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Flexible Dye-sensitized Solar Cells Fabricated by Roll Press Method (2)
Fabrication of Flexible DSC Sub-Modules Using Screen Printing Method
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Abstract

Fabrication procedures of plastic-substrate dye-sensitized solar cell (F-DSC) sub-modules using both
roll press and screen printing methods were investigated. First, a new TiO; paste, a 1-hexanol containing
TiO, paste, was developed for the screen printing method. Then, in order to improve the efficiency as well
as the stability of sub-modules, the formation of current-collecting Ag grids with polymer-protecting layers
and their corrosion mechanism were studied. Finally, Scm-square-sized F-DSC sub-modules were
successfully fabricated using both screen-printing and roll press methods. The obtained efficiency was
3.4%, which was two times higher than sub-module without Ag grids. In conclusion, basic technologies for

the mass-production of F-DSC modules using roll press and screen printing methods were established.
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o U B GERUEHT 15 Q L MR 200 pm, MHARFIRIIRELD |
R H—T L= REEZAVT, FIEDREICEBA L, =
HECHE S 7=, WIZ, TiO2 YeEME 5 mm 12T
AT E OWER] UV-0s B Z T o7, m— L7 1/11%%
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Fig. 1 Fabrication procedures of F-DSC sub-modules with current-collecting Ag-grids by screen-printing method.
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ORI 0.2 Pas THH ., ZORETIEZ, 22
— EIRNEICHE A TE DREIZR Y TR nizd
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TiO2 _— & b Z IV CH{E#R L 7= F-DSC (X, PEG600
DEMESH 2 DI Jse MET L CAE#HE R
(7) X 58%05 4.0%, 3.1% LK TF L, ZOHMA
1%, M@ PEG600 |% UV-O3 LB % L TH +43 1
SR T Tios Y B 12 7R L TiO2 KL+ 8 D &
EPi, ETREREEFRTIELOTHL, 10
ZOWMAN % FERITEY R 7212, UV-03 L ER I
M4 5005 120 22722y, B R MR )
BRI RHEN RN, fams LT, KB
TiO2 X — A b OKEEA I L, FIRIEPEZ M F &
% 7= @12 PEG600 72 & O H % @ 4y + O iR F = A
WA, RERKIBIIKT 92 2 & 3|8 L7,

WIZ, T va— )VREE Wiz TiopX— A T
YESL L 72 F-DSC Tid. Table. 1S & /e k9 ic,
BN HRIT 5.2%0 5 4.4%F TEAL L, PEG600 % I
MU7Ha Lo ERGELrEmHFFToenTE
7oo F72. 1-HeOH EIE A 7z TiOy X — A b D
AL, UV-0O3 WERRER 2 5 2y b 2 BEfIc 35 2 &
T, 1-HeOH ¥ B D 43 fift 2 L it S & Z W R 4.5%
MH 5.0%~&WHETEIZ, ZORME, KEE TiO2
NR=2 FOLE X VT B TIERIZS 523, 1-HeOH
EWBICHWSD Z & T, BMERAMERFL OO, X
7V —VHIMZIT S Z LR REZe TiO, X— A M &
Bl LR TE T,

Table. 1 Properties of TiO: pastes and solar cell performances of F-DSCs using different TiO2 pastes
Solvent species  TiO: conc. PEG600 conc.  UV-Ostreatment  Viscosity Jsc Voc FF Efficiency ( 77)
— [wt%] [wt%] time [min] Pa-s [mA/cm?] V] [-] [%]

H:0 10 - 5 0.2 11.7 0.75 0.68 5.8
H:0 10 0.25 5 1.8 8.9 0.73 0.62 4.0
H:0 10 0.25 120 1.8 7.5 0.73 0.71 3.9
H:0 10 0.50 5 2.0 7.2 0.74 0.58 3.1
H:0 10 0.50 120 2.0 8.2 0.72 0.63 3.6
EtOH 30 — 5 0.8 10.7 0.70 0.70 5.2
1-PrOH 30 - 5 0.9 9.4 0.76 0.71 5.1
1-BuOH 30 - 5 4.0 8.8 0.73 0.68 4.4
1-HeOH 30 — 5 15.0 8.9 0.74 0.70 4.5
1-HeOH 30 - 60 15.0 9.7 0.73 0.68 4.8
1-HeOH 30 - 90 15.0 10.1 0.74 0.65 4.9
1-HeOH 30 — 120 15.0 10.2 0.73 0.68 5.0

F-DSC cell area: 0.25 cm? (5mm-square open cell), TiO: film thickness: 6 um, Photoelectrode substrate: ITO-PEN, Counter
electrode: Pt/FTO/Glass, Dye : N719, Electrolyte: 0.05 M-Iz, 0.6 M-DMPImI, 0.5M-TBP, 0.1M-Li in MPN solvent.

Viscosity measurement was conducted at 25 C.

Fig. 2 Photographs of screen-printed TiO2 layers using different kinds of TiO2 pastes.
(a) Screen-printed TiO2 layer using water containing TiO:2 paste.
(b) Screen-printed TiO2 layer using water containing TiO2 paste with PEG600 additive.
(c) An enlarged photograph of screen-printed TiO2 layer using water containing TiO2 paste with PEG600.
(d) Screen-printed TiO2 layer using 1-HeOH containing TiOz paste.
(e) An enlarged photograph of screen-printed TiO2 layer using 1-HeOH containing TiOz paste.
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KififE F-DSC OIEROGE ., BREEN K E W2k
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W, R EICESIEIIO DI Ag O XD I BEMmE
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.é):@ﬁ/ﬁ}m:JAE 5, ZOR#ERIITI VREORANE
& JREM B TR T A HERE & BRI L v &
MM E L2 Rk oivs, 2T, BElcmsh
TN D ERBERL 21T 5 A T A MU O 5 FE B AE R

TiE72 <. ITO-PEN FEMIZHZED H 72\ MKIR(~150°C) TIE
T & EEEMOFREATOBHIEN LI L 1o T,

FI REEMENRE O THRE e LT, 77 U ABHE
FBG AT T N — RBIRO 5 T BRI 525
FBEE Ui, 77 UVEHIE A 1X 3R 578 DT A
F7 2 U L— b DPE-6A(6 FREE / ~—- el b7 i) &
T4 N7 27U Lb— |k 14EG-AQ BHEET / ~— Lt b2
#i), IRGACUREI184(LBHAAA- BASF #1:8)% 90 wt% : 5
5 wi%DEIG TRE LIZ#ECh D, 727 U
. AR 3000 DR Y v —THhDHELERRT 7 VU IVEE
EERSETAMECTH L, 20 ZfOT 7 U VIR
ZN—a—HF—% T ITO-PEN EI2¥Ai L, 9%
10 Jem? BBET U, IR 10 um OBIEZER L=, Z Do)

% BRI T A MPN 12 1 HIRIE L 7ok, BAIROZE
{ba@lE Lz, TofE, 727 VLEE A 12, ALz
DI LT, 727 UAKHE B 13L& -T2, Ok
Kb, SFEPRKEVHEE B 2R RHE S LTHN
LT ENFELNI ERShoTm, AL, BT
R & SOSHEAL &8 5 7 15Tl REOG O R IE-LRl LAl 23
TFET D72, MPN IZL 0 IO Z LT LE S 72
ThiHEZEZBND,

LLEORER A B E 2 T Rl & LT 3FEBO Ry
TR, 727 VB C. AU A X REHE D, =R ¥ U4
fE E #8E L7z, T7bb, 227 J—2HIRNSET 5
72T 7 VVEIE B ICHSRHI O ) B HIRE LT 7
UL C. A X MERIGHEOBIIR & 2 U 1 & R &
L7=ARY A X REHE D, 218 3000 O =R ¥ Ut & >
VAEREA LR UHEIE E Tho, ZNHOREEE
T ORGEE OB%RE 2 71T~ % 7212 ITO-PEN _EIZ
U —HIBNZ L0 FEFZ O TiO KEMMIZ Ag %Eﬁ”"‘#‘ﬁ%
ERIL 7=, 9725, IF 400 um, IEE 10 pm O Ag H£5E
M EIHE 500 um, BEJE 10 um OLR#SE % 3 T ORI

D1 o%HANTHEE L, &t OBEN 20 um O 5 B
WARERM U7z, 72720, TiO: NEMOSMEIZIL, H 4mm
D AgHEEEMGIER LTz, TDOFEEE Fig. 3 (IR,
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WIZ, Ag SEEEMD 3 U F 4 S LBMEIKT T HiE
%A 5 7291 Fig. 4 1R $ 4 I —k L2 ER LT, &
figtig & LC. 0.05 M-Iz, 0.60 M-DMPImI, 0.50 M-TBP, 0.1
M-Li Z#&te MPN &z AWz, ZoXI—%L% 1 |
EIRICHHE L 72, ITO-PEN A7 & 2 es 4 M
W, Ag EEEMABIEE LT, Fig 5122 OB LTRER
a9, 77 VIVEHE C (Fig. 5 (a)) TlE, Ag HEEBEME
DEAICENL T, UL, Ag EERT O I 755
BEOGEL, BEDO A N TEX LD ThHLEEZEZLND,
Fio. REEZTER L T T 7 UL C ML,
ITO-PEN 7 4 /L LI BHBEL TV, ZOFERNG, 7
7 U NVEHE C IZfR#ERE I Tl Sl LT, i
JEICAR Y A 2 FHEHE D (Fig.s (b)) . =ARF U5 E (Fig.5
)& HW =58 3B R BN R oo Tz,

WIT, 20 1 AEBEICHE L4 I —8 A Oz #n
L. {RiEfE D Ag EEEMABIEE LT, #HE% Fig. 6
WZRT, WY A 2 R#HIE D (Fig. 6(a)) & V7= Ag SE B EM
Tk, RUA I FBED o hR—La@mL T Ag
EEMICSRICEENFEL TS Z EMNBESN,
DFEIRIZ, A7V —VROMRE &E—B L TWDH D, R
UA X REE D AW CTIRETE 2T D BRI R EE A3 &
Wiz, H FICEEEICHY 35 B R — AR L,
FOE AR — A B EMERNZE L Ag BEEBM & L L
LboeEZ N5,

SOFED, FI-RBROBENS, 77 VG C &%
R AV EERAIE, 1 B CRERESENRTLE Y HF
Woyinolo, W, KU A I Rifs D # V- R#EE S
JERNHERCTE =, —J7, TRIT UHHE E (Fig. 6(b))%
WG, Ag BEEMITEAD R oTe, ZHH OfE
Eb, TR UBIE B 2HWC, REREAERT S Z
ENHFELWZ ERHEMNE ST, 2D ORI R %
Table. 2 T

F L,

Fig. 3 Photographs of 5cm-square-size F-DSCs
(a) Formation of current-collecting Ag grids covered by the
polymer protecting layer on ITO-PEN substrate.
(b) A completed Scm-suare-size F-DSC sub-module.
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Fig. 4. A dummy cell for anti-collosion experiment of

current-collecting Ag grid covered by polymer protecting layer.

Electrolyte solution reacted
with Ag grid

Destroyed protecting layer

Non-reacted Ag grid

Fig. 5 Microscopic photographs of polymer-covered Ag grids
after treatment with an electrolyte solution.
(a) Ag grid covered by acrylic resin (polymer) C
(b) Ag grid covered by polyimide resin (polymer) D
(c) Ag grid covered by epoxy resin (polymer) E
Photographs were taken from ITO-PEN substrate side.

Holes in
Polyimide N\
resin D !

—_

Fig. 6 Microscopic photographs of polymer-covered Ag grids

after treatment with an electrolyte solution
(a) Ag grid covered by polyimide resin (polymer) D
(b) Ag grid covered by epoxy resin (polymer) E

Photographs were taken from polymer-covered Ag gride side.
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Table 2. Durability of polymer-covered Ag grids

Protecting polymer Durability against electrolyte solution

/Electrolyte solution

-Ag grid was corroded.
Acrylic resin C
‘Protecting polymer layer was destroyed.

-Pin holes were observed in the polymer.
Polyimide resin D
-Ag grid near pin holes was corroded.

Epoxy resin E ‘Problems were not found.

Reacted Ag grid with electrolyte

lectrolyte solution
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Electrolyte: 0.05 M-I, 0.6M-DMPImI, 0.5SM-TBP, 0.IM-Li in MPN
solvent, Test condition : 1day duration, Room temperature.
3.4. AgHEEBEROLFEE DM

FlenBlEEs =7 7 Y AVEHE C ARG I 2 Ag
%ﬂfﬂ#ﬁ%L@ SEM Bl %47~ 72, 42—k /L OEME

R L OREETD Ag HF£EBEMO SEM K% Fig. 712, #
W&@ SEM [X| % Fig.8 |1Z/7 3, Ag BEEMOFE i O SEM
X (Fig.7(a) & Fig.8(a)) 7> & FEMFE IR AT T\
Ag EBEMOLIITR HNIgh Tz, Ll Ag EEE
FROWrE D SEM X (Fig.7(b) & Fig.8(b)) mH ik, kg%

T Ag BB NEL 220 RERBOT 7V VR
iﬁfxéﬁﬂa%@%gﬁiéﬁ%énm ZHIT Ag —A b
WCEENDNA X =R TH D & HEE Sz,

WIZ, Ag EEEMOBFRE L TNDE50 & EF 5y

BER 2B LTz, Fig. 912, & O OWiERNZ5R7,
Fig, 9(a) DEMOERSy, T2 BIER 72 Ag BB 5y
T, Fig. 9b)ZR"T L 912 ITO-PEN M Fiz Aglg & 7
7 U VEHIE OURERE O H 0 BlEE T E D0, A DI
ENBE SN E45 1T, Fig. )R XL 912 ITO-PEN
RN JEICRE ML Ag X—X MZEHRSH
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Fig. 7 SEM photographs of Ag grid covered by acrylic resin

before treatment with electrolyte solution

(a) Top view, (b) Cross section

protecting

after treatment with electrolyte solution
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Fig. 9 SEM photographs of Ag grid covered by acrylic resin

(a) A whole view including non-destroyed part and destroyed
Ag grid part.

(b)An enlarged SEM photograph of non-destroyed Ag grid

(c)An enlarged SEM photograph of destroyed Ag grid part
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Fig. 10 EDX analyses of various parts of Ag grids

Agl formation after reaction with Ag
grid and iodine in electrolyte solution

Reacted electrolyte solution
flowed from pin holes

!

Fig. 11 A proposed mechanism of Ag grid degradation.
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Table 3 Comparison of solar cell performances of F-DSCs

with different active areas and structures

Active Ag grid Jsc Voc FF Efficiency
area (r)
[em’] [mA/em’]  [V] [-1 [%]
0.25 — 11.7 0.75  0.68 5.8
20.0 with 9.4 0.65 0.58 3.5
20.0 without 6.6 0.63  0.37 1.6

Dye : N719, Sealed cell, Photoelectrode substrate: ITO-PEN, Counter
electrode: Pt/Ti, 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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