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1

REFLECTIVE ARRAY SURFACE ACOUSTIC
WAVE DEVICE

This application is a continuation of application Ser.
No. 790,771, filed Oct. 24, 1985, now abandoned, which
is a continuation-in-part of application Ser. No. 633,771,
filed July 23, 1984, now abandoned.

This invention relates to surface accoustic wave
(SAW) devices and more particularly to a reflective
array SAW device.

In the past reflective array SAW devices such as
those shown in FIG. 1 have an acoustic signal launched
by the input transducer. The acoustic signal is selec-
tively reflected by the etched grating back to the output
transducer when the local grating period is equal to one
wavelength of the surface acoustic wave. The reflectiv-
ity depends on the SAW wavelength, the grating per-
iod, the groove width, the groove length and the
groove depth. Two ways have existed for “weighting”
the impulse response of a grating—varying the groove
depth or groove-length. If “length weighting” is em-
ployed, an objectionable distortion of the wavefront of
the incident wave may occur if the grooves significantly
slow the wave. On the other hand, length weighting is
often desirable because the weights of successive
grooves can be significantly different, the grating can be
etched to uniform depth, and the response of the grating
can be reliably reproduced because the weighting is
specified by the photomask.

However, with depth weighting it is difficult to etch
gratings whose groove’s depths, vary rapidly with posi-
tion. Etching grooves with varying depths is more com-
plicated and requires more time than etching grooves of
uniform depth. For a more comprehensive report on the
design, construction and use of reflection grating filters
see Richard C. Williamson’s article “Nine Reflection
Grating Filters” in a book “SURFACE WAVE FIL-
TERS”, edited by Herbert Matthews and published by
John Wiley & Sons.

In substrates used for large bandwidth devices, for
example, LiNbo3 or LiTaO; substrates, the grating
grooves were etched using an ion milling process; a
process which is extremely difficult to control. Thus,
complicated depth weightings were seldom used and in
lieu thereof the practice was to make a transducer
which was matched to have a flat response over the pass
band ‘and then to decrease the depth linearly with fre-
quency for decreasing the wavelength and to keep the
ratio of the depth to wavelength approximately con-
stant.

While this approach decreased the control needed on
the milling process, the process retains a very high
degree of difficulty. To change the depth with position,
even for the simple linear chirp slope case, an aperture
has to be moved over the substrate to limit the etch area
and the motion of the aperture varied to vary the depth
by changing the actual etch time of the various points
on the substrate. The smaller the aperture, the finer the
control. However, the smaller the aperture the longer
the milling time and with longer milling time, system
stability problems develop. In addition, this approach
precludes batch processing, because each. device has to
be made sequentially.

Accordingly it is an object of this invention to pro-
vide a reflective array surface acoustic wave transducer
having inherently flat response over a selected pass
band.
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Another object of the invention is to provide a
grooved reflective grating whose grooves have uniform
depths and lengths and either uniform widths or prese-
lected widths for providing a uniform flat response.

Another object of the invention is to provide a reflec-
tive array compressor which can be batch produced.

Still another object of the invention is to provide a
reflective compressor which is economical to fabricate.

Briefly stated the reflective array surface acoustic
wave transducer of the invention has an input and out-
put transducer formed on a suitable substrate, and a
grooved reflective grating. In a first embodiment, the
grating comprises etched grooves having uniform
depths and lengths and preselected widths for produc-
ing a reflective array signal compressor or expander
having a flat pass band response for radar applications.
In a second embodiment the etched grooves have uni-
form depths, lengths, and widths for obtaining a desired
frequency response. Stated broadly the invention pro-
vides third and fourth means for weighting the impulse
response of a grooved reflection grating.

Other objects and features of the invention will be-
come more readily apparent from the following detailed
description when read in conjunction with the accom-
panying drawings, in which:

FIG. 1 is an isometric view of a prior art reflective
array surface acoustic wave transducer;

FIGS. 2a-2¢ depict reflective array SAW transducer
principles; and

FIG. 3 is a chart of the sinusoidal relationship be-
tween the center frequency (f) the frequency whose
groove width is one half the wavelength (fy) and the
groove width dependent term in the groove reflectivity
equation.

Referring now to FIG. 1 for a brief description of a
prior art reflective array SAW transducer, a substrate
10 of, for example, lithium niobate (LiNbO3), has an
input transducer 12 and an output transducer 14 formed
thereon adjacent to one end of the substrate and a
grooved grating 16, having either lengths or depths
varied in a predetermined manner from groove to
groove, etched in the surface of the substrate 10 adja-
cent to the transducers 12 and 14. When electrically
excited, the input transducer 12 launches an acoustic
signal into the etched grating 16. When the local grating

. “spacing equals the wavelength of the frequency compo-
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nent, the frequency components of the acoustic signal
are selectively reflected to the output transducer. Those
persons skilled in the art desiring additional information
concerning the prior art devices are referred to U.S.
Pat. No. 3,883,831, issued May 13, 1975 to Williamson
et al.

Applicant discovered while trying to manufacture
larger quantities of the prior art type grooved RAC
devices having predetermined depths from groove to
groove that unwanted changes in the supposed to be
uniform groove width (d) caused changes in the fre-
quency response. To quantify the change the actual
formula for the reflectivity (p) of a single groove was
used as follows:

p=2k(h/\) sin (md/A) 1))
where p=reflectivity, k is a material constant,
h=groove depth, A=wavelength and d=groove
width.

The frequency is:
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where g is the local wave phase velocity.
The frequency where the groove wigdth (d) equais }
_ the wavelength (A) is:

Sfe=@)/2d 3)

By substitution the reflectivity equation becomes:

p=2k/(g)(hf) sin (//2f) 4)

Referring now to FIG. 3, from which it can be seen
that if fg is chosen to be less than the center frequency
(fc), the sin term decreases with frequency over the
bandwidth of interest (fc=Af), and in fact there is an fg
that keeps the f sin (7f/2fg) substantially constant over
the frequency bandwidth 2Af.

For example, assuming fc=3850 megahertz, and delta
f=80 megahertz a reasonably flat response over a 160
megahertz (2f) bandwidth is achievable. The groove
width d corresponding to fg is less than the SAW wave-
length at the upper band edge, showing that the grating
pattern exists throughout the frequency range. The fg
for this example, determined from the formula by trial
and error, is 570 megahertz. As this frequency and its
harmonics are outside the grating pass band, any pertur-
bations generated by the finite groove widths will be
rejected. It has been determined also that by knowing
the desired frequency response characteristics of the
device, uniform length, depth and width dimensions for
the grooved reflective grating can be obtained.

In operation, a reflective array SAW device is de-
signed in accordance with the formulas (3) and (4) and
a photo-mask made having the desired uniform groove
lengths and either preselected widths or uniform
widths. The mask is then used to pattern an etch mask
for the, grooves having either the preselected widths or
uniform widths on the substrate. Then the grooves are
etched to uniform depths on the substrate. For large
bandwidth devices a suitable material for the substrate
is, for example, LINbOj3 or LiTaOs. As the fabrication
processes are well known processes within the knowl-
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4
edge of those skilled in the art the processes are not
described.

Although only a single embodiment of the invention
has been described, it will be apparent to a person
skilled in the art that various modifications to details of
construction shown and described may be made with-
out departing from the scope of this invention.

What is claimed is:

1. A reflective array surface acoustic wave device
comprising:

(a) a substrate of material having preselected surface

wave propagation characteristics;

(b) transducer means operatively combined with said
substrate for converting electrical impulses into
acoustic waves in the surface of the substrate and
for converting reflected acoustic waves received
from the surface of the substrate into electrical
impulses; and

(c) the substrate having a plurality of space grooves
utilized as a reflection grating means for respond-
ing to surface acoustic waves having a preselected
band of frequencies with a center frequency, the
plurality of grooves having predefined lengths,
widths and depths, with single grooves being re-
sponsive to preselected frequencies of surface
acoustic waves based upon the widths of each sin-
gle groove being selected such that the sin of
times the ratio of the groove width divided by the
wavelength of the center frequency is less than 1,
the substrate being in operative association with
the transducer means for receiving and reflecting
impinging acoustic surface waves to the transducer
means.

2. The reflective array surface acoustic wave device

according to claim 1 wherein the substrate is LiTaOs.

3. The reflective array surface acoustic wave device
according to claim 1 wherein the transducer means
includes first and second interdigital transducers for
converting the electrical signals into acoustic waves and
the reflected waves back into processed electrical sig-
nals.

4. The reflected array surface acoustic wave device
according to claim 1 wherein the preselected width of
the plurality of grooves is determined to be equal to one

half the wavelength of the center frequency.
* * * * %



