11a-B6-6 EE2EGANELAESLHAES BEFHE (2015 TEAZ HEFr/(R)
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Cu(In,Ga)Se;, (CIGS) solar cell is considered as one of the highest conversion efficiency thin-film solar
cells. In this work, CIGS films on both soda-lime glass (SLG) and stainless steel (SUS) substrates were
deposited by the so-called “multi-layer precursor method”, explained in Ref. [1]. The CIGS films with
different band-gap energies (Eg), which were controlled by [Ga]/([Ga]+[In]) denoted by GGI, were
prepared to investigate effect of GGI (i.e., Eg) on cell performances. Moreover, deep defect levels of CIGS
films with different E; were examined by optical deep level transient spectroscopy (ODLTS). In Fig. 1,
open-circuit voltage (Voc) of CIGS solar cells is increased with increasing GGIs to ~ 0.37 and 0.45 in cases
of SUS and SLG substrates, respectively. This is attributed to the increase in Eq. However, with further
enhancing GGls, the V¢ is decreased. This is because the E; defect level observed in CIGS films on both
SLG and SUS substrates by ODLTS as seen in Fig. 2 is located at ~ 0.8 eV from valence band maximum
(Ev) regardless of the change of Eg, thus becoming carrier recombination center with increasing GGl (i.e.,
Eg). In Fig. 2, T and e, denote temperature and electron emission rate from trap. In addition, Voc in case of
SLG substrate in Fig. 1 is higher than that in case of SUS substrates. This is because E, defect level,
situated at ~ 0.61 eV from conduction band minimum (E¢), is only observed in CIGS film on SUS substrate,
whereas this level is not detected in CIGS film on SLG substrate. The E; defect level is feasibly originated
from Fe in CIGS film on SUS substrate. Ultimately, 17%-efficient CIGS solar cell on flexible SUS

substrate was obtalned with optlmlzed GGl of ~ 0.34 under the so- called multl -layer precursor method

0.75 — . S 1x10°
W SUS substrates f f"‘l G) :)DI[I ]t& . .
0.70 [| ® SLG substrates s E=1220 ectron frap stage
b — = Ix10° - r-_'l-;:"=-.n.s eV )
0.65 | e
o % 1x10t -
- [*}
, 060 g
= 0.55 gﬁz Ix107 ¢ E_(SUS) E_(SUS)
b= E =106eV E =106 eV
0.50 f 1x10° | r_'(-r_'1="~{|.m eV E-E=08eV 1
0.45 lxloi 1 1 1 1 1 1 1
0.15 02 ﬂlq 03 03\;1 04 04;1 ﬂ'\ 0.55 2 3 4 5 6 7 8 9
[Gal/(IGal+[In]) 1000/T (1/K)
Figure 1 Vo of CIGS solar cells on SLG and SUS Figure 2 T?/e, potted against 1000/T for the deep
substrates as a function of [Ga]/([Ga]+[In]) in defect levels (E; and E;) in CIGS films on SUS
CIGS absorbers. and SLG substrates with Egs of 1.06 and 1.22 eV.
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