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Flexible Dye-sensitized Solar Cells Fabricated by Roll Press Method

(3) Fabrication of Efficient Flexible DSC Sub-Modules Using Metal Mask
Printing Method
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Abstract

Study on the fabrication process of highly efficient plastic-substrate dye-sensitized solar cell (F-DSC) sub-modules by
both roll press and screen printing method using metal mask printing plate was investigated in terms of the formation of
non-exfoliated TiO; film on ITO-PEN substrate, the optimization of TiO, film thickness and the reduction of sheet resistance
by using well-conducting current-collecting Ag grids. It was found the screen printing method using metal mask printing plate
followed by roll press was a good way to prepare a large-sized non-exfoliated TiO, film. The obtained maximum efficiency
for Smm-square-sized F-DSC using MPN electrolyte solution was 6.4% at the TiO, film thickness of 10um. Then,
Scm-square-sized F-DSC sub-modules with low-resistant current-collecting Ag grids were successfully fabricated using the
above-mentioned method. The efficiency was 5.1%, which is the best efficiency for the F-DSC sub-modules.
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Table 1 Influence of TiO: film thickness of photoelectrode on solar cell performance of Smm-square-sized F-DSCs

TiO: film Efficiency Amount of dye  Bulk resistance Interfacial Resistance of
thickness o Voe rr (n) adsorbed of F-DSC (Ri)  resistance (Rz) electrolyte (R3)
[wm] [mA/em’| vl [-1 [%] x 10°* [mol/em’| €] (€] (€]

4 8.78 0.743 0.694 4.56 2.1 7.16 21.42 5.96

6 10.67 0.731 0.680 5.31 2.8 8.04 21.17 6.10

8 12.42 0.716 0.676 6.01 4.8 8.98 20.07 7.82

10 13.50 0.704 0.665 6.37 5.6 9.61 18.03 9.68

12 13.27 0.701 0.647 6.12 6.6 10.15 17.74 9.82

14 12.26 0.691 0.623 5.26 7.2 12.70 16.84 10.20

Electrolyte: 0.05M- I, 0.6M- DMPImI, 0.5M-TBP, 0.1M- Lil in MPN solvent, Dye : N719, F-DSC cell area: 0.25 cm? (open cell), Photoelectrode
substrate: ITO-PEN, Counter electrode: Pt/FTO/Glass, Measurement condition: AM 1.5, 100mW / cm?
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Fig.1 Influence of TiO: film thickness of photoelctrode
on Voc (Fig. la), FF (Fig. la), Jsc (Fig.1b) and 7z
(Fig.1b) of F-DSC.
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Fig. 2 Correlations between Voc and electron lifetime of

F-DSCs.
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film thicknesses.
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Fig. 4 LHE spectra of N719 dye coated TiO2 photoelectrodes
with various thicknesses.
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Fig. 5 photographs of screen printing plates.
(a): Screen mesh plate, (b): An enlarged part of screen

mesh plate, and (c): Metal mask plate.
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Fig. 6 Side-view of TiO: film fabricated by screen

printing using screen mesh plate.
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Fig. 7 Side-view of TiO: film fabricated by screen

printing using metal mask plate.
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Fig. 8 Photographs of model TiO2 photoelectrodes before and after roll press, and prescale sheets after roll press.

(a): TiO2 photoelectrode with homogeneous coating before press (top view), (b): TiO2 photoelectrode with

heterogeneous coating before press (top view), (c¢): TiO2 photoelectrode with homogeneous coating after press (top

view), (d): TiO2 photoelectrode with heterogeneous coating after press (top view), (e): Prescale sheet of TiO:2

photoelectrode with homogeneous coating after press, (f): Prescale sheet of TiO2 photoelectrode with heterogeneous

coating after press., A part is thicker than B part. White arrow shows the direction of roll press.
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O— V7LV AEZ W7 L3 7VEEMEREER 3) 27V RA 72w 7EY 2 — LV oEi

MHEIZ LV HEEL-REEBET D, TT A7 —A M 53 A DY) — 72 TiO2 J@ 2T T 2 M ERH Y | A
LT, Hy—REEEH T 5 TiO: Jg@ (KJE 6um - Fig. AN<ATZHNDHZLICLY E-DSC 7 EF Y 2

8a) & [ i i O MR 28 i & B 5 TiO: JE (A — VO TiO: tEMEFEHRCE L2 ERH bt
4y B 6um. B 43 : 3um - Fig. 8b)yZ# /F#l L 7=, mol,

INHD T EIZ LT, m =7 L 2EEHW
TMEREZ R L, M., 72—/ 7 L ADLE I
I, 7= L7 L RALERHE O TiO: J8 OB 1 Th % Fig.
8c, d ICBI L Cix, R D Ed FoJFRICHLEE L=,
Fo, BIEROGEETH D Fig. e fICH L Tld, #x
GBEnblou— LT L AMBFEIEFN»L DK

1 mm

MICAHE SN, m— L7 L RAAHOR S, B —7

JEIE % A3 % TiO2 @ IXHEED 4 U 72 2> - 72 23 (Fig.
8c), BEE D K72 2 TiO: BITIEMEHEE 43 (A T4y ) D — Fig. 9 Top view photographs of the TiO> photoelectrode
2 HBE L 72 (Fig. 8d), JEIEHLAE W CRIINE ) % fife fabricated by screen printing using metal mask plate.
BLlceZAh H—REELXHT S TiO2ETIX, B (a): TiO2 film thickness is 20um. (b): TiO2 film
— I BHEII S LTV 7= 23 (Fig. 8e). [Al—IEAN @ thickness is 15um.

JEIE AN F 72 2 TiO2 J& TIE, JE W 2 M L 7235 & 12 &E

JBER 53 (A NS @ WE B > T2y, 3.3. F-DSCHTEVa—LVOEBMBEOR L

HAr (B N TIE I E I b > T o 7o YTV 2= VOB L BIRIDED E 51T
(Fig. 80); D E VD | TIO2EHFITEED LT RN D D & | mEXED7DI2, A X0~ 2 7 RIREHWT 10um

BW—lzmEahd, m<IES s sIex3 258 DIEE = FFoV 7Y a— /LA TiO: X &M % /E
AW 38R < 72 0 ITO-PEN A & TiO: J8 o i L7z, Mz T, fER U7 Tio Je B i BRI #%
HEENE LT ELABND, AgEBEMOREEPEN R D Ag—A h& [

ETNAT—ADBRFNE, A7V —v X vyl WT Ag BEEMOEMBIER ATV, B E O
W% A CHESE U 72 TiO2 & A3 I HE U 7= S A 1. B ET-ol, 25 ORER% Table 3 & Fig.10 (278
FENIC LTI NH L0 TiO, DB H MK T L7 I, £7-. fER L7 F-DSC % 7 & ¥ = — /L' % Fig. 11
e ThY, MNENEE T DD, HELT O \Z7% 9, Fig. 11(b)IX F-DSC 7 & ¥ = — L O i iF 7=
VIRV TIO B EIEDLEN D D &l S iz, REOMHOEEEZRL TWVD,

T T AZ N AT R E AV TiO: 8 O )= E{b AT Tik, TiO2 B O FEIE X 6um TH Y . K
DOWFTZAT > 72, 10pm O TiO 5 C 1% 4 Bk 13 81 52 HEHR 1.0x10* Qcm D Ag <— A FZ W=, %
S o 7oA, 20um TIEHBENS A4 Uz, i, DD FTEY 2 — LOEMNEILI5% Th - 1-,
DNEAVER R O #2 f TARIZ B W T TiIO JB IR (Y 7 A [E O R ET T TiO2 Y B AR D 5 )E % 6pum 7> & 10pum
Y IYVRAE U0, IMELAEOBRICHEEL7- &5 SEWME Tz, T OBREEIMCAE, BRI
b5 (Fig. 9a), ZOFEREMNL ., A XL~ R T JIR 3.91% & 1A B L7z, TiO: EMO FEERINIC L 5%
ZRAVWESAETH, AEIHAVE Tios ~X— A h TIHfE B OINFEIL, Smm A &L DG Table 1 05
WARE R E IR RN S 2 2 BW B e e odz, brbdEoc 12K THY, AV TEV 2 — LD
F72. 15um DOEIEZ KD TiO 8Tk, 77 v 7 BE LI ETHYMEFEOEEMENFLL TWTEY
AT TE LT (Fig. 9b), EHice—Lr7 L 2ZHAN R TH D,

THELEAEZIT> CHHBEST D5 LT oz, £ WIZ, BOVEDDOHRETH ST Ag X— A D
DI, A X~ A7 R % AW T Tio: J& # /Efl 4 I HUR ORI O MGt 21T o 72, Ag ~X— A F DR
DAL, REICZ Ty 7 BET TR WELEO FEECHLE 2 1.0 x 10* Q-cm 2>5 9.0 x 107°Q-cm, 6.0
FERNEETH D, x 103Q-cm, 4.5 x 105 Q-cm ~ & thx 2D &H 5

LEORER S, m— 7 L2 L0 N % L Ise IXIFIEEALT B Z L 1X 72 <. Voe 23 0.600 V

TV, TIO N B AR T DB, 7 7 v 7 B M5 0.634VA~E DO EF Lz, £72 FF 28 0.498
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Seilr - g - N

B 0604 ~LREHFEL, MR L L TEBELYR
X 3.91%0 5 5.07%~LFELLIHEMLE, 2%V,
Ag N— A NOEFEERPIRITFFICREREEL L 2
TWD Z &P B E AR o7z (Fig. 10), Ag X— X b
DR RS E D 2 LI X DERBEOH
MFF13HETH -T2,
%%&Lf\%ﬁfﬁ%f&okﬁm%%@@ﬁg®
Wk & Ag BB O RFEIRIURE ORI D — R &t

Té_kﬁ\HMC%7%VJ%W®%@@$%L%%K

M RS2 LR TE, BHIE 51%E, 7%
NI T T ATy 7 MR & 2 F-DSC 7 €Y 2
— e LTE, RS LSV OMERETH D,

Fio. T AR DSC 7Y a— /LTI, @mIBLER
1T 728, Ag&—Zlefﬁféﬁﬁﬂ477~ﬁ
Bk L. Ag EEMPITITIZE Ag OH L7220 RIKHLO
Ag%aﬁﬁﬁﬁwﬁif"éé LML, 7T AF v 7 EENE
KA A5 F-DSC %7 ¥ = —/LoAERZ BT
FEIRBERE 25 T & 72U ood Ag SRAERLHR P BIIR /S A1 o 2 —

ENEH L TWDRELE o TD, D72, F-DSC
YT EY 2 — VORI, INEVE I RTEIRETR 23 R
Ag X—ANEZHWLZ EDREETHD Z LR L NI

-7,

Table 3 Solar cell performances of 5 cm-square-sized

F-DSC sub-modules with current-collecting Ag grid.

Volume
Efficiency
resistance of Jsc Voc FF

™)

Ag-grid
[Q-em] [mA/cm?] V] [] [%o]
none 6.01 0.550 0.261 0.86
1.0 x 10 13.10 0.600 0.498 3.91
9.0 x 105 13.25 0.610 0.520 4.20
6.0 x 10°° 13.11 0.626 0.573 4.72
4.5 %10 13.25 0.634 0.604 5.07

Dye : N719, Sealed cell, Photoelectrode substrate: ITO-PEN, Counter

electrode: Pt/Ti foil, Electrolyte: 0.05 M-I, 0.6M-DMPImI,
0.5M-TBP, 0.1M-Li in MPN, Measurement condition: AM 1.5, 100

mW / cm?
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Normlized Jsc, Voc, FF and 1

9+ i i T T —i
10 9 8 7 6 545
Volume resistivity / 2 *cm
Fig. 10 Correlation between volume resistivity of Ag grid and
Jsc, Voc, FF, and n of F-DSCs.

Fig. 11 The 5cm-square-sized F-DSC sub-module prepared by
screen printing method using a metal mask plate and roll press
method.

(a): Top view of S5cm-suare-sized F-DSC sub-module.
(b): Side view of Scm-suare-sized F-DSC sub-module

with bending state.

4. FEOH

TUX VT NRT T ATy 7 HERATFREEKEGE
(F-DSC)DERLDI=DIZ, AX N~ AT ZRHNZAT Y
— VHIRNERS o — VT L AL S EETHE ATV D
THZ AW T, F-DSC H 7 E Y a— L 2R L, D@t
REfb 2 Mt L7z,

MPN % &R R B FHV 72 F-DSC @ TiO: S i

JEZRRT LA R, N719 k& AV iha . fich 240
OE TiO2 JHEIE 10um TH D Z EEZHL MM LT,
ZORERERSE 2 C, BBREA 10um @ F-DSC 7 £V 2
—/VH TiO2 HEMOAF R A BF Lz, A7V —r Ay
il E W2 A7 U — CEIREDSEEE, n—L 7 L A
RRIZIER DD TIO @A HKIBEL 72, —H T, AX N~
Wz T2 2 7 ) — CHIEO S A1 BEED 10um 0
ME %2 A3 25 TiO: HEMEER T2 2 LA TX 7, TiO:
J8 DIEROBRIZ, Wi ORE Y 3D 2 E % ¥—7¢ TiO,
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O— V7V AEERACET7 L3 7 VERBEKEER (3) A VYA 72V 7EY 2 — )Lo/E

JBE RS 2 NERH D Z L EHI LN LT,

S 512, &MERE F-DSC Y7 Y 2 — L ORI B g
Ag FEEEMOTEAUTIT, Ag B EBEM O EHRHTR DI
SFF & Voc DYGEIZ DN D 2 & & R Ui, Z Of5 R,
INETHH L TE 7% F-DSC 7% ¥ o — )L OZEHgh#R
E LTI ED 5.1% % ERk L7z,

fmm & LC. TiO2 NEMAE A Z NV~ A7 WA Y
U —HIREIZ L0 (R % 2 & T Tio: B E LR L
L. 61T, Ag EERBROEIIULAEH D Z & T, #HR
R L~UL® F-DSC ¥ 7Y 2 —/L &, @l TG b
R7uAbLlrods, TORRIE, F-DSCH T EY 2 — b
OERIZR I WHlFE I Th 5,
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