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Abstract: Thin light-active layers of the CulnSe; solar cell were prepared on Mo-coated sodalime glass
substrates by one-step electrodeposition and post-annealing. The structure, morphology, and composition of
CulnSes film could be controlled by deposition parameters, such as the composition of metallic precursors,
the concentration of complexing agents, and the temperature of post-annealing with elemental selenium. A
dense and uniform Cu-poor CulnSe; film was successfully obtained in a range of parametric variation of
electrodeposition with a constant voltage of -0.5 V vs. a Ag/AgCl reference electrode. The post-annealing
of the film at high temperature above 500C induced crystallization of CulnSe; with well-developed grains.
The KCN-treatment of the annealed CulnSe; films further induced Cu-poor CulnSe; films without secondary
phases, such as CuzSe. The structure, morphology, and composition of CulnSe:; films were compared with
respect to the conditions of electrodeposition and post-annealing using SEM, XRD, Raman, AES and EDS
analysis. And the conditions for preparing device-quality CulnSe; films by electrodeposition were proposed.
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Preparation procedure of a CulnSe: solar cell
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Fig. 2. Schematic structure of a CulnSe: solar cell device.
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Fig. 3. Cross sections of CulnSe; layers prepared under
various annealing temperatures: (a) As-deposited CulnSe:;
film, (b) CulnSe: film annealed with Se at 500C, (c) at 550C
(d) at 580°C.
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Fig. 4. XRD patterns of CulnSe; films prepared under
various selenization temperatures.
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Fig. 5. Atomic ratio of [Cul/[In] in CulnSe; films prepared
with various mole ratios of In/Cu precursors.
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Fig. 6. Surface and cross sections of as-dep. CulnSe:
lavers electrodeposited under different pH conditions @ (a)
pH 20 (additives 0.009 M) (b) pH 2.1 (0.012 M), (c) pH 2.2
(0.015 M), (d) pH 2.3 (0.02 M).
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Fig. 7. Atomic ratio of [Cul/[In] of CulnSe; films prepared
with wvarious concentrations of complexing agents and
buffering agents.
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Fig. 8. Atomic ratio of [Cul/[In] of CulnSe: films prepared
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Fig. 9. AES depth profiles of selenized CIS films after
KCN etching (detecting area 20 pm = 20 pm, sputtering
area | mm * 1 mm, sputtering rate 50 nm/min).

25000 — -

— —~—{a) Selenized CIS film
'3‘ 15,000 —(b) Selenized CIS film
S with KCN etching
T nos
S
S 5000

0 : )
400 500

Raman Shift [emY]

Fig. 10. Raman analysis of CulnSe; films before and after
the KCN-etching treatment.
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Fig. 11. Surface morphology change by KCN etching: (a)
before KCN etching, (b) after KCN etching.
Table 1. Device performance of a CulnSe; solar cell
prepared by electrodeposition and post-selenization.

Active

3 ) FF Jsc Voc n
Sagle: g %) (mA/emd (V) (%)
(cm”™)
CulnSe; 0.44 41.48 26,84 0.27 2.96

* A device of SLG/Mo/CIS/CdS/i-ZnO/Al:ZnO with a
Cu-poor CulnSe: thin film : [Cul/[In]l= 0.89

* The buffering CdS layer was prepared by the chemical
bath deposition, and the ZnO layers were prepared by
sputtering.
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Fig. 12. J-V curve of a CulnSe; solar cell prepared by
electrodeposition and post-selenization at 550°C.
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Fig. 13. External quantum efficiency of a CulnSe; solar
cell prepared by electrodeposition and post-selenization at

550T.
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Fig. 14. SEM surface images of a CulnSe; thin film after
selenization and KCN etching: (a) %20,000, (b) =3,000.
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