diameter, which is consistent
with the targeted thickness, and confirms these particu-
lar growth conditions lie in the so-called diffusion-limited
region [39]. Here, the In atoms, which arrive directly on the
crystalline Si seeds, contribute to the growth of InP NCs
while the In adatoms, which fall onto the SiO2 layer (with
a short diffusion length) are reevaporated [40,41] (Supple-
mental Material) [58]. Figure 1(b) shows an enlarged SEM
image (80° tilted) of 18 InP NCs, which exhibit distinct
facets. Our InP NCs mainly show {001}, {110}, and {111}
facets. However, this behavior is different from the equi-
librium crystalline shape (ECS) of coherently strained InP
crystals showing well-ordered {110}, {111} facets and a
(001) top surface [42]. This can be understood by the fact
that the MBE growth is far from equilibrium and our InP
NCs are probably relaxed because of the 3D strain relief in
NHE via the island edges [16].

Due to the nanometer size and the small amount of the
InP NC material, the laboratory-based XRD measurements
suggest that the InP is (001)-oriented single crystalline;
however, the intensity of InP Bragg peaks is very low,
making the analysis of crystallinity rather challenging (Fig.
S1 within the Supplemental Material) [58]. In order to
clarify the crystallinity of the InP NCs, SR-GIXRD is,
therefore, carried out at the BM32 beamline of ESRF and
the results are shown in Figs. 1(c) and 1(d). In GIXRD,
during a θ–2θ scan, both the sample and detector are
moved. This allows to probe the strain inside a sample.
During an ω scan, the sample is rotated at a fixed detector
position. The measurement is performed at a fixed strain
position. Figure 1(c) shows the θ–2θ measurement in the

(a)

(c) (d)

(b)

2Q(degree) Dw(degree)

FIG. 1. Global properties of InP NCs on the Si nanotips wafer.
(a) A side-view SEM image (60° tilt from top view), which
shows a cross section along the Si [110] direction of the het-
erostructure as well. The darkest regions are Si and the filling
material between Si nanotips is SiO2. The tip array square edge
is along the Si [100] direction and the tip-tip distance is 1.41 μm.
(b) An enlarged SEM image in side-view (80° tilt from top
view) of the sample in (a), showing eighteen InP NCs. SR-
GIXRD patterns of InP NCs detected at BM32 beamline of ESRF
(λ = 1.127 Å). (c) θ–2θ scan around the Si (220) Bragg diffrac-
tion in-plane condition; the black dotted lines mark the (220)
peak position of bulk InP. (d) ω scan of InP (220) diffraction
peak with the x-ray incident angle α of 0.2°, showing a FWHM
of 1.0°. The black arrows mark diffraction peaks related to InP
NCs relatively strongly twisted to the substrate.

vicinity of the Si (220) Bragg diffraction condition. Along
with the Si (220) Bragg peak at 2θ = 34.14°, a strong peak
appears at 2θ = 31.53°, corresponding to the cubic InP
(220) reflection. The InP (220) reflection indicates a sharp
single-peak feature and locates exactly on the peak posi-
tion of bulk InP with a zincblende structure (marked by
the black dashed line). This result suggests that the InP
NCs are completely strain relaxed. It is well-known that the
strain in lattice-mismatched heterosystems can be released
by forming defects such as dislocations and SFs. On the
other hand, NHE allows elastic strain relaxation via the
strain release at the edge of NCs in a 3D manner and possi-
ble strain partitioning between the InP NC and the Si nan-
otip [16,37,43]. Therefore, the angular or ω scan of the InP
(220) Bragg diffraction peak measured at an incident angle
α of 0.2° is carried out to further explore the crystallinity
of the InP NCs, as shown in Fig. 1(d). The FWHM of
the InP (220) peak is approximately 1.0°, which is signifi-
cantly larger than that (approximately 0.02°) of the perfect
InP crystals with a size of approximately 350 nm. There-
fore, the InP NCs on Si nanotips demonstrate mosaicities,
that is, lattice tilt and twist, possibly induced by defects
like microtwins (μTWs), SFs, and dislocations. It is worth
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(a) (b) (c) (d)

(e) (f) (g) (h)

FIG. 2. SEM and TEM images of a single InP NC heterogeneously epitaxially grown on a Si nanotip. SEM images of one selected
InP NC showing its detailed surface morphology: (a) top view; (b) 20° tilt from top view of the same InP NC, named “Front”; (c) 40°
tilt from top view of the same InP NC, still at “Front”; (d) 40° tilt from top view of the same InP NC with the InP NC rotated nearly
180° in the plane, named “Back”. TEM images of another InP NC: (e) a HRTEM cross-section image showing the crystalline feature
of InP with μTWs. The top Pt layer is deposited before the FIB process to protect the InP NC from detaching from the Si nanotip. (f) A
selected area electron diffraction pattern of the InP/Si system. The InP reflections indexed by A and B belong to different twin variants,
the [111] direction is common. DF TEM images from reflections exclusive to the individual variants are shown in (g) and (h).

pointing out that the broadening of the InP (220) peak is
more probably caused by the slightly different orientation
of different NCs. In Fig. 1(d), sharp small peaks (marked
by black arrows) also appear, which are expected to be
the diffraction of individual InP NCs with relatively strong
misorientation to the substrate.

The morphology of a single InP NC is further studied
by both SEM and CXD to explore in detail the typical
faceted structure of InP NCs. Figure 2(a) shows a top-
view SEM image of a selected InP NC, which has {110}
and {111} facets possessing lowest surface energies. Figure
2(b) displays a 20° tilted SEM image with the “Front”
side. Figures 2(c) and 2(d) show 40° tilted SEM images
showing the “Front” and “Back” sides, respectively, of the
very same InP NC shown in (a) and (b). The InP NC does
not show the equilibrium crystal shape (ECS) anticipated
for a coherently strained NC, which minimizes the surface
energy through a Wulff construction [44], probably due to
the strain relaxation via the NHE method and/or the forma-
tion of defects such as SFs and μTWs. More SEM images
for other selected InP NCs can be found in Fig. S5 within
the Supplemental Material [58].

To identify the defects present in InP NCs, TEM mea-
surements are carried out. The results are presented in
Fig. 2. It should be noted here that due to the destruc-
tive nature of the TEM lamella preparation, the preparation
methods including ion milling and focused ion beam (FIB)
are not completely suitable for such III-V/Si heterostruc-
tures (Supplemental Material) [58]. The InP NCs tend to
detach from the Si nanotips while the top of the Si nanotip
tends to be bent during the lamella preparation. The TEM

lamellas are, therefore, prepared by initially depositing a
protective platinum layer within the FIB to “fix” the InP
NCs, followed by the conventional FIB lamella prepara-
tion. Figure 2(e) displays a cross-section TEM image of the
InP/Si nanotip heterostructure and indicates that a crys-
talline InP NC is grown on a Si nanotip with a diameter
of approximately 60 nm. Such a small lateral size of Si
crystalline seed would increase the critical thickness of epi-
taxial films in a heterogeneous system [16]. No threading
dislocations can be found in InP NC; however, twin bound-
aries are visible. In the InP NC shown in Fig. 2(e), two
large area twins dominate the volume, while on the top left,
some smaller twinned regions and SFs can be seen. Figure
2(f) shows a selective area electron diffraction (SAED) pat-
tern of the studied InP/Si nanotip system. It confirms that
the residual strain of the InP NC is less than 1%. As indi-
cated by indices A and B, InP diffraction dots belonging
to two twin variants are observable, while the InP (111)
reflections (and multiples) are common to both variants.
The twin variants are visualized by dark field (DF) TEM
images in Figs. 2(g) and 2(h) using reflections, which are
exclusive to the variants. Furthermore, it can be observed
that the two main SFs stem from the edges of the Si tip
contacting SiO2, where strain and composition fluctuations
might exist [45]. For the InP material, the formation energy
of μTWs compared with that for dislocations is known to
be very low [46]. Thus μTWs mainly form at the edges
of the Si tip and partly facilitate the release of lattice mis-
match strain [47]. Due to the abrasive preparation method,
we assume the internal defect structure remains the same,
but we cannot infer much at the surfaces as modification
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from its initial state cannot be ruled out. It is valuable to
point out here that a detailed TEM study on strain relax-
ation as well as the defects in another III-V compound,
that is, GaAs NCs grown on Si nanotips, has been reported
by Kozak et al. [48]. Both InP/Si tips and GaAs/Si tips
systems show rather similar behaviors.

In order to observe the structure of a single InP NC in
a nondestructive manner in three dimensions, CXD mea-
surements are carried out at the ID01 beamline at the
ESRF. We first perform a scan of the beam across the sam-
ple and use diffraction contrast of the InP (002) reflection,
the so called “K map” scan (30 × 30 μm2), to locate InP

(a)

(c)

(e) (f)

(d)

(b)

FIG. 3. (a) A schematic image of the CXD measurements con-
figuration, in which FZP represents the Fresnel zone plate and
OSA is the order sorting aperture. Left panel shows the SEM
image of a selected InP NC. (b) 3D diffraction pattern of the
selected InP NC shown in Fig. 2(a). The pattern displayed as
a function of the reciprocal space coordinates (Qx, Qy and Qz) in
Angstroms and measured at the InP (002) Bragg reflection. The
arrows mark the fringes with a large period and the oval circles
the bent streak. (c) Summed diffraction pattern displayed in the
(Qx,Qy ) plane. (d) 3D diffraction pattern of NC 2 measured at
the InP (002) Bragg reflection. (e) Summed diffraction pattern
displayed in the (Qy ,Qz) plane. (f) Isosurface of the out-of-plane
displacement of the InP particle (NC 2). Here, a twin domain of
the particle has been reconstructed. The distance between two
ticks corresponds to 50 nm.

NCs on the sample (Supplemental Material) [58]. These
are correlated with optical microscope (OM) and SEM in
order to compare the morphology (the faceted structure)
revealed by SEM with the diffraction pattern measured
with CXD. Figure 3(a) inset shows the SEM image of
the selected InP NC, more details of which are shown
in Figs. 2(a)–2(d). Figure 3(b) displays the (002) Bragg
reflection of the corresponding selected InP NC as a func-
tion of the reciprocal space coordinates (Qx, Qy , and Qz).
The center of mass of the 3D diffraction pattern is located
at Q ≈ 2.142 Å−1, leading to an out-of-plane lattice param-
eter of c ≈ 5.866 Å, very close to the theoretical lattice
parameter of InP (a = 5.8687 Å). This implies that the
InP nanoparticle (NC1) on average is fully relaxed. Three
well-defined streaks are observed. Two of them are along
the 〈111〉 directions. Along these two streaks, fringes can
be clearly observed [marked by the arrows in Figs. 3(b)
and 3(c)]. NC1 is typical and representative in InP NCs.
We examine more than 5 NCs and they show quite simi-
lar features. The 3D diffraction pattern of the second InP
nanoparticle (NC2) is shown in Fig. 3(d). Its center of
mass is located at Q ≈ 2.151 Å−1, leading to an out-of-
plane lattice parameter of c ≈ 5.8388 Å. In contrast to the
NC1, which is fully relaxed, the NC2 on average is slightly
compressed (−0.5%). The strain status of NC2 is slightly
different from NC1 and from the result obtained by GIXRD
globally detecting all NCs, which demonstrates the advan-
tage of CXD for the detailed examination of individual InP
NCs. Defined streaks are also observed. Two are along
the 〈111〉 directions. It is known that a 3D CDI pattern
can be theoretically calculated by summing the amplitudes
scattered by each atom with its phase factor, using the
following kinematic approximation:

I (q) =
∣∣∣
∑

j
fj exp

(
2iπq × rj

)∣∣∣
2

, (1)

where q is the scattering vector, fj is the atomic scat-
tering factor, and rj is the position of atom j. Here, we
assume a plane wave illumination and fully coherent scat-
tering whereas the atomic scattering factor, absorption, and
refraction effects are not considered. According to Eq. (1),
it can be seen that CDI is sensitive to the displacement even
in the absence of strain. Therefore, CDI studies have been
used to study numerous systems with multiple defects,
such as InSb pillars with SFs [34], GaAs/GaP nanowires
[30], and so on. Defects like dislocations, SFs, and μTWs
all induce a global shift of one part of the nanocrystal from
another, and thus phase changes in diffraction occur. For
the InP NCs grown on Si nanotips using NHE, due to the
small energy for the formation of SFs in InP [46], the strain
induced by the lattice mismatch is mainly released by the
formation of SFs or μTWs. Therefore, the principal defects
in our InP NCs are SFs and μTWs. SFs (and μTWs’ bound-
aries) are quite common in fcc crystals and usually occur
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in the {111} planes [5]. The phase jump �ϕ across a SF (or
a μTW boundary) is dominated by

�ϕ = 2π

3
n111(h + k + l), (2)

where n111 is the number of faulted planes. When h + k
+ l = 3n (e.g., for the {111} reflection), the phase jump is
a multiple of 2π and the SF would be invisible, whereas
when h + k + l �= 3n (e.g., in {111̄} or {002} reflection), a
SF (or a μTW boundary) causes a phase shift of ±2π /3
between the two sides of the SF, thus resulting in a strong
signature in the diffraction pattern. The most significant
signature of SFs is the reinforcement of the intensity on
the streak along 〈111〉 with a modification of its fringes.
A SF (or a μTW boundary) located in the middle of the
studied crystal volume induces maximal destructive inter-
ference and a doubled period of the fringes. Therefore, by
analyzing the distance of the fringes modified by the SF
(or the μTW boundary), one can estimate the size of the
crystallites separated by the μTWs [30,49].

Figures 3(b) and 3(c) display the diffraction patterns of
NC1 as a function of Qx, Qy , and Qz reciprocal space coor-
dinates. The diffraction patterns show 〈111〉 streaks, which
come either from {111} facets or {111}-type defects [like
{111} SFs or twins, which are common in zincblende semi-
conductors]. In particular, in Fig. 3(c), along the Qx axis,
fringes with a short period (marked by a square) appear,
which correspond to a distance of approximately 280 nm,
the size of the InP NC. This is consistent with the SEM
and TEM observations. Meanwhile, the fringes along the
Qy axis [marked by the arrows, similar to that shown in
Fig. 3(b)] possess a larger period. These fringes correspond
to 30 nm in direct space, which is much smaller than the
size of the particle and correspond to the μTWs observed
by TEM in Fig. 2. Interestingly, the third streak (marked by
the orange oval) is an asymmetrical bent streak. This asym-
metry is also a clear sign of a strong phase structure (hence,
defect structure) of the SFs located at different positions in
the crystal volume.

The diffraction pattern of NC2 is displayed in Figs. 3(d)
and 3(e). 〈111〉 streaks are also observed. We succeed
in performing CDI and retrieve the shape, displacement,
and strain field of the measured crystal (more details
in Supplemental Material) [50–56,58]. Figure 3(f) shows
the reconstructed isosurface of the Bragg density col-
ored by the out-of-plane atomic displacement from NC2
from the diffraction patterns displayed in Figs. 3(d) and
3(e). Interestingly, only one component of the crystal
is reconstructed, demonstrating the presence of several
crystal domains distinguished by orientation. The over-
all local out-of-plane displacement field and strain span
over ±73 pm and 1%, respectively (see Supplemental
Material) [58]. The imaged component of crystal has an
average lateral size of approximately 250 nm and a height

of approximately 325 nm and is consistent with the SEM
and TEM observations.

In order to directly compare the faceting observed in
SEM, we extract pole figures from the diffraction patterns,
see Fig. 4 [57]. The NC1 and NC2 are shown in Figs.
4(a) and 4(b), respectively. The pole figures are centered
on the position of the (001) pole as the (002) reflec-
tion has been measured. In the figure, poles of the {111}
type (found at 54.74° along the polar direction and high-
lighted by black circles) and {100} type (highlighted by
green circles) are observed. The poles correspond either to
the intersection of 〈111〉 or 〈100〉 streaks with the sphere
used for the stereographic projection. The streaks come
from {111} or {100} facets of the NC. This confirms the
facets observed in SEM in Fig. 2 and the fact that some
of the fringes are bent gives rise to the nonuniform dis-
tribution of the {111} facets. Note that SFs and twins

(a)

(b)

(c)

FIG. 4. South (left) and north (right) CXD pole figures
extracted from diffraction patterns at Q = 0.03 Å−1 from the
center of the Bragg peak from (a) NC 1 (b) NC 2, and (c)
another crystal. The peaks corresponding to the {111}, {101}, and
{100} facets are highlighted with black, blue, and green circles,
respectively. All axes units are degrees.
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usually occur in {111} crystallographic planes. SFs and
twins may also contribute to the poles of the {111} type.
Figure 4(c) shows pole figures from another nanocrystal
on the sample. {101} streaks are observed. It is clear that
the faceting is significantly different between each crystal,
but the dominant facets are {111} as the size of the facet
is also proportional to the intensity (see SEM images for
more InP NCs in the Supplemental Material) [58].

IV. CONCLUSIONS

In conclusion, the NHE of InP on Si is shown to be a
promising approach to grow high quality III-V nanomateri-
als for the monolithic integration of III-V-on-Si technology
platform. GIXRD reveals the global properties of InP NCs
while the characterization of a single InP NC using TEM
is quite challenging due to the destructive lamella sam-
ple preparation. Combined with the nano-x-ray beam, the
CXD measurements and analysis show detailed informa-
tion on the crystal size, the facets, the single crystallinity,
the location and directions of SFs (or μTW boundaries),
and the size of μTWs of the single InP NC, which are
in good agreement with the SEM, GIXRD, and TEM
observations. Our approach paves a pathway to nonde-
structively and quantitatively explore the crystallographic
properties and defects of semiconductor nanocrystals by
offering a 3D structured imaging, which is of great signif-
icance to evaluate the quality of the active nanomaterials
(even in an operando manner) of various fully processed,
nano-electronic and nano-optoelectronic devices in the
future.
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