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Sunmry
The electrical characteristics of the fer-

rite substrate microstrip circulator having
wider magnetized region than conventional one
have been studied. This work enables us to com-
pose a compact and simplified wideband circulator
without the impedance matching networks. The
electric field measurement shows that the wide-
band characteristics are realized by the combina-
tion of the conventional n-l mode and a nonreso-
nant mode different but compatible to the former.
A C-8and version measuriw 15 mm in diameter
offers more lhan 20 dB isolation and an inser-
tion loss less thanO.5 dB over a bandwidth of 50
percent or more with the center frequency of 6.3
QiZ.

Introduction
The broadband circulators so far offered for

market have been composed of the junction con-
tributing to the circulation and of the broad-
band impedance transformer inserted in each port.
This is also the case with the so-called ferrite-
eubstrate circulator in which both a metalic
junctionsnd transformers are printed on the sub-
strate with the magnetized region restricted just
beneth the junction. 1 ‘lhe performance of this
class of circulator has reportedly been in suffi-
cient agreement with the predictions based on the
theory offered byFay.2 “Consequently, the addi-
tional studies for further enhsnc-ent of the
bandwidth of circulators have not been conducted
including the ferrite aubstrate,version. The
present study is devoted to the fulfillment of the
requirement of brosdbanding bymesns of an ap-
proach appreciably different from the conventional
in that the magnetized region is widened eubstan-
tial.ly more than those in conventional type.
From the experimental studies, with emphasis
placed on the modal analysis, the conclusion has
been drawn that the combination of two adjacent
modes realizes the broadbsnding up to about 50
percent, enablings to compose a compact and

stiplified circulator free of the bulky tr=S-
fonners.

Circulator Characteristics
Most of cnqeriments have been carried out at

C-Band on suck circulators as ehoun in Fig. 1.
Apparently, the configuration of the exper~ental
circulator is the same as that of the convention-
al version except for the wider magnetized region,
theutili.zed ferrimsgnetic material being YIG
posessin.g the saturation magnetization of 1750 G.
The characteristics of the circulator are sensi-
tive to the diameter of the magnetized region (D),
the diameter of the center conductor (d), the
width of the microstrip (w) and the thickness of
the substrate (t). In the experiments, the ratio
(D/d) has been vsrisd from 1.5 to 2.5 byverying
the disk diaueter from 12 to 20mm with the disk

conductor diameter kept at 8 mu while the ratio
(w/t)hasbeenvariedfrom0.7 to 1.3 by varying
the width of microstrip from 1 to 2 mmwidth the
substrate thickness kept at 1.5 zm. lhe equi-
isolation curves experimentally obtained end
within which the isolation exceeds 20 dB are
plotted in terms of magnetic field strength and
the frequency in Fig. 2with the ratio of (D/d)
as the parameter. Evidently the bounded domain
expands as the value of (D/d) increases in *O
far as this value is less than 1.9. Once this
valne exceeds 1.9, the domain splitts into two
zones. ‘lhe relative bandwidth defined as the
ratio of the maximum bandwidth of 20 dB isola-
tion (~f) to the center frequency (f) is plOt-
ted in Fig. 3 in terms of (D/d) and (w/t).
From the figure, it is evident that the relative
bandwidth is maximized at a given value of (D/d),
D/d=l.9 in this case, for a giVen Valne of (w/t).
This indicates the role played as the impedance
transformer by the microstrip is not so impor-
tant as that of the conventional broadband cir-
culator. Fig. 4 shows the isolation character-
istics of a hexagonal ahaped circulator in
which the portions peraumed not to contribute to
the circulation are cut out. Comparison is made
in the same figure with the isolation character-
istics of the disk circulator with both the
junction diametersnd the microstrip length kept
unchanged. These two curves apparently do not
overlap. If the realized broadbsnding should
have been accomplished by the magnetized micro-
strip functioning as a class of broadband imped-
ance transformer, these two curves should coin-
cide with each other. Consequently we have been
led to the assumption that also the magnetized
region outside the junction plays an important
role for the broadbanding.

Electric Field Measurement
for the Modal Analvsis

The electric field parallel to the applied
magnetic field has been measured along top face
of the circulator having maximum bandwidth. AS
qhown in Fig. 5 the apparatus for the electric
field pattern measurement is the combination of a
pantograph and a rotating disk enabling the tip
of the probe to be moved circularly. The field
strength has been recorded by X-Y recorder as a
function of angle for the field pattern mapping
on the polar coordinate, mapped pattern being
ehOWII in Fig. 6. At the higher band edge the
electric nede coincides with the isolated port,
suggesting that the n=l mode defined by Fay is
dominant. In contrast with foregoing, around the
lower band edge the field pattern is frequency-
sensitive, the electric field extending tQ the
edge of the ferrite in a substantial intensity,
no mode relevant to this field pattern having
been identified as yet. Between the bands quoted
the field pattern changes smoothly from that for
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the lower band edge to that for the higher band
edge. The absence of the mode in the lower band
qualifies us to claim that the observed field
does not stem from any one or any combination of
the dielectrically resonant modes satisfying tbe
condition, 3Ez/bz=O, and admitted as basic to the
circulation. The appropriate mode, if any,

ahouldbe such as merging the n-lmode at the
higher band edge.

Concluding Remarks
The realized broadbsnding of tie experimen-

tal circulator may be ascribed to the frequency
sharing by the two different but compatible
modes. The widened magnetized region results in
a novel mode in the lower frequency range. The
proper selection of the value of (D/d) realizes
a mode at the lower frequency region merging the
conventional. mode, reducing the role played by
the microstrip to be less important for the
broadbanding. On the basis of these results we
have fabricated a compact broadband circulator.
A C-Band version measuring 15 mm in diameter of-
fere more than 20 dB isolation and an insertion
loss less than 0.5 dB over a bandwidth of 50 per-
cent or more with the center frequency of 6.3 OHz,
in contrast with the diameters around 20 rimI as
obta$ned by the conventional design with the im-
pedance matching networks.
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Fig. 6. tdapps illustrating the chawe of the
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Fig. 1. Exploded. viewof experimental
circulator.
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Fig. 2. 20 dB equi-isolation curves on the
magnetic field strength-frequency plane.
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Fig. 3. The relative bandwidth as plotted on *e
(w/t) -(D/d) plane.
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Fig. 4. 20 dB equi-isolation ~urves for the
hexagonally ahaped circulator compared
with that for the disk circulator.
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Fig. 5. Electric field measuring apparatus.


