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-fhe‘present invention generally relates to non-
reciprocal circuit elements and a method of manufacturing
thé;n, %nd "mo'ré ,particu;arly, the imp_;coved coﬁstruction of non-
:cecipz.;oc‘al E‘:irc_:uit elements to be adapted as high-frequency
parts of a microwave band such as isolators, circulators, and
a method of manufacturing them. |

Generally, non-reciprocal circuit elements such as
isolators, circulators or the like have such a function as the
attenuétion is hardly effected in the transmission direction
of signals, and the éttenuatiop becomes laxrger in an opposite
direcfion to it. The non-xreciprocal circuit elemenfé'are
adoptéd in a +transmission circuit portién of a mobile
transmission appliance such as portable telephone, automobile
telephone or the like to be.used in, for example, a UHF band.
Ndn-reciprocal circuit elements to be adopted in fhe mobile
communication appliance is demanded to be smallexr in size and
lighter in weight, considering the uées thereof. Convention-
ally the methods of intensively disposing central electrqdes
and matching circuits on one basic plate are variably
proposed. The construction of such a non-reciprocal circuit
element will be described hereinafter.

(1) Fifst Prior Art |
‘ Fig. 56 and Fig. 57 are views showing the con;
structlon in a first example (herelnafter referred to as a

first prior art) of the conventional c1rcq1§tor. Especxally,
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Fig. 56 1is al perspective view of the essential portions
thereof, and Fig. 57 is a sectional view thereof. Three sets
of central electrodes 2a, 2b are disposed at given angle
intérvals'so that they may not come inté contact against one
another, ‘and may not cross with respect to one another, as
shown in Fig. 56, on the surface .o.:E the dielectric basic plate
1 of ceramic or the like. Three sets of central electrodes
2c, 2d are t.:lisposed at given angle intexrvals, so that they may
not come into contéct against one anothexr, and may not cross
with respect to one another similarly, on the revexrse face of
the dielectric basic plate 1 of ceramic. The respective
central electrodes 2a, 2b are respectively connected with the
respective central electrodes 2c, 2d of the xeverse face
cérresponding through a through hole 5. Three- capacity
electrodes 3 are formed integrally with the central electrodes
2a, 2b around the respective central electrodes 2a, 2b on the
surface of the dielectric basic plate 1. .An earthing
electrode 4 is formed integrally with the central electrodes
2c, 2d around the respective central electrodes 2c, 2d on the
reverse face of the dielectric basic plate 1. The respective
capacity electrodes 3 become opposite to the earthin.g_
electrode 4 with the dielectric basic plate 1 being existed
between them so as to constitute a capacitor for matching
circui£ use.

As shown in Fig. 57, the dielectric basic pla‘ée 1



10

15

20

25

This Sheet Has Been Replaced

I [T

is accommodated into the interior of a metallic made yoke 7.

An éa.fth plate 8 is disposed in the lower portion of the
dielectric basic plate 1 in contact with the earth electrode
4 on the reverse face of the dieléctri;: basic plate 1. An
concave portion is providéd in the central portion of the
earth plate 8 with a ferrite plate 6 being engaged into the
concave porti‘on. The ferrite plate 6 is positioned in the
lower portion of the respective central electrodes so as to
help the inductive coupling of the respective central
electrodes. A magnet 9 is fixed onto the inner ceiling face
of the yoke 7. The magnet 9 applies a direct current magnetic
field with respect to each of the central electrodes.
(2) Second Priox Art

Fig. 58 and Fig. 59 show the construction of a

second example (hereinafter referred to as a second prioxr art)

of the conventional circulator. Especially, Fig. 58 is a

perspective view of the essential portions thereof, and Fig.
59 is a sectional view thereof. An earth electrode 4. is
formed as shown in Fig. 58 on the reverse face of an dielec-
tric basic plate 1 such as ceramic oxr the like. Three
electrode film of pattern shapes 10 and two insulating sheets
il are alternately formed by the repetition of printing and
co-firing operations to be sintered on the surface of‘the
dieleci':ric basic plate 1. Each of the electrode films of

pattern shapes 10 has a central electrode portion 20 and a
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capacity electrode portion 30. One end of each of the central
central electrodes 20 is connected with the earth electrode
4 on the reverse face respectively through a through hole 5.
Each of the capacity electrode potions éo is opposite to the
earth electrode 4 with the dielectric basic plate 1 beinc
existed therebetween so as to constitute a capacito:& fox
matching circuit use. ’

- The sectional construction of a second prior art is
similar to the sectional construction of the above described
first .conventional art as shown in Fig. 59.

(3) Third Prior Art

Fig. 60 and Fig. 61 are views showing the con-
strxuction of a third example (hereinafter refer:fed to as to
a third prior art) of the conventional circulétor. Espe-
cia;ly,. Fig.- 60 is a perspective view of the essential
portions thereof, and Fig. 61 is a sectional view thereof.
Electrode films of pattern shapes 10a, 10b and 10c are
respectively fdrmed by the printing operation on the surfaces
of the dielectric basic plates la, 1b and lc of a ceramic or
the like. The earth electrodes 4a, 4b and 4c are resPectively
formed by the printing operation on the reverse face of the
dielectric basic plates la, 1b and lc. The electrode films
of pattern shapes 10a, 10b and 10c respectively include
éentrai electrode portions 20a, 20b and 20c, capacity

electrode portions 30a, 30b and 30c, earth electrode portions
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40a, 40b and 40c. The dielectric electrode basic plates la,

1b and lc are individually fired, and thereafter are adhered
under pressure into a multi-layer basic plate. The eaxrth
electrode poxrtions 40a, 40b, 40c, and.eaffh.electrodes 4a, 4b,
4c are connected with respect-to one another through through
holes 6. Each of the capacity electrode portions 30a, 30b and
30c respectivély become opposite to the earth electrodes 4a,.
4b and 4c with the dielectric basic plates la, 1b and 1lc being
existed therebetween so as to constitute a capac:itc;r for
matching circuit use. -

The sectional construction of a third prior art is
almost similar to the sectional construction of the above
described first prioxr art as shown in Fig. 61.

(4) TFourth Conventional Arxrt -

Fig. 62 through Fig. 64 are views showing the
construction of a fourth example (hereinafter referred to as
to a fourth prior at) of the conventional circulator.
Especially Fig. 62 is an explosive perspective view seen from
the top side thereof. Fig. 63 is an explosive perspective
view seen from below. Fig. 64 is a sectional view thexreof.
Referring now to Fig. 62 through Fig. 64, a central electrode,
and a capacitoxr for matching circuit use.and so on are formed
on the.dielectric,basic pléte 1’ as in the above described
first fhrough third prioxr axrts. Input, output texrminals 80a,

80b, 80c formed on the surface of the dielectric basic plate
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1’ are connected with the one side electrode of each capacito:
for matching circuit use. The earth terminals 80d, 80e, 801
are connected with the earth electrode 4 formed on the reverse
face of the dielectric basic plate 1’. .A case 71 composed oi
resin moldings is selected into an approximately "H" charactex

in sectional shape with .a through hole 70a for inserting e

magnet 9 being formed in the central portion thexeof. =2

dielectric basic plate 1’ 'is disposed in the lower side

concave portion 70c of the case 71. A ferrite plate 6 and ar
earth .plate 8 are disposed further under the dielectric basic
plate. A metallic made magnetic joke 72 is engaged into the
upper, lower concave portions 70b, 70c of the case 71 so as
to have a magnet 9, a dielectric basic plate 1’, a ferrite
plate 6 and an earth plate 8 existed therebetween. - Thereaf-
texr, the magnetic yoke 72 is fixed to the case 71. External
connecting termiﬁals 71b, 71c, 71d are formed on the one side
side face of the case 71, and external connecting terminals
7la, 71e, 71f are formed on the other-way side face. The
respective external connecting terminals 7la through 71f go
round onto the reverse face of the case 71 as shown in Fig.
63 and Fig. 64, thereafter, extend through the interioxr of the
case 71 and are exposed onto the ceiling face of the lower
side concave portion 70c of the case 71. The input, output
terminéls 80a through 80c respectively come into contact

against the external connecting terminals 7la through 71c.
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The earth terminals 80d through 80f respectively come J.nto
contact against the external comnecting terminals 71d through
71£.

According to the construction of the above described

fourth prior art, the circulator can be mounted on the eternal

circuit basic plate without a bothersome wiring operation.

‘Namely, the xespective external connecting terminals 7la

through 71f have only to be soldered onto the circuit basic
plate with the case 71 being placed on the external circuit
basic . plate. The fourth prior art is capable of surface
mounting operation onto the circuit basic plate in this
mannexr.

| The first through fourth prior arts described
hereinabove have such'various problems as described herein-
after.

(1) First Prior Art Problem

a. Through holes are required without fail for a crossing
operation so that the respective central electrodes may not
be short-circuited with respect to one another, thus xresulting
in complicated construction and highexr cost.: |

b. Width of the central electrode has to be made nai:rower
in orxrder to prevent the short—-circuiti'ng' operation among thé
central : electrodes. Therefore, the loss at the central
electrode increases, thus resulting in deteriorated electric

characteristics.
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c. The capacity electrodes 3 -are disposed around the
respective central electrodes 2a, 2b. .Area of the capacity
elec{:rodes 3 has to be ma_dé larger in oxder to obtain
necessaxy capacity valﬁes so that the ) construction of the
whole elements is made largexr in size.

d. Twice co-firing steps to be sintered, namely, a bo—firing
step to be sintered of'a dielectric basic plate 1, and a co-
firing step to be sintered of an electrode printed on the
dielectric basic plate 1 are required,- thus resultihg in
complicated manufacturing step and longer manufacturing time..

e. A wiring operation is regquired between the dielectric
basic plate and the circuit basic plate in the mounting
operation on the external circuit basic plate, thus resulting
in complicated' and troublesome mounting operation.-

(2) Second ‘Prior Art Problem

a. Capacity electrode portions 30 are disposed around the

respective central electrode poxrtions 20. Area of the

capacity electrode portions 30 has to be made laxger so as to
obtain the necessary capacity value, thus resulting in larger
size in the whole element. | |

b. The co-firing step to be sintered of the xespective
electrode films of pattern shapes 10 and the respective

insulating sheets 11 are repetitively required to be effected,

thus resulting in complicated manufacturing step and longer

manufacturing time.
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c. A wiring operation is required between the dielectric

basic plate and the circuit basic plate in the mounting
operation on the external circuit basic plate, thus resulting
in complicated and troublesome mounting- operation.

(3) Third Prior Art Problem

a. The capacity electrodes 30a tbrough 30c are disposed
around the xespective central electrodes 20a th'rough 20c.
Area of the caéacity electrodes 30a through 30c has to be made
larger in order to obtain the necessary capacity value so that
the construction of the whole element is made larger in size.

b. The co-firing sfep to be sintered for each of the
respective dielectric basic. plétes la though 1lc is repetitive-
ly required to - -be effected, ‘thus resulting in complicated
manufaéturing step and longer manufacturing time.

c. Connecting locations are so more that reliability is-
inferiof;

‘d. It is difficult to make thinner each of the diele:étric |
basic plates la through lc. Thexefore, the thickness of the
whole element bécomes largexr and the interxvals between the
central electrodes located on the lower layer and the uppex
layer become too far, so that the mutual electric equivalent
property (balance) of the central electrodes are detexiorated.

e. A wii'ing operation is required between thé dielectric
basic -plate and the circuit basic plate in the mounting

operation of non-reciprocal circuit element on the external
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circuit basic plate, thus resﬁi_ting in cozﬁplicated and
troublesome mounting operation.

(4) Fourth Prior Art Problems

a. Similar problems to the above des.cribed first through
third prioxr aits are caused due ‘to the construction of the
dielectric basic plate 1’ and the respective electrode films
of pattern shapes to be formed on it.

b. although such troublesome wiring operation as in the
first through third prior arts becomes unnecessary because of
possi;r)le surface mounting, the input, output terminals Bla
through 80f on the dielectric basic plate 1’ have to be

soldered to the external connecting terminals 7la through 71f

of the case 71 so as to increase the assembling steps, thus

.becoming higher in cost. As there is a risk of disengaging

the soldered portions or melting them with heating, the
reliability is lowered.

c. As the number of the parts is more, the elements become
larger in siie, thus becoming higher in price.
SUMMARY OF THE INVENTION

Accordingly, the present invention has beer

developed with a view té substantially eliminating the above
discussed problems provided in the above described first
through fourth prior arts, and has for its essential object
to prox'ride improved non-reciprocal circuit elements.

Ahother important object of the present inventio:
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is to provide improved non-rec;procal c.n:cu:.t elements which
are smaller in size, lowex in prJ.ce, hJ.gher in reliability and
easier to manufacture, and a method of manufacturing them.

In accomplishing these and other objects, according
to one prefer_:red. embodiment of the present invention, there
is provided a nen-reciprocal circuit eleme_nt' which is
eitremely small in attenuation degree in the transmission
direction of the signal, and extremely laxrger in attenuation
degree in a direction opposite to it. A plurality of
electrode films of pattern shapes are disposed .in lamination
within one dJ_'.electric basic plate, so that internal circuits
are disposed with microwave.

In such construction, the smaller size and higher

performance of the whole element are designed by the lami-

~ nating d:.spos:.tz.on of a plurallty of electrode £ilms of

pattern shapes w:.tha.n one dlelectra.c basic plate. Namely, as

the internal circuit disposed conventionally in plane can be
disposed with microwave within the dielectric basic plate, the
circuit area of the whole element can be made smaller. As the
respective electrode films of patte.fn shapes can be crossed
without mutual contact within the interior of the dielectric
basic plate, the insertion loss can be reduced without
requirement of the narrower central electrode width as in the
first 'prior art. As the construction is integral, suf;-

ficiently larger strength can be retained even if the
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arrangement is made with the J.ntervals among the respect:.ve |

electrode films of pattern shapes are made extremely close. _
As a result, the electric symmetrical property property among
the respective central electrodes can be- maintained in better
condition. |
The present J.nventJ.on is character:.zed in that the -
electrode pattern J.ncludes one central electrode pattern or
more, one capacitor electrode pattern or more, one earth
electrode pattern or more, and in the interior of the :;

dielectric basic plate, the capacitor ‘electrode films of

. pattern shapes and the earth electrode films of pattern shapes

are alternately disposed with dielectrics being existed among
them, the xrespective capacitor electrode films of pattern
shapes are connected in common and connected with. the cor-

responding central electrode films of pattern shapes, and the

respective earth electrode films of pattern shapes are

connected in common, so that one matchiné circuit capacity ox
more are disposed in lamination between the central electrode
films of pattern shapes and the earth electrode films of
péttern shapes.

In such construction, the capacitor electrode films
of pattern shapes and the earth electrode films of pattern
shapes. are alternately diqused with dielectrics being
inserted therebetween, the respective capacitor electrode

films of pattern shapes are connected in common and are
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connected with the correspondz.ng central electrodes f.‘leS of
pattern shapes, further one matching circuit capacitoxr or more
are disposed in lamination between the central electrode films
of pattern shapes and the eaxth electrede films of pattern
shapes by the common connection between the respective earth
electrode films of pattern shapes. Capacity value necessary .
as the matching circuit can be retained with smaller circuit
area so that the smaller size of the whole element can be
designed.

The present invention is a hon—reciprocal circuit
element which is extremely small in attenuation degree in the
transmission direction of the signals and extremely large in
attenuatJ.on degree in a direction opposite to it. The non-
reciprocal circuit element comprises one dielectxric basic
plate to be formed by the integration of a plural:.ty of fired
dlelectrz.c green seats adhered under pressure in lamination,
a plurality of electrode films of pattern shapes to be formed
by the co-firing to be sintered with the .dielectric green
sheets and to be disposed in lamination within the dieleetric
basic plate, a plurality of external connecting terminals to
be formed by the co-firing to be sintered with the dielectri:c
green sheet, to be connected with the given electrode films
of pattern shapes and to be disposed so .thet an exposing
operat..i.on is effected on fhe outer periphery of the dielectric

basic plate, whereby the internal circuit and the extexnal
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connecting terminals to be connected with it become integra

with the dielectric basic plate and become disposec.;l wit
microwave.

In such construction, a plt.1rality of externa
connecting terminals connected with a plurality of electrod
films of .pattern-shapes diéposed in Jamination and a pluralit
of external connecting terminals connected with the give.
electrode films o:E. pattern shapes arxre fired simultaneousl:
with a plurality of dielectric green sheets pressed unde
pressure in lamination and are integrated with one dielectri
basic plate so as to design smaller size of the  elements
lower cost, higher reliability and simplifier operation of th
assembling steps. As not only the électrode films of pattex:
shapes, but also the external connecting terminals are als:
integrated oh one dielectric basic plate, the number of th
parts can be considerably reduced and the smaller size of th
elemeﬁf can be made. 'As the number. of assémbling steps i:
reduced, the cost can be lowerxed. As the connecting location:
with the soldering operations can be copéiderably reduced, th:
reliability can be improved. As  the internal circui-

conventionally disposed in plane can be disposed wit.

- microwave within the dielectric basic plate, the circuit are:

of the whole element can be reduced. As the respectiw
electrode films of pattern shapes can be crossed withouw

mutual contacting within the dielectric basic plate, th
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insertion loss can be reduced without narrower width of the
central electrode as in the first conventional art. As the
construction is integral, sufficiently larger strength can be
retained even if the arrangement is madé with the intexvals
among the respective electrode films of pattexrn shapes are
made extremely close.. As a result, the electric symmetrical
property property among the respective central electrodes can
be maintained in better condition. As the dielectric basic
plate, the respective electrode films of pattern shapes, and
the respective external connecting terminals are formed at the
same time in one co-firing step to be sintered, the manufac-
turing time can be considerably shortenea.

The resent invention is characterized in that a
dielectric basic plate has one side main surface and the
other-way main surface. A first concave ?ortion for engaging
a fnég_net for di:r-.;éct“ -c-ﬁrr-ent maénetic field éppl.jrihg. use is
formed on the one side main surface. |

In such constructionf a compacter non-reciprocal
circuit element is provided by the formation of a first

concave portion for engaging a magnet for direct current

magnetic field applying use on one side main surface of the

- dielectric basic plate.

The present invention has characteristics in that
a dielectric basic plate has one side main surface and the

other-way main surface. A second concave portion for engaging
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a ferrite plate foxr inductive .coupllng of the inner circuit

is fonﬁed in the other main surface.

In such construction, a second' concave portion for
engagement of the inductive coupling f-errite plate of the
internal circuit is formed in_ the other—way main surface 6:[:'
the dielectric basic plate so that a non-reciprocal circuit
element which is compactexr and lower in price can be obtained.

The present invention is a method of ménufacturing
non-reciprocal circuit elements which are extremely smaller
in attenuation degree in 'thel transmitting direction of thé
signal and extremely larger in attenmation degree in a
direction opposite to it. This method comprises steps of a
laminating step of adhering under pressure in lamination a

plurality of dielectric green sheets with given -electrode

~films of pattern shapes being formed respectively on them so

as to obtain the green sheet laminating bodies, a co—;‘:'“i..;cin-g
step to be éintered of co-firing to be sintered the green
sheet laminating bodies 80 ‘as to integrate one dielectric
basic plate. A non-reciprocal circuit eiement is obtained
with inner circuits being disposed in lamination with
microwave within one dielectric basic plate.

In such' construction, a plurality of dielectric
green sheets with given elecfrode films of pattexrn shapes
being .fomeci on each of them are fired collectively aftex

being adhered under pressure in lamination so as to be
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integrated in omne dlelectr:f.c bas:.c plate. As the dielecric
basic plate and the internal circuit are simul‘l;.aneously formed
by one co—fi:_ring step to be sintered , the manufacturing time
can be considerably reduced. .

The present invention is characteri.zed in that the
cehtral electrodes and the dielectric basic plates are formed
in the same time by on.e co-firing step to be sintered.

In such construction, the central electrodes and the
dielectric basic plates are formed at the same time by one co-
firing step to ‘be sintered. | .

The present invention is charactexrized in that the
central electrode, a matching circuit to be connected with it,
a dielectric basic plate are formed at the same time by one
co-firing step to be sintered. In such construction, a
central electrode, a matching circuit to be connected to it,

a dielectxic basic plater are formed at the same time by one

co-firing step to be sintered.

- BRIEF DESCRIPTION OF THE DRAWINGS

These and other objeéts and features of the present
invention will become apparent from the following description

taken in conjunction with the preferred embodiment thereof

. with reference to the accompanying drawings, in which;

Fig. 1 is a perspective view of the essential
portions of a circulator in accordance with a first embodiment

of the present invention;
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2 is a sectlonal vz.ew of ‘a circulator ir

accordance with the first embodiment of the present invention;

Fig. 3 shows illustrating views ':Eor illustrating the

manufacturing step of a dielectric basic plate to be used ir

one embodiment of the present invention, showing the conditior

of a ceramic green sheet before the lamination and co-firing

operations to be sintered; -

Fig. 4
sheet;
Fig.
sheet;
Fig.
sﬁeet;
. Fig.
sheet;
Fig.
sheet;
Fig.
sheet;
Fig.

green sﬁeet;
Fig.

green sheet;
‘ Fig.

sheet;

is a top face view of a first
is a top facé view of a second
is a top face view of a third
is a top face view of a fourth
is a top face view of.a fifth

is a top face view of a sixth

ceramic green

‘ceramic green

ceramic green
ceramic green
ceramic green

ceramic green

10 is a top face view of a seventh ceramic
11 is a top face view of an eighth ceramic

12 is a top face view of a ninth ceramic green
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Fig. 13 is a top face view of a tenth ceramic green

sheet;
Fig. 14 is a top face view of an eleventh ceramic’

green sheet;

Fig. 15 is a top face view of a twelfth ceré.mic

green sheet;

Fig. 16 is a top face view of a thirteenth ceramic
green sheet; |

Fig. 17 is a top face view of a fourteenth_céramic
green .sheet; -

Fig. 18 is a bottom face view of the fourteenth
ceramic green sheef; |

Fig. 19 is an explosive perspective view of a
circulator in accordance with a second embodiment of the
present invention;

Fig. 20 is a sectional view of a circulator in the
second embodiment of the present invention;

Fig. 21 is a perspective view of. the essential
portions of a circulator in accordance with a third embodiment
of the present invention;

Fig. 22 is a sectional view of a circulator in
accordance with a third embodiment of the present invention;

Fig. 23 shows illustrating views for illustrating
a manufacturing_step of a dielectric basic plate to be used

in the third embodiment of the present invention, showing the
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laminating relation of the ceramic green'sheef'ﬁefore the co-

firing operation to be sintered{

sheet;

sheet;

sheet;

sheet;

sheet;

sheet;

Fig.

Pig.

Fig.

Fig.

Fig.

Fig.

Fig.

green sheet;

Fig.

green sheetf-

sheet;

sheet;

greens

Fig.

Fig.

Fig.

sheet;

Fig.

24 is a top facexview of a first ceramic green
25 is a top face view of a second ceramic green
26 is'a.top face view of a third ceramic green
27 is a top face view of a jourth ceramic green
28 is a top face view of a fifth ceramic-green
29 is a top face view of a sixth ceramic green
30.is a top face view of a sevent; ceramic
31 is a top face view of an eighth ceramic
32 is a top face view of a ninth.ceramic green
33 is a top face view of a tenth ceramic greén

34 is a top face view of an eleventh ceramic

35 is a top face view of a twelfth ceramic
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greén
green
green
green
greeé
green

green

sheet;
Fig.
sheet;
Fig.
sheet;
Fig.
sheet;
Fig.
sheet;
Fig.
sheet; -
Fig.
sheet;
Fig.
sheet;

Fig.

36 is

37 is

38 is

39 is

- 21 -
is:Sheet Has Been Replaced
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a top face view of a thirteenth
a top face view of a fourteenth

a top face view of a fifteenth

a top face view of a sixteenth

40 is a top face view of a seventh

41 is a top face view of an eighteenth

42 is a top face view of a nineteenth

43 is as top face view of a twentieth

44 is a top face view of a twenty first

ceramic

ceramic

ceramic

cexamic

ceramic

ceramic

ceramic

ceramic

ceramic

45 is a top face view of a twenty second

ceramic green sheet;

green

Fig. 46 is a top face view of a twenty third ceramic

sheet;

Fig.

47 is a

ceramic green sheet;

top face view of a twenty fourth
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Fig. 48 is a top face view of a twenty fifth ceramic

green sheet;

Fig. 49 is a top face view of a twenty sixth ceramic

green sheet; )
Fig. 50 is a top face view of a twenty seventh
ceraﬁic green sheet;
. Fig. 51 is a top - face view of a twenty eighth
ceramic green sheet;
Fig. 52 is a top face view of a twenty ninth ceramic
green .sheet; -

Fig. 53 is a top face view of a thirty ceramic green
sheet; .

Fig. 54 is a top facé view of a thirty first ceramic
green sheet; .

Fig. 55 is a top face view of a thirty second

ceramic green sheet;

Fig. 56 is a perspective view of the essential
portions of a circulator in accordance with a first conven-
tional art;

Fig. 57 is a sectional view of a cirxculator in
accordance with the first conventional axt; |

Fig. 58 is an explosive perxrspective vi_ew of the
essential portions of a circulator in accordance with a sécond

conventional art;

Fig. 59 is a sectional view of a circulator in
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accordance with the second conventional arxt;

Fig. 60 is a perspective view of the essential

portions of a circulator in accordance with a third conven-

tional art;

Fig. 61 is a sectional view of a circulator in

accordance with the third conventional art;

Fig. 62 is an explosive perspective view of the

essential portions seen from the top side of a circulator in

accordance with a fourth conventional art;
Fig. 63 is an explosive perspective view seen from

the reverse side of a circulator in accordance with the fourth

- conventional art; and

Fig. 64 is a sectional view of a circulator in

accordance with the fourth conventional axt.

DETAILED DESCRIPTION OF THE INVENTION

Before the descriptidn of the present invention
proceeds, it is to be noted that like parts are designated by
like reference numerals throughout the accompanying drawings.
(First Embodiment)

Fig. 1 through Fig. 18 are views showing the

construction of a circulator in accordance with a first

embodiment of the present invention. Especially Fig. 1 is a

perspegtive view of the essential portions of a circu_lator.'

Fig. 2 is a sectional view of a circulator. Fig. 3 is a

perspective view for illustrating a manufacturing step of a
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dielectric basic plate. Fig. 4 through Fig. 18 are plan views

showing an electrode pattern in each ceramic green sheet. One
embodiment of the present invention will be described
hereinafter with reference to these Fig: 1 through Fig. 18.
As shown in Fig. 1 and Fig. 2, a di_electric basic
piate 100 is accommodated in the inte:&ior of a metallic made
yoke 7. BAn earth plate 8 is disposed under the dielectric
basic plate 100, with the earth plate 8 being in contact
against. the earth electrode 4 on the :ceverse_ face of the
dielectric basic plate 100. A concave portion is pfov'icled in
the central portion of the earth plate 8, with a ferfr:j.t_e 'pl'ate
6 being engaged into the coneave portion. ~The ferrite plate
6 is positioned in the lowexr portion of each cen'tra'l electrede
so as to help the inductive coupling o:E each central elec—
trode. A magnet 9 is secured to the :Lnternal ce;.l:.ng face of
the ﬁoke 7. The magnet 9 applles a dJ.rect _cu_:;reni_;_ magnet:.c

filed with respect to each central electrode. -,_-;_,'_

The above descr:.bed d:LelectrJ.c bas:.c plate 100 J.S

on them are laminated,. and adhered

oxr so)

obtained by, for example, an extrus_'io':nl-il :
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powder unfired or temporarily fired being mixed, kneaded with
an orxganic solvent which is a bi_nder.. A material having Q
high in high frequency region' and high €t (for example, €T =
20 through 100), for example, dielectric material of MgTiOg -
CiTiO; series, %2x0, - SnO, - TiO, series, BaTi, Oy series,
Nd,Ti 0; ~ (BaPb TiO3 - TiO, series ie used as a ceramic green
sheet material. The formation of the respective electrode
pattexrn is formed by, ?Eor example, printing, evaporating
operations and so on with Pd, Pt and so on in terms of
s-intering- tempexrature of the dielectic material. ° The
respective ceramic green sheets 101 through 114 are fused,
integrated after collective co-firing operati'on_' to be sintered
into one dielectric basic plate 100.

As shown in Fig. 4, Fig. 6, Fig. 8. Fig. 10, Fig.
12, Fig. 16, 'earth electrode films of pattexrn shapes 401, 403,
405, 407, 409, 413 on the same form are formed respectively
on the surfaces of the ceramic green sheets 101, 103, 105,

107, 109, 113 As shown in- Fig. 18, an earth electrode

pattern 414 on the same form as the respect:.ve earth electrode’

films of pattern shapes is formed on the revers_e face of the'

ceramic green sheet 114. As shown in F:Lg 5 F:Lg 7 Fa.g 9,

Fig. 11, Fig. 17, capacity electrode fJ.lms of pattern shapes_
302a through 302c, 304a through 304c, 306a through 306c, -308a

through 308c, 314a through 314c on the same form are formed_

respectively on the surfaces of ceramic green sheets,lOZ,_ 104,
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Electrode films of pattern shapes 710, 711, 712 on

106,°108, 114.

approximately the same form are formed respectively on the
surfaces of the ceramic green sheets 11('.-), 111, 112._ Respec-
tive electrode films of patterm . shapes 710 through 712 are
disposed each being shifted at an angular inteﬁal of 120°

with respect to one aftexr. The electrode pattern 710 includes

a central electrode portion 210, a capacity electrode portion

310, an earth electrode portion 410, a wiring porxrtion 81-0.'

The electrode pattern 711 includes a central electrode portion
211, a capacity electrode portion 311, an earth electrode
portion 411, a wiring portion B8ll. An electrode pattern 712
includes a central electrode portion 212, a capacity electrode

portion 312, an earth electrode portion 412, a wiring portion

812. ‘Capacity electrode portions 310, 311, 312 are respec-

tively connected with one end of the central electrode
portions 210,. 211, 212. Earth electrode poxtions 410, 411,
412 are xrespectively connected with the other end of the
central electrodes 210, 211, 212. Capacity electro.de portions
310, 311, 312 are respectively drawn out so far as the end
portions-of the ceramic green sheets 110, 111, 112 through the
wiring. portions 810, 811, 812. '
Capac:Lty electrode films of pattexrn shapes 302a,
304a, 306a, 308a, 314a and the capacity electrode poxrtion 31(

are connected with each other through a through hole _5a.
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Capacity electrode films of pattern shapes 302b, 304b, 306D,
308b, 314b and the capacity electrode portion 311 are
connected with each other .through- a through hole 5b. The
capacity electrode films of pattern shal;es 302c, -304c, 306c,
308c, 314c and the capacity electrode 312 are connected with
each other through a through hole. 5c. .The earth electrodes
films of pattern shapes 401, 403, 405, 407, 409, 413, 414 and
the earth electrode portions 410, 411, 412 are connected with
each other through through holes 54, 5e, 5f.

In such construction as described hereinabove, the

capacity electrode pattern 302a forms a first capacitor by the

15

opposition between the eaxth electrode £ilms of patterm shapes
401 ad 403. The capacity electrode pattern 304a forms a

second capacitox by the opposition between the earth-electrode

films of pattern shapes 403 and 405. The capacity elec*_tz;ode )

pattern 306a forms a third capacitor by the opposition between
the earth electrode films of pattern shapes 405 and 407. The

capacity electrode pattern 308a forms a fourth capacitor by

‘the opposition between the earth electrode films of pattern

20

25

shapes 407 and 409. Capacity electrode 310 forms a fifth

capacitor by the opposition between the earth electrodes.

portions 409 and 411. The capacity electrode pattern 314a

forms a sixth capacitor by the opposition between the earth

electrode films of pattern shapes 413 and 414. The first

through sixth capacitors for constituting a matching circuit

il
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are connected in paxallel between one- end of the central

. electrode portion 210 and the earth, and are inserted. This

is because the respective one side electrodes 302a, 304a,
306a, 308a, 310, 3l4a of the first through sixth capacitors
are connected with one.end of the central electrode portion
210 in common through a through hole S5a. The respective
other-way electrodes 461, 403, 405, 407, 409, 411, 412, 413,
414 of the first through -sixth capacitors are commonly
connected with the earth through through holes 5d, 5e, 5f.
Similarly, six capacitoxs for matching circuit use are
connected in parallei and inserted between the central
electrode portion 211 and the earth, and six capacitors for
matching circuit use are connected in parallel and are
inserted between the central electrode portion 212 and the
earth.

As a plurality of capacitors connected in parallel
are laminated and disposed between the one end of the
respective central electrode portions 210 through 212 and the
earth as described hereinabove, the capacity valune necessary
as the matching circuit can be retained with small circuit
area. Accordingly, the construction of the whole element can
be made smaller in size. In the above described embodiment,
the co-firing operation to be sintered of the dielectric basic
plate,'the central electrode, the matching circuit can be

completed by one co-firing step to be sintered so that the
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manufacturing step is simplified, and the manufacturing time

can be considerably reduced. As a plurality of ceramic green
sheet are integrated on one dielectric basic plate 100 by the
co-firing operation to be sintered in -the above descxribed
embodiment, the thickness of the .respective ceramic green
sheet, namely, the J.nterval among the respective central
electrode portions 210 through 212 can be extremely narrowed
without strength problem. As a result, the electrical
symmetry of the xrespective central electrode portions 210
through 212 can be made better. R

As shown in Fig. 1, side face electrodes B800a, 800b,
B00c are formed on the side face of the dielectric basic plate
100. The side face electrode 800a is connected with the
wiring portion 810 of Fig. 13, the side face electrode 800b
is connected with the w:.rz.ng portn.on 811 of Fn.g 14, the side
face electrode 800c is connected with the wiring portion 812
of Fig. 15. 1In the respective ceramic green sheets, blank
portions 40la, 403a, 405a, 407a, 409a, '41la, 412a, 413a, 41l4a
are formed, on the earth electrode pattern or the earth
electrode portion, so as to surround the periphery of the side
face electrode 800a. Blank portions 401b, 403b, 405b, 407b,
409b, 410b, 412b, 413b, 414b are formed so as to surround the
periphery of the side face electrode 800b. Blank portions
40lc, 403c, 405c, 407c, 409c, 410c, 41llc, 413c, 4léc are

formed so as to surround the periphery of the side face
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electrode 800c. A blank portion Ba is formed on the earth

plate B so as to surround the periphery of the side face
electrode 800a.. A blank portion B8b is formed so as ‘to
surround the periphery of the side facc; electrode 800b. A
blank portion 8c is formed so as to surround the periphéry of
the side face electrode 800c. The short circuiting operation
among the réspective side face electrodes and the respective
earth electrode films of pattern shapes, the respective earth
electrode portions aﬁd the earth plate 8 are prevented.

An operation of a circulator shown in Fig. 1 and
Fig. 2 will be described hereinafter. Whén a high frequency
signal is inputted into the side face electrode BOba, a high
fi'equency magnetic field to be caused around the central
electrode portion 210 is rotated by a givén angle by the
direct current magnetic field frbm the magnet 9 so as to cause
an induced current in, for example, the right—hand adjacent
central electrode portion 211 by the inductive coupling
through the ferrite plate 6. The high frequency signal to be
inputted from the side face electrode 800a is transmitted to
the right-hand adjacent side face électrode 800b, but is not
transmitted to the left-hand adjacent side face electrode
800c. A high frequency signal to be inputted from the side
face electrode 800b is transmitted to the right-hand adjacent
side face electrode 800c, but is not transmitted to the left-

hand adjacent side face electrode 800a. A high frequency
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signal to be inputted from the side face electrode 800c is
transmitted to the right-hand adjacent side . face electrode
800a, but is not transmitted to the left-hand adjacent side
face electrode 800b. -

A circulator shown in Fig. 1 and Fig. 2 can be used

as an isolator if a terminal resistor is connected between any

.one of wiring portions or the side face:  electrode (for

example, a wiring portion Bl2 or a side face electrode 800c)
and the earth. In this case, the isolatoxr transmits a high
frequency signal only in one side direction from the remaining
one side side face electrode (for example, a side face
electrode 800a) to the remaining other-way side face electrode
(for example, a side face electrode 800b).

(Second Embodiment)

Fig. 19 and Fig. 20 shows views each sh_owing Fhe
cénétﬁ:ué:tion .of. a c-:irculator in accordance with a second
embodixﬁent of the present invention. Especially, Fig. 19 is
an explosive perspective view of a circulator and Fig. 20 is
a sectional view of a circulator. The other embodi{nent'of the
present invention will be described hereinafter with réference
to Fig. 19 and Fig. 20.

In the drawings, a dielectric ba;sj;c plate 100’ is
collectively_fired, integrated after a plurality of ceramic
green 'sheets with given electrode films of pattern shapes

being formed respectively on them are adhered under pressure

[ii
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in lamination as in the dielectric basic plate 100 shown in

Fig. 1. The connection among the xrespective capacity

. electrode films of pattern shapes and the respective capacity

electrode portions in the dielectric basic plate 100’ are
effected through the side face electrodes 800a through 800c
without provision of the through holes. Capacity electrode

films of pa;ttern shapes 302a, 304a,. 306a, 308a, 314a shown in

‘Fig. .5, Fig. 7, Fig. 9, Fig. 11, Fig. 17 and the capadit;y

elef:trode portion 310 shown in Fig. 13 are respectively
provided with wiring portions, and are composed to be exposed
on the side face corresponding to the side face electrode
800a. Similarly, the capacity electrode films of pattern,
shapes 302b, 304b, 306b, 308b, 314b and the capacity electrode
portion 311 shown in Fig. 14 are provided respectively with
the wiring portions, and are composed so as to be exposed on
the side face co;crésponding ‘to the side face electrode B800b.
The capacity electrode films of pattern shapes 302c, 304c,
306c, 308c, 314c and the capacity electrode portion 312 shown
in Fig. 15 are respectively provided with wiring portions, and
are composed so as to be exposed on the side face correspond-
ing to the side face electrode 800c. Blank portions are,
provided so as to surround the peripheries of the side face
electrodes 800a through 800c on the earth electrode films of
pattern shapes 401, 403, 405, 407, 409, 413, 414 and the earth

electrode portions 410, 411, 412 on the dielectric basic plate
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100’ so as to prevent the short-cixcuiting operation among the
respective capacity electrode films of pattern shapes and the
respective capacity electrode portions.

The connections of the earth electrode films of
pattern _shapes 401, 403, 405, 407, 409, 413, 414 and the earth
electrode portions 410, 411, 412 are effected through the side
face electrodes 800d hhrough 800f without provision of the
through holes as in the connection of the capacity électrpde
pattern and the capacity electrode. The respective side face
electrodes B00a through 800c, and 800d through 800f go xround
the surface of the dielectric basic plate 100’ so as to effect
the connections amohg the input, output texrminals 7la through
71c and the connecting terminals 71d through 71f formed on the
case 71. The surface electrodes 80a through 80c;,; and 80d
through B0f are formed respectlvely on the surface of the
dlelectrn.c bas:.c plate 100°’. .

A case 71 composed of resin moldings is selected
into approximately "H" character shape in the sectional shape
with a through hole 70a for insexting a magnet being formed
in the central portion thereof. The dielectric basic plate
100’ is disposed in the concave poxtion 70c on the lowexr side
of the case 71, and further a ferrite plate 6 and an earth
plate 8 are disposed under it. A metallic made magnetic yoke
72 is engaged into the upper, lower concave portions 70b, 70c

of the case 71 with the magnet 9, the dielectric basic plate



10

15

20

25

-
ect Has Been Replaoed

T

100’, the ferrite plate 6 and the earth plate 8 being existed
therebetween. Thereafter, the yoke 72 is secured to the case

71.

Input, output terminals 71b, 71lc and the earth .

terminal 714 are formed on one side side face of the case 71.

.An input, output terminal 7l1la and the earth terminals 71le, 71f

are formed on the other-way side face. (In Fig. 19, as the
other-way side face of the case 71 is hidden, the input,
output terminal 7la and the earth terminals 7le, 71f are not
shown.) The respective input, output terminals 71la through
71c and the earth terminals 71d through 71f eXtend:into the
interior of the case 71 as shown in Fig. 20 and are exposed
to the ceiling face of the concave portion 70c on the lower
side of the case 71. The surface electrodes B0a through 80c
are respectively in contact with the input, output terminals
71a thfough 71c. Thé éufface eleétrodeé 8od thrbugﬁ'sbf are
respectively in contact with the earth texminals 71d through
71f.

A circulator shown in Fig. 19 and Fig. 20 con-

. structed as described hereinabove functions as in a cixrculatox

shown in'Fig. 1 and Fig. 2, and can be used as an isolatoxr.

In the embodiment shown in Fig. 19 and Fig. 20, the
connections among the respective capacity electrode films of
patterﬁ.shapes and the respectivé capacity electrode portions,

and the connections among the respective earth electrode films
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of pattern shapes and the respective earth electrode portions
are designed to be effected with the use of the side face
eléctrode. As in the embodiment shown in Fig. 1 and Fig. 2,
these connections can be effected with 'l.:he through holes.

As a plurality of electrode films of pattern shapes
are adapted to be disposed in lamination within one dielectric
basic plate in accordance with the invention of the above de-
scribed embodiment, the smaller size and higher performance
of the whole element can be intended. As the intermal circuit
disposed conventionally in plane can be disposed with
microwé#e within the dielectric basic plate, the circuit area
of the whole elements can be made smallex in sizg. As the
respectiv.e electrode films of pattern shapes can be crossed
without mutual contact within the interior of the dielectric
basic plate, the insertion loss can be reduced without the
requirement of the narrower width of the central electrode.
As the construction is integral, sufficiently larger strength
can be retained if the interval among the respective electrode
films of pattern shapes are extremely narrowed. Therefoxe,
the electric symmetry among.the respectivé centrxal electrodes
is rxetained in a better condition.

As one capacitor for matching circuit use ox more
can be disposed in lamination between the central electrode
patterr; and the earth electrode péttern in accoxdance with the

invention of the above described embodiment, the capacity

i
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value necessary as the matching circuit can be retained in

- 36 -

small circuit area and the size of the whole element can be
made smaller. '

As a plurality of dielectric g:.ceen sheets are fired
collec_tively and are integrated into one dielectric basic

plate after a plurality of dielectric green sheets are adhered

under pressure.in lamination with given electrode films of

pattérn shapes being formed on them in ‘accordance with the

inven'l:_ion of the above described embodiment, the dielectric
basi-c plate anﬁ the inner circuit can be formed with one co-
firing step to be sintered and the manufacturing time can__be
considerably shortened.
(Thixd Embodimént)

| Fig. 21 through Fig. 55 are views _shbwing the

construction of a circulator in accordance with one embodiment

of the present invention. Especially, ¥ig. 21 'is a perspec-—

tive view of the essential portions of the circulator. Fig.
22 is a sectional view of the circulator. Fig. 23 is a
perspective view showing the lamination relation of the
ceramic green sheet before the co-firing 6peration to be
sintered thereof. Fig. 24 through Fig. 55 are plan views
showing the electrode films of pattern shapes in -the respéc-—
tive ceramic greens sheets. A third embodiment_ of the present
invention w.%.ll be described with reference to the Fig. 21

though Fig. 55.
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As shown in Fig. 21 and Fig.'22, circuler concave
portion 2100a is formed in the surface central portion of the
dielectric basic plate 2100, and a cireular concave portion
2100b is foxrmed in the reverse face cent;al portion. A stage
difference concave portion:2100c is formed on the reverse face
of the dielectric basic plate 2100. External connecting
terminals Ta throﬁgh Tf are formed on the side face of the
dielectric basic plate 2100. A magnet 9 is engaged with the
concave portion 2100a, and is secured to the dielectric basic
plate .2100 with binding or the like. A ferrxite plate 6 is
engaged with the concave portion 2100b and is secured to the
dielectric basic plate 2106 with bonding or the like. The
metallic made:magnet;c yoke 72 is engaged with the dielecfric

basic plate. 2100 so as to exist the magnet 9 and the ferrite-

plate 6 therebetween. Aas the magnet:.c yoke 72 is engaged J.nto

the stage dlfference concave poxrtion 200c on the reverse face

of the dielectric basic plate 200 at this time, the height of
the formed portion of the external connecting terminals Ta
through T£ becomee higher than the height of the surface of
the magnetic yoke 72 on the reverse face of the dielectric
basic plate 2100. This makes the surface mounting operation
possible to effect onto the circuit basic plate.

The above described dielectric basic plate 200 is
collecfively fired and composed as shown in Fig. 23 after a

plurality of ceramic green sheets 201 through 232a, 232b with
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given electrode films of ‘pattern shapes being formed axe
laminated, and adhered under pressure. The ceramic green
sheets are thin type (n_ormally of several 10 p or so) of shee.t
shaped member having _fleﬁ:ibility to. l.)e obtained by, for
example, an extrusion molding with ceramic powder unfliz.'ed or
temporarily fired being mixed, kneaded with an organic solvent
which is a binder. A material having Q high in high frequency
region and high €r (for example, €t = 20 through 100), for
example, dielectric material of MgTiOj; - CiTiO; series, 2r0, -

sn0, - Ti0, series, BaTi, Oy series, Nd,Ti,0, - (BaPb) TiO3 -
TiO, series is used.a's a ceramic green éheet méterial._ gl?he

formation of the respective electrode pattern is formed by,
for example, printing, evaporating operations and so on with
Pd, Pt and so on in terms of sintering temperatu;:e of the
dielectic mat.erial. The respective ceramic green sheets 201
through 232 are fused, integrated after collective co'—firing
operation to be sintered into one dielectxic basic i)late 200.

As shown in Fig. 24 through Fig. 29, circulaxr through
holes 201a through 206a are formed in the respecti\}e central
portions in approximately square shaped ce:_:anllic gréen_ sheets
201 through 206. When the ceramic gréen sheets 201 thrc::ugl:
206 have been laminated, these through holes 201a through 2062
form a’concave portion 200a for receiving the magnet 9. Or
the surface of the ceramic green sheet 201, ‘electrodes Xa., Xd,

Xb are formed near the left-hand side, and electrodes Xe, XC,
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Xf are formed near the right-hand side. .
As shown in Fig. 30, Fig. 32, Fig. 34. Fig. 36, Fig.
38, Fig. 42, Fig. 44, earth electrode films of pattern shapes

407, 409, 411, 413, 415, 419, 421 on the same shape are formed

respectively on the surfaces of the ceramic green sheets 207, -

209, 211, 213, 215, 219, 221. As shown in Fig. 31, Fig. 33,
Fig. 35, Fig. 37, Fig. 43, capacity electrode films of pattern
shapes 308a through 308c, 310a through 310c, 312a through
312c, 314a through Bi4c, 320a through 320c on the same form
are formed respectively on the surfaces of ceramic _green
sheets 208, 210, 212, 214, 220. _

" Electrode films of pattern shapes 716, 717, 718 on
approximately same form are formed respectively on the
surfaces of the ceramic green sheets 216, 217, 218: Respec-
tive electrode films of pattern shapes 716 through 718 are

disposed each being shifted at an angular interval of 120°

with respect to one after. The electrode pattern 716 includes

a central electrode portion 216, a capacity electrode portion
316, an earth electrode portion 416, a wiring portion B816.

The electrode pattern 717 includes a central electrode portion

217, a capacity electrode portion 317, an earth electrode

portion 417, a wiring portion 817. BAn electrode pattern 718

includes a central electrode portion 218, a capacity electrode

| portion 318, an earth electrode portion 418, a wiring p'orti'o.n

818. Capacity electrode portions 316, 317, 318 are Tespec-

d



10

15

20

25

-
Th1s Sheet Has Been R,

I Illl I Illl

tively connected with one end of the central electrod

portions 216, 217, 218. Earth electrode portions 416, 417

- 418 are respectively connected with the -other end of th

central electrodes 216, 217, 218. Capaci;y'electrode portion:
316, 317, 318.are respectively drawn out so far as the .en:
portions of.the ceramic green sheets 216, 217, 218 tﬁrou@
wiring poxtions 816, 817, B818.

Capacity electrode films of pattern shapes 308a
310a, 312a, 314a, 320a and the capacity electrode poxrtion 31t

are connected with each other through a fhrough hole 5a

" Capacity electrode films of pattern shapes 308b, 310b, 312b.

314b, 320b and the capacity electrode portion 317 axe
connected witﬁ each other through a through hole 5b. The
capacity elecfrode films of pattern shapes 308c, 3160, 312c,
31l4c, 320c and the capacity electrode 317 are connected witl

each other tﬁrough- a ”throu.gh .h.ole 5c. Thé eé{r‘l;h electrode

films of pattern shapes 407, 409, 411, 413, 415, 419, 421 anc

the eérth electrode portions 416, 417, 418 axre connected witl
eacﬁ other through through holes 54, 5e, 5f.

.When such ceramic green sheets 210 through 224 as
described hereinabove have been laminated, the capaeiti
electrode pattern 308a forms a first capacitor by oppositiof
between the earth electrode films of pattern shapes 407 anc
409. 'The capacity electrode pattern 310a forms a seconc

capacitor by the opposition between the earth electrode films
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of pattern shapes 409 and 411. The capacity electrode pattern

312a forms a third capacitor by the .0ppoeition between the
earth electrode films of pattern shapes 411 and 413. The
capac.xty electrode pattern 314a forms a fourth capacs.tor by
the opposition between the earth electrode films of pattern
shapes 413 and 415. The capacity electrode portion 316 forms
a fifth capacitor by the opposition between the earth
electrode pattern 415 and the earth electrode portion 417.
The capacity electrode pattern 320a forms a. sixth capacitor
by the opposition between the earth electrode films of pattern
shapes 419 and 421. These first through sixth capacitors for
composing the matching circuit are connected in parallel
between one end of the central electrode portion 216 and the

earth, and are inserted. This is because the respective one

side electrodes 308a, 310a, 312a, 314a, 316, 320a are

connected with one end of the central electrode portn.on 216
in common through a through hole 5a. The respective other-way
electrodes 407, 409, 4.11, 413, 415, 417, 419, 421 of the first
through sixth capacitors are connected with the earth in
common through the through holes 5d, 5e, 5f. Similarly, six
capacitors for matching circuit use are connected in parallel:
between the central electrode portion 217 a'nd_the earth, and
are inserted, and the six capacitors for matching circuit use
are connected in parallel between the central electrode

portion 218 and the earth, and are interposed. As a p_luraiity
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of capacitors connected respectively in parallel are laminat-

ed, disposed among one end of the respective central electrode
portions 216 thrdugh 218 and the earth, -capacity value
necessary as the matching circuit can be. retained with small
cixrcuit aréa. Accordingly, the construction of the whole
element can be made smaller in size.

- Approximatelj.j'same shape'd earth electrode films of
pattern shapes 222 though 226 are formed on the surface of the
ceramic green sheets 222 through 225 and the reverse face of
tl';e ceramic green sheet 226 as shown in Fig. 45 through Fig.
49. Through holes 222a through 226a are formed in the central
portions of the respective ceramic green sheets 222 through

226. The through holes 222a through 226a foxm the concave

 portion 200b for receiving the ferrite plate 6 -when the

ceramic green sheets 222 through 226 have been laminated. The
earth electrode films of pattern shapes 222 through 226 are
connected with the above described earth electrode films of
pattern shapes 407, 409, 411, 413, 515, 419, 421 and the earth
electrode portions 416 through 418 are connected through the
through holes 5d through 5f and also, are connected with one
another through the through holes 5d through 5j. .
Fouxr earth electrode films of pattern shapes 222
through 225 are provided between the earth electrode pattern
221 an;i the earth electrode pattern 226 and furthex, four

through holes 5g through 5j are increased in number as
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described hereinabove so as to effect connecting operations
among the respective earth electrode films of pattern shapes
222 through 226. The reasons why the connections are effected
are as follows. Namely, a ferrite pl.ate 6 is mounted as
described in the concave portion 200b to be formed by the
through holes 222a through 226a, and many hign frequency
magnetic :Eields are caused by high frecjuency s'ignals flowing
through the respective central electrode portions 216 through '
218 on the.periphery of the ferrxite plate 6. Therefore, the
periphery of the ferrite plate 6 becomes an environment for
high frequency induced current to be easier to flow. Assume
that a connecting operation is effected between the eaxrth
electrode pattern 221 and the earth electrode pattern 226 only
by three through holes Sd through 5f under such environment,
:meedance between the earth electrode pattern 221 and the
earth electrode pattern 226 is increased by increase in the
resistance component and the impedance component, thus
resulting in J.erger loss. The resistance component and the
impedance component are redueed with the increased provision
of the through holes Sé through 5j, thereby reducing the

impedance. The capacity components are caused in parallel

' with through holes 5d through 5j by the disposition of four

earth _electrode films of pattern shapes 222 through 225
between the earxrth electrode pattern 221 and the earth

electrode pattern 226, whereby the reduction of the high
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frequency impedancq is further reduced.

Band shaped ceramic green sheets 227a through 23:
are laminated neaxr the left-hand side, and band shaped cerami
green sheets 227b through 232b are lamiﬁated near the right

hand side on the reverse face of the ceramic green sheet 22

. as shown in Fig. 50 through 55. Electrodes Ya, Yd, Yb ax

formed on the reverse face of the ceramic green sheet 232e
and the electrodes Ye, Yc, Yf are formed on the reverse fac
of the ceramic green sheets 232b. These ceramic green sheet
227a through 232a and ceramic green sheets 227b through 232
form a stAge difference concave portion 200c for receiving th
magnetic yoke 72 when they ﬁave been laminated.

The above described ceramic green sheets 201 throug

232a, 232b are laminaﬁed, and thereafter are adhered unde

‘pressure into a ceramic green sheet laminated body. Continu

ously a copper electrode composed of copper paste ox the lik

is printed with pressure film on three locations on the lef

side face of the ceramic green sheet laminated body and o
three locations on the xright side face, whexreby externa
connecting terminals Ta through Tf are formed. Although th
copper paste is protruded onto the surface of the cerami
green sheet 201 and the reverse face of the ceramic gree
sheets 232a, 232b in the pressure film printing step, th
protruded portion is absorbed and equalized by electrode Y

through Yf formed on the surface of the ceramic green shee
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201 and the electrodes Ya throu'gh Yf formed on the cexamic

green sheets ‘232a, - 232b.  Namely, if the copper paste is
protruded onto the suxrface of the ceramic green sheet 201 and
is protruded onto the reverse faces o-f the ceramic green
sheets 232a, 232b by the pressure film printing operation, the
area of the protruded portion is generally smaller than the
areas of the above described electrode Xa through ;Xf and Ya
through Yf. Therefore, in the respective external connecting
terminals Ta through T£f, the area of the extruded onto tﬁe
surface of the ceramic green sheet 201 becomes equal respec-
tively to the area of the electrodes Xa through Xf. The area
of the portion extruded onto the reverse faces of the céramié
green sheets 232a, 232b becomes respectively equal to the a;r'ea
of the electrodes Ya through YE£. ' As the area of the-electrode
Xa though Xf are mutually equal, and the area of the electrode
Ya through Y£ becomés also equal t#itﬁ respect to 6ne aﬁother,
the area of the portion extruded onto the surface of the
ceramic green sheet 201 become equally equal, and élso, the
areas of the porxtion extrudéd onto the reverse faces of the
ceramic green sheets 232a, 232b become equal with respect to
each other in the respective exte_rnal connecting terminals 'i‘q
though Tf. As a result, the electric symmetry can be
maintained properly without the provision of inequality in the
area c;f the respective extexrnal connecting terminals Ta

through Tf on the surface of the ceramic green sheet 201 and
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the reverse face of the ceramic green sheets 232a, ‘232b.

Tile above described ceramic green sheet laminated
bodies are collectively fired. As a result, the respective
ceramic greens sheets are fused, inte'greted into one dielec-
tric basic plate 200. At this time, the respective electrode
films of pattexrn shapes and the respective external connecting
terminals are also integrated into dielectric basic plate 200
After the co-firing step to be sintered, a Ni plating port::.on

is effected on the surfaces of the respectiire external

connecting terminals Ta through Tf so as to prevent the copper

electrxode, which becomes the foundation of the external

connecting terminals Ta through Tf at the soldering operation,
from being diffused during the soldering operation. A Sn
plating opexation is effected upon the above described Ni
plating so as to improve the solderi_ngl property o__f ) the
respective external connecting texminals Ta through TEf.

As the dielectric basic plate, central-electrode,
matching circuit and the externmal connecting texrminal can be
fired at the same time by one co-firing step to be sintered
in the present embodiment, the manufacturing step is simpli-
fied and the manufacturing time can be considerably contrect—
ed. As not only the central electrode, the matching c.irc_u'it,
but also the external connecti;xg terminal is also integrated
into tﬁe dielectric basic plate 200, the number of the parts

can be reduced as compared with the conventional circulator
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and the size can be made smallexr. As the ferrite plate 6 can

- 47 -

be accommodated in the concave portion 200b formed on the
reverse face of :the dielectric basic plate 200 in the
circulator in the present embodiment, ':the magnetié yoke 72
comes into direct éontéct with the earth pattern 426 (see Fig.
49) formed on the reverse face of the dielectric basic plate
200. Therefore, in the conventional circ._:ulator, - the eérth
plate 8 (for example, see Fig. 57) which was required can be
made unnecessary, the number of the- components can be furthex
reduced, and the size can be made much smaller. In the
present .embodiment ;, 8 problem can not be caused in terms of
strength even if the respective ceramic green sheets is made -
extremely thinner in thickness, because a plurality of ceramic
green sheets can be integrated into one dielectric basic plate

200 by the co-firing to be sintered thereof. As a result, the

interval among the respective central electrode portions 216

through 218 can be made extremely made narrower, and the
electric symmetrical propérty of thé respective central
electrode portions 216 through 218 can be impxroved. |
Blank portions 407a, 409a, 41l1la, 413a, 415a, 417a,
418a, 41%a, 42l1a, 422a, 423a, 424a, 425a, 426a are formed, so
as to. surround the periphery of the external connecting

términal_ Ta, on the earth electrode pattern oxr the earth

. electrode portion in the given ceramic green sheet. 'Blankl

portions 407b, 409b, 411b, 413b, 415b, 416b, 418b, 419b, 421b,
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422b, 423b, 424b, 425b, 426b are formed so as to surround the
periphery of the external comnecting terminal Tb, blank
portions 407c, 409c; 4116, 413c, 415c, 416c, 417c, 419c, 421c,
422c, 423c, 424c, 425c, 426c are formed .so as to surrqund the
periphexy of the external connecting texrminal TC. These blank
portions prevents the. short-circuiting. between the external
connecting terminals Ta 'i:hrough Tc which become input, 6u£put
terminals, and the respective earth electrode films of pattexn
shapes and the respective earth electrode portions. As the
external connecting texrminals Td through Tf axe _earth
terminals, such blank portions as described hereinabove are
not provided on theses peripheries.

The circulator in the present embodiment constructed
as described hereinabove is placed on the external circuit
basic .plate (not shown), and the external connecting texminals
Ta through Tf are "soldered directi_y' wifh the' connecting"
terminal on the circuit basic plate side. Accordingly, the
circulator in the present embodiment can be mounted on the
surface onto the external circuit basic plate, thus making it
unnecessary to have the troublesome wiring operation.

The operation of the circulator shown in Fig. 21 apd
Fig. 22 will be described. When the high frequency signal is
inputted into the external connecting terminal Ta, the high
frequer.xcy magnetic field to be caused xround the central

electrode portion 216 is rotated by the ‘given angle by the
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direct current magnetic field from the magnet 9 so as to cause

the induced electric current in, for example, the right-hand
adjacent central electrode portion 217 by the inductive
coupling through the ferxrite plate 6. . The high frequepcy
signal to be inputted from the extermal connecting terminal
Ta is transmitted to the xight-hand adjacent external
cohnecting- texminal Tb, but are not transmitted to the left-
hand adjacent external connecting terminal Tc. Similarly, the
high frequency signal to .be inputted from the external
connec;ting terminal Tb is transmitted to the xright-hand
adjacent external connecting terminal Tc, but are not
transmitted to the left-hand adjacent external connecting
terminal Ta. The high frequency signal to be inputted from
the external connecting terminal Tc is transmitted to the
right-hand adjacent external connecting terminal Ta, but is
ﬁot transniitted to the. ieft-—-and adjacen_t external connecting
terminal Tb. |

The circulator shown in Fig. 21 and Fig. 22 can be
used as an isolator if the terminal resistor is connected
between any one of the wiring portions or the external
connecting terminal (for example, the wiring portion 818 or
the external connecting terminal Tc). In this case, the
isolator transmits the high frequency signal only in one side

direction to the the remaining other external connecting

terminal (for example, external connecting terminal Tb) from
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the xremaining one side externaL connecting terminal (fox

- example, external connecting texrminal Ta).

Although the connection among the respeétive
capacity electrode films of pattern shapés and the respective
capacity electrode portions, and the connections among the
respective earth electrode films of pattern shapes and the
;espective'earth electrode portions are adapted to be effected
with the use of the through holes in the embodiments shown in
Fig. 21 through Fig. 55, these connections may_bé effected
with the use of the‘side face electrodes. _

As is clear from the forgoing description, according
to the inventions in the above descfibed embodiments, a
plurality of electrode films of pattern shapes and a plurality
of external conneéting terminals for constructing the central
electrodes and the matching circgits are fired simultaneously
with a plurality of dielectric green sheets adhered underxr
pressure in lamination and are integrated with one dielectric
basic plate, so that smaller size, lower cost, higher
reliability of the elements and the simplification of the
assembling steps can be designed. As not only the central
electrodes and the matching circuits, but also the externmal.
connecting terminal are integrated into one dielectric basic
plate, the number of the components can be considerably
reducea, and the size of the elements can be made smaller.

As the number of the assembling steps becomes less by the
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reduction in the number of the components, the cht can be

..51._

reduced. The 'cdnnecting locgtion’s by the soldering operation
and so on are reduced considerably, the xreliability is
improved. As the internal circuits .which 'v.vere disposed
conventionally on plane can be arranged with microwave within
the dielectric basic plate, the circuit area of the whole
element can be reduced. As the respective electrode films of
pattern shapes can be crossed without mutual contact within
the dielectric basic plate, the insertion lqss can be reduced
without the requirement of making the width of the central
electrode narrower as in the first conv.en'_tional art. As the
construction is intégra;l., sufficiently larger strength can be
retained even if the érrangement is made with the intervals
among the respective electrode films of pattern shapes are
made extremely close. As a result, the electric symmetrical
property property among thé respective central electrodes can
be maintained in better condition. Aas the dielectxic basic
plate, the respective electrode films of pattexrn shapes; and
the respective external connecting terminals arxe formed at the
same time in one co-firing step to be sinterxed, the manufac-
turing time can be considerably shortened.

According to the invention of the above descxribed

embodiment, a compacter non-reciprocal circuit element is

provided by the formation of a first concave portion for

engaging a magnet for direct current magnetic field applying
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use on one side main surface of the dielectric basic plate.

According to the invention in the above describec
embodiment, a second concave portion for engagement of the
inductive coupling ferrite plate of thé internal circuit is
formed on the other-way main surface of the dielectric basit
plate so that a non-reciprocal circuit element which i:

compacter and lower in price can be obtained. As the magneti:

yoke can be used as an eaxrth plate used with the conventiona.

_non-reciprocal circuit elemént, the number of the parts i

reduced, and a non-xreciprocal cixcuit element which is muc
smaller in size and lower in price can be obtained.
Although the preéent invention has been full

described by way of example with reference to the accompanyin

‘drawings, it is to be noted here that wvarious changes an

- modifications will be apparent to those skilled in the art

Thexrefore, unless otherwise such changes and modificatior
depart from the scope of the present invention, they shoul

be construed as included therein.
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1. " A non-reciprocal circuit element which is extremely

wWhat is claimed is:

S small in attenuation degree in the transmission direction of
the signals, and extremely larger i1:1 atf.__enuation degree in a
5 direc‘éion opposite to it, characterized in that a plurality
of electrode <films }_1aving pattern shapes are provided
integrally through dielectric material within one dielectric
substance, so that the circuit constituted in combination of
the electrode films having patterns shapes are arranged within
10 the dielectric substrate. -
2. , A non-reciprocal circuit element described in
accordance with the claim 1, where the electrode films ofl
pattern shapes include one central electrode pattern or more,
one cépacitor electrode pattern or more, one earth -eléctrode
15 pattern or morxe, and in the interioxr of the above described
Iaieleétr..i..c. ‘basic piate, -t};e capacitox elecirode :E.i.hn.s of
pattern shapes and the earth electrode films of pattern shapes
are alternately disposed with dielectrics being existed among
theml, the respective capacitor electrode films of péttern
20 shapes are connected in common and connected with the cor- .
responding -central electrode films of pattexrn shapes, and the
respective earth electrode films of pattern shapes are
connected in common, so that one matching circuit capacity ox
moxe a1.'e diéposed. in lamination among the central electrodes

25 films of pattern shapes and the earth electrode films of
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pattern shapes. | P
3. A non-reciprocal circuit element which is extremely

small in attenuation degree in the transmission direction of
the signals -and. extremely large in att;anuation degree in a
direction opposite to it, comprising one dielectric basic
platé to be formed by the integration of a plurality of fired
dielectric green sheets adhered under pressure in lamination,
a plurality of electrode films of pattexrn shapes to be formed
by the co-firing to be sintered with 'i:he riielectric green
sheets and to be disposed in lamination within the dielectric
basic platé, a plurality of external connecting terminals to

be formed by the co-firing to be sintered with the dielectric

green sheets and to be connected with the given electrode

"films of pattexrn shapes and to be disposed so that an exposing

operation is effected on the outer_periphery of the dielectric
basic plate, so that the internal circuits and the external
connecting terminals to be connected with them become integral
with the dielectric basic plate aﬁd are dispé‘sed.

4. A non-reciprocal circuit element described in accox-
dance with the claim 3, where the dielectric basic plate has
one side main surface and the other.-way main surface, a fi:r:'st
concave poxtion for engaging a magnet for direct current
magnetic field applying'use is formed on the one side main
surface.

5. A non-reciprocal circuit element described in

i
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o _accordancé with the claim 3, where the dielectric basic plate

has one side main surface and other side main surface, a
second concave portion for engaging a.' ferrite plate for
j.nductive coupling use of the internal c;ircuit on othe:; sidé
main surface. |

6. . A method of _manufacturing non-reciprocal circuit
elex;xents which are extremely smaller in attenunation degree in
the transmission of the signals and extremely laiger' in
attenmation degree in a direction opposite to it, comprising
the sfeps of adhering under pressure in lamination a plurality
of dielectric green sheets with given electrode films of
pattern 'shapes being formed respectively on them so as to
obtain the green sheet laminating bodies, of co-firing to be
sintered the green sheet laminating bodies so as to integrate
them on one dielectric basic plate, so that a non-reciprocal
circuit element can be obtained with inner é:ircui‘éé béing
disposed in lamination with microwave within the one
dielectric basic plate. |

7. A method of manufacturing non-reciprocal circuit
elements described in accordance with the claim 6, having a
step of forming the central electrodes and the’ dielectric
basic plates at the same time by the one co-firing step to be
sintered.

B. ' A method of manufacturing non-reciprocal circuit

elements described in accordance with the claim 6, having a
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step of forming a central electrode, a matching circuit to be {
connected with it. and the dielectric basic plate-at the same

time by the one co-firing step to be sintered.

9. A non—r‘eciproéal circuit element substantially as hereinbefore
described witﬁ reference to Figures 1 to 55 of the accompanying
drawings. |
10. A method of manufacturing non-reciprocal circuit elements
substantially és hereinbefore described with reference to Figures

1 to 55 of the accompanying drawings. . -



