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Abstract: Recently, the application field of solar panels is increasing. Accordingly, the demand for flexible devices is

also steadily increasing. It is therefore necessary to develop TiO, paste for low-temperature annealing for flexible DSSC

fabrication. In this study, the TiO, paste for low-temperature annealing with varying molar ratio of titanium isopropoxide

(TTIP) was prepared, and DSSC was fabricated and its characteristics were compared. As a result, there was no

deformation of the particles on the surface in the SEM data. However, the highest open circuit voltage, short circuit

current, and fill factor were measured in the DSSC unit cell prepared by adding 0.5 mol of TTIP to the TiO, paste,

and the highest efficiency was 4.148%.
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2.1 TTIPE &7}t TiO, paste M=

ol

TiO, paste®] A244S 95 Srlurelro] A =
TiO; YAF 7o) ARG §AIAFIY] ghal ATA £
9l TTIPZ M gstqict [12,13] Lwrdow Aol
TiOg 24T A% Ut el AZol FA| Yob WAt
o] 528 Hslistct [9]. TiO, powder (P25, sigma-
aldrich)2 ®AM]7]7] 93l 1g9] TiO, powdero] D.I
water2 do] 308 %o oiwgdtz BARXZ &

TTIPS TiO,219] mol W&ol wje} & 13t 2ol thal
22 ko 0pauel wylrlolA 2417 ot wyl
sto A|stsloict.

Table 1. The molar ratio of TTIP used in TiO, paste.

Mark (2) (b) (©) (d) (©

TTIP:TiO,  0.1:1 0.3:1 0.5:1 0.7:1 0.9:1

TTIP (g) 1.8 5.4 9 12.6 16.2
TiO; (g) 5 5 5 5 5
2.2 TiOo, ™= M=

A= A&t AFRH 7|2 FTO glass (TEC 8,

Pilkington)o|t}. FTO glass& 7|®oz A}23t o]&
+ /ol BAHE TIE AFolAet 2 A
Mead& TiO; paste2 F8° =2 o8

d=5 Ol
DSSCE AMAstel A1E % 71E A7 Amere] vl
A RERE Bl L WL ksel] BRolet
Fulel J|0e opE, oEge 77t 51
=0 AlEskAt. Adx" FTO glass ¢ofl 70
E(PSZ5, Coretech)2 0.25 cm?9] &4 oo
B2 Holm 7j2835t¥ct o]& TiO, paste
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1 FAe] QEOA 1200C] 252 308 FoF IA
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N719¢ & [cis-diisothiocyanato—bis(2,2,-bipyridyl
-4,4 -dicarboxylato) ruthenium(II) bis(tetrabutyl
ammonium) 0.5 mMollo]] 24A]7t SR S o&tE 2
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Fig. 1. DSSC fabrication process.
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3.1 TiO, &X3EL| SEM, XRD &3

A7tE TTIPY 7} B3, &Pt oz st TiO,
AX}T WA EE= AFRE TiO, powder YUARS] W3t [9]
selsl7] 9stol BH3o] HES SEMoz A4t
32 23 20] mASIHOD], 1 A Astel TTIP
mol v]go] mE EWA WY % 74 BANT AL
Ab= elElx] orgirt.

348 O3 BYYE AU Askd 27
XRD A#E 23 39 YEfIet. XRD Zi} cps©)
e 2-00] e 0] Qo] Sojdas, AAA
o] Z7ler4a2 wolith 2-0 253 2o UEhl:
TiO, Anatase A9 cps Z|Gigre A7t= TTIPY =
dl&o] 0.1014 0.92 Z7tgdo] met dagsE =R
At Cps @9 das (d)ofA (e)i = H&0]
AZBS o 1,257914 8482 A 7t4stch o]
TiO, paste Wol 3r9.=l Ti0,9] Ut AXAo] F
0zl Aeg ¥l

2-6 25.3° o] Autel w2 37.7° 299] cps %
2 TTIP9] & H|go] S71d425 = Yeytt 37.7
2utof A= TiO, Anatase At SnO, 12]1 hydrogen
titanium oxide?} Z&EE| O, (e)o|4] F7I& titanium  Fig. 2. The surface of TiO, layer with TTIP molar ratio.
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Fig. 3. XRD data of TiO, layer with TTIP molar ratio (a: 0.1 mol, b: 0.3 mol, c: 0.5 mol, d: 0.7 mol, and e: 0.9 mol).
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o] e Atjdoz TTIPY 2 u]go] Wotd (a),
oA 823, 6898 LIERIR|T (c)o|A 1,0442 AT
A vebgon, (d)oflA= 9912 o Hagh

rlo

Ci

3.2 TTIP E H|E0] UIE DSSC &3 Z1}

TiO; paste Az Al FA7bd TTIP = d|l&o w2t
2+7F &A=l DSSCE solar cell test system (TES,
PROVA-200-24, 1 kW)0.2 =Xstdct =4 At
I 29F 19 40 YERI.

574 2 gAY vlEe @R de,
A4, 580°] (@)olAl (c)= TTIPS F71gol &
et 271 Blon, (c)oA (e)= A7igo
ol oef oAl gahE UERHIT
7 2 ¥ Ag A N

Table 2. Electrical properties and efficiency by different additive
amount of TTIP in TiO, paste.

Mark (@) (b) (© (d) (e
Additive amount 0.1 mol 0.3 mol 0.5 mol 0.7 mol 0.9 mol
Voc (V) 0.749 0.754 0.771 0.760 0.743
Jse (mA/cm?) 7.294 8.402 8.572 8.270 6.891
Fill Factor (%) 61.438 61.229 62.617 61322 61.883
Imax (mA) 1.450 1.790 1.881 1.699 1.378
Vmax (V) 0.579 0.542 0.550 0.567 0.75
Eiffciency (%)  3.358 3.881 4.138 3.371 3.169
Current(mA) —+—0.1 mol
e T T —a—03mol
Teed) a2
“‘“&m”\%\\\\\ ——05mol
b ——0.7 mol
—+—0.9 mol
\\ Voltage(V)

02 01 01 02 03 04 0s 06

0.5

25

Fig. 4. I-V Curve by addition of diffenrent TTIP in TiO, paste.
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molof|A 0.9 mol7tx] ®tAAS w, ArleFo] 0.1
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