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The Measurements of the Electro-Optical
Characterization for Cu(ln,Ga)Se, Thin-Film Solar
Cells
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Solar cell is the photovoltaic device which can generate electrical power by absorbing sunlight. The analysis of
electro-optical characterization is the key issue related to the performance of solar cells. In this article, we will
introduce the electrical and optical measurements of Cu(In,Ga)Se, thin film solar cells. At first, we demonstrate
three capacitance-voltage (C-V) techniques, including general C-V method, admittance spectroscopy, drive-level
capacitance profiling. The conductive secondary phase in CIGS film will be discussed. The optical measurements
are photoluminescence spectrum and time-resolved photoluminescence which can be analyzed for the quality
and the composition of thin-film. These two optical techniques can provide the harmless and untouchable in-line
measurement for the fabrication.
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Type E, (eV) Structure Resistivity (ohm-cm) XRD
ACuSe? lowi—p marcaslte /
high-p pyrite
Direction 2 hexagonal 1.6 X 107 Q-cm JCPDS 34-171
CuSe p
2.1—2.16
umangite tetragonal
Cu,Se, 2.37 &
2.8
— : 2x 107 Q-em
p Direction 1.2 cubic (1.2 x 102 i) JCPDS 6-680
Cu,_Se, 2
22
Indirection 1.4
p 2 tetragonal 0.1—-2 % 10~ Q-em
Cu,Se (T = 298K) ¢ |
1—1.1
Cu,Se, p 1.24—1.47
k3. 4ARG — R AR &R BRAF I
Type E, (eV) Structure e Ramam XRD
P g Q" em™)
. 1.305 (T = 5K)/1.29 6=22x10"Q"cm™ 172, 193’ (004)
InSe n E, Indirect hexagonal/ (T = 298K) 222 cm
1.172 (T = 300K) rhombohedral
E, direct | 1.42
Fermi glass . .. O =224 Q7 em™
E . = max
— o direct | 0.64 (T = 300K) monoclinic (1/T=0)
In¢Se, 0.86
E, Indirect | 0.34 (T = 300K)
0.31 p=0.1—10Q-cm (-205)
n 135/1.36/1.22 hexagonall | o _ 150 -lpy!
trigonal
o In,Se;
—10°—10° 104,27 | (004) (006) JCPDS
p data (34-1279)
hexagonal/ _ SR (006) (0015) JCPDS
B InjSe, & 1.53 trigonal CAe R data (40-1407)
NSRS S _ 2 9 86, 152
y In,Se; n BOEEER| 1.9 (1.84) hexagonal |p=9 X% 10"—10" Q-cm (300) (006)
5 MBS -
5 In,Se, n P23 6 B E,| hexagonal (102) (002)
AR R B
« In,Se, n 1.75 hexagonal p=10"—10° (005) (00X) X: odd
: o=10"Q"em™
E, direct | 0.64/0.65
In,Se, ! g Glrec (T =300K)
orthorhombic | p =0.2—0.027 Q-cm (002) (330) ~450 °C
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Laser | Diode Laser | Argon | He-Cd | He-Cd
A (nm) 635 514 442 325
E, (eV) 1.95 241 2.81 3.81

k 0.43 0.62 1.00 1.02
a (cm‘l) 8.5¢4 1.5e5 2.8e5 3.9e5
L (nm) 118 66 35 25
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