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Comparison of Electrical Properties and AFM Images of DSSCs
with Various Sintering Temperature of TiO2 Electrodes
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Abstract

In order to improve the efficiency of dye-sensitized solar cell (DSSC), TiO: electrode screen-printed
on transparent conducting oxide (TCO) substrate was sintered in variation with different
temperature(350 to 550 C). TiO: electrode on fluorine doped tin oxide (FTO) glass was assembled
with Pt counter electrode on F1O glass. 1-V properties of DSSCs were measured under solar
simulator. Also, effect of sintering temperature on surface morphology of TiO: films was investigated
to understand correlation between its surface morphology and sintering temperature. Such surface
morphology was observed by atomic force microscopy (AFM). Below sintering temperature of 500 T,
efficiency of DSSCs was relatively lower due to lower open circuit voltage. Oppositely, above sintering
temperature of 500 C, efficiency of DSSCs was relatively higher due to higher open circuit voltage. In
both cases, lower fill factor (FF) was observed. However, at sintering temperature of 500 C, both
efficiency and fill factor of DSSCs were mutually complementary, enhancing highest fill factor and
efficiency. Such results can be explained in comparison of surface morphology with schematic diagram
of energy states on the TiO; electrode surface. Consequently, it was considered that optimum sintering
temperature of a-terpinol included TiO. paste is at 500 .
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Table 1. Dependence of Fill-Factor and Effi-
ciency of DSSCs on sintering tem-
perature of the TiO: films.

Eape B Fill Factor | Efficiency [%]
350 C 0.44 49
400 T 0.49 7.0
450 T 0.52 7.1
500 C 0.58 85
550 C 0.56 7.7
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Fig. 4. AFM images of TiO: films sintered at

different temperatures;
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Fig. 5. Schematic representation of the energy states on the TiO. electrode surface; (b) low-

temperature sintering and (c¢) high-temperature sintering. : CBE=conduction band edge, VBE=

valence band edge, Re=redox level and C.E.=counter electrode.

4 TiO; pasteE
DSSCse] oW HIZoz HALsr] 9% HA e
]

necking, pore ¥ ¢z A7) ¢ FdE& THAE
22 9 500 ColH, ol Hi §&& Uerd e
g
4.2 2

2 Ao Me AEREY HEHAY Fa T
Aoh T v TiO: §H=Al 159 A2d2 %
27L& 2yt ARE AR F, AFd 23
ez o3 AdE Wil WE HUgHA =
Ag B - FGristdeh £33 AFMS S 92
B3 g4 o=HE JA Abo] necking, pore Z1E]
3 YA 27 F& vwdte] vt AR A
TiO» paste® Al&3te] A2F AT HA dH
7 222 AAsdrt

ARAeY HIHAY 54L& ¥ Ht
st7] 98l AgEsty dgHg o WrH 54
& ZAskel FFSh Be® AMs)na, o8 AFMS
Z8) 92 ¥4 dAY Tio, A39 ¥4 &9 =
A s Hgsto] Aot

A9 Ad, 500 T ofe) A2 A Af

oF s A 59 9Fo

AAE Eg

o §
o A Bt

575

DSsSCel ¢ gdeddst MEdF7t 4=

o
dedon, AWHQ ARE FY 2 o
A

BN
o
o
£
e
DN
a
o
@)
™

o

iz}
tio
fu)
o2
=)
>
o
ge
2 o

@, olgal, A4, ol
Hadxe Adgds Au
SHEE TRV PR
1090, 2004.
A5, ol QA A4, “~u

R 9] AzFHAD YethFd TiO:

2e o) ge duasd HEHA, Hd7A
A s =4, 174, 9%, p. 1001, 2004,

[31 D. Y. Lee, W. J. Lee, ]J. S. Song, J. H. Koh,

(41

(5]

and Y. S. Kim, "Electronic surface state of
TiO: electrode doped with transition metals,
and DV-Xa
Materials

studied with cluster model
method”, Computational
Vol. 30, p. 383, 2004.

Michacl Gratzel,
sitized nanocrystalline solar cells”, Prog.
Photovolt. Res. Appl., Vol. 8 p. 171, 2000.

Rudiger Memming, "Semiconductor Electro-

chemistry”, WILEY-VCH, p. 319, 2000.

Science,

"Perspectives for dye-sen



