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ABSTRACT: For the first time, we report a complete control
of crystal structure in InAs1−xSbx NWs by tuning the antimony
(Sb) composition. This claim is substantiated by high-
resolution transmission electron microscopy combined with
photoluminescence spectroscopy. The pure InAs nanowires
generally show a mixture of wurtzite (WZ) and zinc-blende
(ZB) phases, where addition of a small amount of Sb (∼2−4%)
led to quasi-pure WZ InAsSb NWs, while further increase of Sb
(∼10%) resulted in quasi-pure ZB InAsSb NWs. This phase
transition is further evidenced by photoluminescence (PL)
studies, where a dominant emission associated with the
coexistence of WZ and ZB phases is present in the pure InAs
NWs but absent in the PL spectrum of InAs0.96Sb0.04 NWs that
instead shows a band-to-band emission. We also demonstrate that the Sb addition significantly reduces the stacking fault density
in the NWs. This study provides new insights on the role of Sb addition for effective control of nanowire crystal structure.
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Semiconducting nanowires (NWs) have recently shown
great promise for fabrication of novel high-performance

photonic and nanoelectronic devices such as light emitting
diodes,1 detectors,2 solar cells,3 lasers,4 and transistors.5

Consequently, they have been the focus of research activities
of semiconductors and nanotechnology in the past decade.
However, the maximal exploitation of NWs geometry for future
high-performance nanodevices is threatened by the existence of
wurtzite/zinc blende (WZ/ZB) phase mixtures (polytypes) and
structural defects that degrade their optical and electrical
properties.6 The coexistence of these polytypes have been
shown to modify the electronic band structure leading to
significant discrepancies in optical band gap values7−10 with
enormous challenges for device applications.11 In addition, it
has been demonstrated that these polytypes exhibit higher
resistivity (2 orders of magnitude) than that of single-phase

NWs that is detrimental to carrier transport and device
functionalities.12 As a result, the control over crystal phase
purity is considered as one of the key challenges of III−V NWs
for device applications.13,14 In the past few years, much effort
has been devoted to control WZ/ZB polytypism through a
number of manners including tuning NWs diameter,15,16

optimizing growth parameters such as growth temper-
ature,15,17,18 III/V flux ratio17,18 and supersaturation,19 as well
as changing the type of catalyst.13

Most recently, it has been demonstrated that incorporation
of minute concentration of impurities and dopants induces
structural phase changes. For instance, selenium has been
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reported to promote a structural transformation in InAs
NWs,20 and zinc has triggered a WZ → ZB phase transition
in InP NWs.21,22 Antimony (Sb) as a typical surfactant Sb has
also been reported to modify the structural property of III−V
semiconductor materials even if at an undetectable concen-
tration. Both minute Sb incorporation and Sb-rich growths have
demonstrated a change of crystal structure from WZ to ZB in
InAs NWs and InAs/InSb NWs heterostructures.6,23 It has also
been reported that the presence of very small amount of Sb in
InAs nanowires leads to a change in crystal structure from pure
WZ to pure ZB via intermediate stacking fault and
pseudoperiodic twinning regimes in InAs/InAs1−xSbx hetero-
strcutures.24 In addition, a WZ → ZB phase change has been
demonstrated in both GaAs/GaAsxSb1−x/GaAs NWs hetero-
structures25 and GaAs NWs.26 However, most of these reports
are limited to Au-catalyzed NWs. Given the huge potential of
self-catalyzed (SC) NWs for future device integration with Si
and the enormous benefit derivable in crystal-phase-engineered
NW, an investigation of the role of impurities in phase control
of SC NWs is essential.6 Furthermore, the introduction of
impurities also enables band gap engineering for NWs
characteristics and device functionalities. It is of particular
interest to incorporate Sb InAs NWs that results in ternary
InAs1−xSbx NWs. These NW materials having widely tunable
band gap covering the whole infrared spectrum and high carrier
mobility, consequently hold promises in fabricating infrared
emission and detection24 as well as high-speed electronics.27

There is rare investigation of the influence of Sb addition to
crystal phase of InAs1−xSbx NWs given the limited report of
InAs1−xSbx NWs growth in literature. Only recently, Sourribes
et al.28 reported the catalyst-free growth of InAs/InAs1−xSbx
NWs heterostructures (3.9 ≤ x ≤ 15.4) on Si. A phase change
from WZ dominant InAs NWs to quasi-pure ZB InAs0.85Sb0.15
NWs was observed. Given the significant influence of
undetectable Sb content on NWs structures, an investigation
of the presence of very small Sb incorporation into InAs NWs is
essential to understand the effect of Sb on the growth. Aiming
to elucidate the influence of trace Sb content (∼2%) on the
crystal structure of InAs NWs grown directly on Si, we report
the Sb-induced control of crystal phase in SC InAs1−xSbx NWs
with Sb composition spanning from low level (as low as ∼2%)
to a value up to ∼10%. We observed a remarkable evolution
from a polytypic crystal to a quasi-pure WZ phase structure and
quasi-pure ZB phase structure with increase of Sb incorpo-
ration, which are accompanied by a significant reduction in
stacking fault (SF) density. Detailed composition dependent
photoluminescence (PL) from these InAs1−xSbx NWs with
different phase mixtures is also reported for the first time.
Experimental Details. InAs1−xSbx NWs growth was

performed on bare Si(111) substrate by molecular beam
epitaxy (MBE) via a droplet-assisted growth.29 The Si substrate
was initially activated by In droplets to create favorable
nucleation sites, then the NWs were grown at preoptimized
conditions with growth temperature in the range of 420−460
°C under As-rich condition with a fixed As4 beam equivalent
pressure (BEP) of around 5.8 × 10−6 mbar. The Sb BEP was
varied to control the Sb incorporation. The samples were
grown in growth duration of 20−120 min. The growth was
terminated by closing all the shutters simultaneously. A
reference InAs NWs sample was grown on bare Si(111)
substrate at identical conditions without presence of Sb flux.
The incorporated Sb content in the samples was estimated by
using combination of X-ray diffraction and energy-dispersive X-

ray spectroscopy (EDX) measurements. The X-ray measure-
ments were performed on as-grown samples. To further verify
the Sb incorporation into the NWs, FEI XL30 SFEG scanning
electron microscope (SEM) was utilized to determine the Sb
composition. The EDX measurements were taken from top on
both single NWs and clusters. Sb composition along NW at
different positions was also measured from side with the
samples tilted by 45° to minimize the effect from the clusters
(see Supporting Information for details). The surface
morphology of the NWs was obtained by SEM. The
microstructure of NWs was characterized using JEOL 2100
LaB6 and 2100F microscopies at beam energy of 200 kV. The
specimens were prepared using conventional method through
the transformation of NWs onto a TEM holey carbon grid from
a suspension solution with NWs. The analysis was carried out
with the electron beam perpendicular to the growth direction
and parallel to the ⟨110⟩ZB/⟨11−20⟩WZ direction. Low-
temperature (10 K) photoluminescence (PL) measurement
was also performed on the as-grown samples to investigate the
optical properties of the InAsSb NWs. A diode laser at
wavelength of 980 nm was used for excitation of the sample
with a laser power density of ∼20 W/cm2, and the emission
signal was detected using a liquid nitrogen cooled InSb
photodiode detector with a standard digital lock-in amplifier
technique.
Figure 1 depicts the SEM images of InAs1−xSbx NWs with

varying Sb compositions. The Sb content (xsb) in InAs1−xSbx

NWs samples were estimated by EDX measurements as ∼0, 2,
4, and 10% (samples A−D). It clearly shows a significant
modification on the average diameter (from ∼48 to 75, 109,
and 155 nm) owing to the addition of Sb as described
previously.30

Structural Characterization of InAs1−xSbx Nanowires. In
order to quantify distribution of polytypes and crystal defects in
the NWs, we employed high-resolution transmission electron
microscopy (HRTEM) to evaluate the resulting InAsSb NWs at
varying Sb compositions. III−V semiconductor NWs usually
crystallizes in both WZ and ZB phases so the NWs always
exhibit a mixture of phases with presence of planar defects. We
simply classify the defects into three categories: stacking fault
(SF), rotational twin-plane (TP), and polytype boundary (PB).

Figure 1. The 45°-tilted SEM images of vertically aligned InAs1−xSbx
NWs with varying Sb molar fraction (xsb) of ∼0% (a); 2% (b); 4% (c);
and 10% (d). The scale bar for all images is 1 μm.

Nano Letters Letter

DOI: 10.1021/nl5040946
Nano Lett. 2015, 15, 1109−1116

1110

http://dx.doi.org/10.1021/nl5040946
http://pubs.acs.org/action/showImage?doi=10.1021/nl5040946&iName=master.img-001.jpg&w=239&h=176


The SFs are partial displacements affecting the regular sequence
in the stacking of the lattice planes caused by either a vacant
plane (intrinsic SF) or an insertion of extra plane (extrinsic SF).
The TPs are planes where the crystal is rotated by 60°. The PBs
are the planes between ZB and WZ phases whose density
implies the size of segment of the phases. We did not count this
density in our defect density analysis. In order to estimate the
phase percentage in the NWs, we adopt the metrics proposed
by Caroff et al. in which the segment containing at least four
consequences of stacking sequences can be treated as a specific
crystal phase. The percentage of WZ phase in the NWs was
deduced from analysis of many HRTEM images of multiwires
for each sample. Figure 2 shows the HRTEM images of the
samples of reference InAs NWs and InAsSb NWs with Sb
composition of ∼2, 4, and 10%. It can be seen from Figure 2a
that the reference InAs NWs exhibit a polytypic ZB/WZ crystal
structure (∼50% WZ) along with defects of PBs and low
density of SFs and TPs (present in other images). This
behavior is typical in SC InAs NWs31−33 and can be understood
by means of contribution of lateral surfaces to the total free
energy during growth. Bulk III−V materials with the highest
ionicity such as the III-Nitrides often adopt the WZ phase
whereas the ZB phase is favored in other III−V materials.
However, most of other III−V NW materials including InAs,
InP, GaAs, and GaP have moderate ionicity values generally
lead to a strong tendency for the formation of SFs, TPs, and
polytypism, which are independent to the growth synthesis
methods.6,34 As a result, InAs NWs often show sequential
mixtures of ZB and WZ phases (polytypes). This is significantly
pronounced in SC NWs that the ZB structure is the most
predominant phase.31−33 However, the favorable phase was
reported to be sensitive to the surface-to-volume ratio.11,16 The

WZ phase has a lower surface energy in comparison to the
corresponding crystalline orientation of the same ZB material
owing to its smaller third-nearest-neighbor atom spacing
(resulting from its distinct stacking sequence), as a con-
sequence the WZ phase is more stable in NWs structures with
high surface-to-volume ratio. The occurrence of polytypes in
ZB III−V NWs is often associated with the small radius of
NWs, resulting in a large relative contribution of lateral surfaces
to the total free energy of fully formed NWs.35

The sample of InAsSb NWs with Sb composition of ∼2%
(Figure 2b) shows a WZ-predominant crystal structure (90%).
This dramatic crystal change from ZB-predominant in InAs to
WZ-predominant structure is attributed to the trace Sb
incorporation that has not been observed previously. A
magnified HRTEM image of a WZ phase section is shown in
Figure 2 b-I. Stacking corresponding to WZ structure (···
ABAB··· and ···CBCB···) and intrinsic SFs (ABAB CBCB) were
revealed in this image. The quasi-pure WZ structure of the
NWs is corroborated by the corresponding fast Fourier
transform (FFT) electron diffraction pattern as depicted in
Figure 2b-II. The 111ZB and/or 0002WZ spot indicates the
growth direction both in ZB and WZ phases. It clearly shows
that the WZ reflections are more intense than that of ZB ones
that further confirm the dominant WZ structure. The streaks
passing through the spots along the growth direction indicate
the presence of stacking faults in the structure, lying on the
(111)ZB/(0002)WZ planes. The sample of InAsSb NWs with
higher Sb composition of 4% (Figure 2c) still exhibits a quasi-
pure WZ structure with decreasing portion (70%). This
observation contradicts previous report on catalyst-free
InAs1−xSbx/InAs NWs28 where phase transition from WZ to
ZB at Sb incorporation of 3.9% was observed. The difference

Figure 2. High-resolution TEM (HRTEM) images of InAs1−xSbxNWs with Sb content of (a) 0, (b) 2, (c) 4, and (d) 10%. The InAs NWs (Sb
content of 0%) have a ZB dominant structure with WZ fraction of 20%. Addition of Sb with content of 2% and 4% resulted in WZ predominant
phase, while further increase of Sb content (10%) led to ZB predominant structure. Magnified HRTEM image of the highlighted region of sample
(b) is shown in (b-I) with the corresponding fast Fourier transform (FFT) pattern showing in (d-II). Magnified HRTEM images of the highlighted
regions of sample (d) is shown in (d-I) with the corresponding FFT pattern showing in (d-III). These magnified images show the stacking in the
structure revealing ZB and WZ structures and SF and TP. The scale bar is 1 nm.
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observed in our growth can be understood by considering
differences in supersaturation19 owing to the predeposition of
indium (In) in our case against the catalyst−free growth
technique. We believe that the direct deposition of our NWs on
Si substrate results in differences in contact angle and diameter
both of which have been recognized as crucial determinants of
NWs crystal phase.15,16 Furthermore, it is well-known that
crystal phase transition can be induced by tuning growth
parameters,15,17,18 hence slight variation in growth conditions
could potentially result in different crystal structure. For the
sample of InAsSb NWs with further increased Sb composition
of 10% (Figure 2d), surprisingly, we observed a ZB
predominant structure with less WZ portion (20%). This
implies a phase transition of WZ → ZB occurred at this level of
Sb incorporation. Figure 2 d-I corresponds to a magnified area
in the NW demonstrating mainly ZB (···ABCABC···) stacking
containing twin-plan (TP) (···CBA C ABC···) and SF (···
ACBCBAC···). Areas corresponding to the WZ structure were
also observed in this sample (Figure 2 d-II). This structure was
corroborated by FFT pattern recorded in the NWs as shown in
Figure 2 d-III. The spots in the diffraction pattern indicate that
the ZB structure is predominant with presence of twinning. As
before, the streaking indicates the presence of thin lamellae; it is
less pronounced than that in InAsSb NWs with 2% Sb (Figure
2b-II) indicating a lower density in this sample. To further
clarify the effect of Sb incorporation on the change of crystal
structure in the NWs, we analyzed the TEM images for
multiwires for each sample and a number of segments for each
wire to determine the percentage of the crystal phases in
different samples and the relevant percentage of different crystal
defects, in particular, the SFs and TPs distribution in the NWs.
The dependence of the percentage of the WZ crystal inclusion
as a function of Sb content is plotted in Figure 3a. It clearly
shows that the polytypic InAs NWs was tuned to WZ
dominated InAsSb NWs with a small amount of Sb
incorporation up to ∼4%, while further increase in Sb led to
ZB dominated phase. In other words, the Sb incorporation
offers an efficient manner in tuning the crystal phase of InAsSb
NWs, via transitions of polytypic mixture → WZ → ZB along
with increase of Sb incorporation.

The crystal defect density as a function of Sb composition is
shown in Figure 3a. It can be seen that the crystal structure
evolves from highly defective crystals in the reference InAs
NWs (Sb = 0%) to less defective structures with increase of Sb
addition. This is consistent with the change of FFT patterns
observed in TEM study. In particular, the InAsSb NWs with 2%
Sb gives minimal defect density. Intriguingly, a detailed analysis
on defects reveals that the improvement of crystal quality is
attributed to a significant suppression of the formation of SFs in
the NWs. Figure 3b shows that the SFs density monotonically
decreases with increase of Sb concentration from 360/μm in
the reference InAs sample to 200/μm (InAs0.98Sb0.02), 100/μm
(InAs0.96Sb0.04), and finally 50/μm (InAs0.90Sb0.10), which is
consistent with previous report.28 In stark contrast, the TPs
density increased with increasing Sb incorporation as revealed
in Figure 3b.
It is the first demonstration of quasi-pure WZ phase

InAs1−xSbx NWs via the SC route to the best of our knowledge.
Previous studies reported either a dominant ZB phase or a
transition from WZ toward ZB with Sb incorporation.28,36 This
preferential crystallization of ZB phase in our InAs1−xSbx
NWs24,37−39 is believed to be associated with the fact that
antimonide alloys hold the lowest ionicity among the III−V
compounds. It is well established that the crystal structure of
NWs is diameter dependent. The critical diameter for III−V
compounds was proposed to be ∼10 nm based on
thermodynamic models.34,40 However, our NWs have much
larger diameter of ∼60 to 155 nm that excludes the possibility
of diameter-induced phase switching to WZ phase. We believe
the surprising predominance of the WZ phase in our
InAs1−xSbx NWs is associated with the In-rich growth
conditions employed for our growths, which is consistent
with experimental observations in SC NWs.31,41−43 Compared
to previous catalyst-free growths,28,36 the most obvious
difference in our growths is the deliberate introduction of In
droplets for the preferential nucleation of NWs that favors the
formation of WZ structures. Krogstrup et al.44 have shown that
the effective V/III flux ratio is the primary parameter to control
the structure of NWs. This suggested that the probability of
nucleating at triple phase line (TPL) may be thermodynami-

Figure 3. Plot of Wurtzite phase percentage and total defect density (a), stacking fault (SF) and twin plane (TP) density (b) in InAs1−xSbx
nanowires as a function of antimony composition. The error bars stand for one standard deviation.
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cally favorable for In-rich conditions (described as a low As
atomic fraction in the In droplet), which is in agreement with
recent experimental observations.31 The nucleation model
proposed by Joyce et al.17 revealed that changes in surface
energy of the NW side facets, most importantly at the vapor−
solid energy (i.e., vapor-nucleus energy), is largely responsible
for ZB and WZ phase purity. They showed that the vapor−
solid surface energy of the ZB nuclei is lowest at high V/III
ratio (As-rich) conditions, which promote the formation of
perfect TPs-free NWs. On the other hand, at low V/III ratios
(In rich) conditions the WZ nuclei are likely to have lower
vapor−solid surface energy than their ZB counterparts. As a
result, they obtained twin-free ZB NWs at high V/III ratio due
to the formation of low energy surface reconstructions that
favors the nucleation and growth of ZB nanowires. On the
contrary, SFs-free WZ NWs were obtained at low V/III ratio
condition in which ZB surfaces are less stable. The influence of
side wall facets to the prevalence of WZ phase is strongly
supported by theoretical predictions.34,45 It is therefore
reasonable to assume that the appearance of WZ structures
with high density of TPs is promoted by the In rich conditions
at the growth front. We believe that the presence of Sb further
enhances the nucleation of the WZ phase at the TPL because
the increase in WZ segments correlates with the rise in xsb. This
suggests an increase of two-dimensional (2D) WZ nucleus
nucleation probability with increase of Sb concentration in the
droplet-catalyzed growth. Hence, it favors a structural transition
to WZ phase that is consistent with a previous report.40

In order to understand the dependence of WZ phase fraction
on the Sb incorporation observed in our NWs, we use the
modified nucleation model proposed by Wallentin et al.22 It is
well established that InAs1−xSbx NWs exhibit diameter
expansion with increasing Sb incorporation.36,38 We recently
demonstrated the surfactant effect of Sb addition to the
morphology and growth of self-catalyzed InAs NWs.30 It was
shown that a trace amount of Sb flux significantly increases the
NWs lateral growth and meanwhile suppresses axial growth
leading to an increase in NWs diameter with a rise in Sb
composition (see Figure 1). The observed changes in NWs
diameter suggest an increase in droplet diameter because the
diameter of NWs is well-defined by the size of predeposited
indium droplets,46,47 which would imply changes to contact
angle.22 Using Young’s equation, the droplet contact angle (β)
can be related to the surface energies at the TPL (Figure 4) by

β
γ γ

γ
=

−
cos SV LS

LV (1)

where, γSV, γLS, and γLV represent the surfaces energies at the
solid−vapor, liquid−solid, and liquid−vapor interface, respec-
tively. It is wise to conclude that an increase in Sb composition
corresponds to increase in NWs diameter, which in turn results
in a decrease in contact angle with respect to the substrate.30,48

Because γSV is phase independent, we can exclude it hence
focus on the critical interfacial energies only that determine the
dominant crystal phase in NWs.49,50 From eq 1, we can
conclude cos β ∝ (−γLS/γLV); this indicates that an increase in
NWs diameter with a corresponding decrease in contact angle
would result in a decrease in the ratio of γLS/γLV. The ratio (η)
between the effective surface energies of the WZ (ΓWZ) and ZB
(ΓZB) phase is given by22,51

η
γ γ β τ γ
γ γ β γ

= Γ
Γ

=
− − +
− − +

x x x

x x x

(1 ) sin

(1 ) sin

WZ

ZB
LS
1

LV wz

LS
1

LV ZB (2)

where x is the fraction of the nucleus perimeter that is in
contact with the vapor phase, and τ = γWZ/γZB is the ratio of the
lateral solid−vapor surface energies of WZ and ZB NWs in
contact with the vapor. A necessary condition for the formation
of NWs in WZ phase is τ < 1 because of the presence of less
dangling bonds on the WZ surface.14,22,51 The ratio (ξ)
between the WZ (ΔGWZ) and ZB (ΔGZB) nucleation barriers is
expressed as22,50

ξ
η

=
Δ
Δ

=
Δμ

Δμ − Ψ
G
G

WZ

ZB

LS
2

LS WZ (3)

where ΔμLS is supersaturation at the liquid−solid interface and
ΨWZ is additional cohesive energy required for the formation of
a WZ layer at the TPL, thus representing the comparatively low
cohesive energy of ZB phase. As can be seen from eq 3, the
layer by layer deposited NWs would adopt the WZ structure
when ξ < 1, which would imply η ≪ 1. As a consequence, a
significant lowering of γLS or increase in γLV will promote a
decrease in both η and ξ, favor the WZ phase nucleation
probability. Thus, the WZ phase is preferentially formed at the
TPL when its nucleation barrier is lower than that of its ZB
counterpart, although the latter is more stable in bulk form.13,14

In addition, the incorporation of increased Sb composition in
NWs possibly results in modification to the surface energetics
at the γLS and/or γLV interface, as a consequence leads to a ZB
→ WZ phase transition as reported previously.40,52 Surfactants
have been recognized as crucial elements for engineering NWs
crystal and defect structure.49 However, the decline in the WZ
fractions at high Sb content (xsb = 10%) is likely associated with
modifications to the balance of forces and/or changes to the V/
III flux ratio that is a complication of Sb surfactant effect.36,53

This suggests that the Sb-induced tuning of crystal phase is
composition dependent. Because the required condition for
WZ phase formation involves altering the balance of surface
energies, an appropriate choice and composition of surfactants
would enable the control of the preferred crystal phases in
NWs.

Optical Properties of the InAs1−xSbx NWs Nanowires.
Because there is significant structural evolution of InAsSb NWs
with increase of Sb incorporation, it is extremely interesting to
elucidate the optical properties of these InAsSb NW ensembles.
We performed low-temperature (10 K) photoluminescence
(PL) measurement on the as-grown samples. The typical PL
spectrum of the reference InAs NWs and the InAs0.96Sb0.04
NWs are depicted in Figure 5a,b, respectively. It can be seen

Figure 4. Schematic illustration of geometry of indium droplet on Si
substrate with γSV, γLS, and γLV representing the surface energies at the
solid−vapor, liquid−solid, and liquid−vapor interface, respectively, β is
the contact angle between droplet and substrate, and χ is the fraction
of the nucleus perimeter that is in contact with the vapor phase.
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that the InAs NWs show a multipeak emission. The
decomposition indicates three emissions centered at ∼0.389,
0.415, and 0.434 eV. The lowest emission is attributed to the
impurity or defect-related transition,54−57 while the dominant
emission centered at 0.415 eV is associated with the presence of
the WZ/ZB mixture, and the emission at the largest energy is
due to the band-to-band (BtB) transition from ZB InAs. The
mixture of WZ and ZB InAs sections forms a type II related
quantum wells (QW), where electrons confined in the QWs of
the ZB segments and holes localized in the WZ regions.58,59

Optically excited electrons undergo a transition from the
ground state in the ZB conduction band to the top of the WZ
valence band followed by radiative recombination7 (type II QW
related emission). The corresponding radiative recombination
to the observed optical emission is schematically illustrated in
Figure 6. The energy of the emission from this type II QW
transition (0.415 eV) is in good agreement with previous report
on polytypic InAs NWs.7

For the sample of InAs0.96Sb0.04 NWs, the PL spectrum only
shows two emission peaks; one is at 0.375 eV and the other is
at 0.437 eV, which are attributed to impurity or defects-related
transition and BtB transition in WZ InAsSb, respectively.

Intriguingly, the emission associated with type II QW transition
observed in InAs NWs is absent in this sample. This
observation is in good agreement with the HRTEM studies
where the NWs crystal structure evolves from the highly
polytypic crystal to a quasi-pure WZ crystal with Sb
incorporation. This is a further evidence of the phase transition
to quasi-pure WZ phase in InAs0.96Sb0.04 NWs. It is sensible that
the type II QW transition in InAs NWs is dominant in the PL
spectrum owing to the efficient transition in QW structures.
Although there are InAs(Sb) clusters deposited on Si surface,
the PL emission detected on as-grown samples is believed to
originate from NWs samples. This is verified by nonobservation
of PL emission on the samples with the NWs removed. The
nonemission of the clusters is associated with the poor material
quality of these clusters resulting from the large lattice
mismatch and antiphase domains. We also performed power-
dependent and temperature-dependent PL measurements on
the samples to further verify the origins of the emission peaks
(the results are given in the Supporting Information). From
these detailed PL measurements, the assignments of the peaks
are fully confirmed. It is worth noting that the BtB emission
from InAs NWs at ∼0.427 eV is slightly larger than the
bandgap of ZB InAs (0.415 eV).60 This larger energy could be
associated with the band filling effect and size quantization in
NWs. Sun et al.54 have reported a blueshift of InAs band gap
that was attributed to size-dependent quantization effects for
NWs with small diameters (10−20 nm). Although our InAs
NWs have a large average diameter (∼80 nm), there are also
some NWs with narrower diameter that result in obvious size
quantization; this is reflected by the broad PL emission.
Surprisingly, the BtB emission from the WZ InAs0.96Sb0.04

NWs centered at energy of 0.437 eV is close to that of BtB in
ZB InAs NWs. This contradicts the prediction of lower
bandgap energy due to the Sb incorporation. This can be
interpreted by the difference of bandgap energy of different
phases, for example, ZB and WZ phases. A previous report
indicates that the WZ phase InAs NWs has larger bandgap
energy in comparison with that of ZB InAs,7,61,62 at a predicted
value of 40−66 meV.59,61,63 This was confirmed with an
experimentally observed value of ∼0.46 eV.7 If we assume the
bandgap energy difference between WZ and ZB phases is the
same for InAsSb alloys at low Sb composition, the bandgap
energy of WZ InAsSb NWs can be estimated from that of ZB
InAsSb. At 4.3% of Sb, ZB InAsSb alloy gives bandgap energy
of 0.375 eV if a bowing effect of 0.67 eV is taken (shrinkage of
0.035 eV).64 This gives an estimate of the bandgap energy of
WZ InAsSb NWs with Sb content of 4.3% to be around 0.415−
0.441 eV, which is in agreement with the energy value deduced
from the PL emission. Consequently, we can confirm that the
emission at 0.437 eV is due to the BtB transition from WZ
InAsSb. Because of the large diameter of these NWs (∼109
nm), we expect weaker size quantization in these NWs in
comparison with that of InAs NWs. It is obvious that the
impurities and defects-related emission are quite strong in both
samples. This could be associated with the presence of highly
dense crystal twinning defects that corroborate to the earlier
HRTEM and FFT results.
In summary, we have demonstrated the Sb-induced control

of crystal phase mixtures in SC InAsSb nanowires. It is shown
that the addition of a very small amount of Sb into InAs NWs
leads to a perfectly tunable change of the crystal structure from
a mixed WZ/ZB to a quasi-pure WZ phase NWs while further
increase of Sb led to BZ dominated phase. We also observed

Figure 5. PL spectra of (a) InAs and (b) InAs0.96Sb0.04 NWs at 10 K.
The sample of InAs NWs shows three emission peaks with an
emission that is related to the transition of type II QWs formed from
the mixture of WZ and ZB phases, while the sample of InAs0.96Sb0.04
NWs clearly exhibits a BtB associated emission from WZ phase
without the presence of type II QW emission, which indicates the
quasi-pure WZ phase in the InAsSb NWs.

Figure 6. Schematic diagram of band alignment and recombination
processes for carriers transiting between valence band and conduction
band in InAs NW containing mixture of WZ and ZB phases.
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dramatic variation in SF density as a function of Sb
composition. Furthermore, optical properties of the InAsSb
NWs with different phase mixtures are presented. We observed
the type II QWs related emission in InAs NWs due to the
coexistence of ZB and WZ phases. This emission is
conspicuously absent in the InAs0.96Sb0.04 NWs, which show a
clear band edge emission instead, owing to its quasi-pure WZ
structure. This study provides new insights on the role of Sb
addition in the control of NWs crystal phase, defects, and
optical properties.
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