DESCRI PTI ON Noi se filter and el ectronic device using noise filter
TECHNI CAL FI ELD The present invention-relates to a noise fi

noi se counterneasure in cellular phone or other informati o mmmulmmmmmnd
an electronic device using this noise filter. 10 BACKGROUND f\
conventional noise filter is disclosed, for exanple, in Japanese ai d- open

convent i onal notse filter (Tam ntog commpn mode choke cor UILINGIMININst

coil 1 and a second coil 2 fornmed®BBGRIRRAON rst coil 1 are Sdodorrl | Yy
formed, and nmade of silver. An insulating sheet 3 is fornmed beneath the
first coil 1, and is provided wwth two via holes 4, 5. A second insulating
sheet 6 is fornedVbésendelterhendielsctronic Hearidesesiovginodpe f2lteand 20 is
provided with one via hole 7. The first insulating sheet 3 and second

I nsul ating sheet 6 are nmade of insulating material such as polyimde. A
first esternal electrode 8 di spEGHNICALIeFI®IDf the first coil 1, and a
first via electrode 8a at other end of the first 25 coil 1 are fornmed on
the same plane aslBAeP¥¢sant dgvention wladsd extemisecfidter e d 45 f or med

beneat h the, §ideStountebhfdd Hgr qﬁebeglul%rs'ﬁ@xm Virdo €hEFLiFde P&t ilon f or med

devices, and an electronic device using this noise filter.

10 , BACKGROUND ART

A conventional noise filter is disclosed, for example, in
Japanese Laid-open Patent No. 8-335517.

Fig. 35 is a perspective exploded view of the
conventional noise filter (laminated common mode choke coil).

15 A first coil 1 and a second coil 2 formed above the first coil 1
are spirally formed, and made of silver.

An insulating sheet 3 is formed beneath the first coil 1,
and is provided with two via holes 4, 5. A second insulating
sheet 6 is formed between the first coil 1 and second coil 2, and

20 is provided with one via hole 7. The first insulating sheet 3
and second insulating sheet 6 are made of insulating material
such as polyimide.

A first external electrode 8 disposed at one end of the
first coil 1, and a first via electrode 8a at other end of the first

25 coil 1 are formed on the same plane as the first coil 1. A
second external electrode 9 is formed beneath the first
insulating sheet 3. A second via electrode 9a is formed
beneath the first insulating sheet 3, and the second external
electrode 9 is connected to the first via electrode 8a through

30 the via hole 4 provided in the first insulating sheet 3, second
via electrode 9a, and a first leading-out portion 10 formed

beneath the first insulating sheet 3.



beneath the first insulating sheet 3, and the second external electrode 9
is connected to the first via electrode 8a through 30 the via hole 4
provided in the first insulating sheet 3, second via electrode 9a, and a
first |eading-out portion 10 formed beneath the first insulating sheet 3.
1 Athird external electrode 11 provided at one end of the second coil 2,
and a third via electrode 1la provided at other end of the second coil 2
are formed on a sane plane as the second coil 2. 5 A fourth external
electrode 12 is pﬁdﬂiidddebmmhetdfxamofdier $1 pswidetd ag sheemBof Aleourt h

vi a el ectrode 12 forne th. th firs ulatin heet and t he
Voar the oxt creeard godt o oiid; 8 ¥R Ridcdleh i 3le hEPE ulsvided R o thetugn 1 e
via hole 7eh@réedhiensthendecond 9 sl ab+ M@ dSheeta Ganvbaphohe Hs 1thd or ned
inthe first insulating sheet 3, fourth via electrode 12a, and a second

| eadi ng- outs¢femd 681k % -f or med beneath the first insulating sheet 3. That
I's, thegsecond eXAeFo'IﬁJthele%%%HQ? ecthdal o1y Ly ?%B@M‘@& t?éx?&é%}?%elz are

forned on a sane pl ane Irst external electrode 8, second external
el ectrode irdb mlamrlaltlaxg ehredt 8| ech rfodethlvlaanéleétnudm 1&at by flat meldect r ode

12 are parl ed Lo the e d surf t he, first Iat n heet 3
and second ?%%ﬁ?gﬁ ﬁb gﬁ@%ilgs %Bgilf e& %uﬁ%e¢ &¥ Fﬁlrgﬂlnsu a |§g
sheets 14 adlecttotdser2 Heneah het ted Rcohd @ﬂoﬁidlazlo1B|28€hli'6d@h9thédvifa)urth
20 external electrode 12 and above th flrst ¢coil 1, and are made

ferrite. |meln s doAmedi bhathotewnd insulatieg ghesimbn Yr’cﬂjehOIr?O|5se is

applieqoto ¢henéi it c1@iirsh ﬁi’éjulsaet‘iﬁl@ds}?@éd 32 fok??h \h%P@F@:'%%d\éaM'&S of the
coils 1, 2 are raised, and the commpn 25 node noise is renoved. In the

convent i onadndok s cloinid éeadhomet pattéopohdofer medeb ¢ npathntdee darsot be

rai sed hi gh rsulat1ng sheet 3. That is, the second external electrode 9

and fourth external electrode 12 are formed on a same plane.
The first external electrode 8, second external electrode 9,

15 third external electrode 11, and fourth external electrode 12
are partly exposed to the end surface of the first insulating
sheet 3 and second insulating sheet 6.

A specified number of third insulating sheets 14 are
formed beneath the second external electrode 9 and fourth

20 external electrode 12 and above the first coil 1, and are made
of ferrite.

In this conventional noise filter, when a common mode
noise is applied to the first coil 1 and second coil 2, the
impedance values of the coils 1, 2 are raised, and the common

25 mode noise is removed.

In the conventional noise filter, however, the common
mode impedance cannot be raised higher.

That is, end portions of the first coil 1 and second coil 2
(the second external electrode 9 connected to the first coil 1

30 and fourth external electrode 12 connected to the second coil 2)
are drawn out in the same direction (downward). It hence

leads to possibility of short-circuiting of the via holes 5 and 7



That is, end portions of the first coil 1 and second coil 2 (the second
external electrode 9 connected to the first coil 1 30 and fourth external
el ectrode 12 connected to the second coil 2) are drawn out in the sane
direction (dowward). It hence |eads to possibility of short-circuiting of
the via holes 5 and 7 2 for connecting the first via electrode 8a formed in
the first coil 1, second coil 2, fourth via electrode 12a, and fourth
external electrode 12. If short-circuited, the first coil 1 and second
coil 2 are folrecamneating tharfécseoiaaldcthed e arbor medeimohsefibst endli ng

characterisjic_may.not..b btajned. 1t i.s thergfore cessary, to keep a
certain spa%:’i g\accl%db%ql\}ve%’n??%léh?ivrléqtetﬁ’catrogleei??o&‘él%;{%gﬁgﬁv?%t%cﬂgélel and
a conduct orelexteade ny2f r dm shbetfdirshited,| theCaivyat cbfl Ar avidde@dcomd hi s
spacing 15 and the first coil] 1 and second coil 2 cannot be overlaid in

the area 10°%re ol figicalbheogmeatag. 10 dathe ©ran By IMPAP NBO TSI on of
the firgt %ldmiyfa dcd}lﬁgpmbrqguc #n £ bQ?obE‘%{eﬁfz?.ed T Ul Pﬁ{iref eover,

if the current flow rections are reverse int rst coi and second
coil 2, theneergestiy tbl hxep geewrtatiodspiacingelbibestwand skeofidstorias cancel

each other, ,and the .15 inpedance of, nornal nbde cannot be yr.ai sed. A
di fferent c&ﬁ&gﬁ 48 %%nn%ﬁ’&ggg EOi%%H??I?%$gF§ Oﬁf?%Fggé&F gﬁ?n%xanple,

in Japanesethd ifiddty cdbidel c£nhbit claé ippovilled Tn43032sphepng 365 ignd the

per spective, expl oded, view of th 2 onventiaqnal co node noise filter
(1 am nat od REFT )0 nt i SRR %01, £ LATROE RDIOVERIATd Socdi 226  are
formed; oUpR&yrraR@ onQMelz £6 QGler 98881 r%da 5aNth 0% Ab G e 8l SPPSEE re@RoRBH Si des
of the nmain body 201. Magnetic shield |ayers 204, 205 are provided in the

out er nost  |tyefinit ¢tid Eambrsezdndbdeilndi sennpt the inTheas¢d furhber.
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the first coil 1 and second coil 2, the magnetic fluxes generated
in the first and second coils cancel each other, and the
15 impedance of normal mode cannot be raised.

A different conventional common mode noise filter is
disclosed, for example, in Japanese Utility Model Publication
No. 7-45932.

Fig. 36 1is a perspective exploded view of the

20 conventional common mode noise filter (laminated coil).

In a main body 201, a first coil and a second coil are
formed. Upper and lower electrodes 202 and 203 are disposed
on both sides of the main body 201. Magnetic shield layers
204, 205 are provided in the outermost layer of the common

25 mode noise filter. That is, the conventional common mode
noise filter is composed of the main body 201, electrodes 202,
203, and magnetic shield layers 204, 205.

The main body 201 is composed of plural magnetic

sheets for first coil 206, 207, 208, and magnetic sheets for
30 second coil 209, 210, 211. The magnetic sheets for first coil
206 to 208 and magnetic sheets for second coil 209 to 211 are

alternately disposed.



The main body 201 is conposed of plural magnetic sheets for first coi
206, 207, 208, and nagnetic sheets for 30 second coil 209, 210, 211. The
magneti c sheets for first coil 206 to 208 and nagnetic sheets for second
coil 209 to 211 are alternately disposed. 3 Specifically, the magnetic
sheet for second coil 211, magnetic sheet for first coil 208, magnetic
sheet for second coil 210, magnetic sheet for first coil 207, magnetic
sheet for second coil 209, and nmagnetic sheet for first coil 206 are 5
| am nat ed sequentSlaéd:i;fiéaHm t blee bot ¢ gxme tiGn StHBEett cfprofsethadmgmbtﬂtlsheet S

206 to 211, condyct or for rnln coil 212. .21 214,
and conductIBra npegt“f&hr?s f 0rr ISPFncﬁ’él Ezﬁ é%llrh fé%rﬁ%corizdl? ?1r
printed i nzaosqnargele&hapeheétne@flﬁr@ﬂecburmoﬂ,o ag@leticiatheat £db of

t he conductor pa tern 212 formed in the nagnetic sheet 206 is electrically
connect ed tscf"‘é’d‘ nfQilal 0% na sl 35 agmetie & ﬁﬁﬁcf‘b‘i 158t cf 12286 ALRed in

the mag m?ﬁ‘é’ﬁéd %Qzll@/nmm)pffrgmt bheugbcghe 212c of the termnal end
212b an roug hol e 209a of” the magnetic sheet 209. 15 Al so, a term nal

end 213b of t he dOndikee ctloppaftthlenmagileﬂlorsie@ehm2DI6et0TQgr1etqq11ckltnemr 207 is

el ectricall onnected,.to laI en 4a t conducto ttern 214
foroed 1o HaftHIscher 6 fnidR Ul i e A4 2R Bo it R Srilu B84 T
term nal engla 3 safelr dotriaggbhbdeeodildaodf 21 RNt ardOp sierid 210.

Simlarly, a termnal end 215b of {he conductor pattern 215 fornmed in the
magneti ¢ shdef 209afre LraRe AlRPRYIEOMFERER: to an initial end 216a of the

conductigr patter %%%@n{ﬁ{ﬂe@nﬂﬂzliﬁ‘%f%ﬁlﬂ@&h&u%@@tp ad10r RY2 VYo Phh e
t hrough-hol e 215c of the 25 termnal end 215b and a through-hole 207a of

t he magnetiia thpaeagnetic Bheehicd06 as rdeatrighlbhgornGistefl thandavidiet or

pattern end 213a of the conductor pattern 213 formed in the magnetic

sheet 207 by way of a through-hole 212c¢ of the terminal end
212b and a through-hole 209a of the magnetic sheet 209.

15 Also, a terminal end 213b of the conductor pattern 213
formed in the magnetic sheet 207 is electrically connected to
an initial end 214a of the conductor pattern 214 formed in the
magnetic sheet 208 by way of a through-hole 213c of the
terminal end 213b and a through-hole 210a of the magnetic

20 sheet 210.

Similarly, a terminal end 215b of the conductor pattern
215 formed in the magnetic sheet 209 is electrically connected
to an initial end 216a of the conductor pattern 216 formed in
the magnetic sheet 210 by way of a through-hole 215¢ of the

25 terminal end 215b and a through-hole 207a of the magnetic
sheet 207.

Further, a terminal end 216b of the conductor pattern
216 formed in the magnetic sheet 210 is electrically connected
to an initial end 217a of the conductor pattern 217 formed in

30 the magnetic sheet 211 by way of a through-hole 216¢c of the
terminal end 216b and a through-hole 214a of the magnetic
sheet 208.



216 formed in the magnetic sheet 210 is electrically connected to an
initial end 217a of the conductor pattern 217 forned in 30 the nmagnetic
sheet 211 by way of a through-hole 216c of the termnal end 216b and a

t hrough- hol e 214a of the magnetic sheet 208. 4 In this way, the first coi
conposed of conductor patterns 212 to 214 of magnetic sheets 206 to 208,
and the second coil conposed of conductor patterns 215 to 217 of nagnetic
sheets 209 to 211, in the sanme phase and sane 5 nunber of turns as the
first coil, are flor mehlis nweaser ytlot héirstl anedd. cPhmep appér ofl exinddet @02 is

conposed of net i et 218, 219, and 220 he etic, sheets 218
CoBeY DA, 2 1 56 Pade ol omam s afipernob it B L 3 3,
222a, 222b,sed2d at6ilf @bmeslo §€8peet tyglivctdPephtasing- U6 ebedrodef

conductor patterns 22la to 221c are nutually connected by way of
t hr ough- holBaeasdiar ehepls t RRP tonddds ednwiths 3130 ¢ nphiage 292Wef t he

conduct QrSirg]&fntlf‘erxn o%tlﬁlé{i’{xsté@ {TROTEH € oRF ! g@cgﬁﬁﬁﬁﬁr ihOLPL G defifed | TSt

15 coil. arly, eadl ng-out el ectro ctor patterns 222a to
222c are mitay®rly connected by way of through-hole, and are further
connected wth t initial ﬁnd 2%§a q{ t he condugt%r pattern 215 Pf t he
magnetic pattern 208 YRPEF SR 193 G SORURASEEIGE MAB SIS T on
the upper eeg!rore, 20nd 290.r stoaoithe | wagmaioukhelkest 2age deraeoal Tl a,
and a second coil |eading-out electrode termnal T2a are formed. Further,

the | ower ereédipgdeusoslestrosifp Bftonop abifTats 2%heet%2bb3 2559, and

225. Ojot hey gmgnebiog, SHLSL S, re223r h@ d2Pesp & £AFeNY- OUt el ectrode conduct or
patterns 226a, 226b, 226c¢c, 227a, 227b, %270 are formed respectively.
(227b, The leading-out electrode conductor patterns 221a to

221c are mutually connected by way of through-hole, and are

further connected with the initial end 212a of the conductor

pattern 212 of the magnetic pattern 206 for forming the first
15 coil.

Similarly, the leading-out electrode conductor patterns
222a to 222c¢ are mutually connected by way of through-hole,
and are further connected with the initial end 215a of the
conductor pattern 215 of the magnetic pattern 209 for forming

20 the second coil.

In this manner, on the upper electrode 202, a first coil
leading-out electrode terminal T1la, and a second coil
leading-out electrode terminal T2a are formed.

Further, the lower electrode 203 is composed of

25 magnetic sheets 223, 224, and 225. On the magnetic sheets
223 to 225, leading-out electrode conductor patterns 226a,
226b, 226¢c, 227a, 227b, 227c are formed respectively. (227b,
227c¢ are not shown.)

The leading-out electrode conductor patterns 226a to

30 226c¢ are mutually connected by way of through-hole, and are
further connected with the terminal end 214b of the conductor

pattern 214 of the magnetic pattern 208 for forming the first



227c are not shown.) The | eadi ng-out el ectrode conductor patterns 226a to
30 226¢ are nutually connected by way of through-hole, and are further
connected with the term nal end 214b of the conductor pattern 214 of the
magnetic pattern 208 for formng the first 5 coil. Simlarly, the

| eadi ng-out el ectrode conductor patterns 227a to 227c are nutually
connected by way of through-hole, and are further connected with the
terminal end 217b of the 5 conductor pattern 217 of the nmagnetic pattern
211 for forganihg the second coil. In this manner, on the | ower el ectrode
203, a first coilg. Ieladi ng-t%utlel ctrodett rng nal] Tlb, agd a sgcond coi |
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coil and second coi], _the inpedance values of the coils are_ raised, and
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That is, of the squa aped conductor Ppatter anpl e
relating tothdeepandeemil212 for conposing the first coil, since the

initial d 212a 4 d inside of t t 1 nal 12b,..th duct
ot Lorn bot ween tHE {PAPLTAR 0 CHY BH2A0mAd PR Ratiod0Fort ItoH 90 of 1 he

conduct or patadnE-odt2 €mvtebdee ovemlianll onNibhe (xwdduct Glecpald ecsil15 for
formng the second coil in the top view_and therefore the magnetic flux
generat ed by atidgrprsielesitrodptapinahddh are{pemgdnerated by the second
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The invention is intended to solve the problens of the
common mode noise is applied in the first coil and second coil,

the impedance values of the coils are raised, and the common
mode noise is removed.
In the conventional common mode noise filter, however,
15 the common mode impedance cannot be raised further.
That is, of the square-shaped conductor patterns 212 to
217, for example relating to the pattern 212 for composing the
first coil, since the initial end 212a is formed inside of the
terminal end 212b, the conductor pattern between the initial
20 end 212a and the folded portion 212d of the conductor pattern
212 cannot be overlaid on the conductor pattern 215 for
forming the second coil in the top view, and therefore the
magnetic flux generated by the first coil and the magnetic flux
generated by the second coil cannot reinforce each other

25 efficiently.

SUMMARY OF THE INVENTION
The invention is intended to solve the problems of the
prior art, and it is hence an object thereof to present a noise
30 filter of high removing characteristic of both common mode
noise and normal mode noise, capable of enhancing the

impedance in both common mode and normal mode, and an



prior art, and it is hence an object thereof to present a noise 30 filter
of high renoving characteristic of both commbn node noi se and normal node
noi se, capabl e of enhancing the inpedance in both conmon node and nor nal
node, and an 6 el ectronic device using such noise filter. It is also an
object thereof to present a noise filter of high renoving characteristic
of common node noi se, capable of enhancing the inpedance in the comon
node further, and an 5 electronic device using such conmon node noi se
filter. To dlekitevei¢ e vibpeetisng sluehnaoiosee ffil tiegr in a fi rst aspect of the

i nvention (enbodijtents 1, 2 describ tic nmber
formed by | am natiing® rHReAPCoBHEtt SheRcofd PIERent  RcRfHAE Thter el

i npedance elllisgfemerﬂ@ﬁmgichraaladeefmla(bfrmgﬁai(m mBdbaiois?, SAGKlel dpedance
el enent formed above the fir i mpedance el enrent, and ex%@rnal el ectrodes

formed at $RRANEHAS tdre LR &2 i@ hReromman ceededvedhereand @l 1y to
each eng Of(TlteQ%rBhiétdeav']QeS@QHféj suTREHERGR 08! AT Soik® fivgLh the first

i npedance el ement I ncludes a first normal 15 i npedance el enent and a first
common i npedance B¢ eirtﬂntevecblmelermedtel ébernoddd filtertire af first nop ewt

i npedance el i LSt nor edanc I t he. second
| mmedance oTehERdmAdtaes Sm bailins Wiirho TRRGHDRh P PRI BRIFS second
normal i npedaﬁagn@teﬂ&ﬁbncwa‘atrﬁfb&Qa;ellamlrﬂac'ralnlgyxrta)gﬁbeldseh@@fdscmnmn

i npedance el ement  above , the second conmmon i npedance, el ement, and the first
conmon i npeRfeideal léﬁﬁﬁtmhn%lsfé’é@tfoﬁap@érﬁﬁﬁ ”ﬁﬂ@&mc@r@% imsidedhepposite

to eachoot hghe Mc%%dlﬁél’” %t §€‘cohﬂ hﬁ'p%da‘}f&f 'egHﬁ?etdtprforﬁlhﬂ Igpdance

val ue can be helghtened In common node and nornmal node. To achi eve
t he obj ectsthe lﬁlsratmrseefilalntcereimnanﬁe@@rddexa@m@l ed ctrpal dsnfamedmt

(embodi mentys, &, e‘hdsxlS oq’et?}?é'Iﬁﬁ‘énl%‘ﬂ@%enﬁ%?rdéfsco%{?&%%t ofe SETRET1Y OF Med

by Ianlnatlng mag
to each end of the first and second impedance elements, in

which the first impedance element includes a first normal
15 1impedance element and a first common impedance element
connected electrically to the first normal impedance element
above the first normal impedance element, the second
impedance element includes a second common impedance
element and a second normal impedance element connected
20 electrically to the second common impedance element above
the second common impedance element, and the first common
impedance element and second common impedance element are
opposite to each other, and are insulated. In this
configuration, the impedance value can be heightened in both
25 common mode and normal mode.

To achieve the objects, the noise filter in a second
aspect of the invention (embodiments 3, 4, 5 described below)
comprises a magnetic member formed by laminating magnetic
sheets in vertical direction, a first coil formed by laminating

30 plural first inner conductors, a second coil formed by
laminating plural second inner conductors, and external

electrodes formed at both ends of the magnetic member and



sheets in vertical direction, a first coil formed by | am nating 30 plural
first inner conductors, a second coil fornmed by |amnating plural second
i nner conductors, and external electrodes fornmed at both ends of the
magneti ¢ nenber and 7 connected electrically to each end of the first and
second coils, in which the magnetic nenber incorporates a first |am nated
body conposed of the first inner conductors, a second | am nated body
formed on the top of the first |am nated body, 5 having the first inner
conduct or s cnch seeahdlé otrécatiyntioetaehs e ndaod hhe efdr ot bardnatedyd andsa third

| am nat ed body .f.or on the .top of.the second | am nated body., conposed of
the second ' th”gﬁau{{‘ta(ﬁ%?“f:n eﬁ?geﬁdﬁ’f‘iodl?roétai%ﬁ,ataii’és'i Erﬁ Y% al ue

can be hei giy@pedonip LA CHMPRe NaYes ANEnARENMBl o @HELo ) T achkioe the
objects, the comon_node noise filter in a third aspect of the invention

(enbodi mentlagn reated heglshdpomed eanphe st afndyméing hmbeatedrbedvboy
| am nat ng 1{@?{}? lthe FISElSAdY ¥6huedbrd 4 86 1deQdn PihhbFlcHiPd c{)cPHmd by
| am nating plural i I y 15

rst inner conductors, a second coll forme
| am nat i ng lplmimdtekcdhdrnanety,conduet thrd dameih atletde boaltyelfgr mgid ot he

first inner_,conductprs, and o | appi ith the first oj] in a top view
of the magndtq éoﬁe?rgé?’,e 5%805?(3‘;%{1[‘?81@9%\3?%@% FOPRAF 9 © hteh?rasﬁﬁé)flidg sheet s
for connectinieit BentiwcibrbNNdn tEONEYRIFOE ar Atilotnl tlve @ fdda o6 and denner

conductors nutyally, 20 in which the via holes for connecting the first
i nner condu@®ibe hgughaepedoebiodh of e RemodeoaadeBrrmal Badshy vi ew of

the mggnetic memper, .1il6eViRe %qalj@ati,%gomsﬁmqnw@ §§fs%,n@iltle?rlﬁ]e

conductors mutually overlap with'the first co Inatop viewo
magnet i ¢ meatbbiyd arsg edieof thetiniviemgrionoiedubodimeas ke sgribeddielone) of the
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this configheadd on,véhdcailphidanemwvahufirgancdi@¢ foeingdd ened anieatimg
plural first inner conductors, a second coil formed by
15 laminating plural second inner conductors formed alternately
with the first inner conductors, and overlapping with the first
coil in a top view of the magnetic member, and plural via holes
formed in the magnetic sheets for connecting the first inner
conductors mutually or the second inner conductors mutually,
20 in which the via holes for connecting the first inner conductors
mutually overlap with the second coil in a top view of the
magnetic member, the via holes for connecting the second
inner conductors mutually overlap with the first coil in a top
view of the magnetic member, and the first inner conductors
25 and at least one of the second inner conductors adjacent to the
first inner conductors are formed to overlap almost with each
other in a top view of the magnetic member. In this
configuration, the impedance value can be heightened more in
common mode.
30
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective exploded view of a noise filter in



common node. 30 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a perspective
expl oded view of a noise filter in 8 enbodinent 1 of the invention; Fig. 2
(a) is a sectional view along line A-A of the noise filter; Fig. 2 (b) is a
perspective view of the noise filter; 5 Fig. 3 (a) is a diagram show ng

i npedance characteristics when current of normal node and common node is
applied to the noise filter; Fig. 3 (b) is a diagram show ng a neasuring
circuit of inpedance characteristics when current of normal node and 10
comon nodeeindogdppiéetl It of tthe wyvertionter; Fig. 4 (a) to (d) are top views
of conductors in +h olse filter; Fig. A4 (e)is segt i,onal , vi ew. of ot her
exanpl e of the n%} 2 45‘I§t1e‘;}r;a sﬁftll—'f)a.a 5V1(eé'§ aglgngnﬁélqeu?‘\?él %ﬁtthgi?giﬁet

di agram of fibeemoi se filter (pattern A); Fig. 5 (b) is an equival ent
circuit diagramof the noise filter (pattern Bf1) Fig.. 6 é'a% is a diagram
showi ng i npedance’ 1202 Par HcfeP $ 53R &L iV4L YRt bhe aipiegctide g | cs) when

normal gnode cur rpg. i Sg apg},j edjd 0 hhe fiQisadi | Lo winpat R A gnd noise
filter of pattern B, Fig. (b) is a diagram showi ng the direction of the
current appthaua¢terdatiesparhenn cuiremtataingraronet fmddersndf codmpat tern A

ﬁgﬁufggt 5”‘%%&:{ aﬁlﬁ@% 0t hE)n S fﬁﬁ:é?-e?“ ve views showing a
g method "o he norse filter; Fig. 8 is a diagram show ng the
relation of distafie 3 (b) is a diagram showing a measuring circuit of
impedance characteristics when current of normal mode and
10 common mode is applied to the noise filter;
Fig. 4 (a) to (d) are top views of conductors in the noise
filter;
Fig. 4 (e) is a sectional view of other example of the
noise filter;
15 Fig. 5 (a) is an equivalent circuit diagram of the noise
filter (pattern A);
Fig. 5 (b) is an equivalent circuit diagram of the noise
filter (pattern B);
Fig. 6 (a) 1is a diagram showing impedance
20 characteristics (attenuation characteristics) when normal
mode current is applied to the noise filter of pattern A and
noise filter of pattern B;
Fig. 6 (b) is a diagram showing the direction of the
current applied in each pattern, simulating noise filters of
25 pattern A and pattern B;
Fig. 7 (a) to (f) are perspective views showing a
manufacturing method of the noise filter;
Fig. 8 is a diagram showing the relation of distance
between second conductor and third conductor, coupling
30 coefficient, and withstand voltage of the noise filter;
Fig. 9 is a sectional view of other example of the noise

filter;



bet ween second conductor and third conductor, coupling 30 coefficient, and
w t hstand voltage of the noise filter; Fig. 9 is a sectional view of other
exanple of the noise filter; 9 Fig. 10 is a diagram of frequency
characteristics show ng elevation of inpedance value in high frequency
region; Fig. 11 (a), (b) are sectional views of other exanple of 5 the
noise filter; Fig. 12 (a) to (d) are top views of other exanple of the
noise filter; Fig. 13 is a sectional view of other exanple of the noise
filter; 10 Fig. BHig.(a)p (is),a(dipgtem and tfypquiesny ofheoadtetisticof a

noi se filter, in.enbo

! EHiner%t g of. t.he invent8ion'uFigi lﬁiéﬁ)’ﬂﬁﬂé are pattern
see-t hrough }&I?‘%Pgm; 5 A hR r?gi slén?ﬂlflélf; F‘f%}l %5 '(a a di ‘tﬁ%ﬁx show ng
a waveformgfgieay;rier in 15 a pair of signal lines in a cellular phone;
Fig. 15 (b) is a diagram show ng the nmanner of use of the noise filter in
enbodi nents 1 and' & of 1t )i (Rledtpotectipgaliviews qlsoshar Ky ampdRodf ng
att enuatyi oy, £hayidet gliist.i cs when the noise filter in enbodinents 1 and 2
is 20 used in a pair of 'signal lines in a cellular phone; Fig. 16 is a
perspective expl ofigl ¥2e(motoadionse tap veewisnof exthedi aram Bleob fttiee
i nvention; Fi ‘o iﬁtg?) is a sectional view of line A-A of the noise filter;
25 Fig. 17 ?%%BIS a perspective view of the noise filter; Fig. 18 is an
equi val ent circuiFigli agriam ofedthenadiview bif Idtdreri xemindi 6Ahe Bodd 4 of
t he inventiPT' Fig. 19 (a) is a diagramshowing the relation of the

ilter;

10 Fig. 14 (a), (b), (d), (e) are top views of conductors of a
noise filter in embodiment 2 of the invention;
Fig. 14 (c¢), (f) are pattern see-through diagrams of the
noise filter;
Fig. 15 (a) is a diagram showing a waveform of carrier in
15 a pair of signal lines in a cellular phone;
Fig. 15 (b) is a diagram showing the manner of use of the
noise filter in embodiments 1 and 2 of the invention;
Fig. 15 (¢) 1is a diagram showing attenuation
characteristics when the noise filter in embodiments 1 and 2 is
20 used in a pair of signal lines in a cellular phone;
Fig. 16 is a perspective exploded view of a noise filter in
embodiment 3 of the invention;
Fig. 17 (a) is a sectional view of line A-A of the noise
filter;
25 Fig. 17 (b) is a perspective view of the noise filter;
Fig. 18 is an equivalent circuit diagram of the noise

filter in embodiments 3 and 4 of the invention;

Fig. 19 (a) is a diagram showing the relation of the
number of turns and coupling coefficient of internal
830 conductors in a second laminated body as the essential part

thereof;
Fig. 19 (b) is a diagram showing the relation of the

10



nunber of turns and coupling coefficient of internal 30 conductors in a
second | am nated body as the essential part thereof; Fig. 19 (b) is a

di agram showi ng the relation of the 10 nunber of turns and coupling
coefficient of internal conductors in a first |am nated body and a third

| am nated body as the essential parts thereof; Fig. 20 (a) to (g) are
perspective views showing a 5 manufacturing nmethod of the noise filter;
Fig. 21 is a perspective exploded view of the noise filter in enbodinent 4
of the invemamher Fiod. 2arins aapdr spestriliesexpdoiféciontewodf anprimel filter
in enbodinent.5 of the inyention: .10 Fi.g, 2 a).1s g sectional_ .view of
line A-A i ncol”—‘}cbl.uﬂcz)(f;s B 6 ¥12‘§“( g?fnllsnaé:etdog’osdsefatrif% o%gth ld'?iagl%nn;lnoaftet e noi se
filter; Fithod¢# dsStReSeddrmvial paesw oheptbfr exanple of the noise filter,;
15 Fig. 25 (a), (b) are top see-through diagrans of other exanple of the
noise filter; Fidgige %) (d)s &9 pl)spd | Rer 8xgttdyed Wess othovhBE f%exanpl e

of the 801 fahfaRurThl meBhb) of $he §EFId oAk Vi ew OF Tine A-Aln ot her

20 exanpl e of the noi se filter; Fig. 27 1s an equivalent circuit diagram of

the noise filter;Fig.g2148 { perispeatiectixpladedi eipwfoft hiee muiise filtarer

(pattern A inlfe odi %ni%fStﬁgég;vﬁ%QiFi g. 28 (b), (c) are sectional views
p , FIg.

of the noisé Friter''s attern °3s (d) is a diagram show ng the

relation of fredigncy2dnch petrepuativaneaplode devikeiv bérasnoispdiliternnA and
embodiment 5 of the invention;
10 Fig. 23 (a) is a sectional view of line A-A in Fig. 22;

Fig. 23 (b) is a top see-through diagram of the noise
filter;

Fig. 24 is a sectional view of other example of the noise
filter;

15 Fig. 25 (a), (b) are top see-through diagrams of other
example of the noise filter;

Fig. 26 (a) is a perspective exploded view of other
example of the noise filter;

Fig. 26 (b) is a sectional view of line A-A in other

20 example of the noise filter;

Fig. 27 is an equivalent circuit diagram of the noise
filter;

Fig. 28 (a) is a sectional view of the noise filter (pattern
A) in embodiments 3 to 5;

25 Fig. 28 (b), (c) are sectional views of the noise filter of
pattern B;

Fig. 28 (d) is a diagram showing the relation of
frequency and attenuation of noise filters of pattern A and
pattern B in embodiments 3 to 5;

30 Fig. 29 is an equivalent circuit diagram of the noise
filter of pattern B in a comparative example;

Fig. 30 is a perspective exploded view of common mode
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pattern B in enbodinments 3 to 5; 30 Fig. 29 is an equivalent circuit
diagram of the noise filter of pattern Bin a conparative exanple; Fig. 30
is a perspective expl oded view of conmon node 11 noise filter in enbodi nent
6 of the invention; Fig. 31 (a) is a sectional viewof line A-A;, Fig. 31
(b) is a perspective view thereof; Fig. 32 (a) to (c) are perspective views
showi ng the 5 manufacturing nethod; Fig. 33 (a) to (d) are perspective

vi ews showi ng the nmanufacturing nmethod; Fig. 34 (a) is a diagram showing a
wavef or m ofnger fdternn anpjedinénsi §odl the nesenti@ancel | ul ar phone; 10 Fig.

34 (b) is a diagrams I Ng. an ex | e of. t he nner ,of use of the common
node noise fil terﬁ’l% gibm@gi%ﬁtse%quatlh‘élﬁ%\fefnﬁ% n,g'éi’g. 34 (c) is a
di agram showi ng thgs.rehath)ois af petdpaetineyvidwW tHdmyfat i on anount when the

common node 15 noise filter in enmbodinent 6 is used in a_pair of signal
lines in a cell Uftd prorf@) EPg(clRRYes REFIEGIdre| Vi BRprHASH NS dhof a

convent ixon i .l : Fig. 36 is a perspective expl oded view of a
5 P38 ulrh h b Shie t AR F1 9. persp p
convent | ona+1a 20 acor‘rlﬁ'on%no 8 ngi se filter. BEST MODE FOR CARRYI NG OUT THE

| NVENTI ON  ( EnbodFieent331)(al hoi 6&) fatd epertspertiiodi mbew s1sbowime ittheent i on
is 25 explr%i nedf %é rref erri ng tdQ t he acconpanying drawmngs. Fig. 1 is a
perspective é‘x‘b‘}&‘ P BWRSE 8% 0i se filter in enbodiment 1 of the
invention, Fig. ZF{f)3itYadisecdiapahnshvwialgdAgyhvaforinf oéathierna se
filter, and Fig. 2, (b) if a perspective. view of the noise filter.
a pair of signal lines in a cellular phone;
10 Fig. 34 (b) is a diagram showing an example of the
manner of use of the common mode noise filter in embodiment
6 of the invention;
Fig. 34 (¢) is a diagram showing the relation of
frequency and attenuation amount when the common mode
15 noise filter in embodiment 6 is used in a pair of signal lines in
a cellular phone;
Fig. 35 is a perspective exploded view of a conventional
noise filter; and

Fig. 36 is a perspective exploded view of a conventional

20 common mode noise filter.

BEST MODE FOR CARRYING OUT THE INVENTION

(Embodiment 1)

A noise filter in embodiment 1 of the invention is

25 explained by referring to the accompanying drawings.

Fig. 1 is a perspective exploded view of a noise filter in
embodiment 1 of the invention, Fig. 2 (a) is a sectional view
along line A-A of the noise filter, and Fig. 2 (b) is a perspective
view of the noise filter.

30 Hereinafter, the first impedance element is supposed to
be a first coil, the second impedance element to be a second

coil, the first normal impedance element to be a first conductor,
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30 Hereinafter, the first inpedance elenent is supposed to be a first
coil, the second inpedance elenent to be a second coil, the first nornal

i npedance elenment to be a first conductor, 12 the first comon i npedance

el enent to be a second conductor, the second common i npedance el enent to
be a third conductor, and the second normal inpedance el enent to be a
fourth conductor. 51In Fig. 1 and Fig. 2, a first coil 21 is conposed of a
spiral first conductor 22 and a spiral second conductor 23 fornmed above
the first cﬁrmtfcnvdr cemmFheirh pedia ngendlemen t2t0 blenclsm:@suhcbnldstctor

| eadi ng- out ort| 3228 and a first via,elec rade 0 in the
conter of tHES GerPRE CEmENond bt dhetkar i alL 8 Fo 3 PhBREisbb ¥ edatrng

| eadi ng- outapar then s%ﬁiandaﬁdoﬁn&eC(ﬂﬂibé/da’meé ecldmdat23b pasidi ek n the
center of the _vortex. The first conductor 22 and second conductor 23 are
formed so tHRAUGHY a current flows in between the |eadi ng- out portions
22a, 233, the curpentid| gwhRg lmgt he, fd rftsd 2 APNEYCOr o%zpaglgdssf
conductor 23 may be in the same direction (clockw se or counterclockw se)
in a plan virwadsfirsdesondorntapovd tamed s@c@nwaiom@&omdr @hd e &&li ng- out

p_OrtI ons 22%6”%%@ ﬂ;gvé : rsf& B Ictt%rpgél t' hfroghedn%:fv\(glal pl ane

di recti on. uare na netic sheet the
first conduotcddud22 mdfﬂmoﬂda@hm@uohmr }:&ﬁ‘,tlaﬁd ﬁhas anfd rst fm/swa Vil e 24a.
Afirst via electrod 2b and a second via elec de 23b are aI
connect ed t%?ﬁgﬁﬂdfhgz i PepItypged,bp et qﬁﬂéenéﬁd Pﬁ q VO LEEn AR ‘22 and

second 19oNdidd d 23 n AR tdrE2 § GRREGHRY, atsia%ro%wlé@am@g)adﬁgofruoﬁi 2l 21. A
second coil 25 is conposed of a spiral third conductor a spira

fourth condmrdor s2zohey wie edigsirodpe? Ibinapitiomelddimotheece migr offi the
conduct or Qbmqé Udgs, @ el " Bona®29L092 94 nROLE L £ 2850 80T &y 1 TH Vi a

el ectrode 26
formed so that, when a current flows in between the leading-

out portions 22a, 23a, the current flowing in the first

15 conductor 22 and second conductor 23 may be in the same
direction (clockwise or counterclockwise) in a plan view as
seen from above the second conductor 23. The leading-out
portions 22a, 23a are formed at opposite positions to the
mutually plane direction.

20 The square first magnetic sheet 24 is formed between
the first conductor 22 and second conductor 23, and has a first
via hole 24a. A first via electrode 22b and a second via
electrode 23b are mutually connected through the first via
hole 24a, and the first conductor 22 and second conductor 23

25 are connected, thereby forming the first coil 21.

A second coil 25 is composed of a spiral third conductor
26 and a spiral fourth conductor 27 formed above the third
conductor 26. The third conductor 26 includes a third
leading-out portion 26a and a third via electrode 26b

30 positioned in the center of the vortex, and the fourth conductor
27 includes a fourth leading-out portion 27a and a fourth via

electrode 27b positioned in the center of the vortex. The
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30 positioned in the center of the vortex, and the fourth conductor 27
includes a fourth | eadi ng-out portion 27a and a fourth via electrode 27b
positioned in the center of the vortex. The 13 third conductor 26 and
fourth conductor 27 are fornmed so that, when a current flows in between
t he | eadi ng-out portions 26a, 27a, the current flowng in the third
conductor 26 and fourth conductor 27 may be in the sanme direction

(cl ockwi se or 5 counterclockwi se) in a plan view as seen from above the
fourth conthicdoecogducthe ZGeadidnfptmith pvontdiveter 258 ar27éoranedfor bbdt, at

h I I
arecti on' axnenchadfianf o B PoRu 38, hi 35H g B8 A drablS B REgner

sheet 28 is2Ternhd betveeh fldRihbeind hihedthordlveomductorand &adrfduednduct or
27, and has a _second via holg 29. Athird via electrode 26b and a fourth
14

via elect refRdoePh 27 mmadl P§ ddnridta et iy gligiection séeldekwise Mol e 29,
and thegt h'é&ﬁ?&g}l%ﬁfwl%@)%d f;ﬂ%f blgean?y%fe% frlom 3 Ko FON %Cfcﬁgrt her eby

form ng the second coil 257 15 I'n he first via e 24a and
second vi a drohéucPor &% nddrd jeadengamt positipon 2faa 3Dp adeeviprined t hey

b I d I I d t.ed ti
(r:rg%dugt orgc%tz%pz‘gpt 1%%@371 & Ogé;%of ?@ #1 I ﬂtvs Iégn?raflé’% vtilg\évmanngs Y5 ver

or copper, tnd stalneé rdirengidn awl th & 1arad11n%00hh|1£d<xflﬂs&sna§iab&%dj usted to
conformto the s ﬁified char act rlstlcs u&glgin 28 e baki ng

process nentioned"Bel BW LA 681 geRet 1(9r heet BéR’ieﬁdl can be

done iRoai ryad rmﬁmaerc%ndmosparealaxﬁp%uﬁw%o%%u&%,r %67 a8 & Tormed on
a same plane. The overal |l dimensions 25 (vertical and lateral di nensions

excl udi ng t¥ecdnddiingholst 29porditdrig dovin edgetrotpn26d7and adnawéhoriapi t ch,
and, UL Bl 80376 9 SO0 conlll S nSHRLICLG LR R3S 0
i dentical ilmokh&®e. ahidwekerthirie comtdreatad rd26eanidofiourth conductor 27
are connected, thereby forming the second coil 25.
15 In Fig. 2 (a), the first via hole 24a and second via hole
29 are nearly the same position in a top view, but they may be
located at mutually deviated positions in a top view.
The conductors 22, 23, 26, 27 are made of conductive
material such as silver or copper, and their length, width and
20 thickness may be adjusted to conform to the specified
characteristics. By using copper, the baking process
mentioned below can be omitted, or by using silver, baking can
be done in air atmosphere. The spiral conductors 22, 23, 26,
27 are formed on a same plane. The overall dimensions
25 (vertical and lateral dimensions excluding the leading-out
portions 22a, 23a, 26a, 27a), conductor pitch, and number of
turns are nearly equal. That is, excluding the leading-out
portions 22a, 23a, 26a, 27a, the conductors 22, 23, 26, 27 are
nearly identical in shape. However, the outward direction
30 from the center of the first spiral conductor 22 and third spiral
conductor 26 is counterclockwise in a plan view as seen from

above the fourth conductor 27, whereas the second conductor
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30 fromthe center of the first spiral conductor 22 and third spiral
conductor 26 is counterclockwise in a plan view as seen from above the
fourth conductor 27, whereas the second conductor 14 23 and fourth
conductor 27 are clockw se. Further, the second conductor 23 and third
conductor 26 are opposite to each other, and are nutually insul ated. Wen
a current flows fromthe | eadi ng-out portions 22a, 26a drawn 5 in the sane
direction into the | eadi ng-out portions 23a, 27a, they are forned so that
the current23mand [fowrith ¢dmedsater 2dﬁ aeetdlonk(vxdlsceckvm se or countercl ockw se)
in the second c

Hom obove the ToEMTRASE e Batobd FaniRRtF Y afn it Balubuly 45 °°°"

menti oned betowppoByté abne dich b e¢pRdCheeSmadualdBy iRGuldledn SWalen
configuration, one end (second V|a el ectrode 23b or third via _electrode
26b) of t he? SR tcbodi ttEP 4 her leading «oHdpersions 298 26andeawd

ndi vi dyal |36 ich ol benedikcati il iRebi O (bhainecony JoxGaRduobar #2at0 the

first conductor 22 beneath, the th conductor to the ourt conduct or
27 above), tHeex h%ute tﬂwe‘medssonbhpbstsh@mmtlyemlf mhagr flewr ¢oi thagsafnet he
second cond ctor ¢?d #h rd conducto% ﬁgcord}nﬂl unli ke th

convent i onal?! ﬁgf%% fCrPerWithe L cgﬂEn'Sﬁﬁb%? V15 SiB t1Re o S50 dtt or 26
20 can be exdreddetbb\e A ared edsiaidy cpadiicddr 26dih Uf thiein the vsetdden

conductor 23 and third condyctor 26 are forned spirally, so that the
over | appi ng&r"é‘gi ghoge ttﬁbe g%ﬂlcaﬂa&acaprz@ an&b‘I‘FﬁthEOH’aﬁ&f’SP‘% can

be incheasedenfBed IEE A tioMEaD ble8w)current flows in the same direction in
t he second conductor 23 25 and third conductor 26, the magnetic fl uxes

generated in the Bxedonmiagndtiee orond vahdrs hi2d Zhdd8.orZD6iBam usd
O P e S L A R
electrode 26b) of the second conductor 23 or third conductor 26
is connected individually in the vertical direction (the second
15 conductor 23 to the first conductor 22 beneath, the third
conductor 26 to the fourth conductor 27 above), so that there is
no possibility of short-circuiting of the second conductor 23
and third conductor 26. Accordingly, unlike the conventional
noise filter, the second conductor 23 and third conductor 26
20 can be extended by a necessary portion, and further the second
conductor 23 and third conductor 26 are formed spirally, so
that the overlapping region of the second conductor 23 and
third conductor 26 can be increased. As a result, when the
current flows in the same direction in the second conductor 23
25 and third conductor 26, the magnetic fluxes generated in the
second conductor 23 and third conductor 26 can be mutually
reinforced, so that the impedance value in the common mode
can be heightened.
Further, if the current flows in reverse directions in the
30 second conductor 23 and third conductor 26 and the magnetic

fluxes generated in the second conductor 23 and third

conductor 26 cancel with each other, since the first conductor
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30 second conductor 23 and third conductor 26 and the magnetic fl uxes
generated in the second conductor 23 and third conductor 26 cancel wth
each other, since the first conductor 15 22 and fourth conductor 27 are
formed at renote positions fromthe second conductor 23 and third
conductor 26, the magnetic fluxes generated in the first conductor 22 and
fourth conductor 27 do not cancel each other, and the inpedance value 5
in the normal node can be enhanced. The square third nagnetic sheet 30 is
formed bet we2Znantlhéotirtlstcemdicedr add seeofurmeidl a25r ¢ matthee erostibimmsecond

conductor 23 and _third conductor 26). By th hird magnetjc eet. 30, the
second con 6?%rtg§ SRt iFanﬁﬁﬁéﬁ%th fﬁ’iréhTﬁpﬂﬁgﬁﬁgféﬁrfi%nﬂ%ﬁ%h
other. The s@gaiexit qUakBs POt e Bhfthe BilrdtScdwd TR0 P22 hadl wertisur face
of the first coil 21 (lower surface of the first conductor 22) and the

upper surf £ RCENe27ste ovd cantebsaehniders grdthedmpadapsaridl wonduct or
27). Thg MBgNEhECy 3PRASmA%e 88n BO-cditaBbgacOMPOSEd Of a 15 mixture of

ferrite powder oxide and resin, and a resin conposite material m Xxing
resin and ferritélhgl agsacertdnird, magnetiveshdeti ¥Qtisvésrmmy betwseh Wien

usi ng the rgsin,. the i Ng _process can b i pped _as deseri bed bel ow.
Besides, b efaﬁ'irﬁgt f’ﬂglaik%i]t tﬁlzl‘ﬁesf"atciocr};l 8?fle§% oﬂ’,eté”%aﬁa?g‘ea F PPt 20
magneti ¢ meddied udtor 2 3f andethirlhe ofRgnetoirc2 e @y IR emtirdins@ghavi: a

certain thickness, not being J]imted to be flat. . The nmagnetic_ nmenber 32 is
not al ways TRl rdd ‘?}be pe cogarandupter: Hv ki s@“ﬁﬁycﬁg%é’dit%t%@ FHeoper | y

dependiipg G du18 t e HEAH th &k SNt ACHST | PhkCq d 4 PPEIARER: m¥ difistianch ¥l t age,
etc.), 25 and the thickness nagwge adj ust ed by v;%élng t he thickness of

t he magnet i &1 siseéerinegelon, tbe emanyiface lod tluerblirsdfcoidahetliosvesheets to
e 2 . 0 TSRS AR R ol B SHATIRD Wbl LUBELLE or e
second coil 25 (upper surface of the fourth conductor 27).
The magnetic sheets 24, 28, 30, 31 are composed of a
15 mixture of ferrite powder oxide and resin, and a resin
composite material mixing resin and ferrite, glass ceramic, or
other derivatives may be used. When using the resin, the
baking process can be skipped as described below. Besides,
by laminating in the vertical direction, a square and flat
20 magnetic member 32 is formed. The magnetic member 32 may
also have a certain thickness, not being limited to be flat.
The magnetic member 32 is not always required to be square.
The thickness may be adjusted properly depending on the
required characteristics (impedance, withstand voltage, etc.),
25 and the thickness may be adjusted by varying the thickness of
the magnetic sheet itself, or by changing the number of
magnetic sheets to be formed.
The magnetic member 32 is impregnated with fluorine
silane coupling agent, and the water-repellent fluorine silane
30 coupling agent permeates into fine pores in the magnetic
member 32, so that the humidity resistance of the noise filter

can be enhanced.
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30 coupling agent perneates into fine pores in the magnetic nmenber 32, so
that the humdity resistance of the noise filter can be enhanced. 16 O

t he external electrodes 33a, 33b, 33c, 33d formed at both ends of the
magneti c nenber 32, 33a and 33c are fornmed at one end of the magnetic
menber 32, and 33b and 33d are forned at other end of the magnetic nmenber
32. The external 5 electrodes 33a, 33b, 33c, 33d are plated with | ow
melting metal such as nickel, tin or solder on the surface of the
conductors of siOfatheoexthenhl kdecthedbotdBaend8bof3ihedBidr&irmeidla®l, that

is, the first, , | eading-qut portion 22a and cqnd | eadi,ng-out portipn 23a
10 are el ecﬁ?ﬂbfﬂ 8gn eclng?ig?‘c:‘)gi%glee??&rngg’ glgélc?rr@dég% r%rfgr er nal
el ectrode 38b,odespRCIIVERY . m3igridtae! merhBet h®2 seGNB IWidnEB 34 herd hird
| eadi ng-out,, portion 26a is electrically connected to the_external

el ectrode BIcnedrt eheer smrd nfjtdeamag drkicpsem bar 32a t & henexbrerhal 15
el ectroge 3@1‘1&'0&9@%3'363&% E§bf I3fg%t LRPYYEt e;atggzﬁri]g}rllggw ﬂlelq:?ﬁ'g:jﬁa%l 26 are

drawn out to one end of e magnetic ne the seco conduct or
23 and foursickasdoitlel, Xinaoe soddawvothetsutflaeeot hiéhe arvch ddc tdres efigneti c
menber 32. B form’g the second conductor 23 and third conductor 20 26 in
a spiral shapéstHe gSnldE(?tor | ength can be extended, and the overlap

region of the secbhd bebHuehds 23 ahd FiistdcocorECttbat2ds CamdEitsEr eased.
As a result, by passing the current in the second conductor 23 and third

conduct or 263ding-oinerartidt s amd $esvhreadineg Ry tcBAR® PR can be

25 furter yed ghbepetally E8RALCELE &PGARD «GRBHHGY OF143r8RE BRI d npnduct or
26 are formed by electrocasting nmethod, and a smaller conductor wdth and

narrower cotfirotrl placiirodan3Bb, reabiezéiveland the length of the spiral
second conduct or gﬁnﬁ%qlgrplirndtﬁgl rsglcond coil 25, the third leading-out

portion 26a is electrically connected to the external electrode
33c, and the fourth leading-out portion 27a to the external
15 electrode 33d. That is, the first conductor 22 and third
conductor 26 are drawn out to one end of the magnetic member
32, and the second conductor 23 and fourth conductor 27 are
drawn out to the other end of the magnetic member 32.
By forming the second conductor 23 and third conductor
20 26 in a spiral shape, the conductor length can be extended, and
the overlap region of the second conductor 23 and third
conductor 26 can be increased. As a result, by passing the
current in the second conductor 23 and third conductor 26 in a
same direction, the impedance in the common mode can be
25 further heightened.

At least the second conductor 23 and third conductor 26
are formed by electrocasting method, and a smaller conductor
width and narrower conductor pitch can be realized, and the
length of the spiral second conductor 23 and third spiral

30 conductor 26 can be further extended. As a result, the
overlap region of the second conductor 23 and third conductor

26 is much increased, and by passing the current in the second
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30 conductor 26 can be further extended. As a result, the overlap region
of the second conductor 23 and third conductor 26 is nuch increased, and
by passing the current in the second 17 conductor and third conductor in
the sane direction, the magnetic fluxes generated in the second conductor
and third conductor can further reinforce each other, and the inpedance
in the common node becone nmuch higher. 5 On the other hand, when the
conductors are fornmed by printing, the precision of the mask is |limted,
and snal | ercozdndtet oandi dihtirdnd omaluchwer imortchect vampi tdireateomottheal i zed,

and the inmp ce.in e c n e. be increased onl t ceftain
extent. 10 ﬁﬁﬂgﬁgpf %%gﬁst%gggggggg Egﬁ Uct°6r® g aﬁﬁ%fﬁﬁPé aegngﬁgi r 26
are spiral esuidtbeoruamefiirfiomselnfondeheaekternad, aeldats 0fes dsce 33C

drawn out in &ge sane directioE to the external electrodes 33b, 33d, in a
pl an vi ew fIbAPELEE R AR MYdGnBeFemfefReh d0ehate current flows in the sane

directign 15 (cl ogls\wtBE Ofh&OWHEd ChaASkiM 3 cof it o38CRPE roeRflietliyy 23 and
third conductor 26, and the inpedance in the commobn node is_ heightiened in
such confi gerintiing, Reeopueeiglipn ofietkei mank isr dbmétedf amd $ipdier

conductor 2 n.eondyc r evi ated hn_position q{.n pl an
view froma %I\?@gfhgp%gﬁgt ?gafggﬁ%ﬁgﬁ c%f,(ﬂlocrto i?ﬂeclrhe%?e ?Ir?tt%eeal\}mzﬁgi ng

direction wahh tlespengiedincé he skReormaomiuabde @8nand inkiredse@nshbt or 26.
Not limted to a spiral shape fornmed on a plane, spiral |am nation, arch
or other shth@ $e5f& pEePhie. In the vortical or spiral shape, however,

the generated nagnettkef| Uwhich SEheNGedodd 220 hau@ibenidr bhq i ppadance in
the normal node, the spiral shape is preferred. In the case of a linear

shape, the cHpfBetRedSmumerital pid the weareandlPws framithaupxbernal t he
purpose of ¢{fictkBYER!58; 580 afabd) Jut IndtRE" BULSIONALLENE {JmMgdance

external electrodes 33b, 33d, in a plan view from above the
magnetic member 32, the current flows in the same direction
15 (clockwise or counterclockwise) in the second conductor 23 and
third conductor 26, and the impedance in the common mode is
heightened in such configuration. Accordingly, there is no
problem if the first conductor 22 and fourth conductor 27 are
deviated in position in a plan view from above the magnetic
20 member 32, or different in the winding direction with respect
to the second conductor 23 and third conductor 26. Not
limited to a spiral shape formed on a plane, spiral lamination,
arch or other shape may be possible. In the vortical or spiral
shape, however, the generated magnetic flux is strong. For
25 heightening the impedance in the normal mode, the spiral
shape 1is preferred. In the case of a linear shape, the
generated magnetic flux is weak and it is not suited to the
purpose of the invention.
Fig. 3 (a) is a diagram showing the impedance
30 characteristic when normal mode and common mode current
flows in the noise filter in embodiment 1 of the invention.

At this time, in each mode current, the frequency was
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30 characteristic when normal node and comon node current flows in the
noise filter in enbodinent 1 of the invention. At this tine, in each node
current, the frequency was 18 varied, and the inpedance between the input
and output termnals was neasured (the measuring circuit is shown in Fig.
3 (b)). Sanples were conductors 22, 23, 26, 27 neasuring 600gm X 600gmin
overall dinensions (vertical and lateral 5 dinensions excluding the

| eadi ng-out portions 22a, 23a, 26a, 27a), with the nunber of turns of 4.
As clear froaricidy. andajhet hmpedzecé | beeweiem etrhmdimput dndofoutyeut

i nvention can hei en the inmped e in both. nornal and co n node.
10 Fg 4 (iRl Whe Mgy DO MRttty 15oui R ShaW 55 Tg 1 no

noi se filteg (W)enb®diFEits va@fetmcmumsiom 12f3,t @, f R Stn CONPMGIPOr 22 i's
repl aced by the second conductor t he external el ectrodes 33a and 33b

are forned 6GPHBheXe P Him hR Prﬁ@ﬁ%k élwr@z (vantiaaleadd: dpharals
el ectroges @ﬁﬁeﬁ@%l%g’de)?éhﬂitltﬁegr 8891 ¢ Jld¥ f%éhttt ﬁp?tl&§§é£d238at%§£n B, and

the pattern explai hed above is pattern A rst conductor ahd
second cond%%@brWiBhdﬂ§>neanbyrlwbhurnahﬁ'ﬂn shape in a plan view as seen

from above t he magnpe nb t _for t | eadi n t portions
22a, 23a, and 20‘%%@&% BFgg %ﬁgharggger Speige fHdedmyp éﬁg gﬂtethe
sect i onal cyﬂ eWeaint&hsidr nEar sheifphmen Rhki gmped®ide BN oRat bRl A

(enbodi nent 1 of the |nvent|on) is formed by lam nating the first
conduct or 2809€eRBAICRBAMARI B3 third conductor 26, and fourth

Conducgr 27 sequent £k thi@m 28 L55 ABWPBY ARARALLSI Baysohored by

| am nating the second conductor first conductor t'hr rd conduct or
26, and fdlfrthedm@@cfldtelzinsemmﬁurmnylfpérhhehenbgnttum Thus, |f t he

vertical relati Orlfo hteh%li;?pdéj&ﬁ&){l§¥glz 2334 ggplgcedsb§h%ﬂ%e he LG T

shapes are al npbst entlc exce
conductor 23, the external electrodes 33a and 33b are formed

at one end of the magnetic member 32, and the external
15 electrodes 33c and 33d at other end. This pattern is called
pattern B, and the pattern explained above is pattern A. The
first conductor 22 and second conductor 23 are nearly identical
in shape in a plan view as seen from above the magnetic
member 32, except for the leading-out portions 22a, 23a, and
20 therefore the characteristics are hardly changed (the sectional
view at this time is shown in Fig. 4 (e)).
The pattern A (embodiment 1 of the invention) is formed
by laminating the first conductor 22, second conductor 23,
third conductor 26, and fourth conductor 27 sequentially from
25 the bottom, and pattern B is formed by laminating the second
conductor 23, first conductor 22, third conductor 26, and
fourth conductor 27 sequentially from the bottom.
Thus, if the vertical relation of the conductors 22, 23,
26, 27 is changed, their shapes are almost identical except for
30 the leading-out portions 22a, 23a, 26a, 27a, and therefore it is
not needed to inspect the vertical relation of the conductors 22,

23, 26, 27, so that the productivity may be enhanced.
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30 the | eadi ng-out portions 22a, 23a, 26a, 27a, and therefore it is not
needed to inspect the vertical relation of the conductors 22, 23, 26, 27,
so that the productivity nay be enhanced. 19 Fig. 5 (a) is an equival ent
circuit diagramof the noise filter (pattern A) in enbodinent 1 of the
invention, and Fig. 5 (b) is an equivalent circuit diagramof the sane
noise filter (pattern B). 5 Fig. 6 (a) is a diagramshow ng the inpedance
characteristics (attenuation characteristics) when a nornal node current
is applied to theéFimi Be(d)i i4 e efqpatalent Arandt digigganidft ¢theohopmttern B

i n enbodi ne 1 of e inwention, Fig. b), .S a_di agr.am show t.he
direction o"m'iﬁfr f%ﬂw”fb ppt ieél(l.lb?gungéﬁ E)a‘{ft%}?%,mé'ie gt r"i‘dl%n;{t}ger A and
pattern B (Watd eim &uiwdletrar 8idcdd)t. d5agPARS odf €h 6 EmAS niods&ifltex It s

known fromFig. 6 that the attenuation characteristics vary depending on
the directi@®tderanBlapplied current in the case of pattern B. 15 This is

becausex in the ise kil r { att ene i @lrmpiq] 1 A venti on,
t he di st5ance bet V\rlgieg?l t he (tagxt eérjné?l g?%é%?glgess 33a, é;ggqlfeorgn%lé’te?% o‘%e end of
t he magnet i chanaeetieerisBizsafdttdeuaitomi tyapdcienisticon @Wleadi agnowmpbrti ons

22a, 26a) of the first conduct,or ,2 d third nduct pr_ 26, and 20 fhe
ot ance banRddncPREShS (BT AHP S dofe oie s S0Y o b er AR B dng o
t he magnetigoisTbte 3D fapdttdren \B ¢hné b odfim ¢ 1At bOrLhel emdéngigait portions

23a, 27a) of the second. conductor 23 and fourth conductor 27 are equal to
each other, and §¥8-t8dbdpin Retiiagtaint s BAVIR et Hee fhirsatited CWFtett is 25

differgpt, {hg1ifeldodbi OPcRaPAEiddh,ISNERALEIn & Np 4 D& R GH & pdBIRS B S
i nvari able, and therefore i1f the mounting direction on the substrate is

different, (pestarneBdatdatteshmaP2ot erPaninies are ssonechangellisi B.is hence
not necessary to gpegify,LhG , MyRLl Nop 0l regti @ aQ" tRE SYPSIL 4 froAnd the

steps of marking
characteristics vary depending on the direction of the applied

current in the case of pattern B.

15 This is because, in the noise filter (pattern A) in
embodiment 1 of the invention, the distance between the
external electrodes 33a, 33c formed at one end of the magnetic
member 32 and the vicinity of junction (leading-out portions
22a, 26a) of the first conductor 22 and third conductor 26, and

20 the distance between the external electrodes 33b, 33d formed
at other end of the magnetic member 32 and the vicinity of
junction (leading-out portions 23a, 27a) of the second
conductor 23 and fourth conductor 27 are equal to each other,
and if the applied direction of the normal mode current is

25 different, the floating capacity generated in the magnetic
member is invariable, and therefore if the mounting direction
on the substrate is different, the attenuation characteristics
are not changed. It is hence not necessary to specify the
mounting direction on the substrate, and the steps of marking

30 the product direction and others can be omitted.

In the case of pattern B, on the other hand, the distance

between the external electrodes 33a, 33d formed at one end of
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30 the product direction and others can be omtted. In the case of pattern
B, on the other hand, the distance between the external electrodes 33a,
33d fornmed at one end of 20 the nagnetic nenber 32 and the vicinity of
junction (I|eading-out portions 22a, 27a) of the first conductor 22 and
fourth conductor 27, and the distance between the external electrodes 33b,
33c fornmed at other end of the nmagnetic 5 nenber 32 and the vicinity of
junction (leading-out portions 23a, 26a) of the second conductor 23 and
third conduther mégardic dithterleent . 3Ehemafdr ¢hei f vidimiapplofedjdncendn on of

t he nor nal nmode current is differen h j stance between the vicinities
of juncti onlleR éBigﬁ&Fgu??b@Ptniso%%acl%zgs togf ?hg ﬁﬁﬁgtc %6&5&2 Aibarts is
different, gngtheodedidig 2capasid ¥heedes 4 86e i PetWBenMBHBCEkEo PRADES
varies, and the attenuation characteristics are changed, and it is

necessary t®latdrRdeRe Spthodiic diqraredomt 1ikearerendno héh@a%aéheﬁé‘ttern B
(Lhe T1 it AQAAHEL O 2 %fn af IR AT Al Yo HRACREdL d i LY 0 SRNAKEL OF

26), the first 15 conductor and "t hi r'd conductor re nearly 1dentical
i n shape ex2épt 26ap afhth¢ eadpng-ocundpotdr 88saRdahizdaco®bact@7a26 awnd t he

direction f the center of vorfex,to the.outer side is ount er cl pckw se
in a plan vﬁigv@eﬁgng‘eennhf?lb?ﬁogﬁovgelthg af’rﬁghee(ri ineohiep %b theynormalney are
formed to omedeapurfedtd@ RifRr¥heWtdS Ge€ihddO MR the Fegnatises menmber
32. At this_ tinme, each overlap area can be increased to a maxi num extent,

and the geneh dtBatiogyikeading PldsParbiony gkage to tdioinpséd ndrn tiet

i npedange | 6 O9TR e IAGEEe3S : i X 25 In
this eggod?ﬁn%ﬁtbeig tlhe&é%g’r rallaqpé gcglroo% é§§3§§p%gl@3g‘%]§req}egr¥r§ ha% bot h

ends of themmmgredtic cmeember B2rieutasdnthe eftfteatsatine obhahnteristié¢or ned at
L?urenggij:’]ﬁ:a%fé ?hg‘afntg? dévgarg\c\?’einziisoltﬁggegrsagrnyettiocmg%ﬂb%e %Zx'bdlurzztt iererégagr? filter
However, in the case of pattern B (the first conductor 22
formed immediately beneath the third conductor 26), the first

15 conductor 22 and third conductor 26 are nearly identical in
shape except for the leading-out portions 22a, 23a, 26a, 27a,
and the direction from the center of vortex to the outer side is
counterclockwise in a plan view as seen from above the
magnetic member 32, so that they are formed to overlap in a

20 plan view as seen from above the magnetic member 32. At
this time, each overlap area can be increased to a maximum
extent, and the generated magnetic fluxes are mutually
reinforced, and the impedance of the common mode can be
increased to a maximum extent.

25 In this embodiment 1, the external electrodes 33a to 33d
are formed at both ends of the magnetic member 32, but same
effects are obtained if formed at four corners in a top view of
the magnetic member 32.

In the noise filter of embodiment 1 of the invention

30 having such configuration, its manufacturing method is
explained below by referring to the accompanying drawings.

Fig. 7 (a) to (f) show the manufacturing method of the
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30 having such configuration, its manufacturing nethod is explained bel ow
by referring to the acconpanying drawings. Fig. 7 (a) to (f) show the
manuf acturi ng method of the 21 noise filtering enbodinent | of the
invention. First, froma mxture of oxide of ferrite powder and resin,
square first magnetic sheet 24, second magnetic sheet 28, third magnetic
sheet 30, and fourth magnetic sheet 31 are 5 fabricated. At specified
positions of the first magnetic sheet 24 and second nagnetic sheet 28, a
first via hodme2ddtanth@ esebodimeiret 1hof €h23 marenffionned by | aser, punchi ng,

or other drillin rocess. Preferably, when.the,via hol es 24a, 29
£i1Ted with silveblIst: 1B GPhar TRGHATE (feORaLer PEI T TR RAREEE SRbf ¢ he

first conducdiel £fuapd ﬁ@gpr}ﬂargmdw@m{ee?@,z@ngleém Ahgeit hiKdbt

conductor 26 and fourth conductor 27 are achi eved nore securely. Next, as
shown in Fi%8, ¥hizd magmeske ishefedrhddaod Sowatle magngitie e heptsdlarea o
expose patter cg]‘tegonductors 22, 23, 26, 27, and the exposed portion is
plated with %S1Tver®and the mask is renmoved (eI ectrocasting nmethod), so
that a plurality At S$>|ce|cliﬂﬂed f)lossthommndﬂd:herfﬁﬁt megnnducehdattfm aal]l third

conductor 26, and four gc% %7 made 1 é er or the like can be
20 manuf act W ER* Fhaees b‘hﬁ rStZ(‘)”a Fat &2 L 1F rBLeEP %Y ¥t r ode

22b, a seconglle’2d £leedFadd beasartbumh\m% Qhe@mé)ldarmbngewbce%sf ourth
via el ectrode 27b, respectlve positioned in the center_ of vortex at one

end, and habeetenably; wbae.ﬂgeda@ 12@6;90%?0@22@ filkesk yrigh sddrER LU
bort1 09 623% ikt Mebdd G3YEN it PRI | P 2660, 8063 o OWet Nl £ack PG ot

portion 27a at the ot end he conductors are m)st
i dentical ispndhaper éba:eaptdfsmrcouhb clomatii atgpro @B, pondi onat 2dathg3ehidba, 27a.
conductor 26 and fourth conductor 27 are achieved more
securely.
Next, as shown in Fig. 7 (a), a mask is formed on a base
15 plate 33 so as to expose patterns of conductors 22, 23, 26, 27,
and the exposed portion is plated with silver and the mask is
removed (electrocasting method), so that a plurality of spiral
first conductor 22, second conductor 23, third conductor 26,
and fourth conductor 27 made of silver or the like can be
20 manufactured.
The conductors 22, 23, 26, 27 have a first via electrode
22b, a second via electrode 23b, a third via electrode 26b, and
a fourth via electrode 27b, respectively, positioned in the
center of vortex at one end, and have a first leading-out
25 portion 22a, a second leading-out portion 23a, a third
leading-out portion 26a, and a fourth leading-out portion 27a
at the other end.
The conductors 22, 23, 26, 27 are almost identical in
shape except for the leading-out portions 22a, 23a, 26a, 27a.
30 The leading-out portions 22a, 23a, and 26a, 27a are disposed
at mutually confronting positions in the horizontal direction,

so that the leading-out portion 26a may face the same
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30 The | eadi ng-out portions 22a, 23a, and 26a, 27a are disposed at nutually
confronting positions in the horizontal direction, so that the |eading-out
portion 26a may face the sane 22 direction as the |eading-out portion 22a.
Further, a plurality of first conductors 22 are formed on the top of the
speci fied nunber of fourth magnetic sheets 31, the first nmagnetic sheet 24
having the first via hole 24a is 5 provided on the top of the first
conductors 22, and a plurality of second conductors 23 are provided on the
top of the dilresttionazgméﬂlieclwhbietg-om pbhtairoebﬁzmrrri ng the first coil 21. At

this tinme, the fi |a el an elec rode,23b are
connect ed throughﬁtlﬁ LRefy %tl?@']ra?qﬁg’f é’%gfdﬁsgﬁ “fgotrﬁgZ% BT &t Oé'd’hﬁglc‘t‘br 22
and second tlondbet of the apecefiedt hiueabby ofc osWeeh afaghlaeid ty}fedat@agmetl c
sheet 30 is foryred on the top of the second conductors 23. A glura ity of

th| rd condutt®ridret I&la&nfedﬁﬁeﬁh%?\t t4f hapingsthy fipnet tiar dodaghde is sheet s
{ he sSecondy RSl ¢haNast ot hd) %1'65@9%% By2g600 2! 8n 04 1z a1fesPr OV ded

on the top o thir uctors ura 'ty of fourt
conduct or s @f7 seapa dprcowniddedt owr 2Beat‘ererBVi(hBi srncdﬂcb rtaq)netfldletfeess 28,

t hereby formn the econd,goi l, 25. 2 At thig ti ird via

el ectrode 288 &t Fd ?%tsvizé thedébrofervipe E}é éb‘?'ﬁt @dEEhrough t he

second via hol e 28t thdrdtihe, &hbrﬁrgonducb@écaﬁuﬁnd2mouhuh56@aﬂa0tni 27 are

el ectricall conggcted The Ianlnatlng net hod. of the conductors 22, 23, 26,
d

27 25 is ottt AflEeRt R G eheoBRBGEe  dhuanEh thRLirsbhviaduphe 242y aid

magnet i19 shaed ?1mc@§dh%%f'@tzegn‘ﬁ' LoceReN A dett A Egrapé"%?ecilqrcg'll;g on t he
magneti c sheets 24, 28, 30, 31 formed beneath the conductors 22 3,

27. A speC|¢Q®meﬁU#ber of fourth magnetic sheets 31 are
The third magnetic sheet 30 is formed on the top of the

second conductors 23.
A plurality of third conductors 26 are formed on the top

15 of the third magnetic sheets 30, the second magnetic sheet 28
having the second via hole 29 is provided on the top of the
third conductors 26, and a plurality of fourth conductors 27
are provided on the top of the second magnetic sheets 28,
thereby forming the second coil 25.

20 At this time, the third via electrode 26b and fourth via
electrode 27b are connected through the second via hole 29,
and the third conductor 26 and fourth conductor 27 are
electrically connected.

The laminating method of the conductors 22, 23, 26, 27

25 is not limited to the above sequence, and, for example, the
magnetic sheets may be laminated with each other after once
forming on the magnetic sheets 24, 28, 30, 31 formed beneath
the conductors 22, 23, 26, 27.

A specified number of fourth magnetic sheets 31 are

30 formed on the top of the fourth conductors 27, and laminated
in the configuration as shown in Fig. 7 (b).

As shown in Fig. 7 (¢), in one noise filter, the conductors
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30 fornmed on the top of the fourth conductors 27, and lamnated in the
configuration as shown in Fig. 7 (b). As shown in Fig. 7 (c), in one noise
filter, the conductors 23 22, 23, 26, 27 are cut off and incorporated by
one piece each, and one |am nated body 34 is obtained as shown in Fig. 7
(d). At this tine, the first |eading-out portion 22a and third

| eadi ng-out portion 26a are exposed from both ends of the 5 | am nated body
34, and the second | eadi ng-out portion 23a and fourth |eadi ng-out portion
27a are expd2ed3at26Gt BEr aeadsut offiand amicoapedabedybBiones fiakedeaand a

[ 33 1s. f . Ih [ mber .32 is. nf h
"Ry, 10 S gegne dantin bdEbog R T g Tn R RS sy hey B, DS SO

conduct ors Aarehior tigfle] nthéefirgadilagdobk - Patt pensicaraz2283an 26ehird/a
exposed at both ends of the magnetic nenber 32, and their surfaces are
pl at ed wit Heasingsptitngonbion 28anaze prereerd dramPpoyh enderof Ahey

resul t, st he 6%t €5 0ad b BFBUOAE, B3R el ée(fc%mgag@ngtg' £ fpiorréio%efgaéggl-@ut

portion 22a, external el'ectrode 33b Is ormed 1 n the secon i ng- out
portion 23afoumthelewmdingicact podeiB8E Tas afrer ereplosed tateother c i dsmdi ng- out

ortion 26a, an xternal. el egtrode 3 i.s for in the fourth ..
Feadi ng- out 20 pglr‘gll%n[ %‘éfl%stgﬁt hbacf&f hg’qno]isseb F? er""inrﬁ1 b SUPERSEIA of the
i nvention imemmbef 82 us ddrmAfd.er formng silver or other conductors, and
before nickel plating, the magnetic nenber 32 is ippregpated . in_ fluorine
sil ane coupling aﬁéﬁt'%iaﬁnc?é‘dﬁ) PORRY 34 A Shidrierod as, Shpw hdnsEigi | ter in
enbodi pgnt A (@), the invention, by shortening the distance between the
second conductor 23 and third conductor 26 to have a | arge nagnetic
coupling, the inpevaiye aisnskownom Fide 7ceh, Bélvrai ghtodhed, cdndugforshe

di stance be&w%rwgds?ﬁogﬂec?(gggfﬁQ-ro@ﬁg p?gldtitolﬂisr%faqn%at,or26a, 27a
exposed at both ends of the magnetic member 32, and their
surfaces are plated with low melting metal such as nickel, tin

15 or solder. As a result, the external electrode 33a is formed in
the first leading-out portion 22a, external electrode 33b is
formed in the second leading-out portion 23a, external
electrode 33c is formed in the third leading-out portion 26a,
and external electrode 33d is formed in the fourth leading-out

20 portion 27a, so that the noise filter in embodiment 1 of the
invention is manufactured.

After forming silver or other conductors, and before
nickel plating, the magnetic member 32 is impregnated in
fluorine silane coupling agent in decompressed atmosphere.

25 In the noise filter in embodiment 1 of the invention, by
shortening the distance between the second conductor 23 and
third conductor 26 to have a large magnetic coupling, the
impedance in common mode can be heightened, but if the
distance between the second conductor 23 and third conductor

30 26 is too close, the withstand voltage between the second
conductor 23 and third conductor 26 is impaired, and the

second conductor 23 and third conductor 26 may be short-
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30 26 is too close, the wthstand vol tage between the second conductor 23
and third conductor 26 is inpaired, and the second conductor 23 and third
conductor 26 may be short 24 circuited. Therefore the distance between the
second conductor 23 and third conductor 26 (the thickness of the third
magnetic sheet 30) should be specified within a specific range. 5 Fig. 8
is a diagramshowing the relation of the distance, coupling coefficient,
and withstand voltage between the second conductor 23 and third conduct or
26 of the nuwself¢dter in enbodinment 1 of the invention. The w thstand

vol tage is testedphy apploytRg &NQLIAR, Bl echO O Yohal HERH Lbey SRFONd

conductor 23 and conduct or f or m nut &, at’e” of

conf orm ng maptleﬁ«d icogid wdtioan 26r ¢shet etk ilddks @fnsher t iiarde)m hgneXx s essed,
and the axis of %tSCISS denot es tge di st ance between the second
conduct or ehd Wb autdheueperiiied Waththe sRPSIGF TABhat es represents

15 the goupli ng P fs%eaﬂtdl%@am Ts'fi%tv@ﬁ{jg ‘(,H'etxaél%t@'@ﬁ‘%ﬁ{éﬁ’@ diBEARED! age.

Sanpl es are conductors 22 27 measuring 600m X 600m i n overal
di mensi ons, C%Rhnmmfflefenmmd votthatamsl ybbeas ¢ lb@rtmrlélegl tBe gevondl st ance

bet ween the SE£Qn u [ 42 hir duct or 26 S | d be 50
TEQE éjor ?iogng %tn?rd 3%%891 tt 96.'_%? yﬁ: haolse ﬂ(l)y

m crons or ﬁonger an m Crons or shor er het and voltage
bet ween t heemmbodith cothducf ah e2in admlt itomi.r d conductor 26 is mai nt ai ned, and

t he coupling coeffjcient, bet second .conductor, 23 an th|rd
conductor 26 is 'ﬁhﬁﬁﬁegl'ﬁﬁl f@lgﬂﬁ?lfﬂﬁﬁtﬁﬂegﬁﬁHE4an@b ta#88e®becones

hi gher 10The] @it d & tBfe §8ESn 8 Ydh DESES2RBYa MBAHIF@Scdn Qudbr B6l- 0 mMm X
0.5 mmthick, and the vertical and |lateral overall dinensions of the

conduct ors 27, 1ominge, 22mdrchaigiadiel 9f SafiormsiBoemmakes thasaiation n
relation 10.d él@té{ﬁ%"i@'s %'ﬂqns or more) is expressed, and the axis of

abscissas denotes the distance between the second conductor
23 and third conductor 26, and the axis of ordinates represents
15 the coupling coefficient and withstand voltage defective
percentage. Samples are conductors 22, 23, 26, 27 measuring
600pm X 600pm in overall dimensions, with number of turns
of 4.
As clear from Fig. 8, the distance between the second
20 conductor 23 and third conductor 26 should be 50 microns or
longer and 200 microns or shorter. Thus, the withstand
voltage between the second conductor 23 and third conductor
26 is maintained, and the coupling coefficient between the
second conductor 23 and third conductor 26 is enhanced, so
25 that the impedance in common mode becomes higher.
The noise filter of this type generally measures 1.0 mm
X 1.0 mm X 0.5 mm thick, and the vertical and lateral
overall dimensions of the conductors 22, 23, 26, 27 are usually
500pm to 800pum, and therefore in relation to the vertical and
30 lateral overall dimensions of the conductors 22, 23, 26, 27,
the distance between the second conductor 23 and third

conductor 26 is 1/4 to 1/16.
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30 lateral overall dinensions of the conductors 22, 23, 26, 27, the

di stance between the second conductor 23 and third conductor 26 is 1/4 to
1/16. 25 In these conditions, a magnetic coupling coefficient of 0.2 to
0.7 is obtained as clear fromFig. 8. Fluctuations of the coupling
coefficient are due to change in the distance between the second conductor
23 and third conductor 26 (when the 5 conditions of the material of the
magneti c nenber 32 and others are equal). Further, the coupling
coefficient also I\zarthesevmrhdithensnwnbeagmétitmcmpbifng eeeéfindent orsf 22, 23,

26, 27. For gkéagpzlségﬂﬁg tQFg eﬁe ﬁ% t sépf %q%cflr%% $9 %Qqﬁ}or 22 10

and fourth c of tur

conduct or %WﬂntghtdsdfﬁOMU&h@é Pbe it é‘»hahfge nowplei @ t aqnef bbCW%mtn is 0.5
to 0.95. It .is not realistic to have the éffer nce in éh? g&nber of turns
by 6 tines gt mre@nd contBetrhent andr thaed aoRAtcsAr 2He(W

coef fichenteHq{thend>oPOLBE Midtleial Sof-thd qngg%%nbbﬁfé%brapeaamﬁcaance can
be heightened in both common node and nornal node. Thus, by varying the

di st ance betthsars ahe eseahd conductor 23 and third conductor 26 and the
nunber ‘of turns Oﬁébrg@%fr nsgghgrlh&hceoecﬁ%"g enr{g al8 fIf'a geesntwf:t%n tl?xe

controlled to a as ‘shown in by settlng in

the rel ati opuafbell,of Hirng , ot\'/\/nlﬂ{@ dondactbes d2 gt ancze befiweeﬂ t h&'dd r st
conductor 22 anq second conduct 23, T2 is épe di st ance QEtmeen the third
conduct or Z&<am®leo ¥ RANCHRALR IS ?W‘ﬁaﬁﬂr?s the réfdﬁﬁb Y8t YPardteen t he

second 160N § Of o 1A% R RE nldRi dtd rCONAUCH OTa 8. t HN & u hb@Rt bNG uGRRAGE tthe
generated between the first conductor and second conductor, between the

third condutgacmdsendoaton 28onadctivird apadystancdt iRebf thet cawpHng or and
fourth conduator; .Gan ;Beodgcisagegs . ASt@ el rell18s diTPRHANGE o AlIHUE

difference in the number of turns by 6 times or more, in

embodiment 1 of the invention, the coupling coefficient of the
15 noise filter is 0.2 to 0.95. Hence, the impedance can be

heightened in both common mode and normal mode.

Thus, by varying the distance between the second
conductor 23 and third conductor 26 and the number of turns of
each conductor, the coupling coefficient can be controlled to a

20 desired value.

Or, as shown in Fig. 9, by setting in the relation of T1,
T2 >t, where T1 is the distance between the first conductor 22
and second conductor 23, T2 is the distance between the third
conductor 26 and fourth conductor 27, and t is the distance

25 between the second conductor 23 and third conductor 26, the
floating capacity generated between the first conductor and
second conductor, between the third conductor and fourth
conductor, and between the first conductor and fourth
conductor can be decreased. As a result, the impedance value

30 elevates in the high frequency region, and the distance
between the first and fourth conductors can be extended, and

the magnetic fluxes generated in the first and fourth
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30 elevates in the high frequency region, and the distance between the
first and fourth conductors can be extended, and the magnetic fl uxes
generated in the first and fourth 26 conductors do not cancel each other,
so that the inpedance in normal node becomes higher. Fig. 10 is a di agram
of frequency characteristic showing inprovenent of inpedance value in the
hi gh frequency region. 5 In Fig. 10, frequency characteristic C shows the
case in which the distance between the first conductor 22 and second
conduct or @ndmdtdu&t‘dmenothfartd”dlrdachrxdﬂcémrs&&handt}iedmﬂnedannduiator 27
is nearly sane as the distance en the second conductor 23 and third
conduct or 29T ?eshS\?\ﬂmieﬁ’ ge frequency characteristic D shows

the case in whichriderodissd @ﬂﬁ@rb@& wqmegmrfdyréhasaamts@ic 3% oanch second
conductor 23, and between the_ third conductor 26 and fourth conductor 27

i s |onger tHARrPHEemMfRE ahdmnrd apen wHalstrdie Boghdceauersy anaiemird
conductgr 26, andjf g2 $ ﬁ%@ﬁwtc%%ﬁa%&rﬁseﬂfc ésg'u;\bg ﬂH@%QggC‘?ﬁ and

the axi s of abscissas °shovs gquency current
fromFig. mhltheth‘er eqllemaylcsﬂm/tvwgenhdlqoé]a*lst ampcbuiatme%saﬂndgiwmudw D t han

C. That t h h f hi gh
Frequency. A HREEHE Fibi 88% br Fte P B RUBAIL AL A B oF RROT ROBNT B | of hor

exanpl es f oforediated NP7t he heRetANsSRmid Ab ghhérﬁfilblﬁdh@(ye bBgWeR nalthe
expl ai ned, but the frequenc changlng rate varies wth each _condition.

Further, asSedfdvth comdngfor143 andhirdosondmeton 2t anidal as howa inower in
per maali'()I i tiyid hgn f}Q&u%QQeEHQrWEtﬁZD § oW SPRE %Wﬂl&ﬂ Hd ISt

conductor 22 and second conductor 23, and etmeen t ird con uctor 26
and fourth ttmtdun@teobetwﬁent hbernhgabtqomdlmtms%emedase@bmd ¢dred ¢ vost

conduct or 2%3,and LEWehergc%r}]ldu%fl rd c7ond(9u or %%nceld ?gﬁptgtchoer{ducsz ort hat the
27 is longer than the distance between the second conductor 23
and third conductor 26, and the axis of ordinates represents

15 the impedance, and the axis of abscissas shows the frequency
of applied current.

As clear from Fig. 10, the frequency showing the peak
impedance is higher in D than in C. That is, characteristic D
has the noise removing property of higher frequency.

20 In the noise filter in embodiment 1 of the invention,
other examples for enhancing the impedance in high frequency
region are explained, but the frequency changing rate varies
with each condition.

Further, as shown in Fig. 11 (a) and (b), when a material

25 34a lower in permeability than the magnetic member 32 is
disposed between the first conductor 22 and second conductor
23, and between the third conductor 26 and fourth conductor
27, the magnetic fluxes generated in the first conductor 22 and
fourth conductor 27 do not cancel each other, so that the

30 impedance in normal mode becomes higher.

As the material 34a lower in permeability, a non-

magnetic material may be disposed between the first magnetic
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30 i npedance in normal node becones higher. As the material 34a |lower in
pernmeability, a non- magnetic material may be di sposed between the first
magneti c 27 sheet 24 and second magnetic sheet 28, or part or whole of the
first magnetic sheet 24 and second magneti c sheet 28 may be nmade of

non- magnetic material, or the perneability may be |owered by changing the
conposition of the magnetic 5 material. However, instead of formng a
material 34a of low perneability in all between the first conductor 22 and
second conghuee 02428 daselc ded eegnieliéc tshieed 29ndugiaort 26 vahdlé odrtthe

e shown i riiErg S EEnanCish ki 2 aRY antend RREHIUF RAS Ri ey 5O

per neabi | i tyhade WFedonOGEd $1e6 t 1 tha t d¥d AR &Y itdle p(ermﬂ@@buqtpremw b2) of
hi gh permeability_ di sposed between the second conductor 23 and third
conduct or 2@WerkAudy t pBangipedahee icvmeBARHHORDdR | $hBi gharagmkitic s
becauseg thgn%gegg%_etlc fluxes generated in the second conductor 23 and
third conductor are stronger by formng a material of high perneability
bet ween the two. Bewshom insFegd b7 @a}mtimg(da) mategenl i Adat hd domduct or

| engt h equal between. external, el ectro seco coils
21 08, o ReT PRI ML GE RERGER, HAT di o P RE Y 3aa HG-HER Faeritbns 222,
23a, 26a, 2Jdendactswds, dhe bew@d@nenevaﬁuelscbﬁdtmofrl2etaﬁadfcﬁmqﬂd coils
21, 25 are equ$€c¥ As its npans, .the conductors 22, 23, 26, 27 are f or med

symet ri cal 43¢ Bt 27 A8 SBoOFASdpngighldufd t Heltimoe qtefsaadle sty oop,
23b, 28b, 2/hmph tehsscmﬁt?ﬁsmfourit (b°=>6 hSwiHi€h LPURMLI’ChI Atekidhe

conductors 22, 23, 26, 27 with the line . Moreover, the portions 37 of
t he | eadi ng3‘b%|t1<m)rm oper m2abitdy 1263§es!7aoeﬁb1@sedwuthtﬁee emditefriahe

gg‘lngtsl gGrre([mg(gn%%i9rrgenfbogp%%)sgmtgrhi %%lrlnyeeggiltit'}g ciiisrf)%s?é%' b%%%vvé%%n the
the second conductor 23 and third conductor 26, because the
impedance in common mode is higher. This is because the
15 magnetic fluxes generated in the second conductor 23 and
third conductor 26 are stronger by forming a material of high
permeability between the two.
As shown in Fig. 12 (a) to (d), by setting the conductor
length equal between external electrodes in the first and
20 second coils 21, 25, since the total coil length including the
leading-out portions 22a, 23a, 26a, 27a is equal, the
impedance values in the first and second coils 21, 25 are equal.
As its means, the conductors 22, 23, 26, 27 are formed
symmetrically to the line 35 passing through the via electrodes
25 22b, 23b, 26b, 27b of the conductors. Point 36 1is the
intersection of the conductors 22, 23, 26, 27 with the line 35.
Moreover, the portions 37 of the leading-out portions 22a, 23,
26a, 27a exposed to the end of the magnetic member 32 are
formed symmetrically to the line 35. Between the points 36
30 and 37, the length of the leading-out portions 22a, 23a, 26a,
27a should be equalized.

Further, as shown in Fig. 13, between the second
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30 and 37, the length of the |eading-out portions 22a, 23a, 26a, 27a
shoul d be equalized. Further, as shown in Fig. 13, between the second 28
conductor 23 and third conductor 26, when the density is set higher than
in other parts, the porosity between the second conductor 23 and third
conductor 26 can be |owered, so that the wthstand voltage between the
second conductor 23 and 5 third conductor 26 can be assured. At this tine,
a fifth magnetic sheet 38 of higher density than other nagnetic sheet
(rmagneti c rrerrbdauc&&) 2iBn auﬁubtbdnrdimndbetme@rﬁ thdaesnecthleddenrsditbctierse?t?) and
third condﬁg r rOV|deg gﬂd as the ng} rial the fifth
magneti c shtd el’b lr‘?eO ﬁtreﬂ?r $ dP6t Blplrﬂa”é’ G"c%e%s 3%6P S 203 may
be increasashd@éténed iahid vmoactssdskes: 86 ain lghew dasi by tkd@n ot her
magnetic sheet (magnetic nmenber 32) may be used. (Enbodlnent 2) A noi se

filter in eiftod¥ h@}ﬂta?fbqulﬁégﬁnbéﬁwe@mu@e s5cend goRsr P rr EPemichg to
the drawi ngﬁur‘ghgoﬁlglu%@o;lﬁé €hnl Be :S@sf)&jxlé@.nt 2 of the invention differs
only

fr om enbodi ment the invention in that the first conductor 22c
and second conducAbrth28c¢imenda tfhftht m agine tiengliee b8 826€ hdgd efrodie hBitgonduct or

27c are for d sQ.as not t .20.0ver a an,vi e en from above

t he magnet i% ??Bé’rr 1§fgn§ d4C S QPEE ﬁ?%%hmbﬁﬁn%\?gé’?ﬁﬁﬁ “BehEMod are
same and arige t\0é e £ X¢h &li 9@ necon'd u dtiog- 234aha) thi{kd) coh@uctard26emadr e top
vi ews of the conductors 22c, 23c, 26c¢c, 27c of the n0|se filter in

embodi ment beprovidedneandyanitifen matrrimlgfor shecfifthamempnetie spbjﬁetfern see
throughodi agg agRe0fo f {16 f b?%tm%mlﬂgtﬂd 2%¢haRgd éﬁ@P'&q B?QD@UB{%l ter and

the third conductor 26c¢c and fourt conductor 27c of the noise
respect|\uﬂanchﬁSEﬂg.014§heh%fﬁhrstaQNWMducﬁbBGZZBSanﬁ bighed dendifot or

than other magnetic sheet (magnetic member 32) may be used.
(Embodiment 2)
A noise filter in embodiment 2 of the invention is
15 explained by referring to the drawings.

The noise filter in embodiment 2 of the invention differs
from embodiment 1 of the invention only in that the first
conductor 22c¢ and second conductor 23c¢, and the third
conductor 26¢c and fourth conductor 27¢ are formed so as not to

20 overlap in a plan view as seen from above the magnetic
member 32, and other structure and manufacturing method are
same and are not explained herein.

Fig. 14 (a), (b), (d), and (e) are top views of the
conductors 22c¢, 23¢, 26¢, 27c of the noise filter in embodiment

25 2 of the invention, and Fig. 14 (¢) and (f) are pattern see-
through diagrams of the first conductor 22¢ and second
conductor 23c¢, and the third conductor 26c and fourth
conductor 27c¢ of the noise filter, respectively.

In Fig. 14, the first conductor 22¢ and second conductor

30 23c, and the third conductor 26c and fourth conductor 27c are
orthogonal respectively, and they are formed so as not to

overlap except for the orthogonal parts in a plan view as seen
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30 23c, and the third conductor 26¢c and fourth conductor 27c are

ort hogonal respectively, and they are forned so as not to overlap except
for the orthogonal parts in a plan view as seen 29 from above the magnetic
menber 32. As a result, the floating capacity generated between the first
conductor 22c and second conductor 23c, and between the third conductor
26c and fourth conductor 27c can be decreased, and hence the inpedance 5
value is elevated in the high frequency region. Alternatively, the first
conduct or 2zonmarabdwuthh megmaitdt one fitee M8 . beAbor medudty tlse dbéatimgover!| ap

th th d duct dt d duct 26 | i
e [ o SnASRoRehe hate € Hasiite s I Sl 2b R R R bl g

third condudwduefsr a8e, afl BRdwse d bRk, tWhadNcén ducteri2dd ana fdutihe
| eadi ng-out portions 23a, 27a (external electrodes 33b, 33d) fromthe

| eadi ng- outc QA RE s 2D, CPBa beestectsals ed), capdodean s8athg3Emp edhadife out i n
the samg diyeqid 98, elEQ%tEErﬁ?'ﬂ e”ﬁi’glfl'f‘i‘\é/qu%ntc*}erééléﬁ”e direction

(cl ockw se or counterclockw se) in a plan view asS seen from above the
magneti c nrerrber 3Rltermathgehoi sehéi |fiest i reoerbodiorent@cl and 2fwirthhe

i nvention, 0jls and 2 nce el enent are . stacked but
sane effect% %ﬁ%cgﬁiéfﬁ%dnﬁy gf nﬁﬁﬁ%uﬁolﬁs ?@tp?%r%ﬁ Tkﬁ&w%l§h 9&3n

case, the canbitd ebadadjtaecBc iathd bRivEcbn@alctodi 2@€Ehoa plaaniyw idgedance
el ements) can heighten the _inpedance value in_common node, and the
conduct ors $4fR lféonhﬁﬁﬁ’é@tﬂb%sm?igé‘r?taﬁanm 3gositi on (normal inpedance

25 el eggnts) can gL 9l &hd h@oﬂ&'ﬁ@%“%c"%'d’@ t'h'lrﬁowﬁ-hu%@g? 26@%4 he

conduct ors between the conmmon lrrpe ance el enent nor nal lrrpe ance
el ement havierame d nser ribditat & e ue ofurneme rfdowel lm)dbh¢ rrb@@lém@-caﬁd conmon

node i npedangeyiohl WS BY NG TRATIANES Y LES3 5B, DILh) NeFSR ¢rRde

leading-out portions 22a, 26a (external electrodes 33a, 33c)
drawn out in the same direction, the current may flow in the

15 same direction (clockwise or counterclockwise) in a plan view
as seen from above the magnetic member 32.

In the noise filter in embodiments 1 and 2 of the
invention, two coils 21 and 25 (impedance elements) are
stacked up, but same effects are obtained by stacking up in

20 plural layers.

In this case, the conductors adjacent in the vertical
direction (common impedance elements) can heighten the
impedance value in common mode, and the conductors in the
highest position and lowest position (normal impedance

25 elements) can heighten the impedance value in normal mode,
and the conductors between the common impedance element
and normal impedance element have an intermediate value of
the normal mode impedance and common mode impedance.

In this way, the impedance values in both normal mode

30 and common mode, and the coupling coefficient expressing the
degree of coupling of coils can be easily adjusted and designed

to desired values. Herein, when the coupling coefficient is
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30 and common node, and the coupling coefficient expressing the degree of
coupling of coils can be easily adjusted and designed to desired val ues.

Herein, when the coupling coefficient is 30 |arge, the inpedance value in
common node becones |arge. The nethod of using the noise filter in

enbodi nents 1 and 2 of the invention in a pair of signal lines in the
cellular phone or other wreless comunication appliance is explained. 5
For exanple, signal |ines of conmunication wires in the headset of a

cel l ul ar phlenreecrthaisugiddacoepodecd oh cmaion ehodedid esmesilgnale.| i nes),
and since the hi fre n i gnal ch_as c ier_of the,.cellular phone
i s super posed asgfgai5@#§ﬁ%yﬂiig%”ﬂﬁﬁgﬁ%neéﬁ?égi%ﬂfﬁBrﬁEﬂ“ﬁBﬂ%eﬁﬁ%annnnn
node, the 19nefs et t0é inGiesRibs in kebhit ®O§TEHal Fie£XaPhe cellliFar

radi ation noise may occur_as noise in the audio sjgnal. The audio_signal
i s di sturbeRhppetHeohigh ¥iredash@p m Al BEEAtAC BorRDH afftei besalatn e he | ow
frequengy Cormonemr'e&a,%{a? SLANRh1 1 Py 808 HoSlnAl SHREHPR SR, BY
nonl i near el enent 15 an eTectrostatlc capacity in the circuit. For
exanpl e, ashehdwatiaf &ierllabafa)homnbkenr & arsiallyo0oOm pide d| TOMA pedrrofr) in

transm ssi on .and peception circui{s.of cel.lular phone of T systemis
Lransm £t ed HE e LEEG hee o 7R 4 31 Rbe e B el S hon 31 al SRk eot ed
and is 20 sapetposed of the @ldudasi ghaheofisnoupekpovde, aandadugdife noi se

may be heard. Therefore, if the current, in ﬁonnnn node and nQrmal. node to
be i nduced I&%lweo@wgm cedd@s Hpisermal pede dBLpGP MBS pdrPdAuddE As

shown 1§ Figeredp diPhoidd16p ltiﬁglﬁq;ios&éﬁlz} e@@%xa?@p@%ﬁﬁﬁ?ag—i’oq{zhgf the

invention were connected to a pair of signal lines (audio lines),
at t enuat i onn ek fraeoicsuircas goisshwthienapidgo sign@ad) were obtai ned. As

et oM, Seydohy kg BHaL T AL SbeBOR N s ARGy Prone
noise in common mode because the low frequency component in
the signal is detected and superposed by the nonlinear element
15 and electrostatic capacity in the circuit.
For example, as shown in Fig. 15 (a), when carrier 900
MHz (TDMA carrier) in transmission and reception circuits of
a cellular phone of TDMA system is transmitted and received
at 217 Hz (burst frequency), 217 Hz is detected, and is
20 superposed on the audio signal of normal mode, and audible
noise may be heard. Therefore, if the current in common
mode and normal mode to be induced can be suppressed, noise
in audio output can be reduced.
As shown in Fig. 15 (b), when the noise filters of
25 embodiments 1, 2 of the invention were connected to a pair of
signal lines (audio lines), the attenuation characteristics as
shown in Fig. 15 (¢) were obtained.
As clear from Fig. 15 (c¢), also by the carrier 900 MHz of
the cellular phone, noise can be attenuated in both common
30 mode and normal mode. Therefore, the signal of repetitive
frequency 217 Hz detected together with the carrier 900 MHz

can be reduced, so that the audible noise may not be heard.
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30 node and normal node. Therefore, the signal of repetitive frequency 217
Hz detected together with the carrier 900 MHz can be reduced, so that the
audi bl e noi se nmay not be heard. 31 In this way, when the noise filters in
enbodi nents 1 and 2 of the invention are connected in a pair of signal
lines in the cellular phone or wireless comuni cati on appliance,
respectively to the first coil 21 (first inpedance elenent) and 5 second
coil 25 (second inpedance elenent), in the pair of signal lines in which
noi ses in both cdmrbhisredey,antlenothainoiredeltare apphileadimepédanesd i n both

d | . nod be hei ght d.(si | be. at ted),
o Chat t I OB BV SBHER: BER TS ROUREAN, hpai H TRl LRt 18 910 pat i

of signal Ideeglaf Enpadingento8) #inelsss fitkémmunieabiadi meabpdioihcd he
invention is explained bel ow by referriqg to the drawings. Fig. 16 is a
per spect i verespsiceel witevi g fined peilsdlf (fiirel impedanesisdamyent) ang the
inventign, Fig. 47, (.a) oS i j i A-. i
filter, gandﬁalli'\iq}gﬁl.dl1("7({1 b%5i s(ggégggr gg@cettli%{/fég%vi ‘g;,\?%f%?%’e 1'r?&oioecsheé; P}F?{i[e)r(ﬂel n Fig.
16 and Fi g.sighalalispisr st Which nodisk s 1i2d biog hf oo maajo hym oldznmanat hog menld
connecting first inner_ co d%ptors 121a to 121@ tgo EEQHgﬂtﬂﬁéhX 25 m t he
bottom A <BPASI a&cofPRYED 125 ReddReHR 4 PP U AAR G adt°¢8nA8& i ng
second i nnefomadufb@escad d2ahkogAehe 8q@igntisiclay be o tietru Diaid)gmo That
is, the first and second coils 121, 122 are_conposed of six |ayers each.
However, tHd a4 Fhe amdiklecBrise sians beonedyoed dms aygkior Bagsr gpch@oad pe
conposegg 0fp§ﬁ¥of%¥§ﬁ§1119§sfir5t i nner conductors 12l1a to 121f, and
second I nner conductors 122a to 122f are nmade of silver or other
conductive materi@mbddénfents8)i nner conductors 12la to 121f, and second

I nner conduct OrS&Z%giéep E‘ﬁ%ra'{x? fe?x{lg@&inlngnlt} %hacpfe tq{ecepﬁvér?{ion is

explained below by referring to the drawings.
Fig. 16 is a perspective exploded view of the noise filter
15 in embodiment 3 of the invention, Fig. 17 (a) is a sectional
view of line A-A of the noise filter, and Fig. 17 (b) is a
perspective view of the noise filter.
In Fig. 16 and Fig. 17, a spiral first coil 121 is formed by
laminating and connecting first inner conductors 121a to 121f
20 sequentially from the bottom. A spiral second coil 122 is
formed by laminating and connecting second inner conductors
122a to 122f sequentially from the bottom. That is, the first
and second coils 121, 122 are composed of six layers each.
However, the first and second coils 121, 122 are not required to
25 be composed of six layers. The first inner conductors 121a to
121f, and second inner conductors 122a to 122f are made of
silver or other conductive material.
The first inner conductors 121a to 121f, and second
inner conductors 122a to 122f are formed in U-shape except for
30 the lowest and highest layers thereof 121a, 121f, 122a, 122f.
Not limited to U-shape, however, they may be formed in L- or
other shape.
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30 the | owest and hi ghest |ayers thereof 121a, 121f, 122a, 122f. Not
limted to U shape, however, they may be fornmed in L- or other shape. 32
At this tinme, fromthe bottom sequentially, the first inner conductors
121a to 121c, second inner conductor 122a, first inner conductor 121d,
second inner conductor 122b, first inner conductor 12l1e, second inner
conductor 122c, first inner 5 conductor 121f, and second i nner conductors
122d to 122f are formed, and the portion conposed of the first inner
conductors 121 tét 1tHis ctmtnye i §ramf ithst blodid matsedy weultial?2g, tthree fpostt i on

conposed al.ternately, of the r condugtors and secan

conduct or s (PHE’ﬁ8ﬂﬁ%ﬁP¥ﬁrh%H6 %ﬂepgg%oﬁacoﬁ Pnfﬁrc%%ﬂﬁgfg?riggg,’first
inner condugt et ihakd c5£60Q06oF NETd, §606HEAl A nd22Bndidtelr 1DBBI fepdyduct or
121e, second inner _conductor 122c, and first inner conductor 121f) is a

second | ammmreaosdwtszmwhmseﬁ@nédm%ceaéwéea b3 2¢ hELrsddameT | nner
conduct grs Epor]'% foréJrYd cd, t$'15@elra5%ﬁ'&¥1@g pé)q ﬂtp t%25?22}_rb€1£)rne

the six-layer first an Second coils 121, 122, ree ayers are
al t er nat el yfor@ied hanfd tke ponteoncmmtp@tseldsoiiﬂha ﬁiosmmherwpndlectqmest

| ayer and e 21a 12 f {4st and ;s nd I .
electrodeshggg aﬁé#?g r&%d alrﬂg %ﬁﬁgag?d ﬁg Vlrst c%ﬂg BB’ %Qf
Simlarly, dd}nbb@eaeﬁnﬁdnlartléey cOOHUCLioE & ihada, cdrdluctotfidwd aedoma@urt h

| eadi ng-out, el ectrodes 128, 12% are faormed, The | eadi ng-out electrodes
126, 127, En?engoﬁéycﬁer&|§6 PorPREFISN EARMERE N of ¢ PR gy ¢

menber é38 ddhduci®P Yoew OFiddie i$qanded NPRELSONEUGHOr s123hd( MRANAL 1 C
menber =~ 25 138 described below). A plurality of squaré first magnetic

sheets 130 coreduéormed2Bbnefitstt Hadan scondnetorohdlet osecondb iniec i n t he
first Tam natn&i,’iggdly 112?2?(%I ntql rstrsitnnveI ac%%l céll_t%) 1% 1f rlS da sec% %ugh this

first via ho i'Aner ‘conductors
laminated body 124, and the portion composed of the second

inner conductors 122d to 122f only is a third laminated body
15 125. That is, of the six-layer first and second coils 121, 122,
three layers are formed alternately.

Of the first inner conductors 121a to 121f, in the lowest
layer and highest layer 121a, 121f, first and second leading-
out electrodes 126, 127 are formed as the ends of the first coil

20 121. Similarly, in the second inner conductors 122a, 122f,
third and fourth leading-out electrodes 128, 129 are formed.

The leading-out electrodes 126, 127, 128, 129 may be
also formed at four corners of the magnetic member 138 in a
top view of the second inner conductor 122f (magnetic member

25 138 described below).

A plurality of square first magnetic sheets 130 are
formed beneath the first inner conductors 121b, 121c in the
first laminated body 123, and a first via hole 131 is formed.
Through this first via hole 131, the first inner conductors 121a

30 to 121c are connected.
A plurality of square second magnetic sheets 132 are

formed beneath the second inner conductors 122d to 122f in
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30 to 121c are connected. A plurality of square second nmagnetic sheets 132
are fornmed beneath the second i nner conductors 122d to 122f in 33 the
third | am nated body 125, and a second via hole 133 is fornmed. Through
this second via hole 133, the second i nner conductors 122d to 122f are
connected. A plurality of square third magnetic sheets 134 are 5 forned
beneath the second i nner conductor 122a, first inner conductor 121d,
second i nner conductor 122b, first inner conductor 121e, second i nner
conduct or 1Pz, thamd 1amdmatedebodgoridict emdl 2l fsefcommd vgat heleset®Bdis

| am nat ed body 124, da,third via le 135. a fourth via hole 136 are
formed (on \ e Ene ThEoReb; gf‘hsmsécf?g’oivéapﬁ%? hEER iR e e f d et i c
sheet 134 doidedtdeneatid tbel secand ddeécanduct or 122a). The first inner
conductors 121c and 121d, 121d and 121le and 12l1e and 121f are connected

through the thirddvPhupdlidy19d sauasgedhivd| yagnetichsheadsnd 34nre
conduct g1 s 4728041 A2Z0n % 1220 AT A2 0RO k220194, 182, Gonnect e

t hrough t he our via e 136, respective is, the fourth Via hole
136 is fornehdwctde 1Rildd spagndtiinmsheetod@dchari hg2bhe fitvtr dmvier hol e
135 beneatqlgnfu {irﬁ; i nner co dqgtor 121d. The %irst iﬁnfr ganductor 121d
is 20 connetPEHUEH He 18 £5C T AR I ROh FORDI 12 245 AR HRPE THISY via
hol e 135 anthmid ibidd 121 i dgotlpy eeicdad Lamtiheteldi bddymegaetacd sheet 134
formed further bepe tq'(above t.he Eirst i.nner conductor 121c), and the
second i nnéitgndtthitle1dsy pad &g hyipohthe Ik ahe formedcomiict or

122a tlmoouigérhdé Rh$r &% iH0HL1E V38 180h fo d3f ARE nd QWitR Wag MAlie St3be r ovi ded

inthe th magneti c sheet 134 flormed further above (beneath the second
i nner conduk3érforapdd bempathithe v¢comdliamedscanduséoonRZaner conductors

122a to 122c, anfi,{ g, JOU A B, o 100 rb3Pe ROAHd 134 4 T a GANFYSLQ" S
and 121e and 121f are connected through the third via hole 135,
respectively, and the second inner conductors 122a and 122b,

15 122b and 122c¢, and 122c¢ and 122d are connected through the
four via hole 136, respectively.

That is, the fourth via hole 136 is formed in the third
magnetic sheet 134 having the third Via. hole 135 beneath the
first inner conductor 121d. The first inner conductor 1214d is

20 connected to the first inner conductor 121c through this third
via hole 135 and a third via hole 135 provided in the third
magnetic sheet 134 formed further beneath (above the first
inner conductor 121c), and the second inner conductor 122b is
connected to the second inner conductor 122a through this

25 fourth via hole 136 and a fourth via hole 136 provided in the
third magnetic sheet 134 formed further above (beneath the
second inner conductor 122b).

The third via hole 135 and second inner conductors 122a
to 122¢, and the fourth via hole 136 and first inner conductors

30 121d to 121f are electrically insulated from each other.

A plurality of square fourth magnetic sheets 137 are

formed by a specific number each beneath the first inner
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30 121d to 121f are electrically insulated fromeach other. A plurality of
square fourth magnetic sheets 137 are fornmed by a specific nunber each
beneath the first inner 34 conductor 12l1a and above the second i nner
conductor 122f. Magnetic sheets 130, 132, 134, 137 are conposed of a

m xture of oxide of ferrite powder and resin, and a flat square magnetic
menber 138 is fornmed by lamnating themin the 5 vertical direction as
descri bed above. The nagnetic nenber 138 nmay al so have a certain thickness,
not being lcomdwetorolBda dhdtabThe thegretovdnianber co3glyctorol 28fways

required to be uare..Theg thic S y adjust r ndi ng on
the required chaﬁ\géﬁé‘ﬁté‘f isglsee(qlsn;@g’;ntl:g?’ vmpfﬁ’sﬂagrﬁ a\%%l lt%ggpel?g%%d gotqg%) , and
t he thi cknafsxt@ye b€ cadidess £de byiteap ywd@rt had iddicknesd offldhequmgret i c

sheet itself, or by changing the, nunber_o ghetic. sheets tq be forned.
The magnet iBagBebEF mggnber | %fge%afgé’&‘%\ﬁlt{ﬁyﬁ%rlpﬁémgi Fage d8ufbieng

agent, and Jdg;waj %ﬁﬁé@ﬁ%‘d aRt abLEPTHE Y dvANe TIR GPAPhERLL a0emb deer meat es

into fine pores in the nmagnetic menber 138, so that the humdity resistance
of the noi sk38 imapralspahabe ®reeatedd. thdckmnessexialr hginglldmitedeto b39a,

139b, 139c,,,139d .,f orned_at . baot h_ands ,of, t he i 3 39a and
20 1390 ar S8 maP SR BRa kG Bty r%%’gsné?i%Wn%mérycslgg%g%%&l%deand 139d

are formed safusider Taieddthick hes sragagtheca dpubtsd prdPerThalepdredineg on
el ectrodes 139a, 139b, 139c, 139d are platﬁd wth L?ﬂ/nel i ng, et al such
as ni ckel , tthien rsawgedechgractpaiaties oidnppdanceer WaFnat 42 Eghﬁﬁﬁfors. 25

The exfigrnalcef ecif®dehie 139ackh3FB. MIPCbel 308 wee deby ahaeyiagmaeat four
corners of the magnetic nenber 138 in_a top view of_ the magnetic_ nenber

138. Both dhidskofesshef thesmapnetizshadtaitself, tae byrshangiag tgeout
portion 128 a0d3°5PWa b 389Nt AY bl rifdadre

The magnetic member 138 is impregnated with fluorine
silane coupling agent, and the water-repellent fluorine silane
15 coupling agent permeates into fine pores in the magnetic
member 138, so that the humidity resistance of the noise filter
can be enhanced.
Of the external electrodes 139a, 139b, 139c, 139d
formed at both ends of the magnetic member 138, 139a and
20 139c are formed at one end of the magnetic member 138, and
139b and 139d are formed at other end of the magnetic member
138. The external electrodes 139a, 139b, 139c¢, 139d are
plated with low melting metal such as nickel, tin or solder on
the surface of silver or other conductors.
25 The external electrodes 139a, 139b, 139c, 139d may be
also formed at four corners of the magnetic member 138 in a
top view of the magnetic member 138.
Both ends of the first coil 121, that is, the first
leading-out portion 126 and second leading-out portion 127 are
30 electrically connected to the external electrode 139a and
external electrode 139b, respectively.

Similarly, in the second coil 122, the third leading-out
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30 electrically connected to the external electrode 139a and external

el ectrode 139b, respectively. Simlarly, in the second coil 122, the third
| eadi ng-out 35 portion 128 is electrically connected to the external

el ectrode

conductors
being 10 f

| am nat ed hadytddde cygp®sed of the second inner conductors

only,

Accordingly, whe\t fescuibedthereins fhe poiggidligy é%teirbhoidhmteﬁbt Biglst coil
121 andsseqqnd i thon b G AHaleIPa Py COUU RSO AE 1 G f AV EW Of
t he nagnet C 8) ?

121f and sefipad |lanﬂmmﬁu¢>todms 123a, cbaigsd®2mfof thhe fiset oridHeani nat ed
body 124 a

bei n

al t er nat el

122a, 122b,12bband gRecBdcdnderamonductoBsdy 228 ned2br et 74 &r heidgch
other. 1S &G4 ton tHE f:d(;ﬁ)%qaﬂ?@ fifbtcpmﬂagédn‘yg@y' 28l gher o g d f

rections in he first coil 121 and second coi
si nce lamhin 4 teed fhiadsy I%mompoaddc@f)rtbelggaond imner sgendwedms i n t he

current flows 1 n reverse

122,
first
are

| am
fornme

15

20

25

30

139c, and the fourth | eading-out portion 129 to the external

el ectrode 139d. As described herein, the noise filter in enbodi ment 3 of
the invention has a three-layer structure consisting of the first
| am nat ed body 123 conposed of the first inner conductors 121a to 121c
only, the aﬁnumdnlhﬁsﬁateﬁuﬁadyaﬂ@AcoahEetméﬂaﬂyhbamivmnﬂmbelmgmbﬂwst i nner

d, 1f d d
LG 8 ket bR b IR R RRED U R RESh Ty 158 SHPdhi rd

g formed on the top of the second | am nated body 124.

since the rst 1 nner conauctors

122d to 122f

21d, 121e

PR o 120 Aot 126 CONautlbr <oz g 16 ph tefo B 42 ong

i nner condugliteirsatéPa, lanlﬁl?&hnjgzzﬁe Bleﬂ;h&inéthﬂiigﬂﬁidr@ ikudes1 yeaer at ed
inthe first inner conductors 121d, 121e, 121f and second i nner conductors

5

P38 B Y aehadrdl ol HOGRE8e00, kB HgRaTE Sh  pebeRd o 122

t he nag etlc l"'uxes
laminated body 124. Accord1ngly, when the current flows in a

same direction in the first coil 121 and second coil 122
(clockwise or counterclockwise in a top view of the magnetic
member 138), since the first inner conductors 121d, 121e,
121f and second inner conductors 122a, 122b, 122c¢ of the
second laminated body 124 are formed alternately, the
distance is closer between the alternately formed first inner
conductors 121d, 121e, 121f and second inner conductors 122a,
122b, 122c¢, so that the magnetic fluxes generated in the first
inner conductors 121d, 121e, 121f and second inner conductors
122a, 122b, 122¢ in the second laminated body 124 may
reinforce each other. As a result, the impedance in common
mode is higher, and if current flows in reverse directions in
the first coil 121 and second coil 122, since only the first inner
conductors 121a to 121c¢ are formed in the first laminated body
123 and only the second inner conductors 122d to 122f are
formed in the third laminated body 125, the magnetic fluxes
generated in the first inner conductors 121a to 121c formed in
the first laminated body 123 and in the second inner

conductors 122d to 122f formed in the third laminated body
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30 generated in the first inner conductors 121a to 121c fornmed in the
first lam nated body 123 and in the second inner conductors 122d to 122f
formed in the third | am nated body 36 125 do not cancel each other, so that
t he i npedance in normal node may be enhanced. Therefore, if a current
flows in a same direction in the first coil 121 and second coil 122 (first
i nner conductors 121d, 5 121le, 121f and second i nner conductors 122a,
122b, 122c in the second | am nated body 124 ), the inpedance in the first

i nner condlgbots nmldan;tgll_@acbzmthan,dseetdwtdtharﬁenpedaaiwetiarsno]r;iﬁal 122b,
122c becone i nper conductors decrease the noise of the
conmon nndeglgkgphé?ofher anc ymhen 10 flow ng in opposite directions, the
i npedance beconesThieghfire, Iiha tufsdnt fhew sciandushafs dizdatiton 181¢hd or med
in the firs% Ianl %ﬁfd body 123 .and.the second inner conductors 122d to
122f for med!iFAt 04! LIk e rarddcHdal 23 Abirsdnin ree s mdptdorschbifict or s
decreasg theaei 9@ l'frhxﬂ‘@rsrﬁlon@gﬁne}%om&o% fﬁﬁﬁe 112%, |ﬂ@§9%ﬂcﬁ1{lan be
hei ghtened in both conmon node and normal no e i npédance of 't

comon  nodee earld demmi a test & oslan 184 b,dphstlenipedamecuhtéda Yialstieismner

i ndi vi dual | i ui yal,ent_ ¢ircuit, di agram the n 20
filter in eg n%?%%% ézaéanhfﬂ?hgg%gloﬁgSFﬁ8P§eH?5€ffonﬁﬁgﬁofﬁep%gﬂber of
first inner122hdu@ becbarewtigh, tadred ftmreste ilﬁﬂbﬂ@b@didﬁﬂﬂ)y-sliécﬁdwbé he

nunber of econd. i nne onductors f or E)thlrd I t ed bod 125 are
different, %°aneiis thie, GO ™ M g1k, 1B 0 t { g sot ef a2§ f Ve coi |

121 andoseCﬂBduthcg in % odine ﬂm&rﬁbhy Qhenﬁﬂﬁgﬁ'a%cef bla'?f@ﬁegseﬂ?éﬁtgp in the
first inner conductors formed in the first |am nated body 123 and the

second i nnefh&diasttiormser feombectarst HE kehitrod U2k fareve body tios fisst
different, ggniRgtedNoa) PEIANEE {He WY a TRIS COLRAELEEOME0E {J rst

I nner
122f formed in the third laminated body 125, and these inner
conductors decrease the noise in normal mode.
15 That is, since the impedance can be heightened in both

common mode and normal mode, the impedance of the common
mode and normal mode can be adjusted to specified values
individually.

Fig. 18 is an equivalent circuit diagram of the noise

20 filter in embodiment 3 of the invention.

Incidentally, when the number of first inner conductors
formed in the first laminated body 123 and the number of
second inner conductors formed in third laminated body 125
are different, if a current flows in reverse directions in the

25 first coil 121 and second coil 122, the intensity of magnetic
fluxes generated in the first inner conductors formed in the
first laminated body 123 and the second inner conductors
formed in the third laminated body 125 is different, so that the
impedance in normal mode entered from the first inner

30 conductors may be set different from the impedance in normal
mode entered from the second inner conductors.

It is also effective to adjust the magnetic coupling
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30 conductors may be set different fromthe inpedance in normal node
entered fromthe second i nner conductors. It is also effective to adjust

t he magnetic coupling 37 coefficient finely. That is, in this noise filter,
the first and second coils 121, 122 are individually conposed of six

| ayers, and three layers thereof, that is, half |layers are forned
alternately, but 5 by varying the rate of the alternately forned portions
(the rate of the inner conductors forned in the second | am nated body 24
of the wholceeifficéentdindety.ors), the rate of inner conductors capable of

mut ual 'y reinforgi,ng t.he .generated. nmagnetic fluxes . s chan , t hat the
coupling coeffi c?ﬂe}h?qt ¢fad e%glionwgnqgﬁgrbotuﬁl :I‘Ir]rgStcgzlfdf isglcgﬁt(a ggﬁsbe t hus

finely adjugsted22t hee ipadanteally compeoseddef and 1apesanaad nthreer mal
node can be contrqlled to specif and thi fffect i,S

j e al ues,
out st andi ndayrgptthareafy thal %ﬂ’z*lﬁgf i’l’yﬁfﬁi%ﬁez HymeRed gt adelya ® Wor t i ons

formed al t %f@ﬁ?gYngttITl% £2EPbir G COR NG RN o3t && p AdidRE §Ehb G Be
speci fied vdl ue between 0.2 to 0.95, and the inpedance in nornmal node and
conmon nodefddre benadjogstduictans faran ediivet i ¢ Iseep nidnl aanbodteeriody 8¢ t he

invention, Fig. 1 a).is a diagr showi,ng t relat| f nber of
turns 20 (qfhghﬁuwglé’ﬁedn?ﬁ{; ncso%?u? e r}i’ \rAﬁs girnaﬁgr Ogoﬁl uclpoc(r%)sm{l'g1 tcfr}'téo 121f
and second dapusleconaat @ablyl 22n for cirzc)h @ magtleidnm a goefifei fliveets of
internal caonductors _in the second | am nated _hod 124, and Fig. 19 (b) is a
diagran1shdﬂﬁﬁ@@?ﬁ%drépaf?ﬁﬁtéw FHBPT%U%ﬁQPfgﬁlgﬂFdéni #8%nunber of turns
of thejpirst innayp% copEucdAISlihzlacsortleikn fndaneckad thiner fiaguct ors

122d to 122f) and coupling coefficient of internal conductors in the
first |am reediodteddyti@3imnddamcedinappmanes boeide 128d imgegdanceodd turn is

counted when, )1 ARG AWIYE WonTREARa VS shULikibl 321085 Y A0 Anishe
magneti c I'TEI'T%GI’ 13% %'Fhat 1S,
effect is outstanding.
Further, by maximizing or minimizing the rate of
15 portions formed alternately, the coupling coefficient can be
adjusted to a specified value between 0.2 to 0.95, and the
impedance in normal mode and common mode can be adjusted.
In the noise filter in embodiment 3 of the invention, Fig.
19 (a) is a diagram showing the relation of the number of turns
20 (the number of turns of the first inner conductors 121d to 121f
and second inner conductors 122a to 122c¢) and coupling
coefficient of internal conductors in the second laminated body
124, and Fig. 19 (b) is a diagram showing the relation of the
number of turns (the number of turns of the first inner
25 conductors 121a to 121c and second inner conductors 122d to
122f) and coupling coefficient of internal conductors in the
first laminated body 123 and third laminated body 125.
Herein, one turn is counted when the inner conductor makes
one turn in a top view of the magnetic member 138. That is,
30 when the inner conductor makes a 1/4 turn, four layers are
laminated to make one turn.

Samples are magnetic members measuring 1.0 mm X
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30 when the inner conductor makes a 1/4 turn, four layers are lamnated to
make one turn. Sanples are nagnetic nenbers neasuring 1.0 mm X 38 1.0 mm X
2.5 mthick, with the portion surrounded by the spiral first coil 121 and
second coil 122 measuring 600g m X 600~imin a top view of the nagnetic
menber. In Fig. 19 (a), the nunber of turns of the inner conductors is 1
inthe first 5 lamnated body 123 and third | am nated body 125, and in Fig.
19 (b), the nunber of turns of the inner conductors is 10 in the second

| anmi nat ed bbdy mm4 XAL.&lman thricin, F\ivfgth 1'0916( @ortisoy,swiho wodediby the

coeffi ci ent I r a nu [N f the inner ductors in
the 10 sec ncsf‘rﬂlllaﬁ‘lr%gtceof ic}leafh‘g%eco élrfj 1 itz%enhetﬁ%léﬁ' G%Eﬂhéno t he
i nner condug0Ouf in 4 el visw bamh@ahﬂfgxb@ﬁyc andmblirr d Inl Fgnatedabody is

smal | er, antg‘the thlckngss of the magnetic sheets 130, 132, 134 is
t hi nner . CAUPPDeg ebdmring @ftthe Ianen Gopdotapenis feluihrrdirat of

turns of the higee & LU sy tRE: I8GNH N BRGA 108 an d 3R F5e 10 OF

| ess and t he nunber t'urns of the 1 nner uctors 1n't I'rst

| ami nat ed bb%i)(béndhemmmhearmflauens Chﬁ)dlyeusn&mconduetons ibel Caseh t he

t hi ckness of thedrir‘a netltced %h%et§ %30, 132, 134 of 50 microns, and when the
nunber of 28 $Uths*6H the 9 RSe % tductors in the second | am nated body 124

is 5to 11 and thks rcuaberfrefm tRirgnsl ®f(ah heb),nelee cowliskos e fificietteid i r st
| am nat ed glglciy and third |l a 'nat?d body is 4 or less in the case of the
t hi ckness B5e Adght ity 1HFns o theInngr toaduRtors w the ,

possi bhe, rRyYMY ﬂ@mlm@dtﬂgdﬁm’is QhrkbE NBhe quﬁllb%r' m%rQQ'&QWeors in

the first |am nated body and third | ami nat'ed body is smaller he
number of tiEIEr oﬁovﬁéctﬂh%r incortrucfiorsd ilemheated obd dyananagt ethmddy 124

1S 1arger. 1ofiin fEUPIY Y G9CLhTI &R alhl EhB% kRhie s o Ahd HafhcbRSS Ol e
sheets 130, 132, 134 is thinner.
The coupling coefficient is 0.2 to 0.95 when the number

15 of turns of the inner conductors in the second laminated body
124 is 10 or less and the number of turns of the inner
conductors in the first laminated body and third laminated
body is 5 or more in the case of the thickness of the magnetic
sheets 130, 132, 134 of 50 microns, and when the number of

20 turns of the inner conductors in the second laminated body 124
is 5 to 11 and the number of turns of the inner conductors in
the first laminated body and third laminated body is 4 or less
in the case of the thickness of the magnetic sheets 130, 132,
134 of 100pm.

25 As far as possible, meanwhile, when the number of turns
of the inner conductors in the first laminated body and third
laminated body is smaller and the number of turns of the inner
conductors in the second laminated body 124 is larger, the
coupling coefficient will be 0.95. Or, as far as possible, when

30 the number of turns of the inner conductors in the first
laminated body and third laminated body is larger and the

number of turns of the inner conductors in the second

39



30 the nunmber of turns of the inner conductors in the first |am nated body
and third [am nated body is larger and the nunber of turns of the inner
conductors in the second 39 | am nated body 124 is smaller, the coupling
coefficient will be 02. Further, if the specified inpedance in normal node
is obtained, the shape of the first inner conductors 121a to 121c 5 forned
inthe first |am nated body 123, and the shape of the second inner
conductors 122d to 122f fornmed in the third |am nated body 125 nmay not be
limted, inanmthatedbedpild js smeallder ithg oouplimay cebéfieid ot meid] dre one

pl ane. There is no problemif wnding direction is reverse. 10

I ncidental I'y;" by bringing the first inner conductors 121d, 121le, 121f and

second inner condugteksr,12PaheldglcifiddcimpddiencSaaond rinda nabad hody 124
as close to one turn as possible, the Ilength of each inner conductor may

be ext endecPhifizedaxihtimhang eftthadirsthipBesreonductigndeile +¢
d i . i . . f
generatgd id . L,0ieq %iﬁﬁl&%ﬁﬂ?ﬁ%%@ﬂ%%%%&% 1334 &g&ethé]'%:hapiﬁg ﬁbeasecond

i nner conductors an rei'nforce each ot her,
current fl ovecdnd airsaene dondoctons i h22He tbi NA2fcdormidll iandtheetlondl coi |

122 (the first.inper .cond rs 121d, ,121e, .121f,. ng.the .second _inner
conduct ors lfﬂhl,laqezét}fo‘il]’é;'gé?ﬂn?ﬁenggc%%él%%?émlﬁﬁigglﬂgdﬁb‘iﬂ)}l,"ahhe

i npedance i e@@MEHInFOEE CHeDEhablr fdehednhaneed. pllahd.heMaiweid idder in
enbodi nent 3 of the invention  having such configuration, the manufacturing

method is REQPMEMdd Bindinsydireckier Ag 1&7eM€ acconpanyi ng dr awi ngs. 25

Fig. ,290( a_) to (Q!I)ncal"d%npc%rl?ﬁeﬁ ib‘f@n?iiﬁ&’st_h%hﬁ*’i‘s!ﬂgntdlﬁn cé‘ﬁ&%@&f&rﬂzﬂﬂ,”ﬁt hod
of noise filter in enbodinent 3 of the invention. First, froma m xture of

oxi de of feltZled Hfvdad aeconddgingr coqnduetprs sh2dmghéRbe IKReint3® second

magneti c Shseeectond laminated body 124 as close to one turn as possible, the
length of each inner conductor may be extended to a maximum
extent, and therefore the magnetic fluxes generated in the

15 first inner conductors 121d, 121e, 121f, and the second inner
conductors 122a, 122b, 122¢c can reinforce each other, and if a
current flows in a same direction in the first coil 121 and
second coil 122 (the first inner conductors 121d, 121e, 121f,
and the second inner conductors 122a, 122b, 122c in the second

20 laminated body 124), the impedance in common mode can be
further enhanced.

In the noise filter in embodiment 3 of the invention
having such configuration, the manufacturing method is
explained below by referring to the accompanying drawings.

25 Fig. 20 (a) to (g) are perspective views showing the
manufacturing method of noise filter in embodiment 3 of the
invention.

First, from a mixture of oxide of ferrite powder and
resin, square first magnetic sheet 130, second magnetic sheet

30 132, third magnetic sheet 134, and fourth magnetic sheet 137
are fabricated.

Next, as shown in Fig. 20 (a), a second via hole 133 is
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30 132, third magnetic sheet 134, and fourth magnetic sheet 137 are
fabricated. Next, as shown in Fig. 20 (a), a second via hole 133 is 40
provi ded at a specified position of the second nmagnetic sheet 132 by

| aser, punching or other drilling process. Further, as shown in Fig. 20
(b), the second inner conductor 122f having the fourth |eadi ng-out
electrode 129 is 5 forned by printing on the second magnetic sheet 132. At
the sane time, the second via hole 133 is filled with silver or other
conducti ve puterded .atAn shesifiedepositeonndf dhet heceprdomchgmatdc skheatiuct or

122f i tedto th d vi | e ,133. S in Fig. 20 , (b),
the second ARG dBRALL POV AftE T3 Hero 45 i RE BT 9GP o (e top of fhe

second nmagnetic sh@@thei32adayhbo@d higy SEE@NR Vi gbN0ltB elIFd o fihst | Nner
conduct ors 12&d, 121e, 121f and second inper conductors 122a, 122b, 122c
are formed MN4REL D] AL hayipgi the fegadhi ke ading-ordsetestirege 188 ihird via
hol e 135 angh Spugthly WAniehe JGhB0-4h8 Hidstedd diwsy 1gondu 121a,
121b, 121c are fo'rlé.lrye:?i Ol’Ill thg top of tﬁe 8f]}cnras en%gnéetl C é}%%ét '%gﬂﬁeavi ng
the first véamigotiang3the Becontheiadorléut8dris fible bwitbrsiddenair othgr by
printing, but also. by other. t hod ucg.as ating, wvgpor deposition or
sputtering.® & §ﬁlsveélqﬁleantﬁr3}??$an%tn5 tth ”flﬁ’thg %’(’)ﬁqugﬂfeaf'%ﬂn sSSYHwn  in
Fig. 20 (c)cosputedr lizeft isnndnaeecoad oths deklond 24 aakele Ar3®yi ded, and the
first | am nated ggdy 123 conposed of the first inner conductors 12l1a to
121c only, the sec®MP REnm™hdti€d 2Qday: bk themarohf inseropepiuchers | rst

| 'am natjgd bpgyq13d #5a¢enRAseed Pn thE {47 i ¢ d i 21e,
121f and second inne?l conductorsn 1224, Fig)Zb%HgI%%gSg{atglﬁl%egﬁl%?g{g%%#t he

third | am nh82chdoing 123 secord Wn hhdetlh3 otheHérsedondr ¢aminateds body
124 composefly oy 419 SCPOPF JHSE cERAMHSN FontRedok 122, 280%, A Fpf 07 med.

are formed on the top of the third magnetic sheet 134 having
the third via hole 135 and fourth via hole 136, and the first

15 inner conductors 121a, 121b, 121c are formed on the top of the
first magnetic sheet 130 having the first via hole 131.

The inner conductors may be formed not only by
printing, but also by other method such as plating, vapor
deposition or sputtering.

20 Consequently, laminating in the configuration as shown
in Fig. 20 (c¢), spiral first and second coils 121, 122 are
provided, and the first laminated body 123 composed of the
first inner conductors 121a to 121c only, the second laminated
body 124 formed on the top of the first laminated body 123

25 composed of the first inner conductors 121d, 121le, 121f and
second inner conductors 122a, 122b, 122c¢ alternately, and the
third laminated body 125 formed on the top of the second
laminated body 124 composed of the second inner conductors
122d to 122f only are formed.

30 As shown in Fig. 20 (d), by cutting so that the first coil
121 and second coil 122 may be incorporated by one each in one

noise filter, one laminated body 140 as shown in Fig. 20 (e) is
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30 As shown in Fig. 20 (d), by cutting so that the first coil 121 and
second coil 122 may be incorporated by one each in one noise filter, one

| am nat ed body 140 as shown in Fig. 20 (e) is 41 obtained. At this tineg,
the first |eading-out electrode 126 and third | eadi ng-out el ectrode 128
are exposed from both ends of the |am nated body 140, and the second

| eadi ng-out el ectrode 127 and fourth | eadi ng-out el ectrode 129 are exposed
5 at other ends. This |am nated body 140 is baked, and a magnetic nenber
138 is formbdtaifhd. madmhethis nenber the8 fisstcAanfléngeoat slesunodn E2§. 20

(f). 10 Final .as.shgwn in Fig. 20 ooSLlver or other .conductors are
formed in tai”ﬂecl ¥Béﬁ$r]|§9§|ﬁflgé? Ete??)(dérsocg%é,zsﬁl?? exfé’@,e%lg@)mex %tglegnélts bot h
ends of thefmagnet igmTaEied 188dyandsot hend sthié agesoade Idadiarg-wiith | ow
melting nmetal such as nickel, tin or solder, and the_external ele%Frode
139a is foredeatrede H271enfd fayrfheler Atpsrruiepletirode 128, arsesPrgr

el ectroge 9h., 4 f d in the second | eadi ng-out el ectrode 127, external
electroge %§9§t#§rf%§%£§ in the third | eadi ng-out el ectrode 128, and
external el ectrodthik3dhmsnavedebody tht0 f dur bakedadamgt out magereticode 129,
and the noise filter,jn enbodipent 3 of the 20 invention is manufactured.
Aft er fornfﬁ@ngergﬁ ofsg?ﬁgf ‘onductors, and before nickel plating, the
magnetic menber 188e insagARREegREdAGeirnl 38ligorh amfsbanes ehopin ig Boent in
deconpressed atnosphere. Herein, by setting the interval of the adjacent
first 25 i4théP-conductors 121a to 121c and second inner conductors 122d

to 122f4in the figsfathgm nat ath fedy ik23Fapd i rd), | a7l viad edrbasth ehi25
| arger than the interval of the adjacent first inner conductors 121d to
121f and seoethdtarer arediedwee drin thealead itpp o utneletrodesnd2ban St ed body

124, it is 128, 129 exposed at both ends of the magnetic member 138, and
their surfaces are plated with low melting metal such as nickel,
tin or solder, and the external electrode 139a is formed in the

15 first leading-out electrode 126, external electrode 139b is
formed in the second leading-out electrode 127, external
electrode 139c is formed in the third leading-out electrode 128,
and external electrode 139d is formed in the fourth leading-out
electrode 129, and the noise filter in embodiment 3 of the

20 invention is manufactured.

After forming silver or other conductors, and before
nickel plating, the magnetic member 138 is impregnated in
fluorine silane coupling agent in decompressed atmosphere.

Herein, by setting the interval of the adjacent first

25 inner conductors 121a to 121c¢ and second inner conductors
122d to 122f in the first laminated body 123 and third
laminated body 125 larger than the interval of the adjacent
first inner conductors 121d to 121f and second inner
conductors 122a to 122c in the second laminated body 124, it is

30 effective to decrease the floating capacity generated in the
adjacent first inner conductors 121a to 121c and second inner

conductors 122d to 122f in the first laminated body 123 and

42



30 effective to decrease the floating capacity generated in the adjacent
first inner conductors 121a to 121c and second inner conductors 122d to
122f in the first |am nated body 123 and 42 third | am nated body 125, and
in the first inner conductors 12la to 121c in the first |am nated body 123
and the second inner conductors 122d to 122f in the third | am nated body
125. Accordingly, the inpedance is enhanced in the high frequency 5
region, and the distance between the first inner conductors 12l1la to 121c
in the firdghirdnlamtedtbddpod@3125d ahd secbthe firaheimwondeotdustorz2d t o

122f in th ird lLam nated b 125 can be.exte ...Therefaore, the

nmagneti c fﬁtﬁ;as té’er]fngﬁt &4 ﬂhe ci?%%t ﬁf"?%’tnq%encgrbocdtc?'ngudzg}doarnscp%ffa Se§°Sc in

aggff! r st hli@miraéﬁﬂﬁﬁepb@dnghﬁﬁéanmzzﬂw? &h@omdiﬂdﬁnfmimEddc?]@dﬁ ﬂﬂ%d Lo
in the third | am pnated body 125 do not cancel_ each other, and the

i npedance i‘hetidimelndd & smeiamcs s mhwegw FBERHRD TERBERCS o

| ower pgrmgabiibit YahBabhet 8§t cd N5 tTROORT L I5e "BRBET i nlddr REIVBEE: d e

adj acent first 15 inner conductors 12la to 121c and second | nner

conduct or s 12Pal tioo 1222f innthdif$ danm i treed o dsodh2 3 2 artch et Biecdnd

| ani nated hody 125, gtél %EO?%Q{%Jgofi%léﬁng&nertgltigg &;?r;ﬂ,tzlggte;&ng,so: L grer

1
conductors 4 £9 frrs am nat e e "second

i nner condugtiobe d2@chded122fhérefdie, tthid ¢h 28n b e flabxed pedyrazbddan be
weakened, sQ that the inpedance in _nornmal node can be |0Mﬁred. Th%refore,

when the i ipeddlicd 1R ReESArsGlode L21aobtlmte 1Byt ROALFY oAy At

i npedapge gy dPardBRla fP48e 506 £QURIH W oA dtoireN] 28N Pa 239 Ustiad Al so
by equalizing the | ength anong the external 25 electrodes in the first and

second coi Ithirdllaminated: hedy 12Fa doamptizgmcednelaaBoethews azalythet he
t ot al COi'i%fﬂQ&QnEQQkE%BQQnafQfo&ﬁqgi@ghgﬂEeQPrti0”5 is equal, so that the
al'uées "ray be

i npedance v y sane in the first and second coils 121, 122.

Mor eover, by settRurthdwe kigdsi iy ngf a tsthe etaghetlioosver permeability than
that of the magnetic member 138 between the adjacent first
15 inner conductors 121a to 121c and second inner conductors
122d to 122f in the first laminated body 123 and third
laminated body 125, the magnetic fluxes generated in the first
inner conductors 121a to 121c¢ in the first laminated body 123
and the second inner conductors 122d to 122f in the third
20 laminated body 125 can be weakened, so that the impedance in
normal mode can be lowered. Therefore, when the impedance
in common mode is constant, by controlling the impedance in

normal mode, the coupling coefficient can be adjusted.
Also by equalizing the length among the external
25 electrodes in the first and second coils 121, 122 (between 139a
and 139b, and 139c and 139d), the total coil length including
the leading-out portions is equal, so that the impedance values

may be same in the first and second coils 121, 122,

Moreover, by setting the density of the magnetic
30 member in the first coil 121 (first inner conductors 121d to
121f) and second coil 122 (second inner conductors 122a to

122¢) in the second laminated body 124 higher than that of the
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30 nmenber in the first coil 121 (first inner conductors 121d to 121f) and
second coil 122 (second inner conductors 122a to 122c) in the second

| am nat ed body 124 hi gher than that of the 43 nagnetic nenber in other
parts (first |am nated body 123, third |am nated body 125), it is
effective to lower the porosity between the first coil 121 and second coi
122 (between the first inner conductors 121d to 121f and second inner 5
conductors 122a to 122c in the second | am nated body 124), so that the

wi t hst and wmh@agaibenmsahewhénfbtherimmetsdﬁmducﬂanmnamﬁﬂihaﬂﬁ2123and
second i nneyr c%n uct.or azga to second, | am nat ed body. 124 may

be rmi nt ai gt dBi 99 1 n]cﬁ ’ssee?ﬁ':tté?’eltt? L 80i then P 0X 08t he

i nvention l§etv€é@hatﬂ6df1b)ét redier 1Ny ah@ ts*é@o@krda%mngfl(%etzvlem the
perspective view of the noise filter in enbodinent 4 of the invention. In

Fig. 21, a idpptalinmearst cepductons jk2¥dr nd By Ufankndt i aecamd clmmtu ng

first igner, &d&g@%t&rﬁ itéﬂiazé(]o it4He §8 gHﬁﬁtifé} ﬁtéaf‘g&&'ﬁégﬁ

Ref erence nunera is a spira secon col
| am nati ng &t ¢benecthsip sécorldagenketwerdutherfsrdti2anee cdm&uctors

sequenti al | LOMm bot t,om Th is, the first sgec COI| 141, 142
are corrpose%zij hgellfa gflssecl‘?‘fé flnrnsé[r f@nélr’i‘cfté’éﬁaﬂgzﬁoﬁq g@% £1'0 4% are not
requi red tOsdtftMﬂi rlanerdaetseer bodly" UHUMmey bRemfdihsbhihBAEr conductors 14la to

141i and second inner conductors 142a to 142i are nmde of silver or other
conductive materi@mbpdmentd)i nner conductors 141a to 141i and second

i nner 5 conduct gr a 4 I i r: 1 he
| owest gnd hlghe§§ ?giégsfﬁgg%eg? %Eﬁ%ga%%%%t %h;%fhﬁﬁg ?%ﬁbgk(%Pnf%ed to

U-shape, howenlerinethby nd@rbenEOMnﬁhel@r&w1ugsother shape. More

specifically, theFfl r%l I el ggpéjﬁjgétqrvse ]V41:e|3%1v toof the noise filter in

embodiment 4 of the invention. In Fig. 21, a spiral first coil

141 is formed by laminating and connecting first inner

15 conductors 141a to 141i sequentially from the bottom.

Reference numeral 142 is a spiral second coil, which is formed

by laminating and connecting second inner conductors 142a to

142i sequentially from the bottom. That is, the first and

second coils 141, 142 are composed of nine layers. The first

20 and second coils 141, 142 are not required to have nine-layer

structure. The first inner conductors 141a to 141i and second

inner conductors 142a to 142i are made of silver or other
conductive material.

The first inner conductors 141a to 141i and second inner

25 conductors 142a to 142i are formed in U-shape except for the

lowest and highest layers thereof 141a, 1411, 142a, 142i. Not

limited to U-shape, however, they may be formed in L- or other

shape.

More specifically, the first inner conductors 141a to

30 141d, first inner conductor 141e and second inner conductor

142a formed on a same plane, first inner conductor 141f and

second inner conductor 142b formed on a same plane, first
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30 141d, first inner conductor 141e and second inner conductor 142a forned
on a sane plane, first inner conductor 141f and second inner conductor
142b formed on a same plane, first 44 inner conductor 141g and second i nner
conductor 142c formed on a sane plane, first inner conductor 141h and
second i nner conductor 142d forned on a sane plane, first inner conductor
141i and second inner conductor 142e fornmed on a sane plane, 5 and second

i nner conductors 142f to 142i are formed sequentially fromthe bottom and
a portion dampaseandfictorst4lg mret secnducionsr lobied wotarld 2enforhedns a

first lamnated body,143, or.tion conposed af, f4rst i nner onduct or and
second i nn&™ EohY& %’llaBr‘? fggwna|e§ng°€§ggﬁ°{)gﬁf%naff%rsrﬁ aid U058 first

i nner condugh@udtdre1and seGRBd bANeIsaGRBYE DS, 11433, indé¥ s:bmcmeuror
conductor 141f and second inner conductor 142b first inner conductor 1419

and second lidiier ndovrrRA®rinnexcconduetor 1dRe fonnadcoBra £AME @ Mcond
I nner cg nd%g,t(g 429%)%%%1 Mbel! F&ond BREE: £ O 0E01411421an§r§609mnwner

conduct or rme a second [am nated body 144, and a portion
conposed ofsesprantd allndrooontechottom4zind Mzmlmlqomppﬂrsdaof fhistd
| am nat ed body 145, Th Lne |l ayers of th st;an econd
coil's 141, ‘28T £PpdY 39@ 13?8 &8 hggﬁoﬁngy gngspFa%I MRt ?%eﬁlomest
and hi ghesthddyer $3 14l apodtibin Qloripesédr st flirlalﬂe[nﬁ@ﬂduchdh&t&ﬂlanﬂo 141i ,

first and second | eadi ng-out electrodes 146, 147 are fornmed as t.he ends of
the first @6icPng4innesiGARAREioT PR f PRE PHLRE HePERIPABEIOR fRFRIPLodes

148, 14§ arge fl%mig et é&?dﬁewpdmnsﬁdmm PhfierRhddéRir 12§aT he

| eadi ng- out el ectrodes 146, may be also forned at four
corners of fitet nagreat condelrcber 15$f|mnd S@@tpndfllen/\rl@t aored welewnd 43her

CO”d“CtOF lf?lzl éﬁ net utcgJ8§564i“ggag%sg QSQ Pﬁhg}(")cof\d{%%@j&é’c’m

square fir ic sﬁe
first inner conductor 141h and second inner conductor 142d,

and first inner conductor 141i and second inner conductor

15 142e) forms a second laminated body 144, and a portion
composed of second inner conductors 142f to 142i only forms a
third laminated body 145. That is, of the nine layers of the
first and second coils 141, 142, five layers are formed on a
same plane.

20 In the lowest and highest layers 141a, 1411 of the first
inner conductors 141a to 141i, first and second leading-out
electrodes 146, 147 are formed as the ends of the first coil 141.
Similarly, third and fourth leading-out electrodes 148, 149 are
formed in the second inner conductors 142a, 142i.

25 The leading-out electrodes 146, 147, 148, 149 may be
also formed at four corners of the magnetic member 158 in a
top view of the second inner conductor 142i (magnetic member
158 described below).

A plurality of square first magnetic sheets 150 are

30 formed beneath the first inner conductors 141b to 141d in the
first laminated body 143, and a first via hole 151 is formed.
Through this first via hole 151, the first inner conductors 141a
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30 fornmed beneath the first inner conductors 141b to 141d in the first

| am nat ed body 143, and a first via hole 151 is forned. Through this first
via hole 151, the first inner conductors 14la 45 to 141d are connected. A
plurality of square second magnetic sheets 152 are forned beneath the
second i nner conductors 142f to 142i in the third | am nated body 145, and
a second via hole 153 is fornmed. 5 Through this second via hole 153, the
second i nner conductors 142e to 142i are connected. A plurality of square
third magneti t4theete cohhearted. f or med beneath the first inner conductor M
and second inner, C ndu tor irst inner_ cond cto%eé1lf1g@d §gcond 10

i nner conduct or fﬁ Al o }E% %AﬁgPaESnSSE?B f%i%ngnl Second Panér

conductor ¥dRmed begleathnehie Geadud DindA Ll nanc toegordi2 f torer2icinnduet or
142d, and first inner conductor 141i and second i n r condu tor 142e

f or med respbét dvamyinnted dady 1Parfn &R EHeoR c"dﬁ‘d grilat &% 1B dt44, and
a thirdgvi %}ﬂf’d@ﬁ%?lﬁ%%%@ VBQ &‘1‘5‘33 hal & sé%@nafﬁaﬁé)f G diPdto¥ st he

third V|a h I'sS provide e nagnetlc sheet 154 fornmed beneath
the first |hw&atoohd&name WMnaﬂdhsbcond i nner conduct or 142a formed on a

sanme pl ane). Th:r‘i{ll rs n)c'i £ ndugt or 51 &y aﬂﬁ%g}ﬁrou %ﬁ tgn?ﬁy e 20

141g and 141h, are connecte via hole
155, respedbruaid/. bJﬂeaslewhd f s mmducctomrcmctmmm d_dab,sea:dﬁﬂ and

142c, 142c¢ and 142d, and 142d aqg 142e are c%gpecteq grou t he four via
hol e 156, AB&SEcEPPaMetorhhfZas firpk IMNRE 1KoORdR Hore 143 Y seRaRd n ¢ he

third ;@5 nRonet bSnﬁ'ﬁ%@Br1§42Ban‘1pgt tikg dhichd d\i@ o0k 2 135anleReabhdt he

first |nner conduct or first inner conductor 141f is connected to
the first iinmer conduu@ttor MZe, tfhr ptudh neri sonHiucdoryvi4lhoradisscondd t he

secand | nnep 2N Pl dsi2t [28 T4 8N £ 41 3T PLAFuBPor NE4Ll M dhal NNEF

conduct or i&ffe 1S connecte
second inner conductor 142e formed respectively on a same

plane of the second laminated body 144, and a third via hole
15 155 and a fourth via hole 156 are formed (only the third via
hole 155 is provided in the magnetic sheet 154 formed beneath
the first inner conductor 141e and second inner conductor 142a
formed on a same plane).
The first inner conductors 141e and 141f, 141f and 141g,
20 141g and 141h, and 141h and 141i are connected through the
third via hole 155, respectively. The second inner conductors
142a and 142b, 142b and 142c¢, 142c and 142d, and 142d and
142e are connected through the four via hole 156, respectively.
That is, the fourth via hole 156 is formed in the third
25 magnetic sheet 154 having the third via hole 155 beneath the
first inner conductor 141f. The first inner conductor 141f is
connected to the first inner conductor 141e through this third
via hole 155, and the second inner conductor 142b formed on
the same plane as the first inner conductor 141f is connected
30 tothe second inner conductor 142a through this fourth via hole
156.

The first inner conductor and second inner conductor
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30 to the second inner conductor 142a through this fourth via hole 156.
The first inner conductor and second i nner conductor 46 forned on a sane

pl ane are electrically insulated fromeach other. A plurality of square
fourth magnetic sheets 157 are fornmed by a specific nunber each beneath
the first inner 5 conductor 14la and above the second inner conductor 142i.
Magneti c sheets 150, 152, 154, 157 are conposed of a m xture of oxide of
ferrite powder and resin, and a flat square nagnetic nenber 158 (not
shown) is fizmeeldbgn| ansamatei pdaneherei aladieivellyi tasuth teattfrom asadescri bed
above. The %alnagnetic menber 158 may al so have a certain thickness, not

bei ng i mit2d'% be flat. O the magneti c nenber 158 is not al ways

required to be sguapeurdlieyt Bf ckiesse NByubsh atdhgsiedde 4 oPEy | 15 Pependi ng on
the required characteristics (inpedance, wthstand voltage, etc.), and the
thi ckness niyrmedalpust etPegifis yumbery ¢neht hparadhs the thes reightry ¢ sheet

i tsel T, 50r Oynq&PANENNG 4 BG DYBRS. Ofe TRING ¢$nABFSchd QP HQRTEd. The
magneti c nenber 158 is inpregnated wth fluorine silane coupling agent,
and t he wat er-r epMlalgaretit| sheere K10,ad62,cdbgl | hg7 agentcopepneatesfianto fi ne
pores in the. neti.c 20, nme r..158. so,that the hum di,t esi stance of the
noi se fil terfuxc‘gﬁe ﬁefc%’r‘]hdaené’gggr 1tet ngeﬁlélaﬁléf TeP bt ?B&eg qggiq‘ﬁ%@o, 159c,
159d (not mhewytitomemdbat W6Bh (apdsshbwihe igagoeiied mMmMiemldbstinkb9a and
159c are fornmed at one end of the magnetic nmenper 158, 25 and 159h and 159d
are formed Hhe®: H& &h"d gerire lnglirectton né s e%@‘SgeW}hé‘lé(k‘t’%-r nafrtile

el ectrqdes é@%etié%ﬁgé}?—ﬁ@g#Eg-%%ayalé?scpllﬁé@éj,a‘mc%?téﬂWt’Hilckin%QsUEﬂ@'J such

as nickel, tin or e surface of silver or other conductors. The

external elkeinpdemitedato bsofat1500r ts@dnagnetéc member 158 is not

always required to be square. The thickness may be adjusted
properly depending on the required characteristics (impedance,
withstand voltage, etc.), and the thickness may be adjusted by
15 varying the thickness of the magnetic sheet itself, or by
changing the number of magnetic sheets to be formed.

The magnetic member 158 is impregnated with fluorine
silane coupling agent, and the water-repellent fluorine silane
coupling agent permeates into fine pores in the magnetic

20 member 158, so that the humidity resistance of the noise filter
can be enhanced.

Of the external electrodes 15%a, 159b, 159c, 159d (not
shown) formed at both ends of the magnetic member 158, 159a
and 159c are formed at one end of the magnetic member 158,

25 and 159b and 159d are formed at other end of the magnetic
member 158. The external electrodes 159a, 159b, 159¢, 159d
are plated with low melting metal such as nickel, tin or solder
on the surface of silver or other conductors.

The external electrodes 159a, 159b, 159¢, 159d may be

30 also formed at four corners of the magnetic member 158 in a
top view of the magnetic member 158.

Both ends of the first coil 141, that is, the first
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30 also forned at four corners of the magnetic nenber 158 in a top view of
the magneti c nmenber 158. Both ends of the first coil 141, that is, the
first 47 | eading-out electrode 146 and second | eadi ng-out el ectrode 147

are electrically connected to the external electrode 159a and external

el ectrode 159b, respectively. Simlarly, in the second coil 142, the third
| eading-out 5 electrode 148 is electrically connected to the external

el ectrode 159c, and the fourth | eadi ng-out electrode 149 to the external

el ectrode 189dingtothiedetinmele dft6t hedfsacind headicpmiucebectiate 44d second

i nner conductor, 142a irst _inner ,condyctor . 141f.and .1 j
Lonductor %ﬁfb?quw%?ai%hﬁPnbﬁﬁ ﬁgtgﬁq#ﬁﬁ&Xﬁﬁangéé%ﬁﬁtfgﬁgsfgg%dﬁg g; 142c,

first innerxgenddttdeciddlle aaB0b Seeopdctiviedy. conduct or 142d, and first
i nner conductor 141i _ and secqnd inner_ conductor 142§,r35 Zg,ivel f or med
14¢

on a same pl aneSipHdariy.sinithfesesondusetr d4241the £ nerayt 1419
15 are for 1 NS de ofg th dper &g S 142 1 2c,

Taza 1hoe CTagHIRED e {16 SACRRELAANGT CAPIMAAID b L e e

i nvention edaptichds 1Hi9ceanddresfoeorisileadiggodut kéeéinogte 1MOntmihed body
143 conposed  of the]firstdinﬂyé conductors 20 14l1a to 141d only, the second
| ami nat ed B3d§TRM §1626EQA8 P e first |aminated body 143 conposed of the
first inner conductiiisl4imeandfsehondiidtnan neandwaiductd2al41é rshdi nner
conductor 141f and second inner conductQr 142b, first inner c?ndu tor 1419
and second sesA&d éBRgaceordrsser tieg, fippbinesradtderridftianldsecond

i nner f@ndlé%tcglhdllf’gq’era@Slntliurc]?Br 1098! BPHHYRNLQY léﬁiduQeQGrsﬁﬁQEdahﬂner

conductor 142e respectively forned on a sane plane, and the third

| ani nat ed sieody d148nfear pendostohel 43eodirstaihngrecondugtanal ¢bhpasdd of
the second sier(]:%%rd %8?1%‘%‘3%85%%‘%%‘} iQZal}ZAngn%i)fstAﬁFr%ldiJ}ﬂl&/uctor 1411
and second inner conductor 142e respectively formed on a same
plane, the first inner conductors 141c, 141d, 141le, 141f, 141g
15 are formed inside of the second inner conductors 142a, 142b,
142c, 142d, 142e.

As described herein, the noise filter in embodiment 4 of
the invention comprises three layers, consisting of the first
laminated body 143 composed of the first inner conductors

20 141a to 141d only, the second laminated body 144 formed on
the first laminated body 143 composed of the first inner
conductor 141e and second inner conductor 142a, first inner
conductor 141f and second inner conductor 142b, first inner
conductor 141g and second inner conductor 142c, first inner

25 conductor 141h and second inner conductor 142d, and first
inner conductor 141i and second inner conductor 142e
respectively formed on a same plane, and the third laminated
body 145 formed on the second laminated body 144 composed of
the second inner conductors 142f to 142i only. Accordingly,

30 when the current flows in a same direction in the first coil 141
and second coil 142 (clockwise or counterclockwise in a top

view of the magnetic member 158), since the magnetic fluxes
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30 when the current flows in a same direction in the first coil 141 and
second coil 142 (cl ockw se or counterclockwise in a top view of the
magneti ¢ nenber 158), since the magnetic fluxes 48 generated in the first

i nner conductors 14l1a to 141i and second inner conductors 142a to 142e of
t he second | am nated body 144 reinforce each other, and the inpedance in
common node is higher. Further, if current flows in reverse directions in
5 the first coil 141 and second coil 142, since only the first inner
conduct ors deerated4adhar Eirfsdrimeckr conAactorstl 4lant mdiddd doodysecdh4ll and

only the second inney conductqrs 142f to 142i are fornmed in t third
o nat od S A8 H SRS TaReS by Fage ofatis Fesgnd IR R el Boidtir
conductors f44iadiaféfdd dayhmdhier, hd e o imgle d 2t Hanedo RaA¥nlhpdand t he
second inner conductors 142f to 142i formed in the third | am nated body

145 do not iscBAgBETeadhubtihet, iksurnantt HoWsiadantersn foesdionddd my be
enhanceq. THE! @/ QiCeoillf1 2 %H{ff §BEohlhovsili Iy & SAI® Qgﬁ%tﬂeoi‘ilﬂi WHifer 15

1 a
first coil 141 and second col 142 (first 1 nner conductors ?é to 141i
and second d¢amdunctardlidflert 142daare fodfeed antthe Siesdnc mimatedtbedbody 144

), the inpe ce i;n the first inner. conductqrs. 14|l e 141i d second

i nner condug oranfls 98 Yoghi4§%° %gohﬁgeﬁiaﬂ?gﬁﬁaof%e%égf ke lighdﬂgiors
decrease t htarabe doirs @ hef thihed demibma tedlebo 3N 14%, ohbem dpmeélticwhiaixdd ow ng
in opposite directiﬁns, thﬁ,inpedance becomnes hi%h inthe first _inner
conduct or s 8 3P QAR o st itreheopidugtorant hhede 18ddytormedra ¢ he
second 1pnnégh £ FRAUCT @S nh48H bOAF42A3T LR BBLhe IsR bR (RhEd é&magsﬁ%dbody

145, and these inner conductors "25 decrease the noise in normal node. The
equi val ent t42Ediot 1diZagfermefl ihethei Heirfd lagrinatededosldi iett dio afott he

Lot on Lt TR L w0 BE R O  ED S
be enhanced.
Therefore, if a current flows in a same direction in the
15 first coil 141 and second coil 142 (first inner conductors 141e
to 141i and second inner conductors 142 a to 142e in the second
laminated body 144 ), the impedance in the first inner
conductors 141le to 141i and second inner conductors 142a to
142e becomes high, and these inner conductors decrease the
20 noise of the common mode. On the other hand, when flowing
in opposite directions, the impedance becomes high in the first
inner conductors 141a to 141d formed in the first laminated
body 143 and the second inner conductors 142f to 142i formed
in the third laminated body 145, and these inner conductors
25 decrease the noise in normal mode.
The equivalent circuit diagram of the noise filter in
embodiment 4 of the invention is also shown in Fig. 18.
Incidentally, when the number of inner conductors
formed in the first laminated body 143 and the number of
30 second inner conductors formed in third laminated body 145

are different, if a current flows in reverse directions in the

first coil 141 and second coil 142, the intensity of magnetic

49



30 second inner conductors fornmed in third | am nated body 145 are
different, if a current flows in reverse directions in the first coil 141
and second coil 142, the intensity of magnetic 49 fluxes generated in the
first inner conductors forned in the first |am nated body 143 and the
second i nner conductors formed in the third |am nated body 145 is
different, so that the inpedance in nornmal node entered fromthe first
inner 5 conductors may be set different fromthe inpedance in normal node
entered frdiuklke geoendtednir tdondirdtoisneAscdedarcitbes fthowed im tthee second

| am nat ed bod 44, . singe,the first inn conductors 14le, 141f, 141g,
athriad R HeninB acplaSort 4R candl She’ Hheeh E huidl randibto 1% 10
142c, 142d,fok4r€d ihhehéd engt d 1bat waeye Ekbdynpd 5 ek elitffosest (dd98atamd 159D,
159c and 159d) in the first and second coils 141, 142 is different. As a

result, thdmppdaasee ival nesmerl tmode reptergdy SeeBndthoi firstqinmer
Witter’ b . . R ; - -
Lrrer, sbu co%}‘cﬁﬂcéd(}ﬁsoﬂlvaﬁy'befgﬁgt aYs ntehf n@ﬁgqr%agﬁ@ga@g %r 5 numoer

of first inner conductors orned in the Tirst nat e nor e
t han t he numbde eonteseddndni ther seoomldidmoresr tondmadtomnst he third | am nat ed

body 145, and by, equalizing the distance betwe external . elec des
(35%a and’ 1500, eyt bag,BExC, e BRE PoLHRT i ihaten hENEA 2SS o
It is al so gffcectheefiret aidjnest colel wa@iet 1a1eoupiifgl4aeef fachent4 i nely.
That is, inthis noise filter the firs%,and second coils. 141, 142 are

i ndi vi dual 13 dRpBEt igpide f theeseconddmes copduatorsndfidas 143y s,

about 38% af ol 0§ Hod Ay dd1€;15@TEN 2Bh M A ee e RWx Y AT ¥iRGrbABs @D HLf the
portions formed on the sane plané (the rate of the inner conductors forned

in the secomd 129 na68d bodyl HAd) oh ttheefisissl nd mesongbodilst b4d) 142he rate
of i ner conduears gapalesof MLaLAY £5hhghddatlSs PIHER MOnetic

and second coils 141, 142 differ, but such inconvenience may be
eliminated by increasing the number of first inner conductors

15 formed in the first laminated body 143 more than the number
of second inner conductors formed in the third laminated body
145, and by equalizing the distance between external
electrodes (159a and 159b, 159¢c and 159d) in the first and
second coils 141, 142,

20 It is also effective to adjust the magnetic coupling
coefficient finely.

That is, in this noise filter, the first and second coils

141, 142 are individually composed of nine layers, and five
layers thereof, that is, about 56% are formed on the same

25 plane, but by varying the rate of the portions formed on the
same plane (the rate of the inner conductors formed in the
second laminated body 144 of the whole inner conductors), the
rate of inner conductors capable of mutually reinforcing the
generated magnetic fluxes is changed, so that the coupling

30 coefficient changes.

When the coupling coefficient can be thus finely

adjusted, the impedance in common mode and impedance in
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30 coefficient changes. When the coupling coefficient can be thus finely
adj usted, the inpedance in commopn node and i npedance in 50 nornmal node can
be controlled to specified values, and this effect is outstanding.
Further, by maxim zing or mnimzing the rate of portions forned on the
sane plane, the coupling coefficient can 5 be adjusted to a specified

val ue between 0.2 to 0.95, and the inpedance in normal node and comon nbde
can be adjusted. Further, if the specified inpedance in normal node is
obt ai ned, tl’rrermlaépmocdfe tclaan fhier sontmpéle & drodepeoified4valuesidnd florsred in
the first qﬁl ted boq% 1]3 and the shape of the 10 second i nner
conduct or s “145f f%cTEf fornﬁﬁ inthe third |amnated body 145 may not be
limted, includi rButtieespibpl maxbabgiaig ngrom dhhatzishgpehkormid onf one

pl ane. There isS no,problemif w ndin dlre tion | rever I nci dental ly,
by bri ngi ngf’ct”rféopﬁrfsotm?‘h o ERRPIIR B afpep R e gopg ﬂ‘hﬂlcoﬁig‘cé%ﬁbﬁ&“l nner

conduct grs tﬂé‘%@i;h@tlﬁz% i sl fieORA1ukbapt Daked B08Yol4498S LlPthel O ONe
turn as possibl e, the Iength of each inner conductor may be extended to a

maxi num extiempedaacd itheweiak m«hée rﬁ;g@a@tqmnfdruxe@dgewer Mecddinstéd first
i nner conductorﬁ? 4é% } ﬁ%%b S é k<] §%&) i nner %PCang 142a 20 to
UEath o Fent a n%

142e can reinforce a cu n%ﬁoms |n d‘rectlon
inthe fi r&ibmm|edl4ﬂhéi@¢ia9;f&0ﬁ(im&'irsl4ﬁ1lﬁéi‘lezonfdlfc&torlsnnﬂélaCKU”Idl4(1td0rS 141e

to 141i and, t he econ ner . conduct 42a to 142e.in he segond

| anmi nat ed bf@ayl gﬁe Irsfpledaheate Rt ém&é”%é’(heb% fRet Aerthénhanced.
25 Themanusfe%tlwIﬁ%@ptmgdueteaéremefl Po emegi ik ed i@f dHe {mM@ntion,

basi cal | y, except that the formng positions of the inner conductors are

di fferent, lamlindte &lsidhat4dmpy nehike démitedeiinclunginstthagrinali nt er val
of the adl arﬁ%'atndfe'mﬁ% or other shape formed on one plane. There is no

problem if winding direction is reverse.
Incidentally, by bringing the first inner conductors 141e

15 to 141i and second inner conductors 142a to 142e in the second
laminated body 144 as close to one turn as possible, the length
of each inner conductor may be extended to a maximum extent,
and therefore the magnetic fluxes generated in the first inner
conductors 141e to 141i, and the second inner conductors 142a

20 to 142e can reinforce each other, and if a current flows in a
same direction in the first coil 141 and second coil 142 (the
first inner conductors 141le to 141i and the second inner
conductors 142a to 142e in the second laminated body 144), the
impedance in common mode can be further enhanced.

25 The manufacturing method is same as in embodiment 3
of the invention, basically, except that the forming positions of
the inner conductors are different, and the explanation is
omitted.

Herein, by setting the interval of the adjacent first

30 inner conductors 141a to 141d and second inner conductors
142f to 142i in the first laminated body 143 and third

laminated body 145 larger than the interval of the first inner
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30 inner conductors 14la to 141d and second i nner conductors 142f to 142i
inthe first |am nated body 143 and third |am nated body 145 | arger than
the interval of the first inner 51 conductors and second inner conductors
formed on a same plane in the second | am nated body 144 (between the first
i nner conductor 14le and second inner conductor 142a, 141f and 142b, 1419
and 142c, 141h and 142d, and 141i and 142e), it 5 is effective to decrease
the floating capacity generated in the adjacent first inner conductors
14la to 14lebmddctesorand naecondondneroconidzitore fdavmeidn armeaf saste

| am nated b 143 d third, l.am nat ed, body 145, d.in the,first inner
conductors &%y % ﬁno%%flf%cﬁq%elafm}%?g?%ng%éf’eiiéog§e£%§eélnﬁhteheﬁg%%ond 10
i nner condugiés cbhfudtdri4dile addaelchbindd iharirnabad ueedy 142a, 141f
Accordi ngly, éhe i mpedance i s enhanceg in_the high freguenc regi on, and

the distancdtpetdenltpg 3ndshdsembt B4 d andibdivansi4428)t He first

lam nat gd badyriA3i 0G0l BEc3E598Ghd @I@Jti%%ngh'ﬁ’a@i% Yol deteldh dHE the
third | am nated body 145 15 can be extended, and therefore ' the magnetic
fl uxes genetrdiaagnt firnstelirfnesconduatogenbidita dios 144 daand gadendinger first

| am nat ed body, 14 ng 4 e Jnner. eandu r. fot i I the
third |anina %%Iu%oo y (’il dggng?agalﬁlcg?’eegg%qo lglrl,%ajtgﬁdbf)ﬁg i%%éegélﬁlce in
nor mal nodethisdebhanaede d2® ofldyr tihes,, amd fiar thagfiassheehedfcand avkedrs

per meabi | it han that .of {he,magnetic ne r 138 between t he adj acent
first inne¥4i6nﬂhéﬁ6?£1?4igetgrfggﬁuﬁhﬂa§£€ Ynh% ERAdRE desontor 1o
142i iqot heifidStohaniciatgd LYo iR iand thii tKlird 2analad dopdyy1ips. the
magneti c quxe;agenerated inthe first 25 inner conductors 14la to 141d in

the first laptoedieelyodhelampedanehdssutbatcenar thenbigh drs aaeafet o 142i
0 L0 LAy AR hp, pob e ugalgpcA-seouilal i unegence [
is constantl4by todtd4lal IithhEhﬁrisn‘p]edl’imetéd] body 143 and the second

inner conductors 142f to 142i in the third laminated body 145

15 can be extended, and therefore, the magnetic fluxes generated
in the first inner conductors 141a to 141d in the first
laminated body 143 and the second inner conductors 142f to
142i in the third laminated body 145 do not cancel each other,
and the impedance in normal mode is enhanced.

20 Further, by forming a sheet of a lower permeability than
that of the magnetic member 138 between the adjacent first
inner conductors 141a to 141d and second inner conductors
142f to 142i in the first laminated body 143 and third
laminated body 145, the magnetic fluxes generated in the first

25 inner conductors 141a to 141d in the first laminated body 143
and the second inner conductors 142f to 142i in the third
laminated body 145 can be weakened, so that the impedance in
normal mode can be lowered. Therefore, when the impedance
in common mode is constant, by controlling the impedance in

30 normal mode, the coupling coefficient can be adjusted.

Also by equalizing the length among the external

electrodes in the first and second coils 141, 142 (between 159a
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30 normal node, the coupling coefficient can be adjusted. Al so by
equalizing the length anong the external electrodes in the first and
second coils 141, 142 (between 159a 52 and 159b, and 159c and 159d), the
total coil length including the |eading-out portions is equal, so that the
i npedance values nmay be sane in the first and second coils 141, 142.
Moreover, by setting the density of the magnetic 5 nenber in the adjacent
first coil 141 and second coil 142 in the second |am nated body 144 (the
first innerarcdndi®lonntd|léd%mndnds@&8dd, ithrectotohdatk dengsRainclatfingnd 142b,

141g and 142c,, 141h and 142d, and 141i .and .142e), hi.gher .t han tRhat of the
nmagneti c rretr?ffﬁe}eafﬁln”bﬁ‘i)éﬂ %3}'&30'1(31‘ 1% gflulaémsﬂatt]heaczf %)%%lﬁg‘i%%ﬂiaﬁﬁetvha}qru S
| am nat ed hady Bédambtin sheffiest iated tse comeeoilzeiparasizy between the

first coil 141 and second coil 142 . in the Igninated bqﬂy 144, so that the
Wit hst and vol t agelBEEQBER t ¥ f99idingoithe 1density s@donlditoMmagnsticn t he

second kamxﬂghgﬂedlbgﬂlggl%fﬁdi@é’enpﬁmi Bidi e anPsbBoh B JiP119PI ARG he

enbodi nment s e 1 nvention, gé setting the distance between the
first |am retcochdbanit2ded hdadyahtid t(hbesidrohdnnzri een édcboryl 4124andq4

(between the first. inner gonductor 12 d.s i r con r 122a,
bet ween t heé®§5° lpﬁﬁérc€8ﬁ3§3?5r?iﬁid;g%gpégggﬁﬁggghgpﬁaﬁEggggﬁ%?%r 142a) ,
and betweem 4 e sgdond2ldamindt ad 1hodydla42e)1A4ghed thent bhad éArthrat ed

body 125, 145 (between the fjrst _ inner conguctor 121f and,second jnner
conduct or 1122§,netb%t’§ﬂ§éﬁﬁ£?ﬁe”¥ ithey rﬂl%"rtscgg’dl%t i"f‘mﬂlﬁtegnﬁ’ogé'co]nﬁé’i nner

conductgr 14ahh 100985t AL dPa £5)StiaNGee PRIWPRS thhk et aGRNp 0 2&sityner
conductors in the first |am nated body 123, 143, second |am nated body

124, 144, dretweendheafirsdteni! ot apzbseqand qail j42 dpfehe lomingteder ease
e oot B oSN AL Ol YR EL AL TR SR T
conductors NLPddd second coil 142 in the second laminated body 144 may
be maintained.
15 In the foregoing embodiments 3 and 4 of the invention,
by setting the distance between the first laminated body 123,
143 and the second laminated body 124, 144 (between the first
inner conductor 121c and second inner conductor 122a,
between the first inner conductor 141d and second inner
20 conductor 142a), and between the second laminated body 124,
144 and the third laminated body 125, 145 (between the first
inner conductor 121f and second inner conductor 122d,
between the first inner conductor 141i and second inner
conductor 142f) longer than the distance between the adjacent
25 inner conductors in the first laminated body 123, 143, second
laminated body 124, 144, and third laminated body 125, 145, it
is effective to decrease the floating capacity generated in the
first inner conductors 121a to 121¢, 141a to 141d in the first
laminated body 123, 143, and second inner conductors 122d to
30 122f, 142f to 142i in the third laminated body 125, 145.
Accordingly, the impedance is enhanced in the high frequency

region, and the distance between the first inner conductors
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30 122f, 142f to 142i in the third | am nated body 125, 145. Accordingly,

t he i npedance is enhanced in the high frequency region, and the distance
between the first inner conductors 53 121a to 121c, 14l1la to 141d in the
first am nated body 123, 143 and the second inner conductors 122d to
122f, 142f to 142i in the third | am nated body 125, 145 can be extended,
and therefore, the magnetic fluxes generated in the first inner 5
conductors 12la to 121c, 1l4la to 141d in the first lam nated body 123, 143
and t he secbhtlaitionk?lcohddat by 4 4020 tn tthelPi2ft labdDfatend oAy L1B3t A3 hird

| am nat ed bod 25, 145 ,do not cancel her d,t ance in
ot oo R e neban d PRk SN g g2 BE e L i BE R R e 10
per meabi | i tyhd hﬁlﬁhﬁd”lalalﬁinhh@doﬁ)lb(ﬂry npgHet mssh@ei shé€etwgendedhe ahid st

| am nat ed bqdy 123, 143 and second | am nat ed body, 124, 144, and bet ween
the second ihfnefared Hiiymezpetigaflykes FANFIEH it dhaddystinnens the

magnet i g f1uxesygeNas 3ad thnibhe, fidst tonan aceRdues o s 1 24t i thailc, 141a

to 141d in the 15 first |am nated body 123, 143 and the second i nner
conductors bd@pdl 83, 1A% anmdizhet gecanid nnnehecctnﬂudtm:aernlﬂa&(bGObbl?fJZS 145

do not canc n%Pg me‘P% h% ’t% Euhraat ké&?n'a%ﬁd@n&%(:f[% n?4ga+oale . o TBY) be

enhanced. i's a persp I Ve  éxp vVi'ew of a

noi se fil teé’adm oth@bp@lﬂmmhe&mfpetdhﬂndenvlemcbm,alHngdeZﬁs (ea)harSce':ti secti onal
view of line AAAin Fig % nd Fig. 23 (b) IS@P through di agram
of the noise fil tFéFrt}Ae’épl X rr‘&!n%mllna%@ﬁl% f Iaﬁ‘n A&M &y and

25 conpgcCt '&erﬁ'e%%ﬁlﬂt@nﬁﬁaﬁoﬂﬂﬂi?tﬁ %hl6é’r€3hé1° mé Qxest?gléq{l%é@ b¥ twicle@m t he
bottom A spiral second coil 162 is formed by am nating and connecting

second i nnethedimiiclomgnpded body1824, setian d sidop fd dam ine test bodly That

:,fr Ehe Firss 42094, SEFOML 6Pl t1@1ae difa 305 GOARAPBA aQf 159UN 4 A%G' S The

third laminated body 125, 145, the magnetic fluxes generated
in the first inner conductors 121a to 121c, 141a to 141d in the

15 first laminated body 123, 143 and the second inner conductors
122d to 122f, 142f to 1421 in the third laminated body 125, 145
do not cancel each other, so that the impedance in normal mode
may be enhanced.

(Embodiment 5)

20 Fig. 22 is a perspective exploded view of a noise filter in
embodiment 5 of the invention, Fig. 23 (a) is a sectional view
of line A-A in Fig. 22, and Fig. 23 (b) is a top see-through
diagram of the noise filter.

A spiral first coil 161 is formed by laminating and

25 connecting first inner conductors 161a to 161d sequentially
from the bottom. A spiral second coil 162 is formed by
laminating and connecting second inner conductors 162a to
162d sequentially from the bottom. That is, the first and
second coils 161, 162 are composed of four layers. The first

30 and second coils 161, 162 are not required to have four-layer
structure. The first inner conductors 16la to 161d and

second inner conductors 162a to 162d are made of silver or
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30 and second coils 161, 162 are not required to have four-I|ayer

structure. The first inner conductors 16la to 161d and second i nner
conductors 162a to 162d are made of silver or 54 other conductive material.
The first inner conductors 16l1la to 161d and second inner conductors 162a
to 162d are forned in U shape except for the |owest and highest |ayers

t hereof 16l1la, 161d, 162a, 162d. 5 Not |limted to U shape, they may be
formed in L- or other shape. The first inner conductor 16la, second inner
conduct or otdezx, condyctivmanatoriddet or 161b, second i nner conductor 162b,

omauct or Lo e ekR1C1nA8EORS N 0TI U MFFq, ARA FIIWIL fneT

conductor 161d, second inner conductor dare sequentia I"am nat ed
fromthe bdintneh céhdlictors 62 to A62d anerfocancidhdIssHépa dxxepdlfbrand

second i nner conductors, 162a to,162d are for al ter.nat . E er, as
shown in Fitde %e(:‘-b)a}nilrblagz%ﬂ W%W%ftrhteﬁé%gﬁ‘ghﬂ’ LB %ﬁaucﬁ?ﬁ 162d (a
top 15 yiewgf BnBEACLbCUBKRS e, l{he o dPNEd LAWY, id NE- a8 tHR¥IC! Osed

by the first coil 161 and the area enclosed by the second coil 162 are
formed to c®ha®@p only in part individually. That is, supposing the central

axis of the spir I .cQi | d e | he

spi ral second co?¢h££%§%%iﬁ$§rbég%gh%tgﬁdﬁ%ﬁ%rggggegaP%%eLﬁgﬂgﬁfgo and C
are devi at elb2®, fireh iamextenduchar kb, aceandncimsedobyutcher fiG3h, coi l
161 and th%.area enclosea bg thf 1second %pll 162 naé Oéﬁr'ﬁ$ completely,
or may not OEEF FAReTGABASCEPY TR1G A6S5ONddPPET SRRUPEN b § 4% etic
menber 185 1{is{Mat«aNedndal @k 26 1dhes S@50A din heve re oanngledron 6P def the
first and second coils 161, 162. In the |owest |ayer and highest |ayer

161a, 161d ssfaudwtialiyslaminatedofnoey oite 1attors. 1614t ¥5.r dheadirsfecond
| eading- oyt L CLIARS o831 645 137 9 61 i 3Se dd1Pd CfMiTe PTcddWPulidryl COI |

162a to 162d are formed alternately. Further, as shown in Fig.
28 (b), in a top view of the second inner conductor 162d (a top
15 view of a magnetic member 171 mentioned below), the area
enclosed by the first coil 161 and the area enclosed by the
second coil 162 are formed to overlap only in part individually.

That is, supposing the central axis of the spiral first

coil 162 to be B and the central axis of the spiral second coil
20 161 to be C, B and C are deviated.

Herein, B and C are deviated to such an extent that the
area enclosed by the first coil 161 and the area enclosed by the
second coil 162 may overlap completely, or may not overlap
completely in a top view (a top view of the magnetic member

256 171 mentioned below) of the second inner conductor 162d of the
first and second coils 161, 162,

In the lowest layer and highest layer 161a, 161d of the
first inner conductors 161a to 161d, first and second leading-
out electrodes 163, 164 are formed as the ends of the first coil

30 161. Similarly, third and fourth leading-out electrodes 165,
166 are formed in the second inner conductors 162a, 162d.

The leading-out electrodes 163, 164, 165, 166 may be
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30 161. Simlarly, third and fourth | eadi ng-out el ectrodes 165, 166 are
formed in the second inner conductors 162a, 162d. The | eadi ng-out

el ectrodes 163, 164, 165, 166 may be 55 also fornmed at four corners of the
magnetic nenber 171 in a top view of the second inner conductor 162d
(magnetic nmenber 171 described below). A plurality of square first
magneti c sheets 167 are 5 forned beneath the first inner conductors 161b
to 161d, and second inner conductors 162a to 162d, and a first via hole
168 and a skoofidrmiea ladl o W62 oame rioofréde( o gnetie Mmewmberi 47hoie a 168 is

formed in the first netic sheet 167 forned h the.second inner
conductor 1 a,“%%"d"gﬁﬁfz‘ THE Y éBﬁl&rvﬁodl‘ﬁBFEO’ig%%gg%’insagfrbertﬁﬁdnfsﬁ‘ e first
magneti c sheetl ddéstcribedebeewgath the second inner conductor 162d).

Through the first via hole 168, the first inner conductors 16la and 161b,
161b and 161c, and Pé4Eabity rd1dqunre ddnpkchagnaticosdieethe 16dcone vi a

hol© 169, Stdired! HenddohNen 89006 il oFANGNELILS18993ANE 1§2n ¢.62D and

162c, and 162c and 162d are connec t he secon 1a hole 169 is
formed in t$ecdnd snneragomdinctshedt6 25670 b2 dg amhk af first wiiaahhbé € 6158

beneath the _first ionn(fr .CO dlIIth 161b. Theﬁ{ei rs£l i nner,. conductor. 161b is
™ fio

20 connect ¥ o2 1368 St Avirg O s fprmatk (PRI ths first waadelsr 161a

t hrough t helé8rist formelol e thaB filisspasathétict keef et foRgnat ibensdiat 167
f ormed bene@{h it (ab,ove the first 1inner conductor_ 16la), and the second
i nner condultt%Pe828 1RNeE S Pt 46LRe et AW FhC HA @by iankiotqe

second johney 6§53 sCRIYAHEHOI n 183A £ VoML A 6 cSERODE 14 2 tBPh dL B vl 33psed i n

the first magnetic sheet 167 formed above it (beneath the 1nner conductor
162b). The the second horer e detoged68d)i nner conductors 162a to 162d, and

the second via hoi‘ﬁ‘r&QEha”ﬁ'hEi rﬁ&*si:nqzqra CHB?QCtPég, the first inner
conductors 161a and 161b, 161b and 161c, and 161c and 161d
are connected. Through the second via hole 169, similarly,
15 the second inner conductors 162a and 162b, 162b and 162¢c, and
162c and 162d are connected.

That is, the second via hole 169 is formed in the first
magnetic sheet 167 having the first via hole 168 beneath the
first inner conductor 161b. The first inner conductor 161b is

20 connected to the first via hole 168 and the first inner
conductor 161la through the first via hole 168 disposed in the
first magnetic sheet 167 formed beneath it (above the first
inner conductor 161a), and the second inner conductor 162b is
connected to the second via hole 169 and the second inner

25 conductor 162a through the second via hole 169 disposed in the
first magnetic sheet 167 formed above it (beneath the inner
conductor 162b).

The first via hole 168 and second inner conductors 162a
to 162d,and the second via hole 169 and first inner conductors

30 161a to 161d are electrically insulated from each other.

A plurality of square second magnetic sheets 170 are

formed by a specified number of sheets beneath the first inner
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30 161a to 161d are electrically insulated fromeach other. A plurality of
square second magnetic sheets 170 are fornmed by a specified nunber of
sheets beneath the first inner 56 conductor 16la and above the second i nner
conductor 162d. WMagnetic sheets 167, 170 are conposed of a m xture of
oxide of ferrite powder and resin, and a flat square magnetic nenber 171
is formed by lamnating themin the vertical 5 direction as described
above. The magnetic nmenber 171 may al so have a certain thickness, not being
linited to denduetor ©6lat Apdnahneeittheresendlimnps qpndwetoayd62dquired to
be square. The tjhi cknes he . adj u d pr p i he,
required charactéﬂ?§¥¥§§éfﬁﬁ%g a%ggj gj?ﬁ?&hﬁg%ééy%ggéﬁﬁgt@S??Hié %%d t he

t hi ckness rewjideeotdienst d ployw derF YArd relzent hi ek ne$sa bfsqudhe mgpretic sheet
itself, or by changing t he nunbgr of = magnetic sheets . to ge formed., The
magneti c meRBEIPAY 117 ispfugnstednilammadnedheip dRe tREuFIE R Bgent ,

and theswat ghoLeRsh |t ekk M d 08 B ANe TH rQHRE L0 nfGRBle rPEY TBALES | NLO
fine pores In the magnetic nmenber 171, so that the hum dity resistance of

t he noi se fdlspehaveanchetahhihieknegr, niod ksing hanitd déerriéatt7289r 1720,

172c, 172d [nho f t ti 171,
172a 20 antélr%l%?%gg?w gre%ég‘igt f‘%}]g‘geﬁg?%ﬂ%ﬂs tﬁggﬁgtﬁgg%ﬁeﬁ%gﬁgﬁe and
172b and 17PHeatkidloners aiayther adidstdd t peopaghetdependirher oh7ltheThe

external electrodes 172a, 172b, 172c, 172d are plated with |ow nelting
met al such HAHTE F?l‘atr?ﬁt%?m%?%é?mp a\’h‘ée’serfgﬁ a8 ‘é?\tt\?&‘e’o‘?tcoﬁ’her

conducygrs.a @ tletBX1eA08E RhPH & Q8B sidddby L‘{agx?ninJg?'ZHe thidgineRY & al so

formed at four corners of the magnetic nmenber in a_ top view of the
nmagnet i ¢ nmefftfer meEme B6t Bheeds ispelfhe ofri st ebpnging, thwatnumbemeok st

| eadi ng- Outmﬁ'g%%%lié’%ée@% 209 SesANd gl eadi ng-out el ectrode 164

The magnetic member 171 is impregnated with fluorine
silane coupling agent, and the water-repellent fluorine silane
15 coupling agent permeates into fine pores in the magnetic
member 171, so that the humidity resistance of the noise filter
can be enhanced.
Of the external electrodes 172a, 172b, 172¢, 172d (not
shown) formed at both ends of the magnetic member 171, 172a
20 and 172c¢ are formed at one end of the magnetic member 171,
and 172b and 172d are formed at other end of the magnetic
member 171. The external electrodes 172a, 172b, 172¢, 172d
are plated with low melting metal such as nickel, tin or solder
on the surface of silver or other conductors.
25 The external electrodes 172a, 172b, 172¢, 172d may be
also formed at four corners of the magnetic member 171 in a
top view of the magnetic member 171.
Both ends of the first coil 161, that is, the first
leading-out electrode 163 and second leading-out electrode 164
30 are electrically connected to the external electrode 172a and
external electrode 172b, respectively.

Similarly, in the second coil 162, the third leading-out
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30 are electrically connected to the external electrode 172a and external
el ectrode 172b, respectively. Simlarly, in the second coil 162, the third
| eadi ng-out 57 electrode 165 is electrically connected to the external

el ectrode 172c, and the fourth | eadi ng-out el ectrode 166 to the external
el ectrode 172d. As shown in Fig. 24, neanwhile, the central axis B of 5
the spiral first coil 161 and the central axis C of the spiral second coi
162 may be deviated as explained in enbodinent 5 of the invention, and it
may be desig¢jestirodecoh®di sis, abedtricallyodcommnecsedf thetheveekt@mah first

| am nat ed bgd o d of ,the f.irst,inner. conduct,ors only, secgond 10
| ani nat ed b‘%&%tfgaﬁefi; %‘f‘r 2pd {"bep f81‘1r%hele %rlgtg'f’gﬁiﬂgtczﬂo‘g%dkﬁbatgltﬁber nat el y
| am nati ng ddefidlsélddtredeconddct ors and second inner conductors, and a

third | am nated body forned on . the top of the second | am nated boq(;i:%l,
conposed of the séeotheVaner Fignddet Breamihyle 16heycentralhamasiB ¢ g. 25

(a), 1nsa @ UriPaplsit e dRENES ) CanliPPRE cldrall Qgiér@%ﬁgye%ggrw the
first coil 161 and the area encl ose y the second corl 1 may Cross

ort hogonal Igedomd chél 362 moay deodmviatdd gus 28plbinedrinagmdholiment B g. 5
(b), ina t view of .the magpetic nenber, 171, t over| appi ng_portion 20
of the ar eaogﬁgfo§%868§1?1h’e af"lcuﬁgsltt ok r@%ldeaﬁ%&nteh‘getgr 53“’691%883&18 WY the
second coi lerhbddimyerbe @i agbnéhe Rurteiionas sshéiwati M afmh fna®éd (dody b),
spiral first and ecopnd coils 161', 162" mmy overlap ip part in a top view
of the madfdPpes nb‘éE. tES rgbsdmidd KePEiUstord tMelihoie secomgt in

enbodi 7@Nt 1JmPhatd® HIWMEThERbd WhEtRBI (A offi f1Rd fPPs%t' 14ﬁ1n%%90§8gy,8; first

inner conductors 16la to 161d and spiral 'second coil 162 conpose
second i nnetltesnadelvria mbrating td2dfarsd fonaedconduoterd ambdeegond part

in the ar eainerpecll ggggu%}éo%p,ea;lidréﬂthcflo&llaminated body formed on the top
of the second laminated body, composed of the second inner
conductors only.

15 Or, as shown in Fig. 25 (a), in a top view of the magnetic
member 171, the area enclosed by the first coil 161 and the
area enclosed by the second coil 162 may cross orthogonally in
the portion shown in Fig. 23 (b), or as shown in Fig. 5 (b), in a
top view of the magnetic member 171, the overlapping portion

20 of the area enclosed by the first coil 161 and the area enclosed
by the second coil 162 may be diagonal.

Further, as shown in Fig. 26 (a), (b), spiral first and
second coils 161', 162' may overlap in part in a top view of the
magnetic member.

25 As described herein, in the noise filter in embodiment 5
of the invention, the spiral first coil 161 composed of first
inner conductors 16la to 161d and spiral second coil 162
composed of second inner conductors 162a to 162d are formed
to overlap only in part, in the area enclosed by the first coil

30 161 and the area enclosed by the second coil 162, in a top view
of the magnetic member 171. When a current flows in a same

direction in the first coil 161 and second coil 162 (clockwise or
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30 161 and the area enclosed by the second coil 162, in a top view of the
magneti c nenber 171. When a current flows in a same direction in the first
coil 161 and second coil 162 (clockw se or 58 counterclockwi se in a top
view of the magnetic nenber 171), since the first inner conductors 16la to
161d and second inner conductors 162a to 162d are forned alternately, the
distance of the alternately forned nutually adjacent first inner 5
conductors 16la to 161d and second i nner conductors 162a to 162d is

cl oser. As @ou@waoCkmiaett)p aitew wiewhef rt@nmagnehmmeemb‘ér Lfildhe first

coi | 161 and second £oil .162, the mm ”eﬁbﬁg# :1%51 &Ny %%ggghgu{rﬂ%r ar ea

over | apped Porti 6nS 0 area enclose st c8™

encl osed bycdﬂleuaﬁbﬁe(wad mlleBGRrédarﬁfﬂmhmf@ﬁ%wﬂyh t@acdi Haliffe, ofind t he
i npedance IquoﬁgP ?nhanced and rrent flows 1in opposite
directions § t’lelrlnbatte(l,& | fagmegnd’ r%ééBﬁéllx:oﬂ negent i figst opBAY of t he

magneti g W%mﬁduéiérd ﬂstl'}\etf)' {éidCth é@éon&l%r?eex‘?%ﬂd%t'o éﬁfezélhé‘o

magnetic fluxes generated in the 15 non-overl apped portions of area
encl osed byl¢heé fdrdosevi| A$la washltheimreat @nctiesed bythehensgoenit coi

162 do not canc e other, S0 that t dance |n no may be
enhanced. Thére %Ir‘eﬁ\?mérﬁ gﬁcurreﬁt PHovis }nngssgrerﬁ ogd r&?t1 nﬁé?’n tqﬁ'ue first
coil 161 (fmra%tndtliaeﬂlu&@l@dgéh@ﬁ'ﬁtéﬁlﬁa tthelokdy]apple d 200 StH0@RA0EGide al 62

(second inner con or 2a to 162d). th edance becones hi gher in the
over | apped “b‘b‘fltoisﬁ ?’teoglr% &Rtbrl ‘%1‘: ’ﬁggﬁggl eregnpielosed by (e fir st

coil 16% argbqosapoeslucoid;z 16€8n %‘Eintfhbéeﬂ?orv{‘i!t%n VR 9thBe, nphae ¢Hr common
node. If flow ng in opposite directions, to the contrary, the 25 i npedance
B

becones hi gimpa néenvhcemloalpp)etﬂqomteundmnwca apg ifve ewrafenthd omesgnet i c
menber 171 'nnogg%_sflw%ﬁrsgfmr?j)sgielnacg% £33 01981 b2 B0fa g POEL! O

| owers the noi i n norna 'S an ‘equi va cl rcw di agr am
of the noisim a top view of the magnetic member 171 in the f1rst coil 161

and second coil 162, the magnetic fluxes generated in the

15 non-overlapped portions of area enclosed by the first coil 161

and the area enclosed by the second coil 162 do not cancel each

other, so that the impedance in normal mode may be enhanced.

Therefore, when a current flows in a same direction in

the first coil 161 (first inner conductors 161a to 161d) and

20 second coil 162 (second inner conductors 162a to 162d), the

impedance becomes higher in the overlapped portion in a top

view of the magnetic member 171 in the first coil 161 and

second coil 162, and this portion lowers the noise in common

mode. If flowing in opposite directions, to the contrary, the

25 impedance becomes high in the non-overlapped portion in a top

view of the magnetic member 171 in the first coil 161 and

second coil 162, and this portion lowers the noise in normal
mode.

Fig. 27 is an equivalent circuit diagram of the noise

30 filter in embodiment 5 of the invention. In the first coil 161

and second coil 162 for heightening the impedance in normal

mode, when the area is equal in the non-overlapped portion in
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30 filter in enbodinment 5 of the invention. In the first coil 161 and
second coil 162 for heightening the i npedance in nornmal node, when the
area is equal in the non-overl apped portion in 59 a top view of the
magneti c nenber 171 in the encl osed portion of the first coil 161 and
encl osed portion of the second coil 162, the inpedance in normal node is
equal, so that there is no directivity. 5 If the area is not equal in the
non-over |l apped portion in a top view of the magnetic nmenber 171 in the
encl osed porttbpnvieof afhehé imggnedid miém bandl @hcinoskd quorlvised pbrtivm second

coil 162, n_ a.current ows, i n ogite directjons in the fi coi |
161 and se(\)(,:%ﬁlbe 26751% g ,I%Lealf%teélﬁig% &Orrﬁéaﬂe?’it%h?Isﬁfggdg‘é?férg%%d 10 in
the first cglid ikbledndcsetwndoeiall addd Ssdefuanenio thAatatheesuld .nd he

i npedance in norpal node entered fromthe first coil 161 is different from
the i npedart@echivi$dmal node entered fromthe second coil 162. Further,

the maggetic couplsi{ige GR8h 1L hBRte iR bR thkonddi. 5L ELh ) 08! tif S, In
this noise filter, ﬂt}glevar f/ii ng thee oveﬁ?appeg port%on }gﬂgga P%l)%rt;[ g irst and
second coi & tedlviems2f tlne an agpevi emerh bielrel Fhgmethe emaloeediFartiohe rate

of the inner, ,conductor reinforcing the.gen ted nmagneti . Xes
mut ual | y vaorfi %1%? Q%’i)s t'ﬁ(z)i]ts1 {ﬁg acno%ﬁlnicr%%s%géﬂrﬁ I (ra'n(ffr Flée ER&R d(.:m;O{ %’en t he
coupl i ng coehkinch enirreart flewdi opipmaliye ddedsinads ihhded fipedavid 161 conmon

node and i npedance i or mal de can .be individually set to desired
val ues, an Ehscoard el 620 4heriaamnag ty frpReme the %xﬁmgﬁwwd
M ni m 2ong N hAr i f coZP 1BETd PP R tdANS188 thQiffdsin@nd ssecond

coils 161, 162 in a top view of the magnetic nenmber 171, the coupling
coef fi ci entresgdit, Bheadmpedainee ia apaen &l gdodal entoredulaond. the figs95, and

the i rrpedarlzcoqli 'i6q0rigaldiqpéjleerﬁndfr%%mﬂenqglepgégngg 11?%1%%&1?&11 mode

entered from the second coil 162.
Further, the magnetic coupling coefficient can be
15 adjusted finely. That is, in this noise filter, by varying the
overlapped portion area of the first and second coils 161, 162
in a top view of the magnetic member 171, the rate of the inner
conductors for reinforcing the generated magnetic fluxes
mutually varies, so that the coupling coefficient is changed.
20 When the coupling coefficient can be thus finely
adjusted, the impedance in common mode and impedance in
normal mode can be individually set to desired values, and this
effect is outstanding.
Further, by maximizing or minimizing the area of
25 overlapped portions of the first and second coils 161, 162 in a
top view of the magnetic member 171, the coupling coefficient
can be adjusted to a specified value between 0.2 to 0.95, and
the impedance in normal mode and common mode can be
adjusted.
30 Further, if the specified impedance in normal mode is
obtained, the shape of the first inner conductors 161a to 161d

and second inner conductors 162a to 162d may not be limited,
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30 Further, if the specified inpedance in normal node is obtained, the
shape of the first inner conductors 16la to 161d and second i nner
conductors 162a to 162d rmay not be limted, 60 including the spiral,
meandering or other shape. There is no problemif winding direction is
reverse. Incidentally, by bringing the first inner conductors 16la to 161d
and second i nner conductors 162a to 162d as close to 5 one turn as

possi ble, the length of each inner conductor may be extended to a maxi mum
extent, andnchedéhgrthe Bpimabnetdandétineorgeteentsddian t Addrer s8¢ nionner
conductors 1Qﬁﬁ_to.}61d ﬁnd (Fecogd i nner_conductors 162a to 162d can
reinforce 4 '§Cher WIAME A IAEHTEAP 90N n a same direction in the
first coil 161 10nyidentadd EPblridgZngtthe firpedanca ¢dndaob®rs MT8de can be
further enhanced. The manufacturing nmethod is sane as in_enbodi nent 3 of
the inventitonl6ddspasdl pgcopdcpret rand et a1y Adeg posl €28nas Glose e i nner
conduct grs i.{f . I is ) } in, by
equaliz?ng(gkgtﬁg%d%%%gkghgnghgngigéghgpﬂi% g%f?éléécfﬁh%hggﬁﬁ$§¥q§ﬂd
second coi lextkoilded 62 (dbehasémum2axtand, 1426, tlaade for2c thed Mig@dptia he

total coil Jength includi he.l eadi ng- out portiong .S eq ,1 S0 that the
| npedance VARGES ESRERAGF i ot ana fep At SEdoTe QIR AR 15,
Moreover, lyecoaid ingethdHibnstdns 06 2hhto MBPELha rdivitbete ighdmhetRdyacent

first inner conductors of fhe first coil _161 and .second,. inner gconductors
of the secoﬁfagegia cygFentndow i a Seiecdige ctsay 2008 bR CPha 1

conductor 167  d&d 26ianled0 1he 141D a8So16: ¢St dn NGRS dalipnhd hat of

the magnetic nmenber in other inner conductors, is effective to |ower
t he porosi tipritbteweenhamesefdi.r st coil 161 and second coil 162 (between the
adj acent first inpel Gonduclor Ang 38¢R8A id VaGhe SONTHCE Qb ARG Ut S Lhat
the wi thstand voltage may be

of the invention, basically, except that the forming positions of
the inner conductors are different, and the explanation is
15 omitted.

Herein, by equalizing the length among the external
electrodes in the first and second coils 161, 162 (between 172a
and 172b, and 172c and 172d), the total coil length including
the leading-out portions is equal, so that the impedance values

20 may be same in the first and second coils 161, 162.

Moreover, by setting the density of the magnetic
member in the adjacent first inner conductors of the first coil
161 and second inner conductors of the second coil 162 (the
inner conductor 161la and second inner conductor 162a, 162a

25 and 161b, 161b and 162b, etc.) higher than that of the
magnetic member in other inner conductors, it is effective to
lower the porosity between the first coil 161 and second coil
162 (between the adjacent first inner conductor and second
inner conductor each), so that the withstand voltage may be

30 maintained between the first inner conductor 161a and second
inner conductor 162a, 162a and 161b, 161b and 162b (between
the first coil 161 and second coil 162).
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30 mai ntai ned between the first inner conductor 16l1a and second i nner
conductor 162a, 162a and 161b, 161b and 162b (between the first coil 161
and second coil 162). 61 In the noise filters in the foregoi ng enbodi nents
3to5 of the invention, the junctions of a pair of external electrodes
formed at one end of the magnetic nenber and the first coil and second
coil electrically connected to the external 5 electrodes are forned above
or beneath, in a side view of the magnetic nmenber, the junctions of a pair
of external el ectimodbs néorenédtats dnhthe diodtegbinpee mbgdém enreBbtr 5and t he

first coil d second.coil,,electrj.cally.connect tp the extern
el ect rodes,()fg'll’llb‘a tlﬁé’reé]fcléf’g’ it h‘én‘dilroélcst ?;Sﬁ'" P?lﬂiﬁ‘j%%genlin 8#01 Oar'#t?lfnti ng on
t he board, foherad tenvatd endCBar@cd anhghiedsc ahenipdr aahln@edfidst tbel noi se

filters in the foregoing enpbodi nents i to 5 of the invention, further as
shown in Fiapdogqeond wificdh elsférigaliecisummectaewtssr the ne¥te%alter in

embodi MpNt 3@t r§ Hs ;el'-aré PY PR A LAY 20y BEAPLEN; ihhE didRClioRSoL8ha 181D

of a pair of extern el ectrodes 181 fornmed at one end of the magnetic
menber 171 raagnieltéc i e mibeypithelBin arid nsecbad xigi ¢f ¢gpervakbele¢igaides

ted t t f d ' i de_ vi f ot ti mb
171 “Che | UAErTRa Y BSF Figh e ghfe Rabl o S B Shd e TEIER b

formed at aid@r swbmd tdwel megeetiricallpnmbesndddtexnd tohether séxtexidall61 and

second coil 162 electrically connecied thereto, (pattern.A). The equival ent
circuit di aedﬁﬁﬁ?‘b‘iei)at%ré;nt}}l\e?%f%ﬁoﬁ)% ‘iqhe F‘?’&.GCIBQHA%S t‘{ﬁr&e%?%,w?‘ﬁ si de

view of ot hen BRGIShECo MR KREE 0 d¥d; théh {tRG d4416hi ORadBdfe Ak tidea ¥ tistNal
el ectrode 181 fornmed at one end of the magnetic nenber 171 and the first

coil 161, tdhengedction 181b of the external el ectrode 181 forned at one
o1 0 S, TR REgRtt 1ALy B SEGSR AR mbun s b5 00 1022

of the invention, further as shown in Fig. 28 (a) (which shows a

sectional view of the noise filter in embodiment 5 of the

15 invention as an example), the junctions 181a, 181b of a pair of

external electrodes 181 formed at one end of the magnetic

member 171 and the first coil 161 and second coil 162

electrically connected thereto are formed above, in a side view

of the magnetic member 171, the junctions 182a, 182b of a pair

20 of external electrodes 182 formed at other end of the magnetic

member 171 and the first coil 161 and second coil 162

electrically connected thereto (pattern A). The equivalent
circuit diagram of pattern A is shown in Fig. 18.

At this time, in a side view of the magnetic member 171,

25 the junction 181a of the external electrode 181 formed at one

end of the magnetic member 171 and the first coil 161, the

junction 181b of the external electrode 181 formed at one end

of the magnetic member 171 and the second coil 162, the

junction 182a of the external electrode 182 formed at other end

30 of the magnetic member 171 and the first coil 161, and the

junction 182b of the external electrode 182 formed at other end

of the magnetic member 171 and the second coil 162 are formed
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30 of the magnetic nenber 171 and the first coil 161, and the junction
182b of the external electrode 182 forned at other end of the nmagnetic
menber 171 and the second coil 162 are forned 62 sequentially fromthe top.
It is sanme if the first coil 161 and second coil 162 are exchanged. By
contrast, the junctions 181a, 181b of a pair of external electrodes 181
formed at one end of the magnetic 5 nenber 171 and the first coil 161 and
second coil 162 electrically connected thereto nay be formed, as shown in
Fig. 28 (beqeéhtierllpbireen dhebempat Ht isnsansi df thieefiret ddid Ifblgnetd c
menber 171, the 'uncLi 182a, ,182b qQf a pair of external electrodes 182
formed at d?ﬁ%?“tﬁ&l ﬂﬁgiérﬁdﬁﬂ%ﬁ?ﬁgﬁanber 171 10 and the first coil 161

and second coil 18¢ @begkhkealile fOROEGIRMI 1HEhEt 0818 ofasa SPRVN &N Fi g.
28 (c), may be forned between the junctions 182a and 182b (pattern B)

Fig. 28 (c)extaraval edechindrs nkf bi Faremedn aits o8kakgel qfi Aber meagnetyin t he
confi gugatign o fi 97128, 4R) -thkd firds 281 Al 63NWR4 t REERIAIAT 162
(attenuation characteristi CSt) of fr equency and attenuation of noise
filters of elpatrirallp anuhpateadtheBeim reapdk fenned3 4o shoofntimeFigventi on.

The sane s I as,in Fi.g. 19 re used. In the diagr A B C
Corroopond 18 (BY, 16k Abbvepr Wifed B k' £ eadF Vel ¢ smaghs Hq
enbodi ment sm3ntpe P DF1! e javRAio NS, 18D, ND8SE 6f |d §7aiaf oBabtkesmfl is free
fromfluctuation _in the attenuation characteristics, but pattern B

fluctuates eleghendend &ufeeme dint athesen g ofrdhrgerpgnatic wgambardml
¢ reul hodi aghamdle PaG! odt! 9 ENOWRD NobtBnd2%0id> 16} SeldcfigEatRe, 1N

the noise filters of pattern Ain enbodinents 3 to 5 of the I nvention, the

di stance betoeectdrt thiewatoi ons aisgshoarnl in8Migof2& (phi may bexfermald

o 201095 s k0 ORE £ 1 2 F JEALEH RS ERTST, Ly (171
shows the mounting direction is changed (inverted) from the
configuration in Fig. 28 (b).

15 Fig. 28 (d) shows the relation (attenuation
characteristics) of frequency and attenuation of noise filters of
pattern A and pattern B in embodiments 3 to 5 of the invention.
The same samples as in Fig. 19 were used. In the diagram, A,
B, C correspond to Fig. 28 (a), (b), (c).

20 As clear from Fig. 28 (d), in embodiments 3 to 5 of the
invention, the noise filter of pattern A is free from fluctuation
in the attenuation characteristics, but pattern B fluctuates
(when the current direction is changed). The equivalent
circuit diagram of pattern B is shown in Fig. 29.

25 This is because, in the noise filters of pattern A in
embodiments 3 to 5 of the invention, the distance between the
junctions 181a and 181b of a pair of external electrodes 181
formed at one end of the magnetic member 171 and the first
coil 161 and second coil 162, and the distance between the

30 junctions 182a and 182b of a pair of external electrodes 182
formed at other end of the magnetic member 171 and the first

coil 161 and second coil 162 are equal to each other, and
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30 junctions 182a and 182b of a pair of external electrodes 182 forned at
ot her end of the nmagnetic nenber 171 and the first coil 161 and second
coil 162 are equal to each other, and 63 therefore if the applied direction
of the normal node current is different (the current entering from 181la
and leaving from 182a further enters from 182b and | eaves from 181a, or
the current entering from 182a and | eaving from 181a further 5 enters from
181b and | eaves from 182a), the floating capacity generated in the

magneti c netrarefore iftthe applidddicapdont 9f thetvwem al eodecdminentofs | nput
and vi cinity. i n ult, jf, the direction of
nount i ng oﬁ¥?ﬁ%rg%%g$§%i§% ??%érggﬁfgﬁ%% é%?gnégﬁﬁoﬁjh éFf@?gﬁigﬁﬁg% are

10 invari abl #2a |l fuiteadiemgrirs frcaand182bi hntdhdeasebefroah 18nar ocalduct ors

for conposing the first and,seco coils,is equal,, the |npedance val ues in
normal mode® _ré”’etqﬁéﬁt_,eréﬂgt frgm g%ta}l},ﬁltfﬁ%"g@g _rfSP%x*éfg _léuﬁlﬁb‘?fthe_
noi se filteidrsempdi MBRbSaddiRaved fEo/ 118248NItHRNfIch t3RR! E&Paklty@ Pai T

of signal lines in cellular phone or other wreless comunication
appl i ance, gereeraind dnf the smagneticameatbernt71 (4he Plostdng cap&eity 15 (a),

(b), (c) are i .20 ( i.nent, 6 o] e noi filter in
enbodi nent et&?g%ﬁepﬁ?nglecﬁﬁggﬂb&sj lgg’mtai%ne(g\ ‘ﬁlfqgg{'yerori r?gf;1 Pélstﬁhles cflr%/vi ngs.
Fig. 30 is chgpegspectAveaexpbatigdifidve odireed i €omdnm ornckd n@oiose thid ter in

enbodi ment .6 of . the invegntion, Fig. 31 (a) 25 is sectional view of l|ine
A of the S GRy AEReRY i FrebBhasitn veforanteteet. A% Fig | 30
and Figo 3linvaSgbnal first coil 231 is formed by |am nating and
connecting first inner conductors 23la to 231le sequentially fromthe
bottom A spiral decemdbedimenssy j3s and 4, if the number ‘of inner

conductors for composing the first and second coils is equal,
the impedance values in normal mode are equal, so that
directivity does not exist.

15 When the noise filter in embodiments 3 to 5 of the
invention is applied in a pair of signal lines in cellular phone
or other wireless communication appliance, the same effects as
in embodiment 1 and 2 shown in Fig. 15 (a), (b), (¢) are
obtained.

20 (Embodiment 6)

A common mode noise filter in embodiment 6 of the
invention is explained by referring to the drawings.

Fig. 30 is a perspective exploded view of the common
mode noise filter in embodiment 6 of the invention, Fig. 31 (a)

25 is a sectional view of line A-A of the same, and Fig. 31 (b) is a
perspective view thereof.

In Fig. 30 and Fig. 31, a spiral first coil 231 is formed by
laminating and connecting first inner conductors 231a to 231e
sequentially from the bottom. A spiral second coil 232 is

30 formed by laminating and connecting second inner conductors
232a to 232e sequentially from the bottom. That is, the first

and second coils 231, 282 are composed of five layers.
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30 forned by | am nating and connecting second inner conductors 232a to
232e sequentially fromthe bottom That is, the first and second coils
231, 232 are conposed of five layers. 64 However, the first and second
coils 231, 232 are not |limted to five-layer structure. The first inner
conductors 231a to 231e and second inner conductor 232a to 232e are nade
of silver or other conductive material. 5 Herein, the first inner
conductors 231a to 231e and second inner conductors 232a to 232e are
formed al t dloatenier, th® Tirat asd sdvorfd coild B3dr, THhduret oot A8mhdteddoond

i nner cond tor232a firstinnerc tor,231b, second i,nne
conductorzggﬁeHQ%ﬁ %H%%Hﬁhctgﬁﬁﬁi egﬁﬁ%rcﬁﬁgﬁ“wors 231a to 231e

conduct or 2?a219dfserc%&immﬁh@@rwmd@ee&ldmeacham&rrecmmu@to@rsﬂaad or i rst
i nner conduct or 2315 and second, |nner conductor 232e are sequentially
v,

formed froMihfe BRR Stivhanape ¥l -first coil 231 formed by |aninating the
first gnner condyglof:s 432 fiPs 23Nk IhBustiralosesopsd sonk 234 15

formed by |am nating the second inner conductors 232a to 232e are forned to
overl ap w tdeceach mnhercomdact@pﬁ vidde b6 2&32¢mg‘r¢ef¢mﬁénbbrer2%edmcrl bed

bel ow. The first r. uc 23la.to 2 le, an cond er conductors
232a to 232e are'#g?ﬁe Eﬁg %rgﬁl ﬁfsh%%% uc&&rg?g cﬁrﬁ%ﬁfq nlnrhearly

U-shape, a &ﬁidu@ﬁonHEBBHIHfirSStf (ilhliﬁad' bcyoﬂdiﬁt:t"k&tlﬂglbhesbﬁﬁﬁﬂ derghict or s by
two |ayers onl and t he nynber of |ayers ¥ be smal |l er. Ag a result, the
size isr wetomd2 8RB, dfednde nar aepeBAtOY nRél CeoRBGEREr SUET | oser

i n eachoi Nngm FROBICT 982E O £ifrQEMi RGN & Ffl et X0 282H, t BBcSRATBARIY C
fluxes generated in the first and second coils 231, 232 can reinforce each

other. Benewtrtdueieon 8ddst, fiapsrimpan comduetor 23dej naed Smdﬁm@ 23la to
23le, a fli rcsotndl?@fjdpg?&lét a% %%tdrlpéi?tléqﬁyffgli'med from the bottom.

The spiral first coil 23831 formed by laminating the first

inner conductors 231a to 231le and the spiral second coil 232

15 formed by laminating the second inner conductors 232a to 232e
are formed to overlap with each other in a top view of a
magnetic member 246 described below.

The first inner conductors 231la to 231le and second
inner conductors 232a to 232e¢ are formed in a nearly U-shape.

20 By forming in a nearly U-shape, a coil of one turn is
formed by laminating the inner conductors by two layers only,
and the number of layers may be smaller. As a result, the size
is reduced, and the distance of adjacent inner conductors is
closer in each inner conductor for forming the coil, so that the

25 magnetic fluxes generated in the first and second coils 231,
232 can reinforce each other.

Beneath the lowest layer 231a of the first inner
conductors 231a to 231e, a first leading-out electrode 233 for
connecting with the end of the first coil 231 is formed, and

30 above the highest layer 231e, a second leading-out electrode
234 for connecting with the other end of the first coil 231 is

formed. Similarly, in the second inner conductors 232a, 232e,
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connecting with the end of the first coil 231 is fornmed, and 30 above the
hi ghest | ayer 231e, a second | eadi ng-out el ectrode 234 for connecting with
the other end of the first coil 231 is forned. Simlarly, in the second

i nner conductors 232a, 232e, 65 third and fourth | eadi ng-out el ectrodes
235, 236 are forned. The |eading-out electrodes 233, 234, 235, 236 may be
al so forned at four corners of the magnetic nenber 246 in a top view of
the magnetic nmenber 246. 5 A plurality of square first magnetic sheets 237
are formedhiedeapd fdertth leadimgerutcehdattates 235h 236 283keforamdd. are

provided with a first. via hol e 23 nd d flrst
via hole 238 is ’f(‘)i;\ﬁe]cet ‘gint%oé‘écﬁ%ﬁtcf dﬁ%%@o“? ?é ?gherﬁ%n‘&ﬂ& % 231a
to 23le, anfdgsoSretmeldr healdur cbsHbakesk thQ frayndtie srRGABArv2achial & 239.
The second via hole 239 is formed to overlap wwth the first and second

coils 231, PPLVieWaot pevmaRRAticHB emBARIA4S. nenber 246. A plurality of
square gecond m%egiﬁrémgt%ﬂéqu&a ﬁésé%f&%&%eegmewez%@cm i nner

conductors 232a to 232e, ahd are provi hhathird via hole 241 and a
fourth vi a floohee @4Pene Thie h‘lwrfuhstvuanMI eogdzlqtgr&o‘l‘l&bbt'ecd Adleaemdend of

the second inner ¢ ci s to 2 nd | ect i | at ed
fromthe th*?rredp%}f)ﬁ“% ‘? ]ﬁ’l Vla oﬁr?%lsaa eféf) (i o}}érgfdg§g overl ap

with the fiTht fiasd sﬁacomalecm:JJSS 123&on332teﬂ eotmwlmdoéftthﬂe fagget i ¢
nmenber 246. At this tinme, the first inner ¢ondu tors aﬁia fo 231e are
connect ed tlmﬁfgwwwthrr@t 2¢ilg #8l &3388 aRd thi% acwaf YeimsMlated ong ¢ he

spiral 1§ r steoePithe?3dcbsd0btahRed. oy m larly, the second inner conductors
232a to 232e are connected through the second via hole 239 and fourth via

hol e 242, and thélkpiseadondetiandodei 23923 iformstdaiteedverlap with the
first and second coils 231, 231 in a top view of the magnetic
member 246.
A plurality of square second magnetic sheets 240 are
15 formed beneath the second inner conductors 232a to 232e, and
are provided with a third via hole 241 and a fourth via hole 242,
The fourth via hole 242 is connected to each end of the second
inner conductors 232a to 232e, and is electrically insulated
from the third via hole 241.
20 The third via hole 241 is formed to overlap with the first
and second coils 231, 232 in a top view of the magnetic member
246.
At this time, the first inner conductors 231a to 231e are
connected through the first via hole 238 and third via hole 241,
25 and the spiral first coil 231 is obtained. Similarly, the second
inner conductors 232a to 232e are connected through the
second via hole 239 and fourth via hole 242, and the spiral
second coil 232 is obtained.
That is, the second via hole 239 is formed in the first
30 magnetic sheet 237 having the first via hole 238 beneath the
first inner conductor 231b. The first inner conductor 231b is

connected to the first inner conductor 231a through the first
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That is, the second via hole 239 is forned in the first 30 magnetic sheet
237 having the first via hole 238 beneath the first inner conductor 231b.
The first inner conductor 231b is connected to the first inner conductor
231a through the first 66 via hole 238 and third via hole 241 provided in
t he second magnetic sheet 240 further beneath it (above the first inner
conductor 231a), and the second inner conductor 232b is connected to the
second i nner conductor 232a through the 5 second via hole 239 and fourth
via hol e 24/21apriml|ed8(88| anddhisdcond hatmet4t pheeidediOin henesecabove it

(beneath the_second er, [ The r npe n ctors 231la
to 231le andngﬁnlea%tShee 24&P?ﬁg%§§coﬁg ?%ﬁ%rq: ahu%%otggééﬁggt%
adj acent t @ddtuctldy f285%4), noed chredustodrsd 23dwef oc3ddacane mr?rmdlst o

nearly overlap in a top, view of the magneti¢ nenber 246. That each
pair of f.r%ana%@qda o%eomoia HHIE T Se0d HCF%e?Sgén&BEPBIthﬁ‘& first
i nner cgndugdQim 2348 ﬁ%@e §§§OQHd'B@§EtH0WQNQﬁHE Egébprﬁbiééd'ﬂﬂﬁme
conductor 231c and 15 second i nner conductor 232c, first inner conductor

231d and second | megnedededtant 2390, fanthéi rebovandt ¢badeetdr th®le and
second |nner co(guctor 232 ?E y Ry ided to overlap in a top view of the

magneti c menper AB“@&%%E“ or the orned portions of the via holes 238,

239, 241, 242). ZDhAfﬁ)fwahn'ey cn daeta s Bbtlﬁadtmﬁgrlethﬁdsdneeésw%eare
formed beneath the fir i nner conduct or 1a ang@%f % the second inner

conduct or s ¥33he peen h”f‘P\%rthﬂ‘f uekeffeddZa dke IBFRRY Heddsih t he

first hgnersig@nduchof dadductbf§t 23aRd thhigghd eadh ngo Pl el RCT K OFES, 233,
235 are provided, and 25 above the third magnetic sheet 243 forned above

the second ovewlep terdteporiers s thedpaanshic memien 846ing- out el ectrodes
234, 236 are provpfled. i A bhlhh pdid B0 Brét4ihReProYhARdtLP £88at Qi

magneti c
second inner conductor 232a, first inner conductor 231b and

second inner conductor 232b, first inner conductor 231c and

15 second inner conductor 232c¢, first inner conductor 231d and
second inner conductor 232d, and first inner conductor 231e
and second inner conductor 232e are provided to overlap in a
top view of the magnetic member 246 (except for the formed
portions of the via holes 238, 239, 241, 242).

20 A plurality of square third magnetic sheets 243 are
formed beneath the first inner conductor 231a and above the
second inner conductors 232e. Beneath the third magnetic
sheet 243 formed beneath the first inner conductor 231a, first
and third leading-out electrodes 233, 235 are provided, and

25 above the third magnetic sheet 243 formed above the second
inner conductor 231e, second and fourth leading-out electrodes
234, 236 are provided.

A fifth via hole 244 is provided in the third magnetic
sheet 243 formed on the top of the second inner conductor 232e,

30 and the second inner conductor 232e and fourth leading-out
electrode 236, and the first inner conductor 231e and (through
the third via hole 241) second leading-out electrode 234 are
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sheet 243 formed on the top of the second i nner conductor 232e, 30 and the
second i nner conductor 232e and fourth | eadi ng-out el ectrode 236, and the
first inner conductor 231e and (through the third via hole 241) second

| eadi ng-out el ectrode 234 are 67 connected with each other respectively
through the fifth via hole 244. Further, first and second via holes 238,
239 are provided in the third nagnetic sheet 243 fornmed beneath the 5
first inner conductor 23l1a, and the first inner conductor 23la and first

| eadi ng- outcasimee regtev X33 e awid othe rseeopeciivedy tkoedabt bhe 2fifbh anih
(through tqg %ngqd via hole 239) third |[|eading-out electrode 235 are
connected wiH 8ach ot her respectively through the first and second via

hol es 238, 239. 1PuAtbeeci fired mnderseobnidourid hwdset ix3sheeB9 24k are
formed beneath the first and third | eadi ng-out el ectrod 233, . 235, and
above the SekHdlethdnrbe tthirdamagretic 8 sefr%ﬁ%sformgslz%eamﬁw c

sheets 237,£i2¢P.ind%3 céAQuatér GUMOSEHAOIh & fidst ThakY &P ueKs AR 3afy ferrite
powder and resin, and a flat square magnetic nmenber 246 is formed by

| ami nating amémfirstt Headyeetpuhl el etaodeon2 33, dendritbed salsondl iTreemagnetic
menber 246, jpy, A §P JPNE fngggttgﬂom%ﬁ“ﬁi({'essesc’onqptvige'hgﬁ{el bg‘gt)eﬁdr% be
IS ot 0

flat. O the na%ne i ¢ nmenber al ways require be square.
The thi ckndeadimg-batadjlestedd r @3dr | yreependicegedonwitie eaqhi retther

characteristics (i dance, w thstand voltage, etc.), .and_the thickness
may be adj Jsﬂtw%% ﬁlﬁg% tﬂ@ IERhedd SPeeRd kigiitlhes %ﬁéetz?a%-seu, or

by changi ng the AQuibesirddd MAREEdC The€hstH OmBaG fedli Fedhe 6 B MAGNetic
menber 246 is |n$regnated with fluorine silane coupling agent, and the
e

wat er - r epel foame d |heire aeh dhieakie st coupl tivig dalgatingeondat s tirade st hd pores
in the magngisc , JEMRSvE4Gre $RcbRA ate WA i d 85 3ANCEe Of r JdU NOI SE

filter
234, 236.
Magnetic sheets 237, 240, 243, 245 are composed of a

15 mixture of oxide of ferrite powder and resin, and a flat square
magnetic member 246 is formed by laminating them in the
vertical direction as described above. The magnetic member
246 may also have a certain thickness, not being limited to be
flat. Or the magnetic member 246 is not always required to

20 be square. The thickness may be adjusted properly depending
on the required characteristics (impedance, withstand voltage,
etc.), and the thickness may be adjusted by varying the
thickness of the magnetic sheet itself, or by changing the
number of magnetic sheets to be formed.

25 The magnetic member 246 is impregnated with fluorine
silane coupling agent, and the water-repellent fluorine silane
coupling agent permeates into fine pores in the magnetic
member 246, so that the humidity resistance of the noise filter
can be enhanced.

30 Of the external electrodes 247a, 247b, 247c, 247d
formed at both ends of the magnetic member 246, 247a and

247c are formed at one end of the magnetic member 246, and
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can be enhanced. 30 O the external electrodes 247a, 247b, 247c, 247d
formed at both ends of the magnetic nenber 246, 247a and 247c are forned
at one end of the magnetic nenber 246, and 68 247b and 247d are forned at
ot her end of the magnetic nenber 246. The external el ectrodes 247a, 247b,
247c, 247d are plated with low nelting nmetal such as nickel, tin or sol der
on the surface of the conductors of silver or the like. 5 The external

el ectrodes 247a, 247b, 247c, 247d may be also fornmed at four corners of

the magnet i%4 Mot 2446 pre formpd viteat hgr end ohghetme emetbemeomderThe
first |eadigipgsoutpgl e%%@g‘i‘@h?’%lé‘@ osdeeC gﬂgadgggb Oyt 76! eﬁhﬁﬁdeaz%?"‘

connected to both ends iFSt coll aré electrically connected
to the extegsindle delvdchriode rﬂé]?tanagndlet@dt Et’lﬁlh|a£|rﬁ0kbd)ﬂ€1124ﬁ‘bsol’d3§1p®m’[I vel y.
Simlarly, in the secoqd coi l t he d | eadi,ng ﬁyt el ectrode 235 is

el ectrical IYPecdnntese®iithe e “etrorféIOE atlar BHech%Ji -and the fourth
| eadi nggout el ectFRE& 236 nA Et@ctr%%e%xmraalz@#sctzr@ﬂke 247d. |d’y tHe common

node noise filter in enbodinment 6 of th i nventi on havi ng such

confi gur atizdso foemednat af@tq}‘r pngnenet%éhpsm@@ﬁlnemeb@bew B¢6rigr@rring to
t he dramnnqﬁ) ng §3tﬁ§) xﬁﬁ%C1QQQnE (a) to (d) are perspective

20 views Showi he ranuf: ur|n ‘the comon node noise filter

in enbodi nent 6 dFhé kféréin\leadmg 01Et reﬁtaptn‘crdxm?&B&naxtdusecohdokeaikinﬁ ferrite
powder and res flrst e sheet 237 ecqnd sheet
D0, i ra g eet B L iahnd i tobp ththgnds oY SEed s cos5 23
fabricaped. aMéuecﬁacammolﬂhé%t@d 38 (I ,e;@efrmfatlheydmbqleeza% b%d opened
in a specified position of the third ma netlc sheet 243 by |aser, punching

or ot her drqxqqr@gﬂp@]{%'éggde 247b, respectively.
Similarly, in the second coil 232, the third leading-out

electrode 235 1is electrically connected to the external
electrode 247c, and the fourth leading-out electrode 236 to the
15 external electrode 247d.

In the common mode noise filter in embodiment 6 of the
invention having such configuration, the manufacturing
method is explained below by referring to the drawings.

Fig. 32 (a) to (c¢), and Fig. 33 (a) to (d) are perspective

20 views showing the manufacturing method of the common mode
noise filter in embodiment 6 of the invention.

First, from a mixture of oxide of ferrite powder and
resin, square first magnetic sheet 237, second magnetic sheet
240, third magnetic sheet 243, and fourth magnetic sheet 245

25 are fabricated.

Next, as shown in Fig. 32 (a), a fifth via hole 244 is
opened in a specified position of the third magnetic sheet 243
by laser, punching or other drilling process.

Similarly, first and second via holes 238, 239 are

30 provided at specified positions of the first magnetic sheet 237.
Third and fourth via holes 241, 242 are provided at specified

positions of the second magnetic sheet 240, and first and
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Simlarly, first and second via holes 238, 239 are 30 provided at
specified positions of the first magnetic sheet 237. Third and fourth via
hol es 241, 242 are provided at specified positions of the second nagnetic
sheet 240, and first and 69 second via holes 238, 239 are provided at
specified positions of the third nmagnetic sheet 243. As shown in Fig. 32
(b), second | eadi ng-out electrode 234 and fourth |eading-out el ectrode 236
are formed on the 5 third nagnetic sheet 243 having the fifth via hole
244. At t hesesamal viiarsholtelse2$8;‘t2k39vaae palovid4d 4k spieclifie dwp ohitdpheerf or

ot her conqﬁht g terlak T g i nner conductor 23l1a is printed on
the third K8t7¢ MABLP Eﬁﬁ §&| é the first via hole 238 and second vi a

10 hol e 239. The AérsiownaihoFeg 23R ay, fé¢&ind eladidigregolutekbedtrode 233 are
connected to the second via haole 239 and third Ieadln? out el ectrode 235.
Q

At the sami4 npndihruyth deadipg-pyteeterdradg <8ondeviarneide or3dhsr e
filled wthighliveagetil ds*}&retcmﬂﬁ%mg RRbefiFh VIQ%JMzaqconﬂtltmer

conductor 232a i s prlnte on the second magnetic sheet 240. The end of the
second i nneerameomhmex bhe2fifth aniad hlode {244 tik filke dhotidh2 4Pl veereor ortrieat ed. At
the same tine d thlr% vi.a, hole 241 and fourth via hole 242 are filled
with S|IveWQﬂ %ﬁﬂgf Eﬁh&ﬁé?}ve material. 20 The first inner conductor 231b
is printed on therﬁehﬁkstﬁm@nﬁimenﬁh&ﬁerSBJaThe;ﬁﬁdt@ﬂ vhethéertHiridnner
conductor 231b and %he first via hole 238 are nnect ed. . At thg same tine,
Che first VRAERGIAC 5384l L dadHd s/ Phe fors: voo hale 449 paifl 6F eARdshiByor or

other ggndugdieves 59t erighe ?ﬁs-lﬁhevlfd rab1&ngsighi 444l gadsHg1o4di g Gl odes
233, 235 are printed on the fourth nmagnetic sheet 245. Sanme as above, the

plurality ofleckredendgdeare sherestedsto dhe second rgnéoile 388ernd240 are
al ternatel ythli?‘gI Peaégﬂig-out electrode 235. At the same time, the first

via hole 238 and second via hole 239 are filled with silver or
other conductive material.

15 The second inner conductor 232a is printed on the
second magnetic sheet 240. The end of the second inner
conductor 232a and the fourth via hole 242 are connected. At
the same time, the third via hole 241 and fourth via hole 242
are filled with silver or other conductive material.

20 The first inner conductor 231b is printed on the first
magnetic sheet 237. The end of the first inner conductor 231b
and the first via hole 238 are connected. At the same time,
the first via hole 238 and second via hole 239 are filled with
silver or other conductive material.

25 The first and third leading-out electrodes 233, 235 are
printed on the fourth magnetic sheet 245.

Same as above, the plurality of first magnetic sheets
237 and second magnetic sheets 240 are alternately laminated,
and set in configuration as shown in Fig. 32 (¢). A specified

30 number of fourth magnetic sheets 245 are formed beneath the
first and third leading-out electrodes 233, 235, and above the
second and fourth leading-out electrodes 234, 236.
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and set in configuration as shown in Fig. 32 (c). A specified 30 nunber of
fourth magnetic sheets 245 are fornmed beneath the first and third

| eadi ng-out el ectrodes 233, 235, and above the second and fourth

| eadi ng-out el ectrodes 234, 236. 70 At this tinme, by the first via hole 238
formed in the first nmagnetic sheet 237 and the third via hole 241 forned
in the second magnetic sheet 240, the first inner conductors 23la to 23le
are connected, and the first coil 231 is obtained. By the 5 second via hole
239 formed in theAf this timgndiy thehfdest 237 ool 28Beforoued Hnvilne Hotst 242
formed in the se ond t he on, nne ndu ors 232a
to 232e ar €"@8MY é?e&“a a%§7ca (ggégngﬁE%}PHES ﬁ 9%!aﬂﬂb Thrgﬁbh t he

fifth via halcondt b @heeit lshetelﬁezm; tHe ﬂ;QsB&gﬂﬁetxl eoﬁldeﬁ:tt0243231h€tosecond
i nner conductor 232e and furth | eadj ng-out, el ectrode 236, and the first
i nner cond&iby argzaennpat¢dnasdghheHirshepy vpd Wophtaingdsendhe

| eadi n950Utsec%anPRrEQq?ol%3§39rﬁ)r919@@el‘ﬁt ?Hle SRRt d YRbVic SHEEDSIBT ahrdough the
first via hole 238 fornmed in the hird magnetic sheet 243, the first

i nner condudteorfogmh aml hdlier 8¢ 2| é@dmregL ot tle¢ estaoguk m8gnatiec cdrardct ed

w th each géi‘(?r th aé‘ eet fgrug E?b'déé‘zé('tao B0l 248 é%gggté;cﬁ,geath

the second hegnetic e 'second 7 iner  ESRAUET 6r
(t hrough thmd;etﬂmdemadhcmé 2339)1stdni>tai1rieehdi ng-out 20 electrode 235 are

connected with each oth ner. conduct nd | eadi n -out eI ctrodes
may be forned ngfh6%¥§ﬁb§hﬁrﬁﬁhﬂh 3@ gi £4§y DY IEi 3ﬁﬁb ird

deposi § Hon, maRHetes | QHe@f ther t Bt Q@gonﬁe&hneazs (%}Wctcﬂ' F2g2e 33ndd) . by
cutting off so that the 25 f irst coil 231 and second coil 232 may be

i ncor por at é‘@ubyho}e@dlm%@elte@mtwnd@n@ﬁoﬁn@nth@cfermfbmeehqq@ucme
| am nated Doy atzxf‘ tRr8R %' ggg gtzft i P (ﬁlxnl 33ekBhd féa&ﬂif S ¢TE:

first |leading-o l’'ectro out electro
electrode 234 are connected respectively.

Further, through the first via hole 238 formed in the
15 third magnetic sheet 243, the first inner conductor 231a and
first leading-out electrode 233 are connected with each other,
and the through the fourth via hole 242 formed beneath the
second magnetic sheet 240, the second inner conductor 232a
and (through the second via hole 239) third leading-out

20 electrode 235 are connected with each other.

The inner conductors and leading-out electrodes may be
formed not only by printing, but also by plating, vapor
deposition, sputtering or other method.

Next, as shown in Fig. 33 (a), by cutting off so that the

25 first coil 231 and second coil 232 may be incorporated by one
piece each in one common mode noise filter, one laminated
body 248 is obtained as shown in Fig. 33 (b). At this time, the
first leading-out electrode 233 and third leading-out electrode
235 are exposed from both ends of the laminated body 248, and

30 the second leading-out electrode 234 and fourth leading-out
electrode 236 are exposed at other ends.

This laminated body 248 is baked, and a magnetic
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235 are exposed from both ends of the | am nated body 248, and 30 the second
| eadi ng-out el ectrode 234 and fourth | eading-out electrode 236 are exposed
at other ends. This | am nated body 248 is baked, and a magnetic 71 nenber
246 is fornmed. The magnetic nmenber 246 is chanfered as shown in Fig. 3 3
(c). Finally, as shown in Fig. 33 (d), silver or other 5 conductors are
formed in the | eadi ng-out el ectrodes 233, 234, 235, 236 exposed at both
ends of the nagnetic nenber 246, and their surfaces are plated with | ow
mel ti ng nmetmle nshieh 246 n$ dbemedti n or solder, and the external electrode

247a | s formed i grf‘ﬁ ’?ﬁfél r gdl n Q% 1%' celg%mq%re? %ﬁi’%t“% n%l el ect rode

247b is 10 fornme c%nd ea i hg-out “el'éctro ternaﬁ

el ectrode 23¥qc)s fornmed in the third | eadi ng-out el ectrode 235, and
external electrode 247d is forned in the fourth | eadi ng-out electrode 236,
so that the commdhindld® ndeseshevVoerin nFignbddi nehe @1g‘f’e’c’h@rl RS on s

Tenuf achUr &fhn 4 (L b FIBRIASH YRy Ma OHENBOBNIEEYEs 209 Defare

ni ckel plating, the nagnetic ne IS | hpregnate l'udrine sil ane

coupl i ng agdé, BBGdecpmwéw@Iodt mnslph@f ehelmagh@twmmhmdMﬁOIam filter

in enbodlneq} g |nvent% %} e thelglrst qpll 1 _and. eqond Coi

232 overl ap "8 El‘hr RESTS B ST I e BN PP L RGBS 2 48 S RG FIEES Y 1 st

i nner condudhos s sZ)?naarI anzﬁlheamltatndleasécbolaeleomvhelsse@ﬂmddl metrhe

conductorsé§32a 32e adj agent t thg e flrst duc s 23la to
i A eqthgdan &427{

231e are ddifghetra r’cﬁ/é’ﬁ‘lta ReLrode 't Bt eW% % R clSenber

246, 1foa Cpdrhedd fihowse ns@cmm@édm Enid 0B1ddtrblae f238! &eidrZdl and
second coil 232 (clockwi se or counterclockwise in a top Vi ew of the

magneti c neghsetyode el 7qrbgfiering & inthe uiver beradiin gr otfee Feotgsp die el .
conduct or s S&aéxt%rn%§]éqe%ggo§§(é)md 19?8£me%919%t}1%rPomalégd?ﬁggeolf ei nforce

each
electrode 236, so that the common mode noise filter in

embodiment 6 of the invention is manufactured.

15 After forming silver or other conductors, and before
nickel plating, the magnetic member 246 is impregnated in
fluorine silane coupling agent in decompressed atmosphere.

In the common mode noise filter in embodiment 6 of the
invention, since the first coil 231 and second coil 232 overlap

20 in a top view of the magnetic member 246, and the first inner
conductors 231a to 231e and at least one of the second inner
conductors 232a to 232e adjacent to these first inner
conductors 231a to 231e are designed to overlap nearly in a top
view of the magnetic member 246, if a current flows in a same

25 direction in the first coil 231 and second coil 232 (clockwise or
counterclockwise in a top view of the magnetic member), the
magnetic fluxes generated in the first inner conductors 231a to
231e and second inner conductors 232a to 232e reinforce each
other, and further the magnetic fluxes generated in the

30 adjacent first inner conductors 231a to 231e and second inner
conductors 232a to 232e reinforce each other, in particular.

As a result, the impedance in common mode can be further
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other, and further the magnetic fluxes generated in the 30 adjacent first

i nner conductors 23la to 231le and second inner conductors 232a to 232e

rei nforce each other, in particular. As a result, the inpedance in conmon
node can be further 72 enhanced. Therefore, when a current flows in a sane
direction in the first coil 231 and second coil 232, the inpedance in first
i nner conductors 23la to 231le and second inner conductors 5 232a to 232e
beconmes hi gher, and these inner conductors decrease the noise in comobn
nmode. Furtierhastede the second via hole 239 and third via hole 241 are

formed to overlap,wmth.the first _an e ils 231, 232 in.a t.op view
of the magnetic ﬁreh léerfoff&w?lﬁzl ge%gﬁge{{/?g?ﬂgghb & %%én%ndgr(e\(/:glr 14 ly)
connect ed sAaofitkdtnaelrl e8ndaatdorsscord?2eao0ilo2322etlcan noyed h ape wid Hitdte fir st

coil 231 caonposed of the first inner conductors 231a to 231le.in a top view
of the nadfdtsTc cREMIGEOra623diaritoadByle A 1 5P 4 HOT & DU GHRT S

(verticgllyd3£9onpechag of iHe?éoﬂleQemgﬁ@@ycaﬁas 3343 tigrddle sddudfoverlap
with the second coil 232 conposed of the second inner conductors 232a to
232e in a tdgeneiaoe bhe tihei seaymetommeaaniseede 246, Thus, the first and second

coils 231, 232 al over.. a in a top vie f g15! i r 246, so
Chat Stao aoZ SHRYMALAR (AL s3ch8R W SHATE 44 RORRLLE VRS 2901
ot her hand,24f dreefeaaeddtyiordrdhe @36h arltk fhistdanidasbeded ils dB hot

overlap with the first and second coils, 231, 232 i op view, of, the
magnet i ¢ AD2A6tOR H’ée‘é'eegrfglevpha%?'éwzg’?mgﬁﬂ ’?‘\’7& ttﬁléa??%n‘&o‘ﬁﬁect ed

second; pNNefo1eORBUC A & R3¢ #11y33¢6nnabele d hee ddv d di v @r N red wéfoand
(vertically) connected 25 first inner conductors 23la to 231le_do not

overlap wi t¥3%hdo 3% cagneveekomd iéhi the Sarpt 9@l Fhl gopprssdrfdbet he
el ¢, TREREL 208, CoRlLD9 £0DONE i ke o Aneopeoian e e 20

magnetic member 246. Similarly, the third via hole 241 and
(vertically) connected first inner conductors 231a to 231e can

15 overlap with the second coil 232 composed of the second inner
conductors 232a to 232e in a top view of the magnetic member
246. Thus, the first and second coils 231, 232 always overlap
in a top view of the magnetic member 246, so that the
impedance in common mode may be effectively enhanced.

20 On the other hand, if the second via hole 239 and third via hole
241 do not overlap with the first and second coils 231, 232 in a
top view of the magnetic member 246, the second via hole 239
and (vertically) connected second inner conductors 232a to
232e, and the third via hole 241 and (vertically) connected

25 first inner conductors 231a to 231le do not overlap with the
first and second coils 231, 232 in a top view of the magnetic
member 246, near the connection area of the second via hole
239 and third via hole 241 in the inner conductors 231a to 231e,
232a to 232e.

30 Of course, since the first via hole 238 and fourth via
hole 242 are connected to the ends of the inner conductors 231a

to 231e, 232a to 232e, they overlap with the first and second
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232a to 232e. 30 O course, since the first via hole 238 and fourth via
hol e 242 are connected to the ends of the inner conductors 23la to 23le,
232a to 232e, they overlap with the first and second 73 coils 231, 232 in a
top view of the magnetic menber 246. By equalizing the length of the first
and second coils 231, 232 including the | eading-out electrodes 233 to 236,
the inpedance values in the first and second coils 231, 232 may be 5
equal i zed. A nmethod of using the common node noise filter in enbodinent 6
of the inverttile®3h &3Bain actopivwjeal offities magnetiememderphéfie or ot her

wi r el ess communi cali o, dlice 38 e3fen SXRATDE Gral el SCLIONIG AR LBTGe | S
expl ai ned bel ow. gha i"neés “of ~ contruni cati on W res such as "a headset
of a cellula31plaPeinthidaxgrgies leatdengsonat lejecorpdsed®3d ta paGy thaf cabl es

(signal lines), .and since the high. frequency signal ch as carrier of
cel lul ar phdmeedanegpeapgedndhe E’erséa%’l‘ %f‘sconr‘gﬁpéﬁ % lm&%?eni%yr]i’c?r nal

node ang coigpRiiyede. the effect of 15 noise is likely to appear. For
exanpl e, the radiation noise superposed in conmobn node nmay appear as noise
of audi o signal .AAmgitdoghdhtdeimesitdreal commeowli staddedoine Hidverf riaquency

noi se of co n de b S he | ow.freguenc Ln the signal
are detecté%ggﬁgqgﬂﬁ%?ggggdg%%'éaiféﬁﬁﬁ |%§a$ y%?@ﬁﬁﬁgﬁg%%lé?gg%pggphtic
capacity i ncdlhelgr rchivhe dorotdveanpliee lass shomm umidatjon3defide asham t he

carrier 900 MHz (T carrier) in the transm.ssio nd reception circuit
of a cell ulea’fa’BIPd%e%%%WRns‘ﬁs’l‘%ﬂ}’ia?cter é?lfrﬁﬁltaéﬂeangeg?"r eceived at 217 Hz
(burst 1hrequency)sighlyl tnds$ detemitiniddfion witeResReREss o Hded seudi 0
signal in normal node, and audible noise is heard. Therefore, if the

i nduced curofeatceil ulphrbenendos exampdes appressally somnwssid afidimaigut put or

the like Calk cables (signal lines), and since the high frequency signal

such as carrier of cellular phone is superposed on the cable as
radiation noise in normal mode and common mode, the effect of
15 noise is likely to appear. For example, the radiation noise
superposed in common mode may appear as noise of audio
signal.
Audio and other signals are disturbed by high frequency
noise of common mode because the low frequency components
20 in the signal are detected and superposed by the nonlinear
element and electrostatic capacity in the circuit.
For example, as shown in Fig. 34 (a), when the carrier
900 MHz (TDMA carrier) in the transmission and reception
circuit of a cellular phone of TDMA system is transmitted and
25 received at 217 Hz (burst frequency), 217 Hz is detected, and
is superposed on the audio signal in normal mode, and audible
noise is heard. Therefore, if the induced current in common
mode can be suppressed, noise of audio output or the like can
be lowered.
30 An example of use of the common mode noise filter in
embodiment 6 of the invention is shown in Fig. 34 (b).

Fig. 34 (¢) is a diagram showing the attenuation
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be | owered. 30 An exanple of use of the common node noise filter in

enbodi nent 6 of the invention is shown in Fig. 34 (b). Fig. 34 (c) is a

di agram showi ng the attenuation 74 characteristic (relation between
frequency and attenuation) of the common node noise filter in enbodi nent 6
of the invention. As clear fromFig. 34 (c), even at the carrier 900 MHz
of 5 the cellular phone, the commpn node noise is attenuated. Therefore,
the signal of repetitive frequency 217 Hz detected together with the
carrier 900 hAzadaribeic (lxnellaedqnslmtthEtn tfhe q uamdiybh 8 dnat teer wati omotobe
heard. 10 I DUSTRI AL APPL I BI LI TY esch bed h%?rﬁb F%gcc&rdl ng,to t he

i nvention, Aol 8PP (BO4 gROLR® | ﬁénclél i 5N afd nral

node, and il v&eap1eR . mode noi se filter high in inpedance in comon node can
be realized. Wen they are appl.i ed |n signal lines 15 in cellg{ﬁ phone or

ot her wi reI ess cownghtahdirem ddgi &k (¢, Ry eR atahh e e adrienh %%
exanpl e nugé; eq/&h%%fvs}iﬁ%n% PRhE fehlﬁban%ohbn%lskh?s ay@tdql@ape se can

be reduced noi se conprising a magnetic menber
formed by |'Bhenafdneg tﬁagrsegmcalsb\egfteseltntlarevémqcehcmEle%tH@ndeaedherdst

i npedance eIe t for |n sai d e ec dance
el enent f or {R&S 5V8 J“? M-l ?ﬂ%@@’ Mlg e(fae F{logr‘?&egm r Elél"‘ e%ectrodes
formed at bohfiRdao0de sﬁagl nagmet heardenber and connected electrically to

each end of said first and second inpedance el enents, wherein said first
i npedance elenent includes a first normal inpedance elenent and a first 10

common jpnpedance el enent pnmgWI&LegprpEp@m;pppgl d first nornal
i npedance el enment above said first nornal inpedance
As described herein, according to the invention, a noise

filter high in impedance in common mode and normal mode,
and a common mode noise filter high in impedance in common
mode can be realized. When they are applied in signal lines
15 in cellular phone or other wireless communication devices,
noise can be attenuated. For example, in audio lines as a pair

of signal lines, the audible noise can be reduced.
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el ement, said second inpedance el enent includes a second conmon inpedance
el enent and a second nornal inpedance elenent connected electrically to
sai d second conmon 15 i npedance el ement above said second conmon i npedance
el enent, and said first comon inpedance el ement and second common

| npedance el enent are opposite to each other, and are insulated from each
other. 2. A noise filter conprising a magnetic nenber fornmed 20 by

| am nating nagnetic sheets in a vertical direction, plural inpedance

el enents forned in said magnetic ne@¥¥1wﬁgm external electrodes forned at
both ends of said magnetic nenber and connected electrically to each end
of said plural ihpeAanoselfdtentemptisieg a enagnenipedeendes| forenedi s 25

formed in vertjcal di.rection, t.he j dance el enent forned in he .|l owest

| ayer i nol URBSIRHRA AR PHRALHE oS BERRR R ahd X R o r RS An B S5l onont
ponngct ed eilx?pbdhﬁabl dlemeAtifdrmeel {mlsdimpfﬁe@gmﬁti_elm@ﬁmbﬁﬁ,bﬁvge@@d nog (r)nal
i npedance elenent, the inpedance el ement formn int | st | ayer

i ncl ude® a %ﬁgganpﬁp et dpEmerk 2 r@h‘,f_eaws%t HESt iPHRRARRE eﬁ?@}ﬁx}%
connect ed ehRAt Ekfa él%c%?é&e§%?ﬁ_{kd AP edRACENnBLEBE HaiabaY: ﬁéﬂié conmon
| npedance el enent, 76 between the adjacent conductors not electrically

connect ed i membagend camsttedrelestocadly thgackoend gf said firsitsandi | ter of

c am . WL e, SEUMRRRL R (SHRL, Wt Bgatecr,
conduct or aglenhengeénchides tahé€irgit shairhial eh ped¢antheeleecont aaohdudiret and
the third conductor, 8. The nojse filter of c]aim 3, erein a material of
ow ' peleaST PG nHedRoEsdCItaBs PaHRcT IRl £ iR o toanelc HESEL0
second condyet@ial ARfedahweesldient abeve arddctiost aiskrhhe impedahce
conductor. element, said second impedance element includes a second
common impedance element and a second normal impedance
element connected electrically to said second common
15 impedance element above said second common impedance
element, and said first common impedance element and second
common impedance element are opposite to each other, and are
insulated from each other.
2. A noise filter comprising a magnetic member formed
20 by laminating magnetic sheets in a vertical direction, plural
impedance elements formed in said magnetic member, and
external electrodes formed at both ends of said magnetic
member and connected electrically to each end of said plural
impedance elements, wherein each impedance element is
25 formed in vertical direction, the impedance element formed in
the lowest layer includes a normal impedance element and a
common impedance element connected electrically to said
normal impedance element above said normal impedance
element, the impedance element formed in the highest layer
30 includes a common impedance element and a normal

impedance element connected electrically to said common

impedance element above said common impedance element,
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9. The noise filter of claiml1l, wherein a length of the conductor between
the external electrodes of the first inpedance elenent is the sane as a

| engt h of the conductor 15 between the external electrodes of the second

i npedance elenment. 10. The noise filter of claim3, wherein a | ength of
the conductor between the external electrodes of the first coil is the
sane as the length of the conductor between the external 20 el ectrodes of
t he second coil. 11 The noise filter of claiml1l, wherein a density of the

magneti e MogbRiedet REdiEeht! Mn ARTER, HBCMISHAlIBRNnn add e second

conmon |rrpedance eI enen er than the density portion. 25
12. The n0|mgarlﬂmn50mhaamd$hwter¢ihmm2@é)wmy of the nmmgnetic nmenber
bet ween t he secong conduct or. t han t he

. d
density in other fortidf. NAS eT&b&%l gg ?a|1{rbr§0?\%begpml %ﬁé %?ﬁeat | east

the first sorween itteediasteridier and the sweend cmrdmorSQndrrpleéance
el enent are formed by el ectrocg%'él ng. 4 The crﬁfyefllt of claim3,
d

wher ei nSat disiancenetviesny thec BradcEon é’ﬁ(ﬁoﬂ?é’ e0BAUGTart or ned

by 78 and %@!Oﬁggﬁ@ﬁaﬁeﬁ% B cd BERweR ERETRN oI eEARG R toB! HN@Nt S
mutual |y connected electrically and disposed in vertical direction, and

t he common thpédimdceontuesnrs are opposite to each other and insul ated

(rom each other. & Srpd ROISeiidd S SOIRTbS (e AIRGNGLIE I HElo O Mo

by lam nating nagnetic's in aver ction ITst col f or med
in said rragpe:tmeahseht;erls dleqmsatti lostiwedror tierl fadstveonsaicdofiant thel, and
external electro (?es f d at ends of

connect!®d ePEARG SO “F O’éa@ﬁlcgrl?net(‘ff cefy B &%ﬂf(fls?gﬁﬁ gggﬁggﬁﬁgg

wher ei n sai @ dthSéor@ubtdcl udes a first conductor and a second conduct or

el ectrically connected to
9. The noise filter of claim 1, wherein a length of the

conductor between the external electrodes of the first
impedance element is the same as a length of the conductor

15 between the external electrodes of the second impedance
element.

10. The noise filter of claim 3, wherein a length of the
conductor between the external electrodes of the first coil is the
same as the length of the conductor between the external

20 electrodes of the second coil.

11. The noise filter of claim 1, wherein a density of the
magnetic member between the first common impedance element
and the second common impedance element is higher than the
density of other portion.

25 12. The noise filter of claim 3, wherein a density of the
magnetic member between the second conductor and the third
conductor is higher than the density in other portion.

13. The noise filter of claim 1, wherein at least the first
common impedance element and the second common

30 impedance element are formed by electrocasting.

14. The noise filter of claim 3, wherein at least the

second conductor and the third conductor are formed by
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said first conductor above the first conductor, said second coil has a
third conductor and a fourth conductor electrically connected to said
third conductor above the third conductor, 15 said first conductor and
fourth conductor are spirally fornmed, and said second conductor and third
conductor are opposite to each other, insulated fromeach other and
spirally fornmed . 4. A noise filter conprising a magnetic nmenber forned by
| am nating nagnetic sheets in a vertical direction, plural 20 coils forned

in said ma i ]géam] | t] [ L, on n n des
formed at g‘%ﬁ é% S o?ﬁ %%@%Mrgr%g%geﬁ#gméreeﬁ {ég %‘?\g g%ﬁir%}elggl egh'lelfé e(g%ﬁ(lsgal ly to
each end ofelsmiehts umahtualdy | consentedn elechricaily i anflordispdsedveini cal
direction, and. has ,.twqg.conductors electrical.ly connected to each_ other,
the 25 cond(ﬁ,r?{ﬁﬁg fiblf%\cgbm?n I ﬁﬁﬁhggfrlrf"é??erlniﬂ?ﬁ?’aﬁﬁsfiquE?@?Sa%e
spirally fappssitettoesaciterasd dheut@tddfitoml@icdtheand further
adj acent conductors not connected electrically are , oppos'bte o each ot her
i

and i ns@l ated froin eAcRobihéilterscomprisng & agpetigs mamn or, ein a
di st ance : JaTa Vo3 sl ; ' 0 s | onger
t han 50~t mgfg%zgisr Q‘r%l{E g?é‘?ﬂéﬁﬁ%igﬁl% 6.fr‘?’ﬁe%i%%le?iiﬁ?ggng’fg%t%%? wher ei n
a di st ance formededir seidtinagnetic menbeni ses¢¢ondrcoil raned 1aboviger ei n

the first nor.nal. i ppedan I Lrst | pe e el enent,
and the sec%%gﬂb(gﬁr% lﬁn%g‘ggﬁggg}eﬁaeﬁgg?étgﬁgg%hfz)rs{lgefég%p Hé)n{ﬁog%a P?rpedance
el ement ar esdidr metgrseti@snenibdoaadecbnaneetah elettricaliy ta daxgh \eirelvobf t he
magneti c nenher., 16. THe noi se filter of clai m.$, f.\/\/nerei.{] A h? first
conductl®r  a3R#% HESE RABAGSEEARGCEOHS: aractHE SRid afiEShfedt dPCTAfgS the fourth
conduct or afigstf @6ABACESr ahd Al sdddbiY @bl @Reheledbriohll9rcdmnacteeP tyi ew of

t he magnetic menber. 17. The noise filter of claim1, wherein the first
nor nal said first conductor above the first conductor, said second coti

has a third conductor and a fourth conductor electrically
connected to said third conductor above the third conductor,
15 said first conductor and fourth conductor are spirally formed,
and said second conductor and third conductor are opposite to
each other, insulated from each other and spirally formed .
4. A noise filter comprising a magnetic member formed
by laminating magnetic sheets in a vertical direction, plural
20 coils formed in said magnetic member in vertical direction, and
external electrodes formed at both ends of said magnetic
member and connected electrically to each end of said plural
coils, wherein each coil is formed in vertical direction, and has
two conductors electrically connected to each other, the
25 conductors formed in the highest layer and lowest layer are
spirally formed, other conductors are spirally formed , and
further adjacent conductors not connected electrically are
opposite to each other and insulated from each other.
5. The noise filter of claim 3, wherein a distance
30 between the second conductor and the third conductor is longer
than SOum and shorter than 200um.

6. The noise filter of claim 4, wherein a distance
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i npedance el enment and the second common i npedance el enent are connected to
the external electrode forned at one end of the nmagnetic nenber, and the
first conmon inpedance el enent 15 and the second nornal inpedance el ement
are connected to the external electrode fornmed at other end of the
magnetic nenber. 18. The noise filter of claim3, wherein the first
conductor and the third conductor are connected to the external electrode
formed at one end of the magnetic nenber, 20 and the second conductor and
the fourth %@@gHﬁ&&&uﬁ e connected to the external electrode forned at
other end o magn tlc menber. 19. An el ectronic device, wherein the
first inmpedance Ebenfhie anikd fidtaeobmdaimpédarivereahetien tfirst mhemtald:i se

filter in 25 cl.aim1 are connegted t air _of si | nes V\nreless
cormuni cat | GRPAEGNEE. oBuneRT prdethe 1 Fust BBRBRED HEERdRbaIe

formed by dadl eati secsm@nebhemoeahspédancy e¢lengéht ohmacth@nse@oﬁdr st coi |
formed by I am nating plural first inner. conductors, a seconci@30 coi | fornmed

by | an rat i RETMAlAFFPSdaBAE SlamMsn L8R ferEies sg s noktor AuFrlapesathdes

formed at befHerea &ip vaéw dpg@ghggngﬁm%@nqggrconnect ed electrically to
each end of said first and 79 second coils, wherein said nmagnetic nenber

incorporates a fl®st IEhe navise bfilierhafi rgasmi i35 i wherehmetheodisét ors, a
second | am 8&38& E @uctfrﬂﬂ%d sggo}ﬁp Bd?fét§r1 nﬁl?r tb%con egonﬁ ghaving

said first Tnne ors an sal secon ors am nat ed

al t er nat el yandnthe fohirtll danduet®dabedprmied medasmobopoobverdap saclnd

| am nat ed bo% haV| ng said ts cond i nner condgctors. 21. A noise filter
g o

conpri sithg @t Pr¥to¥r eI 8RGUCIMCAPE g magnetic sheets in a
vertical directi 0n7 aThier ﬁh@@lfﬂterlaffcqaimdlbyvﬂl@felﬁath@qlmumhrﬂ‘dlr st

i nner conduct ors a second coil fornmed by | am nat | ng plural second inner
conduct or s, iraRgd ance element and the secorid common impedance element
are connected to the external electrode formed at one end of the
magnetic member, and the first common impedance element
15 and the second normal impedance element are connected to the
external electrode formed at other end of the magnetic member.

18. The noise filter of claim 3, wherein the first
conductor and the third conductor are connected to the
external electrode formed at one end of the magnetic member,

20 and the second conductor and the fourth conductor are
connected to the external electrode formed at other end of the
magnetic member.

19. An electronic device, wherein the first impedance
element and the second impedance element of the noise filter in

25 claim 1 are connected to a pair of signal lines in a wireless
communication device.

20. A noise filter comprising a magnetic member formed
by laminating magnetic sheets in a vertical direction, a first coil
formed by laminating plural first inner conductors, a second

30 coil formed by laminating plural second inner conductors, and
external electrodes formed at both ends of said magnetic

member and connected electrically to each end of said first and
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external electrodes forned at both ends of said magnetic nenber and
connected electrically to each end of said first coil and said second
coil, wherein said magnetic nmenber 15 incorporates a first |am nated body
having said first inner conductors, a second |am nated body formed on the
top of said first |am nated body, having said first inner conductors and
second i nner conductors forned on a sane plane, and a third |am nated body
formed on top of said second |am nated body, 20 having said second inner

conduct ors. gy & EBilﬁ? Whiek-€in COLRY ixﬁhgﬁgﬁiéﬂ”rﬁ@%ﬁ& MR{E r?ga"té@da by

;
| am nating nagnetic sheets in a vertical® direction, first second coils
formed in sfirst negnimnatedrebbdy, havingxtseidalfirs¢! esneodesnidarateds atabot h

ends of said magnetic. menber, and 25 copnected electrically.to.each.end of
Said Tirer SEHPRQCHTIILI, OthdPEMEd HEY aidh AnSrib dur oy HRIRRERLT o)
and the areBodgNHLa8¢8 $¥id fiessenaed conduaierd ahtPdald secdridpnasry in

part in_ a top_view of said magnetic nenber. The noise filter in any

23.
one of d ai fRnduckorpdamynpged QU_C\Y\HéF%lD’m apdphi F@répéﬂﬂleﬁé?@ bady. 2 to
0.95. 24. TREMOHSEn Itbhelofolsafl akBE8AdONadnibatélieRIdY, ahaviAke skl of the
adj acent first Inner cohductors and the second 80 innér conductors in the
first |anm nateanddopearepndiactanscd | anmi nated body is |arger than an

i nterval of the j ac ir [ [ t.or (o) L pper

conductors in thggjl’seggrﬁl%{%eamtﬁegte 50%}?1(%82%_&%%2%(&#%3%%% errﬁg claim

20 or 21, wbgrlamiremt$higahagheticoskeepeimeabetticyl Hivrctodinen fimgnedilc sheet

is formed between th% adj acent fi rstj i nner conductors, and the secgnd i nner
r

conduct @ s 1ormed by Bminating eiupdbfiratdiiRer (FARIUEIOEShaR BECHRy. 10
26. The noi ggilffioriedd Qﬂfyt MhinReis pilirhlseddndirBer Witd@ttors, | £ngt h of

the first coil between the external el ectrodes i .
external electrodes formed at both ends of said magnetic
member and connected electrically to each end of said first coil
and said second coil, wherein said magnetic member

15 incorporates a first laminated body having said first inner
conductors, a second laminated body formed on the top of said
first laminated body, having said first inner conductors and
second inner conductors formed on a same plane, and a third
laminated body formed on top of said second laminated body,

20 having said second inner conductors.

22. A noise filter comprising a magnetic member formed
by laminating magnetic sheets in a vertical direction, first and
second coils formed in said magnetic member, and external
electrodes formed at both ends of said magnetic member and

25 connected electrically to each end of said first and second coils,
wherein the area enclosed by the first coil and the area
enclosed by the second coil are formed to overlap only in part in
a top view of said magnetic member.

23. The noise filter in any one of claims 3, 4, 20 to 22,

30 wherein coupling coefficient is 0.2 to 0.95.

24. The noise filter of claim 20 or 21, wherein an

interval of the adjacent first inner conductors and the second
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is the sane as the length of the second coil between the electrodes. 27.
The noise filter of claim20 or 21, wherein a density 15 of the nmagnetic
menber form ng the second | am nated body is higher than the density of the
magnetic nmenber formng the first |amnated body and third | am nated body.
28. The noise filter of claim20 or 21, wherein a distance between the
first lam nated body and the second | am nated 20 body and the distance

bet ween the second | am nated body and the third | am nated body are | onger

than the di .he .adj td.06 n o] f ‘LGSt
| am nat ed b%{ v, &%&@g@ﬁdﬁﬁa%ﬁgaﬁg@b%%x&?ﬁ%g&?hgliﬁgi raglcfatrﬁé;a 1qfelg(l‘:lbody.
29. The noilkaninateel bafdylisilargér ahadi arhdnteryad ohdhet adja@ns st of

| bi ity than oth tic sheets is f d. bet he first
| am nat ed OB TartPRRECLTbrend) dhenates Bbayinahac BaFHEERTE et stk

| am nat ed bggbordddaniid@teli heldyyam nated body. 30. The noise filter of any
one of clains 20 to 22 30 wherein electrically connected junctions of a
pair of & he exterddl TBraeeissdilestofoplaiBhdOopr tHe WhGHEIN @ FBABECIWI th t he

first coil /R YTy i i t i side 81
vi ew of the1 magnEtE ?c nengg}’,ctﬁtahneagﬁggtrﬁlaggle ;?a%lgﬁﬁtegsrf é%qaj%gngﬁ_‘*cl)ﬁesﬁof a
pai r of thetlext edjedersy eirstodemert ocomnduceons wand thee $¢eendconhesnd

cecond coi 1°9RapRESrEREaHS Firly TRMERyBNBO8 b diiHe Sl TempiBateqre
connected tbodypair of signal lines in a wireless comunication device.
magnet (10 sheet's |45 vERE BRIS HBGF, 6, B>t P& Borlaims ROr fha oy
lam nating wiérdin fd lexigfhNBEkthe AIHBICESH et eref 6RE SRktnhPel@drbiles
| am nating plural second inner conductors )
is the same as the length of the second coil between the
electrodes.
27. The noise filter of claim 20 or 21, wherein a density
15 of the magnetic member forming the second laminated body is
higher than the density of the magnetic member forming the
first laminated body and third laminated body.
28. The noise filter of claim 20 or 21, wherein a distance
between the first laminated body and the second laminated
20 body and the distance between the second laminated body and
the third laminated body are longer than the distance between
the adjacent inner conductors of the first laminated body, the
second laminated body and the third laminated body.
29. The noise filter of claim 20 or 21, having a magnetic
25 sheet of lower permeability than other magnetic sheets is
formed between the first laminated body and the second
laminated body, and between the second laminated body and
the third laminated body.
30. The noise filter of any one of claims 20 to 22,
30 wherein electrically connected junctions of a pair of the external
electrodes at one end of the magnetic member with the first coil

and the second coil are disposed above or beneath, in a side
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formed alternately with said first inner conductors, and overlapping with
said first coil in a top view of the nagnetic nenber, and plural via holes
formed in said magnetic sheets 15 for connecting said first inner
conductors nutually or said second inner conductors nutually, wherein said
via holes for <connecting the first inner conductors nutually overlap with
said second coil in a top view of the magnetic nenber, the via holes for
connecting said second i nner conductors nutually 20 overlap with said first

coil in a toRwi ey Ghet hﬁxd?rgétgé! meARIIET \ N de Rl ddPt chi ct?&ndUCt ors
and at |east one of the setond inner coldductors adjacent to the first
i nner condudtretdonaref al pait obvbel eppimmplnelelcteedds atthethém ead epithi ew of

t he magnetj,c M. 33. . The nojse filter of claim 32, wherein said
first i nneréhecg%gggtoélréggnﬁe%oaﬁ(g Cé)éjCond i nner conductors are forned in

approxi mat el y U—s:BlapeAn34:.led'ﬁienr11©i@@vif:élmtjveheféinalﬂueoﬁﬂstoizg@ ahhfds t%(e) 3, 20
to 22, _and 32, erein the magnetjc nmenber is inpregnated wt

fluorin® si e di?dfioﬁgtkhegé’rﬂlgeeéitefﬁél ASYs 81 gFtS&aB?chiaith 390 28herein
said first gail comdfedtB8 SE®d epaiP F t4i@n38CORHeSOIin &2 Rfrelfls

el ectronic device, wherein the first coil and the second coil of the
conmon nodeCHBBENicatien davieeai m 32 are connected to a pair of signal

lines in a wreless cREMACAIPLoPHiSiRg 2 ARgnetic member formed

by laminating magnetic sheets in a vertical direction, a first coil

10 formed by laminating plural first inner conductors, a second
coil formed by laminating plural second inner conductors
formed alternately with said first inner conductors, and
overlapping with said first coil in a top view of the magnetic
member, and plural via holes formed in said magnetic sheets

15 for connecting said first inner conductors mutually or said
second inner conductors mutually, wherein said via holes for
connecting the first inner conductors mutually overlap with
said second coil in a top view of the magnetic member, the via
holes for connecting said second inner conductors mutually

20 overlap with said first coil in a top view of the magnetic
member, and said first inner conductors and at least one of the
second inner conductors adjacent to the first inner conductors
are almost overlapping with each other in a top view of the
magnetic member.

25 33. The noise filter of claim 32, wherein said first inner
conductors and said second inner conductors are formed in
approximately U-shape.

34. The noise filter of any one of claims 1, 3, 20 to 22,
and 32, wherein the magnetic member is impregnated with

30 fluorine silane coupling agent.

35. The noise filter of claim 32, wherein said first coil

has the same length as the second coil.
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36. An electronic device, wherein the first coil and the
second coil of the common mode noise filter in claim 32 are
connected to a pair of signal lines in a wireless communication

device.
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