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Structural properties of ZnS,Se,_, thin films

on GaAs (110) substrate
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Deposition and structural characterization of lattice-matched ZnS,Se, _, (x = 0.056) films on
GaAs (110) and glass substrates by a new chemical growth technique have been investigated
by transmission electron microscopy and X-ray diffraction, including low-angle X-ray
diffraction, at different temperatures. Electron diffraction examination has revealed that
ZnS,Se, _, films exhibit an amorphous nature when deposited at room temperature, and at

90 °C the films are polycrystalline with a large grain size. X-ray diffraction and morphology
showed that the growth of the crystallite size increased with increasing solvent temperature.
The chemical data from X-ray fluorescence confirm the enhancement of sulphur content at the

interface and also establish the composition.

1. Introduction

The mixed crystals ZnS,Se,_, (O<x<1) are
semiconductors with direct band gap energies ranging
from 3.7-2.7eV at room temperature (RT) at any
composition [1] and are very attractive for many
device applications [2-7] for which high-quality
epitaxial layers of the materials are required. The
performance and degradation of devices depend
rather critically on the lattice match between the
epilayers and the substrates. ZnSe grown on GaAs
provides a lattice mismatch of 0.25%. However, as-
suming Vegard’s law [4, 8], exact lattice matching can
be achieved through the incorporation of a small
amount of sulphur on the selenium sublattice to give
the composition ZnS; ¢565€0.944- ZnS.Se; _, thin
films have been grown by metalorganic vapour phase
epitaxy [9, 10], molecular beam epitaxy [11, 12] and
vapour transport techniques [13-15]. However, the
chemical deposition method for the formation of
ZnS,Se, . {x = 0.056) thin films has not yet been
reported.

Here we describe the growth of lattice-matched
ZnS,Se, _,/GaAs heterostructures by a new chemical
method and their characterization by transmission
electron microscopy (TEM), X-ray diffraction (XRD)
and small-angle X-ray diffraction (SAXD) measure-
ments.

2. Experimental procedure

The ZnS,Se, _, thin film was deposited by chemical
growth technique using thiourea and sodium seleno-
sulphate solution as sulphur and selenium sources.
Aqueous solution of 0.175m zinc nitrate, 0.57M
NaOH, 0.4Mm sodium selenosulphate [16] and 1M
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thiourea were used to prepare ZnS,Se, _, films. Zinc
nitrate solution, 5ml, was mixed with 25ml NaOH
with constant stirring and then diluted with about
65ml water. This solution was used as the stock
solution: 5ml stock solution were mixed with 0.7 ml
thiourea and 5ml sodium selenosulphate with con-
stant stirring until a clear homogeneous solution was
obtained. The solution was transferred to a beaker
containing well-cleaned glass and GaAs (110) sub-
strates. The GaAs (110) wafer was first etched in
H,SO,:H,0,:H,0 (4:1:1) for 30s, then rinsed with
deionized water. Films of different thicknesses were
obtained by keeping the substrates in the solution for
different times at different temperatures and also by
repeating the deposition procedure.

The structural properties were determined by XRD
(Philips PW 1730, Holland), TEM (Jeol 1200 EX,
Tokyo, Japan) and the composition of these films were
estimated by X-ray fluorescence (XRF) (Rigaku 3070).
The deposited film was also characterized by SAXD
measurements performed on a Rigaku, Japan (Model
No. Rotaflex RV 200B) using CuK, radiation. In the
SAXD measurements, Seeman—Bohlin geometry was
employed and the grazing angle of incidence, o, was
kept at 0.5°, 0.7° and 1°. The choice of these values of
grazing angle were based on the X-ray penetration in
the sample. The morphology of these films was studied
using TEM.

3. Results and discussion

The XRD pattern of a layer of ZnS_Se, ., grown at
90°C is shown in Fig. 1. The net areas under the main
peaks were measured in addition to the usual I versus
20 spectrum. Growth in crystallite size in the film was
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Figure 1 XRD pattern of ZnS,Se, _, (x = 0.056) on a glass plate.

observed when the bath temperature was increased to
90 °C, whereas the film deposited at RT was amorph-
ous. Furthermore, the XRD intensity of the (111)
plane increased with increasing bath temperature.
Similar results were observed by TEM.

TEM samples were prepared as described earlier
[17]. Small pieces of the sample were picked up on a
holey carbon film supported over a specimen grid.
Together with the samples, thin gold films were also
mounted which can be used as a standard for obtain-
ing an electron diffraction camera constant. The res-
olution and magnification that can be obtained with
this instrument are 0.14 nm and x 10°, respectively.
The equipment can be operated at 120kV. The
samples were examined in the usual bright-field imag-
ing mode.

ZnS,Se, _, films formed at RT were agglomerates
and the crystallites were not well defined; with further
increase in bath temperature, say about 90°C, the
films became crystalline. Fig. 2 shows a bright-field
image and SAXD pattern of the film obtained at 90 °C.
The pattern consisted of spots as well as rings and due
to the formation of epitaxial as well as polycrystalline
ZnS Se, _, films. When the spots of the different
reflections were carefully examined, it could be seen
that the innermost (1 1 1) reflections (very strong) con-
sisted of twelve spots, much cleaner on the negative,
followed by an equal number of spots on the (220)
and (1 11) reflections. It was also seen that four reflec-
tions (spots) disposed at 90° to each other, lying on
the (220) ring, were -more intense as compared to the
rest. This suggests that the deposits developed pre-
dominantly a 2-d (1 10) orientation.

The TEM morphology of the films deposited at
both RT and 90°C, was examined. The films (Fig. 3)
show a granularity which enhanced the size of the
flake-like grains. When the size of the particles was
increased, aggregates could be seen by TEM,
appearing as deposits.

The SAXD pattern of the ZnS; ¢565€0.944 films
deposited on GaAs at RT taken at a glancing angle of
0.5° is shown in Fig. 4a. All the diffraction lines closely
match those reported for polycrystalline ZnS,Se, _,.
Together with the ZnS, Se, _, phase, however, small
quantities of other stoichiometric phases were also
seen. Although the structural quality of this film is
fairly good, it became clear that increases in the bath
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temperature did influence the grain growth of the film.
The corresponding XRD pattern is given in Fig. 5a
which clearly shows improvement in the film quality,
compared to that in Fig. 4a. This condition led to the
formation of a stoichiometric film at the interface.
When the XRD pattern is compared with that of the
films deposited on a glass plate, it is seen that the films
deposited on GaAs exhibit some texture effect, pos-
sibly due to partial preferred grain orientation.
When film deposition is performed at the same bath
temperature (RT) but at a higher grazing angle of
incidence, the results show significant changes in film

Figure 2 Electron diffraction pattern of ZnS,Se, _, (x = 0.056).

Figure 3 Bright-field TEM images of the ZnS,Se, _, at 90°C.
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Figure 4 Low-angle XRD pattern of ZnS,Se,_, (x = 0.056) on
n-GaAs (1 10) at different glancing angles: (a) o = 0.5°, (b) o = 0.7°,
(©) o = L.0°.

properties. SAXD at an angle of 0.7° is shown in
Fig. 4b; when the XRD pattern of Fig. 4b is compared
with that given in Fig. 4a, it can be observed that the
predominant peak at 26 = 24.72° (d = 0.35991 nm) is
attributed to the ZnS, ;565€¢0.044 phase and the
pattern is very weak. The same is the case with the
peak at 20 = 29.62° (d = 0.3014 nm) which also cor-
responds to the same phase. Further, the broad peak
structure in the region 20 = 44°-59° is nearly the same
except in intensity. In fact, the major X-ray peaks in
Fig. 4b together represent a typical pattern for the
ZnS, o565€ 044 phase, although the intensity ratios
do not correspond to the bulk case, presumably due to
the preferential orientation effects. The lines at 20
= 33.36° and 47.58° are presumably due to the pre-
sence of Ga,Se,, and those at 26 = 43.34°, 52.14° and
70.82° correspond to the presence of the Zn;As, phase
in the sample. This is possible because of the inter-
facial reactions between the GaAs surface and the
ZnS,Se, _, film at higher temperature. The relative
contributions of these phases, as expected, differ signi-
ficantly compared to those in the case represented by
Fig. 4a. It is thus clear that changes in the bath
temperature can lead to changes in the nature of the
phase formation process at the interface. This effect is
probably controlled by the stability of intermediate
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Figure 5 Low-angle XRD pattern of ZnS,Se,_, (x = 0.056) on
n-GaAs (1 10) at different glancing angles: (a) o« = 0.2°, (by o = 0.5°,
(c) o = 1.0°.

phases under the conditions of temperature-
dependent adsorption-desorption kinetics.

The SAXD pattern (o = 1°) of the sample deposited
at Ty, = 90°C is shown in Fig. Sc. It is interesting to
compare the pattern of Fig. 5c¢ with that of Fig. 5b,
which also corresponds to the deposition at
Toam = 90°C. It is readily seen that the highest peaks
at 26 = 24.22° (d = 0.3672 nm) and the doublet at
20 = 29.38° and 30.26° and other peaks, are totally
absent. In fact, the entire spectrum consists of only one
peak split into two lines corresponding to the 26 = 54°
and 54.68° due to (1 10) orientation of GaAs, because
the penetration depth of the incident X-ray beam is
sufficiently high at o = 1, therefore the characteristic
XRD pattern reveals only the bulk structure of the
GaAs substrate.

The chemical composition of the films has been
estimated by X-ray fluorescence (XRF) and confirms
the enhancement in sulphur at the interfaces. The
sulphur and selenium concentrations were constant
throughout the film.

4. Conclusion
Good-quality films of ZnS_ Se, ., (x = 0.056), having
an exact lattice match to GaAs, can be deposited by a
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chemical growth technique. It has been observed from
TEM and XRD via XRF results that the films are
continuous and uniform even after increasing the
solvent temperature. XRD showed that the film de-
posited at RT is amorphous and at 90°C fiims are
polycrystalline. The ZnS,Se; _, films are simple cubic.
An electron diffraction study of the films at higher
temperature shows the presence of a polycrystalline
phase together with single crystal (fcc) phase with a
(111) zone axis. The surface morphology of
ZnSg 0565€0.944 at 90°C is very smooth as compared
to that obtained at RT.

Finally, it is concluded that the film deposited at a
higher temperature of about 90°C are pure poly-
crystalline films with large grain size. The crystalline
quality of the lattice-matched film is improved at a
moderately high growth temperature.
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