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Effect of KF Treatment of Cu(In,Ga)Se; Thin Films on the
Photovoltaic Properties of CIGS Solar Cells
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Department of Materials Science and Engineering, Korea advanced Institute of Science and Technology, Daejeon 34141, Korea

ABSTRACT: We applied KF on CIGS film to modify CIGS surface with a wider-bandgap surface layer. With the KF deposition the
surface of CIGS film had fine particle on the CIGS surface at 350 and 300°C. No fine particle was detected at 500 and 250°C. With the
KF treatment, the Ga and O content increased at the surface, while the In and Cu content decreased. The valence band maximum was
lowered with KF treatment. The composition profile and band structure were positive side of applying KF on the CIGS surface. However,
the efficiency decreased with the KF treatment due to high series resistance, probably due to too thick surface layer. A smaller amount
of KF should be supplied and more systematic analysis is necessary to obtain a reproducible higher efficiency CIGS solar cells.
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Nomenclature

CIGS : Cu(In,Ga)Se;

V.. : open-circuit voltage, V

Jsc : short-circuit current, mA/em’
FF : fill factor

7 : conversion efficiency, %

subscript

ALD: Atomic layer deposition

XRD : x-ray diffraction

XPS: X-ray photoelectron spectroscopy
UPS: Ultra-violet photoelectron spectroscopy

SEM : scanning electron microscopy

1. Introduction

Cu(In,Ga)Se; (CIGS) Brel oF4 x| += Al-doped ZnO/i-ZnO/
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Fig. 1. CIGS film grown from Cu/(In,Ga).Ses precursor at 500°C
for 20 min in a Se environment
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Fig. 2. AES depth profiles of Cu, In, Ga, and Se in the CIGS film

prepared at 500°C for 20 min annealing in a Se enviro-
nment
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Fig. 3. llluminated J-V curve of CIGS solar cell with CIGS film
prepared at 500°C for 20 min annealing in a Se enviro-
nment
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Fig. 4. SEM surface and cross-sectional images of CIGS films
at various temperatures of KF treatment

3. Results
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Fig. 5. XPS depth profiles of CIGS films at 300°C of KF treatment
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Fig. 6. llluminated J-V curves of CIGS solar cells with KF
treatment of CIGS films

Table 1. Summarized photovoltaic parameters of CIGS solar
cells with KF treatment of CIGS films
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water
KF at
ooc | 824 |0464| 308 |57.7| 204 | 071
KF at
asoc | 469 |0485| 280 [420| 81 0.79
KF at
soc | 373 0519 203 |365| 82 14.3
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Fig. 7. XPS depth profiles at the CdS/CIGS interface with KF
treatment at 500 and 300°C and DI water rinse of CIGS
film
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Fig. 8. UPS depth profiles of CdS/CIGS interface with KF
treatment at 500 and 300°C and water rinse of CIGS film
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Fig. 9. Deep-level trap level density profiles of CIGS solar cells
by 350, 300 and 250°C of KF treatment
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Fig. 10. llluminated J-V curves of CIGS solar cells with KF
treatment and DI water rinse of CIGS films

Table 2, Summarized photovoltaic parameters of CIGS solar cells
with KF treatment and DI water rinse of CIGS films

After rinse| Eff, Voc Jsc F.F. Rsh Rs
with water| (%) (V) [ (mA/em®) | (%) [(Q+cm®)|(Q+cm?)
5%2?& 9.15 |0.461 32.4 61.4| 301 0.42
32';(?& 3.27 |0.481 22.2 30.6 57 46
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