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ABSTRACT

In order to realize the micromation of position sensors, and extend the application area into micro scale, this paper de-
signs a novel micro position sensor, Mace SAW (Surface Acoustic Wave) position sensor, which can be fabricated with
MEMS technology. Its key components are IDTs (Interdigital Transducers) and reflective grooves. The structure and

working principles of the sensor are introduced theoretically, and the manufacture process is then put forward.
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1. Introduction

Position sensors are used in many industrial applications
to measure the linear displacement or angular positions
of objects [1]. There are many kinds of position sensors,
which are on various principles, such as piezoresistive
method [2], capacitive method [3-5], infrared method [6],
and SAW method [7], etc.

As for micro position sensors, piezoresistive and ca-
pacitive methods are commonly used. The problem is the
extremely low variation of physical quantities like resis-
tance and capacitance on changing relative position [8].
Noise is extremely hard to determinate from sensor sig-
nal [8]. As a result, piezoresistive and capacitive micro
position sensors may have far worse resolutions than ma-
Cro Sensors.

SAW is a non-electromagnetic wave that travels along
the surface of a piezo-electric substrate [9]. SAW sensors
have many merits such as high performance, small vol-
ume, ability to bear harsh working environment (e.g. hy-
perthermia and strong electromagnetic radiation). Com-
pared to other technologies of position sensing, SAW
method has many advantages as it doesn’t require an ex-
tra layer, and it could be implanted on surface with dif-
ferent materials, such as glasses or copper [10].

SAW has been used to make position sensors in mac-
roscopic fields. For example, Matthew ef al. presented an
acoustic position sensing system for large scale interac-
tive displays [11]; another typical example is the econo-
mical SAW touch panel invented by Adler et al. [7,12].
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To the authors’ knowledge, micro SAW position sen-
sor has seldom been reported.

For the sake of extending the application area into mi-
cro scale, this paper puts forwards a novel Mace SAW
position sensor, which is fabricated by MEMS technol-
ogy.

2. Structures and Performances

As shown in Figure 1 and Figure 2, the contour of this
sensor is a square. The vertical and horizontal emitting
IDTs are respectively fixed on the left upper corner and
right lower corner of the glass substrate. The two corre-
sponding receiving IDTs are fixed on the right upper
corner of the glass substrate. An array of 45° fine reflec-
tive grooves is etched on each edge of the substrate. The
piezoelectric substrate is made of Y-cut quartz, and the
IDTs are made of aluminum. The wavelength of SAW is
4 times that of the width of an interdigit. The structural
parameters are listed in Table 1, and the performance
indexes are listed in Table 2.

3. Working Principles
3.1. Fundamental Principals

Mace SAW position sensor is based on sending, reflect-
ing, and receiving a series of SAW across reflective gr-
ooves. When a sample (such as a bacterium) touches the
sensor, the waves are absorbed, causing a touch event to
be detected at that point. As shown in Figure 1, Emitter
1 and Receiver 1 are used to obtain the x-axis value of
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Figure 1. Top view of the sensor.
AlIDT
Grooves
Figure 2. Sectional view of the sensor.
Table 1. Structural parameters of the sensor.
Structural parameters Value
Side length of substrate 10100 pm
Thickness of quartz glass 300 pm
Length of grooves 14.14 pm
Width of grooves (measured in x-direction) 1 pm
Depth of grooves 1.69 pm
Length of interdigits 10 um
Width of interdigits 0.5 um
Thickness of interdigits 0.3 um
Gap between interdigits 0.5 pm
Gap between grooves (measured in x-direction) 1 pm
Number of grooves per side 5000
Table 2. Performance indexes of the sensor.
Performance indexes Value
Wavelength of SAW 2 pm
Center frequency 1.58 GHz
Frequency of drive pulse <158 kHz
Measurement range 10000 pm
Resolution 2 um
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the sample. Emitter 1 converts the electric signals input
from external circuits into SAW, which spreads left
along the surface. Then, the SAW is reflected up by the
array of fine reflective grooves on the lower edge and
becomes an even planar transmission. Finally, the SAW
is converged right into a linear transmission. Receiver 1
receives the linear transmission and converts it into elec-
tric signals for external circuits to analyze. When no
sample is applied, the waveform of the received signals
is an approximate squarewave. When a sample is applied,
the SAW energy will be partly absorbed, and a dip will
appear somewhere on the output waveform. The x-axis
value of the sample can be obtained by analyzing the posi-
tion of the dip. In the same way, we can also get the y-axis
value of the sample using Emitter 2 and Receiver 2.

3.2. The Generation of SAW

When applying a Jd-pulse voltage on the electrodes of the
emitting IDTs, the d-pulse will be converted into a half-
sine wave, as shown in Figure 3.

3.3. The Addition of SAW Signals

There are 5000 reflective grooves on each edge, and the
receiver will receive the addition of 5000 waves. The
combination of the series of waves has an approximately
square contour, as shown in Figure 4.

When a sample is placed on the film, it will result in
the loss of SAW which passes it, and there will be an
obvious dip on the combined waveform, as shown in
Figure S.

3.4. The Measurement of Sample Position

As Figure 5 shows, the horizontal distance between the
sample and Emitter 1 is x =vAt/2, which is obtained by
measuring the delay time Ar between the right margin
of wave packet and the center of the dip, where v is wave
velocity. In like manner, the position of the sample in Y
direction can be obtained by the other pair of IDTs. It is
important to mention that, the wavelength of SAW is
only 2 pum, so this position sensor has a high resolution.

Figure 3. The generation of SAW.
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Figure 4. The combined waveform when no sample is ap-
plied.
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Figure 5. The combined waveform when a sample is ap-
plied.

3.5. The Design of Reflective Grooves

The amplitude reflective coefficient of SAW can be

written as [13]
ak h . (an
X |=-2jc—sin| — 1
3 j Jje (l) (1)

where j is V=1, h is the depth of grooves, a is the
groove width measured in x-direction (the propagation
direction of the incident waves), A is the wavelength of
SAW, £k, is the wavenumber of SAW, and c is a con-
stant depending only on substrate material and orienta-
tion. For Y-cut, X-prop Quartz, ¢ = 0.835 + 0.025 [14].
Hence, the energy reflective coefficient of SAW can

be written as
2712
r = 4‘/’12}’ sin’ (—‘ﬁ )

h .
r =-2jc—sin
ek

e a

Assume that the original wave energy emitted from the
emitter can be written as £(0). There are m reflective
grooves on each edge, and the receiver will receive m
waves finally. Proper reflective groove width a(n)
(measured in x-direction, as shown in Figure 1), should
be specially designed so as to ensure the amplitudes of
all the m waves are equal. The wave that travels in the
nth route has an experience of (n — 1) transmissions, 2
reflections, and then (n — 1) transmissions. Hence, the
energy which travels in the nth route and finally reaches
the receiver should be
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Assume thata(1)=4/2and E(1)=E(2)=---=E(m),

then the expression of a(n) can be obtained by solving
Equation (3)
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To assure that the expression in arcsine function lo-
cates in definitional domain, this inequality should be
satisfied
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For convenience and elegance, we can set
h= /’L/\/Ec =2 um/(\/zxo.835) =1.69 um, so that

_ A 2um
a(n)= 5=
The above formula is much more convenient and prac-
tical than the design rule in Ref. [7], because if we
choose a special value for 4, the reflective arrays in the
sensor don’t require weighting. The design rule in this
paper highly simplifies the design process.

=lum, n=12,...m 7N

4. Manufacture Processes

As shown in Figure 6, the manufacture process is quite
concise, low cost, and possible for batch production. It
only needs 3 steps: preparation of substrate, fabrication
of IDTs, and fabrication of reflective grooves.

4.1. Preparation of Substrate

The Y-cut quartz needs to be rubbed, polished and clean-
ed with great attention in order to have low surface rough-
ness, and make piezoelectric effect strong enough.

4.2. Fabrication of IDTs

0.3 um thick pure aluminum film can be produced with a
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Figure 6. Manufacture process of the sensor. (a) Prepara-
tion of quartz substrate; (b) fabrication of IDTs; (c) fabri-
cation of reflective grooves.

pure Al source in Ar gas using a sputtering system, such
as Denton Discovery 18.

The width of an IDT is only 0.5 um, so they should be
patterned by electron beam exposal. Something is note-
worthy in developing the pattern, because the aluminum
is a kind of amphoteric metal, and the pH value of the
developer should be neither too high nor too low; other-
wise the margin of pattern will be etched easily.

After finishing the photolithography, Reactive Ion
Etching (RIE, such as Oxford Plasmalab 80) should be
applied to fabricate the IDTs. The effective factors include
RF power, sort of gas, gas pressure and gas flow, etc.

4.3. Fabrication of Reflective Grooves

Similarly, the array of reflective grooves can also be pat-
terned by electron beam exposal and etched by RIE
equipment.

5. Conclusions

Mace SAW position sensor, which is presented in this
paper, is a novel micro position sensor. It makes use of
the merits of SAW, and is fabricated with MEMS tech-
nology. It has many advantages such as high resolution,
low cost, small volume, easy to design, possible to be
fabricated on quartz in batch production, etc. This sensor
can be a good alternative in biology experiments, fine
instruments manufacture and other related realms. It can
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measure position, and has the potential to measure dis-
placement, velocity, acceleration and length. It will pre-
sent high application value and great market potential.
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