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Electrochemical Deposition of Cu-In-Se Thin Films’
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Abstract: Cu-Se, In-Se and Cu-In-Se thin films have been prepared by electrodepositing method on molybdenum substrates. This
paper measures parameter of the electrodeposition process, and discovers the Cu-In-Se thin films are induced codeposition. The
Cu-In-Se is not stoichiometric ratio, but is provided with photoelectricity property.
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1 Introduction

CulnSe,(CIS)is a semiconductor with band-gap of
1.04 eV, high absorption coefficient ( > 10° cm™!), and
excellent match with the solar spectrum, so, it is a
promising thin-film material for solar cells. The hetero-
junction devices made up of CulnSe; and CdS have many
advantages such as: low cost, high efficiency, long term
stability, etc. This semiconductor can be prepared by
different
selenization and electrodeposition etc. The efficiency of
modules made up of CulnSe, has reached 17.7%, and
Cu (In, Ga) Se, (CIGS) thin-film solar cells have
demonstrated 18.8% of efficiency, large scale produced
CIS solar cells have reached 13% of efficiency. In china,
the efficiency of CIS and CIGS solar cells area of 1 cm?
made by vapor-selenization have respectively reached
8.83% and 9.13% . For its advantages of low cost, low
temperature, no pollution, minimum material waste, and
large area uniform film. Electrodeposition (ED) is one of
the suitable techniques to prepare solar cells. The
efficiency of CIS (made by ED) solar cells has reached
13. 5%, and Culn,Ga,Se, solar cells have reached
15.4% of efficiency. Se, ED has bright prospect.

The authors explored technology of ED Cu-Se, In-Se
and Cu-In-Se thin-film in sulphate system. The solar cell
was made up of CIS (produced by ED) and CdS
(prepared by chemical bath deposition (CBD)) has V,,
of 169 mV and [, of 2.5 pA.

2 Experimental details

techniques like: evaporation, sputtering,

The ED solutions used for proparing Cu-Se, In-Se
and Cu-In-Se respectively consist of 0.025 mol/L H,S0,,
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0.025 mol/L H,Se0;: 0.025 mol/L In(S0,);, 0.025
mol/L H,Se0; and 0. 025 mol/L H,30,, 0.025 mol/L
H,Se0;, 0. 025 mol/L In (SO,4);. By adding 10%
sulphuric acid, the above solutions with pH 1.4 ~2.0. A
standard three-electrode cell with auxiliary electrode of pt
layer, reference electrode of 0.05 mol/L HgSO;,
working electrode of Mo foil. The substrut treatments were
curried out as follows.

Flint paper sanding — fint paper sanding — rainsed
by water — cleaned by distilled water.

We have measured the polarization curves. A
solution containing 3 ~ 5 mmol/L H,S0,, 100 -~ 120
mmol/L thiourea solution, 1.34 ~ 2 mmol/L NH,0OH,
with pH 11 ~ 12, temperature 70 C, time 20 min, was
used to deposited CdS on Cu-In-Se thin-film.

3 Result and discussion

Fig. 1 shows the polarization curve of Cu-Se depo-
sited on Mo foil, form it we can see that deposition
potential is high, thus explains that Cu-Se is easy to be
deposited. When deposited under the circumstance of 0.4
V for 5 mins, the film exhibits bronze-like redness,
brightness and sood adhesion.

Fig. 2 shows the polarization curve of In-Se
deposited on Mo foil, the deposition potential is lower
than that of Cu-Se, the current is limited from 1.6 to0 2.2
mA/cm’, changing of deposition potential is slow. When
deposited under circumstance of 2.0 mA/cm? for 5 mins,
the film is uniform, bright, deep blue and adhesion is
good.

According to Bhattacharya’s researches, ratio of Cu/
Se is less than 1 when deposition potential of Cu-Se is
high; increasing of pH can make the ratio high. When
pH 2.4, the ratio is 2, decreasing of pH can restrain
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Fig.1 Curve of potential(vs. SHE) and
current density electrodeposited Cu-Se film in
0.025 mol/L CuSOQ, and 0.025 mol/L H,Se0, solution
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Fig.2 Curve of potential( vs. SHE) and
current density electrodeposited In-Se film in
0.025 mol/L In(SO,); and 0.025 mol/L H,SeO, solution

deposition of Cu. During the process of In-Se deposition,
the ratio of In/Se is about 2/3, changing of potential has
little influence on the ratio.

Fig. 3 shows the polarization curve of Cu-In-Se
deposited on Mo foil, from it we can see the deposition
potential is equal to that of Cu-Se. Then we used chemi-
cal bath to deposit CdS on it, the experimental parameters
were; applied current density: 2.0 mA/cm’, tempe-
rature: 20 °C. The film is green-blue, bright, well-
distributed, cohesive. When irradiated with sun shine,
its Vo is 140~ 170 mV, I, is 1.3~2.3 mA/cm®, this
shows that the film has photoelectric effect. From
reference[ 7], the film prepared under this circumstance
is Culn,Ga,Se;, x=1.1~1.2, y=0.7~0.95, z=
2, so the film is rich in Cu, the deposition potential of In
of In-Se is less than that of Cu-In-Se, shows that Cu can
induce the deposition of In, thus decreasing the
codeposition over potential of In.

Fig.3 Curve of potential(vs. SHE) and current density
electrodeposited Cu-In-Se film in 0.025 mol/L CuSO,,
0.025 mol/L In(S0O,); and 0.025 mol/L H,Se0, solution

4 Conclusion

Electrodeposition of Cu-In-Se is a kind of induced
codeposition, because of the induction of Cu, over
potential is more less than that of In-Se, In the solution of
CuSO4, In (SO4); and H,SeO;, controlling the pH
between 1.4 and 2.0, I between 1.6 and 2.2 mA/cm’,
can electrodeposite good quality film of Cu-In-Se. Though
the film is not stichiometric, it has photoelectric effect.
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