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Figure 2.1.4  The probe responsibility in different wavelength.
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Figure 2.1.7 Photocurrent-voltage curve of DSSC in the irradition of 100 mW/cm’.
The electrolyte is composed of 0.5 M Lil, 0.05 M L and 0.1 M 4-tert-butylpyridine
dissolved in actonitrile/propyi carbonate(1:1, v/v). The area of solar ceil is 0.33 em®,
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Table 2.1.1. Performance characteristics of DSSCs.

J/mAcm™ Voo/mV ff n(%)
A 19.18 757.2 0.58 8.49
B 182 720 0.73 10.0

A, DSSC fabricated by our group; B, DSSC fabricated by Gritzel’s group.

BTN B R R A P AL BRI ZE 100 mW/em? RIBERUKPRE T, KB T
BT 19.18 mA/em®, FFEHIE 7572 mV, AR T 0.58, REHHNE 849%
HAT. EEETFUIHRAEETERET TO, B LB™E K B FEERE,
T Ak 2 A R N R

B7, RNBSERESH T CHRIENEA LR EILA MR EA T,
A ITAEITT T8 MR
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2.2 RAWNREHETIOMN B

Gratzel R AR BRI AU AN R ARENEERERIAT
Bk TiOz. 10 pm EHHRR (BE 15-20nm) HIRAG TIO, R FR AR
FEAINT 1000 159, B, TiO: &R R0 Ut A HE A A R A RN, 7E
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FALH BLIF R,
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TiO; G R, EREEN GBI Tio, MEARKAEAEN, ANEE
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FIBEHE BT IEAREE KeF BORRE TE, SARFET TLUERHNR, A5, &
EERATTEERT URFASH, RHSEARREERNBTERE. BR,
HESHRA X,

YRR RS, TR~ EREEHEMR T0, HEETE. B
iR RRYRNARTE TEYRRE A NER RN, LRGeS, I TiCk,
TIOSOs L7 FESHAK O, FiifiE. BRETHRANFEE, EHREIEP
RASTHBAFBENSAT. 5 FETH SO R AFEHNTRT
Y AT — TR TO R AR T AT () eyt B,

Bl TiCL F TiOSOs M ESAAMESE 1o, HHREREMY, TCLH
ABESREFBMEN. PH . TiCLIKE., RNELRE. 708 (NHCL
NaCl. $nCL %) SH&RBPAREIEENH. SHEEEFZRRESLBH
MR ETERERERGE,

A b FANAK O, (BERABBE) ELRESHEANRE
(Mix-solvent-thermal method, MST) U Tick A BEHE. RERAEFEEH,
HERETN, BREREM M, BRTHENELY T0, KR, LT

FeRl LA PR e T R ROt RE

221 REHS

1. TiO SRR THHEE
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¢ WAWHR:

BT, TICL AR A £ B PR B AR & Wb (~0'C)EHE TiCl
HK R L BRI S, B BB HORE D 0.98moV/L . TICL ¥ 7K 60mL

UK R ZEGARES 327 oA 1ooml AENENENTERE
EEP. ERAHERET MOCKRM S A CGFEMTHEERES 3C/min), R
NRHRES 3 M EEEE, BB 2 bREEE ZHERE, 0TTR
CE TSRk ith o

o R

125 ml (KRR RE RN 5 ml B ANRR S A RO BB HE T W2l 75
mil FH 0.28 ml IR (65-68%) MEEFKF, HASRIE, E£30CH
WP EERN 8 pe, B EFHRKRE,

0L 50 ml FREAIAR RS 220C B HPRE 12 AL B ERR
EHETERARSEH, F e o8 ml, B2 5. REHS N30
min, FEATIAMEE L RS 13, REMARZ 20000 (FESEBH
TiO, 5 40%), WHER, B/ 30 min, AE RN 3 ¥ Triton X-100,

2. T AL MOE GRS

I 0.24 g WABAIHGEHELN T HAIHT 2 mlAP, MA0.10g
KRR (MW=20000), BHEBEEE, REMX 1§ Triton X-100. 48
LERHE 15 4.

BOHE (BUE epm) RIRAEURRENAKEE Y,

3. WMRFEE®

TiOy B KT XRD (Model Dmax-2,000, Rigaku Co, Tokyo, Japan) F{E
R, ST (TEM, Model JEM-200CX, JEOL, Ltd., Tokyo, Japan) L&
HARR DR,

e WA ERERC M EETER R RN A RS
FRIGE). 1PCE R M iB P a kM E R AE (e, WDG30-2,
HHFAFRET) FHEEREEN, 58 (1835-C, Newport) BEH Y
KRB A8 PCE H.
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222 BRE5W

UFHTHRHE, BESEHREHBN T, K5 % MST-TiO H
HER M RRAE % MST-DSSC; HAMNBKR—BRESAN 1o, BEA
Sol-gel-Ti0,, ML %)% M H k{8 5 K Sol-gel-DSSC.

1. TiO, BT MEEE
221 £ MST-TiO, K. FERAHIEH TIo, WREE 450CRLE
30 4reifoE LR b TICL AKEHURYE 4 I, ARG 450 CHUGHE 30 S8R
BREEG X AR, FTES 20=273° . 36.1° F4L0° SHNETH
SFHE (1100, (101) F (111D 23 docter-blading FIMALIEE, MREH)
BABERE, HHRKTERE, FRERtEA. Bt TCLAKHBLE
MR ERAGHGEARFE U BRBNAK, XA Fraok SPRERZY
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Figure 2.2.1.  XRD patterns of MST-Ti0, powder, Ti0; film after annealing at
450°C for 30 min, and film treated by TiCl, after annealing.
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Figure2.2.2. TEM image of MST-TiO;

ME 222 B4, MST-TIO, MERZE 10nm £F, RERMAMHILEE.

2. dEERERRGE

B 2.2.3 £ MST-TiO; ] Sol-gel-TiO; FI T JubHg b KB BB sl e 4 HE 7R
Wi, ZHeEsEFITER 221 . HE Sol-gel-Ti02, MST-TIO; A T DSSC
RO RN T 127%, TFHREFOFRE THARTRAZL, A
TR R R AR 75% NEHR.

2.2.4 7 DSSC 1t B THE S 7E IR 19.4 1 wiem® (800 nm)Z] 596.4
i wiem? (490 i) 78, X RIAAER BTG 1.5 Alem® 12001 Alemi®, Fik
WEEGEN, FTO (F:Sn0y) SHEENR G MRE¥REKIE. NEHEH,
7E 400-578 nm FEFA N, IPCE Mid T 80%: 7€ 520 nm &, IPCE &% T 96%.
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Figure 2.2.3. Photocurrent-voltage characteristics of MST-DSSC (m) and
Sol-gel-DSSC (0). The area of solar cells is 0.3 em’. The light intensity is 100

mW/em?.

Table 2.2.1. Performance characteristics of MST-DSSC and Sol-gel-DSSC.

J/mAcm> Vo /mV ff n(%)
MST-DSSC 21.62 7219 .58 9.13
Sol-gel-DSSC 19.18 757.2 0.58 .49
104 .
l'* '.‘i
0.5 e’ “"u
s ‘hl,
08 "
w "
g o4 Ku\.
) \
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Il.
’l--.;
0.0-
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wavelength(nm}

Figure 2.2.4. IPCE~—A curve of MST-DSSC.,
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52 B OR-SFENREHE TIO, SRR TR SRR

£ DSSC &, XMHIRNBEEW LM ER B REEN— HHE,
MST-DSSC £ 1f TiO. B/ 4 6 pm, 7 Sol-gel-DSSC BAMEE R 10 pm. KR
i, BN 6um ) MST-TiO, IR B K3 4 8.0X 10 molem?, TiE/EH
10pm 9 Sol-gel-TiO, B S (9544 25 1.0X 107 mol/em?, B U s Bt L8919 n
FELHEHE N MIER. SRR ILER - BRETERMEEN
FHETAER To, BRI EP AT LEEHRES 4, BT s
MRS T MR, 55— R #6 & ELBE 1 Tio, B T s itb Py B,
FIR4EE T TiO, 1 BT BIAS B F R AT T T H A HJLE.
Fe B R s SR R W TR EE B i iR,

2.2.3 i

BB AHFAEMSDEL TICL AREFIET 4K Tio B K, RELISIEK
FhE, ARETHFPIIRR 10 m, FRBEEIMGEE. A TO, B&KHERK
BT gertgb KB g et R B R AT AT A8 sl G B A T B R 2 )
EFIT 21.62 mA/em® 1 727.9 mV, BERHEBMEN 9.13%, HLIEKEREHES
BRI R — Bk 5118 TIO, M B R 7.5% . WRM TR, KR
EMLL TICL HEEHE Tio, MATREEL KRB Bm Bl ERES
.

BEERIMESA DSSC (MST-DSSC) 1 TiO, MR EBE (6 um) HER
— Kz %178 DSSC (Sol-gel-DSSC) # TiO; HIBEE (10 pm) #, XBWREE
HlEABNIREYRE TIO,MEE L. ANEED TIo, BH&dES, A%
B TiCL—FEE, BETHERE. FUREGHARER DSSC P—RHEHR
BB TiO, Bl & i

MST-DSSC Hi$ Sol-gel-DSSC M EREHREETREHEIFIER, FH
Bf L) O, R T A RN LS TRATFES, REREEET
EFETHITR.
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EREFILARG RS, AELREERAENREEN —HERRES
FRERR, SEFRAGTEEEHH: —HERN TIo, RN THNERE, X
o AT B FAE TIO; R BN TR AR, RiTdETRE
AEs RS EERED, EEHNNFRENTEANETREACENR
S RERETEFEHOES, HAREmT el AE, AS-RTERE
TiO, B MA NS ES L P L, EHRNEESA TS RIS MR,
B HOE ] DAIR O T 48 & R i R

1997 4EFAT7E DSSC MIAKRTFHBAKETF (300—400nm) HIFFFI,
B EH R R T>600 nm FOGRRAATIIRAT 7 KRR MR, B2
KB T Tio, RETA ZnO R Sn0, T4, Dinr PO Bt LR
BELEEY ‘tandem’ 4F] DSSC MI—HA RS T . EHINTE
i, HF PEO BEASHLAE IR M E AL N AL R s ik B T 10.5% MR
ok, TEREBSONEENEFREAH To, RTHRNS BEME DL
W 2 BATRBNERERNE. BRHRPPIRN, SHHEREX
A MUERREENER,

BARNME (MST) 4/ Tio, by EAFHARSLRRiEREhE
— SR AR (Rt A R R R ALK~ RRE R
TiO, B 7.5% ). E AW RITAE Bl H R ESEMORUR S — T LBEEE UV
—vis) MORSUH A RS S BEE, RINRIESERFESRE TiO: R
&, RBEREE, HEAHEHEEENTUE—FES DSSC fitke.
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L T AHARBHEE
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TiO, BB RMAE R MST-DSSC: B -RKREHEN To, E Y
Sol-gel-Tilh, AXFFEHERMEES % Sol-gel-DSSC.
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Figure 2.3.4. Phowowrent-voltage  characteristics of MSTDSSC  iw),
Sol-gel-DSSC (o) and M-DSSC (A). The area of solar cefls is 0.33 em®. The light
intensity is 100 mW/eny

MST-DSSC, Sol-pel-DSSC 1 M-DSSC #84 Tio, B TESS D
B 231 fiR. FRGEARRENME, M-DSSC BERmARERINE.
£ AM LS BHURFHET, HERSRABT 2346 mA/em®, I Sol-gel-DSSC
MSTDSSC 4HiEmT 18.7% M 8.51%, FREERMETRFERSHEST, A
BEREANESIRET 173% M 9.09%.
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Table 2.3.1 Performance characteristics of DSSCs fabricated with different ratio of

Sol-gel-TiO; and MST-TiO,.
Ratio of Film i,
Sol-gel-TiO,  thickness mAcm? Voo/mV i g n%
to MST-TiO, /pm
2 11.86 771.1 0.64 5.83
4 16.35 763.0 0.61 7.64
1:0 6 19.18 746.8 0.59 8.40
8 18.51 746.8 0.58 7.95
10 19.77 733.4 0.59 849
2 12.26 795.7 0.64 6.31
4 18.31 737.6 0.63 8.37
7:3 6 18.01 731.7 0.64 8.43
8 19.93 721.3 0.60 8.66
10 20.20 711.1 0.63 8.98
2 14.04 743.6 059 6.19
16.21 754.0 0.64 7.82
i:1 6 18.55 7274 0.63 8.46
8 20.20 728.6 0.63 8.99
10 20.89 695.0 0.56 8.06
17.12 750.3 0.59 7.63
17.07 755.6 0.64 8.31
3:7 6 20.71 736.1 0.61 9.26
8 23.46 7243 0.58 9.96
10 23.94 709.6 0.56 9.83
12.64 776.1 0.66 6.46
17.20 758.7 0.65 .42
0:1 6 21.62 727.9 0.58 9.13
8 20.63 7123 0.59 8.64
10 19.67 709.7 0.63 8.75

FEiR b RTRE IR T AT DU RV R B R AR RO SR 2
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Jie= [qF (D)1-r(HLHEA)x $(A)x ne(A)ldA

Kig BRTHRE, FO)NERK 1 LHXBREE, rQ)EBHTRESR
HER R B S SBERRKRY, LHEQ) RIKHIRNE, o) RETAH
RARKE TIO, SWHENNE, 7)) RESHEHLRTFREAE.

TEZE TiO, Xt b a it BW AT X LHE(D), #(A)FnL2) %
W BEERT, LHEGL) RIS REE M Tio, MR L. HEEmE
BEL&EEAFYRNES. KEHERESTREZE0ORETEIES TiO, Bk
T T EHERLERIR AT it AaE. % Sol-gel-DSSC, MST-DSSC
M-DSSC, A% 2.3.]1 $EHEREE RS AL NN Tio, BE S5 10 pm,
6 um Al 8 pm. ¥ 232 BXMME 3 # Tio, ERFBENHRERBR. XF
Sol-gel-TiO, B, Juk} Ru535 [ F 76 2— 10 pm 75 Py AR R O I 4 s
Fo%t F MST-TiO; A M-TiO, B, LB Sum SEEE M BB BRI B 5
AKX, AR T R, Eid Sol-gel-DSSC, MST-DSSC Hl M-DSSC
BN SRR R RS MR 1.3739X 107 molem’, 0.91082X 107 mol/em’”
#10.78413 X 10 " molen® FATAT BB — M E8: M-DSSC SRR BBENRA
A RB R SR B m S R M.

Table 2.3.2 The amount of dye adsorbed by different kinds of TiO; films with
different thickness.

Dye adorption (X 10'molem™?) at different film thickness
2Apm) 4(um) 6(umm) 8(jm) 10(um)

Sol-gel-TiO,  0.23737 0.50994 0.69064 1.0160 1.3739
MST-TiO, 0.33712 0.61098 0.91082 1.2814 1.2832
M-Ti0; 0.38131 0.68214 0.78095 0.78413 0.78550

The amount of adsorbed dye was determined by immersing dye-sensitized TiO; films in 2X 10
M solution of NaOH in methano! for 12 hrs and measuring the absorption of the solution.

& 23.2 th 4 SRR FK R TIO, BEAIHTE SEM By, 7€ Sol-gel-TiO; H9%7
mEP, FEEREM—&LIHKEH, LER 1o, B, WEPWLILBHE
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MEF L KB REAN TI0, BMARE, BREBLRBCE, MECKH SEM B
LLE HH THO; MM 50 nm A H . XF MST-TIO,, WNWHEEENESEZHK
REN K, TiO, 7 doctor-blading UL R BLJE MBe S B F AR T KB LA BOKE
TiO KT, MRKE SEM B E S, XEARTFRREMTHERE, i
FHIE A Sol-gel-TiO B A MR, FREA 50 nm 4. XA E BH To, T

Figure 2.3.2. SEM images of cross sections of TiO; films prepared by Sol-gel-TiO,
a/b , MST-Ti0; ¢/d and M-TiO; e/f. a/c/e, Low resolution; b/d/f, high resolution.
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ALLERE M RH HEAMNGRDMRERTEH LR R ERAE. HE
XHK TiO, BIR &AM T FTO R @R EEEMMLE, ANHTAEX
P72 MERREAH TR FE TiO, KT ZEKER, N REE & AN
Ne(A)e

M-TiO, #f] SEM Wi B & MR P RAT EMER Tio, BENH, WILEB
KB AR F (EEYHEPERRNR TR BULES, BELMH
£ 1 um Z2H PR F . A5 BCKH SEM BE BB A ALK& Tio, P, Tio,
KR TFHIRRH Sol-gel-TiO, fl MST-TiO, F A # 0. XHEAEHIEEET LU in
Je B R, R B /> T FTO BB R0 s 5 1) B e e, A% F MST-THO;
FH T HFE TIO K FZ MM MIEE, FNREEEHEYT Sol-gel-TiO, BE
M, WOT B TFEMEJLE, RETHEMAME, FUESERETERaRMGES
BHE.

BERFRALKH WEZEETUM Uv-vis PR3], ZE2R8LKH
ferit P R BRI LU T LA R R HE

1) SFEHBEMN RS R

2) TiO; KRG} EE 3 B

3) BEEAL TiO, BRI

4) IR

5) XHRRARI UREEHE PR TT L2,

BA%&MHERE, 28 1) 5 PREHATAZER. B 233 2=k
AL TIO2 B ( Sol-gel-THIO/MST-TIOYM-TiO,) KIEHEKH, BRS, EHET
MBE . MNERES, BdEE R AR 300 nm-800 nm FEE A B
KEMAGEFE Y : Sol-gel-TIO>MST-TIO>M-TiO,, BETHZET M HI3R AL A/ NEFE
H: Sol-gel-TiO>MST-TiO>M-TiO;. X}F Sol-gel-TiO,, HFFES HER, RK
— AN K T BB R RR A, FRIREERHERE T AERE. T
MST-TiO,, M4 K5 #RBIEREBUY TIO, BA, M-TIO, X EMHE
MUR. FroAn]URERE LHE ().
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Figure 2.3.3. Specular Reflection (a), diffuse reflection (b), specular
transmission (c) and diffuse transmission (d) spectra of the three kinds of
dye-sensitized TiO; electrodes. The film thickness is maintained at 2 pm in three
kinds of sensitized TiO; films.

2.3.3 i

SR TiCL  FURHES B &3 AL LR Ti(-OC:Hy), A RELET ¥ —
B & T IO AIKETF. JRPIFGKRFEL 73 MLERE 548 To,
B F Stk R B R et 8 21 T AR ——F TiO, IR S m M Ak B 4% Bl
#, HEHEREEANEERAHORHE. 7E 100 mWiem” FIERIKHET,
B TiO, BERMEREFIAE T 2346 mA/om?, 4%/ Sol-gel-TiO, M
MST-TiO, 2% T 18.7%H1 8.51%. MAMKHBEAERHTFEEREENL. B
REHHRKESFNRABT 173%HR19.09%.

UV-vis KRR ERBH—MEEEMFRR M-TiO, REE 1%, B
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Figure 2.4.1. Diffuse reflection spectra of TiO; films. The film thickness is 1pm.
Sol-gel-TiO;, TiQ; synthesized with sol-gel method; MST-Ti0;, Ti0,
synthesized with mix-solvent-thermal method; M-TiO;, mixture of Sol-gel-Ti0>
and MST-TiQ; with the ratio of 3/7; HeHai-TiO,, a commercial anatase TiO;

with mean size 50 nm.

ME 241 EH, TiO, B K48/ 400 nm-800 om FEM A RIS
Wik % FI#E-TiO>MST-TiO»>Mix-TiO;>Sol-gel-TiO2. HIR7E FTO S5 £
RIKEIE AN EF BN To, B, £ERESNMNL, FESLRET
WAL TiO, BB M. TERDIEEE AR BB R RRN AN, TLU
AR A BRI AR TIO, § 49 B F 3] FTO S HHINBAIER, KK
RRYJLE, M R HEEE.
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Figure 2.4.2.  Schemes of multi-layer-structure TiQ, films, a-c, mono-layer; d,

three layers; e, four layers.



%2 % BABMREHE TO, AR T A RL LR

2.4.1 RBRBY

1. WA
FHE-TiO,, BHH . BB~50 nm, {LHAMEFHABZERALT.
N719 (cis—bis(isothiocyanato)bis(2,2'—bipyridyl—4,4’-dicarboxylato)—mthenium(ﬂ)
bis-tetrabutylammonium), Solaronix, Switzerland.
HTE (AR): LHRBAFALERERALT

2. TiO, R{HT AU R B M4
MST-TiO, B8 Sol-gel-TiO: T M & H R 22 %, BAAERKEAMA
Wiz 7/3 WA 41T, 7E doctor-blading 2 By 10 4p RIS,
FIHE-TiO WM HEWT: 024 g FE-TIO,MAZET 2 ml KF, MA
0.10 g RZ B (MW=20,000), BEAHBHLR, HREMA 1§ Triton X-100,
BEELAE 15 A B
TiO, B EI & AR 2.1 ¥, it s BN ER RS Tio, EE, 1P T0,
FEH I Bkt
1 layer, Sol-gel-TiO;, 8pm
MST-TiOy, um
M-TiO;, Sum
3 layers, Sol-gel-TiO,(2um)y/M-TiOz(4um)/MST-TiOx(2pm)
4 layers, Sol-gel-TiO(2um)/M-TiO,(2pm)MS T-TiO;(2puem)/ A #-TiOx(2pm)

BB I TIO, BEESE BRI 3X10°M SINT19 [ ZB5/B T 8 (&
B 1:1) BWh, B 48 hrs,
B AERREF 2.1 7.

242 SR 5

Bl 243 £ 4 2 TiO, BHWHMEE SEM BH . KPEEEAPTHME
MESHFEBOER. EHERTTURBENES 3 B4 (MSTTO; A
Mix-TiO, ¥ Sol-gel-TiO, Al fE A A HE ML BT EE SEM TAREZNEMEZ
R, B4, QSHRBELRE, T MENEBHN, AREETEN TIO,

T6



AR FEg

KEFHRRBERK,

(b)

Figure 2.4.3. Scanning electron microscope shows cross section and surface of
4-Jayer-structure Ti0; film.

B 24.2 R TR H TiO, Bkl &M i) Tk, MNMERSHFITR
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HRBRTEAD THABTERSHEBALEXR. 4 RN T, REEHR
FHEAL A B BE HLIZE 100 mW/em? SR PRI T, SR il 22,89 mA/em?,
FHEE 7373 mV, HERTF 06121, FEEHHREE 1033%. XEPMERER
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Figure 2.3.1.  Photocurrent-voltage characteristics of DSSCs fabricated with
different structures of TiO, films. The area of solar cells is 0.33 cm’. The light
intensity is 100 mW/cm?>, The structure of  solar  cells:
FTO/Ti0y(8um)/N719/Electrolyte/Pt.

Table 2.4.1. Performance characteristics of DSSCs fabricated with different
structures of TiO; films in the irradiation of 100 mW/cm?,

Jo/mAem?  Ve/mV ff W%

Sol-gel-TiO; 18.20 726.0 0.6263 8276
MST-TiO; 19.01 739.7 0.6290 8.845
M-TiO; 20.82 748.8 0.6082 9.482

3 layers 21.61 733.5 0.6178 9.792

4 layers 22.89 7373 0.6121 1033

243 GieEREE

RATE T TiO, B S RIS — SRR TR At FAM L5 #
SIAR RS T oL NI MU, B3 7 E%RR 22.89 mAlom”, FF#HIE 7373
mV, HEETF 06121, S&EHENE 1033% tmmias. BT TO AT
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Figure 3.1. Scheme of Cul-based solid-state DSSC.
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Figure 3.1.1. ESI mass spectrom of MeiSCN.

ESI-MS, miz: M', 111.1; M™-M, 286.0.
Anal. found: C, 49.80; H, 6.90; N, 24.53; 8: 18.60. Calcd. for C;HiN3S: C, 49.70;
H, 6.51; N, 24.85; S, 18.94.
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Figure 3.1.2. Photocurrent-voltage characteristics of Cul-based solid-state DSSCs
with different thickness in dense-layer. The area of solar cells is 0,20 cm’. The light
intensity is 100mW/cm?, MeiSCN conc. 7.8 X 107°M, temperature of hot plate when
depositing Cul solution, 110°C.
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Figure 3.1.3. Photocurrent-voltage characteristics of Cul-based solid-state DSSCs
with different MeiSCN concentration, The area of solar cells is 0.20 cm’. The light
intensity is 100mW/cm?. Thickness of dense layer, 100 nm; temperature of hot plate
when depositing Cul solution, 110°C.
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Figure 3.1.4. SEM images of Cul films with different MeiSCN concentration. a, no
MeiSCN: b, 43X 107M; ¢, 8X 107°M; d, 2X 1072M; el and €2, 4.38 X 10™*M.
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Figare 3.1.6. IV curves of devices with different MeiSCN concentration. Device
structure: FTO/dense Ti0; layer(100 nm)/nano-crystal TiO»(10 um)/Cul(6 pm)/Au(50
nm). a-c is corresponded to 0 M, 4X10°M, § X 10°M, 2X10°M and 4.38 X 10°M
respectively,
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Figure 3.1.7. Photocurrent-voltage characteristics of Cul-based solid-state DSSCs
change with the hot plate temperature. The area of solar cells is 0.20 cm’. The light
intensity is 100mW/cm?. Thickness of dense layer, 100 nm; MeiSCN concentration,
7.8X10°M.
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Figure 3.1.8. SEM images of Cul films formed at different depostion temperature. a-¢
is corresponed to 50°C, 80°C, 100°C, 120°C and 150°C respectively.
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Figure 3.1.9. IV curves of devices with different deposition temperature of Cul
solution. Device structure: FTO/dense TiO, layer (100 nm)/nano-crystal TiOx(10
um)/Cul(6 pm)/Au(50 nm). MeiSCN concentration, 7.8 X 10° M.
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Figure 3.1.10. Photocurrent-voltage characteristics of optimized Cul-based
solid-state DSSCs. The area of solar cell is 0.20 em”. The light intensity is 100
mW/em®, Thickness of dense TiO; layer, 100 nm; MeiSCN concentration, 7.8 X

10°M, depositing temperature, 110°C.
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Table 3.1.1. Performance characteristics of optimized Cul-based solid-state DSSCs.

Voo/mV Jsc/mAcm ft 1 (%)
A 404.1 $.63 0.513 1.79
B! 400 9.10 048 1.94

A, DSSC fabricated in our group, light intensity: 100 mW/em®: B, DSSC fabricated in Fujishima’s
group, light intensity: 89 mW/em®.
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Figure 3.2.1. Scheme of two-layer metal doped Cul layer.
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Figure 3.2.2. Photocurrent-voltage characteristics of two-layers different metal doped
Cul-based solid-state DSSCs. The area of solar cell is 0.20 cm®. The light intensity is

100 mW/cm?, Thickness of dense TiO, layer, 100 nm; MeiSCN concentration, 7.8 X

10°M. Depositing temperature, 110°C. Solar cell structure: FTO/dense TiO; (100
nm)/nano-crystal TiOx(10 pm) / Ru535 / Cul( 2um)/ Metal(10 nm) / Cul(2 um)/

Metal(10 nm)/ Cul(2 pm)/Au(50 nm).

Table 3.2.1. Performance characteristics of different metal doped Cul-based

solid-state DSSCs in the irradiation of 100 mW/cmZ.

Cul/Ag/Cul/Ag/Cul

Cul/Aw/Cul/Aw/Cul

Cul/AVCul/AV/Cul

Cul/Ct/Cul/Cu/Cul
Cul

J/mAcm™ Voo/mV i W%
9.77 4213 0.617 2.54
10.0 4225 0.585 247
8.08 433.0 0.575 2.01
6.51 5124 0.597 1.99
8.63 404.1 0.513 1.79
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FTO/Cul/Metal(10nm)/Cul/Metal(10nm)/Cul/Au(50nm) , £ ¥ Cul & & F£ 6pm ,
Cul/MeiSCNHI ZF BB AZ T RE L%, AAEKES0C. AIEELTEEN
hy 2R ARE. Kb REMERNEENSAR. BrAumRBA (5.11
eV) FCuli i T IRAE K (5.1 eV, KT HIKEH, R HTFCullhpBF R
&, FiClAus iR FCul 2T AR A ek Do BR a8 4E:Ad, BT DA L3 38 4 e L A8 1] LA
B AECul R RS B R R 2 f. HHH B BMCuE M R Em#E3 2.2
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Cul (R P #4.0X 10°Qem, FXHRPHREEER—H. YMALBELER,
Culy PR T T A EEBE, HPAgBHUHERTHRUE, BFFT435
X 10°Qem.

Table 3.2.2. Resistance of different metal doped Cul layers.

Cul Cul’/Ag Cul/Au Cul/Cu Cul/Al

Resistance (X 10° Qcm) 40.0 435 677 8.18 5.97

it s T HE® (UPS, Ultravoilet Photoelectron Spectroscopy) #ll5E T
CulEBAAR SR E G HHOMOBES, UPSHIEHOMOMKE T2
HOMO =—(21.22—(BE,,,.; — BE))eV
Hei21.22e VEZSMDEH FREEF LEMGER (Hel, 120 W) ; BECAHT
RIRIEE AR HBEKPMETETAHOMORKK IR AT RATEMNRE,;
BEuwor W R ERER, WRMREETHREL S,

UPSHE i ) & RIBIE R st R R A — B, RRIZ Ak RICHE &5l & FEFTORY

ROMARTIONE L. B323—2ARAESMUPSHE, & HKHOMOREEZ T T&
3234, £2d4¢BBE, CufJHOMOEAE FRIEERMHH.
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Figure 3.2.3.  UPS spectra of different metal doped Cul.

Table 3.2.3. HOMO energy level of different metal doped Cul.

Cul Cul/Ag CuVAl CulAu Cul/Cu
HOMO (eV) -5.11 487 -500 -498 498

Vacuum
0

44
. -2.01

2.

3] -3.65

52 | -511 | -51

84 T,
9]

10
Figure 3.2.4. Diagrams for energy level alighment as derived from information
in the UPS spectra in Fig. 3.2.3.
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FECulE AR R S KRR, ZRBREEAZICUES, BHLIEF®
FREBHEHRRABRTFHITES. HREErEBEDE24R (XPTO,. H
FHTHOMORILUMO (BEIESHHNE) DR EHBRMIRHLTHMEDD. &
& RBRECUZMHOMOREA B IBEXMEAEMES, NAL¥ LR
ST S ETHFPHRTRBR P ZARESHLE, NTIFRET RN, _5%
THBAEBERE. KPBRRE HIL T HHOMOREM A RRVHE, AH
T024eV, BREMFFEART0.13eV, BRAEHETO.11eV,

3213 &

FRLTHEBAN2ESRE, BETHBHEE, 554 RETIEERN
HOMORES, Rk pZRMIEARRRER, BETHTEREAHILE. Fibl
ERAN RS RERE. XXPRMEBANRREHE. BA2EHEN
Cul [ & Je bl ik d it 45 5% $%09.77 mA/em?, FFEE L E421.3 mV, HFE H F0.617,
KBS RuER2.54%, LREBRERBAFREARERT4.9%.

3.2.2 ARIEENESB bt aen g m

EERBRCUREE SR RO RERAURBRE Y
B, HERE—PRESREBRFEN, NASIEEE MR AE ACul =ik,
FlEMSRALL, SBAgBRGRT L—WRIIMX S Bt KSRAHOMORE R
RAFMARZ S5, BBBFENY BRATEESAZECUEFTT HARBEAT
Ko WXPMEX LY, %2EAgE AR AL KRR B8 ity & L R i R A
MR, HEFRIATHFHMBRSEmmtEs, FelEde EmfnE
SRGHMABAEE, FURSIE—PRABRAEEERAE. hit, TN
WSS T LUT RS 1A EHE A 2 R A R N Rt

(1) 1-layer: Cul(3pm)/Ag(20nm)/Cul(3pm);

(2) 2-layers: Cul(2um)/Ag(10nm)/Cul(2pm)Ag(10nm)/Cui(2pm)

(3) 3-layers: Cul(1.5pm)/Ag(7nm)/Cul(1.5um)/Ag(7nm)/Cul(1.5um)/Ag(7nm)/

Cul(1.5um);
(4) 4-layers: Cul(1.2um)/Ag(5nm)/Cul(1.2pm)/Ag(5nm)/Cul(1.2pm)/Ag(Snm)/
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Figure 3.2.5. Scheme of different layers Ag-doped Cul. 4, Cul layer; B, Ag layer.
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Figure 3.2.6. Photocurrent-voltage characteristics of multi-layer Ag doped Cul-based
solid-state DSSCs. The area of solar cell is 0.20 cm’. The light intensity is
100mW/cm?. Thickness of dense TiQ, layer, 100 nm; MeiSCN concentration, 7.8 X
10°M. Depositing temperature, 110°C. Solar cell structure: FTO/dense TiO; (100
nm)/nano-crystal TiOx(10 pm) / Ru535 / Ag doped Cul layer(6 pm)/ Au(50 nm),

Table 3.2.4. Performance characteristics of multi-layer Ag doped Cul-based
solid-state DSSCs in the irradiation of 100 mW/em®

J/mAcm? Voo/mV i W%
1 tayer Ag 8.58 4136 0.617 2.19
2 layers Ag 9.77 4213 0.617 2.54
3 layers Ag 11.32 393.8 0.599 267
4 layers Ag 9.62 4317 0.619 2.57
Ag powder 11.09 4125 0.577 264

2. LTS RN

BATERESLIWH RN T ERR T A ARERAS AN CURN SR (B
FHEEMEREFEZA). BRENHSENRILSHR, CuliESEE
MARBRERE T FAMBEERREMNELaSRENEN., WRERE
FIfEAR e, RIULHTRREMTASHEMER. B4282FFRER
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Table 3.2.5. Conductivity of different layers Ag doped Cul (25°C)

Cul Ulayer /Cul 2 layers /Cul 3 layers /Cul 4 layers/Cul

Conductivity

(107Sem™) 0.25 1.19 2.30 1.58 3.60

BRAZEBRERANEANHERS, ATRESETIOMNIEEAT I
A AL ERITHOMORE K » TGRS B 3B A B K, RN RER %
HERK.

Bias {mV}
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Figure 3.2.7. -V curves of multi-layer Ag doped devices. Device structure:
FTO/dense Ti0, layer (100 nm)/nano-crystal TiO»(10 pm)/Ag doped Cul(6 um) layer
/Au(50 nm). MeiSCN concentration, 7.8 X 107 M.
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Figure 3.31.  Scheme of the stability measurement set-up.
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