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(57) Abstract: A coil component comprising; a coil 2 having a through-hole L, a magnetic core including the coil, and a terminal 4,
wherein magnetic core comprises a top portion 11 disposed at an upper part of the coil, a bottom portion 12 disposed at a lower part
of the coil, and a middle portion 13. An outer layer thickness of the middle portion (W1) is less than a diameter of the through-hole,
while the top portion and the bottom portion are higher in density than the middle portion. The configuration of the present invention
provides a small size coil component with less occurrence of magnetic saturation to prevent lowering of inductance even with thin
top postion 11 and bottom portion 12. The coil component further has improved reliability.
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-5 DEC 2003 1 DESCRIPTION. COL COVPONENT AND METHOD oF ManUFACHRDEC12003
SAME TECHNI CAL FI ELD The present. invention relates to a,coil conponent used
in various electronic apparatuses, and a nethod of manufacturing the.sane.
BACKGROUND ART A conventional coil conpgnent will be described in the
following with reference to the drawings. Fig. 9 is.a perspective view of

a conventional coil conponent. Fi gDESﬂRIEI‘H)Nect i onal view of ‘the coil

conponent. Fig. ' 11 is a sectional view of the coil conponent showi ng a
part of the manufacturing process of the coil corrponent. In Figs. 9-11,

t he conventional coil conpone Mfir% \ havi ng a t'hrough- hol e,
an packagi ng 53 nade up  of rrag't‘r'leﬁg)c na erll\@ vm the coil 52 disposed

therein, and a ternm nMEFHGDMOEMANUTAGEURINGSEHE $hgpackaging 53 is
f or med by mol di ng magnetic powder 55 under pressure .so as to cover the

coil 52. The.packaging 53 is formed under a constant nolding pressure over

éhe e?tlre pa[L the:eof an? ;hatgg%ﬁ&ﬁ%giﬁgﬁggﬂg 53 If near;y uanorn1|n
ensity over e entire par e i guration of suc
conventional coil conponent, when intended to |ower a height of the coi

conponent, it IS necessary to increase the nolding pressure applied to the
packagi ng 53 in order d&eeprasest ynvmm eslatemdopac«mblctgnﬁiineﬁhﬁm int he
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BACKGROUND ART

A conventional coil component will be described in the followmg
with reference to the drawmgs _

Fig.9is a perspective view of a conventional coil component Fig.
10 is a sectional view of the coil component. Fig. 1lisa sectional view of
the coil component showing a part of the manufactuﬂng process of the coil
component,

- In Figs. 9-11, the conventional coil component comprises a coil 52
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
$0 as to cover the coil 52.

The packaging 53 is formed under a constant molding pressure over
the enure part thereof, and also the packagmg 53 is nearly uniform in
: dens1ty 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 fo the packaging 53 in order to entirely
compress the packagmg 33.

Though, the height of the packaging 53 can be lowered by



53 are al so reduced in thickness. Accordingly, there has been a problem

that magnetic saturation is |liable to occur, worsening the reli ab|5 OEC 2003
when the magnetic flux passing in the through-hole of the coil 52 passes
through the top and bottom portions of the packaging 53. In order to
address the above problem the present invention provides a coil conponent

i mproved in reliability, in which magnethc saturation hardly occurs even
when the top and bottom portions of the Coil conponent are reduced in
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DI SCLOSURE g: THE, | NVENTI ON. According to the first aspect of the inveniion,
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is made | efise cdjﬁa@omp@@mjter of_sai d 5 DEC 2003 2a through-hole, and a top
portion of said nagnetic core disposed at an upper

DISCLOSURE OF THE INVENTION

According to the first aspect of the invention, there is provided a coil
component comprising:

a coil having a through-hole;

a magnetic core including said coil; and

a terminal connected to said coil, wherein

said magnetic core includes a top portion disposed at an upper part of
said coil, a bottom portion disposed at a lower part of said coil, and a middle
portion disposed at the height of said coil, an outer layer thickness of 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.

According to the second aspect of the invention, there is provided a
method of manufacturing coil component comprising the 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 a
middle portion including said coil is made less than a diameter of said



part of said coil and a bottom portion of said magnetic core dlsposed at a

| oner part of said coil are made higher in density than said n1dd eggg; 2003
portion. A packaging of an enbodi ment of a coil conponent of the pr t
invention is a conpressed powder nmagnetic core containing nagnetic powder,
conprising a top portion disposed at an upper part of the coil, a bottom
portion disposed at a | ower part of the coil, and a m ddle portion
corresponding to the height of the coil. Also, the outer |ayer thickness

(di stance between the coil and the pack géng surface) of the mddle portion
of the packaging including the coil is |8Ss than a dianmeter of the

t hr ough- holtArowgh-hiede,cand a ®pdpsitibhofSaig hafRetid déﬁ‘é&hkp!oﬁét?at aR \ﬁ’%ﬁéﬂ on

and the bottom ortlon are higher than that of the m ddle portion.
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conpressing until the outer |ayer thickness of the m ddI e portlon i ncl udi ng
t he coil becorrels( | ess than the dianeter of_ the through-hole of the coil,
This i s bedupdckagmgiehanigmbediment obameil component iod th@tpw&ﬁ:rptolmflentioare

hi gher th d t f th d
the. thr ought g SoBPiEREedo PP WA ehieiiic Byt dorta™iRE meliesipopeiftor
t he packagicegprisinkoneopt paficie dispoRs @f. é{ﬁ@ggfeﬁqaeﬁfﬂ%ﬁﬂié QTR A HAmO!
the packagi ng., Accordi ngl y, even when - he magnetlc fl ux

passing t hibgugRnt Kespesasliga- rﬁ)llé)vmsslw‘tt af othsh el tamd aanabiddliet grortion

Paanet o saelesPRBAEEaD Mk N B tin il AN 46t . e lsbier opoess
enabl i ng t ligistayes beev&én the cogll aid thé ptabkagﬁi sﬁﬁH@é’]‘Gf‘tthe Thiclé ﬁ)orﬁ%ﬁause

t he magneti céﬁer meabi | ity can be increased he top and bottom “portions

where the piddhegas agmgsmo)budmgm@mﬂ umlmstth@nm dlkamftpbofitlmfnthrBRg rhole
DESCRI PTI Sﬁg%gﬁl,%wawﬁe jtlm eer(fstlfy %16 t(\)/f) epvg) 1f0naa1§ thecbo é)nnlent

in one pr
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
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, 3 density of the inside of the through-hole of the coil, which
corresponds to the middle portion of the packaging, is lower than densities of the
top and bottom portions of the packaging. Accordingly, even when



enbodi nent of the present invention. Fig. 2 is a perspective view of the
coil conponent. Figs. 3(a) to 3(e) respectively show a part of th
i DECi 2003

manuf acturing process for the coil conponent. Fig. 4 is a perspé
of conpressed powder for the coil conponent production. Fig. 5is a
perspective view of a coil with termnals connected thereto. Fig. 6 is a
perspective view of the coil conponent before termnals are forned. Figs.
7(a) to 7(e) respectively show a part of,a manufacturing process. of
anot her coil conponents of the present i-hvention. Figs. 8(a) to 8(d)

respecti vethe ﬁia%WGﬁclﬁiﬂi paksingniirotightthe itheou gh-bes pasieydiroaphtiherntopoi |
components of the present invention. Fig. 9 is a perspective view of a
convent i ondd ceettorbpestiens. whpoisg. thioknessa is eless oran Vhewdiematee of the

ti I i t.. Fig. 11 i ti | yi how t of
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preferred enbodi nent gf the present invention. . Fi 2 1S, a perspective

Vi ew of t HROTHRS WESHR Bircpckaging denstiy 3 highesthyn dhe middlE RRFUGR. ( he
manuf acturing process of the coil conponent. Fig. 4 is a perspective view
of conpressed : powder for the coil conponent production. Fig, 5is a

perspective view of aBRIEF DESCRETION GFCPHEEPREOWINGSt0. Fig. 6 is . a
perspective view of the <coil conponent before the term nals are forned.

Fig. 1 is a sectional view of a coil component in one preferred
embodiment of the present invention.

Fig. 2 is a perspective view of the coil component.

Figs. 3(a) to 3(e) respectively show a part of the manufacturing
process for the coil component.

Fig. 4 is a perspective view of compressed powder for the coil
component production,

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
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.

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.

BEST MODE FOR CARRYING OUT THE INVENTION



In Fig.1 through Fig.6, a coil conponent in an enbodi ment of the present
I nvention is 2 to 5 mm high and 10 mm square i n shape, conpri si n.g§ BEE Izoﬁa
having a through-hole 1, a packaging 3 including the - coil 2, an

termnals 4 connected to the coil 2. Also, the packaging 3 is a conpressed
powder magnetic core (dust .core) contaipging nmagnetic powder. The materials

for the pa@ifﬁi]ﬂ?bgdirﬁ 'Hpri se thernosetting binder resin conprising
silicone resin of tough resin conmponent and el astic resin conponent and

magneti c powder. THeepromhe inwmio %iIIiB@Qeé@r*ﬂ(}f&éﬁuﬂﬁg%hf&v&&éﬁﬁgdﬁ%&t ng

thernosetting resin does not cure and is no nder ~a pr
from 0.5 t &3 aeterenee fo thedeyingsor ni ng conpressed powder 5. Further, the

conpressed powderz:o i4S .. subjected to re-nolding under a pressure ranging
from3.0 to 5.0 tF/‘g'ml- ‘%oéjg‘]SC&PBaEH’&%‘ﬁ’sGirgg% €atheomponend iwhione Iprefagrédat ed

at 100C t oetfifdigtenithef thdh i L 1Ng H:eSihn. C letely. cures, er eby
mol di ng packagi ng 3. The cgrrr?o%cggéggéﬁg)%a er Fr%gg?e]tsiigraéﬁ%ec(t E’l%‘gr@ tt]hf:. -

enpl oys he&fll” coayranemdof Rigsmd(a) ito A(d)oghorwderpas SRR hfdn?l'fﬂﬁﬁﬁing-r he
[ (1 cle

magnetic p er ranges from1 mto 100 min average par
di aneter, gl‘rr\éagé/slstélﬁl\ﬁ’cﬁ ﬁ%@f%wam TAg. drisonperspertivomigenof epmpresgadese
wn), b ' : ' udes at | east. one sel ected
from the oroue oatde calficbibonchf Be0RGoR. | Muis e (hespective e o )
and magnediaeil Wit termimats oposédtednhefetgactF Qﬂﬁg%%rsbécﬁﬁefw@égpﬁf'h% i
DEC 2003 5, 4t % conmonent A5 7 vt % 2 wt %s O 's 8 wt % 0. W% 0
0.6 w % ﬁﬁf%@%%%n@mthﬁtﬁfm%&fwm % and the rest is iron |
(Fe). Dependi ng o pibe | JH er.e.it ' onponents are use it
i s possi {ol ;r L S%ﬂ;?g\? ﬁ%gﬁ%ﬂ@%%iﬁﬁghﬁgw aza??ﬁ)&fz@ogﬁf‘)fdthe
conponen . etieen eSS ik -
packagi ng § S sﬂ,h wn.in Fj .3&3). The conpressed g]gl)ti\ger SI%IPS’provﬁgg
a strong pQr(faET% yﬁ/ﬂgjr%g ath&()g s Lcamackesing Poiniduding ¢hawoil 2, and
terminals 4 connected to the coil 2. |

W th

| Also, the packgging 3 is a compressed powder magnétic core {dust
core) comtaining magnetic powder. The materials for the packaging 3
comprise thermosetting binder resin comprising silicone resin of tough resin
component and elastic resin component and magnetic powder. The
materials are mixed without heating so that the thermosetting resin does not
cure and is molded under a pressure raﬁging from 0.5 to 2.0 t/cm’, thereby
forming ‘compresse'd powder 5. Further, the compressed powder 5 is
~subjected to re-molding under 2 pressure ranging from 3.0 to 5.0 t/cm® so as
to encapsulate the coil.2 while being heated at 100°C to 180°C so that the
thermbsetting resin completely cures, thereby molding packaging 3
The compressed powder magnetic core (dust core) employs heat-
treated soft. magnetic alloy powder as magnetic powder. The'magnétic
'al}oy powder ranges from 1 pm to 100 pm in average particle diameter, and
it in'cl}ldes component A, chrome (C1), oxygen (0), manganese (Mn), carbon
(C) and iron (Fe). Component A includes at least ozie selected from the
group. 'consistiglgz‘ of silicon (Si), aluminum (Aij, titanium  (T§) and

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



col | apsed by the pressure applied during re-nolding operation and K
portion where the shape of conpressed powder 5 is coll apsed due 'ﬂﬁoﬁﬁ@ 2[][]3

pressure applied during re-nmolding operation. As shown in Fig.4, the.
conpressed powder 5 is a pot shape with an E-shaped cross section with
back portion. 6, a central portion 7 anddan .outside portion 8, and the

back porti ont & secygporend SLrPad BODIWPY, MW lLg \'){Lp% gfrapf‘i(r}ﬁ{ ‘7?.02' bi-gg]{g and

the outside. portion 8 respectively serve as a wea he"we
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t he conpresse oywde Thaf. is, e nsity conpresse powder is | ower
at the weak“B%r@Pﬁ, i&?ﬂfﬁ%@n tg% CPREIANGWHCHbERG 60l componenss e gishdof

t he weak poftisOfosdi ‘ I §,+ &0l Rfpse en ressure of a
Fow Ko onp o aBoT BLE HPne AelT N RE 2 i, e T B RL BT Sdeg

- powder 5 ieomponehtgsed” neans that the shape is collapsed to'a size of

particle size of the nmnagnetic powder. At the strong portion having a
strength high eno tecie i compsenssd ppwelsapbesse digsdwder molding ghe of

bei br oken, i I 1AL UBDS: i i nc|l uded i h nge, of bei
weak si noe Dratetg P R shord B Tg TFY n ThE G RtkesRa ed S0 Sois pregiae

magnet i ¢ powithr a Sndmgapostionnwherd-ithe Miabet Of FESmBtéised! Bt | §0;d
packagi ng 3, .. the comf);r ?ssedr powder.is re- r?ol ded&l}ﬁdeegfsegrggg?reg golsi %t t he
top and botAlkaRssd by theoprassuneeapplind dueingt romplding iopesatidn tawel pi weak of ,

conpr essed e ng. t 'the, outer riphery_of coj.l 2 and the inner
part - of t%dr}g%%%ﬁo?% fh%gﬁggee&cc&fjgp]écésgg\ﬂcﬁﬁ&?lyhg 18,69 aB%ﬁcfich'to the
col | apsed. piessyret ypplied Batingd@3mobldiaeteraged. powder is heated during the
re-nol di ng under pressure so that thé thernosetting resin conpletely =

cures. In that c ,Shmé_ﬁcﬁiggﬁ, rtbe.xoumww@owi_arr&ﬁs arpaistmpel el an
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the top .outs_ide portion 8, and the back portion 6 sexves as a strong portion, while

 the central portion 7 and the outside portiori 8 respectively serve as a weak

portion. “The weak portion and the sﬁbng portion are formed bj controlling
the density of the compressed powder. That is, the density of compfessed
powdei is lower at the weak portion, and higher at the strong pdrtion. The .
strength of the weak portion is such that the shape is collapsed when a
‘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 pdrtion having a st_rength high enough to

~ keep the shape of compressed powder 5, a state of being broken into blocks
(lemps) is not included in the range of being weak since the éhape is not
broken into the particle size of the magnetic powde'r. ‘

And as shown in Fig.3(a) to Fig.3(d), in .molding't‘he 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 c_onipressed
powder 5 and that the outer Iié}iphery of coil 2 and the inner part of
through-hole .1 are covered. with the weak portion éollapséd. Alsé, the



portion 11 at the. upper part of coil 2. the bottom poition 12. at 0
part of coil 2 and the mddle portion 13 at the 'height part of&gﬁtzﬁﬁbs

the top portion 11 and the bottom portion 12 are higher in density than
the mddle portion 13. Particularly, the mddle portion 13 is forned so
that a density of the outside mddle pogtion 14 is higher than a density

of the insj g tsl ‘ .for,,these nsities, the densities of
the top poFgﬁl&ﬁ@ﬁ%@aﬁSW@% tlg%{k%%qtq%%ﬁngfh&r@'mqgl%ﬁﬁgeﬁ‘ PESEIQ spothgt o
g/ cm- and thatherinadetting sesia comglaelypentéon 13 is 85% to 98% of the

densities of the_top portion 11 and bottom -portion 12. The, manufacturing
met hod of the pr & that| easeat then paickaging de sisr mveldedi so tfhat f ol | @depdlayEhe

fact ur ipgan frth i ti, 3 pa. ck
ol di g pr IHSLAEL PR st BR BT A" ini s RaBiom arthaing the conl 2 19

magnet | o Mhissrihah sadidnotc e K GIETLAGIOGEAR, L0 of O AT Ak FoTIRel g, 4
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connected to the coil 2. First, the packagi ng nol ding proces _

step of noP8rtRn 1w theamperqiart ofiwodk 2¢ thebotiem portien d 2eatt therlenaatgdrpg .
resin 6indgg,. i ch.ipnclude silicane resin having, tough resin conponent

and el ast i-§{: rcéjéier?' gggng]c?n@?fﬁfﬁ%rf’d’rﬁ%‘n; i gt 6&6@?@&? Paph RE it thothe kemt i ng
so, t hat t hportiderITosed the bdiesh t U £ d r
pressure. .gonpressed powder 5 h sqzﬁ%}){lgs?l%pgf%l\}%ﬂﬁaﬁélﬁ}%gg%dﬂggf]g?gdle )
section wi PertigyadR. portion 6, a central portion 7 and"an ouiside &ition 8,

Shape of - Conpr 6baEiCatige the ufgkiaorbioa. 18 Raitagman sodnap acdensatsbot the | o
Serve a5 a weak portr onl ool 18 Phix Ufart s BeAGLE VB hERC Bbiatfe”
powder 5 dPPFRM 55- mol di ng under
' _ As for these densities, the densities of the top poﬁion 11 and bottoni
portion 12 are in a range from 5.0 to 60 g/cm® and that of the inside middle
' porti_on‘13 is 85% to 98% of the densities of the top portion 11 and bottom
portion 12. . ' o
" .. The manufacturing method of the presént invention will be described
- in the following. | |
| The manufacturing method of the prevent invention comprises an
packaging molding process for encapsulating coil 2 in packaging 3 made up
of magnetic material, and a terminal forming process for forming fcrminals 4
connected to the coil 2. | '

; First, the packaging molding process comprises a step of molding
t?vo_pieces of compressed pdeer 5 where a thermoseﬁing resin binder,
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-. o

_ Compressed powder 5 has a pot shape with an E-shaped cross
section with back portion 6, a central portion 7 and an ouisi(ie p‘oxtion 8, and
‘the back portion _6‘ is a stfqng portion'being able to kéep ‘thé shape of
compressed powder 5 during: re-molding under pressure, While the central



pressure. Next, the coil 2 is placed in the nold.so that the top and bottom

t hereof are heI d by the strong portions of two pieces of conpress
5, then the two pieces of conpressed povvder 5 are re--nol ded und 51‘%@3

pressure for nol ding the packagi ng 3. ,? this nol ding process, the outer
peri phery of coil .2 and the inside of -through-hole 1 are covered with the

weak porti pm:tmn andt the vaisite giortionamspbotinelynsdive. aﬁa(ﬁbak‘@fdrh@ntﬁﬁngaw
portions 6 pi eces of co ressed powder 5 are holding the coil

two punc hegﬂfgﬂeﬁroek%eﬁ Hﬁe csbﬁpﬁaq pompressed powdeon d sdurdng pofmotﬂmgamdm. ch
are the we tions of conpressed powder 5, thereby collapsing the weak
portions o corrpressed powder 5 and .covering the outer periphery of coil

2 and the insideNekt! (o waht Qoisegiacedpﬁ{ tth@%@{)d %E 448 the IFOE) ?1?{1 Gbsost’tgrﬁ

appl i ed durlngthe re- mol di ng eration, the portion
portion) ofh %Qﬁﬁ)&&b@kﬂ by[idmdsirmfg popiioss nf the pleees vfecomprdssed p owder

t hr ough- ho# “véti'lcml 218 ri ed |nt t he rOgrough hole 1 of c0|I 21in a
bl ock. . APs@eniietye m’ée%éé?f %?}PPF%%B @Ct\%@? gre senmokied wider st esded
owder 5 o H.y\@léi[

EI ock, theﬁﬁﬁ?ﬁﬁﬁgﬁﬁdﬁ@%ﬁﬁ&d&aﬁ i"6n) " an -goﬁlt |13gebpor?%’oﬁ168°t’%§ak '

porti on) opﬂrébh@yegfamlbcﬂ/vaad ﬂleanmxdaldfaﬂ:&edghtmﬂeepmeqmme@g;vittﬁqhgt her
outer peri; %[yp bcml 2 and the inner part of through- hole 1. Wth the
nol d appro He3|gned in the packaging nolding process, it is

possi bl e to mak 1 e )r9f d 0
I ncl udi ng the cglllf ng?gs]gb%dr%g &ﬁtsngl anet ?rlé\(;\g qjﬂrg}lﬂlg% ﬂiel gé‘?k BB&E'{%S gc0| I
2. Also, aekttwdipigeemof comepreased potmfelr ifgareholding ithé lkeiln2 £8#H punthyent | on,

top portlon 11 t he upper rt, o oil.. 2 and bottomportion 12 at the
| ower par t PX5PS cg'lel ceny PB?tg%‘H i @Hﬁromﬁl@elﬁ’@ﬁl‘}'ﬂt ﬁ:arWﬁW@ ﬂf@ldhé peaki on

13 corresppodidis &P doifpreistd *HovP@éf 50th&RbY GollapsinDire 3005 13 portions of

compressed powder 5 and covermg the outer periphery of coil 2 and the
inside of through-hole 1. '

‘Particularly, due to the pressure appli'éd during the' re-molding |
operation, the back portion 6 (strong portion) of compressed powder 5 |
opposing to the inmer part of through-hole 1 of coil 2 is buncd into the
through-hole 1 of coil 2 in a block. - -Also, while the back portion 6 (strong
‘portion) of compressed powder 5 6pposing to terminal 4 is buried toward the
terminal 4 in a block, the central portion 7 (weak portion) and outside

- portion 8 (weak portion) of compressed powder 5 are collapsed, thereby
covering the other outer penphery of coil 2 and the inner part of through-
“hole 1. . | .

With the mold appropriately des1gned in the packagmg molding
process, it is possible to make the outer layer thickness (W1) of the middle
portion 1nclud1ng the coil 2 less than the diameter of through-hole 1 of the
coil 2. Also, | according to the manufacturing method of the present
mvenhon, top portmn 11 at the upper part of coil 2 and bottom portmn 12 at

. the Iower part of coil 2 are formed higher in dens1ty than the dedle portion
13 corresponding to the height part of coil 2, '



Further, as for the mddle portion 13, there are. provided inside mddle
portion 15 corresponding to the through-hole .1 of coil. 2 and ol SDEG

m ddl e portion 14 ' corresponding to the out er peri phery of coil" 2@@3
outside nmiddle portion 14 is fornmed higher in density than the inside
mddle portion 15. And the packagi ng 3-8s nolded so that the densities of

tg?in%"pmf)f”et | ORERHIRA AOROOTHEOHAR Bortidy 38 theRSGet (o Bads inefe
densi ties. ﬂBﬂdlﬂwpomelSCmﬁregmmrmgntom@ ﬂi@bhgﬁvhcﬂ)éqﬂof\’%ﬂ v} faﬁdftﬁhgﬂie of a
ness

coil conpo s | gwer as a whol e by nmaking the outer layer thi

(W of theﬂHmaﬂlzﬁ Boﬁ*dP{lﬂg‘ﬂ qoaaqwﬁgng He d6i puizr| petphérgnof hnmhﬂamﬂeths)f
t hr ough- ho rtion 11 and :bottom portiaqn 12,
reduci ng tggtsﬁ Bﬁrﬁltea}sl%b%er €0 ﬁef&r?lgecgg@eﬁl 3 edlslﬂd’rt;ha eiiggidsomaddle 11
and the bpottion @Srtion 12 hi gher in density than the nmddle portion 13. As

a result, it is,po shbl e to suppress the occurrence of nmagnetic saturation
at the top port: & m{aﬂl@gbatﬁom(ﬂdbdl s; that thbadeasitieshef the oy tion

11 and bot f ing 3 are.higher in density than the
' inner pab?fﬁ@i)ﬁa%&%égg %’ t@?ﬂf? Bm:i§ Q &0 O g/@@%ad%’hbl‘e

t hr ough- hotlemt bf the danei Rl py¥eRoNIEN st 8%%" | ing through
the through-hole_1 passes thrgughot he tsog;?%gort I on 1Ilfe d%lsmgssbottom

portion 12 whoseByhthacabare cpmfigmytion amkmetthad et/bﬂ whesehehedght of a

t hrough- ho, p N 11 an bottom portion 12 can be

possi bl e t%ﬁégﬁ ﬁ&%éﬁﬁls T} éﬁ% & S apg"m%%ﬂ %t tﬁﬁé"ﬂ@b lpyar thdeknass and
t he botton(W()rM Qlﬂeltﬂl@dle bEIGH 0B I tiags g 1 As
a result, éﬁe hei ght of thig coi l lcolr‘ripgcf)igént?ﬂécgﬁﬁg% g?/veq}rle tﬁe ‘2{3&%& léxlcfsfowi ng

t he occur r BHeHZhH Qlﬁ éndcb é’afq,rm!tﬂ{gotheatop lp@ruop bbramdoboﬂtamﬂ rt1bﬂ612
bott om po ddl.e. ort | Q I.ncl.udes i nsi ni ddl e
portion 15lt édg%%ﬂéépélﬁ eg§ 6H1?1fﬁ0£ub‘h Sth’Séﬂgle té’ngo%tth?' dep rﬂfﬁﬂpé 119@&@ on
14  cor resthenbiottgm ort‘cid?ﬂ W hsskier 1P ut S
mddle porti f 4p| s hi gher edfrn deng}g?ﬁl{?{,ﬁg?\ﬁﬁ% ﬁ?%csﬁkgé&gogldﬁ |aon
15. out si desult, it 1s possible to suppress the occurrence of magnetic saturation at the

top portion 11 and the bottom portion 12.

- That is, the top portion 11 and bottom portion 12 of the packagmg 3
are higher in density than the inner part of middle portion 13, which
gorrespdnds to the inside of through-hole 1. Accordingly, even when the
magnetic flux passing throilgh the fhmugh—holc 1 passes throug]i the top
portion 11 and the bottom portion 12 whose thickness (W2, W3) is less than
the diameter of through-hole 1, the top portion 11 and the bottom portion 12 |
-can be posmblc to obtain higher magnetic permeability as the top portion 11
a_nd the bottom portion 12 are hxgher in density than the middle portion 13.
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 mlddle portion 13 includes inside middle portion 15
correspondmg to tluough-hole 1. and outs1de mddle portmn 14

- correspondmg to. the outside portion of coil 2. Smce the outside middle

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



-5 DEC 2003 9 mddle portion 14 is possible to obtain higher rhagnetic

pernmeability. Accordingly, it is possible to reduce the size ggﬁﬁozﬂda
conponent in the .lateral direction thereof and to save the s

nmounting of the.coil conponent w thout allow ng the occurrence.
magneti c saturation at the ‘outside ni ddPe portion 14. Parti cul arIy, t he

packagi ng 3middlempbgdtidnsd4t igt podsgbensi bb@sn ohighke nd ] A
bottom portlonwlcgpare in a rangie from5.0 to 6. 1('? g/ cnB a%l?;e k?git?mgg)ﬁlﬁn

i nner m ddl BCEHERSY, 18 18 sPQﬁS% edooBghise thhesidend ﬂmeesollaminpbhmteimlthe
exce55| ve s b ed to he coi | At the sa ,

i s possi %#%ifeﬁg%b(#lés Pt‘fg Bﬁga q88KE & pscﬂﬂgﬁgf% moRRYRg fogebet@f)ﬂ
| nt ernal stg RSS S coi |
2 g0, 1 fnESRot SRR, LRI B o RS tubeiferl SRR AL 8 on

and to rrak@u’tlsmmetﬂdlecpmmmﬂ& smal | er |n si ze. The packaging 3 is a
conpr essed povvder n t|c or e, ﬁnd. ha eci fic conposition. . That

s
is, the ratio of 4 ¢ pac ?%‘Hg dS iolded sy thak Hife Sgssities ‘obthe as

cha ! ?Lh%@%@%%@vﬁ‘* HRAR B B art M REs AR S0 RN s B o

i's not nor eand1ﬂlat8)ﬂ/\the’/¢nn&r mddiewrlmloe 13 iS850k €5 98% dfofie dendtibs LAHENCY
range of hlﬂl&er t han 100. kHz, th i % the, present . invention is able
to realize DEHIOLe EXCRSSHR ﬁ@e?‘ﬁﬁse‘i"ﬂ pot §\/ﬂH’iéleéix@ethﬁeﬂ©ﬂ Zor u‘\dstihorsame

ponse “ro o B2 PO RO I AR i St o b
present i nviahtingh sttesses eolthe Koepwkids em Ethlesbrd!ﬂ&ibwﬁ her deanbi ty.
of corrpressn‘%ﬁi Qwder 5.‘% ween the punch and t e coil . 2 hardly varies
during re- Sd’p ﬁt\;d%ﬂaéﬁﬂ g?éssapﬁfesaﬁ € (GENESNER |0£g31ﬂsneﬂmsgslraoonm&agu ng
3 is easi ermﬁﬁe%%oii”éél%?ﬁh@ﬁ?ém%ﬂ% ﬁpgi’tzﬁe peri phery of coil 2.
Accordingly, it is possible to suppress the dispersions in characteristics

such as inductance, saturation characteristic and nmagnetic |osses during

DC- . bi asi ng of t,i;ﬁ |ndi|{ct anc% Furt her, since the coil:.2 can be held by
e packaging 3 is a compressed powder magnefic core, and has a

spemﬂc composition. That is, the ratio of Fe component is high and 1t is

advantageous for DC-Bias charactenstlcs * Morcover, 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 suppres,s a

loss in a frequency range of higher than 100 kHz. - In this ‘way, the present .
invention is able to realize composite magnetlc material having excellent

COrrosion re51stance 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
used, the quantlty of compressed powder 5 between the punch 9 and the coil
2 hardly varies dunng re-moldmg under pressure, and the covermg thickness

- of packaging 3 is easier to make uniform over the entire periphery of coil 2.
_Accordmgly, it is possnble to suppress the dlspersm:ns in characteristics such
as inductance, saturation characteristic and magne’uc losses during DC-
.b1asmg of the inductance. Further, since the coil . 2 can be held: by
compressed powder 5, the coil 2 is precisely positioned, and ‘



conpressed powder 5, the coil 2 is precisely positioned, and - 5 DEC 2003
10 defective nolding of packaging 3 may be prevented. Regarding rﬁ ,
conpressed powder 5, magnetic powder and bi nder including thernDsdt El&) 2003
resin are mxed and pressed to form conpressed powder 5. And, t e
thernmosetting resin includes silicone retin having tough resin conponent -
and el asti aefedive ol 1en yt_i s possible to, mold the packaging
wel | bal anced in st rlieﬂrll)(g;)i::?1 tgr?dwggclgéﬁén?’es@,ayaﬁ'& tﬂfpvﬁphqﬁ zi&@f&ﬂéd%f dbe of

packagi ng FOTIRIEssRst pDdeé,anhgnEtib?m&ﬁf @ﬂd%ﬁﬂeﬁ?ﬁf&@g@ggﬁlﬁ%ﬁﬁgggs

re- nol ded er._pressure, the coil can be precise

gaps bet vverg%gcgﬁgr@&@{i msﬁf"én@ derm zogaprassedoppivdee! §. fAhdedpei t
i s possi blikeinfodefingVeshig gﬁgﬂ%t' .efficiency by reducing the magneﬂimc
gaps. Partiglglél alrly, gs tLe 2Erong ng’@n&nrﬁmc %%&é%%%dﬁﬁl’é‘r cempoiniend| y
hol ds one eclastic aesin2comiponepositidrefhrefit Goi 1 i.sregistrated
during ‘res i% un eroﬁr essure, and anot heré‘ossl%(lzllbel%oﬂjaii::[g)ul1?i @ec%‘LF SR si | y
covered W't t B oitengtho pndobritilessd, podieo MminfmizeetMEdERAT b ON
col | apses. palkssin iqgly, it is possible to make the covering of packaging 3
uniformin® thickhess over the entire periphery of coil 2 and to suppress

the dispersions Funthehasacieeebilt 2 Gs 8fvdrba @Eﬁﬁ@@g?@%@ p@l@% éﬁ] ?%fﬁh'

conpressed r 5 is a pot -shape wth an

back porti Hquaggé‘@éﬁtl}rﬁﬁlﬁﬁs thorcoll 2nehmbe preeisdy poveiral SAI#ths ggﬁ% back
portion 6 i I | il the central portion 7 and the si de
portion 8 thsvgeﬁ?% ic\ek'e rggée%dv%é’g&% \é&?gpﬁﬁ"ﬁi%rﬁ eacpEipletely filed,t itoisl _‘
m sr egi st r possiblentar ithyravectie gisgnet i : ' of _conpressed |
powder 5, and it is,;%si er to coveerﬁt%ﬂéﬁéﬁéfﬂgir?{gh%¥££g}q m@gpgﬁﬁgapghe
di spersions. in EREicHady; asithe sirongeartion ob woomsrYssed poReddeS 4E BEb1

Cover | o R PSR BBh bl Sh i v e
entire perfphwlding undet pPossane, aid | dnolBérSdeCof BofI®8 G B 'Gasily covered
_ .with the weak portion of compressed powder 5 as the weak portion collapses.
Accqrdingly, it is possible to make the covering of packaging 3 eniform in
thickness over the entire periphery of coil 2 and to suppress the dispersions
in characteristics of the coil component. | |

Also, the cqmpressgd powder 5 is ‘a pot shape with an E-shaped cross

section with back portion 6, a central portion 7 and an outside portion 8, and

~ 'the back portion 6 is a strong portion, while the central portion 7 and the

outside portion 8 respectively serve as a weak portion. As a result,

‘ positiongl 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
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
t_hickness over the entire periphery of coil 2, and it is possible to reduce the

_-dispersions in ‘ characteristics and also to ,-obta'i'11-"w" higher lii'ﬁg-netic
permeability in top portion 11 and ‘bottom iiortion 12 as the top portion 11
and bottom portion 12 of packaging 3 are higher in densify than the middle



di spersions in characteristics and also to obtain'* higher magnetic

pernmeability in top portion 11 and -bottom portion 12 as. the t_aﬁaDcEci Qﬂ

11 and bottom portion 12 of packagi ng 3 are higher in density t e 03

m ddl e -5 DEC 2003 11 portion 13. Also,,jhe height can be | owered w t hout

allowi ng the occurrence of nagnetic sattration at the-top portion 11 and

t he bott omPpQdioni dﬂ 12.Alisn, t thee eigdit nesh bé ﬂmeﬁé@sﬁ@ihdlﬂV%ﬂbhﬂﬂ ]Etf'
eto

conpr essed ovvd er Fas E- shaped crpss section, but it is also po

make the cé %TGHCBO‘P |IBﬁg‘?6tF%nij‘éFfaé%Olhti’érﬂ@r tepaportion dit andethaobbttom 8
provi ded t shape is within the scope of the present invention.
Particul arl shaped cross section with only the central portion 7

formed at the badk therd th
orned a e badk therdmbodimantof the greﬁ}ﬁqﬁ%ﬁfleﬁst%p;rﬁggiﬁe}glsﬁ@\g a\?e‘ﬁ{%{ €

out si de pogjl on 8 forned at the porti can be consi
the E-shaped hasodsh §E§ﬂ|@086fsq0hl®nprbls’reut is aidiogioseibie 8 smkeashd @entrhie

2y bo hathtsy Bldieeh Ry sHer R aG e, eilePeakins previd tharshe shape
anot her si de vefthfn§eCfidpe & tﬁesg?é%ﬁ%ﬁ%in ¥n 2 altic %@E‘i){, an’ggw pﬁg:t hg{ r ong

conpressed powder 5. 1n"that Is al'so a

portion of SEBBHEMIIM@SM’IMWHOE ‘higheed an thtebatk portion ¢ Aed aweak
coil allqwable to wind a flat wire

gor ;[Nlef)ln as s’fﬁ{b?@uﬁgsﬁ?f %Iht‘%l gnorélé'g 9@“@%‘? IPOI“PR 8 Hpsmedsat the; pontmn
possi bl e  canbaneRsiddied eiiRaRt ! e ¥ H-shitbed QrdsA B 0n T fie! | Breseyt

conpati bl e w t h_high curren Especi a
wound so 't K&l Qﬂim@é@ ng 3 will not be nolded between the adjacent flat

wires, it is pos le 1 ss_the. enertlpn of magnetic flux that
ci rcul ates 'aroun?u?ﬂeaﬁ &(%‘Prr atiye POFH 0R%0k eoilihand 6§§&§essed:powﬂer5

packagi ng ibﬂeSglﬂ@toﬂTﬁ{gjgg 102t d he: ot her exa S of

nol di ng, as- wn_in Fig. * 7 e?ﬁg?rb m%l& Ibg} a"gtfdpf% Rgl?%%#rpefeggg(f Mg? can

be re- nol deR!P eh \ﬁhdémhsnstdmf dIECDlI 2'is supported by a weak portion of
another compressed powder 5. In that case, it is also allowable to make the
strong poruon of E—shaped comprcssed pcwder 5 higher in density than the

weak portion..

7 Furthf;r, 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
the -space factor of the coﬂ and to make it compatible with high current.
E5p601ally, 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.

" 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 portmu 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-
moldmg can be performed using two compressed powders 5 havmg small

peaks and valleys 10 at t1p end portions of central portion 7 or the outside



side of the coil 2 is held by the back portion 6 of the strong. portion,

and anot her conpressed powder 5 is -placed so that the central t'En;?2003
is inserted into the through-hole 1 of coil 2. Also, as shown in 'g

re- nolding can be perforned using two conpressed powders 5 having snal

peaks and vall'eys 10 at tip end portionsl®df central portion 7 or the

outside .= Jﬁj B%ﬁ £ahd %ﬁqo&éﬂrfo’ 08K 0@& ORARTRY. §PisSA80 &O&SEFD&%}E%IS‘%&FH? ng

i s'al so poss e- to orm Te-nol - provt di ng on

grooves at remmobdiak, [{nmowdmg@ma‘ or mﬂwma@l Podees at 1By bdsk pariiahi @U$
arrangenents of the conpressed _powder 5 as described above, it becones
possi bl e t &%BJ&SS%@%MI - f LBY Hé‘ilngewms arrangements of zbet¢nanpressed

di he
ebodi et BPIRES WSl R e s Bhies SRMIARRR oVl tha oot S iher
pressure, @aiai dadoftot hﬁnﬁﬁllkeZthé &%ih%lé%bﬁ@' RY éﬁﬁaéic&fk@ﬂ:s Bfriﬁé)“ccﬂi )

conpressed powder 5, but it is preferable to |l et one side of the «col
support ed PPN ong portion of the conpressed powder even after

bresent | nvent | ol A RIS F L SRR i e TERE Bt ESRUD gn bebe o7 it
conponent lr&-ﬂn@lﬁiﬁlgduﬁéeiagiid@,@hﬁe byné @idE BY thd8of1oP is Bﬁﬁf)bﬂ@d (bfﬁr f]ﬁestrongn

packagi.ng, corresponding to the upper part -of the coil
portion of nm@%a@k@gm@esmﬂ pesyderdbnut ot 1mpr¢fmdnlepm letodnet biglecof the

|l ess in thigckpess until rt ckne of "t he ddl e portion

i ncl udi ng tcf?ép?oﬁ? (P&*éeéf P& éh {a’r?%lghgo'&%\gget?‘eo@@ﬁéeﬁsﬁ Q¢fo PRER

the coil, dfter ®-P03gidY Gndér ﬁfgygﬁ%s t he occurrence of magnetic saturation
at the jop and bottomportions since the top portion and the. bottom

portion are higher in density than the mddle portion. That is, the,
density of the inside of th =hal e coj | whi ch corresponds
to the mddle portion of thé%ﬂ%ﬁﬁi&%\}ﬁgﬁs% bYt he ‘density of the

top portion and bottom portion of the packagi ng.

I.

~ 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, corréspon’ding to the upper part of the.coil,_ and the
 bottom portion of the packaging, corresponding to the lowef'part of the coil,
‘less in thickness until the outer layer thickness of the middle portion
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 pomon are
higher in density than the middle portlon .
That is, the density of the inside of the through-hole of the 0011
-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
densuy than the middle portion. Thus, it is possible to pmvxde a coil
- component and its manufacturmg method by which the helght can be

lowered without allowing the occurr_ence of magnetic saturation at the top



Accordi ngly, the nmagnetic perneability can' be"increased at the top-portion
and bottom portion as the top portion and bottom portion are high DEC 20[]3
density.than the mddle portion.' Thus, it is ossiblet ide a coil p O
provi conponent and its manufacturing nethod by which the height can -be '

| owered without allow ng the occurre’ n6d3of magnetic saturation at the top

-5 DEC 2003n&3botiah hejrtionsPeveh ohesV it Widde f1Rg | ihied
t hrough t he throughaﬁf)l e of the coiel ‘passes” t hrough t eﬁs%‘no% tgé?‘?ggﬁﬂhgnd
t he bot t omthysughi-balenebsthet kbilk pesses throagh -theatop heordicmemer thé Bdteom

t hrough=hol e. ..- 5 C 20 14 , .CLAI.M5 I A.coil. component conpri-sing: a
coil havi né’oﬁuf’ﬂr‘%ﬁ)&? ﬁ%&gl?esé lﬁéﬁ%{}}f@ 'lcF'Sr AGEST 4 pggﬁﬁqlp. and a
term nal connected to said coil, wherein said magnetic core includes a top
portion disposed at, an' uppet part of said coil, a bottom portion

di sposed at a lower part of said coil, and a mddle portion disposed at
the height of said coil, an outer |ayer thickness of said mddle portion
is less than a dianeter of said through-hole, while said top portion and
said bottom portion are higher in density than said nmiddle portion. 2. The
coi | conponent of claim1, wherein said niddle portion -conprises an
inside mddle portion positioned in the. through-hole and an outside ,
m ddl e portion surrounding an outer part of said coil, said outside "middle
portion being higher in density than said inside mddle portion. 3. The
coi | conponent. of.claim1, wherein said magnetic core is formed so that a
densities of said top .portion and said bottomportion are in a :



range from5.0 to 6.0 g/cnB and a density of said inside mddle ortlon IS
85 %to 98 % of the densities of said top portion and said bot %003
4. The coil conmponent of ‘claim 1, wherein said coil is an edgemnse Coi '
formed by winding a- flat wire in such manner that adjacent flat wires are
in tight contact with each other. 5. Thejgoil conponent of claim1, wherein
said magnetic core conprises a blndeblggﬁggdlng t hernosetting resin and
magneti c powder. 6. The coil conponen aimb5, wherein said .
thernosetting resin is a silicone resin i.ncluding tough resin conmponent
and el asti-c resin conpqnent. 7. The coil conponent of claim5, wherein a
conpr essed pomdeﬂ- uééﬂuh§oﬁqhﬁmﬁtmamHﬁnmnganufactur|ng sai d magnetic core
has a weak porti n»-gﬁi % | e Hf ep a shape of said conpressed powder
and a strong 1- & E} R'%eing able to keep the, shape of said

conpr essed pomdera,mwgﬁ@u@@bee Mﬁﬂ[ﬁ%§§ﬂi9&ﬂ\dgﬁ is re-nol ded, 8. The coil
conponent of claim?7,. wherein a cro section of said corrpressed povvder

has E-shape W't haatebramlqnmacml te eaid ebilpwheireim and outside portion. 9.
The coil conpone f cla wherein the.  back portion of said
conpr essed pomde:gallcngebﬁ%q’f& Binden 2 1op pertion disposes ap@ntupparapattt he

out si de porgfi Qid SRV, e 0 C ent, of claim-

7, Wherein tip end 10]§a ﬁlée cerht ra: Doaiérxjt(’%gﬁ z(;)’[rao1 ﬁhﬁo f%&f’ﬂsﬁuﬂf

conpr essed Ipbﬂﬂ@poﬁa@n dn@dsedmnhedmight/af ke&dscoil, lan Bateihi 3}&?9{%& Eof ‘
a e

claim7, ast . oed|V|d|ndq groove |s provi de
portion of Eh‘f 9%?@’3&% 13 dgiscthan o diametemef said r?hmglbhuh,rrghﬂmstald
conponent qgpRidriibAi%dd8aid BHRBM gmtlﬁﬂcfl‘%sﬂg%te&% 8&1%)1@ ' middle

t hrough-hole with a magnetic core
portion.

2. The coil componen’i of claim 1, wherein said midcﬂe portion
‘comprises an ipsidc mjddlg' portion positioned in the through-hole and an
outside middle portion surroundiﬁg an outer part of said coil, said outside
middle portion being higher in densi_ty than said inside middle portion.

3. The coil pom’pbnént of claim 1, wherein said magnetic core is
formed so that a densities of said top portién 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
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
comprises a binder including thermosettmg resin and magnetic powder.

6. The coil component of claim 5, wherein said thermosetting resin
is a s1hcone resin including tough resin component and elastlc resin

. compounent. -

7. The coil component of claim 5, Wherem x compressed powder
used as a matetial for manufacturmg said magnetic core has a weak portion
being unable to keep a shape of said compressed powder and a strong



i ncl udi ng magnetic powder"; and fornming a terninal connected to sajd L
wherein said encapsulating is processed. such that an outer Iayer‘askﬂ%egﬁﬂa
of 4 mddle portion including said coil is made | ess than a di aneter of

said through-hole, and a top portion og}fai d magnetic core di sposed at an
upper part of said coil and a bottomp I on of said magnetic core

di sposed atpertidmbeingpeblt tofkeepi thecOhdpeos stlddemprt e pbRdeLnFi n
said mddle portion, g13. The e?e?t hod ofp claim12, vﬁ\h?erei np. sai’d rﬁé%ﬁagﬁ
portion cofffEPLessed poplst derermaaldedoorti on di sposed in said through-hol e

and an outside njdd paktion di sposed .at out er. periphery of said, coil,
and a density o;%‘sa' eé:?i’tﬂs? Pr“nc?g‘te %p%}ﬁ{l}lgﬂ Y eﬁ?‘&h%rcf&tsh%l Lo ek Sald) of
sai d i nsi degomihestsed 13h - o] cl.ai 2 I n..densities
of said top pIg}Jtion %%asa?%%gtﬁggﬁnmgggt?o%%r ?elkﬁb%’ Fg]\'r%gf ro?)tr‘lngg.%hio
6.0 g/ cm- avmistdeepeiditgi.ty of said inside niddle. portion is from85%to

98% of the densities,of s.. aid top.- C 2003 16, Portjon and- said bottom

portion. 15. The tﬁﬁa CBfI_Q:(P’EPHP?E? Ogﬁg@ %a ﬁ%eghg&‘pbwléppﬁ@O%ﬁiwgt

further conggd e d0r i th bi nder

e it o RS STk AL OPTE SRR S Yl e

encapsul ati Ith:gpmlt' iom ssove abythe av brtfiors.ai d- conpressed powder under

pressure so as tao [?ov,(ﬂi'%sai.d coil .- 16. e. net hod of claim 15, wherein said
'S

conpr essed p_owderl_ Fﬁé‘dc‘?m&i’&ﬁ‘t rﬂfgiﬁ!jna%dwﬁﬁr%iﬁnﬁp\ﬂ%@ﬁﬁhmwmmb so
o eosur o s onCy IRt BRRELh, O AP LBmpRRite pb A S S el nd
15, wherei nvalldys. f ormi ng of conpressed powder includes formng of a weak
-portion: an_d a st{fngTﬁg rctoglogémspaoin%n\"c\eo%kclaim 7, wherein at least one dividing
- groove is provided at the back portion of said compreséed pdwder. |
.12, A method of manﬁfacturing coil comppﬁent comprising the
steps of: : |
. | 'éncapsuiatix_lg a coil having a through-hole with a mégnéﬁc core
including magnetic powder; and '
forming a terminal comnected to said coil, wherein |
said encapsulating is proéesscd_ such that an outer layer thickness of
a m_iddle 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 2 bottom portion of said magnetic core disposed at a
lowes part of said coil are made higher in density than said middle portion.
13. The method of claim 12, wherein- said middle portion
comprises an inside middle portion disposed in said through-hole and an
outside middle portion disposed at an outer peripherj of said ¢oil',. and a
density of said outside middlgé portion is higher than a density of said inside
middle portion. | ' '
. 14. The method of claim 12, wherein densities of said toﬁ portion
-and said bottom portion are in a range from 5.0 to 6.0 g/em® and the density
of ;aid inside middle portion is from 85% to 98% of the densities of said top



ortion being unable to keep a shape of said conpressed powder during said
Pre-nolding gnd said strong portion being able to keep a shape o;;?iggc 2003
conpressed powder during said re-nolding. 18. The method of 'clail ;
wherein said thernosetting resin conprises silicone resin including tough
resin conponent and elastic resin conpogent. 19. The nethod of claim 17,

ren b SR BB KRRGEIRELG, | 0L Lomor Veh by the Strang portl on
of said conpressgf. paiemuthidde of aihhes, vﬂieg@lnogaﬁl wh a@%h’lﬁr@g g:)%gésesd

with said portion. 20. The nethod of claim1
section of LW éﬁ‘?’f C%l@@ﬁlséﬁbﬁsmp&j@f has E-shape with a back portion, central

ortion and out ortion ai,d back por eing said strong portion,
&qi le said centféﬁﬁld% 94 &P%ﬁﬁéeiam“fﬁsr swa@ %éﬂdbsrohrédefﬁwhs&sm?eet:tmg
ortion. 2fesid . Wherein tip end of the centra
Bortion olgesou?gflgghggg?? rﬁ%@gﬂi conpressed powder has snmall peaks and

val |l eys. .22: Tfﬂarmmgroain ofenchpsmiating Wevpgieticatcdreadt Ofganggm'hfg Ngafgr oove
's provi deglo tprft:srs%dbl?ocrk(rdg Oﬁh'd‘ér” pr)éss%?e Csiocaosq%rceos\?eicsa?docoﬁr

16. The method of claim 15, wherein said compressed powder is
formed through mrxmg and moldmg without heatmg so as not to cure said
thermosettmg resin, and is re-molded under heat and pressure so that said
thermosetting resm cures.

17. The method of claim 15, wherein said forming of compressed

_ powder mcludes forming of ‘a weak portion and a strong portion, said weak

portion bemg unable to keep a shape of said compressed powder during said

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

18. The method of ‘claim 15, wherein sa1d thermosettmg resin
comprises silicone resin mcludmg tough resin component and elastic resin

~ ‘component.
| 19. The method of claim 17, wherein said encapsulating magnetic
core forming process is executed in such manner that oné 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
compressed powder has E-shape with a back portion, central portion and
outs1de portion, said back portion being said strong portion, while sald
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 portlon of said compressed powder has small peaks and valleys.

22. The method of claim 15, wherein at least one dividing groove
1s prowded at the back portion of said compressed powder |



