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-‘i'he ‘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-

5 recipg?cal éirguit eleﬁents'to be adopted 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
10 attenué.tion is hardly effected in the transmission direction
of signals, and the t;tttenuatioz} becomes laxrger in an opposite
d—irecfion to it. The non-xreciprocal circuit elementos' are
adoptéd in a +transmission circuit portién of a mobile
transmission appliance such as portable telephone, automobile
15 telephone or the like to be. used in, for example, a UHF band.
Ndn-reciprocal circuit elements to be adopted in 't;he 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 elect—rqdes
0 and matching circuits on one basic plate are variably
proposed. The construction of such a non-reciprocal circuit
element will be described hereinafter.
(1) Fiz"st Prior Art |
‘ Fig. 56 and Fig. 57 are views showing the con-‘
S structJ.on in a first example (herelnafter referred to as a

first prior art) of the conventional c:.rc:‘;‘l_.gl_a_:tor. Espec:n.ally,
s
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General ly, non-reciprocal circuit elenments such as isolators, circulators
or the Iike have such a function as the attenuation is hardly effected in
the transm ssion direction of signals, and the attenuation becones | arger ‘
in an opposite direction to it. The non-reciprocal circuit elenments are
adopted in a transmssion’ citcuit portion of a-mebile-transm ssiaon
appl i ance such as portabl e tel ephone, autonobile_telephone or the- like to

be used.in, for exanple, a UHF band. Non-reci proa Shest ¢nlagednt s t o be
adopted in the nobile . —2- "” l”m

Fig. 56 is a 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

5 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

~10 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

15 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

20 reverse face of the dielectric basic plate 1. The respective

capacity electrodes 3 become opposite to the earthiﬂg_

electrode 4 with the dielectric basic plate 1 being existed

between them so as to constitute a capacitor for matching
circui£ use.

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



comuni cation appliance is demanded to be smaller in size and lighter in
wei ght, considering the uses thereof. Convention- ally the nethods of

i ntensively disposing central electrodes and matching circuits on one basic
pl ate are variably proposed. The construction of such a non-reciprocal
circuit- elenent will be described hereinafter. (1) First Prior Art Fig. 56

and Fig. 57 are views show ng the con- struct_l_on—4—n—&—f—|—|us{——e*&ﬁpl e

(herelnafter referred to as a s
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is accommodated into the interior of a metallic made yoke 7.

An eerth 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 dielectri;: basic plate 1. An
5 concave portion is provided in the central portion of the
earth plate 8 with a ferrite plate 6 being engaged into the
concave portion. 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
10 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
15 second example (here:.nafter referred to as a second prior art)
of the conventional c:.rculator. 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-
20 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

25 pattern shapes 10 has a central electrode portion 20 and a



first prior art) of the conventional circulator. Especially, -2- Fig. 56
Is a perspective view of the essential portions thereof, and Fig. 57 is
sectional view thereof. Three sets of central electrodes 2a, 2b are

di sposed at given angle intervals so that they may not come into contact

agai nst one
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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-
struction 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
centrai electrode portions 20a, 20b and 20c, capacity

electrode portions 30a, 30b and 30c, earth electrode portions



anot her, and may not cross with respect to one another, as shown in Fig.
56, on the surf ace of the dielectric basic plate 1 of ceramc or the |ike.
Thr@e sets of central electrodes 2c, 2d are di sposed at given angle
intgrvals, so that they nmay not .cone into contact agai nst one another, and
mayfnot cross with respect to one another simlarly, on the reverse face of
the dielectric basic plate 1 of ceramc. T '

el ectrodes 2a, 2b are respectively connected w h the respective. central
us Sheet Has Been Replaced
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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,
5 4c are connected with respect-to one anothexr thxrough 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

10  matching circunit 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 -

15 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

20 view seen from below. Fig. 64 is a sectional view thereof.
Referring now to Fig. 62 through Fig. 64, a central electrode,
and a capacitor 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,

25 80b, 80c formed on the surface of the dielectric basic plate



correspondi ng through a through hole 5. Three capacity el ectrodes 3 are
fornmed 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 forned integrally with the central el ectrodes
2c, 2d around the respective central electrodes 2c, 2d on the reverse face
of the dielectric basic plate 1. The respective capacity el ectrodes 3

beconme opposite to the earthing el ectrode 4 with-the dielectric basic plate

1 being existed
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1’ are connected with the one side electrode of each capacito:
for matching circuit use. The earth terminals 80d, 80e, 80f
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.



between them so as to constitute a capacitor for matching circuit use. As
shown in Fig. 57, the dielectric basic plate 1 -3- is accomodated into
the interior of a netallic nade yoke 7. An earth plate 8 is disposed in the
| ower portion of the

i

The earth terminals 80d through 80f respectively come lnto
contact against the external connecting terminals 71d through
71£.
According to the construction c;f the above described
5 'fourth prior art, the circulator cén be mounted on the eternal
circuit basic pléte withont a' bothersome wiring operation.
"Namely, the xrespective external connecting texrminals 7la
through 71f have only to be soldered onto the circuit basic
plate with the case 71 being placed on the external circuit
10 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-
15 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
20 in complicated construction and highex cost.
| b. Width of the central electrode has to be made nai:rower
in orxrder to prevent the short—circuitihg operation among thé
centra;"electrodes. Therefore, the loss at the central
electrode increases, thus resulting in deteriorated electric

25 characteristics.



- dielectric basic plate 1 in contact with the earth electrode 4 on the
reverse face of the dielectric basic plate 1. An concave portion is
provided in the central portion of the earth plate 8 with a ferrite plate 6
bei ng engaged into the concave portion. 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 ral el ectrodes. A
magnet 9 is fixed onto the inner ceiling face of the yoke 7. The nagnet 9

applies a direct current magnetic -8 - mSSheetHauBeenR
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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.



field with respect to each of the central electrodes. (2) Second Prior Art
Fig. 58 and Fig. 59 show the construction of a second exanple (hereinafter
referred to as a second prior art) of the conventional circul ator.
Especially, Fig. 58 is a perspective view of the essential portions

thereof, and Fig. 59 is a sectional viewthereof. An earth electrode 4 is
formed as shown in Fig. 58 on the reverse face of an dielec- tric basic
plate 1 such as ceramc or the like. Thr ee

-9 - - This Sheet Has Been Replaced.

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.

5 (3) Third Prior Art Problem

a. The capacity electrodes 30a tbrough 30c are disposed
around the xespective central electrodes 20a th}.-ough 20c.
Area of the caéacity electrodes 30a through 30c has to be made
larger in order to obtain the necessary capacity value so that

10 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.

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

‘d. It is difficult to make thinner each of the dieleétricl
basic plates la through lc. Thexefore, the thickness of the
whole element becomes largexr and the interxvals between the

20. 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_wiiing operation is required between thé dielectric
basic blate and the circuit basic plate in the mounting

25 operation of non-reciprocal circuit element on the external



el ectrode filmof pattern shapes 10 and two insulating sheets 11 are -
alternately fornmed by the repetition of printing and co-firing operations

to be sintered on the surface of the dielectric basic plate 1.

Each of th

el ectrode filnms of pattern shapes 10 has a central el ectrode portion 20 an

a - 4-
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circuit basic plate, thus resulting in complicated and

troublesome mounting operation.

(4) Fourth Prior Art Problems

a. Similar problems to the above described first through

5 third prior axts 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

10 possible surface mounting, the input, output terminals B0a

through B0f 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

15 the soldered portions or melting them with heating,

reliability is lowered.

the

c. As the number of the parts is more, the elements become

larger in size, thus becoming higher in price.

SUMMARY OF THE INVENTION

20 ' Accordingly, the present invention

has beer

developed with a view to substantially eliminating the above

discussed problems provided in the above described first

through fourth prior arts, and has for its essential object

to provide improved non-reciprocal circuit elements.

25 Ahother important object of the present inventio:



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
Ly through a through hole 5. Each of the capacity electrode

; 30 is opposite to the earth electrode 4 with the dielectric basic
pl age ei ng. exi sted therebetween so as to constitute a capacitor for

g circuit use. The sectional construction of a second prior art is
sintTar- to the sectional construction of the_above -desertbed——

)

is to provide improved non-rec;procal c.n:cu:.t elements which

are smaller in size, lowex in prlce, hlgher in reliability and

easier to manufacture, and a method of manufacturing them.
In accomplishing these and oth-er objects, according
.5 to one preferred.embodiment of the present invention, there
is provided a nbn-reciprocal circuit element' which is
-~ eitremeky 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
~ 10 electrode films of pattern shapes arxe disposed.in lamination
within one dJ_'.electric basic plate, so that internal circuits

are disposed with microwave.

In such éénstruction, the smaller size and higher
performance of the whole element are designed by the lami-
i5 ~ 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
20 respective electrode films of pattefn shapes can be crossed
' without mutual contact within the interior of the dielectric
basic plate, the insertion loss can bé reduced without
requirement of the narrower central electrode width as in the
first 'prior art. As the construction is integral, suf;-

25 - ficiently larger strength can be retained even if the



first.conventional art as shown in Fig. 59. (3) Third Prior Art Fig. 60 and

Fig. 61 are views showing the con- struction of a third exanple

(hereinafter
circul ator.

essential portions thereof, and Fig. 61 is a sectional viewthereof.
El ectrode filns of pattern shapes 10a, 10b and 10c are respectively formed
by the printing operation on the surfaces

10

referred to as to a third prior art) of the conventional
Espe- cially, Fig. 60 is a perspective view of the

- 12 - Thls Sheet Has Been Rep laced

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 capac:.tor 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

15

20

25

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 coxr-

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



of the dielectric basic plates la, Ib and Ic of a ceramc or the |like. The
earth el ectrodes 4a, 4b and 4c are respectively fornmed by the printing
opetration on the reverse face of the dielectric basic plates 1la, 1b and 1c.
The electrode filns of pattern shapes 10a, 10b and 10c respectively include
central electrode portions 20a, 20b and 20c, capacity el ectrode portions
30a,” 30b and 30c, earth el ectrode portions

- 13 - This Sheet Has Been Replac
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connected with the correspondlng central electrodes fllms 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

5 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.

10 . 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
attenuatlon degree in a direction opposite to it. The non-
reciprocal circuit element comprises one dielectxric basic

15 plate to be formed by the integration of a plurality of fired
dielecfric green sea‘l':s adhered under pr_e_ssﬁre 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

26 basic plate, a'plurality of external connecting terminals to
be formed by the co-firing to be sintered with the dielectr%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

25 basic plate, whereby the internal circuit and the extexnal



- 5 - 40a, 40b and 40c. The dielectric electrode basic plates la, 1b and 1c
are individually fired, and thereafter are adhered under pressure into a
mul ti<l ayer basic plate. The earth el ectrode portions 40a, 40b, 40c, and
earth el ectrodes 4a, 4b, 4c are connected with respect to one another

t hrough through holes 6. Each of the capacity el ectrode portions 30a, 30b
and 30c respectively becone opposite to_ t{ig eart hThib SetutasiBen Replaced
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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; the
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



4b and 4c with the dielectric basic plates la, 1b and 1c being existed
t herebetween so as to constitute a capacitor for matching circuit use. The

sect) onal
secti onal
Fig. 61.

construction of a third prior art is alnost simlar to the
construction of the above described first prior art as shown in
Fourth Conventional Art Fig. 62 through Fig. 64 are views

showi ng the construction of a fourth exanple (hWto as
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insertion loss can be reduced w1thout 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
cbncave poriion 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



to a fourth prior at) of the conventional circulator. Especially Fig. 62 is
an expl osi ve perspective view seen fromthe top side thereof. Fig. 63 1is
an expl osive perspective view seen frombelow. Fig. 64 is a sectional view

t her eof .

Referring nowto Fig. 62 through Fig. 64, a central electrode, and

a capacitor for matching circuit use and so on are forned on the dielectric
basic plate 1' as in the above described first through third prior arts.
| nput, output term nals 80a, 80b, 80c forned on—the—surface—of—the

dielectric basic plate

10

J15 .

20

25
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a ferrite plate fox inductive.coupllng of the inner circuit

is forﬁed in the other main surface.

In such construction, a second'concave portion fox
engagement of the inductive coupling éerrite 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'theltransmitting direction of the
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

f)lurality 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



-6- 1' are connected with the onhe side electrode of each capacitor for
mat ching circuit use. The earth term nals 80d, 80e, 80f are connected with
the earth el ectrode 4 formed on the reverse face of the dielectric basic

plate 1'.
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A case 71 conposed of resin noldings is selected into an
approexi mately "H' character
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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
central 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-fixing 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;



in sectional

formed in the central portion .
di sposed in the | ower side concave portion 70c of the case 71. A ferrite

plate 6 and an earth plate 8 are di sposed further under the dielectric

basic pl ate.

dielectric basic plate 1',

shape with a through hole 70a for inserting a magnet 9 being

t her eof . A dielectric basic plate 1' is

A netallic made magnetic joke 72 is engaged into the upper,

| ower concave portions 70b, 70c -of the case 71 gg_gg_Lg_haMe_a_nagﬂet 9, a
[ [ [ a ferrite plate 6 and an earth plate 8 EX|sted

t her ebet ween. -
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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.

sheet;
Fig.

sheet;
Fig.

sﬁeet;
. Fig.

sheet;
Fig.

sheet;
Fig.

sheet;
Fig.

green sﬁeet;
Fig.

green sheet;
- Fig.

sheet;

4 is a top face view of a first qeramiq green
5 is a top facé view of a second ceramic green
6 is a top face view of a thixrd ceramic green
7 is a top face view of a fourth ceramic green
8 is a top face view of.a fifth ceramic ngen
9 is a top face view of a sixth ceramic green
10 is a top face view of.a seventh ceramié
1l is a top face viev gf an e;ghth céraﬁic

12 is a top face view of a ninth ceramic green



ter, the magnetic yoke 72 is fixed to the case 71. External connecting
termnals 71b, 71c, 71d are fornmed on the one side side face of the case
71, and external connecting termnals 7la, 7le, 71f are formed on the.

ot her-way side face. The respective external connecting.termnals.71a

t hrough 71f go round onto the reverse face of the case 71 as shown in Fig.
63 and Fig. 64, thereafter, extend through the interior of the case 71 and:

are exposed onto the celllng face of the Iomer—srdeﬂeeﬁeave—ﬁeﬁ%fen 700 of5

the case 71. The input, output : rmsgwafhsBamFbla”
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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



term nals 80a through 80c respectively cone into contact against the

ext er nal

connecting termnals 7la through 71c. The earth term nals 80d

t hrough 80f respectively conme into contact agai nst ‘the external'connecting§
termnals 71d through 71f. According to the construction of the above

descr. bed
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laminating relation of the ceramic green'sheef'ﬁefore the co-

firing operation to be sintered{

Fig.
sheet;

Pig.
sheet;

Fig.
sheet;

Fig.
sheet;

Fig.
sheet;

Fig.
sheet;

Fig.
gféen sheet;

Fig.
green sheetf-

Fig.
sheet;

Fig.
sheet;

Fig.

greens sheet;

Fig.

24 is a top face view 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



fourth prior art, the circulator can be nmounted on the eternal circuit
basic plate without a bothersome wiring operation. Nanely, the respective
external connecting termnals 7la through 71f have only to be sol dered onto
the circuit basic plate with the case 71 being placed on the external
CIFCUIt basi c pl ate. The fourth prior art is capable of surface nmounting
tion onto the circuit basic plate in this manner. The first through
ot arts descri bed

- 21 -
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Fig. 36 is a top face v1ew of a thlrteenth ceramic

"green sheet;

‘green sheet;
Fig. 37 is a top face view of a fourteenth ceramic
‘5 green sheet;
Fig. 38 is a top face view of a fifteenth ceramic
greén sheet;
Fig. 39 is a top face view of a sixteenth cerxramic
green sheet;
10 . Fig. 40 is a top face view of a seventh ceramic
green sheet;
Fig. 41 is a top face view of an eighteenth ceramic
green sheet;
Fig. 42 is a top face view of a nineteenth ceramic
15 green sheet; -
| - F:Lg 43 is as top ;Eace. vié# of a twentieth ceramic
green sheet;
Fig. 44 is a top face view of a twenty first ceramic
green sheet;
20 ) Fig. 45 is a top face view of a twenty second
ceramic green sheet;
Fig. 46 is a top face view of a twenty third ceramic
green sheet; |
' Fig. 47 is a top face view of a twenty fourth

25 ceramic green sheet;



her ei nabove have such various problens as described herein- after. (1)

First Prior Art Problema. 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 resulting in conplicated?
construction and higher cost. b. Wdth of the central electrode has to be

made narrower in order to prevent t he short - C|rCU|t|ng operatlon anong t he
22 - This Sheet Has Been: Replaced
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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;

-5 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
10 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; .

15 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;

20 Fig. 57 is a sectional view of a circulator 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;

25 . . Fig. 59 is a sectional view of a circulator in



central

I ncr eases,

el ectrodes. Therefore, the loss at the central el ectrode

thus resulting in deteriorated electric characteristics. - 8

- €. The capacity electrodes 3 are disposed around the respective
el ectrodes 2a, 2b. Area of the capacity

central
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accordance with the second conventional arxt;

Fig. 60 is a perspective view of the essential
portions of a circulator in accordan_ée 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

perspéc_:tive 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



el ectrodes 3 has to be nade larger in order to obtain necessary capacity
val ues so that the construction of the whole elenents is made |larger in
size. d. Twice co-firing steps to be sintered, nanely, a co-firing step to‘
be sintered of a dielectric basic plate 1, and a co- firing step to be
sintered of an el ectrode printed on the dlelectrlc basic plate 1 are
required, thus resulting in conplicated manufacturing step -andtenger

manufacturing tine. e. Awring operation is requi red between the
dielectric - 24 - This Sheet Has Been Replaced

[

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.
5 As shown in Fig. 1 and Fig. 2, a dielectric basic
piate 100 is accommodated in the interior 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 reverlse_ face of the
10 dielectric basic plate 100. A concave portion is proviqed in
the central portion of the earth plate 8, with a ferrj.t_e 'pl'ate
6 being engaged into the coneave portion. ~The ferrite plate
6 is positioned in the lowexr portion of each central eleotrode
so as to help the inductive coupling of each."'centr'a].." elec-
15 trode. A magnet 9 is secured to the :Lnternal ce;.l:.ng face of

the yoke 7. The magnet 9 applles a d:.rect current magnet:.c

filed with respect to each central electrode. ::5-.-5 Sy

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

c-:.

collectively fired and composed as: shown J.n :E‘J.g 3 after a

20 plurality of ceramic green sheets 101 through _'114 w:Lth g:l.ven

on them are laminated,. and adhered

or so) of sheet shaped member hav:g_._lj}__g “f

25 obtained by, for example, an extrus'_'io':nl-il_ :




basic plate and the circuit basic plate in the nounting operation on the
external circuit basic plate, thus resulting in conplicated and troubl esone
nDuntlng operation. (2) Second Prior Art Problema. Capacity el ectrode
portions 30 are disposed around the respective central electrode portions
20. “Area of the capacity electrode portions 30 has to be nade | arger so

as to obtain the necessary capacity val ue, thus_LesuLLLﬂg_Lﬂ_L§L9§L size in

t he whol e el enent.
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powder unfired or temporarily fired being mixed, kneaded with

an oxganic solvent which is a binder. A material having Q

high in high frequency regiqn'and high €t (for example, €t
20 through 100), for example, dielectric material of MgTiO; -
CiTiO; series, %Zx0; - Sn0, - 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
sinteiing tempexrature of the dielectic material. ° The
respeetive ceramic green sheets 101 through 114 are fused,
integrated after collective co-firing operati'on_' te be sintered
into one dielectric basic plate 100.

As shown in Fig. 4, Fig. 6, Fig. 8. Fig. 10, Fig.
12, Fiqg. 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 eiectrode
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 sheel_s,lOZ,_ 104,



b. The co-firing step to be sintered of the respective electrode filns of
pattern shapes 10 and the respective insulating sheets 11 are repetitively
required to be effected, thus resulting in conplicated nmanufacturing step
and | onger manufacturing tine. - 9- \

-2 -
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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-

5 tive electrode films of patterm.shapes 710 through 712 are

disposed each being shifted at an angular inteﬁal of 120°

with respect to one after. The electrode patterm 710 includes

a _central electrode portion 210, a capacity electrode portion

310, an earth electrode portion 410, a wiring portidn 810

10 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 wg'.ring portion

15 812. ‘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

20 310, 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 pattern shapes 302a,

304a, 306a, 308a, 314a and the capacity electrode poxtion 31(

25 are connected with each other through a through hole Sa.



c. Awring operation is required between the dielectric basic plate and
the circuit basic plate in the nounting operation on the external circuit-
basic plate, thus resulting in conplicated and troubl esone nounti ng
operation. (3) Third Prior Art Problema. The capacity el ectrodes 30a

t hrough 30c are di sposed around the respective central el ectrodes 20a

t hrough 20c. Area of the capacity eIectrodzzgfggféﬂ?gggh,sgefhas to be made
| arger in order to obtain the necessary ca al ue so épg{
e . .

e

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 shaées 302c, -304c, 306c,

5 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.

10 . In such construction as described hereinabove, the
_capacity'electréde.pattern 302a forms a first capacitor by the
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

15 films of pattern shapes 403 and 405. The capacity e;ect;ode._
patterﬁ 306a fﬁfms 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 shapes 407 and 409. Capacity electrode 310 for@s a fifth
capaci.tor by the opposition between the earth électrodes-
portions 409 and 411. The capacity electrode pattern 314a
forms a sixth capacitof by the opposition between the eaxth
electréde films of pattern shapes 413 and_4l4.' The first

25 through sixth capacitors for constituting a matching circuit

il



t he construction of the whole elenent is nade larger in size. b. The
co-firing step to be sintered for each of the respective dielectric basic
plates |la though 1c is repetitive- |y required to be effected, thus
resulting in conplicated manufacturing step and | onger manufacturing tine.
Connecting |locations are so nore that reliability is inferior. d. It is
difficult to make thinner each of the dielectric basic plates |a through
Therefore, the thickness of the :

C.

1c.
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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



whol e el enent becones | arger and the interval s between the central

el ectrodes | ocated on the | ower |ayer and the upper |ayer becone too far,
so that the nutual electric equivalent property (balance) of the central

el ectrodes are deteriorated. e. Awring operation is required between the
dielectric basic plate-and the circuit basic plate in the nounting :
operation of non-reciprocal circuit elenent on the external
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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 ‘chickness of the .respective ceramic green
_sheet, namely, the interval 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



'10- circuit basic plate, thus résulting in conplicated -and troubl esone
unting operation. (4) Fourth Prior Art Problens a. Similar problens to
he above described first through third prior arts are caused due to the

onstruction of the dielectric basic plate 1' and the respective el ectrode
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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 facé 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
fiequency 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



b. Al though such troubl esome wiring operation as in the first through third
prior arts becones unnecessary because of possible surface nounting, the
i npu.out put termnals 80a through 80f on the dielectric basic plate 1
have to bhe soldered to the external connecting term nals 71a through 71f of
the Ease 71 so as to increase the assenbling steps, thus becom ng higher in

cost:: As there is a risk of disengaging the so‘l‘déred—-pem-ens_mreltl ng

themw th heating, the reliability is |owered. ThlSSheetHasB
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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



C. As the nunber of the parts is nore, the elenents become |arger in size,
t hus becom ng higher in price. SUMWARY OF THE | NVENTI ON Accordi ngly, the

pr esent

i nvention has been developed with a view to substantially 1

elimnating the above di scussed problens provided in the above described '
first through fourth prior arts, and has for its essential object to
provi de i nproved non-reciprocal circuit eIenent§;_£Qth3L_angLLan% object

of the present invention
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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 paftern shapes 302a, 304a,.306a, 308a, 314a shown in

‘Fig..s, Fig. 7, Fig. 9, Fig. 11, Fig. 17 and the capadiﬁy

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 coirésponding‘to,ﬁhe.side face electxrode 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



is to provide inproved non-reciprocal circuit elements which are smaller in

Si z

| ower
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in price, higher inreliability and easier to manufacture, and
hod of manufacturing them Accordingly the present invention provides
«-.reciprocal circuit elenent for high frequency use which
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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 eart]'; 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 through 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 among the input, output terminals 7la through
71c and the connecting terminals 71d through 71f formed on the
case 71. The surface electrodes 80a through 80c;,; and 80d
through 80f are formed respectively on the surface of the
diéléctfic basic plafe 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



has a smal |

| arger attenuation degree in an opposite direction, the circuit elenment
conprising a plurality of dielectric sheets having el ectrode filnms of

pattern shapes fornmed thereon, the dielectric sheets being |aninated and;
co-fired to forma dielectric basic plate and at | east one of the

dielectric sheets conprising a capacitor'eIecLLede—ﬁa%tern—mTTﬁﬁﬁi a

central el ectrode pattern. tHasBeenReplac,ed
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attenuation degree in a signal transm ssion direction and a

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 71d are formed on one side side face of the case 71.
_An input, output terminal 7la and the earth terminals 7le, 71f
are formed on the othe;—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




In such construction, the smaller size and hi gher performance of the whol e
el enrent are designed by the am nating disposition of a plurality of

el egrode films of pattern shapes within one dielectric basis plate.

Named y, as the internal circuit disposed conventionally in plane can be

di sposed with microwave within the dielectric basic plate, the circuit area
of t#He whole el enent can be nade snaller. As the respective eTectdee filnms
of pattern shapes can be crossed w thout nutual - This Sheet Has Been Rep

“- W

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 éhe through holes.

5 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

10 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 siz_e. As the
respecti?e electrode films of pattern shapes can be crossed
without mutual contact within the interior of the dielectric

15 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,

20 the electric symmetry among. the respectivé central 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
patterﬁ and the earth electrode‘péttern in accoxdance with the

25 invention of the above described embodiment, the capacity



contact within the interior of the dielectric basic plate, the insertion
| oss can be reduced w thout requirenent of the narrower central el ectrode

width as in the first prior art. As the'construction is integral, 12
sufficiently larger strength can be retained even if the
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value necessary as the matching circuit can be retained in
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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 presént ‘invention. ‘Especially, Fig. 217is" 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 laminat_ion 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.



arrangenment is made with the intervals anong the respective el ectrode filns
of pattern shapes are nmade extrenely close. As a result, the electric
; al property anong the respective central el ectrodes can be
d in better condition. The electrode filnms of pattern shapes
~at least one central electrode pattern, at |east one capacitor

t.r.0de pattern, at |east one earth el ectrode pattern-and—+n-the

or of the di gl ectric basic Sheet Has Been Replaced
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As shown in Fig. 21 and Fig.'22, circular concave

portion 2100a is formed in the surface central portion of the

dielectric basic plate 2100, and a ciréular concave portion

2100b is formed in the reverse face cent;al portion. A stage

.5 difference concave portion:2100c is formed on the reverse face

of the dielectric basic plate 2100. External connect_in-g

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

10 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 éngaged with the dielecfric

basic plate. 2100 50 as to exist the magnet 9 and the ferxrite-

15 plate 6 therebetween. Aas the magnetic yoke 72 is engaged'into

 the stégé differencé coﬁéave portion.zooc oﬂ ﬁﬁé.réverse face

of the dielectric basic plate 200 at this time, the height of.

the formed portion of the external connecting terminals Ta

through T£ bécomeé higher than the height of the surface of

20 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

collecf:ively fired and composed as shown in Fig. 23 after a

25 plurality of ceramic green sheets 201 through 232a, 232b with



pl ate, the capacitor electrode films of pattern shapes and the earth
electrode films of pattern shapes are alternately disposed with dielectric
mat eri al existing between them the respective capacitor electrode filns of.
pattern shapes are connected in conmon and connected with the corresponding
central electrode filns of pattern shapes, and the respective earth

el ectrode films of pattern shapes are connected_in comwpA—so—that at | east
one mat chi ng ci rcw t capacitor is disposed in | am nat | OQlasBeenReplaced :

||\I\\|||\\ i \II\

given electrode films of ' pattern shapes being formed are

..33_.

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
5 example, an extrusion molding with ceramic powder unflired or
temporarily fired being mixed, kneaded with an organic solvent
whiéh 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, -
10 sn0, - Ti0, series, BaTi, Oy series, Nd,Ti,0, - (BaPb) TiO3 -
TiO, series is used.a's a ceramic green éheet méterial._ The

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

15 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, circulax thxough

holes 201a through 206a are formed in the respective central

20 portions in approximately square shaped ceramic 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,

25 Xb are formed néar the left-hand side, and electrodes Xe, Xc,



anong the central electrode filnms or pattern shapes and the earth el ectrode
films of pattern shapes. In such construction, the capacitor el ectrode
filrs . of pattern shapes and the earth el ectrode film of pattern shapes are
alternately di sposed with dielectrics being inserted therebetween, the
respective capacitor electrode filnms of pattern shapes are connected I n
common and are connected with the corresponding central electrode filns of
pattern shapes, further one matching circuit capacitor
- 39 -
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As shown in Fig. 30, Fig. 32, Fig. 34. Fig. 36, Fig.

Xf are formed near the right-hand side.

38, Fig. 42, Fig. 44, earth electrode films of pattern shapes

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

5 respectively on the surfaces of the ceramic green éheets 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

10 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-

15 tive electrode films of pattern shapes 716 through 718 are
dis?oéed each being éhifted at an angﬁlar 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.

20 The electrode pattern 717 includes a central electrode portion
217, a capacity electrode portion 317, an earth electroaq
portion 417, a wiring portion 817. BAn electrode pattern 718
includes a central electrode portion 218, a capacity electrode

| portioﬁ 318, an earth electrode portion 418, a wiring pbrtiQn

25 818. Capacity electrode portions 316, 317, 318 are respec-



13 or nore are disposed in |amnation between the central electrode fil ns
of pattern shapes .and the earth electrode filns of pattern shapes by the
comon connection between the respective earth electrode filns of pattern
shapes.- Capacity val ue necessary as the matching circuit can be
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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. Capacity 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



retained with smaller circuit area so that the smaller size of the whole

el ement can be designed. The invention further provides a non-reciprocal
circuit element for high frequency use which has a small attenuation degree
in a signal transm ssion direction and a | arger attenuation degree in an
opposite direction, the circuit elenent conprising a dielectric basic plate
formed by the integration of a plurality of co-fired dielectric green
sheets adhered under pressure in _—

- 41 eet Has Been: Replaced
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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 pettern shapes 411 and 413. The
cepacity electrode pattern 314a forms d fourth capacitor by

5 the opposition between the earth electrode filme of pattern
shapes 413 and 415. T@e 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

10 by the opposition between the earth electrode films of pqtterﬁ
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

15 side electrodes 308a, 310a, 312a, 314a, 316, 320a are
o 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
thrbugh sixth capacitors are connected with the earth in

20 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 centrel electrode

25 portion 218 and the earth, and are interposed. As a p_luraiity



| am nation, a plurality of electrode filns of pattern shapes formed on the
dielectric green sheets and disposed in lamnation within the dielectric
basic plate, a plurality of external connecting term nals formed on the
di el ectric green sheets and connected to the given electrode filns of
pattern shapes and di sposed 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 termnals_are integral with

. This Sheet Has Been Replaced
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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

5 cixrcuit aréa. Accordingly, the construction of the whole
element can be made smaller in size.

- Approximatel§7same shaped 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

i0 tﬁe 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

15 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

20 through holes 5d through 5f and also, are connected with one
another through the through holes 5d through 5j. .

Four 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

25 through holes 5g through 5j are increased in numbexr as



the dielectric basic plate and at | east one of the dielectric sheets has a
capaci tor eLectrode pattern without a central electrode pattern. In such
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plurality of external connecting termi nals connected with a
14
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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



el ectrode filns of pattern disposed in lamnation and a plurality of
external connecting termnals connected with the given electrode filns of
pattetn shapes are fired sinmultaneously with a plurality of dielectric
green sheets pressed under pressure in lamnation and are integrated with
one dietectric basic plate so as to design smaller size of the elenents,

| ower” cost,

hi gher reliability and sinplifier operat of the assenbllng

steps. As not only the electrode filnms of pattern
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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



shapes,

but al so the external connecting termnals are also integrated on

one dlelectrlc basic plate, the number of the parts can be considerably
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.smal l er size of the elenent can be nade. As the nunber of
==ps i s reduced, the cost can be |owered. As the connecting

it he sol dering operations can be considerably reduced, the
be inproved.- As the internal circuit conventionally

ane can be di sposed with nicromave w t hin
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-_231 and the electrodes -Ya through 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 éf 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 ﬁf and Ya
through Yf. Therefore, in the respective external connecting
terminals Ta through Tf, the area of the extruded onto the
suxface of the ceramic.green sheet 201 becomes egual 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 grea
of the electrodes Ya through Yf. As the area of the-.electrode
Xa though Xf are mutually equal, and the area of the electrode
Ya through Yf becomes also equal ﬁitﬁ 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 extruded onto the reverse faces of the
ceramic green sheets 232a, 232b become equal with respect to
each other in the respecti&e exte;nal connecting terminals fg
though Tf. As a result, the electric symmetry can be
maintained properly without the provision of inequality in the
area 6f the respective extexrnal connecting terminals Ta

through Tf on the surface of the ceramic green sheet 201 and



the dielectric basic plate, the circuit area of the whole el enent can be
reduced. As the respective electrode filnms of pattern shapes can be crossed
wi t hout mutual contacting within the dielectric basic plate, the insertigs
| oss can be reduced w thout narrower width of the central electrode as i
the first conventional art. As the construction is integral, sufficientl
| arger strength can be retained even if the arrangenent is made with the

i nterval s anong the respective el ectrode fil ne—
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the reverse face of the ceramic green sheets 232a,‘232b. i

Tﬁe above described ceramic green sheet laminated
bodies are collectively fired. As a result, the respective
ceramic greens sheets are fused, integréted into one dielec-

5 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 portlon
is effected on the surfaces of the respéctiVe external

10 connecting texrminals Ta through Tf so as-to prevent the copper
electrode, 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

15 plating so as to improve the soldering properxty of 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

20 in the present embodiment, the manufacturing step is simpli-
fied and the manufacturing time can be considerably contr&ct—
ed. As not only the central electrode, the matching qirquit,
but also the external connectiﬁg terminal is also integrated
into tﬁe dielectric basic plate 200, the number of the parts

25 can be reduced as compared with the conventional circulator



of pattern shapes are nmade extrenely close. As a result, the electric

symetri cal

property anong the respective central el ectrodes can be

mai &t-ai ned in better condition. As the dielectric basic plate, the
respective el ectrode filns of pattern shapes, and the respecti ve external
connecting termnals are formed at the sane tine in one
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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,



" co-firing step to be sintered, the manufacturing time can be considerably
shortened. The dielectric basic plate has a first main side surface and an
opposite main side surface, and a first concave portion for engaging a
magnet for applying a direct current magnetic field is formed on the first
mai n side surface. In such construction, a conpacter non-reciprocal circuit

el ement is provided by the formation of a fi_r_st\
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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 terminals
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 round the central

electrode portion 216 is rotated by the ‘given angle by the



concave portion for engaging a magnet for direct current magnetic field

appl yi ng use on one side nain surface of the dielectric basic plate. The
gt ric basic plate has a first main side surface and an opposite nain

rface, and a concave portion for engaging a ferrite plate for

Lt ve coupling use of the internal circuits i-s fornmed on the opposite

@ side surface. In such construction, a second concave portion for
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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 ferrite plate 6.. The high frequepqy

5 signal to be inputted from the extermal connecting terminal

Ta is transmitted to the xight-hand adjacent external

cohnecting-teiminal 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

10 conneéting 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

15 right-hand adjacent external connecting terminal Ta, but is

ﬁot transmitted to the.ieft-and adjacent 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

20 between any one of the wiring portions or the external

connecting terminal (for example, the wiring portion 818 ox

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

25 terminal (for example, external connecting terminal Tb) from



engagenent of the i nducti ve coupling ferrite plate of the internal circuit

Is fornmed in the other-way nmain surface of the dielectric basic plate so
that a non-reciprocal circuit el ement which is conpacter and |ower in pr3
can be obt ai ned. The invention further provides a nethod of - 1

10

15

20

25

-
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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 qircgits 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




manuf acturing a non-reciprocal circuit element for high frequency use

havi ngs a small attenuation degree in a signal transm ssion direction and a
| ar gers-att enuation degree in an opposite direction, conprising adhering
under pressure in lamnation a plurality of diel ectri c green sheets with
given electrode filns of pattern shapes being forned respectively on them
so as to obtain the green sheet | am nating bodr—es——co—“ffrmg—rhe—green
sheet |aminating bodies so as to int egrat e them arﬁls%%tﬁasBeenReplaced

10

15

20

25

0 Ly

reduction in the number of the components, the cht can be

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



dielectric basic plate to forma non-reciprocal circuit elenment with
internal circuits disposed in lamnation within the one dielectric basic

pl ate and at

| east one of the dielectric green sheets having a capacitor

el ectrode pattern without a central electrode pattern. The nethod may
further conprise formng a central electrode and the dielectric basic plate
at the sane tine by sintering in the one co-firing step. In such

constructi on,

10

15

a plurality of dielectric green

This Sheet Has Been R,
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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.



sheets with given electrode filnms of pattern shapes being formed on each of
t he collectively after being adhered under pressure in

| am to be integrated in one dielectric basic plate. As the
plate and the internal circuit are sinultaneously forned

di el
by o} step to be sintered, the manufacturing tinme can be
cons : ‘duced.

- 53 -
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1. " A non-reciprocal circuit element which is extremely

wWhat is claimed is:

small in attenuation degree in the transmission direction of
the signals, and extremely larger iﬁ atéenuation degree in a
5 direcéion 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 of
pattern shapes include one central electrode pattern or more,
one cépacitor electrode pattern or more, one earth -eléctrode
15 pattern or more, and in the interior of the above described
dlelectrlc ‘basic plate, 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



17 The nethod may further conprise formng a central el ectrode, a matching
circuit to be connected with it and the dielectric basic plate at the sane
time by sintering in said one co-firing step. In such construction, the

central
time by

10

15

20

25

el ectrodes and the dielectric basic plates are fornmed at the sane -
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pattern shapes. | j
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;nuation 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 portion 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

"



one co-firi ng step to be sintered. BRI EF DESCRI PTI ON OF THE DRAW NGS These
-and Olgias Yol nd features of the present invention will becone

4 1 owi ng description taken in conjunction with the
- thereof with reference to the acconpanyi ng draw ngs,
¥°s a perspective view of the essential portions of a -
fdance with a first

This Sheet Has Been Replaced”  _ 55 -

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
5 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
10 - 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
15 them on one dielectric basic plate, so that a non-xreciprocal
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
20 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

25 elements described in accordance with the claim 6, having a



enbodi nent of the -present invention; - 18a—= Fig 2Tsa sectional view
of a circulator in accordance with the first eﬁ pr esent
invention; Fig. 3 shows illustrating views for e
nanufacturlng step of a dielectric basic plate

IR

TR Illllllj IR ||‘I!I| |

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—reciproéal 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.



one enbodi nment of the present invention, showing the condition of a ceramc
green sheet before the lamnation and co-firing operatlons to be sintered;
top face view of a fi Sis atop
sof a second ceram c gr view of a
-am ¢ green sheet;

ABSTRACT

NON-RECIPROCAL CIRCUIT ELEMENTS AND METHOD THEREOF

Non-reciprocal circuit elements, wherein a plurality
of ceramic green sheets (101 to 114) thrxough with given
electrode films of pattern shapes béing_formed
respectively oﬁ them are collectively fired and
:integrated into one dielectric basic plate (100{ after
they have been adhered under. pressure in laminapion, and
a plurality of electrode films of pattern shapes are
laminated within one dielectric basic platé, so that the
internal circuit of the central electrode, the matching
circuit and so on are disposed with microwave, resulting
in that they can be smaller in size, higher in
performance and easiexr to manufacture.

-
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Fig. 7is atop face view of a fourth ceram c green sheet; Fig. 8 is a top
face view of a fifth ceramc green sheet; Fig. 9 is a top face view of a
Si Xt Iy Rilingamideeas-- sheet; Fig. 10 is a top face view of a seventh ceramc
&=21 is a top face view of an eighth ceramc.:
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green sheet; Fig. 12 is a top face view of a ninth ceramic green sheet;

- 19 - Fig. 13 is a top face view of a tenth ceramc green sheet ;
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Fig. 14 is a top face view of an eleventh ceram c green sheet; Fig. 15 is a
top face view of a twelfth ceram c green sheet; Fig. 16 is a top face view

of & ceram ¢ green sheet; Fig. 17 is a top face view of a
f our .C green sheet; Fig. 18 is a bottomface view of the
f our

3/3 S
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Fig. 3




ceram c green sheet; Fig. 19 is an explosive perspective—ewof—a
circulator in accordance with a second enbodi ment of the prﬁe% L0 ac

Fig. 20 is a sectional view of a circulator in the seé el
present invention; Fig. 21 is a perspective view of th .
of a circulator in accordance with a third enbodi nent :

i nventi on; 4/3? b |

Fig. 4
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Fig. 22 is a sectional view of a circulator in accordance with a third

enbodi rent of the present invention;, Fig. 23 shows illustrating views for
i |l uggsat i ng a manufacturing step of a dielectric basic plate to be used in
the Pt d enbodi ment of the present invention, showing the - 20 -
. o
L ) \
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| am nating relation of the ceram c green sheet before the co- firing

ation to be sintered; Fig. 24 is atop face viewof a first ceramc

jt: Fig. 25 is a top face view of a second ceram c green sheet;
- a top face view of a third ceramic green sheet; Fig. 27 is a top
of a fourth ceram c green
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sheet; Fig. 28 is a top face view of a fifth ceram c green sheet; Fig. 29

Is a top face view of a sixth ceram c green sheet;

ei gh B ccn sheet;

Fig. 30 is a top face

g.ccramc green sheet; Fig. 31 is a top face view of an
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Fig. 32 is atop face view of a ninth ceram c green éheet; Fig. 33 is atop
face view of a tenth ceramc green sheet; Fig. 34 is a top face view of an
d BRI eens sheet; Fig. 35 is a top face view of a twelfth

59
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- 21 - green sheet; Fig. 36 is a top face view of a thirteenth ceranic
green sheet; Fig. 37 is a top face view of a fourteenth ceram c green
sheet; Fig. 38 is a top face view of a fifteenth ceram c green sheet;
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Fig. 39 is a top face view of a sixteenth ceram c green sheet; Fig. 40 is a
top face view of a seventh ceram c green sheet; Fig. 41 is a top face view
of an eighteenth ceramic green sheet; Fig. 42 is a top face view of a

ni neteenth ceram c green sheet; Fig. 43 is as top face view of a twentieth

ceramc
/9/39
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green sheet; Fig. 44 is a top face view of a twenty first ceram c green
sheet: Fig. 45 is a top face view of a twenty second ceram c green sheet;
Fig. ace view of a twenty third ceram c green sheet; Fig. 47
IS § of a twenty fourth ceram c green sheet;
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- 22 - Fig. 48 is atop face view of a twenty fifth ceramc green sheet;
Fig..49 is a top face view of a twenty sixth ceramc green sheet; Fig. 50
IS 8 of a twenty seventh
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ceram c green sheet; Fig. 51 is a top face view of a twenty eighth ceramc
green_sheet; Fig. 52 is a top face view of a twenty ninth ceram c green

sheet
s a rew of a thirty first ceramc green sheet;

13/39
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Fig. 55 is a top face view of a thirty second ceram c 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 circulator in accordance with the first conventional art; Fig. 58 is an
expl osi ve perspective view of the essential portions of a circulator in

accordance with a second :
| /%/3%

Fig 2/
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conventional art; Fig. 59 is a sectional viewof a circulator in - 23 -
accordance with the second conventional art; Fig. 60 is a perspective view
of the essential portions of a circulator in accordance W '

. conven- . .--_-'.-'-’I"‘his Sheet.
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tional art; Fig. 61 is a sectional viewof a circulator in accordance with
the tgQ entional. art; Fig. 62 is an explosive perspective view of the
esse % 'seen fromthe top side of a circulator in accordance

W th fiventional art; Fig. 63 is an expl osive perspective view
seen vyerse -side of a,circul-ator in accordance with the fourth

conve - and
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Fig. 64 is a sectional view of a circulator in accordance with the fourth
convgaildeggal art DETAI LED DESCRI PTION OF THE | NVENTI ON Before the

deso “ present invention proceeds, it is to be noted that |ike
part ed by |like reference nunerals throughout the acconpanyi ng
dra Enbodi ment) Fig. 1 through Fig. 18 are views show ng the

cong ~a circulator in accordance with a first
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enbodi nent of the present invention. Especially Fig. 1 is a perspective
view of the essential portions of a circulator. Fig.. 2 is a sectional view
i.rcul ator. Fig. 3 is a perspective view for illustrating a

fcturing step of a - 24 - dielectric basic plate. Fig. 4 through

£18 are plan views
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showi ng an el ectrode pattern in each ceram c green sheet. One enbodi nent
present invention wll

of the
to t
di el ¢
made
100,

ont_

be described hereinafter with reference

1 through Fig. 18. As shown in Fig. 1 and Fig. 2, a

‘basic plate 100 is accommpdated in the interior of a netallic

. An earth plate 8 is disposed under the dielectric basic plate
- the earth plate 8 being in contact against the earth electrode 4
verse face of the dlelectryﬁyg%ﬁic pl ate 100. A concave portion is

e % s
4olrc Sc \
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the central portion of the earth plate 8, wth a ferrite plate 6 being
engaged into the concave portion. The ferrite plate 6 is positioned in the
| onegg:portion of each central electrode so as to help the inductive
coupling of each central elec- trode. A magnet 9 is secured to the internal
ceil ¥Fhg face of the yoke 7. The magnet 9 applies a direct cu netic

filed wth respect to each central iﬁ# The abovelhdasgijhed - .
dielectric basic plate 100 is collect fired and conﬁ fﬂf" [ RoRlited N

Fig. 3 after a
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plurality of ceram c green sheets 101 through 114 with given el ectrode
films of pattern shapes being forned respectively on themare | am nated,
and &adhered under pressure. The cerami c green sheets are thin type
(normal |y of several 10 [err] or so) of sheet shaped nenber having
flexibility to be obtained by, for exanple, an extrusion nolding with
ceram c
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- 25 - powder unfired or tenporarily fired being m xed, kneaded with an
orgapic solvent which is a binder. A material having Q high in high

freq jon and high [err] (for exanple, [err] = 20 through 100), for
ctric material of MgTigerr] - O’Tiqerr] Series, Zr(Jerr] -
I err] series, BaTi[err] Jerr] series,  Nd[err]Ti[err]derr] -
r] - TiJerr] series is;i as a ceram c green sheet material.
ii'i'on of the respective ele Q/ ﬁattern is formed by, for
“printing, evaporating

Fig 36
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operations and so on with Pd, Pt and so on in terns of sintering
G > of the dielectic material. The respective ceranc green
firough 114 are fused, integrated after collective co-firing

oper be sintered into one dielectric basic plate 100. As shown in
Fig. . 6, Fig. 8 Fig. 10, Fig. 12, Fig. 16, earth electrode filns of
patt hapes 401, 403, 405, 407, 409, 413 on the sane formare forned
resp ely on the surfaces of the @Bg/nj@? green sheets 101, 103, 105,
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107, 109, 113. As shown in Fig. 18, an earth electrode pattern 414 on
the sane formas the respective earth electrode filnms of pattern shapes is
f or g iic reverse face of the ceramic green sheet 114. As shown in
®- 7, Fig. 9, Fig. 11, Fig. 17, capacity electrode filns of

es 302a through 302c, 304a through 304c, 306a thr.ough, 306c,
308c, 314a through 314c on the sane formare forned

on the surfaces of cera@&érfen sheets 102, 104,

Fig. 40
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-26- 106, 108, 114. Electrode filns of pattern shapes 710, 711, 712 on
approxi mately the same formare formed respectively on the surfaces of the
grcen sheets 110, 111, 112. Respec- tive electrode filns of pattern
shap _-'through 712 are di sposed each being shifted at an angul ar
[ 120[ err]
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with respect to one after. The el ectrode pattern 710 i ncludes a central
el ectrode portion 210, a capacity el ectrode portion 310, an earth el ectrode

por t g10, a wiring portion 810. The el ectrode pattern 711 includes a
cent ctrode portion 211, a capacity electrode portion 311, an earth
el ed portion 411, a mﬁring portion 811. An electrode pattern 712

I nc | a central electrode portlaﬁK§ a capachky\engLLEgg\giéLLSn 312,
an € el ectrode portion 412 yé%ort ion 812. Capaci rode

310, 311, 312 are respec- .~ This Sheg
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tively connected with one end of the central electrode portions 210, 211,
212. arth electrode portions 410, 411, 412 are respectively connected
#'her end of the central electrodes 210, 211, 212. Capacity
zportions 310, 311, 312 are respectively drawn out so far as the
ons of the ceram c green sheets 110, 111, 112 through the wiring
810, 811, 812. Capacity e;zg@code films of pattern shapes 302a,

‘Ba 308a, 314a and the cap ectrode~poLLng‘§19\\‘\\
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are connected with each other through a through hol e 5a. - 27 - Capacity
el ectrode filns of pattern shapes 302b, 304b, 306b, 308b, 314b and the

' 2 311 are connected with each other through a
The capacity electrode filns of pattern shapes 302c,

el ectrode portion
ol e 5b.
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308c, 314c and the capacity el ectrode 312 are connected with each ot her
t hrough a through hole 5¢c. The earth electrodes filnms of pattern shapes
401, 403, 405, 407, 409, 413, 414 and the earth el ectrode portions 410,
411, @12 are connected with each other through through holes 5d, 5e, 5f. In
such@&onstructi on as descri bed herei nabove, the capacity el ectrode pattern
302-Zworns a first capacitor by the opposition between the earth el ectrode
flln§ of pattern shapes 401 ad 403. The capacity el ectrode pattern 304a

forrr‘S a
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second capacitor by the opposition between the earth electrode fil ns of
pattern shapes 403 and 405. The capacity el ectrode pattern 306a forms a
Bicitor by the opposition between the earth electrode filns of
grapes 405 and 407. The capacity el ectrode pattern 308a fornms a
acitor by the opposition between the earth electrode filns of
hapes 407 and 409. Capacity electrode 310 forns a fifth capacitor

by t position between the earth'g trodes portions 409 and 411. The
capa el ectrode pattern 314a
. —_—
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forms a sixth capacitor by the opposition between the earth el ectrode fil ns
of pattern shapes 413 and 414. The first through sixth capacitors for

firt i ng a matching circuit - 28 - are connected in parallel between
}*" ‘of the central electrode portion 210 and the earth, and are

d. This

3/1/39 e
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I s because the respective one side el ectrodes 302a, 304a, 306a, 308a, 310,
314a of the first through sixth capacitors are connected wth one end of

t he B:ral el ectrode portion 210 in conmmon through a through hol e 5a.

The ective other-way el ectrodes 401, 403, 405, 407, 409, 411, 412, 413,
414 the first through sixth capacitors are commonly connected with the
ear -hrough t hrough holes 5d, 5e, 5f. Simlarly, six capacitors for

—

circuit use are cOnnectedESbPER%rallel and inserted between -the
3 : \

g

Fig. 56 PRIOR ART
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el ectrode portion 211 and the earth, and six capacitors for matching
circuit use are connected in parallel and are inserted between the central
el ecfiliiEle portion 212 and the earth. -As a plurality of capacitors

ted in parallel are |am nated and di sposed between the one end of the
tive central electrode portions 210 through 212 and the earth as

:bed herei nabove, the capacity val ue necessary as the matching circuit -
e retained with small circuit -
. : 33/37
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area. Accordingly, the construction of the whole el enent can be nade
smaller in size. In the above described enbodi nent, the co-firing operation
isintered of the dielectric basic plate, the central electrode, the
fig circuit can be conpleted by one co-firing step to be sintered so
£he - 29-
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manuf acturing step is sinplified, and the manufacturing tinme can be
considerably reduced. As a plurality of ceram c green sheet are integrated
on offe dielectric basic plate 100 by the co-firing operation to be sintered
in tfe above described enbodi nent, the thickness of the respective ceranic
green sheet, nanely, the interval anong the respective central electrode
portions 210 through 212 can be exE$§gz§ narrowed w thout strength

pr obl em As a result, the electr é@nnetry of the respective central
el ectrode portions 210

F Ig 6 0 P R I 0 R A R T _ . This Sheet.Has-Been'-Replacéé:E_
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t hrough 212 can be made better. As shown in Fig. 1, side face el ectrodes
800a, 800b, 800c are fornmed on the side face of the dielectric basic plate
100. The side face el ectrode 800a is connected with the wiring portion
810 gpf Fig. 13, the side face el ectrode 800b is connected with the wiring
portgon 811 of Fig. 14, the side face electrode 800c is connected with the
w rihg portion 812 of Fig. 15. 1In the respective ceram c green sheets,

bl ank portions 401a, 403a, 405a, 407a, 409a, 41la, 412a, 413a, 4l4a

36/3¢
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are formed, on the earth electrode pattern or the earth el ectrode portion,
so as to surround the periphery of the side face el ectrode 800a. Bl ank
portgons 401b, 403b, 405b, 407b, 409b, 410b, 412b, 413b, 414b are fornmed so
as tp surround the periphery of the side face el ectrode 800b. Bl ank

porth ons 401c, 403c, 405c, 407c, 409c, 410c, 411c, 413c, 414c are forned so

as t'o surround the periphery of the side face

37/34 -
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- 30 - electrode 800c. A blank portion 8a is fornmed on the earth plate 8
so as to surround the periphery of the side face el ectrode 800a. A bl ank
portjon 8b is formed so as to surround the periphery of the side face

el ectrode 800b. A bl ank portion 8c is formed so as to surround the

peri phery of the side face electrode 800c. The short circuiting operation
anong the respective side face el ectrodes and the respective
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earth electrode filns of pattern shapes, the respective earth el ectrode
portlons and the earth plate 8 are prevented. An operation of a C|rculatorw
yin Fig. 1 and Fig. 2 will be described hereinafter. Wien: a; itk s
Joncy S|gnal is inputted into the side face electrode 800a #a;

t he magnet 9 so as t'o cdbse an induced current in, for exanple the
ri ght-hand adj acent - L
k ) 37/37
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central el ect rode port Lon Zf'f’ ?3he i nduct i ve jeoupttaea—tht mer—f e
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el ect node 800c, but is pot transmtted to the lfeft- hand adjacent si de
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NON-RECIPROCAL CIRCUIT ELEMENTS AND
: METHOD THEREOF

The present invention genera].ly relates to non-

rec:.procal c:.::cu:.t elements and a method of manufactu.rmg

'of signals, and the attenuation becomes larxger J.n an opposite.-

them, and more part;.cularly, the :unproved construction of non-
reclprocal circuit elements to be adopted as h::.gh-frequency

parts of a microwave band such as .Lsolato:r:s, c:.rculators, and

a method of manufactur:.ng them.
Generally, non-reciprocal c:.rcu:.t elements such as
J.solators, circulators or the like have such a function as the

attenvation is hardly effected J.n the transmission direction

d:.rection to it. The non-reciprocal circuit elements are
adopted in a transmission circuit portion of a mobile

transmss:.on appliance such as po:r:ta.ble telephone, automoh:.le

telephone or the like to be used in, for example, a UHF band. |

Non-rec:.procel circuit elements to be adopted in the mobile
commﬁni_catian appliance is demanded to be smaller in size and
lighter in weight, considering the uses thereof. Convention:-
ally the methods of intensi\fely d_isposing. central electrodes
and matching circuits on one basic plate are variably
proposed. The construction of such a non-reciprocal circuit
element will be described hereinafter.
(1) First Prior Art |

Fig. 56 and Fig. 57 are views showing the con-

struction in a first exam‘ple (hereinafter feferred to as a

first pPrior art) of the conventional circulator. Eepecially,




- 31 - signal to be inputted fromthe side face el ectrode 800c is
transmitted to the right-hand adjacent side face el ectrode 800a, but
transmtted to.the | eft-hand adjacent side face el ectrode 800b. A

circulator showmn in Fig. 1 and Fig. 2 can be used

REPLACEMENT SHEET
26 SEP 1997

i S not

Fig. 56 is a perspectlve v:.ew of the essential portions
thereof, and Flg 57 is a sectional view thereof Three sets
of central electrodes 2a,- 2b are d;sposed at gLven angle:
intervals so that they may not come lnto contact aga;nst one
another, and mey not .cross with respect to one another, as
shown in Fig. 56, on the surfece of the‘dielectrio basic’plaﬁe
1 of ceramic or the like. Three sete of central electrodes
2c, 2d are'disposed at given angle inte;vals, so that they may
not come into contact against one anoeher, and may not cross
with respect to one another‘simileriy, on the reverse face of
the.die;ectrio,basieféﬁate i_oi,ceramic.r_The:reséective
central.electrodes 2a, 2b are respectively connected with the
respective central electrodes 2c, 2d of the reverse faee'
corresponding.'through a2 through hole‘ 5. Three capacity
elect;odes 3 are formed integrally'with'the ceﬁtral electrodes
2a, 2b aeound the respective central electrodes 2a, 2b on the -
surface of the dielectric basic plate 1. An earthing
elec;rode 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 platell.. The respective’
capacity electrodes 3 become opposite to the eerthing
electrode 4 with the dielectric basic plate 1 being existed
between them so as to constitute a capacitor for matching

circult use.

As shown in Fig. 57, the dielectric basic plate 1



as an isolator if a termnal resistor is connected between any one of

W ring portions or the side face electrode (for exanple, a wiring portion
812 or a side face electrode 800c) and the earth. 1In this case, the

i solator transmts a high frequency signal only in one side direction from
the remai ning one side side face electrode (for exanple, a side face

el ectrode 800a) to the renaining other-way side'iﬁﬁfwﬁg&&+ede_LLQ
exanple, a side face el ectrode 800b). (Second Enj Jﬁ%ﬂ@ﬁ%ﬂ‘SHEET[

26 SEP 1'997.

is accommodated into the lnterlor of a metallic made yoke 7.
An earth plate 8 is disposed in the lower portlon of the
dielectric basic Plate 1 in contact with the earth electrode
4 on the reverse face of the dlelectrlc basic plate 1. An
concave portlon is provided in the central portion of the
earth.plate 8 with a ferrite plete's being engaged into the
concave portion. The ferrite pPlate 6 is positioned in the
lower portion of the respective central electrodes so as to
help the inductive coupling. of the reépective central
electrodes. A magnet 9 is fixed‘onto the inner ceiling face
of the yoke 7. The magnet. 9 applies a direcf. current magnetic.
field with.respect to each of the cenrral elecﬁrodes.
(2) Second frior Arﬁ

Fig. 58 and Fig. 59 show the construction of a
second example (hereznafter referred.to as a second.prlor'art)
of the conventional c1rculator. 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 bas.i.‘-c' Plate 1 such as ceramic or the like. Three
electrode film of pattern shapes 10 and two lnsulatlng sheets
11 are alternately formed by the repetltlon of printing and
co-firlng operatlons to be sintered on the surface of the
dielectric basic Plate 1. 'Each of the electrode films of

pattern shapes 10 has a central electrode portion 20 and a



Fig. 19 and Fig. 20 shows views each showi ng the construction of a
circulator in accordance with a second enbodi nent of the present invention.
Especially, Fig. 19 is an expl osive perspective view of a circul ator and

Fig. 20 is a sectional view of a circulator. The of MERLSHL t he
present invention will be described hereinafter w L:&CE@ENZE@HEEJ . 19

and Fig. 20. In the drawings, a dielectric basic pfate 100" is coljectively
fired, integrated after a plurality of ceramc - 26 SEP 1997
-4 -

.-

capacity electrode portiqn 30. One end of each of the centrai
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' ,;.O is opposite to the
earth eléctrogie 4 with .the dielectric basic 'plate 1 béing :
existed therebetween so as to constitute a capacitor for.
match:fixg circuit use. '

'J.‘he_ sectional construction of a second prior art is
similar to the sectional construction of the abové d-escri'bed‘
first .conventional ari: as _shbwn in Fig. 59.. .

(3) Third Pr.ior Art ' _. E o _

Fig. 60 and Fig. 61 are views showing the con-

struction of a third example (hereinafter referred to as to
a third prior art) of the conventional circulator. Espe-.
cially, Fig.- 60 is a perspective view of the essential
portions thereof, and Eié. 61 is a. sectional view thereof.
Electrode films of pati:ern shapes 10a, 10b and 10c are
respectively formed by the printing operation on the surfaces
of the dielectric basic plates la, 1b and lic of a ceramic or
the like. The earth electrodes 4a + 4b and 4c are respectively
formed by the printing operé.tion on the reverse face of the
dielectric basic plates la, 1b and lc. The electrode films
of pattern shapes IOa} 10b and 10:’:_ respectively include
central electrode portions 20a, 20b and 20c,. capacity

electrode portions 30a, 30b and 30c, earth eiectrode po:ftio.ns-



green sheets with given electrode filnms of pattern shapes being forned
respectively on them are adhered under pressure - 32 - in lamnation as
in the dielectric basic plate 100 shown in Fig. 1. The connection
anong the respective capacity electrode filnms of pattern shapes and the

. respective capacity -

REPLACEMENT SHEET
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40a, 40b and 40c. The'dielectric electrode basic plates ia,
1b andhlc are individualiy fired, and thereafter are adhered
under pressure into a multi-layer basic plate. The earth
| electrode portions 40a, 40b, 40c, and earth electrodes 4a, 4b
4c are connected with respect to one another through through
holes 6. Each of the capaclty'electrode portions 30a, 30b and
30c Teéspectively become opposite to the earth electrodes 4a,
4b and 4c with the dlelectrlc basic plates la, 1b and ic belng
existed therebetween so as to constitute a capacitor for
_ matching circuit use.
The sectional construction of a third prior art is
" almost similar to the sectional constructlon of the above
deéscribed first prior art as shown in Fig. 61.
(4) Fourth Conventional Art

i Fig. 62 through Fig. 64 are views showing the
constructlon of a fourth example (herelnafter referred to as
to a fourth prior at) of the conventional circulator.
Especially Fig. 62 is an explos;ve perspective view seen from
the top side thereof. Fig. 63 is an explosive perspective
view seen from below. Fig. 64 is a sectional view thereof.
Referrlng'noW'to Fig. 62 through Fig. 64, a central electrode,
and a capacitor for matching circuit use and so on are formed
_on the dielectric basic plate 1’ as in the above descr;bed

first through third prior arts. Input, output termlnals 80a,

80b, 80c formed on the surface of the dielectric basic plate



plate 100'- are effected through

el ectrode portions in the dielectric basic
W t hout provision of the through

the side face el ectrodes 800a through 800c
hol es. Capacity electrode filns of pattern shapes 302a, 304a, 306a, 308a,
i [ 17 and the capacity

314a shown in Fig. 5, Fig. 7, Fig. 9, Fig. 11, Fig.
el ectrode portion 310 shown in Fig. 13 are'respectﬁﬁ§;%§?+ev+ded_MLLh
' and are conposed to be exposed on d Eﬁﬂﬂﬂ@d&ﬂﬂﬂ‘

W ring portions,
corresponding to the side face el ectrode 800a. S | arry, " the—egpdcity
el ectrode films of pattern: : | 26 SEP 1997 |

-6 -

s,

1’ are connected with the one side electrode of each capacitor
for matching circuit use. The'earth,terminals 80d, 80e, 80f
are connected with the earth electrode 4 formed on the-reverse :
face of the dielectric basic plate 1-. A case 71 composed of
resin moldings is selected into an approximately "H" character
in sectional shape Wlth a through - hole 70a for inserting a
magnet 9 being formed in the central portion thereof. A
dielectric basic plate 1’ is disposed in the lower sz.de
concave portion 70c of the case 71. A ferrite plate 6 and an.”
earth.plate 8 are disposed further under the dielectric Jbasic
plate. A metallic made magnetic joke 72 is engaged into the:
upper, lower concave portions 70b, 70é of the case 71 SO0 as
to have a magnet 9, a dielectric basic plate 1/, a ferrite-
plate 6 and an earth plate 8 existed therebetween. - Thereaf-
ter, the magnetic Yoke 72 is fixed to the case 71. External
connecting terminals 71b, 71c, 71d are formed on the one side
side face of the case 71, and external connecting.terminals
71a, 71e, 71if ere.formed on the other-way side-face. The
Irespective external connecting terminals 7la through 71f oo
round onto the reverse face of the case 71 as shown in Fig.
63 and Fig. 64, thereafter,.extend through the interior 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
terminals 80a through 80c .respectively' come into contact

against the external connecting termlnals 71a through 7lc.



shapes 302b, 304b, 306b, 308b, 314b and the capacity el ectrode portion 311
shown in Fig. 14 are provided respectively with the wiring portions, and
are conposed so as to be exposed on the side face corresponding to the side
face el ectrode 800b. The capacity electrode filns of pattern shapes 302c,
304c, 306c, 308c, 314c and the capacity el ectrode portion 312 shown |n Fi g.
15 are respectively provided with wiring portions, and are conposed s@ as

to be exposed on the side face correspond ing to the side face—elegtrode
800c. Bl ank portlons are | | REPLAFEB TENT SHEET
-7 - _ 26.SEP 1997

The earth_terminals 80d through 80f. respectively come into.
contact against the external connectlng termlnals 71d through.
71f.
According to the construction of the above descr:.bed |
| fourth prior art ¢ the circulator can be mounted on the eternal
c;rcuit basic plate w1thout a2 bothersome wiring ‘operation.
Namely, 'the respective external connecting terminals 71a
through 71f have only to be soldered onto the Circuit baslc-
plate with the case 71 being placed on the external circuit
_ba51c plate. ~The fourth pPrior art is capable of suyrface
mounting' operation onto the circuit basic plate in this
manner, |
The first through fourth prior - arts described

hereinabove have such various problems as described herein-

~

after.

(1) Fiﬁét Prior Art Problem

a. Through holes are required without fail for a crossing
operation so that the respeotive central electrodes may not
be short-circuited with fespect.to one another, thus résulting

in complicated construction and higher cost.

b. Width of the central electrode has to be made-narrower
in orde; to prevent the short-circuiting operation among the
central electrodes. Therefore, the loss at the central
electrode increases, thus resulting in deteriorated electric

characteristics.



provi ded so as to surround the peripheries of the side face el ectrodes 800a
t hrough 800c on the earth electrode filnms of pattern shapes 401, 403, 405,

407, 409, 413, 414 and the earth electrode portions 410, 411, 412 on the

dielectric basic plate -33- 100" so as to prevent the short-circhglng
_ i

operation anong the

c. The capecity e;eetrodes 3 are disposed around the
respective.central electrodes-Za, 2b. Area of the capacity
electrodes 3 has to be made larger in order to obtain

- hecessary capacity values so that the.construction of the
whole elements is made larger in size. |

d. Twice co~-firing steps to be sintered, namely, @ co-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 resulting in
complicated manufa.cturing Step and longer manufacturing time. :

e. A wiring" operation is required between the dielectric..
basic pla.te and the circuit basic pla.te 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 portions 20. Area of the
capacity electrode portions 30 has_to be made larger 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 respective
electrode films of pattern shapes 10 and the respective
insulating sheets 11 are repetitively required to be effected,
thus resulting in complicated menufecturing step and longer.

manufacturing time.



respective capacity electrode filns of pattern shapes and the respective
capacity el ectrode. portions. The connections of the earth electrode filns
of pattern shapes 401, 403, 405, 407, 409, 413, 414 and the earthyel ectrode
portions 410, 411, 412 are effected through the side face el ectrodes 800d

t hrough 800f wi thout provision of the throug onnection

of -t he capacity electrode pattern and the capggyLétgﬁﬁg%p§HE% The
respective side face el ectrodes 800a through |8Q0c, and 800d tlhrfough 800f go
r ound 26 SEP 1997
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C. A wiring operation is required between the dielectric
basic plate and the eircuif basic blate in the mounting
operation on the externai circuit basic plate, thus resulting
in complicated and troublesome mount;ng.operatzon.

(3) Third Prior Art Problem

2. The capacity eleetrodee 30a through 30c are dispesed
around - the respective central electrodes 20a through Zbc.
Area of the capacity electrodes 30a through 30c has to be made
larger in order to ebtain the necessary eepacity value so that. '
the construction of the whole elemehtfis made largef in gize.

b. The co-firing step to" be sintered for each of ‘the
respective dielectric basic plates la though 1lc is repetitive-
ly requlred to be effected, thus resulting in complxcated
manufacturing step and longer manufacturing time. -

€. Connecting locations are so more that reliebility is
inferior. _

d. It is difficult to make thinner each of the dielectric
basic plates 1a through lc. Therefore, the thickness of the
whole element becomes larger and the intervais between the
central electrodes located on the lower layer and the upper
layer become too far, so that the mutual electric equivalent
property (balance) of the central electrodes are deteriorated.

e. A wiring operation”is':equired between the dielectric
basic blate and ‘the circuit basic plate in the mounting

operation of non-reciprocal circuit element on the external



the surface of the dielectric basic plate 100° so as to effect the
connections anong the input, output termnals 71a through 71c and the
connecting termnals 71d through 71f formed on the case 71. The surface

el ectrodes 80a through 80c, and 80d through 80f are formed respectivgly on
the surface of the dielectric basic plate 100'. A-case 71 _copposed of resin

nol dings is selected into approxi mately "H' char EREPE,AGEMENT Eé[IE

AaaValalal

sectional shape with a through hole 70a for insdgrtprg—a—taghet
26 SEP 1997

ng formed
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ci.rcuit basic plate, thus resulting in complicated and
troublesome mounting operation;

(4) Fourth Prior Art Probiems ) : _

a. Similar problems to the above described first through
~ third prior arts 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

 possible surface mounting, the input, ontput terminals 80a

through 80f on the dielectric basic plate ‘1’ have- to be
soldered to the external connecting terminals 7la through 71£
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 size, thus becomino higher in price. o |
SUMMARY OF THE INVENTION

Accordingly, the present invention has been
developed with a view to substantially eliminating the above
discussed problems provided in the abovei described first
through fourth prior arts, and has for its essentz.al object

. to provide J.mproved non-reciprocal circuit elements.

Another important object of the present invention



in the central portion thereof. The dielectric
I n the concave portion 70c on the |lower side o

)
| s" di sposed
further a

ferrite plate 6 and an earth plate 8 are di spok tallic
made magnetic yoke 72 is engaged into the uppef, eﬂg ?p el portions
70b, 70c of the case 71 with the nagne&lg, t he| d| el%R SF ik plate

_is to provide improved non-reciprgcal ci?cuic elements
which are smaller in size,_lower ie price, higher in
reliability and easier td manufacture, end a method of
manufacturigg them. |

. Acéordingly':he'p:esent invention pro?ides a non-
reciprocal circuit element for high frequency use whxch
has a small atCenuatzon degree in a signal transmission
'digectzon_and a larger at:eggaticn degree in an opposite
direct%an, the circuit element comprising a piureli:y of
. dielectric sheets having electrode films of pattern
shapes formed thereon, the dielectric sheets being
laminated and co-fired to form a dielectric bagic plate
and at least one of the dielectric sheets comprisiﬁg'e:
capacitor electrode:pa:teen witheut a central electrode
pattern, o

In such construction, the smaller size and highef
performance of the whole element are designed by the
laminating_disposition °f a plurality of electrode films
of pattern shapes. within one dielectric basis plate.
Namely, as the iuteinal circuit disposed conventionally
ié 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_qf pactern shapes can be crossed without mutual
contact within the interior of the dieleetric basic
plate, the insertion loss can be reduced without
requirement of the narrower central electrode width as in’

th ' ' |
e first prior art. As the construction is integral,



- 34 - 100", the ferrite plate 6 and the earth plat gEPp EMESH‘SH T
therebetween. Thereafter, the yoke 72 is securgd to|tpe—ease— Ul ,
output termnals 71b, 71c and the earth terninal 7 d arf@%}.rPnﬁ%fn ope
side side face of the case 71. An input, output ter he parth
termnals 71e, 71f are forned on the ofﬁer way si:de|face. (In Fig.]1p, as
t he other-way side face of the case 71 is hldden! the i nput,

sufficiently larger strength can be re%aiced even if the
arrangement is made with the incervals among thelj
respective electrode films of pattern shapes are made
extremely close. As a result, the eiecttic s}mme:rical .

-proper:y.amcng the respective cestral electrodes can_he_
maincained in better condi:ion.

The electrode films of paccern shapes irnclude at
least « one central electrode pattern, at least one
capacitor-eleccrode pattern, at least one earth electrode
patterd and, in.:he interiorx of_:he dieleccric basic
plate, the capacitor_electrode :ilms of pattern shapes
and the earth electrode £ilﬁs of pattern shapes are
alcerna:ely disposed with dielec:ric ma:erial existing
between chem, che :espec:ive capaci:or electrode £ilms of
pattern shapes are connected in commeon and connected with
the corresponding central electrode films of patcern.

: shapes, and the respective earth elect:ode £ilms of
pattern shapes are connected in commen, so thac_at leasc
one-matchiag circuit capacitor is'disposed in lamination
among the central electrode films or pattern shapes and
the'earch electrode films of pattern shapes.

In such construction, the capacitor electrode films
of pactern shapes and the earth electrode film of pattern
_shapes_are alternately disposed with dielectrics being
inserced therebetween, the respective capacitor electpcde
films of pattern shapes are connected inlcommon and are
connected wish the corresponding central electrode films

of pattern shapes, further one matching circuit capacitor
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71 —are—not—shown. )  The

output termnal 7l1a and the earth termnals 71 -0
respective input, output terminals 71a through T&ﬂ&ﬁﬁﬁﬂ%ﬁ{T ternmnals
in Fig. 20

71d through 71f extend into the interior of thg case 71 as sho

and are exposed to the ceiling face of the concave EQ{ﬁEg 9§9c or] the | ower
OC ar 4 _

side of the case 71. The surface el ectpgdes 804 tjhr oug
respectively in contact with the input, output te;ne;mwéainét4¢rCUgh_71c.

The surface el ectrodes 80d through 80f are resgectively in contadt with the
earth term nal s-71d through - -
or more are disposed in lamination between the central

electrode films.of pattern shapes and the earth electrode.
films_of pattern shapes byftne_common*connection between
the respective earth'electrode films ot pattern'shapes.
‘Capacity wvalue necessary as the matching circuit can be
retained with smaller'circnit area so tnat the smaller
size.of the whole element can.be designed.
| The-invention further provides.a non-reciprocal
cirouit element for high frequency use which has a small
attenuation degree in a ‘signal transmiss;on direction and
a larger attenuatzon degree in an opposite d;reotzon, the
circuit element comprising a dzelectric basic plate
formed bywthe.integration of a plurality'of co-fired
dielectric green sheets adhered under pressure in |
lamination, a Plurality of electrode £films of pattern
.shapes formed on the dielectric green sheets and disposed
in lamination within the dielectric basic plate, a -
Plurality of external connecting terminals formed on the
dielectric green sheets and connected to the given .
electrode films of Pattern shapes and disposed so that an
exposing operation is effected on the ocuter periphery of
the dielectric basic plate, so that the internal circuits
and the external connectlng terminals are integral with
the dielectric basic plate and at least one of the
dielectric sheets has a capacltor electrode pattern
thhout 2 central electrode pattern. .

In such construction, a plurality of external

connecting_terminaLs connected with a plurality of



N

A circulator shown in Fig. 19 and Fig. ZCREEEE&Z%mtggﬁgﬂgﬁ\degcrgggd

71f .

her ei nabove functions as in a C|rculator.shomm .

can be used as an isolator. In the enbodiment |showp in th gnd Fig. 20,
the connections anong the respective capacity eIecZﬁb&EPf of pattern

'shapes and the respective capacity el ecigode forjtions,
anong the respective earth electrode filns

and thg ¢onnecti ons

L3

electrode films of Pattern disposed Ln lamina:ion and- a

pluralzty of external connectxng terminals connected thh

the given electrode fxlms of pattern shapes are fired

szmul:aneeusly with a pluralxcy of dielectric green

-sheets pressed under pressure in lamination and are

integrated with cne dielectric basic pia;e so as to
design smailer size of ehe elements, lower cost, higher
reliability and simplifier operacion of the assemhlxng
sceps._ As not anly the electrode films of pattern

shapes: but also :he external connecting terminals are
also integrated on one'dielectric basic_plaﬁe; the number
of the parcs can he'considerahiy':educed_and the.smaller
size of the element can be made. As the numbe: cf
assembling steps is reduced, the cost can be lowered. As

the connecting locations with the soldering operaticons

.can be considerably reduced, the reliability can be

improved. As the internal circuit conventionally

disposed in plane can be disposed with microwave witpin

-

the dielectric basic Plate, the circuit area of the whole

element can be reduced. As the respectife electrode
films of pattezn shapes can be crossed without mutual
contacting within the dielectric basic plate, the
insertion loss can be reduced.wichout narrower width of
the central electrode as in the first conventional art.
As the cons:ruction is Lntegral sufficiently larger
Strength can be retained even if the arrangement is made
with the intervals among the respective electrode £ilmg

Of pattern shapes are made extremely close. As a result,



35 of pattern shapes and the respective earthf i . S are
designed to be effected . wth the use of the sl@m@ﬂgﬁ} . As in the
enbodi ment shown in Fig. 1 and Fig. 2, these konhnections can jbg ef fected

with the through holes. As a plurality of el ectfo@®b SEPNYIRf lpdttern shapes
are adapted to be disposed in | am natison Wi thi nj one diel ectrifc

2

the electric symmetrlcal property gmong the respective
central electrodes can be maintained in better condztion
As the dielec;ric basic plate, the respective electrode
films of pattern shapes, and the.respectire e#terhal
connecting terminals are formed at the same time in one
co-firing éﬁep to be sintered, the manhfacruring'time can
be considerably shortened. |

The dielectric besic plate.ﬁas a.first main side
surface and an opposite main side surface, and a first
concave portion for engaging a magnet for epplying a
direct current magnetic field is formee on the first main
side surface.

In-euch constructien,_e compacrer non-reciprocal
circuit element is provided'by'the formation of ; firsr
concave portion for engaging'aiﬁagnet fer direct current
magnetic fieid apﬁlying use on one siae main surface of
the dielectric basic plate. |
| The dielectric basic plate has a first main side
surfaee and an opposite main side sﬁrface, and a concave
portion for engaging a ferrite plate for inductive
coupl;ng use of the internal circuits is forﬁed on the
opposite main side surface.

In such constructien, a'secondfcencave portion for
engagement of the indﬁctive coupling ferrite plate of the
internal circuit is formed in the other-way main surface
of the dielectric basic plate so that a non-reciprocal
circuit element which is.compacter and lower in price can

be obtained.



basic plate in accordance with the invention of the above de- scribed

enbodi nent, the smaller size and higher performance of the et-eneht

can be intended. As the internal circuit disposed conventlomﬁﬂHLAGENﬁmﬂhSHEET
can be disposed with nmicrowave within the dielectric basic €, Lhe

circuit area of the whole elenents can be nade smaller in 5|z : 2@§3Epe@9?
respective electrode films of pattern shapes can be crossed jwift hout nut ua

contact within the interior of the diekéctric basic plate, tjh

| oss can be reduced w thout the

i

The invention further provides a method.of
.manufacturxng a non-reciprocal czrcuxt element for hlgh
frequency use havzng a small attenuation degree in a
signal transmission direction and a larger attenuation_
degree in an oppcsite directioq, comprising adhering
under pressure in lamination a-plurelity of dielectric
green sheets with g;ven electrcde'films of pattert'shepes
being tormed respectively on them so as to obtain the-
green eheet leminating Sodiee, co-firing the green eheet
laminating bodies so as to inteérate ttem as one
dielectric basic plate tc form a nonkreciprocal'circuit
element with internal circuits d;spcsed in 1aminaticn |
withzn the one dielectric basic plate and at least one-of
the dielectric green sheets hav;ng a capacitor electrode
Pattern without a central electrode pattern._

The method may further comprise forming e_central
electrode and the dielectric basic plate at the same time
by sintering in the one co-firing step.

. In such construction, a plurality of dielectric'green
'sheets with given electrode films of pattern shapes being
formed on each of them are fired collectively after being
adhered pnder pPpressure in lamination so as to be
integrated in one dielectric basic plate. As the
dielectric basic plate and tﬁe internal circuit are
simultaneously formed by one co-firirg step to.be
sintered, the manufacturing time can be coneiderably

reduced.



requi renment of the narrower width of the central electrode.

construction is integral, sufficiently larger strength can
the interval anmong the respective electrode filns of patter
- extrenely narrowed. Therefore, the electric synmmetry anong
central electrodes is retained in a better condition.

mat ching .circuit use or nore can be d%iposed in | am nation
el ectrode pattern

central el ectrode pattern and the ear
“with the

ASO]E,‘C

the refspect ive

As the

REPLACRMERT. SHERT

Efb A9%70r
bet ween the
n accordance

L.

The method may further comprise forming a central

electrode, a matching circuit to be connected with it and-

"the dielectric basic Plate at the same time by sintering

in said one co-firing step.

In such construction, the central electrodes and the

dzeleotric basic plates are formed at the same tlme by

one co- fxr;ng step to be s;ntered

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present

invention will become apparent from'the'following
descrxption taken in conjunction with the preferred
embodiment thereof with reference to the acoompanyxng
:-drawzggs, in whieh’:- | |

Fig. 1 is a perspective view of the essential
portions of a circuletor in accoedance with a first

embodiment of the present iovention;



invention of the above described embodi ment, the capacity - 36 - value

necessary as the matching circuit can be retained in small circuit area and

the size of the whole elenent can be nade smaller. As a p|urﬁREPQAGﬁVH%HTSHEET

di el ectric green sheets are fired

.26 SEP 1997
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Fig. 2 is a sect:.ona.l view of a c:.rculator in
accordance with the fLrst.embodLment of the present.xnventlon,

Fig. 3 shows Lllustratlng'vxews for illustrating the
manufacturzgg Step of a dielectric bes;c plate to be used in
one embodiment of the present in#entionq showing the condition
of a ceramic green sheet before the lamination and co-fzrzng.
operations to be sintered- |

Fig. 4 is a top face view of a first ceramic Qreen

sheet;

Fig. 5 is a top face view of a second ceramic green
Sheet;

Fig. 6 ie a top_face view of a third ceramic green
sheet; | ' o

Fig. 7 is a top face view of a fourth ceramic green
sheet; | | ' i

Fig. 8 is a top face view of a £ifth ceramic green
sheet; ' ' ' -

Fig. 9 is a top face view of a sixth ceramic green
sheet; |

Fig. 10 is a top face view of a seventh ceramic
green sheet;
Fig. 11 is a top face_view of an ‘eighth ceramic
green sheet; |

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

sheet;




collectively and are integrated into one dielectric basic plate after a

plurality of dielectric green sheets are adhered under

pressure I n

| ami nation with given electrode filns of pattern shapes being formed on

themin accordance with the invention of the a
the dielectric basic plate and the inner circu
firing step to be sintered and the nmanufacturi

19

time can be c
26 SEP 1997

n

é&ﬁdlnent
fth one co-

51 der abl y

shortened. (Third Enbodi nment)
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F;g{ 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 ceramic
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 ceramic
green .sheet; - |

Fig. 18 -is’  a- bottam face view -of “the fourteenth
ceramic green sheet'

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

Fig. 20 is a sectional view of a czrculator 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

2 manufacturing step of a dieleetric-baeic plate to be used

in the third embodiment of the present invention, showing the



Fig. 21 through Fig. 55 are views showi ng the construction of a circulator

I n accordance wth one enbodi nent of the present invention.
Fig. 21 is a perspec- tive view of the essenti al
circulator. Fig. 22 is a sectional

Especi al |y,
portions of the
view of the circul ator. Fig. 23 is.a.

perspective view showng the |amnation relation of the ceram c green sheet

before the co- flrlng operation to be sintered thereof. JM(A@M] iob m

Fig. 55 are plan views showing the electrode filns of p

respec-

26 SEP 1997
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laminating relation of the ceramic green sheet before the co-

firing operatlon to be sintered;

Flg._

sheet;
Fig.

Sheet;
Fig.

.Sheet;
Fig.

sheet;.

sheet;
_ Fig.

sheet;

Fig.
- green sheet;
Fig.
green sheet;
" Fig.
sheet;
Fig.
sheet;.
Fig.

greens sheet-

Fig.

24 is a top face view 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 fourth ceramic gfeen

28 is a top.face view of a £ifth ceramic green

29 is a top face fieW'of a sixth ceremic green
30 is a top face.view of a seventh ceramic
31 is a top fate view of en'eighth'ceramic
32 is a top face view of a ninth ceramic.green
33 is a top face view ef a tenth ceramic green
34 is a top face view of an eleventh ceramlc

35 is a top face view of a twelfth ceramic



tive ceram.c greens sheets.

A third enbodi mrent of the present

i nvention

w Il be described with reference to the Fig. 21 though Fig. 55. -~ - 37 -

As shown in Fig. 21 and Fig. 22, circular concave portion 200a
| |l portion of the

in the surface

‘green

green

green

green

green

green

green
green
green

green

ceramic éreen sheet;

green

ceramic green sheet;

central

sheet;
Fig.

sheet;
Fig.

sheet;

Fig.

.Sheet;

Fig.
sheef;
 Fig.

sheet;
sheet;

Fig.

sheet;

sheet;

Fig. 45 is a top face view of a twenty second

- 2] -

is forned

e

36:is a top faﬁe view of a thirteenth ceramic
37 ;s a top face view of a fourteenth ceramic
38.is.a.tdp face view of a.fifteenth-¢eiamic-
39 is a top face view 6: a.sixteenth ceramic
'40 is a_top.face view of a seventh cqram;c
Fig. 41-i; a ﬁéé:f;c;f;igé oé-an éiéhﬁeenth cé?amic
42 is a toﬁ face view of a nineteénth ceramic
43 is as tqp'fgce view of a twentieth ceramic

44 is a top face view of a twenty first ceramic

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

sheet;

Fig. 47 is a top face view of a twenty fourth



dielectric basic plate 200, and a circular concave portion 200b is
formed in the reverse face central portion. A stage difference concave

is formed on the reverse face of the dielectric basic plate

portion 200c

200. External connecting termnals Ta thfeu Tf.aLe on the
side face of the dielectric basic plate 200. 4&§tﬁﬁﬂﬁ ed with

t he concave portion 200a, and is secured to the asrt pl ate . 200

with binding or the like. A ferrite plate 6 is
portion 200b and is secured to the

D
>

ga%eéj sm-_,t libgt7he cloncave

22 -

"Fig. 48 is a top face view of a twenty fifth ceramic
green sheet; '

Fig. 49 is a top face view of a twentyISixth ceramic
green sheet;_ | ’
Fig. 50 is a top face view of a twenﬁy eeventh'
ceramic green sheet--'

FJ.g.. 51 is a top face view of a twenty. eighth

- ceramic green sheet;

| Plg. 52 is a top face'view'of a twenty'nznth ceramic
green .sheet; ' _

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

Fig. 54 is a top face vj.ew of a thirty first eeramic
green sheet;

Fig. 55 is a ﬁop 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 circulator in
accordance with the first conventional art;

Fig. 58 is an explosive perspective view of the
essential portions of a circulator in accordance with a second

conventional art;

Fig. 59 is a sectional view of a circulator in



dielectric basic plate 200 with bonding or the Iike. The netallic nmade
magnetic yoke 72 is engaged with the dielectric basic plate 200 so as to
exi st the .magnet 9 and the ferrite plate 6 therebetween. As the magnetic
yoke 72 is engaged into the stage difference concave portion 200c on the -=
reverse face of the dielectric basic plate 200 at this t_of

the formed portion of the external connecting term nal R&?MEM
becones hi gher than the height of the surface of the errcryo
the reverse face of the dielectric . 26 SEP 1997
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accordance with the second conventional art;

| Fig. 60 is a perspective view of the essential
portions of e circulator in accordance ‘with a third conven-
tional art; | ) |

Fig. 61 is a sectional view of a circulator in."
accordance with the th:.rd convent:.onal art; |

F:l.g. 62 is an explosive perspective view of ‘the
essential port:.ons seen from the top s:.de of a circulator in
accordance with a fourth conventional art;

Fig. 63 is an explosive perspective view seen from
the reverse side of a cz.rcula.tor in accordance with the fourth |
convent:.onal art; and

Fig. 64 is a sectional view of a circulator in
‘accordance with the fourth conventional art. -

DETAILED DESCRIPTION OF THE INVENTION o |

Before the description of the present invent:.on
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
const:.ruction of a circqlé.tor in a_.ccerdance with a first
embodiment of the present invention. Espe_cié.ily Fig. 1 is a
perspective view of the essential portions of a circuiator.

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

perspective view for illustrating e manufacturing step of a



basi c plate 200. This nakes the surface nmounting operation possible to
effect onto the circuit basic plate. The above described dielectric basi @
plate 200 is collectively fired and conposed as shown in Fig. 23 after_a

lurality of ceramc een sheets 201 't hr ough 232a,
plurality r ar S S roug Z‘MREPLFX\A] ENT S}@T

st
meners e+ VT O

[2 6 SEP 1997

dielectric basic plate. Fig. 4 through Fig. 18 are plan views

- 24 -

1has

[y

showing an electrode patter_n in each ceramic green sheet. One
embodiment of the present invention _will be described
hereinafter with reference to these Fig: 1 through Fic. 18.

As shown in Plg. 1l and Fig. 2, a dielectric bas:.c'
plate 100 is accommodated in the interior of a metallic made
yoke 7. An 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 reverse face of the
dielectric basic plate 100. a concave portion is provided in
the ‘cl.e_h.tra.l portion of the earth plate 8, with a ferrite plate
6 being engaged into the c.oncave portion. The ferrite plate
6 is positioned in the lower portion of each central electrode .
so as to help the inductive coupling of each central elec-
trode. A magnet 9 is secured to the internal ceiling face of
the yoke 7. The magnet 9 applies a direct current magnetic
filed with respect to each central electrode.

The above described d:.electr:.c basic plate 100 is
collectively fired and composed as shown in Fig. 3 after a
plurality of ceramic green sheets 101 through 114 with given
electrode films of pattern shapes being formed respectz.vely
on them are laminated, and adhered under pressure. The
ceramic green sheets are thin type (hormally of several 10 u
or so) of sheet shaped member ‘having flexihility to be

obtained by, for example, an extrusion molding with ceramic



given electrode filns of pattern shapes being fornmed are | am nated, and

adher ed under pressure. The ceram c green sheets are thin type (normally
of several 10 [err] or so) of sheet -shaped menber having flexibility to be .
obt ai ned by, for exanple, an extrusion nol-ding with ceram c powder unfired

or tenporarily fired being m xed, kneaded with an organj
a binder. A material having Q hi gh in high frequency re

sol vent which is °-

R

LN N SHEE )

(for exanple, [err] = 20 through 100), for exanple, die
MyTiJerr] - G Tigerr] series, ZrJerr] - :
' 26 SEP 1997
‘ - 25 - :

powder unfired 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 €t ('for' example, €t =

20 through 100), for example, dielectric. material of MgTi'O3 -

CiTiO; series, 2x0,.- Sno, - Tioz ser:.es, BaTi, Oy serieS,

Ndz'l'1.207 - (BaPb TiO, - 'I'J.Oz series is used as a ceramic green

sheet mater:.al. The formation of the respective electrode -

pattern is formed by, for exaﬁple, printing, evaporating

operations and so on with Pd, Pt and so on in terms of .

s:.nter:.ng temperature of the dielectic mater;al. _' The
respective Joeramio green sheets 101 through 114 are fused,ﬂ
integrated after collective co-firing operation 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 electrod_'e films of pattern 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 FJ.g 18, an earth electrode

pattern 414 on the same form as the respective earth electrode

films of pattern shapes is formed on the reverse face of the

ceramic 'green sheet 114. As shown in Fig. 5, Fig. 7, Fig. 9,
Fig. 11, Fig. 17, capacity electrode films 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 102, 104,



SnJerr] - TiJerr] series, BaTi[err] (err] series, Nd[err]Ti[err]Or -
(BaPb) TiJerr] TiOQ2 series is used as a ceram c green sheet material. The
formati on of the respective electrode pattern is formed by, for exanple,
evaporating operations and so on with Pd, Pt and so on in terns

printing, ;
of sintering tenperature of the dielectic material. The respective ceramc
green sheets 201 through 232 are fused, integrated aft [P =Yey e '
co-firing operation to be sintered into one dielectric (gi'\}émfz%lﬂms
shown in Fig. 24 through Fig. 29, circular through '

: - - 26 - 26 SEP 1997

106, 108, 114.

Electrode films of pattern shapes 710, 711, 712 on
approximately the same form are formed respectively on the
surfaces of the ceramic green sheets 110, 111, 112. Respec- -
tive electrode £ilms of pattern shapes 710 through 712. are
disposed each being shifted at an angular interval of 120°
w:.th raspect to one after. The electrode pattern 710 includes '
@ central electrode portion 210, a capacity electrode portion.
310, an earth electrode portion 410, a wiring portion 810.
The electrode pattern 711 includes a central electrode pQrtion
211, a capacity  electrode portion 311, an earth’ electrode'
portion 411, a wiring portion 811. 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 portions 410, 411,
412 are reéspectively connected with the other end of the
central electrodes 210, 211, 212. Capacity electrode portions
310, 311, 312 are respectively drawn out so far as the end
portions of the ceramiec green sheets 110, ‘111, 112 through the
wiring portions 810, 811, 812.

Capacity electrode films of pattern shapes 30.2a,
304a, 306a, 308a, 314a and the capacity electrode portion 310

are connected with each other through a through hole. 5a.



hol es 20l1a t hrough 206a are forned in the respective central portions in
approxi mately square shaped ceram c green sheets 201 through 206. \Wen the
ceram c green sheets 201 through 206 have been | am nated, these through
hol es 201a through 206a form a concave portion 200a for receiving the

magnet 9. On the surface of the ceram c green sheet 201, 3&EPLAQEREN?SHEET

Xb are fornmed near the |eft-hand side, and el ectrodes Xe,

26 SEP 1997
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Capacity electrode films of pattern shapes 302b, 304b, 306b,
- 308b, 314b and the capacity electrode portion 311 are
connected with each other through a through hole 5b. The
' .capacity electrode £films of pattern shapes 302c, 304c, 306c,l
308c, 314c and the capacity electrode 312 are connected with
each_other through a through hole Sc. 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 5d, Se, 5f.

In such construction as described hereinabove, the
capacity-electrode ‘pattern 302a forms a first capacitor by the
opposition between the earth electrode films of pattern shapes
401 ad_§03. The capacity electrode.pattern 304a forms a
second capacitor by the opposition between the earth-electrode
films of pattern shapes 403 and 405. The capacity electrode
pattern 306a forms a third capacitor by the opposition hetween
the earth electrode films of pattern shapes 405 and 407. The
capacity electrode pattern.30§a forms a fourth capacitor by
the opposition between the earth electrode films of pattern
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 31l4a
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



-39- Xf are forned near the right-hand side. As shown in Fig. 30, Fig. 32,
Fig. 34. Fig. 36, Fig. 38, Fig. 42, Fig. 44, earth electrode filns of
pattern shapes 407, 409, 411, 413, 415, 419, 421 on the sane shape are
f or med respectlvely on the surfaces of the ceram c green sheets 207, 209,
211, 213, 215, 219, 221. As shown in Fig. 31, Fi 33, Fig. 35, Fig. 37,
Fig. 43, capacity electrode filnms of pattern

- 28 -

are connocted in paréllel between one.end_of_the céntral
olectrode portion 210 and,the:earth, and are-inserted. This
is because the respective one sioe electrodes 3025, 304a,
306a, 308a, 310, 314a of the first throhgh sixth capacitors
are connected with one end of the oehtral electrode portion
210 in common through a through hole Sa. The respective
other-way electrodes 401 403, 405, 407, 409, 411, 412, 413,
414 of the f;rst through sixth capacrtors are commonly
connected with the earth through through holes 5d, 5e, 5f.
Similarly, six capacitors for matching circuit use are
connected -in parallel and inserted batweern -the central
electrode portion 211 and the earth, and six capacitors for

' matching circuit use are oonnected in parallel 'and are
inserted between the central electrode portion 212 and the
earth.

-As a plurality of capacitors connected ih-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 value necessary
as the matching circuit can be retained with small circuit
aroa. Accordingly, the construction of the whole element can
be made smaller in size. In the above described emhodiment,
the coffirihg 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



shapes 308a through 308c, 310a through 310c, 312a through 312c, 31l4a

t hrough 314c, 320a through 320c on the sane formare formed respectively 6n 7

the surfaces of ceram c green sheets 208, 210, 212, 214, 220.-Electrode

films-of pattern shapes 716, 717, 718 on approxi mately sarrEREF]g{@EMENQ‘ SHEET
formed respectively on the surfaces of the ceranic green| sheets—246; :

217, 218. Respec- tive electrode filns of pattern shapes 71p {hr, %%P7%7
are di sposed each being shifted at an angular interval of 1p0fe #
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manufactﬁring step is simplified, and the_ manufacturing t;'.me
can be considerably reduced. As. a plurality of ce:arﬁic green |
sheet are integrated on one dielectiic basic plé.te 100 by the
co-fj.ring operaﬁion' to be sintered. in the above described
embodimenj:, the thickness of - thé respe_c-tive ceranu‘.é green.--.
sheet, namely, the interval among- the reépective central
electrdde portions 210.throug'h 212 can be extremely narrowed
without strength problem. As a result, the electrical
symmetry of the respective_' central electrode portions 210
through 212 can be made bétter. | -
As shown in Fig. 1, side face electrodes 800a, 800b, |
800c 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 wiring portion 811 of f’_.i.g. 14, the side
face electzrode 800c is cénneét_ed with the wiring portion 8'12'
.of Fig. 15. 1In the respective ceramic green sheets, blank
portions 40la, 403a, 405a, 407a, 409a,'41ll1la, 412a, 4i3a, 414a
are formed, on the earth electrode- pattern or the earth
e_lectrode portion, so as to surround the peﬁiphery of the side
face electrode 800a. Blank portions 40lb, 403b, 405b, 407b,
409b, 410b, 412b, 413b, 414b are formed so aé’ to éurround the
'periph_ery of the side face electrode 800b. Blank portions '
40lc, 403c, 405c, 407c, 409c, 41oc,'4lic,_413c, 414c are

formed so as to surround the periphery of the side face

"



with respect to one after. The el ectrode pattern 716 includes a central

el ectrode portion 216, a capacity electrode portion 316, an earth el ectrode
portion 416, a wiring portion 816. The el ectrode pattern 717 includes a
central electrode portion 217, a capacity el ectrode portlon 317, an earth
el ectrode portion 417, a wiring portion 817. An elec
I ncl udes a central electrode portion 218, a capacity EA.EA EhEﬁHbSHE]? 318,
an earth el ectrode portion 418, a wiring portlon 818 Capacttyeteejr pde

portions 316, 317, 318 are respec- | 26 SEP 1997
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electrode 800c. A blank portion 8a is formed on the earth
plate 8 so as to surround the periphery of'the'side face
electrode 800a. A blank. portlon 8b is formed so as to.
surround the perrphery of the side face electrode 800b. A
blank portion 8c is formed SO as to surround the periphery of.i
the side face electrode 800c. The short clrcu;trng operatron?d
among- the respectlve side face electrodes and the respective
earth electrode films of pattern shapes, the respective earth
electrode portions and the earth plate 8 are prevented.
An operation of a circulator shown in Fig; 1l and
Fig. 2 will be described hereinafter. When a high frequency
signal is inputted into the side face electrode 800a, a hica.J
frequency magnetic field to be caused ‘around the central
electrode portion 210 is rotated by a given angle by the
direct current magnetic field from the-magnet 9 so as to cause |
an induced current in, for example, the rrght-hand adjacent
central electrode portion 211 hy the inductive coupllng'
through the ferrxte plate 6. The hlgh frequency signal to be
inputted from the side face electrode 8002 is transmitted to
the right-hand adjacent side'ﬁace electrode 800b, but is ﬁot
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



- 40 - tively connected wth one end of the central electrode portions 216,
217, 218. Earth el ectrode portions 416, 417, 418 are respectively connected
with the other end of the central electrodes. 216, 217, 218. Capacity

el ectrode portions 316, 317, 318 are respectively dramn out so far as the

end

REPLACEMENT SHEET
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;ignal'to be inputted from the side face electrode 800c is
transmitted to the right-hand adjgcent side face electrode
BOOa,'but is not ‘transmitted to. the left-hand adjacent side
face electrode 800b. . |

A circulator shown in Fig. 1 and Fig 2 can be uéed
as an Lsolator if a term;nal resistor is connected between any
one of wiring portions or the side face electrode (for
example, a wiring portion 812 or a side face electrode 800c)
and the ea;th. In this case, the isolator transmits a high
frequency signal only in one side'diréction 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 s;de face electrode 800b)
(Second Embodiment) |

Fig. 19 and Fig. 20 shows views each showing the
construction of a circulator in accordance with a second
embodiment 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 embodiment of the
present invention will be described hereinafter with referencé
to Fig. 19 and Fig. 20.

In the drawings, a dielectric basic plate 100’ is
collectively fired, integfated after a plurality of ceramic

green sheets with given electrode films of pattern shapes

being formed respectively on them are adhered under pressure



portions of the ceram c green sheets 216, 217, 218 through wiring portions
816, 817, 818. Capacity electrode filns of pattern shapes 308a, 310a, 312a,
314a; 320a and the capacity el ectrode portion 316 are connected with each
ot her through a through hole 5a. Capacity electrode filns of pattern shapes
308b, 310b, 312b, 314b, 320b and the capacity . elfcirode portion 317
are connected with each other through a through hole '

: p
el ectrode filnms of pattern shapes 308c, 310c, 312c, HPLAGEMENT SﬁE 1
o | 268SEP 1997 |
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in laminatiqﬁ as ih the dielect:ic basic plate 100 shown in
Fig. 1. The connection among.'the respective capacity
electrode films of pattern shapes and the respective capacity.
electrode portions in the dielectric éagic plate 100’ are
effected through the side face electrodes 800a through 8006
without'pravision of the through holes; Capacity electrode
£ilms ‘of patt_ern-shapes. 302a, 304a, 306a, 308a, 3l4a shown in
Fig. 5, Fig. 7, Fig. 9, Fig. 11, Fig. 17 and the capacity
electrcde portion 310 shown _in; Fig. 13 are respectively
provided with wiring portions, and are composed to be exposed
.on the Side-facg corresponding to the side face electrode
800a. Similarly, the capacity electrode films of pattern _
shapes 302b, 304b, 306b, 3085,-314b and the capacity electrode
portion 311 shown in Fig.-l4 are provided respectively with
the wiring portions, and are composed so as to be exposed on
the side face corresponding toithe side face eléctrode 800b.
The capacity electrode films of pattern shapes 302c, 304c,
306c, 308c, 314c and the capacity electrode poréion-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
elect;gdes 8002 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 plqte



314c, 320c and the capacity electrode 317 are connected with each other
t hrough a through hole 5¢c. The earth electrode filnms of pattern shapes
407, 409, 411, 413, 415, 419, 421 and the earth el ectrode porti.ons 416,
417, 418 are connected with each other through through holes 5d, 5e, 5f.
When such ceram c green sheets 210 through 224 as descri bed herei nabove
have been | am nated, the capacity el ectrode pattern 308ﬁH{nrnn a first

capaci tor by opp05|t|on between the earth el ectrode fil ZW§HMEN S
407 and BﬂL _11SHEEF
26 SEP 1997
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100 So as to prevent the-shortpcircuitihg'operation_among the_
respeétive capacity electrode films of-pattern shapes and the
respective cap&city electrode.poftions.'

The connections of the_earth electrtdé £ilms 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 thiough 800f without provision of the
through holés as in the connection of-the capacity electrode
pattern and the capacity electrode. -The respective side face

- electrodes 800a through 800c, and 800d through 800f go round
‘the surface of the dielectric basic plate 1007 so as to effect
the tonnectlons among the input, ocutput terminals 7la through
71c and the connecting terminals 71d through 71f formed on the
case 71. The surface electrodes 80a through 80c, and'8od
through 80f are formed respectively on the surface of the
dielectric _basic plate 100’.

A case 71 cqmposed 6f resin moldings is selected
into approximately "H" character éhape in the sectional shape
with a through hole 70a for inserting a2 magnet being formed
in the central portioh thereof. The dielectric basic plate
100’ is disposed in the concave portion 70c on the lower 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 705, 70c

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



4009. The capacity el ectrode pattern 310a forns a second capacitor by the
opposition between the earth electrode filns - 41 - of pattern shapes

409 and 411. The capacity electrode pattern 312a forns a third capacitor by
‘the opposition between the earth electrode filns of pattern shapes 411 and

413. The

REPLACEMENT SHEET
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1007, the ferrite plate 6 and the earth plate 8 beinj existed
therebetween. Thereafter, the yoke 72 is secured to the.caée
71. '

Input, output terminals 7lb; 71c and the earth
terminal 71d are formed on one.side side face of the case 71;§ 
An input, output terminal 7la and thé eérth-terminals 71e, 71£
are formed on the'othe;-Way side face. (In Fig. 19,.as the
other-way side face of the case 7l is hidden, the input,
output terminal 7la and the earth terminals 7le, 71f are not
shown.) The respective input, output terminals 71a through
7lc and the earth terminals 71d through 71f extend into the.
integior of the case 71 és shown in Fig. 20 and are exposed
to the ceiling face of the-congave'poftion 70c on the lower
side of the case 71. The surfaéé eiectrodes 80a through 80c
are respectively in contact with the input, output terminals
71a throggh 71c. The surface electrodes 80d through 80f are
respectively in contact with-thé earth terminals 71d through
71£. |

A circulator shown in Fig. 19 and Fig. 20 con-.
Structed as described hereinabove functions as in a circulaﬁor
showh'in Fig. 1 and Fig. 2, and can be'use& as an isolator.

In the embodimenéhshown in Fig. 19 and Fig. 20, the
connections among the respective capacity electrode films of
pattern shapes and the respective capacity electrode portions,

and the connections among the respective earth electrode films



capacity electrode pattern 314a forns a fourth capacitor by the opposition
between the earth electrode filns of pattern shapes 413 and 415. The
capacity electrode portion 316 forns a fifth capacitor by the opposition
between the earth el ectrode pattern 415 and the earth el ectrode portion
417. The -capacity el ectrode pattern 320a fornms a sixth capacitor by the
opposition between the earth electrode filnms of pattern shapes 419 and 421.

"These first through sixth capacitors for conposing.th ehRg—circuit are
connected in parallel | mﬂpLACEMENT SHEET
- 35 =~ | 26 SEP 1997

of pattern shapes and the reséectiVe earth electrode portions
are designed to be_effecﬁed with'the.use of the side face
' electrode. As in the embodiment shown in Fig. 1 and Fig. 2,
these connections can be efﬁected with éhe through holes.
As a plurality of electrode f£ilms of pa£tern shapes
. are adapted to be dispose&'in.lamination within one dielectric
pasic pléte 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 internmal circuit
disposed conveﬁtionallj] in plane can be disposed_'with_
microwave within the dielectric basic’plaﬁé, the éiféuit area.
of the whole elements can be made smallexr in.size, As the
respective electrode films of pattern shapes can be crossed
without mutual éontact-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. Therefore,
the electric symmetry among the-respective central electrodes
is retained in a better condition.
AsIQne'capacitor for matching circuit use or more
can be disposed in lamination between thelcentral electrode
patterﬁ and the earth electrode pattern in acco:dance with the

invention of the above described embodiment, the capacity.



bet ween one end of the central electrode portion 216 and the earth, and are
inserted. This is because the respective one side electrodes 308a, 3104,
312a, 314a, 316, 320a are connected with one end of the central

el ectrode portion 216 in conmon through a through hole 5a. The respective
ot her-way -el ectrodes 407, 409, 411, 413, 415, 417, 419, 421 of the first

t hrough si xth capacitors are connected with the earth in Cc}vmm'l SHE gh t he
through holes 5d, 5e, 5f. Simlarly, six capacitors for mat ¢ hi-Rg—ehT qui t
use are connected in parallel 20 SEP 997
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value neceseary as the matching circuit can be retained in :
small circuit area and the size of the whole element can be.-
made smaller. |
As a plurality of dielectric g;een sheets are fired

collectively and are integrated into one dielectric basic
plate'efter'a pluraliti:of dielectric green sheets are adhered =
under bressure in lamination with given electrode films of
pattern shapes being fo:med on them in accordance with the
invention of the above described embodiment, the dielectric
basic .plate and the inner circuit can be formed with one co-
firing step to be sintered and the manufacturing time can be:'i'
considerably shortened.

(Third Embodiment)

Fig. 21 th.t'ough Fig. 55 are views showing the

construction of a circulator in accordance with one embodiment
-of the present invention. Espeoially, Fig. 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
c_eré.mic green sheet before the co-firing operation to be
sintered thereof. Fig. 24 through Fig. 55 are plan views
showing the electrode films of pattern shapes in the respec-
,tivé'ceramic greens sheets. A third embodiment of the present
invention will he described with reference to the Fig. 21

though Fig. 55.



between the central electrode portion 217 and the earth, and are inserted,
and the six capacitors for matching circuit use are connected in parallel
bet ween the central electrode portion 218 and the earth, and are

i nterposed. As a plurality - 42 - of capacitors connected respectively
in parallel are | am nat- : .

REPLACEMENT SHEET
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As shown inirigf 21 and Fig. 22, circular concave
portion 200a is formed in the surface central portion of the
dielectric basic plate 200, . and a circular concave portio-n
2006 is fonned in the reverse face central portion. A stage
difference concave portion ZOOc. id formed on the reverse fa&e
of the dielectric bas.ic' plate 200 E:&ternal connecting
terminals Ta through Tf are _fo;:xyed on the side face of the
dielectric basic platezoo. A magnet 9 is engaged.with the
concave portion 200a, and is secured to ihe dielectric basic
plate _.200. . with binding or the like. A ..ferrité plate 6 is
engaged w:.th thg concave portion 200b and is secured to the
dielectric basic plate sz'_with bonding or the like. The
metallic made magnetic yo.ke 72 is engaged with the dielectric
basic plate 200 ;d as to exist the magnet 9 and the ferrite

. plate 6 theziebetween. As the magnetic joke 72 is engaged into
the stage difference concave portion 200c on the reverse face
of the dielectric basic plate 200-at this time, the height of
the formed portion of the external conﬁectiné terminals Ta
through Tf becomes higher than the height of the-surface of
the magnetic yoke 72 on the reverse face of the dielectric
basic plate 200. This makes the surface mounﬁing operation
possible to effect onto the circuit basic plate.

The above described diélectric basic plate 260 is
collectively fired and composed as shown in Fig. 23 after a

plurality of ceramic green sheets 201 through 232a, 232b with



.ed, disposed anong one end of the respective central electrode portions 216
t hrough 218 and the earth, capacity val ue necessary as the nmatching circuit
can be retained with small circuit area. Accordingly, the construction of
t he whol e el enent can be made snaller i.n size. Approximately sane shaped
earth electrode films of pattern shapes 222 though 226 are formed on the
surface of the ceram c green sheets 222 through 225 and the reverse face of

the cerami c green sheet 226 as shown in Fig. 45 thr AdEi
| AENT SHEET
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.given electrode films of pattern shapes being forued are
laminated, ‘and adhered under pressure. The ceramic green
sheets are thin- type (normally of several 10 n or so) of sheet
shaped member having flex_ibil_ity to. be obtained by, for
example, an extrusion_molding with ceramic powder unfired or
temporarily fired beirig mixed, kneaded with an orgauic solvent
which'is a binder. A material having Q high in high frequency
region and high €t (for example, €t = 20 through 100), for

-example, dielectric material of MgTiO; - CiTiO; series, 2r0, -
Snoz = Ti0, series, BaTi4 Oy series, Nd2T1207 - (Ban) 2103
Tioz series is used as a ceramic green sheet material. The

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 szntering temperature of the
dielectic materiai. The respective ceramic green sheets 201
through 232 are fused,.integrated after collective co-firing
operation to be sintered into one dielectric basic plate 200.
As shown in Fig. 24 through Fig. 29, circular through
holes 201a through 206a are formed in the respective central
portions in approximately square shaped ceramic green sheets
201 through 206. When the ceramic green sheets 201 through
206 haue been laminated, these through holes 201la through 206a
form a:concave portion 200a for receiving the magnet 9. On
the surface of the ceramic green sheet 201, eiectrodes Xa, xd,

Xb are formed near the ieft-hand side, and electrodes Xe, Xc,



49. Through hol es 222a through 226a are forned in the central portions of
the respective ceram c green sheets 222 through 226. The through hol es
222a through 226a formthe concave portion 200b for receiving the ferrite
plate 6 when the ceram c green sheets 222 through 226 have been | am nat ed.
The earth electrode filns of pattern shapes 222 through 226 are connected
with the above described earth electrode filns.of pattern shapes 407, 409,
411, 413, 515, 419, 421 and the earth el ectrode portions 416 through 418

are connected through the |
REPLACEMENT SHEET|
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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 shepes
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, Flg. 33,l
Fig. 35,-F;g. 37, Fig. 43, capacity electrode films of pattern
shapes 308a through 308c, 310a thrdugh 310c, 312a through
312c, 314a,tnrough 314c, 320a through 320c on the'same form
are formed respect:.vely on the surfa.ces of ceranu.c _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
- dlsposed each being shrfted 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 816.
The electrode pattern 717 includes a central electrode portion
217, a4 ‘capacity electrode portion 317, an earth electrode
portion 417, a wiring portion 817. An electrode pattexn 718
incluoes a central electrode portion 218, a capacity electrode
portion 318, an earth electrode portion 418, e wiring portion

_.818. Capacity electrode portions 316, 317, 318 are respec-



t hrough hol es 5d through 5f and al so, are connected with one anot her

t hrough the through holes 5d through 5j. Four earth el ectrode filns of
pattern shapes 222 through 225 are provi ded between the earth el ectrode
pattern 221 and the earth el ectrode pattern 226 and further, four through
hol es 59 throough 5] are increased in nunber &s

* [REPLACEMENT SHreT
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tively'-connected with one end of the central electrode
portions 216, 217, 218. Earth electrode portions 416, 417,
418 are respectively connected with the other end of the
central electrodes 216, 217, 218. .Capaci.ty electrode portions
316, 317, 318 are respectively drawn out so far as the end |
portions of the ceranic green sheets 216, 217, 218 throﬁgh
wiring portions 816, 8i7, 818. |

Capacity electrode films of.pattern shapes 308a,

. 310a, 312a, 314a; 320a and_the'capacrty electrode portion 316
are connected w:.th each other through a through hole Sa. o
Capacity electrode films of pattern shapes 308b, 310b, 312b, o
314b, 320b and the capacity electrode portion 317 are
connected with each other through'a through hole 5b. The
capacity electrode films of pattern-shapes ﬁoéc, 310c; 31l2c¢,
3%4c, 320c and the capacity electrode 317 are connected with
each other through a through hole Sc. The earth electrode
films of pattern shapes 407, 409, 411, 413,'415, 419, 421 and
the earth eiectrode portions 416, 417, 418 are connected with
each other through through holes 54, Se, Sf.

When such ceramic green sheets 210 through 224 as
 described hereinabove have been laminated, the capacity
electrode pattern 308a forms a first capacitor by opposition
between the earth electrode films of pattern shapes 407 and
409. The capacity electrode pattern 310a-forms a second

capacitor by the opposition between the earth electrdde films



- 43 - described herei nabove so as to effect connecting operations anong
the respective earth electrode filns of pattern shapes 222 through 226. The
reasons why the connections are effected are_as follows. - Nanely, a :
ferrite plate 6 is nmounted as described in the concave portion 200b to be
formed by the through hol es 222a through 226a, rant “uq" high_frequency -

magnetic fields are caused by high frequency s ELACE ﬁ%ﬂhSHEETbugh'the
respective central electrode portions 216 thropg

- 26 SEP 1997

of pattern shapes 409 and 411. The capacity'electrode'pattern
312a forms a third capacitor by_the opposition between the
earth electrode films of pat ern shapes 411 and 413. The
capacity electrode pattern 314a forms a fourth capacitor by
" the opposition between the earth electrode fiims of pattern
- shapes 413 and 415. Tne capacity electrode portion 316 forms
a fifth capacitor by the 'opposition between the earth
electrode pattern 415 and the earth eiectrode portion 417.
The.capacity electrode pattern 320a forms a sixth capacitor
by the opposition.between.the earth electrode fiims of pattexn
shapes 419 and 421. These f;rst through srxth capacitors for
composing the mmtchrng crrcurt are connected in paraller”
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 portion 216
in common through a through.hoie Sa. The respective other-way
electrodes 407, 409, 411, 413, 415, 417, 419, 421 of the first
through sixth capacitors are connected with the earth in
common through the through holes 5d, Se, Sf. Similarly, six
capacitors for matching.circuit use are connected in parallel
between the central electrode portion 217 and 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 plurality



218 on the periphery of the ferrite plate 6. Therefore, the periphery of
the ferrite plate 6 becones an environnent for high frequency induced
current to be easier to flow. Assune that a connecting operation is
effected between the earth el ectrode pattern 221 and the earth el ectrode
pattern 226 only by three through holes 5d throeagh 5f under such
environnent, inpedance between the earth electrode pattern 221 and the

earth electrode pattern 226 is increased by incre%aﬂmAtﬁ ¥ ce
ENT SHERT

conponent and the inpedance conponent, thus
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of capacitors connected respectively in parallel are laminat-
ed, éisposed.among'one end of the respective centtal electrode |
portions 216 through 218 and thé éarth, capacitf value
necessary as the matching circuit can bé retained with small
-circuit area. Accordingly,_the_construction of the whole
-element can be made smaller in size.
Approximatel} same Shaped earth electrode films of
. pattern shapes 222 though 226 are formed on the surface of the
‘cgramic green sheets 222 through 225 and the reverse face of
thg ceramic green sheet 226 as shoﬁn in Fig. 45 through Fig.
- 49 uihrﬁughéhéles-222a7through~22€a aze formed in the central
portions of the respective ceramic green sheets 2§2 through
226. The through holes - 222a’ through 226a form thé concave
portion 200b for receiving the ferrite plate 6-when the
ceramic.green sheets 222 through 226 have been laminated. The
earth elgctrpde films of pattern shapes 222 through 226 are
connected with the above ¢escribed 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.
: Four earth electrode films of pattern shapes 222
through 225 are p£OVided betwéen the earth electrode pattern
221 and the earth electrode pattern 226 and further, four

through holes 5g through 53 are increased in number as



resulting in larger |oss.. The resistance conponent and the inpedance
conponent are reduced with the increased provision of the through holes 5g
t hrough 5j, thereby.reducing the inpedance. The capacity conmponents are
caused in parallel with through holes 5d through 5 by the disposition of
four earth electrode filns of pattern shapes 222 through 225 between the
earth el ectrode pattern 221 and the earth el ectrode pattern 226, mhereby

t he reduction of the high
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described hereiﬁabove so as to effect connecting operations
among the respective earth eleetrode £ilms of pattern shapes
222 through 226. The reasons why the connections are effected
are as follows. Namely, a ferrite piete-s is mounted ae-
described in the concave portion 200b to be formed by the
throuéh holes 222a through 226a, and.nmny high freqteﬁcY
magneﬁic'fields'are caused by high frequency signals flowing
ﬁhreugh the respective centrel electrode portions 216 through
218 on the periphery of the ferrite plate 6. Therefore, the
-"peripheronf 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 earth
electrede pattern 221 and the earth electrode pattern 226 only
by three through holes 5d through S5f under such environment,
impedance_between the earth electrode pattern 2zi and the
earth electrode pattern 226 is increased by increase in the
resistance component and the impedance component, thus
resulting in larger loss. The resistance component and the
impedance component are redﬁCed with the increased provision
of the throuigh holes 5g through 5j, thereby reducing the
.impedance. The caéacity components are caused in parallel
with through holes 5d through 5j by the dlsp051tlon of four
earth electrode films of pattern shapes 222 through 225
between the earth electrode pattern 221 and the earth

electrode pattern 226; whereby the reduction of the high



- 44 - frequency inpedance is further reduced. Band shaped ceram c green
-sheets 227a through 232a are | am nated near the |left-hand side, and band
shaped ceram c green sheets 227b through 232b are | am nated near the right-
hand side on the reverse face of the ceram c green-sheet 226 as shown in

Fig. 50 through 55. Electrodes Ya, Yd, Yb are REPLACEMENT SHEET
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frequency impedance is further reduced.

Band shaped ceramic green sheets 227a through 232a
are laminated near the left-hand side, and band shaped ceramic
green sheets 227b through 232b are lamlnated near the right-
hand side on the reverse face of the ceramic green sheet 226
as shown in Fig. 50 through 55. Electrodes Ya, ¥d, Yb are
 formed on the reverse face of the oeramio.greeh sheet 232a,
and the electrodes Ye, Yc, Yf are formed on the reverse face
of the ceramic green sheets 232b. These ceramic green sheets.
227a through 232a and ceramic green sheets 227b through 232b
form a stage difference concave portion 200c for rece1v1ng the
magnetlc yoke 72 when they have been 1am1nated.

"~ The above desdribed"cerimic”green”sKEets'zbi'thfoﬁgh'
232a, 232b are laminated, and thereafter are adhered under
pPressure into a ceramic green sheet laminated body. Contlnuously
a copper electrode composed of copper paste or the like |
is printed with pressure film on three locations on the left
side face of the ceramic green sheet laminated body add on
three locations on the iight side_face,'whereby external
connecting terminals Ta through Tf are formed; Although the
copper paste is protruded onto the surface of the ceramic
green sheet 201 and the reverse face of the ceramic green
sheets 232a, 232b in the pressﬁfe £film printing step, the
prosruded portion is absorbed and equalized by electrode Ya

through Yf formed on the surface of the ceramic green sheet



formed on the reverse face of the ceram c green sheet 232a, and the

el ectrodes Ye, Yc, Yf are fornmed on the reverse face of the ceramc green
sheets 232b. These ceranmi c green sheets 227a through 232a and ceram c green
sheets 227b through 232b form a stage difference concave portion 200c for
receiving the magnetic yoke 72 when they have been |am nated. The above
descri bed ceramic green sheets 201 through 232a, 232b are |aninated, and
thereafter are adhered under pressure into a ceram ¢ green sheet | ani nat ed

body. Continuously | REPLACEMENT SHEET
45 | | 26SEP 1997

201 and the electrodes Ya through Yf formed.on the ceramic
green sheets 232a, 232b. 'Namely, if the copper paste is
protruded onto the surface of the ceramic green sheet 201 and
is protruded onto the reverse faces cf the ceramic green -
sheets 232a, 232b by the pressure fllnxprlntlng operation, the-
area of the protruded portlon is generally smaller than the
areas of the above described electrode'Xa through Xf and ya
through YE. Therefore, in the respectlve external c0nnect1ng -
terminals Ta through Tf, the area of the extruded onto the
surface of the ceramic green'sheet 201 becomes equal respecQ
tively to the.area of the electrodes Xa through Xf. The area
of the portion extruded onto the reverse faces of the ceramic
green sheets 232a, 232b becomes respectlvely'equal to the area
-of the electrodes Ya through Yf. As the area of the-electrode
Xa though Xf are mutually'eqnal, and the area of the electrode
Ya- through Yf becomes alsoc equal w1th respect to one another,
the area of the portion extruded onto the surface of the
ceramic green sheet 201 become equally equal, and also, the
areas of the portlon extruded onto the reverse faces of the
ceramlc green sheets 232a, 232b become equal with respect to
each other in tne respective external connecting terminals Ta
-though T£f. As a result, the electric symmetry can be
maintained properly without tne_provision of inequality in the
area of the respective external connecting terminals Ta

‘through Tf on the surface of the ceramic green sheet 201 and



a copper el ectrode conposed of copper paste or the like is printed with

pressure filmon three locations on the |left side face of the ceram c green
sheet | am nated body and on three | ocations on the right side face, whereby
external connecting termnals Ta through Tf _are forned. Although t he copper

paste is protruded onto the surface of the { 201 and the
reverse face of the ceram c green sheets 23 EEP m,ﬁ i(hssure film
e i zed by el ectrode
2 8¥ES WS .

printing step, the protruded portion is abs¢r
Ya
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the reverse face of the ceramic green sheets 232a, 232b.

The above described ceramic green sheet laminated
bodies are collectively fired. As a result, the respec'j:ive _
ceramic greens sheets are fused, inte_g‘reted into one ciielec-
‘tric basic plate 200. At this time_, the respective el_eotrode__:_ '
films of pattern shapes and the respective external connect;ing -
terminals are also linte.grated into dielectric basic plate 200.
After i:he co-firing step to be sintered, a Ni plating portion
is effected on the_ surfaces of the respeotive external

' | connecﬁing terminals Ta through T£ so as to prevent the copper
. .electrode, which becomes the foundation of the external
.connecting ternu.na.ls Ta through ‘.'Ef at the soldering operation,
from being diffused du::_ing the soldering operation. A Sn
plating operation is effected upon the above described Ni
plating so as to improve tne soldering property of the
respective external comnecting terminals Ta through T£.

" As the. dielectric basic plate, _central electrode,
matching circuit and the external connecting terminal 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 considerebly contract-
ed. As not only the central electrode, the matching circuit,
but aiso the external connecting terminal is also integrated
into the dielectric basic plate 200, the number of the parts

can be reduced as compafed with the conventional circulator



through Yf formed on the surface of the ceram c green sheet - 45 - 201
and the electrodes Ya through Yf fornmed on the ceram c green sheets 232a,
232b. Nanely, if the copper paste is protruded onto the surface of the
ceram c green sheet 201 and Is protruded onto the reverse faces of the

ceramc green

REPLACEMENT SHEET
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and the size can be made smaller. As the ferrite plate 6 can
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 magnetic yoke 72 |
comes into direct contact with the earth pattern 426 (see Fig.
49) formed on the reverse face of the dlelectrlc basic plate
200. Therefore, in the conventional circulator, the earth
plate 8 (for example, see Fig. 57) which was'required can be
made unnecessary, the number of the components can be further'
reduced, and the sigze . -can- be--made much smaller.' In theﬁfﬁ
present embodiment, a problem can not be caused in terms of
strength eéven 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 215
through 218 can be made extremely made narrower, and the
electric symmetrical property of the respective central
electrode portions 216 through 218 can be lmproved.

Blank portions 407a, 409a, 41la, 413a, 415a, 417a,
418a, 419a, 421a, 422a, 423a, 424a, 425a, 426a are formed, so
as to surround the perlpheryj of the external connecting
terminal Ta, on the earth electrode pattern or the earth
electrode portion in the given ceramic green sheet. Blank

portions 407b, 409b, 411b, 413b, 415b, 416b, 418b, 419b, 421b,



sheets 232a, 232b by the pressure filmprinting operation, the area of the
protruded portion is generally snmaller thanh the areas of the above .

descri bed el ectrode. Xa through Xf and Ya through Yf. Therefore, in the
respective external connecting termnals Ta through Tf, the area of the
extruded onto the surface of the ceramic green sheet 201 becones equal
respec- tively to the area of the el ectrodes—-Xa through Xf. The area of
the portion extruded onto the reverse faces of _the ceranic green sheets

232a, 232b becones respectively equal to the MACEMENT SHEET
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422b, 423b, 424D, 425Db, §2§b are formed so as to surround the
periphery' of the_'externalf connecting terminal Tb, blank
portions 407¢c, 409c, 41lc, 413c, 415c, 416c, 417c, 419c, 421c,
422c, 423c, 424c, 425c, 426c are formed so as to surround the
periphery of the external connect:.ng terminal TC. These blank

- portions prevents the ehort-circuiting between the external
connecting terminals Ta through Tc which become input, outpuﬁ
terminals, and the respective earth electrode fllms of’pattern |
shapes and the respect;ve earth electrode portions. As the

-.external . connecting terminals. Td through . Tf are 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 pla?e (not shown), and the external connecting terminals
Ta through Tf are soldered directly with the cenneceing
terminal on the circuit basic plate'side. Accordlngly, the
circulator in the present embodiment can be mounted on the
surface onto the external circuit basic plate, thus making it
unneceesary to have'the troublesome wiriné operation.

The operation of the circulator shown in Fig. 21 and
Fig. 22 will be described. - When the. high frequency-signal is
inputted into the external connectlng terminal Ta, the hlgh.
frequency' magnetic field to be caused round the central

electrode portion 216 is rotated by the given angle by ‘the



of the electrodes Ya through Yf. As the area of the el ectrode Xa though Xf
are nmutual ly equal, and the area of the el ectrode Ya through Yf becones

al so equal with respect to one another, the area of the portion extruded .
onto the surface of the ceram c green sheet 201 become equal Iy equal, and
the areas of the portion extruded onto the reverse faces of the

al so,
ceram c green sheets 232a, 232b becone equal with respect to each ather in
t he respective external connecting termnals Ta though Tf. As a result,
the el'ectric symetry can be e
: REPLACEMENT SHEET
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direct current magnetic field from the magnet 9 so as to cause
the ihduged electric current in, for example, the right-hand .
adjacent central electrode portion 217 by the inductive
coupling through the ferrite plate 6..' Qhe high frequeﬁcy .
signal to be.inputted from the_external connecting terminal.
Ta is. transmitted to the right-hand adjacent external
connectlng terminal 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
.‘connectlng terminal - Th. is . transmltted to- the- rlght-hand
adjacent external connectlng terminal Tc, but are not
transmitted to the left-hand adjacent external connecting
terminal Ta. The high frequency. s;gnal to be inputted from
the external connecting terminal Tc is transmitted to the
rlght-han%_adjacent external connecting terminal Ta, but is
not transmitted to the left-and adjacent-ext;rnal connectiné
terminal Tb. | |
The circulttor shown in Fig. 21 and Fig. 22 can be
used as an,isolator if the terminél resistor is connected
between any one of the wiring portions or the external
_connectlng termlnal (for example, the w1rlng portion 818 or
the external connecting terminal Tc). In this case, the
lsolator transmlts the high frequency signal only in one side

direction to the the remaining other external connecting

term;nal (for example, external connecting terminal Tb) from



mai nt ai ned properly w thout the provision of inequality in the area of the
respective external connecting termnals Ta through Tf on the surface of
the ceram c green sheet 201 and -46- the reverse face of the ceramc
green sheets 232a, 232b. The above described ceram c green sheet | am nated

REPLACEMENT SHEET|.
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the remaining ‘one side external connecting terminal (for
example, external connecting terminal Ta) . | |
Although the connection among the. respective
capacity electrode films of pattern shapes and the respect:.ve
capacity electrode port:.ons , and the connect:.ons among the
respective earth electrode films of pattern shapes and the
respective earth electrode portiens are adaﬁted to be effected
with the use _of the through holes in the embodiments shown in
Fig. 21 through Fig. 55, these connections may be effected
with the use of the side face electrodes. -
As is clear f_:c_o_ni the forgoing description, according:
to the inventions in the above described embodiments, a
Plurality of electrode films of pa_.-tter’n.s_hapes' and a plurality
of external connecting teimin_als for constructing the central
- electroq.es and the matching circuits are fired simultaneously
with a glurality of dielectric green sheets adhered under .
pressure in lamination and ere 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 match.i.rig circuits, but also the external
connecting terminal are integrated into one dielectric basic
Plate, the number of the components can be consid:erably

reduced, and the size of the elements can be made smaller.

As the number of the assembling steps becomes iess by. the



bodi es are collectively fired. As a result, the respective ceram c greens
sheets are fused, integrated into one dielec- tric basic plate 200. At this
time, the respective electrode filnms of pattern shapes and the respective
external connecting termnals are also integrated into dielectric basic

pl ate 200. After the co-firing step to be sintered, a N plating portion is
effected on the surfaces of the respective external connecting termnals Ta
through Tf so as to prevent the copper electrode, which becomes the '

foundation of the external REPLACEMENT SHEET
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reduction in the number of the-eomponents, tne cost can be
reduced. The connecting.lecations by.the_soldering operation
and so on are reduced censiderably, the reliability is
improved. As the internal circuits .which were dispoaed- .
'conventlonally on plane can be arranged with microwave w1th1n
the dielectr;c basic plate, the circuit area of the whole
element can be reduced As the respectrve electrode films of
pattern shapes can be crossed without mutual contact within
the dielectric basic plate, the insertion loss can be reduced
without the requzrement of maklng the width of the central”_
electrode narrower as in the flrst conventlonal art As the
construction is integral, sufficiently larger strength can be.
retained even if the arrangement 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 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 conneeting terminals are formed at the
same time in one co-firing step to be sintered,'the manufac-
turing time can be considerably shortened.

According to the invention of the above described
embodiment, a compacter non-reciprocal circuit element is
provided by the formation of a first concave portion for

engaging a magnet for direct current magnetie field applying



connecting ternmnals Ta through Tf at the sol dering operation, from being
di ffused during the soldering operation. A Sn plating operation is

ef fected upon the above described Ni plating so as to inprove the sol dering
property of the respective external connecting termnals Ta through Tf. As
the dielectric basic plate, central electrode, matching circuit and the
external connecting term nal can be fired at the sane tine. hy.one T]co-firing
step to be sintered-in the ‘present enbodi nent, u btep i s
S|HDI|- . _ LEPEECF& SHEE
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use on one side main surface of the dielectric basic plate.'

_ Aceording_to the invention in the above described'
embodiment} a.second concave portion fo; engagement of the
inductive coupling ferrite plate of'the internal cireuit is:
formed on the other-way main surface of the. dielectric baszcd
plate so that a non-reca.procal circuit element wh:.ch is |
compacter and lower in price can be obtalned As the magnet;c
yoke can be used as an earth plate used with the conventional
non-reciprocal circuit element, the number of the parts'is
reduced, and a non-reczprocal czrcult element wh;ch Ls mnch.
.smaller in size and lower in price can be obtained. .

Although the present invention has been fully
described by way of example with. reference to the accompanying
drawings, it is to be noted here that wvarious changes and
modifications will be apparent to those skilled in the art.
Therefore, unless othetwise such changes and modifications
depart from the scope of the present invention, they should

be construed as included the:ein.



fied and the manufacturing tinme can be considerably contract- ed. As not

only the central electrode, the matching circuit, but_also the external

ql

200,

he nrbey of Tha paris can be. fsdaved oe. conpar ed | NEELACEREATE SHEET
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CLAIMS
cuALns Y oy ML
1. A non-reciprocal circuit'elemeno'for high“frequency

use which has a small atoenuetion degree in a signal_"
transmission direc:ion.and a larger attenuation degree in
an opposite direction, the circuit'element comprieiog a
Plurality of dielectric sheets having electrode films of
pPattern shapes formed thereon, the dielectric sheets'
being lamznated and co-fired to form a dlelectrxc bae1o
plate and at least one of the d;electr;c sheets
comprising a capacxtor electrode pattern without a

central electrode pattern.

._2;: A non- reo;grocal ¢circuit element as claimed in claim.
1, wherein the electrode films of pattern shapes include
at least one central ele¢trode pattern, at least one
capacioor electrode pattern, at least one earth electrode
pattern and, in the interior of the dielectric basic
plate, the capacitor electrode films of pattern srages
and the earth electrode films of pattern shapes are
'alternately disposed with dielectric material exlsting
between them, the respective capacitor electrode films of
pattern.shepes are connected in common and connected with
the corresponding central elec;rode films of pattern
shapes, and the respective earth electrode films of
pPattern shapes are conneoteo in common, so that at least
one matching circuit capacitor is disposed in lamination

among the central electrode films or pattern shapes and

the earth electrode films of pattern shapes.



and the size can be made snaller. As the ferfite pl ate 6 can be

accomodat ed in the concave portion 200b forned
dielectric basic plate 200 in the circul

t he

LAGEMENT (SR

—

enbodi ment, the nmagnetic yoke 72 cones into dir kt'contacr Wttt He earth
pattern 426 (see Fig. 49) fornmed on the reverse E‘facethsgpe‘lggi(el edqtric .
ul ator, "t he

basic plate 200. Therefore, in the conveational
plate 8 (for exanple, see Fig. 57) which was requilked—ean-be—rade
unnecessary, the number of the conponents can b

gdirc darth

further

3. A non-reciprocal ciréuit element for high frequency
use which has a.small ae:enuation degree.ih a signal
transmission direction anﬁ a largef attenuation degree in
an.opposite direc:ioh, the circuit element comprising a
dielectric basic plate formed by.the integration of a
Plurality of co-fired die;ectric green'sheets adhered.

under pressure in lamination, a plurality'of electrode

£films of pattern shapes formed on the dielectric green

sheets and disposed in lamination wi;hin the dielectric
basic plate, a plgralicy of external, coﬁnecting terminals
formed on the dielectric green sheets and connected to
the given electrode.films.of pattefn shapes and aispQSed
so.thacwan'expoging operation is effected‘on the outef

periphery of the dielectric basic plate, so that the

internal circuits and the external connecting terminals

are integral with the #ielectric'basic plate and at least
one of the dielectric sheets has a capacitor electrode

pattern.without a central electrode pattern.

4. A non-reciprocal circuit element as claimed in claim

3, wherein the dielectric basic plate has a first main

side surface and an opposite main side surface, and a

first concave portion for engaging a magnet for applying

a direct current magnetic field is forhed on the first
'\'\

e murtase. :  lfl!lllljml[llllﬂ!ll[lIH!I!-



reduced, and the size can be nade nuch smal ler. | o)
enbodi nent, a problemcan not be caused in -terns mm Nﬁ MI

f the
respective ceram c green sheets is nade extrenel hi nner 1 n thikcknhess,
because a plurality of ceram c green sheets can pe|i XGSE® ¢gh7i nt of one
dielectric basic-plate 200 by the co-firing to I ntered thergof] As a
result, the interval anong the respectiyg centr igns 216
t hrough 218 can be nade extrenely nade narrower,] and the electric '
symmetrical property of the respective central

5. A non-reciprocal circuit element as claimed in claim

3 or 4, wherein the dielectric basic plate has a first
main side surface and an opposite main side surface, and
a concave portion for engaging'a ferrite plate for

inductive coupling use of the internal circuits is formed
°n the oppostee main wrae mumtecss AN NADARRT VAN

6. A method of manufacturing a non-reciprocal circuit

element for high fregquency use_hav;ng a small actenuaﬁion
degree in g signal transmissicg directioﬁ and a-larger-
attenuation degree in an opposité direction; comprising
adhering under pressufe in 1aminatioh a plurality-of
diéléctrié'gréen shegﬁs with given electrode £ilms of
'pagtern shapes being formed resﬁectively on them so ;s to
obtain the éreen sheet iaminating bodies, éo-firing the
green sheet laminating bodie§ so as to integrate.tﬁem as
one dielectric basic plate to form a non-reciprocal
circuit element with internal circuits disposed in
lamination within the one dielectric basic ﬁlate and at
least one Qf the dielectric green sheets having a
capacitor electrode'pattern without a central eiectfode

pattern.

7. A method of manufacturing a non-reciprocal circuit
element as claimed in claim 6, further comprising forming
a central electrode and the dielectric basic plate at the

same time by sintering in the one co-firing step.



el ectrode portions 216 through 218 can be inproved. Blank portions 407a,
409a, 41la, 413a, 415a, 417a, 418a,- 419a, 421a, 422a, 423a, 424a, 425a,

426a are fornmed, so as to surround the periphery o &P _ hect i ng
termnal Ta, on the earth el ectrode pattern or the.gﬁﬁﬁmﬁ”ﬁggaﬁgﬂgggartion

in the given ceram c green sheet. Bl ank portions}407b, 409b, 411p,| 413b,
415b, 416b, 418b, 419b, 421b, - 26 SEP 1997
_ 56 .
8. A method of manufac;uring a non-reciprocal circui:.-:

element as claime¢ in claim ¢, comprising forming a
central electrode, a matching circuit to be'cqnnecce&
with it and the dielectric basic pléte at the same time

by sintering in said one co-firihg step.

9. A non-reciprocal circuit eiement substéntially'aé
hereinbefore described with reference to figureé 1 to S5

of the accompanying drawings.

'10. A method of manufaccuring'non-feciprqcal circuit
elements substantial;y as hereinbefore described with
‘reference to figures 1 to 55 of the accompanying

drawings. . - - _

UL



- 48 - 422b, 423b, 424b, 425b, 426b are forned so as to surround the

peri phery of the external. connecting termnal Th, blank portions 407c,
409c, 411c, 413c, 415c, 416c, 417c, 419c, 421c, 422c, 423c, 424c, 425c,
426¢c are forned so as to surround the periphery of the external connecting
term nal TC. These bl ank portions prevents the short-circuiting between the
external connecting termnals Ta through Tc which becone input, output

-1
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26 SEP 1997




termnals, and the respective earth electrode filns of pattern shapes and
the respective earth el ectrode portions. As the external connecting
terminals Td through Tf are earth termnals, such blank portions as
descri bed herei nabove are not provided on theses peripheries. The
circulator in the present enbodi nent constructed as -descri bed herei nabove
is placed on the external circuit basic plate (not shown), and the external
connecting termnals Ta through Tf are soldered directly with the '
connecting ' ' '

REPLACEMENT SHEET
| 26 SEP 1997
Fig. . 2
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termnal on the circuit basic plate side. Accordingly, the circulator in

t he present enbodi nent can be nounted on the surface onto the external
circuit basic plate, thus nmaking it unnecessary to have the troubl esone
~wiring operation. The operation of the circulator shown. in Fig. 21 and

Fig. 22 wll be described. Wen the high frequency signal is inputted into-.
the external connecting termnal Ta, the high frequency nagnetic field to
be caused round the central electrode portion 216 is rotated by the given
angl e ‘by the ' -3

REPLACEMENT SHAET
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Fig. 3
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- 49 - direct current magnetic field fromthe magnet 9 so as to cause the
I nduced el ectric current in, for exanple, the right-hand adjacent central
el ectrode portion 217 by the inductive coupling through the ferrite plate
6. The high frequency signal to be |nputted fromthe external connecting

t er m nal

-4 - _ |
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Ta is transmtted to the right-hand adjacent external connecting term nal
Th, but are not transmitted to the |left- hand adjacent external connecting
terminal Tc. Simlarly, the high frequency signal to be inputted fromthe
external connecting termnal Tb is transmtted to the right-hand adjacent
external connecting termnal Tc, but are not transmtted to the

| eft - hand adj acent external connecting term nal Ta. The high frequency
signal to be inputted fromthe external connecting termnal Tc is
transmtted to the '

ne
Fig 6
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right-hand adj acent external connecting termnal Ta, but is not transmtted
to the left-and adjacent external connecting termnal Tbh. The circul ator
shown in Fig. 21 and Fig. 22 can be used as an isolator if the term nal
resistor is connected between any one of the wiring portions or the
external connecting termnal (for exanple, the wiring portion 818 or the
external connecting term nal Tc). In this case, the isolator transmts

the_high frequency signal only in one side

B S VPN 1o ¥ U

-6 -

26 SEP 1997

Fig. 8
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direction to the the remaining other external connecting termnal (for
exanpl e, external connecting termnal Tb) from - 50 - the renai ning one
side external connecting termnal (for exanple, external connecting
termnal Ta). Al though the connection anong the respective

_7_
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capacity electrode filnms of pattern shapes and the respective capacity

el ectrode portions, .and the connections anong the respective earth

el ectrode filns of pattern shapes and the respective earth el ectrode
portions are adapted to be effected with the use of the through holes in

t he enmbodi nents shown in Fig. 21 through Fig. 55, these .connections-may be
effected with the use of the side face electrodes. As is clear fromthe

f orgoi ng description, according to the inventions-in the above described

enbodi nents, a
_8_
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plurality of electrode filnms of pattern shapes and a plurality of external
connecting terminals for constructing the central el ectrodes and the
~matching circuits are fired sinmultaneously with a plurality of dielectric
green sheets adhered under pressure in lam nation and are integrated with
one dielectric basic plate, so that smaller size, |ower cost, higher
reliability of the elenents and the sinplification of the assenbling steps
can be designed. As not only the central el ectrodes and the natching '

circuits, but also the external -
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connecting termnal are integrated into one dielectric basic plate, the
nunber of the conponents can be considerably reduced, and the size of the
el enents can be nade smaller. As the nunber of the assenbling steps becones

| ess by the - 51 - reduction in the nunber of the conponents, the cost
can be :
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reduced. The connecting |ocations by the soldering operation and so on are
reduced considerably, the reliability is inproved. As the interna
circuits which were di sposed conventionally on plane can be arranged with
m crowave within the dielectric basic plate, the circuit area of the whole
el ement can be reduced. As the respective electrode filns of pattern shapes
can be crossed without nutual contact within the dielectric basic plate,

the insertion | oss can be reduced wi t-hout the reqU|renent of maki ng t he

width of the centra
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el ectrode narrower as in the first conventional art. As the construction
is integral, sufficiently larger strength can be retained even if the
arrangenent is made with the intervals anong the respective el ectrode filnms
of pattern shapes are made extrenely close. As a result, the electric
symmetrical property property anong the respective céntral el ectrodes can
be maintained in better condition. As the dielectric basic plate, the
respective electrode filns of pattern shapes, and the respective external
connecting termnals are forned at Lh?z - : '
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sane time in one co-firing step to be sintered, the manufac- turing tine
can be considerably shortened. According to the invention of the above
descri bed enbodi nent, a conpacter non-reciprocal circuit elenent is

provi ded by the formation of a first concave portion for engagi ng a nagnet
for direct current magnetic field applying
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- 52 - use on one side main surface of the dielectric basic plate.
According to the invention in the-above descri bed enbodi nent, a second
concave portion for engagenent of the inductive coupling ferrite plate. of
the internal circuit is formed on the other-way main surface of the-
dielectric basic plate so that a non-reciprocal circuit elenment which is
conpacter and lower in price can be obtai,ped. As the nmagnetic yoke can be
used as an earth plate used with the conventi onal '
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non-reci procal circuit elenent, the number of the parts is reduced, and a
non-reciprocal circuit elenment which is nmuch smaller in size and lower in
price can be obtained. Al though the present invention has been fully

descri bed by way of exanple with reference to the acconpanying draw ngs, it
Is to be noted here that various changes and nodifications will be apparent
to those skilled in the art. Therefore, unless otiﬁﬁm'oc B4} 3 ges and

: He-h-ehange
nodi fications depart fromthe scope of {?e pr esent{ it LAGEB@ﬂTFSEE&ﬂEhOUId-
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be construed as included therein. CLAIM5 1. A non-reciprocal circuit
el emrent for high frequency use which has a small attenuation degree in a
signal transm ssion direction and a |l arger attenuation degree in an
opposite direction, the circuit elenent conprising a
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plurality of dielectric sheets having electrode filns of pattern shapes
formed thereon, the dielectric sheets being | amnated and co-fired to form
a dielectric basic plate and at | east one of the dielectric sheets
conprising a capacitor electrode pattern without a central el ectrode
pattern. 2. A non-reciprocal circuit elenent as clained in claiml,
wherein the electrode filns of pattern shapes include at | east one central
el ectrode pattern, at | east one '

_1?-
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capacitor electrode pattern, at |least one earth electrode pattern and, in
the interior of the dielectric basic plate, the capacitor electrode filns
of pattern shapes and the earth electrode filns of pattern shapes are
alternately disposed with dielectric material existing béetween them the
respective capacitor electrode filnms of pattern shapes are connected in
common and connected with the corresponding central electrode filns of
pattern shapes, and the respective earth electrode fil nms of

- 18 -
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pattern shapes are connected in comon, so that at |east one matching
circuit capacitor is disposed in |lamnation anong the central el ectrode
films or pattern shapes and the earth electrode filnms of pattern shapes.
54 3. A non-reciprocal circuit elenment for high frequency
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use which has a snall attenuation degree in a signal transm ssion direction
~and a larger attenuation degree in an opposite direction, the circuit

el ement conprising a dielectric basic plate fornmed by the integration of a
plurality of co-fired dielectric green sheets adhered under pressure in

| am nation, a plurality of electrode filnms of pattern shapes forned on-the
di el ectric green sheets and disposed in lamnation within the dielectric

- basic plate, a plurality of external connecting termnals '
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formed on the dielectric green sheets and connected to the given el ectrode
films of pattern shapes and di sposed 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 termnals are integral with
the dielectric basic plate and at |east one of the dielectric sheets has a
capacitor electrode pattern without a central electrode pattern. 4. A
non-reci procal circuit element as clained in claim
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3, wherein the dielectric basic plate has a first main side surface and an
opposite main side surface, and a first concave portion for engagi ng

a. magnet for applying a direct current nagnetic field is forned on the
first main side surface. 55
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5. A non-reciprocal circuit elenment as clained in claim3 or 4, wherein the
dielectric basic plate has a first nmain side surface and an opposite main
side surface, and a concave portion for engaging a ferrite plate for

i nductive coupling use of the internal circuits is formed on the opposite
mai n side surface. 6. A method of nenufacturing a non-reciprocal circuit

el ement for high frequency use having a snmall atten
signal transmi ssion direction and a | arger - pake TYSHEET
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 ‘
Fig. 38
41Sa 5d
- 5b
. Sa— |
~215
Se—~7 —5f
\4!5
Fig 39

3l6 5f - 4i6b

- ]

sie~] T _ ’-
50— 4—716
~—5b
> —5d
-
// 216

2I6 4léc 5S¢



attenuation degree in an opposite direction, conprising adhering under
pressure in lanmnation a plurality-of dielectric green sheets with given
el ectrode filnms of pattern shapes being forned respectively on themso as
to obtain tthe green sheet | am nating bodies, co-firing the green sheet
lam nating bodies so as to iintegrate them as one dielectric basic plate to
forma non-reciprocal circuit element with internal circuits disposed in

| am nat.ion within the one dielectric basic plate and at : '
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| east one of the dielectric green sheets having a capacitor el ectrode
pattern without a central electrode pattern. 7. A nmethod of manufacturing a
non-reciprocal circuit elenent as clainmed in claim®6, further conprising
forming a central electrode and the dielectric basic plate at the same time

by sintering in the one co-firing step..
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- REPLACEMENT SHEET 56 8. A nethod of manufacturing a non-reciprocal circuit
element as claimed in claim®6, conprising formng a central electrode, a

matching circuit to be connected with it and the dielectric basic plate at
the same time by sintering in said one co-firing step. 9. A non-reciprocal

circuit elenment substantially as
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her ei nbefore described with reference to figures 1 to 55 of the
acconpanyi ng drawi ngs. 10. A nmethod of manufacturing non-reciprocal circuit
el ements substantially as herei nbefore described with reference to figures

1 to 55 of the acconpanyi ng draw ngs.
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- Fig. 50
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ABSTRACT

NON-RECIPROCAL CIRCUIT ELEMENTS AND METHOD THEREOF

an—reciprocal circuit elements, wherein a plurality of ceramic gréen sheets
(101 to 114) fhrough with given electrode films of pa&em shapes being formed respectively
on them are collectively fired and integrated into one dielectric basic plate (100) after they
have been adhered under pressure in lamination, and a piurality of electrode films of pattern
shapes are laminated within one dielectric basic plate, so that the internal circuit of the
central electrode, the matchin_g cifcuit and so on are disposed with microwave, resulting in

that they can be smaller in size, higher in performance and easier to manufacture.

Figure 1.



