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ABSTRACT: Catalyst-free, selective growth of ZnO nano-
wires directly on the commonly used dielectric SiO, layer is of
both scientific significance and application importance, yet it is
still a challenge. Here, we report a facile method to grow
single-crystal ZnO nanowires on a large scale directly on SiO,/
Si substrate through vapor—solid mechanism without using
any predeposited metal catalyst or seed layer. We found that a
rough SiO,/Si substrate surface created by the reactive ion
etching is critical for ZnO growth without using catalyst. ZnO
nanowire array exclusively grows in area etched by the reactive
ion etching method. The advantages of this method include

facile and safe roughness-assisted catalyst-free growth of ZnO nanowires on SiO,/Si substrate and the subsequent transfer-free
fabrication of electronic or optoelectronic devices. The ZnO nanowire UV photodetector fabricated by a transfer-free process
presented high performance in responsivity, quantum efficiency and response speed, even without any post-treatments. The
strategy shown here would greatly reduce the complexity in nanodevice fabrication and give an impetus to the application of ZnO

nanowires in nanoelectronics and optoelectronics.
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1. INTRODUCTION

ZnO is a low cost, environmentally benign, intrinsically n-type
semiconductor with amazing electronic, optical, mechanical,
and biocompatible properties.” Owing to the large surface-to-
volume ratio; good tunability in electronic,™’ optical,4’5
mechanical® and even magnetic’ properties; and fast charge
transport,’ ZnO nanowires have long been considered as
competitive candidates for the building blocks of future
nanoelectronic devices. In the last two decades, ZnO nanowires
have been extensively exploited for sensing or detecting various
of different physical phenomena such as typical nanoelectronic
devices,””™"' various kinds of sensors,”>'”'?*7?* dilute
magnetic semiconductor,”””* and ultraviolet (UV) photo-
detectors.””~*® Meanwhile, UV photodetection is of great
importance for various applications including environmental
and biological research, sensing, detection, and missile launch.”
To fully fulfill the potential in UV photodetection, a direct and
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transfer-free integration of ZnO nanowires into UV photo-
detectors at a relatively low cost, is highly desirable and is still a
challenge due to the limited capability of existing ZnO
nanowire preparation methods.

Various techniques have been developed to grow ZnO
nanowires. These techniques include chemical reactions from
aqueous solutions and chemical vapor deposition (CVD) via
vapor—liquid—solid (VLS) or vapor—solid (VS) growth
mechanisms. The chemical reaction method in aqueous
solution needs a predeposited seed layer, and the aqueous
environment tends to produce very short ZnO nanowires with
low crystallinity, which is not suitable for high performance UV
photodetectors fabrication.”*™ To grow high-crystallinity

Received: June 30, 2015
Accepted: August 26, 2015
Published: August 26, 2015

DOI: 10.1021/acsami.5b05811
ACS Appl. Mater. Interfaces 2015, 7, 20264—20271


www.acsami.org
http://dx.doi.org/10.1021/acsami.5b05811

ACS Applied Materials & Interfaces

Research Article

ZnO nanowires, we always employed high-temperature
methods. In general, growth of nanowires at high temperature
is conducted on Si substrate coated a layer of gold film as
catalyst;""*7?* which really achieves good control in
crystallinity and dimension of the ZnO nanowires, but the
ZnO nanowires grown on Si substrate need to be transferred
onto another dielectric layer such as SiO, before fabricating
electronic devices, because the ZnO nanowires are directly
connected to the Si substrate after growth. In addition, the use
of metal catalysts tends to contaminate the final products, and
the catalyst droplets at the growing end of the nanowires will
also affect the performance of the ZnO nanowire nano-
devices.**** Therefore, direct growth of ZnO nanowires on a
common dielectric layer, such as SiO,, with CVD method is of
great significance and enables a direct integration of ZnO
nanowires with the most commonly used dielectric layer
without the after-growth transfer. Nevertheless, direct, selective
growth of ZnO nanowires on SiO, is still a challenge, though it
has also been achieved by thermal evaporation of zinc powder
or a mixture of ZnO and graphite powders via a VS growth
mechanism.'®*® However, these methods are suffering the low
growth rate and low control in dimension and morphology of
the final product, complicating the subsequent device
fabrication process. Thus, developing catalyst-free CVD
method for high-quality ZnO nanowires synthesis is extremely
desirable.

Ho et al. have developed a roughness-assisted, catalyst-free
method to grow ZnO nanowires on various substrates,
including sapphire, glass, Si; mechanical scratch, mechanical
polishing, and wet chemical etching were employed to roughen
these substrates by using steel needles, abrasive papers, and
sodium hydroxide solution, respectively.””*® However, the
mechanical scratch and polishing were not suitable for
processing arbitrary area (large, small, or patterned area); in
addition, hard substrates require even harder tools. Among all
the methods proposed by them, the wet-chemical method may
be the only one that could realize arbitrary patterned surface
processing.”” To selectively roughen arbitrary areas on the most
widely used SiO,/Si substrates, we employed wet-chemical
etching with HF solution, which is extremely dangerous and
inconvenient in practical application. Here, we report a novel
method to realize catalyst-free growth of ZnO nanowires
directly on SiO,/Si substrate by CVD method. A facile surface
treatment on SiO,/Si substrate by reactive ion etching (RIE) is
essential for the ZnO nanowires growth. It is believed that the
large lattice mismatch between ZnO and SiO, makes the ZnO
nucleation on SiO, very difficult; RIE on SiO, will create a
rough surface and also a large amount of dangling bonds,
facilitating ZnO nanowires nucleation and growth. Combined
with a standard lithographic process, RIE enables ZnO
nanowires array to exclusively grow in the etched area of
arbitrary patterns. Compared with reported catalyst-free growth
of ZnO nanowires on SiO,/Si substrates, this strategy is much
simpler, safer, cheaper, and more controllable.'®**™** The as-
grown ZnO nanowires on SiO,/Si could be directly fabricated
into UV photodetectors by depositing metal contact electrodes
without being transferred to other dielectric layers. The present
study demonstrates a simple but effective method to grow ZnO
nanowires on SiO,/Si substrates, which have been thought to
be difficult or impossible. The strategy shown here would
greatly reduce the complexity in nanodevice fabrication
processes and improve the application of ZnO nanostructures
in nanoelectronics and optoelectronics.

2. EXPERIMENTAL METHODS

2.1. RIE on SiO,/Si substrates. P typed Si wafers with
approximate 500 nm SiO, were used as the substrates for ZnO
nanowires synthesis. The SiO,/Si wafers were first cleaned with
acetone and Isopropanol (IPA) in sequence with the help of
ultrasound, and then the wafers were dried with nitrogen gun. The
RIE was conducted in RIE system (ME-3A, IMC, CAS, Beijing), with
CHF; as etchant, the flow rate was set to 40 sccm, and the radio
frequency (RF) power was set to 100 W with a bias voltage of 390 V.
After surface treatment, the etched wafers were rigidly washed with
acetone and IPA several times to remove the residuals. Arbitrary
patterns could also be etched with the help of a standard lithographic
process. The depth of etched SiO, was inspected by white light
interferometer, and the surface morphology of the etched substrate
was characterized by atomic force microscopy (AFM, Bruker
Dimension Edge).

2.2. CVD Growth of ZnO Nanowires. The CVD growth of ZnO
nanowires were conducted in a tube furnace with inner diameter of 2
in. In a typical synthesis procedure, a mixture of ZnO powder and
micron-sized diamond power*’ with a weight ratio of 3:1 was used as
the raw material, which was placed in an alumina boat. SiO,/Si
substrates (1 X 1 cm?) were laid on the alumina boat with the etched
Si0, side facing the source to collect products. Then, the alumina boat
with source and SiO,/Si substrates was placed at the center of a quartz
tube inserted in a horizontal tube furnace. N, gas was introduced at a
flow rate of 100 sccm into the quartz tube as the carrier gas; the
pressure in the quartz tube was adjusted to 30 kpa. The temperature
was ramped to 960 °C at a rate of 15 °C/min, and 1.5 sccm oxygen
was introduced into the tube at 600 °C. The furnace was kept at 960
°C for 30 min, and then the oxygen was switched off and the furnace
was cooled naturally down to room temperature. After growth, a layer
of white or gray matters were obtained on the SiO,/Si substrates.

2.3. Characterizations. The morphology and crystal structure of
the as-grown ZnO nanowires were characterized by field emission
scanning electron microscope (FESEM, JEOL7600), high-resolution
transmission electron microscopy (HRTEM, JEM2100 operated at
200 kV, JEOL), and X-ray diffractometer (XRD) (Rigaku RINT2500
TRAX-III, Cu Ka radiation). Raman scattering of the as-grown ZnO
nanowires were collected on a Ranishaw inVia Raman microscope with
an excitation laser of 514 nm.

2.4. UV Photodetectors Fabrication and Testing. To fabricate
the metal—semiconductor—metal structured ZnO Nanowire UV
photodetectors, silver paint was applied onto the top surface of the
ZnO nanowires array to form two Ag electrodes with internal space
around 4 mm and enough thickness. Photoresponse tests were
performed on an electrochemical workstation (CHI 660D). The
sampling period was set to 10 ms, and the change in current of the UV
photodetector with or without light illumination was recorded by the
electrochemical workstation. A 400 W xenon lamp with an output
window diameter of 10 cm was adopted as the light source, and the
UV power density incident to the device surface is estimated to be 14
mW cm ™2 The “on” and “off” of the illumination were controlled by a
chopper. All of the above measurements were conducted in a dark
room to minimize the influence of natural light.

3. RESULTS AND DISCUSSION

3.1. ZnO Nanowire Characterization. The schematic
diagram of the growth process is shown in Figure 1. A clean
SiO,/Si substrate was first etched using RIE to create rough
surface that was full of spikes and valleys, as displayed in Figure
1b. Then the etched SiO,/Si substrate was loaded into the
furnace to start the growth. At the first stage, the ZnO,
nanoclusters would first form and serve a nucleation sites for
the subsequent ZnO nanowires growth (see Figure 1c); then
ZnO nanowires sprouted from the nuclei as shown in Figure
1d.

The obtained ZnO nanowires on the etched SiO,/Si
substrate can be seen in Figure 2a. The nanowire array has a
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Figure 1. Schematic diagram of the growth process of ZnO nanowire
array on RIE etched SiO,/Si. (a) Flat and smooth pristine SiO,/Si
substrate before RIE etching; (b) Roughened SiO,/Si substrate surface
after RIE etching; (c) ZnO nucleation on the RIE etched SiO,/Si
substrate; (d) ZnO nanowires grown from the ZnO nuclei.
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Figure 2. Characterization on ZnO nanowires grown on RIE etched
Si0,/Si by a catalyst-free CVD method. (a) SEM image of the ZnO
nanowires array; (b) SEM of ZnO nanowires with clean and hexagonal
tips; (c) SEM image of side view of a ZnO nanowire array; (d)
HRTEM image of a single ZnO nanowire with the adjacent fringe
distance of 0.26 nm and the growth direction in [001], inset is the
corresponding SAED pattern of the ZnO nanowire indicating the
growth direction is [001]; (e) XRD patterns of the obtained ZnO
nanowires on SiO,/Si; (f) Raman spectrum of the ZnO nanowire array
on SiO,/Si substrate.

high density, as individual nanowires entangle with each other,
which will be beneficial for UV photodetector fabrication.
Figure 2b presents an enlarged SEM image of several ZnO
nanowire tips, showing that there are no metal catalyst particles
on the nanowire tips, indicating the growth mechanism to be a
vapor—solid (VS) mechanism. In addition, a very regular
hexagonal cross-section of ZnO nanowire tip implicates that the
obtained ZnO nanowires grow along the highly symmetrical
direction of [001], as shown in Figure S1 (Supporting
Information). Figure 2c shows a side view of a typical ZnO
nanowire array grown on SiO,/Si substrate, suggesting that the
ZnO nanowires could reach around 40 pm in length after 30
min growth. It is interesting to observe that the VS process is
also able to grow ultralong aligned nanowires at a high growth
rate, which is another beneficial asset to VS growth. Normally,
ZnO nanowires grown by a VS process are believed to have a
lower growth rate than that of VLS processes owing to lower
surface diffusion on solid surface.** A high-resolution TEM
image of one single ZnO nanowire is displayed in Figure 2d.
The spacing of 2.6 A between adjacent fringes corresponds to
the distance between two (002) crystal planes, indicating that
the [001] is the preferential growth direction for the ZnO
nanowires, the inset selected area electron diffraction (SAED)
image also confirms the single crystallinity and growth direction
of [001] for ZnO nanowires.

XRD patterns of ZnO nanowire samples were taken to study
the crystallographic information on the nanowires. All samples
gave similar XRD patterns, indicating high reproducibility of
this method. Figure 2e shows a typical XRD pattern of the ZnO
nanowires, the diffraction peaks can be indexed to a hexagonal
structure of bulk ZnO with cell constants of a = 3.24 A and ¢ =
5.2 A. Judging from the XRD pattern, there is not any impurity
pattern could be observed, which is opposite to the catalyst-
assisted grown ZnO nanowires.”” The prominent diffraction of
(002) peaks in Figure 2e is also a manifest of preferential
growth direction [001]. All these observations confirm that the
obtained products are single-crystal ZnO nanowires with a
preferential growth direction of [001]. Raman spectroscopy was
also utilized to examine the fine structure of the ZnO
nanowires. Figure 2f shows a Raman spectrum of the ZnO
nanowires in the wavenumber range from 150 to 1000 cm ™.
Four first-order Raman-active phonon bands of wurtzite
structure ZnO are observed. The most prominent peak at
438 cm™! corresponds to nonpolar optical phonon E, (high) of
wurtzitic ZnO, and it is a fingerprint of hexagonal phase ZnO.
The peaks at 380 and 410 cm™" agree well with A; (TO) and E,
(TO) phonon modes of wurtzite ZnO, respectively. The band
583 cm™! is assigned to the E; (LO) mode of hexagonal ZnO,
which is associated with oxygen deficiency. The Raman mode at
332 cm™! is indexed to the second-order Raman vibration
mode arising from zone-boundary phonons of hexagonal ZnO.
All these data agree well with reported investigations on Raman
spectra of wurtzite structure ZnO crystals.*

3.2. Growth Mechanism Study. To investigate the role of
RIE on SiO,/Si substrates in the growth of ZnO nanowires, a
set of patterns were intentionally fabricated on SiO,/Si
substrates with help of standard lithograph and subsequent
RIE dry etching. Under our RIE condition, the etch rate of SiO,
is around 60 nm/min. Figure 3a shows a 3D white light
interferometry image of CIGIT patterns after S min of etching;
and the blue areas correspond to the trench structures created
by RIE process. Figure 3b shows the corresponding depth
profile of the etched CIGIT patterns, and the depth of these
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Figure 3. (a) 3D white light interferometry image of CIGIT patterns
fabricated by S min RIE etch; (b) corresponding depth profile of the
etched CIGIT patterns in panel a; (c and d) 3D AFM images of
original and RIE etched SiO,/Si substrate surface respectively; (e and
f) SEM image of ZnO nanowires grown on RIE etched CIGIT logo
patterns at initial growth stage and after 30 min of growth, respectively.

etched patterns is around 300 nm. We further examined the
critical effect of RIE on ZnO nanowires growth on the SiO,/Si
substrate. AFM was employed to measure the surface
morphology of SiO,/Si substrate surface before and after
RIE. Figure 3c shows the AFM image of SiO,/Si substrate
before etching, the surface was very flat with a roughness value
of around 0.7 nm. As expected, after being etched for S min, the
SiO,/Si surface became much rougher, with the roughness
value soaring to 7.9 nm, as displayed in Figure 3d. The
morphology of ZnO nanowires at initial stage of growth is
shown in Figure 3e, It can be found that only the roughened
areas (etched areas) favor growth of ZnO nanowires in our
experiments, and almost no ZnO nanowire growth happens in
the intact area, indicating the crucial role of the etched SiO,/Si
surface for growth of ZnO nanowires. It can be found in Figure
3f, after 30 min of reaction, the ZnO nanowires grow to tens of
microns in length and tend to entangle with each other,
resulting in blurred boundaries between different patterns.
The effect of surface roughness on the ZnO growth was also
investigated. The AFM images of SiO,/Si substrates that were
etched for varied time were presented in Figure S2 (Supporting
Information). The evolution of substrate surface morphology
with time suggests that substrate surface become rougher with
the ecth time (Figure S2a—c, Supporting Information), the
detailed relationship between the roughness value and etching
time in Figure S2d (Supporting Information), is synnonymous
to the morphology evolution, suggesting that at a fixed etch
rate, the roughness is drastically increasing with the etching
time. Though we measured the etch rate in our condition is
around 60 nm/min, however, after 10 min etching, the SiO,

layer has not been etched through. This could be well explained
by the mechanism of surface roughning by RIE process. During
the RIE processing; both volatile and nonvolatile species will be
formed. The nonvolatile residuals on the surface will shield
surface atoms from reaction with incoming ions and serve as
“micromasks” that shadow regions of the surface and can lead
to spike and valley structures on the surface as the etch process
continues. The accumulation of these “micromasks” would also
decrease the overall etch rate.*® The etched substrates were
then used to grow ZnO nanowires. As expected, in our growth
condition, there was almost no ZnO nanowire growing on the
flat SiO,/Si substrate (Figure 4a), which reconciled with

Figure 4. SEM images of ZnO nanowires grown on SiO,/Si substrates
that were etched for different periods: (a) 0, (b) 1, (c) S, and (d) 10

min.

observation in Figure 3e,f, indicating the critical role of RIE
treatment; the substrates became reactive for ZnO nanowire
growth by RIE processing. SEM images in Figure 4b—d
suggested that the morphology of ZnO nanowires grown on
substrates that were etched for 1, 5, and 10 min, were also
highly similar, except there was a slight difference in nanowire
density, which is highest for S min etching; the reason is still
under investigating.

Because no catalyst was coated on the substrate before the
growth or catalyst particle on the tip of ZnO nanowires after
growth, as shown in Figure 2b and Figure S1 (Supporting
Information), thus a VS growth mechanism dominated instead
of VLS process which is widely utilized to grow aligned
nanowire arrays. The process of the catalyst-free ZnO
nanowires growth on RIE processed SiO,/Si substrate is as
shemetically discribed in Figure 1. The detailed process of
catalyst-free growth of ZnO nanowire on SiO, substrate is still
not well understood, because of the large lattice mismatch
between ZnO and SiO,. We try to examine the ZnO
morphologies at the beginning of growth and after 10 min
growth. As opposed to a flat surface, we can see that small
nanoclusters were formed in the etched area before ZnO
nanowires sprouted from the nanoclusters, (Figure S3a,
Supporting Information). After 10 min growth, ZnO nanowires
come out from the nanoclusters and extend to more than 10
um in length, as shown in figure S3b(see Supporting
Information). However, we failed to capture the SEM image
of ZnO nuclei that were just formed at spike or valley sites.
Because the temperature ramping from 600 to 960 °C will take
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around 30 min (determined by the power of furnace), it is very
difficult to determine the exact moment at which the ZnO just
nucleate at spike/valley sites.

We speculate that ZnO nucleation would preferentially take
place at the tiny spikes/valleys, because the etched area on
SiO,/Si substrate is full of spikes and valleys(as shown in Figure
S$2a-c in Supporting Information), meanwhile, there are also a
great deal of highly reactive dangling bonds created by the
etching and ion bombarding in the etched area.”” The Zn vapor
generated by carbothermal reduction of ZnO power source will
be trapped in the rough etched area (as shown in Figure 1lc),
because of higher energy barrier for Zn species migration at
spike/valley sites,”” in addition, the dangling bonds on these
etched sites are extremely reactive and will bind with the
adsorbed Zn atoms to form clusters, the subsequent reaction of
Zn clusters with oxygen results in the formation of ZnO,
wetting layer, which serve as nucleation sites.”® The continuous
impinging of Zn and O, promotes the growth of individual
solid ZnO nanowires on the available nuclei sites.

3.3. Photoresponsive Behavior of ZnO Nanowire UV
Photodetector. The direct, catalyst-free growth of ZnO
nanowires on dielectric SiO, layer enables fabrication of
electronic and optoelectronic devices directly on this
commonly used dielectric substrate without using after-growth
transfer processes. As shown in Figure Sa, metal electrodes
could be directly fabricated through screen printing or shadow-
mask assisted deposition method onto the as-obtained ZnO
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Figure S. Photoresponse behavior of ZnO nanowires UV photo-
detector. (a) Schematic of device structure and experimental setup;
(b) optical image of a typical fabricated photodetector; (c) I-V
transport curves of the ZnO nanowires UV photodetector with UV
illumination on and off; (d) time-resolved photocurrent rise and decay
with UV illumination on and off periods of 30 s; (e and f) typical rise
and decay curve for ZnO nanowires photodetector under illumination
on and off; respectively.
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nanowire arrays. In our experiment, silver paint was directly
applied onto ZnO nanowire arrays to form the electrodes. The
optical image of a typical device is shown in Figure Sb; the
active area of the device is around 4 X 1 mm® The
photoresponse tests were conducted in a dark environment
to exclude the effect of natural light; the “on” and “off” of UV
illumination were controlled by a metal chopper. The
photoresponse to UV illumination are shown in Figure Sc—f.
Figure Sc shows I—V characteristic curves of the ZnO
nanowires photodetector with and without light illumination.
The dark current is around 100 A under a bias of 5 V, and
jumps to around 400 pA under a bias of S V. It is obvious that
the UV illumination could significantly enhance the con-
ductivity of the nanowire device. The asymmetrical I-V
transport curve indicated Schottky contacts at two electrodes.”’
The high dark current should be a result of direct connection
between ZnO nanowire and Si substrate at the edge of
substrate (see Figure 2c). The dark current could be greatly
reduced by defining the ZnO nanowire growth area in a smaller
area at the interior part of the substrate surface through RIE dry
etching, and ZnO nanowires could merely grow in the etched
area with a clear peripheral margin along the edge of substrate.
We have estimated the density and length of ZnO nanowires
on the substrates to be 0.1/um? and 40 um, respectively. The
active device size is around 4 X 1.0 mm? Thus, there are
around 6 X 10° nanowires in the active area of the device. The
responsivity (R) is defined as the ratio of the response current
to the illumination power on photodetector as given by

In
R=-2
FA (1)
where I, is the photocurrent (current increment by the UV

illumination), P, is the incident UV power density, and A is the
active device area. In our experiment, the UV illumination
power density is 14 mW/cm?, the active area is 4 mm?, and we
can obtain R = 0.5 A/W.

The external quantum efficiency (EQE) of the photodetector
is defined as the number of charge carriers generated per
number of incident photons on the device as given by the
following relation:

_ R
(hv/q) ()

where h is Planck’s constant, v is the frequency of incident light,
and g is the elemental charge. We used wavelength of 365 nm
(UV is not purely monochromatic) to calculate the EQE, thus
we estimated the EQE of 160%. The device performance could
be comparable with those of reported pure ZnO nanostructures
based UV photodetectors.””*" Both the responsivity and EQE
could be improved by optimizing the density of ZnO nanowires
and simple thermal annealing in oxygen-rich environment.
Please note that the ZnO nanowires are grown in an oxygen
deficient environment and thus have a great deal of oxygen
vacancies, a simple thermal treatment in oxygen or hydrogen
could greatly reduce the defects amount.*"~>” In addition, the
density of ZnO nanowires grown under current condition is
still very low, and could be improved by optimizing the growth
condition.

The response time is another important indicator of merit of
a photodetector. To examine the response time of the ZnO
nanowires UV photodetector, the time-dependent photo-
current at S V bias with multiple UV on/off cycles was

EQE
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measured, in which both the “on” and “off” times of the UV
illumination are 30 s. It is well-known oxygen molecules
absorbed at surface of ZnO acting as electron acceptors to form
O, by capturing free electrons from the surface of ZnO in dark
and create a low conductive depletion layer near the ZnO
surface. Upon UV illumination, the photogenerated holes in
ZnO migrate to the surface and neutralize the O, ions, while
the unpaired electrons significantly enhance the conductivity of
the sample.”**®** As shown in Figure 5d, upon UV
illumination, the current would first rapidly ramp to 300 pA
from the dark current, followed by a slow increase to around
400 puA; and as UV illumination is off, the current would first
promptly fall to 230 uA and then slowly decay to around the
original level. These observed time-resolved photocurrent
course could be described by a fast photoresponse process
followed by a slow one, and the latter one is governed by the
low rate of the turnover of oxygen chemisorption/desorption
on the ZnO surface. The dependence of both rise and decay of
photocurrent on time could be well described by second-order
decay functions as follows:*

)} = yO =+ Ale(t/tl) + Aze(t/tz) (3)

where, y,, A}, and A, are constants, t; and t, are time constants.

Figure Se,f shows a typical rise and decay stage of the time-
resolved photocurrent variation curve, respectively. By fitting
the photocurrent data with the time, we estimated the time
constants for rise stage are t,; = 0.59 s, t,, = 6.2 s, with relative
weight factors of 65 and 34% respectively; while the time
constants for decay stage are t;; = Is, t;, = 10.1 s, with relative
weight factors of 45 and 55%, respectively. The photoresponse
speed is comparable with or higher than most reported
photodetectors based on pure ZnO nanostructures,””*%**
though no post-treatment was conducted on ZnO nanowires.
We expected that the performance of our ZnO nanowire
photodetectors could be further improved by employing
thermal annealing,>>° plasmonic nanoparticles modifica-
tion,”* heterojunction creation,” and so on. For the rise
stage, the fast process is a result of photocarriers generation
excited by UV illumination, however, the slow one is governed
by readsorption of oxygen molecules on ZnO surface; when the
UV illumination is off, the fast decay process is related to
photocarrier recombination, and the slow one is controlled by
the slow physisorption of oxygen molecules.>

4. CONCLUSION

In summary, we demonstrated that single-crystal ZnO nanowire
array could be exclusively grown on RIE etched SiO,/Si
substrate without predeposited catalyst or seed-layer. A
roughened SiO,/Si substrate surface could be created by a
simple RIE process, which favors the growth of ZnO nanowires
on the SiO,/Si substrate through a VS mechanism. The
advantages of this method include facile and safe achievement
of the growth of ZnO nanowires on SiO,/Si substrate; and of
the subsequent transfer-free fabrication of electronic or
optoelectronic devices. The ZnO nanowire UV photodetector
fabricated by a transfer-free process presented high perform-
ance in responsivity, EQE and response speed, even without
any post-treatments. The strategy shown here would greatly
reduce the complexity in nanodevice fabrication processes and
significantly prompt the application of ZnO nanostructures in
nanoelectronics and optoelectronics.
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