
Materials Research Express
            

PAPER

Physical properties of cost effectively synthesized
ZnO nanowires post annealed under various
thermal and atmosphere treatments for UV
photodetectors
To cite this article: R Bahramian et al 2019 Mater. Res. Express 6 045906

 

View the article online for updates and enhancements.

You may also like
Structural, optical and electrical properties
of well-ordered ZnO nanowires grown on
(1 1 1) oriented Si, GaAs and InP
substrates by electrochemical deposition
method
Huyen T Pham, Tam D Nguyen, Dat Q
Tran et al.

-

Synergistic composites energy harvester
beams based on hybrid ZnO/PZT
piezoelectric nanomaterials
Simon Furnes, Marwan Al-Haik and
Michael Philen

-

Sandwiched assembly of ZnO nanowires
between graphene layers for a self-
powered and fast responsive ultraviolet
photodetector
Buddha Deka Boruah, Anwesha
Mukherjee and Abha Misra

-

This content was downloaded from IP address 18.117.216.229 on 26/04/2024 at 11:58

https://doi.org/10.1088/2053-1591/aafb8d
https://iopscience.iop.org/article/10.1088/2053-1591/aa6c9a
https://iopscience.iop.org/article/10.1088/2053-1591/aa6c9a
https://iopscience.iop.org/article/10.1088/2053-1591/aa6c9a
https://iopscience.iop.org/article/10.1088/2053-1591/aa6c9a
https://iopscience.iop.org/article/10.1088/2053-1591/aa6c9a
https://iopscience.iop.org/article/10.1088/1361-665X/acadbc
https://iopscience.iop.org/article/10.1088/1361-665X/acadbc
https://iopscience.iop.org/article/10.1088/1361-665X/acadbc
https://iopscience.iop.org/article/10.1088/0957-4484/27/9/095205
https://iopscience.iop.org/article/10.1088/0957-4484/27/9/095205
https://iopscience.iop.org/article/10.1088/0957-4484/27/9/095205
https://iopscience.iop.org/article/10.1088/0957-4484/27/9/095205
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvgWSAr4COasfhc6mVRpyISLFvvLSZNfe75e2CGyVzc8jy5sg5ZAUYY5tROOyhWoc0w_gqkeLt9jcNPllUNLecrXIGKJH-Hvc38RiiPhQlo350VEsuFaTrKfuuS2mP1fZcUPYov_r6hhZ1GMKKjQCXS1BjDjyx4m5pNWIYoqwN25tX-fNGdm_PI1vQs-k6WvZqLcuiOWW05q3UqKtjvbZEsXcDXoUuU37TpUDRLogtK_8lwV2SHoKYWLHumMW52QGQdceOy9iFuMnTbh5z7-USVAJ77l1Afoce1IVxiwXSpHsWRP41jp4gaG-6B04lA0nkKYURaaPMJw481mep3KIEoFJmndQ&sig=Cg0ArKJSzLIYjJZvEziJ&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.owlstonemedical.com/breath-biopsy-complete-guide/%3Futm_source%3Djbr%26utm_medium%3Dad-b%26utm_campaign%3Dbb-guide-bb-guide%26utm_term%3Djbr


Mater. Res. Express 6 (2019) 045906 https://doi.org/10.1088/2053-1591/aafb8d

PAPER

Physical properties of cost effectively synthesized ZnO nanowires
post annealed under various thermal and atmosphere treatments for
UV photodetectors

RBahramian1,2 , AMoshaii1 andHEshghi2

1 Department of physics, TarbiatModares University, Tehran, POBox 14115-175, Iran
2 Department of physics, ShahroodUniversity of Technology, Shahrood, POBox 36199-95161, Iran

E-mail: bahramian_reyhaneh@yahoo.com

Keywords:ZnOnanowires, chemical bath deposition, annealing effect, UVphotodetector

Abstract
Vertically alignedZincOxide nanowires (ZnONWs)were grown on glass seeded substrates by the
chemical bath deposition (CBD)method at a low temperature. Two parameters including
temperature and atmosphere were variedwhile time and heating rate were kept constant. Thefield
emission scanning electronmicroscopy images show that the ZnONWswith a hexagonal cross
section are grown perpendicular to the seeded glass substrates. The x-ray diffraction results reveal that
all the ZnONWarrays growpreferentially oriented along the c-axis in the direction of (002) plane
with a hexagonal wurtzite structure. Photoluminescencemeasurements of the grownZnONWson all
samples exhibit a high ultraviolet (UV) peak intensity compared to a broad visible peak, which can be
accounted for the formation of the high crystal quality ZnONWs. Results show that theUV light
emission is greatly enhanced by annealing the as-grownZnONWs inO2 ambient.Moreover, transient
responsemeasurement reveals that the detectors exhibit a fast photoresponse time of fewer than 5 s. In
this annealing case, the quantum efficiency ofUVdetection reaches about 15%. Finally, a qualified
metal-semiconductor-metal (MSM)ZnOphotodetector was prepared from the annealed as-grown
sample in the pureO2 ambient.

1. Introduction

Over the past few years, zinc oxide (ZnO) has attracted a great attention because of its special properties. This
oxide has a direct bandgap of 3.37 eV at room temperature and a large exciton binding energy of 60 meVwith an
n-type conductivity [1–4]. Other properties of ZnO are its high transparency, piezoelectricity, biocompatibility
and capability to synthesizewith different shapes [5–9] that allow various novel devices to be constructed. Due to
these unique properties of ZnO, it is suitable candidate for various fields of applications such as blue-ultraviolet
light emitters [10], photodetectors [11–13], memory devices [14], transparent electrodes, dye-sensitized solar
cells [15, 16] and photocatalysis [17, 18].

Ultraviolet (UV)Photodetectors based onZnOhave attracted researchers in recent years due to their use in
solarUV radiation detection, flamemonitoring, chemical and biological sensors, and so on [19].

InUVphotodetectors, the amount of surface exposed to direct incident light is important. By increasing the
surface, the detector’s sensitivity toUV light is increased. Nanostructured ZnO in the shape of the nanowire
(NW) has the high surface-to-volume ratio in comparedwith thin film.Vertical NWs aremore exposed toUV
light compared to the horizontal ones because theNWs in a horizontal position prevent the incident light
arriving at others. In horizontalmode, the high surface-to-volume ratio is not efficient. One of themost
common configurations ofUVphotodetectors is themetal-semiconductor-metal (MSM) photodetectors owing
to their simplicity in design and fabrication, large active area, fast response and low dark current [19].

Various techniques such as pulsed laser deposition [20], metal-organic chemical vapor deposition
(MOCVD) [21], reactive evaporation, atomic layer deposition (ALD) [22, 23], chemical bath deposition (CBD)
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[24–26], hydrothermal [5, 27–30], and even top-down approaches by etching [31] have been used to deposit
ZnO thin films. Among thesemethods, CBDpossessesmany advantages including simplicity, large area to
volume ratio, low-cost and low temperature [32, 33]. In addition, thismethod can be used to growZnO in the
formof a nanowire, which is suitable for photodetector applications.

For producing uniform growth of a ZnO layer, seedingmodification of the substrate ismandatory. In fact,
the latticemismatch and strain between the substrate and the zinc oxide crystal prevents proper growth of the
ZnO layer. Therefore, the seed layer which is informedwith spreading of ZnOnanoparticles over the substrate is
necessary to eliminate themismatch and strain. Also, the use of seed nanoparticles provides better alignment for
the grownnanostructures [34]. The ZnO seed layer was prepared by RFmagnetron sputtering at room
temperature, where applying thismethod led to the synthesis offilmswith the highest quality and packing
density [17, 35].

The high-range temperature used in thismethods of fabrication of ZnOusually have restriction in using
glass or plastic substratets, since they can only sustain temperatures up to 500 °C [36]. Therefore, the effects of
annealing treatment at a lower temperature in different atmospheres need to be investigated for a variety of
applications where the glass or plastic substrates are used. Accordingly, the optimumconditions in fabrication of
ZnONWarrays with low temperature CBDmethod, should be specified.

The effect of low-temperature annealing on the physical properties of ZnO thin films have been investigated
in the literatures [37, 38]. However, the effect of heat treatment on defects, especially onUV-detection properties
and the influence of various atmospheres were not carefully investigated.

In the present study, we report a comprehensive study on the structural, optical, and photoconductive
properties of ZnONWarrays grown on seeded glass substrates byCBD and its application in theUVMSM
photodetectors. Then, the effects of the low range annealing temperature and various atmospheres on the ZnO
NWarrays are studied. The results indicate that the annealing ofNWs in various atmospheres at 400 °Cprovides
very good crystalline structure for theNWs.However, annealing of theNWs in oxygenmedium remarkably
increases theUVdetection properties of theNWs.We show that the optimized ZnONWsby post-annealing in
oxygen leads to fabricate inexpensive and commercial UVphotodetector devices.

2.Materials andmethods

2.1. Seeding procedure
All chemicals compoundswere purchased fromMerck and used as received. The glass substrates were initially
cleanedwith acetone in an ultrasonic bath, rinsedwith deionizedwater, and then blown drywith the airflow.
Then, a 100-nmZnO seed layer was deposited by a radio frequency reactivemagnetron sputtering [39] from a
ZnO target, with the sputtering chamber pressure of 30mTorr and a target-to-substrate separation of 7 cm.
Sputteringwas carried out at an incident power of 100W for 30 min under the constant argon flow rate of
20 sccm (standard cubic centimeters perminute).

2.2. Growth of ZnOnanowires
ZnONWswere grown on the glass substrate functionalizedwith the ZnO seed by a chemical bath deposition
method [39, 40]. In brief, the nutrient solutionwas an aqueous solution of 16 mmol L−1 zinc nitrate hexahydrate
(Zn(NO3)2·6H2O, 98%) and 24 mmol L−1 hexamethylenetetramine (HMT:C6H12N4, 99%). The reactionwas
kept at 90 °C for 3.5 h. For removing the samples from the solution, theywere rinsedwith deionized (DI)water
and ethanol. Then, the samples were driedwith airflow.

The influence of post-annealingwas investigated in two states. The obtained ZnONWarrays were annealed
at 350, 400, and 450 °C in the air atmosphere to study the effect of annealing temperature. Then, the effect of
annealing under various atmospheres was investigated by annealing the ZnONWarrays at 400 °C in the air,
pure oxygen, and pure argon atmospheres. Theflow rate of oxygen and argonwas 10 sccm. All samples were
heated for one hour at a heating rate fixed at 20 °Cmin−1, followed by cooling down the post-heated ZnONW
arrays at room temperature. The samples annealed in the air atmosphere at 350, 400, and 450 °Care called as
‘ZnO-Air 350’, ‘ZnO-Air 400’, and ‘ZnO-Air 450’, respectively. It was seen that the annealed ZnONWs in the air
at 400 °C showed better quality. Hence, study the effect of various atmosphere annealing on properties of ZnO
NWswas performed at 400 °C. Further, the samples annealed at the certain temperature of 400 °C in pure
oxygen and argon atmospheres were named ‘ZnO-O2 400’ and ‘ZnO-Ar 400’, respectively. To avoid confusing
the specimens, they are presented in table 1 as some codes.

2.3. Fabrication ofUVphotodetector
The formation ofOhmic contacts was carried out by thermal evaporating of Ag (150 nm) onZnONWswith an
interdigitatedmask plate. Themaskwasmade of steel, and it is placed on the top of uneven nanowires to
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fabricate the continuous electrodes. Under Ag coating onto the sample viamask, two interdigitated Ag
electrodes are formed on the ZnONWs. The interdigitated electrodes consisted offivefingers with an inter-
spacing of 400 μm.Thefingers of the Ag contact electrodes were 0.25 mmwide and 4 mm long. Figure 1 details
the schematic cross-section view of our photodetector.

2.4. Characterization
The crystalline structure of the ZnONWswas investigated by x-ray diffraction (XRD)with a Panalytical X’Pert
ProMPD,Netherland, equippedwith aCuKα radiation (wavelengthλ=1.5418˚A). The top and cross-section
morphology of the ZnONWarrays was examined by afield emission scanning electronmicroscope (FESEM)
(Mira 3-XMU, TescanUSA). The optical characterization of the ZnONWswas determined using the
ultraviolet–visible (UV–vis) spectroscopy (ShimadzuCorp., 1800, Japan) and at room temperature
photoluminescence spectroscopy (Perkin-Elmer, LS55, USA). Current-voltage (I–V) characteristics were
measured by anAgilent 414HB semiconductor parameter analyzer in darkness and under illumination of
373 nmUV light. Allmeasurements were performed in the ambient air at room temperature.

3. Results and discussion

3.1. Structural andmorphology characteristics of ZnOnanowire arrays
TheXRD spectra of ZnONWsobtained by chemical bath deposition and annealed at different temperatures in
various atmospheres are shown infigures 2(a) and (b). All the annealed ZnONWshad a hexagonal wurtzite
structure. TheXRDdata revealed that themain peak corresponds to the (002) diffraction plane of the hexagonal
ZnO crystal structure. The Scherrer equationwas used to calculate the crystallite size (D) of the samples [41]:

D 0.9 cos 1l b q= ( )/

Whereλ is thewavelength of incident x-ray fromXRD,β is the full width at halfmaximum (FWHM)measured
in radians, and θ is the Bragg angle of diffraction peak.With these values, equation (1) provide the crystallite size
and crystallinity percent for the tested samples in table 2. Among the samples annealed in an air atmosphere,
ZnO-Air 400was annealed at a higher intensity and produced a crystallinity increased to 37%and crystallite size

Table 1.Abbreviation formof samples’name.

Samples Atmosphere Temperature (°C)

ZnO-Air 350 Air 350

ZnO-Air 400 Air 400

ZnO-Air 450 Air 450

ZnO-O2 400 O2 400

ZnO-Ar 400 Ar 400

Figure 1. Schematic of the configuration of Ag:ZnO: AgMSMplanar structure in addition to the bias circuit.
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decreased to 46 nm. These results indicate that crystallinity of ZnONWs is improved at 400 °C.With varying the
atmosphere of post-annealing, the intensity of ZnO-O2 400 andZnO-Ar 400 decreased in comparedwith that of
ZnO-Air 400; probably because of the increased defects during the post-annealing in oxygen and argon
atmospheres that will be discussed later.

Figures 3(a)–(c) shows the FESEM surfacemorphology images of the ZnONWarrays annealed at 350, 400,
and 450 °C in the air. The insets infigure 3 show the cross-section images of the samples. Figures 3(d)–(f)
represents the distribution of diameters was obtained by averaging 100 nanowires in top-view FESEM images.
We see shows that the ZnONWs grow vertically and closely packed on the ZnO seed layers, the gap between
ZnONWs is negligible, and the thickness of ZnONWs annealed at different temperatures in the air is
300–600 nm.According to the diameter histogram, as shown infigures 3(d)–(f), the average diameters of the
NWs of ZnO-Air 350, ZnO-Air 400, andZnO-Air 450 is around 62 nm, 49 nm, and 45 nm, respectively. The red
solid line in the histograms of ZnONWsdiameters is the correspondingGaussian line-fitting. In the air

Figure 2.XRDpattern of the ZnONWs annealing (a) under different temperatures in air, and (b) in various atmospheres.

Table 2.The crystallite size and crystallinity percent as a function of the annealing temperature and environment atmospheres.

Sample ZnO-Air 350 ZnO-Air 400 ZnO-Air 450 ZnO-O2 400 ZnO-Ar 400

Crystallite size (nm) 59.28 46.44 60.12 64.64 54.18

Crystallinity (%) 25 37 22.5 18 14

Figure 3.The top views of FESEM images of ZnONWs grown on glass seeded substrates annealed in an air atmosphere at different
temperatures: (a) 350 °C, (b) 400 °C, and (c) 450 °C. Inset of eachfigure represents cross-section image for the corresponding ZnO
NWs. The corresponding diameter histogramZnONWs grown on glass seeded substrates annealed in an air atmosphere at (d)
350 °C, (e) 400 °C, and (f) 450 °C.
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atmosphere, the average diameter decreases with increasing the annealing temperature. As seen in FESEM
images (figure 3), at 350 °C there is a slight collapse between nanowires, but at 400 °C, the growth rate of the
nanowires is improved, and at 450 °C, a little bit of vertical growth decreases.

Figure 4 presents the FESEMmicrographs of the ZnONWs in pure oxygen and argon atmosphere. The
diameter distributions of the ZnONWs annealed at 400 °C in pure oxygen and argon atmospheres, taken from
the corresponding FESEM images, are shown infigures 4(b) and (d). The dimensions of the ZnONWswere
measured as 56 and 68.5 nm for ZnO-O2 400 andZnO-Ar 400, respectively. A clear difference in the surface
morphology of samples annealed in the various atmosphere is presented in the images. Thefigure shows an
almost vertical growth of theNWs for ZnO-Air 400 (figure 3(b)) and especially ZnO-O2 400 (figure 4(a)) and
arbitrarily distributedNWs for ZnO-Ar 400 (figure 4(c)). The FESEM images indicate that somemodifications
occurred on the surface when the sample was annealed in the pure oxygen atmosphere. Increasing the average
diameter of the nanowires, with their vertical growth,magnifies the effective surface area and raises the
performance of the photodetector.

3.2.Optical properties
Figures 5(a), (b) represent the typical UV–vis spectra of the ZnONWs annealed at different temperatures and
various atmospheres. A single absorption peak for each annealed sample further reveals their good optical
properties [42]. As illustrated infigure 5, the ZnONWshave a low absorbance in the visible region in addition to
high absorbance in the ultraviolet region. It is also observed that ZnO-Air 350 exhibits an absorption edge at
about 395 nm. The absorption edge for all samples is located in the range of 380–395 nm.

Figure 6 shows room temperature photoluminescence (PL) spectra (excited at 320 nm, 20 nm slit width) of
the ZnONWarrays grown on the seeded glass layers at different temperatures of 350, 400, and 450 °C for 1 h,
respectively. It can be seen from these spectra that theGaussian curves fitted the PL curves perfectly. The sumof
all Gauss-fitted curves is shownby dotted curves. The PL spectra of ZnONWs annealed at 350 °C in an air
atmosphere show the resolved emission peaks at 376 and 597 nm (figure 6(b)). Two peaks at 375 and 591 nmare
shown for ZnONWs annealed at 400 °C (figure 6(c)). Twomain peaks at 374 and 589 nmare also absorbed by
sample annealed at 450 °C in the air from figure 6(d). Peak 1 for all samples, which is around 375 nm, is related

Figure 4. (a)The FESEMmicrographs and (b) diameter distribution histograms of ZnONWs annealed at 400 °C in pureO2

atmosphere; (c)The FESEMmicrographs and (d) diameter distribution histograms of ZnONWs annealed at 400 °C in pure Ar
atmosphere.
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to the near-band-edge emission that originates from an exciton transition [35, 43–45].While peak 2
corresponds to the orange light emission, which is assigned to interstitial oxygen (Oi) [46].

Figures 7(a)–(c) shows the room temperature PL spectra of the ZnONWs annealed at 400 °C in three
different atmospheres. For the PL spectra of ZnO-O2 400 (figure 7(b)), a UVpeakwas observed at∼396 nm that
is indexed to the recombination of free exciton; i.e., the band edge emission of ZnONWs [44, 47]. Another peak
was observed at 424 nm that is indexed to violet emission [48, 49]. Finally, the third peakwas observed at
482 nm. The PL spectra of ZnO-Ar 400 have two peaks at∼407 and 460 nm. The peak at 407 nm corresponding
to violet emission. Further, Fan et al [48] reported the single violet emission fromZnOwithout any
accompanying deep level emission andUV-emission. The emission centered at 460 nm is attributed to defect
states originate from Interstitial Zn (Zni) in ZnO [50]. As previously shown infigure 6, the samples annealed at

Figure 5.UV–vis absorbance spectra of ZnONWs annealed at: (a) different temperatures in an air atmosphere, (b) 400 °C in various
atmospheres.

Figure 6.The PL spectra of ZnONWs (a) annealed at different temperatures in the air; and the two reproducing the PL spectrums for
each annealing temperature by twoGaussian components presented in (b)–(d).
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400 °C in the air have twomain peaks inUV and orange-red spectral range. The orange-red emission is believed
to be due to band transition fromZni toOi defect levels in ZnO [51].

As the ZnONWswere annealed inO2, the structural defects are increased; and no peak indexing toUV
region is observed for the sample annealed inAr atmosphere. However, ZnO-O2 400 has a remarkably sharp and
intenseUVpeak. Thefigure also shows that post-annealing in oxygen reduces the dangling bonds, leading to the
increased intensity ofUV emission [52]. Argon is an inert gas that does not participate in reactions, but post-
annealing in argon enhances the relaxation of prepared samples. Detail of theGauss-Fitted PL Peak Positions of
the ZnONWs annealed at different temperatures, and various ambient atmospheres ismentioned in table 3.
Based on the above discussion, amodel for the observed PL emission is demonstrated on an energy band
diagram infigure 8.

Figure 7.Room temperature PL spectra of: (a) the ZnO-Air 400, ZnO-O2 400 andZnO-Ar 400 samples; andDeconvoluted individual
peaks byGaussian line shape function shown in (b) and (c).

Table 3.Comparison of theGauss-Fitted PLPeak Positions of the ZnONWs annealed at different temperatures and various ambient
atmospheres.

Sample ZnO-Air 350 ZnO-Air 400 ZnO-Air 450 ZnO-O2 400 ZnO-Ar 400

Peak Position 1, nm 376 375 374 396 407

Peak Position 2, nm 597 591 589 424 460

Peak Position 3, nm — — — 482 —
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3.3. Electrical characteristics and photoresponse of synthesized ZnONWs
Figures 9(a)–(e) compares the I–Vcurvesmeasured in the dark and underUV-light exposure at room
temperature in the ambient atmosphere. For photocurrentmeasurements, the peakwavelength of the excitation
light sourcewas 373 nm, and the incident optical powerwas 85.3 μW.As shown infigures 9(a)–(e), there is a
significant difference in conductivity between the sample under dark conditions and the one underUV
illumination. The linearity of I–V response suggests the ohmic contact between the ZnO film andAg electrodes
[53]. The responsivity (R) of the detector, defined as a ratio of the steady-state photocurrent I I Iph light dark= - to
the incident optical power Popt [54], is also obtained from figures 9(a)–(e):

R I P 2ph opt= ( )/

From the results offigure 9, the responsivity is obtained as 3.14, 7.33, and 3.66 AW−1 for the photodetectors
of ZnONWs annealed at 350, 400, and 450 °C in the air, respectively. The responsivity values of ZnO-O2 400
andZnO-Ar 400weremeasured as 10.31 and 3.14 AW−1, respectively. It should bementioned that the
responsivity results presented here are higher than those reported byMohite et al [55]. Also, the best responsivity
is obtained for the sample annealed in pure oxygen.

To confirm the sensitivity ofUVphotodetectors, the responsivity of the samples underUV illuminationwith
awavelength of 373 nm is shown in table 4.

Figure 8. Schematic diagramof the photoluminescencemechanism inZnONWswere annealed at 400 °C in (a) air, (b) oxygen and (c)
argon for 1 h.

Figure 9.Current versus voltage diagrams for a ZnONWfilm device in the dark and under illumination at 373 nm; samples were
annealed at (a) 350 °C, (b) 400 °C, and (c) 450 °C in air and annealed at 400 °C in (d) pure oxygen and (e) pure argon atmospheres.
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The reported values for responsivity indicate the proper quality of ZnONWsunder annealing for use inUV
photodetectors. The values listed in table 4 showbetter results than those given in [56, 57].

The corresponding external quantum efficiency of the detector is defined as [58]:

hc

q
R

R
1240 3h

l l
= = ( )

where, h is the Planck’s constant, c is the light velocity, andλ is the lightwavelength. The quantum efficiency
increased from about 5% to 14.82%and 13.28%, respectively as the sampleswere annealed in pure oxygen and
Ar. The results indicate that annealing in oxygen has a significant effect on the electrical properties.

ZnO is the n-type semiconductor due to lack of oxygen andZn ion vacancies. Oxygenmolecules in the air
ambient inwhich are absorbed on the surface of nanowires and a depletion layer with low conductivity near the
surface of the nanowires is formed gas e adsorbedO O .2 2+ - -( ( ) ( ))

Under theUV illumination, a pair of electron-hole is photogenerated, the holesmigrate to the surface of the
nanowires, which have negative-oxygen ions. As a result, electrons find the chance to participate in the
conduction bandwithout risk of recombination and increase photocurrent [59, 60].

In the sample post-annealed in an oxygen atmosphere at 400 °C, peaks corresponding to defects of Zni and
Oi are observed in PL spectra (figure 7). Since the peak intensity of Zni is higher than that ofOi and is also higher
than the sample of ZnO-Ar 400, it is expected that increasing Zni defects in ZnOwill be responsible for
increasing the flowof light.

Figure 10 shows the responsivity of the fabricated ZnO thin film photodetector devices.Maximum response
is found in thewavelength range 360 nm to 380 nm. Themaximum responsivity of the ZnOUVphotodetectors
under illumination of 370 nm is obtained. The photocurrent drops drastically, which reveals highUV light
sensitivity of ZnO for solar blindUVdetector.

The photoconductivity can be recorded as soon as the film conductivity is stabilizedwith an applied electric
field. The photoconductivity transients were performedwith the illuminated light of 373 nmunder an applied
5 Vbias. Figures 11(a)–(e) shows the results of transient photocurrentmeasurements for the ZnONWs. The
photoconductivity transient curve is fittedwell with an exponential curve as follows [61, 62]:

e1 4ph s
ta a= - t-( ) ( )/

Whereαph is the transient photoconductivity,αs is the steady photoconductivity value, t is the time, and τ is the
relaxation time constant. The rise time is defined as the current increases up to 63%of the peak. Table 5

Table 4.The responsivity of the ZnONWs annealed at different temperatures and various ambient atmospheres underUV light
illumination.

Sample ZnO- ZnO- ZnO- ZnO- ZnO- ZnO- ZnO- ZnO- ZnO-

Air 350 Air 400 Air 450 O2 350 O2 400 O2 450 Ar 350 Ar 400 Ar 450

Responsivity (A/W) 3.14 7.33 3.66 11.01 10.31 24.49 0.79 3.14 1.25

Figure 10. Spectral responsivity of the ZnOUVphotodetectors at 5 V applied bias.

9

Mater. Res. Express 6 (2019) 045906 RBahramian et al



summarizes the response time ofUVphotodetectors based on post-annealed ZnONWs in different
temperatures in the air and the oxygen, and the corresponding τ values obtained from thefitted curve is also
included. It is noted from the table 5 that the response speed of samples prepared in the oxygen atmosphere is
higher than those of the samples prepared in the air.

4. Conclusion

In the present study, we successfully grew the ZnOnanowire (NW) arrays by the low-price commercial CBD
method at a low temperature. TheXRD results approve that the high-quality crystallinity ZnONWshad a
wurtzite hexagonal structure and grew in (002) direction, which are consistent with FESEMmicrographs. A
strongUV emissionwas detected in all PL spectra. Among the samples annealed in various temperatures in air,
the ZnONWs annealed at 400 °C indicated a better quality forUVdetection. Also, we found that annealing the
sample in pure oxygen atmosphere considerably improves theUVdetection characteristics of the ZnONWs.

ORCID iDs

RBahramian https://orcid.org/0000-0002-2291-4108
AMoshaii https://orcid.org/0000-0002-5708-3949

Figure 11.Photoconductivity transients of ZnONWs (a)–(c) at different annealing temperatures in air ambient; the graphs (d) and (e)
shows the results of the ZnONWs annealed at the various environment. In each graph, the best exponential fit for the transient
current is also shown.

Table 5.The rise time of photodetectors based onZnONWspost-
annealed at different temperatures and atmospheres according to
different bias voltages.

Bias voltage (V)

Sample 1 3 5 7 10

ZnO-Air 350 9.21 9.20 7.82 7.05 5.51

ZnO-Air 400 11.10 8.45 7.27 5.94 6.55

ZnO-Air 450 10.12 8.53 8.57 6.77 7.28

ZnO-O2 350 9.20 5.21 5.32 3.59 2.81

ZnO-O2 400 6.17 6.70 5.54 6.39 8.41

ZnO-O2 450 7.08 4.16 3.16 2.98 1.34
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