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Abstract

A review is made of various transducer-coupled surface acoustic wave amplifiers which are by nature bi=-

lateral.

A unilateral transducer-coupled parametric amplifier is described.

Unilateral operation is achieved

by the cancellation of excitation in the common idler circuit.

Recent interest in microwave acoustic circuitry
and extremely large time-bandwidth delay devices has
accentuated the need for surface acoustic wave
amplifiers, This paper discusses the amplification of
surface waves by coupling negative resistance
amplifiers to the propagating surface wave,

The coupling of a single negative resistance
amplifier to a propagating acoustic wave by an inter=-
digital electroacoustic transducer has been discussed
in the literature.!>? Such an arrangement was found
to have reflection gain as well as transmission gain.
By coupling two amplifiers with transducers separated
by the correct phase relationship along the propa-
gation path, a surface wave amplifier may be
constructed with no reflection gain.® The amplifier
remains bilateral, however, and would be highly
sensitive to output loading.

A unilateral, nonreflecting amplifier may be con-
structed by coupling to the propagating acoustic wave
two parametric amplifiers sharing an idler circuit,
FIG.l1. The transducers used must be separated by an
odd multiple of a quarter wavelength of the propa-
gating surface wave as in the case of the transducers
described.® The amplifier is unilateral because the
nonlinear mixing of the signals in the varactor diodes
results in the reinforcing of idler excitation when
the signal is propagating in the desired direction
and a cancellation of idler excitation when the
signal is propagating in the reverse direction.

In the conventional analysis of varactor para-
metric amplifiers, it is shown that the idler voltage
is a function of the relative phases of the pump and
the signal.*

_ j(e, + 8g)

Vidler =k e P @)
where k, is a proportionality factor and 8, and &g
are the relative phases of the pump and signal
respectively, If we consider a wave propagating to
the right under the center transducer of FIG.l, we
see that the idler voltage generated by the varactor
on the left (which is pumped with zero relative phase)
has a total phase

Gp + 8, =9, (2)
since
Sp =0
and
g = o .
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© is the initial phase of the signal relative to the
pump, The idler voltage generated by the varactor at
the right (which is pumped with a -7/2 phase) also has
the total phase

eP T8 =0
since
& = -m/2
and 3)
8 = (w+n/2)

The two idler voltages are then in phase, and amplifi-
cation takes place.

If the wave is propagating to the left, however,
the idler voltage due to the right varactor has the
phase

0p + 8 = (-1/2) + (o) , Sy
while that due to the left varactor has the phase
& + 8 = (0) + (otm/2) , )

and the two contributions cancel resulting in no
amplification of the surface wave. Equal idler
amplitude contributions from both varactors are
assumed, Similar phase considerations may be made at
the acoustical ports of the transducers to verify that
there is no reflection gain for either propagation
direction,

Experimental results will be presented for
amplifiers on LiNbO, and Bi,;GeOy, at 50 and 100 MHz.
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FIG.1: Unilateral surface wave parametric amplifier.
Subscript designations:
s = gignal,
P = pump,
i = idler,
V= A eJopt
v = A ol (wpt - m/2)
p2

The two like transducers making up the
center transducer are separated by a quarter
wavelength, denoted by the wide line in the
center.



