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Love  mode  surface  acoustic  wave  (SAW)  ultraviolet  (UV)  sensors  were  fabricated  through  sputtering  ZnO
films  on  36◦ Y-cut  LiTaO3 substrate.  Crystalline  structure,  morphology  and  photoluminescence  (PL)  of  the
sputtered  ZnO  films  were  characterized  using  X-ray  diffraction,  atomic  force microscopy  and  fluorescence
spectrometer.  The  PL  spectra  revealed  that  different  defects  in  the ZnO  films  were  dependent  on the
oxygen  partial  pressure  during  deposition.  UV sensing  measurements  showed  that  at  a  power  density  of
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coustic-electric interaction

350  �W  cm , the  amplitude  of  the  Love  mode  SAW  UV sensor  decreased  up  to −6.4  dB  with  a frequency
shift  of ∼150  kHz  under  a 254  nm  illumination.  When  this  device  was  illuminated  with  365  nm UV  light
at  570  �W cm−2, the amplitude  of the  transmission  signal  decreased  only  −2.5 dB  without  any  significant
frequency  shift.  A  frequency  hopping  effect  during  the  downshift  and  recovery  periods  was  identified  due
to  the simultaneous  interplays  between  the  variations  of  the  acoustic  velocity  and  attenuation  during
the  acoustic-electric  interaction.

© 2013 Elsevier B.V. All rights reserved.m.c
. Introduction

Recently, ZnO-based surface acoustic wave (SAW) devices have
ttracted much interest in ultraviolet (UV) sensor, gas sensor,
iosensor and microfluidics [1–5]. Semiconducting ZnO films with

 wide bandgap of ∼3.3 eV exhibit a good photoconductivity, and
hus have been used to fabricate Schottky photodiodes, field-effect
ransistors, and SAW resonators for UV sensing applications [6–10].
nO-based SAW UV sensor possesses advantages of good passivity,
ow-cost, high reliability and good reproducibility [11]. ZnO films
erving as a photo-conducting layer can be deposited on the SAW
ropagating path, and a good photo-response to the slight change

n the acoustic-electric interaction arises from the variation of the
heet resistivity and carrier concentration in the ZnO film [12].
hanges in the velocity and amplitude of the SAW signal can be
xploited to monitor the physical variation of the sensing layer,
urface and interface of the multi-layers among sensing layers and

www.sp
iezoelectric substrates influenced by the wavelength and power
ensity of the UV light.

∗ Corresponding authors.
E-mail  addresses: richard.fu@uws.ac.uk (Y.-Q. Fu), xtzu@uestc.edu.cn (X.-T. Zu).

924-4247/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.sna.2013.01.016
For SAW UV sensing, the Rayleigh-mode SAW devices can be
used to detect the acoustic-electric interaction, and the sensing
mechanism have been explained [11,13–18]. Typical sensing lay-
ers such as GaN film or ZnO film have been deposited on the
SAW devices and a frequency downshift of 60 kHz has been
reported based on a GaN/sapphire SAW oscillator with a fre-
quency of 200 MHz  under UV irradiation in the wavelength range
of 330–400 nm [13]. For another example, a 200 nm-thick ZnO
film was sputter-deposited onto a LiNbO3 SAW device operated
at 37 MHz, which exhibited a large frequency shift of 170 kHz
when illuminated using 365 nm UV light with an intensity of
40 mW cm−2 [14]. Kumar et al. deposited a 71 nm-thick ZnO film on
a LiNbO3 SAW filter with an operating frequency of 37 MHz, which
could detect a low-level intensity of 450 nW cm−2 for the 365 nm
UV light [15]. Furthermore, nanocystalline ZnO films with vari-
ous morphologies of nanoparticles, nanorods and nanowires have
been grown on the Rayleigh mode SAW devices to improve their
photoconductivity [10,16–19]. Besides the fundamental Rayleigh
mode, the Sezawa mode SAW has also been adopted to analyze
the acoustic-electric effect [1,11]. Emanetoglu et al. introduced a

Mg:ZnO layer in the ZnO/Mg:ZnO/ZnO/Si structure for the ZnO
SAW filter, which exhibited a good sensitivity to a power den-
sity of 810 �W cm−2 when operated using the Sezawa mode SAW
of 711.3 MHz  [1]. Wei  et al. demonstrated that a large frequency

dx.doi.org/10.1016/j.sna.2013.01.016
http://www.sciencedirect.com/science/journal/09244247
http://www.elsevier.com/locate/sna
mailto:richard.fu@uws.ac.uk
mailto:xtzu@uestc.edu.cn
dx.doi.org/10.1016/j.sna.2013.01.016
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hift of 1.017 MHz  could be obtained for the 385 nm UV light at a
ower density of 551 �W cm−2 using the Sezawa mode SAW (with

 frequency of 842.8 MHz) [11].
Love mode SAW is generated from a shear-horizontal acous-

ic wave propagating in a guiding layer on top of the piezoelectric
ubstrate. SAW device in this mode possesses a good sensitivity
o the mass change and photoconductivity variation for applica-
ions in liquid biosensing, gas sensing and photodetection [20–22].

ater et al. reported that a 1 �m-thick sputtered ZnO film on a 90◦

otated ST-cut (42◦45′) quartz SAW device did not generate any
pparent response when illuminated with a 365 nm UV light, but
nO nanorods grown on the ZnO/90◦ rotated ST cut (42◦45′) quartz
AW device significantly enhanced the UV sensitivity [23]. Hence,
he photoconductivity of ZnO films is related to their crystalline
tructure and defect properties, which can be varied by control-
ing the film growth conditions. Recent advances of the studies in
emiconducting ZnO thin films also showed that the photoelectric
roperties are determined by the crystal quality and crystallization
onditions on various substrates [24–28]. This enables the sensi-
ivity of the Love mode SAW UV sensor to be optimized through
puttering the ZnO film on a shear-horizontal SAW device under
ppropriate growth conditions. However, rotated 90◦ ST-cut quartz
as a low electromechanical coupling coefficient (k2) of 0.11% and

ow dielectric constant of 4.5 [29,30]. Whereas, the 36◦ Y-cut LiTaO3
ossesses a large k2 of 4.7% and high dielectric constant of 47,
hich is beneficial to improve the sensitivity of the Love mode SAW
V sensor [31]. To date, Love mode SAW UV sensor based on the
nO/36◦ Y-cut LiTaO3 structure has seldom been reported to detect
he UV lights of different wavelengths and low power densities, and
he related sensing mechanisms have not been clearly elucidated.

In  this paper, ZnO/36◦ Y-cut LiTaO3 SAW devices have been
abricated and characterized to study their UV light sensing capabil-
ties based on different deposition conditions of the ZnO films. The
eal-time responses of amplitude and frequency of the Love mode
AW UV sensors have been measured as a function of UV light illu-
ination intensity. UV sensing mechanism of the Love mode SAW

evice was investigated based on the analysis of acoustic-electric
nteraction.

. Experimental

A  4 in. wafer of 36◦ rotated Y-cut LiTaO3 was used as the
iezoelectric substrate and standard lithography techniques was

.sp
mployed to pattern the inter-digital transducers (IDTs). The
50 nm thick aluminum IDTs consisted of 30 pairs of fingers with

 wavelength of 100 �m and an aperture size of 2.5 mm.  ZnO films
ere deposited on the surface of the SAW device using a direct

ig. 1. (a) Step heights of sputtered ZnO films on 36◦ Y-cut LiTaO3 SAW devices, (b) XRD
hows layer structure of ZnO/LiTaO3 SAW device.

www
uators A 193 (2013) 87– 94

current  (DC) reactive magnetron sputter system (NS3750, Nordiko)
and a 99.99% purity zinc target was used as the magnetron cath-
ode. The distance of the sample from the target surface was  about
10 cm and the chamber was  pumped down to the base pressure of
2.0 × 10−3 Pa. The flow rates of the argon and oxygen gases were 90
and 45 sccm, respectively. Pre-conditioning of the target was  per-
formed for 20 min  to clean and oxidize the surface of the zinc target
to form a thin stable ZnO layer followed by a one hour deposition
with a DC power of 400 W and a working pressure of 0.64 Pa. The
substrate temperature was  increased from 25 ◦C to 40 ◦C without
substrate-heating treatment during the deposition. A second device
with 30 pairs of fingers with a wavelength of 100 �m and aperture
size of 1.5 mm was  fabricated with a two hour deposition at a work-
ing pressure of 0.33 Pa and an oxygen partial pressure of 60%. The
center frequencies of the Love mode devices were measured using
an HP8752a network analyzer, which was ∼41.5 MHz.

The ZnO films were characterized using X-ray diffraction (XRD,
D5000, Siemens) with Cu K� radiation  (� = 1.5406 Å). The thickness
of the ZnO films was measured using a surface profiler (Veeco Dek-
tak). Surface morphologies and roughness of the ZnO films were
characterized using an atomic force microscope (AFM, CSPM4000,
Ben-Yuan), and photoluminescence (PL) spectra were measured
at room temperature using a fluorescence spectrometer (LS-55,
Perkin-Elmer).

The ultraviolet light sensing was performed by illuminating the
Love mode SAW device with a UV source of wavelengths ranging
between 254 and 365 nm (UVGL-15, 4 W,  UVP) at different optical
power densities measured using an optical power meter. The real-
time loop responses of the frequency and magnitude of the SAW
devices to the ultraviolet light illumination were recorded every
4.6 s using a data acquisition system. The photocurrents of the ZnO
films on the LiTaO3 substrate were measured at room temperature
in air using a Keithly 2400 digital source-meter through applying
a DC voltage of 1 V on the IDT, illuminated by the UV light with
different wavelengths and power densities for 1 min.

3. Results and discussions

3.1.  Structure and morphology

Fig.  1a shows the surface profile of the two  ZnO films deposited,
which indicates that the thickness of the ZnO film deposited at the
0.64 Pa for one hour is ∼1.39 �m,  and that deposited at 0.33 Pa for

.co
m.cn
2 h is ∼1.75 �m.  The resulting thickness of the ZnO films on the
LiTaO3 substrate is near to or in the range of 1.2–1.5 �m in order to
obtain a large value of k2 for the ZnO/LiTaO3 structure [22]. Fig. 1b
shows the XRD patterns of the two  samples. Only the (0 0 0 2) peak

 patterns of ZnO films deposited on the 36◦ Y-cut LiTaO3 SAW devices; the inset

zhk
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face resulted in a zinc-rich sample due to the low oxygen partial
pressure of 33.33% [40,41]. It can be concluded from the PL analy-
sis that the defects of the ZnO films are altered by the deposition

m
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Fig. 2. AFM images of ZnO films deposited on the LiTaO3 SAW devic

or the ZnO film and (0 1 2) peak for the LiTaO3 substrate were
bserved indicating a highly textured ZnO films with a c-axis pre-
erred orientation. The grain size was estimated using the Scherrer’s
ormula with the removal of the equipment induced beam broad-
ning, and found to be ∼15.9 nm for the ∼1.39 �m-thick ZnO film
nd ∼31.2 nm for the ∼1.75 �m ZnO film [32]. The peak shift of the
lm compared to the unstrained reference data of the bulk mate-
ial indicates that the ZnO films were compressively strained. The
train ε in the ZnO films along c-axis is estimated by [33]

film = cfilm − cbulk

cbulk
(1)

here  cfilm is c-axis lattice constant of the films obtained from
he position of the (0 0 0 2) peak, and cbulk is the unstrained lattice
arameter of the bulk ZnO taken as 0.52069 nm [33]. The strain

s calculated to be 1.31% for the ∼1.75 �m-thick ZnO film with a
0 0 0 2) diffraction peak at 33.96◦. This is much larger than 0.45%
or the ∼1.39 �m-thick ZnO film with a (0 0 0 2) diffraction peak at
4.26◦.

Fig. 2 shows the surface morphologies of the ZnO films on the
6◦ Y-cut LiTaO3 SAW device. Fig. 2a shows the lateral feature
f the ∼1.39 �m-thick ZnO film as triangular-stacked shapes and
he corresponding three-dimensional (3D) surface in Fig. 2b shows
he tip-like microstructure, with a surface roughness of ∼38.9 nm.
ig. 2c shows the surface feature of ∼1.75 �m-thick ZnO film, which
onsists of rod-like shapes stacked horizontally with the occasional
riangular structure, and a 3D AFM morphology presented in Fig. 2d
hows a relatively smoother surface with a roughness of ∼21.8 nm.
nalysis of the XRD results and surface morphology suggests that

he ∼1.75 �m-thick ZnO film deposited at the oxygen partial pres-
ure of 60% has a relatively denser microstructure than those of
1.39 �m thick.

.2. Photoluminescence property

It is known that defects in the nanocrystalline ZnO films play

www.sp
n important role on the photoelectric property of the ZnO films
7,9,11,23]. Fig. 3 shows the PL spectra of the ZnO films measured
nder Xe-lamp excitation of 325 nm at room temperature. The
trong peaks at 385 and 400 nm of the emission spectra correspond
h the thickness of (a, b) ∼1.39 �m and (c, d) ∼1.75 �m, respectively.

to  the near-band edge transition and zinc vacancy VZn, respectively
[34,35]. This indicates that the ∼1.75 �m-thick ZnO film deposited
under a relatively higher oxygen partial pressure exhibits a better
crystallinity. The ∼1.39 �m-thick ZnO film, which was deposited
under a lower oxygen partial pressure, displays a multi-peak PL
structure that originates from different types of intrinsic defects.
The peak at 424 nm is associated with the interstitial zinc [36],
while the electron transition from a deep donor (oxygen vacancy)
to the valence band are attributed to the origins of the 447 and
461 nm emissions [37]. The sharp peak at 486 nm is caused by the
lattice defects related to oxygen vacancies and zinc vacancies, and
the weak green emission peak at 529 nm is from singly-ionized oxy-
gen vacancies on the surface [38,39]. The different defects observed
in the ∼1.39 �m-thick ZnO film suggest that the higher oxygen
content of the working gas significantly reduces the formation of
oxygen vacancies and zinc interstitial when the deposition rate
is ∼14.6 nm/min. In contrast, a relatively larger deposition rate of
23.2 nm/min and the lower oxidation efficiency of the target sur-

.co
m

Fig. 3. Photoluminescence spectra of the ZnO films on the LiTaO3 based SAW devices
under different deposition parameters.
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ig. 4. Frequency responses (S21) of the ZnO/LiTaO3 SAW device under the UV light
llumination at 254 nm with a power density of 0.71 mW cm−2 and at 365 nm with

 power density of 0.57 mW cm−2, respectively.

onditions, which certainly has a significant influence on the pho-
oconductivity under the UV irradiation.

.3. UV light sensing of the Love mode SAWs

The transmission signals of the Love mode SAW UV sensors were
easured under a UV light illumination. Fig. 4 shows the frequency

esponse (S21) of the Love mode SAW UV sensors made from the
1.39 �m-thick ZnO film. The frequency shift and decrease in the

nsertion loss were clearly observed when the device was illumi-
ated using the UV light with wavelengths of 365 nm and 254 nm
ith power densities of 0.57 mW cm−2 and 0.71 mW cm−2, respec-

ively. The responses to the UV light with different wavelengths
eveal that the defects in the ZnO film can trap the photons with
ifferent energies and generate electron–hole pairs. The free car-
iers in the guiding layer interact with the moving electric field
rom the SAW, resulting in the frequency shifts and the decreased

agnitudes.
To investigate the sensing repeatability and stability, real-

ime responses of the frequency and magnitude of the UV sensor
ere recorded and the results of the UV light source being

witched on and off for several exposure cycles are shown in
ig. 5. The maximum amplitude change of the SAW UV sensor
ith a ∼1.39 �m-thick ZnO film was −12.5 dB, when illuminated
sing the 254 nm UV light at 2.17 mW cm−2. Fig. 5a shows that
he frequency response has a step change during the recovery

w.sp
o the initial value (see under the irradiation of the 254 nm UV
ight at 2.17 mW cm−2), which consists of two frequency shifts of

f1 = 50 kHz and �f2 = 100 kHz. This frequency hopping effect is
onsidered to be triggered by simultaneous interplays between

ig. 5. Loop responses of the Love mode SAW UV sensor with a ∼1.39 �m-thick ZnO film
nd (b) at 365 nm illuminated with a power density of 1.78 mW cm−2, respectively.

ww
uators A 193 (2013) 87– 94

the  variations of the acoustic velocity and attenuation during the
acoustic-electric interaction [12]. When this UV sensor is illu-
minated using the 365 nm UV light with a power density of
1.78 mW cm−2, the maximum amplitude change is −5.3 dB. Only a
frequency shift of ∼50 kHz is observed in Fig. 5b without any appar-
ent step during the downshift and recovery. It is possible that the
photocurrent in this film is not large enough for the frequency hop-
ping effect to occur. The subsequent loop response exhibits a good
repeatability and stability. Fig. 6 shows the real-time response to
UV light illumination of SAW UV sensor with a ∼1.75 �m-thick ZnO
film. There is only a very weak real-time response of the amplitude
to the large optical power density (i.e. 3.85 mW cm−2 for the 254 nm
UV light and 3.10 mW cm−2 for the 365 nm UV light), indicating that
the acoustic-electric interaction has been slightly changed due to
a small change of the sheet conductivity in the ZnO film. It can
be concluded that the zinc vacancy VZn of the defects has a very
weak contribution to the photoconductivity combining with the
photoluminescence analysis.

In  order to understand how the defects contribute to the pho-
tocurrents of ZnO films, the photo-current responses of the ZnO
films on LiTaO3 substrates were measured as shown in Fig. 7.
Both the ZnO films with different deposition parameters exhibit
photo responses when illuminated using the UV light with wave-
lengths of 254 and 365 nm,  respectively. However, the decay
process of the photocurrent in the ∼1.39 �m ZnO film shows a
much faster response than that in the ∼1.75 �m ZnO film when
the UV exposure is off. This indicates that generation mechanisms
of the photocurrent may  be different upon the UV illumination.
For the ∼1.39 �m ZnO film, the oxygen molecules chemisorbed on
the grain boundary can diffuse into the boundary structures and
fill up oxygen vacancies at the surface [42,43]. The adsorption of
chemisorbed oxygen forms a high-resistance depletion layer at the
surface resulting in a very small current in the ZnO film as shown
in Fig. 7a. A lot of electron–hole pairs are generated and form a
large photocurrent under the UV irradiation due to the signifi-
cant decrease in the height of the barrier potentials. The current
is quickly decayed to the initial value by recovering the chemisorp-
tions of oxygen in the absence of the UV light [43,44]. The relatively
lower resistance of the ∼1.75 �m ZnO film originates from the
excess donors of the ionized oxygen [45]. The longer decay time
is related to a redistribution of surface ions and near-surface layer
ions due to the high barriers of the relatively large grain [43]. The
holes captured by deep traps at the grain boundaries slowly escape
from the traps and recombine with free electrons, which results in
a slow decrease in the conductivity and a difficult recovery of the
initial state as the electron density drops [45,46].

.co
m.cn
A wide range of optical power densities were used to measure
the amplitude change and frequency shift of the SAW UV sen-
sor with a ∼1.39 �m-thick ZnO film, and the results are shown
in Fig. 8. Fig. 8a shows that the amplitude of the SAW sensor is

 to the UV light (a) at 254 nm illuminated with a power density of 2.17 mW cm−2
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ig. 6. Real-time responses of the Love mode SAW UV sensor with a ∼1.75 �m-thick
nd (b) at 365 nm illuminated with a power density of 3.1 mW cm−2, respectively.

ignificantly decreased under the illumination of the 254 nm UV
ight with power densities of 3.85–0.35 mW cm−2. The response
ime reduces when the power density is decreased from 3.85 to
.35 mW cm−2. The maximum decrease in amplitude is ∼16 dB
or the 3.85 mW cm−2. The amplitude changes indicate that the
AW UV sensor is sensitive to the power densities at a wave-
ength of the 254 nm.  When the 365 nm UV light was switched
rom 0 to 3.10 mW cm−2, the amplitude of the SAW UV sensor
as increased from −3.7 to −13 dB as shown in Fig. 8b. The dif-

erence in the amplitude of the device is insignificant when the
65 nm UV light with a power density of 0.28 mW cm−2 was used.
learly, the nature of the defect determines the concentration of
he photo-generated carriers. The electron–hole pairs under photo-
xcitation are generated from the ionized oxygen defects in the
rain boundaries and chemisorbed oxygen at the grain bound-
ries, and the photo-generated holes discharge with the negatively
onized oxygen releasing the chemisorbed oxygen, thus resulting
n a photocurrent which has a linear response to the UV inten-
ity [44,47,48]. The slow recovery to the initial amplitude could
e assigned to the shallow traps created by zinc interstitials [47].
he difference of the amplitude responses with the UV wavelength
ould be explained due to the different photon-trapped abilities of
he defects in the ZnO film [49,50].

Fig. 8c shows the total frequency shift (�f) of ∼150 kHz consist-
ng of two sub-shifts (�f = �f1 + �f2) with a step. It is interesting
hat the response time changes with different power densities
f the 254 nm UV light, but the maximum frequency shifts have

.sp
he same value of ∼150 kHz. This is different compared with the
onventional SAW UV sensors, which show apparent frequency
hifts as the power density is modified. When the ZnO thickness
s smaller than the acoustic wavelength, the velocity shift (�V) and

ig. 7. Responses of the photocurrent of ZnO films with (a) a thickness of ∼1.39 �m an
ensities.

www

lm to the UV light (a) at 254 nm illuminated with a power density of 3.85 mW cm−2

the attenuation (�� ) from the acoustic-electric interaction can be
estimated by [1,12,14]

�V

V0
= −k2

2

�2
sh

�2
sh

+ V2
0 C2

s

, (2)

��  = k2

2
V0Cs�sh

�2
sh

+ V2
0 C2

s

, (3)

where  V0, �V, k2, Cs and �sh are the SAW velocity on free sur-
face, SAW velocity difference, coupling coefficient, capacitance per
unit length of the surface and the sheet conductivity of the ZnO
film, respectively. This indicates that a small downshift of the fre-
quency results in a decrease of the phase velocity, and the changes
of amplitude correspond to SAW attenuation under the UV irradia-
tion. However, the nearly constant value of the total frequency shift
suggests that the sheet conductivity could approach a steady-state
maximum value for the Love mode SAW UV sensor if illuminated for
a sufficiently long time, which is different with the behavior of the
Rayleigh mode SAW UV sensor [14–18]. The physical characteristic
of the sheet conductivity is given by [1,12]

�sh = V0Cs = V0[ε1 + ε2(�, t)], (4)

where  ε1 and ε2(�,t) are the permittivities of the substrate and
ZnO film, respectively. The permittivity of the ZnO film, ε2(�,t),
changes with the wavelength and irradiation time of the UV light.
The steady-state photoconductivity can quickly reach to a stable

.co
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value when exposed to large optical power densities, but the photo-
conductivity relaxation is slow during the recovery process. When
the wavelength of the UV light is changed to 365 nm,  the appear-
ance of the step in the downshift at a power density of 3.1 mW cm−2

d (b) a thickness of ∼1.75 �m,  illuminated with different wavelengths and power



92 H.-F. Pang et al. / Sensors and Actuators A 193 (2013) 87– 94

Fig. 8. Real-time amplitude change of the Love mode SAW UV sensor with a ∼1.39 �m-thick ZnO film to the UV light at the wavelength of (a) 254 nm and (b) 365 nm
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nder illumination with different power densities; real-time frequency response w
ifferent  power densities.

ndicates that the frequency hopping effect occurs only when the
hoto-excited carriers approach the saturation concentration in the
coustic-electric interaction as presented in Fig. 8d. The total fre-
uency shift is about 150 kHz, which is similar to that obtained
nder irradiation with the 254 nm UV light. The change in sen-
itivity with the different wavelengths has been reported for the
nO nanoparticles on LiNbO3 SAW devices and was attributed the
urface acceptor impurities [16]. Therefore, it is possible that the
xposure using the UV light with different wavelengths results in
he different concentrations of the photo-excited carriers due to the.sp
efect properties in the ZnO films even at the same optical power
ensity.

Fig. 9a shows the amplitude change of the Love mode SAW UV
ensor as a function of power density. The fitted curves indicate

ig. 9. (a) Amplitude change and (b) frequency shift of Love mode SAW UV sensor with a
olid lines represent the linear fit.

www
 UV light at the wavelength of (c) 254 nm and (d) 365 nm under the illumination of

that  the amplitude change exhibits an approximately linear rela-
tionship with the UV intensity, which has also been reported for
a Rayleigh mode SAW oscillator designed to detect a 365 nm UV
light [15]. This is attributed to the linear relation between the pho-
tocurrent in the ZnO film and power density of the UV irradiation
[43,44]. As the power density is varied the maximum frequency
shift remains an almost constant value of ∼150 kHz for 254 nm
illumination (see Fig. 9b), which means that the sheet conductiv-
ity could reach a maximum value at different UV intensities when
the exposure time is long enough. However, the dependence of

.c
the frequency shift on the 365 nm UV intensity indicates that the
sheet conductivity is influenced by the oxygen defects in the ZnO
film, which exhibits monotonic variation before approaching the
saturated concentration of the photo-excited carriers.

 ∼1.39 �m-thick ZnO film for the UV light at different optical power densities, the
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. Conclusions

Love mode surface acoustic wave ultraviolet sensors were fab-
icated using sputtered ZnO films on 36◦ Y-cut LiTaO3 substrate
nd their thickness, crystalline structure, morphology and photo-
uminescence of the ZnO films were characterized using a surface
rofiler, X-ray diffraction, atomic force microscopy and fluores-
ence spectrometry. The PL spectra revealed that the different
efects in the ZnO films were dependent on oxygen partial pres-
ure during deposition. Results from the UV sensing measurements
howed that the amplitude response of the Love mode SAW UV
ensor operated at ∼41.5 MHz  changed up to −6.4 dB and the fre-
uency shift approached ∼150 kHz under a 254 nm illumination
t the power density of 350 �W cm−2. Whereas under a 365 nm
llumination at 570 �W cm−2, an amplitude of the transmission
ignal decreased only −2.5 dB with no significant frequency shift.
he frequency hopping effect during the downshift and recovery
eriods was identified due to the simultaneous interplays between
he variations of the acoustic velocity and attenuation during the
coustic-electric interaction.
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