Journal of the Korean Electrochemical Society
Vol. 13, No. 2, 2010, 89-95
DOI:10.5229/JKES.2010.13.2.089

CIGS vpfe] Azl A3} A+

olAd . 15T . QuAT . TAQI . =TT . o] x| &
Tt ska A sk eh) & Al she, G T AL,
s T e sl E e, TR 9)

(2010 1€ 29 H<4=: 201003 2€ 17 =He)

Electrodeposition of Cu(In,Ga14)Se, Thin Film

Sang-Min Lee, Young-Ho Kim®, Mi-Kyung Oh’, Suk-In Hong'’, Hang-Ju Ko'**, and Chi-Woo Lee"

Department of Advanced Materials Chemistry, College of Science and Technology, Korea University, Jochiwon,
Choongnam 339-700, Republic of Korea
"Dasstech Co., Ltd. Ochang 363-883, Republic of Korea
"Department of Chemical Engineering, Korea University, Seoul 136-701, Republic of Korea
"Korea Potonics Technology Institute, Gwangju 500-779, Republic of Korea

(Received January 29, 2010 : Accepted February 17, 2010)

= B
Cu(In, Ga)Se; (CIGS) ¥ ThelslghEo]7] wiel Alxgdo] ws- 7ithEtt. X325 ARS-
ke Az WHo R FAISEY, AuEEY + A-dE) 9, BiRE Az e s d7)8kekE
Azo] Q). z wilell QoM &3 EZo] il wlgl tkdl Al Whe] B 2 4 gtk
Sl 23k wppe yEAe] vhulks Aed AR H3 Qo) avfe] AFgnrt AR EER
A sl e AxzHE SHA FAI7E ). o]of] Hlste, MAEE hAEHEAE AH7ER
YAASE oF F= e A uliel, B Bl 71€9R|aL Atk £ ATolAlE Mo/Glassd=
9] Ga/(In + Ga) = 0.32] HEHE WEA7]E= CIGS B 7|8 o2 Alxsr] 95y,
Cu”, In*, Ga¥, Se* 4d%-S BF 38k dald 89 Ulolr, 4452 o]&E0°] FA9
St E = A9E 24E3te] CIGS Be A& a3tk SEMS o83t dofxl CIGS ¥hete]
AZE g ¥HS #FSINL, EDSE I 2AS EAst) 3 XRDE o] &-ake] Azt
A8 dAe AFe AAFHEEE s

Abstract : The chalcopyrite Cu(InyGa;.))Se, (CIGS) is considered to be one of the effective
light-absorbing materials for thin film photovoltaic solar cells. We describe the electrodeposition
of CIGS thin films in ambient laboratory conditions, and suggest the electrochemical conditions
to prepare stoichiometric CIGS thin films of Ga/(In+ Ga)=0.3. In acidic solutions containing
Cu*', In**, Ga** and Se* ions, the CIGS films of different Cw/In/Ga/Se chemical compositions were
electrodeposited onto Mo/Glass substrate. The structure, morphology and chemical composition
of electrodeposited CIGS films were characterized by X-ray diffraction (XRD), Scanning electron
microscopy (SEM), and Energy dispersive X-ray spectroscopy (EDS), respectively.
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Table 1. The conditions for formation of CIGS thin films

Ratio of precursors Applied potential (V) Time (sec) pH
Cu:In:Ga:Se —0.70 3600 2.7
(1:1:2:3) ~0.80
—0.85
—0.90
—0.95
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Fig. 1. SEM images of electrodeposited CIGS films for
3600 s at (a) —0.70 V, (b) —0.80 V, (c) -0.85V, (d) -0.90 V,
and (e) -0.95 V (vs. Ag/AgCl).
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Fig. 2. EDS data of electrodepositioned CIGS on Mo/
Glass surface for 3600 s at —0.9 V (vs. Ag/AgCl).

Table 2. EDS data of electrodeposited CIGS on Mo/Glass
surface for 3600 sec at —0.9 V (vs. Ag/AgCl)

Approximate Intensity Weight %
Element: Weight % Atomic %
Concentration Correlation Sigma
Se 0.55 0.5118  47.10 0.05 48.75
Cu 0.37 1.0589  14.90 0.04 19.16
In 0.42 0.8662  21.02 0.04 14.97
Ga 0.21 1.0730 8.30 0.06 9.73
Mo 0.12 0.5956 8.68 0.03 7.40
Totals 100.00
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Fig. 3. Composition of electrodeposited CIGS films as
determined by EDS at different applied potentials.
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Fig. 4. Ratios of Cu/(In + Ga) and Ga/(In + Ga) in the
films as a function of applied potential.
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Fig. 5. XRD data of as-deposited (3600s) (a) and of
annealed CIGS film at 250 for 1 h (b).
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Fig. 6. SEM images for the annealed CIGS films (3600 s)
at 250 for 1 h.
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