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Abstract —This paper will present a description of the appropriate
device models, design methods, and analysis techniques for a real-time
surface acoustic wave (SAW) computer-aided design (CAD) system. The
approaches presented have been successfully implemented in the creation
of a fully integrated SAW filter CAD system for the design of bidirectional
and three-phase unidirectional filters on a DEC VAX 11,/750 system and
for the design of bidirectional filters on an IBM PC-AT computer, which
acts as an independent workstation. The focus of this paper will be on
bidirectional transducer design and analysis using the PC-based computer
system. CAD analysis of a SAW bidirectional filter will be compared to
measured parameters.

I. INTRODUCTION

HERE EXISTS a large base of knowledge on the

design techniques and device physics for surface
acoustic wave filter technology, which has led to a high
degree of device model sophistication. Such device models
allow for accurate prediction of each specific physical
interaction in a SAW filter. Therefore, the integration of a
set of compatible models for complete response calculation
is possible. The implementation of such a set on a personal
computer system would give the full realm of CAD bene-
fits to the SAW filter engineer. These benefits include
increased design and analysis productivity through re-
duced design and analysis cycle time, and greater accuracy
of predictions through the ability to model higher order
effects. Such a system would create a consistant or stan-
dardized model set which could lead to a better exchange
of information among designers. Also, system engineers
not familiar with the physical processes or details of the
models could use the system to accurately design and
analyze devices for system applications. This paper pre-
sents the development and implementation of a system for
SAW bandpass filter design and analysis.

A basic schematic diagram for a SAW filter is shown in
Fig. 1(a). Only a brief summary of the details of device
design and analysis will be presented in this paper and the
reader is referred to the references for more detailed
descriptions [1}-[6]. The conventional SAW filter is com-
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Fig. 1. (a) Basic schematic diagram showing a typical structure. (b) The

corresponding functional block segmentation for the inclusion of all
electrical effects.

posed of two bidirectional transducers on a piezoelectric
substrate, either in direct cascade or separated by a multi-
strip coupler [7]. One or both of the transducers may be
apodized, which allows for weighting of the electrodes by
spatially changing overlaps in the acoustic beam [8]. An
absorber is placed on either end of the crystal to eliminate
the backward-traveling wave, which can cause spurious
reflections. In addition to the acoustic response, analysis
models must include the effects of the package parasitics
and external electrical components. The block diagram for
a conventional SAW filter is shown in Fig. 1(b), which
includes the package effects and matching networks.

A system option diagram for the PC-baséd workstation
is shown in Fig. 2. The system contains all the CAD
components necessary for a complete filter analysis and
design-to-mask capability. Rather than present the specific
system operation which has been developed, the focus of
this paper is on the models chosen for analysis and synthe-
sis. In order to maintain real-time analysis, the SAW
transducer effects caused by bulk wave radiation, and
transverse and longitudinal charge accumulation, SAW
multimoding, diffraction, and mechanical edge reflections
have been excluded from the models. Most operations in
the analysis return a query to the designer within one
minute. Comments on the algorithms used which enhance
CAD speed while maintaining analysis accuracy will be
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discussed. Finally, a comparison between an actual filter
designed and analyzed on the PC workstation and mea-
sured results will be presented.

II. SystEM DESIGN CAPABILITIES

The design of SAW filters most often begins with a
frequency specification and less frequently with a time-
domain specification (i.e., such as modulator filters). The
design procedure requires finite time impulse response
(FIR) implermentations, and many procedures used in SAW
filter design are similar to those used in digital filter
design. The SAW filter requires the design of two interdig-
ital transducers such that the acoustic device implementa-
tion produces the required overall transfer function. There
are two principal design approaches:

1) Usea weighted transducer with an unweighted trans-
ducer.
2) Use two weighted transducers.

Approach 1 is very straightforward and applicable to all
crystal cuts and filter bandwidths and is usually imple-
mented with apodization weighting. Approach 2 can be
implemented using phase-weighting techniques [9], {10] or
by using a multistrip coupler with two apodized trans-
ducers on high coupling materials. For narrow-band filters
on low-coupling materials, approach 2 can be implemented
without the multistrip coupler by withdrawal weighting
[11]-[13] one of the transducers. The designer chooses an
approach based on many considerations, including device
size, second-order effects, and fabrication issues. Fig. 3
shows a design session flow diagram for the CAD system.
User inputs of the required frequency specifications gener-
ate a frequency template which can be viewed graphically.
The user then chooses a suitable FIR synthesis approach
which dictates the form of the parameters extracted from
the frequency template. At this point, the calculation of
the time samples for the transducer or filter is completed.
The following discusses the FIR synthesis approaches used
in the CAD system.

A filter synthesis technique based on the superposition
of “eigen” triangles for the formation of an arbitrarily
shaped filter function is one design option used in the
CAD system [14], [15]. This approach uses a member of a
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Fig. 3. SAW filter CAD system design procedure flow diagram.

cosine series which has a “near-triangle-shaped” fréquency
response with greater than 60 dB sidelobes. This particular
function is expressed in time as

W(t, ) =0.44+0.5cos(2mt/7)
+0.07 cos (47t /7) |t

, I
w(t,7)=0 , lt] (L

The corresponding frequency-domain function W(f) may
also be obtained analytically using the frequency shift
property of the Fourier transform. The passband is con-
structed using scaled and frequency-shifted functions,
which can be written as 8-W(f — f;), and the filter transi-
tion bandwidth is determined by the time length 7. In a
similar manner, the time-domain function is given analyti--
cally using superposition. This procedure allows com-
pletely arbitrary filter functions to be designed. A signifi-
cant advantage of this technique is that is is noniterative,
thus meeting the real-time requirement for the CAD sys-
tem. It may also be used to synthesize multipassband
responses, multilevel passsband responses, and nonsym-
metric frequency responses. Typically this function is im-
plemented on a single transducer, with the second trans-
ducer being a wide-band unweighted transducer.

In an analogous approach, the previously mentioned
technique can be expanded by using an infinite set of
cosine series functions to define the time response and can
be used to synthesize arbitrary filter responses via super-
position of time-domain functions [16], [17]. There are two
functional time basis sets which are used, given by

N-1
hoa(8)= goancos[wl(n)t] rect(t/1)

N-1
hn2([)= Z anOS[w:Z(I’l)t]reCt(l/’T) (2)

n=0
where w,(n) =2n7n/7 and w,(n)= 2n+1)7/7. The cor-
responding frequency response may be obtained analyti-
cally using‘the frequency shift property of the Fourier
transform. Fig. 4 shows an example of the formation of a
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Fig. 4. Cosine series design example showing the synthesis of a pass-
band function from (a) four even cosine series functions and (b) four
odd cosine series functions. (¢) Complete frequency response; product
of (a) and (b).

passband frequency response from the sum of eight
frequency-shifted and equally scaled cosine series frequency
functions. Four cosine series functions are implemented in
each of two separate transducer functions, as shown in Fig.
4. The complete filter transfer function is the product of
the two transducer functions, as shown Fig. 4(c), which is
plotted in dB. This technique has all of the advantages of
the previous technique but with two greater advantages.
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First, the synthesized filter function can be separated into
two orthogonal sets analytically, which can then be imple-
mented, one each, on the two transducers which make up a
SAW filter. This is a significant implementation ability
which enhances the SAW filter’s performance due to SAW
filter structure considerations. Secondly, the filters time
impulse response is near the minimum length as de-
termined by the FIR Remez-exchange algorithm. This
technique is noniterative, thus meeting the real-time re-
quirement for the CAD system, and it may be used to
synthesize multipassband, multilevel responses and non-
symmetric frequency responses.

The McClellan and Parks FIR filter synthesis approach
[18]-[20], which uses the Remez-exchange algorithm for
finding a minimal-length filter function from a set of
frequency-domain specifications, is a popular design
method for SAW filiers; therefore its inclusion in the CAD
system gives a complete set of design techniques. The
major advantage of this approach is that the complete
filter specifications, including all sidelobe levels, are con-
sidered during time impulse response function synthesis.
The output of this technique is a minimal-order filter, and
thus a minimal-length filter, which meets the filter specifi-
cations. This technique can be used to synthesize multi-
passband filters as well as filters with different sidelobe
levels and transition bandwidths. The major disadvantage
to this approach is its iterative calculation of the fiber
function. This iterative approach can lead to very long
filter synthesis times. In addition, polynomial zero extrac-
tion techniques must be used if the synthesized function is
to be divided between two weighted transducers. This
process is computer intensive and does not always yield
realizable tap weights.

If two weighted SAW transducers are collinear on a
device substrate and if the transducers are to be designed
independently, then all the tap weights in one of the
transducers must be either unity or zero. This weighting
can be accomplished by implementing a square time pulse
(rect[t/7]) or by withdrawal weighting [11], [12]. This
technique yields a frequency function which is approxi-
mately equal to a desired narrow-band frequency function
but has only time samples of unity. In this process, groups
of small tap weights are summed and approximated by a
single unity tap weight located at a position which is a
function of the relative amplitudes and phases of the group
of small weights. Fig. 5(a) shows a time FIR function, and
the corresponding withdrawal weighted approximation is
shown in Fig. 5(b). Fig. 5(c) shows the corresponding
superimposed frequency responses. The narrow-band pass-
band responses agree quite well but deviate significantly
far from center frequency. Also, many implementations of
multiphase SAW filter transducers use only uniform filter
weights. Such considerations require the CAD system to
include a withdrawal weighting module which can be used
in conjunction with the other filter function synthesis
techniques.

The authors prefer to use the cosine series FIR tech-
niques because of their closed-form solutions and very



RICHIE et al.: DESCRIPTION AND DEVELOPMENT OF SAW FILTER CAD SYSTEM

05}

DrxrmZ—r
=]
o

—-1.00 |

-1.0 0.0 1.0 2.0
Time

@

—-20

1.00

~1.00 |

—2.0 2.0

00
_10 |

Response of (b)

=20 |

= W

-

—40f-
Response of (a) ﬂ /\
-50 . . A /\ . L
fo— 1,120 fo fo+14/20
. © .
Fig. 5. Ilustration of withdrawal weighting results. showing (a) the

original function, (b) the withdrawal weighted approximation, and (c)
the two corresponding frequency responses.

rapid computer execution time (on the order of seconds).
All time and frequency domain plots are ava11ab1e via the
graphlcs options.

III.

In meodeling the complete SAW filter response, the
system can be divided into segments for ease in analysis
and understanding. These segments are shown in the anal-
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Fig. 6. SAW filter CAD system analysis procedure flow diagram.

ysis flow diagram of Fig. 6. A number of fundamental
material parameters must.be given which are a function of
the piezoelectric material used, such as.the coupling coeffi-
cient, and some basic device configuration information,
such as the acoustic beam width. First, each of the two
transducers is analyzed separately. In the analysis, the
transducer equivalent circuit model is developed, which
includes the static transducer capacitance, the acoustic
conductance, and the Hilbert transform susceptance, as

- shown in Fig. 7. The transducers are modeled using the

superposition analysis approach [3], [4], which assumes
weak piezoelectric coupling. The wave potential is derived
from the quasi-static charge distribution under the elec-
trodes. The charge distribution can be analyzed as the
convolution of an element factor, which is independent on
the electrode width and periodicity, and an array factor,
which is derived from the desired finite impulse response
design. This modeling approach is both fast and accurate,
which makes it a good candidate for CAD implementa-
tion.

For the analysis, it is necessary to derive and define the
electroacoustic response. The surface wave potential gener-
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Fig. 7. Lumped parameter equivalent circuit for a single SAW trans-
ducer with component calculation expressions.
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Fig. 8. Illustration of an infinitely long periodic transducer structure

shown along a horizontal cross section.

ated by a SAW transducer has been shown to be closely
related to the electrostatic charge distribution induced on
the transducer by an incident electric potential [1], [21],
[22]. This surface wave response of a transducer at a point
x is stated analytically as

Uy (x,w) = jk*Q (@) eUP(2-C,) (3)
where

k? substrate coupling coefficient,

Q. clectrostatic charge induced on the array,

B wavenumber,

x  point at which the surface wave potential is to be
evaluated,

=¢,+ ¢, the permitivity of free space and the
piezoelectric substrate.

For the case of long transducers, the assumption that
the transducer is infinite in extent greatly simplifies the
analysis by allowing for the use of charge superposition.
The element factor is expressed as the charge distribution
present on the infinitely long transducer electrode array.
An example transducer array is shown in Fig. 8.

The charge distribution has been solved analytically by
Peach [23] and Datta and Hunsinger [4] and a plot is
shown in Fig. 9. The spectral response of the element
factor is given by ‘

2sin(s)
P_,[—cos(ma/p)]

0s(w) =VC, P, [cos(ma/p)],

i 1 (4
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Fig. 9. Solution of the charge distribution for an infinitely long trans-
ducer array with a nonzero applied voltage to a single electrode with all
other electrodes grounded.
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Fig. 10. Frequency response of the charge distribution for an infinitely
long transducer array with a metallization ratio of 50 percent.

where
a electrode width,
P electrode period,
P (x) Legendre function with variable x and degree v,
n integer portion of wp/2mv,,
s =wp/2mv,—n,
v, surface wave velocity.

A plot of the element factor frequency response for a /p =
0.5 is shown in Fig. 10. The array factor describes the
polarity sequence applied to the electrodes. The complete
electrostatic charge distribution is therefore

g.(x) = a;(x)* g;(x) )

where
ZORDRACEEN (6)

In (6), W, is the effective weight of the ith electrode
centered at x;. W, is defined in terms of the polarity

z

applied to the ith electrode, ¥, and the length of the ith
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electrode L,. The electrode length is generally normalized
to the width of the beam:

W,=VL,. (7)

In the implementation of SAW devices, the array factor
may be modulated either by the polarity sequence applied
to the electrodes, i.e., amplitude weighting, or by varying
the lengths of the individual electrodes, i.e., apodization
[8]. The most common form of weighting is apodization,
and will be the only form of weighting considered here.

Equation (5) may be alternately expressed in the
frequency domain as

Qe(W)zA/(W)'Qf(W)- (8)

For short arrays, for which charge superposition is not
as accurate, the method of the Green’s function may be
used to determine the electrostatic charge distribution
present on the transducer [24], [25]. Green’s function is
used to relate a sequence of potentials to a sequence of
charges and is expressed as

o(x)=g(x)eq(x) = [ “s(x=2)a() . ()

In discrete form (9) is expressed as
N
U, = Upet + Z gl-—jqj' (10)
j=1
A reference has been added to the equations since only
relative potentials are known. The reference voltage v, is
the potential that would exist as x approaches negative
infinity. For the case of the electrostatic transducer, the
Green’s function is stated as [24]

g(x)=-In|x|/C,.

In discrete form g,
form as

(11)

may be expressed in a normalized

(12)
where d is the width of each sampled point. Note that in
the form of (12) a singularity exists in the discrete form of
the Green’s function for x,=x,. As a result, this form is
not suitable for numerical analysis. A more satisfactory
technique is to represent the discrete Green’s function as
an integral mean of g(x;— x,) about x; as

x,+d/2
= x,—x)dx.
8i— ij_mg( )

-J

g;—j= dln Ixt - le

(13)

The result is a Green’s function of the form,
g _;=lx,—x|Inlx,—x,+d/2|

—lx;=x|In|x,— x;—d/2|+d. (14)
This simple form of the Green’s function is very efficient
in calculating the fundamental response of an array of

electrodes.
Conservation of charge on the electrodes requires that

(15)
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Fig. 11. Comparison of the charge distribution results of analysis for
(a) the case of eight samples/period versus (b) using only a single
sample/period.

The solution to the electrostatic charge distribution may
now be obtained using (9) and (15).

The Green’s function method has been exercised on a
10 wavelength, quadrature-sampled uniform transducer.
The normalized charge distributions for a 50 percent
metallization ratio are shown in Fig. 11 for sampling rates
of 8 points /period and 1 sample point/period. The funda-
mental frequency responses for this array for metallization
ratios of 25 percent, 50 percent, and 75 percent corre-
sponding to 8 sample points/period as well as 1 sample
point/period are shown in Fig. 12. The case of 1
sample/period required 1/64 the computation time as
compared to the case of 8 samples/periods. '

Given the electroacoustic response, calculation of the
transducer’s equivalent circuit requires that the acoustic
conductance, acoustic susceptance, static capacitance, and
parasitic electrode conductance be determined. The para-
sitic electrode conductance is a lumped element represen-
tation of the thin-film resistance present in each electrode.

The acoustic conductance is calculated from material
parameters and the electrostatic charge distribution pres-
ent on the array. The conductance of a SAW transducer
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with uniform length taps is given by

Gu(w) =G| 4,(0)0(w)]. (16)

Here G, is the conductance that a single positive polarity
electrode in an infinite array of grounded electrodes would
generate and is defined by [2]

G, = 8k2C, W, (17)

where

W width of the transducer,
fo synchronous frequency of the structure = p /u,.

For apodized transducers all electrodes are not of the
same length and therefore (16) may not be used. For this
case the transducer must be channelized for the purpose of

evaluating the conductance of the device [2], [26]. The .

conductance for each channel of the device is then
evaluated individually and the complete transducer con-
ductance is obtained by using superposition.

The acoustic susceptance is calculated directly from the
acoustic conductance via the Hilbert transform [1], [2] as

B (0)=G(w)*—1/7w. (18)
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The most efficient method for implementing the convolu-
tion is to make use of the fast Fourier transform.

B,(w) =FFT'{— j-sgn(¢)-FFT[G,(w)]}. (19)

The static capacitance of the transducer is calculated
using the results of the charge superposition analysis [1],
[3], [4]. The total charge on the mth electrode of the
infinite structure in Fig. 8 is given by [1], [4]

fl sin (s )-cos (2ams)

P_S[Cos(wa/p)] P_ [cos(ma/p)] ds.
(20)

The electrode corresponding to m = 0 is the electrode with
the nonzero potential applied to it.

This integral may be implemented as a fast Fourier
transform as

sin (s )
P_[eos(ra/p)] -

_slcos(ma/p)]|.
(21)

The variable s is the frequency variable varying from 0 to
1 and m is the space variable, an integer varying from 0 to
the number of points used in the transform. Therefore, Gim
will be the mth element of the resulting array. Given that
the number of unique points resulting from the FFT is M
and the number of electrodes used to define the array
factor is N, the charge on the nth electrode may be
calculated from

Gpm=2C,FFT |

M

q,= Z (zu/n_u/;l—m_u/;z+m)qu' (22)
m=1
From the charges on each electrode the capacitance of the

transducer may be calculated as
N
C= 2 14./2. (23)
n=1

Power losses associated with the device must also be
modeled. The first of these losses to be modeled is that
attributed to the finite resistance of the electrodes. This
loss is modeled as a lumped resistance. The parasitic
electrode resistance may be calculated using [1]

N
Y 4,

n=1
R,=(r./3)—+—. (24)
2 A,
-1
The loss attributed to this resistance at center frequency w,

may be calculated as 10log(R G, (w,)) dB.

Another loss term which can be significant in trans-
ducers which are weighted using apodization in apodiza-
tion loss [27]. Apodization loss is a measure of the electro-
acoustic conversion efficiency of a SAW transducer.

Apodization loss may be evaluated analytically as
w 2
[ e o]

W
w- ["1H (o, y) P dy
0

Apodization loss =101og

(25)
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where W equals the acoustic beam width and y is the
transverse direction to the wave propagation.

In implementation, apodization loss may be calculated
from quantities which are already known, thereby avoiding
the integral in (25). Since the power radiated at center
frequency is directly related to the conductance of the
transducer at center frequency, apodization loss may be
calculated from G,(w,) as

Ga(“’o)
Gy IAf(wO)Qf(wO)IZ } (26)

A frequency span for the predicated complete analysis
of the SAW filter’s frequency response over the range of dc
to the sampling rate of the time impulse response is
obtained using the FFT algorithm.

Due to the number of channels used in analyzing each
SAW transducer (usually 25 to 100), the time required for
analysis is dominated by the FFT and not the general
network analysis. Therefore it is desirable to reduce the
number of points included in the analysis; however, this
degrades the frequency-domain resolution. This limitation
requires the implementation of a method by which the
number of points may be decreased without sacrificing
frequency-domain resolution. This may be accomplished
by analyzing the SAW transducer with a minimal number
of points as dictated by the transducer’s time impulse
response length and then augmenting additional points in
the time domain in order to obtain the desired resolution
in the frequency domain. The frequency response may
then be obtained by performing an FFT. This procedure
results in a fourfold to tenfold reduction in CAD time
without losing either accuracy in the analysis or the
frequency plots.

From the previous derivations, the complete, frequency-
dependent SAW circuit model parameters are determined
based on a unified charge superposition theory. All filters
are constructed with two transducers, and in the imple-
mentation of bidirectional SAW filters multiple acoustic
transitions result from electrical regeneration of received
signals. These multiple transitions result in an amplitude
and phase ripple through the passband of the filter. In
order to minimize the magnitude of this ripple the device is
usually mismatched. In the case of high loss, a relatively
simple approximation can be made to model the effects of
triple transit. This model is expressed analytically as

Apodization loss =101og

H(w)H,y(w)e™/e"
1-0.5[H,(w) Hy(w)e 7]

H(w) =

(27)
where

H;(w) transducer #1 frequency transfer function,
H,(w) transducer #2 frequency transfer function,
T the acoustic filter delay.

With the addition of the triple transit analysis and trans-
ducer analysis, the complete SAW filter response can be
simulated.
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Fig. 13. Display of the complete electrical equivalent circuit model used
to analyze a transducer, parasitic elements, and matching elements.

IV. ELECTRICAL NETWORK EFFECTS

The device analysis must be capable of inclusion of the
effects of SAW device substrate parasitics, packaging
parasitics, and external network effects. The most efficient
way to accomplish this is to include network analysis
capability in the CAD system. The complete electrical
interactions can be predicted having extracted a lumped
parameter equivalent circuit from the SAW device char-
acteristics, and analyzing it as a node in a general network,
which has the parasitic and external elements included.

With the knowledge of the equivalent network, the sys-
tem can automatically calculatz matching components.
The CAD system defines a nodal network matrix which
solves for the node voltages over broad band frequencies
using Gaussian elimination routines. A typical example
network simulation is shown in Fig. 13.

From the previous analysis of the electroacoustic re-
sponse, the SAW equivalent circuit, and network interac-
tions, calculation of the complete transducer response is
achieved. Based on this approach, important transducer
parameters versus frequency are extracted, such as input
impedance, reflection coefficient, and mismatch loss.

V. EXPERIMENTAL VERIFICATION

A real-time SAW CAD personal-computer-based system
has been implemented based on the design methods and
analysis techniques described in this paper. This system is
called SAWCAD-PC. A bidirectional, wide-band, low-
shape-factor SAW filter designed by this system has been
fabricated for the purpose of verifying the analysis tech-
niques presented. The filter was designed on 128° YX
LiNbO, having a center frequency of 60 MHz and an
acoustic beam width of 35 A,. A multistrip coupler was
used which allowed both transducers to be weighted using
a slanted apodization pattern across the beam. The device
was designed for a 6 MHz-6 dB bandwidth and a shape
factor of 1.15. Using these parameters, the filter was
designed using the cosine series superposition technique
previously discussed. )

A comparison of the predicted and experimental con-
ductance and Hilbert transform susceptance is shown in
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Fig. 14. Comparison of the CAD system’s predicted and experimentally
measured acoustic admittance for the input transducer. (a) Acoustic
conductance. (b) Acoustic susceptance.
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Fig. 15. Comparison of the CAD system’s predicted and experimentally
measured passband frequency response.
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Fig. 16. (a) Actual PC display during calculation of the input trans-
ducer’s equivalent circuit model. (b) Comparison of predicted and
measured filter performance parameters.

Fig. 14. Fig. 15 shows a comparison of the theoretically
predicted and experimental frequency bandpass responses
for the filter. Correlation between experimental and the
SAWCAD-PC analysis is excellent. The analysis of the
device required less than 20 minutes on an PC-AT with a
math coprocessor. Fig. 16(a) shows a display of the input
transducer’s electrical parameters at center frequency as
displayed on the AT screen during the analysis session.
Device parameters from the CAD system and several
corresponding measurements taken from an HP 3577 net-
work analyzer are shown in Fig. 16(b). The most signifi-
cant error is in the predicted insertion loss. The current
CAD system does not model the multistrip coupler effects
and it is believed that an inefficient coupler was designed
which caused increased error. The addition of the multi-
strip coupler analysis will be added in the future to predict
these effects.

V. CONCLUSIONS

The existing Literature on SAW modeling has been used
as a base to develop a compatible, real-time, and accurate
enhanced set of models for CAD implementation. All
dominant surface acoustic wave effects have been included
in a system whose architecture allows for the inclusion of
higher order effects when appropriate models are devel-
oped. For example, diffraction models have been devel-
oped which appear computationally feasible and compati-
ble with the present system [28], [29]. However, it is
doubtful that diffraction analysis can be performed on the
order of seconds for general filter design. For most con-
ventional transducer designs, interelectrode mechanical re-
flections lie well outside the frequency band of interest,
which does not distort the analysis approaches presented.
Bulk wave and other non-SAW mode radiation can impact

o~
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the desired frequency response; however, choice of proper
substrate and manufacturing techniques are used to. mini-
mize these effects. Also, the abrupt endings of the elec-
trodes in the longitudinal and transverse directions to
SAW propagation cause effects which are not easily imple-
mentable in a real-time system and represent a small
second- order effect [30].

The development of a personal-computer-based in-
tegrated SAW CAD design and analysis system for bidi-
rectional filter applications has been shown. The system’s
performance has been demonstrated via an analysis exam-
ple. Development of this CAD system is continuing on
three levels concurrently. At the model level, higher order
effects of SAW propagation and electroacoustic interac-
tions are being modeled. ‘At the device level, models for.
other devices such as multiphase transducers and multi-
strip couplers are being developed. At the design level, a
design automation system (SAW compiler) is being devel-
oped using the design and analysis modules of the CAD
system with an automation shell written in PROLOG
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