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CdSe1xSx (x=10.3, 0.4 and 0.6) thin films were deposited on quartz and silicon substrates by the method of
high-frequency magnetron sputtering. The chemical composition analysis and crystal structure refinement was
examined with using X-ray fluorescence spectroscopy and X-ray diffraction data. CdSe1.xSx thin films crystallizes
in hexagonal structure (structure type — ZnO, space group P6smc (No. 186)). The lattice parameters (a, ¢ and V),
crystallite size (D), strain (g), dislocation density (8) and the texture coefficient Tc(hkl) was estimated from X-ray
diffraction analysis. Units-cell parameters decrease with increasing S content in CdSe1xSx thin film.
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Introduction

Solar cells based on thin films of cadmium
chalcogenides are devices that occupy a prominent place in
the solar energy market. Such elements allow obtaining
high efficiency of photoconversion while being
characterized by a lower cost of modules compared to
widely used elements based on silicon. CdTe is an
excellent light-absorbing layer for solar cells [1, 2]. When
forming high-efficiency heterojunctions based on p-CdTe
used as window layers of solar batteries, cadmium sulfide
(CdS) is mainly employed [3, 4]. When used in the
heterojunction (CdS/CdTe) CdS as a window layer with a
thickness near 150-300 nm, the photogenerated charge
carriers almost completely recombine inside the CdS film
and do not generate photocurrent. Due to a high absorption
of light manifested by the CdS films, no photocurrent
appears in the structure.

However, the occurrence of photocurrent is negatively
affected by the lattice mismatch between the absorbing
(CdTe) and window (CdS) layers. The reduced lattice
mismatch between these active layers can be cut by the
formation of CdSxTeix (or CdTesSix) solid solutions.
However, formation of such a solid solution has a problem
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of loss of efficiency which connected with high defect
density [4-6]. The decreasing lattice mismatch between
absorbing (CdTe) and window (CdS) layers can be solved
by forming a solid solution CdTe-CdSe and CdS-CdSe. In
the first step of studies, the solid solution CdSe;Sx thin
films were deposited by the chemical method [7].
However, this method does not give films with different
composition ratios (only CdSep7Sos films were obtained
[7]). Also, the concentration behavior of the electronic and
optical properties of the solid solution CdSe;1xSy thin films
was studied using the theoretical and experimental
methods only for CdSeo7So3 [7, 8]. In the present work, we
report on the investigation of the structural and
morphological properties of CdSe;xSx (x= 0-1) thin films
which were produced on quartz and silicon substrate by HF
magnetron sputtering.

I. Details of experiment

CdSe1«Sx thin films were deposited on quartz and
silicon substrates with a size of 16x8x1.1 mm® by the
method of HF magnetron sputtering (13.6 MHz) using a
VUP-5M vacuum station (Selmi, Ukraine). Before the
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sputtering process, the chamber was evacuated. The gas
pressure inside the chamber was 4x10 Pa. The sputtering
was carried out at a pressure of argon (Ar) in the range of
1.0-1.3Pa. The power of the HF magnetron was
maintained at the level of 50 W. For heating the substrates,
a high-temperature tungsten heater with a power of 300 W
was used, and the temperature of the substrate was kept at
453 K. The temperature was controlled by means of a
proportional-integral-derivative  (PID) controller for
controlling heating and cooling rates, as well as for
ensuring the temperature conditions of deposition. A
crystalline target of 99.99 % purity of CdSep75S0.2s,
CdSeo5So5 and CdSep 25S0.75 (thickness — 1 mm, diameter —
40 mm) was used. The target-substrate distance was
60 mm. The deposition time was 16 min for all samples.
The start and end of the process were controlled by means
of a movable shutter.

The phase analysis and crystal structure refinement
were examined with using X-ray diffraction data at the
room temperature. The arrays of the experimental
intensities and angles of reflection from the investigated
samples were obtained using a DRON-2.0M
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diffractometer (FeKal radiation, A=1.936087 A). The
X-ray fluorescence spectroscopy (XRF) studies were used
for analyzing the chemical composition of materials [6].

I1. Results and Discussion

The chemical composition of materials and the
composition ratio in thin films were analysed by the X-ray
fluorescence spectroscopy (XRF). The XRF analysis of
CdSe1xSy thin films is shown in Fig. 1. The spectra show
that the thin film is formed from the desired elements (Cd—
Se-S). Also, the chemical composition obtained from XRF
spectroscopy is listed in Table 1.

We observed a composition change in the composition
ratio of the used target and the ratio obtained from XRF.
This composition change is also observed when depositing
Cd1xZnkTe, CdTe1xSex and CdyxMn,Te thin films, and is
caused by the nonequilibrium deposition process [6-7, 9,
10].

Crystal structure of CdSe;xSx (x= 0.3, 0.4 and 0.6) has
been determined from XRD (see Fig. 2). CdSe1xSx thin
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Fig. 1. XRF of CdSe1xSx thin films.

Table 1.

Results of XRF analysis for CdSe1-xSy thin films.

Composition ratio of used target Composition ratio obtained from XRF X
CdSeo.75S0.25 CdSeo7So3 0.3
CdSEo_sSo,s CdSGo_eSOA 0.4
CdSEo,szojs CdSGo_4So,s 0.6
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films crystallizes in hexagonal structure (structure type —
Zn0, space group P6smc (No. 186)). Unit-cell parameters
are listed in Table 2. As we can see, from XRD analysis the
units-cell parameters decrease with increasing S content in
CdSe1«Sx thin films (see Fig. 3). This effect is caused by
the decreasing atomic radius when atoms Se (Rse= 140 pm)
substitute by S (Rs= 127 pm). No additional XRD peaks
belonging to other compounds can be detected, which
indicates the formation of a pure single phase, as well as
the fact that S is well integrated into the CdSe lattice.
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Fig. 2. XRD pattern of CdSe1.xSx thin films.
Table 2.
Results of XRD analysis for CdSe1.«Sx thin films.
X 03 | 04 | 06
Structure type Zn0
Space group P6smc
a, A 4.300(2) | 4.231(5) | 4.220(1)
c, A 6.812(4) | 6.811(10) | 6.801(4)
Vv, A3 109.13(7) | 105.7(2) | 104.93(7)
D, nm 98.1 59.3 108.2
8, nm? 1.0410* | 2.8410* | 854 10°
£ 0.05 0.07 0.04

However, is the dependences of the cell parameters a,
¢, and V on the content index x are not linear but they show
the close to parabolic behavior with deviation downwards.
Such behavior of structure parameters must have an effect
on the optical, electrical and other properties of study
samples. This assumption however needs to make
additional measurements.

A detailed comparison of the positions and intensities
of experimental reflexes with theoretical peaks allowed the
determination of the strong preferential orientation of the
grains in the deposited CdSe;Sy thin films. In the observed
diffractograms, the reflexes from all planes with the hkl
Miller indices are quenched in intensity, and the exception
is the observed reflexes from the planes (002), (101), (102)
and (103). The observed insignificant noise can be
explained by reflexes from the substrate. Also, we can see
from Fig.2 that the largest intensity of the reflex
corresponds to the (101) plane with sulfur content x= 0.6.
When S content decreases (x= 0.3 and 0.4) in thin films the
largest intensity is observed for (103) plane.
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Fig. 3. Concentration dependence of lattice parameters of
the CdSe1Sx thin films. Data for CdSe and CdS taken
from [11].

The crystallite size (D) was estimated from the peaks
broadening using Scherrer’s equation [7]:

092
~ Bcosh

1)

where A is the wavelength of X-rays, B is full width at half
maximum (FWHM) and 6 is the Bragg’s angle. The strain
(e) and the dislocation density (&) were calculated using the
following relations [7, 12]:

5=~

D2

2

= A(26)-cos b (3)
4

The parameters (D, & and €) obtained from XRD are
listed in Table 2. The preferential growth orientation is
determined using the texture coefficient Tc(hkl) [13]:

1(hkl)/Io(hKkD)
€7 (/N) TN I(hkD)/Io(hkl)

(4)

where 1(hkl) is the measured relative intensity of the
plane (hkl), lo(hkl) is the standard intensity of the plane
(hkl) taken from the JCPDS data, and N is the number of
diffraction peaks. The texture coefficient shows an
allotment for each reflection orientation in comparison to
an utterly randomly oriented sample. The random
orientation corresponds to Tc =1, while the Tc values
above 1 show preferential orientation in the related
direction [6, 14]. The parameters obtained from X-ray
diffraction are listed in Table 3.

Unification may be obtained by calculating the
standard deviation [15]:

2,05
_ [En(Tchk-Tcr(nkD) .
- N ()

o

where the Tcr(hkl) is the value for a randomly oriented
sample (Tcr(hkl)=1). Values of standard deviation, o,
close to zero indicate the absence of order. This value is
listed in Table 3. Analysis of the texture coefficients shows
that the preferred orientation for CdSe1.«Sx thin films with
x< 0.5 is (103) and it changes to (101) for samples with
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Table 3.
The texture coefficient (T¢) of CdSes1.«Sy thin films.
" 002 101 102 103 ,
0.3 0.47 — 1.14 1.38 0.39
0.4 — - — 1.98 0.98
0.6 0.79 1.21 — - 0.21
S K series
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Fig. 4. Surface morphology of the CdSe1xSy/silicon (x= 0.3) thin film.

x> 0.5. Also, the sample with a composition close to
equilibrium shows high ordering (ox=04=0.98).

The surface morphology of the synthesized
CdSe1Sy/silicon (x=0.3) thin films is given in Fig. 4. The
choice of substrate is determined by the requirements for
the experiment (conductivity of studies sample).
Therefore, CdSe1xSx thin films were deposited on silicon
substrates. These measurements are very important for the
validation formation of solid solution CdSe;.xSyx thin films
with a balanced distribution of chemical elements in
samples. The energy dispersive X-ray study (EDX) shows
that the thin film is formed from the desired elements and
their distribution is umiform. The presence of Si in the
sample can be attributed to the substrate.

Conclusion

CdSe1Sx thin films were deposited onto quartz and
silicon substrates by the method of HF magnetron
sputtering. The composition ratios of the thin films
obtained by using XRF method were found to be
CdseojSo,s, CdSEo,eSOA and CdSGo,4So_5. XRD analysis has
revealed that all deposition thin films are crystallized in a
hexagonal structure. The tendency to decreasing of the
unit-cell parameters with increasing S content was
observed in CdSei1.«Sx thin films. The anomaly reflexes
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from the planes with Miller indices (002), (101), (102) and
(103) are observed. Crystallite size (D), strain (g),
dislocation density (8) and the texture coefficient Tc(hkl)
were estimated from X-ray diffraction analysis for all
samples. Based on the analysis of the texture coefficients
the obtained preferred orientations are (103) for
CdSe1xSx thin films with x< 0.5 and (101) for the sample
with x> 0.5. It was found that that the composition close
to the equilibrium, CdSep6So.4, shows the high ordering
(ox=04=0.98). Based on the surface morphology and EDX
analysis it was found that the thin film is formed from the
desired elements and their distribution is uniorm.
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CtpykTypHO-MOp(oJioriuHi BaacTuBocTi TOHKUX IIiBok CdSe; xSy,
OTPUMAHUX METOI0M BHCOKOYACTOTHOIO MATHETPOHHOIO PO3NUJIEHHS

Kagpedpa zazanvnoi gizuxu, Hayionanvuuii ynieepcumem “Jlvgiecora nonimexuixa”, Jlveis, Yipaina,
andrii.i.kashuba@Ipnu.ua
2axynemem enexmponixu ma komn'tomepuux nayx, Kowanincoxuii ynieepcumem mexnonoeiti, Kowanin, Ionvwa

Tonki riBku CdSerxSx (x=0.3, 0.4 Ta 0.6) ocamkeHO Ha KBApLOBI Ta KPEMHI€Bi MiAKIAAKA METOIOM
BHCOKOYACTOTHOI'O MAarHETPOHHOTO HAIIMIICHHS. AHAJIi3 XiIMIYHOTO CKJIa/ly Ta YTOYHEHHS KPUCTATiYHOI CTPYKTYpH
JOCITI/KEHO 3a I0IIOMOT0I0 PEHTIeHiBChKOT (PIyOpeceHTHOT CIIEKTPOCKOITiT Ta peHTreHiBehKoi audpaxii. ToHki
wtiBkK CdSe1xSx KpUCTaNi3yI0ThCS B TeKCArOHAIBHY CTPYKTYpY (TUII CTpyKTYpu — ZnO, mpocToposa rpyna P6smc
(Ne 186)). IMapamerpu kpuctanivHoi pemiTku (@, € 1 V), po3mip kpucraniti (D), nedopmanist (€), OIIBHICTE
nucnokaniit (8) i rekcrypruit koedinient Tc(hkl) orinroBanu 3a pe3ymbratamu peHTTeHIBCHKOTO AUMPAKIIHHOTO
a”amizy. [lapamerpu eneMeHTapHOI KOMIPKH 3MEHIIYIOThCS 31 30UIBIICHHSM BMICTY cepy B TOHKIH IDTiBIL
CdSe1xSx.

KurouoBi ci10Ba: ToHKA TUTiBKA, TBEpAMN PO3YUH, KPUCTATIYHA CTPYKTYpa, PEHTT€HIBChbKa (IyopecleHTHa
CIIEKTPOCKOIIisl, pPCHTIeHIBChKa AU(PAKLis, PO3Mip KPUCTAIITIB, TEKCTYPHHUI KOS(iLi€eHT.
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