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Interaction of Two Microwave Sig-
nals in a Ferroelectric Material*

A conventional degenerate mode para-
metric amplifier was used as a research tool
to study the ferroelectric interaction with
two microwave signals. Certain interesting
results were obtained, namely, that there
was an exchange of energy from the pump
frequency to the signal frequency in the
ferroelectric material via an idler frequency.
Results are shown in Table I.

There was too much loss in the system at
1200 mc and 820 mc to obtain any gain; in
fact, the insertion loss of the microwave cir-
cuit with material used was 7.5 db. Remov-

“* Received by the IRE, April 11, 1960.
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TABLE 1
Relative
Amplitude
£ 1 of the Pump
i r Idler to the Power
Signal
Frequency
2600 mc 5200 mc =31 db 1 watt
1200 mc 2400 mc —6 db 120 mw
820 mc 1640 mc —6 db 150 mw

ing the pump frequency removes the idler
and also lowers the amplitude of the signal
frequency. The operation is very similar to a
parametric amplifier with a low-cutoff fre-
quency or lossy varactor.

The ferroelectric material was Barium
Titanate of the polycrystalline type, Aero-
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vox Body 90, operating at room temperature
below its Curie point. A small chip, 0.005
inch thickness and 0.010 inch on a side, was
used in a modified microwave crystal holder.
The capacity of the sample was 2.2 uuf.

It does appear that the permittivity of
the material can be varied at a microwave
frequency rate; hence, the material becomes
a variable capacity, thus making possible
the basic element for a ferroelectric para-
metric amplifier.

The author wishes to acknowledge the
stimulating discussions with Dr. H. Diamond
and T. H. Butler of the University of Michi-
gan.

IRVING GOLDSTEIN, MANAGER
Solid-State Physics Branch
Raytheon Missile Systems Div.
Bedford, Mass.
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