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ABSTRACT

The Pt/copper oxide/n-S1 electrodes were fabricated by depositing copper oxide thio [ilm of 500 A and very thin Pt layer on the
n-type (100) Si substrate. Pholoelectrochemical properties and stability profiles of the electrades were mvestigated as a function of
deposition time of Pt layer. As the deposition time of Pt layer increased up to 10 seconds, Lhe pholocurrent and quanium efficiency
were increased and then decreased with further depositing time. The betler cell stability was observed for the electrode with longer
deposilion tme. The improvemments in above photoelectrochemical properties indicate that Pi layer acts as a catalyst layer at electrode/
electrolyte inlerface as well as a profectve layer. The decreasing tendency of the photocurrent and efficieny for the electrods with Pt
layer deposited above 20 seconds was explained as an increases in probabilily of electron-hole pair recombination and also the
absorbing photon loss at electrode surfuce due to the excessive thickness of Pt layer. The resulls were confirmed by impedance
spectroscopy, muliple cycle vollammograms and microstructural analyses.

Keywords : Photoelectrochemical conversion, Pt/copper oxide/n-Si electrode, Pt catalyst layer, Electrode stability

1M = 2] iAo 2Me) B e Bae FONA

STk oleist 7] she wake] FEHOR Y] 9

Hgeluils 71 44 43 & 9n Asdeln gl AL gebes Y N B Rel S50l )

b °1M?<1°l e oA o) SE g Yl BEE uAes A e A Aeonidz e 5 o
© SO OISl Al AR So1H ¥ 0EA Adel Sakd oHA SAE RS W
o B ﬂ—%-ff-'l: Z sht 9ady) B8 wsad, ol Al A 7HH£% e e Ak Axdo Aol
Hedoldag olgael B ﬁ} w2 A Vs B8 st TO, BaTio AFEE ARl ¢ vk
AIAZ RS PPOEH ol BT el del e AAGDADA W, S Gaked TS AT

—263—



264 G718 - 3

N

7

zbe| Fo} =& #3988 B vl da)E A e
K259 FA7 AZEAYT. o|E siASTAL S1, GaAs
=9 S Wiex) 9ol iron oxide” manganese oxi-
de.” wngsten oxide™} copper oxide'” 2 WA 4k8)
oL} PIES] noble melal® S FEAZ o)@dHFF A=
2 o]&8k oy ] s gvh Zeg olFA=S
Exli) o Ame As dkgout 01'78@5'-} Pege| A wHE)
Al dElMe A gER] dAl g ZAelth
1 FTHNHS F TR =7 vEhA
27l ¢EAo] B2 copper oxide(500 AyE'"g
(1000 n-S1 wafer E7lo] 2. o|ZgY HF& AZE:
Sl PES FEA R wel FAE B A SE
Ptcopper oxide/n-Si 252 Al=gt § pEel T3 Al
A Azl ASe] FA71s)sr wEk Sg3 eb ded)
A Gig wEsaith

rl
2

RIow

2ol

2 HFE 9

A= A2E Feted B)#Fe] 2F 10 Qemt! (100) n-Si
A4 waler 2 9F 1 em | em®| FAE =2} AR-EE
.’é gl Tie] EAjshs AElete AAEr] Hs 2
0. g2 (H,OHCEHNO,=1:2:2)% 48% HFE EF3 4
'3""1 SE Fob olAs F, ohAl 12% HF BelAa 124k
o] AW k& TCE(trichloroethylens), ©FAME, TPA (iso-
propylalcohol). FF4E AMSEle] Z23 AE7]HA 33
uhELsled A&t} Copper oxide/n-Si =2 Si 719
o jon-beam sputlering=|E ol&slet e Cu targetd
AR 7|)A 4k don gun@ 2 sputerng ] 2F 500
A Azel S copper oxde PHeHE FEHAA A% 3
ok, oln) FAZAL oy AuEE AY 1 kV. AR
30 pAfend’, 719 ¢ 200°C, TFE 107107 tom, 4
250 1 10 scomSFE F13ITE Copper oxide F¥HE &
Agt & ko] 2AEE A5 fast fringPHLE F EH
7 sllEr oul 27E 200~500°C 22 HHM Az
g A3}l Glancing XRD % XPSE o83l cupric
oxide 42] &4 o) 717 Qg a 7)1k W]
AR ok 2 @w)g] 00°CelM 10 e BlEifieh
o|2A FH|%El copper oxide/n-Si A1 29| jon-beam spu-
tering o|-&ale] pt 2 FFalsiow eolw) FHe AR
sz Y22 FEslaal AEd s FHERiEd ol
] F‘f’ii 60% FEHA] C’q‘:ﬂ?‘] of 100 Adze] FHAE 7E
afef FAALE 5% 20, d0=E WEksk
E}. F2HA] shutterS C’ldq-o}“‘-‘% 73] erdEE F Szl
A 7REel ZFelgonr Aslda dejl ped FAE
oF 10-70 A= dAdEch om Y|Eene 25°C, AT
107107 torr shEvt, 29} e F9]F Pcopper oxi-
demn-Si A|TeA, wafer 22| Si0, 4ke}E& 48% HES

ML

A 8l

FRTE AH, AFSHL InGa alloy % sil-
ver pasteZ o|-&3le] wafer?} lead wire?l T€]43<] oh-
mic conlact & ©|Fo] AHAYE A5 SHch

T EAE E

o] 4g W FEE ALY o2 FEdA] daldat db
k= A8 27 A8l 5 mun, epoxyE AlEEled HIE
b= B o]e]g ,\3@ 2agct o|FHA V" A= 7
7] A 244 7} o]);j AZAA w=A] DA Zworking

electirode)2 2 3137, 1A counter electrode)© = Pt plate,
7 HAFoR SCE(satumted calomel electrode)y2 +/d%l
3 H=EZR AR E olRe] FATET HEl 548 A6l
o} 71E 2T vkeal d5ze] Adg A9AE St
7] 918t} Luggin-Harber ZA7S ho] wi=a)] A5
a2 e 8R]EmE 01—9511‘4- " f%ﬂﬂ gdoE= 0.1M
NaOH & AR28l9iv). 3922 = 150 W ungsten-halogen
L viAEL7 015]41] waler

lamp 2 AMESIGIT 222 %‘ S

filler 2 AHEalErl. 9=s] A=l 7 ASlzded=
polentinstat {EG & G PAR. 362y ARE31%a, 215H]
AF3 7l d=3e 3_94 Aeh FEwel 42 mul

timeter(HP 34401A)2 ARE&[3Ich a-g @isltel] wlE =
o] FoglEAl 7 HAGES monochromalor (Bausch &
Lomb. 5-UV~VISyE ©l-&3le] 0.7 Vivs .SCE)lA 43l
Grh A2 oAg BEskr] #lte] tEFAF S8R
AYHEL o8 wkEA| 7k QIrrd o] Wzt wE A
Ee &3S dh olu WA sE{white rc1d|a110n)ﬁ’-_/'}/‘~]
potentiostatS- o1& 100 mV/sec?| '?47‘451 ST
AlZl HE al7ba] whgel ofs] e di mL:_
SKda olul) Mgl e FAF onselo] ‘%’%TEPE
FAFANE 71FLR 14 v dAgds AT
02~1.2 V vs. SCE) 100 cycle(®F 50%)2 multiple swee-
ping 3590k Impedance Analyzer(Zahner Elekik IMSD) £

1 i
g 2
o

Aol 750 Baleds IFIEN L ST, 3
A A Al UAND F due B 95

A-10~10 V vs, SCE)Oﬂ/H
sweep 5o, Zhzhe] xgbelAd {]-‘E.O] 2 mv Sl
kHz9l ZFAYS vshda SAssivh AS5heA e
AFurge] a5k dohvke M2 V vs. SCEE 2l
715t AeiellA ZZe] 20 mvel WFE 100 kHz2 253
Aol 0,05 Hz 2] M3 FA7A sweep A C&
impedance | Zuh gtz #1737 (phase angle)ys <&k Al

2B,

3. Ax o nE
Fig. 12 Pucopper oxide/n-Si ©1EHT #=2] Pt
A7k e 1V Fado|th piE-e] Saleh Sk
ol nd FHI W LVEAS Bk £ pE-E
=

[+
Zhelx] e A S(copper oniden-Sn¢l FAHF= 1.0

W,

o DIN

;
<« oy fal



Copper oxidem-Si =] #7[es} ¥

140 1
o —o0—0 o
4E 120 + —e— 5 sec /ﬁ/ v
2 —8— 10 s8c P '/ -t
E oo b —v— 20 sec / j/ /Oig/u/
~ —— 4 sec A .
& . / ol S
E i ra N4y
g 80 I
a / / /‘ [+
. ./ / /
T 60r [ ]
g v
S Iy
g 40 Iy "/ o
= / /* s
_% 4 x/ﬁ o;
& 20t -
v
ol o-b—t—o—o—o_o-tEES”
1 L \ L s 2
-0.5 00 0.5 10 15

Porential (V vs. SCE)

Fig. 1. -V curves for Pt/copper oxide/n-St electrodes with di-
[Terent Pt layer deposition times (sec)

(vs. SCEIA ¢F 80 mA/ecm® FEE iron oxide™ man-
ganese oxide”7F FEHE a-Si ATl vlF| Fhio® &
FAFE g on, o33l A9 olF AT oA
Culrkd 2 FaEe] Age] A A ] P
Pt Z3A] @A BHEo| pL E2A 7o) Zr)lge] wt
]]4#7} Z7teted 0% F3 R
2 vehdglz 20% £
61— Ao AS 7 v

(=]
2] onserdl 915 FAA7L

el
)
w1l
=
=

[z

=
L Slod oA A A g3 g o wek ARk A
+ ol5e] FHEe] FAFT T g Adem Hilrk W
Holl 202 o] PeEd FEA] A AUEk el 7l¢lst
o A7 Trlol po] YR TS Sad) o) Al
H Fxle] gzl o7 A Aggo] ASawde A
@ 852 7R} del YAE = photons U5 P

Eago gy PgAEy) 7hast gAog AlEHETh) Bockrs
e psmoﬂ Z2E A7 10~30 A 4x2] island®

TEE og FARE S FEANE W

ff_' }C’lq

Fig. 2= Plcopper oxiden-S1 58| PL SERFA o] @)

& 0.7 V(vs. SCEXIM ¢ #AF-spd Fadolvt. F7lFAl
o S4= w2 A o dool P FEALe]
Z71@e) wlg} Fr)slchr) 102 F4A] AP w=e ER
s Yehlif T 203 o4 E Fasks AE B9
o} gk #AFe] AAETE 2wl copper axide (Eg=
21evel 98 #F 2yEcE Sio 23 AL & £

o, !

v 53] #HF= P F3 A7l 73Sk 500 nme]

500 ~
—o—0
o ~—8— 5 5co
400 - | —a— 10 se
—w— 20 e ﬁ_gaAA vv"vveﬁtx!xE!x‘
—— 40 uge v sntBag

Photocurrent Density (ud/em’)

L L i L 1 n |
300 400 500 800 700 &00
Wavelength (nm)

Fig, 2. -}, curves for Pi/copper oxide/n-S1 electrodes with diile-
rent Pt layer deposition limes (sec) at 0.7 V {vs. SCE} m

0.1 M NaOH .
ale ok doela et skt ole WAREE]
ghge] FebdaE copper 0x1d 2ol St =2
Z71ale] e HEA ]-a}‘i‘lx]l olof mhe} Hle] Fem
7F epeke] HelelA] 2 o] FojAA He] Si /W] =

IEE photon & F7F ZolB0] Wt BHM AdAdE A
Az AAY sHeel £7I8l| ‘Iﬂ%i-ﬁlﬁ}.l” L B oA
FollM AME-gF 150 W ningsten-halogen lamp®] 7|7+ 500
nm o|3RlA TAdhe AT §F flgle] 2 4 0)13]-. Band

gap Vel BE intermediate level®] AT -4 band gap
Hr} 22 ofu®] 2] photonel £]EiA = % e
aloh!® pe] FEATHEA Pl Adslel] %]’{HET‘ 257
A Sade] Bk A9 wslrt fle Zler Heol piel 2lsh
sub-gap®] A& U= o’»loi Helh

Fig. 32 Fig. 20| #AFE=-4 435 2050 A

Quantum efficiencyE L]’E] “” Ao}, Hf HFE 500~
750 nme] FFALGel 1.00] P HESE VERIRIET
ol A Aol SAlsks Aoy FEE L USEE
o 215 AAZ vl ige] gL el wE Rrhda)
7} 2kl A= dggl Aow QzbgEch P
prge] A2 AN vXe g

#sl7] flete] Ar|slerd asduels EA (Elec- tro-
chenucal Impedance Spectroscopyye AHE815A
Hol AIAHAA] Bo H7|EE B2

2 pAbER) gn FEkdelns SWEIEE Fig, 4o vE)
W ouke} ko) AsiE GolashR ok Hakdeldrt A€
EATHR), TEL 7] olFEe] dAE FAEHCY
Tt ek gk E71E| =8 7FEEITE Fig 494 B
SAE RS SHAE CyF FE Y Zw)e] 4l
O%EUIEV‘OI L2

A 37 9 A 3 E2000)



266 713 - 44 -

151

—n—p

—#— 5 sac

—A&— 10 sec

a4,

—w— 20 sec A%""%‘- B,
S o 40 sec asvy .n'uuo-zzﬁﬁf?“%!&
5 10} Dol
3
[l
&
£
3
3 J
2 05F 5
D mae

L
1

0 0 n 1 i i i I
300 400 A00 800 700 800
Wavelength (nm)

Fig. 3. Quantumn efficiency vs. wavelength for Pt/copper oxide/
n-51 electrodes with different Pt layer deposition timeas
(sec) at 0.7 V {vs. SCE) in 0.1 M NaOH, ;.

Ccll

__\NVW\_
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2 20, 3
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