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The influence of hard ultraviolet radiation on the crystalline structure, surface morphology and optical
characteristics of CdS and CdTe semiconductor layers obtained by direct current magnetron sputtering are
investigated. It was established that the optical characterigtics of the studied films CdS and CdTe are insensitive
to hard ultraviolet irradiation. The crystalline structure of the CdS and CdTe layers is changed after irradiation.
The period of the lattice for cadmium sulfide films increases from ¢ = 6.77(01) A to ¢ = 6.78(88) A, which may
be due to the formation of point defects and defective complexes. Decrease the integrd FWHM of the peaks on
the X-ray diffraction patterns of the layers of CdS and CdTe was observed, due to the increase of the coherent
scattering regions as a result in the process of near-surface layers partia recrystallization of the investigated

films,
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I ntr oduction

The CdTe/CdS thin film layers heterosystem is
promisng for the creation of economical high-
performance film solar cells for terrestrial and space
usage [1-4]. At present, the value of the efficiency of the
real photovoltaic converters obtained on the basis of this
hetergjunction is lower than the theoretically possible
[5]. Thisis due to the high specific resistance of the base
layer of cadmium telluride, the low lifetime of minority
carriers in this material, the low quality of separation
barrier and the inadequate use of new physical principles
for the solar cells design. For example, the creation of
varieussed structures in the area of the separation barrier
alows us to improve the photodectric converters
parameters [6]. Direct current magnetron sputtering (DC
magnetron sputtering) is one of the most economical and
high-tech methods for obtaining thin films which are
used in various microelectronic devices. Technological
problems caused by low conductivity of pulsed pressed
semiconductor targets and relatively low emissivity of
materials for cadmium sulfide and cadmium teluride
were solved in [7].

Sunlight in space at the top of Earth's atmosphereis
called extraterrestrial solar irradiance. A short-wave
(100 - 279 nm) hard ultraviolet light (UV) is completely
absorbed by the ozone layer and atmosphere. With the
usage of solar cells based on the CdTe/CdS heterosystem
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in outer space, the radiation of hard ultraviolet can cause
a degradation of the solar cells' output parameters.

The crystalline structure and optical properties of the
semiconductors layer in solar cells based on the
CdS/CdTe film heterosystems significantly affect the
separation barrier quality and the solar cel’s initia
parameters. The reason for this may be the change in the
material properties of the CdS window layer and the
CdTe base layer under the action of external irradiance.
Therefore, the study of the influence of hard ultraviolet
radiation on the structure and optical properties of CdS
and CdTe films obtained by DC magnetron sputtering for
space solar cellsisrelevant.

I. Experiments

CdS and CdTe thin films were condensed by DC
magnetron sputtering on soda-lime glass substrates [7].
Physical and technological modes for CdS films were
obtained at: substrate temperature Te,= 150 — 160 °C,
pressure of inert gas Ar Pa= 0,9 Pa, magnetron discharge
current | =40maA, the voltage on magnetron V =300 -
340V, deposition time 10 min, substrate-target distance
3 cm. Physical and technological modes for CdTe films
were obtained at: Tgp=280-320°C, Ps =0.9Pa,
| =80mA, V =430-470V, deposition time 12 min,
substrate-target distance 3 cm.

Taking of X-ray diffractograms (XRD) for the CdS
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and CdTe films was carried out by 6-26 scanning method
using X-ray diffractometer DRON-4 Ka-radiation of a
molibdenium anode. The morphology of the surface
layers of CdTe was investigated on a scanning electron
microscope TESCAM-VEGA3.

Optical  studies of semiconductors layers
(transparency and reflection spectra) were conducted
using the spectrometer SF-2000. The transmission
spectrum of studied films was used to determine the
thickness of the layers. The thickness of the layers was
determined by the formula:

M><I1><I2

2(n(i ) x5 - n(l p) x14)
where A;, A, — the wavelengths of two adjacent
extremums (interferential  maxima or minima of
transmission spectrum) in nm; nyg, My, — refractive index,
depending on the wavelength A4, A,.

The bandgap of thin films was determined by
calculating the dependence of absorption coefficient on
the wavelength a()\) using:

D)
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where T - transmission coefficient; R - reflection
coefficient; t - film thickness.

The CdS and CdTe polycrystaline films bandgaps
were determined by extrapolation of the linear portion of
the (o-hv)® = f(hv) curves (where h - Planck constant, v -
frequency) to the intersection with the hv energy axis.

Cadmium sulfide and cadmium telluride films were
irradiated by hard ultraviolet with the energy of quanta
10 eV for 10 hours. The irradiation was carried out using
an argon barrier lamp with vacuum ultraviolet radiation
with a wavelength main mode of 125 nm. The maximum
energy illumination in the window plane of the radiation
source corresponded to the value of
10%° - 10** quanta/m®*s. The area of irradiated samplesiis
1.5 cm?

I1. Resultsand discussion

The XRD patterns of CdS films in the initial state
and after hard UV irradiation (CdS+UV) are shown in
figure 1.
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Fig. 1. The XRD patterns of CdS filmsin theinitial state and after hard UV irradiation (CdS+UV).
Tablel
Theresults of the XRD analysis of CdS filmsin theinitial state and after hard UV irradiation (CdS + UV)
hkl | Peak position, ° | Interplanar spacing, A | Intensity, imp/s | FWHM, ° | D, nm | Ad/d*1073, a.u.
Cds 002 12.03 3.385 145 0.24 15 75
Cds+UV | 002 11.99 3.3%4 208 0.20 18 10
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Fig. 2. Optical studies of semiconductors layers transparency and reflection spectraof CdS filmsin theinitial state
and after hard UV irradiation (CdS+UV).
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Fig. 3. Dependences of the (a-hv)?=f(hv) curves of CdS filmsin theinitial state and after hard UV
irradiation (CdS+UV).

The results of the XRD analysis performed for a CdS
stable hexagona phase are shown in table 1. The
reflection of the peak (002) on the angle 12.03° was
found. The calculated constant of crystal lattice ¢ for the
sample in the initid state is ¢ = 6.77(01) A, which is
0.74% different from the tabulated value for hexagonal
cadmium sulfide (PCPDFWIN # 41-1049, a = 4.14092
A, ¢ = 6.7198 A). After hard UV irradiation of the
cadmium sulfide thin film layer the peak reflection of the
stable hexagonal phase - (002) on the 11.99°,
respectively, was detected. Calculated crystal lattice
constant ¢ = 6.78(88) A, which is 1.03 % different from
the table value. The integral full width at half maximum
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(FWHM) of the captured pesk for the initial State
decreases by from 0.24 degrees at the initial dtate to
0.2 degrees after UV irradiation.

The results of optical studies, shown in the figure 2,
say that CdS films average transparency coefficient in
the initial state and after irradiation is 85 %. Calculated
average reflection coefficient isn = 2.34 - 2.51, thickness
of obtained CdSlayer ist = 360 nm. The bandgap is Eg =
242 eV. After hard UV irradiation of the cadmium
sulfide thin film the spectral dependences were not
changed. Average values of reflection coefficient n and
Eg for irradiated by hard UV samples are similar to the
corresponding values of not-irradiated samples of CdS
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thin films. Dependences of the (a-hv)? = f(hv) curves of
Cds films are shown in the figure 3.

The XRD of CdTe filmsin the initial state and after
hard UV irradiation are shown in figure4. The XRD
spectrum analysis of CdTe layer was performed for
metastable hexagonal phase with reflection of the peak
(201) a the angle 21.64°. The reflexes (002) and
multiplies of it (006) and (008). The calculated constants
of crystal lattice are a = 4.50(73) A and ¢ = 7.52(47) A
(PCPDFWIN #19-0193, a = 4.58 A, c = 7.50 A). After
irradiation of the CdTe film it was found, that the
intensity of the reflection peak (201) increased, while the
intensity of all other peaks decreased. At the same time,
the integral FWHM of al peaks decreased. The
caculated values of permanent crystalline lattice
constant for CdTe were similar to these values in the
initial state. Figure 5 shows the cadmium telluride films

surfaces morphology before and after hard UV
irradiation. After irradiation on the surface of the CdTe
layers, there are accumulated crystalline grains whose
sizes exceed the grain size of the filmsin theinitia state.

Figure 6 shows transmission and reflection spectra of
cadmium teluride films before and after hard UV
irradiation. The results of optical studies indicate that in
the infrared spectral region, the average transparency
coefficient of the CdTe films in the initid state is 65 %.
The parameters for the CdTe film are caculated:
n=231-272, t=62 um, Eg=152 eV. Thus, after
hard UV irradiation of the cadmium telluride base layers,
the spectral dependence of the transparency coefficient of
cadmium telluride films does not change, as case in the
Cds films. The mean values of the refractive index n and
the bandgap of material Eg, both for the CdS layers and
for the CdTe layers, do not differ from the values of
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Fig. 4. The XRD patterns of CdTe filmsin theinitial state and after hard UV irradiation (CdTet+UV).
Table2
Theresults of the XRD analysis of CdTefilmsintheinitial gate and after hard UV irradiation (CdTet+UV)
hkl | Peak position, ° | Interplanar spacing, A | Intensity, imp/s | FWHM, ° | D, nm | Ad/d*1073, a.u.
002 10.77 3.777 10306.77 0.195 19 7.2
cdT 201 21.64 1.889 12.52 0.41 9 16
* [oo6 32.85 1.254 375.23 025 | 16 41
008 44.31 0.94 117.47 0.31 13 3
002 10.81 3.766 7636.56 0.16 23 4.3
201 21.71 1.883 22.76 0.14 26 19
CdTe+UV
006 32.88 1.253 304.71 0.23 16 3
008 44.33 0.94 96.22 0.26 15 2.6
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Fig. 5. Morphology of CdTefilms surface in the initial state and after hard UV irradiation (CdTe+UV).

100 -
T.R, —T.%, CdTe
% —T. %, CdTe+UV
-5 - =R, %, CdTe
---R, %, CdTe+UV
50 -
25 -
O I 1 T T 1
600 700 800 900 1000 2.nm 1100

Fig. 6. Optical studies of semiconductors layers transparency and reflection spectraof CdTe filmsin theinitial state
and after hard UV irradiation (CdTet+UV).

these optical parameters before irradiation. investigated.

It was established that the optica characteristics of
. the studied films CdS and CdTe are insensitive to hard
Conclusions ultraviolet irradiation. The transparency of films of
cadmium sulfide in the visible wavel ength range is 85%,
The influence of hard ultraviolet radiation on the  which allows the use these films as window layers in the

crystalline structure, surface morphology and optical solar cells based on the CdS/CdTe heterostructure,
characteristics of CdS and CdTe semiconductor layers The crystalline structure of the CdS and CdTe layers
obtained by direct current magnetron sputtering were was changed after irradiation. The period of the lattice
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Buius KOpCTKOro yabTpagiosieTry Ha CTPYKTYPY TAa ONTHYHI BJACTHBOCTI
mapiB CdSTa CdTe

Hayionanvruil mexuiunuil yHigepcumem «Xapriecvkutl nonimexuiynuil incmuniym», m. Xapkis, Yxpaina, gkopach@ukr.net

JlocinipkeHO BIUIMB HKOPCTKOrO  yNbTpadioneroBoro BHUIPOMIHIOBAaHHS Ha KPUCTANUHY CTPYKTYpY,
MopdoNoriro MoBepxHi Ta ONTHYHI XapaKTEPUCTHKH HamiBHpoBigHukoBux mapis CdS ta CdTe, orpumanmx
MAarHeTpOHHUM PO3IIJICHHSAM Ha IOCTiHHOMY CTpyMi. BecTaHOBIIGHO, 1110 ONTHYHI XapaKTEPUCTHKHU JIOCHIIPKEHUX
wiiBok CdS ta CdTe HewyTaMBi 10 ONpOMiHEHHS XOPCTKHM ynbTpadioneroM. Kpucraniyna crpykrypa Imapis
mwiiBok CdS i CdTe micis ompoMiHeHHS 3MIHIOIOTBCS. Ilepion IpaTkM Wi IUTBOK CylIb(iny Kaamiio
36inbLIyeThes Bin ¢ = 6,77(01) A moc = 6,78(88) A, mo moxe OyTH TOB'SI3aHO 3 YTBOPEHHSIM TOYKOBHX
nedexriB Ta JeeKTHUX KOMIUIEKCIiB. B pe3ynbraTi OIpOMiHEHHS )KOPCTKUM YNbTPadioleTOM CIIOCTepPiraeThest
3MEHIICHHS IIMPHMHU MIKiB Ha peHTreHaudpaxrorpamax mapis CdS i CdTe, mo moB’s3aHO 3i 30iIbIICHHAM
obnacTeil KOrepeHTHOro pO3CilOBaHHA B pPe3ylIbTaTi YacTKOBOI PEKpUCTali3allii IPUIOBEPXHEBHX ILApiB
JIOCITIJUKEHUX TLTIBOK.

KiouoBi ciioBa: Temypun kaamiro, cynmb(if KaaMilo, HEIMITyJbCHE MarHeTPOHHE PpO3NMICHHS Ha
HOCTIHHOMY CTPYyMI, JKOPCTKHH ynbTpadioner, TOHKI IUTiBKH.
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