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Fig. 1

smelting

XRD pattern of CIGS bulk prepared by vacuum
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Table 1 Compositions of raw materials and CIGS bulk

Mass fraction/%

Material n(Cu)/n(Gatln) n(Ga)/n(Ga+In) n(Se)/n(Cut+Gatln)
Cu In Ga Se
Raw 24.75 17.32 7.43 50.50 1.00 0.30 1.02
Bulk 28.05 16.78 9.36 45.81 1.07 0.36 0.85
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Fig. 2 Fracture morphology of CIGS bulk prepared by

vacuum smelting
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Fig. 3 XRD pattern of CIGS pre-fabricated thin film

deposited by electron-beam evaporation
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Table 2 Compositions of CIGS pre-fabricated thin film deposited by electron-beam evaporation

Mass fraction/%

Material n(Cu)/n(Ga+In) n(Ga)/n(Gatln) n(Se)/n(Cut+Gatln)
Cu In Ga Se
Bulk 28.05 16.78 9.36 45.81 1.07 0.36 0.85
Pre-fabricated thin film  19.49  22.86 9.11 48.54 0.61 0.28 0.94

T e L5 B R R T A K L Cu AT H LG AR &
MEN Z5UEe e, ER RN B R
(R AT DS BORE 8 28, DTRR TG 3 1M e 9] 5 et
SRR RS, 5 70 AR G IR 5 28 AU A KK
KA MAAEBMRIE BT, s RN, iRt
Pt 5 g AT AR KRR AR 8
KV TR F R AR BE/N, 1T Cu 1 s AR iy LU
AR, SEEA RN Cu JRFUTREE L, i
{13 Cu 55 HAR IR e o tHIRAR K (R i 22 In A1
Ga [ UK, fEZUURIBE TS, B4R In Al Ga Jo %
A LLSEAZE A, AHEAEAR R A BT L, In (28
JEEE Ga MZE TR my, A SRATAEE R In (1) 5 1Y
T, 0 Ga & BN . Se HATIRM A 285U )
ek, EHRTHRABELSRS, e RIS
PR R B, XBUNTE XSRS, Cu JTTENTHHRER
K, SR AERS Se 1800 LR AAAR I B 20 i v o 28
PEEPEH, f5 S CIGS AKPH s A 2k 5y P A
CIGS WRISCZ I oy (B /R L) 2R s n(Cu)/n(In+Ga)
J0.69~0.98, n(Ga)/n(In+Ga) & 0.21~0.38, n(Se)/
n(Cu+In+Ga)ly 0.95~1.10, FHZK 2 1] %1, n(Cu)/n(In+Ga)
F n(Se)/n(CutIn+Ga)# Lt T s 2L 1) o fik, T LG
7 J B AL B A R ) B

HL R ARV 4 CIGS Tl 78BS 11 2 1 P2 3
Bl 4 Jros. B 4 a5, ORI/ H A2 SRR, JEA

4 WP RZRPRETIA CIGS T 2R T TE 50
Fig. 4 Surface morphology of CIGS pre-fabricated thin film

deposited by electron-beam evaporation
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Fig. 5 XRD patterns of CIGS annealed films
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Table 3 Compositions of CIGS annealed films
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Annealing Mass fraction/%
n(Cu)/n(Gatln) n(Ga)/n(Gatln)  n(Se)/n(CutGatin)
temperature/ ‘C Cu In Ga Se
Pre-fabricated
19.49 22.86 9.11 48.54 0.61 0.28 0.94
thin film
300 18.38 23.58 8.52 49.52 0.57 0.27 0.98
400 18.70 24.56 9.44 4731 0.55 0.28 0.90
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500 20.04 19.86 9.75 50.35 0.68 0.33 1.01
600 22.02 17.09 10.21 50.68 0.81 0.37 1.03
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Fig. 6 Surface morphologies of CIGS annealed thin films at different temperatures: (a) 300 C; (b) 400 C; (¢) 500 C; (d) 600 'C
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Fig. 7 Transmittance spectra curve (a) and (a/v)’—hv curve (b) of annealed films
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Characterization of Culng,Ga,3Se, films prepared by
electron-beam evaporation for thin film solar cell

WANG Xing-xing', ZHANG Fu-qin', ZHOU Jun', ZHENG Ji-xiang', LI Bing-qian®, LIU Yi*

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Culng;Gag;Se; (CIGS) thin films used as absorber layers of solar cell were deposited by electron-beam
evaporation utilizing CIGS bulk synthesized by quartz-tube vacuum smelting, followed by annealing treatment in vacuum
atmosphere at different temperatures. The performances of CIGS bulk and annealed films on the surface morphology,
compositions, crystal microstructure and photoelectric property were studied by X-ray diffractometry (XRD), scanning
electron microscopy (SEM), energy dispersive spectrometry (EDS) or spectroscopic analysis, respectively. The results
show that ideal Culng,Gay3Se, bulk with good crystallization property and single chalcopyrite structure is obtained by
vacuum smelting at 1200 ‘Cfor 120 min. With the increase of annealing temperature, single phase CIGS presents,
accompanying by decomposition of In-Se impurity phase. Meanwhile, the grain size continuously grows up to 1.0-3.5
um, and the composition and optical band gap are gradually optimized. Therefore, the as-annealed film at 600 C is in
much more consistent with the absorber layers material of ideal solar cell.

Key words: solar cell; Culng ;Gag3Se,; vacuum melting; electron-beam evaporation; annealing treatment
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