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Study on the flexible electrode of dye-sensitized solar cells

Student: Li-Chun Chen Advisor: Ray-Quen Hsu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

Along with the improvement of living standard, the demand for
energy is growing rapidly. Most of the energy rely on fossil fuels, but the
fossil energy reserves are dwindling fast, how to reduce the dependence
on the fossil fuels and find a replacement energy is becoming an urgent
topic. In this sense, solar energy which has enormous power and
unlimited resource is considered one of the best replacement, this is the
reason why so many researchers spend a great deal of budget for the
purpose of developing a low cost, high efficiency solar cell.

Dye sensitized solar cells( DSSC), is one of the promising
application of solar energy, mainly because of its simple manufacturing
process, and lower cost. Flexible DSSC with the characteristics of
portability, can be used in 3C products and building materials attract
many scientists’ interests. In this study, conductive materials with flexible
translucent substrate prepared by Sol-Gel method and electrospinning
were adopted. Polymer solution containing titanium dioxide was used to
produce semiconductor electrodes, and carrots and N719 were used as
dyes. Counter electrodes were platinum or carbon. The completed
package, were exposed to solar simulator (AM 1.5) to measure their IV
values.

Materials used in the study were less toxic and do not cause
environmental pollution. The results showed that cells with
electrospinning electrode (PVAc for the polymer solution) performed
better than the cells with Sol-Gel electrode, optical and electrical
properties remained almost unchanged even after bending for several
times.

Key words: DSSC, Electrospinning, Flexible, TiO,, Nanofiber
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TIO, £ - f& % HAl &4 2 FRERAMEI L5 K5
P ZAERUL FEABY REBUTEEFY - 2 nd B
w36V drasHDF MG 328V T E R AR R Fp FRE
(TR fdE A R BT Bk o gl R any bR E S e S el
AH R TiOs > & 4 o B BT H A > . TiOg ~ & i 8
S S RN S bRt N A B Ol T &
FEUOLWEHT Lo BREF SN FEFGLHELY O R

AR H T RF RSN G S R B A TR P R4
TP N TiOg M s A H BN G 5 R - BEEEE
UGHAT I 0 B2 F DR R ol SR OTH RRIT 0 B N RER - s

gAY nTi-O AEEEAE H 4 A 4p ¢ e B[7] o
2-4-5 %

Al L EWMT P i G oA B eniE® Sz I g B8

BT AR B RS AT R B A
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FAARINLEMTERET AR TS QO 2 ENET 2

TP LT~ - AR TR B EAT B
%
1 LR T R A S TS B R o

5. SR apdF Bl EHOEY NP TR AT AR T
F AR R A e

6. A#ei tRRTEEZALEFY F CRRTHNT =T
fe > MiFRFELP L F g 4 o

DTREIHER  FRARI P BRY RS TALTUS

1. Ztg ,, : %’H’ﬁ,\¢m_ LK‘F,4‘A}'_, ,;&4}%’,}15 ﬁ&%;{’)—,
B4 Baachit BAER M AT LA EREE - ok g

7

CRREE b E B AL B R ORT S Pl R e
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AT I B

BEfE § et4z 47 0 d M. Graétzel 5 A 3 T > ERfsAS B v F A A

-

3

i
=

PG 0 Bok ¥ (Ph=0~9)~ 7 § M F o e o e

S

WP BRE R BAET § e ERET 0 F R AR

FRREARIE - B AL ] BARDBHET 50 A

> R FSHERI I T E RRAIET B LBy AN

DSSC ek T f 322K i 1€ > 2 Ao enfE T b E B R AL -

X ARAHY Tk L ITHEgd F it AT o

1. E % %-a(Cholorophyll )t & ¢ ji b #-if bac 5% 5 1
Brhikd 2o T%F-a B3ty tare 239 @Bk
SofTiE s 4w i 430nm. e 660nm

2. E%%-F(Cholorophyll B): E%%-5 3fEt3 B3R 2
7o RS TE AN EEF-a ¢4 %] & 450nm f- 640nm o

3. # By Z2(B-Carotene) : F i+ B3 a3 gEsd o B
PR EA-EHS B S £ F 450-470nm s e

g B 280nm FitiT 38 S TR ER o
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2 4 6 ﬁ*/’i

TiRRAAp T B B ¥ E T i (lodine) & =
#r+ (Triiodide) » ¥ 5 — #&% i :f j $f(Redox couple) - & j# 5 1 & e
R R AR ‘Ff’@ﬁﬁ]?ﬁ” B\ TP T L A SR TR

BT RS R B o R BETRE PR

pe

/175 R REE R T B R i

T

B AT Rkeasye ¥ gk o [T/I0F YRR R A S el B R L
Bt N dteng P BRTERIET A A6 THF 4 FF

P34, = F 14k R AR il Podd e e S0t g H R R e

z*“\

fe b PS03 3 S ERN R IReNABES A& 5 0 (V) ES FAe
HaPE >R ERBIE DAY ORMAL L EF R (2)
BEMETETY TR RFARE > P AL mg; Q)T ERY

BARF BB R R R o R4 F B8 FRET Y

T

Lo g B4 0 E IR T O S (A)BET AL TS > T
AL Ed A ERLAE 2 (B) K2 T kB RS LRI

H] 0 @ kT T % £[7] °
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THRTY B RHE AT AR R R R o F
oAk o T 2n i grARdE

e 1, a4 T &R R 2 i T R (Overvoltage) i+ > ¢ i = & ¥
FRB T B AE TR - B oY AR Y ITHT R
%2297 > ROE TR THTERIITH 23R 18 £
EHTERTHA 6 BV T BRE TR A VLAY
F oG as-A R ok B w4 2R R = e [11] -

2-5 7 3 3k (Electrospinning)
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TF F SR E S A A 1900 » § pF 4 g gR 1 o5
il (SealingWax)® »c— By BT H? » T#IRE 7 FAddad 3
BREpAR G o B RS iR B R ESRARF S o
& = 1934& Anton Formhals# PP e § i s 2 e
LS R SHEARY FRILFTDFLIEE > BF A FREWA
2. B RALA Gk 18 0 A 2 N B 4o BI2-5 0 B ki

2R E RO BB REH T R M ER NS

A
2
P
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B BT0 S A RS RE 1204 B R L R A pE et
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F’g'ké'): Jé%ﬁ, ﬁﬁl)&l,(_ﬁlfgl\ 4%5 }'g)/? _Q)l—{%qi_?i—iéo

':*“T

AT S R 1-100nmeng i G L A BEEE R A2 —
TS E ST ENE TP R AT TR S

) ERHE LG R frE e KA A2 P e AR B R

Sk

T E o b T B A RIpHRARN Tk AT A F

AR 32
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25-1 2§ FHRE

Dlud

PR F Sk 1914# 18 5 Zeleny ® %‘?—"ﬁ qRAew F ST

fe g PR R LT stk B g B o A 21934 % % Formhals® -7 %

- BRFERDEA HETFRS FUeF LT RALKE 3
L2 BT e QFE ARRRE S T 1964 15 EF XS

et S o F  Taylorif 117 @ 3 X F R 2 50 45

)
5

FRBIERF TG R EUERYDEF b Lo S A
m%» ¥ 44 (Taylor Cone) » 77 & Bl4cBl2-6%177 » T #rL & %

49.3%(Semi-vertical Angle) - 1966-# 55 = Simons{ * £ § .5k = 5

‘%

Am

'

i 4 eh7? A F ) 8 12] 2 197048 iz B>t Dupont sHBaumgarten
FET - A BFEEPRIPT ORI RET e s 2
> N F AR E o JRE o Baumgarten{ 1 * ® 23 gl E S

4 0.05~1.1 ik chgk a[13] 0 L Pt R @ mdd of © a4 o

TF SR NREEAY - FRITLSITL /b4 [14] 0 #-7 5
B A DS R R G EORk D A F B YL o (Capillary) ¢ o T
BT RCAA - N ERSPFLRL L -FLERE B

L im g - A G 3 ¥ 44 (Taylor Cone) » & & Bz § 2 {8 »
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RHETREG S RRDLG A (PR ) BRTITSAS P
- fEppret) s 32 PEGEF AL FBZIREDETREFFE
d T Foe F R 0 i €82 B (Splaying)[15] s % o i 4

Feng o+ A A = ] ek i A 3T Bk 45 (collector) b o & A 2

—\\

SR A AT T Y THRA B RARR R R I e

Y
%

TP - F 32 A (Qpm~100nm)fF > T4l > jc g+ - 5200

NV

B S A P R R R § S B e

[16] » { *e = 1 WHCensR ARRLA B s %1 L

T SR S TR RRARR B FIER R i 2] e
“ﬁ‘ ) - : I_.:_ b ;‘E}‘ —L L; ;'f‘ ~ /;_ )
HONEH - B ] gk [T e AR R T TS

AR R EAR Y B eng Ko pEY FIRAE TehE F o g

s
44

e
8

MR A G vkl B BILIE SRR e Im e W B ol o
BRI hB AT L [ ehd F R { ABE T 18] 0 » #h 24

g:/: ":‘ 7?@;][7» r’-'—%ﬁ’m-ét‘T”—\.’p :'}Z’_/pll’?}.:ll’,(ﬁ;g W#Mmrs
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1. Bar4vEz fxo

2. Flaipr BT+ ] ¥ d 3R ARA (Solution Viscosity) ~ € -3 &
(Electric Field Intensity) % % F)4 & 23 3

3. =S nA %#Eﬁiﬁpéiﬁéﬁ%ﬁ%%ﬂ@v'\?’%c)\#%i%
(Antibiotics) #¢ # £ %]+ (Growth Factor) % #4 iu f£ 4%+ » 4o 55 &g
TS gy e

4. T F FAPTE T E - 4o 1 45 48(Single Process)[19-20] -

PAL R FEERBEF A FRL AR L e o R H NS

)

PREAMES S AZEIFED B2 L 828 T W2 BipH

AL

FOLFHERLIARARES I 200 08 - B o R

-

5

<l
(w

B RF G R E AN FIHE O CPE

(Cost/Price) i< » % % 352k o
2-5-2 R WA AP IBATH

2004 # S. Mi Yeon i¢ * #-6g TiP ~ 2.4g 7k fis fit ~ 3g PVA 4 1
37.5mL enDMF *# » & 1 1T & 15kV~jxiE 60ul/min. 1 i ge4E 10cm
7R [21-25] -

2006 & Hong 7 > 3:% # % DSSC ® #-PVA # % 4c 7] 95 & e
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£k o UBET . F PVA R MAER LESRRLED A
o ER T A0 B4~ i B R Aok (Y KB B o pH
EF6) LB LIIE20 A 5 F AT SR PVA R B 4o
AR TR % [26] -

2-6 % A3 H
2-6-1 E\pﬁ f& & % fig (Polyvinyl acetate » PVAC)

1912 # Dr. Fritz Klatte 3 3% fiy it © *f fia (Polyvinyl acetate > f§ 4
PVA £ PVAC)E - 87 BN E & B & e R ph s i LFrph e
in(VAM)erBE £ 4l & @ 3 0 1 B 38 S (CHeO)n 0 5 3305 A& e

Pk~ g v & ALY A T AR PTG

RFRLe 4 fla t fok ® nFURIERA)SE » 1F L S At R FERIA

HEZEF AN G o T ASH T A R BRI k(9 )

6Ok ® ORI AR S R B e 2ol ¥ o R g

A B P LA 2-20
2-6-2 & ¢ = p& (Polyethylene oxide, PEO)
F ¢ = fg(Polyehtylene oxide) #_— fa &k & ok 0 2 ¢ Men® A2
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F o ARG B EARY T
HO-(CH2CH20)n-CH2CH20H

PR WA B -SSR L - R AR & R
Bom g aF R AN A UK d EHM e FHE AT
B A B 3R R IR A T30 GIEETC Lt om il FFEH A
AF2ANMPBAARPL I EXGAS TS G2 o pt et Ko -
frenée Lo 8203 RAPM > L F A F R M0S FH RIS
PEG(polyethylene glycol) » @ <3t ,Eifﬂgf P14 % PEO(polyethylene
oxide) o

Bo - T EARp BRI T AR IR & S g i
HEe o GATF B YAREZ R ZN R BN > A
B Ap iR &+ 0 4opoly(methylene oxide, HO-(C-O)n-OH) 2

poly(propylene oxide, HO-(C-C-C-O)n-OH) & 354 £ 3 >t k¢ » Fpt &

T

S R e i EATAAE (C-C-O)N £ 4 bR o @ Be -

‘m\h\

feemAfdR 2R AP R F v B % > 2§ gk(cloud point) < % 5 100°C -
Flpt g AR LR I100CH » B D aipiR? i ¢ Bandrd o ¥ et

BARY GE e BAEA K G B R WHBT o ey R

o
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z 7 40%¢=rpropylene oxide B > B| ¢ ;& § BT "2 2 37C
2-7 & F 3 v s & erip| T

YR Rd ET o E@FE I RN e EH»F A H S
KT Bty Aag(d) 0 B () E o

» &FH 4 k3 -5k F i 3 (monochromatic incident
photo-to-electron conversion efficiency » IPCE) » z & 2 1 28 * & 2
IR F A(N)BE R ehr B H & kI fe(ng) v - BHF AE 5 0

IPCE=n,/n, = (L.241x10°% 1)/ (AxP,) 1)

He » L4 ~6tH & ki £ P s »8H G ks & o

T ona Tk E g ARATIE DR AR A L K Rk
EREER v AP R RAR R g q BJETARAT S B R
AT R DR DERDED 2RI mﬁi%] Ak g ek TR

ARV oA A e B A |-V RACR] 2-7 0 0T S 7o

=

[<aiiy

N

a2
o

2

5

all

I

B iR(l,) | DEASTER(T RIS BB AT -
BRA TRV, THASBR(TLILES )F AT R -

# o F]+ (Fill factor » FF) : £ # £ 3 &= ﬁig?lﬂzﬂ (P )T



i (Iopt)fr?[i( pt)miﬁlﬁi g2 13 wﬁ%'%ﬂ_,'/!lw; L= ’IO:Q@G\' el E o
opt/(I oc):(lopt opt)/(lsc oc) (2)
KT () BT LAT o T i AN 5 (R, 6

S }j" ;‘_—%"(F)in)éﬁbb l/'E'J; o

PR REF - FRETRIABAFCES b X TR PEFHTT
R oo B AA B ﬁ'f@‘%ﬁ’»"‘@%} F&mﬁ,/’”‘f‘-"%@ &b
EBRATH BT G N S B s N T o B Bk TR r B
TR 78— BE(R O LG AR TR 6 G AT R
LR L SR T BRI FR NI L SRy LIS o gt
BEF AL AR AP F)EE G FHEH F)2 1 P ELTF]F -

KK%’%i%ﬁﬁﬁﬁmr Ceh BE R Sl BELK T NI B B



271§ T

% # 5 £ (Air Mass AM)4c] 2-8 #771 » Tk 5 S HBIEHE S &
B w1 i R R [27] o

1
" cos(6)

(4)

X e bR AMLO Y % § B¢ 5 AMO - @ AML5 4 3 5E
W FAB R T F TR
AML.0 22 AML5 3 it BASHE A, >+ 27 6000K 2. 2§ i 54 %

Wi 2 AT 4o Fl2-9 AT e
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202-1 X BB T 40l

Semiconductor Market
Solar cells ) ..
materials efficiency
M talli
| OrosySEINE | 10~14%
Crystalline silicon
silicon i
silicon " polycrystalline 9~12%
silicon
a-Si ~ a-SioO -~
Am_o_rphous _ 6-9%
silicon a-SiGe
2 elements GaAs 18~30%
Compound CdS -~ CdTee 10~12%
semiconductor
3 elements CulnSe2 10~12%
Nanotechnology
and organic T1O, ~ ZnO 1%
semiconductors
% 2-2 % I T t&2 DSSC ek 7 (25 [7]
Counter electrode Platinum Carbon ITO Glass
v, ImV 495 485 370
I /UA 1700 850 260
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% 2-3RMPpp i L b

s

e 1.2

i 2:(C) 55
% f2(C) 88
#¥ 4 (kg/em?) 200
itk R 100

Solar energy

———
——

——

electrode | —

Anti-reflection film

electrode

N-type
semiconductor

P-type
semiconductor
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ITO TiO,; Dye Electrolyte Cathode
S -  D*
0.5 = Injection_, p~=
pr— — —— o — —_
t
B
< 0 = .Maxlmum
P  Voltage
g0
= d
= hy /_&\ -
= -
- A -
0.5 == / mediator
lny:fccption Ox Diffusion
7
1.0 )-,
’ = D/D* i
ll Load :
— e e —— -
B 2-4 A HATE R4 1 v R [4]
Polymer Solution
Taylor Cone

'/;I/////////////////V/////////////////////////‘

Syringe Driver

1 ngphpl\}/loltage Fibre Mat

B 2-5 T # 5k 7 A FI[28]
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B % [27]

—— 6000 K black body
~——— AMO radiation
— AM1.5 radiation

B 2-97 i %5k &4 % [27]
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=% Rk RY

3-1 R i A2
Bl 3-1 57 iR epLiE TiF > G ITO Mg Wird

HIREHTIHR PERIT RN EFELE 253 7 f=EidE

PR fRR O BEFIE O R RTHEOE P RS o

3-2 R % ¥k
% 3-1 5 7 %k 5¥c -

1. AF F&TR* PDAELS T T IO ITO BIF 1 2 7 3D
ITO PET -

2. LTHBTE: AFRY ATk 5 Sol-Gel - K- %
AL EAA % - mi A SokGel - k- F it4cpop - Ry
PEO 7 25Wt% = % i“4xendk 5 % =2 %25 PEO P 2 25 wit% =
3 iV 4kendi s e el PEOP 2 10Wt%- F Y 45kendi s 51 %
02 PVAC R 7 25Wto% = & it 4kl o

EAKE - i N719; %= i 2907 $ =k

w
=
Y
Ji

8
=t
4
¥
al
M
&
=

4. HTE -9 £ o
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S3LERHREZ KA

1. BB BRERE > B 32> x%7T3(YSTC)» 2 # -

2. JLEVEHF R 0 B 3-3 5 KDS-100 - KDscientific » USA -
3. RENEWEE > B 3-4 > RCT Basic » IKA -

4. REABRTE B35ty S8-

3-3-1 TR G IR E

T B S 4 ® (hot plate/magnetic stirrer ) ¥ - B ¥ 3 EE >
EXHRE O WERRDEL T REF IE R E RSN T

T L3 WEH L TR T A BB WS A L E )

332 T HRKA

Py 382 NNz ErEmanl it gy o L %K

=

BB RTRERE B TTRI0KV-30KV) X BT 5

Yo 3297 o W RE LR A AT RO TTR 0 P TR F
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. 5~30KV 2 F > SgF T RPF M F b T F GRS AT oD

2. A5 & FF - KDS-100 - KDscientific » USA » 4eB] 3-3 #775 o
SRS R R S R R AL R A RO
P AR PSR TE R RAA EY €3k o A K

M A TR A EPNHE R ERR AR

3. R4 D ArB) 3-64T o LA A B g gHR o i FT
YRR B e (TR B B RIRE o SE M R RB R R H R
oM RFEA

4. 7 4hdm 4Ep (L ER) L AR #2000 2 0.6mm o top corporation poA& o
Yo 3-7 #7T o A AR ATER T MR A BT sy o @ (TR i iE 4

SRR - RERTK D RITKEA N -

323 RPN RABRBENER

E AR Sl S L A
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R RAI A e Ak DL RL KT BRY 2

SH O B2 RERE AL PR EL T L B

=K

349 S H

%31 50" =T o
3-4-11TO st

AP 7 2. 34 E * ITO(Indium Tin Oxide)i% P ¥ § #.33 » ITO
% A 5 90Wt% In0;fr 10Wt% SnO, » # R4 5 1 ITO 512504 > +
Rk 758 80% b o @ %P T 93y (Transparent Conductive

Oxide, TCO)RIARLF 2 F & » 11 % 46F 7 £ 23§ + /|

NN
oy

AR AR D AR LA kR A [29]% F 48 4

P LR R SRR TR Y T S B R 4
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FEooom g‘ R AR R H T TR R ng_’fr'z,l}%); meu"f'g s ;l"’"L

2o B g
34-2 % A3 Bk

BAFEY LR BF AT AR BT T 52 PEO fr PVAC

e r T RPN R B I B 7 4 PE 2 f8 R 4~ 0.3g

4
o

TiIO, B F ML [ FEIEFT L FAFBR -

3-4-3 %

R EE BN FR T Ik NS e ROt S D LS CE
B R o o s

xARAAG T 2 S ARIB-Q () HH T e b ik (D) A A
gl i o % = SRR S FR 0 (C) ki a ¢ 11 45°C g 0 (d)F~E 159
g g b o~ A0mI & ROEpE o ()1 Ao B B TRk A AR G50
C o PRI A0 A 4h o e oA e B (e A RT - LR
(9)#-32 7 ic E o

A B - fed Gk R S 3x104M v % §F 5.3mg 7 N719 -

fe 4.1mg 7 Z907 4c » 16ml shm KiFpd » * R mF - [ 0
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3-4-4 T fai%
T % # % 3 ARet L fa (propylene carbonate) 20ml > 4c + 0.254 ¢

o

#(l)fr 1.66g cogh it 4o (KI) > A F A R 1 R H355 R &

3-4-5 HT &
AR HETEEUES LA AT R £ TR R T RSP

fE 50 £ ITO 3 » 1% MHIAYER & gt - 1TO 5 " % 1 -

B
35 @ % i
3-5-1 Sol-gel ;# ®l % DSSC

4o 3-12 i * sol-gel ;= ®{ % DSSC - (a)F £ #F% ITO 7 > =
= FRE R F o (D)RP AR~ K TIO ks AR &3 W = TIO,

=

REA R o TIO R AR » F T4k o (A F » 2 1507C
4o 30min o (d)#- TiO, T H&i% i¢ 4L 18hr  (e) & * i - ITO 3t 3
A - R E e ()R e R e TIO, T AR (0) 1 # & % A TIO,
THEE BE 0 B T AR
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3-5-2 § Wi 2k

AT 3-12 0 H (D) T H AR L - K S e
AR B ORGP L e Y fia (PVAC){r R 2 = AR (PEO)S 7% i Rk i
TRES > RSB : FETR 20KV FFnsd :5ml/hr 2
TEEdp(4Ep 3 < =8) 1 13cm o
3-6 larit SR TH ETHFIELR
3-6-1 REWH
1. 3= 3" k5 kst o DMIL » LEICA > 4§ 3-13%77F -
2. ¥ M4 3T ks - ISM-7001F 5 JEOL -
3. X k¥t ik (X-ray diffraction—XRD) °
4. = H & Hck B (solar simulators) » Oriel class A, 91160A, Newport

Corporation

5. Keithley 2400 -
3-6-2 kA FHMBRBNEREL T4

DRk A G A EERE Y 52 Nk E M DMIL

LEICA > Major Instruments Co., Ltd. » 2~ /%2 5 o LR 47 F iz
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BiET o B A5 mana A i *’Jﬁ:
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Fie
R
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&
N
S
3
S

3-6-3 R+ HABER L HkS

% B i e 35T F BRSO BLER AT BN A 6 AL - 5
B e 7N 7 3 8 s (Field Emission Scanning Electron Microscopy,
FE-SEM)E M @ 5-# st R A 2 T3 » FF5HE S 45455 0 § % 4 -
fmERST IR R OTHE R AP BRI R
PR OT F RE Y R AR F WA L R Frofti
+°SEM i & £* % f JF& @ offf(topography) - f#17 & 7 £ 15A
R B it % JSM-6500F Hraf o = kel drid R 15KV KR A

B BTG o Bt R E

fc A7k (EDS) i 4 6 1“5 & & 245

% G ¥4 (Mapping) B 1* 24 A F o
3-6-4 X %k ¥t &% (XRD)

X % 4pit & (X-ray diffraction—XRD)&_r/ & it £ 07 F B F H
j\}_g_i ,, ,Zkd}&ﬁé—%f#m*jﬁig”ﬁﬂ*&’ﬁmx%’k%‘go

FI* F 518 D) engh Ik 2 BRI R R SESRE L R ¢ (Joint
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Committee on Powder Diffraction Standards—JCPDS) #7:& = e & S8
st 7L I (Powder Diffraction File — PDF) v % » B+ (8 41 & P[4 s

AL e AR %Y XRD RFE L TIO v A+ ML g4 -
3-6-5 = K sk it X (solar simulators)

dh FEEER Bk Bk @ AMLS 2 Jhk 5 o~ b

Kep PR R 5 100 mWicmz e it im s Ha a2 -V 2 RIF >

-
N
=

CTH AR KR T S 5 Ak FIEEER 5 25°C o BERL
T AR HIRER T A TR KA R T Keithley
2400 %% R G 0 Gl REASE BRI E gP Y > T ET

?.,/"' ifii;ﬁigf%%\»lﬁ, » @ gg&%’?@(voc)"/@&%’??ﬁ(lsc)‘ﬁi— -+

A

(Fill Factor) ~ & & # 4% »c 5 S #icE o
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% 3-1 9 =% 5
ITO Glass
Substrate
ITO PET
Sol-Gel
Sol-Gel + Electrospinning (PEO +25
wt% TiO,)
Semiconductor electrodes Electrospinning PEO 25 wt% TiO,
Electrospinning PEO 10 wt% TiO2
Electrospinning PVACc 25 wt% TiO2
N719
Dye Z907
Carrot
Carbon
Counter electrode
Platinum
% 3-2 i * {15
ik R R
TiO, 20 nm, 99%, 120m?/g, 3% %) Ly
PEO M.W.300000 ~fef Ak
PVAC M.W.50000 xfo® %
Ethanol 95% ~fef b
Ethanol 99% S
Acetic Acid *AeE b
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20417 e AR HETIC XA T s 2 kT A
Properties 2
Voe(V) | lse(MA) | Je(mA/em?) | FF(%) | n(%)
Dye
N719 0.54001 | 5.59100 | 0.62122 | 49.225 | 0.16513
7907 0.42003 | 0.85344 | 0.09483 | 46.685 | 0.01859
Carrot 0.31004 | 0.07882 0.00876 | 43.426 | 0.00118
e 4-2 7 LB TR AR ITO BRI 2 kT 1

oo | VeV (A | Jumaent) | FE(6) | (%)
Sol-Gel 0.31004 |“0.07882.|-0.00876 | 43.426 | 0.00118
Sol-Gel &

Electrospinning | 0.34565 | 0.05622 | 0.00625 47.445 | 0.00102
PEO

Electrospinning

PEO 25wt% | 0.24997 | 0.00908 | 0.00101 51.04 | 0.00013
TiO,

Electrospinning

PEO 10wt% | 0.09191 | 0.00269 0.0003 57.137 | 0.00002
TiO,

Electrospinning | »oe01 | 0.01431 | 000150 | 47.139 | 0.00022

PVAC
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%437 X EWTEAL ITOPET 2 £ § &%

Voo(V) | Is(MA) | J(mA/em?) | FF.(%) | (%)

Sol-Gel 0.20898 | 0.00648 | 0.00072 39.885 | 0.00006

Sol-Gel & 0.25491 | 0.01064 | 0.00118 49.458 | 0.00015
Electrospinning

PEO
Electrospinning | 0.20013 | 0.00345 0.00038 46.814 | 0.00004
PEO
Electrospinning | 0.40299 | 0.04608 0.00512 49.061 | 0.00101
PVAC
F 440 WA P2 BT FE
Vo) | 1(mA) | Jse(mA/em?) | FF.(%) | n(%)
ITO Glass | 0.31004-1.0.07882'| 0.00876 43.426 0.00118
Sol-Gel
ITOPET | 0.20898 | 0.00648 | 0.00072 39.885 0.00006
Sol-Gel & ITO Glass | 0.34565 | 0.05622 | 0.00625 47.445 0.00102
Electrospinning
PEO ITOPET | 0.25491 | 0.01064 | 0.00118 49.458 0.00015

. ITO Glass | 0.24997 | 0.00908 | 0.00101 51.04 0.00013
Electrospinning

PEO ITOPET | 020013 |0.00345| 000038 | 46.814 | 0.00004

- ITO Glass | 0.29501 | 0.01431| 0.00159 47.139 0.00022
Electrospinning

PVAC ITOPET | 0.40299 | 0.04608 | 0.00512 | 49.061 | 0.00101
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% 457 b A2 & PET A 3788 A 4720 L T 414

Voo V) | I(MA) | J(mA/em®) | FR.(%) | n(%)
Original 0.20898 0.00648 0.00072 39.885 0.00006
Sol-Gel
break off | 0.13009 0.00142 0.00016 57.895 0.00001
o Original 0.40299 0.04608 0.00512 49.061 0.00101
Electrospinning
PVAC
break off | 0.44403 0.06102 0.00678 56.943 0.00171
% 4-6SEM-EDS *z < iz & 1000
Ito-blank ITO-TiO2 ITO-TiO2-PVAC
Element | Weight% | Atomic%, | Weight% | Atomic% | ~Weight% Atomic%
CK 25.23 37.31
OK 34.69 64.69 45.22 72.46 47.21 52.40
TiK 49.08 26.27 27.90 10.35
InL 35.32 9.18 5.20 1.16 -0.36 -0.06
SnL 7.05 1.77 0.50 0.11 0.01 0.00
SiK 22.94 24.36
Totals 100.00 100.00 100.00
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