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Two-dimensional actuation of liquid using surface acoustic wave
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Abstract: This paper reports the two-dimensional actuation of a water drop by using a Surface Acous-
tic Wave(SAW). Four Interdigital Transducers (IDTs) is fabricated on a 127.8° rotated Y-cut X-
propagation LiNbO; substrate. Each IDT is composed of 10 strip electrode pairs, which is 400 pym in
pitch, 100 pm in electrode strip width and 12 mm in aperture. The overall size of the device is 26 mm
X 26 mmXO0. 45 mm. Due to the anisotropy of LiNbOj; crystal, the resonance frequencies of IDTs are
in 9.3 MHz along Y axis and 9. 6 MHz along X axis, respectively. Being superior in characteristics to
alunimium, copper is used as the electrode material in fabrication process and the Lift-off process is a-
dopted to fabricate electrodes,so that optimum process parameters are finally obtained. An ultra-long-
time ultrasonic assistance is used to get rid of residues completely, finally,a two-dimensional actuation
of the water drop is observed, which shows the input power is 9 W and the average speed is drop

movement is 5 mm/s. The propagation of SAW in LiNbO; substrate is simulated with ANSYS, simu-
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lation result agrees well with the calculation of theoretical vibration amplitude in LiNbO;. This re-

search demonstrates that the two-dimensional acuation of a liquid drop by using the SAW is feasible.

This prototype of liquid actuation is promising in lab-on-chip and p-TAS applications

Key words: liquid actuation; Surface Acoustic Wave(SAW) ; lift-off process;Finite Element Analysis

(FEA)

1 Introduction

The Surface Acoustic Wave (SAW) study
stems from as early as more than 120 years ago
when L. Rayleigh, after whom a kind of the
surface acoustic wave was named, put forward
the theory of SAW. The SAW is a particular
kind of sound wave which is constricted at the
very surface of a solid material while travel-
Due to fabrication limits, The SAW

hardly found its way into industrial application

ling"-.

in the early periods of the 20th century. Until
1960s, it was not applied in the field of commu-
nication, which attribute to the great booming of
microfabrication at that time. Typical applica-
tion fields of SAW devices include chemical va-
por sensors, band-pass RF filters and so on.
Novel SAW actuation devices have high pre-

(23] As we know,con-

cision and high frequency
ventional ultrasonic motors use micrometer order
vibration for frictional drive and can realize a
sub-micrometer positioning. By contrast, SAW
actuation device can realize a sub-nanometer po-
sitioning™ by using the surface friction force
caused by Rayleigh wave. Besides, the SAW ac-
tuation is highly integrated and consumes much

less spaces, which makes it promising in MEMS

applications.
2 Actuation theory

An alternate electric field applied on a pie-
zoelectric material surface produces both an elec-
tric field and a stress field. A convenient cou-
pling of the electric field and stress field will

cause points in the elastic medium move along an

elliptical locus, which engenders the SAW, If
the propagation of SAW encounters the liquid on
a surface, a leaky SAW is excited. The leaky
SAW propagates along the boundary and excites
the longitudinal wave into the liquid. The propa-
gation constant k; of the leaky SAW is a complex
number. The particle displacement u, can be ex-
pressed as follows™ .
u,=A exp (jwt) * exp(—jkLx) * exp(—ak.2) ,
(D

Where A is the amplitude of SAW propagation,
and

azzl—(;’—i)z, (2)
vs and v, are the propagation speeds of the SAW
along the substrate surface in the liquid ,respec-
tively. According to the general equation of hy-
drodynamics for viscous fluid

F=p 2 +pv+ Vv, (3)

where F is the net force per unit volume due to a
stress, p is the liquid density , v is the particle
velocity.

The magnitude of x component net force per

unit volume F, can be expressed as

F,=p (

Where k; is the imaginary part of k.

vs>3/2A2 " B .
w R;ieXp 2( kil killz) ) 4)

UL

In most cases, SAW is excited by an IDT

with a RF electrical power sourcet®.

3 Experiments

3.1 Preference of copper over aluminum
Most experiments done before have selected
the aluminum as the IDT material of SAW de-

vice, for aluminum has comparatively high con-
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ductance and is free from further oxidation due
to the air isolation caused by the tight oxidation
layer that covers it. However, copper has its
own advantages over aluminum. To begin with,
the resistivity of copper is merely 0. 017 Q « m,
approximately only two thirds of that of alumi-
num. Furthermore, the high-frequency perform-
ance of copper is much better than that of alu-
miniumt™. Thirdly, copper deposition tempera-
ture is much lower than that of aluminum. This
is vital for the performance of the SAW device,
since high-temperature fabrication will more
likely render the lattice of LiNbQO, substrate to
damage. In this research, the temperature of
copper sputtering process is no higher than 150
‘C, while, by contrast, the normal temperature
for aluminum sputtering ranges from 300 C to
600 ‘C. In addition, samples in this research, of
which the IDTs are made of copper, preserve
well without apparent oxidation after they have
been fabricated for half a year.
3.2 Device fabrication

A two-dimensional actuation stage is fabri-
cated on a 127. 8° rotated Y-cut X-propagation
LiNbO; wafer. The LiNbO, wafer is 7. 62 cm in
a diameter and 450 mm in a thickness. As is
shown in Fig. 1, the dimension of every elec-
trode is 400 pm in pitch, 100 pm in electrode

strip width and 12 mm in aperture.

Pitch
== |

Aperture

————
Electrode width

Fig.1 Sketch of IDT

A standard lift-off process is adopted to fab-

ricate the device, it goes as follows:

First, photoresist is spun onto the LiNbO;
wafer and a UV exposure is conducted followed
by a prebake. Second, the wafer is sputtered
with copper at a low temperature of no higher
than 150 ‘C for 30 min and the thickness of cop-
per is 130 nm. Finally, the fabricated wafer is
rinsed in acetone to pattern IDT electrode pairs
with ultrasonic assistance of 30 min. It is dem-
onstrated that the usual way to get rid of residue
by using acetone does not work; an acetone rins-
ing with ultra-long-time ultrasonic assitance is
very effective.

In the process above, in order to enhance
the adherence of copper to the LiNbO, sub-
strate, a layer of chromium with a thickness of
10 nm is sputtered onto the substrate before
sputtering of copper. It is also demonstrated
that a photoresist of 17 mm, exposure of 170 s,
development of 280 s, hardbake of 5 min, and
removal of photoresist by using acetone rinsing
with supersonic assistance for 30 min in series
are convenient fabrication process parameters.

The fabricated SAW actuator is shown in Fig. 2.

Fig. 2 Fabricated SAW liquid actuator

3.3 Result

Due to the anisotropy of LiNbO; crystal,
the resonance frequencies of four IDTs are in 9. 3
MHz along Y axis and 9. 6 MHz along X axis,
respectively. By applying alternate voltage with
different resonance frequencies on IDTs, the
movement of a water drop is observed . The av-

erage speed is 5 mm/s and the input power is

9 W.



CNE 5 PH S M P R T 9 S B AR ) 2 K Bl 1551

4 ANSYS simulation

The simulation of vibration is done using
ANSYS software. In the simulation process,
SOLID 98 is adopted as the very element type,
which is commonly utilized in piezoelectric cou-
pling simulation analysis. SOLID98 is defined by
ten nodes with up to six degrees of freedom at
each node. It has three-dimensional magnetic,
thermal, electric, piezoelectric, and structural
field capability. The element has a quadratic dis-
placement behavior and is well suited to model
irregular meshes (such as produced from various
CAD/CAM systems).

The meshed model with total of 79078 ele-
ments is shown in Fig. 3(a). The displacement
perpendicular to the surface is simulated in Fig. 3
(b) and simulated deformation in LiNbO, wafer
is limited within a depth of 450 pm to surface.
To be specific, the distribution of vertical dis-
placement can be divided into two strata. The
first stratum is right beneath the surface and the
second stratum is just below the first one. The
displacement in the second stratum is smaller
and much less regularly distributed than that of
the first one. The distribution of vertical dis-
placement in the second stratum is due to the
combination of two kinds of body wave, one
propagates from the top surface and the other re-
flects from the bottom surface.

Simulation results agree well with the calcu-
lation of theoretical vibration amplitude in LiN-
bO; based on solid physics[ Fig. 3(c) ]. The first
vibration amplitude peak appears at the very sur-
face, the second peak appears at a depth of ap-
proximately half a wavelength A™. The ampli-
tude of the first peak is larger than that of the
second one. Simulation results prove to be cor-

rect.

(a) Meshed model
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(c) Theoretical vibration amplitude

Fig. 3 ANSYS simulation results

5 Conclusion

This paper reports a two-dimensional actua-
tion of a water drop by using SAW. A standard
lift-off process is used to fabricate the actuation
device and an ultra-long-time ultrasonic assis-
tance is used to clear residues completely. The
propagation of SAW on a LiNbO, substrate is

simulated using the ANSYS, simulation results
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agree well with the theory. This prototype of

liquid actuation is very promising in lab-on-chip

and p~TAS applications. It can replace the tech-
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