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ELECTROCHEMICAL MATERIALS SCIENCE

OPTICAL CHARACTERIZATION OF CHEMICALLY DEPOSITED Cu,S LAYER FOR
THIN FILM CdS/Cu.S SOLAR CELLS
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Central Electrochemical Research Institute, Karaikudi- 623 006

ABSTRACT

A chemical bath has been developed for the formation of Cu,S thin film useful for low cost CuyS/CdS
solar celis. The coating, on glass substrates has been characterized by optical methods and reported.
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INTRODUCTION

Auailability of sunlight in plenty makes conversion of solar energy into
electricity a cheap alternative for the fast depleting natural energy
resources. The costly fabrication methods in the CuyS/CdS solar cell
manufacturing make the cells uneconomical for terrestrial . Hence
there is the necessity for the evaluation of a simple and economical method
at each and every step of solar cell fabrication. Amongst the different
techniques, screen printing [1]isa very low cost method for the formation of
thin film CdS on any desired substrate in a relatively simple manner.
Though Cu3S layers can be formed successfully by the dipping process [2]
which is widely used in fabrication of CuzS/CdS solar cells, atmchmmetnc
control is difficult. Asan altémative, the chemical bath d h

has been used in this laboratory to coat Cu,S, which makes uheofcupmlu
chloride as the starting material instead of copper sulphate [3]. The
bandgap, refractive index, ion coefficient and stoichiometry, of Cu,S
coating deposited by this technique have been studied by optical methods.

EXPERIMENTAL

The bath used for chemical deposition of Cu,S consisted of 0.5% cuprous
chloride solution to which 25 to 50 ml of glacial acetic acid was added to
convert the sparingly soluble cuprous chloride to cuprous aceta!c This
solution appeared dark blue in colour indicating the presence of Cu®" ions
which would result in CuS rather than CusS. So a controlled amount of a
dilute solution of hydrazine hydrate (reducing agent) was added to reduce
all the cupric ions to cuprous ions forming a colourless solution. Whm
ammonia (pH lﬂj-l?)qu added to this seoluti Cu'—

complex was formed. The bath was heated to 45° C and magnetically stirred
to obtain a clear and homogeneous solution. 0.1 N thiourea was slowly
added and a © tinge d after two minutes mdlcabng the
beginning point for formation ol'Cn.S During the reaction, the Cu” from
the complex combines with the $* ions liberated from the decomposition of
thiourea. The glass substrates used were first cleaned with running water,
Teepol solution, followed by ri g in distilled wam. the substrates were
then boiled in triple distilled .water and finall d with acet The
cleaned glass substrates were kept horizontally umde the bath and 2ml of
thiourea was periodicaily added to obtain the required thickness.

Surface morphology and stoichiometry of the film were studied using
scanning electron microscope (SEM). Optical absorption measurements
were recorded with a spectronic 21 spectrophotometer placing an uncoated
glass slide in the reference beam. Four-probe method was used for resistivity
measurements and refractive index determined by ellipsometer.

RESULTS AND DISCUSSION
The colour of the as-grown films varies from brown to grey brown for thin

ition tec

and thick films. Figure | depicts a micrograph of the chemically deposited
film, which has a uniform dark background coating of Cu,S over which
white spots are observed. These spots are the copper rich nodules on the

Fig. 1: Micrograph of Cu,S chemically grown thin film

the surface.Similar results have been reported [4], which suggest that these
nodules help in improving the stoichiometry upon heat treatment. X-ray
microanalysis data on these films are shown in figure 2, Resistivity of the
films was of the order of 7 x 10™? ohm.cm. These are in agreement with
results reported earlier [5]. In Table I the results on the stoichiometry ‘x’

sulphur content and resistivity values of the films are presented. The optical
absorption spectrum of the films deposited under different conditions is
shown in figure 3. It is observed that the absorption minimum shifts from
850 to 700 nm which could be attributed to the increase of sulphur content
[6]. Also the total absorption in the long wavelength region is found to
increase with sulphtir content. The higher absorption associated with the
Cu g6S coating may be due to the combined formation of LT digenite and
djurleite {2]. An analysis of the absorption spectrum (Figure 4) yielded
direct bandgap values in the range 2.4-2.6 (cf. Table I). The bandgap values
are found to decrease with increase of stoichiometry. Refractive index values
measured by the elipsometry technique yielded values cf. Table I) which are
comparable with the reported values [4].
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Fig. 2: Graphical X-ray micro analysis data
Table | : Optical and electrical parameters of Cu, S films-chemically grown

Sample Composi- Sulphur Absorb- Direct Resisti Refractive
tion of content  ance energy  vity Index
Cu,S (x) (relative) minimum Egqa (ohm-cm) (n)
(nm) ev)
No.1 145 0.409 700 2.58 59x107% 32
No.2 175 0.364 750 2.48 66x1072 33
No.3 186 -0.349 850 2.38 74x107% 36
No.4 186 — —_— 2.58 3x1072 308
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Fig. 3. Optical absorbance spectra for typical Cu,S films (1) x=1.45 (2)x=
1.75 3)x=1.86
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Fig. 4: Square of absorption coefficient as a function of the photon energy
(1)x=1.45 (2)x=175 (3)x=1.86

CONCLUSION

In the chemical deposition technique the ion production is controlled by the
addition of either ammonia or thiourea. Here even small traces of Cu?* ions
present in the starting material can be completely eliminated before
formation of complex which is not the case when copper sulphate is used as
the starting material where triethanolamine-Cu?* complex is formed. Even
though the stoichiometry attained is 1.86, further control of composition
would yield layers with X =2. Thus this method to be a simple and
economical process for the formation of Cu,S films in CdS/Cu,S solar cell
applications.
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