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Abstract: This work mainly focused on the synthesis of copper doped zinc oxide nanowires
by hydrothermal method, their characterization and their ultraviolet (UV) light sensing
response at room temperature. The structural and morphological characterization was carried
out using X-ray diffraction and scanning electron microscopy. Enhanced ultraviolet (UV)
photodetection property has been achieved for a dopant concentration of 2.5wt% and 5wt%
showing UV photosensitivity values (photo-to-dark current ratio) of around 800 and 1800,
respectively. This is an order of magnitude higher than the undoped ZnO nanowires. High
photocurrent gain is attributed to the trapping of carriers under dark and detrapping them under
UV illumination by Cu-related defects. Enhancement in photosensitivity indicates that Cu-
doped ZnO nanowires are promising candidates for UV photodetection applications.
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1. Introduction
Low dimensional ZnO nanostructures such as nanowires (NW) become an inevitable material for

ultraviolet (UV) photodetection due its excellent physical and chemical properties such as large
surface area, radiation hardness [1], superior spatial resolution [2] and high electron mobility which
provides a platform for versatile applications such as high temperature flame detection, fire alarm,
space research, environmental monitoring, and missile warnings, where an installation of UV detector
is highly required [3-5]. However, pure ZnO materials typically exhibit a comparatively poor UV
sensing performance due to the large n-type carrier concentration and fast recombination rate of
photoexcited electron–hole pairs [6]. Therefore, in order to succeed as an efficient photodetector
material very high photocurrent gain is necessary. Till date, various types of modifications including



creation of a junction, doping with metals, and fabrication of composites have been associated with
nanostructured ZnO in order to enhance the photoconductive gain. Among them doping is an
extensively used method to improve the electrical and optical properties of semiconductors. Various
group III metals such as Al and Ga, transition metals such as Mn and Fe, and rare earth elements such
as Eu and Er have been doped with ZnO nanostructures for different applications [7-16]. Conversely,
most of the recent reports comprise either multi-step growth process or require a costly synthesis set-
up for doping. Therefore, operationally simple and an efficient method to have enhanced UV detection
property in ZnO is needed to be explored. However, the role of Cu as a luminescence activator and as
a compensator of n-type materials is of substantial significance. The emission spectra of Cu-doped
ZnO extend from the ultraviolet to the infrared region depending on the concentration of copper,
defects in ZnO, and excitation conditions [17–19]. In this work, an attempt is being made to enhance
the UV photoconductivity behaviour through fabrication of Cu-doped ZnO nanowires by a simple low
cost hydrothermal method.

2. Materials and Methods
ZnO nanowires were synthesized by hydrothermal method on glass substrate with a ZnO seed

layer deposited on to it by RF magnetron sputtering technique. The details of seed layer deposition are
described elsewhere [22]. Here, an equimolar solution of Zinc nitrate and hexamethytetramine was
taken and for copper (Cu) doping, required amounts copper nitrate have been added to the growth
solution to obtain 2.5 and 5wt% of Cu doped samples. The investigations on the crystalline phase and
the morphology were carried by X-ray diffraction (XRD; Rigaku/UltimaIV) with a CuKα
(λ=0.154nm) radiation. The morphology of the ZnO NW has been investigated using scanning
electron microscopy (SEM; JEOL JSM-6480LV). Top electrodes were deposited by thermal
evaporation of aluminum. Ultraviolet photodetection properties were investigated by adopting current-
voltage (I-V) and current-time (I-t) measurement using a Keithley picoammeter (model 6487). All the
measurements were performed at room temperature. The nature of electrical contact between metal
(aluminum) and semiconductor (ZnO) samples has been observed by taking the current-voltage
measurement before studying the photodetection behavior for all the samples.

3. Results and discussion
Figure 1 shows the SEM micrographs of the undoped as well as the doped ZnO NW

hydrothermally grown at 90˚C for 4hrs. It can be seen that the substrate is covered with small ZnO
nanowires of about 40–80nm in diameter and ~2µm in length. The overall morphology indicates
uniformity in the shape and size, with no considerable change in length and diameter with various Cu
doping concentration. The X-ray diffraction patterns of all the samples are shown in Figure 2, which
show the presence of strong (002) peak, thereby confirms the formation of crystalline ZnO phase. The
presence of copper oxide and metal copper has not been identified, which indicates that there is no
phase transformation of the grown ZnO NW has been occurred.

Figure 1. SEM images of ZnO nanowires grown with 0.01M at 90°C for (a) undoped
ZnO NW (b) 2.5wt% Cu-doped ZnO NW (c) 5wt% Cu-doped ZnO NW. The scale
bar represents 5μm.



The I–V characteristics of the hydrothermally grown ZnO NW and the Cu-doped ZnO NW
under dark conditions are shown in Figure 3(a). Linear enhancement of current with sweep in voltage
of ±6V for both doped and undoped ZnO NW samples depicted good Ohmic nature of the electrical
contact. Under dark condition, as-grown ZnO NW shows higher (I-V) current value of 2.0×10-6A as
compared to the dark current (1.05×10-8A) of Cu-doped ZnO NW. This enhancement of dark current
in the as-grown ZnO NW is attributed to Copper dopants which are good acceptor to trapped electrons
in undoped ZnO NW. Figure 3(b), (c) & (d) show the growth and decay of the photocurrent against
time. When UV illumination is ‘on’, an enhancement in current result and when the illumination is
‘off’, the current drops, indicating that the NW are highly UV sensitive. In undoped ZnO NW, the
photo-to-dark current ratio is about 60 while the value increases upto 800 when ZnO is doped with
2.5wt% Cu. The value is enhanced further to ~1800 when 5wt% Cu is doped in the ZnO NW. From
experimental results, the decay time constants for 5wt% Cu-doped ZnO are estimated to be around
4sec by fitting the decay curve using the exponential function. Thus, a considerable photocurrent gain
and faster relaxation time is observed in Cu-doped ZnO NW. The UV light treatment generates
electron–hole pairs, which are trapped by the surface states and thus the number of electrons in the
conduction band of ZnO increases, which causes a sharp increase in the photocurrent. In addition, the
photocurrent was not well saturated, which may be due to the presence of surface states in the aqueous
grown nanowires. Furthermore, three repeated cycles are displayed in Figure 3(c), steady and
reiterated photocurrent behavior indicates no rapid change during the UV exposure with time.
Thereby, the hydrothermally grown Cu doped ZnO NW significantly improves the UV sensitivity
behavior.

Figure 2. X-ray diffraction patterns of ZnO nanowires grown at 90˚C with 0.01M
concentration (a) undoped ZnO NW (b) 2.5wt% Cu-doped ZnO NW (c) 5wt% Cu-
doped ZnO NW.



4. UV detection mechanism of copper doped ZnO nanowires

Figure 4 schematic diagram of UV detection mechanism of Cu-doped ZnO nanowires. In the
absence of UV light, adsorption of oxygen on ZnO NW surface results in the formation of depletion
layer by capturing free conduction electrons. Under UV illumination, photogenerated holes recombine
with the adsorbed oxygen molecules near to the surface of ZnO NW. Subsequently, oxygen molecules
are desorbed from the surface of ZnO NW leads to the enhancement in photocurrent by generating
more number of free carrier concentration. During dark condition Cu2+ ions acts as deep acceptor trap
centre and interacts with the ZnO native donors to form [CuZn + Zni]0 complex [20-21]. Thus, the dark
current is further reduced in the Cu-doped ZnO NW array, as supported from the I–V curves in Figure
3(a). However, when the ZnO NW are exposed to UV light, ionisation of Cu-Zn complex results in
great enhancement in photocurrent by releasing the electrons back to the conduction band. Thus, due
to copper doping the trapping and de-trapping rate of electrons increases as compared to the
adsorption and desorption of oxygen molecules which results in faster relaxation time of
hydrothermally grown copper doped ZnO NW.

Figure 3.(a) I–V characteristics curves of ZnO NW and Cu-doped ZnO NW array film
under dark conditions. (b) The growth and decay of the photocurrent of ZnO NW and
Cu-doped ZnO NW under UV illumination.(c) Multi-pulse observation of 5wt% Cu-
doped ZnO and (d) Fitted decay curve of the 5wt% Cu-doped ZnO NW under UV
illumination.

Figure 4. Schematic model to illustrate the mechanism of the hydrothermally grown
Cu-doped ZnO NW based UV photodetector (a) During dark condition (b) Under UV
illumination



5. Conclusions
In this work, Cu-doped ZnO NW was hydrothermally grown in order to improve the UV

sensitivity response. UV photodetection behavior has been obtained by adopting current-voltage (I-V)
and current-time (I-t) measurement. It has been observed that addition of Cu dopant to the
hydrothermally grown ZnO NW, results in higher UV sensitivity and faster relaxation time due to
faster trapping and detrapping of electrons by Cu dopants in ZnO NW. From experimental results,
faster decay time constants for 5wt% Cu-doped ZnO is estimated by fitting the decay curve using the
exponential function and found to be around 4sec. Through the introduction of Cu dopants into ZnO
NW, a simple and efficient way is proposed to improve the UV sensing properties of ZnO NW which
can be deliver a platform in order to achieve room temperature operated next generation of metal
oxide UV detectors and sensors.
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