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By applying a correlated micro-photoluminescence spectroscopy and transmission electron micros-

copy (TEM) approach, we have utilized molecular beam epitaxy grown self-catalysed GaAs nano-

wires (NWs) with an axial GaAsSb insert to determine the band offsets at the crystal phase

heterojunction between zinc blende (ZB) and wurtzite (WZ) GaAs. Two distinct PL emission bands

originating from the ZB GaAsSb insert were identified. The lower energy PL emission allowed an

independent verification of the maximum Sb molar fraction to be �30%, in agreement with quanti-

tative high-angle annular dark field scanning TEM performed on the same single NW. The higher

energy PL emission revealed a low temperature ZB/WZ band offset of 120 meV at the interface

between the two GaAs crystal phases occurring at the upper boundary of the insert. Separate con-

duction and valence band offsets develop at a higher temperature due to the different temperature

dependence of the ZB and WZ GaAs band gaps, but both offset values show a relatively little varia-

tion in the range of 10–150 K. Published by AIP Publishing. https://doi.org/10.1063/1.4991884

I. INTRODUCTION

The optical and electronic properties of the relatively

newly emerged wurtzite (WZ) phase of most normally zinc

blende (ZB) III-V semiconductor compounds, often observed

in nanowires (NWs), have been the source of much contro-

versy. Focusing on WZ GaAs, in particular, several historically

significant studies have claimed values for the band gap in the

range of 1.503–1.545 eV based on experimental1–3 and theoreti-

cal4,5 results. By direct correlation of micro-photoluminescence

(l-PL) spectroscopy and transmission electron microscopy

(TEM) on the same single NW, we established6 the band gap

of WZ GaAs at liquid He temperatures to be very similar to

that of ZB GaAs, which is 1.52 eV.7 This result has subse-

quently been verified independently in other works.8,9 The cor-

responding band gap at room temperature (RT) is also debated,

although it has received considerably less attention than the

low-temperature (LT) band gap. In previous studies, we showed

that the WZ GaAs band gap at RT is 1.444 eV,6,8 whereas

another study based on resonant Raman spectroscopy claimed

1.46 eV.10 As the corresponding RT band gap of ZB GaAs is

1.425 eV,7 both results indicate that the temperature depen-

dence of the band gap differs between ZB and WZ GaAs. In

fact, it cannot be ruled out that this difference is due to two dif-

ferent conduction bands participating in the PL transitions in

WZ GaAs at LT (C8) and RT (C7). Due to the much lower

oscillator strength of the dipole transition between the lower-

lying C8 conduction band and the valence band maximum,3 the

PL emission between these two bands would then only be

observed at LT, whereas the C7 conduction band will dominate

at RT when it is thermally populated. If this is the case, the dif-

ference in the measured temperature dependence of the band

gap between ZB and WZ GaAs will be due to the fact that PL

spectroscopy does not determine the correct conduction band

minimum (C8) in WZ GaAs at RT. This question thus remains

open, as the precise configuration of the WZ GaAs conduction

bands as a function of temperature has, to the best of our

knowledge, not been ascertained yet, neither theoretically nor

experimentally.

It is well known that the crystal phase heterojunction

between ZB and WZ GaAs occurring at crystallographic

defects such as stacking faults (SF) and twin planes (TP) has a

type-II band alignment with the WZ bands lying higher than

the corresponding ZB bands.11 However, the exact band offsets

have long been an uncharted territory from an experimental

point of view. Various works have reported SF- or TP-

mediated emission in GaAs NWs at LT in the range

1.43 eV–1.50 eV, depending on the density of occurrence of the

planar crystallographic defects.11–13 Type-II transitions between

electrons in bulk-like ZB GaAs and holes in bulk-like WZ

GaAs have been assigned PL emission energies of 1.43 eV

(Ref. 14) or 1.41–1.42 eV,15 where the latter result is obtained

with a combined PL and TEM approach similar to ours.

Calculated band offsets reported in the literature fall in the

range 79–122 meV for the valence band and 63–117 meV for

the conduction band.4,5 It should be pointed out that all theoreti-

cal models of the WZ GaAs band gap arrive at a different band

gap width compared with ZB GaAs,4,5 which is in contradiction

with the most recent experimental evidence at LT.

II. EXPERIMENTAL

A. Nanowire growth

The NWs were grown by the self-catalysed vapor-liquid-

solid technique on a Si(111) substrate using a Varian Gen II
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Modular MBE system. The growth details are described else-

where.16 The NWs contain a single �150–200 nm long axial

GaAsSb insert and have a diameter of �130 nm. In order to

avoid the occurrence of a mixed ZB-WZ phase accompanying

the solidification of the Ga droplet prior to and during the shell

growth17,18 and the possible effect of the shell on the core

emission,19 the NWs were not passivated by a radial shell as

commonly done.

B. Characterization

For the characterization, NWs were detached from the

growth substrate and transferred onto a few-layer-graphene-

coated Cu grid or 15 nm thick porous Si TEM substrates.

The samples on graphene were studied with l-PL spectros-

copy, quantitative high-angle annular dark-field (DF) scan-

ning TEM (qHAADF-STEM) and energy-dispersive X-ray

spectroscopy (EDX) on the same single NW in order to

determine the Sb composition profile of the insert. The NWs

on porous Si were investigated with correlated l-PL and

conventional TEM, including selective area electron diffrac-

tion (SAED), dark-field (DF-) and high-resolution (HR-)

TEM, on the same single NW.

III. RESULTS AND DISCUSSION

A. Structure and composition

All studied NWs exhibit a pure ZB crystal structure

(including the GaAsSb insert) with occasional TPs below the

GaAsSb insert. At the upper end of the insert, an atomically

sharp transition to WZ crystal phase occurs, frequently

accompanied by a couple of SFs or TPs in the close vicinity

of the ZB/WZ interface. The WZ phase then normally con-

tinues for the rest of the NW growth, although it may switch

to a mixed ZB/WZ phase at �200 nm above the insert.16,20

The characterization of the Sb composition of the insert with

qHAADF-STEM has been described elsewhere,21 whereby

the present sample corresponds to growth batch “D” in that

work. A steep build-up of the Sb composition in the axial

direction is observed, until a plateau is reached near the cen-

tre of the insert. The plateau corresponds to the insert region

with maximum Sb concentration, which was determined

with qHAADF-STEM using a model that takes into account

the radial out-diffusion of Sb atoms during the growth. Upon

turning off the Sb flux, the Sb composition in the insert starts

to decrease until the Ga droplet is depleted of Sb atoms, at

which point the NW crystal structure switches to WZ. Due

to the gradual decrease in the Sb content, we have defined

the ZB/WZ interface as the upper boundary of the insert.

Figure 1 introduces the structure of a representative NW

labelled NW1, showing annular dark-field scanning TEM

(ADF-STEM), axial composition profiles obtained with

qHAADF-STEM (Sb) and EDX (Ga, As and Sb), and DF-

TEM. There is a short axial ZB phase section with planar

defects close to the ZB/WZ interface [solid blue line in Figs.

1(a)–1(c), green labeled in Fig. 1(c)], starting from the

dashed blue line in Figs. 1(a)–1(c).

A HR-TEM image of the region around the ZB/WZ

interface marked with a dashed yellow rectangle in Fig. 1(c),

shown in Fig. 2 together with fast-Fourier transform (FFT)

analysis of the crystal phases below (b), around (c), and

above (d) the ZB/WZ interface, allows for a closer inspec-

tion of the NW segment with several random planar defects.

From Fig. 2, it is evident that this region (marked with

dashed and solid blue lines in Fig. 1 and dashed and solid

blue arrows in Fig. 2) has a ZB crystal structure and contains

five rotational TPs (marked with blue dashed and white

arrows). According to the above definition of the upper

boundary of the insert, this rotationally twinned NW segment

lies within the insert. Furthermore, it is obvious from the Sb

composition profiles obtained with qHAADF-STEM and

EDX shown in Fig. 1(b) that this segment falls in a region

FIG. 1. (a) ADF-STEM image of NW1 around the GaAsSb insert region.

The black line represents the EDX scan line corresponding to the black,

brown and red composition profiles in (b). A pair of blue dashed and solid

vertical lines mark the onset of a short region consisting of rotationally

twinned ZB crystal phase (dashed line) and the ZB/WZ interface (solid

line). The image is represented in false colors, and the brightness, contrast,

and intensity histogram have been adjusted post-acquisition in order to

enhance the visibility of the rotationally twinned region which serves as a

marker. (b) Sb molar fraction profile determined with qHAADF-STEM

(blue curve, left ordinate) and composition profiles for Ga (black), As

(brown) and Sb (red) obtained from the EDX scan (right ordinate) corre-

sponding to the black line in (a). (c) Composed DF-TEM image of the

GaAsSb insert. The ZB crystal structure is shown in red and green (which is

twinned relative to the phase depicted in red), and the WZ crystal structure

corresponds to blue color. Red and green colors that can be seen inside the

WZ region and outside the NW core are due to low signal in the individual

DF images. A white arrow marks the lower end of the insert. Dashed yellow

rectangle denotes the area imaged with HR-TEM in Fig. 2.
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where the Sb composition has already decreased to zero and

the insert material has fully evolved into pure GaAs. Thus,

the upper boundary of the insert is in essence a boundary

between ZB GaAs (below) and WZ GaAs (above).

B. Energy band alignment of the GaAsSb insert

The LT (15 K) l-PL spectra of the studied NWs consist

of two emission bands which will be discussed consecutively

in the following: a group of two peaks around 1 eV and a sin-

gle or double peak at �1.40 eV. Figure 3(a) shows the l-PL

spectrum of the 1 eV emission region of NW1. Our model

for the Sb composition profile of the insert is presented in

Fig. 3(b), and the resulting electronic band diagram of the

region around the insert is sketched in Fig. 3(c).

There are two relatively broad emission peaks in the

1 eV region: one at 1 eV and another at 1.03 eV. The higher-

energy peak (1.03–1.04 eV) shows a considerable blue shift

with excitation power (not shown), and at higher excitation

power, the lower-energy peak is completely suppressed by it.

This indicates that the 1 eV peak is due to a less probable,

possibly spatially indirect transition, whereas the emission at

1.03 eV corresponds to a more probable recombination route

which involves a greater number of electronic states, possi-

bly around the centre of the insert.

The Sb composition profile of the GaAs1-ySby insert has

been obtained with qHAADF-STEM [Fig. 1(b)], and it peaks

at an Sb molar fraction of y¼ 0.30. This provides an accurate

result for the maximum Sb composition at the centre of the

insert. However, at the interfaces of the insert with the NW

segments below and above it and at lattice defects, the

HAADF-STEM intensity variation is mainly governed by

dechanneling rather than compositional changes which

causes an unphysical negative dip in the Sb-profile21 [Fig.

1(b), dips centered around �0.1 lm and �0.26 lm]. EDX

line scans can visualize better the Sb-profile at the interfaces,

albeit the accuracy of the compositional analysis and the spa-

tial resolution are much poorer than for qHAADF-STEM.21

Thus, the qHAADF-STEM maximum molar fraction of

y¼ 0.30 reported earlier for this NW was used to construct

the band alignment model of the insert presented in Fig. 3(c).

It is well known that the Sb composition of the insert is gov-

erned by diffusion of Sb atoms into the Ga droplet and diffu-

sion into the NW from the Ga droplet. Hence, it is expected

to rise steeply until a maximum Sb composition is reached at

the centre of the insert. Depleting the droplet of Sb atoms is

a different process and it proceeds exponentially. This

behavior has previously been observed for GaAsSb

inserts21–23 and other III-V inserts24 in both Au- and Ga-

assisted GaAs NWs and is sketched for the here-studied

GaAsSb insert in Fig. 3(b).

The band alignment between ZB GaAs and ZB GaAs1-

ySby has been found to be type-I within the entire range of

Sb molar fractions y discussed here (0–0.30).25–27 However,

as the Sb molar fraction increases from 0 at the lower end of

the insert to 0.30 near the centre, the offset of the GaAsSb

conduction band to the ZB GaAs conduction band passes

through a minimum at around y¼ 0.20 before it reaches a

local maximum as the composition nears the type-I/type-II

crossover point at y � 0.34.25 The same behavior is observed

(in reverse order) as the Sb molar fraction decreases again

toward the upper end of the insert, although the conduction

band profile is different due to the more gradual profile of

the Sb composition. Thus, the conduction band forms an

asymmetric W-type potential. The valence band profile was

then calculated by using the empirical GaAsSb band gap

model represented by formula 6 in Ref. 28 to determine the

band gap, and then by subtracting the appropriate band gap

width from the already determined GaAsSb conduction band

profile. Unlike the conduction band, the valence band edge

of the insert rises monotonously toward the region of maxi-

mum Sb molar fraction and drops continuously as the mate-

rial turns into pure GaAs. The practical procedure for

modelling the GaAsSb insert band alignment is summarized

below and the entire band diagram is presented in Fig. 3(c),

together with arrows corresponding to the observed optical

recombination paths:

Firstly, the Sb composition in the lower part of the

GaAsSb insert (90 nm) is modelled as 1 – erf(x), and in the

upper part (150 nm), as exp(�x) where x represents the dis-

tance along the NW axis. For the peak Sb molar fraction, a

value of 0.30 was adopted following the qHAADF-STEM

results. Next, the Sb composition-dependent GaAsSb con-

duction band edge offset to ZB GaAs is reconstructed after

Fig. 3 in Ref. 25 and the offset profile is calculated for each

point in the Sb composition profile as obtained in the previ-

ous step. After that, the GaAsSb band gap is computed for

each point in the conduction band edge offset profile using

Formula 6 in Ref. 28. Then the GaAsSb band gap profile as

obtained in the previous step is subtracted from the GaAsSb

FIG. 2. (a) HR-TEM image of the region around the ZB/WZ interface in

NW1 marked with a dashed yellow rectangle in Fig. 1(c). A dashed blue

arrow marks the onset of a rotationally twinned ZB crystal phase region con-

taining five TPs (marked with dashed blue and solid white arrows), and a

solid blue arrow denotes the onset of the bulk-like WZ GaAs phase. (b)–(d)

Fast-Fourier transform (FFT) analysis of the crystal phase (b) below the

rotationally twinned region (ZB), (c) at the ZB/WZ interface, including the

rotationally twinned region, and (d) above the ZB/WZ interface (WZ). The

image borders in (b)–(d) are color-coded to correspond to the DF-TEM

image in Fig. 1(c): red and green denote two different orientations of ZB

crystal phase, and blue stands for WZ crystal phase. Red-green-blue dashed

image border indicates the presence of both ZB orientations and WZ in the

same region.
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conduction band edge profile in order to obtain the valence

band profile of the insert. Finally, the WZ GaAs band gap

above the insert is taken to be the same as the ZB GaAs band

gap and the ZB/WZ band offset in Fig. 3(c) is initially taken

to be 110 meV after Ref. 15. Following the data analysis in

the present study, the offset was later re-adjusted to

120 meV.

The l-PL spectrum of Fig. 3(a) can be interpreted as fol-

lows. The weak emission at 1 eV corresponds to spatially indi-

rect transitions between the upper minimum of the W-

potential well in the conduction band and the valence band

potential well near the centre of the insert [shown with a

dashed red arrow in Fig. 3(c)]. Both minima of the W-

potential are wide and shallow which explains why no signs

of quantum confinement were observed in the PL spectra.

However, the left minimum (physically closer to the lower

end of the insert) is too far from the maximum of the valence

band and is hence unlikely to contribute any PL emission. The

more prominent emission at 1.03 eV [green arrow in Fig.

3(c)], which gains in intensity and dominates the 1 eV emis-

sion region at all but the lowest excitation powers, is assigned

to spatially direct recombination of higher-lying electrons

with holes close to the centre of the insert which will become

a more favorable recombination route when excitation power-

induced band filling takes place. The above reasoning justifies

choosing the 1.03 eV peak for the optical determination of the

maximum Sb molar fraction within the insert.23 Its emission

energy was inferred from a Gaussian fit to the peak at an exci-

tation level where it is just resolvable, in order to prevent the

peak energy from being affected by any band filling-related

blue shift at higher excitation [green Gaussian curve fit in Fig.

3(a)]. Using data from all studied NWs, an average maximum

Sb molar fraction of y¼ 0.28 6 0.01 was calculated following

formula 6 in Ref. 28. For the specific NW1, y¼ 0.29 was

obtained, which is in good agreement with the value of

y¼ 0.30 for the Sb molar fraction near the centre of the insert

determined with qHAADF-STEM. Furthermore, the differ-

ence in the emission energy between the PL originating from

the broader W-well minimum and the 1.03 eV peak amounts

to 32 meV, which is in agreement with the GaAsSb conduc-

tion band model presented by Johnson et al.25

C. ZB/WZ GaAs band offsets

Apart from explaining the l-PL spectra of the studied

NWs in the 1 eV energy region, the band diagram in Fig.

3(c) opens up for the interesting prospect of using the present

NW structure as a platform for observing the PL signal due

to a recombination between electrons at the energy of the ZB

GaAs phase conduction band at the upper boundary of the

insert and holes in the WZ GaAs continuum above the insert,

depicted with a blue arrow in Fig. 3(c). All studied NWs

exhibited an additional PL band at higher energy, found to

be in the range 1.385–1.41 eV. The excitation power-

dependent PL spectra from a typical example NW, labelled

NW2, are shown in Fig. 4(a) together with the corresponding

structural TEM data of the insert in Figs. 4(b)–4(f). The exci-

tation power dependence of the PL emission exhibits a grad-

ual blue shift at a higher excitation power but no signs of

quantum confinement were observed. The structural analysis

by TEM confirms that the insert has a pure ZB crystal phase

and shows that the transition to the extended region of WZ

GaAs above the insert is atomically sharp. One isolated TP

is present in the ZB GaAs phase in the immediate vicinity of

the crystal phase heterojunction. It is, however, unlikely to

yield a contribution to the PL spectra in this energy range.13

Hence, we reason that the l-PL emission in the region

1.38–1.41 eV is due to recombination of electrons in the ZB

GaAsSb phase of exponentially decreasing Sb composition

at the upper end of the insert with holes in the WZ GaAs

phase at low excitation. As the excitation power is increased

and the PL peak is blue shifted due to band filling inside the

insert, the PL emission will effectively represent the spatially

indirect optical recombination between electrons in ZB

GaAs and holes in WZ GaAs. The PL emission energy corre-

sponding to the largest blue shift can therefore be used to

FIG. 3. (a) Low excitation power PL spectrum of NW1 showing the 1 eV emission region. Solid red line corresponds to a two-Gaussian lineshape fit that was

employed for the purpose of precise determination of the emission energy. The two Gaussian components are also indicated with dashed red (1 eV peak) and

solid green (1.03 eV peak) lines. (b) Schematic variation of the Sb molar fraction along the GaAsSb insert due to build-up and depletion of Sb in the Ga catalyst

droplet. (c) Band alignment model for the insert with the GaAsSb insert depicted in red, ZB GaAs in green, and WZ GaAs in blue. The valence and conduction

bands are separately drawn to scale. The color in the Sb composition profile in (b) and the band diagram of the insert in (c) changes from red to green towards

the upper boundary of the insert in order to reflect the transition of the insert material from GaAsSb to GaAs. The dashed red arrow in (c) denotes an optical

recombination corresponding to the 1 eV PL peak in (a), whereas the solid green arrow corresponds to the �1.03 eV PL emission. A solid blue arrow represents

the type-II PL emission between electrons in the ZB and holes in the WZ GaAs phases.
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arrive at an estimate for the band offsets at the crystal phase

heterojunction between ZB and WZ GaAs. The practical pro-

cedure for this is outlined below.

The energy of the indirect optical recombination of elec-

trons in the ZB GaAs with holes in the WZ GaAs was deter-

mined for all NWs by fitting the PL emission with a

Gaussian lineshape function and selecting the most blue

shifted one which corresponds to the strongest band filling

inside the GaAsSb insert. The energy of the type-II transition

was then averaged between all studied NWs and the value

obtained for the standard deviation was adopted as the error

margin in the subsequent band offset determination. The

valence band offset between ZB and WZ GaAs was obtained

by subtracting the energy of the type-II transition from the

ZB GaAs band gap (1.52 eV).7 The conduction band offset

between ZB and WZ GaAs was obtained analogously to the

valence band offset; however, now, the energy of the type-II

transition was subtracted from the sum of the WZ GaAs free

exciton emission energy6 and the ZB GaAs free exciton

binding energy (4.3 meV).

For the type-II optical recombination of electrons in the

ZB GaAs phase at the upper end of the insert with holes in

the WZ GaAs above it, a mean emission energy of 1.396 eV

with a standard deviation of 22 meV was obtained. Since the

ZB and WZ GaAs band gaps at LT are the same,6 the LT

conduction and valence band offsets are both equal to

120 6 11 meV, which is in reasonable agreement with the

corresponding value of 100–110 meV reported previously

for GaAs NWs grown by metal-organic vapor phase epitaxy

(MOVPE).15 However, we note that it is possible that the

conduction band offset is underestimated by a few meV by

our method due to the possibility that the WZ GaAs

conduction band has U8 symmetry which has a larger elec-

tron effective mass.

The correlated l-PL-TEM data from another NW, NW3,

presented in Figs. 4(g)–4(l), further support the analysis pre-

sented so far. The structural information for NW3 obtained

with HR-TEM [Fig. 4(l)] indicates the presence of several

short ZB segments in the WZ GaAs phase above and in the

immediate vicinity of the upper interface of the insert.

Correspondingly, the excitation power-dependent PL spectra

from NW3 [Fig. 4(g)] contain an emission peak at a higher

energy (1.396 eV), which dominates the spectra at a low exci-

tation power but is completely suppressed at higher excitation

by the PL emission due to the recombination of “hot” elec-

trons inside the GaAsSb insert with holes in the WZ GaAs

above it, as discussed in relation to Fig. 4(a), which is at

1.386 eV for NW3. As it is very unusual for a higher-energy

PL peak to be dominated by a lower-energy PL peak at high

excitation power, we conclude that this emission originates

from quantum confined electrons at the crystallographic

defects in the WZ GaAs phase above the GaAsSb insert which

will lie higher in energy than the insert conduction band edge,

and holes inside the WZ GaAs. The weaker intensity com-

pared with the bulk-like type-II emission at high excitation

power is explained by the smaller number of states available

for electrons trapped at the defects. It must be mentioned that

other NWs that switch from WZ GaAs above the insert to a

mixed ZB/WZ GaAs phase further up along the NW

(�200 nm above the insert) do not exhibit any shoulder lines

to the main emission spectra at 1.385–1.411 eV. This is, how-

ever, not surprising as bare-core GaAs NWs grown at identi-

cal conditions but without an insert did not yield any PL

signal at all due to the detrimental effects of surface states.

FIG. 4. (a) Excitation power-dependent PL spectra of the 1.4 eV region for NW2, normalized to the peak intensity. The structural properties of NW2 are shown

in (b)–(f) where the color coding is the same as in Figs. 1 and 2. The upper end of the GaAsSb insert is marked with a white arrow in (b) and in the HR-TEM

image in (f). Above it, the NW consists of SF-free WZ GaAs crystal phase as illustrated by the SAED pattern in (c). Below, the crystal phase of the GaAsSb

insert is ZB [see SAED pattern in (e)], with one isolated SF (green arrow) within the green labelled ZB section. The SAED pattern in (d) was taken from the

region around the ZB/WZ interface and hence contains both the ZB and WZ diffraction peaks. (g) Normalized excitation power-dependent PL spectra from

NW3. The crystal structure of NW3 is presented in (h)–(l) by DF-TEM (h), SAED above (i), around (j), and below (k) the ZB/WZ interface and HR-TEM (l)

images, respectively. NW3 contains several ZB segments in the WZ phase above the insert, close to the ZB/WZ interface, which are indicated with a color bar

in the HR-TEM image in (l).
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The temperature dependence of the ZB/WZ GaAs

valence and conduction band offsets up to 150 K is shown in

Fig. 5. For these calculations, the same procedure as outlined

above is used. The temperature-dependent emission energy

of the type-II PL transition (not shown), which is at

1.38–1.41 eV at LT, is now subtracted from the correct ZB

or WZ GaAs band gap at the corresponding temperature.

The temperature dependence of the ZB and WZ GaAs band

gap was taken from Refs. 7 and 6, respectively. Inasmuch as

the cited temperature dependence of the WZ GaAs band gap

was measured with l-PL, it is important to point out explic-

itly that we have assumed the same conduction band (i.e.,

U7, following prevailing experimental evidence3) to be

responsible for the PL emission from WZ GaAs in the range

10–150 K.

It is evident that the band offsets depend very weakly on

the temperature, whereby the mean values remain between

120 and 130 meV throughout the studied temperature range.

Furthermore, although one can use a single value for the

band offsets at low T and up to 50 K, separate valence and

conduction band offsets begin to develop at higher tempera-

tures due to the inherently different temperature behavior of

the band gap for ZB and WZ GaAs phases.6 This will also be

true at RT where the WZ GaAs band gap is larger than the

ZB GaAs band gap.6,8,9

IV. CONCLUSION

In conclusion, we have studied multiple self-catalysed

GaAs NWs with an axial GaAs1-ySby insert by correlated l-

PL and TEM. The NW structure was found to be ZB below

and within the insert and WZ above it, with two PL emission

regions centred around 1 eV and just below 1.4 eV, respec-

tively. The present results for the Sb composition expressed

in terms of the Sb molar fraction determined from the l-PL

emission energy in the 1 eV range provide an independent

verification of the method for determining the maximum Sb

molar fraction with quantitative HAADF-STEM, as both

methods yield a maximum Sb molar fraction of

y¼ 0.29–0.30. The gradual decrease in the Sb molar fraction

above the centre of the insert leads to the formation of a ZB/

WZ GaAs crystal phase heterojunction at its upper boundary.

At 1.396 6 0.011 eV, a type-II PL emission due to the

recombination of electrons in the ZB with holes in the WZ

GaAs crystal phase was observed. This enabled us to deter-

mine the conduction and valence band offsets for the ZB/

WZ GaAs crystal phase heterojunction to be 120 6 11 meV

at LT, and to show a relatively weak temperature depen-

dence up to 150 K.
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