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Abstract

Acoustic-surface wave resonators provide a possibility for obtaining very small, high-Q resonators for

frequencies up into the low microwave range.

A surface-wave resonator consists of two arrays of reflectors with
one or two interdigital transducers in between, fabricated on the surface of a piezoelectric substrate.

The

two transducer form of these resonators is particularly attractive for band-pass filter applications.

Introduction

Bulk-wave crystal resonators have long provided
a means for obtaining small, high~Q (@ = 10,000 to
300,000) resonators in the frequency range from kHz
to about 50 MHz for fundamental operation. At higher
frequencies the crystal plate becomes too small to be
practical. Acoustic-surface-wave resonators provide
a means for getting around the frequency limitations
of bulk-wave crystal resonators. The surface-wave
resonator structure consists of arrays of metal or
other reflecting elements fabricated on the crystal
surface by methods similar to those used in integrated
circuits. Such resonators may be useful for applica-
tions up to the lower microwave range since it is
possible to fabricate very small structures on a
surface. Q's of surface-wave resonators are generally
not as high as their bulk-wave counterparts, but
example designs to date have exhibited unloaded Q's
of the order of 1500 up to tens of thousands,
depending upon the particular substrate material and
design. A sizeable amount of recent work on surface-
wave resonators is reported in references 1 and 2.

One-Port Surface-Wave Resonators

Figure 1l(a) shows a one-port version of the type
of resonator under consideration. To the left and the
right are arrays of reflecting elements on the sur-
face of a piezoelectric substrate such as lithium
niobate or quartz. The reflecting elements can be
made of metal (typically aluminum) or can be etched
grooves, or ion implantations into the substrate.l/2
Each reflector element creates only a small reflection
so that it is only by virtue of the cumulative effect
of a large number of elements (typically 150 to 300)
that a resonator property is achieved between the two
arrays. In the center of the structure is an inter-
digital transducer with electrical connections at the
small tabs above the letter A. Under the condition of
regsonance the interdigital transducer cbserves very
large mechanical standing waves which by way of the
pilezoelectric effect are translated into an electrical
resonance at the transducer terminals.

The electrical properties of the transducer in

Fig. 1(a) can be modeled by quite accurate transmis-
sion-line equivalent circuits.3 However,
properties of the circuit can be modeled more simply
by the eguivalent circuit shown in Fig. 2 which has

a reactance characteristic similar to that sketched

by the solid lines on the right. The resonance at f
in Fig. 2 is due to the elements LS and CS which

the main
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result from the mechanical resonance between the arrays
as coupled through the interdigital transducer. The
parallel capacitance Co in Fig. 2 is the interelectrode

Along with
causes a parallel-type resonance at

capacitance of the interdigital transducer.
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frequency £ The resistor RS is due to mechanical
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losses, while the resistor R. is caused by resistance

£
in the fingers of the interdigital transducer.

for Rf,

to the equivalent circuit for a bulk-wave crystal
resonator.

Except
the equivalent circuit in Fig. 2 is identical

As can be seen using a transmission-line model,
the fractional stop-band width for the arrays will
only be about 1%.3 Thus it is seen that the resonator
effect will necessarily be confined to a very narrow
bandwidth. In a typical surface-wave resonator on
lithium niobate, the frequency, f2, indicated in Fig. 2

isonly 0.1 to 0.2% above fl' This antirescnance close

to the geries resonance may interfere with the desired
filter pass band in some applications, and it also
results in relatively small reactance at frequencies

away from fl and f2. In Fig. 2 the dashed curve

suggests the reactance of a conventional series LC
circuit which has the same reactance slope at fl as

as does the surface-wave resonator. Note that away
from regonance the reactance of the surface-wave
resonator at, say, M and P is relatively small. Thus,
though both resonators will give essentially the same
3-dB bandwidth in a given circuit, the surface-wave
resonator would give much less attenuation away from
resonance.

One way of getting around these difficulties is
to use lumped elements in conjunction with the
acoustic-wave resonator.5:0:7 wWhile anothar is to use
the resonators in lattice networks.5'6r8 Still
another is the use of two-port resonators discussed in
the next section.

Two-Port Resonators

Figure 1(b) shows a surface-wave resonator having
two reflecting arrays with two interdigital transducers
in between thus giving an electrical port at A and at
B. It can be shown that the two-port resonator in
Figs. 1(b) or 3(a) can be modeled approximately by
the lumped-element circuit shown in Fig. 3(b) for
frequencies within the stop band of the reflecting
arrays.4 Here Ln and Cn account for the mechanical

resonance, and Rn represents mechanical less. The



£ and RfB

loss in the fingers of transducers A and B while the

shunt capacitances CA and CB are the interelectrode

capacitances of the two transducers. The circuit in
Fig 3(b) may be further simplified as shown in
Fig. 3(c). There Ln’ Cn, and Rn are the same as in

Fig. 3(b). The remaining elements are slowly varying
functions of frequency, but they may be regarded as
constant within the bandwidth of the resonance. Note
that the equivalent circuit in Fig. 3(¢) shows that
the two-port type of resonator will have a single
resonance, and the problems associated with the one-
port resonator characteristic in Fig. 2 are avoided.

resistances R are the resistances due to

The equivalent circuits in Fig. 3(b), (¢) are
valid within the stopband of the reflecting arrays.
For frequencies outside of the stopband of the arrays
there can be no surface-wave resonator effect, and
the device functions much the same as a delay line
having two interdigital transducers, For these
frequencies the loss will be the 6-dB bidirectional
loss of the transducers plus the mismatch loss
between each transducer and its adjacent load.

The dashed lines and crosses in Fig. 4 show
measured results for a two-port resonator on lithium
niobate using 300 open-circuited, 5000A-thick aluminum
reflectors 51 wavelengths long, and with transducers
having 7 fingers each. The measurements indicated a 8
loaded Q of 1370 with the 50-ohm texrminations used, :
and an unloaded Q of 2510. The solid lines show a
theoretical computed response obtained using a
transmission-line equivalent circuit for the
resonators which is able to represent the resonators
in both the pass and stop bands of the arrays.4 The
agreement appears good except for some error in the
position of the stop-band-center of the arrays.

Filters Using Two-Port Resonators

Multiple resonator filters can be fabricated
using cascaded two-port resonators of the form in
Figs. 1(b) or 3(a). Such a filter is shown in Fig. 5
where a number of two-port, surface-wave resonators
are indicated to be fabricated all on the same
substrate with electrical connections between
resonators. The coupling between resonators can be
controlled by varying the number of fingers in the
transducers or by adding decoupling capacitance,

The dashed lines and crosses in Fig. 6 show
measured data for a filter using two resonators of
the type used for Fig. 4. The solid lines in Fig. 6
show the theoretical computed response for this design
using the transmission line equivalent circuit model.4
Note that again the agreement between theory and
experiment is very good except for the error due to
the difference between the resonant frequency of the
resonators and the array stopband center.

Conclusions

Surface-wave resonators provide the possibility
for obtaining extremely small, relatively high-Q
resonators for filters at frequencies up to the lower
microwave range. Their application may be most
attractive for the UHF region where compact, high-Q
resonators presently do not exist.
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Fig. 2. Simplified circuits for surface-wave and
conventional resonators, and their reactance
characteristics.
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A two-port surface-wave resonator

Equivalent circuits which apply for
frequencies within the stop band of
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Fig. 4. Measured and computed characteristics for
a trial two-port surface-wave resonator.
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Fig. 5. A multiple-two-port-resonator surface-wave
filter.
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Fig. 6. Measured and computed responses for a two-
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resonator, surface-wave-resonator filter.



