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In this study, we report one-dimensional Li-doped ZnO nanorods (NRs) fabricated on glass
substrates by the hydrothermal method and the fabrication of Li-doped ZnO NR photodetectors.
It was found that the as-grown Li-doped ZnO NRs were structurally equivalent to a wurtzite
structure. The NRs had average diameters of ~125, ~138, and ~176 nm. It was seen clearly that
the Li-doped ZnO NRs had a uniform hexagonal structure. The on/off current contrast ratio
of the Li-doped ZnO NR photodetector was approximately 19.3, and its dynamic response was
revealed to be reproducible and stable.

1. Introduction

One-dimensional ZnO nanostructures endow remarkable chemical and physical attributes
to optoelectronic and electronic devices, and have therefore attracted an enormous amount
of attention. As is well known, ZnO is a II-VI semiconductor with a large exciton binding
energy of 60 meV and a wide band gap of 3.37 €V at room temperature.) ZnO has the
hexagonal wurtzite structure with the lattice constants @ = 3.24 A and ¢ = 5.20 A, and usually
demonstrates n-type semiconductivity.(z) Without sacrificing its high crystallinity, ZnO
can be synthesized by many methods and used in various nanostructures. The ZnO grown
with high quality has various morphologies, such as nanorod (NR), nanodisc, nanoneedle,
nanotube, nanosheet, and nanowire.°™> ZnO has been widely used in different applications,
such as ultraviolet photodetectors, dye-sensitized solar cells, surface acoustic wave devices,
gas sensors, light-emitting diodes, varistors, laser diodes, field emission devices, and optical
resonators.®™® A ZnO NR is an example of a tunable one-dimensional nanostructure with a
high aspect ratio, made from a single ZnO crystal elongated along the c-axis, making it highly
mechanically stable. ZnO nanostructure synthesis by the hydrothermal method exhibits distinct
advantages, such as uniform morphology, high yield, controllable and simple fabrication
process, homogeneous size, low cost, and low temperature features.101Y In addition, in the

hydrothermal method, all wastes are confined to the solutions, facilitating their treatment
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and making the method environmentally benign and applicable to large areas; therefore, it
is cost-effective.

The ZnO NR photodetectors have a much higher photocurrent than the conventional ZnO
film photodetectors. The reasons are as follows. First, ZnO NR structures can increase
the amount of light trapped by reflection and absorption. Consequently, the light trapping
efficiency under light illumination is improved because of increased photocurrent efficiency
and photon path length by the scattering of incident light between the freestanding NRs.
Moreover, each ZnO freestanding NR can accelerate oxygen desorption and adsorption.(15’16)
In the dark, the oxygen molecules adsorb onto the ZnO NR surface by capturing free electrons.
Upon irradiating UV light, oxygen molecules desorb from the surface, leading to an increased
free carrier concentration and a reduced Schottky barrier height. (1)

Zinc oxide nanostructures doped with various elements are studied extensively because such
doping can improve the nanostructure properties. In addition, transition-metal doping into
ZnO can change many properties, such as surface morphology and structural, electrical, and
optical properties. Theoretically, substituting Group I elements into Zn sites results in p-type
conductivity. Unfortunately, p-type ZnO is very difficult to make because of low solubility
limits, the existence of various naturally occurring or spontaneously generated donor defects
such as zinc interstitials or zinc vacancies, and self-compensation. Among Group I elements, Li
is the best candidate because the size of Li ions (0.060 nm) is close to that of Zn ions (0.074 nm),
enabling Li ions to easily substitute into Zn sites. According to previous literature, the content
of the Group I element Li substituting for Zn can be as high as 30 at.%, and its effect on the
ZnO physical properties is significant. According to previous literature, Li substitution into
Zn sites leads to p-type conductivity because the various naturally occurring or spontaneously
generated donor defects such as zinc interstitials, zinc vacancies, and oxygen vacancies can
be suppressed. Various physical vapor deposition (PVD) methods have been reported for
depositing ZnO, such as PLD, sputtering, and ion beam deposition, but only the sputtering
method can generate a surface having a morphology close to that of a single crystal on an
amorphous or low-temperature substrate.1°2?)

In this study, we address the synthesis of Li-doped ZnO NRs on a glass substrate by a
radio frequency (RF)-magnetron-sputtering-assisted low-temperature hydrothermal method
and the composition of NRs prepared at temperatures of 70, 80, and 90 °C. We investigate the
structural, morphological, and optical properties of the samples. In addition, we demonstrate
the suppression of various naturally occurring or spontaneously generated donor defects and the
fabrication of a photodetector sensor by the thermal evaporation method. All the devices are
fabricated in a test chamber at room temperature. The test devices are then illuminated with

UV light, which has physical and electrooptical properties.

2. Experiment

First, prior to the growth of a zinc oxide seed layer, we cleaned the glass substrate by
immersing it in acetone and isopropyl alcohol for 10 min, followed by rinsing with deionized
water, and finally drying with flowing nitrogen. A 25-nm-thick ZnO seed layer was then



Sensors and Materials, Vol. 32, No. 7 (2020) 2421

deposited on the glass substrate by RF magnetron sputtering. Then, the Li-doped ZnO NR
arrays were formed by the hydrothermal method using lithium nitrate (Li(NO3);), zinc nitrate
hexahydrate (Zn(NO3),°6H,0), and hexamethylenetetramine (C¢HoN4, HMTA) as raw
materials in a 0.1:0.9:1 ratio with a controlled concentration of 0.1 M for 8 h at 70, 80, and 90 °C.

The Bruker D8 X-ray diffractometer (XRD) was used to measure and examine the crystal
structures of the pure ZnO and Li-doped ZnO NRs. A field electron emission scanning
electron microscopy device (FE-SEM, Hitachi S-4800I) was used to measure and examine
the surface morphologies of pure ZnO and Li-doped ZnO NRs. To fabricate the photodetector
with Li-doped ZnO NRs, a thick Au film was deposited on the ZnO seed layer as a contact
electrode through an interdigitated shadow mask using an E-beam gun system. Figure 1 shows
a schematic diagram of the fabricated Li-doped ZnO NR photodetector. The current—voltage (I-V)
characteristics of the fabricated Li-doped ZnO NR photodetectors were measured in the dark
and under illumination using a Keithley 237 semiconductor parameter analyzer.

3. Results and Discussion

Figures 2(a)-2(c) show top-view FESEM images of the Li-doped ZnO NRs grown at 70,
80, and 90 °C, respectively. As shown in Fig. 2, high-uniform-distribution Li-doped ZnO NRs
were successfully grown on the glass substrate. During the synthesis, Li(NO3),, HMTA, and
Zn(NOs); act as a pH buffer that keeps the pH constant and Li and Zn ion sources, respectively.
It was found that the NRs have average diameters of ~125, ~138, and ~176 nm. It can be seen
clearly that the Li-doped ZnO NRs have a uniform hexagonal structure.

Figure 3 shows the measured XRD spectra of the Li-doped ZnO NRs grown at different
temperatures. The peaks of all samples are attributed to the (002) and (004) diffractions of ZnO
with a wurtzite structure. The small linewidths observed in the XRD spectrum of the Li-doped
ZnO NRs indicate a high-crystalline-quality wurtzite structure, no impurities, and the complete
transformation of precursors into the ZnO phase. This result suggests that the Li-doped ZnO
NRs are preferentially oriented in the (002) crystal plane along the c-axis.

Figure 4 shows the photoresponse cycle of a Li-doped ZnO NR photodetector measured
three times. The on/off current contrast ratio of the Li-doped ZnO NR photodetector is
approximately 19.3, and the dynamic response is reproducible and stable. The photocurrent
of the Li-doped ZnO NR photodetector increases exponentially until saturation, and the
current slowly decreases after turning off the UV source. This decrease is associated with
the surface-defect-related carrier trapping centers. The surface-defect-related carrier trapping
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Fig. 1. (Color online) Schematic diagram of the fabricated Li-doped ZnO NR photodetector.
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centers retard the charge carrier collection and charge carrier recombination speeds when the
UV light is turned on or off. The structure of the NRs also increases the efficiency of light
trapping during illumination. When the light is incident on the NRs, the photon path length
and photocurrent efficiency increase, which increases the amount of light that is trapped by

scattering between free-standing NRs. This indicates that the Li-doped ZnO NR device has
(23-25)

potential for use in UV light sensing.

Fig. 2. Top-view FESEM images of the Li-doped ZnO NRs grown at (a) 70, (b) 80, and (c) 90 °C.
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Fig. 3. (Color online) XRD spectra of Li-doped ZnO NRs grown at 70, 80, and 90 °C.
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Fig. 4. Transient switching photoresponse curve of Li-doped ZnO NR photodetector as the UV excitation was
switched on and off.

4. Conclusions

We reported the successful preparation of Li-doped ZnO NRs on a glass substrate by the
hydrothermal method at 70, 80, and 90 °C. The Li-doped ZnO NRs grown at 80 °C had the
least number of defects and oxygen vacancies. SEM observations revealed that Li-doped ZnO
NRs were successfully evenly grown at a high density on the glass substrate with the NRs
being mostly perpendicular to the surface of the substrate. The on/off current contrast ratio
of the Li-doped ZnO NR photodetector was approximately 19.3. The results indicated that the
transient response of the Li-doped ZnO NR photodetector is stable and reproducible.
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