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The growth of a MoS2 layer on a GaAs(111) substrate produces a highly strained interface layer, which
relaxes via generation of dislocations. Using high-resolution X-ray diffractometry in the triple-axis
scheme we investigated this interfacial layer, which results from dipping an epi-ready GaAs wafer in
ammonium sulphide, followed by deposition of an RF-sputtered MoS2 layer. The dislocation den-
sity revealed from the measurements is of the 106 cm−2. This suggests that high efficiency (∼ 20%)
MoS2/GaAs heterojunction photovoltaic devices are feasible.

1. Introduction

The MoS2/GaAs system is an attractive heterojunc-

tion for photovoltaic applications, well matched to

the solar spectrum. The larger band gap MoS2

(Eg = 1.8 eV) exhibits steep absorption edges and

long excess minority carrier lifetimes. However, the

large lattice mismatch is expected to produce high

dislocation densities. Such dislocations act as mi-

nority carrier recombination centres.

Solar cell heterostructures are expected to yield

high conversion efficiencies (∼ 20%) for dislocation

densities of the order 106 cm−2.1 In this study we

seek to determine the dislocation density for the

GaAs interface layer and compare it to the predicted

value.

As with the case of other highly mismatched

systems,2 the strain can be transferred due to mutual

elastic interaction between two media, which try to

reach a mechanical equilibrium. Consequently, the

growing MoS2 layer will effect the structural param-

eters of the top part of the GaAs substrate, which in

turn will determine the structural perfection of the

MoS2 grown on the top of the interface layer. Un-

derstanding the precise microstructural nature of the

GaAs surface is important for producing high quality

MoS2 structures.

Commercial semi-insulating (SI) liquid-encapsu-

lated Czochralski-grown (LEC) GaAs substrates

have dislocations with densities between 104 and

105 cm−2 (see e.g. Ref. 3 and references therein).

These dislocations arise from thermal stresses expe-

rienced during growth and usually have a nonuni-

form distribution. The majority of dislocations form

cellular walls, which are complex dislocations with

different directions and Burgers vectors. This type

of structure can be described by a mosaic block

model with dislocations forming the boundaries of

the blocks. The lateral size of the mosaic blocks is di-

rectly related to the dislocation density. The volume

between the walls is assumed to retain a relatively

high crystalline quality. The dislocation density can

be determined by X-ray diffraction because these dis-

locations cause distortion, in both the orientation of

diffracting planes and the spacing of the diffracting

planes.

There are several X-ray diffraction methods,4

which can be applied for characterisation of struc-

tures containing dislocations. One of these meth-

ods is triple-axis X-ray diffractometry,5,6 which is a

powerful technique for characterising materials con-

taining statistically distributed defects, in particular

dislocations. Investigation of the surface layers by

triple-crystal diffractometry was successfully used by
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several authors.7,8 The advantage of this method is

that it can separate (partly) coherent scattering and

diffuse scattering.9 While the former originates from

the regular crystalline matrix, the latter is produced

by defects. In this article we will exploit a variant of

the triple-axis X-ray diffractometry method.10 Such

a technique has been applied to the characterisation

of surface layers of crystals after annealing; here we

adopt it to characterise the thin interface layer be-

tween the GaAs substrate and the MoS2 layer.

2. Sample Growth

The GaAs substrate consisted of an epi-ready (111)

Ga-terminated wafer. The wafer is immersed in

(NH4)2Sx solution for 18 h; this was done to pro-

mote MoS2 growth during RF sputtering and to pas-

sivate the GaAs surface.11 The wafer is dried in air

and placed overnight in a vacuum chamber (pressure

< 10−5 Torr). Most of the amorphous sulphur layer

evaporates, leaving the water largely free of amor-

phous sulphur.

RF sputtering was performed at low power

(30 W) to initiate textured growth; subsequently

power was increased to 100 W to increase the de-

position rate. The pressure was held constant at

140 mTorr. The substrate, which was unheated, in-

creased in temperature to a maximum of 80◦C over

the course of deposition (4 h). A film approximately

200 nm thick, with basal plane texture, was obtained

as revealed by scanning electron microscopy.12

3. Experimental Results and Discussion

Experimental measurements were carried out on an

X-ray diffractometer, based on a DRON-UM1 sys-

tem (see Fig. 1), using the CuKα1 radiation. We

utilised the triple-axis scheme in the low-dispersion

Fig. 1. Experimental set-up.

Fig. 2. Scans in the reciprocal space acquired by an
analyser crystal at different sample positions.

(n,−m, n) geometry. A channel-cut three-bounce

Si(111) crystal was used as a monochromator crystal.

A single Si(111) crystal was employed as an analyser

crystal.

The deviations of the sample (ω) and the anal-

yser crystal (ε) from the appropriate Bragg condi-

tions determine the coordinates in reciprocal space.

If these deviations are small, there is a simple geo-

metrical relation5,8 between the components qx, qz

of the displacement from the appropriate reciprocal

lattice point [symmetrical reflection (111) for GaAs]

and the deviation angles ω, ε, i.e.

qx = k sin θB(2ω − ε) ,

qx = −kε cos θB ,
(1)

where the x-axis is parallel to the surface, the z-axis

is directed into the crystal, k = 2π
λ

, θB is the Bragg

angle and λ is the wavelength.

There are different modes for scans in reciprocal

space. We used a θ-scan by rotating the analyser

crystal (variation of ε) for different positions (fixed

ω) of the sample. It is equivalent to scans in re-

ciprocal space along lines making an angle θB with

respect to the z-axis. the experimental θ-scans ex-

hibit three peaks. The so-called main peak, appear-

ing at ε = 2ω, is a result of coherent scattering by

the sample. In reciprocal space these peaks produce
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a narrow dynamical streak along the line perpendic-

ular to the surface. The pseudo-peak appearing at

ε = ω is an artifact of the angular divergence of the

incident beam. The peak can be suppressed by an

appropriate choice of the monochromator crystal, as

was the case in our experiment. If the sample con-

tains structural defects, the diffuse peaks arise near

the ε ≈ 0 position. In reciprocal space these diffuse

peaks produce a broad spot of diffusely diffracted in-

tensity. Following the approach of Ref. 10, we use

both the main and the diffuse peaks.

To determine the class of the defects in the inter-

face layer, we plot the diffuse intensity against the

deviation from the point (111) in reciprocal space

using the double logarithmic scale (see Fig. 3). This

plot shows that the distribution of the diffuse in-

tensity in reciprocal space can be represented by

Idiffuse
∼ q−2.2. this is in good agreement with

the relation Idiffuse
∼ q−2, which assumes randomly

Fig. 3. The diffuse intensity as a function of the devi-
ation in the reciprocal space in the double logarithmic
scale.

Fig. 4. The normalised intensity of the main peak for
different angular position of the sample.

distributed dislocations.9 Our results indicate that

randomly distributed dislocations dominate in the

interfacial layer.

Following the approach in Ref. 10, we have cal-

culated the normalized intensity of the main peak,

Inorm = Aω2Imp , (2)

where ω is the deviation of the sample from the Bragg

position, Imp is the main peak intensity and A is a

normalisation constant; Inorm = 1 for large values of

ω in the case of a perfect crystal.

Figure 4 shows a small peak indicating the exis-

tence of a layer on the top of a perfect GaAs ma-

trix. From the angular position of this peak we

find that the average strain for this layer is about

10−4. This deformation, which increases the average

lattice constant for this layer, can be explained by

the deformation field caused by randomly distributed

dislocations. The height of the peak allows us to

estimate the layer thickness to be 0.2 µm. This

“effective” thickness, which is of the same order as

the thickness of the MoS2 layer, represents an effec-

tive penetration depth of the additional strain caused

by the MoS2 deposition.

Figure 5 shows that the width of the main peak

increases linearly with ω. This is due to large-scale

surface relief features,7,10 which can be described by

an rms angle ∆Φ = 0.12◦ between the reflecting

planes and the top surface of the interfacial layer.

By extrapolating the linear function in the area of

small ω, we can find the average value of the mis-

orientations of the mosaic blocks. Assuming that

these misorientations can be described by a Gaussian

Fig. 5. The FWHM of the main peak for different an-
gular position of the sample.
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function,10 the width of this function in our case will

be abut 9′′. This determines the size of the mosaic

blocks as 9 µm. Here we assume that the typical

Burgers vector for dislocations in GaAs is a/2[110].3

From the size of the mosaic blocks we calculate the

average dislocation density equal to 1.3× 106 cm−2.

4. Conclusion

We have used triple-axis X-ray diffractometry to

investigate an interface layer produced by an RF-

sputtered MoS2 layer on a GaAs(111) substrate. We

find that this layer contains randomly distributed

dislocations with a density of 1.3× 106 cm−2, which

is within the upper limit for high efficiency (∼ 20%)

photovoltaic devices. Definitive characterisation of

the mosaic block structures in terms of disloca-

tion density and block size will be pursued in fur-

ther work using high resolution transmission electron

microscopy.
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