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Metal catalytic growth and characteristics of [3-Ga,0O;

nanowires by metal organic chemical vapor deposition

Seunghyun Lee

Department of materials Engineering,
Graduate School of Korea Maritime and Ocean University

Abstract

Catalytic synthesis and properties of /-Ga,O; nanowires grown by metal
organic chemical vapor deposition are reported. Au, Ni and Cu catalysts were
suitable for the growth of Ga,O; nanowires under our experimental conditions.
The Ga,0O; nanowires grown by using Au, Ni and Cu catalysts showed different
growth rates and morphologies in each case. We found the Ga,O; nanowires
were grown by the Vapor-Solid (VS) process when Ni was used as a catalyst
while the Vapor-Liquid-Solid (VLS) was a dominant process in case of Au and
Cu catalysts. Also, we found the Ga,O; nanowires showed different optical
properties depend on catalytic metals. On the other hand, for the cases of Ti, Sn
and Ag catalysts, Ga,O; nanowires could not be obtained under the same
condition of Au, Cu and Ni catalytic synthesis. We found that these results are
related to the different characteristics of each metal catalyst, such as, melting

points and phase diagrams with gallium metal.

KEY WORDS: Ga,0; 4t8} Z&; nanowire U= 2}0]o]; catalyst Zuj.
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Fig. 2.1.1. Image of transparent(left) and flexible(right) display[26,27]
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Fig. 2.2.1. Unit cell of
,8 -G3203
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Table. 2.2.1. Characteristics of S -Ga,0s

Characteristics

Crystal structure

Density

5.95 X 10° kg/m®

Vickers hardness

(101) : 9.7 GPa
(-201) : 12.5 GPa

Young’s modulus

230 GPa

Melting point

1725 C

Thermal conductivity

[100] : 13.6 W/m'K
[010] : 22.8 W/m'K

Specific heat capacity

0.49 X 10° J/kgK

Bandgap

48 ~ 4.9 eV

Refractive index

1.97 @450 nm
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Fig. 2.3.1. SEM images of Ga,0O; nanowires; (a) cross section image,

(b) top-view image
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(a)

Electrodeposition

—_—
Positive Nanowire on
template the template
(b) =
E—
Electrodeposition
—_— >
Negative Nanowire inside
template the template

Fig. 2.3.2. A simple schematic showing
nanowire electrodeposition techniques based on

(a) positive and (b) negative template[34]

_13_

Collection @ kmou



(a)

Metal
Ga vapor J
N \
| » Metal -
Y V4 W
[ Substrate | | Substrate |
(b)
Ga vapor
I X g
. Mem‘
| Substrate Substrate Substrate
(c)

Ga vapor » »

J’ e D A\

i Metal Metal
| Substrate | Substrate | Substrate |

Fig. 2.3.3. Schemetic view of the (a)VLS, (b)VSS
and (c)VS growth mechanisms of nanowires[36]
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v

RF system

Thermocouple

Fig. 3.1.1 Schematic of our metal organic. chemical vapor deposition (MOCVD)

system (A : source zone, B
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Loading zome

> !

Flow of source

Fig. 3.1.2 Schematic of our graphite boat
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B =

Sapphire substrate Metal catalyst(10A) on Sapphire  Growth of Ga,0; by MOCVD
by e-beam evaporation

Fig. 3.1.3 Schematic of growth of nanowires on sapphire substrate
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Table 3.1.1 Growth conditions of Ga,O; nanowires

TMGa(sccm) H>O bubbler(sccm) Temperature(°C)
Standard sample 5 150 1000
change of Gallium 150 1000
flow rate 150 1000

1000
1000

change of Oxygen

flow rate

change of the

W || W [

Temperature

_21_
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Fig 4.1.1. SEM images of the Ga,O; nanowires grown at (a) 800, (b) 900 and (c)
1000 C. (scale bars: 5 um)
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Table 4.1.1. Lengths and diameters of Ga,O; nanowires grown under different

growth temperature

Length( # m) Diameter(nm)
Temp. : 1000C 5-10 40-60
Temp. : 900C 2-3 50-70
Temp. : 800C 2-3 60-75
- 24 -
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Fig. 4.1.2. SEM images of the Ga,O; nanowires grown under different TMGa flow
rates of (a) 5 sccm, (b) 10 sccm and (c) 20 sccm, respectively. (scale bars: 500

nm)
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Table 4.1.2. Lengths and diameters of Ga,O; nanowires grown under different

TMGa flow rates

Length( x m) Diameter(nm)
TMGa : Scc 5-10 40-60
TMGa : 10cc 5-10 75-90
TMGa : 20cc 5-10 80-110
- 28 -
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Ga vapor

Substrate

Fig. 4.1.3. Schematic view of the axial and
radial growth in vapor-liquid-solid (VLS) growth

mechanisms for the nanowires[34]
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T L AT A Bl LR St ety it RIS
Fig. 4.1.4. SEM images of the Ga,O; nanowires grown under different H,O
bubbling (oxygen precursor) flow rates of (a) 50 sccm, (b) 100 sccm and (c) 150

sccm, respectively. (scale bars: (a)-(c): 5 #m, insert image: 500 nm)
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Table 4.1.3. Lengths and diameters of Ga,O; nanowires grown under different

H,O bubbling (oxygen precursor) flow rates

Length( # m) Diameter(nm)
O source : 50cc 1.3-1.7 90-110
O source : 100cc 2-3 55-75
O source : 150cc 5-10 40-60
- 31 -
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Fig. 4.1.5. SEM images of the Ga,O; nanowires with catalyst of (a) Au, (b) Cu and
(c) Ni. The insert of (b) shows an enlarged SEM image of nanowires for the case

of Cu. (scale bar: (a)-(c): 5 pm, insert image: 500 nm)
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of Au, Cu and Ni, respectively.
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Table 4.1.4. Lengths and diameters of Ga,O; nanowires grown using different

metal catalysts

. growth rate
Length( # m) Diameter(nm) .
( # m/min)
Au catalyst 5-10 40-60 1-2
Cu catalyst 10-20 140-155 2-4
Ni catalyst 30-50 100-115 6-10
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Fig. 4.1.7. Schematic view of the (a) vapor-liquid-solid and (b)

vapor-solid growth mechanisms of nanowires[36]
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Fig. 4.1.8. SEM images of the the nanoparticles of (a) Au, (b) Cu and (c¢) Ni
formed by thermal treatments at 1000 C before the growth of Ga,O; nanowires.
(scale bar: 500 nm)
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Fig. 4.1.9. SEM images of the Ga,O; structures with catalyst of (a) Ti, (b) Ag and

(c) Sn. (scale bars: 1 m)
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4.2 X-ray diffraction &4
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Fig. 4.2.1. XRD spectrum of the Au, Cu and Ni catalytic Ga,O; nanowires
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4.3 Raman spectroscopy 24
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Fig. 4.3.1. Raman spectrum of the Au, Cu and Ni catalytic Ga,O; nanowires
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Table. 4.3.1. Comparison of the Raman shift peak position of

bulk and Au, Cu and Ni catalytic nanowires (cm™)

Bulk 199 347 417 656
Au catalyst 196 416
Cu catalyst 198 343 415 653
Ni catalyst 199 346 417 654
- 46 -
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Fig. 4.4.1. CL spectra of the (a) Au, (b) Cu and

(c) Ni catalytic Ga,Os; nanowires
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