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Fabrication of CulnSe, Absorber Layers for Thin Film Solar Cells by
Doctor Blade Coating and Selenization using Solution Precursor

Chae-Woong Kim, Se-Jin Ahn, Jae-Ho Yun, Jeong-Chul Lee and Kyung-Hoon Yoon'

Solar Cells Research Center, Korea Institute of Energy Research

(2008'd 39 28 S : 20089 59 26Y )

Abstract In this paper, a novel non-vacuum technique is described for the fabrication of a CulnSe, (CIS)
absorber layer for thin film solar cells using a low-cost precursor solution. A solution containing Cu- and In-
related chemicals was coated onto a Mo/glass substrate using the Doctor blade method and the precursor layer
was then selenized in an evaporation chamber. The precursor layer was found to be composed of CuCl crystals
and amorphous In compound, which were completely converted to chalcopyrite CIS phase by the selenization
process. Morphological, crystallographic and compositional analyses were performed at each step of the
fabrication process by SEM, XRD and EDS, respectively.

Key words solar cell, thin film, CulnSe;, non-vacuum, solution coating.
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Fig. 1. Flow chart of experimental procedures used in this work.
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Fig. 2. (a) Planar and (b) cross-sectional SEM micrographs of
the precursor layer, whose Cu/In atomic ratio is 1, coated by the
Doctor blade method followed by being dried at 70°C for 5 min
in air.
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Fig. 3. XRD pattern of the precursor layer shown in Fig. 2.
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Fig. 4. (a) Planar and (b) cross-sectional SEM micrographs of the selenized layer, selenized at a substrate temperature of 530°C

for 30 min with Se evaporation temperature of 150°C.
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Fig. 5 XRD pattern of the selenized layer, selenized at a
substrate temperature of 530°C for 30 min with Se evaporation
temperature of 150°C.
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Fig. 6. Cu/In atomic ratios of a precursor solution, a precursor
film, a selenized film with Se evaporation temperature of 150°C
and a selenized film with Se evaporation temperature of 200°C.
Substrate temperature and selenization time for both selenized
samples were 530°C and 30 min., respectively.

dhukol Cw/in YA = $HA YJepic 24 4 2
I 71F2% 530°C, Se 2% 150°C, A}t A7t
3089 Ao m AAst Ag gk CIS vute] Cw/nHl&



89 A7) Geigeels =

oF 1.8%, Alst Azl Ft Al o] &4do] A
dojhS & F AUtk In £ HEE 7€ B w
29 Se FFo] BEF #9714 CIS i In-Se 3}
2o Axlge A] Furado] 73E InSe Ao Zuko

SN 4 Jojuj= Zloz dA Jop!t?
ukek B oroA Aot In £4o] B3l 7bo] Se F
= =0 93 Ao|#H, Se THH, = Se = 2 S
S7HRe whEl In S40] FojEojol & Aol o]&
gelstr] sted 719 2% 530°C, A} A7 3022
2L IS Se Y %

=), 2 200°CE Z7HA A
A3t A& stgon, 2AEA A4S Fig 69 &7
YERN AT Fig. 69 WEW Se 271 F718PAA CIS
ko] Cu/ln HI7F oF 122 FA Foj& Zo 2 YE
$om, o= A Se FaFel T7ISHHA In &4
ZFo| fagithe AL ¢y 6&3}. o] AH}ZHE Se 2%
150°CoA BAYSHE In 42 B o) 1w y!e) 7ho)
In,Se 739l 3k wjitolgtr AEAS F
e Se = L5271 2000CY W= oJAS] e &4
o] EAjgtti= Mot} URkE o= CIS BFe BFdA|7}
Tk FAY EAS Holr] fEixE CIS Bl Cu/
n 9AH]7E oF 0.8~0.9 7] p-type FHEA 545 7}
AoF grhal dEA AUtk wEbA, B Ao A Albst
B I8 9 dxg 1 °gk CIS "heke] 7§ Hrt
Cu/ln 9 o] g3l Ads)
ATA &9 Cu/In £
of 48" & Jom A Ad A

mlo {o mt o

e

AFAME A7 g9 AA W

ﬁ o X =
dst Aelel o Cis v 94 $Ae A 2
A9 A%E AEdgon, ¥ 978 5o AL A%

1 2 I3 Z 70°CollH Ax
71 AA weke cuCl 24, vAZ In A 2 odd
Ag2oxo] THEEH FAE= o 3.5 umATh
2. AFA 9L 7192 % 530°C, Se 2= 150°C
o] o= 307 At A2lg w2 oF 546 nm

B % st AEE F

SHCulnSe, WM} B1YARIE F545 Az 297

FA9 CIS "ol oF 1.2 um FA9] ©AF o] 4o
Y olFTe] Pl vehdth CIS ¥hEte] XRD #

243} CISAl BlFdA 9] 24y 548 A7l Cu-
Se == In-Se AlEe] olxpd #AH FA7F YERA] edof
CIS ©d¥e] 55435 Azt 7Fege gelsiln. &
2% 9H EFol= I8 A vRItIZ A7k ol A
E2 927t Adsl A7 ol waA sl5HEe] FHE
ole Aoz AlZHT}

3. Al A2 F arete] In Aol FEEA=, In
4 AEE Se TEH2ETF 2255 AT In &4
9] Se THE &N % 7|E 3 RAIENH, €4
A LASE In,Se Aol 2ol o9& In £40] Ve
s Zlog AlgHTh

3

I
o
rar

i

—_—

. I. Repins, M. A. Contreras, B. Egaas, C. Dehart, J. Scharf,
C. L. Perkins, B. To and R. Noufi, Prog. Photovolt: Res.
Appl. (2008) DOI: 10.1002/pip.822.

2. S. J. Ahn, K. H. Kim, Y. G. Chun and K. H. Yoon, Thin
Solid Films, 515, 4036 (2007).

3. S. J. Ahn, C. W. Kim, J. H. Yun, J. C. Lee and K. H.
Yoon, Sol. Energy Mater. Sol. Cells, 91, 1836 (2007).

4. S. J. Ahn, K. H. Kim and K. H. Yoon, Colloids and
Surfaces A: Physicochemical and Engineering Aspects,
313, 171 (2008).

5. S. J. Ahn, K. H. Kim and K. H. Yoon, Current Applied
Physics, in press, Corrected Proof, Available online 1
October 2007.

6. D. L. Schulz, C. J. Curtis, R. A. Flitton, H. Weisner, J.
Keane, R. J. Matson, K. M. Jones, P. A. Parilla, R. Noufi,
D. S. Ginley, J. Electron. Mater., 27(5), 433 (1988).

7. C. Eberspacher, C. Fredric, K. Pauls and J. Serra, Thin
Solid Films, 387, 18 (2001).

8. V. K. Kapur, A. Bansal, P. Le and O. I. Asensio, Thin
Solid Films, 431, 53 (2003).

9. G. Norsworthy, C. R. Leidholm, A. Halani, V. K. Kapur,
R. Roe, B. M. Basol and R. Matson Sol. Energy Mater.
Sol. Cells, 60, 127 (2000).

10. M. Kaelin, D. Rudmann, F. Kurdesau, H. Zogg, T. Meyer,
AN. Tiwari, Thin Solid Films, 480, 486 (2005).

11. Jackson S, Baron B, Rocheleau R and Russell T, Am. Inst.
Chem. Eng. J., 33, 711 (1987).

12. D. V. K. Sastry and P. J. Reddy, Thin Solid Films, 105,

139 (1983).



