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PHOTOELECTRICAL PROPERTIES OF CulnSe,-Cd, ,Zn S SOLAR CELLS
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Institute of Physics of Academy of Sciences of Azerbaijan
Balu, 370143, pr. G. Javid, 33

Photoelectrical propertics of CulnSe,-Cd, ,Zn,S thin film solar cells obtained by quasi-closed volume evaporation method were investi-
gated, It was shown that using a Cd, ,Zn_S-CdS bilayer substrates one can increase an efficiency of these cells to — 8%,

1. Introduction

CulnSe,-CdS structure 15 one of the most prospective
structures on the base of which effective, economically cheap
solar cells can be fabricated. This heterostructure possesses
an efficiency of about 12 % and there is possibility to m-
crease its parameters 1o obtain higher efficiencies [1-4].

It should be mentioned that at present time, these ele-
ments have an open circuit voltage not exceeding 0.5 volts,
the reason is that the magnitude of the energy barrier at the
junction is not relatively high [3-4]. One of methods to in-
crease the value of the open circuit voltage is to use a base
layer having a band gap greater than that of the CdS. Such a
material 1s Cd, Zn. S solid solution which not only presents
the structure and physical properties of CdS, but also pos-
sesses larpe gap depending on the Zn percentage in the solid
solution.

In this work we present the preparation method and also
photoelectrical properties of CulnSe,-Cd, .Zn.S heterostruc-
ture along with the possibility of solar cell production on its
basis.

2. Experimental methods _'

CulnSe.-Cd, . Zn S heterojunctions were fabricated by
flash evaporation of CulnSe, polycrystalline powder onto
Cd, .Zn.S films. The Cd, .Zn,S thin films were prepared by
vacuum evaporation of CdS and ZnS powders mixture in
required proportions using a quasi-closed volume system. As
a substrate, a chemically cleaned glass with a conducting
layer of Sn0, was used. The CulnSe, homogenous films of
stoichiometric composition were prepared at substrate tem-
perature of 7,,=500°C. X-ray analysis shows that, CulnSe,
samples prepared under these conditions possess a single
phase structure. After preparation, the heterostructures were
annealed in vacuum for 10 minutes at 300 °C.

Ohmic contact to the CulnSe, films was made by In-Ga
eutectics. Active areas of samples were about 10 mm?,

The conductivity and transmission spectra of the samples
were measured by standard method using SPM-2 mono-
chromator and computerized complex K5VU-2 at room tem-
perature.

The photoluminescence excited by a N, laser (A=337 nm)
was measured by DES-spectrometer and registered by a syn-
chronized system at 77 K. The X-ray diffraction patterns of

samples were taken using the K, line of a Cu X-ray source.

3. Experimental results and discussion

a) Structure, electrical, photoelectrical, optical and lumi-
nescent properties of Cd, ZnS thin films prepared by vac-
uum evaporation method using a quasi-closed volume sys-
tem.

It has been found out that perfect Cd, , Zn. S thin films can
be successfully prepared using a quasi-closed volume system.
The physical properties of thin films prepared by this method
strongly depend on the deposition condition. Substrate tem-
perature plays an important role during deposition process
which can influence on the structural, electrical, photoelectri-
cal, optical and luminescent properties of thin films. There-
fore, finding an optimal regime for preparing perfect films is
very important.

From the first let us consider the properties of CdS thin
films prepared at differcnt-substrate temperatures.

In Fig. 1 it is given the X-ray diffraction patterns of CdS
films prepared at different substrate temperatures. As 1t 15
seen from the figure the increase of the substrate temperature
does not change the reflection from (002) planes but changes
the intensity of reflection which is due to the change of the

orientation of the grains along [002] direction.
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Fig. 1. X-ray diffractograms taken from CdS thin films prepa-
red by vacuum cvaporation using quasi-closed volume
method at different substrate temperatures: | - 180 °C;
2-200°C; 3-220°C; 4 - 240 °C.
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Fig. 2 shows dependence of the resistivity on the substrate
temperature. As it is clear from the figure the resistivity of
CdS thin films increases linearly from 10% up to 10° Q/cm by
mcreasing substrate temperature from 150 to 250 °C.
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Fig. 2. Variation of the resistivity of CdS thin films prepared
by the same method versus the substrate temperature
(F=3007C).
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The change of the substrate temperature essentially
changes the photoluminescence, photoconductivity and opti-
cal transmission spectra of CdS thin films. In Fig.3 it is given
the photoluminhescence spectra of CdS thin films obtained at
substrate temperatures in the range 180-240°C. It is clear that
mcrease the substrate temperature mmcreases the intensity of
exciton luminescence (at A=490 nm) and simultaneously a
green band is also appeared at  A=530 nm. When the sub-
strate temperature is equal to 220°C the value of the exciton
luminescence becomes maximum. The increase of the sub-
strate temperature above 220°C the exciton luminescence
band essentially decreases.
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Fig. 3. Photoluminescence spectra of CdS films prepared by the
same method at different substrate temperatures:
a) 180 °C, b) 200 C, ¢) 220 °C, d) 240 °C (measure-
ments are taken at 7=300 K).

The photoconductivity of CdS films appears only in a

small substrate temperature interval. In Fig. 4 the photocon-

ductivity spectra of CdS films prepared at substrate tem-
peratures in the range 200-230°C are given.
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Fig. 4. Photoconductivity spectra of CdS thin films prepared by
the same method at different substrate temperatures:
1) =200 °C, 2) =220 °C, 3) T=240 °C (measurements
are taken at 7=300 K).

Fig. 5 depicts the optical transmission spectra of CdS
films prepared at different substrate temperatures. As it is
seen from the figure at the increase the substrate temperatures
from 180 to 220°C the transmission coefficient increases,
The maximum transmission coefficient appears at substrate
temperature above 230°C. At the increase the substrate tem-
perature above 230°C the transmission coefficient decreases.
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Fig. 5. Transmission spectra of CdS thin films prepared by the
same method at different substrate temperatures:
1) =180 °C, 2) =200 °C, 3) T=220 °C, 4) T=240 °C
(measurements are taken at T=300 K).

Considering the above mentioned results it is concluded
that the changes occurred in the physico-chemical properties
of CdS films are due to the creation of defects at CdS films
when the substrate temperature increases. Appearance of the
green band at luminescence spectra of CdS films prepared at
200°C is due to the creation of Cd vacancies [5]. Extinction
of the green band at the luminescence spectra of CdS films
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prepared at substratc temperatures in the range 200-240°C
can be attributed to decrease of Cd vacancies in the films.
The increase of the erientation of the grains at [002] direction
shows that, when the substrate temperature is 220°C high
quality CdS films from siructural view point are created.

Appearance of photoconductivity at CdS films is due to
the existence of photosensitive centers (i.e. Cd vacancies)
which are responsible for the green luminescence, The reason
for this conclusion is that the photoconductivity merely ap-
pears at those CdS films which also show green lumines-
cence band. The intensity of photoconductivity is propor-
tional to the intensity of the green band, When the intensity
of the green band decrea==s at CdS films, the intensity of the
photoconductivity also decreases. The increase of the trans-
muission coefficient in CdS films by increase the substrate
temperature from 180 to 220°C is due not only to decrease of
the supplementary absorption centers but also to the increase
of grain orientation. The decrease of the transmission coefTi-
cient in CdS films prepared at temperatures 240°C and above
15 probably due to the existence of a large number of defects
created at high temperatures. This is also confirmed by the
decrease of the orientation of the grains at [002] direction
when the CdS films are j rcpared at substrate temperature of
240°C.

As mentioned before, when the substrte temperature in-
creases from 150 to 200°C, the resistivity ncreases. This can
be due to the increase of CdS vacancy concentration which
act as acceptor centers.

Summarizing the resul's presented above we make the
conclusion that the optimal temperature for preparation of
ideal CdS films using the quasi-closed volume method is in
the range 200-220°C, leading to sufficiently high photocon-
ductivity, increased grai: orientation and maximal transmis-
sion coefficient.
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Fig. 6. Resistivity versus x values for Cd, .Zn_S thin films pre
pared by the same method.
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Now we consider electrical and optical properties of
Cd,..ZnS thin films prepared at substrate temperatures in the
range 200-220°C,

As it was expected, the electrical and optical properties of
Cd,,Zn,S thin films essentially depend on the percentage of
ZnS in the Cd, ,Zn,S composition. In fig.6 the variation of
the resistivity of Cd, . Zn. S films with different val 125 of x 15
given. As it 1s seen from this figure, by varying the value of x
from 0 to 0.20, the resistivity increascs from 10" 10 10° Q/em.

Varying the value of x leads also to the varation of the
transmission spectra (see Fig.7). As it is seen {rom this fig-
ure, the increase the value of x causes the transmi n coef-
ficient to rise and also to shift it towards short wo lengths.
The obtained results may be explained by considering the
fact that the increase of the percentage of ZnS in the solid
solution results in an increase of the Cd, . Zn,S band gap.
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Fig. 7. Transmission spectra of Cd, ,Zn 5 thin films prepared
by the same method for different x values: 130,
2)x=0.10, 3) x=0.15, £) x=0.2 (T=300 K).

b) photoclectrical propertics of CulnSe, — Cd, .Zn.S het-
erostructure.

To prepare CulnSe,—Cd, ,“n S heterostructures,the value
of x was varied between 0-0.20. Fig.8 shows the licht 1-V
characteristics of a CulnSe, — Cd, . Zn_S heterostructure illu-
minated by a light source having a power of W=100
mW/em®. As it is clear from this figure, the concentration of
the Zn increases from 10 to 20%, the current density  in-
creases from 9 to 2.3 mA/cm” and open circuit voltage in-
creases from 0.5 to 0.65 V, but the fill factor remains rela-
tively unchanged (FF=0.4).

The increase of the value of x from 0 to 0.20 leads to an
mcrease of current density, leading in turn to a decrease of
the efficiency of the heterostructure from 4 to 0.6%.

The increase of the width of energy gap in the Cd, _Zn S
layer by the increase of the value of x leads to an increase of
the energy barrier of CulnSe, — Cd, Zn,S heterostructure,
leading ultimately to the increase of open circuit voltage up
to 0.65 at x=0.2. But the increase of the value of Cd, . Zn.S
series resistance by the increase of the value of x leads to the
decrease of short circuit current, leading in turn to a decrease
of device efficiency.
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Fig. & Light 1-V characteristics of CulnSe,-Cd, . Zn_S hetero-
structure for different x values: 1) x=0.10, 2) =0.15,
3} =020, W=100 mW/em® (T=300 K).

To decrease series resistance of the base layer, multylayer
CulnSe~Cd, ,“n,S heterostructures were prepared. To obtain
these multilayer systems, first a CdS layer with a thickness of
about § pm and having a resistivity of 10°(¥cm was depos-
ited on a glass substrate coated with SnO, by quasi-closed
volume method at 150°C, _

Then a Cd, ,Zn S (2=0.20) layer of about 2 um thick and
resistivity of 10° {2/cm was coated ‘on the CdS layer at 220°C
using the same method, p-CulnSe, layer deposited by flash
evaporation of CulnSe, polyerystalline powder on to the pre-
viously prepared Cd, ,Zn S-CdS layer. The obtained structure
was annealed in vacuum at 300°C for 10 minutes.

Fig. 9 depicts light I-V characteristics of the sample be-
fore (curve 1) and after (curve 2) annealing. As it is seen
from the figure before annealing: J,=8 mA/cm® FF=0.62
and the open circuit voltage negligibly decreases {/, =0.60 V.
Hluminating the sample with an illuminating power of 100
mW/em® yields an efficiency of about 7.8%. Therefore using
a Cd,.Zn,S-CdSs bilayer it is possible to decrease essentially
series resistance of the heterojunction which in turn improves
the output parameters of the structure.

Fig. 10 shows the photoresponse spectra of heterostruc-
ture before (curve 1) and after (curve 2) annealing in vacuum
at 300°C for 10 minutes. As it is seen from this figure pho-
toresponse maximum shifts towards long wavelengths of the
spectrum after annealing. This can be explained if we
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assume that annealing process causes the acceptor concentra-
tion to decrease in p-CulnSe, laver which results in the
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Fig. 9. Light I-V characteristics of CulnSe,-Cd, . Zn S hetero-
structure before (curve 1) and afier (curve 2) annealing
process.
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Fig. 10. Photoresponse spectra of CulnSe,-Cd, ,Zn,S hetero-
structure (x=0.20) before (curve 1) and after {curve 2)
annealing in vacuum at 300 K for 10 min.
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increase of the width of space charge region. Therefore sepa-
ration of the photocarriers generated in CulnSe, occurs rap-
idly leading to the increase of photoconductivity of hetero-
Junction at longer wavelengths of the spectrum.
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CulnSe:- Cdy:Zn:S -GUNDS ELEMENTLAORININ FOTOELEKTRIK XAssaLari

Kvazi-qapah hecmde buxarlanma yolu ile alinmig CuinSe:-Cdi.ZnS giines elementlorinin foloclektrik xasselori Syronilmisdir,
Gostorilmigdir K, iga CdiInS-CdS althglann istifado olunmas: bu clementdonn faydaly is omsalim ~ 8 % goador artirir.

ALH. baiipamon
@OTOVNIEKTPHUECKHE CBOHCTBA CulnSes- CdioZnS COJTHEYHBIX QJIEMEHTOB

Hecneposanst poroanextpuueckie caoiicrsa CulnSes- CdioZned COMHEYHBIX INEMEHTOB, NOTYYEHHRIX METOIOM HCNAPEHHA B
ksaimiaMeuyTom oGuesme. [lokasano, 4o uenonsiosanme Asyxcnoinein Cdy.Zn.S5-CdS nonnowex yeenmuueaer KT stix
AeMeHTOR 10 ~ 8.
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