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Abstract

In this study, we etched p-type silicon wafer to fabricate silicon microwires. The
photocurrent of silicon wires is enhanced owning to the shorter diffusion length for
minor carrier and the single conduction direction for major carrier. In addition, we
utilized plasmonic nanoparticles to modify silicon wires to further promote its water
splitting efficiency by surface plasmon resonance. The electrons near the Fermi level
of the plasmonic nanoparticles are excited to higher level state forming hot electrons
by surface plasmon resonance (SPR). The hot electrons overcome the Schottky barrier
injecting into the conduction band of Si wires and increase its photocurrent. Besides,
the electromagnetic fields generated from SPR increase the possibility of the
electron-hole pairs forming near the surface of Si wires and decrease their
recombination. Under the assistance from the SPR, the water splitting efficiency of
could be strongly enhanced. The significant enhancement of the photocurrent to 42

mA/cm? is observed on the silver nanoparticles modified silicon wires.

Keyword : water splitting, silicon microwires, plasmon
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Mobility (cm?*/V/s)

Matenal Electrons Holes

Si 1,500 450

GaAs 8.500 400

CdS 340 50

ZnO 200 180

TiO, (anatase) 2 x 107°*
WO, ~10

a-Fes0s 0.1° 0.2°
p-Cu,0 90)
p-CuAlO, 10
p-SrCu05 0.46
p-CuMnO, 3.5 x 107°

“Theoretical estimate
PAL1.200 K
‘At 1400 K
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Solar Radiation Spectrum

25

uv

Visible Infrared —»

N

Sunlight at Top of the Atmosphere
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Absorption Bands
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Spectral Irradiance (W/m2/nm)
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W18 73 a8 A2 &3 k43 [10]

(a) Test reaction for H, evolution||(b) Test reaction for O, evolutionl
Conduction H,
Band ()
H,O Conduction Ag
Band
Ag*
Ox (Oxidizin
Valence @ : reagents
band Alcohol 0,
Sz, S0O,% valence &)
(Reducing reagents) band

B 1.9 % fit koo ik s i A 2 7 L RI[7] -

RIRRDYEG REH TSR R FR o T RS R B
w2 s & w4 oan % 1 4%(band engineering) ~ A7 it (sensitization) ~ & 5 oK A fF kA
(two-step water-splitting system ; Z-scheme)¥s % & 7 ’Zﬁ#iﬁﬁﬁ“é" (surface plasma
resonance assistance) -

(1) & % 2 42 (band engineering) :
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undoping p-type doping n-type doping

Conduction Band Conduction Band Conduction Band
, e
Acceptor Donor
—5—&r

——& & ‘o—le
e e e

1 e 9§

Valance Band Valance Band Valance Band

W1.10 i+ a7 & B o
(b) #7# # it FF (new valance band )
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(c) #*3 %8 (solid solution)

2009 # Maeda % * | * § it 4522 § i &2, GaN-ZnO T3 48 - & i i I
234eVomF iv4 5 32eV B2 FURMAHAEE S L2 b e

Bl R F R BB T X 2626V 4oF) 111 f [11]



2.85

E vs. NHE
O atpH 0

2.80 4 14
% C.B.I Gads 4p l I Gads 4p I
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= 0 e JIUTITAR AN DA DT L T IAN). RoZZE N IS e s S8 e eneriooen D00
B 2754 3%
o E,<34eV E;:3.2eV
g +1 9
g 270 oMo | p-dreputsiont? |
(=] +2 9
o O N2p
< O +
8 2.654 +34 VB Zn3d, O2p

O2p

2.60 ad GaN GaN-Zn0O ZnO

0 005 010 015 020 025
x in the (Gay.,Zn,)(N1.x0,)

W 1.11 GaN-ZnO 7% 882 i F % 1 [11] -

(2.) #% i* (sensitization) :
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WA A RHEI P RMY pd TF R E (Fermi wavelength ) - g+ pFie
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1D (e)
1P (e)
Conduction
Band “.n 1S (e)
Quantum
E. (bulk E, (QD
o (0l I _9( 4 Confinement
Valance Band e 1S (h)
1P (h)
1D (h)

2012 & Chen & A [12]m % &3 AL AR L kA 2L TR fI* 3-Fi4
7 B« (3-Mercaptopropionic acid ; MPA) & fe i 28 i3 4F > it 4F] (indium phosphide ;

INP) & & 2k - £ 41 * i- & scf 2 (chemical bath deposition) #-H i 423t % v 4%

NS

35 0 YiREFREIS i I-Frkp e FY S Bk - B 113 5 100
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—+¢—2ZnO@InP QD-mix
1.5| —°—ZnO@InP QD-1
—e+—2ZnO@InP QD-4
—v—2ZnO@InP QD-6
—1—2Zno0

U L L) lJ

-0.5 0.0 0.5 1.0

Potential / V (AgCl/Ag)

W 113 Brit4FE + B3 &F2 3 L 482 F s H kg e REI[12] -

(3)= # -k & f% % ki(two-step water-splitting system ; Z-scheme)

deBll145 7 B R AL BEF I REI F 25 P RART S
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AT S RN R A deBlZ R o BEF B B LT A

N

ki - F it BBtk R AAT IR H AR EF 0TS
R EFRRFRE AL TF o ¥ - 20 o TIOHRF FenRF S B RFE A
A5 5 0 AaSIEF T HFETIOHS + hR 300 Mz Ko B8 0 o84

#2 & Z-scheme[13] -
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Enm,

ohmic contact

W 114 w5 i g2 gl e dpd 2 a4 B4[13] -

FPRABALEEEFZ LI W AQ-AUCCUEHR 2 AR F 2T F

ALRP LA AL La A2 L5 T K (surface plasma) -
Bl LIS #67 o F RER AR BRI EBR A RF L L0 TREFREF § 515
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TEPFI M rEA R ST A bt M4 SH L F L Y

Az R e R o ;ﬁ EHE T2 40 * F=(surface plasma resonance ;
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SPR)# e+ @ 5 x4k = » APREAT 3 A TPt @ 3 o

Electric field
.
Electron cloud ”

W 115 &% Kkt 22 LR LR LH[14] -
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Field-enhanced electron-hole production
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