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Abstract

Experimental investigations into a field distribution around the "short-boundary" E.G.

mode isolator proposed by us,are given.
isolator can be made more clear,

Introduction

In the International Microwave Symposium
1975, we proposed a new type of E.G. mode
isolator of which circuit structure was shown
in Fig.l. In this isolator,no additional
electric lossy materials are used as a reverse
wave absorber, however, a wide microstrip is
shorted to the ground plane at only one edge.
The isclation of this type of isolator is
fairly large compared to the usual one, and
the usable frequency range is considerably
wide.

Needless to say, the losses are necessary
foe the isolator action, however, the losses
of ferrite substrate are not so large in the
frequencies apart from the gyromagnetic reso-
nance frequency f.. The usable frequency
range of this typ& of isolator exists above
fi and approximately equal to a range in which
an effective permeability of ferrite‘ueff<0.

The reason why such a large isolation(for exa-
mple more than 50 dB) is easily obtained by a
small ferrite loss over such a wide frequency
range might not be apparent. So, the ques-
tions were given on the field distributions
around the short edge, at the symposium. Here
we discuss about them.

The field distributions around the short
edge and along a microstrip are measured by
the aid of a small loop antenna. Experimen-
tal results show that for a reverse case, the
incident wave is almostly absorbed around the
discontinuous junction which makes a mode
conversion from E.G. mode incident wave into
higher order reflected and transmitted waves.
Extremely high field points are not found by
these measurements. Additionally, numerical
calculation utilizing a modal expansion method
is done and shows qualitatively the same re-
sult. The decay of a fringing field around
a microstrip is also measured, These data may
be useful for the design of E.G. mode devices,
because an estimation of a mutual coupling
between the lines is important.

Experimental Results

The measurement of a fringing field
around a microstrip was done by means of a
small loop antenna (its diameter:4mm) picking
up only a magnetic field.

A saturation magnetization 4WMs of ferri-
te slabs are 580 and 1750[Gauss] and D.C. mag-
netic field Ho of 1000 and 2550[0e] were appl-
ied perpendicular to the ground plane and an
operating frequency were 2.45 and 6.,0[GHz],
respectively.
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From these results, the mechanism of this type of

For these case, the insertion loss and the
isolation of these circuits were 2.5 and 55
and 5.5 and 50 [dB], respectively.

At first, a loop antenna was moved along
the edge of the microstrip. Experimental
results are shown in Fig.3(a) and (b) .

E.G. mode propagates along the open edge, and
hence, when the width of the stripline inc-
reases, the amplitude of the field at the
other edge decreases exponentially, and vice
versa. Fig.3(b) shows such a character of
E.G, mode. For a forward case, the incident
wave propagates along the open edge almostly
without attenuation. On the other hand, for
a reverse case, the incident wave encounters
the short edge. As a result, many reflected
and transmitted waves having high attenuation
constant are generated there, The total fie¥
attenuates even in the tapered section.

Next, the field distribution in the trans-
verse plane were measured. The difference
of the forward and reverse field distribution
at y=2.5 [cm] corresponding to the disconti~
nuous junction shown in Fig.4(a) is apparent.
The direction of a field displacement for a
reverse case is opposite to one for a forward
case. But, the two field distributions at
y=5.0[cm] shown in Fig.4(b) are similar to
each other except a level difference. In the
open-short boundary line, a modified E.G.
mode is only a propagating mode and its field
distribution is approximately equal to E.G.
mode's one.

The fringing field decays exponentially
and the decay constants for z and x direction
are about 1.8 dB/mm and 1.9 dB/mm, respective-
ly.

Numerical Calculation

R.F. field under a microstrip is closely
related to the fringing field above a micro=-
strip, however, it can not be measured direct-
ly. So, numerical analysis was done for estie
mating R.F. field at the discontinuous junc-
tion,

The incident wave is assumed to be E.G.
mode,and the reflected wave and the trans-
mitted wave are expanded by the eigen modes
in the open -open boundary line and the open-
short boundary line, respectively. The con-
tinuity condition of electric and magnetic
field at the junction determines the expan-
sion coefficients An and Bn.

oo oa
Ezo(x) +"§° AnEzn(x) = n}_}o Bn E;,, ) (g



Héc @

0o [2ad / '/ QD
Heo(x) + 25 AnHxntx) = 3 BnHxelo (2) 7
For a trancated summation, An and Bn are ferrite slab
determined so as to minimize the following X
squared error; 507 .y
— 25 — strip {ine

6

a d _y . 2 IN z Y : | out
An = Jo | Exo+ % AnEsn(0 =% Bn EfatlRdx m\ + /m U

j: JEzo(x)1*dx

—1

N
+ j: | Hxotd +:Z:°An Hen () —ugosn Hin () ]3dx % shortesdecﬁon,‘

S: | Hxo t02}* dx

(3)
Finally, An and Bn are the solution to
the following matrix equation;
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Calculated field distributions are shown *
in Fig.6. Higher order reflected waves rapi-~
dly decay and calculated field shows much
higher concentration than measured fringing
field. However, calculated values agree with
measured values, qualitatively. Furthermore, \
measurement of the internal R,F. field may be .
necessary. 3 \\\
~.
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Fig.5(a) Perspective drawing of
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Fig.4(a) Field distribution at y=2.5[cm]
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Field distribution at the discontinuous
plane (calculated)
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Field distribution in front of the
discontinuous plane (calculated)



