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Abstract: Surface Acoustic Wave(SAW ) actuators have been dramatically required for a micro actuator not only
due to their direct driving objects, low energy losses and drive errors, but also their higher work frequencies,
shorter SAW waves, small dimensions, and low noises. In this paper,an applicable (SAW ) micro actuator is im-
plemented by fabricating microelectrodes on a LiNbO, substrate and by using MEMS technologies. In order to
control the drive direction more effectively, a new type of IDT, Floating Electrode Unidirectional Transducer
(FEUDT) is developed and the optimal designs are proposed and compared with others by ANSYS. The dimen-
sions of the FEUDT are 5 mm in the aperture size, 80 pm in the pitch, 6.7 pm in the strip width,and 0. 8 ym in
the thickness. In comparison with other types of SAW actuators, the floating electrode unidirectional SAW actu-

ator has a higher frequency vibration near to 50 MHz and more effectively controllable drive direction ability,
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which will be very useful for micro optical controlling systems in microminiaturization and controllability.

Key words: Surface Acoustic Wave(SAW) actuator; MEMS; Floating Electrode Unidirectional Trans-

ducer(FEUDT)

1 Introduction

Recently micro optical controlling systems have
been used for the optical communication net-
works. It is specifically desired that the fabrica-
tion for each device is simplified in order to in-
tegrate lots of small devices. As one of its im-
portant components, the micro actuator has
many applications, such as optical switching and
optical cross-connects™® . The Surface Acoustic
Wave(SAW) micro actuator is a device to pro-
duce drive power through frictional force by a
Rayleigh wave, which is a type of DAW. The
conventional SAW actuators are made of fixed
bidirectional IDTs, which work at about 10
MHz on piezoelectric materials and have sub-
nanometer positioning'*®. To miniaturize the
actuator size and control the drive direction more
effectively, we design a Floating Electrode Uni-
directional Transducer (FEUDT) on the piezoe-
lectric substrates, which will be operated by a
higher frequency up to 50 MHz. The driving fre-
quency is more than 4 times higher than that of
the transducers used in the conventional SAW
motors. Therefore, the vibration amplitude of
the floating electrode unidirectional SAW device
is more than 4 times smaller than that of under
the same vibration velocity conditions. Instead
of conventional SAW actuators, floating elec-
trode unidirectional SAW actuators enable the
high-output force and high-speed characteristics.
Moreover, they have the advantage of the high-
resolution direction drive in the micro optical
controlling systems. Even the miniaturized SAW
actuator with 100 MHz drive frequency was re-
ported™®, it also can not avoid the immanent dis-

advantage of bidirectional IDT, i. e. the high in-

sertion loss. On the contrary, the unidirectional
transducer has the advantage of the low-loss.
Due to only a part of the wave energy is used to
drive a slider and the rest of the energy is dissi-
pated into absorbers, someone takes use of the
energy circulation driving method”, but the
complicated influencing factor will cause the un-
certain phase shift to influence the energy circu-
lation. For all of these reasons, it is necessary
for us to take a research on the floating electrode

unidirectional SAW actuator.

2 Theoretical analysis

The structure of FEUDT is shown in Fig. 1. It
makes use of floating electrodes to obtain direc-

1), This transducer has six electrodes per

tivity
period. These electrodes all have a constant
width and spacing. Electrodes 1 and 4 are fixed
on the bus bars and connected to the RF electri-
cal power, electrodes 2, 3, 5 and 6 are floating,
and electrodes 2 and 5 are connected to each oth-
er. The fixed electrodes and the connected f{loat-
ing electrodes play an important role in the stim-
ulation of the SAW. This makes the center of
stimulation A/12 away from the center of reflec-

tion, and the amplitude of leftward SAW is not

equal to the rightward. As shown in Fig. 2, the

Fig. 1 Structure of FEUDT
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Driving direction

Substrate

Fig. 2 Principle of FEUDT on 128°Y-X LiNbO,

substrate

bulk wave and SAW are created by stimulating
the FEUDT on the substrate. When bulk wave
scatters to the space or the deeper substrate, on-
ly the SAW propagation on the surface of piezoe-
lectric materials is useful to the drive. We can
see the real line SAW to the right has greater
amplitude than that of the dotted line SAW to
the left. Consequently, the feature of FEUDT

results in directivity to the right.

3 Experimental setup

3.1 Design of the FEUDT

To get a better directivity, this section presents
an FEUDT model mentioned above, the SAW
actuator is made of a 128° Y-rotated and X-prop-
agation LiNbO; substrate with a diameter of 7.5
em(3 in) and a thickness of 500 ym. FEUDTs
are fabricated with Al in the thickness of 0. 8 ym
by means of the vacuum deposition. The dimen-
sions of the FEUDT are A = 80 pm in the pitch,
6.7 pm in the electrode strip width and gap i. e.
A/12, and 5 mm in the aperture. The FEUDT is
composed of 4 strip electrode pairs.

3.2 Simulation of the FEUDT

The analysis of FEUDT is very complex, as
shown by previous algebraic and numerical
work™. David proved his simplified quasi-static
theory was one of the analytical methods for
FEUDTM, But they all did not illustrate the
relationship between the frequency and the

structure characteristics. The modal, static and

transient analysis of the FEUDT model with an
ANSYS software are carried out by us. The
view of the FEUDT model after meshing is illus-
trated in Fig. 3. Having taken use of the piezoe-
lectricity analysis, the relationship between the
frequency and the impedance is obtained. Due to
the existence of floating electrodes 3 and 6, the
analytical results show that there are two trough
of impedances, the corresponding frequencies are
49.7 MHz and 50. 2 MHz. Fig. 4 shows the ana-
lytical result of the FEUDT model at a frequency
of 47 MHz.

Elements

Fig. 3 View of FEUDT model after meshing

1 ANSYS|
POST SURFACES APR 8 2008
VALOE=VOLTSUEF

SUF 11:25:15
STEP=1

SUB=1

TIME=32.0000

=3.317

3.3 66.309 75335 255561 355.167
halfnewone #1436 131122 777220.7467 3103747 400

Fig. 4  Analytical result of FEUDT model at fre-
quency of 47 MHz

3.3 Fabrication of the FEUDT

The fabrication of the FEUDT is similar to that
of the conventional IDT process. In experi-
ments, the FEUDT is succeeded to fabricate as
follows: Firstly, Al is sputtered onto a 128° Y-
rotated and X-propagation LiNbO; substrate by
a radio frequency sputtering with the device of

2440-C made by Comptech Ltd., America. It

takes 40 min to get a Al coating in a thickness of



No. 6

ZHANG Jun-feng.et al. :Design and fabrication of floating electrode -+

1303

0.8 pm at a RF power of 600 W and with a low
temperature no higher than 200 C. Secondly,
photoresist with a thickness of 5 pm is obtained
on the Al by the spin-coating processing and a
pattern is transferred from a mask by exposure
with the device of MA6/BA6 made by Karl Suss
Ltd. , Germany. Thirdly, Al is removed in 20
min by a wet etching process at the normal tem-
perature with the certain solution, which is ob-
tained by mixing H;PO,, CH;COOH and HNO;,
with mol ratio 85 : 13 ¢ 2 to prevent the Al elec-
trodes from undercutting. Finally, the rest pho-
toresist is removed from acetone solution with a
supersonic wave. Fig. 5 shows the fabricated
FEUDTSs with different dimensions on trial. The
packaged FEUDT is shown in Fig. 6.

Fig. 5 Fabricated FEUDTs with different dimen-

sions

Fig. 6 Packaged FEUDT actuator

4 Experimental results and discussions

When the frequency responses of the FEUDT

SAW actuator are measured by means of Imped-

ance/ Frequency

Analyses  Device

( Agilent
E4991A), the relationship between the frequency
and the impedance is obtained, as shown in
Fig. 7. 49.7 MHz and 50. 2 MHz are the reso-
nance frequencies of the FEUDT actuators.
line 1 and line 2 are the results of two different

FEUDT actuators.

found that not only the test results were accord-

From this diagram, we
ing with the results of simulation, but also the
FEUDT devices have a good consistency.

The test system of the floating electrode uni-
directional SAW actuator is set up, as shown in
Fig. 8. It includes a signal generator, an adjusta-
ble power amplifier, a FEUDT actuator and a
digital microscope. If we adjust the signal gener-
ator around 50 MHz, which is near to the reso-
nance frequency, we will get the maximal driv-

ing efficiency.
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Fig. 8 Test system of floating electrode unidirection-

al SAW actuator

5 Conclusions

A new kind of floating electrode unidirectional
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SAW actuator is presented. The designed FEUDT
is simulated and fabricated in the experiment.
The FEUDT has not only the feature of high op-
eration frequency near 50 MHz, but also the
high-resolution direction drive. From the results
of test and simulation, the resonance frequency
is finally obtained and used for the unidirectional

drive. There are several advantages observed in
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