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Abstract — Design curves have been developed from
the previous body of work concerning the design of
SAW couped resonator filters. These aurves permit
the investigation d design parameters versus filter
performance relationships. When introduced into a
closed loop design system, these design curves form
the wmre caability of a design automation system.
Spedficdions sich as center frequency, insertion
loss bandwidth, group dlay, and plese
charaderistics are inpu parametersinto the dgorithm
set. The numericd algorithms presented in this paper,
in conjunction with a set of design automation
algorithms and verificaion agorithms, combine to
form an automated SAW design system that will aid a
SAW design enginee in rapid design development.
Tradeoffs of acairacy versus exeadtion times are
studied. Since adesign automation system requires
many design iterations to cornverge to an accetable
solution set, efficient algorithmic gpproaches are
required. The dgorithms and programs developed in
this paper will be available via the Internet. The
algorithms and programs developed in this paper will
be avallable viathe Internet at:
http://pegasus.cc.ucf.edu/~mjm05082ultra2000.

I. INTRODUCTION

The development of a SAW design automation
system includes four main parts. These parts are the
user spedfication, rule and model based SAW design,
analysis and layout, and performance evaluation and
verificdion [1]. The verificaion plase has been
developed [2] andis used in the dgorithms presented
here, to measure synthesized device parameters. Of
the many SAW devices currently used the muped
resonator filter was chosen for development of design
algorithms due to its wide use in industry. The
modeling approaches used in development of the
design algorithms are the standard coupging of modes
modelsin the aurrent literature [3, 4].

The gproad used was to first parameterize one-
port resonator performance & a function d structure

and then to apply these results to two-port couded
resonator filters using the simple couping models of
Datta [5]. Generic material parameters were used as
cited in Morgan [6].

II. DESIGN CURVE DEVELOPMENT

In order to quentify the behaviora charaderistics
of a muded resonator filter, as shown in Figure 1, a
study of resonant structures must be performed. This
was dore by analyzing a one-port resonator, as s1own
in Figure 2, to empiricaly determine the dfeds eat
structural variable has on the performance of the
device Values such as center frequency, bandwidth,
and minimum insertion loss were etraded as
functions of device structure variables.
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Figure 1: Coupled Resonator
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Figure 2: One-Port Resonator

Analyzing the one-port resonator reduces the
number of variables in the device structure so that
resonant behavior can be more easily modeled. The
parameters investigated include the number of grating
electrodes, the number of IDT electrodes, the spacing
between the gratings (independent of the size of the
IDT), the width of the structure, and the metal
thickness. The grating and IDT electrode period is
used to modify the resonant or center frequency,
which is grossly obtained by

p:lvf where T = L. @
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The investigated one-port resonator device has the
default characteristics as show in Table 1. This
resonator will resonate at around 150 MHz.
Parameters that are modified are initalicized in Table
1. Note that the gratings are shorted.

Parameter | Value
Constant Parameters

Substrate ST Quartz

Grating and IDT Metalization Ratio 50%

Resistivity (Rs) 0.2 Q/sq

External Load (Zo) 50 Q
Modified Parameters

Number of Grating Electrodes 650

Number of IDT Electrodes 45

Grating and IDT Electrode Period 10.5 pym
Electrode Thickness 1,800 A
Transducer Width 1,260 pm
Separation Between Grating & IDT 13.125 pm

Table 1: Initial One-Port Resonator Values

The models used to analyze a one-port resonator
and coupled resonator filter are the standard coupling
of modes models. In the analyses presented in this
paper, the attenuation factor, and electrode resistance
are excluded.
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Figure 3: Insertion Loss with Varying Grating Electrodes

The first parameter investigated was the number
of grating electrodes. Figure 3 shows the insertion
loss (S;;) for 100 to 700 electrodes. For the case of
100 electrodes, the frequency at minimum insertion
loss is shifted significantly from the structura
frequency as well as having a large insertion.
Increasing the number of electrodes reduces the
insertion loss and shifts the resonant frequency.

By extracting the minimum insertion loss and the
frequency at minimum insertion loss over a range of
grating electrodes, a design curve is obtained, as
shown in Figure 4.

0 ——Freq. at Min. 150.2
5 Insertion Loss /]
54— \
v //\/\/ VTV 1s01
-10

=
a
=]

-15 /
-20

+ 149.9

/ Min. Insertion Loss ——————|

/ / 1 149.8
-35 ([ // +149.7
-40 V
-45

-50

-25

-30

Min. Inseration Loss (dB)
Freq. at Min. Loss (MHz)

+ 149.6

T T T T 149.5
0 500 1000 1500 2000 2500

Number of Grating Electrodes

Figure 4: Min. Insertion Loss and Freguency with Varying
Grating Electrodes

As shown in Figure 5, varying the number of IDT
electrodes, while retaining a constant distance
between gratings, the minimum insertion loss
increases with the number of electrodes. However,
the frequency peaks in the range of 60 to 120 IDT
electrodes.
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Figure 5: Min. Insertion Loss and Frequency with Varying
IDT Electrodes (333 Hz Frequency Resolution)

In Figure 5, the center frequency is highly
guantized due to the sampling frequency of the data.
The data for this set was run between 150 MHz and
151 MHz with 3,000 sampled points. This resulted in
a frequency resolution of 333 Hz, which is shown in
Figure 5. However, to get a better approximation of



the center frequency, more points soud be used. By
increasing the number of points to 30,000 wer the
same 1 MHz range, the frequency resolution becomes
33 Hz, bu at the wst of procesdgng time. To generate
the 333 Hz resolution cata in Figure 5 it took 41
sewnds on an 800 MHz Intel Pentium Ill. To
generate the 33 Hz resolution dbta, as shown in
Figure 6, on the same machine it took 411 secondks,
ten time the anourt of time. In this case, the acaracgy
of the ceter frequency in propationa to the
computing time required. This knowledge is used to
efficiently converge any automated design iterations.
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Figure 6: Min. Insertion Lossand Frequency with Varying
IDT Eledrodes (33 Hz Frequency Resolution)

In an intelligent design automation system the
initial analysis is performed at a lower resolution so
that a course resporse can be quickly obtained. The
course resporse is then used as the basis for a second
phase, which is performed at a higher resolution to
get the desired highly acairate results.
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Figure 7: Min. Insertion Lossand Frequency with Varying
Grating Spadng

By varying the grating spadng, in wavelengths,
the minimum insertion loss varies by 1.4 B in a
sinusoidal fashion, as down in Figure 7. The
frequency varies in a damped sinusoidal fashion over
a range of approximately 1 KHz. Agan, the
frequency is highly quantized dwe to the 33 Hz
resolution d the sampled data. The sinusoidal nature
of the minimum insertion loss indicates that it is
desirable to pick ape&k value.

Varying the width of the grating and IDT, results
in a significant swing in the minimum insertion loss
as down in Figure 8. Since it approades, -3 B
asymptotically, thereis noreasonto seled a structure
width more than is necessary. Figure 8 also shows
that the 33 Hz resolution center frequency deaeases
asthe width of the structure increases.
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Figure 8: Min. Insertion Loss& Freg. with Varying Width

Figure 9 shows that the metal thickness of the
grating and IDT eledrodesis aso amajor contributor
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to the minimum insertion loss However, the center
frequency is highly dependant on the metal thickness
and varies by as much as 500 KHz over the range of
25A to 5000A.

The aalyses run on the one-port resonator
structure ae now used in the design o coude
resonator filters as discussed below.

Il1. DESIGN ALGORITHMS

By curve fitting the data from the previous ®dion
to the best functions, predictive equations were
oltained. For Number of Grating Eledrodes (where
N, is the number of grating eledrodes):

| $1 Imin-dB= 25x107° Ng3 _16x10_6N92 +
0.0408Ng - 439

)

fo = 246N +1501x10° - 7354190, (3

For Number of IDT Eledrodes (where N is the
number of IDT eledrodes):

|So1 Imin—ds = — €Xp0.014N, +3.75+1.96N, ),  (4)

f, = —0.25N,% + 47.7N, +1501x10° . (5)
For Grating Spadng (where D, is gadng in
wavelengths):

21T
1ot Iminds = —23.6+O.685005§.@ D, E (6)

fo =1501x10° + (~0.33D,, + 553 co%i)—"o (D - 213)@. 7

For Width (where Wis width in wavelengths):
1501 Imin-gg = —-1447x10°W? +0.028VN -16.41+
—5179W L +3W 2

. (8

fo =1.2x103W? - 7.54W +1501x10° . 9)

For Metal Thickness (where H;, is thickness in
angstroms):

| S91 Imin-ds = — €Xp(-326x10°H , +3.7389,  (10)

fo = -782x10°H,2 -1086H,,+1503x10° . (11)

IV. CONCLUSIONS

The design algorithms presented in this paper have
been creded using an ANSI C++ program cdled
AUutoSAW. AutoSAW is highly objed oriented and
uses a mporent based architedure. The
comporents dart from a basic SAW class which

defines and hdds parameters that are common to all
SAW structures. The grating and IDT structures
inherit the SAW base dass The one-port resonator
inherits the SAW base and includes two gratings and
ore IDT. The wuded resonator, the highest level,
inherits properties of the one-port resonator and
builds upon its methods, as $own in Figure 10.
Using the objed oriented approach has smplified the
model so that it is very easy modify any of the device
parameters and quckly get the resporse of the device
Also, the objed-oriented approach makes it essy to
quickly change the device euations, such as the
couping of modes model.
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Figure 10: Inheritance Diagram of SAW Resonator Models

V. REFERENCES

[1] M. J McCollister and S. M. Richie, “The Development of a
First Pass Verificaion Modue for a SAW Filter Design
Automation System”, |EEE Ultrasonics Symposium
Procealings, vol. 1, pp. 133136, 1991

[2] M. J McCollister and S. M. Richie, “The Design
Verificadion Modude for a SAW Design Automation
System,” 1999 Frequency Control Symposium Procealings,
1999 vol. 2, pp. 891-894

[3] T. Thorvaldsson, “Design and Analysis of SurfaceAcoustic
Wave Resonator and Resonator Filters,” Ph. D. Dissertation,
University of Central Florida, OrlandoFlorida, 1986

[4 B. P. Abbat, “A Couping-of-Modes Model for SAW
Transducers with Arbitrary Refledivity Weighting,” Ph. D.
Dissertation, University of Central Florida, Orlando Florida,
1986

[5] S. Datta, Surface Acoustic Wave Devices, New Jersey:
Prentice-Hall, 1986 ch. 8, pp. 187-193

[6] D.P. Morgan, SurfaceWave Devices for Signal Processng,
New York: Elsevier, 1985




