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A wurtzite GaAs epilayer grown on a zincblende GaAs substrate by metalorganic chemical vapor

deposition is studied by surface photovoltage spectroscopy. The wurtzite structure of the epilayer

is disclosed by scanning electron microscope images of surface pits, where the pits are seen to

change their structure from a rectangular into a hexagonal shape. The wurtzite phase is also

revealed in x-ray diffraction showing a h0002i diffraction alongside the main (200) diffraction,

suggesting a “c” lattice constant of 0.668 nm. A comparison of room temperature surface

photovoltage spectra taken from the epilayer sample and from an epilayer-etched substrate

suggests a type II heterostructure with valence band difference of about 15 meV and bandgap

difference of about 70 meV between the zincblende and the wurtzite GaAs polytypes. VC 2012
American Institute of Physics. [http://dx.doi.org/10.1063/1.4712562]

Wurtzite GaAs is gaining much interest recently, for

being commonly observed in GaAs nanowires.1–9 Metastable

polytype inclusions are more likely to form in nanowires,

probably because the small nanowire diameter allows a

stacking fault to easily complete a layer, which stabilizes the

structure. However, the alternating nature of stacking faults

in nanowires results in random lengths, some of which are

small enough to actually form quantum dots, possibly with

blue-shifted optical transitions. In addition, generated

electron-hole pairs will tend to diffuse to the lower bandgap

material, and the luminescence will thus detect only the

smaller bandgap. Alternatively, in the case of type II hetero-

juction, recombination is likely to take place at the junction

emitting photons with energy smaller than the smallest

bandgap. Hence, as long as a bulk of pure wurtzite GaAs is

not available, attempts to define the bandgap by lumines-

cence are likely to remain controversial.10 Controversy also

exists among theorists, with some ab-intio calculations sug-

gesting a wurtzite bandgap larger than that of the zincblende

(ZB)11–13 and others suggesting the opposite relation.14,15 In

this study, we examine a relatively thick wurtzite GaAs epi-

layer (�100 nm) on a zincblende substrate, which is large

enough to avoid effects of quantum confinement.

The epilayer was grown by metalorganic chemical vapor

deposition on an n-type zincblende GaAs(100) substrate.

Apparently, at an early growth stage, a stacking fault took

place, forming a different phase that, for an unknown reason,

remained stable for the rest of the growth. We emphasize

that this growth was by all means a “lucky accident” and not

a result of any reproducible process. Figure 1(a) shows a

scanning electron microscope image of a typical pit. A very

high density of such pits (7.4 � 107 cm�2) was observed all

over the epilayer. As can be seen, the bottom of the pit is rec-

tangular, as is commonly observed on zincblende GaAs

surfaces. However, at a certain depth, the cross-section of

the pit becomes hexagonal. In Figure 1(b), we outline the

edges on the same image to aid the eye. Figure 1(c) is a three

dimensional sketch of a cross-section of the pit. Likely, the

abundance of these defects is what actually enabled the met-

astable wurtzite phase to form and stabilize. The image

clearly suggests that the wurtzite layer grew in the h0001i
direction.

To obtain another independent verification for the pres-

ence of a wurtzite phase, we removed most of the substrate

by reactive ion etching with 30 sccm of 1:1 Ar:Cl2 at 20 W

in several consecutive steps and used x-ray diffraction after

FIG. 1. Scanning electron microscope image of a surface pit (a). Many such

pits of the exact same structure were observed all over the wafer area. The

inner structure of the pit is outlined (b) and illustrated (c) showing how at a

certain height it changes over from a rectangular to a hexagonal shape.
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each step, until the GaAsh0002i diffraction could be

detected. Figure 2 shows a 2h-x symmetric x-ray diffraction

from the sample after the removal of most of the substrate. A

semi-logarithmic plot is used because of a two-order of mag-

nitude difference between the diffraction from the thin epi-

layer (estimated to be 100 nm thick) and that from the

substrate, which volume still accedes that of the epilayer.

The diffraction shown was the last to be acquired before the

sample was completely etched. The emerging peak at 27.5�

corresponds to d-spacing of 0.334 nm. As the layer grew in

the c-axis direction (see pit structure in SEM image), this dif-

fraction is likely to be the expected (0002) diffraction, which

suggests that the c lattice constant in our epilayer is

0.668 nm. Ab initio calculations of the c lattice constant for

the 2 H GaAs polytype by Yeh et al. and by Panse et al.
yielded 0.644 and 0.651, respectively.11,16

Perhaps the most intriguing question about the wurtzite

form of GaAs is its bandgap. To this end, using emission spec-

troscopies, such as photoluminescence may not always be

conclusive, because the generated pairs are bound to diffuse

and be trapped in the lower gap layer, or diffuse to the junc-

tion, before they recombine and emit photons of lower energy

than that of the wider gap. Thus, if the wurtzite polytype is

indeed of a wider bandgap as is generally expected, an adja-

cent zinc-blende phase will render it invisible to luminescence

spectroscopies. To avoid this obstacle, we used surface photo-

voltage spectroscopy, which is an absorption spectroscopy,

i.e., reflects the effect of light absorption rather than emission.

To measure changes in the surface voltage, we used a

Kelvin probe in a dark Faraday cage with the typical setup

commonly used for surface photovoltage spectroscopy.17

The samples were illuminated using a monochromatized and

filtered halogen light source. The results are given in the

form of contact potential difference (CPD). The photovolt-

age is defined as the difference between the dark CPD and

the CPD under illumination.18 Under illumination with

above-bandgap photons, electron-hole pairs are generated in

densities that are greatest at the surface and diminish into the

substrate. These electron hole pairs are separated by electric

field at the space charge regions in the sample, giving rise to

charging that is reflected in the contact potential. Another

reason for charging is the inward diffusion of the pairs. Since

electron mobility is always higher than that of holes, elec-

trons diffuse faster giving rise to a positive photovoltage, in

a process known as the Dember effect.19 In an n-type semi-

conductor, this usually results in a reduction of the surface

band bending. Therefore, when the photon energy is scanned

from low to high energy, a sharp CPD drop is typically

observed when a photon energy equal to the lowest band gap

in the structure is reached. When the photon energy reaches

the next bandgap in the structure, the CPD may either rise or

fall depending on the ratio of minority carrier diffusion

lengths between the two materials or between two different

band extrema of the same material.

Figure 3 compares two photovoltage spectra obtained

from our structure with and without the epilayer. The photo-

voltage reflects changes in the band bending in both interfa-

ces of the epilayer: the interface with air and the interface

with the zincblende substrate. When the epilayer is removed,

the substrate alone has only one interface: the surface. Its

photovoltage shows a single feature at about the zincblende

GaAs fundamental gap. A sharp CPD decrease is observed

as the photon energy approaches the zincblende GaAs band

edge energy of 1.42 eV at room temperature. This transition

is denoted with arrow 2 at 1.371 eV. The direction of this

transition agrees with the n-type conductivity of the sample.

A more moderate decrease in the CPD follows this point,

which can be explained by the interplay between the increase

of the density of states (DOS), as states deeper in the conduc-

tion and valence bands are made available by the increasing

photon energies, and the relaxation of deep levels as the

absorption depth decreases.

FIG. 3. Above bandgap surface photovoltage spectra taken from a reference

sample comprised of zincblende phase only (red) and from our study sample

comprised of a wurtzite epilayer atop a zincblende substrate (green). The

three transitions marked on the curves are also shown on a band diagram

(inset).

FIG. 2. Symmetric 2h–x x-ray diffraction before (red) and after (black)

substrate etch. The peak at 27.8� appeared only after etching away most of

the substrate.
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A similar decrease is observed in the spectrum of the

epilayer structure. However, the CPD decrease sets in about

15 meV earlier in energy than the parallel decrease in the ref-

erence spectrum, denoted with arrow 1 at 1.355 eV. To

obtain a smaller transition in the epilayer structure requires a

type II heterojunction between the two polytypes, where the

transition between the valence band of one semiconductor

and the conduction band of the other semiconductor is

smaller than the lower gap by the amount of the valence

band offset. The inset in Fig. 3 shows this transition on a

hypothesized band structure model, where we assumed the

wurtzite to possess a larger bandgap than the zincblende and

form a type II heterojunction. This feature is followed by a

drop in the CPD which levels off at the next feature, about

81 meV higher in energy, denoted with arrow 3 at 1.440 eV.

Since no higher band feature of the zincblende phase is

expected below photon energy of 1.7 eV (In n-type semicon-

ductors, above gap photovoltage senses van Hove singular-

ities in the valence band structure20), and since both theory

and experiment suggest the difference between zincblende

and wurtzite does not exceed 150 meV, we can safely relate

this feature to the bandgap of the wurtzite phase previously

identified. From this point and on to higher photon energies,

the rate of decrease in the CPD is made smaller. The

observed rate change may be accounted for by a decrease in

the minority carrier diffusion length in the wurtzite phase

compared with the zincblende phase.

Since electron-hole generation always sets in slightly

below the band edge, due to the Franz-Keldysh effect,21 the

onset of band edge transition in surface photovoltage spectra

always precedes the actual gap energy and, therefore, is not

an accurate measure to define bandgap energy. However, the

energy difference between the two gaps is accurate, because

the same effect takes place in both materials, and therefore,

cancels in the subtraction.

As an alternative to the above interpretation, we may

consider the photovoltage transition denoted as “1” to reflect

the wurtzite bandgap, which, in this case, is smaller than that

of the zinc-blende. In this case, the junction must be a type I

heterojunction, and the photovoltage transition denoted as

“3” would have to reflect the next valence band maximum at

the C symmetry point in the wurtzite phase being about

90 meV below the top valence band. However, no such band

feature may be expected according to reported calculations

of the wurtzite (WZ) GaAs band structure, while there is a

broad consensus that the WZ-ZB heterojunction in GaAs

exhibits a type-II band alignment.

Finally, a word of caution is due as to the use of the

term “wurtzite.” While the term “zinc-blende GaAs” is well

defined to be the single polytype 3C-GaAs, there are several

possible polytypes that may go under the definition of

“wurtzite GaAs,” e.g., 2H-,4H-, or 6H-GaAs. Each of these

polytypes is a wurtzite but at the same time their bandgaps

may vary. Both this work and most of the reports to date fall

short of this fine identification. However, it is likely that sta-

bility differences make nature always choose a specific one

of these polytypes, eliminating the others for their low

stability.

The advantage of this work is twofold: (1) The structure

under test is a layer which is an advantage over nanowires,

where the smallness may blue-shift optical transitions and

(2) the band structure is studied by photon absorption rather

than emission. Absorption takes place both in the wurtzite

and in the zinc-blende at the same time, whereas emission is

more elusive, because charge carriers will first move around

to minimize their energy and only then recombine.
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