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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-cm2.
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1. INTRODUCTION

In the modern designs of film photo-electric
converters (PhEC) on the basis of telluride of cadmium
of a back configuration for reduction of speed of the
surface recombination of the nonequilibrium charge
carriers generated under the influence of light the
effect of wide-scale "window" is used [1]. This effect
consists areas of the fissile oscillation of
nonequilibrium charge carriers from the flawed lit
surface by use in a design of PhEC of films the wide-
scale of the semiconductor materials possessing a high
transmittance in the spectral range corresponding to
area of a spectral photosensitivity of a basic layer at a
distance. Numerous pilot studies (see, for example,
[2, 3]) showed that for film PhEC with a basic layer of
telluride of cadmium as wide-scale "window", the
optimal solution is use of thin films of sulfide of
cadmium. Cadmium sulfide for film PhEC is
traditionally made by the following methods: thermal
vacuum evaporation, a deposition in selfcontained
volume, a chemical deposition and high-pitched
magnetron dispersion [4, 5]. CdS films received by
these methods have stable vyurttsitny -crystalline
structure, possess a high transmittance in the spectral
range corresponding to the range of a photosensitivity
of telluride of cadmium are characterized by good
adhesion to a layer of the frontal transparent electrode
applied on a glass substrate. In a design of the most
efficient film PhEC with a basic layer of telluride of
cadmium, received by a chemical deposition, CdS films
with thickness no more than 100 nanometers are used
[6]. However the method of a chemical deposition is
problematic to be adapted to conditions of quantity
production as it is characterized by low speeds of
growthof a film of sulfide of cadmium. At the same time
it 1s necessary to solve issues of regeneration of a fluid
chemical wastage. More technological in the conditions
of quantity production is the method of thermal
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vacuum evaporation. However, the conducted
researches (see, for example, [7]) showed that thickness
of the films of sulfide of cadmium received by this
method for use in PhEC on the basis of telluride of
cadmium has to be not less than 0,3 microns.
Otherwise, owing to through porosity of the films of
sulfide of cadmium received by this method which
arises owing to 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.

2. 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
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vacuum installation (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 an 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 to move 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)

1 — 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 common pressure of the sprayed gas necessary for
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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 to define the position of the
diffraction peak (26), interplanar distance (d) and
integral intensity (J).

Spectral  dependences of the  coefficients
oftransmittances 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(7T)-Av]2 from hAv.

3. RESULTS AND THEIR DISCUSSION

3.1 A Research of Optical
Cadmium Sulfide Films

Properties of

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 Pas, 550-600 V
tension category and current densities 0,44-
0,53 mA/cm2. 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 (Fig. 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 various 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 Fig. 3 results of definition of width of the
forbidden region (Eg, eV) and values of theoretical
power of a luminous flux (W, Wi-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
growthof 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?2 to
37 W-nm-cm?2. Further growthof  precipitation
temperature to 230 °C leads to decrease in last power of
a luminous flux to 33,5 Wt-nanometer-cm2. The
analysis of the Fig. 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.
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Fig. 3 — Optical parameters of films of CdS received by the
method of magnetron dispersion

Further growthof 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
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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
grainbordered surface decrease in optical width of the
forbidden region can be caused by impoverishment of
films of sulfide of cadmium by easily volatile component
— sulfur.

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 dancity fluence of the photons coming to a basic
layer of telluride of cadmium that allows to increase
the coefficient of efficiency due to growthof a current
density of a short-circuit.

3.2 Research of Crystalline Structure and
Element Structure of Cadmium Sulfide
Films

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 researches of crystalline
structure of films were conducted by method of a X-ray
diffractometry  (Fig.4). On the experimental
roentgendifraktogrammas only one peak on angle
26 = 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 an model other diffraction peaks were not
identified that does not allow to uniquely determinate
phase structure of the received CdS models by a
roentgendifraktometrical method. Nevertheless, in
view of the fact that stable modification of CdS is
hexagonal, further processing investigated
roentgendifraktogramm was carried out for the
hexagonal phase CdS. Results of analytical processing
of structural researches are presented in Table 1.

With growth of precipitation temperature from
100° C to 230 °C decrease in interplanar distance (002)
from dooz = 3,391 A to dooz = 3,379 A is observed, that
corresponds to decrease,in parameter flgom a hexagonal
lattice from ¢=6,782A to ¢=6,758 A. The received
values of parameter ¢ is more than table value, what is
characteristic for monocrystals (c=6,7198A). 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 Af=0,38° to AG=0,30° 1is
observed. The assessment on the specified width of the
diffraction peaks shows that with increase of
precipitation temperature growthof 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.
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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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Fig. 4 — Roentgendifraktogramma 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

Precipit| p G0 | P11 poie width of
No ation nar . . L,
n of . the diffraction
mo- | temper cak distance cak (AO) nano-
del | ature, peax, (d002), p ’ meter
o degree o degree
C A
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

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 (Cca)
decreases from Cs/Cca= 1,06 to Cs/Ccq= 0,95 that is
bound to impoverishment of the growing film an easily
volatile component which sulfur is.

Thus, with increasing of precipitation temperature
decrease in degree of stoichiometry of films that is
caused by increasing of a vacancies concentration,

J. NANO- ELECTRON. PHYS. 9, 06020 (2017)
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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

causing growthof 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.

4. 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 densi-
ty 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.

Crpykrypa i Bi1acTuBOCTI ILTIBOK Cy/ib(iay KaaMiio, OTPUMAHUX METOIOM
MAarHeTPOHHOTI'O PO3IMUJICHHA

P.B. 3aiimes!, M.B. Kupuuenxo!, P.II. Murymeunxko!, H.B. Becesosal,
I'.C. Xpunyuor!, A.I. lo6poxxanl, JI.B. 3aiiesa2

1 HauiornanvHuti mexHiuHull yrnigepcumem «XapKi8CbKULl NOJIMEXHIYHUL THCMUMYmy,
eys. Kupnuuosa, 2, 61002 Xapxis, Yrkpaina

2 HauloHaibHUTl aepoKocMiuHull yHisepcumem «XapKi8CoKUll a8lAUIUHUL THCIMUMYm,
eys. Ykanosa, 17, 61070 Xapkis, Ykpaina

3 MeTOI0 CTBOPEHHS €KOHOMIUHOI, IIPUIATHOI IJIs IIHPOKOMACIITA0HOr0 3aCTOCYBAaHHA TEXHOJIOTII dop-
MyBaHHS [Iapy MIMPOKO30HHOI0 «BIKHA» JIJISI TOHKOILIIBKOBUX (DOTOEJIEKTPUYHUX IIePEeTBOPIOBAYIB HA OCHOBI
cysbdigy Ta TeJNypuay KajaMmino OyJIM IpOBeJeHl eKCIIepUMEHTAJIbHI JIOCTIIMKeHHS BILIUBY TeMIIepaTypH
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OCQIKeHHS ILTIBOK CYJIb(IIy KaaMil0, OTPHMAHWX METOJIOM MATHETPOHHOTO POIMMJIEHHS HA IOCTIAHOMY
cTpyMi, Ha iX ONTHYHI BJIACTHBOCTI 1 KPUCTAIIYHY CTPYKTYpy. MeToqoM ABOKAHAIBHOI OITHYHOI CIIEKTPOC-
KOII1 BCTAHOBJIEHO, IO OCAJPKEHHS IUIIBOK Cyabdg iy kaamio npu Temmepatypi 160 °C mosBossie dopmyBaTu
IIap¥ 3 IMIUPUHOK 3a00pOoHeHOoi 30HU 1,41 eB, mo HabaM:xAaeThHCA N0 3HAYEHHS, XapaKTEPHOTO JIJIsI MOHOKD H-
CTaJIB, 1 IIUJIBHICTIO ITOTOKY (DOTOHIB, IO MPOXOIATEH Yepes3 IMiap CyJIb(MIIy KaaMilo B CIEKTPAJIBHOMY 1HTEp-
BaTl (DOTOUYTIIMBOCTI TEJIyPUAY KaaMmio, Ha piBHI 37,0 Br-HM-cMm2.

Knouosi cinosa: Ilnisku cynbdiny kammio, MeTtom MarHeTpoOHHOTO PO3MUJIEHHS HA MOCTIAHOMY CTPYMI,
Omruuni Brpatu, [upura sabopouenoi soun, Kpucrasmiuuna crpyxrypa.

CTpykTypa u CBONICTBA ILIEHOK CyJab(puaa KagMusd, IOJIyY€eHHBIX METOJ0OM MATHETPOHHOTI'O
pacubUIeHUs

P.B. Baiines?, M.B. Kupuuenxol, P.II. Murymenro!, H.B. Becemnosal,
I'.C. Xpunyuos!, A.W. Jloopomxan!, JI.B. Saiiiesa?

1 HauyuonanbHbili mexnuyeckuli ynusepcumem «XapbK0o8CKUL NOJIUMEXHUYECKUL WHCMUMYym»,
ya. Kupnuuesa, 2, 61002 Xapvkos, Ykpauna

2 HayuoraunivHoiil asporocmuyeckuli yrnusepcumem «XapovKo8CKU T A8UAUUOHHBLL UHCM UMY MY,
ya. Ykanosa, 17, 61070 Xapvros, Ykpaurna

C 1eJsIpi0 CO3AHUS 9KOHOMUYHOM, IIPUTOJHOM IS IIHMPOKOMACIITAOHOTO IIPUMEHEHUsI TEXHOJIOTHH ¢o-
PMHPOBAHUS CJIOSI IIHPOKO30HHOIO «OKHA» JJIsI TOHKOILIEHOYHEIX (DPOTOIIEKTPUYECKHUX IIpeobpasoBaTeseit
Ha 0CHOBe CyJIb(pUIa U TeJUIypUaa KaaMus OBbIJIN IIPOBeIeHBI dKCIIePUMEHTAIbHbIe HCCIIeIOBAHNS BIUSHUSL
TEMIIEPATYPHI OCAKIEHUs IIJIEHOK CyJIbdua KaJaMusi, IOJyUeHHBIX METOJ0M MArHETPOHHOIO PACIIBIICHUS
Ha IOCTOSTHHOM TOKe, Ha WX OITHYeCKUe CBOMCTBA M KPHUCTAJJINYECKYIO CTPYKTypy. MeTomoM ABYXKaHAIb-
HOM OIITUYECKOM CIIEKTPOCKOIIUHU YCTAHOBJIEHO, YTO OCAKIeHHE IIJIEHOK CyIbdUIa KaIMUs IIPH TeMIeparype
160 °C mo3BoJisieT (pOPMUPOBATH CJIOU C ITUPUHON 3aIpPenéHHON 30HE! 1,41 9B, uto npubimkaercs k 3Hade-
HUIO, XapaKTepPHOMY JJIsi MOHOKPHUCTAJLJIOB, U IIJIOTHOCTBIO II0OTOKA (DOTOHOB, IIPOXOSIINX Yepe3 CIJIOH CyJIb-
duma kKagMusi B CHEKTPAJIbHOM HHTepBaje (DOTOYYBCTBUTEIFHOCTH TEJUIyPHIa KaJMWs, Ha YypOBHE
37,0 Bt ‘HM cm2.

Kinrouessie ciosa: [Tnéuku cynsduna kagvus, MeTos MarHeTpoHHOTO PACHBLIEHUS Ha [IOCTOSTHHOM TOKE,
Onruueckue norepu, [llupuna sanpemniénnoit 3ous1, Kpucranimyeckas ctpykrypa.
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