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Structure and optical properties
of CdS polycrystalline layers for solar cells
based on CdS/CdTe
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Thin CdS films about 200-500 nm thick with stable hexagonal modification with
85—-80 % transparency value respectively in the visible and infrared spectrum regions
were investigated. The use of the FTO sublayer to obtain heterosystem glass/FTO/CdS by
magnetron sputtering does not affect the phase composition of the cadmium sulfide layer
and the width of the band gap (E, = 2.42-2.44 eV). Cadmium sulfide thin films, obtained
by direct current magnetron sputiering, can be used as a layer of a wide window layer in
thin-film solar cells based on the CdS/CdTe heterosystem.

Keywords: cadmium sulfide, direct current magnetron sputtering, thin films, struc-
tures, optical properties.

Hccaenosannl Torkme miaeaku CdS toamuuoi nmopaara 200-500 EM  ycroliumBoil rexca-
TOHAJBHON MOIUMDUKALINYU C IIPO3PAUYHOCTHIO B 00JIACTAX BUAUMOrO M HHMPPAKPACHOTO CIEKT-
pa 85-80 % coorsercrBeHHO. McmonbsoBanue moacaod FTO mid moidydyeHHs rerepocucTeM
crexsno/FTO/CAS MarHeTpOHHBIM pacHblIeHMEM He BAMAET HA (DA30BBIM COCTAB CJIOA W IIU-
PUHY 3alpelleHHON 30HBI (Eg = 2,42-2,44 3B) cyappuma Kagmusa. ToOHKKMe ILIEHKH CYJIb(U-
I8 KagMUs, IIOJyUeHHbIe MArHETPOHHBIM PACIIBIIEHHEM HA IIOCTOSHHOM TOKE, MOIYT OBLITHb
WUCIIOJIb3OBAHBI B KAUECTBE CJI0A MINPOKO30HHOIO OKHA B TOHKOILIEHOYHBIX COJNHEUYHBIX BJIe-
MeHTaX Ha OcHOBe reTepocucremsl CAS/CdTe.

Crpykrypa i onrnuni Baacrusoeri noaikpucraxiuaux mapis CdS naa ¢poromepersopro-
Bauie Ha ocmosi CdS/CdTe. I'C.Xpunynos, I'I.Konau, A.IJJo6poxcan, P.II.Muzywenko,
O.I0.Kponauwex, B.M.JTw606.

Oocaimeno touki maiskm CAS rosmumuoo mopaaky 200-500 um crabinbpHol rexcaro-
nasbHOol Moxudikamii 3i smauemnam koedinienra mposzopoctri 85-80 % sigmosigno y Bu-
muMmiit Ta indpauvepBoHiit obmacti cmekTpa. Bukopucramua migmapy FTO pna orpumamus
rerepocuctem ckyo/FTO/CAS MarHeTpoHHUM pPO3NUJIEHHAM HA MOCTIHHOMY CTPYMi He BILTIUBa€E
Ha (asoBU CKJIa mIapy cyabdizy KagMito Ta 3HAUEHHS MIUPUHK 3a00POHEHOI 30HM Marepiary
(Eg = 2,42-2,44 eV). Tonuki nuisku cyapdiay kaamiio, oTpuMaHi METOIOM MarHETPOHHOTO PO3-
MUJIeHHS Ha TOCTiHOMY CTPyMi, MOMKYTbH OyTM BUKOPMCTAHI B AKOCTI IIapy HIMPOKO30HHOTO
BiKHA y TOHKOILIIBKOBUX COHAYHUX eJIeMeHTax Ha ocHOBi rerepocucremu CdS/CdTe.

1. Introduction window layer. Cadmium sulfide band gap is

E,= 2.42 eV. This fact make possible tran-

Thin-film solar cells based on n—CdS/p— sparance in the visible part of the solar
CdTe heterostructure are prospective for an light spectrum and the solar light can pene-
industrial production [1-4]. In such solar trate into the CdTe base layer. It allows to
cells cadmium sulfide layer is used as a reduce a negative impact of surface recom-
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bination of nonequilibrium charge carriers
by removing their active generation area
from the illuminated surface. One of the
economical and high-tech methods for thin
films obtaining is magnetron sputtering [5].
The thin films deposition sputtering tech-
nology is a scalable technique with some
good features: small distance between
source and target, lower substrate tempera-
tures and low vacuum. Generally radiofre-
quency sputtering is used for semiconduc-
tors or insulators since it avoids the electri-
cal charging of the target. For this reason
another possibility is to use direct current
pulsed sputtering where the voltage is
fixed, but pulsed in time to avoid charging
[6]. There are some technological problems
during the deposition of semiconductor
films by direct current magnetron sputter-
ing (DC magnetron sputtering). In the CdS
sputtering process they are caused by low
conductivity of cadmium sulfide pressed
powder targets and sufficiently low emis-
sion ability of this material. Therefore, the
influence of physical and technological
mode of condensation by DC magnetron
sputtering on the crystal structure and op-
tical properties of grown CdS thin films
was studied.

2. Experimental

In laboratory technology of condensation
CdS thin films by DC magnetron sputtering
the design of VUP-5m magnetron was used,
which feature was that the cooling circuit
covers only the magnetic system. As the
result that there was no forced cooling of
sputtered semiconductor pressed powder
target. The target was made by cold press-
ing from cadmium sulfide powder. For the
implementation of the process of thermionic
emission of electrons from the pressed pow-
der target for plasma discharge ignition the
target was preheated for 10—15 min.

In laboratory technology of condensation
CdS nanoscale thin films at glass substrates
and also at glass substrates with FTO
(SnO,:F) sublayer by DC magnetron sputter-
ing the design of VUP-5m magnetron was
used. The physical and technology condensa-
tion modes were different: substrate tem-
perature T, = 120-150°C, pressure of
inert gas Pp,= 0.9-1 Pa, magnetron dis-
charge current density J = 1.1 mA/em?2, the
voltage on magnetron V = 350-400 V, depo-
sition time 5 or 15 min. The CdS layers
thickness depended on deposition time only.

The structure of obtained CdS films was
studied by X-ray diffractometry methods
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[7]. Automatic X-ray spectra were recorded
at 6—20 using X-ray diffractometer DRON-4
with a step 0.01-0.02 degree in K,-radia-
tion of a molybdenum anode.

Optical studies of CdS, CdTe layers and
CdS/CdTe heterosystems were conducted
using the spectrometer SF-2000. The trans-
mission spectrum of studied films was used
to determine the thickness of the layers ac-
cording to [8]. The thickness of the layers
was determined by the formula:

‘o M -2 Ry (1)
©2(n(A) - Ao — n(hy) - Ay)’

where M — multiplier, which indicates the
order of the interference points of extre-
mums (interference maxima or minima of
the transmission spectrum); A;, Ay — the
wavelengths of two adjacent extremums (in-
terferential maxima or minima of transmis-
sion spectrum) in nm; n(A;), n (Ag) — re-
fractive index, depending on the wavelength
A1s Ag. The method allows to set the thin
film thickness with a 9 % error.

The bandgap of thin films and heterosys-
tems were determined by calculating the de-
pendence of absorption coefficient on the
wavelength o)) using [9]:

T=1-R-e*1 (2)
where T — transmission coefficient; R —
reflection coefficient; ¢ — film thickness.

The CdS bandgaps in polycrystalline
films were determined by extrapolation of
the linear portion of the (a - Av)2 = f(hv)
curves (where 2 — Planck constant, v —
frequency) to the intersection with the Av
energy axis. The method allows us to set
the optical bandgap of the material with a
10 % error.

3. Results and discussion

XRD studies of CdS layers crystalline
structure of different thicknesses shows
that for all obtained FTO/CdS heterosys-
tems we can see peak at angle 26 = 21.42°
(Fig. 1). This peak corresponds to the re-
flection (103) of stable hexagonal phase of
CdS (Fig. 1a).

The results of XRD processing are shown
in the Table 1. The XDR studies of crystal
structure of CdS layers (Fig. 1b) with depo-
sition time 1T, = 15 min show that there are
reflections for (101), (102) and (105). They
belong to a hexagonal modification of CdS
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Fig. 1. XRD of FTO/CdS heterosystems obtained at different condensation time: a) T, = 5 min,

b) 1, = 15 min.

and this suggests that these CdS films on
FTO sublayer have a crystal directed tex-
ture (103). Estimated values of interplanar
spacing were a= 4.15(75) A, c¢=
6,75(26)1& range. The obtained values of
the parameter are less than 1 % different
from tabular values for cadmium sulfide
hexagonal modification (PCPDFWIN
#411049). In the sample with deposition
time 1., =25 min in Fig. la, reflections
(101), (102) and (105) are not visible be-
cause the sample thickness is about three
times less than the thickness of the sample
with deposition time 1. =15 min, whose
XRD is shown in Fig. 1b. It is known that
the number and intensity of peaks of a par-
ticular phase on an XRD depends on the
amount of material in a thin film [7].
Based on the conclusions of previous
studies [10], in which it is described that
cadmium sulfide thin films on glass sub-
strate condensed with a deposition time 7,
5-15 min have a stable hexagonal modifica-
tion. It can be argued that the presence FTO
sublayer for obtain FTO/CdS heterosystems
by DC magnetron sputtering does not affect
the phase composition of the cadmium sul-
fide layer. In the case of a thicker CdS
layer (1, =15 min), decrease of the full
width at half maximum (FWHM) of the
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Fig. 2. Optical transmittance (T, %) and re-

flection (R, %) spectra for CdS films of dif-
ferent thicknesses.

(103) peak on 20 scale relative to a similar
value for CdS (1, = 5 min) sample indicates
an grain size increase with increase thick-
ness of the polycrystalline CdS film in the
FTO/CdS heterosystem.

In the Fig. 2 the optical transmittance
and reflection spectra of CdS obtained lay-
ers are shown.

The optical for 180-
200 nm (t, =5 min) thick films in wave-
lengths range A = 300-500 nm is less than
20 % and in wavelengths range A = 550—
1100 nm is 85-90 %. For 540 nm (7, =
15 min) thick films the optical transmit-

transmittance

Table. The processing results of XRD of CdS films

T, min Peak position, Interplanaor hkl Intensity, imp/s|FWHM, degrees
degrees spacing, A
5 21,42 1.91 (103) 31.59 0.33
15 12.78 3.19 (101) 54.05 0.12
16.56 2.46 (102) 96.28 0.12
21.42 1.91 (103) 178.20 0.22
32.64 1.26 (105) 44.92 0.19
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Fig. 3. (o - hv)2 = f(hv) Dependences for CdS
films of different thicknesses.

tance in wavelengths range A = 300—-500 nm
is up to 83 % and in wavelengths range A =
550-1100 nm is 85 % . Average optical re-
flection for CdS films of different thick-
nesses in FTO/CdS heterosystems is 15 %
and for glass/CdS structure is 10-25 % in
studied wavelengths range 400-1000 nm.
Calculated condensation speed of CdS layers
is about 35 nm/min and absolute refractive
index is n = 2.28-2.39. In Fig. 3 (0. - Av)2 =
f(hv) dependences to determine bandgap of
CdS films in obtained samples of different
thicknesses. The bandgap of different sam-
ples is E,=2.42-2.44 eV which is close to
values for CdS monocrystals (E, = 2.42—
2.45 eV). The data obtained allow us to as-
sert that CdS films condensed by DC magne-
tron sputtering method could be used as wide
bandgap window layer in thin-film solar cells
based on CdS/CdTe heterosystems.

In Fig. 4 graph of the calculated absorp-
tion coefficient for studied CdS films in
infrared spectra is shown.

The results of optical studies of CdS
films of 540 nm thickness shown the ab-
sorption coefficient o in infrared spectra is
7.106-1.2.107 nm~1. This information could
be used in production of infrared sensors
based on such layers.

4. Conclusions

The laboratory method of DC magnetron
sputtering with preheating of the target al-
lows to receive cadmium sulfide film of
various thicknesses (200-500 nm varying
the condensation time) with a deposition
rate of 35 nm/min was developed. The physi-
cal and technology condensation modes were
different: substrate temperature T, = 120-
150°C, pressure of inert gas Pp, = 0.9-1 Pa,
magnetron discharge current density J =
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Fig. 4. Dependences of the absorption coeffi-
cient in infrared spectra for CdS films of
different thicknesses.

1.1 mA/em?, the voltage on magnetron V =
350-400 V.

The obtained polycrystalline CdS thin
films with a thickness of about 200 nm of
stable hexagonal modification with high
values of the transparency coefficient in the
visible and infrared spectrum regions can be
used as a wide-window layer in thin-film
solar cells based on the CdS/CdTe hetero-
system. Using the FTO sublayer to obtain
glass/FTO/CdS heterosystem by DC magne-
tron sputtering does not affect the phase
composition of the cadmium sulfide layer.
The absorption coefficient dependence char-
acter in infrared spectrum region in cad-
mium sulfide films of different thicknesses
suggests that CdS layers with a more than
500 nm thickness can be used in infrared
radiation sensors.
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