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vmveguide, and the resulting value of 131was

determined with the aid of a method de-
scribed k]y the author elsewhere.6 The thick-

ness of the dielectric sheet to give the neces-

sary value of 13z= /31was determined from the

transverse resonance conditional” Because

of inaccuracies involved in this procedure,

the clesig n did not result in the desired situa-

tion in which P,= BI at the design fre-

quency. At this stage, use has been made of
the fact that the group velocities in the
coupled lines have difi”erent values, z.e.,
dw/t(& # a~/dDz, and by searching in the

neighborhood of the design frequency, a par-

ticular frequency has been found for which

@l=@z.

Copper-clad teflon, and later Rexolite,
have bem used in the construction of the

reactive surface. The coupling aperture con-

sisted of a row of 150 slots cut in the wide

wall of a 0.4X0.9-in ID rectangular wave-

guide (see Fig. 2). The measurement of the
field amplitude in the waveguide was per-
formed by cutting in the opposite wide w-all

a Iongitlldinal slot such as used in a slotted
section and mounting the wax-egu ide in a
hp809B LTniversal Probe Carriage from
which the original slotted section has been
remo~,ec[. The whole setup has been placed

on a surface covered with microwave ab-
sorbing material.

In a few experiments conducted up to

now, excitation efficiencies of between 92

and 95 per cent have been determined.
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Higher-Order Mode Resonances in

Strip-:Line Y-Junction Circulators*

Because of its small physical size, the

V-junction circulator has been the recipient

of a great amount of investigation. Various

theorists and experimentalists have devoted
time to understanding the behavior of this

device, both on the far and near side of ferri-
magnet ic resonance. 1-4

In our laboratory, we have succeeded
in developing units operating at the near

* Received by the PGMTT, August 21, 1961.
I B. A, AuId, “The synthesis of symmetrical wave-

guide circulators, ” IRE TRANS. ON MICROWAVE
THEORY ANO TECHNIQUES, vol. MTT-7, pp. 238–246;
April, 19!59.

j L. Davis, Jr., et aL, “A strip-line L-band compact
circulator,” PROC. IRE (Correspondence), ~ol. 48, PP.
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8 G. T’. Buehler and A. F. Eikenberg, “Stripline Y-
circulators for the 100 to 400 Mc region, ” PROC, IRE
(Correspondence), pp. 518-519; February, 1961.

4 J. Clark and ~. Brown, “Minia~urlzed, tempera-
ture stable, coaxml Y-junction circulators, ” IRE
TRANS. cm MICROWAVE THEORY AND TECHNIQUES
(Coi-res~ondence), vol. MTT.9, PP. 267–269: May,
1961.

Correspondence

side c,f resonance from 1.0–8.0 klblc. These
units have instantaneous bandwidths pro-
viding 20 db of isolation in excess of 20 per

cent; some units have bandwidths as high
as 40 per cent. One of the limitatio]ls on

bandwidth that we have discovered are

resonances that occur in the insertion loss

and isolation characteristics of the device at

the HF end of the band, In narrow-band

designs, these resonances might never be
noticed. Because of their presence, it is
necessary to limit the bandwidth specifica-

tion to exclude them from the operating
region. If resonance could be e~iminated, we

believe bandwidths of 50–60 per cent COLIICI

be achieved.
Fig. 1 show-s some experimental points

relating the frequency at which the reso-
nance occurs to the diameter of the ferro-

magnetic material used in the design. l~ari-

ous materials were used, and they are la-
beled with their manufacturer’s designation.

FREQUENCY – KMc

Fig. l—Diameter at which higher-order mode
resonance occurs for strip-line I’-junction circu.
lators on the near side of resonance.

The frequency of these resonances depends
upon the value of magnetic field. They
occur at lower frequencies for smaller field
~,alues. The values of field used in the data

presented were sufficient to saturate the

disks.
A theoretical curve is plotted using the

relationship
jd=3.O

where
~=, frequency in kNIc
d== diameter of material in inches.

This type of expression is typical of propa-
gation in cylindrical waveguide where the
mode cutoff frequency is related to the guide
diameter and the proper-order Bessel func-
tion. It is felt, therefore, that these reso-
nances can be explained by higher-order
mode propagation in a direction parallel to

the applied magnetic field, even though the
dominant mode in the strip line is propagat-

ing perpendicular to this direction.
It is hoped that these rescmances can be

moved to higher frequencies without effect-
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ing the basic nonreciprocal scattering of the
ferromagnetic disks. Experiments to deter-
mine the feasibdit y of remoyi ng these reso-

nances are now underway and, if successful,

will be reported.
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A Proposed Desigfl to Enhance

Micro wave-Power-Limiter

Characteristics*

A design is proposed for a device which
would enhance the properties of presently
available microwave power Iirniters, thereby
making their use as crystal protectors in

duplexing units of microwave systems more

desirable. This design is a combination of a

power-sensitive, nonlinear element with a
traveling-wave ring resonator.

Several nonlinear elements, such as sub-

sidiary resonance ferrite limiters,l and De-

Grasse type of ferromagnetic Iimiters,a and

diode parametric limiters$ have been devised
which exhibit an attenuation vs power-level
curve such as is depicted in the lower curve
of Fig. 1. The nonlinear properties of ferro-

electric materials indicate that these mate-

rials might also be used to prodllce limiting
action.

l.plt Power LW.1

Fig. 1.

However, the referenced l!i~miters are not
completely usable as crystal protectors be-

cause either their threshold potl-er levels are
too high, or their maximum attenuations,

slopes of attenuation vs power curve, or
their power-handling capabilities are inade-

quate. Combining any one of the nonlinear
elements with the traveling- wave ring reso-
nator would improve upon al [ of these short-
comings, provided that the Iow-leve [ inser-

tion loss of the element is sufficiently small.
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