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Abstract We have successfully fabricated high aspect-ratio GaN-based nanowires on Si substrates using molecular beam
epitaxy (MBE) system for high-efficiency hydrogen generation of photoelectrochemical water splitting. Scanning electron
microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) demonstrated that p-GaN:Mg and p-InGaN nanowires
were grown vertically on the substrate with high density. Furthermore, it was also confirmed that the emission wavelength
of p-InGaN nanowire can be adjusted from 552 nm to 590 nm. Such high-aspect ratio p-InGaN nanowire structure will be
a solid foundation for the realization of ultrahigh-efficiency photoelectrochemical water splitting through sunlight.
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Fig. 1. (@) Schematic illustration of p-GaN nanowire structure fabricated on Si substrate, (b) cross-sectional FE-SEM image of
p-GaN nanowire grown on Si substrate by MBE system, (c) EDX spectrum of p-GaN nanowire.
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Fig. 2. (a, b, ¢) Cross-sectional FE-SEM images of p-InGaN nanowires grown at different growth conditions, (d) EDX spectrum of
p-InGaN nanowire grown on Si substrate.



146 Soyeon An, Dae-Woo Jeon, Jonghee Hwang and Yong-Ho Ra

PAEHAN, SRS S o] ot Ao]
AU}, ol W2 7w & o] FH o]
Al doftdS & 4 Ut p-GaN# p-InGaN W=
sfolofe] AF2Ql AZHE 7IREC®, p-GaN Heslolo]
el p-InGaN Wi=elolojE F2fsh= 29 Y=t
L48ISdth. p-GaN testoloj= flof FAgE 27iolA
oF AIZF Bt A=A o)A p-InGaN 3783 2
2 74, p-InGaN ololoj= 20 B Sk
ATk o]FA AAdE h=gtolo}e] FE-SEM A= Fig.
2(c)el eERITE. AEE egtolols ZfA] Hol
= A% o], 2719 tE Ao R FeE Aol gkl
Atk o= p-GaNZ p-InGaNe] E2]=o] A= ATh
AS & = duk vAERCZ | Fig. 2(d)ellA] Hol=
A} 7ol EDX®| A 42 4FE yeeolojrt
In, Ga, N& X3l o], InGaN 2= A= A=
SHsIATh A A0lA Sit AHEE ARl AE
SviZe 2 RE fEfE AT & & vt

A4 p-InGaN Wicefo|oj5e] 34 54
Mat7] flsted, PL A&"S AREste], A1EE9)
54 A9 Fig 3(a)e Fig. 2(a)2]
PL ZZ2M, p-InGaN Wi=g}o]oi7}
e 7RIthe As & ¢ Aok B3

ot

W orlr 1

flo o
ol

o
L)
< e

2 AT o
i ofd
2 Mo
> |

A

ol

19 o
o M
wn
[\S}
=
=i
o
ot
o

)

o

PL intensity (a.u.) Q)

Wavelength (nm)

PL intensity (a.u.) Q)

Wavelength (nm)

&

PL intensity (a.u.)

400 450 500 550 600 650 700 750

e

400 450 500 550 éOO 650 700 750

Fig. 3(by= Fig. 2(b) ¥Z°] =M, oF 577 nme] &
F s BoEn) ole wieetelo] SIFHES] A
o} 47 x7lo] Wiskete] Inol ZAo] F7kIiaS
& = k. wEO 2| Fig. 3(c)E Fig. 2(c)2] A#=
A, 2e Al 2oJ8] A2 p-InGaN/p-GaN 127} <F
590 nme] g 3T} A o w2 ] 2L e
WS wolFET) Fig. 3(dy= 370 A1Z9] PL H49 vl
E Yeile AZ2H, @2 3552 nm)e] AEo] 7t
& Ee W AEE YA In 2A0] SIS 7
T7F dolAlE AL & F Utk ol In 24 Tl
ojgt AA A3l Ydell st AP A Aty & &

)‘
(o3
o
)
R
rr
o,
flo
=5
u*)
)
lo,
”?
=X
S
Z
T
b
o
e
2
T
>

2]
zZsl7] Qlate], 71#e] 2EE 670°C7HA A AT
a8]3, p-GaNe| A AZRE 40R0=E Foli, p-
InGaNe| A7 AI7HS 40802 7M7Y Fig. 4(a)y=
AZtE = p-InGaN/p-GaN Hizeloloje] Fz mALES
YeRdth, 283, Fig. 4(bys A3 theetelo] A&
o] FE-SEM ARIE HojFErh 7l Bole ZA™, 2
WAL EE BYHE B3, TS 4ozl p-InGaN o
ofolojo] Fx7F FAEISS & F Atk 600 nme

400 450 500 550 600 650 700 750
Wavelength (nm)

PL intensity (a.u.)

400 450 500 550 600 650 700 750
Wavelength (nm)

Fig. 3. (a, b, c¢) Photoluminescence spectra of p-InGaN nanowires grown at different growth conditions, (d) Comparison of the
emission intensity on three different p-InGaN nanowires.
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Fig. 4. (a) Schematic illustration of p-InGaN nanostructure grown on p-GaN nanowire, (b) cross-sectional FE-SEM image of p-
InGaN/p-GaN nanowire grown by 2-step growth method, (c) Comparison of the emission intensity on two different p-InGaN/p-GaN
nanowires.
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