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Growth of ZnO Nanostructures on Various Substrates by Simple Aqueous
Solution Method
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Abstract

Growth of well-aligned ZnO nanostructures on various substrates such as GaN, ITO/glass, and
sapphire was realized via a simple aqueous solution method at low temperature of 90 C. Morphology
of ZnO nanostructures grown on various substrates as function of substrate was studied. It was found
that ZnO nanostructures is a strong function of substrate. It was clearly observed that the morphology
of ZnO nanostructures could be varied by change of substrate. Morphology, crystallinity, and crystal
characteristics were carried out by FE-SEM, synchrotron x-ray scattering measurements, and
high-resolution electron microscopy, respectively.
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Fig. 1. FE-SEM images of ZnO nanostructures
grown on various substrates. ZnO
nanostructrures grown on (a)&(b) GaN,
(c)&(d) ITO, (e)&(f) AlQs, respectively.

a9 2(@)¥E GaN 7|#9dd ZnO NEE 58 F
b FAAZ ANBEY el =AM 4A T AF
H ZnO0 Yx==2=9 powder x-ray diffraction
measurement ZAZo|t}h o]& T3 AFH ZnO Y
E=2=E 7% s (0002) Beg FIAF 3
Aes ¢ F Jdh 29 2b)E, Y AW o
& Zn0 (1012)$t GaN (1012)H< w2 phi
scans ¥ Aol 1 A A RE upe}



2ol 448 Zn0 Yx2E=E GaN #ehgjelA of
HeA AR EE &0 F AN o= w4
g4 e T3 GaN 7|l 433 Zn0 Y=
2E E3 CVDOlAM 423 ZnO Y=2=9 wh3t

%

Az gel WA AN9N 43EE @
=
(a) (b)
% 200 & GaN (002) ZnO (1012)
q E1
=3 Sl A
|5 5]
E E
. 2n0 (100) Zno (101) _
@ g GaN (1012)
20 !
A___A
“ ” Phi (:iegree;' ‘

a3 2. GaN 7]#9el AFE Zn0 Yx=2E=9
synchrotron scattering
measurements ©]"]A]. (a) The bragg

reflection of ZnO nanorods and GaN,

(b) ZnO (1012)% GaN (1012)< wheh
Phi scan 3 A3}

Images of synchrotron x-ray scattering
measurements of ZnO nanorods grown
on GaN substrates. (a) The bragg
reflection of ZnO nanorods and GaN,
(b) Phi scans along the azimuth circles

of ZnO (1012) and GaN (1012)
nonspecular reflections.

xX-ray

Fig. 2.

Iy 32 GaN 71#9d AFF Zn0 Yx=2=
] TEM Z4 ZAdo|tt 18 3(@)E 43" ZnO
U2 =9 bright-field TEM ©]H]=A] o9, 3(b)&
high-resolution TEM o]n|z|o]t}, o]& E3& A3
g Zn0 Yx=2=E (0002) 934, = [0001] H3
02 ¢F AF & ¢ F UG ol E2
[0001] W&o & ZnO Yx2=9] HFTHA 442
Zn0 c-% 1f9 FA A2 giolgtn Alsd
. TEM ZFAAE & § Q150 523554
o2 23 A" Zn0 Ux2ZE @ZA on
% A%S e ¢ F Ik

601

A7) A A 78t s) =8 A21E A7E, 2008 7Y

a8 3. GaN 7%

AAE Zn0 YxzE=
TEM ©]"A. (a) ©Y ZnO Yx=ZE=9]
BF TEM ©]7#] (b) HR-TEM ©] 7| X].

TEM image of ZnO nanorod grown on
GaN substrates. (a) BF TEM image of

Fig. 3.

(b) HR-TEM
image taken from the single nanorod.

a single ZnO nanorod,

4. 2 &

£ d7E A5 E S8tel 90 T AL
A A GaN, ITO, AlOz9 ©&¥g 71#9fel ZnO Y
E=TZES A% AA 7% B8 Zn0 Yx=T2
o J%d g dFE A3t FE-SEM
A4 23 79 wet 44€ Zn0 Y=TEE9
Pl 2 YxTFEEo IF¥S IS ¥ &
2191t} Lattice mismatch7} z+& 39| 73$
2| Aol 7453l 29, lattice mismatch7} &
o A 71w dFES do} WAHSA ZnO
EPEEo] AFAT EF Zn0 NE=EF9 EUE
Z4& §8 ITO 7199l Yx2Z=E FIAHF
AZoH, GaN 7|8#HE e}t Zn0O Yx2=E 4
FANAY ol& T3 HAE=Fe] S B3 YT
zZ2E° e 4 AP W3t AL £ AT &
At =g Z1#H AFE Zn0 YeTZREFH
o) oy BAE FAsAT

Synchrotron x-ray scattering measurements$};
TEM #4& S3 F3dus T3 43"
Zn0 Yx2= E£3 7|EY & WyoE F49
Zn0 Yx2E9 vdzixe nEde v v

£ oo 4y

AL
sfolofoln] HEWAY % AL T V2=
grle) 200 FeTZES FHTS B & AU

“@Ate =2
o] EE& 2007d% ARAL(ALEAH AT
gedTEEAgN) R SN ZTAEY] AL
& ol A7 5 A2 (KRF-2007-313-D00475)).



J. of KIEEME(in Korean), Vol. 21, No. 7, July 2008.

Zn 23

[11 M. H. Huang, S. Mao, H. Feick, H. Yan, Y.
Wu, H. Kind, E. Weber, R. Russo, and P.
Yang, "Room-temperature ultraviolet nanowire
nanolasers”, Science, Vol. 292, p. 1897, 2001.

[2] Y. 1. Alivov, E. V. Kalinina, A. E. Cherenkov,
D. C. Look, B. M. Ataev, A. K. Omaev, M.
V. Chukichev, and D. M. Bagnall, "Fabrication
and characterization of n-ZnO/p-AlGaN
heterojunction  light-emitting  diodes on
6H-SiC substrates”, Appl. Phys. Lett., Vol.
83, p. 4719, 2003.

[3] J. Song, J. Zhou, and Z. L. Wang, "Piezoelectric
and semiconducting coupled power generating
process of a single ZnO belt/wire. A technology
for harvesting electricity from the environment”,
Nano Lett., Vol. 6, p. 1656, 2006.

[4] P. X. Gao, Y. Ding, and Z. L. Wang,

ZnO

nanorods grown by a tin catalyst”, Nano

Lett., Vol. 3, p. 1315, 2003.

"Crystallographic  orientation-aligned

602

[5] S.-W. Kim, S. Fujita, M.-S. Yi, and D. H.
Yoon, "Catalyst-free synthesis of ZnO nanowall

Si3N  4/Si by
metalorganic chemical vapor deposition”,
Appl. Phys. Lett.,, Vol. 83, p. 253114, 2006.

[6] L. C. Tien, D. P. Norton, S. J. Pearton,
H.-T. Wang, and F. Ren, "Nucleation control

networks on substrates

for ZnO nanorods grown by catalyst-driven
molecular beam epitaxy”, Appl. Surf. Sci.,
Vol. 253, p. 4620, 2007.

[71] M. Yang, G. Yin, Z. Huang, X. Liao, Y.
Kang, and Y. Yao, "Well-aligned ZnO rod

arrays grown on glass substrate from
aqueous solution”, Appl. Surf. Sci., Vol. 254,
p. 2917, 2008.

[8] G.-W. She, X.-H. Zhang, W.-S. Shi, X. Fan,
J. C. Chang, C.-S Lee, S.-T. Lee, and C.-H.
Liu, “"Controlled synthesis of oriented
single-crystal ZnO nanotube arrays on
transparent conductive substrates”, Appl. Phys.

Lett., Vol. 82, p. 053111, 2008.



