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Structural characteristics of ZnO nanostructures synthesized by the thermal
evaporation method
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Abstract ZnO nanowires were synthesized by the thermal evaporation method and their growth mechanisms were
confirmed by the characterization of the structural features depending on the growth conditions. The increase of
vaporization temperature accelerates the growth rate and morphologies of ZnO nanowires were drastically changed at the
temperature over 1000°C, because of changed CO/CO, partial pressure. Au particles play their role on growth of ZnO
nanowire as catalyst at growth temperature over 700°C. The synthesized ZnO nanowires exhibit blue emission at 380 nm.
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Fig. 1. Schematic diagram of the two-zone electric furnace for
synthesis of ZnO nanowire.
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Fig. 2. SEM micrograph of Au-coated Si (100) substrate.
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Fig. 3. Growth procedure of ZnO nanowires after heating at 700°C for (a) one minute, (b) two minutes and (c) four minutes.
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Fig. 4.X-ray diffraction patterns of ZnO nanowires.
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Fig. 5. Morphologies of ZnO nanowires grown at different

combination of vaporization (Ty) and growth (Ty). (a) 900°C

(Ty), 600°C (Ty), (b) 1000°C (Ty), 600°C (Ty), (c) 1100°C (Ty),
600°C (Ty), (d) 1100°C (Ty), 700°C (Ty).
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Fig. 6. Photoluminescence characteristics of ZnO nanowires grown at different combination of vaporization (Ty) and growth, temperature
(Ty)- (@) 900°C (Ty), 600°C (Ty), (b) 1000°C (Ty), 600°C (Ty), (c) 1100°C (Ty), 600°C (Ty), (d) 1100°C (Ty), 700°C (Ty).



Structural characteristics of ZnO nanostructures synthesized by the thermal evaporation method 85

Aol o= W Ak el i WEEHE Aol
o]aiz:;l. AL S50 %s_?rik_ neutral }\‘}5\_ 5150

T}H30]. ALEIR o = 5%,
singly and doubly ionized At F-&©] om, o]Ad]
oJsle] ZnOe 349 thE dapdEle AuA ot o]

el g Z4zF uvel 7Fs 380 nm, visible ray2]
5 4401480 nm, visible ray9/] =21 510+ 580 nm©]
o311, olde] 7 PLAFeIM EE ZnO WeAlE UV
329] blue emission T2 i—,LOJOb;er. o] 380nm <
2 ofx| Whule} ZFoINBE #go|w, ZnO2] 54
Z molt}. Fig. 6914 Hole 440~580 nm <] &
FoRFH E ZnOhedel Ah F3o] EAlfshe
7}4\% o) f« olE]' Etzﬂ_ 7_}7_}4 ULA—} gcg} /\—174 21:
e 9] @EHETH Zn®| Fwo] =g F8% ‘4’—-—
Aol Akas Fgo] Bol SAiehH, wEA F=EAT 5t
Cete Wiede] 4% £27F mEw 3] IHES
gRlg 4 .

4.4 E

7V S o83t thkst FElE Zh= ZnO W=
TZES Y. 7Iske e} e o] Hils &
3 e (morphology)e 24 & 4= U, o5 F3}o]

ZnO 1D Y=48 4S8 4 Ut
TR0l ZnO Wil ZnO T dS
a3, ieAe] A9 CF e E Y e
O}oﬂ‘:]' FAE YA rods, wires 52| T}l
s 4 & A%tk PL 4L 8l Zn0 vhed
bule emission?! 380 nm HIE 7L 2RI 31T A
s I A4S Zn0o] AEEE wWEH, COo/
CO,0] 9] A9 1000°C oPdolME ede) ¥
Bl7} g1s] MEe & F Aok 283 AFesrt &
T7F @ow viede] 4 STt Zno| Fgo] et
a7t Al 9L o Bt 700°C o3 W Ewit
715e o e & 5 Ao

o= o= =2

o ot
o o
o fg o
0 xR

2 ¢

-

a3

o
o

[1] V. Srikant and D.R. Clarke, “On the optical band gap of
zinc oxide”, J. Appl. Phys. 83 (1998) 5447.

[2] J.T. Hu, TW. Odom and C.M. Lieber, ”Chemistry and
physics in one dimension: Synthesis and properties of
nanowires and nanotubes”, Acc. Chem. Res. 32 (1999)
435,

[3] K.S. WeiXenrieder and J. Muller, “Conductivity model
for sputtered ZnO-thin film gas sensors”, Thin Solid
Films. 300 (1997) 30.

[4] BJ. Jin, S. Im and S.Y. Lee, “Violet and UV lumines-

cence emitted from ZnO thin films grown on sapphire
by pulsed laser deposition”, Thin Solid Film. 366
(2000) 107.

[5] M. Okosh, K. Higashikawa and Hanabusa, “Pulsed laser
deposition of ZnO thin films using a femtosecond
laser”, Appl. Surf. Sci. 154/155 (2000) 424.

[6] L. Dinh, M.A. Schildback, M. Balooch and W. Mcleam
11, “Pulsed laser deposition of ZnO nanocluster films by
Cu-vapor laser”, J. Appl. Phy. 86 (1999) 1149.

[7]1 Y.R. Ryu, S. Zhu, J.M. Wrobel, HM. Jeong, P.F. Miceli
and H.W. White, “Comparative study of textured and
epitaxial ZnO "Ims”, J. Crysy. Growth 216 (2000) 326.

[ 8] D.C Reynolds, “Recent advances in ZnO materials and
devices”, Mat. Sci. Eng. B80 (2001) 383.

[9] J. Westwater, D.P. Gosain, S. Tomiya, S. Usui and H.
Ruda, “Microelectronics and nanometer structures”, J.
Vac. Sci. Technol. B 15 (1997) 554.

[10] D.P. Yu, Q.L. Hang, Y. Ding, H.Z. Zhang, Z.G. Bai, J.J.
Wang, Y.H. Zou, W. Qian, GC. Xiong and S.Q. Feng,
“Amorphous silica nanowires: Intensive blue light emit-
ters”, Appl. Phys. Lett. 73 (1998) 3076.

[11] D.P. Yu, Z.G. Bai, Y. Ding, Q.L. Hang, H.Z. Zhang,
Y.H. Zou, J.J. Wang, W. Qian, H.T. Zhou, GC. Xiong
and S.Q. Feng, “Nanoscale silicon wires synthesized
using simple physical evaporation”, Appl. Phys. Lett. 72
(1998) 3458.

[12] Z.G. Bai, D.P. Yu, ef al., “Nano-scale GeO wires synthe-
sized by physical evaporation”, Chem. Phys. Lett. 303
(1999) 311.

[13] Y.C. Kong, D.P. Yu, B. Zhang, W. Fang and S.Q. Feng,
“Ultraviolet-emitting ZnO nanowires synthesized by a
physical vapor deposition approach”, Appl. Phys. Lett.
78 (2001) 407.

[14] C.R. Martin, “Nanomaterials: A membrane-based syn-
thetic approach”, Science 266 (1996) 1961.

[15] L. Wang, K. Yu-Zhang, A. Metrot, P. Bonhomme and
M. Troyon, “TEM study of electrodeposited Ni/Cu mul-
tilayers in the form of nanowires”, Thin Solid Film 288
(1996) 86.

[16] S.B. Liu, J. Zhang and W.M. Jiang, “Neutron and pair
production by interaction of ultrashort and intense laser
pulses with plasmas”, Chin. Phy. Lett. 17 (1999) 120.

[17] Y.F. Liu, JH. Zeng, W.X. Zhang et al., “Solvothermal
route to Bi;Se, nanorods at low temperature”, J. Mas-
ter. Res. 16 (2001) 3361.

[18] Z. Jiang, Y. Xie, J. Lu, et al., “Simultaneous in situ for-
mation of ZnS nanowires in a liquid crystal template by
¢-irradiation”, Chem. Mater. 13 (2001) 1213.

[19] B. Gates, B. Mayers, B. Cattle, et al., “Synthesis and
characterization of uniform nanowires of trigonal sele-
nium”, Adv. Funct. Mater. 12 (2002) 219.

[20] K. Hiruma, T. Katsuyama, K. Ogawa, G.P. Morgan, M.
Koguchi and H. Kakibayashi, “Quantum size microcrys-
tals grown using organometallic vapor phase epitaxy”,
Appl. Phys. Lett. 59 (1991) 431.

[21] R.S. Wagner and W.C. Ellis. “Vapor-liquid-solid mecha-
nism of single crystal growth”, Appl. Phys. Lett. 4
(1964) 89.

[22] Y. Wu and P. Yang, “Direct observation of vapor-liquid-
solid nanowire growth”, J. Am. Chem. Soc. 123 (2001)
3165.



86 Sin Young Bang, Woo Sik Kim, Jun Ho Chung, Bong Geun Choi and Kwang Bo Shim

[23] N. Fufimura, T. Nishihara, S. Goto, J. Xu and T. Ito,
“Control of preferred orientation for ZnOx films: Con-
trol of self-texture”, J. Crystal. Growth. 130 (1993) 269.

[24] CJ. Lee, TJ. Lee, S.C. Y. Zhang and H.J. Lee, “Field
emission from well-aligned zinc oxide nanowires grown
at low temperature”, Appl. Phys. Lett. 81 (2002) 3648.

[25] D. C. Reynolds, C.W. Litton and T. C. Collins, “Elec-
troreflectance at a semiconductor-electrolyte interface”,
Phys. Rev. 140 (1965) A17.

[26] B. Lewis and J.C. Anderson, “Nucleation and growth of
thin films”, Academic Press, New York (1978) 5.

[27] H. Amano, N. Sawaki, I. Akasaki and Y. Toyoda, “Met-
alorganic vapor phase epitaxial growth of a high qual-
ity GaN film using an AIN buffer layer”, Appl. Phys.
Lett. 48 (1986) 353.

(28]

[29]

[30]

(31]

F.A. Ponce, J.S. Major, W.E. Plano and D.F. Welch,
“Crystalline structure of AlGaN epitaxy on sapphire
using AIN buffer layers”, Appl. Phys. Lett. 65 (1994)
2302.

H. Amano and 1. Akasaki, “Stimulated emission near
ultraviolet at room temperature from a GaN film grown
on sapphire by MOVPE using an AIN buffer layer”,
Jpn. J. Appl. Phys. 29 (1990) L205.

K. Vanheusden, W.L. Warren, C.H. Seager, D.K. Tal-
lant, J.A. Voigt and B.E. Gnade, “Mechanisms behind
green photoluminescence in ZnO phosphor powders”, J.
Appl. Phys. Lett. 79 (1996) 7983.

Z.L. Wang and J. Phys. “Zinc oxide nanostructures:
Growth, properties and Applications”, 16 (2004) R829.



