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Zinc Oxide nanostructures: fabrications and applications

FENG Yi, YUAN Zhongyong
(Institute of New Catalytic Materials Science, Nankai Unviersity, Tianjin 300071, China)

Abstract: This paper reviews the current studies of ZnO nanostructures, fabrication, and novel device applications.

It generalizes multiple ZnO nanostructures that have been synthesized in strategies of liquid phase and vapor phase,

as well as some important reaction parameters which could control ZnO growth are also emphatically introduced.

Due to the unique material, Zinc Oxide also exhibits a range of remarkable potential applications in fuctional

devices such as Field-Effect-Transistor, Schottky diode, UV-optical detector, Gas sensor and Nanogenerator, which

have profound impacts in future development.
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Fig.2 The lattice structure of Wurtzite ZnO crystal
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Table 1 Basic physical property of ZnO
MERE HiE
300K FHISEMSEL
aynm 0.324 95
co/nm 0.520 69
ay/ ¢ 1.602
U 0.345
p/(gem’) 5.606
300K FarEtH e
1,/°C 1975
IERA( Wem K™ 0.6,1~12
R REYC a=6.5x 10%; ¢;=3.0 x 10°
NN 8.656
Prit=x 2.008,2.029
RETERE 34eV, HEFRIR
AR TR om” <10°
Mg meV 60
BT HRRE 0.24
300K F n % ZnO E/RIT 200
FER/ em?/(V's)
EEVACSE (iiv-:e 0.59
300K T~ p & ZnO PYE/RIE
Fy/ cm¥(V's) 0

2 ZnO AMBIHIHIE TR
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Fig.3 “Growth diagram” that correlates oxygen volume

percentages in the growth chamber and the growth chamber
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pressure for growing aligned ZnO nanowires
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Fig.4 Schematic illustration of the CVD system with a horizontal
quartz tube placed in a furnace. A small quartz vial inside the quartz
tube is used to trap zinc vapor during the synthesis process

B5 &%E 0 mAL&YGSEM A, KT
AN C AR E
Fig. 5 SEM image shows high density of ZnO nanowires
grown on Chip C placed outside the quartz vial
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Fig. 6 6 areas on Chip B substrate have been analyzed by SEM.
Starting from the outer part of Chip B. The shaded circle indicates
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the region of Au catalysts deposition. (b1) ZnO crystal sheets have
just nucleated and started to grow. Inset is a close-up of the
substrate surface showing the evidence of growth. (b2) ZnO rods
can be seen at b2 area on Chip B. Higher magnification inset
shows clear hexagonal crystal structure of ZnO rods. (b3)

Good-quality ZnO nanowires obtained at b3 area. With high aspect

ratio, nanowires have diameters from 20 to 300 nm and average

length of ~20um. (b4) On the surface of an individual nanorod, it

can be found that ZnO crystals initially grow perpendicular to the

surface. (b5) Crystals start to nucleate and grow from the surface
on one single nanowire, forming a comb structure. (b6) Thick ZnO

needle can be found at the outer edge
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Fig. 7 Variation of density (left vertical axis) and width (right
vertical axis) of the aligned ZnO nanowires with the thickness of
gold catalyst layer
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Fig. 8 (a) A low magnification SEM image of ZnO nanocolumn
arrays normal to the substrate; (b) An individual top segment
shows clear stacking structure
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Fig.9 (a) Low-magnification SEM image of ZnO combs;

(b) High-magnification SEM image of a comb made of an array of
rectangular ZnO nanobelts ~400 nm wide at a spacing of ~700 nm,
Inset shows the growth fronts of two nanobelts with rectangular
cross sections; (c) Array of nanobelts ~280 nm wide at a spacing of
~250 nm. Upper right inset shows the growth front of one
rectangular nanobelt. Lower left inset is an SEM image of the stem
of a comb; (d) Aligned nanobelts ~500 nm wide at a spacing of
~300 nm. inset is the growth front of a nanobelt
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Fig. 10 FE-SEM (a) plan-view and (b) tilted images of ZnO
nanorods
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Fig. 11  Uniform vertically aligned ZnO NWs on a GaN substrate
fabricated via a modified NSL technique. (a) Schematics of the
fabrication of the catalytic Au nanodot template, which involves

transferring the mask from SiO2 to GaN; (b),(d) Top and
perspective views of the NW array in a honeycomb pattern; (c),(e)

Top and perspective views of the NW array in a hexagonal pattern
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Fig. 12 (a) SEM image of ZnO nanorods arrays; (db) Schematics
of the fabrication of ZnO nanorods arrays on Zn/Si substrate
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Fig. 13 Arange of ZnO nanostructures synthesized via
hydrothermal method, (a) nanowires; (b) nanosheets;
(c) nanoflowers; (d) nanorods
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Fig. 14 (a) ZnO nanowire FET combined with the schematic of
the measurement circuit; (b) / -V curves of a ZnO nanowire FET
from Vy=—6V to 6 V; (c) Change of the transfer characteristics of
two nanowires grown in different synthesis conditions. Nanowire
A has a mobility of 80 cm*(V's) and carrier concentration
~10% cm™'; and nanowire B has a mobility of 22 cm®/(V-s) and
carrier concentration ~10” cm™'; (d) A demonstration of periodic
modulation of the nanowire conductance by a scanning probe. The
inset is a schematic of the measurement set up
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Fig. 15 (a) Rectifying /-V characteristics of a single ZnO
nanobelt lying on Au electrodes at different times after the
fabrication, showing the stability of the device. Inset is the SEM
image of the ZnO nanobelt device; (b) -V characteristics of the
Schottky diode at different temperatures showing the
semiconducting behavior
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Fig. 16 (a) Response and recovery characteristics of ZnO
nanowires upon exposure to ethanol with a concentration

of 1x 10 ~200 x 10 at 300 “C; (b) the sensing

mechanism of ZnO nanowires to ethanol
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Fig.17 (a) PL spectra of 6 and 200 nm wide ZnO nanobelts show
a blue shift of the emission peak; (b) A PL image of a ZnO
nanowire guiding light into a SnO, nanoribbon and (c) an SEM

image of the wire-ribbon junction
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Fig. 18 (a) Absorbance spectra of Rhodamine B dyes aqueous
solutions after UV irritation in the presence of sample 3 during
different irritation times; (b) the concentration of residual
Rhodamine B with different UV irritation times in the presence of
samples 14, and (c) relative absorbance of Rhodamine B dyes in
aqueous solutions after different UV irritation times.
S1 (blue): sample 1; S3 (red): sample 3;
S2 (black): sample 2; S4 (green): sample 4
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Fig. 19 (a) Experimental set-up and procedures for generating
electricity by deforming a piezoelectric NW using a conductive
AFM tip; (b) Output voltage image map of ZnO NW arrays;
(c) Schematic model of the nanogenerator
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