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A Duplexer Using the Zero
Permeability Characteristics of
Ferrite*

It has been shown by Polder! and others?
that a ferrite material can be made to ex-
hibit an effective zero permeability to a wave
that has a positive sense of circular polariza~
tion (positive wave) and a corresponding
nonzero permeability to a wave with polar-
ization in the negative sense (negative
wave). Melchor, et al.,* and Duncan and
Swern* have demonstrated that a ferrite
material which is magnetically biased such
that the real part of its positive wave per-
meability is zero will largely exclude the
positive wave. The negative wave, how-
ever, will be concentrated in the ferrite; and,
under certain conditions of ferrite geometry
and operating frequency, the negative wave
will propagate through the ferrite in a dielec-
tric mode.

This note describes a duplexer which
utilizes this differential interaction in ferrite
when biased to, or in the region of, zero per-
meability. Fig. 1 shows a diagrammatic
sketch of a duplexer which uses these princi-
ples.
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Fig. 1—Diagrammic sketch of a “zero permeability”
duplexer. (a) Transmit case. (b) Receive case,

The design of this structure is such that
a linearly polarized wave entering the trans-
mitter arm will propagate through the or-
thogonal mode coupler with negligible cou-
pling to the antenna arm, and will become
circularly polarized in the positive sense be-
fore entering the ferrite section of the wave-
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guide. The ferrite section consists of one or
more ferrite disks which completely fill the
cross section of the waveguide as shown in
Fig. 1. A solenoid or a cylindrical magnet is
used to produce a longitudinal magnetic
field to bias the ferrite disks to the region
where the real part of the effective ferrite
permeability is essentially zero. As dis-
cussed in the first paragraph, the positive
wave will be almost totally excluded from
and, hence, reflected by the ferrite. The re-
flected wave will propagate through the first
quarter-wave plate section which reconverts
the wave to linear polarization, oriented 90°
with respect to the incident linearly polar-
ized wave. At the orthogonal mode coupler,
the wave is then coupled into the antenna
arm with negligible losses. The orthogonal
mode coupler on the receiver end provides a
load for any positive wave energy that is
propagated through the ferrite section.

A wave entering the antenna arm will be
coupled into the circular waveguide and will
propagate into the ferrite section with a
negative sense of circular polarization. Since
the effective permeability for the negative
wave is greater than unity (at the same mag-
netic bias for zero positive wave permeabil-
ity), the wave will propagate through the
ferrite section if the width and spacing of
the disks are such that a proper impedance
match is achieved. If the dielectric and
magnetic losses of the ferrite material are
low, the wave willl be only slightly attenu-
ated when it emerges from the ferrite sec-
tion. The emergent wave, after propagating
through the second quarter-wave plate sec-
tion, will be reconverted to a linearly polar-
ized wave at the receiver arm oriented per-
pendicular to the septum in the orthogonal
mode coupler. Thus, loss to the load arm is
negligible.

Fig. 2 shows an experimental X-band
“zero permeability” duplexer. Representa-
tive data taken on a similar duplexer de-
signed for 9.2 Gc are given in Fig. 3. The
ferrimagnetic material used in this particular
unit was yttrium-iron garnet. At 9.2 G, the
transmitter-to-antenna loss was 0.4 db with
a corresponding receiver armisolation of more
than 30 db. The transmitter-to-antenna in-
sertion loss remained well below 1.0 db from
9.0 to 9.7 Ge. Subsequent tests have shown
that this loss remains below 1.0 db over a
10 per cent bandwidth. Beyond a 10 per cent
bandwidth, the higher loss was due pri-
marily to the narrow bandwidth of the quar-
ter-wave plates used in the experimental
work.

The antenna-to-receiver insertion loss at
9.2 Gc was also 0.4 db and remained below
1.0 db over a bandwidth of approximately
5 per cent. Increased loss beyond this band-
width is due principally to the fixed ferrite
geometry and spacing with the narrow-band
quarter-wave plates contributing to some
degree.

A duplexer of this design offers a definite
advantage in that high power effects are
minimized since the microwave energy asso-
ciated with high peak power does not prop-
agate through the ferrite. However, there is
some magnetic coupling into the ferrite sur-
face; but, by careful selection of ferrite ma-
terial and geometry, the magnetic biasing

‘field can be kept well below the field which

will give rise to subsidiary resonance losses.
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Fig. 2—An experimental X-band zero
permeability duplexer.,
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Fig., 3—Characteristics of a zero permeability
duplexer using two thin disks of yttrium-iron
garnet. Hgy, =925 gauss.

The duplexer with characteristics shown in

Fig. 2 was tested without cooling or pres-

surization at 250 kw peak (100 w average)

at 9.2 Gc with no deleterious effects noted.
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A Series-Connected Traveling-
Wave Parametric Amplifier*

INTRODUCTION

The conventional parametric amplifier
consisting of a single variable element with
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vised manuscript received, September 1, 1961, The
work reported here was carried out as part of the
Lockheed Research Program,



