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SHALLOW BULK ACOUSTIC WAVE DEVICES—
A NEW TYPE OF ACOUSTIC WAVE DEVICE FOR

COMMUNICATION SYSTEMS

K. F. Lau K. H. Yen and R. S. Kagiwada
TRW Defense and Space Systems Group

One Space Park
Redondo Beach, California 90278

ABSTRACT

This paper reviews the present status of a new type of acoustic wave device which has
many potential applications. These devices are called Shallow Bulk Acoustic Wave
(SBAW) devices because the signal propagates just below the surface of the piezoelectric
substrate. These waves can be efficiently generated and detected by interdigital transducer
and fabricated by techniques similar to those of surface acoustic wave (SAW) devices.
These planar devices have been configured into bandpass filters, delay lines, oscillators
and resonators. Because they utilize bulk waves rather than surface waves, SBAW devices
possess many advantages over SAW devices. They have a higher frequency of operation,
lower loss, better temperature stability, and, most likely, better aging characteristics. With
these advantages, SBAW devices promise to replace both bulk crystals and SAW devices
in many future communication systems.

INTRODUCTION

Acoustic wave devices such as bulk crystal devices and surface acoustic wave (SAW)
devices have been used extensively in modern communications systems. Recently, a new
type of acoustic wave device has been constructed. It utilizes bulk waves that are
generated and detected by interdigital transducers.(1-8) These bulk acoustic waves travel
close to the piezoelectric substrate and are called “Shallow Bulk Acoustic Waves”
(SBAW) or “Surface Skimming Bulk Waves” (SSBW).

This paper describes the operation of the Shallow Bulk Acoustic Wave (SBAW) devices
and discusses the many advantages of such devices. The present status of SBAW
development is reviewed, and the areas in which SBAW devices promise to have the most
impact are discussed.



OPERATION OF THE SBAW DEVICES

The basic operation of a SBAW device is quite similar to its SAW counterpart. A typical
SBAW delay line, for example, consists of input and output transducers fabricated on a
piezoelectric substrate. The configuration of a SBAW delay line is similar to that of a
SAW delay line and is schematically illustrated in Figure 1. A shallow bulk acoustic wave
is launched when an RF signal corresponding to the transducer periodicity is applied to the
input transducer. Unlike a surface wave, this bulk wave mode travels into the bulk of the
crystal. As the wave propagates from the transducer, the acoustic energy tends to spread
out. This is depicted in Figure 2. The acoustic radiation distribution inside the substrate is
strongest along the substrate surface. The output transducer thus converts the bulk acoustic
energy back to an electrical signal.

The successful operation of these planar devices is due to the efficient generation and
detection of the shallow bulk acoustic waves by interdigital transducers. A substrate which
is useful for SBAW device application must therefore satisfy the following two conditions.
First, the substrate must be able to support bulk acoustic waves which propagate along the
piezoelectric substrate surface without excessive attenuation. Second, such bulk acoustic
waves must be coupled to the transducer through the piezoelectric effect. The bulk wave
mode which satisfies the first condition is generally the horizontally polarized shear wave
with particle motion polarized parallel to the substrate surface.(4) Quartz, lithium niobate,
lithium tantalate, and berlinite are some of the piezoelectric substrate materials which have
been investigated for SBAW applications.

ADVANTAGES OF THE SBAW DEVICES

SBAW devices are small, lightweight devices which require no adjustment after their
fabrication. They retain the advantages that SAW devices have over the conventional bulk
wave devices. These include higher frequency of operation, lower spurious response,
better mechanical strength and easier fabrication using semiconductor thin film techniques.
Since the SBAW travels close to the substrate surface, it can be manipulated by electrodes
or gratings on the surface. Just as with SAW devices, the SBAW transducer can be
weighted to produce desired responses. These features greatly enhance the flexibility and
capability of these devices over conventional bulk devices.

SBAW devices possess several advantages over SAW devices. First, SBAW devices
generally operate at higher frequencies as compared to SAW devices given the same
transducer finger widths. This is because a horizontally polarized shear bulk wave
generally propagates with higher velocity than the surface wave and the frequency of
operation is directly proportional to the wave velocity. The SBAW velocity in various cuts 



of rotated Y-cut quartz crystals is shown in Figure 3. The SBAW velocity in AT-cut
quartz, for example, is about 1.6 times that of the SAW velocity in ST-cut quartz.

Second, the SBAW device has better temperature stability. The most temperature stable
substrate for a SAW device is ST-cut quartz. It has a temperature stability similar to that of
the BT-cut bulk crystal. A SBAW device on a certain rotated Y-cut quartz near the BT cut
has demonstrated temperature stability similar to that of the AT-bulk crystal.(4) The SBAW
exhibits both zero first and second order temperature coefficients of delay near room
temperature.

Third, the SBAW device has lower spurious response. In rotated Y-cut quartz, for
example, only the horizontally polarized shear bulk wave is coupled to the interdigital
transducer. The symmetry of the piezoelectric, dielectric and elastic constant of the
substrate is such that no surface wave nor the other two bulk modes is excited by the
interdigital transducer. As a result, the device response is free from spurious signals.
Figure 4 shows a SBAW device on ST-cut quartz. The spurious response in this device is
at least 55 dB below the main response.

Fourth, since shallow bulk acoustic waves travel deeper into the substrate when compared
to SAW’s, they should be less susceptible to surface imperfections and contaminations.
SBAW devices should possess superior long-term aging characteristics as compared to the
SAW devices.

A major consideration in implementing a design for a SRAW device is the separation
between transducers. Since the insertion loss of the SBAW device is proportional to the
transducer separation, transducers have to be placed relatively close to each other to insure
efficient energy transfer. This slight restriction can be completely eliminated by a suitable
energy trapping scheme.

PROGRESS IN SBAW DEVICES

Considerable theoretical and experimental work has been done since the first publication
of SBAW devices in early 1977.(1-9) Most of the work has been directed toward devices
fabricated on rotated Y-cut quartz, although some other substrates such as LiTa03 and
LiNb03 have also been considered. The generation, propagation and detection of SRAW
have been studied by using rigorous mathematical solutions of the boundary value
problem, as well as the antenna theory.(6) The antenna theory treats the interdigital
transducers as an endfire phased array antenna and provides insight into the operation of
the devices. Experimentally, various SBAW bandpass filters, oscillators and resonators
have been fabricated and tested. The substrates used for the SBAW devices include AT,
BT, ST, and other rotated Y-cut quartz SHAW devices on LiTa03.

(8)



The experimental investigations of the SBAW delay lines have confirmed the good
temperature stability of the SBAW devices and demonstrated that the various methods are
available to obtain the desired response. Apodization, finger withdrawal weighting, thinned
electrode, and split finger transducers for harmonic response have all yielded excellent
results. Some of the available techniques are illustrated in Figures 5-9. Figure 5 shows the
untuned response of a SBAW delay line with a 1.3% fractional bandwidth on AT-cut
quartz. Both of the two transducers are weighted with a sin x/x function in order to obtain
a square top response. One of the transducers is apodized (finger overlap weighting) with a
tilted sin x/x function. The other transducer is weighted by a sin x/x function through the
use of source withdrawal. Figure 6 shows the frequency response of a SBAW delay line on
ST-cut quartz which consisted of one apodized and one unapodized transducer. Both
transducers are of the thinned electrode design. Figures 7 and 8 show the fundamental and
second harmonic responses of a SBAW delay line using the split 3-finger configuration.
The second harmonic shows the same bandwidth as the fundamental, although some
change in shape is also noticeable.

In addition to interdigital transducers, metalized gratings, multistrip couplers and grooves
have been used to manipulate SBAW’s. A bandpass filter with multistrip coupler has been
fabricated on rotated Y-cut LiTa03. Its response is shown in Figure 9. One-port, two-port
resonators with either metalized gratings or grooves as acoustic wave reflectors have also
been constructed. A two-port resonator is shown in Figure 10, which indicates a 14 dB
loss and a Q of 1555.

Table 1 summarizes the various characteristics that have been achieved by various SBAW
delay lines. In the area of SBAW resonators, the reported Q of the device shows a modest
value of 2100.(9) This low value is attributed to the non-optimization of the device
configuration.

SYSTEMS APPLICATIONS

Modern communication systems always require devices to perform a large variety of signal
processing functions. SBAW devices will probably fill many of these requirements.
However, bandpass filtering and frequency control appear to be the most fundamental.

The bandpass filter characteristics of a SBAW device, like a SAW, device, can be tailored
to the systems requirement. Presently the SBAW bandpass filters have insertion losses
which are almost comparable to those of SAW devices. Their improved temperature
stability gives an advantage over SAW for narrowband application. If improved
temperature stability is not required, the present SAW bandpass filters have a slight
advantage over SBAW bandpass filters at low frequencies. On the other hand, at higher
frequencies (~ 1 GHz), SBAW devices have a definite advantage over SAW because of



their higher wave velocity. This higher wave velocity allows wider transducer finger width
to be used for a given frequency and is therefore advantageous from a manufacturing point
of view.

It should also be noted that SBAW devices are free of spurious response. Properly
developed SBAW devices can be used to produce bandpass filters with high ultimate out-
of-band rejection.

The greatest impact that SBAW technology will have on communication systems is on
frequency control. SBAW oscillators will provide improved performance because of their
improved temperature stability, higher operating frequency and excellent aging
characteristic.

CONCLUSION

SBAW technology is presently in the early stage of development. More research is
required before it can be utilized at its full potential. Even at this stage of development, it
is apparent that it will have a significant impact on communication systems for applications
which require better temperature stability or higher frequencies. SBAW oscillators are thus
ideally suited for systems applications.
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TABLE I.  DEMONSTRATED SAW CAPABILITIES.

Center Frequency 10 MHz to 2.3 GHz
Fractional Bandwidth 0.3% to 2%, 6.5% using LiTa03

Insertion Loss 13 dB
Sidelobe Suppression > 55 dB
Shape Factor 3 dB/40 dB 1.4
Temperature Coefficient of Delay 0 for 1st and 2nd order coefficient

Figure 1.  The SBAW Delay Line.



Figure 2.  Power Distribution of Shallow Bulk Acoustic Wave.

Figure 3.  Horizontally Polarized Shear Wave Velocity on Rotated Y-Cut Q



Figure 4.  Frequency Response of SBAW Delay Line Over a Wide Frequency Range
(8 = 0, µ = 35E42', 2 = 90E).

Figure 5.  Frequency Respunse of a SBAW Delay Line on AT-Cut Quartz



Figure 6.  Frequency Response of the SBAW Delay Line on ST-Cut Quartz.

Figure 7.  Fundamental Frequency Response of the SBAW Delay Line on AT-Cut
Quartz with Split 3-Finger Transducers.



Figure 8.  Second Harmonic Response of the SBAW Delay Line
with Split 3-Finger Transducers.

Figure 9.  Frequency Response of SBAW Filter with Multistrip
Coupler on 35E Rotated Y-Cut LiTa03.

Figure 10.  Two-Port SBAW Resonator Using Metalized Grating
Reflectors on ST-Quartz (Q = 1555). 


