High Quality
Ken Laker’s pioneering research
on surface acoustic wave (SAW) filters.

Paul H. Carr

en Laker advanced surface acoustic wave (SAW) filter and resonator
technology with significant decreases in the size, weight, and cost of
oscillators, fast frequency-measuring filter banks, and compact fastfrequency- hopping synthesizers. His compact SAW resonator chip at 780
MHz had a Q factor of almost 5,000, five times that of larger electromagnetic equivalents. His technique of designing withdrawal-weighted SAW transversal filters
increased out-of-band rejection from 30 dB to more than 60 dB. He was awarded a U.S. patent
for his technique of connecting multiple SAW transducers to an electromagnetic transmission
line input to a frequency synthesizer.
Kenneth Laker performed his pioneering research on surface acoustic wave (SAW) components while serving from July 1973 to July 1977 as a lieutenant and then captain at what is
now the Air Force Research Laboratory, Hanscom Air Force Base. It was an exciting time to be
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FIGURE 1: Two-port SAW resonator chip with
interdigital input and output transducers.
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FIGURE 2: Five SAW resonators on a
piezoelectric quartz chip. The SAW devices
are much smaller and have a higher Q
factor than competing technologies.

FIGURE 3: SAW transversal filter with an apodized, length-weighted input transducer and a
nonapodized output.

consist of 1-mm-wide aluminum
lines spaced 1 mm or one-half wavelength apart. The output interdigital
transducer converts the SAW energy
back into electromagnetic energy.
When Ken joined our laboratory,
we were able to design and fabricate
transversal SAW filters with 30-dB
rejection by apodizing or lengthweighting the lines of the interdigital
input transducer (Figure 3). Ken developed new techniques for design ing
withdrawal-weighted transducers
(Figure 4) that increased the rejection to more than 60 dB.
The length-weighting or apodizing function of the transducer in
Figure 3 is a truncated (sinf)/f function. If an impulse is applied across
the electrodes, the surface wave is
the spatial replica of the overlap or

working on SAW technology, which
is superior to lumped-constant circuits for making miniature, lowcost, planar filters.
Laker set a new record Q factor of
5,000 for resonators at 780 MHz with
the tiny SAW chip shown in Figure 1
[1]. Figure 2 shows that the planar
SAW resonators are much smaller than
high-dialectic constant and helical
resonators, whose Q factor was about
1,000. The SAW chip consists of
aluminum metal grating lines
on temperature-compensated,
ST-cut quartz. They are fabricated by adopting the same lowcost techniques used to make
integrated circuits.
The input interdigital transducer in Figure 1 converts, via
the piezoelectric effect, the
780-MHz electromagnetic signal into SAWs propagating to
the right and the left. They
form standing waves as they
are reflected back and forth FIGURE 4: Withdrawal-weighted SAW interdigital
between the reflectors, which transducer.
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weighting function. The frequency
response of the filter is the Fourier
transform of the truncated (sinf)/f
function. If the transducer could be
made infinitely long, it would generate a correspondingly long (sinf)/f
function whose Fourier transform
would be rectangularly shaped,
with no side lobes. This would be an
ideal “brick wall” filter. Contiguous
banks of these filters enable one to
measure the frequency of an incoming pulse instantly, in real time, for
a high-probability-of-intercept spectrum analyzer (Figure 5).
Length limitations of the transducer force one to truncate the
(sinf)/f function. The Fourier transform filter function is thus a rectangular shaped function with side lobes
(Figure 5). Practically, the lowest side
lobe achievable with a single
apodized transducer filter was
30 dB down due to diffraction
spreading of the SAW and other
second-order effects.
As stated, the use of Ken’s
withdrawal-weighted filter as
an output transducer with an
apodized input filter enabled
us to obtain more than 60 dB
of rejection. The weighting
with withdrawal-weighted interdigital transducers (IDTs)
is achieved by removing certain electrodes from a uniform
IDT [2]. Because all electrodes

Laker set a new record Q factor of 5,000
for resonators at 780 MHz with the tiny
SAW chip.

Ken Laker advanced SAW resonator
and filter technology with significant
decreases in the size, weight, and
cost of oscillators, fast frequencymeasuring filter banks, and compact
fast frequency-hopping synthesizers.
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