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Table 1 Deposition parameters for the Cu-Ga-In prefabricated

layer thin films

Deposition sequence and pulse count

Sample Layer-one Layer-two Layer-three
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B - 7200 36000
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D 9000 7200 27000
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Fig.1 XRD patterns of CIGS thin films at different Se-annealed temperatures: (a) 500 C and (b) 450 'C
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Fig.2 Raman spectra of the CIGS thin films
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Fig.3 SEM images (a~d) and the grain size distribution (e~h) of CIGS thin film samples under different preparation conditions:

(a, e) sample A, (b, f) sample B, (c, g) sample C, and (d, h) sample D
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Table 2 EDS results of sample A, B, C, and D in Fig.4

Cu Ga In Se

Sample GIG CIG
at%
A 5.03 1.68 3524 58.06 0.05 0.14
B 429 196 26.56 67.19 0.07 0.15
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D 23.06 7.38 16.25 53.31 0.32 0.97
=T __In(/1) (5)
d d

30, Hod 7O B EI R TOGRE R, L
To 53 5 0 A0 2R S8 A Ot i L U B A R
I B, d RS . Ch T4 BIFE A [R] B
OGS oL, AR G B A, D1 2 %
WAL S AL By C ORI D P3R4 i 1100.2,
1000.1. 650.0. 700.1 nm. %54 iE 560 DL A 2 2
(5), WHEABWKRE o SANHETFRERE hy 210
AR SC R B Sb 45 T CIGS 7 JEORE & 1) AF 1 45
Fo BT LR E], e FREE AT 1.15eV X3,
il A By C I D MK REL o B G T RERE Ay
R NITRE N N OSSR s T
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EDS spectra of the GIGS thin film samples: (a) sample A, (b) sample B, (c) sample C, and (d) sample D

WA GE S By, B Sc 42 CIGS JBRFE 5 11
(ahv)*-hv X FR . AKX (4 ard, Bl
55 x A s AR B O bRk 0 A A BE R, vT LAAS BURE L AL
B. CHID M E, 25l 2k 1.17. 1.17. 1.21. 1.21 eV,
XEGAE B AL FE CIGS Wi B R AR AT B 1.2 eV AT . 441 4
Stokes % N\ *HRIE T4 GIG ELAl A 0.26, CIG ELfH
N 0.94 Itf, CIGS (%57 581 E, N 1.20~1.25 eV, L
A% K 20.3%; Contreras 25 APSHE T 24 GIG
Eb{E b 0.3, CIG HifE A 0.88~0.95 I}, CIGS I %L
AR YELE Eg N 114 eV, ARS8 30 A 19.5%:

Caballero % NP7 18 T 24 GIG H{H N 0.24~0.3, CIG
Eb {4 0.80~0.90 I, CIGS (2547 % 5 Eg A
1.13~1.16 eV, #MF3% N 12.7% P8 ik, AL ¥
A CIS M EHK B (1.04 eV), 7£ PLD 45
A Ga JG#, n[iiH CIGS M R 2 S iEM, A A
T RO RO 5 B T A R, T AT B s DG
WL % . b, {6 EDS M ik 53] TRES D
(254 5808 E, 9 1.200 eV, 5 Sc 13 21 45
B (1.207 eV) #ii. LA LN E4rHT, @il PLD #
AT A0 A I 2 B ) £ A3 B R RE P, BEA C A D
HAA BRI s o tE, B, EfRm THES, &
MIR0Ks FLAE Ry Wl )22 B FH - 4x vt i, DU SR 15
HARIF A TERe, R 2 & io6 i 48 2 11K
FH B F.th



%8 4 O KOG KAETE % Cu(In,Ga)Se, TR

¥

*2893

N
4

70 48000
a

36000

24000

Transmittance/%

12000

Absorption Coefficient, a/cm™

12

foe)
T

ahv 2/)( 108 e \/2'(31’1’1_2
( )
~

0 n n L 0 .
400 600 800 1000 1200 1400 1600 1.0 1.1
Wavelength/nm

1 1 I 0 1
1.2 13 1.4 1.0 1.1
Photon Energy, hv/ieV

1.2 1.3 14
Photon Energy, hv/eV

Kl 5 CIGS i EEE fh 1 25 R P

Fig.5 Optical properties of CIGS thin films: (a) transmittance, (b) absorption coefficient, and (c) the dependence of (ahv)* on hv
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Preparation of Cu(In,Ga)Se, Thin Films by Pulsed Laser Deposition and Selenization

Wang Ke, Tang Lei, Chen Guilin, Ye Ying, Zhuang Bin, Chen Shuiyuan, Huang Zhigao
(Fujian Provincial Key Laboratory of Quantum Manipulation and New Energy Materials,

Fujian Normal University, Fuzhou 350108, China)

Abstract: Pulsed laser deposition (PLD) is attempted to be an alternative synthesis method for Cu-Ga-In thin film solar cell materials. In
this paper, the application of PLD on Cu(In,Ga)Se, (CIGS) thin film was studied. Cu-In-Ga prefabricated metal films were grown on the
quartz substrates by PLD. Then the CIGS films with different Se contents were synthesized by the post-selenization-annealing process. The
structure, element component proportion and optical properties of the CIGS films with different deposition orders and thicknesses of the
CuGa/In prefabricated metal layers were investigated. The results indicate that the CIGS solar cell absorption layer with properties such as
pure phase and high crystallinity can be obtained by PLD technique and Se-annealing processes. The deposition order and thickness of
prefabricated CuGa/In metal layers, as well as the Se-annealing temperature, have great influences on the crystallization, grain sizes and
component proportion of the CIGS thin films. Compared to the CIGS film with In/CuGa double-prefabricated layers, the CIGS film with
CuGa/In/CuGa trinal-prefabricated layers possesses better crystallization. The prepared CIGS films all present low transmittance and high
absorption coefficient in visible light region. Moreover, the largest value of £, up to 1.21 eV is obtained in the CIGS films, which is higher
than that in CulnSe ternary materials, and is beneficial to the absorption of the high-energy photons in visible light. This work provides a
novel technological method for obtaining the absorption layer of CIGS thin film solar cell with excellent performance.
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