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A STUDY ON FABRICATION OF ZINC OXIDE THIN
FILM ACOUSTIC SENSORS

C.C. Chang* and J.H. Chang**

Keywords: ZnO thin film, acoustic sensors.

ABSTRACT

In this study, acoustic sensors were formed by depositing a
zinc oxide (ZnO) thin film on a silicon dioxide/silicon(SiO/Si)
substrate using radio frequency (RF) planar-magnetron sputtering
method. The results showed higher substrate temperatures and
higher RF powers enhanced C-axis oriented structure of the ZnO
thin film and optimized the ZnO thin film acoustic property. The
frequency spectrum measurement on the acoustic sensor underwa-
ter involved three peaks at frequencies 640 KHz, 2.4 MHz and 2.9
MHz, respectively. Sensitivity reached to -132.02 dBrelv/ ppa.
The results indicated that under the pressure of acoustic frequen-
cies the sensor response was directly proportional to pressure
and, therefore, can be actually utilized in underwater sounding
tests.

INTRODUCTION

In zero or low visibility environments, acoustic
devices are superior to optical devices in the detection
of targets. Therefore, ultrasonic sensors and sonar are
crucial to the development of submarine technolo-
gies. Since conventional acoustic sensors ot transmit-
ters are constructed of bulky ceramic materials, they
have imposed severe restrictions on the development
of acoustic systems. With the aid of integrated circuit
(IC) technology to develop intelligent acoustic sen-
sors, many researchers have recently begun to de-
velop thin film acoustic sensors [1-3].

ZnO is a piezoelectric material that can be fabri-
cated into thin film for intelligent acoustic sensor
applications. The material can be deposited on vari-
ous types of substrates[4,5]. The use of silicon mate-
rials as the substrate enables integration of intelligent
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acoustic systems onto a chip through IC techniques.
In this study, ZnO served as the source material for
the thin film acoustic sensor and was deposited on a
Si0,/(100) Si substrate, with aluminum(Al) utilized
as the electrode. To improve sensitivity, the quality
of the ZnO thin film used on acoustic sensors must be
optimized. The optimization parameters included
oxygen contents, RF power and substrate tempera-
ture[5], which were analyzed to study ZnO deposition
conditions. Since the acoustic sensor was layered on
a Si substrate, the placement of an IC on the same
single chip to ¢onfigure an intelligent sensor was not
a difficult task.

EXPERIMENTAL PROCEDURES

Referring to the fabrication process of the ZnO
thin film sensor in Figure 1, a Si(100) wafer was
coated with SiO2 (Fig. 1a). A substrate window was
created through the optical lithography(Fig. ib)
and after anisotropic etching the diaphragm was
made in the Si substrate with EDP solution(Fig.lc,
Fig. 1d) [6]. Furthermore, Al was utilized as the rear
electrode material. With an Al deposition thickness
of approximately 1,000A, the electrode pattern was
accomplished(Fig. le) through the same lithographic
technique shown in Fig. 1b. The ZnO thin film
material was then deposited on the Al/SiOy/Si sub-
strate with an RF planar magnetron sputter (Fig. 1f).
Next, the Al front electrode and electrode pattern
were also completed using the same lithographic
technique(Fig. 1f). Following the etching of
patterns(Fig. 1h) on the ZnO, the fabrication of the
sensor was complete. Fig 1i was the top view of the
ZnO thin film acoustic sensor. Since Al was utilized
as the rear electrode in the experiment, ZnO thin
film deposited on a Si0,/Si substrate and Al electrode
needed to be considered at the same time. In this
paper, the experimental variables used are oxide
contents of 0% to 50%, substrate temperatures of
room temperature to 350°C and RF power from 80
watts to 200 watts. The quality of ZnO thin film
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structure was analyzed with XRD. Moreover, the
characteristics of the acoustic sensor were measured
in an underwater condition to find out its frequency
spectrum and thereby determine the quality of the
ZnO thin film acoustic sensor using reciprocity
method.

RESULTS AND DISCUSSION

Since the high degree of C-axis oriented or high
degree of (002) preferred polycrystalline structure
of ZnO thin film can enhance its piezoelectric pro-
perties [7-10]. The piezoelectric properties of high
degree of C-axis oriented structure is similar to the
piezoelectric properties of ZnO single crystal. How
to enhance the degree of C-axis oriented is important
for high sensitivity ZnO thin film acoustic sensor. In
addition, the smaller full width at half maximum
intensity (FWHM) also has better structure quality of
ZnO thin film and can improve the quality of ZnO
thin film acoustic sensor.It is very important to have
higher degree of C-axis oriented structure and lower
FWHM value of ZnO thin film for high senstivity
ZnO thin film acoustic sensor.

The (002) peak FWHM of ZnO thin film which
deposited at different temperatures on Si10,/(100)Si

(a) Substrate (f) ZnO thin film deposition

= —

(b) SiO, etch

(c) Anisotropic etch

(d) Si diaphram

/N

(e). Al electrode deposition

(g) ‘Al electrode deposition

(h) ZnO etch

(i). Top view of the ZnO sensor

Fig. 1. Fabrication procedure of the ZnO thin film acoustic sensor.

substrate from X-ray diffraction patterns (XRD) are
shown in Fig. 2. Higher deposition temperatures
improved the crystallinity of ZnO thin film,since
the FWHM value of the ZnO thin film is reduced.
Different RF powers showed similar results. There-
fore, higher deposition temperatures effectively im-
proved the sensitivity of ZnO thin film acoustic sen-
sors consisting of ZnO thin film layered on Sioy/
(100)Si substrates[5]. As indicated in Fig. 3, similar
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Fig. 2. The (002) peak FWHM of X-ray diffraction patterns of ZnO
thin films on SiO,/(100)Si substrate grown at 100 and 150 watts
RF power with different substrate temperatures.
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Fig. 3. The (002) peak FWHM of X-ray diffraction patterns of ZnO
thin films on Al electrode grown at 100 and 150 watts RF
power with different substrate temperatures.
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findings were observed when ZnO thin film was and the substrate temperature was 350°C.

deposited onto an Al electrode. In addition, Fig. 4 The optimized ZnO thin film was then fabri-
shows the relationship between the degree of (002) cated following the device processes illustrated in
preferred orientation of ZnO thin film on Si0,/(100)Si Fig. 1 to produce the ZnO thin film acoustic sensor.
substrate and oxygen contents at different magnitudes Fig. 6 shows the frequency spectrum of the ZnO
of RF power, where the degree of the (002) preferred acoustic sensor, which was fabricated according to
orientation structure was based on XRD data of the the process illustrated in Fig. 1. These ZnO acoustic
ZnO thin film. Sum of count values of peaks(002) sensors were produced utilizing the optimal param-
and peaks (004) with respect to these of all diffrac- eters of ZnO thin film deposition and their respective

tion peaks of ZnO thin film from XRD in the 20 frequency spectrums were measured underwater.
from 30° to 70° was used to determine the degree of Four ZnO thin film acoustic sensors of different size
(002) preferred orientation structure of ZnO thin were compared in this experiment. The dimensions
film on Si substrate. According to this figure, the are indicated in Table 1. Sensor A,B have larger film
effect of the oxygen content on the degree of C-axis area than sensor C,D. On the other side, sensor B,D
oriented structure of ZnO thin film was relatively have thicker ZnO thin film than sensor A,C. From the
small, and increase in RF power(more than 110 frequency spectrum,it reveals a similarity in the re-
watts) achieved a superior C-axis oriented structure spective spectrums. These samples have the same
of ZnO thin film that is very beneficial to the sensitiv-
ity of acoustic sensor. Fig.5 is the relationship be-
tween (002) preferred orientation of ZnO thin film
on SiO,/(100)Si substrate and oxygen contents at
different substrate temperatures. According to the
figure,the effect of the oxygen content on the degree
of (002) preferred polycrystalline structure of ZnO
thin film was relatively small when the substrate
temperature was higher than 200°C. Furthermore,
the degree of (002) preferred structure of ZnO thin
film was near 100% when the substrate temperature
was at 200°C. The ZnO thin film on Al electrode had
similar results. It seems that the higher deposition
temperature and RF power at 110W or above are
better to achieve higher sensitivity of ZnO thin film
acoustic sensor. To optimize the ZnO thin film depo-
sition on Si0,/(100)Si substrate and Al electrode, the 0 10 20 30 40 50 60
RF power applied in this experiment was 150 watts
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Fig. 5. Degree of (002) preferred orientation as a function of oxygen
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Table 1 The respective geometrical dimension of film layers

for sensors A, B, C and D. _
Sensor A Sensor B Sensor C Sensor D
ZnO film 8.6 12.2 8.6 12.2
thickness :
(um)?
SiO, film 0.5 0.5 0.5 0.5
thickness
(um)?
Si diaphram 9.5 9.5 9.5 9.5
thickness
(um)?
film area (980)2  (980)2 (580)2  (580)2
(um)?
1.6 ..
>E 1.4 . .
T o2} . "
% 1 . * o P °
8 o.8 . o o o
e . <
> 0.6 . s °
. = o © -» Sensor A
0.4 e se 3 0 a Sensor B
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Fig. 7. Output voltage as a function of sonic wave input stress on the
acoustic sensor at the frequency of 2.25MHz.

peaks response, 650 KHz., 2.4 MHz. and approxi-
mately 2.9MHz. The maximum sensitivity of sensor
A, sensor B, sensor C and sensor D is -132.02dBrelv/
Mpa at 2.9MHz, -135.98dBrelv/upa at 2.85MHz,
-132.03 dBrelv/upa at 2.9Mhz and -135.62 dBrelv/
Upa at 2.9MHz, respectively, with a reference level of
0 dBrelv/upa. Based on the figure, the thinner film
had a higher sensitivity. In addition, a smaller film
area yielded a higher sensitivity in the high fre-
quency range also that may be related to the mechani-
cal vibration characteristics of ZnO thin film. Fig. 7
shows the sensor output voltages as function of input
sonic pressure at the frequency of 2.25MHz. The
voltage output showed a linear variation with the
sonic pressure when the pressure was less than 80
Kpa. It seems that the sensor sensitivity is correlated
to input sonic pressure. However, when the sonic
pressure exceeds 80 Kpa, sensitivity decreased due
to the thin film vibration saturation. The findings
reveal that under an appropriate range of pressure

applied, the thin film acoustic sensors fabricated in
this study will not pose any difficulties in practical
applications.

CONCLUSIONS

Semiconductor fabrication process and the Si
micromachining techniques were utilized to fabricate
the thin film acoustic sensor in this study, wherein a
ZnO thin film was deposited on SiO,/(100)Si sub-
strate and an Al electrode by RF planar-magnetron
sputtering method. The optimal prefered(002) orien-
tation of the ZnO thin film was achieved under the
condition, substrate temperature 350°C, RF power
150W. The frequency spectrum of the ZnO thin
film acoustic sensors in this experiment have three
peaks of approximate 650 KHz, 2.4MHz and 2.9MHz
with the optimal sensitivity of -132.03dBrelviipa.
Moreover, the results revealed the effects of film
geometrical dimension on sensor sensitivity.The sen-
sitivity increased as the ZnO thin film thickness was
reduced and as the film area was decreased. In ad-
dition, when subjected to an appropriate magnitude
of sonic pressure(<80Kpa) the sensitivity of the thin
film sensor was proportional to the sonic pressure.
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