United States Patent

[19]

Orime et al.

i 3,835,420
(451 Sept. 10, 1974

[54] ISOLATOR

[75] Inventors: Nobutake Orime; Hidetoshi
Kurebayashi; Shejiro Nakahara, all
of Kamakura, Japan

[73] Assignee: Mitsubishi Denki Kabushiki Kaisha,
Kanagawa-ken, Japan

[22] Filed: July 23, 1973

{21] Appl. No.: 381,623

{30] Foreign Application Priority Data

July 26, 1972 Japan......eeeninnccniinnens 47-74832
Aug. 4, 1972 Japan ereeeeraas 47-78148
Nov. 10, 1972  Japan 47-112715

[52] US.Cl.ereiireecienenens 333/24.2, 333/84 M

[51] Int. Cle...ooereerececsieincicninine HO1p 1/32

[58] Field of Search.................. 333/24.1,242,73 S

[56] References Cited

UNITED STATES PATENTS
3,289,112  11/1966 Brown.......c.cevevmeeiinninnnee 333/24.2
3,560,892 2/1971  Chiron.....cccoovevcvernnecens 333/242 X

OTHER PUBLICATIONS

Marriage et al,, Some Non-Reciprocal Coaxial De-
vices at 2 Gc/s, Part B Supple., Int’l. Conf. on Compo-
nents & Mat’ls. used in Elect. Engr., June 1961.

Primary Examiner—Paul L. Gensler
Attorney, Agent, or Firm—Oblon, Fisher, Spivak,
McClelland & Maier

{57] ABSTRACT

An isolator has a dielectric substrate such as a com-
posite substrate or a single ferrimagnetic substrate; a
magnetic material inserted in a hole of the dielectric
substrate in the thickness direction thereof; a single
plate conductor placed on one surface of the dielec-
tric substrate; a main line conductor placed on the
other surface of the dielectric substrate and over the
magnetic material; a branch line conductor and a sub-
branch line conductor branching from the main line
conductor; wherein one end of the line conductor is
opened and the other end of the line conductor is con-
nected to the single plate conductor.

8 Claims, 17 Drawing Figures
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1
ISOLATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an isolator that is a unilat-
eral attenuator in which microwaves are propagated in
one direction.

2. Description of the Prior Art

Heretofore, as shown in FIGS. 1(a) and 1(b), a strip
line type isolator has a structure which included a main
line (1a) and (1b), a branch line (4), and a sub-branch
line (§) for counterbalancing any reflection caused by
the branch line (4). A ferrimagnetic material (6) such
as aferrite, yttrium-iron-garnet was placed on a dielec-
tric substrate (2) at a junction point such that a mag-
netic field Hpc for causing magnetic resonance absorp-
tion could be applied externally to the ferrimagnetic
material.

In order to form circularly polarized waves at the
junction point, a length of the branch line (4) was se-
lected to be three-eights of a wavelength and in order
to counterbalance the branch line (4), the length of the
sub-branch line (5) was selected to be one-eight of a
wavelength. ~

Accordingly, in the past when the frequency of oper-
ation of said structure was to be low, the length of the
branch line (4) had to be long and resulted in an im-
practical size.

Moreover, the prior art structure had a Figure of
merit, which is important for deciding characteristics of
the isolator, which was low and the making of the isola-
tor was somewhat difficult and complex

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to pro-
vide a new and improved unique isolator, which is of a
compact and miniature size.

It is another object of this invention to provide a new
and improved unique isolator having an advantageous
Figure of merit for deciding isolator characteristics.

Briefly, in accordance with this invention, in one as-
pect, the foregoing and other objects, features and ad-
vantages can be attained by providing an isolator which
includes a dielectric substrate and a magnetic material
inserted in a hole of the dielectric substrate in the
thickness direction thereof. A single ground plate con-
ductor is placed on one surface of the dielectric sub-
strate and a main line conductor is placed on the other
surface of the dielectric substrate and over the mag-
netic material. A branch line conductor and a sub-
branch line conductor branch from the main line con-
ductor and one end of the line conductor is opened and
the other end of the line conductor is connected to the
single plate conductor. :

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present inven-
tion will be obtained as the same becomes better under-
stood by reference to the following detailed description
when considered in connection with the accompanying
drawing wherein;

FIG. 1(a) is a plan view of a conventional unilateral
attenuator except for the magnet element thereof;

FIG. 1(b) is a sectional side view of the conventional
unilateral attenuator of FIG. 1(a);
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FIG. 2 is a schematic view of one preferred embodi-
ment of an isolator according to this invention; .

FIGS. 3 (a) and (b) are respectively schematic views
showing the junction of FIG. 2;

FIG. 4 is a schmeatic view of another preferred em-
bodiment of an isolator according to this invention;

FIG. 5 is a plan view of the isolator of FIG. 4;

FIGS. 6 (4),(b) and (c) respectively are plan views of
the-isolator of FIG. §;

FIG. 7 is a schematic view of still another preferred
embodiment of the isolator of this inveniton;

FIG. 8 (a) is a plan view of yet another embodiment
of the isolator of this invention and FIG. 8 (b) is a sec-
tional side view of the isolator of FIG. 8(a);

FIG. 9 is a diagram of an electrical equivalent circuit
of FIGS. 1(a) and (b);

FIG. 10 is a schematic view of one other preferred
embodiment of the isolator of this invention;

FIG. 11 is a plan view of another preferred embodi-
ment of the isolator of the present invention;

FIG. 12 is a schematic view of still one more pre-
ferred embodiment of the isolator of this invention;
and, .

FIG. 13 is a schematic view of one further preferred
embodiment of the isolator of this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The drawings will now be referred to wherein like
reference numerals designate identical, or correspond-
ing parts throughout the several views.

From the viewpoint of compact and miniature size,
unilateral attentuator of an isolator should have the
branch line (4) at a length of three-eights wavelengths
and an end which is opened. As a result thereof, the im-
pedance from the joining point of the main line (1a)
and (15) to the open end, will act as an inductive reac-
tance whose absolute value is equal to the value of the
characteristic impedance of the branch line. In order to
form a circularly polarized wave, the current passing
through the main line (1a) and (1b) should be equal to
the current passing around the junction point to the
branch line (4), so that when a load is equal to the
characteristic impedance of the main line (la) and
(1b), the characteristic impedance of the branch line
(4) should be equal to that of the main line (1a) and
(1b).

However, with the present invention, it is unneces-
sary to use a branch line having a length of three-eights
wavelength and whose end is opened in order to pro-
vide an inductive reactance equal to the characteristic
impedance of the branch line.

As shown in FIG. 2, the branch line (4) has an end
which is connected to the base. When the phase con-
stant of the branch line (4) is 8;; the characteristic im-
pedance is Z,; the length is /;, then the impedance Z,
from the joining point of the main line (1a) and (15)
to the end, can be given as follows assuming a loss free
transmission line.

Z,=jZ tan B\ ,

Accordingly, Z, is inductive in the range of
0<Byly(/2) .

0<li<(M\4).

On the other hand, when the characteristic imped-
ance of the main line (1a) and (1b) is Z,, the main line



3,835,420

3

(1a) and (1b) is connected to matched load, and the
voltage at the junction of the branch line (4) is V; then
the current I,, and I; passing to each line at the junction
of the main line (1) and (1b) and the branch line (4)
are given as follows:

L.=VI/Z,
M

L=V/Z,=V/jZ, B,
(2)

The condition for forming a circularly polarized wave
is

“ml = Ilfl
(3)

wherein the phase difference of I, and I; is 90°.
Accordingly, the following equation can be derived
from the equations (1), (2) and (3).

Zo=1Z, tan By,
(4)

This is the condition for forming a circularly polarized
radio frequency magnetic field at the junction of the
branch line (4).

In order to minimize the dimensions of the isolator,
I, should be decreased. However, in order to satisfy the
equation (4), Z, should be increased, that is the width
of the branch line (4) should be decreased in the case
of a substrate having a specific thickness.

However, from the viewpoint of processing, the
width of the branch line (4) should not be too narrow.
Moreover if the branch line (4) is too narrow, losses
will occur. Accordingly, the size of Z is limited.

On the other hand, the sub-branch line (5) is a line
having an opened end. Accordingly, when the length is
I, and the characteristic impedance is Z, and the phase
constant is B,, then the impedance Z, of the sub-branch
line (5) from the junction of the main line (1a) and
(1b) can be given as follows: ~

Z. = jZ, cot Byl,
(5)

In order to counterbalance any reflection caused by the
branch line (4), the following condition is required.

(UZy) + (1/Z) = (1[jZ, ta(l)n Bili) — (1/jZ; cot Buly) =
(6)

Z, cot Bul, = Z, tan By,
7)

From the above discussion, it is clear that the branch
line (4) need not have a length of three-eights of a
wavelength and that a unilateral attenuation of an isola-
tor having a line shorter than one-fourth wavelength
can be formed by using one end as a short circuit line.
The line width of the branch line (4) and the sub-
branch line (5) should be changed depending upon the
selected length.
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It should now be apparent that in accordance with
this invention, miniaturization of the isolator can be at-
tained in comparison with the conventional ones which
require much longer lines.

From the viewpoint of improvement of Figure of
merit, the unilateral attenuator can be considered as
follows. »

When the equations 4 and 7 alone are satisfied for
the isolator, a circularly polarized radio frequency
magnetic field is formed at the junction of the end short
circuit branch line (4) and main lines (1a) and (1b).
From a view of the main line (1a) and (1b), the end
short circuit branch line (4) and the end open sub-
branch line (5) are matched in parallel resonance.

In order to improve the frequency characteristics of
the parallel resonance circuit, the length of the end
short branch line /; is decreased and the length of the
end open sub-branch line I, is increased, as far as possi-
ble, in the range of the equations (1) and (2) so as to
decrease the inductance L of the resonance circuit and
to increase capacitance C of the resonance circuit.

Incidentlly, when the frequency characteristics of the
resonance circuit are improved, the impedance Z, and
Z, obtained by the equations (4) and (7) are increased,

'so that the width of the branch Line (4) and the width

of the sub-branch line (5) becomes narrow as shown in
FIG. 3(a). In the junction of the shape shown, and as
confirmed by experiments, the complete circularly po-
larized wave in the ferrimagnetic material 6 is deterio-
rated, whereby the Figure of merit is deteriorated and
the forward loss is increased.

In order to improve the distribution of the circularly
polarized wave in the ferrimagnetic material 6 and to
improve the forward loss, it is preferable to have a
structure such that the juncture substantially covers the
ferrimagnetic material 6 as shown in FIG. 3(b).

However, in the structure of FIG. 3(b), the charac-
teristic impedances Z, and Z, of the branch line (4) and
the sub-branch line (5) are respectively decreased.

Accordingly, in order to satisfy the equations (4) and
(7), in said condition, /; should be long and /, should be
short, so that the frequency characteristics of the paral-
lel resonance circuit is deteriorated. A contradiction
thereby results.

The present invention as now described with refer-
ence to FIG. 4, serves to overcome the contradiction
discussed above. FIG. 4 shows a schematic view of an
isolator for improving the Figure of merit.

In order to counterbalance the reflection caused by
the branch line (4) which is connected to the main line
(1a) and (1b), the end open sub-branch line (5) is con-
nected to the junction, and the ferrimagnetic material
(6), whose area is not much larger than the area of the
junction or is smaller than the area of the junction, is
fitted around the junction and a magnetic field forming
magnetic resonance absorption is externally applied to
the ferrimagnetic material.

Incidentally, the end short circuit branch line (14) is
formed by the shorted side broad conductor (11) and
the end short circuit line (4), while the end open sub-
branch line (15) is formed by the broad open side con-
ductor (12) and the end open line (5).

In FIG. 4, a ground plate conductor (3), magnet (7a)
and (7h) and a composite substrate (16) consisting of
ferrimagnetic material (6) filled in the dielectric sub-
strate (2), are combined.
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FIG. 5 is a plan view for illustrating in detail the isola-
tor of FIG. 4. When the characteristic impedance of the
main line (1a) and (1b) is Z,; the characteristic imped-
ance of the end short circuit line (4) is Z4; the phase
constant is B;; the length is lsy; the characteristic im-
pedance of the shorted side broad conductor 11 is Zg:
the phase constant is B,; the length is [s,; the character-
istic impedance of the end open line (§) is Z,'; the
phase constant is 8,'; the length is /5y; the characteristic
impedance of the open side broad conductor 12 is Zp';
the phase constant is B,’ and the length is /s, then the
following conditions will result:

Z
ZB(]. —'73 tan ﬁzlsg)

Za=77-
(—Z-;—i-tan .32182) tan Bils: (8)
ZB.(l +22 tan ﬁz,z,,z)
Zn= °
—— ] E——tan ﬂzlloz) cot Bl (9)
When the following conditions are satisfied,
o<<lg<\ /4
0<lga< /4
o<l <\,'[4
o<l <A\, [4
(ZslZ,) > tan By'ls; * tan By'lsy
wherein
ZA' cotByl,,>ZB' tanB; le B = 27/Ay, B2 = 2mw/A2,
B, =2m\ ,andB, =2m/A; ,a uniform

circularly polarized radio frequency magnetic field
excited at the junction results, and the end short circuit
branch line (14) and the end open sub-branch line (15)
“are matched and resonated in parallel from the view of
the main line (1a) and (1b).

In accordance with the present embodiment, the for-
ward loss which is dependent upon the distribution of
the circularly polarized waves in the ferrimagnetic ma-
terial (6) is decreased by the use of the broad conduc-
tors (11) and (12) on the shorted and open sides, and
the frequency characteristics of the parallel resonance
circuit is improved by the appropriate selection of the
length and characteristic impedances of short circuit
line (4) and the open line (5), whereby the fundamen-
tal contradiction of no improvements in the character-
istics of the conventional isolator, can be overcome so
as to result in an isolator having a compact size, a broad
range and an excellent Figure of merit.

FIGS. 6 (a), (b) and (c) are respectively plan views
of another preferred embodiment of the isolator of the
present invention, wherein the broad conductor (11)
on the short circuit side and the broad conductor (12)
on the open side are changed in shape. This embodi-
ment can be applied to the isolator having the end open
branch line. ,

Although the present embodiment is shown with the
ferrimagnetic material (6) filled in the dielectric sub-
strate (2), it should be understood that it is possible to
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6

substitute the dielectric substrate and the ferrimagnetic
material by one magnetic plate.

Moreover, the present embodiment can be used for
a high power isolator. In-order to enable high power
isolator use, it is necessary to decrease the heat per vol-
ume of ferrimagnetic material. It is important to in-
crease the volume of the ferrimagnetic material with-
out increasing the insertion loss.

The heat per volume of the ferrimagnetic material
can be decreased without substantially changing the
condition of the circularly polarized wave so that an
isolator suitable for high power can be obtained by in-
creasing the area of junction size in the width direction
as shown in FIG. 7. In FIG. 7, the structure is shown as
being applied to both the end short circuit branch line
and the end open branch line, however, it is possible to
apply it to either of the branch lines.

In the preparation of the open type strip line formed
by the dielectric substrate (2) in contact with the
ground plate conductor (3) and the main line conduc-
tor (1a) and (1b), the branch line conductor (4), and
the sub-branch line conductor (5), that is the micro-
strip line, a tight adhesiveness of the dielectric sub-
strate (2), the main line (12) and (1b) and the ground
plate conductor (3) is quite an important factor for de-
creasing fluctuation of impedance of the lines and pre-
venting undesirable modes.

In order to miniaturize or make a compact circuit, it
is preferable to use a high dielectric constant material.
However, in such cases tight adhesiveness of the junc-
tion is required. It has been relatively hard to insert a
ferrimagnetic material (6) into such a structure. It has
been considered to prepare it by forming a hole in the
ground plate conductor (3) and the dielectric substrate
(2) and then the ferrimagnetic material (6) is placed in
the hole and the hole of the ground plate conductor (3)
is filled with a solder. However, the adhesiveness
formed in such an arrangement, is inferior, so that this
type of unilateral attenuator could not be practically
used, except as a shield type strip line (triplate) without
using a dielectric substrate.

However, desirable results can be obtained by the
following preparation using metallizing, metal plating,
and etching which have been recently developed for
integrated circuit (IC) processes. .

A hole is formed in the dielectric substrate (2) and
a ferrimagnetic material (6) is inserted and adhered to
it and the surface is processed to form a composite
plate or substrate (16). A desirable conductive pattern
is formed on the composite substrate (16) by metalliz-
ing, metal plating, etching or printing.

It should be understood that the shape of the inserted
ferrimagnetic material (6) can be other than disc, as
shown in FIG. 2. Thus, the ferrimagnetic material (6)
can be of a square shape. It should be further under-
stood that the end connection of the branch line (4) of
FIG. 2 can be formed by metal plating, etching, and the
like and also by forming a hole in the dielectric sub-
strate and inserting a metallic screw to form a short-
circuit to the ground plate conductor (3).

In still another preferred embodiment as shown in
FIG. 8, a metal plate (8) is inserted between the upper
magnetic pole (7a) and the surface of the dielectric
substrate (2) adhering the main line (1) and (1b) and
the branch line (4), the sub-branch line (5), etc., by de-
parting from the surface of the dielectric substrate in a
direction substantially parallel to it, whereby certain
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disturbances which may be caused by the outside are
prevented, certain affects of wave leakage to the out-
side are prevented and certain structural advantages
are provided.

When the frequency of operation is decreased to the
VHF band, a satisfactory size of miniaturization cannot
be attained by the present embodiment. Accordingly,
an embodiment to result in miniaturization can be pro-
vided by using a lumped constant alternative device for
the branch line and the sub-branch line.

FIGS. 1 (a) and (b) can be shown as by equilavent
circuit in FIG. 9. Accordingly, the same operation can
be obtained by using lumped constant elements without
using a distribution constant line to provide a miniatur-
ized and compact unit particularly for low frequency
use. -

An embodiment will now be illustrated with refer-
ence to FIG. 10 and FIG. 11 wherein lump constant el-
ements are used.

FIG. 10 is a schematic view of an isolator similar to
that of FIG. 1 except that the branch line (4) is substi-
tuted with an inductance (4a), such as a coil, and the
sub-branch line (5) is substituted with a condenser
(5a).

FIG. 11 shows a preferred embodiment of an isolator
wherein a ferrimagnetic material (6) is placed in the
dielectric substrate (2) and the main line (la) and
(1b), the inductance {4a) and the condenser (8a) are
formed on the surface in a conductive pattern by em-
ploying metallization, metal plating, etching or printing
technology.

When the isolator is prepared by employing printing
technology, the same shaped conductive pattern can be
accurately formed, so that effective stabilization of the
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characteristics of the isolator can be obtained relatively 35

inexpensively. While in the embodiments of FIGS. 10
and 11 the ferrimagnetic material is placed in the di-
electric substrate (2), it is to be understood that it is
possible to substitute the dielectric substrate and the
ferrimagnetic material by a single sheet of a ferrimag-
netic substrate. Also the embodiments of FIGS. 10 and
11 can be applied to not only the microstrip type line
but also to the triplate type strip line. Various types of
inductances and condensers can be used and it is pref-
erable to select them so as to be convenient for the par-
ticular use desired.

FIG. 12 is a schematic view of another preferred em-
bodiment of the isolator of the present invention
wherein two unilateral attenuators are.connected in se-
ries so that it is unnecessary to have as great an inverse
loss for each one. Accordingly, the forward loss for
each attenuator can be overly small, and it is possible
to use the part having superior frequency characteris-
tics of forward loss. Accordingly, as a whole, it is possi-
ble to obtain an isolator having a miniaturized compact
size and high frequency characteristics of forward loss
and a broad band zone of inverse loss.

FIG. 13 is a schematic view of yet another preferred
embodiment of the isolator of the present invention
wherein different lengths of the end short-circuit
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8

branch line (8a) and (8b) or different lengths of the
end open sub-branch line are formed so as to deviate
the frequency causing the circularly polarized radio
frequency magnetic field. In accordance with this em-
bodiment, the frequency band of the inverse loss be-
comes a broader band then that of FIG. 12, though the
forward loss and VSWR frequency characteristics are
relatively lower than those of FIG. 12.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the teachings herein and the appended
claims the invention may be practiced otherwise than
as specifically described.

What is claimed as new and desired to be secured by
letters patent of the United States is:

1. An isolator which comprises:

a dielectric substrate;

a ferrimagnetic material inserted in a hole of said di-
electric substrate in the direction of thickness of
said dielectric substrate;

a single ground plate conductor placed on one sur-
face of said dielectric substrate;

a main line conductor placed on the other surface of
said dielectric substrate and over said ferrimag-
netic material; and

a branch line conductor and a sub-branch line con-
ductor placed on said other surface and connected
to and branching from said main line conductor at
approximately the location of said ferrimagnetic
material;

wherein one end of said sub-branch line conductor is
opened and one end of said branch line conductor
is connected to said single ground plate conductor.

2. The isolator according to claim 1, wherein the
width of said conductors at the junction of said main
line and both of said branch lines is broader than the
width of at least one of said lines.

3. The isolator according to claim 1, wherein the con-
ductive material comprising said conductors which is
placed on both of said surfaces of said substrate is
formed by a conductive pattern.

4. The isolator according to claim 1, wherein at least
one of both of said branch line conductors is formed by
a lumped constant element.

5. The isolator according to claim 1, wherein a circu-
larly, polarized wave is formed at the junction of the
main line, the branch line and the sub-branch line.

6. The isolator according to claim 1, further compris-
ing a plurality of pairs of branch lines and sub-branch
lines which are connected in series to said main line
conductor.

7. The isolator according to claim 5, wherein differ-
ent lengths of said plurality of branch lines are pro-
vided.

8. The isolator according to claim 6, wherein differ-
ent lengths of said plurality of sub-branch lines are pro-
vided.
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