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Recently, ultraviolet (UV) detectors based on surface acoustic wave (SAW) devices utilizing the acoustoelectric 
effect have been demonstrated. However, most of presented cases were based on semiconductor sensing films. In 
this paper, ZnO-nanostructure and a dual delay line SAW oscillator system are combined to develop a high 
precision UV detector. The UV detector is made of ZnO nanorod on a 128oYX-LiNbO3-based SAW device. The 
operating frequency is at 145MHz. The system is illuminated by a UV source consists of a Xe lamp and a 
monochromator, resulting in frequency shifts. Under illumination of 365, 370 and 375nm for several on-off 
cycles, a maximum value of over 40 kHz are observed at 365nm, indicating the ZnO nanorod-based detector is 
most sensitive to 365nm-UV light and with good repeatability. Moreover, frequency shifts reach a value of 19 
kHz in 10 seconds after 365nm is on, which implies this is a real-time high-sensitivity UV sensor. These results 
show the ZnO-nanostructure based SAW oscillator is a promising candidate for a real-time, fast-response, high-
precision UV detector. 

1 Introduction

One-dimensional ZnO film, a well-known semiconducting 
and piezoelectric material, has been widely used in 
electronic applications. ZnO is also sensitive to ultraviolet 
due to its attractive optical properties, including wide band-
gap of 3.4eV and large exciton binding energy of 60 meV 
at room temperature. Large photoresponse of ZnO thin film 
makes it be a promising material used in optical and 
optoelectric applications.   
Recently, there has been a growing interest in investigating 
the properties of nanostructured ZnO. A number of studies 
focused on the synthesis of ZnO nanostructures such as 
nanowires [1], nanorods [2] and nanobelts [3] have been 
reported. Researches on ZnO nanostructures also have 
drawn much attention because of their excellent physical 
properties as well as ZnO film. Moreover, ZnO 
nanostructures have large surface-to-volume ratio, deep 
penetration depth and fast charge diffusion rate. Thus, ZnO 
nanostructure with favorable properties as described can be 
demonstrated as a candidate material for broad applications 
in technology, including UV lasers [4], field emitters [5] 
and solar cells [6]. Furthermore, due to properties including 
high sensitivity, rapid response, and fast recovery, ZnO 
nanostructure are also widely used as sensing materials in 
humidity sensors [7], gas sensors [8], and biosensors [9]. 
Surface acoustic wave devices have been in commercial use 
for over decades. SAW RF (radio frequency) and IF 
(intermediate frequency) filters of the transceiver 
electronics are widely used in telecommunications industry 
because of their small size, low cost, and high performance. 
Besides, there are growing interests on SAW sensors for 
which most energy is confined within one wavelength of 
the surface, leading to high sensitivity. In addition, SAW 
sensors are passive, stable, and can be applied for wireless 
remote sensing and control.  Therefore, SAW sensors are 
promising candidates for a variety of sensors such as gas 
[10], humidity [11], pressure [12], and biosensors [13]. 
Several SAW-based UV detectors utilizing the 
acoustoelectric effect have been demonstrated [14-16]. 
However, most of presented cases were based on 
semiconductor sensing films.  
In the present paper, a ZnO-nanorod and a dual delay line 
SAW oscillator system are combined to develop a high 
precision UV detector. The frequency shifts related to 
different optical wavelengths and power density will be 
measured and discussed in the following sections. 

2 Sensor design and fabrication

2.1 Design and fabrication of a two-port 
SAW resonator 

The change in SAW velocity due to acoustoelectric 
interaction is proportional to the electromechanical 
coupling coefficient K2 [17]. A material with a large 
coupling coefficient such as LiNbO3 is highly suitable for 
UV detecting utilizing acoustoelectric effect. High 
piezoelectricity of LiNbO3 not only offers excellent 
piezoelectric conversion but also scales down the size of a 
SAW device by reducing IDT pairs. Therefore, we fabricate 
SAW oscillators on a 128 LiNbO3 substrate. The 
designed center frequency of the two-port SAW resonator 
is 145MHz. The design parameters of IDT are listed in 
Table 1. A 150nm-thick aluminum film was deposited on 
128 LiNbO3 by sputtering, followed by lithography and 
etching process, to form the electrodes. Frequency 
responses of the fabricated SAW devices were then 
measured by a network analyzer, the center frequencies are 
all around 145.87MHz and insertion losses are in a range 
from -5 to -7dB. Measurement results show the 
performance of these SAW devices is quite well. 

Wavelength 27 m 

Finger space 6.75 m 

Aperture 2700 m 

Delay line 4320 m 

IDT pairs 15 

No. of reflectors 50 
Table 1 IDT design parameters 

2.2 ZnO nanorod growth 

In this study, chemical solution method [18] is adopted for 
ZnO nanorods growth. First, a 50 nm-thick ZnO film used 
as a seed layer was deposited on a fabricated SAW device 
by sputtering. It should be noticed that ZnO films and the 
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followed nanorods were grown only on the delay line 
between two IDT electrodes, namely, the sensing area. 
Then the seeded LiNbO3 substrate was immersed in a 
solution containing a mixture of zinc nitrate hydrate (0.025 
M) and methenamine (0.025 M) at 95 C for 6 h. After this 
treatment, the substrate was rinsed with deionized water 
and dried by Nitrogen gas. Fig. 1 is a SEM image of a top 
view of the ZnO nanorods. Average diameter of the ZnO 
nanorods is less than 150nm. Height  of the ZnO nanorods 
is about 450nm. 

 

Fig.1 A SEM Image of ZnO Nanorods. 

2.3 Construction of the sensing system 

In order to eliminate environment fluctuations such as 
temperature and pressure, stability of a SAW sensor is 
needed to optimize the performance of the SAW sensor. 
These fluctuations can be ruled out by using a dual delay 
line SAW oscillator. In this study, a dual channel SAW 
oscillator consists of two counterparts, one is a SAW device 
coated with a ZnO-nanorod sensing material and the other 
one remains the bare surface, is constructed. Fig. 2 shows 
that the oscillators were connected to amplifiers, a mixer, 
and a low pass filter to form a dual delay line SAW 
oscillator system.  

Fig.2  Illustration of the Dual Channel Configuration. 

The experimental setup of a UV detecting system is shown 
in Fig 3. The sensing area of the dual delay line SAW 
oscillator was illuminated by a UV source consists of a Xe 

lamp and a monochromator. When the ZnO nanorod 
sensing area was subjected to UV illumination, a frequency 
shift was observed. The frequency differences were fed to a 
frequency counter connected with a personal computer for 
real-time data acquisition and storing.  

 

Fig.3  Experimental Setup of a UV Detecting System 

3 Measurement results 

Before a UV source is switched on, there exists a basic 
frequency difference between the reference channel and the 
sensing channel, which oscillates about 1.3MHz, as shown 
in Fig. 4. All measurements described next will be done 
after the SAW UV sensor has reached a steady state with 
low noise. First, we will discuss the response and 
repeatability of the UV detector by varying the wavelength 
of the UV source. By proper adjusting the distance between 
the sensor and light source, the power of the UV source can 
be set constant to 3.5mW/cm2 even when the wavelengths 
are changed. The UV detector was under UV irradiation 
with three UV lights, 365nm, 370nm, and 375nm, 
respectively. In Fig.4, the arrows represent that UV 
irradiation is on, and the triangles represent that UV source 
is off. Frequency shifts were immediately measured when 
the device was under 365nm irradiation toward 3 on-off 
cycles, 370nm for 2 cycles, and 375nm for 2 cycles 
subsequently. It should be noticed that when the sensor is 
illuminated by UV light for the first time, there would be a 
frequency shift due to dark conductivity, resulting in larger 
shift corresponding to the following measurement, as the 
position of the first arrow shown in Fig. 4. It shows that the 
maximum frequency shift occurs at the optical wavelength 
of 365nm, and gradually decreased as the wavelengths 
become larger, indicating that the acoustoelectric 
interaction is most effective when the optical wavelength is 
365nm, resulting the UV sensor be most sensitive at 365nm. 
Fig. 5 shows the response of the UV detector under 650nm 
illumination. The optical wavelength at 650nm is turned on 
at 10 sec and turned off at 120sec. It shows that the UV 
detector is insensitive to a wavelength outside the UV range. 
Maximum frequency shift is about 3 kHz, corresponding to 
the noise level when the sensor oscillates at a steady state 
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without UV illumination. In addition, even when the light 
power at 650nm becomes larger, the UV detector remains 
insensitive. Therefore, a UV detector based on dual-channel 
SAW oscillator system with ZnO-nanorod sensing area can 
achieve goals such as eliminating environmental 
fluctuations and also being insensitive to other optical 
wavelengths out of the UV range. 

 

Fig.4  Sensing Response of  the UV Detector with Different 
Light Wavelengths 

 

Fig.5  Sensing Response of the UV Detector under 650nm 
Illumination 

As mentioned before, the ultraviolet detector has largest 
response at 365nm.  Thus the UV source is chosen as 
365nm for following discussion on detector response 
toward different light power. Frequency shifts of UV on-off 
cycle for three times were recorded at different power 
densities. The experimental data is illustrated in Fig. 6. As 
can be seen, maximum frequency shifts are 44 kHz, 26 kHz, 
and 12 kHz corresponding to 3.5mW/cm2, 1.6mW/cm2, and 
0.5mW/cm2. Average frequency shifts of these 
measurements are 42 kHz at 3.5mW/cm2, 24 kHz at 
1.6mW/cm2 and 12 kHz at 0.5mW/cm2, respectively. 

 

Fig.6  Frequency Shift of  the UV Detector with Different 
Light Power 

Frequency shifts were also measured after the UV source is 
switched on for 10 seconds.  Fig. 7 shows the response of a 
UV detector after 10 sec of UV Illumination with varying 
power density. The maximum detected frequency shifts are 
19 kHz at 3.5mW/cm2, 10 kHz at 1.6mW/cm2, and 4 kHz at 
0.5mW/cm2. Average frequency shifts of these measured 
data are 18 kHz, 9 kHz and 3 kHz corresponding to 
3.5mW/cm2, 1.6mW/cm2, and 0.5mW/cm2. In the literature 
[19], maximum frequency shift of AlGaN-based SAW 
oscillator was less than 3 kHz at 1 to 2mW/cm2 at 10 
seconds after 365nm illumination. Therefore, the UV 
detector presented in this research has good sensitivity and 
fast response. 
According to measurement results listed above, a UV 
detector utilizing the ZnO nanorod-based dual channel 
SAW oscillator system exhibited excellent sensitivity, 
reproducibility, and can exclude environmental fluctuations. 

 

Fig.7  Frequency Shift of  the Detector after 10 sec of UV 
Illumination 
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4 Conclusion

In this study, an ultraviolet detector based on a SAW 
oscillator system with ZnO-nanostructured sensing material 
is designed and realized. Responses of different light 
wavelengths and varied optical power are measured. 
Frequency shifts reach a maximum value of over 40 kHz at 
365nm. Furthermore, frequency shifts is 19 kHz in 10 
seconds after 365nm is on, much larger in comparison with 
the previously reported AlGaN/sapphire structure. These 
results show that performance of this UV detector such as 
sensitivity, response time, repeatability, and environmental-
fluctuation elimination are excellent. In short, using ZnO 
nanorod as sensing material makes the SAW-based UV 
detector a promising candidate for UV sensing application. 
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