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Table 1  Deposition parameters for the Cu-Ga-In prefabricated 
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 1  ��������� CIGS����� XRD� 

Fig.1  XRD patterns of CIGS thin films at different Se-annealed temperatures: (a) 500 � and (b) 450 � 
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 2  CIGS��������� 

Fig.2  Raman spectra of the CIGS thin films 
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 3  �����,0� CIGS�����12 SEM34*5678 

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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 4  �� A �B�C�D� EDS�� 

Fig.4  EDS spectra of the GIGS thin film samples: (a) sample A, (b) sample B, (c) sample C, and (d) sample D 
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Table 2  EDS results of sample A, B, C, and D in Fig.4  
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t 0

ln ln( / )T I I

d d

α = − = −

                     (5) 

����� T ���	
��������I

t

� 

I

0

��������������������

� ����d�!"#$%�&��'()*+,

-�.�/012�34567�8-��9:;�

!"'( A<B<C� D �=>#$��� 1100.2<

1000.1<650.0<700.1 nm%?@���ABCDE 

F5G�HI��/0JK α �L��.,- hv MN

�OPQJ%R 5b ST& CIGS !"'(�UV?

W%XR�YB���Z�.,-[\ 1.15 eV]^�

'( A<B<C � D �/0JK α _`�.,- hv

�a[ba[�cd&)ef,-�.�gh/0�

i�Yj�kl,mnfo/0p�qrst%34

DEF4G�YB��ST(αhv)

2

-hvQJ�HI��'

(�uvw$ E

g

�R 5c ST�x CIGS !"'(�

(αhv)

2

-hv QJyz%{DEF4GY|�R�/0}

� x~�����st�uvw$�YB��'( A<

B<C� D � E

g

��� 1.17<1.17<1.21<1.21 eV%

���>�Z CIGS!"��v� 1.2 eV��%��

Stokes ��

[24]

��&� GIG ��� 0.26�CIG ��

� 0.94��CIGS�uvw$ E

g

� 1.20~1.25 eV��

mno� 20.3%�Contreras ��

[26]

��&� GIG

��� 0.3�CIG ��� 0.88~0.95 ��CIGS ��o

uvw$ E

g

� 1.14 eV�UV��of� 19.5%�

Caballero��

[27]

��&� GIG��� 0.24~0.3�CIG

��� 0.80~0.90 ��CIGS �uvw$ Eg �

1.13~1.16 eV���o� 12.7%

 [28]

%���U�\

�� CIS st�v�F1.04 eVG�Z PLD �"��

L Ga ���Y ¡ CIGS !"v�¢@£���3

\mn��/0�¤¥.�¦�Xb��§f��

m¨©o%�ª�Z EDS �«�¬��&'( D

�uvw$ E

g

� 1.200 eV��XR 5c ����?

WF1.207 eVG�%®@B �«��� PLD ¯

°�±²P�³9:;���'(��'( C � D

´��h�®@�i����Z±µ�¶j��·

¸¹º�j��/0pV4\»mn��B¼½�

´�eh®@i,���xf��m¨©o�k

l,mn%  

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

a 

b 

c 

d 



� 8�                                 �  ���������� !"#$ Cu(In,Ga)Se

2

%&'(                   �2893� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5  CIGS%&����)*+ 

Fig.5  Optical properties of CIGS thin films: (a) transmittance, (b) absorption coefficient, and (c) the dependence of (αhv)
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 on hv 
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Preparation of Cu(In,Ga)Se
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(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

2

 (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 E

g

 up to 1.21 eV is obtained in the CIGS films, which is higher 

than that in CuInSe 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. 

Key words: pulsed laser deposition; selenization; Cu(In,Ga)Se

2

 thin film; process conditions; optical properties 

 

Corresponding author: Chen Shuiyuan, Professor, Fujian Normal University, Fuzhou 350108, P. R. China, E-mail: sychen@fjnu.edu.cn 

  


