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New types of surface acoustic wave devices which
utilize parametric interactions between surface acous-
tic waves to perform signal processing functions will
be described. These devices can give real time con-
volution of two modulated rf signals. Similar devices
can also be employed to time invert a modulated rf
signal, so two devices can be used in combination to
obtain the correlation between two rf signals*~7". As
these are the basic signal processing functions re-
quired, the devices are also capable of performing
fast Fourier transforms and pulse compression of
chirped signals.

In the basic device, Rayleigh waves of velocity
v and frequencies w; and ap and propagation con~
stants ki = w3/v and kp = ap/v are excited by sig-
nals applied to interdigital transducers at opposite
ends of a LiNbO3 surface wave delay line. Because of
nonlinearities in the substrate, a product signal is
generated which has a frequency Wz = W) + W and
propagation constant kz = ky - ko'= (wp - ué)/v .
The electric field associated with this product signal
can therefore be detected on an interdigital transdu-
cer with a finger pair spacing / corresponding to
kBI =2r . It will be seen then that the output
transducer responds to any two input signals which
have a difference in frequency wj - up = EﬂV/f . The
amplitude of the output signal is proportional to the
product of the input signals, and depends on an inte-
gration during the time when the signals overlap, i.e.,
an integration over the distance under the output
transducer where the two signals overlap. Thus the
system has the property that it takes the product and
performs an integration which can be shown to be the
convolution of the two input signal envelopes.

The device was first demomnstrated using a metal
film on each side of the substrate at the output trans-
ducer, with signals of identical input frequencies.
Later, in order to increase the sensitivity, and to
provide more bandwidth, a relatively coarse output
transducer with a finger pair spacing of 100 um was
used to detect output signals in the range of 400 MHz-
450 MHz, with input signals at approximately half this
frequency.

With the original form of this device, it was
necesgsary to use an output interdigital transducer
spaced by an air gap from the substrate to inhibit
scattering of surface waves to volume waves by the
electrical shorting effect of the fingers of the out-
put transducer. This air gap system has been replaced
by a new type of device in which a layer of SiOp is
used to separate the output transducer from the LiNbO
substrate., This reduces the Rayleigh wave scattering
losses from 22 dB/cm to approximately 2 dB/cm, most of
this loss being due to the silicon dioxide itself
rather than the presence of the interdigital trans-
ducer. With this system the coupling of the product
signal, which had a relatively long wavelength, was
reduced at most by 1-2 dB, less than experimental
error.

The system has also been used to obtain the time
inversion of a modulated rf signal by applying an
impulse of frequency at Wz to the center transducer
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while a signal of frequemcy w; is propagating be-
neath it, This generates an idler at a frequency

Wwp = ®g = @1 which is the time inversion of the input
signal’

In all models the center transducer must be long
enough to cover the entire interaction region., It is
therefore highly capacitive, approximately 80 pF in
this case. To match into it efficiently at frequen-
cies on the order of 400 MHz, a strip line tuning cir-
cuit is used. A shorted strip line is connected across
the transducer and its inductance is adjusted to reson-
ate with the capacity of the transducer by varying the
length of the strip line. A probe to the strip acts
as a variable tap on the inductance. Using this system
with 20 dBm input power levels, the peak output power
was -47 dBm for one centimeter of interaction. This
means that a device with a two centimeter interaction
region and one watt input levels can give a .008 milli-
watt output signal., Because of losses in the interdi-
gital fingers, the output tuning had a low Q and did
not limit the bandwidth of the system; this bandwidth
was limited only by the bandwidth of the seven finger
pair input transducers to approximately 30 MHz. Thus
the time-bandwidth product of the present devices is
approximately 180.

A system of this type with two different input
transducers designed to have center frequencies at
200 MHz and 230 MHz, respectively, was used to observe
the matched filter response of two coded signals. The
use of amplitude modulated digital codes has produced
results in agreement with theoretical predictions. We
have also tested phase modulated Barker codes up to
13 bits, and obtained results in good agreement with
theory.

At Stanford we have a number of experiments in
progress to increase the output power by making use
of the electric field nonlinearity associated with the
carriers in a semiconductor rather than that associated
with the acoustic medium. In our experiments we depo-
sit a thin film semiconductor on the substrate in the
region where the center transducer would normally be
placed. Because the voltage developed across the de-
pletion layer of a semiconductor is proportional to
the square of the field normal to its surface, its
characteristics are highly nonlinear. Hence this tech-
nique would be expected to strengthen the product sig-
nal. Preliminary results using a 0.5 u layer of InSb
and a solid plate center electrode (k1 = ky , kg = 0)
indicate the output power is increased by 11 dB from
the level with no semiconductor present.
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