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ABSTRACT

High-Quality 1-Dimensional InN single crystalline have been grown by Halide Vapor-Phase Epitaxy on the Au catalyst coated Si
substrate using the vapor-liquid-solid growth mechanism. We have been grown 1-dimension InN nanowires having controlled the
growth conditions for substrate temperature and gases flow rate. The grown InN nanowire of characteristics for morphologies, crystal
structure, and element analysis were carried out by SEM, HR-TEM, and EDS respectively. And the defects of InN crystalline were
analyzed by indexing of selective area diffraction pattern with attached HR-TEM. We have successfully obtained the defect-free 1-
dimensional InN single crystalline nanowire at the atmosphere pressure.
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Table 1. HVPE Process Parameters Employed for the Growth of InN Nanowire

Total N, gas flow

Growth temperature

Sample 1D substrate [scom] Fans/Frcy ratio [Substrate temperature] InN nanowires obtained
EXP 1 Au@Si(100)* 1000 20 600 [450] Poorly crystalline [fig. 3]
EXP 2 Au@Si(100) 1000 50 600 [560] More stacking faults [fig. 4]
EXP 3 Au@Si(100) 1250 50 600 [560] good crystalline [fig. £]

*Using the Au catalyst for VLS growth coated on silicon with 5 nm thickness.
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Fig. 1. Typical SEM tilted image of InN grown on Au coated Si substrates. (2) The pillar shaped particle of InN, (b) needle shaped
InN nanorods, (c) InN nanowire with high aspect ratio, and (d) pattern growth of InN nanowires, well-aligned on the substrate
perpendicularly. Insetimage is schematic diagram for process of pattern growth.
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Fig. 2. FE-SEM image and EDX pattern of InN nanowires. (a) Tilted view at low magnified morphology of InN nanowire, (b) high
magnified morphology with remaining catalytic metal tips. EDX patterns of InN nanowire for (c) part of core, and (d) tips.
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Fig. 3. HR-TEM image of 1-D crystalline InN nanowire (a)
Bright field images of InN. The corresponding electron
diffraction patterns are taken along the [100] zone axis
at the inset. (b) Higher magnified lattice in the InN
nanowire for the EXP 1 sample.
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Fig. 4. HR-TEM image of 1-D crystalline InN nanowire for the
EXP_2 sample (a) Bright field images and (b) Higher
magnified lattice in the InN nanowire with more stack-
ing faults.
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Fig. 5. HR-TEM image of 1-D crystalline InN nanowire for the
EXP_3 sample (a) Bright field images and (b) Higher
magnified lattice of defect free single crystalline InN
nanowire.

375 1239 @44 N e HR-TEM AHAS Fig 5
of YeRA) Fig. 59 (a)9} 7ol Yo Hre o}
753 Single Crystalline2 FAJste om, 34 pattemn
o] Az} K3t o}F vM g streakTe] EA3lE AS #F
g Stk 53] (b9 2ol Y WH lattice crystalline
EA) k] % defect free single crystallineS 3
HHE & U

£ AFoA ARISHE defect free single cry-
stalline InN thi=/d o] Aol lofr] 44 Al 71 &
T whg vk a2 HA N, B 9829
Fragm vt u nAtte s @ F

2 J_ue= 1
Ao, 51 F2 i e wiAl <1ab

=i
=

& SEO
oY 9%E

[e)
12} InN
P
2

o}-g-&}o] defect free

12 InN @23 JxeAe 44 & 4 9k olul, Au
Zuls ZEI Si 7]AYd VLS A% 7)1FE o] &5to

N @24 vUxids A
7|\ H2=ol AA I}
Ze 12 xRl
olvgt 4 AA=1E
2= A single crystalline InN
AATh ole] E dF= 12 InN
of ojA mAE AAE IHE &
fed ES 92 VYeMs Az
olE o]-g3te ThFet 1Azt
et 7 9 2924 Ve 84S Y
dge v Aoz doEch T3
2] 22}, photonics L] L spintronics?} 72

Zoh A%E N vede

X

Ay

O

BN ox )y
W oo

ol

0 de lo @y ok

=
b d

O
-

r_{

ko
d
=

A7)t
velocity ™|

& 2
LA

A=Al 8217

AT AAF Aok 2 7]

11.

13.

= 3}
= =

Acknowledgement

LAY A st
AN Sl8) A E g

REFERENCES

. S. N. Mohammad and H. Morkoc, “Progress and Prospect
of Group-IIT Nitride Semicossnductors,” Prog. Quant.
Electr., 20 [5/6] 361-525 (1996).

. J. Wu, W. Walukiewicz, W. Shan, K. M. Yu, J. W. Ager III,
E. E. Haller, H. Lu, and W. J. Schaff, “Effects of the Narrow
Band Gap on the Properties of InN,” Phys. Rev. B 66 [20]
201403 (2002).

. A. Kasic, M. Schubert, Y. Saito, Y. Naishi, and G. Wagner,
“Effective Electron Mass and Phonon Modes in N-Type
Hexagonal InN,” Phys. Rev. B 65 [I1] 115206 (2002).

. B. E. Fortz, S. K. O’Leary, M. S. Shur, and L. F. Eastman,
“Transient Electron Transport in Wurizite GaN, InN, and
AIN,” Appl. Phys., 85 7727-34 (1999).

LWy, KoM Yy, I W Agerll, E. E. Haller, H. Lu, W. L.
Schaff, Y. Saito, and Y. Nanish, “Unusual Properties of the
Fundamental Band Gap of InN,” Appl. Phys. Lett., 80 [21]
3967-69 (2002).

. M. Higashiwaki and T. Matsui, “Epitaxial Growth of High-
Quality InN Films on Sapphire Substrates by Plasma-
Assisted Molecular-Beam Epitaxy,” J. Crystal Growth, 252
[1-3] 128-135 (2003).

. T. Dietl, H. Ohno, and F. Mastsukura, “Hole-Mediated Fer-
romagnetism in Tetrahedrally Coordinated Semiconduc-
tors,” Phys. Rev. B 63 [19] 195205 (2001).

. S. lijima, “Helical Microtubues of Graphitic Carbon,”
Nature, 354 {7} 56-58 (1991).

. A. M. Morales and C. M. Lieber, “Coaxial Nanocable: Sil-
icon Carbide and Silicon Oxide Sheathed with Boron
Nitride and Carbon,” Science, 281 [5379] 973-975 (1998).

. W. L. Park, D. H. Kim, S.-W. Jung, and G.-C. Yi, “Met-

alorganic Vapor-Phase Epitaxial Growth of vertically Well-

Aligned ZnO nanorods,” Appl. Phys. Lett., 80 [22] 4232-34

(2002).

X. T. Zhou, N. Wang, H. L. Lai, H. Y. Peng, I. Bello, N. B.

Wong, C. S. Lee, and S. T. Lee, “B-SiC Nanorods Syn-

thesized by Hot Filament Chemical Vapor Deposition.,”

Appl. Phys. Lett., 74 [26] 3942-44 (1999).

. C. R. Martin, “Nanomaterials: A Membrane-Based Syn-

thetic Approach,” Science, 266 [5193] 1961-66 (1994).

T. Shibata, H. Sone, K. Yahashi, M. Yamaguchi, K. Hiramatsu,

N. Sawaki, and N. Itoh, “Hydride Vapor-Phase Epitaxy

Growth of High-Quality GaN Bulk Single Crystal by Epi-

taxial Lateral Overgrowth,” J. Crystal Growth, 189-190 [15]

67-71 (1998).

. C. M. Lieber, “One-Dimensional Nanostructures: Chem-
istry, Physics & Applications,” Solid State Commun., 107



16.

17.

I3} InN @274 wielo] FE-gel theh 22

[11] 607-16 (1998).

. Y. Zhang, K. Yu, S. Ouyang, and Z. Zhu, “Patterned Growth

and Field Emission of ZnQ Nanowire,” Mater. Letters, 60
[4] 522-26 (2006).

S. Gwo, C.-L. Wu, C.-H. Shen, W. -H. Chang, T. M. HSu,
J-S. Wang, and J.-T. Hsu, “Heteroepitaxial Growth of
Waurtzite InN Films on Si(l111) Exhibiting Strong Near-
Infrared PhotoLuminescence at Room Temperature,” Appli.
Phys Lett., 84 [19] 3765-67 (2004).

J. Chanudhuri, C. Ignatiev, S. Stepanov, D. Tsvetkov, A.
Cherenkov, V. Dmitriev, and Z. Rek, “High Quality GaN
Layers Grown by Hydride Vapor Phase Epitaxy - a High
Resolution X-ray Diffractometry and Synchrotron X-ray
Topography Study,” Mater. Sci. and Eng. B 78 [1] 22-27
(2000).

18.

19.

20.

21.

207

R. J. Molnar, “Growth of Gailium Nitride by Hydride
Vapor-Phase Epitaxy,” J. Crystal Growth, 178 [1-2] 147-56
(1997).

M. A. Mastro, D. Tsvetkov, V. Soukhoveev, A. Usikov, V.
Dmitriev, B. Luo, F. Ren, K. H. Baik, and S. J. Pearton,
“Hydride Vapor Phase Epitaxy-Grown AlGaN/GaN High
Electron Mobility Transistors,” Solid-state Electronics, 47
[6] 1075-79 (2003).

Y-.K Byeun, K-.S. Han, and S-.C. Choi, “Single Crystal
Growth of One-Dimensional GaN Nanostructures by Halide
Vapor-Phase Epitaxy,” J. Electroceram., 17 903-07 (2006).
Y. Wy, and P. Yang, “Direct Observation of Vapor-Liquid-
Solid Nanowire Growth,” J 4m. Chem. Soc., 123 [13]
3165-66 (2001).

A 44 A A 43(2007)



