COVPLEX CI RCU T BOARD, NONRECI PROCAL Cl RCU T DEVI CE, RESONATOR
FI LTER, DUPLEXER COVMUNI CATI ONS DEVI CE, CI RCU T MODULE, COVPEX
Cl RCU T BOARD MANUFACTURI NG METHOD, AND 5- ' NONREC! PROCAL

Cl RCU T DEVI CE MANUFACTURI NG METHOD BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a
conplex circuit board conprising an el ectrode cl asped betmeen a 10
dielectric substrate and a nmagnetic substrate, a nog%gg HC
circuit device, a resonator, a filter, a dupl exer nnJ cations
device, a circuit nodule, a met hod for manufacturing the conpl ex
circuit board, and a nmet hod for manufacturing the nonreciprocal
circuit 15 devi ce. 2. Description of the Related Art
Conventionally, dielectric substrates or magnetic substrat es having
el ectrode patterns t her eon, form ng a capacitance

el enent and/or an 20 I nduct ance el enent,

for exanpl e, have been laminated in nmultiple stages to forma
resonator circuit or theCOMREEX RETRCULTJBONRD NENONRECIPRGGAL cat i on and
desired character|s¢1zsugndut¢mcgjhgggqNAng,Ipmtgggﬁldwpmgxgg met i mes
required, and a conveMTPTEATZANS DEVOED! QATEEE O MomsE J daerigen devi sed

to satisfy such CTREYTTCHBARD MANUFACTURING METHOD, AND
5 NONRECIPRO TRCUIT DEVICE FACTURING oD /
BACKGRO OF TON

1. Field of the Invention
The present invention relates to a complex circuit
board comprising an electrode clasped between a
10 dielectric substrate and a magnetic substrate, a
noenzreciprocal circuit device, a resonator, ‘a2 filter, a
duplexer, a communications device, a circuit module, a
method for manufacturing the complex cizcuit board, and a
method for manufacturing the nonreciprocal cirecuit
15 device.
2. Description of the Related art

Conventionally, dielectric substrates or magnetic

substrates having electrode patterns thereon,
forming a capacitance element ° . sand/or an
20 inductance element, - for examplae,

have been laminated in multiple stages to form a
resonator cirxcuit or the like. Depending on the
application and desired characteristics and the like,

low-profiling is scmetimes required, and a conventicnal

25 complex circuit board has been devised to satisfy such
requirxements.
2L e 9




2 A conventional conplex circuit board will be

expl ai ned based on FIGS. 23 and 24. FIG 23 is a plan view of a
conventional conplex circuit board, and FIG 24 is a cross-sectional
view taken along the line WWof 5 FIG 23. As shown in
FIGS. 23 and 24, the conventi onal complex circuit board 110
conprises a dielectric substratg 111, a nagnetic substrate 112, and
an el ectrode pattern 120 cl asped t herebetween. The el ectrode pattern
10 120 conprises a capacitance el enent 121, an inductance

el ement 122, a transm ssion line 123, and the |like, and gr ound

el ectrodes 113 are provided on the outer faces. of the dielectric
substrate 111 and the magnetic substrate 112. The conplex circuit
board 110 of this constitution 15 functions here as a lowpass filter.

In the conventionaly cRRR/! {amacil ! .t.h 1@l ggtrode pattern
120 i s provided byAUsingep é%#ﬁb 5%m?ﬁ%&gc{y%ulki%gafg rgﬁﬁlgﬁectrodes 120a

and 120b faci eypladinedt barsed on FIGS.t 128 dna edt.ri FISub20r dsealplaand t he
magneti c 20 . Substrate 112, respectively, and R rovi ding .a

connect i on eI@EFWb&@ fQGFnPﬁﬁﬁﬁéﬁﬁﬁeF %é<9ﬁﬁqﬁﬁé Board, Bg?tggﬁ'l§6 i s
conpl eted by §isf iaXiRGSQGRUNRENNE view takreGlIlREeTn_20anaNg 428k

respectively provided on the dielectric sublstrate 111 and the
magnet i § subs®FI&.e 2812, 25 with the connection el ectrode 120c

t her ebet ween. T %ﬁf! cteristd of..Lh i e el enent,
t he I nduct ar%cse séﬁogr?e%% resslaistagr Saici %Z*m r%hses?(??\‘%%?‘%é‘é?ﬂgnd

complex circuit board 110 comprises a dielectric
substrate 111, a magnetic substrate 112, and an electrode
pattern 120 clasped therebetween. The electrcde pattexn
10 120 comprises a capacitance element 121, an inductance
element 122, a transmission line 123, and the like, and
ground electXodes 113 are provided on the outer faces of
the dielectric substrate 11l and the magnetic substrate
112. The complex circuit board 110 of this constitution
15 functions here as a low-pass filter.

In the conventional complex circuit board 110, the
electrode pattern 120 is provided by using plating or the
like to form electrodes 120a and 120b facing each other
crl the dielectric substrate 111 and the magnetic

20 substrate 112, respectively, .and by providing a
connection electrode 120c thereabove. The electrode
pattern 120 is completed by affixing together the
electrodes 120a and 120b respectively provided on the
dielectric substrate 111 and the magnetic substrate 112,

25 " with the cennection electrode 120c therebetween.

The characteristics of the capacitance element, the

inductance element, resistors, transmission lines, and



3 the Ii ke, which are provided on the conplex

circuit board, alter according to their positional relationships to
the dielectric substrate and the magneti ¢ substrate. For instance,

t he inductance elenent 5 achi eves a greater inductance when it is near
to the magneti c substrate. Mreover, when the inductance

el ement is near to the magnetic substrate, it can be mni aturized
whi | e obtai ni ng the sane i nductance. Simlarly, the capacitance

el enent achi eves a greater 10 capaci tance when it is near to the
dielectric substrate, and it can be mniaturized while stil
obt ai ni ng the sane capaci t ance. However, in the
conventional conplex circuit board, since the el ectrode pattern

cl asped between the 15 di el ectric substrate and the nmagnetic substrate
s formed ffixi e le@Ct rodes jgr oyide e
dielectric substra%géang%%%% %ggnégﬁg ?U strate, c?he¥hg gcﬂﬁé%?ire

el ectrode pattérnuh:ebcamﬂhlalaexlagberﬂhagetc their Pbattisnalhe

capaci tance e i nduct ance e&enent t he r§3|stors t he

| e
t ransni ssi on FFE§§*°9ﬁ 1Pfe IO k8%afde eCtriCdF§B5§€E=5IFn t °Bf equal

di stance frO”thQe@h&'%%b%E%ate Fc%UQ%Ekﬁh%eathErQHHEEGaHBQnéléﬁent

substrate. Furt hernore, although the | nduct ance el enent

obt ai ns5a | ar gehirNeScEagEgater induchadee whes pFoWSdB@aZStO theearer to

t he magnetic e NG wered when a
: . gﬁEEQE substrateneapg%%%gggéugge?hgﬂ§oup Eﬁn%g

dielectric su ateé i s ng or the
i nductance el eletaent is near to the magnetic substrate, it can be

miniaturized while obtaining the same inductance.
Similarly, the capacitance element achieves 3 greater
16  capacitance when it is mear to the dielectric substrate,
and it caﬁ be miniaturized while still obtaining the same
capacitance.
However, iﬁ the conventional complex circuit beard,
since the electrode pattern clasped between the
15 dielectric substrate and the magnetic substrate is formed
by affixing together electrodes provided on the
dielectric substrate and the magnetic substrate, the
entize electrode pattern lies within a single plane.
That is, the capacitance element, the inductance element,
20 the resistors, the transmission lines, and the like are
disposed all at an equal distance from the dielectzic
substrate and from the magnetic substrate.
Furthermore, although the inductance element
obtains a larger inductance when it is provided
25 nearer o the magnetic substrate, © o ies
inductance is lowered when a dielectric substrate is

Nearby, Dbecause the coupling of the inductance element



4 to the dielectric becones stronger; _
Furthernore, in the case of a distributed constant nonr eci procal
circuit device, for instance, the electrode 5 conpri ses a resonator
portion and a transm ssion |ine .portion, and the nonreciprocity of
t he devi ce when a dc magnetic field is applied thereto is increased
by providing the resonator portjon near to the nagnetic

substrate. However, when a dielectric substrate is 10 provi ded near by,
the coupling of the resonator portion to the dielectric is

strengt hened, |owering the ° nonreci procity of the device.

Theref ore, when the capacitance el enent, the I nduct ance el enent, and
the like formed by the 15 el ectrode pattern, clasped between the
dielectric substrate and the nmagnetic substrate, are provided within
a single plafke sherdiskectiiadietenee sStiangdhe i nduct ance can be

I ncreased only by a limted val ue, the el enrents cannot be

m niaturi zed, and consequently the 20 conplex circuit board cannot be

mniaturized. TherPatthermore, aih athl té el ofli 5 aheid 48 dd dorisicang NOL
possible to pbrecisely, desjgn_ the characteristics of the capacitance
el ement, t he TIRRRILBRIICR SEFRULE IREVERS stTRT JRtance, the giseatssiden

lines, aind theddMEses a resonator portion and a transmission line
portion, and the nonreciprocity of the device when a dc
magnetic field is applied thereto is increased by
providing the resonator portion near to the magnetic
substrate. However, when a dielectric substrate is
10 provided nearby, the coupling of the resonator portion to
the dielectric is strengthened, lowering the
nonreciprocity of the device.
Therefore, when the capacitance element, the
inductance element, and the like ~ formed by the
15 electrode pattexn, clasped between the dielectric
substrate and the magnetic substrate, are provided within
2 single plane, there are disadvantages that the
inductance can be increased only by a limited value, the
elements cannot be miniaturized, and conseguently the
- 240 complex circuit board cannot be miniaturized. There is
an additional disadvantage that it is not possible to
precisely design the characteristics of the capacitance
element, the inductance element, the resistox, the

transmission lines, and the like.

25 SUMMARY OF I ION

The complex circuit beard, neonreciprocal circuit



25 SUMVARY OF THE | NVENTI ON The conplex circuit board,
nonreci procal circuit 5

device, resonator, filter, duplexer, comrunications device, circuit
nodul e, method for nanufacturlng t he conplex circuit board, and

met hod for manufacturing the nonreci procal circuit device of the
present invention 5 have been realixzed in consideration of the problens
descri‘bed above, and aimto solve these probl ens by providing a -
conplex circuit board, a nonreciprocal circuit device, a resonator,
a filter, a duplexer, a conmmuni cations device, and a circuit nodul e,
whi ch can be 10 m niaturized and have excellent characteristics, a

met hod for manufacturing the conplex circuit board, and a nethod

for manufacturing the nonreciprocal circuit device. In order to
achi eve the adewdcs) eesonatioe,cd@ijter, duplexetncubmmhnécdtdhnshe pr esent

i nvention conprises a 15 . dielge trlc S rate; neti.c su strate a
space being W%EV1cepr5ﬁQﬁ¥}q) tﬁ&%ﬂ "Eﬁﬂgggéyﬁ R

dielectric subgiifled ARGAR YR, O%dp'ir@th‘iﬁd f'&&t m&factunnghehe
dielectric substrate and the magnet'i c substrate. el eCtrode is

rel atively nemmqwstmaél e:cmquo.tsmmcat efoghe prgsaatatinaep:eqat erm ned

positio and s r atlvel 0 _the ma c substrate side at
anot her gp03| t F’t?t’( %rﬁ ealize §‘nd| gﬁgat:mn %%egh EggFg‘aet erm ned
position. descnbe&we@dd&’,alm to scdlv@cthese p&bﬁl&&@ebycan be
set fromthe inductance el enent, the capacitance 25 el enent, the

resistor, thePECHHSHNG % FamRie) STt Aeard, a nonyeqlprecrdr med by t he
el ect rode Pal L8 }i® iRrice, a resonmator, a filter, a duplexer, a

communications device, and a circuit module, which can be
10 miniaturized and have excellent characteristics, a method
for manufacturing the complex circuit beard, and a method
for manufacturing the nomreciprocal circuit device.
In order to achieve the above cbjects, the complex
circuit board of the present invention comprises a
1s dielectric substrate; a magnetic substrate, a space being
provided between the magnetic substrate and the
dielectric substrate; and an electrode provided between
the dielectric substrate and the magnetic substrate. The
electrode is relatively near to the dielectric substrate
20 side at a predetermined position, and is relatively near
to the magnetic substrate side at another positien, which
is different from the predetermined position.
Consequently, a desired distance caa be
set from the inductance element, the capacitance
25 element, the resistor, the transmission line portion, and
the like formed by the electrode pattern to the

dielectric substrate or the magnetic substrate



dielectric substrate or the nagnetlc substrate

6 maki ng it possible to design

t he degree of coupling between these elenents and the dielectric and
magnetic substrates, enabling the characteristics of these elenents
to be precisely 5 desi gned. For instance, when ferrite is
used as the magnetic substrate, .it has a dielectric constant of
around 10 to 15, a dielectric Igss tangent of 1 x 10[err] to 1 x
|O[err], and perneability of 1 or nore. On the other hand, generally
10 used dielectric substrates have a dielectric constant of

around 10 to 100, a dielectric |oss tangent of 5 x 10[err] to 1 X
10[err], and perneability of 1. For this reason, a greater practi cal
di el ectric constant and hi gher capaci tance can be obtai ned when the
capaci tance el enent 15 of the eIect;odaknngptbvpdsdxhbartﬁodéﬁmgn

dielectric substrate. %g re, the el'ectrode is near to

the diel ect ri EBEUBEFFELE® tﬁ@ugg EBFFﬁnEgeﬁﬁneﬁ%ments 3nGLER® ned wit h
a smal | er capagklasegiel Sﬂﬁnhagﬁéﬁieeéubﬁt ates, EREBIIRSSLRR |ine portion
with low transm ssion | oss can™ 20 tai ned by providing the

el ectrode neafhasagteristicygj efethese s&gsenasethabengrectaaly dielectric

| oss t 3ag gMVoreover, greater practical perneability and

hi gher Tnductancé®can be obtai ned when the inductance el ement of the

el ectrode i s proviHed mnatahoetheheagﬂetf§t25ls uséfbssrohe. magmether nore,
when the el ectrode is nea magneti c substrate, the sane
i nduct ance cafwBgtrate, 15b@5§néddkﬁlﬁcﬁréﬁaFPéﬁtFﬁﬁu@?a%E%u%ﬁe%%nﬁo

15, a dielectric loss tangent of 1 x 10 to 1 x 107, and
permeability of 1 or more. On the other hand, generally
10 used dielectric substrates have a dielectric constant aof
around 10 to 100, a dielectric less tangent of 3 x 10°*
to 1 x 10°%, and permeability of 1. For this reason, a
greater practical dielectric constant aad higher
capacitance can be obtained when the capacitance element
1s of the electrode is provided near to the dielectric
substrate. Furthermore, when the electrode is near to
the dielectric substrate, the same capacitance can be
obtained with a smaller capacitance element. Further, a
transmission line portion with low tranémission loss can.
20 be obtained by providing the electrode near to a
dielectric substrate having a small dielectric loss
tangent. Moreover, greater pracrtical permeability and
higher inductance can be obtained when the inductance
element of the electrode is provided near to the magnetic
258 substrate. Furthermore, when the electrode is near to
the magnetic substrate, the same inductance can be

obtained with a smaller inductance element.



7 Preferably, the electrode of the conplex circuit board should be
very close (i.e., adjacent or in contact with) or near (i.e., spaced a
predet erm ned di stance from the dielectric substrate side at a
predeterm ned position, and very close or near to the nmagnetic substrate
side at another position which is different fromthe predeterm ned

posi tion. I n some enbodi nents, the el ectrode and the corresponding
substrate may optionally be separated and simultaneously adhered to each
ot her by an adhesive | ayer. Wth this arrangenent, the

coupl i ng bet peefatdidy, the SlRttrbadeofRtet fonplicd 8EtEhLr DHATHN SR LS be

t th d,.b : | agi h t
di ef ect P SUSSEr 4 b '%%n‘éoﬁgfi*ﬁ%%?%éﬁ%"r°rvﬁ[°-¥~rc#%-See- JE 58 (e

. ) I \ e el ectr
magnet i & BEPETaE-aed HEERPFReAE ‘“byghe dle*ﬁ%ﬁﬁﬁﬁ;ﬁﬁﬂ?t€F§8t56§% fkaf or
very clossidweratigedagintiicgon, and sygstrgiese or near tgytiRertagmertiche
conpl exg@hdwrtide bopdsl HBY LRIPErS@ositiona wHilkkht alcedhéfersnta Eower the

di el ecty] : di el ectric substrate. The substance of
. a&sliRl bhatcihe, | .
| ow di e %%trlc * EJconstant is provided between the el ectrode near to the

magneti c substrate side and the die|lectric substrate. Thi s
weakens the EBupidmey BEPARERERIfe efBBt rYRSTFOSE 2and H§ { ARrTRARMEGLRS
subst r agebstrkeceamchyt bptilomdELy riec separatsdband atisulgnsarialyy tditensde to

ef f ect sg Qfn N dihdahN8dhesive elagelr,0de near to the magnetic substrate are
not | ost. I n anot her arrangenent of the conplex circuit board

of the present invention, the electrode near to the

with this éfrangement, the coupling between the
electrode and the dielectric substrate is strengthened by
placing the electrede near oz very close to the
dielectric substrate, and the coupling between the
electrode and the magnetic substrate is strengthened by

- placing the electrode near or very close to the magnetic

substrate. '

Furthermore, the complex circuit bocard may comprise
a substance having a lower dielectric constant than the
dielectric substrate. The substance of low dielectric
constant is provided between the electrode near to the
magnetic substrate side and the dielectric substrate.

This weakens the coupling between the electrode near
to the magnetic substrate side and the dielectric
suhstfate, ensuring that the effects of providing the
electrode near to the magnetic substrate are not lost.

In another arrangement of the complex circuit board
of the present invention, the electrode near to the
dielectric substrate side and the electrode near to the
magnetic substrate side may be joined together in a

single body.



dielectric substrate side and the el ectrode near to the magneti c

substrate side may be joined together in a si ngl e body.

8 As a consequence, there is no need to connect the

el ectrode on the dielectric substrate to the el ectrode on t he
magneti c substrate, elimnating problens of reduced reliability and
ti me-consum ng manufacturing processes, 5 whi ch such connecti on causes.
I n anot her arrangenent, a substrate having el ectrodes on its top and
bottom faces, the el ectrodes bei ng connected by a through hole, may
be provided between the dielectric substrate and the magnetic 10
substrate. This enables the conplex circuit board to be made
easily by affixing the dielectric substrate to the magneti c
substrate with the substrate provided with el ectrodes cl asped

therebetween. 15 pg 3 coggggggﬁﬁgye&ﬂ?r@ fgpggi%@g&etglggggécgit ovi ded

to t he el ectrode near e dielectric substrate s
an i nduct ance eleatncdesopr dhedédelecthicefebstoaieenkarthe electooddeon
magneti c subst£gte side

Can be made 20tRe TSTRFFEF PHARCEBRGentl DA< b BHLRESOLFRE Het saneesd
i nduct ance, anglelbgbililtpt afdeteherBshstRingemiBdfacturing SpBbéssdhan
conventional elements of the sane i nduct ance.

which such connection causes.

In another arrangement, a substrate having
electrodes on its top and bottom faces, the electrodes
being connected by a through hole, may be provided
between the dielectric substrate and the magnetic

10 substrate.

This enables the complex circuit board to be made
easily by affixing the dielectric substrate to the
magnetic substrate with the substrate provided with
electrodes clasped therebetween.

is Alternatively, a capacitance element i1s provided to
the electrode near to the dielectric suﬁatrate side, and
an inductance element is provided to the electrode near
to the magnetic substrate side.

Consequently, the capacitance element can be made

20 smaller than conventional elements of the éame
inductance, and the inductance element can be made
smaller than conventional elements of the same

inductance.
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9 Wth this constitution, the dielectric substrate
and the magnetic substrate need only be provided at the 5
portions where they are needed, avoiding wasteful use of t he
dielectric substrate and the nmagnetic substrate. Fur t her nor e,
a nonreciprocal circui.t device of the present invention may
conprise nultiple intersecting I nduct ance el enent portions, a
capaci tance el enment 10 portion con%ected thereto, and a magnet for
applying a dc magnetic field. Consequently, the

I nduct ance el enent portion of the nonreci procal circuit device is
near to the nagnetic substrate, and the capacitance el enent portion
is near to 15 the dielectric substrate, enabling the nonreciprocal
circuit device to be mniaturized. A resonator of the present
i nvention may conprise the conplex circuit board described above,
wherein the

With this constitution, the dielectric substrate and

the magnetic substrate need only be provided at the
5 portions where they are needed, avoiding wasteful use of
the dielectric substrate and the magnetic substrate.

Furthermore, a nonreciprocal circuit device of the
present invention may comprise multiple intersecting
inductance element portions, a capacitance element

10 portion connected thersto, and a magnet for applying a dc
magnetic f£ield.

Consequently, the inductance element portion of the
nonreciprocal circuit device is near to the magnetic
substrate, and the capacitance element portion is near to

1S the dielectric substrate, enabling the nonreciprocal
circuit device to be miniaturized.

A resonator of the present invention may comprise
the complex circuit board described above, wherein the
electrodes provided between the dielectric substrate and

20 the magnetic substrate form a capacitance element and an
inductance element, thereby forming a resonator.

Consequently, the resgsonator can be miniaturized by,
for instance, providing the inductance element of the
resonator near to the magnetic substrate, and providing

25 the capacitance element near to the dielectric substrate.

Furthermore, a filter of the present invention may

comprise the rescnator described above, and input/ocutput



el ectrodes provided between the dielectric substrate and 20 t he

magneti c substrate forma capacitance el enent and an I nduct ance

el enent, thereby formng a resonator. Consequently, the
resonator can be mniaturized by, for instance, providing the

I nductance el enment of the resonator near to the nmagnetic substrate,
and providing 25 t he capacitance ;hfnent near to the dielectric
substrate. Furt her nore, ilter of the present invention nmay
conprise the resonator described above, and i nput/out put

10 connecti on neans. Consequently, the filter can
be mniaturized by, for I nstance, providing the inductance el enent
of the filter near to the magnetic substrate, and providing the 5
capaci tance elenment near to the dielectric substrate.

dupl exer of the present invention nmay conprise at | east two filters,
i nput/ out put cxMMECtion mEEs . connected to each of the filters, and
ant enna connection means connected jointly to the filters. In this
case, at 10 | e£SPSGRS %ﬁhetﬁqIﬁ&;§eWhFa@oﬁﬁrWé@lﬁﬁérﬂﬂﬁﬂebYoffche

present invengﬁg&dya%gr&Qggﬂgggﬁthg inductancecgﬂ%ﬁgﬂﬁnhkythghgéggggexer

can be mniaturized by. I nstance, providing thé indu
el ement of tha&ear to téhepmagnetricasubstirateragne peostiddhgathe and
t.o.the dielectric substrate.

D10Vl 88, 19 capaiR FRGILANGE, SLEIPIL, IGT e, ¢l Rt g qubst 2t
conprise the dupl ededuiidesierded 2heveredent invention may comprise at
least two filters, input/output connection means
-connected to each of the filters, and antenna connection
means connected jointly to the filters. In this case, at
10 least one of the filters may comprise the filter of the
present invention described above. |
Consequently, the duplexer can be miniaturized by,
for instance, providing the inductance element of the
duplexer near to the magnetic substrate, and providing
15 the capacitance element near to the dielectric substrate.
Furthermore, a communications device of the present
invention may comprise the duplexer described above, a
circuit for transmitting, connected to at least one
input/output connection means of the duplexer, a circuit
20 for receiving, connected to ét least one input/output
connection means other than the input/output connection
means connected to the circuit for transmitting, and an
antenna connected to the antenna connection means of the
duplexer.
28 Consequently, the communications device can be
miniaturized by, for instance, providing the inductance

element of the communications device near to the magnetic



circuit for transmtting, connected to at |east one I nput / out put
connection neans of the duplexer, a circuit 20 for receiving, connected
to at | east one input/output connection means ot her than the

I nput/ out put connection means connected to the circuit for
transmtting, and an " antenna connected to the antenna connection
nmeans of the dupl exer. 25 11 Consequently, the conmunications
devi ce can be m niaturized by, for instance, providing the inductance
el enent of the comunications device near to the magnetic

substrate, and providing the capacitance el enment near to t he
dielectric substrate. Furthernore, a circuit nodul e of the

pr esent i nvention may have at | east one functional elenent 5
conprising the conplex circuit board of the present i nvention

descri bed above. Conseguent | . the circuit nDduIe can be

m ni aturi zed bySUHHTAGTR ARk PIFOAIAS %&me ement @gpgFeRP of

the circuit rnxgﬂéadygyeégkggugdggyyg substrate, and providing the
capaci tance el enment near the dlelectrlc substrate.

Furthernore, a nonrmm}mlom.rwmlmmalaﬂuMe:f the prmseaent invention
Doy ng- pr ovi ded SRR e dave 4h Fhadt. i EPREICRR] AIETRE cotr o
substrate an comprislRe e cdupled e Aaiive Yo aldde off Q;Ih«éctprﬁe%eﬁubstrate
and the. - magnetic substrate, the electrode conprising a

invention described above.

Consequently, the circuit module can be
miniaturized by, for instance, providing the inductance
element of the circuit module near to the magnetic

10 substrate, and providing the capacitance element near to
the dielectric éubstrate.

Furthermore, a nonreciprocal circuit device of the
present invention may comprise a dielectric substrate, a
magnetic substrate, a space being provided between the

15 magnetic substrate and the dielectric substrate, an
electrode provided between the dielectric substrate and
the magnetic substrate, the electrode comprising a
resonator portion and a transmission line portion, and a
magnet for applying a dc magnetic field. The

20 transmission line portion of the electrode is relatively
near to the dielectric substrate side, and the resonatoer
'portion of the electrode is relatively near to the
magnetic substrate side.

Consequently, the transmission line portion of the

25 electrode is near to the dielectric substrate, reducing
propagation loss, and enabling the device to be made

gsmaller than conventional devices having the same



resonator portion and a transm ssion [ine portion, and a magnet for

applying a dc magnetic field. The 20 transm ssion line portion of the
el ectrode is relatively near to the dielectric substrate side, and
t he resonator. portion of the electrode is relatively near to the
magneti c substrate side. Consequently, the transm ssion |ine
portion of the 25 - el ectrode is negrp to the dielectric substrate,

reduci ng propagation | oss, and enabling the device to be nade
smal | er than conventional devices having the sane

12 characteristics. Furthernore, since the resonator

portion of the electrode is near the nagnetic substrate, it Is nore
strongly coupled with the magnetic substrate, I mproving the

nonreci procity of the device. 5 Preferably, in the specific form
of the invention set forth above, the transm ssion |ine portion of
the el etidrtdBi elds Cl MEredtive | Githe A 8dddmator
substrate side, and the resonator portion of the el ectrode is very

close or near RAFRIRN ffgriie clrdivtade dslolear wialeagnetic substrate,
Aol ectric undh it SR Rl B O pagmenid RERA A ¢ ne
el ectrode whi cimprowiary tHeswomreciprocithedt tuhd fevirgneti c substrate side
T angerent . 3 CubHERASFARI nih ThE SBeqifis ST O RHE GAEREIET han t he
diel ectric subfdy &fth above, the transmission line portien cf the
electrode is very close or near to the dielectric
substrate side, and the rescnator portion of the
electrode is very close or near to the magnetic substrate
10 side.
Consequently, the electrode which is very close or
near to the dielectric gsubstrate side is more strongly
coupled thereto, and the electrode which is very close or
near to the magnetic gubstrate side is more strongly
15" coupled thereto.
In yet another arrangement, a substance having a
lower dielectric constant than the dielectric substrate
may be provided between the dielectric substrate and the
resonatoxr portion of the electrode near to the dielectric
20 substrate side.
Consequently, it is possible to weaken the coupling
between the dielectric substrate and the electrode near
to the magnetic substrate side, ensuring that the effects
of providing the electrode near to the magnetic substrate
25 are not lost. |
In yet another arrangement of the nonreciprocal

circuit device, a substrate having electrodes on its top



may be provided between the dielectric substrate and the resonat or
portion of the electrode near to the dielectric 20 substrate side.
Consequently, it is possible to weaken the coupling bet ween t he

di el ectric substrate and the el ectrode near to the magnetic
substrate side, ensuring that the effects of providing the el ectrode
near ta the nagnetic substrate 25 f?e not | ost. In yet

anot her arrangenent of the nonreciproca ctrcuit device, a substrate

havi ng el ectrodes on its top.
and bottom faces, the el ectrodes being connected by a

13
t hr ough hol e,

may be provided between the dielectric substrate and the magnetic
substrate. Consequently, the conplex circuit board can be nade

5 easily by affixing the dielectric substrate to the

magneti c

substrate with the substrate provided_wth el ectrodes cl asped
t her ebet ween. 3Rd Jpttom faces, the electrodes being connected by a

through hole, may be provided between the dielectric

substrate and the magnetic substrate.

Consequently, the complex circuit board can be made

s easily by affixing the dielectric substrate to the

magnetic substrate with the substrate provided with

electrodes clasped therebetween.

10

1s Consequently, the dielectric substrate and the

magnetic substrate need.only be provided at the porticms

where they are needed, avoiding wasteful use of the

dielectric substrate and the magnetic substrate.

Furthermore, a communications device of the present

20 invention may comprise the nonreciprocal circuit device

described above, a circuit for tramsmitting, a circuit

for receiving, and an antenna.

Consequently, the transmission line portion of the

nonreciprocal circuit device is near to the dielectric

2S substrate side, and the resonator portion is near to

magnetic substrate side, improving the characteristics of

the communications device and enabling it to be
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15 Consequently, the dielectric substrate and the magneti c
substrate need only be provided at the portions where they are
needed, avoi ding wasteful use of the di el ectric substrate and the
magneti c substrate. Furt hernore,. a communi cations device of the
present 20 - invention may conprise the nonreciprocal circuit device
descri bed above, a circuit for transmytgting, a circuit for

recei ving, and an antenna. Consequent |y, the transnission |ine
portion of the nonreci procal circuit device is near to the
dielectric 25 substrate side, and the resonator portion is near to
magneti c substrate side, inproving the characteristics of t he
comuni cati ons device and enabling it to be :

14 m ni aturi zed. Furthernore, the present

I nvention may provide a met hod-f or manufacturing a conplex circuit
board cmnpmasungzeﬂe st eps of prOV|d|ng a dielectric substrate; 5

providing a film of dielectr const an lSIn bst ance
havi ng a | ower di el B8 ﬁ%@rgﬂﬁgtahgetﬁﬁﬁsFﬂé 16veR ﬁ%¥t$rov%% Strate, on

sai d diel ectrigfegHbat F8keinanufacrupifyi di BGm?R]eﬁ' esimﬂe Paat@rn on the
dielectric substrate which the film | ow dielectric constant has

10 been pre9FBEYSHRT ERE GFEPRi A§ BrAMiALRECAsGbelPREELF (sUbsStratgne
d'e'eCtgéC SUbSELGE 8108 BhEShm! B8 $LGCHEQTEPRE L Bnstant, EompPEfhg &

provi de
substance having a lower dielectric constant than the

dielectric substrate, on said dielectric substrate;
praoviding an electrode pattern on the dielectric
substrate which the film of low dielectric constant has
10 been provided on; and affixing a magnetic substrate to
the dielectric substrate on which the electrode pattern
has been provided.
Consequently, the electrodes of the complex circuit
board, which has an electrode pattern near to the
15 dielectric substrate or the magnetic substrate at a
predetermined position, can be provided in a single
process.
Furthermore, a method for manufacturing a complex
circuit board may comprise the steps 6f providing a
20 dielectric aubstraée; providing a magnetic substrate;
providing an electrode pattern on top and bottom faces of
a substrate of low dielectric constant having a lower
dielectric constant than the dielectric substrate;
providing a through hole running between the electrode on
25 the top face and the electrode on the bottom face; and
affixing the dielectric substrate to the magnetic
substrate so0 as to clasp the substrate of low dielectric
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Consequently, the electrodes of the conplex circuit board, which has

an el ectrode pattern near to the 15 dielectric substrate or the
magneti c substrate at a predet erm ned position, can be provided in a
single process. Furthernore, a nethod for manufacturing
a conpl ex . circuit board may conprise the steps of providing a 20
dielectric substrate; providing a maghpetic substrate; provi di ng an
el ectrode pattern on top and bottom faces of a substrate of | ow

di el ectric constant having a | ower di el ectric constant than the

di el ectric substrate; provi ding a through hole running between the
el ectrode on 25 the top face and the el ectrode on the bottom face; and
affixing the dielectric substrate to the magnetic substrate so as to
clasp the substrate of |ow dielectric

15 const ant, t her ebet ween. Consequently, a conpl ex
circuit board FRRAWRAGNCRETELET YRR [ ode pattern near to the dielectric

substrate or the Conse?ﬁ?ﬁéﬁi%? SUBSHEPde &frd O Siel e HARGPRS tion can

r
be 5 easi |y manuf ac y affiXxing the dielectric substrate
to the nmagnetielscbsedat patherh némr sthsthatdipientxior substrate o the
el ectrodes clasged t her at her, et had %%r
s of

manuf act uri ng %.%%ﬁ%?%xsegggggg%i?%u?tp¥ﬁéﬁEF$§§P%§LRﬁﬁ%ﬁ?qqu§§&

providing a 1l0sasilyli @hRGEACEUSLESHY M4 LE1 010y the 0l DdT edtaeld Gidgrabler n on
the dielectric substrate; providing a magnetic substrate; _ providing
an el ectrode pa®tehf BATRABLIAREWeETEALEbSWiEh cthe substrate provided

with electrxodes clasped therebetween.

Yet another method for manufacturing a complex

circuit board may comprise the steps cf providing a

10 dielectric substrate; providing an electrode pattern on
the dielectric éuhstrate; providing a magnetic substrate;
providing an electrode pattern on the magnetic substrate;
arranging the dielectric substrate and the magnetic
substrate so that their faces provided with the electrode

1s pattexrns are facing each othexr, and so that the electrode
patterns are facing each other at a predetermined
connection portion, and connecting the electrode pattern
of the dielectric substrate to the electrode pattern of
the magnetic substrate at the predetermined connection

20 portion.

Consequently, the electrode pattern can be moved
near to the dielectric substrate side at a predetermined
position, and the electrode pattern at other positioms
can be moved near to the magnetic substrate, using a

25 conventional £lip -'chip mounting technique.
Yet another method for manufacturing a nonreciprocal

circuit device may comprise the steps of providing a



arranging the dielectric substrate and the magnetic substrate so
that their faces provided with the el ectrode 15 patterns are facing each
ot her, and so that the el ectrode patterns are facing each other at a
pr edet er m ned connection portion, and connecting the el ectrode
pattern . of the dielectric substrate to the el ectrode pattern of

the magnetic substrate at the predete[gined connection 20 portion.
Consequently, the electrode pattern can be noved near to the
dielectric substrate side at a predeterm ned position, and the

el ectrode pattern at other positions can be noved near to the
magneti c substrate, using a 25 conventional flip chip nounting

t echni que. Yet anot her net hod for nmanufacturing a nonreciproca
circuit device nay conprise the steps of providing a

dielectric sug ate; rOV|d|ng a filmof lowdielectric const ant,
conpri sing a SHBLBGREECHEVPREFACE oWRFOVIAing i £1 ¥Rt PF cLeBrdiaRCE T t he

di el ect t d
ol eotric subsheaif ORohPising x BLELECHEL CnabbR 2! PouptOVIding an

el ectrode pattern such on 1s rned at the
portion of thélelectrldlebastant sh&attheedmbbeetthe subsrodte pvenittectric

constant-is prov g and transm ssion,line or I on ”%9 at
ot her por t1 onRLFhETEEHE SuBrkFALeh Regrititd ok eledhnade parvert it

di el ectgic Subﬁéﬁaﬁeré@bﬁﬂtéi‘epéi:@%ﬁ0£’§ £8rmeq RRLERE np&a@l&?ealf Ry i ded;
and providing_a magnet for appl ying a dc magnetic field

Consequent | y, SheheREEsFprBbatrate cuherdethecfhlmi @f) low dielectric
constant is provided, and a transmission line portion is
formed at other portions therecf; affixing a magnetic
substrate to the dielectric substrate which the electrode

10 pattern has been provided; and providing a magnet for
applying a dc maénetic field.

Consequently, a nonreciprocal circuit device having
an electrode pattern provided near to the dielectric
substrate or the magnetic substrate at a predetermined

15 position can be manufactured in a single process.

| Yet another method for manufacturing a nonreciprocal

circuit device may comprise the steps of providing a
dielectric substrate; providing a magnetic substrate;
providing an electrcde pattern on top and bottom faces of

20 a substrate of low dielectric constant having a lower
dielectric constant than the dielectric substrate;
providing a through hole running between the electrode on
the top face and the electrode on the bottom face;
affixing the dielectric substrate to the magnetic

25 substrate so as to clasp the substrate of low dielectric
constant therebetween, and so that the magnetic substrate

is on the resonator portion side of the electraode
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an electrode pattern provided near to the dielectric substrate or

the magnetic substrate at a predeterm ned position can be

manuf actured in a single process. Yet anot her net hod for

manuf acturing a nonreci procal circuit device may conprise the steps
of providing a di el ectric substrate; providing a nagnetic substrate;
provi ding an el ectrode pattern on top and bottom faces of 20 - a
~substraté of |ow dielectric constantlhaving a | ower dielectric
constant than the dielectric substrate; provi ding a through hole
runni ng between the el ectrode on the top face and the el ectrode on
the bottom face; affixing the dielectric substrate to the nmagnetic
25 substrate so as to clasp the substrate of |ow dielectric

constant therebetween, and so that the magnetic substrate is on the

resonat or portion side of the el ectrode

'éLr7ansm ssion Igne por'tlon :{}gee %‘\’ f Cé r%&o%g&t '?j}e(raréns e the and

provi ding a magreishiissbep! Ying ;ecﬂ::uﬁmggme wf ltﬁ‘iéi electrode pattern.
Consequently, a nonre0|££ocal circuit_device having _5 an el ectrode

pattern provi RRR RESVE Qﬂheadﬁﬁ'%%‘%rf%r app Yl%&tqcat“@%@tﬂ?e Cigdfetic
substrate at a pre %%Qégt n | d6-JYRuRU d by
JE ctric substrate té?ﬁé?i QA 1de Egg&%ée

affixing the magneti1 c substrate, Wt
t he 5 subsrurele,cqarmeomcmm gmmmmmgmlt&r@&ieﬂ@unc
Lgﬁ;gg?;‘r’fggl substrate or t‘:ahe arggéggélc s dtraotre n&nuf acrt lﬁ’et%%mlned
position can be eagily manufactured by affixing the
dielectric substrate to the magnetic substrate, with the
substrxate provided with the electrodes clasped
10 therebetween.
' Yet another method for manufacturing a nonreciprocal
circuit device may comprise the steps of providing a
dielectric substrate; providing an electrode pattern
forming a transmission line portion on the dielectric
1S  substrate; providing a magnetic substrate; providing an
electrode pattern forming a resonator portion on the
magnetic substrate; arranging the dielectric substrate
and the magnetic substrate so that their faces provided
with the electrode patterns are facing each other, and so
20 that the electrode patterns are facing each other at a
prederermined connection portion, connecting the
electrode pattern of the dielectric subgtrate to the
electrode pattern of the magnetic substrate at the
predetermined connection portion, and providing a magnet
25 for applying a dc magnetic field.
Consequently, the electrode pattern can be moved

near to the dielectric substrate side at a predetermined



circuit device may conprise the steps of providing a dielectric
-substrate; providing an el ectrode pattern “formng a transm ssi on

| ine portion on the dielectric 15 substrate; providing a nagnetic
substrate; providing an el ectrode pattern form ng a resonator
porti-on on the magneti c substrate; arranging the dielectric
substrate - and the magnetic sub t%ate so that their faces provided
with the electrode patterns are faciné‘ ach other, and so 20 that the
el ectrode patterns are facing each other at a pr edet er m ned
connection portion, connecting the el ectrode pattern of the
dielectric substrate to the el ectrode pattern of the nmagnetic
substrate at the pr edet ermi ned connection portion, and providing a
magnet 25 for applying a dc nagnetic field. Consequent |y,

the el ectrode attern can near to the dielectric substrate
side at a pre an the electrade pattern at other positiops

posi tion, and em E‘é qﬁsw&en@ﬂt@é LR PG PO M. ugidfh e moved

near to the magneti c substrate, using conventlona
chi p nounti ngcanseentt ipral £lip- Td:m amiumimg tfsamﬁ@xa and

~advantages wi || be erstood_fromthe foll det ai
description of ﬁm?ﬁ)o %E ff??lreuF?R/&ﬂ“g v n%??“ef%@n@@ to the
drawi ngs i n winddrdtdad r ek cEke SESETGrind | d@:ﬂmrﬂéscriptia@% parts.
BRI EF DESCRIPTICN OF THE - DRAW NGS
embodiments of the invention, with reference to the
drawings, in which like references denote like elements

and parts.

BRZEF DESCRIPTION OF THE DRAWINGS

10 FIG. 1 1s a plan view of a complex circuit board
according to an embodiment of the present invention:
FIG. 2 i3 a crose-gectional view taken aleng the
line ¥ - X of FIG. 1;
FIG. 3 is a cross-secticnal view of a complex
15 circuit board according to a second embodiment of the
present invention; _ '
FIG. 4 is a conceptual view showing a simulation
method;
FIG. S is a diagram showing relationships between a
20 gap and cépacitance, and the gap and inductance;
FIG. 6 is a2 cross-sectional view of a modification
according to an embodiment of the present'invention;
FIG. 7 is a cross-sectional view of another
embodiment of the present invertion;
25 FIG. 8 is an exploded perspective view of a

nenreciprocal circuit device according to an ambodiment



10 FIG 1 is a plan view of a conplex circuit board

according to an enbodi nent of the present invention; FIG 2 1is
a cross-sectional view taken along the line X - Xof FIG 1;

FIG 3 is a cross-sectional view of a conplex 15 circuit board
according to a second enbodi mrent of the present invention;

FIG 4 is-a conceptual view show ng a.g mul ation nmet hod:

FIG 5 is a diagram show ng rel ati onshi'ps between a 20 gap and

capaci tance, and the gap and i nduct ance; FIG 6 is a
cross-sectional view of a nodification according to an enbodi nent
of the present invention; FIG 7 is a cross-sectional view of
anot her enbodi ment of the present invention; 25 FIG 8 is
an expl oded perspective view of a nonreci procal circuit device

according to anq ?ﬁr}‘gehodl nment v 19
of the present® (§RfFAent inventionir g 9 js a cross-sectional view

taken al ong the FIG. |9 N6s Ya -crodt-dddeichal view taken EiGnglQ@nks a plan
vi ew of a duplexer according to 5 an enbodi rent of the present

i nvention; line ¥ - ¥qf HIG{ Pa cross-sectional view taken al ong the

line Z - Z of FIG I
comuni cat i ons Elfb de]\'/cl’ cles aac olra(flzﬁ W’L%aén%ea)’%,g' ment éc\é \euz% eggnt 10

i nventi @; an embodiment of the pregsent invention;

FIG. 11 is a crogs-sectiocnal view taken along the
line 2 ~ 2 of FIG. 10;

FIG. 12 is a schematic view of a communications
device according to an embodiment of the present

10 igventicn;

FIG. 13 is a plan view of another nonreciprocal
circuit device according to an embodiment of the
present invention; |

FIG. 14 is a cross-sectional view taken along the

1s  line A - A of FIG. 13;
| FIG. 15 is a cross-sectional view showing the
“nonreciprocal circuit device of FIG. 13 provided in a dip
of a substrate;

FIG. 16 is an exploded perspective view of yet

20 another nonreciprocal circuit device aceording to an
embodiment of the present invention;

FIG. 17 is a cross-sectional view taken along the
line A - A’ of FIG. 1s5;

FIG. 18 is a plan view of a circuit mcdule

as according to an embodiment of the present invention;

FIG. 19 ig a cross-sectional view taken along the

line B - B of FIG. 18;



FIG 13 is a plan view of another nonreciprocal circuit device
according to an enbodi nent of the present invention;

FIG 14 is a cross-sectional view taken along the 15 line A - A of FIG
13; FIG 15 is a cross-sectional view show ng the

nonreci procal circujt device of. FIG 13 provided in a dip of a
substrate; FIG 16 is an | oded perspective view of yet 20
anot her nonreciprocal circuit device “according to an enbodi ment of
the present invention; FIG 17 is a cross-sectional view taken
al ong the line A - A of FIG 16; FIG 18 is a plan
view of a circuit nodule 25 according to an enbodi nent of the present
i nventi on; FIG 19 is a cross-sectional view taken along the
line B- B of FIG 18; 20

FIG 20 is a schenatlc vi ew of anot her connunications devi ce
according to an enbOHF meff F #hechematic pybewmf | INEHISON;

F1G 21 1S 2 SEORRBAI Ladl Stk O e-@ﬂ@éheéccé:m COIm! il d etV IdH che
according to an e di ment ent vent1 on;

FIG 22 is a sphesenfcinvemtdénanot her conmuni cati ons devi ce

according to an enb ne pf the present I nvention; 10
FIG 23 is a plan v?g%ro$i att oRVETRETREEC CBHBY 5 anothexr

5 communications device according to an embediment of the
present invention;

FIG. 22 is a schematic view of another
communications device according to an emboediment of the
present invention;

10 FIG. 23 is a plan view of a .conventional complex
circuit board; énd

FIG. 24 is a cross-sectional view taken along the
line W - W of FIG. 23.

DESCRIPTION OF __EMBODIMENTS _OF THE
15 I ION

A complex circuit beoard according to a preferred
embodiment of the present invention will be described
below with reference to FIGS. 1 and 2. FIG. 1 is a plan
view of a complex circuit board of the present inventionm,

20 and FIG. 2 is a cross-sectional view taken along the line
X - X of FIG. 1.

As shown in FIGS. 1 and 2, the complex circuit board
10 of the present invention comprises a dielectric
substrate 11, a magnetic substrate 12, and an electrode

25 pattern 20 clasped therebetween. The electrode pattern

20 comprises a capacitance element portion 21, an



circuit board; and FIG 24 is a cross-sectional view taken

al ong the line W- Wof FIG 23. DESCRI PTI ON OF

EMBODI MENTS OF THE A conplex circuit board according to a
preferred enbodi ment of the present invention will be described
below with reference to FIGS. 1 and 2. FIG 1 is a plan view of a
conplex circuit board of the present quention, 20 and FIG 2 is a
cross-sectional view taken along the [ine X - Xof FIG 1.

As shown in FIGS. 1 and 2, the conplex circuit board 10 of the
present invention conprises a dielectric substrate 11, a nmagnetic
substrate 12, and an el ectrode 25 pattern 20 cl asped therebetween. The
el ectrode pattern 20 conprises a capacitance el enent portion 21, an
21 i nduct ance el enment portion 22, a transm ssion |ine

portion 23, an ' .r.Qd 1 I . .. provided on

out si de faces g’rntdﬁ%eéd I e eeg%%s?ggt%ﬁz??‘e%?l, % %r%nsm&(gw?xsﬁﬁgef or

i nstance porticuliad erard el ik . 5 Groun@@@idtecaddstnakeal?,
conprising ferrite., , The conpl ex circuit board 10 having the
constituti on sPFRYLdedrian outside famgscofosdenhdiclactricowupsteatel Las .

As shown in Fl Gougyrildl dd & HOMRIRandd CUI boardcg%iO,, and the

5 magnetic substrate 12, comprising ferrite. The complex

circuit board 10 having the constitution shown in FIG. 1
functions here as a low-pass filter.
As shown in FIG. 2, in the complex circuit board 10
of the present invention, the capacitance element portion
10 21 of the electrode pattern 20 is very close to the
dielectric substrate 11, and the inductance element
portion 22 is very close to the magnetic substrate 12.
In this way, the capacitance of the capacitance element
portion 21 can be increased by providing the capacitance
15 . element portion 21 very close to the &ielectric gubstrate
11. Therefore, the complex circuit board 10 can be made
smaller than a conventional complex circuit board having
the same capacitance. Furthermore, when the inductance
element portion 22 is provided very close to the magnetic
20 substrate 12, the coupling of the inductance element
portion 22 to the dielectric substrate 11 is weakened,
increasing its inductance. Therefore, the complex
circuit board 10 can be smaller than a conventicnal
complex circuit board having the same inductance. In
25 addition, the distances from the transmission line
poertion 23 and a resistor or the like (not shown

in the diagram) to the dielectric substrate 11 and the



of the present invention, the capacitance el enent portion 10 21 of the
el ectrode pattern 20 is very close to the dielectric substrate 11,
and the inductance el enent . portion 22 is very close to the magnetic
substrate 12. In this way, the capacitance of the capacitance

el enent portion 21 can be increased by providing the capacitance 15
el ement portion 21 very close to the %%plectric substrate 11.
Therefore, the conplex circuit board can be nade smal l er than a
conventional conplex circuit board having t he sane capacitance.

Furt hernore, when the inductance el ement portion 22 is provided very
close to the nagnetic 20 substrate 12, the coupling of the inductance
el enent portion 22 to the dielectric substrate 11 is weakened,

i ncreasing its inductance. Therefore t he conpl ex circuit board 10

can be smaller wggf I ing the
sane i nduct ancem%%e%%o% taﬁfeﬁsgglﬁg)ésef%'oﬁgh%ﬁ g%gssr on
l'i ne porﬂhaméi&:&nduhaWEhaﬂamterlscLCSOBf the hmhﬁs@meblahomﬂne

in the diagram to t.he djelecfric substrate 11 and the
22 RSO S0 A6k (Sl TRP L 3P G DEPSAERMYSRBRLERES.

‘Therefore, the ﬁ%’é@ﬁl@fg Yd Qﬁ’xe(ife eyl 23RS 'ﬁo%i'tﬂ&nkﬁnﬁetween cRertion 23
and the resistor. can be precisely designed depend |gg on where they

are positPfoned Héehaatrise substraty dile@nd @hsumesﬂeteC1§ sirahe kAgnetic
bS] VRI® 12 wnerent S SR SRR ke B RRUR AR LB
board of the present Netgntd Gedand éa@:ﬁ&.@ie&!:n@(t RagedoMPlex circuit
board of the present invention will be explained based on
FIG. 3. Like membexs to those in the preceding
10 embodiment are designated by like reference characters,
and detailed explanation thersof is omitted.
As shown in FIG. 3, the cemplex circuit board 10a of
the present embodiment comprises a dielectric substrate
11, a magnetic substrate 12, an electrode pattern 20
15  clasped therxebetween, and a substance having a low
dielectric constant 14 clasped between the electrode
pattern 20 and the dielectric substrate 11. Here, the
substance having a low dielectric constant 14 comprises a
substance having a lower dielectric constant than the
20 dielectric substrate 11. Preferably, the substance 14
should also have a lowexr dielectric constant than the
magnietic substrate 12. The substance having a low
dielectric constant 14 is clasped between the dielectric
substrate 11 and the electrocde pattern 20 at the same
25 position as the inductance element portion 22. The
substance having a low dielectric constant 14 makes the

coupling between the inductance element portion 22 and



FIG 3. Like nenbers to those in the preceding 10 enbodi nent are
designated by |ike reference characters, and detail ed explanation
thereof is omtted. As shown in FIG 3, the conplex circuit
board 10a of t he present enbodi nent conprises a dielectric substrate
11, a magnetic substrate 12, an el ectrode pattern 20 15 cl asped

t her ebet ween, and a subst ance havi ng 4 ow dielectric constant 14

cl asped between the el ectrode pattern 20 and the dielectric
substrate 11. Here, the substance having a |l ow dielectric constant
14 conprises a substance having a |lower dielectric constant than the
20 dielectric substrate 11. Preferably, the substance 14 shoul d
al so have a | ower dielectric constant than the magneti c substrate
12. The substance having a | ow dielectric constant 14 is cl asped

bet ween the di substrate 11 and the el ectrode pattern 20 at

el ectri :
the same 25 .tﬁﬁoé%%i%ﬁ?5§ctﬁ%??%ﬁ%%?a%%é”%ﬂ%ﬁ%ntcﬁmﬁi¥%ﬁi%Eﬁh Figase
subst ance haV'n9n3t|9ﬂbd?ﬁ|efﬁr&ﬁi£ﬂpsf§€t%%%t£@¥§§ irﬁiotrusi059ﬂ?|'ng

bet ween the inductance el ement portion
23 prowddefelnctnecdiebattnie dubseskee  lTompanade idd a case

(not shown) in; Wi r_jnstapce, _a.profrusion is rovided in the
dielectric sub§¥$%§€a3§gt81%%%§@t3@5tlgh ££i?ﬁﬁﬁfﬁﬁ%% %ﬁ%ﬁﬁéﬁ“?ﬁﬁiion 22
nearer t® the sagserate 2. ThADSiEAt€hd Zsubdtiddicé Shaviveg salbsdw@nce having
a |l ow diel ectri¢c constant 14 prevents the effect of the

coupling with @ﬁélﬁﬁﬁﬁéFiﬁégﬁ%%ﬂﬁa}% prevents beieeffect of dtheed by the
coupling with &Q&pfiﬁbeﬁifhctﬁgbﬁééﬁ%@iélsuhstrate 12 from being

reduced by the coupling with the dielectric substrate 11
more effectively than if , for instance, a
10 protrusion ~were provided in the dielectric
substrate 11 to move the inductance element portion 22
nearer to the magnetic substrate 12.
In the above embodiment, the electrode pattern.
clasped between the dielectric substrate and tbhe magnetic
15 substrate was very close in one direction .te either the
dielectric substrate or the magnetic substrate, but
alternatively, the inductance element portion may be
provided near to the magnetic substrate by, for instance,
inserting the substance having a low dielectric constant
20 between the inductance element portion and the magnetic
substrate, ox by i any other guitable method.
This will be explained based on results of a simulation.
FIG. 4 is a conceptual diagram showing a electxrode
pattern 20 provided between the dielectric substrate 11
25 and the magnetic substrate 12, which have a space
therebetween. FIG. 5 shows simulation results

illustrating the relationship between the gap G between



nore effectively than if , for instance, a 10 protrusion

were provided in the dielectric substrate 11 to nove the

i nduct ance el ement portion 22 nearer to the magnetic substrate 12.
In the above enbodi nent, the el ectrode pattern. cl asped between the
dielectric substrate and the magnetic 15 substrate was very close in
one direction to either the dielgctric substrate or the magnetic
substrate, but alternatively, the inductance el ement portion may be
provi ded near to the magnetic substrate by, for instance, i nserting
t he substance having a | ow dielectric constant 20 bet ween t he

i nductance el ement portion and the nmagnetic substrate, or by

any other suitald e1dmiingk pattern Y il ldndeiiapaingd Maeedaee Results

of a simulation. FI G I's a conceptual di agram show ng a
el ectrode and gae emﬂmqsn@nldecambmheﬁerrammram Meswasrstthat e 11 25

and the magnet]| bstrate 1 whi ch have a t herebet FI G
5 shows simul &% O%'raerg%fr[%e czapac”ﬁrfclfst ‘at iiﬁge tq%}eelreec"ltd‘ili S% B‘\é'\%/\gén t he
gap G between has a thickness of 0.5 mm, a dielectric consdéﬁt of t he
el ectrode pattern 20 and the dielectric substrate 11 and the

i nduct arfce L, 3ORFPHEMFEES i YhsAns rampeabilicy of appraximatsiy fhe
capacitance Cpplhe, ér%rféé‘{é r%&é&@féé AL phls a thickdk B Y GKARSSLOf 0.5

mm a dlelectrlc co
dielectric constant of approximately 15 and permeabillty

cf approximately 3. Furthermore, the space between the
dielectric substrate 11 and the magnetic substrate 12 is

10 0.03 mm and the thickness of the electrode pattern 20 is

0.01 mm. In Fig. 5, the symbol & represents the capacitance C,
and the symbol 'O represents the inductance L. As shown in FIG.
5, the capacitance C is greater when the electrode pattern 20
is wvery . close to ‘the dielectric substrate 11, and the
inductance L reaches its maximum when the electrode pattern 20
is disposed at 0.005 mm from the magnetic substrate 12, that
is, the gap G is 0.015 mm as shown in Fig. 5. That is, it is
better for the inductance element portion to be provided near
(spaced a predetermined distance from) the wmagnetic substrate
12 rather than very close to (adjacent or in contact with) it.
In these embodiments, the electrode pattern clasped
between the dielectric substrate and the magnetic substrate is
provided near or very close to the dielectric substrate, but
the constitution is not limited to this. For instance, as shown
in the complex circuit board 10b of FIG. 6, the entire
electrode pattern 20 is provided relatively closer to the



5 approximately 90, and perneability of approximtely 1. The
magneti c substrate 12 has a thickness of 0.5 nm a dielectric
constant of approximtely 15 and perneability _of approximtely 3.
Furthernore, the space between the dielectric substrate 11 and the
magnetic substrate 12 is 10 0.03 mm and the thickness of the el ectrode
pattern 20 is 0.01 mm In Fig. 5,§guasynbol [err] represents the
capaci tance C, and the synbol 'o' “represents the inductance L. As shown
in FIG 5, the capacitance Cis greater when the el ectrode pattern 20
Is very close to the dielectric substrate 11, and the

I nductance L reaches its maxi num when the el ectrode pattern 20 S

di sposed at 0.005 mmfromthe magnetic substrate 12, that is, the gap G
is 0.015 mmas shown in Fig. 5. That is, it is better for the

i nduct ance el egeBlepeEtiE0BubarBRTEr 0Yi U8HaRCES the zﬁ&%ﬁé@ﬂcast%@@lﬁl@é m ned
di stance from the magnetic substrate 12 rather than very close to

(adj acent or | A2eonPHcingRERLngta substrate|podyel® pavibupnenisy the

el ectrode pattern,cl d etween_the.djelectric substrate and the
magnetic substgéFégfgggg CBPSSEB d°ﬁe&%eo}l%%r95§V%§% Fgetﬂis%ﬁ%&%ctric
substrate, butgubsti€eCcopshhBUthenel&cBobdki phtedrhozdhls. zHOknidst ance,

as shown in the conplex circuit board 10b of FIG 6, the entire
el ectrod@ pat t BRROGEMEIT Y oG RGednAUFERNGE| §lenestrpeBtioe 22 is
25 redhBiGELY! fieSlRS! £B! End InhBRB:10 LORSLPORETLS SHORIRL®

capacitance element portion 21. Such an arrangement also
achieves the effects of the present invention.
Next, a method for manufacturing the complex circuit
i0 board of the present invention will be explained.

' Firstly, a ground electrode is provided on one side
of a dielectric substrate, and a film having a low
dielectric constant, such as epoxy resin or polyimide
resin, is provided at a pogition on the dielectric

15 substrate where the inductance element is to be provided.
Thereafter, an electrode pattern, comprising a
capacitance element, an inductance element, a
transmission line, and the like, is formed by plating or
sputtering on the dielectric substrate provided with the

20 film having a low dielectric constant. Then, a magnetic
substrate having a ground electrode on one face is
attached, thereby forming the complex circuit board of
the second embodiment. Using this manufacturing method,
the electrode pattern can be provided in one process,

25 enabling the complex cirecuit board to be made more easily
than in conventional connection methods using a

connection electrode.
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12, by inserting a substrate body 15 having a | ow dielectric
constant or the |ike between the magnetic substrate 12 and the

el ectrode pattern 20 . In this 5 enbodi ment , the inductance el enent
portion 22 is relatively nearer to the magnetic substrate 12 than
t he capaci tance el enent portion 21. Such an arrangenent al so

achi eves the effects of the present ifgention. Next, a mnet hod
for manufacturing the conplex circuit®“10 board of the present invention
wi |l be expl ai ned. Firstly, a: ground electrode is provided on
one side of a dielectric substrate, and a filmhaving a | ow
dielectric constant, such as epoxy resin or polyimde resin, iIs
provi ded at a position on the dielectric 15 substrate where the

i nductance elenent is to be provided. Thereafter, an el ectrode

pattern, conprising a - capaci tance el enent, an inductance el enment, a
transmi ssion |ine, {9RPIFINERT STRARRF 1S IFMAFFaGce of thegdgvedring

on the dielecttgs 6%4&% at ' ' ¢ avfd : ' W
dielectric conés% ;cnt . %en‘,?r g#n%dgj%g?i ‘g&é&éé}? %%bsqﬁeéléeét{?é\r}?\r%ggtgrag%nd
el ectrode on caed fetoe elsectrode mdtaedred add eledyr fwsmary edfamplenehexe

circuit board qf H@g second enbodi nent. Using this manufacturing

et hod, The\ R MRIAIRIPHHT rifban be pr ovi dPTHED ST ESeoss, 25

enabl i ng; the cofpl & £id CaidstiRatd t0 be magde nprsatiively, the than in

conventional connection methods using a connection el ectrode.

26 electrode pattern may be + formed on the
magnetic substrate . When the manufacturing method

explained in this embodiment is used, the contact layer
or adhesive' layer between the electrode pattern and the

10 magnetic substrate itself becomes a layer having a low

e eeARRiM AL BTl E i

dielectric constant, making it possible to provide an
appropriate gap at the inductance element portion between
the electrode pattern and the dielectric substrate.
Further, although the above embodiment describes an
| 15 example where only one layer of film ﬁaving a low
dielectric comstant is provided, multiple layers of film
having a low dielectric constant can be provided at
certain places, making it possible to prcvidg an
appropriate distance between each of the various elements
20 of the electrode pattern and the dielectric substrate and
the magnetic substrate, thereby enabling the
characteristics of the complex circuit board te be
designed precisely.
Yet another manufacturing method will be explained
25 in connection with Fig. 7 . Firstly, electrode patterns
are provided on top and bottom faces aof a substrate

having a low dielectric constant, such as a resin



Thi s enbodi nent stresses the inportance of the |evel of contact or
spacing between the dielectric substrate and the el ectrode pattern,
and descri bes an exanpl e where the el ectrode pattern is

formed on the 5 dielectric substrate , but alternatively, the
el ectrode pattern may be formed on the magneti c
substrate- When t he nanufactu&bng nmet hod explained in this
enbodi ment is used, the contact |ayer or adhesive | ayer between the
el ectrode pattern and the 10 magneti c substrate itself becones a | ayer
having a | ow dielectric constant, making it possible to provide an
appropriate gap at the inductance el enment portion between t he

el ectrode pattern and the dielectric substrate. Further, although

t he above enbodinent descri bes an 15 exanpl e where only one |ayer of
filmhaving a lo dielectric constant is provided, nultlple | ayers
of film 5H§§Fﬁﬁt§ PEWtHEeléker i cHEBRst BAT &BACBBCHF ovNEecelegtrode
certain places g S e opri ate

di stance betme %Egékﬂ f?kmﬁgﬁvggkotéagﬁé%é% eggment B?I?ggﬁ F%ctrode
pattern and thprdVEﬂedtoncosabﬁacatethedelectrodéhpaﬂhgﬁﬂtEcrﬁﬂﬁgtﬁﬁée

t hereby enablin % characterjstics Qf the co g lrcujt board to
be desi § gacbpggﬁgep}ement portion 3g EHBFHE+5 ﬂﬂf t¥%r+#g et hod
W 'l be gxpl ai peév28ed on tHeCQEHGQtEQEe“ﬂEﬂdFégeczrlcElrééﬁﬂec@iéﬁtrOde
patterns are provided on top and bottom faces of a substrate

having a | ow dPerweer; Eheordeghrodeupatternsrefi fhe top and bottom

27 faces is achieved by providing through holes 17. Then,
the substrate having a low dielectric constant, with the
electrode pattern provided thereon, is inserted between a

10 magnetic substrate and a dielectric substrate which have

a ground electrode on one face thereof. By this
manufacturing methed, the complex circuit board 10c shown
in FIG. 7 is obtained. '

Next, a nonreciprocal circuit device according to

1S . an embodiment of the present invention will be explained
using FIGS. 8 and 8. FIG. 8 is an exploded perspective
view of the nonreciprocal circuit device of the present
invention, and FIG. 9 is a cross-sectional view taken
along the line Y - Y of the complex circuit board portion
20 of FIG. 8.

As shown in FIGS. 8 and 9, the nonreciprocal circuit
device 30 of the present invention comprises a complex
circuit board portion 104, a magnet 3l for applying a dc
magnetic field, and a case 32 for containing these. The

25 complex circuit board portion 104 comprises a dielectric
substrate 11, a magnetic substrate 12 comprising a

ferrite or the like, and a central electrode 20 clasped



substrate or the like. Here, for instance, the el ectrode pattern

formng the inductance el enent portion is provi ded on one face, the
el ectrode pattern form ng the capaci tance el enment portion and
transmssion lineis 5 provi ded on the other face, and el ectrical
connection bet ween the el ectrode patterns of the top and bottom
faces is achieved by providing throu 8ho‘Ies 17. Then, the substrate
having a | ow dielectric constant, with the el ectrode pattern

provi ded thereon, is inserted between a 10 magneti c substrate and a

di el ectric substrate which have a ground el ectrode on one face
thereof. By this manuf acturing nmethod, the conplex circuit board 10c
shown in FIG 7 is obtained. . Next, a nonreciproca
circuit device according to 15 an enbodi rent of the present invention
w || be explai . I S _an_ex

ed using, FIGS. 8 and, 9. FlI | oded
per spective Qhere%?%ﬂ?%?'thghﬁoﬁ?%Efﬁfo%%T?%¥?é%né%(ﬁﬁWQﬁ? 8:&%5 esent
invention, andefbétrddés entépseéceeryi oaeh &tl@é&'t%%ﬁles of along the line
Y - Y of the conplex circuit board portion 20 of G 8. As

shown in FIGS. 8 and 320fhe nenecengrofatheieentral electxrdsd &8 30 of the

egnet 31 for SRRRSTRE oqRe LASEY irmue 1 pfill (50d g et

cont ai nisng t hesénndbes2bc grogadpl ex circuit board portion 10d conprises a

dielectric substrate 11, magneti ¢ substrate 12 conprising.a
ferrite or the Iiké?hﬁnﬂeﬁtEé%tFg?cﬁggg?r%ﬂe‘%OE%Ta%%EEFnce Eormeégby
28 - providing a film 14 having a low dielectric constant on

the dielectric substrate 11 at a position corresponding
tc the position of the inductance element portion 22 of
10 the central.electrode 20, which has a ground electrode 13
pfovided on its bottom face, and plating or the like is
carried out to cbtain a first central electrode 20
comprising the inductance element portion 22 and a
capacitance element portion 21 for matching. Thereafter,
15 second and third central electrodes 20 are formed using
the same method as the first central electrode 20, and an
insulating film 26 is clasped therebetween. Then, the
magnetic substrate 12 having a ground electrode 13 is
affixed to the dielectric substrate 11, which the central
20 electrode 20 is provided on, thereby completing the
complex circuit board portion 104. One end of each of
the three central electrodes 20 is connected by a
connection electrode 16b or the like to an input/output
electrode 16a, which is insulated from the ground
25 electrode 13 on the bottom face of the dielectric
substrate 11. The other ends of the three central

electrodes are connected by a through hole 17 or the
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t her ebetween. The central el ectrode 20 conprises three el ectrodes

I ntersecting each other at angl es of 120[err]. One end of the
central el ectrode 20 connects to an input/output electrode side and
the other 5 connects to ground. The central electrode 20 is
for instance fornmed by providing a film 14 having a |low dielectric
constant on the dielectric substrate 11 at a position correspondi ng
to the position of the inductance el évent portion 22 of 10. the central
el ectrode 20, which has a ground el ectrode 13 provided on its bottom
face, and plating or the like:is carried out to obtain a first
central electrode 20 conprising the inductance el enent portion 22
and a capaci tance el enment portion 21 for matching. Thereafter, 15
second and third central electrodes 20 are fornmed using t he sane

met hod as the first central electrode 20, and an insulating film 26

is clasped the tyweepn. Then. the - netic substrate, 12 havi a
ground el ect ro%]g]Q%Sg?the ggou%éf?%(%ﬁ%%d? @a‘?%l @3? ;&??s:t%%sqaf%ﬁ eoa’élllt,q%/mi ch
the central 20dieleceteféreodiesgBatse pLovi ded on, thereby conpleting the

conplex circuit board portion 10d. One end of each of the three
central el ectrodes TBe| GOEBAEECELECHYT aboard porbisrciidrierwad riguehish or

the oround 25 "=V 4P EFHEHR {asige, FRECEREE T BandrheR ik g e O
substrat® 11. Ibg whieh tadsrobiddd ohrecpcents ahagnetic sbiswirxtdesinre
connected by a through hole 17 or the . . . ]
29 thereby completing the nonreciprocal circuit device 30.
In the nonreciprocal circuit device 30, since the
inductance element portion 22 is provided on top of the
film having a low dielectric constant 14 on the
10 dielectric substrate 11, and the capacitance element
pérticn 21 is provided on the dielectric substrate 11,
the inductance element portion 22 is near to the magnetic
substrate 12 side, and the capacitance element portion 21
is near to the dielectric substrate 11 side. Therefore,
15 ~ the inductance element portion 22 and the
capacitance element portion 21 axe both smaller than in a
conventiocnal nonreciprocal circuit device having the same
characteristics, so that the nonreciprocal cirxcuit
device 30 itself can be miniaturized.
20 Next, a duplexer of the present invention will be
expléined based on FIGS. 10 and 11. FIG. 10 is a plan
view of a duplexer of the present invention, and FIG. 11
is a cross-sectional view taken along the line 2 - 2 of
FIG. 10.
25 As shown in FIGS. 10 and 11, the duplexer 40 of the
present invention comprises a first filter portion 50a,

comprising a stripline filrer, and a second filter



like to the ground el ectrode 13 on the bottom face of the dielectric
~ Substrate 11. The conplex circuit board portion 10d forned in
v thi's way is placed inside the case 32 together with the magnet 5

31, which is provided on top of a nmagnetic substrate 12, t her eby

conpl eting the nonreciprocal circuit device 30. In the

nonrecj procal circuit device 30, sinceBBhe I nduct ance el enent

portion 22 is provided on top of the filmhaving.a | ow dielectric

constant 14 on the 10 dielectric substrate 11, and the capacitance

el enent portion 21 is provided on the dielectric substrate 11,

the i nductance el enent portion 22 is near to the magnetic substrate

12 side, and the capacitance el ement portion 21 is near to the

dielectric substrate 11 side. Therefore, 15 t he i nduct ance

el ement portion 22 and the capaci tance el enent portion 21 are both

smal | er than '”p%ﬁticn 5 080" Weite'¥933 QﬁbﬁﬁbﬁrQEQEFE&EQUF&198¥EP%nﬁ@v'”9
t he sane characteristics; so at the nonrecfprocal Crrcuit

device 30 itsel fidaexbEorimingt thiez €drs20 filter porbésh, seadfphextondfas he
present invention wll be _, expl ai ned based on EIGS._ 10 and 11, FIG
10 is a plan 2 bangpagsofil @ty texeransmiEtingsenfienfdrtesnioBRing G

Ho o oSSR St prAR stbobEite Packatle | |,
present iBventi baviagpai siiE fexfents refsichiaat faetiuencyOa, thanconbpei sing a
ggripIine.fiIte%iz%%df%l%%&p%%ggﬂéke%Oa‘ and functions as a bandpass
filter for receiving. An input/output connection
41 of the first filter porticon 50a connects to an
external circuit for transmitting, and an input/output
10 connection " 42 of the second filter poxtion 50b
connects to an external circuit for receiving. '
Furthermore, another input/output connection ~ of
the first filter portion 50a and another input/output
connection of the second filter portion 50b are
15 integrated as an antenna connection - 43, which
connects to an external antenna.

The duplexer 40 of this constitution functions as a
bandpass duplexer, wherein the first filter portion 50a
allows signals at a predetermined freguency to pass, and

20 the second filter portion 50b allows signals at a
différent frequency than the aforementioned frequency to
pass.

In the duplexer 40 of the present embodiment, since
the inductance element portion 22 is provided on top of

25 the f£ilm having a low dielectric constant 14 on the
dielectric substrate 11, and the capacitance element

portion 21 is provided on the dielectric substrate 11,
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portion 50b, conprising another stripline filter. The filter form ng
the first filter portion 50a functions as a bandpass filter for
transmtting. The filter formng the second filter portion 50b
conprises a resonator 5 having.a different resonant frequency

than the first filter portion 50a, and functions-as a bandpass
filter for receiving. An input/output _connection 41 of the first
filter portion 50a connects to an 3 external circuit for transmtting,
and an input/output 10 connection 42 of the second filter
portion 50b connects to an external circuit for receiving.

Furt hernore, another input/output connection of the first
filter portion 50a and anot her i nput/ out put connecti on of
the second filter portion 50b are 15 i ntegrated as an ant enna

connecti on 43, which connects to an external antenna.

The dupl exer 4fnef ihBugrangst eleinkAl bupeibANa2assanear baggass
dupl exer, wherein the first filter portion 50a allows signals at a
predet er mi ned MASRHEEAEY SEBSEA3SE aRd 20 . 8RE 5BEORAPRALLEIRCHORIEWERLOD

al l ows signals dj rent f ugn a Lt I oned
~frequency to pg&tgoﬁaé%.is hebg Fﬁgtﬁggéﬁépgggrgﬁsg%?égﬂgf%resent
enbodi nent, since .  Thekefordyct ance el ereninfoctanoe?&leseprovi ded on

top of 25 t he tilnlhaéﬁgg ﬁ | ow di el ectric_. constant 14 on ihe
di el ectrPc subBPFREEN122 the capacitance elemeRt POrtionpdi(ion 21 is

g;ovided on theedpel etk Cpaubghhdi8rltnan in a conventional duplexer

having the same characteristics, so the filtexs can be
miniaturized, and comsequently the duplexer 40 itself can
be miniaturized. '

10 , Furthermore, a communicatiocns device 60 of the
present embodiment will be explained based on FIG. 12.
FIG. 12 shows a schematic view of the communicatiens
device of the present emboediment.

As shown in FIG. 12, the communicationg device &0 of

15 the present embodiment comprises a duplexer 40, a circuit
for transmitting 51, a circuit for receiving 52, and an
antenna 53. The duplexer 40 used here is that described
in the previous embodiment. The input/output connection

-.connecting to the first filter portiom 50a of

20 FIG. 10 is connected to the circuit for transmitting 51,
and the input/output connection connecting to the
gsecond filter portion 50b is connected to the circuit for
receiving 52. Furthermore, the antenna connection

" 43 is connected to an antenna S3.

25 In the communications device 60 of the present

embodiment, since the inductance element portion is

provided on top of the film having a low dielectric



t he i nductance el enent portion 22 is near t he magneti c
substrate 12 , and the capacitance el enent portion 21 is near
the dielectric substrate 11 Ther ef or e, t he

i nductance elenent 5 portion 22 and the capacitance el enent portion 21
can both be smaller than in a conventional duplexer havi ng the
sanme ‘characteristics, so the fllter§ can be m ni aturized, and
consequently the duplexer 40 itsel f c¢an be mniaturized. 10
Furthernore, a communi cations device 60 of the present enbodi nment

wi || be explained based on FIG 12. FIG 12 shows a schenmatic view
of the communi cations devi ce of the present enbodi nent.

As shown in FIG 12, the conmunications device 60 of 15 t he present
enbodi ment conprises a duplexer 40, a circuit for transmtting 51, a
circuit for receiving 52, and an antenna 53. The dupl exer 40 used

connection  COSSEREE on che biel REePLE RREARET, SR cg NanA RS 20

FIG 10 is coneeehedttpcrhionlﬁsuptoﬁﬂﬂeﬁr6ﬂsﬂhétdﬂ§lédzr1c substaitd he
I nput / out put cognect connecting to the second filter
~portion 50b is* ﬁnhEéPSBaFSEtﬁéeEFPEuP?er?n is neaygcej vj FRe PRgnetic

Furthernore, thgnatiapea connect iQQ the capaCLtance4§1éﬁeﬁé) &5 1ig an
antenna 53. 25 I'n the comruni cations device 60 of the present

enbodi meht, siREBFt he inBhet dhedeerThensuPSEraLd is .  Thexafarsl on top
g; the f"”]ha¥iﬂge thg ﬂhﬁ Eécelement portion and the capacitance
element poxtion are both smaller than in a conventicnal
communications device having the same characteristics,
the communications device itself can be miniaturized.
10 . Next, a nonreciprocal circuit device of the present
iﬁventicu different - from that described above will
be explained based on FIG. 13. FIG. 13 is a plan view of
another nonreciprocal c¢circuit device of the present
invention, and FIG. 14 is a cross-sectional view taken
15 along the line A -~ A of FIG. 13.
As shown in FIGS. 13 and 14, the nonreciprocal
circuit device 30a of the present embodiment comprises a
nonreciprocal circuit device main body 35 and a magnet
31, which is provided on top of the nonreciprecal circuit
20 device main body 35, for applying a dc magnetic field
thereto. The nonreciprocal circuit device main body 35
comprises a dielectric substrate 11 and a magnetic
substrate 12 each having a ground electrcde 13 on one
face thereof, and an electrode pattern 20 clasped
25 therebetween. The electrode pattern 20 comprises a
resonator portion 24 in the center, and transmission line

portions 23a intersecting each other at angles of



constant on the dielectric substrate, and the capacitance el enent
portion is provided on the dielectric substrate, t he i nductance

el enent portion is near t he magneti.c substrate , and the
capaci tance el enent portionis 5 near the dielectric substrate
Ther ef or e, since the inductance el enent portion and the capacitance

el ement portion are both smaller than.,in a conventional

conmruni cati ons devi ce having the sa 3characterlstlcs t he

conmuni cations device itself can be mniaturized. 10 Next, a
nonreci procal circuit device of the present I nvention different
from that described above wll be expl ained based on FIG 13. FIG
13 is a plan view of anot her nonreciprocal circuit device of the
present i nvention, and FIG 14 is a cross-sectional view taken 15
along the line A- Aof FIG 13. As shown in FIGS. 13 and 14,

the nonreci procal aCIrCﬁu*tg§¥h8§?3Q£aQEh{£ 8{%§§fﬁé§§gEf#ﬂE”55

conprises a nonreC| procal Clrcul devi a magnet
31, whichis pf.@rimﬁcnmgophefrébenaaarepwwml 24:|mﬂ|th80 devi ce

mai n body 35, for lyin .dc magnetic field t hereto. The

nonr eci pr ocal EF?EE 5%%93c31ﬂ5i3°gﬁﬂ9n§523a' ared%ﬁ%??%%é PR ectric
substrate 11 a@gaﬁsﬂggggghcllne ortybskratg. 12 each having a ground

el ectrode 13 on one face ? hereof, and an el ectrode pattern 20

cl asped 25 therbSeEGEennstiheeeShcwnoun ﬁﬁﬁtelﬁ,znheomgmrqampzpcal

resonator portion 24. inp the center rapsm ssion portions
23a intersect | FyFEAEH gFHéFea?aéﬁgpﬁgyo?§ 82°Eh28' Qnstifution is

33 arranged so that the dielectric substrate 11 faces
downwards in a recess provided in a substrate 18, and a
magnet 31 is provided on top of the magnetic substrate 12
10 at a position corresponding to the position of the
résonatcr portién 24 of the electrode patterm 20. Then,
the ends of the transmission line portions 23a are
connected by wire bonding (as shown) or connection
electrodes or the like to electrode lines 19, provided on
is the substrate 18. The magnetic substrate 12 need only
- be disposed on at least the resonator portion 24 of
the electrode pattern 20, and by using a magnetic
substrate 12 which is smaller in size than the
dielectric substrate 11, the ends of the transmission
20 line portions 23a can be exposed at the surface and
connected to the electrode lines 19 of the substrate 18.
| To obtain the nonreciprocal circuit device of the
present embodiment, a £ilm 14 haﬁing'a low dielectric
constant is first provided on the dielectric substrate 11
25 at a position corresponding to the resonator portion 24
of the electrode pattern 20. Then, the electrode pattern

20, comprising the resonator portion 24 and the



120[err]. Furthernore, matching circuit portions 25, - for matching
the resonator portion 24 and the transm ssion |line portions 23a, are
provi ded to the transm ssion line portions 23a. 5 As for

i nstance shown in FIG 15, the nonreciprocal circuit device main
body 35 of this constitution is arranged so that the dielectric
substrate 11 faces downwar ds hqta recess provided in a substrate 18,
and a magnet 31 is provided o op of the nmagnetic substrate 12 10
at a position corresponding to the position of the resonator portion
24 of the electrode pattern 20. Then, t he ends of the transm ssion

| ine portions 23a are connected by wire bonding (as shown) or
connecti on el ectrodes or the like to electrode |ines 19, provided on
15 the substrate 18. The magnetic substrate 12 need only be
di sposed on at |east the resonator portion 24 of t he el ectrode

pattern 20, a i i . u r ; i i
smal ler in srgégy?‘ﬁiiggﬂé mgeﬁég?xe?ne%tzr%% su%sﬁ%g’{ée@i%rf%eﬂeznds of the
transm ssi on 2@ielectrie pubstvase 2Bh ceompiksixgposkel fild kbt saviage sand

ted to t de.li 9 of th b te 18. . T
Gbiai n the nomtS¥i B SLEFCELF CUPRSGRAF ccat. FHALLY the JRERRRiSmbodi mont . 2

- film14 havi nggg@nsOnatibel8Cisi 8ffixed tROPEEEN! USidAdMShi Pretrdad and he

dielectric substrate 11 25 ~at a position corresponding to the resonator
portion 24 elecprodacparternode pantke providednin SN (RRRCSAALern

i compri si NG L g { 8§OPALChoRBLEL 90621 20 dlIfe device 30a to be

manufactured easily.
Purthermore, another method for forming the

nonreciprocal circuit device may be envisaged using a

10 constitution such as that shown above in FIG. 7. That
is, an electrode pattern constituting a resonator portion
is provided on one face of a substrate having a low
dielectric constant, and an electrode pattern
constituting a transmission line portien is pzovided on

15 the other face. Then, the electrode patterns on the top
and bottom faces are connected together by a through hole
or the like, a magnetic substrate is affixed to the
resonator portion side, and a dielectric substrate is
affixed to the transmission line portion side. This

20 method similarly makes it possible to provide the
electrode pattern in a single process, enabling the
ﬁonreciprocal circuit device to pe manufactured easily.

In the embodiment of Figs. 13-15, a subatance of

low dielectric constant 14 is provided between the

25 resonator portion 24 of the electrode pattern 20 and the
dielectric substrate 11 to increase the distance between

the resonator portion 24 and tha dielectxic substrate 11,

————



" the nonreci procal circuit devi

transm ssion line portions 23a, is provided on the dielectric

substrate 11 conprising the film 14 having a | ow dielectric

constant, and finally the magnetic substrate 12 is affixed thereto.

Using this nethod, the 5 el ectrode pattern 20 can be provided in a

si ngl e process, enabl ing the nonreciprocal circuit device 30a to be

manuf-act ured easily. PUE%pernDre, anot her nethod for formng
e may be envi saged using a 10

constitution such as that shown above in FIG 7. That i's, an

el ectrode pattern constituting a resonator portion I's provided on

one face of a substrate having a | ow dielectric constant, and an

el ectrode pattern constituting a transm ssion line portion is

provi ded on 15 the other face. Then, the el ectrode patterns on the top

and bottom faces are connected together by a through hole or the

i ke, a magneti rate is_affixed to.the resonat or portion side,
and a die!ectngé%égiifgfgefgng tﬁe_ﬁﬂﬁﬂ¥%€§ P&tfﬁéntﬁgﬁsﬁFggFgﬁ°¥ine
portion side. Potidd 24 afid tdd Aidlle¥ticBkOStrhta0lli Bha RpBsPVhge the
el ectrode pattern in a single process, enabling the nonreci procal
circuit devi ceths penFssdPrOcitad ofashe nonreciprocal cigcpht devboenent of

between 1he 2504 BEECRIAR 15, gon Wlplsncai b peplrRatohatratnsdo™ha the
di el ectrgc subsferat prbdided der exwe diledetitriengabieratanll toc artifige
resonat or portng %is%ggtgge %Q%f%%?EhfniHbStr%Letii’ma netic substrate
35 p arer gn s
2. '
Yet another embodiment of the nonreciprocal circuit
device of the present invention will be explained based
1o on FIGS. 16 and 17. FIG. 16 is an exgloded perspective
view of vet anothezr nonreciprocal circuit device of the
present invention, and FIG. 17 is a cross-sectional view
taken along the line A’ - A’ of FIG. 16.
As shown in FIGS. 16 and 17, the nonreciprocal
15 circuit device 30b of the present embodiment comprises a
dielectric substrate 11, a magnetic substrate 12, and a
magrnet 31. An electrode pattern 20 is provided on the
dielectric substrate 11 and comprises three transmission
line portions 23b intersecting each other at angles of
20 - 120° . An electxrode patterm 20 is provided on the
magnetic substrate 12 and comprises nonreciprocal circuit
portions 27 intersecting each other at angles of
120° . 1In addition, matching circuit portions 25
are provided to the transmission line portions 23b.
25 Then, these are arranged so that the side of the
dielectric substrate 11 on which the electrode pattern

20 ig provided faces the side of the magnetic
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t her eby weakeni ng the coupling between the resonator portion 24 and

the dielectric substrate 11 and i nproving the nonreciprocity of the
nonreci procal circuit device 30a nore than if, for instance, a
protrusion (not shown) 5 were provided in the dielectric substrate 11
to arrange the resonator portion 24 nearer to the nagnetic
substrate 12. Yet. anot her enbodi ment of the

nonreci procal circuit devi ce~of the present invention will be
expl ai ned based 10 on FIGS. 16 and 17. FIG 16 is an expl oded

per spective vi ew of yet another nonreciprocal circuit device of

t he present invention, and FIG 17 is a cross-sectional view

taken along the line A - A of FIG 16. As shown in FIGS. 16
and 17, the nonreciprocal 15 circuit device 30b of the present

enbodi nent conprises a dielectric substrate 11, a nagnetic

substrate 12, su@sgrate 12 gemgnetigd ths electrode patrern 20 is provi ded

o e o SRR L0 2L el AR OUDEL 8oL Sc LS HLS %"

120[err]. An ehectiedeceaiicesiba@ragepravagedattatied to the magnetic
substrate 12 and conprises _nonreciprocal circuit portions 27

i ntersecting eRORTECAPTOFRLlaRGrEYisf portions 27 of tReOPASRETiFn addition,
mat chi ngsCi r cui &g% 2 rovinded .} e sng 564 i ne
portion5523b. 5§b%% %22? ?ﬁéggzgsepgéggﬁgedﬁgoggﬁng?hghé?gén%éféﬁgea

di el ectric subtmpise o¥l guldivbunipst bereeperoviddd pat thenthree endZfoists

rovi ded faces the side of the netic .
P of the nonreéiprocaq CQ%%ugt portions 27 on the magnetic

subgstrate 12, and the magnetic substrate 12 is mounted on
the dielectric substrate 11 by what is known as f£lip-chip
10 mounting. Although not shown in FIG, 18, various other
functional elements and circuits to connect them are
provided on the dielectric substrate 11 in addition to
the nonreciprocal circuit device.
In the nonreciprocal circuit device of the above
15 embodiment, as shown in FIGS. 16 and 17, the
nonreciprocal circuit portions 27 and the resonator
portion 24 in the electrode pattern 20 of the
nonreciprocal circuit device main body 35 are near
the magnetic substrate 12 , and the transmission
20 line portions 23a are near the dielectric substrate
11 . Since the tranamission line portions 23a axe
near the dielectric substrate 11, propagation loss
of the transmission line portions 23a is reduced,
enabling them to be made smaller than conventional guide
25 portiona having the same characteristics. Similarly,
since the nonreciprocal circuit portions 27 and the

resonator portiocn 24 are near the magnetic substrate



36 substrate 12 on which the el ectrode pattern 20 is

provi ded , and the transm ssion |ine portions 23b of t he
dielectric substrate 11 are attached to the nonreci procal circuit
portions 27 of the magnetic 5 substrate 12 in three places. To
connect these, sol dered bunps or gold bunps are provided at the
three end points of the nonreC|@50caI circuit portions 27 on the
magneti c substrate 12, and the ffagnetic substrate 12 is nounted on
the dielectric substrate 11 by what is known as flip-chip 10 nmount i ng.
Al t hough not shown in FIG 16, various other functional elenents and
circuits to connect themare provided on the dielectric substrate 11
in addition to t he nonreciprocal circuit device. In the
nonreci procal circuit device of the above 15 enbodi ment, as shown in

Fl GS. 16 and 17, the nonreci procal circuit portions 27 and

t he resonat or portlon 24 in _the electrode pattern 20 of the
nonr eci protal ERecBPRrgeyPEechHhynobolie3genieenigr improvedthe nagnetic
substrate 12 and the transm ssion 20 line portlons 23a_are near
the dielectric IopsEp ét mbOdlmeﬁf of Figsg & the thh@ (gf ®RiFi ne
portions 2 Eate 12 g an ?+ﬁFEﬁ%§%CPFFEe§Bb§ réF? %gatlon

| iFh. FRR

enabl i ng t‘n%%l?gl eSlcf : 'zg% ;ge V%@u@iﬁe@ 5}@ é%rwp@?g. ons

h h i |
Cf‘r::z?spe T i r?ggnaem shereR?onCE Ll PODLEGT Proca

magneti c su s ra e r
The nonreciprocal circuit device described above
uses three terminals, but the present invention can also
be applied to an isolator formed by connecting a terminal
resistor to one of the three terminals, or to a two-
terminal isolator.

Next, an example where the present invention is
applied to a circuit module, comprising multiple elements
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37 12, the nonreciprocity of the device is inproved. In the .
enbodi nent of Figs. 16-17, the nmagnetic substrate 12 having an el ectrode
pattern 20 need only be flip-chip nounted on the necessary portion, so that
the magnetic substrate 12 is not used wastefully. Mreover, it is possible
to use flip-chip nounting techniques such'as ordinary bunp connecti on,

t her eby facilitating manufacture. = The nonreci procal circuit device
descri bed above uses three termnals, %nu the present invention can al so be
applied to an isolator formed by connecting a termnal resistor to one of

the three termnals, or to a two- termnal isolator. Next, an exanple
where the present invention is applied to a circuit nodule, -conprising
mul tiple elenments 38

provided on a single substrate, will be explained based

provided on a single sgubstrate, will be explained based

on FIGS. 18 and 19. FIG. 18 is a plan view of a circuit

module of the present invention, and FIG. 19 is a

cross-sectional view taken along the line B - B of FIG.
5 18.

As shown in FIGS. 18 and 19, the cirxcuit module 36
of the present embodiment comprises as its functional
elements a nonreciprocal circuit device portion 30c and a
branch circuit portion 37. The nonreciprocal circuit

la device 30¢ is an isclator with a resistance film 38
connected to ope of its terminals. The branch circuit
portion 37 comprises a capacitance element portion 2la,
an inductance element portion 22a, and a resistance film
38.

R

SUV Y I PR
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20

25

To construct this type of circuit module 36, films
14 of low dielectric canstant are first provided at
predetermined positions on a dielectric substrate 11
having a ground electrode 13, that is, at positions
corresponding to the resonator portion 24 of the
nonreciprocal circuit device 30c and the inductance
element portion 22a of the branch circuit partion 37.
Then, electrode patterns 20 of the nonreciprocal circuit
device 30c and the branch circuit portion 37 are provided
on the dielectric substrate 11 on which the films 14 of
low dielectric constant 14 are provided. Further,
resistance films 38 are provided to the nonreciprocal

circuit device 30¢ and the branch circuit portion 37.



on FIGS. 18 and 19. FIG 18 is a plan view of a circuit nodul e of

the present invention, and FIG 19 is a cross-sectional view taken
along the line B- Bof FIG 5 18. As shown in FIGS. 18 and
19, the circuit nodul e 36 of the present enbodi nent conprises as i'ts
functi.onal el ements a nonreciprocal circuit device portion 30c and a
branch circuit portion 37. The nonrecigprocal circuit 10 device 30c is
an isolator with a resistance film 38 connected to one of its

term nals. The branch circuit portion 37 conprises a capacitance

el ement portion 21a, an i nductance el ement portion 22a, and a
resistance film 38. 15 To construct this type of circuit
nodul e 36, fil s 14 of low dielectric constant are first provided at
predeterm ned positions on a dielectric substrate 11 havi ng a ground

el ectrode 13, t 1s,. at si_tians or. pondi ng t.o the resqnator
portion 24 of ?ﬁ%nzoﬁag%eﬁg%r3%#%&535F5c%?cﬁ?Yiﬁéﬁggguggda%ﬁﬁfﬁﬂiés e

i nduct ance thereotimanie pdfiked 3Raché ebecbroded of rene trguprzdrer 37.
Then, el ectrode patterns 20 of the nonreciprocal circujt devi ce 30c

and the branchﬁﬂrF&EPtzﬁoPFiSHQS?°§FECbP69FEgdC1r°?lt P Werdcric
substrate 11 oRnehijglaudtanicel €8 edén®l pdPtion LON & eLieg ik 4n PRSI 14

are provided. Further, reshsFance films 38 are provided to the
nonr eci pPocal Ppertioncideui Endediddsisne anwaghet bihnfdr dpmlyinger dcon 37.
39 maHAER1 MY $aoHRRLERRES oA2e 8 VbR B Qg RET Todes 13

substrate 12 of the resonator portion 24 of the
nonrecipracal circuit device 30c.
The magnetic substrates may be provided only at
10 predetermined positions, as in the present émbodiment, or
alternatively, a magnetic substrate which iz the sgame
shape as the dielectric substrxate may be used.
Furthermore, while the circuit module of the
present embadiment may ke formed using the method
15 described above, that is, by providing a film of low
diélectric constant on the dielectric substrate and then
adding the inductance element portion and the resonator
portion of the nonreciprocal circuit device on top of the
film of low dielectric constant, it is acceptable to use
20 an alternative method, such as that shown in PIG. 7,
where eléctrode patterns are provided on the top and
bottom faces of a substrate of low dielectric constant,
the electrode patterns are connected by through holes,
and the substrate of low dielectric constant is clasped
25 between the dielectric substrate and a magnetic
substrate.
Next, another communications device 60a of the
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thereon are affixed on the el ectrodes of the resonator portion 24 of
the nonreciprocal circuit device 30c and t he i nductance el enent
portion 22a of the branch circuit 5 portion 37. In addition, a magnet
31 for applying a dc . magnetic field is provided on top of the
magneti c © substrate 12 of the resonator portion 24 of the
nonr eci procal circuit device 30c. 0 The magneti c substrates may
be provided only at 10 predeterni%ed positions, as in the present
enbodi nment, or alternatively, a magnetic substrate which is the sane
shape as the dielectric substrate nmay be used. Furt her nore,
while the circuit nodul e of the present enbodi nrent may be forned
usi ng the nmethod 15 descri bed above, that is, by providing a fil m of

| ow dielectric constant on the dielectric substrate and then

addi ng the inductance el enent portion and the resonator portion of

t he nonreci pr ocatesentuitvetetioe, orhickp dfffdys from thiat Meskribed

dielectric constanf, it is ceptahbhle to uyse 2 an alternative nethod,
such as that sh W‘FFI‘G‘.lg. e ‘explaigfg &%eésgt%(fémpatztoern %g’rezﬁr &% ded

on the top and a schemd©ié M AIGEAF Howhi i IS tdctinfurBicdrQ¥ny Hedgbhi C
const ant, the el ectrode patterns are connected by through hol es,

and the _substrat@@?erFQI@%twmtantcﬂ he puesers invenbdpreen t he
dielectrig substral angn A BANCHE 20  cndWiklitations device BEY!

anot her communi cati ons _

40 of eshatpresent | enbodimexit didnirisds andupiliesesadiabed
comprising a filter for transmitting and a filter for
receiving, an antenna 53 connected to an antenna

connection of the duplexer 40a, a circuit for

10 transmitting 51 connected te an input/output
.conneatien of the filter for transmitting of the
. duplexer 40a, and a circuit for receiving 52 connected to
- an input/ocutput - connection of the filter fox

receiving of the duplexer 40a.

i

15 The circuit for transmitting 51 has a power

i__"' H .:

ftaelulrad

A%

amplifier (PA) for amplifying transmission signals, which
pass through the isclator and the filter for transmitting
and are emitted from the antenna 53. Furthermore,
signals received by the antenna 53 pass through the

20 filter for receiving to the circuit for receiving S2,
where they pass through a low noise amplifier (LNA), a
filter (RX), and the like, and are finally input to a
mixer (MIX). On the other hand, a local cscillator using

~ a phase-lock loop (PLL) comprises an oscillator (VCO) and

25 a divider (DIV}, and 6utputs a local signal toc the mixer.

The mixer outputs signals at intermediate frequency.

with such a constitution, it is possible to provide
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earlier, will be explained based on FIG 20. FIG 20 is a schematic
di agram showi ng a conmuni cati ons devi ce according to an enbodi nent
of the present invention. 5 As shown in FIG 20, the
comuni cati ons devi ce 60a .of the present enbodi nent conprises a

dupl exer 40a, conprising a filter for transmtting and a filter for
recei ving, an antenna 53 connected tgl_an ant enna connecti on

of the duplexer 40a, a circuit for transmtting 51 connected to an
I nput / out put connection of the filter for transmtting of the

dupl exer 40a, and a circuit for receiving 52 connected to an

I nput/ out put connection of the filter for recei ving of the
dupl exer 40a, 15 The circuit for transmtting 51 has a power
anplifier (PA) for anplifying transm ssion signals, which pass
through the isolator and the filter for transmtting and are emtted
from the ant enfa™3iatyrigefnseamunications g@eysce eg®3 werily & he antenna 53

pass through thgr2lesproliall B L0k ARELALIOLLR LAP SLERILL IO 158501 VI 0

52, where they pass throug
filter (RX), amad lescellentandnaeeipraabty.input to a m xer (M X).

On the ot her hand, Ioc ator has Iock | gop (PLL)
conprises an osci | | at0r %bﬁ@% ﬁglggs ev588|9$d%?e( en SHPORs a

|l ocal signal tdsthetriliticed to thihedahxgib@&twt@aélaﬂ?ddsuﬁnesnt ernedi ate
frequency. with such a constitution, it is possible to provide
41 abgvigi. nPRA. FRZe §oF0 AnERABEEI BRsapRLied BDramiungcations

devices §0b and 60c¢c shown in FIG. 21 and FIG. 22. The
communications device 60b shown in FIG. 21 comprises an
antenna 53, a circulator (CIR) connected to the antenna

10 53, and a circuit for transmitting 51 and a circuit for
receiving 52 which are connected to the circulator (CIR).
The circuit for transmitting contains a power amplifier
(PA) or the like, and the circuit for receiving contains
a low noise amplifier (LNA} or the like. Fuxrthermore,

15 the communications device &§0¢ shown in FIG. 22 comprises
a power amplifier (PA) incorporated in the circuit for
transmitting, a mixer (MIX) connected to the power
amplifier (PA), a low noise amplifier (LNA) incorporated
in the circuit for receiving, a mixer (MIX) connected to

20 the low noise amplifier (ILNA), a divider (DIV) connecting
to both the mixers (MIX), and an oscillator (VCO)
connected to.the divider (DIV). An isclator (ISQ) is
connected between the divider (DIV]) and the oscillator
{VCo) .

25 According to the pregent invention described abave,
in a complex cirxcuit board comprising a dielectric

subgtrate, a magnetic substrate, and electrodes clasped



nonreci procal circuit device with | ow propagation | oss and excel | ent
nonr eci procity. The communi cations device of the present

i nvention 5 is not limted to that described in the enbodi nents

above, and can for instance be applied in comunications devi ces 60b
and 60c shown in FIG 21 and FIG 22. The conmmuni cati ons device 60b
shown in FIG 21 conprises an % tenna 53, a circulator (CR)
connected to the antenna 10 53, an@ a circuit for transmtting 51 and a
circuit for receiving 52 which are connected to the circul ator

(AdR. The circuit for transmtting contains a power anplifier

(PA) or the like, and the circuit for receiving contains : a | ow noi se
anplifier (LNA) or the like. Furthernore, 15 the conmmunications device 60c
shown in FIG 22 conprises a power anplifier (PA) incorporated in
the circuit for transmtting, a _mxer (MX) connected to the power
anpl i fier (PA) Fh&rEBRtHEESe éﬁp?ﬂ-ﬁf-‘-ércéél\ﬂ}' anpoepeexmined posigipn Hs

f d he |
gh;fr;ferOELNA%gb%&ggv gggEngV) conﬁ%gggggig saﬂsg?%t%otL ?hépnl ekéf

(MX), and an e&echkaﬁeratV@ﬁbther posmnmuncisdpf@vi@eddmaarkﬂo(Eﬂéo An
| sol at or (ISC» onnected bet ween_t he di vi and t he
oscil | ator ngkes) & Accor 8Fng FB5% E sé%ﬁ AN

descri bed abOV@a:ovJ.d:Ln rchealaaﬁalcsnc@ é%in&néoﬁéétfé‘m)éf SN L dhbdad ric
substrate, a magnetic substrate and el ectrodes” cl asped

42 negpe toh EhReBRIDEH 16| subBEFAtat A pr ededRd rBFRNI GG tTheh i s
capacitance element portion near to the dielectric

substrate . the inductance and capacitance can be
increased, enabling the device to be miniaturized while
10 retaining the same characteristics. Furthermore, in an
electrode comprising a transmission line, a resistor, and
the like, the positional relationship between the
dielectric substrate and the magnetic substrate can be
precisely designed by selecting an appropriate thickness
15 of the film of low dielectric constant, making it
possible to easily achieve the required characteristics.
Furthermore, according to the nonreciprocal circuit
device of the present invention, the electraodes clasped
between the magnetic substrate and the dielectric
20 substrate of the nonreciprocal circuit device main body
are arranged so that the resonator portion is near
the magnetic substrate , and the transmission line
portion is near the dielectric substrate
This reduces the propagation loss of the transmission
25 line portion, and enables the device to be made smaller
than conventional devices having the same

characteristics. Furthermore, since the resonator
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provi ded near to the dielectric substrate , and an el ectrode.

at another position is provided near to the magneti c substrate

As a result, by for instance 5 provi di ng the inductance el ement portion
of the el ectrode near to the magnetic substrate , and
provi di ng the capaci tance el enent portion near to the dielectric
substrate t he i nductance and paci tance can be i ncr eased,
enabling the device to be mniaturized while 10 retaining the sane
characteristics. Furthernore, in an el ectrode conprising a
transm ssion line, a resistor, and the Iike, the positional

rel ati onshi p between the dielectric substrate and the nmagnetic
substrate can be preci sely designed by selecting an appropriate

t hi ckness 15 of the filmof low dielectric constant, making it

possi ble to easily, achieve the required characteristics.

Furthernore, aB€8rdPRgEoneRe nonr ceRprorgetiq @uistrate devi@etbf t he
present | nventhﬁﬂre&h?r@&fﬁ%rggeéhéléﬁz?fgci rocafl ?ﬁ:‘f’éﬁﬂ& a1 RRIGEt i C

substrate and the diefectri pstrdate o e nonreci procal circuit
devi ce mai n boilpcreased. ar Tharnanmpecisrotcity ¢awe bee dhnadther peptovadi bynear

the magnetic substrate and thg {ran mssion |line ortion is
near the_HFﬁFEE%??CaSEﬁgf?%?%F of iow §}§QﬁﬁhﬁﬂFQHﬁ§aﬁfoB&gﬂ??ﬁn | 0SS
of the tgansn gakOfesdénator! pOLLDORbONMEHANELLURS dride thevidse1kerRecmade
smal | er t han conventional devices having the sane

charact eri sti cSUbSEFRREy nRETERY nklee t GRUPLiRM NgFween the resonator

43 Porti 8R-k$cRC3ha the 5061 UBOPEL' SSHSIES S weaker tHiE in a

case when, for instance, the resonator portion is moved
neaxer to the magnetic substrate by providing a bump in
1o the dielectric substrate.

' The inventicn is not limited to the foregoing
embadimentsa, but ratler extends to all modificatioms,
equivalents and alternate embadiments that might occur to
one having the ordinary level of skill in the art.



nonreci procity of the nonreciprocal circuit device is increased. The
nonreci procity can be further inproved by inserting a substance of | ow

di tric constant between the resonator portion of the el ectrode and the
dl@’ggi"’g'mﬂﬂ e, whereby the coupling between the resonator portion
an ””m substrate is weaker than in a case when, for instance,
t he resonat%rsportion Is noved nearer, f0o the magnetic substrate by
providing a bunp in the dielectric substrate. The invention is not

limted to the foregoi ng enbodi nents, but rather extends to al
nodi fications, equivalents and alternate enbodi nents that m ght occur to

one having the ordinary level of skill in the art. -
44 VWHAT IS CLAI MED I S: 1. A conplex circuit board
conprising: a dielectric substrate; a magnetic substrate, a space

bei ng providid Eﬁtmeen t he magnetic substrate and the

dielectric sub S s c¢trode provi ded between 5 sai d
dielectric substrate andzsap ngf L €. i grein

said electrode is reIativerﬂﬁggg ?% ggfgb%%%?%c??TQFISLnéMq substrate

and rel ativel ydielettohrsaubdstagbet i 2 magnetisubstsatatst a spaedebedngned

It , d i | ' 10 t I d ti bstrat
Bnd rel aii velypRoviadh; BEtless, the Ragtetls FSRTRATT A% Hiuno hor

position dieheetriie dubberase; fspd sai &l M€ FRNEELR Deltwedn
S said dielectric substrate and said magnetic substrate;

wherein
 said electrode is relatively near to said dielectric
substrate and relatively far from said magnetic
substrate at a predetermined position, and is relatively
10 near to said magnetic substrate and relatively
far from said dielectric subatrate at another position

which is different from said predetermined position.

2. The complex circuit board according tce Claim 1,

wherein said electrode is

adjacent to or spaced a predetermined distance from
sald dielectric substrate at said

5 predetermined position, and is

adjacent to or spaced a predetermined distance from
said magnetic substrate - said other
position which is different from said predetermined

position.

3. The complex circuit board according to
Claim 2, further comprising a substance

having a lower dielectric constant than the dielectric



2. The conplex circuit board according to Caima1, wherein said
electrode is adj acent to or spaced a predeterm ned distance from
said dielectric substrate at said 5 pr edet er mi ned

posi ti ' adj acent to or spaced a predeterm ned di stance
from ﬂml\/ﬂ gmHllﬂe‘Hﬂttlc Substrate sai d ot her
p05|t|on I'ah ms i rent from sai redet er m ned posi tion.

. The conplex circuit board according to Claim 2,
further conprising a substance having a | ower dielectric constant
than the dielectric 45 substrate, the substance being
provi ded between said 5 dielectric substrate and said el ectrode
at sai d ot her position 4. The
conplex circuit board according to one of Clainms 1, 2, and 3, wherein

the el ectrode I S continuous between sald predetern1ned
posi ti on substxate, the substance being provided between gaid

5 dielectric subsgstrate and gaid electrode at

said " other position .

4. The complex circuit board according toc one of

Claims 1, 2, and 3, wherein the electrcde

is continucus between said predetermined poasition
and said other positiom.

5. The complex circuit board according to one of
Claims 1, 2, and 3, wherein =aid electzode is provided
by a substrate having an electrode portiom on a top
face thereof and an electrode pertion. on a bottom face

5 thereof, the aléctrqde portions being

connected by a through hole, gaid
substrate being disposed] between said dielectric
subgtrate and said magnetic substrate.

6. The complex circuit board according to one of
Claims 1, 2, and 3, . wherein said elactrode
comprises a capacitance element
at said predetermined poaition near
5 lsaid dielectric substrate , and an inductance
element - at said

other position near said magnetic substrate.



and sai d ot her position. 5. The complex circuit board
according to one of Clains 1, 2, and 3, wherein said electrode is
provi ded a substrate having an el ectrode portion on a top

face th lmm\mmgrode portions on a bottomface 5 t hereof, the
eI ectroamﬂ \m connected by a through hol e,

+ subst Pat & belng di sposed] Egtmeen said dielectric
substrate and said magnetic substrate. 6. The conplex circuit

board according to one of Clainms 1, 2, and 3, wherein
sai d el ectrode conprises a capacitance el enent

at said predeterm ned position near 5 said dielectric substrate

and an i nductance el enent at

sai d ot her position near said nmagnetic substrate.

46 7. The conplex circuit board according to one of Clains 1,

2 and 3, wherein the dielectric substrate is provided at |east at said
pr edet er m ned7 posithencatglées sShathet bbandsacdoragngt te subsbEfat@aims

1, 2 and 3, wherein the dielectric substrate is provided at least
at said predetermined position and is smaller than said magnetic
substrate.

8. The complex circuit board according to one of Claims
1, 2 and 3, wherein the magnetic substrate is provided at least
at said other position and is smaller than said dielectric
substrate.

9. A nonreciprocal circuit device comprising: the complex
circuit board according to Claim 6 having a plurality of
intersecting said inductance element portions and a corresponding
plurality of said capacitance element portions connected thereto;
and a magnet arranged to apply a dc magnetic field to said
intersecting inductance element portions.



8. The conplex circuit board according to one of Clains 1, 2 and 3,
wherein the magnetic substrate is provided at |east at said other position

and is ll “TE“ di el ectric substrate. 9. A nonreciprocal
circuitT \au“ RB g: the conmplex circuit board according to Claim®6
having a=pluraktity of i'ntersecting said inductance el ement portions and a

corresponding plurality of said capachﬁﬁnce el enent portions connected
thereto; and a nmagnet arranged to apply a dc nmagnetic field to said

i ntersecting inductance el enent portions.

47 10. A resonator conprising the conplex circuit board
according to Claim®6, wherein said capacitance el enent and said inductance
el enent define a predeterm ned resonant frequency for said resonator.

11. Afilter conmprising: the resonator according to Caim10; and a pair of

i nput / out put connectors connected respectively to ogfosite ends of said
el ectr ode. 10. A resonator comprising the complex circuit board

according to Claim 6, wherein said capacitance element and said
inductance element define a predetermined rescnant frequency for
said resonator.

11. A filter comprising: the rescnator according to Claim
10; and a pair of input/output connectors connected respectively
to opposite ends of said electrode.

12. A duplexer comprising: at least two filters, at least
one of said filters comprising the filter according to Claim 11;
each of the filters having a respective said pair of input/output
connectors; and an antenna connector connected to a respective
one input/output connector of each of said filters; and the other
said input/output connector of each of said filters being =a
respective input/output terminal of the duplexer.



12. A dupl exer conprising: at least two filters, at |east one of said
filters conprising the filter according to Caim1ll; each of the filters

havi ng g/d pair of input/output connectors; and an antenna
connecqﬁmﬁgﬁﬁmﬂgﬁlﬁmla respective one input/output connector of each of
said fi'kteks, ¢ e ~0t her sai d input/output connector of each of said
filters being a respective input/output, fermnal of the dupl exer.

48 13. A communi cations devi ce conprising: the dupl exer according
to Claim12; a transmitting circuit connected to one of said input/output
connectors of the duplexer; and a receiving circuit connected to the other
one of said input/output connectors of the dupl exer. 14. The

comuni cati ons device according to Claim 13, further conprising an antenna
connected to the antenn onnect.or of sai.d dupl exer . . 15. (A

nonr eci procal 1231 T Cl% t c&%\?&@éc %r%ﬁflissi A5V 54di gP@BﬁlséngﬂbsFPgt eJURL XS et i ¢
subst r at @coprsiiace tseiHR i M dedl eanweit t g eigiedit corectad tmdonde

di el ectrigr suhst iapaer/aatphectontecpopyisled thetpareai;dadidehesddd tving

SUbStrat%ﬁgﬂgﬁﬁgl%6@%@3@&53 to the other one of said input/output
connectors of the duplexer.

14. The communications device according to Claim 13,
further comprising an antenna connected to the antenna connector
of said duplexer.

15. A nonreciprocal circuit device comprising: a dielectric
substrate; a magnetic substrate, a space being provided between
the magnetic substrate and the dielectric substrate; an electrode
provided between said dielectric substrate and said magnetic
substrate, the electrode comprising a resonator portion and a
transmission line portion; and a magnet applying a dc magnetic
field to said electrode; wherein

the transmission 1line portion of said electrode is
relatively near to said dielectric substrate and relatively far
from said magnetic substrate, and the resonator portion of said
electrode is relatively near to said magnetic substrate and
relatively far from said dielectric substrate.



substrate, the electrode conprising a resonator portion and a transm ssion

T R R e

near to %aid diefectric substrate and relatively far fromsaid nagnetic
substrate, and the resonator portion of said electrode is relatively near
to said magnetic substrate and relativglgy far fromsaid dielectric
substrate. 49 16. The

nonr eci procal 1€éir cGhe neneel Rt dicigcud tGlay hrd Reagnrstigintenelaim 15,
transm sghegebhne- ROr thr-ansaf ssdbe €l Bed I PP tisnadh AC Rl dt Oc DEcSPIELd i

pr edet er m,ned dLst ncgagrcgné%g %ielgctggcr%ubs&rqéf gnd t@ﬁiresonat r
portion 8?3§SF8 el 82t r¥de T3 jacenP Fg v sﬁ%%ed %?e%% ermfed 5%t ance
from sai diehgatric swpstrate. and the rggongter mantdeprdciaidialadtradeyi ce
accor di nggt 3 addAtl 6xo Wl edpl ded URS pikeR thaviif@da dDyeinsh eFeshr istid
const ant thantthe g'gkggEric substrate is provided between said dielectric
subst r at B*EHG 34 §-PEsbnator portion of said el ectrode.

50

17. The nonreciprocal circuit device according to Claim 16,
wherein a substance having a lower dielectric constant than the
dielectric substrate 1is provided between said dielectric
substrate and said resonator portion of said electrode.



18. The nonreciprocal circuit device according to one of Clains 15, 16 and-
17, wherein said electrode is provided by a substrate having an el ectrode
portion on a top face and an el ectrode portion on a bottom face, the

el ectrogmmum connected by a through hole, said substrate being
d| spose :lméumugmﬂ ectric substrate and said nagnetic substrate.

The nonrfecitprbcat circuit device ag&ordlng to one of dains 15, 16 and
17, wherein the dielectric substrate is provided at | east adjacent said
transm ssion line portion of said electrode and is snaller than said
magneti c substrate. 20. The nonreciprocal circuit device according
to one of ains 15, 16 and 17, wherein the nagnetic substrate is provided
at | east adjacent said resonator portion of said electrode and is snaller

than said dielectric substrate. 51
21. A comuni cati ons device conprising: the nonreciprocal

18. The nonreciprocal circuit device according to one of
Claims 15, 16 and 17, wherein said electrode is provided by a
substrate having an electrode portion on a top face and an
electrode portion on a bottom face, the electrode portions being
connected by a through hole, said substrate being disposed
between said dielectric substrate and said magnetic substrate.

19. The nonreciprocal circuit device according to one of
Claims 15, 16 and 17, wherein the dielectric substrate is
provided at least adjacent said transmission line portion of said
electrode and is smaller than said magnetic substrate.

20. The nonreciprocal circuit device according to one of
Claims 15, 16 and 17, wherein the magnetic substrate is provided
at least adjacent said resocnator portion of said electrode and
is smaller than said dielectric substrate.



circuit device according to Caim15; and one of a transmtting circuit, a.
receiving circuit, and an antenna connected to said nonreciprocal circuit

devi ce. thod for manufacturing a conplex circuit board
conpri si ndllml 'H@é!ﬁggﬂ]flmow ding a dielectric substrate; providing a film
of | ow di elecCtdi , conprising a substance having a | ower

dielectric constant than the dielectri € substrate, on said dielectric
substrate; providing an el ectrode patté&fn on the dielectric substrate and
on the filmof low dielectric constant thereon; and affixing a magnetic
substrate to the dielectric substrate and to the el ectrode pattern thereon.
23. A nmethod for manufacturing a conplex circuit board conprising the steps
of : providing a dielectric substrate; providing a magnetic substrate;
provi di ng el ezirodk patierisatisspecidwistey compds iagd lhdist aonfreceprotaa
substrat &dfé | ovadh etecdddSreis tadte v NG 2 driiveinedic! 8CtiLash@Rstant

t han t he ,|elllectr| Cc substrate; .PI’OV{:dI ng a_through hol e running betweén the
eIectrod%lﬁﬁY%%rnaoﬁecelVlng tircuit, and an anténna connecte oto sald

the top femeeaibpretel et brewbdeddpbte ern] on the bottom 10 face; and
affixing said dielectric substrate to said magnetic substrate so as
to clasp said substrate of |ow

22. A method for manufacturing a complex circuit board
comprising the steps of: providing a dielectric substrate;
providing a film of low dielectric constant, comprising a
substance having a lower dielectric constant than the dielectric
substrate, on said dielectric substrate; providing an electrode
pattern on the dielectric substrate and on the film of low
dielectric constant thereon; and affixing a magnetic substrate
to the dielectric substrate and to the electrode pattern thereon.

23. A method for manufacturing a complex circuit board
comprising the steps of: providing a dielectric substrate;
providing a magnetic substrate; providing electrode patterns
respectively on top and bottom faces of a substrate of low
dielectric constant having a lower dielectric constant than the
dielectric substrate; providing a through hole running between
the electrode pattern on



dielectric constant therebetween. 24 A met hod f or

manuf acturing a conplex circuit board conprising the steps of:

provi ding a rlc substrate; providing an el ectrode pattern on
sai d dleliﬂl“nﬂ\ ! k prOV|d|ng a magnetic 5 substrate; providing
an el ectr magneti c substrate; arranging said
dielectric substrate and said g&fnetic substrate so that their faces
provi ded with said el ectrode p erns are facing each other,

said el ectrode patterns faci ng each other 10 at a predeterm ned
connection portion, and connecting the el ectrode pattern of said
dielectric substrate to the el ectrode pattern of said magnetic
substrate at said pr edet er mi ned connection portion.

25 A et hod for nanufacturing a nonreci procal circuit device

conprising the a di el ectri¢c substrate; prOV|d|ng

! Ei eps_of Q%SﬁVIdln
a filmof |ow t:"pd|f(5clﬁ:tafnidt: SGCIodSnIPRSERERE SBLERAMRRERNI ng a
| over dizel ectrIﬂac@naﬁﬂaﬁﬂmﬂgﬁ%a@'de'd&%&%b%r%%%é&face to s@fhsald

di el ectric substrate; providing an electro
conprising a MESHKRisT sitzate so aswiock lagpf eam;dsabsthat@omflbmwof

sai d dlelectrl 53
substrate where saﬁfﬁ;ﬁ Sﬁﬁﬁhtﬁ Pﬁtweggnstant is

_ 24 . A method for manufacturing a complex
circuit board comprising the steps of: providing a
dielectric substrate; providing an electrode pattern on
said dieleqtric substrate; providing a magnetic

n

substrate; providing an electrode pattern on said
magnetic substrate; arranging said dielectric substrate
and said magnetic substrate so that their faces provided
with said electrode patterns are facing each other,

- said electrode patterns facing each cother
10 at a predetermined connection portion, and connecting the
elegtrode'pattern of said dielectric substrare to the
electrode pattern of said magnetic substrate at said

predetermined connection portion.

25 . A method for manufacturing a
nonreciprocal circuit device comprising the steps of:
providing a dielectric substrate; providing a film of low
dielectric constant, comprising a substance having a

5 lower dielectric constant than the dielectric substrate,
on said dielectrxic substrate; providing an electrode
pattern . comprising a resonator portion

which 1is formed at the portion of said dielectric
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10 provided , and a transm ssion |ine portion which 1is f or med
at other portions thereof affixing a magnetic substrate to said
| ectric substra to said el ectrode pattern

; and pl“mmmgul ﬂllllul magnet for appl ying a dc magnetic field [to said
15 26. A nethod for manufacturing a

nonreC|procaI Gircuit devi ce rising the steps of: providing a
dielectric substrat e; prOV|d|%8¥2 magneti c substrate; providing 5
el ectrode patterns respectively on t-op and bottom f aces
of a substrate of |ow dielectric constant having a | ower dielectric
constant than the dielectric substrate, the el ectrode

patterns formng a resonator portion and a transm ssion |ine
portion; 10 provi ding a through hole runni ng between the el ectrode
pattern on the top face and the el ectrode pattern _on the bottom
face; af fixingSWRFECAtR| ¥ReFe SEAfbsiil 0§ d-ow dieleghrdcnigREFRBTskBstrate

SO as tpgcl aSpgfé‘bgdé&'bSt rahe dé)zt:sransmséﬂ%q_ L el oRONGhaBh is

t her ebet ween nd so that sai magneti c su trate IS adj acent
to or spaced aformed aprathazwpdrmibnhsnharﬁnﬁrwaﬁfuwmmgrasmagnetiport|on
, and said dielectric, substra 3& (% acent to or paced a
predet er mi ned § PTRREe to sai dzelectrzc substr ang,to

said electrocde pattern _; and providing

a magnet for applying a dc magnetic field [teo said

15 electrode pattexn.

7.7 method for manufacturing a nonreciprocal circuit
device comprising the steps of: providing a dielectric
substrate; providing a magnetic substrate; providing

5 electrode - _patterns respectively on top and
bottom faces of a substrate of low dielectric constant
having a lower dielectric constant than the dielectric
subptrate, the electrode patterns. forming a
resonatoxr portioh and a transmission line portion;

10 providing a through hole running between the glectrode
.pattern on the top face and the electrode ‘pattern. on
the bottom face; affixing said dielectric substrate to
gsaid magnetic substrate so0 as to clasp said substrate of
low dielectric ccnstant therebetween, and so that said

15 magnetic substrate is adjacent to or spaced a
predetermined distance from the resonator portion

, and said dielectric substrate

is adjacent to or spaced a predetermined distance
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from the transm ssion |line portion 20 ; and
provi di ng a magnet appl yi ng a dc magnetic field to said
el ectrode patterns 27. A method for manufacturing a

nonr egi devi ce conprising the steps of: providing a
di el eam\\m\m\‘m\l\mﬂ&\rate providing an electrode pattern forming a 5
transmission‘line portion on said diq% ctric substrate; providing a
magneti ¢ substrate; providing an el ectrode pattern formng a
resonator portion on said magnetic substrate; arranging said
di el ectric substrate and said magneti c substrate so that their faces
provided with said 10 el ectrode patterns are facing each other,
said el ectrode patterns faci ng each other at a pr edet er mi ned
connection portion ; connecting the el ectrode pattern of said
dielectric subgtrate o the . . electrode pattern of said magnetic
substrate at séf%ﬁg5pﬁe éfﬁ%ﬁm&iﬁ*ﬁ?ﬁ§}3§nﬁﬂﬁgﬂ951 portion ; and
providipg @ __ . _magnet for applindprodi@ifRyeinagddee! d t o agplying
el ectrode patterns. . ]

a dc magnetic field .to said electrode pattezns.

27. A method for manufacturing a nonreciprocal circuit
device comprising the steps of: providing a dielectric
substrata; providing an electrode pattern forming a
} ' 5 transmission line portion on said dielectric substrate;

: providing a magnetic substrate; providing an electrode
pattern forming a'resonatcr portion on said magmetic
substrate; arranging said dielectric substrate and said

magnetic substrate so that their faces provided with said

10 electrode patterns are f£acing each cother,
{ .
3 said electrode patterns - ' facing each other at a
predetermined connection portion - ; connecting the

electxrode pattern of said dielectric substrate to the
electrode pattern of said magnetic substrate at said

15 predetermined connection portion ; and providing a
magnét for applying a dc magnetic field to =said
electrode patterns.



