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Enhanced field emission properties of ZnO nanorods by indium doping

'B. G. Duan, 'C. H. Hsiao, 2S. J. Young, ®C. S. Huang, 'S. J. Chang
' Department of Electrical Engineering, National Cheng Kung University, Taiwan
2 Department of Electronic Engineering, National Formosa University, Taiwan
% Graduate School of Electronic and Optoelectronic Engineering, National Yunlin
University of Science and Technology, Taiwan

neel1203@gmail.com

Zinc nitrate tetrahydrate, HMT and indium nitrate, at 85°C. The products were
ultrasonically cleaned and heated at 50°C for 30min.

The top-view FESEM image of the pure and In-ZnO nanorods (NRs) is
shown in figure 1(a) and (c). It can be seen clearly that the ZnO NRs was
uniform hexagonal structure. Figure 1(b) and (d) shows the average lengths are
1.14 ym and 1.24 pym, and their diameters are around 70nm and 90nm,
respectively.

The comparison J-E curve of pure and indium-doped ZnO NRs are shown in
figure 1(e). Turn on field are 5.4 V/um and 0.8 V/um for pure and indium-doped
ZnO NRs at a current density of 0.01mA/cm?. The turn on field is significantly
reduced after indium doping, indicating that electron emission properties were
enhanced by doping indium, because indium provides more electrons in the
conduction band and act as donors. The well aligned of pure and indium-doped
ZnO nanorods were successfully synthesized by hydrothermal methods. The
turn on field is significantly improved by doping indium into ZnO nanorods.

| —*— #n0) nanorads
LOSI0TF g [peZ00) nanorods

= goutn} (©)

- ; ". o - — EI:rtr?(' Fiseld :V.fuTm]
Fig. 1 (a) and (c) top-view FESEM image, (b) and (d) cross-sectional of the pure
and indium doped ZnO nanorod grown on glass substrate, respectively. (e) Field
emission characteristics of pure and indium-doped ZnO nanorods.

Key Words: In-ZnO nanorods, field emission
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Growth of Mg-doped ZnO Nanowires by hydrothermal method

'S. J. Young, 2C. H. Hsiao, °C. S. Huang, 'Z. D. Lin , 'Y. H. Liu’

1 Department of Electronic Engineering, National Formosa University, Taiwan
2 Department of Electrical Engineering, National Cheng Kung University, Taiwan
3 Graduate School of Electronic and Optoelectronic Engineering, National Yunlin

University of Science and Technology, Taiwan

boy080988@gmail.com

Zinc nitrate hexahydrate, magnesium nitrate hexahydrate and methenamine
(HMT) at 70 °C to 90°C for 4h. Finally, the substrate was deionized water
cleaned and heated at 60°C for 30min.

Figure 1. show top-view FE-SEM images of ZnO and Mg-doped ZnO
nanowires were growth temperature of 70°C to 90°C, respectively. It was found
that the ZnO and the Mg-doped ZnO nanowires exhibit of hexagonal wurtzite
structures with sharp morphology. The UV transmission spectra of the MgZnO
nanowires was shifted toward UV-C wavelengths could be attributed to the
nanowires because doping with Mg causes an increase in the band gap. The
MgZnO nanowires have larger absorption (70°C, 3.44eV) than the ZnO
nanowires (90°C, 3.29eV). The transmissivity implied that MgZnO nanowires
were successfully fabricated on glass substrate.
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Figure 1. The top-view FE-SEM image of the (a) ZnO nanowires at 90°C and (b),
(c), (d) show the Mg-doped ZnO nanowires grown at 70°C, 80°C, and 90°C,
respectively. (e) The UV Spectrum of the ZnO and Mg-doped ZnO nanowires.

Key Words: Mg doped ZnO nanowires, energy band gap, transmission spectra
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High sensitivity for humidity sensor devices with ZnSe nanotips
'C. J. Hsiao, 'C. H. Hsiao, 2S. J. Young, *C. S. Huang, 'S. J. Chang

"Institute of Microelectronics, National Cheng Kung University, Taiwan
2Department of Electronic Engineering, National Formosa University, Taiwan
3Graduate School of Electronic and Optoelectronic Engineering, National Yunlin
University of Science and Technology, Taiwan

Q18991227 @mail.ncku.edu.tw

The ZnSe nanotips used in this study was grown by molecular-beam epitaxy
(MBE) system, using a vapor-liquid-solid (VLS) mechanism with an Au-based
nano-catalyst. The sample was grown at 280 °C of the MBE process for 1 hour.

Figures 1(a) and 1(b) display the top view and cross -sectional FESEM
images of the ZnSe nanotips prepared on the oxidized Si(100) substrate. The
high-density tapering ZnSe nanotips were grown on the insulating SiO ;, layer. In
addition, the average length, average diameter, and density of the ZnSe
nanotips were 1.2 ym, 57.4 nm, and 1.04x10" cm?, respectively. Figure 2 plots
the relative humidity-current as a function of RH without and with UV illumination.
The steady state currents were found to be approximately 3.42, 4.03, 6.01, 8.12,
and 0.10 pA when measured with RHs of 30 %, 40 %, 50 %, 60%, and 70 %,
respectively, with UV illumination.
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Fig.1(a) top view and (b) cross-sectional Fig. 2 Comparing UV illumination
FESEM images of the ZnSe nanotips I-RH characteristics of ZnSe

nanotips devices

Key Words: ZnSe nanotips, humidity sensor
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Structural and Optical Properties of Ga-doped ZnO Nanorods with Different
Temperature by Hydrothermal Method
J.J.Guo', T. Y. Yang" C. H. Hsiao?, C. S. Huang', S. J. Young®
'Graduate School of Electronic and Optoelectronic Engineering, National Yunlin
University of Science and Technology, Taiwan
2 Department of Electrical Engineering, National Cheng Kung University, Taiwan
% Department of Electronic Engineering, National Formosa University, Taiwan

neel1203@gmail.com

Un-doped ZnO nanorods were grown at 90°C and the Ga-doped ZnO
nanorods were grown at 70°C, 80°C, 90°C on the glass substrate using
hydrothermal method. The duration of the process was 8 hours. The synthesis
solution was mixture of zinc nitrate hexahydrate, gallium nitrate hydratend and
methenamine.

Figure 1 show top-view FESEM images. The Ga-doped ZnO nanorods
grown at 90°C had hexagonal wurtzite structures with sharp morphology.

Figure 2 shows the photoluminescence spectra of nanorods. The PL
emission peak were obtain two peaks at approximately 386 and 593 nm, which
were ultraviolet emission (UV) and orange emission, respectively. The intensity
of UV emission increased, with the growth temperature raised. It can be
indicated that the Ga-doped ZnO nanorods grown at 90°C had the best
crystalline quality.
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Fig 1. (a), (b), (c) top-view FESEM image of the Ga-doped ZnO nanorods grown
at 70°C, 80°C, and 90°C and (d) un-doped ZnO nanorods. Inset in all top-view
shows an enlarged FESEM image. (e) Room-temperature PL spectra of the
un-doped ZnO and Ga-doped ZnO nanorods.

Key Words: hydrothermal method, Ga-doped ZnO nanorods, sharp morphology
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Ni-doped ZnO nanorods magnetic properties utilizing aqueous method

T.Y. Yang', J. J. Guo', C. H. Hsiao? C. S. Huang', S. J. Young®
'Graduate School of Electronic and Optoelectronic Engineering, National Yunlin
University of Science and Technology, Taiwan
Department of Electrical Engineering, National Cheng Kung University, Taiwan

®Department of Electronic Engineering, National Formosa University, Taiwan

neel1203@gmail.com

The Ni-doped ZnO nanorods were grown vertically by immersing ZnO seed
layer substrate into the prepared solution. The samples were grown for 1 hour at
70°C, 80°C, 90°C.

Figures 1 (a), (b), (c), (d) show FESEM images of the Ni-doped ZnO nanorod
and the pure ZnO nanorod. These nanorods are so crowded that become
thin-film. When a change in the growth temperature of 90°C, the nanorods can
be seen from the thin-film changed to rod and gradual raised of the projected
lengths. It was found the average length and diameters were ~2.08um and
around 85.8nm, respectively. Fig. 1 (e) shows the magnetization (M) and
magnetic field (H) curve. The coercivites (Hc) and saturation magnetization (Ms)
of Ni-doped ZnO nanorods were 79 Oe and 0.66 emu/cm® at 90 °C, respectively.

Ni-doped ZnO nanorods were fabricated successfully on seed layer at low
temperature. In the SEM image and Magnetic field curve loops, the growth
temperature at 90°C has the best nanorod structure.
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Figure1. (a), (b), (c), (d) shows FESEM image of the Ni-doped ZnO grown at
70°C, 80°C, 90°C, and un-doped ZnO nanorods at 90°C, respectively.
Magnetic field curve loops of Ni-doped ZnO nanorod at room temperature.

Key Words: Ni-doped ZnO, nanorod, aqueous method, ferromagnetic
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CO,, detection Based on Ag-Decorated Carbon Nanotubes

1S. J. Young, 2C. S. Huang, ®*C. H. Hsiao, and ' Z. D. Lin
' Department of Electronic Engineering National, Formosa University, Yunlin 632,
Taiwan
2 Department of Electrical Engineering, National Cheng Kung University, Taiwan
3 Graduate school of Optoelectronics, National Yunlin University of Science and
Technology, Tainan 701, Taiwan
E-mail: smith02620@gmail.com

The growth of carbon nanotubes was carried out by using thermal CVD
system. The quartz tube was heated up to the growth temperature of 700°C,
then only C,H, gas was introduced with a flow rate of 30 sccm for the synthesis
of CNTs. Ag nanoparticle was deposited on the CNTs surface prepared using an
electron-beam evaporator.

Figures 1(a) and 1(b) show cross-sectional and top-view FESEM images,
respectively, of the CNTs prepared on Si substrates. It was found that average
length and average diameter of the CNTs about ~4.5um and ~45nm,
respectively. Figure 1(c) shows the response and recovery of the CNTs upon
exposure to 50, 100, 200, 400 and 800 ppm CO, concentrations at room
temperatures. The relation between sensitivity and gas ambient concentrations
at fixed 5V biased voltage. There were two major results. It was found that the
sensitivity was about 3.8% when exposed to 800 ppm CO, concentration.
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Fig. 1 (a) Cross-sectional and (b) high-magnification top-view FESEM images of
the Ag-CNTs grown on Si substrate.(c) Sensor response of our Ag-CNT CO; gas

sensor measured at various concentration.

Key Words: Carbon nanotubes, Ag nanoparticle, gas sensor
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Synthesize of ZnO:Li nanorods by hydrothermal method

'S. J. Young, C. H. Hsiao, 3C. S. Huang, 'Z. D. Lin, 'L. C. Lai
1 Department of Electronic Engineering, National Formosa University, Taiwan
2 Department of Electrical Engineering, National Cheng Kung University, Taiwan
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University of Science and Technology, Taiwan
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Li-doped ZnO nanorods were synthesized by hydrothermal method. The
ZnO seed layer was sputtering on the corning glasses by radio frequency
magnetron sputter at room temperature.The ZnO seed layer was sputtering on
the corning glasses by radio frequency magnetron sputter at room temperature.
The Li-doped ZnO nanorods were grown vertically from seed layer by immersing
seed layer substrate in the prepared solution. The samples were grown for 8.5
hour at 80°C.

Figure 1 shows the XRD pattern of Li doped ZnO nanorods when the growth
temperature is 80 °C. It was found that the highly intensity obtained of 002 peak,
The Li-doped ZnO nanorods exhibit of hexagonal wurtzite structures.

Figure 2 shows the magnetization (M) and magnetic field (H) curve of Li-doped
ZnO nanorods. The coercivities (Hc) and saturation magnetization (Ms) of
Li-doped ZnO nanorods were 30 Oe and 0.0089 emu/g at 80°C, respectively.
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Figure 1. (a) XRD pattern of Li doped ZnO nanorods. (b)Magnetization and
magnetic field curve of prepared samples.
Key Words: Li-doped ZnO nanorods, hydrothermal method, magnetic
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