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To investigate the photon-trapping effect and scattering layer effect of TiO, multi-layer in dye-sensitized solar cell (DSSC)
and the degree of recombination of electrons at the electrode treated TiCls, we formed electrodes of different conditions and
obtained the most optimal electrode conditions. To estimate characteristics of the cell, IV curve, UV-Vis spectrophotometer,
electrochemical impedance spectroscopy (EIS) and incident photon-to-current conversion efficiency (IPCE) were measured. As
a result, we confirmed that the multi-layer’s efficiency was higher than that of monolayer in the IV curve and the performance
of TiCl, treated electrode was increased according to decreasing the impedance of EIS. Among several conditions, the effi-
ciency of the cell with scattering layer is higher than that of a layer with the base electrode about 19%. Because the light
scattering layer enhances the efficiency of the transmission wavelength and has long electron transfer path. Therefore, the
value of the short circuit current increases approximately 10% and IPCE in the maximum peak also increases about 12%.
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Figure 1. I-V curves of non-aging TiO, 9 nm monolayer and bilayer.
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Figure 2. I-V curves of non-aging / aging TiO, 20 nm monolayer and
bilayer.

o8l 9 = gtk Tio, ATl F5E o] SAFLS UV-VIS
HY7)(OPTIZEN)Z 0] £3t0] 400~800 nm Hgelrl Z4 ] ch
3. 411 & ozt

Figure 1] oflo]d Azt glo] W] 9 nm ¢ 3} 9 nm F 5] TiOx

U8 oI5 401 LY FUE oRE, o S4E Aok 2
Hol vz S golth. & $E TP W AFFAE o

8~9 umol1, -+ S5 P& W A= ¢k 15~17 um=, —r”ﬂ7} <]
20 i F7Fgel whtA] Jsel #hol tHE QRlEel Hlsl wWol St
g 2 F Stk o]9} 2ol Tio, Fo] FAAAW dFo= 57}
2T ¢ Sl "WHo] Yo Fawo] ’%7]'3}1, “photon-trapping
effect”l] ]3] 7@%—%}0] S7¥eto] A G829 Tl 7101E sl €
ok 22 WO R 20 nm 2719 TiOE ﬁ’l =, T TR Y]

Figure 29} 22 -V J~H S Aot 9 Aute) vivA R ek

Rk S7ksEA AH0R B S urkes ¥ S9 o] ke
A% AT 5 QAT F FS B e ARF F7H UV-VIS

e,

249 A
0.15
5 0125 |-
o 9nm monolayer + 20nm monolayer
~
g 01
8 20nm bilayer
2
g 0.075 9nm bilayer
20nm monolayer
0.05
9nm monolayer
0.025
0
400 500 600 700 800
Wavelength / nm
Figure 3. UV-Vis spectrophotometer of multi-layer electrode.
Table 1. I-V Characteristics of Multilayer TiO, Electrode
Voc (V) Jsc (mA em®)  FF  EF (%)
non-aging TiO, 0.6920 12.94 06135 5.8
9 nm monolayer
non-aging TiO, 0.6870 1623 05478 6.1
9 nm bilayer
non-aging TiO: 0.7031 13.70 0.5687 548
20 nm monolayer
aging TiO, 0.7603 14.19 0.6214 671
20 nm monolayer
non-aging TiO, 0.6699 14.60 05651  5.53
20 nm bilayer
aging TiO, 0.7191 16.50 0.6349  7.53
20 nm bilayer
aging TiO 9 nm monolayer , 7, 16.35 0.6394  7.62
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Figure 4. IV curve of aging TiO; 9 nm monolayer + TiO; 20 nm
monolayer.
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Figure 5. I-V curves of aging TiO, 20 nm monolayer + TiO; 400 nm
scattering layer.
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Figure 6. IPCE of aging TiO, 20 nm monolayer + TiO, 400 nm
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Table 2. I-V Characteristics of Scattering Layer TiO, Electrode
Voc (V) Jsc (mA em®  FF  EF (%)
aging TiO, 20 nm monolayer 0.7603 14.19 0.6214 6.71

aging TiO, 20 nm monolayer

T 400 nm scattering layer 0.7165 15.79 0.7045  7.97
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Figure 7. I-V curves of TiO, 20 nm monolayer + TiCl, treatment.
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Table 3. I-V Characteristics of TiCl; Treatment.
Voc (V) Jsc (mA ¢m™)
14.19

FF
0.6214

EF (%)
6.71

aging TiO, 20 nm monolayer 0.7603
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