; €3evs4HGNTLT6WD 02/ 069360 1 DESCRI PTI ON CO L COVPONENT AND METHOD OF
MANUFACTURI NG THE SAME 5 TECHNI CAL FI ELD The present invention relates to
a«coi’l copenrdsoused in 10 BACKGROUND ART A conventi onal pcoirbo2@merggonent
will be described in the followwng with reference to the drawi ngs. 15 Fig.
9 is a perspective view of a conventional coil conponent. Fig. 10 is a
sectional view of the coil conponent. Fig. 11 is a sectional view of the

coi | corrp(mmmm, m j a part of the fanuf act ur i ng process of the coil
conponent . le m},’mﬁll t he cAESGRIPIAION0i | conponent conpri i
52 20 having a.fnough-hol e, an packaging 53 nade up of nmagneti 4mlm"mmmmmlm
with the coil 52 disposed therein, and a termnal 54 connected to the coil

52. The packaging 53 is for b gg? { c powder 55 under pressure
so as to cover the coil 52. %%&gfc@ Iﬂg@%ﬁ ormed under a constant
mol di ng pressure oVR{EPHODOERMANUPACTURINGTHERAMEO the packagi ng 53

is nearly uniformin density over the entire part thereof. In the
configuration of such conventional coil conponent, when intended to | ower a

hei ght of the coil conponent, it A A to i ncrease the nolding
pressure applied to the packaé* Sh@gQﬁgfééﬁégi%o entirely 30 conpress the
packagi ng 53. Though, the height of the packaging 53 can be | owered by

vari ous el ectroni c apparatuses, and a nmethod of nmanufacturing the sane.

WO 02/ 069360 PCT/ JPOThe1pakeat dovgrisssiralptehdopacéailicognpenenthesedpnand
bott om port. ons of the packagi ng 53 are al so reducgd. in thickness.

Accor di haRHOU GO SRaasr araied pEgRanRPtnEdbFSAER 11 abi e to
occuRg Worsening the reliability, when the magnetic flux passing in the

t hrough-hol e of the coil 52 passes through 5 the top and bottom portions of
t he packagi ng 53. In order to BAGKGROUMNDIARE problem the present

i nvention provides a coil conponent inproved in reliability, in which
magneti c saturation hardly occurs even when the top and bottom portions of
the coil compo ; j j r SHalr ing the
hei ght of |0 t%grggﬁeﬁggﬁggﬁggt &&HDP@&%@;%%R% %]e: drélgé?ﬁ%E%?%cqullgmggi ng of
t he coil withpefezahcofo thedmvemgnt i nvention is a conpressed 15 powder

magneti c core nt ai.ni ng nmagneti c, powder, conprising.a to ortionp. di sposed
at aftPupper pa 1g0§ 18 ﬁeg"(fépgf,’“‘é{: \égﬁ‘p?ﬂri‘f lwaéﬁg’éﬁﬂogg’ogepbmeﬁl%art of
the coil, I ; ' ﬁgﬂ}l@h g t he ;hai ; il.

Al so, thelogil}?%?e{%%le‘{lﬁﬁiﬁ%g%s@gﬁgt nce rﬂ'etvtfveg hmtfﬁg%c%%&fuog‘%}jyﬁg%
packagi nghe woibcempohnenhshawing e paot bf dhe ahanhfacperifig girogesnof thit ©gilt he

coil is less than 20 a dianeter of the through-hole of the coil, and at the
same ti nEOMPRHY; ty the

In Figs. 9-11, the conventional coil component comprises a coil 52

20 having a through-hole, an packaging 53 made up of magnetic material with
the coil 52 disposed therein, and a terminal 54 connected to the coil 52.
The packaging 53 is formed by molding magnetic powder 55 under pressure
so as to cover the coil 52,
The packaging 53 is formed under a constant molding pressure over
25 the entire part thereof, and also the packaging 53 is nearly uniform in
density over the entire part thereof.

In the configuration of such conventional coil component, when
intended to lower a height of the coil component, it is necessary to increase
the molding pressure applied to the packaging 53 in order to entirely

30 compress the packaging 53.
Though, the height of the packaging 53 can be lowered by



top portion and the bottom portion are higher than that of the mddle
portion. By the above configuration, it is possible to elimnate the .,
occurr erRgg ofbgosgponeti ¢ saturation at the top portion and p@ﬁghgmygglport|on
even when the top and bottom portions of the packagi ng axe |lowered in

hei ght by 25 conpressing until the outer |layer thickness of the mddle
portion including the coil becones Iess than the dianmeter of the

t hrough-hol e of the coil. This is becauise t he density of the top portion

and the éempesssiigy theopackazihi gS@ftHeh@g diitbbottbond E@rﬁ%ﬂ@bﬁth@ph@@gmg hat is,

adensitgo the|n5|de of t ethro hol e of the coil
cor r espoPdRre Alsogednaed dnpidicknessef Aﬁéoﬁhﬁgb’glthgfe msll@ﬁﬁé\' atprablef@nsiti es
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t hr ough- tiel mapaetie Tlux paysingt iie the ﬁhﬂﬂ%ﬂlﬁbl@ﬁf B¢ IcoIN52 Wheses fHibighess is

| ess than the di aneter "of the through-hole, magnetic saturation does not
occurb at ﬂtehf@Pt'@gd bndompoﬁmmpfutbﬁ@acbmﬁ?g the | owering of the height

"ncr eased 1 n (Wb QR A BtE 387 ABAZe WEIBH,C e BETRE pushitef
ni gher "t paité il cepstsonnt BRGSO F o 1

is a sectional view of a Coil conponent in one pre erred enbodi ment of the
present saweatmmhard:lwgoccaxrssewempwmam {ep andbastomhponsinms ebthsoneilt .

Fi gs. 3( to 3 respect,i.v rt_of the t cess
For i he. ComPORERERRCEuCed hitplciii Rt ppfaos<Sr FROHBE HE heket o8

powdes f gife é&;@cgﬁiljor@gmponent productlon Fig. 5is a perspective viewof a
coil with term nal's connected thereto. Fig. 6 is a perspective view of the
coil conmponent before termnals 20 are fornmed. Figs. 7(a) to 7(e)
respectively show a par f | anot her coil
conponents of the presemgmwﬁaﬁéﬁ%‘%mﬁﬁf%ﬁj) respectively show a
part of a manufacturing process of yet another coil conponents of the

present invention. . ) o
A packaging of the coil component of the present invention is a compressed

15 powder magnetic core containing magnetic powder, comprising a top portion
disposed at an upper part of the coil, a bottom portion disposed at a lower
part of the coil, and a middle portion corresponding to the height of the coil.
Also, the outer layer thickness (distance between the coil and the packaging
surface) of the middle portion of the packaging including the coil is less than

20 a diameter of the through-hole of the coil, and at the same time, a density the
top portion and the bottom portion are higher than that of the middle portion.

By the above configuration, it is possible to eliminate the occurrence
of magnetic saturation at the top portion and the bottom portion even when
the top and bottom portions of the packaging are lowered in height by

25 compressing until the outer layer thickness of the middle portion including
the coil becomes less than the diameter of the through-hole of the coil.
This is because the density of the top portion and the bottom portion are
higher than that of the middle portion.

That is, a density of the inside of the through-hole of the coil, which

30 corresponds to the middle portion of the packaging, is lower than densities

of the top and bottom portions of the packaging. Accordingly, even when



25 Fig. 9 is a perspective view of a conventional coil conmponent. Fig. 10
is a sectional view of the conventional coil conponent. Fig. 11 is a

sect i onalyg/dPesdaowi ng a part of the manufacturing procespcpfipd2verse
conventional coil conmponent. 30 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

WD 021 069360 4 First Enbodi ment PCT/JP02/ 01736 The present invention will
be described in the follow ng enbodinent , with reference to the draw ngs.
Fig. 1 is a sectional view of a coil cdnponent in one preferred 5

embodi Me e Hhaddidi® TREEPhsdillrbRBh tht GhrougdlF-hdld pasRaCciting r{itﬁtheg the
coi | corrgltcl)enen%é. Fllgs. 3Pa§ 1t gel?%e?gshoms g p%rt of %t ﬁgeé@rranuﬁgcturi n
process ahdt bettom | pexiipmsnevhosd-ithickheiss & pesssplai i the diametet cebrtheessed

powder for th oj | conmponent production. Fig. 5 1is erspective view of a
coil wit Fiﬁ't"é\ﬁii’ﬁﬁies B3sReticefaluRaiign (dogs; got gogayr aatpg?egﬁ%tﬂ‘ia Battamof ¢ he
i0 coil n i f . I hr Fi g. 6,
a coi | cONBARE enatlil the Wb RE IEnE HE5Et IR Coll Doliplntnk MORHEST D

hi gh &ndbtGawse shie!diggndlic pepRecabiligy tfi be mceedsdedZinhthel togp and bqteh- hol e

1, a packaging 3 including the coil 2, and termnals 4 connected to the
coi | 2. ipoTiApBs Where thaplagkesingdensity iohighes shan phevdddlesperdiane core (dust
core) containing magnetic powder. The materials for the packaging 3
conprise thernosetting binder resin conprising silicone resin of tough

resin conponent and GRIEFOESCORIPIION R THEORAWEIGS powder. The
materials are m xed w thout heating so that the thernosetting resin does
not 2o cure and is nolded under a pressure ranging from0.5 to 2.0 t/cn®,

t her ey form ng..conpr.esse wder_.5.  Further., the conpresse owder .5 is
sub) 307 et o Fifol Fiing rSUDHAT yiBu e AL dete SRR D 2E BRI RRd e oo
as to enWM@ﬂm}@q&ﬂesgnm‘}@upﬂ_ng heated at 100C to 180C so that the
t hernosetting resin conpletely cures, therebg nol di ng packagi ng 3. 25 The

conpressed powddg. Regricpérspective vdewtofcibecgoibppmppacnkat t r eat ed sof t
magnetic all oy Jpowdey, etic powder. The magneti.c.al | oy powder ranges
from1l umto 10®%m3(ﬁf§9gsge§er$§ﬂ%%é’legy FhOYE (% PArt 0f the F’r%’l“gﬂﬁ\ggnegrrponent
A chronq,re,gégs f&xmg%i{ea,mljmg@,nese (M), carbon (C) and iron {Fe).
Conmponent” A includes at | east one selected fromthe 30 group consisting of

silidén (Si), dfigmihum ¢Ap§rspectivgi view 1) campressgde ppwishef Mgy, thehegoil
conposi tic%rfnﬁéngr?tcﬂro%%%%%?m is as follows: 1
Fig. 5 is a perspective view of a coil with terminals connected
thereto.
Fig. 6 is a perspective view of the coil component before terminals
20 are formed.
Figs. 7(a) to 7(e) respectively show a part of a manufacturing
process of another coil components of the present invention.
Figs. 8(a) to 8(d) respectively show a part of a manufacturing
process of yet another coil components of the present invention.
25 Fig. 9 is a perspective view of a conventional coil component.
Fig. 10 is a sectional view of the conventional coil component.
Fig. 11 is a sectional view showing a part of the manufacturing

process of the conventional coil component.

30 BEST MODE FOR CARRYING OUT THE INVENTION



WO 02/ 069360 PCT/JP02/01736 5 wt %sconponent As7wt % 2wt %6 Cr s8wt % 0. 05
w%0s0.6 Wt % 0.0l vt %s Mis 0.2 w % 0.00Sw %s Cs 0.2 w % .and
the restyweodidsdsso( Fe) . Depending on the conditions where ngu’ﬁ&vi/dlns
conponents are used, it is possible to use nickel (N) of w %s N s 15
w % in place of 5 conponent A. Two pieces of conpressed powder 5 are used
for nol ding the packaging 3 as shown in Fig.3(b). The conpressed powder 5
is provided with a strong portion wherd the shape of conpressed powder 5 is
not col | FstERYodiifieft essure applied during re-nolding operation and a
weak i 0 portion where the shape of conpressed powder 5 is collapsed due to
the pressure apgpe presgnt invgntionigillibeflesprbadiinthe follewing embodignent t he ,
conpressgqﬂgo%\%e% 5 jts a $ot shape with an E-shaped cross section with back
portion 6, TR (bg}et WYHESnd an outsi de portion 8, and the back

portion 6 serveggad §sSi lseBdoRall Visw, o 'c@illéoﬁlggnéﬁﬂtihabne_cl’_gféf@ﬁeﬁ and

the outside portron 8 respectively serve as a we portion. e weak

porti®dn gmbadimentrohthepraseoh inventionneffipy2dera petspestiveheiesendi the of t he
conpressed i

Jpowder. T i j f wd | o)
Che veak SBil EPBRONER hiEiES, 360 IRe3leD? SRR ot Hesh OLTHES STRBHERGBAE he
meak Por prgeedsSo i cbil tont fheHiaPFibs 4814 BERBEHYEDidw SE Bomiprsiae! a

few kg/c is applied. Here, the expf"esgl on that the shape o npr essed
powder 5 powdeardior heectil componentproductidmpeFig Tid & praspedtiven view eofof

AR RO VTN EN N S TN N
bei ng br QehediipBnbhPBEROE g bHARkI SreRirniede! uded in the range of being

weak since t ape 1s not broken into the particle size of the magnetic
powder. And as IshBignlithréigh Fig)6, tao chilgc@pgpnentnimahdmbodimept ifatiieng 3,
t he conpressed .powder i.s .re-pol ded. ynde ressure so, that the top and

bot t om oPTESTt IBVaRGORdSq By e iglomat A0 AaLaE e COmBRS
conpressed q%q,q a h i ph 1 iphd i nner
part of ?h?gﬂg - olfég%1 ?rﬁgm ?%?%dfwaf‘ﬁf?ﬁmg’kﬁﬁ%‘r‘ﬁn n@%%l‘%égsé . Al so,

the WOteahiedsdocaaRcisDR tie/66il @.conpressed powder is heated during the

re-mpl di ng undef. pressure.so. that., the thernosetti resin conpl etely cures.
'n that case, UMSOpdBRAACKAZING 3 ifch GOMPISSINLPOWAE HABNEHS £ore {nkhess

WL) sho L Io@aihi 1:dd ti i I (o] } ess
'EhaZ] a d;ﬁgﬁg?edrﬂlg?lhtlﬂg %ﬁ%ggléghgwggﬁ o?mtehg? 2%:t(H)llqlldmgf Bﬂleglg, nggﬁ?%ﬁlg?r?e top
portion Xbmapristthenmesetiing bindercrssin 2pmprisibg siloconeoresimof ¥dugh rekin | ower

part of coil 2 and the nmiddle portion 13 at the height. part of coil 2, the
Pob por t (OMBEEHG AME ARG TGS  POMPORCR} A GREBHFHCHPRTIG. { nahG he

mddle p i |-Q: . Rard.i ; 1 [Watel LS nf o that
2 dengi Lyl alefid dre dCA R Ehodting 38 4 MEIRAOSOR g rbiy AERROEY | e
i nsi @@ malteeansbis imnided under faopresheseraiming tirem, 0.5he Adhdicnip dhefetishe t op

portion Jf’Land bottom portion 12 are pn range from5.0,t0 6.0 gécnﬁ and
that of tIOSTHRG] SRMRTERACD PEWSAT, on Furtherats comprassed | REVHERSP i%s of
the to @ﬁb‘é n rgi i t he
pr esenf i nv %t&%#&wﬁ I ﬁmllg(gih escdrq?bateB%ﬁﬁﬁgﬁ%ngv%?{bwg%ﬁﬁ%ﬁ%uﬁ ng

met hod oftot ¢mecapselatet thencdh2i whileobgimigsksated a2d 0036kt LiBG°kbbsalithat thocess

Lot m nal BEFROSGREESIA CPBIIF AP SnFReHdI Ol nE RAERABIRE 8. ( he col | 2.
Firstyg the packpgl NbiBlAsed pwaSES tssHBHd 26% {dastClord) ERIILHY heat-
treated soft magnetic alloy powder as magnetic powder. The magnetic
alloy powder ranges from 1 pm to 100 um in average particle diameter, and
it includes component A, chrome (Cr), oxygen (0), manganese (Mn), carbon
(C) and iron (Fe). Component A includes at least one selected from the
30 group consisting of silicon (Si), aluminum (Al), titanium (Ti) and

magnesium (Mg). The composition of each component is as follows: 1



two pieces of conpressed powder 5 where a thernosetting resin binder, 25
whi ch include silicone resin having tough resin conponent and el astic resin

conpohentv{,o@%lﬁmnet i c powder are mixed W thout heating serlB§oltie
t hernosetting resin does not cure, and are nol ded under pressure.

Conpressed powder 5 has a pot shape with an E-shaped cross section with
back portion 6, a central portion 7 and an outside portion 8, and 30 the
back portion 6 is a strong portion beihg able to keep the shape of

conpr ess 0 ' = ' n e m,lt t ral '
WO 02/ 063@‘6%’ %@Bﬂ%@%ﬁ%ﬁ”g@ﬂ gﬂ qén%qrh%ggﬁ?s%’dg' port %ng‘rbe%g@?t ively
serve as vt dk0pavt %R Mais @ 2uwad,d.009 wiekp< (he (5D %o andatprestsizd

powder 5 .duri]?é re-nol di ng under pressure. Next, the coil 2 is placed in
the nol dizen (Fek t Pependingen the eanditionsarhese the coecempynents anerused.

Conpr essdh i dtbsToE° BF o SREPLEOERAE, PE D s N B 8ol X MEEE Ly < e
packagi ng;oaipdﬂbﬁthA.s nol di ng process, the outer periphery of coil 2 and the
I nsi de of throqg\g-hole 1 are covered with the weak portion. 10 In the

re-nol di ng, as BwWowpitaesFof.canpressedviporwdend mrek uped tfoanmalding t the pi eces
f d 5 hol.di pg \th il 2 t 9 t
central ROEKRGIIE 4 ft SHAPS HeFiEmthon BIC SAPUHCAIE BRodteak 1proroid of
conpr ESSQditHOWﬂroﬁ%gbbﬁi&PXvﬁé}E' fiRsishapé hef fpiResdd gﬂﬁv@ér FIRrg§eed

powder 5 and coveri the outer periphery of coil 2 and the 15 inside of
t hr ough- hesilapsedPay tthe yprasswre appdiedoduting meemoldingappéiatidnd and nay weak

powad? 5 WG RASHE RcshaiRcpt FaPtPrarseth PO o 8 Olbfbecd 158 Belior e
i nto the glsaughadplicd a%lﬁhg(}eilho%ihg %CM@@,K. Al so, while the back portion
p

6 (strong 20 porti‘on) of conpressed wder 5 opposing to termnal 4 is
buried toward tfe shewn imlFig.4i theacomprkssedhpowdat Bals ppot isbapd withada

port o) BGRHSLASPOLILSD Sl YRR BRELS BT eOY ER%R0, ALY % 7
e, Eer Gy BoeKiah e el posie T Snai ey gon! e !
t hi ckirbes sthevagnted] poxtion ddind thereutside pettindi Bgresheciivély servesas a iveeak he
g;aﬁlrj? ;g'[ Lﬁ‘{’fﬁi&m? ﬂgath!?ﬂﬁi ﬁgr%{gn;grgcmhqc%épﬁ? P&ﬂiggéﬁg%ﬁ{lg@ ﬁ%'l‘%&&@t[gﬁir{hg upper
P Y MR o, TS, BUSGtL of Cofbiese
hei ght papewdeér eoldwer at tMOwe2ak @eeta0, and Highi¢ POtHeOdtY@kg portion. The
strength of the weak portion is such that the shape is collapsed when a
20 pressure of a few kg/cm?® is applied.
Here, the expression that the shape of compressed powder 5 is
“collapsed” means that the shape is collapsed to a size of particle size of the
magnetic powder. At the strong portion having a strength high enough to
keep the shape of compressed powder 5, a state of being broken into blocks
256  (lumps) is not included in the range of being weak since the shape is not
broken into the particle size of the magnetic powder.
And as shown in Fig.3(a) to Fig.3(d), in molding the packaging 3,
the compressed powder is re-molded under pressure so that the top and
bottom of coil 2 are held by the strong portions of two pieces of compressed
80 powder 5 and that the outer periphery of coil 2 and the inner part of

through-hole 1 are covered with the weak portion collapsed. Also, the



Further, as for the mddle portion 13, there are provided inside mddle
portion 15 corresponding to the through-hole 1 of coil 2 and outside niddle
portion b gMsbRaPonding to the outer periphery of coil 2, anﬂ’ utsi de’
m ddl e portrﬂgfn 14 is forned higher in density than the insi m@ﬁf'@
portion 15. And the packaging 3 is nolded so that the densities of the top
portion 11 and bottom portion 12 is in a range from5.0 to 6.0 g/cnB, while
that of the inner middle portion 13 is685%to 98% of the densities. By the
above COBéh@#éﬁEUOﬁoWﬂér ﬁ?tﬂé@@bd AeThgMpRs réhﬁotﬁhgmndéfr ﬁreésmeosd tRgTponent
is lowered as a whole by nmaking the outer |ayer thickness of the mddle
portion thfcthmmv@ettmgwm complesekynewreshe di anet er of through hole 1 and

by f h 11 b d hi ck
Chereof o i <boBaPEfdser obopAPkaeiie 18 mlfed 60, thet 48! BTt 1 on
12 hi ghefhlbﬁnéﬁ‘ 312 SHoAPn GhFigl Ij@lthB%iddl@ éo(;’rtloﬁsuﬁhi&n%eﬁn‘é' doil2tisl S

possible to suppre t he occurrence of magnet saturatio he top

porti®dn msahdntar@amﬁtconf ithe ﬂimgbzholﬁtétof the adib2¢ ompo; as tiwr the tepd

bott om paqrt,.on ack her | de an the_inner
part of RPHHPR 1;&113:“8 fghcgblrz?egﬁ’oﬂ‘a Pbp? EZ'aééhBEOWﬁF 88Hh- hol e
1. Accor g ngiy 2 ﬁﬁﬁntli@hﬁﬁdﬂrbe p%@tﬁfﬁg!ﬁst AC the %1§H§Ehﬂgof tlﬂ'o(ﬂJQh th@etolp

t hrough-hol e 1 passes through'the top portion 1 d the bottodm portion 12
whose t hpoktiessll( ¥ed the)bottomepnrtiomai2tdre bighertiardesisitynthamgthehmiddle, t he
top portion.1l1 gnd the bottom portion 12 can be possible to obtain higher
magnetrc 5?%& rlity as the top portion 11 and the bottom portion 12 are
hi gh in dens j ght of
t he S?)H corrpo!rlr)tel%ttl(t:‘?:.‘lghﬂyt ?owerggp\%egl%ggp ﬁffgé\nﬁﬁdg\%?ﬁlelﬁggcauérﬂrse%ce 0

magnet i c outgide amiddicaportientp ipohighen thihnaaddehsitpaift the gosideomiddle Al so,
the m ddl e ort1i n 13 includes inside mddle portion 15 corresponding to

t hr ough- ROFo nd outside mddle portion 14 30 corresponding to the

out si de portio e her in
density than t e@fonrggt Ee%en tﬁ?s él‘;t@?lggr‘égtgésdgﬁ@?é??of P Bf\}\g%g? 06936§“5ﬁlg

PCT/ JP02p0tii66 12 adediti @ rpnge |fmm154.0| © 68sgidmband thitt el thehingids middleet i

CompahenPoron i FBerfo g8t B BRERLSH offhel Briduiaial ol Boupm '

mount i ng 5RktibRgcoi | conponent wi thout allow ng the occurrence of nagnetic
saturation at the 5 outside mddle portion 14. Particularly, the packagi ng
3 is nol ded so TiHeamanbfactensaigtmethad of ibke poesqudrinventidn willnbk desardhadoorti on
12 are in aTl %ge ffrom5.0 to 6.0 g/cnB and that of the inner mddle
portion 1BtneI8BOMIBE98, of the densities, and therefore, excessive

stresses will mngfe %lﬁﬁg%r i aé(g,é&ﬁﬁ)(pgfl ﬂ% gf@vémelmgﬁfmcé iseb tail S

possi bl e to suppress wn of pac Ing 3 1ts due to Internal
st r e€fes packapgmg imodding pm&eprﬁoegacagsu]laanlgr caik Qoimnpadkaging 32madesp it is

possi ble t.o s Less .the oc enc netic_ satur tron e the
o | comperBRPhai Arasprah A (T pEhan oFRIE pragsss Pt FormaBien FRniBe St veter
rragnetl C ofnBcted@ thesScsil gpeci fic conposition. That is, the ratio of Fe
conponent is high and it Is advantageous for DC Bi as charact eristics.

Mor eover, cont 1mtngh6:rpaninagmganno Ipgr pEOEsSS t ¢oanpH e atstop oﬁ maldingiue to

i 0,
G N A RCTER RN W AT N AR

25 which include silicone resin having tough resin component and elastic resin
component, and magnetic powder are mixed without heating so that the
thermosetting resin does not cure, and are molded under pressure.

Compressed powder 5 has a pot shape with an E-shaped cross
section with back portion 6, a central portion 7 and an outside portion 8, and

80 the back portion 6 is a strong portion being able to keep the shape of
compressed powder 5 during re-molding under pressure, while the central



20 loss in a frequency range of higher than 100 kHz. In this way, the
present invention is able to realize conposite magnetic material having
excel'l en{yac@os®@fsbON resi stance without | osing the magneti ecelypdra@sseri stic.
Al so, an ordinary powder nolding is generally uses powder for the nolding,
but in the present invention where solid conpressed powder 5 is 25 used,
the quantity of conpressed powder 5 between the punch 9 and the coil 2
hardly varies during re-nolding under 7pressure, and the covering thickness
of packagirfign3and tﬁ_@%xﬁsidepgaﬁlm WS P euLVedy Fervd @santwdak perticihbeingdf coil
2. Accordingly, it is possible to suppress the dispersions in

char act emabi¢.de kaephthes shaphof xompressed pawdes T darag w-maldinganademgnet i ¢
| osses during DC30 biasing of the inductance. Further, since the coil 2 can
be hel d Hﬁ?s%%ﬁpressed powder 5, the coil 2 is precisely positioned, and
WD 021 069360 R ; ; [ [ aﬁlf{h be
prevent ed. Regg?gi']’n%ﬁ%{ ﬁéﬂgr%?%lggée%qgoﬁemg? %éﬁgtt iﬂgé:lpf)o era gggait’)hl nder

i ncl udi nihetdodr areskelid by the strongy portiomsdofitwlo (pieseedf confpressedopepwdes ed
powder

5 nd, the thernosetting resin ingclydes siliggne resin havipg tough
resin coﬁvﬂﬁﬁaﬁbeswmlwa icompessed g &%éﬁd?ret%m@ﬁg?@upﬁei Qe%@" ble to
nmold th i i r efgt 4 cH ,

i m 2P erdoptting e Raekabfher; P18 higHolfibE B0 EMAEL hen
conpr esspetipliemyeof Taik 2 antdlthe dinsitée of thesisgh-hpld Heamoicbveredawitleths eci sel y

covered. Also, as gaps to between conpressed powder 5 and coil 2 can be
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hi ghgo npgrtidn)coBCompressed powiler 5 dpposig to tsrndinabdds bariedrropartdithe 12 as
the top portio 1 and bottom portion Z2 of packaging 3 are higher, in
density Fq{%n?ﬂél Adal 005(@92?%9@6@%@%’2(5‘1@%73@@@5 andr outside 3.

Al so, th i 1 I i c ghetic
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enbodi necoverfing the pothee dutenyperniphery ofheoit @rpnédthednponvpart 6f thivaghE- shaped
Cross segtiog, but it is also possible to make the central portion 7 |onger
or short@P%han the outside portion 8 provided that the shape is within the

scopgsof the pXxesENihd L fel ¢ Wi d¥ed. in ﬁp{& : Lon with
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consi dered equi.v ed”Jt to the, E- shapﬁd chosds sectiop of the present
portion 1ncluding the coil 2 less than the diameter of through-hole 1 of the
coil 2. Also, according to the manufacturing method of the present
invention, top portion 11 at the upper part of coil 2 and bottom portion 12 at
30 the lower part of coil 2 are formed higher in density than the middle portion

13 corresponding to the height part of coil 2.



enbodi ment. Also, as for the relative positions of coil 2 and conpressed
powder 5, one side of the coil 2 may be held by a strong portion of one,.
conpr essggly o O, While another side of the coil 2 is $¢RPRL; y a
weak portion g% I'5 anot her conpressed powder 5. In that case, ?%sﬁepal

al  onabl e to make the strong portion of E-shaped conpressed powder 5 hlgher
in density than the weak portion. Further, as for the coil 2, it is
allowable to wind a flat wire as well &s a round wire into an edgew se

coil. In this Faffer, hs'ﬁ)rptlﬁé'@idﬂlbop@ﬂﬂﬁﬂqej 2thdrbeareP pevideat pisi@é t he
coil and to nake it corrpatlble wi th high currént. Es pecial ly, when a flat
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t hrough- get&oﬂ 19f afP bbtiém ?o‘iﬁonaﬁZ SR ra E'f90n185 0'® 89 Brint, Rehflan be
performed using two conpressed powders 5 a snal | peaks and val | eys 10

at tip eﬂmhtp:frtheannenmlddln paftipndBiis 5% do e ofthe idgasitiesd 02/ 069360
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whol e byt619®'6&ﬁ6ntlﬁeaﬁ&Hlé’Bbitbﬁf‘BSf'tlérMZPaCkag' ng, corresponding to the
upper part the coil, and ottom portion of the packagi ng,

correspondi ng {lhattis, thewep partiomf ltand baftom peﬁmn h2tofi tdalerrw&agmg B the

outer layer t.hickngss, of.th ortlo udi the becones
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portions since the top portion and the bottom portlon arle1 éfer in density
teu

t han20 he magtitic fhrx ipassinghthrough theethierught-lgohf 1t passesid theetop

t hrough- hol e of. .t he ongds.to t he portjon of the
packagi ng® Flgnllc;wé?d %ﬁ%b?olttzﬁén @%@PP&%W%E@%W&B? Eﬁ’c#tn \&%a ?St od¥or t i on
of the pagkdhiter GCRIrBuBHLHOle!T)hEREP PorfioRTITRAL Hhe bibttddi) pbRioAIaneased
at the top portion and tom portion as the top ﬁOI‘tIOI’l and’ bot t om portion
are hi ghenambe pessible ta bhtainthighied sagnstict permeahility as the soppestiondli o
provide 3 n%oéhe bottom portion 12 are higher in density than the middle portion 13.
25 As a result, the height of the coil component can be lowered without
allowing the occurrence of magnetic saturation at the top portion 11 and the
bottom portion 12,
Also, the middle portion 13 includes inside middle portion 15
corresponding to through-hole 1 and outside middle portion 14
30 corresponding to the outside portion of coil 2. Since the outside middle

portion 14 is higher in density than the inside middle portion 15, outside



30 conponent and its manufacturing nmethod by which the height can be

| onered Wi thout allow ng the occurrence of magnetic saturation at the top
WO 02/ 06QgPéh/des3k6 I P02/ 01736 13 and bottom portions even vwke@nmohei1sggneti c
flux passing through the through-hole of the coil passes through the top
portion and the bottom portion whose thickness is |ess than the di aneter of
t he t hr ough- hol e. W O 021069360 |14 CLAI M5 PCT/JP02/01736 1. A coil
conponent conprising: a coil having a % hxough-hole; 5 a magnetic core

component “conpri si i : 5am core
T e R ) R R e L

coi |, a Rpddopdingdy| itols posgibketo atdwcd theesizpaot tioé ceili dompiohentiiml theni ddl e
"~ portion disposed at, the hei ?ht of said coil, an outer |ayer thickness of 10
sai d m dderterdodinestions thesgef tand, ta wivantheespage far qnonnbiagnohdhe, colli | e

said top portig n ' orti [ |s | sai d
- hadl o peptiagrdns Witndl RREBRCURE obt e e of, AERRR FRRRIch W TRel
porti gn GaEide seRIdAS potsioael4n ddl e portion positioned in the through-hole
and an 15 outside mddle portiaon surroundi ng an outer part of said coil,

sai d outsi de nmPaatieulsty.i b paskeging gnisr malderd sei that tthardensites ofithe ni ddl e
tion. ,3. Th | t _of..cl gi , . wher ei id ; '
Formed sdobrRRtogngLh i BOUGH 281k 33 H6: i 8afss B85 SHOR 310 Ftlon are
in a rangmd Maof- el ian®r tniddePontien 4 30RNE3 %HYto0d8 AL the HeslSitidsdAng
portion is 20 85 %to 98 % of the densities of said toggportlon and said

A

bot t om pdherefaje, £xcpasiveostressesyoiblenet b appliedhto, thetasi sAt thesamei s an

dgewi il f d. i ndi | ite i .th dj
Fl ot T i it R PRryhle L AnhBress e Yustkd Srncht BACARBRCE st ABEHBR: "o
claiml, whahel Ruedkés IR ilﬂcecwmlééuﬁﬁiéeggi{@e%@_mieaﬁabwhnsf Ushin e,

thernosetting resin and nmagnetic powder. 6. The coil conponent of claims5,
wher ei n sAls9, ithisr possible taysupptess the aceunresemel magnetimsatusation asdde resin
conmponen d,.elastic resin 7. The coil conponent of claims,

wher ei n ;mggﬁ.b}}eegggaco&mg;ntg%n"gﬂ%gl%gzg material for manufacturing said

magnetic core has a weak portion being unable to keep a shape of said
conpressed powder and a strong WO 02/ 069360 PCT/JP02/01736 15 portion

bei ndléabl e to KEp packagingyd isfa sampressedr pewder peagnstic apre ansh fas a
COmDT s e B ol S8l R SS9 At 150 TREE M s i Bl °
central paJantdpctis SFRUIBCIBIACr S Beteristics.  Moreover, containing Cr
component suppresses the generation of rust due to Fe component. Further,
since the content of Cr is not more than 8 wt %, it is possible to suppress a
20 loss in a frequency range of higher than 100 kHz. In this way, the present
invention is able to realize composite magnetic material having excellent
corrosion resistance without losing the magnetic characteristic.
Also, an ordinary powder molding is generally uses powder for the
molding, but in the present invention where solid compressed powder 5 is
25 used, the quantity of compressed powder 5 between the punch 9 and the coil
2 hardly varies during re-molding under pressure, and the covering thickness
of packaging 3 is easier to make uniform over the entire periphery of coil 2.
Accordingly, it is possible to suppress the dispersions in characteristics such
as inductance, saturation characteristic and magnetic losses during DC-
80 Dbiasing of the inductance. Further, since the coil 2 can be held by
compressed powder 5, the coil 2 is precisely positioned, and



9. The coil conponent of claim8, wherein the back portion of said
conpressed powder is the strong portion, while the central portion and.the
out si de Weydajogsseger ve as the weak portion. 10. The coil cpppgp@iizsf claim
7, wherein tip end of the central |10 portion or outside portion of said
conpressed powder has small peaks and valleys. 11. The coil conponent of
claim?7, wherein at |east one d|V|d|nq groove is provided at the back
portion of said conpressed powder. 0A net hod of manuf act uri ng coi
conponenyefeetivel moMingd eofl SpaéleEingf 3 eNPRISY| pidvimted. COIRemumP
through-hole with a magnetic core |nclud|n magneti c_powder forntng a
ter mi nal ceBpiessedPewdet Sy magneticpewsen a hlr&wapf,mchng thermossttivgssed

Coi 1 i Rl fH FhpAcR o e Sorodl Cofirbfd v 8 0" %@J‘Sﬁ?i on
of said mrgnRisettig@resii sncladds adiliedne Niesin ﬂﬁwtingfto&nghdrd:sml caafigorferizot t om

portion of said, magnetic core disposed at a |lower part of said coil are
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ai sposed 1ol SR i, SeRatath “Snd WAIREES aBn e OGS dheco@BElala an
out er pelplagmgm gf, said coil, and a density of said outside mddle portion

is higher than_a density of said inside mddle portion. 14. The net hod of
clai m 12, wher Eurthg¢gnsincieeeoidf2 dai ebvieapd pwhen cnompr%asdd gowdén bt ismrgor t i on
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12, wherein said encapsul process further conp es the steps of :
f or ni ng (p@mbéeKednpwmeethwmalgnbmdﬁﬁcumwbyngdunmgtﬂwenagngtlegaps| n and

magneti c powde f.ormn n_encaps atl nmagneti ¢ cor I di ng
sai d conpresse? ab%ﬁ\ﬁéflyuﬁée&epﬁeggﬁrlg’ P%& éFe‘gQPWC&S reﬁ%b YThe

met hod ofhotdpbiit SRle dhEHRI) tﬁalpt)sm@%f%%m 99%1%13* ﬁléregmfbtédtaam m xi ng
and nol ding w thout heati ng so"as not to cure said”10 thernosettingresin,

and is reefmohlenlg umstler phesauranandrmhmsni@ ofmoﬂs%luantbeecmlsecove@d esin
cure gé |m 15é V\/aerelcr‘t S of co esse
powadb i eithilie Meakorgonrolt Huiessl o aens as the rC OIS ROTAREES weak
Portion hedgainad] A ispdafeats B Mo SV eHifLBY géeeg ﬂ%‘@jﬁﬁlféﬂh'ﬁﬂ sai d
15 re-nolding a d 'sai d strong portion being ab ke shape of said
conpr esséhlqkmm‘e pvdu thengntzlatt peripheoy dif rapil 28and‘ he sruppmas the dispénsidns

wherei n sai rm)setttﬁ? gl n conprises silicone resin including tough
resin corlPSREFACIEHSES ¢ CPELGMR nent. 20 19. The method of claim 17,
wherei n said e')&"l@@stﬁeaédlﬁﬁréﬁ%gﬂ%d\ﬁd&% §s Bcﬁd’f‘ g@r@i?tﬁsa% Essh%iseﬁ'&@ﬁ in
such manner that one side of the coil is support by the strong portion of
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outside portion 8 respectively serve as a weak portion. As a result,

positional misregistration hardly occur due to the strong portion of

compressed powder 5, and it is easier to cover the other side of coil 2, and
25 the dispersions in characteristics of the coil component can be reduced.

As described above, according to the embodiment of the present
invention, the covering of packaging 3 is easier to become uniform in
thickness over the entire periphery of coil 2, and it is possible to reduce the
dispersions in characteristics and also to obtain higher magnetic

80 permeability in top portion 11 and bottom portion 12 as the top portion 11
and bottom portion 12 of packaging 3 are higher in density than the middle



25 conpressed powder has E-shape with a back portion, central portion and
out side portion, said back portion being said strong portion, while said
central gro%}o@g(s@nd sai d outside portion being said weak mowjroe017381. The
met hod of claim 15, wherein tip end of the central portion or outside
portion of said conpressed powder has snall peaks and valleys. 30 22. The
met hod of claim 15, wherein at |east gne dividing groove is provided at the
back portion of said conpressed pomdeﬂl CACANC A L AsCALLA LAY A(LA(LA LA
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 dBK 10: ! ol D33 bt FEinapdt©@8nlpressed powder 5 higher in density than the

weak portion.

Further, as for the coil 2, it is allowable to wind a flat wire as well as
a round wire into an edgewise coil. In this case, it is possible to enhance

20 the space factor of the coil and to make it compatible with high current.
Especially, when a flat wire is tightly wound so that packaging 3 will not be
molded between the adjacent flat wires, it is possible to suppress the
generation of magnetic flux that circulates around the flat wire and to reduce
the losses since the packaging 3 is not molded between the flat wires.

25 As the other examples of molding, as shown in Fig. 7 and Fig. 8, one
of the compressed powder 5 can be re-molded under pressure so that one
side of the coil 2 is held by the back portion 6 of the strong portion, and
another compressed powder 5 is placed so that the central portion 7 is
inserted into the through-hole 1 of coil 2. Also, as shown in Fig. 8, re-

30 molding can be performed using two compressed powders 5 having small

peaks and valleys 10 at tip end portions of central portion 7 or the outside
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10cCcO! 19c{ﬁfiﬁré§sed powder 5. By using various arrangements of the compressed

powder 5 as described above, it becomes possible to cover the coil 2 further

5 easier and to minimize the dispersions in characteristics of the coil
component.

In the present embodiment of the present invention, before or during

re-molding under pressure, one side of the coil 2 is supported by the strong

portion of compressed powder 5, but it is preferable to let one side of the

10  coil 2 be supported by the strong portion of the compressed powder even
after re-molding under pressure.

INDUSTRIAL APPLICABILITY

15 According to the present invention as described above, even when
the height of a coil component is lowered as a whole by forming the top
portion of the packaging, corresponding to the upper part of the coil, and the
bottom portion of the packaging, corresponding to the lower part of the coil,
less in thickness until the outer layer thickness of the middle portion

20 including the coil becomes less than the diameter of the through-hole of the
coil, it is possible to suppress the occurrence of magnetic saturation at the
top and bottom portions since the top portion and the bottom portion are
higher in density than the middle portion.

That is, the density of the inside of the through-hole of the coil,

25  which corresponds to the middle portion of the packaging, is lower than the
density of the top portion and bottom portion of the packaging.
Accordingly, the magnetic permeability can be increased at the top portion
and bottom portion as the top portion and bottom portion are higher in
density than the middle portion. Thus, it is possible to provide a coil

30 component and its manufacturing method by which the height can be

lowered without allowing the occurrence of magnetic saturation at the top
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of said coil, a bottom portion disposed at a lower part of said 0011 and a

middle portion disposed at the height of said coil, an outer layer thickness of

10 said middle portion is less than a diameter of said through-hole, while said
top portion and said bottom portion are higher in density than said middle
portion.

2. The coil component of claim 1, wherein said middle portion
comprises an inside middle portion positioned in the through-hole and an

15 outside middle portion surrounding an outer part of said coil, said outside
middle portion being higher in density than said inside middle portion.

3. The coil component of claim 1, wherein said magnetic core is
formed so that a densities of said top portion and said bottom portion are in a
range from 5.0 to 6.0 g/cm® and a density of said inside middle portion is

20 85 % to 98 % of the densities of said top portion and said bottom portion.

4. The coil component of claim 1, wherein said coil is an edgewise
coil formed by winding a flat wire in such manner that adjacent flat wires
are in tight contact with each other.

5. The coil component of claim 1, wherein said magnetic core

25  comprises a binder including thermosetting resin and magnetic powder.

6. The coil component of claim 5, wherein said thermosetting resin
is a silicone resin including tough resin component and elastic resin
component,

7. The coil component of claim 5, wherein a compressed powder

80 used as a material for manufacturing said magnetic core has a weak portion

being unable to keep a shape of said compressed powder and a strong
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9. The coil component of claim 8, wherein the back portion of said
compressed powder is the strong portion, while the central portion and the
outside portion serve as the weak portion.

10. The coil component of claim 7, wherein tip end of the central

10  portion or outside portion of said compressed powder has small peaks and
valleys.

11. The coil component of claim 7, wherein at least one dividing
groove is provided at the back portion of said compressed powder.

12. A method of manufacturing coil component comprising the

15  steps of:

encapsulating a coil having a through-hole with a magnetic core
including magnetic powder; and

forming a terminal connected to said coil, wherein

said encapsulating is processed such that an outer layer thickness of

20 a middle portion including said coil is made less than a diameter of said
through-hole, and a top portion of said magnetic core disposed at an upper
part of said coil and a bottom portion of said magnetic core disposed at a
lower part of said coil are made higher in density than said middle portion.

13. The method of claim 12, wherein said middle portion

25 comprises an inside middle portion disposed in said through-hole and an
outside middle portion disposed at an outer periphery of said coil, and a
density of said outside middle portion is higher than a density of said inside
middle portion.

14. The method of claim 12, wherein densities of said top portion

30 and said bottom portion are in a range from 5.0 to 6.0 g/cm® and the density

of said inside middle portion is from 85% to 98% of the densities of said top
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thermosetting resin cures.

17. The method of claim 15, wherein said forming of compressed
powder includes forming of a weak portion and a strong portion, said weak
portion being unable to keep a shape of said compressed powder during said

15 re-molding and said strong portion being able to keep a shape of said
compressed powder during said re-molding.

18. The method of claim 15, wherein said thermosetting resin
comprises silicone resin including tough resin component and elastic resin
component.

20 19. The method of claim 17, wherein said encapsulating magnetic
core forming process is executed in such manner that one side of the coil is
supported by the strong portion of said compressed powder while the other
side of said coil is covered with said weak portion.

20. The method of claim 17, wherein the cross section of said

25 compressed powder has E-shape with a back portion, central portion and
outside portion, said back portion being said strong portion, while said
central portion and said outside portion being said weak portion.

21. The method of claim 15, wherein tip end of the central portion
or outside portion of said compressed powder has small peaks and valleys.

30 22. The method of claim 15, wherein at least one dividing groove

is provided at the back portion of said compressed powder.



