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Abstract — The influence of hard ultraviolet radiation on 
the crystalline structure and optical properties of thin-film 
semiconductor cadmium sulfide layers obtained by the method 
of non-pulsed direct current magnetron sputtering was 
investigated. It was established that for hexagonal modification 
cadmium sulfide films after hard UV irradiation with a 
quantum energy of 10.5 eV for 10 hours the lattice parameter c 
changes from 6.77(01) Å to 6.78(88) Å. The results of the study 
of the optical properties of cadmium sulfide films before and 
after hard ultraviolet irradiation indicate that the transmission 
coefficient, reflection coefficient, refraction coefficient and 
band gap do not change. 
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I. INTRODUCTION 

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

Sunlight in space at the top of Earth's atmosphere, which 
is named as extraterrestrial solar irradiance, contains of about 
10% of ultraviolet light (UV) with a wide range of 
wavelengths (λ), mostly 100-399 nm, having total UV 
intensity about 140 W/m2. A short-wave (100-279 nm) hard 
ultraviolet is completely absorbed by the ozone layer and 
atmosphere, and this ultraviolet part of the solar spectrum 
drives the photochemistry of a number of considerable 
atmospheric trace gases such as ozone, nitrogen dioxide and 
hydroxyl radicals. When using solar cells based on the 
CdTe/CdS heterosystem in outer space, the radiation of hard 
ultraviolet may result a degradation of the output parameters 
of solar cells. 

The crystalline structure and optical properties of the CdS 
window layer in solar cells based on the CdS/CdTe film 
heterosystems significantly affect the quality of the 
separation barrier and the initial parameters of the solar cell. 
Therefore, the study of the influence of hard ultraviolet 
radiation on the structure and optical properties of CdS films 
obtained by direct current magnetron sputtering for space 
solar cells is relevant. 

II. EXPERIMENTS 

In laboratory technology of condensation CdS thin films 
by DC magnetron sputtering the design of VUP-5m 
magnetron was used. Its feature is that the cooling circuit 
covers only the magnetic system and as the result there are 
no forced cooling of sputtered semiconductor pressed 
powder target. The targets were made by cold pressing from 
cadmium sulfide powder and with diameter 74 mm and 
thickness 2 mm. Target cold pressing pressure was 100 MPa. 
The dwell time of the target at this pressure was 15 hours. 
After pressing the targets its vacuum annealing has been 
performed at a residual pressure of at least 10-4 mm Hg and a 
temperature of 80°C. For the implementation of the process 
of thermionic emission of electrons from the pressed powder 
target for plasma discharge ignition the target was preheated 
for 10-15 minutes. 

CdS thin films were condensed on a soda-lime glass 
substrates at following physical and technological mode: 
substrate temperature Тsub=1300С, pressure of inert gas Ar 
РAr=0,9-1 Pa, magnetron discharge current density 
J=1,1 mA/cm2, the voltage on magnetron V=470-500 V, 
deposition time 10 min. 

The crystalline structure was studied by X-ray 
diffractometry. Taking of X-ray diffractograms (XRD) for 
the cadmium sulphide was carried out by θ-2θ scanning 
method with Bragg-Brentano focusing procedure using X-
ray diffractometer DRON-4 with a step 0.01-0.02 degrees in 
Kα-radiation of a Мо-anode. 

In accordance with [8, 9], to evaluate the crystallite size 
D and lattice microstrains induced mainly by point defects 
Δd/d (where d is the crystal interplanar spacing according to 
JCPDS, and Δd is the difference between the corresponding 
experimental and reference interplanar spacings) we applied 
the X-ray line broadening method using the Scherrer 
equation. 

Under these conditions, the diffraction pattern has been 
formed by the grains with reflecting planes parallel to the 
surface of samples (hkl) [10, 11]. Identification of the phase 
composition of the samples was carried out by comparing the 
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angles 2θ of clearly defined peaks obtained when shooting, 
with filed reference data from JCPDS, which has obtained by 
means of an electronic database "PCPDFWIN" for the 
respective phases. 

Optical studies of CdS layers were conducted using the 
spectrometer SF-2000. The transmission spectrum of studied 
films was used to determine the thickness of the layers 
according to [8]. The thickness of the layers was calculated 
using the formula: 

  

where λ1, λ2 – the wavelengths of two adjacent 
extremums (interferential maxima or minima of transmission 
spectrum) in nm; λ1, λ2 – refractive index, depending on 
the wavelength λ1, λ2. 

The bandgap of thin films were determined by 
calculating the dependence of absorption coefficient on the 
wavelength α(λ) using [12]: 

 Rexpατ 

where T is the transmission coefficient; R is the reflection 
coefficient; τ is the film thickness. 

The CdS polycrystalline films bandgaps were determined 
by extrapolation of the linear portion of the (α∙hν)2=f(hν) 
curves (where h is the Planck constant, ν is the frequency) to 
the intersection with the hν energy axis. 

Irradiation by the hard ultraviolet of the CdS film 
samples was carried out using a barrier discharge lamp with 
argon filling having maximum energy illumination in the 
plane of the lamp window ~ 1020-1021 quantum/m2 with a 
maximum energy 10.5 eV ( ≥ 118 nm). The irradiated 
samples were densely pressed to the lamp window. The hard 
ultraviolet irradiation was carried out in air at T  300 K for 
10 hours. 

III. RESULTS AND DISCUSSION 

Cadmium sulfide layers were exposed to hard UV 
radiation in the air. The calculated accumulated dose of 
radiation is 1.7*109 Gy, which is 104 times more than 
accumulated dose of ionizing radiation of the satellite 
mission [13]. In order to study the influence of hard 
ultraviolet radiation on the properties of cadmium sulfide 
layers obtained under the same physical and technological 
condensation modes, the crystalline structure and optical 
properties of CdS semiconductor layers before and after 
irradiation were compared. 

The XRD of CdS films in the initial state and after hard 
UV irradiation (CdS+UV) are shown in Fig. 1.  

The results of the XRD analysis performed for a CdS 
sTable hexagonal phase are shown in Table 1. The reflection 
of the peak (002) on the angle 12,030 was found. The 
calculated constant crystal lattice c for the sample in the 
initial state is c = 6.77(01) Å, which is 0.74% different from 
the tabulated value for hexagonal cadmium sulfide 
(PCPDFWIN # 41-1049, a = 4.14092 Å, c = 6.7198 Å). 

 
Fig. 1. XRD of CdS film after obtaining (CdS) and after hard ultraviolet 

irradiation (CdS+UV). 

TABLE I.  THE PROCESSING RESULTS OF XRD OF СDS FILMS AFTER 
OBTAINING AND AFTER HARD UV IRRADIATION (CDS+UV) 

 hkl 
Peak 

position, 
degrees 

Inter-
planar 

spacing, 
Å 

Inten-
sity, 

imp/s 

FWHM, 
degrees 

D, 
nm 

∆d/d 
*10-3, 
а.u. 

CdS 002 12,03 3,385 145 0,24 15 7,5 

CdS 
+UV 

002 11,99 3,394 208 0,20 18 10 

a.  

After hard UV irradiation of the cadmium sulfide thin-
film layer the peak reflection of the sTable hexagonal phase - 
(002) on the 11.990, respectively (tab. 1), was detected. 
Calculated crystal lattice constant c = 6.78(88) Å, which is 
1.03% different from the Table value. The values of 
crystallite size are 15 nm for the initial state of cadmium 
sulfide films and 18 nm after irradiation. The values of Δd/d 
lattice microstrains in CdS films are 7.5*10-3 a. u. and 
10*10-3 a. u. in the CdS layers after UV irradiation. These 
values are greater both for tabular value and for the value 
that was in the initial state, which indicates increased 
pressure of the crystal lattice in the direction of the axis c. 
For the reflection (002) the diffraction reflection curve was 
received (Fig. 2). The FWHM of the captured peak for the 
initial state was 7.2 degrees, and after UV irradiation was 4.5 
degrees. 

 

Fig. 2. The diffraction reflection curve of (002) reflection. 
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Thus, it can be concluded that under the action of hard 
UV irradiation in a thin film CdS, on the one hand, there are 
recrystallization processes that increase the values of 
crystallite size and change their orientation. On the other 
hand, there is the formation of antisite defects, as evidenced 
by the increase of permanent crystalline lattice. 

The spectral dependences of transmission coefficient and 
reflection coefficient of typical CdS layers in the initial state 
are shown in Fig. 3. In the range of wavelengths of 400-500 
nm, there is a strong absorption of radiation, while in the 
visible and infrared region of the spectrum, the average 
transparency of CdS films is 85%. The average reflection 
coefficient in the wavelength range of 400-1100 nm is 10%. 

 
Fig. 3. Spectral dependences of transmission coefficient (T) and reflection 

coefficient (R) of CdS films in the initial state and after hard UV 
irradiation (CdS + UV). 

The calculated refractive index is 2.34-2.51, the thickness 
of the investigated layers of cadmium sulfide is 360 nm. The 
bandgap of the CdS films in the initial state is 2.42 eV.  

As it is shown in Fig. 3, the spectral dependence of the 
transmission coefficient and reflection coefficient of 
cadmium sulfide layers after hard UV irradiation remain 
unchanged within the measurement error. The average 
refractive index also does not change. The bandgap of 
cadmium sulfide after hard UV irradiation is 2.44 eV (Fig. 
4). 

 
Fig. 4. Dependence of the (α∙hν)2 = f(hν) curves of CdS films in the initial 

state and after hard UV irradiation (CdS + UV). 

IV. CONCLUSIONS 

The influence of hard ultraviolet radiation on the 
crystalline structure and optical properties of thin-film 

semiconductor cadmium sulfide layers obtained by the 
method of non-pulsed direct current magnetron sputtering 
was investigated. 

It was established that for cadmium sulfide films of 
hexagonal modification after hard UV irradiation with a 
quantum energy of 10.5 eV for 10 hours the parameter c 
changes from 6.77(01) Å to 6.78(88) Å. The increase of the 
lattice microstrains after irradiation varied from 7.5*10-3 a. u. 
up to 10*10-3 a. u. These indicate an increase in the 
micropressure of the crystal lattice in the direction of the 
axis c. 

The results of the study of the optical properties of 
cadmium sulfide films before and after hard ultraviolet 
irradiation indicate that the transmission, reflection, 
refraction and band gap do not change. 

Thus, hard ultraviolet radiation with a accumulated dose 
of 1.7*109 Gy does not affect the crystalline structure and 
optical properties of CdS films obtained by non-pulsed direct 
current magnetron sputtering. 
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