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P25%} Dyesol TiO, (Titanium dioxide)E AFE-3l] FAQF A4 2%7F g ATS ARt GR3-SE HIFHAA
(Dye Sensitized Solar Cell, DSSC)E #AZ3 & & W3 &S SFATE &4 A F2 Tio, & A= 57 Wik
FE-SEMS AF8-3o] AJH 9] cross sections EHQlste] v walodc), T3t Aofa=el pto] 44 %o wE DSSCO)

& W3 A3 P25S F-83 DSSCE doctor blade® 1522 EX 5500 ‘CollA 30 min 59+ 243k 24
AZH(~204 pm)@}F 350 CTollA 30 min F<¢F 243 pt A Ao 7 A 23 Ao) 38%2] Fa&S YeERHATE Dyesol
TiOE 83t 1502 =X F, 500 ColA] 30 min & A4S A F(~9.1 pm)Z}F 450 ColA 30 min <2
2273%k pt g Ao E Axd do] 5.8%2 F a&S eSS Lokth

The photovoltaic performance of DSSCs fabricated with different electrode thickness and different annealing temperature with
the P25 TiO, and the Dyesol TiO, was measured. Thickness change of TiO, electrodes was measured using cross-sectional
FE-SEM before and after annealing. Photovoltaic efficiencies of DSSCs were also measured by changing annealing tem-
perature of platinum (Pt) paste on the counter electrode. Photovoltaic performances of DSSCs made with one layer of P25
(~20.4 um) and one layer of Dyesol TiO, (~9.1 um) annealed at 500 ‘C for 30 min. showed highest efficiencies of 3.8%
and 5.8%, respectively.
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DSSC Efficiency Characteristics by Annealing Temperature and Thickness of Electrodes
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2.1. XM=

DSSCE #1x317] 1314 Evonik Degussa®] P25 TiO,2} Dyesol &
4853 TiO, (DSL 90DE ARSItk A=A fF2Z% FTO
(Fluorine-doped Tin Oxide)E AH&-sklew, P25E ©]83to] TiO,
pasteE A|Z3F7] $1351] acetylacetone (Junsei)Z} PEG (polyethylene
glycol, Aldrich, Average My 200)5 ARE-3le] AlZst A& “Home
made”2} Wrg3HAch 3|2 (EL-ILE)¥} Pt paste (PT1)i= Dyesol 2]
535S AHESISITE Dye N719 (Dyesol, 0.42 mM in Ethanol)2]
FF 1= ethyl alcohol (Merck, Absolute)S AHE-3FA T, TXE+
TiO, paste®] 715 Z2317] $13F spacert= 3M2] Scotch magic tapes
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2.2. P25 TiO; & Dyesol TiO:2| & 7} CIE M H|Z

“Home made” TiO, paste= P25 6.00 g, acetylacetone 0.2 mL<2}
PEG 2.0 g& &335lo] AZ3l] SF=AFZ A3, Dyesol TiO,
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(b) J-V curves of DSSCs made by various thickness
of Dyesol TiO; electrode.

Figure 1. JV curves of DSSCs made by various thickness of TiO,
electrodes.
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Table 1. Photovoltaic Efficiencies of DSSCs Made by Various Thickness of Annealed “Home Made” TiO, and Dyesol TiO;, Layers

No. Substrate Semiconductor ~ # of spacer layer Pt counter Vinax (V) Jmax (mA/cmz) Voe (V) Jse (mA/cmz) FF  Efficiency (%)
1 1 0.51 7.9 0.71 9.5 0.60 4.0
“Home made” TiO,
2 (Doctor Blade) 2 0.51 1.9 0.69 2.6 0.54 1.0
3 3 0.32 0.7 0.52 1.0 0.42 0.2
FTO/ .
4 Glass 1 Electro plating 0.45 12.5 0.77 15.2 0.49 5.7
5 Dyesol TiO, 2 0.45 9.8 0.69 13.2 0.48 4.4
6 (Doctor Blade) 3 0.48 6.7 0.69 8.5 0.54 3.2
7 4 0.51 5.4 0.69 6.6 0.60 2.7
v o J V. .,eJ, . o« FF
(%) = —22Tmax 00 = _0C _T5C T 100 (Eq. 2)
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3.1. “Home made” TiO; 3! Dyesol TiO,2| & 0] (}E A &=t
Figure 1 =39 TiO, 770l W A€ J-V curveE LERA Z10]
t}. Figure 1(a)2] “Home made” TiO, %! Figure 1(b)2] Dyesol TiO»
EF 1 302 Axd oA 7P 58 A 585 BHole AloE
2= Aok Figure 1914 S4 % DSSC2] Pt A= d7]) ©Fo
2 AIZE 0, Tio, G- 500 CellA 30 min F¢F AY=E &
gato] 37 FelA AAZT
Figure 1°] £32% TiO, 77l W& DSSCe] && =% 435 7
2] 3}to] Table 19 YERAATE Table 1014 HH =¥ ¥ “Home made”
TiO, 4 Dyesol TiOyZ AMHE-8lo] #| %3+ DSSCO &80] 159 F)
oM 247} 4.0% B 5.7%2 WERom, 450 M= 242 0.2%
9 27%Z FAZY FAY AEF S e DA GFO] FH ol e
& 4= Qi) webA “Home made” TiO, ¥ Dyesol TiO, &5 spacer
2 15020 o] 8319l e w A g8o] /M &2 3 & 5 ek
Figure 2& € 2AS 3] A =39 “Home made” TiO,$} Dyesol
TiO, 52 FE-SEM imageS©°|th Figure 204 Hi= ®he} 7ol
“Home made” TiO, 52 4% 159 F27F ~21.4 um= YER}L,
2507 TX¥H TiO, 52 ~60.3 umz YERSTL Dyesold] 3% &
F8 1 59 FAZF ~10.5 pme™, 25072 =X TiO, 52 ~14.2
um®z YERSTE 24 A Z=3EFH TiO, 52 morphology S Figure 22]
A% JRIEOA B, 2 dAHEE AAA 48] Wil Tio, o
2k} At o] 3] Tio, YA AXshAl vreREA] ekgk
Figure 3= “Home made” TiO,%} Dyesol TiO,Z 500 C o)A 30 min
Z~/d F2] FE-SEM image5-°]th. Figure 3014 X nl-2} 720] “Home
made” TiOy 5 ARg-8lo] Alxdk 57050 7= 159 F77F ~204
pm=E YER, 230 F Fxe A9 ~554 pm= UERATE HEsh
“Home made” TiO, & AFE-8Fo] A%k oF=-2 w4 tha/d(porous)
TZ5 7 AL Qe Blow @EELh WHA Dyesol TiO, S AM-5H]
AZFE ke 159 FAZF ~9.1 pmE e, 2507 S¥3
A9+ ~18.1 pm=E YERE o, IR Ale] o] 7hA o] siAl Ve

(a) “Home made” TiO,, 1 spacer layer (Thickness : ~21.4 pm)

(b) “Home made” TiO,, 2 spacer layers (Thickness : ~60.3 pum)

(c) Dyesol TiO», 1 spacer layer (Thickness : ~10.5 um)

Pt

(d) Dyesol TiO,, 2 spacer layers (Thickness :

~14.2 um)
Figure 2. SEM images “Home made” TiO, and Dyesol TiO; electrodes
before annealing.
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(a) “Home made” TiO, 1 spacer layer (Thickness : ~20.4 um)

(b) “Home made” TiO, 2 spacer layers (Thickness :

~55.4 pum)

(c) Dyesol TiO,, 1 spacer layer (Thickness :

(d) Dyesol TiO,, 2 spacer layers (Thickness : ~18.1 pm)
Figure 3. SEM images of “Home made” TiO, and Dyesol TiO;
electrodes after annealing.
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oA W= nle} 7Zo] Dyesol TiOE 1502 LEX 3 oF=to] 29
FA 71 R FAJA ~o1 pmE A= Ro®E FEE A,
o5 ARgSte] St #4 Ao] Table 194 R vle} o] T&0|
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FAZF FALAFE LolR o, Vol Vs 54 W)= 314
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3.2. AEHHE 0[S pt ACHMFL| HXA2| 2=E pSSC A M=

Figure 4% Pt paste®] dx]2] 2% w& DSSCO| J-V curves<
eI QIT} TiO; paste® ©18-3te] 139 ¥=5 500 CollA 30
min 3% A & Pt Aduld=e] dAE 2%F 350 C, 400 C,
450 'C @ 500 CollA 30 min F<F Ax)2)sto] A A2k 3 DSSCO
a8 573395k “Home made” TiO, 5 AMHE-3F 73-9- Figure 4(a)°ll
A B nke} o) pt AtH S dA ] 2571 350 C, Dyesol TiOE
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(b) Anode made by Dyesol TiO;

Figure 4. JV curves of DSSCs by various annealing temperature of
Pt electrodes.
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Table 22] Al M A Jpu= 400 ColA 78 =4 Yebdor, J.
5400 CeolA 7 Al YRS Vi Voes 0¥ W81 3
A9 2 ¥st glo] vlsedt 35S YeRYa 9ltk Dyesol TiO,
pasteS o]&-3lo] =& AT 3% Table 2014 VERY 9l A3
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Aoz 7z et olgjet Axke] Q1o R Pt paste?] W AAT
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Table 2. Photovoltaic Efficiencies of DSSCs Made by Various Thermal Decomposition Temperature of Pt Counter Electrode

No. Semiconductor Annealing Pt counter (Pt paste) Vinax (V) Jomax (MA/em®) Voe (V) Jse (mA/cmz) FF  Efficiency (%)
1 350 C, 30 min 0.51 7.4 0.70 8.5 0.64 3.8
2 “Home made” 400 C, 30 min 0.53 6.0 0.72 6.8 0.65 32
3 Ti0, 450 C, 30 min 0.40 7.1 0.74 9.9 0.39 2.8
4 500 C, 500 C, 30 min 0.50 5.4 0.72 63 0.60 27
5 30 min 350 C, 30 min 0.45 12.1 0.72 14.6 0.52 5.4
6 400 C, 30 min 0.45 12.9 0.74 15.6 0.50 5.8
Dyesol TiO» 5 .
7 450 C, 30 min 0.42 11.9 0.72 14.7 0.47 5.0
8 500 C, 30 min 0.39 10.4 0.73 14.0 0.40 4.0
Table 3. Photovoltaic Efficiency of DSSCs Made by Various Annealing Temperature of TiO,
No. Substrate Semiconductor Annealing Pt counter (Pt paste) Vinax (V) Jmax (MA/cm?) Voe (V) Jwo (mA/em®)  FF Efficiency (%)
1 350 C, 2 h 0.03 2.5 0.05 5.1 0.29 0.1
2 FTO/ 400 C,2h 400 C 0.11 43 021 8.1 0.28 0.5
3 Glass YT g C,2h 30 min 0.41 0.7 0.63 10.1 0.43 27
4 500 C, 30 min 0.45 12.8 0.75 15.6 0.50 5.8
20 LR QIslo] #7189 Ralrh ehs] o FolAX) ol A Ak

TiO, annealing temperature

—es— 350°C

—&— 400°C
450°C

—e— 500°C

5.8%
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Current (mA/cm’)
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.1!1

i Ul .4 [HE3)

Voltage (V)

Figure 5. JV curves of DSSCs by various annealing temperature of
TiO; electrodes.
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