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ABSTRACT For the purpose of creation of the economic, suitable for large-scale application technology of formation of a layer of
wide-scale "window", for thin-film photo-electric converters on the basis of sulfide and telluride of cadmium the pilot studies of
temperature effect of a deposition of the films of sulfide of cadmium received by method of magnetron dispersion on a direct current
on their optical properties and crystalline structure were conducted. By method of a two-channel optical spectroscopy it is
established that a deposition of films of sulfide of cadmium at a temperature of 160 °C allows to form layers with a width of
forbidden region of 1,41 eV that approaches value, characteristic of monocrystals, and the density of the photon flux passing through
a cadmium sulfide layer in a spectral interval of a photosensitivity of telluride of cadmium at the level of 37,0 W-nm-cm?.

Keywords: cadmium sulfide films; a method of magnetron dispersion on a direct current; optical losses; width of the forbidden
region, crystalline structure

I'HYYKI TOHKI IIVIIBKU AJ1S1 COHAYHUX EJIEMEHTIB HA CYJb®IAI KAAMIIO

P. B. 34HIJEB, M. I. XPHITYHOB, M. B. KIPTYEHKO, I. B. XPHITYHOBA

Kageopa @izuunoco mamepiano3Hascmea O eleKmpoHiKU ma eenioenepeemury, Hayionanenuii mexuiunuil yHigepcumem
«Xapxiecokuul nonimexuiunutl incmumym» m. Xapkie, YVKPAIHA

AHOTALIA 3 memoio cmeopentsi eKOHOMINHOL, NPUOAMHOI OJisl WUPOKOMACUIMAOHO20 3ACMOCYSAHHS MEXHON02IL (hOpMYBaHHs.
Wapy wupoKO30HHO20 «BIKHAY O MOHKONIIEKOBUX (hOMOeNeKMPUUHUX NEPemeopIO6ayie Ha OCHOSI Cyabidy ma meiypuoy Kaomitn
OVIU NPOBeOeHi eKCNEePUMEHMANbHI OOCTIONCEHHS. NIUEY MEMNEPAMYPU OCAONCEHHA NIIBOK CYIb@idy KAOMit0, OMPUMAHUX
MEMoOOM MACHEMPOHHO20 PO3NULEHHS HA NOCMIUHOMY CIPYMi, HA iX onmu4Hi enacmueocmi i kpucmaniuny cmpykmypy. Memooom
0BOKAHANLHOI ONMUYHOT CREKMPOCKONIT 6CMAHOBNICHO, W0 0CAOICEHHS NIIBOK CYbhidy kaomito npu memnepamypi 160 °C 0ozsonse
@opmysamu wapu 3 wupunoio 3aboponenoi 3onu 1,41 eB, wo nabnudicacmvcs 00 3HAYEHHS, XAPAKMEPHO20 Ol MOHOKPUCMANIS, |
2YCMUHOI0 NOMOKY (QOMOHIE, WO NpoXoosimb yepes wap cyib@ioy KAOMilo 6 CHeKMpAanbHOMY IHMepeani Gomouymiueocmi
menypudy kaomiio, na pieni 37,0 Bm-um-cm’.

Knrwuoei cnosa: nuieku Ha cyivioi KaoMito;, mMemoo MAacHempoOHHO20 PO3NULEHHA HA NOCMIHOMY CMpYMi; ONMUYHI émpamu;
wupuna 3a00poHeHol 30HU; KPUCIANIYHA CIPYKMYPA.

Introduction have stable vyurttsitny crystalline structure, possess a

high transmittance in the spectral range corresponding to

In the modern designs of film photo-electric ~ the range of a photosensitivity of telluride of cadmium are
converters (PhEC) on the basis of telluride of cadmium of ~ characterized by good adhesion to a layer of the frontal
a back configuration for reduction of speed of the surface  transparent electrode applied on a glass substrate. In a
recombination of the nonequilibrium charge carriers design of the most efficient film PhEC with a basic layer

generated under the influence of light the effect of wide- of telluride of cadmium, received by a chemical
scale "window" is used [1]. This effect consists areas of ~ deposition, CdS films with thickness no more than 100
the fissile oscillation of nonequilibrium charge carriers —nanometers are used [6]. However the method of a
from the flawed lit surface by use in a design of PhEC of ~ chemical deposition is problematic to be adapted to
films the wide-scale of the semiconductor materials —conditions of quantity production as it is characterized by
possessing a high transmittance in the spectral range low speeds of growth of a film of sulfide of cadmium. At
corresponding to area of a spectral photosensitivity of a  the same time it is necessary to solve issues of
basic layer at a distance. Numerous pilot studies (see, for regeneration of a fluid chemical wastage. More
example, [2, 3]) showed that for film PhEC with a basic technological in the conditions of quantity production is
layer of telluride of cadmium as wide-scale "window", the ~ the method of thermal vacuum evaporation. However, the
optimal solution is use of thin films of sulfide of conducted researches (see, for example, [7]) showed that

cadmium. Cadmium sulfide for film PhEC is traditionally thickness of the films of sulfide of cadmium received by
made by the following methods: thermal vacuum this method for use in PhEC on the basis of telluride of

evaporation, a deposition in selfcontained volume, a ~cadmium has to be not less than 0,3 microns. Otherwise,
chemical ~deposition and high-pitched magnetron OWing to through porosity of the films of sulfide of
dispersion [4, 5]. CdS films received by these methods cadmium received by this method which arises owing to
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geometrical effect of a shadowing of a surface by the
most quickly growing grains a shunting of the separating
barrier of instrument structure because of an electrical
link of a basic layer of telluride of cadmium to the frontal
electrode takes place. The cadmium sulfide films received
by method of high-pitched magnetron dispersion are
deprived of this shortcoming. However, the large-scale
technical application of this method is limited by the high
cost of the high-pitched power supply. At the same time,
economic, well mastered by domestic electronic industry,
the method of not jet magnetron dispersion on a direct
current for receiving films of sulfide of cadmium
practically is not used.

Thus, the pilot studies of the influence of
parameters of magnetron not jet dispersion on a direct
current on crystalline structure and optical properties of
films of sulfide of cadmium are urgent for creation of the
industrial vacuum technologies of receiving of the wide-
scale of "windows" for film photo-electric converters with
a basic layer of telluride of cadmium of a back
configuration.

Technique of carrying out experiment

For receiving films of sulfide of cadmium by the
method of not jet magnetron dispersion on a direct current
[8] developed and made the magnetron adapted to a design
of the UVN reference production vacuum installation - 71 -
P3 (figure 1). Installation of a magnetron was carried out
through a peep-hole of vacuum installation (the figure 1, c).

The design of a magnetron allowed to use target
material efficiently. It was caused by the fact that with a
diameter of magnetron of 100 mm, diameter of a zone of an
erosion made 65 mm, and its width 10 - 12 mm. Such sizes
of a zone of erosion allowed to put films of 70 mm by 70
mm in size with uniformity of thickness at the level of 5%.
Therefore, the applied to receiving films, magnetron system
can be used in the conditions of the industrial production.
Express adaptation allowed moving a substrate together
with heating section and the heat-insulating screen in the
horizontal plane to such situation at which during
preliminary heating pollution of a target was excluded. The
target 1 representing the disk with a diameter of 10 cm
pressed from cadmium sulfide powder by purity of 99,99 %
was a source of the sprayed material. The target settled
down on a surface of the water-cooled magnetron. In the
bottom of the anode of a magnetron there was an input for
a tube on which supply of gas mixture of argon and oxygen
in spraying system was carried out. The developed design
of the radiation heater of a substrate as which glass plates K
8 with thickness of 2 mm thick were used allowed to warm
evenly on the area a substrate up to the established
temperature in the range of 100-220 °C and to maintain
temperature with an accuracy of + of 2 °C by means of an
automatic regulating system.

b) c)

I - target; 2 - housing; 3 - permanent magnet of NdFeB; 4
— magnetic circuit; 5 - cooling tube; 6 — adjusting flange; 7
— cover; 8 — insulator of a housing, 9 — target basis; 10 —
screw of fastening of a target (M4x7); 11 —vacuum seal, 12
— the insulator of a tube of cooling, 13 — the screw of fixing
of a cover

Fig. 1 — The key diagram (a), photos of a magnetron (b)
and installation of magnetron dispersion (c)

The design of a magnetron allowed using target
material efficiently. It was caused by the fact that with a
diameter of magnetron of 100 mm, diameter of a zone of an
erosion made 65 mm, and its width 10 - 12 mm. Such sizes
of a zone of erosion allowed to put films of 70 mm by 70
mm in size with uniformity of thickness at the level of 5%.
Therefore, the applied to receiving films, magnetron system
can be used in the conditions of the industrial production.
Express adaptation allowed moving a substrate together
with heating section and the heat-insulating screen in the
horizontal plane to such situation at which during
preliminary heating pollution of a target was excluded. The
target 1 representing the disk with a diameter of 10 cm
pressed from cadmium sulfide powder by purity of 99,99 %
was a source of the sprayed material. The target settled
down on a surface of the water-cooled magnetron. In the
bottom of the anode of a magnetron there was an input for
a tube on which supply of gas mixture of argon and oxygen
in spraying system was carried out. The developed design
of the radiation heater of a substrate as which glass plates K
8 with thickness of 2 mm thick were used allowed to warm
evenly on the area a substrate up to the established
temperature in the range of 100-220 °C and to maintain
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temperature with an accuracy of + of 2 °C by means of an
automatic regulating system.

The common pressure of the sprayed gas necessary
for operational stability of a magnetron, made 2 Pas.
Therefore, between the building bag and the pump the
limitative diaphragm necessary for stable work of a
vacuum vapor-steam pump at such low pressure was
established. The distance from a substrate to a target which
made 35 mm, was defined as minimum at which
inhomogeneity of the received film on thickness taking into
account a geometrical factor was not exceeded by 5%.

Crystalline structure and phase structure of films
were investigated on a X-ray diffractometer the DRON-
4M in monochromatic Co-Ka radiation. Identification of
phases in models was carried out on the basis of
comparison of set of the interplanar distances calculated by
Woolf - Bragg's formula [9], with the available sets of
interplanar distances for tin oxides from the help ASTM
cards. Roughing-out of the diffraction peaks was carried
out by means of the developed computer program. Such
computing machining allowed defining the position of the
diffraction peak (20), interplanar distance (d) and integral
intensity (I).

Spectral dependences of the coefficients of
transmittances and reflection of films of sulfide of
cadmium investigated by method of a two-channel optical
spectroscopy by means of a spectrophotometer SPh- 2000,
equipped with the SPhO prefix - 2000 for measurement of
reflecting and diffuse reflections. Optical width of the
forbidden region of Eg layers of CdS defined similarly
described in [9], by means of extrapolation on an axis of
energies of the line section, dependence [-In(T)-hv]* from
hv.

Results and theirdiscussion

1. Research of optical properties of films of
sulfide of cadmium

Films of sulfide of cadmium were received by
method of magnetron dispersion on a direct current with a
pressure of working gas of 0,9-1 Pa, 550-600 V tension
category and current densities 0,44-0,53 mA/cm?. At the
same time precipitation temperature varied from 100 °C to
230 °C. Such ranges of parameters of the technological
modes can be considered suitable for procreation in the
production conditions. Time of a deposition of films made
5 minutes.

The research of optical properties of films of
sulfide of cadmium was conducted by means of
measurements of spectral dependences of transmittances
and reflection of films of CdS in the spectral range of 400
- 1100 nanometers (figure 2). The analysis of
transmission spectrums shows that for all models, except
the model received at precipitation temperature of 100 °C
the strong absorption in the range of lengths of waves of
400 - 500 nanometers and a sharp edge of an absorption
band in the range of 500 - 550 nanometers is observed. At
the same time in red and infrared spectral ranges a high
transparence at the level of 80% is observed.

Analytical processing of transmission spectrums
and reflection allowed to determine optical parameters of
the studied films received at wvarious precipitation
temperatures.
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Fig. 2 — Spectral dependences of the coefficients of

transmittances of the films of sulfide of cadmium received

at various precipitation temperatures

In the figure 3 results of definition of width of the
forbidden region (E,, eV) and values of theoretical power
of a luminous flux (W, Wt-nanometer-cm?) which can
pass through the studied cadmium sulfide films in the
conditions of illumination of AM 1,5, in a spectral
interval of a photosensitivity of PhEC on the basis of
sulfide and telluride of cadmium which, according to
literary data [8], makes 550-900 nanometers are given.
These two parameters determine the size of optical losses
in a cadmium sulfide layer at its use as wide-scale
"window" in film photo-electric converters with a basic
layer of telluride of cadmium of a back configuration.
Optical researches showed that with growth of
precipitation temperature to 160 °C there is an increase,
passed from through a film of sulfide of cadmium, power
of a luminous flux 32,7 W-nm-cm? to 37 W-nm-cm?
Further growth of precipitation temperature to 230 °C
leads to decrease in last power of a luminous flux to 33,5
Wt-nanometer-cm?>. The analysis of the figure 3
demonstrates that with growth of precipitation
temperature from 100°C to 160°C there is an increase in
width of the forbidden region from 2,38 eV to 2,41 eV.

Further growth of precipitation temperature from
160°C to 230°C leads to decrease in width of the
forbidden region from 2,41 eV to 2,39 eV. According to
literary data [4] for monocrystal films of sulfide of
cadmium width of the forbidden region makes 2,42-2,45
eV. Smaller values of width of the forbidden region for
polycrystalline films of sulfide of cadmium, in
comparison with monocrystals, are caused by the fact that
borders of grains absorb light as metal layers that leads to
decrease in size of the forbidden region determined by
optical techniques. Except a developed grain bordered
surface decrease in optical width of the forbidden region
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can be caused by impoverishment of films of sulfide of
cadmium by easily volatile component — sulfur.
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Fig. 3 — Optical parameters of films of CdS received by
the method of magnetron dispersion

Thus, for use in a design of high performance
PhEC on the basis of sulfide and telluride of cadmium it
is necessary to use the films received at precipitation
temperature of 160 °C as at the same time the maximal
stream density fluency of the photons coming to a basic
layer of telluride of cadmium that allows to increase the
coefficient of efficiency due to growth of a current
density of a short-circuit.

2. Research of crystalline structure and element
structure of films of sulfide of cadmium

For identification of the physical mechanisms
defining dependence of width of the forbidden region of
the films of sulfide of cadmium received by magnetron
dispersion on a direct current research of crystalline
structure of films were conducted by method of a x-ray
diffractometry (fig.4). On the experimental roentgen
diffracto-grammas only one peak on angle 20 = 30,62°
which corresponds to reflection (111) cubic modification
or to reflection (002) of the hexagonal phase CdS which
are theoretically characterized by the maximal intensity is
observed. Because of the small thickness of a model other
diffraction peaks were not identified that does not allow
to uniquely determinate phase structure of the received
CdS models by a roentgen diffracto metrical method.
Nevertheless, in view of the fact that stable modification
of CdS is hexagonal, further processing investigated
roentgen diffrakco-gramm was carried out for the
hexagonal phase CdS. Results of analytical processing of
structural researches are presented in table 1.
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Fig. 4 — Roentgen diffracto-gramma of the films of sulfide
of cadmium received by method of magnetron dispersion
on a direct current at various precipitation temperatures

Table 1 — Results of analytical processing of
structural researches of films of CdS received by method
of magnetron dispersion on a direct current

. .. Inter- | Half-width
Precipit| Positio
ton | nof planar of the
No tearlnpera peak distance | diffraction |L, nm
ture, °C | degree (d002), | peak (A9),
A degree
1 100 | 30,58 | 3,391 0,38 25,2
2 130 | 30,62 | 3,388 0,33 29,0
3 160 | 30,59 | 3,391 0,33 29,0
6 190 | 30,64 | 3,385 0,34 28,1
5 230 | 30,70 | 3,379 0,30 31,9

With growth of precipitation temperature from
100° C to 230 ° C decrease in interplanar distance (002)
from dop2 = 3,391 A to doo2 = 3,379 A is observed, that
corresponds to decrease in parameter from a hexagonal
lattice from ¢ = 6,782 Atoc= 6,758 A. The received
values of parameter ¢ is more than table value, what is
characteristic  for monocrystals  (c=6,7198 A). It
demonstrates existence of the squeezing macrovoltage
which size decreases with increase of temperature up to
230 °C. With increase of precipitation temperature from
100 °C to 230 °C decrease of a physical broadening of the
diffraction peak from A6 = 0,38° to A® = 0,30° is
observed. The assessment on the specified width of the
diffraction peaks shows that with increase of precipitation
temperature growth of areas of a coherent scattering from
25,2 nanometers to 31,9 nanometers is observed. Thus,
with increase of precipitation temperature from 100 °C to
230 °C natural increase in quality of crystalline structure
of films of sulfide of cadmium is observed: decrease in
level of macrovoltages and increase in the sizes of areas
of a coherent scattering is observed that reduces light
absorption on a developed grainbordered surface.
Decrease in level of microdeformation and growthof the
sizes of areas of a coherent scattering cause growthof
optical width of the forbidden region.
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Researches of crystalline structure were added
with researches of elemental structure of the received
films which were conducted on a spectrometer Elvatech
of the Elvate company. Time of set of impulses made
240-241 second. Researches showed (fig. 5) that with
increase of precipitation temperature from 100 °C to 230
°C the attitude of atomic concentration of sulfur (Cs)
towards atomic concentration of cadmium (Ccq) decreases
from Cs/Ccq = 1,06 to Cs/Ccq = 0,95 that is bound to
impoverishment of the growing film an easily volatile
component which sulfur is.
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Fig. 5 — The relation of atomic concentration of sulfur
and cadmium of the films of sulfide of cadmium received
by method of magnetron dispersion on a direct current at
various precipitation temperatures

Thus, with increasing of precipitation temperature
decrease in degree of stoichiometry of films that is caused
by increasing of a vacancies concentration, causing
growth of light absorption and decrease of efficient
optical width of the forbidden region, as a result of
emergence in the forbidden region of the energy levels
capable to share in the transition of charge carriers
activated by light is observed.

Conclusions

For use in a design of film photo-electric
converters of a back configuration with a basic layer of
telluride of cadmium optimum precipitation temperature
of films of sulfide of cadmium by method of not jet
magnetron dispersion on a direct current makes 160 °C
that is caused by achievement of the greatest width of the
forbidden region — 1,41 eV and the maximal flux density
of the photons arriving through a cadmium sulfide layer
in the spectral range of a photosensitivity of telluride of
cadmium. The extremum on dependence of optical
properties of the studied cadmium sulfide films from
precipitation temperature is caused by existence of two
competing physical mechanisms. Body height of
precipitation temperature to 160 °C leads to decrease in
optical losses in cadmium sulfide films, as a result of
increase in the sizes of areas of a coherent scattering and
decrease of level of macrodeformations. At further

increase of precipitation temperature up to 230 °C the
defining factor leading to growth of optical losses in
cadmium sulfide films becomes their impoverishment by
an easily volatile component — sulfur.
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Byow nacka, nocunatimecs Ha Yo cmammio HACMYNHUM YUHOM:

3aiines, P. B. ['HyuKki TOHKI IUIIBKH AJIs1 COHSYHMX €JIEMEHTIB Ha cynbdini kaamito / P. B. 3aiines, M. I'. Xpunynos, M.
B. Kipiuenko, I. B. Xpunynosa // Bicnux HTY «XI1l», Cepis: Hosi piwenns 6 cyuacnux mexnonoeisx. — Xapkis: HTY «XIIl». —
2018. —Ne 26 (1302). — T. 1. — C. 42-47. — d0i:10.20998/2413-4295.2018.26.06.

Toorcanyiicma, ccoinaiimecs Ha My cmamovio cie0yiowum 06pazom:

3aiines, P. B. ['nOkue TOHKNE IUICHKH ISl COTHEUHBIX AJIEMEHTOB Ha cynbdune kaamus / P. B. 3aiines, M. I'. XpunyHos,
M. B. Kupuuenko, U. B. Xpunyunoa // Becmuux HTY «XI1H», Cepusa: Hogvie peutenus 6 cogpemerHbIX mexHoi02usax. — XapbKOB:
HTVY «XIIW». —2018. — Ne 26 (1302). — T. 1. — C. 42-47. — doi:10.20998/2413-4295.2018.26.06.
AHHOTALIHA C yenvio co30aHus SKOHOMUHECKOU, NPU2OOHOU OAs  WUPOKOMACUIMAOHO20 NPUMEHEHUsl MexXHON02UU
Gopmuposanus cioa WUPOKO30HHO20 «OKHAY Olisl MOHKONIEHOUHBIX (POMOIIEKMPU1ecKUx npeobpazoseameneli Ha 0CHoge CyabPuoa
U meanypuoa Kaomus 6bLiu npogedeHbl IKCNEPUMEHMATbHbIE UCCTIe008AHUA 6IUAHUA MEMNEPANypbl 0CANHCOeHUs NIAEHOK CYIbduoa
KAOMUs, NOJYYEHHbIX MemoOOM MASHEMPOHHO20 PACHbIIEHUA HA  NOCMOAHHOM WMOKe, HA UX ONMuYecKue Ceoucmed u
Kpucmannuieckyio cmpykmypy. Memooom 08yxKanaibHoU Onmuueckol CheKmpoCKONuu YCMAHOBIeHO, Mo ocajicoeHue NieHoK
cynopuoa kaomus npu memnepamype 160°C noszgonsiem popmuposams crou ¢ wupunou 3anpeujennoi 30mvl 1,41 5B, umo
npubnuUIiCaemcs K 3HAYEHUI0, XapakmepHo2o O0Jii MOHOKPUCMANL08, U NIOMHOCIbI0 HOMOKA (POMOHO8, NPOXOOAUUX Yepe3 CIol
CybhuOa Kaomus 6 CneKmpanbHoM UHMEPEaLe oMouyECMEUMEebHOCU MeINYpuda Kaomus na ypoeue 37,0 Bmum-cm’.
Kniouesnie cnosa: nnenku na cynouoe kaomus,; memoo MaeHeMpOHHO20 PACNbLIEHUSA HA NOCMOAHHOM MOKe, ONMuYecKue nomepi;
WUPUHA 3aNPeyerHOll 30HbL; KPUCMATUYECKAs CIMpPYKmypa.
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