A A A A 83 2005AE 2A TS Y3 =T pp.147~149

UER =4S HYMI] 28

& 33" g u3p? 81

&3), %} ‘€'§—4), gt H._HS)

High Efficiency Dye-Sensitized Solar Cell Module

Jung-Ho Son, Man-Gu Kang, Kwang Sun Ryu, Soon Ho Chang, Nam-Gyu Park*
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Abstract : Synthesis of
technologies

TiO:

nanoparticle
in dye-sensitized solar cells (DSSC).

paste is one of the important

Performances of the DSSCs

from synthesized TiO: nanoparticle paste was similar or better than those from

commercial sources. In addition,
large scattering TiO: particles.
high efficiency DSSC modules.

Nomenclature
J;c : short circuit photocurrent, mA/cm’
Ve : open circuit photovoltage, V

subscript
Ti(iPrOH), : titanium isopropoxide
Ns: Ru"(4,4"-dicarboxylic acid-2,2"-bipyridine),(NCS),
FF : fill factor
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cell efficiency was further improved by using
Those results was utilized

in manufacturing

g AAsr] fg aEAY dAF xg Foo

AT At Hx QekY Favlstet gdAx o

Ae3t 2 g 8 71E FHE YeMe O
WA 1EL FEAF] dFHoes g7@c
nEE YUA 252 AFe) 9HE Jxg
2 AT 234 F3¥7)E, 239 A48 Y 2
FE 2 Ur 5 JdA J32 Ax JE, A3 A
A-Ael - 7€, 1eE FEER FANE,
Ao WE FLAS (FF) A7 #A7e §
o] BAAQl 9 A7)&dl] gAY}

Ui A2 Tio, Wehe TS 99 584
Ti0, Ho)2EE A% BYAA Az Alg5 o]
oL} o 3z Qs Ar] B@Adol 4 &
& EAHS 23 Aok HYAX 25 A Y

1) #eY MR %

E-mail : sonchem@etri.re.kr

Tel : (042)860-1550 Fax : (042)860-6836
2) X xfe| &%

E-mail : 10009kang@etri.re.kr

Tel : (042)860-6817 Fax : (042)860~6836
3) MxR3e a4

E-~mail : ryuks@etri.re.kr

Tel : (042)860-5517 Fax :
4) X{xjao| £+%

E-mail : shochang@etri.re.kr

Tel : (042)860-5503 Fax : (042)860-6836
5) NXj59] &%

E-mail : npark@etri.re.kr

Te! : (042)860-5680 Fax :@ (042)860-6836

(042)860~6836

- 147 -



8% ddy AL FAs= Tie 9o HE7)
el 247 ¢idygo] HeHoln), 233 A
£ 93 e F7] 2@o] 71 v8A Holx
E7} AFREY AR T, HolAEE ¥ 7}1E
o2 A3 A AL = APibsirlol A
&g, Aoz FAY Ti0, Y=gt &
Ti0, Y=dAE AMR3t vl584] Ho|~EE
Axs3 o]& o] &7t HYAA = FES FA
3la] Ae& Ag3ac.

2. NE W

tH
==

09

2.1 238 QME Ti0, HOIAE
o

233 AL Ti0, Hol2EE Ti0, YAt
9} terpineol, ethyl celluloseZ® &3t 4
a1} Tik dW9uze 44os Aggn Qe
F-6 (Showa Denko, 10-15 nm) F=¥ Fgv-$7|&
AHgsle] Ti(iPrOH)s 2%E 43 Tig Yy
A (15-20 m) &AMkt ®

2.2 HEHE HATX| 4 74

A Ti0, HolZEE AFE3A Tik Wi
AFE 238 Aoz FAHEAT. dx ¢
22734& A F Tio; &4E N; ¥8 0.65 oM
£ FEAFY.  AsFE=E CDMII
(1-hexyt 2,3-dimethy! imidazolium iodide),
Lil, I & 744 nitriled] £9& A&},
AAFL 10 oM HPtCls 98¢ ZHE /87
TL 450 CAA 308 A8k ALg-EgiTt

3. 21t ¢ 9

3.1 238 AYE Ti0, HO|AE
EM ™I}

o

A8 BE (F-6) &2 4% Tio, 8902 g
€ Ho)AEE o]8dld HPHAE FAsAL A
A EA1S vluElgtt. F68 AMEE HolxEd
vl A G Ti0, 8N o] 83t Ho|~ET F
& dgAFdE € F88 243 ot

Table 1 Oi3 71X] BF9 Ti0, HO|AES
0|83 EjYTX| 54 it

—F6
_— TiO, (syn)

Phatocurrent Density (mA/em?)
o -3 ow 3
1 1 ! .

~
N

0 —

T T y T T T T
0.0 0.1 02 03 04 05 06 0.7 0.8
Voltage (V)

Fig. 1 ol&l 7Ix| ZR9| Ti0, HOIAEE 0%
ElYdx(ef Mp-Met I

3.2 MUK} TiI0, B2 FItof] 28t
EfATX| E4 HIt

TEE F8US HFdx 2Ee AxE A
e 5o AF 2x7) 8799, Tik Y=gz
ulubo vio] Exlgo] 7] o] F&Fon W
g F4akA Bt Tie WedAEHdl Tio
A A IYH o ¥ FHUY 288
Btk AFARE0] UEF o ¢t Tio, A
& YAFo] FARF K& vAE JYL FA}
3raiet.

23d dHfHes UE U YR o]FFo
U degdat + YAk Rty ol Ti0 whet
9 T oF 1520 yn AEE F7& Holth
dtato] £ALSSE At utAle Hgo] ARV
W] FF7F ZAagdoln EEA glov B Add
A= FFe] 24 g¥o] A gt @3)7 v
ol A F712 A% @ AF F7IE A £&
o] g& vl B3 FRIE B + UK
3. A AG =3 o S B S AN

ARJAAE AR AE A7 AR gskE
7S vl8l £ 5288 BT YA vl o]
22 Ho|AEE ARFE ARt AR v
o} 2 HolAEE AEHE A¢ Ego] tix
A AU} (Table 2). AH@AAe F57
Qo] Fo4ol F8% 9% vAE ¢ F it

l

Table 2 Ti0; L glXt 3 Ti0, MBIAXSE
ol 8% Wl 4eo| efiyHx| |4 it
Ti0, YedAE + #& |  Tik YxdAF + ¥
u)-go A4S d]g-o] AEjiAE
Voc | Jsc FF | n(® | Voc | Jsc FF | n(%®)
0.79] 10.09| 70.0] 5.571 0.77} 11.94] 69.9] 6.43
0.74] 11.61] 67.4] 5.79] 0.77] 11.91] 69.8] 6.42
0.77] 11.04; 70.2} 5.92} 0.77| 10.98] 71.3] 6.01

ol
Ve |l PR am |5
(pm)
F-6 0.639 [8.79 0.71 |3.96 [10.8
Synthesized Ti0; [0.664 19.93 [0.66 [4.37 [8.5

S lwlol

0.76] 11.34} 70.8] 6.07] 0.76| 10.95| 70.0{ 5.85

- 148 -




3.3Ti0, HO|AEE AIESH HRUS
EfYHX ZE EM HII

AT Tio, Hol2EE ol gdle] da7te ©
FHAA BES eI EAS F/1EATHS0 m x
60 mm 2% EENA 100 o¥ (0.1 W) 37)9) &9
3 5V ol4e] dbAgte I8 F e, &
B E8L 5.766%% H7ME AT

L 65 mm

— 1L

J

54 mm

Monolithic DSSC Module (ETRI)

W
W\
-
n
=]

%0 F 3 100
< sk 3
E*F =
g 20F EDN
e E ieo =
A3 1B5E 3
Q r B
g E o ive o 2 Ja40 2
© 10 | active aréa = 17.766 cm p ~
O-C_ £ moduie dimension = 50 X 65 mm ]
[ December 2, 2004 3 20
5F - p
P I T P TP IR | PO N
[ 1 2 3 4 5 6
Voltage (V)
Fig. 2 2tME HEHS EHATX| 25 W 2S5

BHE-FY B4 IY

4.2 =

=2 -

o2 7bA] v UAE o] st 23U A
€ vl58A Tio, do]2EE WED HYPAE
7% §4E& ALY R TiRE o
43to] RHE Ho|2ETL 38 Ho|2ES HRE
Ad o & 54& 230, =28 UxdA F
ol A2YAE T3 gFdAe 5ol ¥
29L& EA8A. F4E Tio2 Ho|=EE o]
§3to] na g HaFE HYHAA ZE A
833

References

[1] O'Regan, B., Gratzel, M. "Low-cost,
high-efficiency solar cell based on

dye-sensitized colloidal TiQ; films" Nature
1991, 353, 6346.

[2] Park, N. G., Van De Lagemaat, J., Frank,
A, T “Comparison of dye-sensitized
rutile- and anatase-based Ti0; solar cells.
Journal of Physical Chemistry B 2000, 104,
38, 8994.

[3] Park, N. G., Kang, M. G., Kim, K. M., Ry,
K. S., Chang, S. H., Kim, D. K., Van de
Lagemaat, J., Benkstein, K. D., Frank, A.
J. “Morphological and photoelectrochemical
characterization of core-shell nanoparticle
films for dye-sensitized solar cells: Zn0
type shell on Sn0; and Ti0: cores.”
Langmuir 2004, 20, 10, 4253.

[4] Doh, J. G., Hong, J. S., Kim, K. J.,
Vittal, R., Kang, M. G., Park, N. G.
“Enhancement of Photocurrent and
Photovoltage of Dye-Sensitized Solar Cells
with Ti0: Film Deposited on Indium Zinc
Oxide Substrate.” Chemistry of Materials
2004, 16, 3, 497.

{5} Kang, M. S., Kim, J. H., Kim, Y. J., Kang,
Y. S., Won, J., Park, N. G.
“Dye-sensitized solar cells based on
composite solid polymer electrolytes.”
Chemical Communications 2005, 7, 891.

[6] Okada K., Matsui H., Kawashima T., Ezure
T., Tanabe N. "100 mm x 100 mm large-sized
dye sensitized solar cells" Journal of
Photochemistry and  Photobiology A:
Chemistry, 2004, 164, 1-3, 193-198.

{71 Dai S., Wang K., Weng J., Sui Y., Huang
Y., Xiao S., Chen S., Hu, L., Kong, F.,
Pan, X., Shi, C., Guo L. "Design of DSC
panel with efficiency more than 6%" Solar
Energy Materials and Solar Cells 2005, 85,
3, 447-455.

[8] Nazeeruddin' M. K., Péchy P., Renouard T.,
Zakeeruddin S. M., Humphry-Baker R., Comte
P., Liska P., Cevey L., Costa E., Shkiover
V., Spiccia L., Deacon G. B., Bignozzi C.
A., Gratzel M. "Engineering of Efficient
Panchromat ic Sensitizers for
Nanocrystalline TiO;Based Solar Cells" J.
Am. Chem. Soc. 2001, 123, 8, 1613-1624.

[9) Zaban, A., Ferrere, S., Sprague, J.,
Gregg, B. A. “pH-dependent redox potential
induced in a sensitizing dye by adsorption
onto Ti0:.” Journal of Physical Chemistry
B 1997, 101, 1, 57.

[10] Wang Z.-S., Kawauchi H., Kashima T.,
Arakawa H. "Significant influence of Ti0;
photoelectrode morphology on the energy

conversion efficiency of N719
dye-sensitized solar cell" Coordination
Chemistry Reviews 2004, 248, 13-14,

1381-1389.

- 149 -



