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A Degree-2 WRD750 Ridge Waveguide Junction
Circulator Using a Gyromagnetic Post Resonator

J. Helszajn

Abstract—An important circulator structure that has received
little attention in the literature is the ridge waveguide one. The
purpose of this contribution is to provide some preliminary
experimental data on one degree-1 arrangement. It consists of
using a simple gyromagnetic post with the direct magnetic field
along its axis at the junction of three WRD750 double ridge
waveguides. A quarter-wave coupled geometry using a dielectric
filler between the ridges with a degree-2 frequency response is
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also described. Dielectric Ferrite
Transformers Disc
|. INTRODUCTION

HE 3-port ridge junction circulator is an important com-

ponent in the microwave industry. Although some com-
mercial devices are available there is at first sight no design Sectional View X-X id b
information for its construction. One possible geometry con-
sists of a gyromagnetic post resonator with no variation of Applied — "
the alternating fields along its axis at the junction of the | Field (Hp) e 2 >

three waveguides. Fig. 1 illustrates the arrangement under
consideration. This sort of structure may be described in terms
of the radius of the ferrite resonator, by the coupling angle r
defined by the width of the ridges at the terminal planes of X
the resonator, and by the gyrotropy. ,
While no obvious guidance exists in the open literature e
the design of a ridge circulator using a gyromagnetic post
resonator, some pointers may be obtained by recognizing it is II. DEGREE1 CIRCULATOR
in many ways akin to the classic stripline device. Some rep-

. . . ) The design of any junction circulator rests on a char-
resentative references are given in [1]-[10]. The eigenvalu g v

S e : . Cterization of its degree-1 complex gyrator circuit and an
met in its description may therefore be taken to be |dent|calf derstanding of the broad-band matching problem of a G-

those met in connection with the classic stripline arrangemeRt ju | oo4 While a comprehensive description of the opera-

except that the definition of stripline impedance is replaced fari ircul ; )
by that of ridge waveguide. The solutions associated wi Hjn of a ridge circulator using a postgyromagnetic resonator

its operation may also therefore be catalogued accordin a}\(/)vaits a resolution, some preliminary results on one degree-1
P y 9 garrangement in WRD750 is given here. Fig. 2 gives the return

whether the effective permeability is positive or negative. Thfs : . .
. : . . . loss of such a circulator for ferrite radiiR) equal to 3.1
junction may be broadbanded in the conventional way with the : :

. and 2.55 mm. The ferrite used was a manganese magnesium
help of one or more quarter-wave impedance transformers in

one of two ways. In the first approach the impedance le mlaterlal with a magnetization\{y) of 0.2150 T and a relative

Vel . : .
. . . ; : ielectric constant of 12.7. The insertion loss of each
of the transformer is obtained by using reduced-height ”dgedsévice was typicalélg)1/2 dB and the bandwidths at the 3-

while in the second configuration it is obtained by loading th . o
ridges with a suitable dielectric material. The latter procedu(r(]aeB. points about 3%. The susceptance slope paranféter

. ) : . . IS in each case typically equal to 6.6. The radial wavenumbers
allows its synthesis to proceed in a like fashion to that g ) . . : i ;
; . . . . . sociated with these two frequencies are in keeping with that
the semitracking solution found in the design of wide-ban

stripline circulators. This letter presents some experimenf?’:llthe dominant pair of degenerate modes in a simple dielectric

results on a degree-2 quarter-wave coupled ridge waveguPI gstwvvlllth':itops an?n borttor?h elre::tizcnwrillsbatr:: an :nzignen;:] d
circulator in WRD 750 D24 waveguide. sidewall. Fg. 5 compares the reiationship between radius a

frequency in ridge and standard waveguides. The operating
_ , modes of the ridge waveguide circulator may therefore be
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Fig. 2. Frequency responses of degree-1 ridge circulators. Fig. 4. Frequency response of degree-2 ridge circulator.

be implemented by either altering the details of the ridge
waveguide or by using a dielectric filler between the ridges.
The shortcoming of having recourse to the former option
is that the complex gyrator circuit of this sort of junction
is in practice, with the exception of the weakly magnetized
ridge case, dependent upon the coupling angle at the resonator
waveguide terminals. The latter arrangement has therefore been adopted
ectangulas for the purpose of engineering. The frequency response of this
waveguide arrangement which is illustrated in Fig. 4 is of degree-2. It
/ is characterized by a return los&L) of about 23 dB over
a 15% bandwidth. The coupling anglé’) established at the
resonator terminals is 0.78 rad. The dielectric filler between
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k,R= 184

91 . . . .
the ridges has a relative dielectric constant) equal to 4.0.
The ferrite material employed in this work is a manganese
] magnesium one with a magnetizatiof/,) equal to 0.2150

T and a relative dielectric constag;) equal to 12.7. The
08 | 09 radius(R) of the ferrite resonator employed in obtaining this
result is 6.20 mm. The direct magnetic field was established
experimentally. Its normalized valug:Hy/My) is 0.42. In
Fig. 3. Mode chart of degree-1 circulator. order to improve the gain-bandwidth of this sort of device it is
necessary to increase the gyrotropy of the resonator. One way
disk. The coupling angle$y) established at the resonatoto do so is to recall that the gyrator conductance of the device
terminals are 0.78 and 1.10 rad, respectively. A scrutiny &f proportional to the gyrotropy. One means of enforcing this
the sort of values met with stripline circulators suggests the&quirement is to utilize a higher value of dielectric constant
these angles are somewhat oversized compared to comrfanthe dielectric filler. This may in the present situation be
practice. A nonstandard waveguide may therefore be necess#oge by replacing the dielectric filler with a relative dielectric
in any optimum design. The details of WRD750 double ridgeonstant of 4.0 by one with a dielectric constant of 5.0 (for

05 06 07
Ferrite Diameter (cm)

waveguide are specified by/a = 0.25, d/b = 0.42, b/a = instance). The realization of a degree-3 instead of a degree-2
0.46, and ¢ = 17.55 mm. Its recommended frequency rangérequency response with this sort of junction may be readily
is 7.50-18.00 GHz. realized by utilizing twoUE's (unit element) instead of one.

Its implementation awaits resolution.
[ll. DEGREEZ2 CIRCULATOR

Since the normalized complex gyrator circuit of the junction IV.  CONCLUSIONS
has not at this time been evaluated, a typical value of 3.75A ridge junction circulator may be realized by either intro-
has been assumed for the gyrator conductafggefor the ducing a suitably magnetized gyromagnetic post resonator with
purpose of design. In practice, a typical transformer cdap and bottom electric walls and a magnetic sidewall or an
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