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Impact of pH Value on Composition, Structure and Photo-Electric
Properties of Electrodeposited CulnSe, Thin Films
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Abstract: In this paper, CulnSe, thin films were prepared by one-step potentiostatic electrodeposition method on
the indium tin oxide (ITO) substrates, we researched the effect of the different deposition concentration ratio and
pH values on the structural performance of CulnSe, thin films in the process. The surface morphology,
stoichiometric ratio and crystal structure were characterized by scanning electron microscopy (SEM), X-ray energy
dispersive spectroscopy (EDS) and X-ray diffraction (XRD) respectively. The results showed that pH value have a
significant impact on the surface morphology .chemical composition ,crystal structure of these thin films, high-
quality thin films with indium-rich or copper-rich have been prepared by controlling the appropriate concentration
and acidity. We researched the opto-electrical separation properties of Cu-rich and In-rich CulnSe, thin films by
the surface photovoltage spectroscopy (SPS), the results showed that indium-rich film has a strong opto-electrical
response ; Due to the Cu-Se phase exist in these copper-rich films, which form a new interface in the films,
electron-hole pairs recombine at the interface owing to the capture, result in a strong depression of opto-electrical

response.
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Table 1 Solution components, pH for depositing Rich-Cu and Rich-In thin films and EDS results of them

Solution (us0./ {509, / H:5e0./ Nacitrate / Samples pH values ne/ni, ns./(netm,
(mmol - L™ (mmol - L™ (mmol - L) (mmol -1
a 6.48 50 20 500 al pH=2.0 0.94 1.06
a2 pH=1.7 0.97 0.85
a3 pH=1.5 1.03 0.82
b 8.89 50 20 500 bl pH=2.0 1.1 0.98
b2 pH=1.7 1.2 0.79
b3 pH=1.5 1.7 0.76
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Fig.1 SEM images of CIS films deposited from (al) solution a, pH=2.0; (a2) solution a, pH=1.7; (a3) solution a, pH=1.5;
(b1) solution b, pH=2.0; (b2) solution b, pH=1.7; (b3) solution b, pH=1.5
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Fig.2 XRD patterns of CIS films in the left is deposited from (al) solution a, pH=2.0; (a2) solution a, pH=1.7;
(a3) solution a, pH=1.5; (b1) solution b, pH=2.0; (b2) solution b, pH=1.7; (b3) solution b, pH =1.5;
Right picture shows the magnified pation of of the left figure
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(a) Sketch of SPS measurement; (b) Schematic of the surface band bending of In-rich CulnSe, thin film: @,

represent the work function under dark(solid lines), @y, represent the work function under illumination

(dotted line); (c) Schematic of energy band between CulnSe, and P*-Cu-Se
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Fig.4 Surface photovoltage spectra (SPS) of CIS films
under 0 V bias voltage deposited from (al)
solution a, pH=2.0; (a2) solution a, pH=1.7; (a3)
solution a, pH=1.5; (b1) solution b, pH=2.0; (b2)
solution b, pH=1.7; (b3) solution b, pH=1.5
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Fig.5 Surface photovoltage spectra (SPS) of al samples

under +1 V, 0 V, =1 V bias voltage respectively
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