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Summary

In order to accelerate spread of the solar power generation, it is increasingly becoming an
important subject to develop and commercialize a less expensive and high performance solar
cell replacing conventional solar cells, with lesser limitations in natural resources. Since the
energy conversion efficiency of about 10% has been achieved by ruthenium dye-sensitized solar
cell published by Professor Grétzel of the Swiss Federal Institute of Technology et al, it is
attracting a great deal of attention as a future generation solar cell, but its details are unknown as
yet. Basic properties of the Grétzel cell have been almost confirmed in our investigations up
t0 1999. In our 2000 investigation, the feasibility study of commercial use of the cell has been
planned through review of various factors affecting the photoelectric conversion efficiency as

well as the durability and also trial production of wet type (dye-sensitized type) solar cells.

1) Guideline for improvement of oxide semiconductors, dyes and electrolytes for the purpose

of improving the photoelectric conversion efficiency and the durability

In this study we have reviewed preparation of dye-modified ZnO thin film by the
electrodeposition method without heat treatment (self assembled electrodeposition) and the
possibility of its application to dye-sensitized solar cell. Porous ZnO thin film modified with
dyes on the surface could be formed by electrolytic reduction of NO, ™ jon or dissolved oxygen in
Zn** ion solution containing dyes based on phthalocyanine, xanthine, N3 and so forth. It has been
found that the thin film obtained thus has a relative surface area and dye content equivalent to or
greater than those of TiO, obtained by existing processes and furthermore dyes, without being
incorporated into crystalline particles, exist on the surface to which electrolyte can gain access. It
is interesting that the form of dye-modified ZnO thin film, the dye content and the form of dye
adsorption can be controlled by dye type, electrolytic potential, composition of electrolyte solution
and so on. When checking function of these thin films as light electrodes in electrolyte containing
Iy, the photoelectric current by dye sensitization could be observed and a maximum IPCE value of
47% was shown in the case of thin film carrying eosin Y under bias potential. Therefore, it
has been found that these thin films can be potentially applicable to a photo-cathode for dye-

sensitized solar cell.

While various metal oxide semiconductors had been studied targeting at a dye-sensitized
solar cell with higher efficiency, no substance with higher efficiency than TiO, was known.
However, Tennakone et al. have recently found that the photoelectric conversion efficiency

equivalent to that of existing TiO, electrodes can be obtained by utilizing new zinc oxide/tin
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oxide mixture electrodes. In our study, we reviewed confirmation of reproducibility of the
efficiency of the zinc oxide/tin oxide mixture system, observed the electrode surface by SEM
and also reviewed the dependence of the efficiency on the mixture ratio of ZnO/Sn0O,. As a
consequence, a high value of 77 ;=9.3% for photoenergy conversion efficiency could be oblained
under simulated sunlight of AM1.5 and the result by Tennakone et al. could be almost reproduced.
ZnO with a relatively large size of 0.2 & or so was used in this review whereas colloid solution
with a superfine particle size of 15nm was used for SnO,. Values of Isc and Voc were measured
with varying Zn/SnO, mixture ratios. - As a consequence, it was found that the value for both has
been maximized at a ZnO/SnO, mixture ratio of 53/47 at Isc= 18mA cm 2 and Voc=680mV.
Compared to the cases of only ZnO or SnO, are applied, the Isc value was 2 to 5 times larger and the
Voc value was 1.5 times larger. While the mechanism of photoelectric conversion in this mixed
oxide semiconductor system is not entirely clarified, the possibility of establishing a dye-sensitized
solar cell with high efficiency was suggested by combing oxide semiconductors with different

particle sizes appropriately.

General properties necessary for electrolyte for liquid electrolyte based solar cells were sorted
out and such a way of thinking was applied to electrolyte for the Grétzel cell. Since anion and
cation form ion pairs in organic solvents, it is anticipated that the cation structure can affect the
performance of electrolyte in a system using oxidation-reduction reaction of iodine. Therefore,
the performance was compared by changing the structure of cation. According to the results
obtained thus, the power generation performance is expected to be improved by taking the
following measures: (DImprovement of the diffusion velocity of electrolyte by synthesizing
electrolyte with smaller intermolecular force and also smaller molecular weight. @Co-existence
of electrolyte or electric charge transfer material which is adsorbed in the vicinity of dye and
can supply electron efficiently to the oxidized state of dye molecules— functional separation of
electron injection and charge transfer. Glmprovement of open circuit voltage by replacing

iodine-iodate oxidation-reduction couple.
2) Improvement of the durability and stability of sealed type cell (longer life)

A sealant with a ratio of 0.1% in the electrolyte leakage at 70°C X 2500 hours has been
found. Also, an clectrolyte has been found with a ratio of 93% of electrolyte preservation at
20°C x 3800 hours with an UV filter. Regarding the effcct of temperature conditions on the
durability of cell, decreases in the conversion efficiency were not observed up to a condition of
55°Cx130 hours whereas on a condition of 70°C or more decreases in the electric current value

were observed till 500 hours. Thus, the dependence of the cell performance on temperature is
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yet to be improved. Furthermore, as regards the dependence of the conversion efficiency,
deceases in the efficiency were observed as the temperature rose. A small module in which 4
cells with a size of 10x40mm each were connected in series was prepared on trial and with this
module electric power output of 73mW was obtained. Based on these results, prospects for the

commercial use and problems to be solved have been clarified.

Europe has a high potential in studies for the commercial development of the dye-sensitized
solar cell and a variety of studies are being promoted in various organizations such as
universities, public research institutes and venture capitals. In Japan, on the other hand,
neither systematic studies nor studies towards commercial large scale production are being
promoted. This is a remarkable difference between Japan and Europe.

Although dye sensitized solar cell for indoor uses is going to appear on the European market,
several developmental subjects are yet to be solved for its application to outdoor uses, that is
higher conversion efficiency and durability. While one of advantages of the dye-sensitized
solar cell lies in the economics, it must be more economical so that it can be used commercially
in competition with existing solar cells based on Si and so forth. For this purpose, the current
conversion efficiency of 8-9% must be increased to 10% or more (with a target of 15%) and
furthermore longer-term stability under outdoor conditions must be realised by improving the

heat stability (up to 90°C or so).
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2. 3 GREBEKGEMDNEL)ORE

2. 3.1 fFsAE
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ZnO/&a %k 3 KT EHED B CHBFR O IREE L LT, RS FICKEED 7 4 o
VT =T AT ALK CEEY Y 3 VU EERTSPeS) & AWV IZE AL DWW T LR LT,
4-2@IIEMBERL 77 7 7 4 M(OPG)EME D basal-plane Z &M & LT, 70C» 0.1 M
TR RSN ZKVANR 7> & BRREANL-0.9 V (vs. SCE) TEAMT L 7z ZnO EE, W)L BRI TSPcSi
ZIRE 50 u MIZHRIN L T, AR 72 & TIERI L 72 ZnO/TSPcSi EAED SEMER TH 5,
12 OPG @ basal-plane l3JERE S D n EF TEONTZ Van der Waals @ TH D72 DIT,
Frigicxt L TREOHAER 2R &2V, Z OO H S 3T Y & RO R &I
BT 2EFBRICKE SR FHICE DR ERO0DEET 2 BRIZELN T2 X 912Zn0
FESRET 5, 9 X 4275 513N AKRO ZnO #dh A3 (002)EIZAE Y 3 5 K & &
LTHRELTWAETHOLNS, Zn0 O c BiMEIR & BE L 2 5FRERNEZHELTNDZ
LITEREO X REITRIEN O bR I, 41T 2EXRILF Van der Waals = &° 7
¥ — 4T, 9ZnO/TSPcSi EEBEOREHE(IK 4-2b)iIT L ELSRERY | &
HIROWHH N ER Y G- Ba8ES., ZOAEEZEH L TREL TN LIICAL S,
ZOEEO X REFF/NF — BN T (002)E D H DEIF E— 7 IZENIHN S DR T,
Kb o> TA00EN S DEIFE— 7 MERE L <AL TRV | BEORBE ML ¢ @ip
EWREFITIZRDIIICOEERL TR LB yhole, 19 £z, ZOERROWTH
WMERYHLTTEM TR LLEZAS, ZROLPEBD THBEOEV Zn0 T, BHO%
T 23(002)H . HIE 2AQ00FE IZHIE L TW2 Z L3R & v, 1V HEOFRE K UHE B M
HLOABEMNR—BE2RL K41ONTRLIZL SR T AT —EBEREONEEB L LT,
TSPcSi 43 FDRERE M Q02T IZxf LTEEMIRZ Y, ZDOFU~DFRERRED T
BB, ZRZRb-> TA0OESARAICEHR L2 LEXZ LR TE S, 112 £
FHFOEEN InO OFEGRRICEELRIET—FH T BHELTRLLZH S OIFHE
EERIZESOTRAINLREEZRT TR T 2, FO0&8 I Zn(dD & AITIDOH) % £
2 TSPcZn, TSPcAl & TSPcSi IZOWTEFNEFNESREER T D &, MBS FE R
VW TSPeZn X7 2 u 7= VBB EITIZEESIL Tz A2 v X VU TBEEREER LT <,
R CZAUERI L A REER & D DIZxt LT, BN F 2 FF> TSPcAl & TSPcSi T
I FREEOBENBEESNL, B FRETEPICEAINS, W SFESKREOHER
EROERBRMIEEICAE SEE L, TSPcZn OESENS S FRIOBMOHEIER Dz KIE
L. BRBREZIZLAERIRVOIZR LT, BaFRO TSPeZn iR WIEEF L7225 Z
EWahrolz, ¥ UL, ERRICER TEESHE LK T 5 tetrabromophenol blueld %
eosinY 19 TIHHEBRBENRTRREONRL oD T, HAEAROEESLT L HHE
BEELETIE2ERLIROR2NEITH D,



TEM EERUZOEFREWT /Y — v %2R LTz, 0.1 M EBEESNEMS T2 HBE 55 uM
2 eosinY ZEINT 5 &, SEFERD ZnO KL 775D TSPcSI HiIlR LiIdFE R -7z,
WP DEA LI 22— RVE~EEIL L TWB I L3905, Z O@EEIXEV R

IZEAINTEY, B3 1.7um OFERPIROBEEMEH 72 ) T 4.8 X 108 mol/cm?
HbOBEENEAINTND I LB, H—0BEIRE LIZHEOEFOBREE
(X 0.28M L REDL b, ZHIR@EFOan S FEA-BERIECL > TERLER—
AT Z o HER(ZE S A9 10pm)IZ RuSEfE 2 & S HZFADO01IBMD 2 U L TH B,
10 FWBEINWEESEO 7 4+ M RIGHETHONIEEEZ LU T THEZ itk 3,
TEM EED5IE, ZOEEN T/ A XOMMLhiF THBRENTHB L IITR L3,
UL, EFREFAY = In0 IFBEND ) V7 LR, ARy bR ZHhEER

BoTHNILTEY, BEOKERBENSRL TR 2N L3005, XBREHFZ -1
VX =7 REFE— I ERTORT, A AEREROERPLHFEIND L O 2T
—F=v 7Aoo, TNHEOZ LD, BT Zn0 OMFERSEBELLZLOT
22 ZNOBEWVICER LT, 244 LTZn0 OMEEEZHFR-TWEEEXDZZ L
BTEBD,

BRYFBEBIERAZ R TOITE, Zn0 FEROPIIRVAENTHNEDO TR,
InO KEWCHFETHLENDHD, I T, HoNZ0EEEFH KOH KAKIZIZE L
EZA INO 22 BMTHZ L BENITREICERENLOREIND Z LB

. TOZERBRSFH IO OREORIHFEL TS Z EEFLTEY ., EikoEdE

BEOFEREEZADLED L K 4-10,(MIR LI L RMMEARRT 2H T 58 AH#E L
BROTVWELDEEZGND, REZDORLBREABEGNELNDIDN LV FIZDONT
(X, EEFARRIZEKIT D eosinY 4 FDOBIERIEHSEELTWE L LNI LA LMIC
RO OOHD, W bbb, REMEOBK LILETA GRS T Zn2t A 4 v LR L
TREICKAE L, TOHLH TIXERU EORERRENSEZ 53, AFRIE Zn0 OXREITHEY
BEhdZ ichd, —FH. BRSTFOBTENLEDLRVE DK HEREMN CHEEL ER
LB ait, BEOEF~OBEAIEZZLOD, ZHERETS Z L3 TEF, eosinY
SN ZInOFERPICERVAENZK 4-1(@IZR L2 X 572 ZnOleosinY 7/~ 7)) v RKE&db
DFEPEZ D, 20X Iz, WEERIZERS FOETKISHEE L TWA Z LITAE
BkH 5 HThA I,

BREABNE L, AFESTH Zn0 REDHIFIET S ZnOleosinY HAFIT, Bk
hoBYEOAEBRBELZ TR U, 19 K 441 s L Ry 2 REREREF T, 20
EIEEMRIZ ITO 77 AR X BE L TRIE L AEBRIEH A7 bV 2R, E



PEFRAE L 500 nm {11F & 525 nm fFITICB AR ZFFo05, ZIEPIZEA I eosinY 2
FORBNERLS KL TEY, ARBEEALHERTEL, BT LLEEOEREEL A
EHETHRHE 7+ M b2 ) ONEREFRELDERIPCENIAK 21%ITEL, &
LIZZDEELZARICEEEL EZRWRE (150C) TR L2 L Z A, 2RI 47%
WETHLE LR, Z 02 KR TOBRMEIZ X - T Zn0 OFSERESMEEIND Li3E X

absorbance

400 500 600
wavelength [nm]

M 4-4 ZnOleosinY HAEEEBMOIERIEAARY bV, B LZEEDOE
BEHWEE@E ZnE 150°C TEWE LI RITHW B A1), ZOEKED
BEBIN AT ML (e) 2 B DT DR LT, EBREBKIZ05MKI+0.03M
L2&L7E =V F LU —FRE— b (EHEL=14) BEBKEHA
Wz, BIEEALIZ+70 mV (vs. SCE),

<KL BB OZIRIZEICHEET ICFET 2K ORECH ZOTHRVMPLEEZ T
5, TOZERTTRF v 7 BEROEROAEEEZRTHOTH S,

RE, A—ND-E T RITIDRFEREZDHE LT, A—VEEEIZ p-Cu0 EZ
R BREIZ I OTH ST TEGRARERAGBRZHRELTLL 25, 20mW/iem? O
YR T T 0.2mA/em2 DER L ERNBEE SN, L1L, TOERARY FAOF
—Z bk, BRERERAICLSZEMPBETIEZR <, Zn0/Cu20 @ p-n HEEIZ L D ER S
BEZ XD b LRI ST,

4. 6 MARELSBRORE



PALERARTE I ST, R X W IER U7z ZnO/ME R EBIT Bk B 5 /A g O
BEEHALTWD, AN56F0BELY SO T, BIMAHEHAICEZD Z LIZXDED
N)x—=a b REL, BEE TIOEEBRKERIEL 2 ICENLOLIEIFELRNHO
D, FEGIZE Y BHERAREBMEALZTRECLEZI VO LEEL LND, KERICEME
fE L. ZOHRABEEFMT ORI ONTIE., SEEEZTbRh-7h, PRI

s g
ot

| mmBER LR

) eRESE. NE
HHRABHETSIRF VY 12&Bh5—
TAIVLER E~OEH Fa—zvJ
FLELILKBE] ) BOLKBBH!)

BT A O AT REN uao <<m.<m_m_,._@5 (nm) ,

X 4-5 GFRBEEKEEMBFEIZIT 5 EHEDO A

AME LT BB It ARk E TR S h e Erick L TR o 2, ZORRZHES
NZTHZENYHEDBED—DIIRLIEIIHUARTHD, bHAA, HASHLE DK —
IVEERE DEEIERT S AERICRIT DA O TR EASBICHEINITGREEIZ NI L
XE2FETHARN,

AEHICER v ERATHAZ EICERTS A ) v bbAEW, BT, X OKE
BRHICH T H5RIEREI R MEERFRTRRIZL 22 Z & THD, FIlE, BREAR vt
YT THEZETHD, FEEITE, BUHEBEIRN 2D, 7I7AF v 7 ERE
Wiz 7 X TVKEBMOEMEER LELLOTHH(H 4-5), BT, &



EEOBEAFRRIZT AL EDITF DI LN TEDS, L2 HBEROT + b VIRINZIE
PMELSTH, BAERBORZLIE2DEFREMEGDLED Z LIZL Y TIRTE 59tk
b5, Thob, BEOEBEREICEL > TREZORAMDET LAY, RS THO=
AINFXF—BEREFBEIC L o CTHBMEENSRT T 58003 H 50, EfETHIIEZN
LOEFEEJAICECEABRERB T Z LICLVEMTEAAEESD S, HIITHE,
7’ HOOF2EOHEEELHEETE, SEOEIZEERHTLILR2ET, £ED
EBREEVHETZERTE DR 4-5), BBBRORNARY bV EKBHEART bvizxtL
THEBELTIE, 74 b rBRIIENEZ KRS TEBREOR EE2ED Z & bAR LR
A9, BoliFk %1%, ZnO/NK3989(+ 7 = v &%) L ZnOleosinY & OFEEILIZL Y., W T
—Fa—= S OREEEEIELIL, BT —Fa—= ZICHEL TERA I, EREOXK
BRI II W ERERAABERORE L LTaAEZAETAAICERL, ThEENTZ
EEBEZTND, EEOENRERD ZLIIFFA v OARERLEL, AIEERICRITAT
KBEEME LTHEOHMZEBE LEIOTIRZNWES 50, ZOEREALED T, &
FERAKE BRI BT 2BHEOWREELZ S HIZER L TWEZWEEZ T3S,
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5. HAMYF-ELZE W REIREREBABE RO TEEM

5.1 & H

ChE CEEMBRABEROSHRILE BIS LT, K2k TIO, UADSERM LY L8k E
BIZOWTHREDIRIN TV D, TO, L LOWEEZ RTH DA SN TWRD > 2o il
Tennakone 5%, TN E TIZRWERLES MR XEEEBEANWS Z LICL D, RO
6F % > BIUICHS 2 BRI RIHOEND 2 L 2 RWE Uiz, AR TIX. BLEESL/
Bt 2 ZIRERONBEHSHRIIN T 2HEMORER L SEM I K 2BBMERADOHEL LT
ZnO/SnO, BEHMREEZ I OVWTHRE LTz, ZORBRE. RYOMEBTCES LIz VOXE
EHMEEIT DN T, BUABE AMLS BT CHT RN F—EBRIE ng=93 % LV SEN
fEDF 5. Tennakone SOERZITIFHRT I LHTE, Zn0 . 0.2 pm BEOHE
MRKERHDTHBDIZH L. SnO, IZiF 15 nm W 3BIKFI 04 RAHREHA VTV,
ZnO/SnO, DRELEZEZ T, Isc. Voc BHE LR, ZnO/SnO, RGN 54T DL 2 5
T Isc= 18 mAcm?, Voc=680mV L HIZHiA L R>THED. ZnO, SnO, BMTODIFHIZHA~A
T Isc & 2~54%. Voo 3# 1L5EE R T\b, JOEAMUYEBKRIZEIT . HEXE
BOAAZZNIONTR BHSDTRWEBS S H DD KFEORR MY BEE EY
CHABDEZZLICL D, FRaRMEABEREZBETZ I RSN,

5. 2 BL®HI

GARBRUAREDIE. >V 3 KBERICHARTEIZ b, ERESFRSOE A SHH
ROAXBERE L THIHIN TN S, 1991 £E, Gritzel 5I3ZFLE TiO, \Z8EEA] (Ru g5k
) BEE L2 BHERD 5 2 2 GRIGBA KB EMRD 10% & W S EmWERSIRERT I L2 #
HL, KERFEZEDR Y ThUEE, kL2 7% TiO, UADOSBRHALY - EAREBRRIZ DOV TR
I h T3 h, TiO, U LOMEEE R T DIRA ST\ >z, &K Tennakone 5
X, SNETITROEBALIES /B REEBREA NS LX), kOB F5 &
TS A NABEMIEDSBONI I L ERWELE 2, 22Tk, BLEES /B2 XiRE
RONBEPSHRIIN T 2 HEMEOMEZR X SEM I L 2 BBXREMOBHES LU Zn0/Sn0, BE
HAe AT DN TS L =R 2 iZiid 4 %0



5. 3 MYuiEsn,/ ML XEGRMZE W - RBREAGER

5. 3. 1 {Esifk

15% SnO, 21 04 R/KIAHK (Alfa. RifFH 15nm) 1.5 ml ICHEEZ 03 ml 23§~ L. HEKTELL
RE U WARAEIZ ZnO BR (Aldrich, $ifE$ 02um)0.3g, AF ./ —)V 20mD) 2D LT
OMZTELBET S0 & 51T Triton X-100 0.2ml)., ZMI TLRET 5. ThE, 05x05
em? IZ9 R Y U7 v & F— 7R XEEMES 5 X FTO) ERIZH > b 7L — 100~
120 °C)_FCHEFBEA L. 550°C THERL L T ZnO/Sn0, iIRELUBEEM ALK T 5. 2 OEME
%, WRHITH S Rushthk (N;:#: [RuL,(NCS),, L=4,4'-dicarboxy-2,2-bipyridyl) =% ./ —)v
BWPICRALBRT A LICLD., ERESE S, COXI T UKL 2BRBRE
ZnO/SnO, B % 5t (Pt 73 L 7= FTO &) &7 =[127) v 7. B &R (0.6 M
Pr,NI + 0.05 M 1, / ethylene carbonate : acetonitrile : tert-butylpyridine (7.3 : 2.0: 0.7)) ZEA
T2, MRERBIE Isc. BIEPEER Voo, JEARIRT FF. KT RN X —EHUIH ng (3. B
KBH AML5 (100mW em?) ZXFICAW, SeEMEGEHEiS 2 7 & (CEP-26BX, 23)eat
28) ICEbhibE L=,

5. 3. 2 MMLIEESR /ML RO B KUEARCYIRE DRt
COFROKRERFAE LTE. BRBNFROD Zn0 & SnO, ZHWSFTH S0 Zn0 &,
0.2 um REOHBIIKERIDTHADITH U, SnO, IZiE. 15nm &0\ 5 EHk-FI01 K
WE WS, Zn0/Sn0, DREEEZ T, Ise. Voo ZJE L 2RI 51 TH 5,
Zn0/SnO, DRSNS 53/147T D & T AT Isc= 18 mAcm?, Voc=680 mV & izl K Lo TH
D, ZnO, SnO, B TOFAITHAT, Iscid 2~54%, Vocld# 1L5f5E o T\b, I HIZ
« 2O ZnO/Sn0, BAEMRORM L U COEBERNHIIHN T 2RI SET 6 b,
OBIRER LEDOHK 52 TH B, INERD & # 20 um ORFFEE T, NELHE M
LTW5, TiO, Bl COREEEIL 8~10 um ¥ EINTNDID RS L, Zn0/Sn0; iR
BEERTIIL Y BVETENVERESRIE SN TN Z00D1 5, 4um WS HEN
BT HEHBHRIIAE <D L TRV, LEORERIT. ik U= ET- EALOFEGA O
AT, ZnO ORI FEMNHBIIAZ V=0T, BRADZERD TiO, BRI HARTKEWE
HTHHLEZI NS, BRI TOMED TH S, FEAREMAOEBEFIEALIDE R LL
Ro R RIIBHBPO [LOREL Y FEIND, COBRTAELHEOBERBFTO 1D
DI BDT, SO LV NEEEH S U TR 27 OIT@0HEMN» S [HHGE hiirhid



BBV, I DOEEMRANOD 800 20

ZEREADB NI N BREED
D DEL . OB
FIcnbrEL bhD, G 600 "
£
5T, ZnOMSn0, BAEH : 2
FTU, 7L g o
400
K & % LIRS O BT
d Voc/mV \
FTCIXL—XIZ 24867 ——— |sc/mAcm-2 //
S5DT. WKL @ER 200 s
HeTE50, HNE
WEBTHRELHI) K
PRTLBVEZZ SN oo 20 40 60 80 100
mvo Zn0 /%
X 5-1 ZnO/SnO, Bt ZIHRAERBROBEKER Voc B
SR ER Isc & ZnO. SnO,REHOBEFR
10
s |
6
#
4
2
. L .
0 10 20 30 40 50

Film thickness / pm

X 5-2  ZnO/SnO, B4 3R K G A DIUE & EBABH R DRI



5. 3. 3 fERL=ABEBOEAMAE

B OMFLE TIERL L 72 e VO EE RIS DN T OIER R R £ 5-1 BLUR 5-3 ITR
U7z BRBURERYE AMLS B FTHI AN F BN E ns=93 % E VI EWVMEDESNT
B, AXOFBRIBIZIEHE LTS, Tz, £5-11Tid. Gritzel HICEXDEEINTNS
TiO, BMOD T — 4 % O /= DIT/R LM, ZnO/Sn0, BAEREMOT—F &, FHIZITIFIC
LT3, TOLDRENEBRGRIT, TIO, UAD BIMERRILYEEARTIL b AAEE

RIZBNTHHIDR,

#5-1 ARBERAGEMEEDHE

Zn0/Sn0O, TiO,
Voc (V) 0.725 0.823
Isc (mA/cm?) 20.3 16.9
Fill Factor (%) 63.2 72.5
Negg (%) 9.3 10
20 r
156 }
Z
S0}
£
5
0
0 0.2 0.4 0.6 0.8

E/V

5-3  ZnO/SnO, EEGEFIME A BN O ERBEMR

5. 3. 4 #HA&EMIO SEM, XRD HiE
5-4 1Z(@) SnOy. () ZnO. (¢) ZnO/SnO, EMALH D EARLE FIRAMBISEMER 2R LTz,



LB LA SnO, KRB L TWEZ EWRBREIh 5,

0.8

IPCE

400 500 600 700 800

wavelength/nm

X556 a)ZnO/SnO2 FAf, b)SnO2 &EHE, 3LV ¢)ZnO BEL b 1Fik L /- GFIREAH E
OHERT 7 > a2 XY M VIPCE)

PLEOSERD S, WFEDORERD In0 & SnO, 2HELT A LIZE D, ZhZNEMTH
WA AR TRWABE ISR E /RTEBL 82 2 PSP E R0, T TR R
01, I DL S RESLICK D EWEEIERPFLNDIDN. NS THD, Ih
I, WL ODOHEIEZ SNB. FTEITHITSNDDIL. SnO, BHki-F & DESLIC
LB LLEREBROWK L ZNICHES BRREFROMINTH 2, L L. THEITTIE ZnO B EK
DEhEDE LT 5 LIFHITESLD. S0, BEE DENVIRFATERN, £2C. FX6N
BOWELIC L 2 BHBESOMHBIR CH D, Thid. ROL S CHHIINh D, dido &
SIZtaFED SnO, KENCKE L T\ & ThE, BRaEISFEASNLEAL. £7 Sn0,
DIEEHL RVAAD . Z0h S Zn0 DEHHL VABZ EEZOND, JOBRELRIFE L
CEfTTIE, BFLEBRIIB S EEROEMIARZIRIBEHGINZOND R 56)
ZnO, SnO,H LU Rughithk@ROEEH. MiE 5B LWHOMO, LUMO V)V O£
5-TIZmde L. B 56 TRIN/mBFEDS 5. EFD SnO, DEEFHL ~Ih 56
ZnO DRI LU RWAR 2881, IR TREI DI W e FPlEIhL, L LAaDS, EE
IZiE ZnO/Sn0, IRER TEVLEZHSHENIR{ SN, LD SnO, DIEEHIL ~)Vr o RS



h3 Voo LD bEvEERTZ e o, BEEED SEASNIZETH SnO, #E THREMT
2L, InONBHIL TN ZEHRRIND,

BROIEMIELBE

REAENSOD
BFIABE

BESMAE

X156 ZnOiSnO, B REEAGEMD LBEELEE R F— L

E/NVacuum
Ru(l)*/Ru(lt)

GEGEEE

L.5.0

Co0Y. o g

Ru(ll)/Ru(lil)

F75
Zn0O

SnO,

5-7 ZnO, SnO, DfiETHiH X MEEHEN. Ru kRO HOMO-LUMO #{IB L
Iy BRAE - B eI DBEER



5. 3. 5 RKR@ZEEA\-AEMRKGED~DILHA

wRERIZ, ZnOSnO, RAEBMRIL. ABEDIFEICH 2@ IEF& = PEMRD T, TiO, DG
ALIZBRZERLOMAEDET. BVIIENBONDEEUNH S, £ZT. TNETOD
Ru kR T, KARGETHZTA > U Y EHAWTER L =EBDOFGE21T o 7= % £5
RE XK 5217 T, Rufh@HEOBFA LA, Zn0/Sn0, E&EMR TiX. ZnO, SnO, Efi%
I CTHWEEE LD & Voe, Isc & HITFE L BONEEHRGFIEONZ, IHIT, =FY
> Y-ZnOSnO, IREEBRD D, XL Y-TiO, L b @R ERT I &iFFEHSh 5,
F/z. Sn0, BLUY ZnOSnO, BABBRTIX. A OhF A U BEEEOT M) OLE
EYNa) b5 PV TF VTP oEZD LR EYTEA) 129 % CIREEMNEIEH L. FORE Isc
DM LTS ZOHF A VEOHRIZONTIE, WEDEZAHSATIARVAL TiO,.
o0 B TIIMERIZIIZEA EZEL L THRNVDT, SnOy B LT Zn0/Sn0, IRABMRRIFF

£ 52 L2 OBAY - EARERE W5 T Y U aRBERAGEDOMEE

i fEE BaE GERER Voe I n
' pum 10® mol cm? mV mA cm*? %
SnOy7Zn0O 14.0 EYTEA 71 609 8.0 3.2
SnO, 7.0 EYTEA 2.4 293 49 0.6
Zn0O 6.5 EYTEA 0.46 561 47 1.3
TiO, 8.0 EYTEA 2.7 491 4.3 1.3
SnO,Zn0O 14.0 EYNa 3.0 590 5.6 2.2
SnO, 7.0 EYNa 1.2 398 3.8 0.9
Zn0O 6.5 EYNa 0.46 550 4.6 1.2
TiO, 8.0 EYNa 3.1 539 4.6 1.7
O cOOX ke b ORVR 22

EYTEA: X=Et;NH

Br SN Br
200 YN X
X0 0] O
Br Br




HOBRZTHZHBbs, LLLOHEREIL. (kD TiO, i & DFAESH B TId. FhEBEN
EHEINTVEEBETYH, IO Zn0Sn0, BAEBMA CIIEN IRIE SN AJHE 2R L
T3,
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