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[err] Abstract: A coil conponent conprising; a coil 2 having a

through-hole 1, a magnetic core including the coil, and a term nal 4,
wherein magnetic core conprises a top pgrtion 11 disposed at an upper part
of the coil, a bottomportion 12 disposed at a |ower part of the coil, and

a mddle portlon 13. An outer | aycDESKGRRBNEK3Nof the ni ddl e portion (Wl)
is less than a dianeter of the through-hole, while the top portion and the
bottom portion are higher in density t han the rriddle portion. The
configuration of the present iy ?\e smal | size coil _
conponent with |ess occurrence: 0 magnetlc saturation to prevent |owering

of inductance even wi METHOD OFMpNUFACTURINGUPHISAMEL i on 12. The
coi | corrponent further has inproved reliability. -5 DEC 2003 1

TECHNICAL FIELD

‘The present invention relates to a .coil component used in

various electronic apparatuses, and a method of manufacturing the same,
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
componeﬁt. |

- 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
-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 fo the packaging 53 in order to entirely
compress the packagmg 33.

Though, the height of the packaging 53 can be lowered by
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ART A conventional coil conmponent will be described in the following wth
reference to the drawings. Fig. 9 is a perspective view of a conventi onal
coil conponent. Fig. 10 is a sectional 4iew of the coil conponent. Fig.
11 is a sectional view of the coil conpOnent showi ng a part of the

manuf act ur cogypessingshefpackagnmyg 53, tetuend bdtorhi@stiods 1ff thiehgackaging
[ a through-hol e; an
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the entire part thereof, and ' also the packaging 53 is nearly uniformin
density ovthie tapardbotwnpaartionsddhe nackaging 84t i gurati on of such

conventional coit,cC t | ot | r ' of _1he.coil
conponent, it i st%e(gléas%g% %%&‘{I‘Eﬁs r%%geﬁwg é@lb&?ﬁ@ bﬁ%g&?%ghaplﬂ\viteéﬁwﬁ t he
packagi ng povitesr decotlocentpomint irapivvedsid relinbilkagi 1o WwRBichl ieaghetithe
hei ght of the packagi ng}ﬁSS can be | owered by -5 DEC 2003 2 conpresSsing the
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reduced in ' ' r n robl em that . netic
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magneti c fthdc@i&imhmbﬂéntl he t hrough-hole of the coil 52 passes through
the top and bottom portions of the packagi ng 53.

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



In order to address the above problem the present invention prow des a

coil conponent inproved in reliability, in which nagnetic sat ur-a ﬁg}q 2003
hardly occurs even when the top and bottom portions of the coil cCo e

are reduced in thickness for the purpose of |owering the height of the
coil conmponent. DI SCLOSURE OF THE | NVENTI ON According to the first aspect
of the invention, there is provided a coil conponent conprising: a coi
havi ng a through-hole; a magnetic core including said coil; and a term nal
connected to said coil, wherein said nagﬂgtic core includes a top portion
di sposed at an upper part of said coil bottom portion di sposed at a

| ower part thfowgh-thotel dnd antpoitiish ©f mﬂtmagnémé R;Qﬁéfih@poﬁét?af‘@h

said coil, an outer layer thi cEness of said _ mdd portion is |ess an a
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manuf acturi ng coil conmponent conprising the steps of: encapsul ating a coil
having a through-hole with a magnetic _core including nagnetic powder; and
formng a tf%Wk&glllgaﬁfné@t%ﬂb@@lm@mﬁoﬁ@|q01 gpensinens gif the mrepent] imvientjons
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coil and a bottomportion of said nagnetic corée d| sposed at a_ | ower part
of said coPOTHE8 HHEROSHd Nl anloamrsmqrttnﬁnﬂmcwﬂn dtdlldeaodmdd)]m: pertion
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di sposed at a | ower part of the coil, and portion
of the packaging including the coil is less than a dlameter 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
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



corresponding to the height of the coil. Also, the outer |ayer thickness

(di stance between the coil and the packaging surface) of the m ddlﬁ ﬂgélfﬁb
of the packaging including the coil is less than a diameter of tRe 3
t hrough-hole of the coil, and at the same tine, a density the top portion
and the bottom portion are higher than that of the mddle portion. By the
above configuration, it is possible to elimnate the occurrence of

magneti c saturation at the top portion d the bottom portion even when

the top and bottom portions of the packaging are | owered in height by

conpr essi ngheumtaighetieefloxpassingydirot ph ek ehfowth hivke Padsiethirothaheitopl udi ng
the coil beconmes |ess than the dianmeter of .the through-hole of the coil,
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t he packadi ng. Accordingly, even en -5 ghetic

passi ng t hbecagisetthe magoeth-paheabakgesan roingrensed imphe dop drad bowtom
portions whose thickness is.less than. the dianmeter of t. t hr ough- hol e,
et | o oo BASHBE RegaaaoRty s L ghan e rosdle BRrieRe.

enabling the |l owering of the height of the coil conponent. This is because
the magnetic perneability can be increased in the top and bottom portions

wher e the packagi ng depRIEF DESURIFTIONOFTHEDRAWINGSi on. BRIEF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a sectional view of a coil conponent

in one preferred enbodinment of the present invention. Fig. 2 is a
Show a part of t ELBmhnGraaeGHRg! VF ORES FOR GTaPeaRnt JOIRRABRELCTF]. 4 i s
a perspect gdhoditm® o reRaRressdnpergsh, for the coil conponent production.
Fig. 5is a persgiec.tzi ve view Oft' a coi f\{\/!cﬁh t%rm' nal s (;:onnect ed thereto.
g. 2 1s 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



Fig. 6 is a perspective view of the coil conmponent before terminals are

formed. Figs. 7(a) to 7(e) respectively show a part of a manuf ac.'r.lﬁ' 03
process. of another coil conmponents of the present invention. Figs. QEF:QQ
8(d) respectively show a part of a manufacturing process of yet another

coil conponents of the present inventiong Fig. 9 is a perspective view of a

convent i Oni’}lrs‘i(ﬁlinbﬁﬂfmgﬂ?m Fig. 10 is a sectional view of the
conventional coll conponent. Fig. 11 is a sectional view show ng a part of

the manufacturi nd‘hqopmas ioferdtitth GINRNEERI MR ﬁ@f@g@;ﬁz@n@g eq;ﬁg%%ﬁt

FOR CARRYI NG THE | NVENTION -5 DEC 2003 4 First Er
i nvention Wllhrﬁf?rﬁ’éﬁ‘ém&% I&WM follow ng enbodinent wth reference to

the d Fi C vi ew.of a.,coil conponent in one
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manufac-turlng process of the coil conponent

of conpres§® connmm fd?lgs h8(zpitb BsIpehewis @r?ﬂ‘#%f Me K fﬁcfuzrit?%
perspecti v§ (\/‘#eew%t of with ter naI s. connected ther eto

per spectiv W the &?PFPWPdon Helbot perspective miew of aompmssaﬂ I'n
Fig.1thro ok dordod th e nt of the resent

i nventi on Fs 2 1o 5 mm e &ﬁl l’°ﬁ‘%§‘ﬁ%§?%#§§%§ nﬁoghge%a R:EEWBPFQVEQ’IGW ebi1 2
havi ng a tﬁmbwlﬂot@mmabs ponksgeddherdtoc! Wing it ré.epersgebﬁvg vifR%7 the
termnal s é}flonnect ed to the coil 2. Al so, the packagin IS a corrpressed

powder rmaghgti®RRLeR reg]bqggrnyg AT neti c powder. The material's .
for the packagi nn FisCPRId ' resin _conprisin
silicone resin of togqﬁ reuﬁl Fli%rrbongh{“[ Qfﬂia%ﬂgﬁ{%ape %ﬁ’ﬁ é%t thend
magneti c pBiksent mmtxmueﬂutaISnmethhxmﬂ WOL W bq AR in"eh 5, [dAhp il
therm)settén(g)lg?;hn does ﬂg lﬂ’ and I s nol ded ander a presdsure rangt ng
from0.5 t6 2 PRVILE 2 PEEg ole 1, a packagmg 3 including the ‘coil 2, and

terminals 4 connected to the coil 2.

Also, the packagmg 3 is a compressed powder magneuc core {dust
core) containing 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 - compressed powder 5. Further, the compressed powder 5 is
~subjected to re-molding under a 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 80 that the
thermosettmg 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
‘alloy powder ranges from 1 pm to 100 pm 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
group. consmtmg of sﬂlcon (Si), aluminum (AI), 7 tltamum (Ti) and
magnesium (Mg). The composition of each component is as follows: 1



form ng conpressed powder 5. Further, the conpressed powder 5 is, cted
to re-nolding under a pressure ranging from3.0 to 5.0 t/cmi - so-as Bjéc 2[][]3
encapsul ate the coil .2 while being heated at 100C to 180C so that the
t hernosetting resin corrpl etely cures, thereby nolding packaging 3. The
conpressed powder nagnetic core (dust coPe) enpl oys heat- treated soft.

magneti c alweys ROves); podenieg et W& BORORT o Q’@r@@%ﬁt% O gglvpyggsg\g eroﬁnges

froml mto 100 min average particie dianeter, and I'nc ent

A, chrone (%, GOigen %@Mmﬂgbm% 0,005, wc%m:osoe)wm afi@thé redt is
Corrponent A nzkﬁﬁq t |least on cted fromthe ggroup- consi sting of

silicon (Si¥ e,ga ng PPttﬁﬁicQ 1191 where theyh mm}wgontssme used,

iti DE %
composit1 i fagd 5?"9"*&%‘5}; RLODPLE T & NI TR0 & W Pl o6
wt % MhsO. 2wtotipOneibwt.% Cs 0.2 Wt % and the rest is iron (Fe). Depend| ng

on the condltlonsi%mere the coil conponents are used, it is possible to
use nickel (Ni) P \Ricogss af §0msrw¢se% pawsleacé afe ltﬂedpcﬁoemmédm'gmhe
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portion whewéth thet efiof OFRERS IR epfo c eg
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pressure appl:ied dur| e mol di ng operation and a ortion
shape of cogﬁﬂ pressmre epphe(bdomn@ee-moldmgmpemmm apweakd

during re- aj o hown ssed. powder 5 is
a pot shaptrei%ﬁi(ﬁlg &{E {%glé%ifésﬁ’i ongglﬁss%i%{ﬂv{/'ﬂerbgc %ﬁifdéle to dbgt r al
portion 7 apmbssmea hsddariﬂgrw-malcﬁngad‘ﬁrﬁﬂgnback portlon 6 serves as a
strong portion, the central portion 7 and the outside. portion 8

respectively ser vésa‘-ﬂlmeﬁlflgﬁoﬂhe mmpmseda@hwﬂmﬁ imagut shapestitingn

t f t th
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such that the shapel col | apsed when.a
. the central portion 7 and the outside portlon 8 respectively serve as a weak

portion. “The weak portion and the strong pomon are formed by control]mg
the density of the compressed powder. That is, the density of compressed
powder is lower at the weak portion, and higher at the strong portlon The .
strength of the weak portion is such that the shape is collapsed when a
‘pressure of a few kg/cm? is apphed |

Here, the expression that the shape’ of compressed -powder 5 is
“collapsed” means that the shape is coﬂapsed to a size of particle size of the
magnetic powder. At the strong portlon having a strength 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 bemg weak since the shape 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 compressed
powder 5 and that the outer penphery of coil 2 and the inner part of
through-hole .1 are,covered.mth the weak portion collapsed. Also, the



pressure of a few kg/cnR is applied. Here, the expression -that t_tlg ﬂEe'
of conpressed -powder 5 is "collapsed" neans that the shape is c#l e2003
to'a size of particle size of the magnetic powder. At the strong portion
having a strength high enough to keep the shape of conpressed powder 5, a
state of being broken into blocks. (lunmpg) is not included in-the range of

bei ng weak o§i}58sdCHSRARS is ReutPlquLLOKEN dnto the particle size of the
magneti c ,pov\ggjr:r . SAndl-ﬁas gﬁgm]}ﬁesﬁtﬁglﬂ]gl%% ﬁf‘etrg'ﬁoé&%ﬁ{ld?%%ﬁﬁ%}méottlli’ét
packagi ng #he thereasetiing sesih Bately cifesil ded under pressure so that the
top and bottomg}}‘l élOiI 2 are held by the strong portions of two pieces of,

conpressed powd dnerstathe packeging Peisi pheldgdoso cihiat 2n agwtet Nayenner
part -of - ol 3, B 6. COV d..uth the "weak portion _

col | apsed. ﬂﬁ?gg% ﬁ@ﬁsﬂ’ﬁé@ IBBigel 0(3:)‘3'& middle poviicn meluding ghe goili st he
r e- mol di nglassdhan pr éswsier 99 tho dhroid ' [ €Sk {L.C '

cures. 1n that case, the i)ackagi nm %‘l}“—éﬁ%:ﬁl%ﬂf&&%}g% é%ﬁgﬂt%g[r%?;@e#p

thi ckness PO¥on dAdirihernpmey. paropEcod] B thit bopont iportion AU the Tokeergsirt 2
is |less thQ:oI@.i %Hﬁtﬂ{ of. t‘l&g t h .ougti- hol e, | of, hhe coil 2. Also, "as for
the top portion <1 T8t Henpuiddie qorfign 13 ap dhe heighh pagloof #Aipd.t thentap. at
the | ower pertion dfl &&d lihed BHitbhsoridgi! . ; I 'ﬁ' pakt -of
coil 2, thg top portion 11 andrlﬁ]e déﬁﬁ?ﬁ%%@%ﬁl@%sﬁgﬁm E‘?@%‘H%?Z%si ty .
than the nPa#ien 1gortion 13. Particularly, the nmiddle portion 13 is forned -
so that a densit%l, C{E%t]gﬁ‘y 3ﬁt5i' e . mddle portion 14 is higher than a -
density of the ih8I4EHaRiYy “emlg'ls‘ul% nortiog Lhds dgrmed socthab asdensity of tee
densi ties ofitsidle hRIMIEOpbHEEh 1l 3 0 "4 Qs 3G d rom
5.0 to- 6.0 g/cm_and thgt of the igggég}grmmc%o% H%ggﬁttﬁgonﬁi@c ilgs%/on}lg%b%% '
of the denBPX¥tf@&18f the top portion 11 and bottom -portion 12. The,
manuf act uri ng neth : th resent. invention W]l be.described in the
fol | owi ng. The néﬁ&%é(cﬁlﬁ?? ﬁﬁﬁﬁ’g’t@%&h%geﬁ?ﬁgl‘iﬁ @@éﬂﬁ omperiendicandbpitem an
portion 12 are in a range from 5.0 to 6.0 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 present 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 terminals 4
connected to the coil 2. | '

First, the packaging molding process comprises a step of molding
t?vo_pieces of compressed powder 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 outside p‘oxtion 8, and
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



pa. ckaging nol di ng process for encapsul ating coill 2 in packagi ng 3 nade up
of magnetic material,and a termnal form ng process for form ng_tn?ﬂ@l@m
connected to the coil 2. First, .the packagi ng nol ding process conprts t
step of nolding two pieces of conpr6ssed powder 5 where a thernosetting
resin 6inder, ~which include silicone reSin having tough resin conponent

and el ast i portisi andctinpoutside pantionagptttivelvean eads anivsel ijdrﬁbﬁ%eiﬂgat ing
so, that the .therngsett_' ng_resin does not cure, and are nol ded under
S

pressure. EBRedoskeeh dhashape mfscempaessedapuwder A durige shapoliing assler
section w g3 ﬁgk portion 6, a central portion 7 and"an ouiside &ition 8,
and the~ acﬁ portion.6 is, a strong portion -being -able to keep the

shape of  ConpreNgge POMGQF] 3 ﬁupiz{&d id %ﬁa%eimggghggﬁgl}s%ﬁ'gggrebgqt@g: Le
po
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powder 5 durjn e-nol di.ng under ressure. Next, the cojl 2 is placed in
the nol d SS’ %ﬁtﬁl{f’k@’ ? gbe%ﬁcpntg%qqlgﬁqsspam@er ar¢ geanoldedander heat and
portions Ofrds¥@rad¥&L resiedi er . t ' i gces of
corrpressedf)lbgv_\der 5 ;ﬁ%@%gﬁﬁl%ﬁ%gr%\ﬁhe% ﬁgrs] %g(;ﬁelggfrdé&fsgrﬁ]ﬁuﬁﬂfqg t he
packagi ng Beripheryt bf scoiblZiang fheoteside dffithroughsholpet iarbasovedéd Gith the and
t he inside_of _thﬁ\%lﬁgh_ hole 1 are covered with the weak portion. . In the
re- mol di ng‘,”e%EPé’r‘i “in Fig. 3 (b), while the back portions 6 of two
pi eces of conpregs i3 a | sheacahl 2t .9 press
B O M{oLing S shawl DOThOSs B, while 1R, RACCBERicH B

the central portion 7 and out . portio ch aret tions

of conpresektvp@icess bf congprebsed pbiralesisngre heldi&%lth@@bﬁli Dﬁﬁw@i)unéﬁé@ pessed
powder 5 and .cgverin @jhe out er_perjphery of cqil- 2 and the inside of
t hr ough- hoP&s§  th &FF? | BPTton (f,cand, quisidsr postien -8pvhish awe ithg weak

re- mol di NngpoRRRHALT EO t t.d conpressed’

' powder ' 5 _F_'opposi n t??ﬁ%ﬁé’ﬁ%ﬁﬁ’ g’?@ﬁe&s’oéuégi%sgﬁ% tkgg%’e@giﬂorgg?§ uri ed

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

‘Particularly, due to the pressure appﬁ'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 buf_icd_i_nto 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 othe_r outer periphery of coil 2 and the inner part of through-
“hole 1. | , | o

With the mold appropriately designed, in the packaging molding
process, it is possible to make the outer layer thickness (W1) of the middle
portion including the coil 2 less than the diameter of through-hole 1 of the
coil 2. Also, ‘_accordipg to the manufacturing method of the present
invention, top portion 11 at the upper part of coil 2 and bottom portion 12 at

 the lower part of coil 2 are formed higher in density than the middle portion
13 corresponding to the height part of coil 2, '



t hrough-hole 1 of coil 2 in a block. . Also, while the back portion '6

(strong portion) of conpressed powder 5 opposing to termnal 4 i ﬁ 'eﬂm
toward the termnal 4 in a block, the central portion 7 (weak po¥t ET)‘

outside portion 8 (weak portion) of conpressed powder.5 are collapsed,
t hereby covering the other outer periphgry of coil. 2 and the inner part of

i o LI 0 MG B 13 08, o R

nol di ng process, I's possib 11

the ni ddl emigdls pertiomdisucomgspowding fo thel BesuihiableNeoticale 8hdYutside.
t hr ough- ho{’rﬁ h of the f‘ﬁjl 2. Alsg, according to . the manufacturing
met hod of PHAG: BOEtEn 14 vortesponding tacihei onter peniphéry apmedl Pamndofheoi | .

2 and bott gt k3 . t of .coil 2 are forned, higher in
density than #ﬁ%ﬂéﬂgé%ﬁ’“%‘%?{'!fé‘niso Ry mEf hrahics i density thea theamside Badellent
coil 2. - podim 2603 .8 Further, as for the niddle portion 13, there are.
provi ded i nsi de wlﬁ portion 15 corresponding to the through-hole ..1 of
coil. 2 and out s the prtkagingt 3ois moldedoso dhpbnﬂbngemsitihbeoﬁ)lﬂhertop
peri phery | - an out sifde.nmddl e portion_14 is formegd higher in
density _thgfr.’lﬂfﬁ{ehulﬁasl?‘ggg%%g'glpé’rﬁﬁl}rfféﬁlﬁé.TaRE& TRE ﬁefbk%éi-‘?@/gﬂ%swhbleded
so that ththadefshtiinseomiits poRioR A3t isWs oA koasth; ilon 12 is ina
range from5.0 tg 6.0 g/cnS, \t/\’hi_ Il% t hlgt (;%]t'?he ioﬁénfe{rh%megﬁﬁéé%orti on 13 is
85%t0 98% of thBYdEKsAPPes comfiguretionoamsl umthbdue&bﬁwhamdhﬁ&idﬂ%ﬁt of\ven
y makin

wh t he hgj i t i | . whol b th
outer | ayeroRtonbofent R loBRROAET whole B making B itag 1avar Gackness oss
than the df %Bmiélth@fmiddléoﬁﬁﬁi&?'iﬁcﬂucﬁﬂ% Y Eﬁﬂr@ n@sé ?ﬁaﬁ (%Bep&fa}rgefqgr %c%f and

:bottom portion 12, reducing the thickness thereo I ST POSS form
the top potPBgh-tolsnl and\bybfameimgpthet tam phtibngberandnbdensi wriigani2.he

m ddl e portiQn; resylt. it.is possible to suppress the occurrence
of magnet i@@gpg’%ﬁlﬁﬁgpeﬁghe{c&& Bt lig)‘?ﬁ'?lb 1“%1%@“{1 ng Hepratigaril eadi2.
That is, tfhe boopopbresn 1D aish&oll densiey i - agkng 3. are
hi gher in denfi tty, t.Ean 1the ' %er partﬁg:{f' ﬂrlnggcﬂlg l%gdrczllg%&%lﬁ \?\%‘I chS 2
result, 1f is 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 pacicaging 3
are higher in density than the inmer 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 pf through-hole 1, the top portion 11 and the bottom portion 12 |
-can be possible to obtain higher magnetic permeability as the top portion 11
a_ﬁd the bottom portion 12 are higher 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, '
- ‘_{%lso, the middle. portion 13 includes inside middle portion 15
corresponding to ‘through-hole 1. and outside middle: portion 14
- corrgsp_ondi_ﬂg to the outside poftidn of coil 2.. Siﬁce the dutsidé middle
portion 14 is higher in d.'e;nsity_ than the inside middle portion 15, outside



corresponds to the inside of through-hole 1. Accordingly, even when the

magnetic flux passing through the through-hole 1 passes throug
portion 11 and the bottom portion-12 whose thickness (W2, WB) .imingmn

the di aneter of .through-hole 1, the top ﬁortion 11 and the bottom portion
12 can be possible to obtain higher nmagretic pernmeability as the top

portion 11 méddlet pertioht dm por poyibIk2 t&r 6bigBIcheh HRRHS ddi e
portion 13. = As apr esult, the L!izlel ght of the coi IU conpo%ir?zt%cwgl raPﬂvﬁr -

\Zlelt hogt al peepidinghe léclémchéﬂdé of rmqgethecsoﬁetqirﬂmeu wnlamfgpanellﬂpamdhel on
n t rt n In es

i ns?ge i daaté}%orcﬁ?écﬁﬁi t?lg{)eq egBGnﬁﬂ ﬁ@vgttgetﬁ;ﬂag‘ﬁgfp%&;‘é“qtm& : éﬂ@ sFeié

i ddl e porédmpodént GAEGEPANGLAS e g%er e cgewn@@@ﬁ]t?@ BhuGfioh & 1BL"Ce

the outside middle_ portion -14/i an
m ddl e port@l@m@m@dlespdﬁlolsl%c 2003 9 niddle portion 14 is possible to

obt ai n hi gher .magne bili Accordingly, it is possible to reduce
the size gf t he g(gffltt %5‘33{1 Piaf-‘?l{‘:%/%@gAg & ae edgsq dhat the dessiiies afidheo
save the s ep N 4 ] I 0 th
cccurrence hrP Rl Titaadibior Jforfh, 12 SERR I Binall FAM'S BBy Bems®

Parti cul ar | 3nd thee ghtheaimg RAiddle poticads és BB% 16 198 g esTSite Géns‘iﬁes h@ndt op
portion. 11 an bottoms}éortlon 12 ar(fgln a range from5.0 to 6.0 g/c and

that of . t helllChHRFCnTEIR I‘bf‘oﬂrp%‘wsl\sﬂ 0B beoanplisgotootha ﬂ@ﬂd?ensAt.tbs saanel

e C1 e HOLY PSS 38tk ol B AR S BB Rk it e

due to i ntmftemhl stiressss sor the like While stipipressind heebiddkliowe ocafkgown
of 'coil ossi bl e to, suppress the occurrence of nagneti c:

saturation %‘]‘ﬁﬁ’ t‘gis Hﬁﬁ%‘%’g%@ SYPPICSS B8 NEREITEREE o€ mpgnelic saturatiopaakdigo ng 3
is a CO”F”eﬁ%gtﬂ?@\‘lﬁﬁrcéﬁgBﬁEhPsﬁQilgr uﬁ ggehas a specific conposition.
S

That is, the ratio o onponent i andrlt i s advantageous for
DC-Bi as characteristics. I\/breover cont a| ning" Cr conponent suppresses the -

generation of rusghdue o Fe onent Further, since the content of C
i's not nore than BMuPAGAEHE 'éosﬁomrseﬁwdsnswﬂessn@gnetlc 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 ‘



|l oss i-n a frequency range of higher than 100 kHz. In this way, the.present

I nvention is able to realize conposite nagnetic material. havialggn ,
excellent corrosion resistance w thout |osing the magnetic charadt EI tZﬂﬂ.’J
. Al'so, an. ordinary powder nolding is generally uses powder for the
mol di ng, but .in the present invention whije' sol I d corrpressed powder 5 is

used, the alededtivey ween the p nc 9 and the coil
2 hardly vari es durllng%d ?gmﬁeiﬁﬁgagﬂg%p&'@ o PISVENE fidigg the

t hi ckness C@ﬂnﬂmémbpng'derufs maghetictpowadeaditifl

periphery qfcgoi k %corcf g pbl s possi bl e ?%?‘gﬁ%gid@ﬁ{}hﬁ{s%ﬁmg

di spersions in & & %ix c@“‘%%% tﬁhiﬂifﬁ'dmplﬂs,sedapumroﬁ And, the
char act eri shégnedrdti g biasing of the i nduct{gﬁ;:e
Further, since the igggf&h%q an B ﬁﬂwc?n% fe%ﬂ&?%@%agwdémecomw 2
i s preci selpdplastic gnsi, comgonent DEGr2RNR38 i1Qs Cﬁ’c?sfsﬂﬁ?lte' Rl a&@gggé’f

packagi ng %%qﬁé’@& (%aevent ed. Regarding the onpr essed po t| C
powder and ‘Bi an &%Iﬂbeﬁgfbr ABdebrifilenessesimd 40 emininizearit Meesgedrt O
form conpr pasksbipgvsler 5. And, t e thernpsetting resin includes silicone
resin haV|ng tough resin conponent and el astic re5|n conponent therefore

it is possible tFunﬂiecd, simeepaeiali RUcovibl leﬁn ﬁr@ss}tdr Eﬁ%{iﬁé 1% fﬁt.
Thte

.brittl eness g?a m ni m-ze the defect of. pac agrng

coil 2 is QU & PIesTHIEe $Be ¢oibAdmn Bellﬁ:ecmelj?fﬁﬂdﬂ?%ﬂedmdﬂﬂsd)rfsség%g,

the coil 2 gap bet ween conpres ,

powder 5 aggﬁg%é}f Ogiﬁgﬁggé&/é)o&ﬁﬁ &f"nfil ‘Fq"\l;df ¢an | CBB@@ME ed,mitr dy e

L ot Forable s impio oo a9 G i, ™

the position of €&ft FC afly, pgr yStﬁOngrfBgtmnrafeﬁ)mipm‘essm proevdalshreﬁag&ge}-
e

pressure; r f can . be.easily covered. with
portion of Bglgﬁpq#}iegs%g éj\chl 2 OFf?fé %\Bgl?ob]oi 5 bardly méﬁi?}gtﬁtfatﬂ@dmm@gl Y,

it is posstﬁ:ﬂwldmgmhéet Besmk‘efhﬁﬂ ot BACKAQ! hi ckness
over the entﬂ] ge eri herp of coil 2 and tog‘l?%p(g?gélslt? aﬂgségﬁlb% GRYEIG

charact eri %t e poslapn Qfdmmpmﬂsedﬂomdeﬂﬁasdhwmﬁﬁ&twgﬂlaﬁséss a
pot shape M:E&cﬁﬁgﬁr Sip"i‘?‘f)gsgfb(ié Y0 make the covering of packaging 3 vniform in

thickness over the entire periphery of coil 2 and to suppress the dispersions
in charactenstxcs of the coil component.

Also, the compressed powder 5 is a pot shape W1th 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 respectwely serve as a weak portion. As a result,

~ positional misregistration hardly occur duc 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
thickness over the entire periphery of coil 2, and it is possible to reduce the

‘ -dlSpeISIOIlS in characteristics and also to obtain’ lugher magnetic
permeability in top portion 11 and bottom portmn 12 as the top portion 11
and bottom portion 12 of packaging 3 are higher in dens:ty than the middle |



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 p '
and the outside portion 8 respectively serve as a weak portion.gADEC 5003

result, positional msregistration har dﬁ/ occur due- to the strong portion
of conpressed powder 5, and it is easief*to cover the-other side of coil.
2,- and t Ho18ioapdiSsi onslsoj ntlehaheigher cani bs dbwehed cwiithoi@ "AAB/ ke CRR be
reduced. As_described,above, ,accordipng to the enbodi nent of the pr%sent

i nvention, QGFATEEHGE Ohduagneic isaguraiian iad twsiep partisecddeandi ther bottom

t hi ckness Clﬁ’cﬁ’tiohhfz.e”t'i re periphery of coil 2, and it is possible to reduce
the dispersions In characteristics and also to obtain'* higher magnetic

per meabi l ity in flaghpahbedimanepf thd YPrbRtAasthAbn s p i on
11 and bot %m portion 12 of packagi'nSﬁB ar eﬂﬁ% g?’ ?hné‘ [e)ﬁ{s_ﬂl}t%get%h%(ﬁ‘g%re

nddle -5 agggshaped ryoss ggectdn, Aubit ihaldeipyssibiantobendleweiedemirhhout
allowng t rence of netic,saturafion at the to ortion 11 and
t he bott omrlg‘;op)r(tﬁl{rafl ?}SLO _rqrﬁh[ql;ngeq-e Bo‘ihﬁ*é?ﬁtsﬁe PORIIE; %s%ﬁﬂch{ﬁﬁwﬁitbmshapﬂe
conpr essed jpavidkin the étﬁfp B hgp ( j on; At S | SO sSible to
make the centr.al _|oortio_‘rt13 7 I_onggiﬁ?%gﬁgﬁéf}' tf?ggﬁ{“ﬁfg&g}ﬂ?asid%aggﬁtq%w 8
provi ded t F&CUEREVIEh 9pdy the osntial portienst Spemed at tles baek PoirtibA\Eaid arC-

only the central portion 7

Particul arl T-.shaped. cros sectj,on wit,

formed at t%gpg%é'ﬁg og?&b?fl 6" 'ih,&llecih‘? OUMge PUIHOESS Tozmedont the: podsiany t he
out si de pordanobe &oheidBRed Aqdib r i Y | eguj,val ent to '
t he E-shaped c'r?)‘sg section flb?%egﬂp@eggbnggg%@d%%%{ ggﬁ(g%,o(}; St BISPR
relative 'p@éﬂb@d}ﬁlﬁ%f coil 2 and conpressed powder 5, one side of the coil

2 may be held by stro orti.on of one conpressed powder 5, while
anot her side of t‘ﬂéot%’f f& @1‘3 ﬁeéa‘é‘ﬁ%ﬁ’&ﬂfé%%gp gollearud spmprnssad pewdensy

conpr essed qaenside df tHaN - atd - npke the s 'rong
portion of .E-shaped tcpnﬁ‘tf’iel?ée’%_aﬁg’m%E‘F%I%%ﬁ’?g?'gﬁ%%@ﬁéﬁt‘éfo?ﬂaﬁwes k
portion. . HAWdatel, whietamothersidsi of the coiliZ inkimyaitd byoa Wt Foritioat o I €

Sz s\gelb: e gpéﬁﬁlﬁlég'r‘]ﬂégnﬁersgcﬂ ?)td%vd?‘er} §dg ' tﬁa?t c(::éic)slel, it isl a sé: Allowable to make the
strong portion of E-shaped compressed powder 5 higher in density than the
weak portion.. |
| 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-spacg factor of the coil and to make it comp.atible with high current,
Especially, when a flat wire is tightly wound so that packagiﬁg 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 3is 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 pbrtiou 6 of the'stron.g_portion, an&
another Compressed powder 5 is-placed so that the central portion 7 is
.inserte‘d into the through-hole 1 of coil 2. Also, as sliov_én in Fig. 8, re-
molding can be performed usiiig two compressed powders 5 having snﬁall

peaks and \}alleys, 10 at tip end portions of central portion 7 or the outside



the - space factor of the coil and to nmake it conpatible with high current.
Especially, when a flat wire is tightly wound so that packaging &549@5(:%003
be nol.ded between the adjacent flat wires, it is possible to supp
generation of magnetic flux that circulates around the flat wire and' to
reduce ‘the |osses since the packagi ng 312s not nol ded. between the fl at

w reso ¢ th gd}ﬁoﬁté‘ﬁﬁd ﬂstooéa@f? oPh&}9: I@tﬁ I g\f‘ﬁs dﬂ)sggb&? gg g)g:'rfq{ﬁ " one

one conpr essed 5 can be’fe- nD

si de of thaeemioldinag prbeiding)oxt&ermﬁe @Wndm@;rg@)oﬁ:stathé‘bfa@EQ}Orﬁ@ﬁtﬁ af.
and anot her corrpre‘ised 5 V\ger 5 is -placed so that the central portion 7
is insert &PWPRESSeHPAREugh %V@Sﬂngfva,fmus ITAngewleni OiﬁbmdmpﬁsgedS

- | di wd h
peaks and BTasieS 1§ SRR A0 P8, 1B 0B RNt Sﬁopﬁ?f‘{q%éﬁef%\ﬂj&ﬁ@%r
out si de . @sI&Ca&GOQOIZnHﬁﬁﬁEeOth é@c@ﬁ@%eﬁlté}lﬁﬁéﬁrﬁ‘ti&rof F dé 1 it
I s'"al so possible- to perform re-nolding.- providing one or nore divi |ng

grooves at GOIBPORAIM. portion 6 of conpressed powder 5. By usi ng vari ous
arrangenents of t onpr s described abov it or_res
possible to coverﬂ}twg ﬁ%’s gemcfcﬁg}ent@%stﬁgrprgﬁ%uttlgmpﬁ EEf‘Fﬁ urmg
di sper si ongetmoldiapagih el pidsefir®)f o &RiRObE the @BND & kup tﬂrt&cﬁ"b Ifesz?@%ng

enbodi nent -of the@tpresent i nvent'i on, before or during ng un
pressure, @stiondef epmpressesd posvder Sy ppbiit éx posferatlesta tatoneside ofi thé

conpr essed er 5, but re erable to I t.,one side of the, coil 2 be
suppor t ed 68) weﬁgtspl(?r?é’r&éip ems TONE ROTHAL QL dhe ertmpressed povedercpven _
re- mol di ng afesiere-RoddHid fnder ﬁf@gﬁ}gl AL APPLI CABI LI TY According to the )
present invention as described above, even when the height of a coil
conponent is |lowered as a whole by formng the top portion of the.
packagi ng, corresponding to Talo] Il,, and the bottom
portion of the packaging, Jﬁ@l 5 uur[‘f‘rgf“g)}ﬁﬂéf{ﬁm&%art of the coil, -

| ess in thickness until the outer | ayer thi ckness, of the mddle portion
including the coil becones |less than the dianeter of the t hr ough- hol e of

the coil, it is /eeoiding toothsuppessnt inventionuas deseribéd rabgres evenavhent i on
at the

_ 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



jop and bottom portions since the top portion and the. bottom portion are
hi gher in density than the nmiddle portion. That is, the, density—t‘j D(Eg 2003
i nside of the through-hole of the coil, which corresponds to the m e
portion of the packaging, is |lower than the density of the top portion and
bottom portion of the packagi ng. Accor d?ngl y, the magnetic perneability
can' be"i ngndabetont pdition@PePent whe i i t rtion
and bottom portion arlje hi gher in Wgeﬁs?ﬁ n?%adne@{ahgmn}% ﬂbesfn%rtp?%%ﬁ @%us,

it is ossiBheough-leleaofotbie cpilo possns thromghntiet tepdportionreamd siie Uatbem

met hod by whigch t hej,ght can -be |lowered w thout allow ng the
occurre'.nGPOSﬁoﬂd’gﬁ%ﬁq @g&%‘iﬁsahgi%?ﬁg’(a“t (ﬂBE‘etQTSO thgoyugholgnd bott om
portions even when the magnetic flux passing through the. through-hole of
the coil passes through the top portion and the bottom portion whose
thickness is |ess than the dianmeter of the through=hole. - 5 DEC 2003 14
.CLAIMS L A coil conponent conprising: a coil having a through-hole; a
magnetic core including said coil; and a term nal connected to said coil,
wherein said magnetic core includes a top portion di sposed at, an' upper
part of said coil, a bottomportion disposed at a | ower part of said coil,,
and a mddle portion disposed at the height of said coil, an outer |ayer

t hi ckness of said middle portion is less than a dianmeter of said _

t hrough-hol e, while said top portion and said bottom portion are higher in
density than said niddle portion. 2. The coil conponent of claim1,
wherein-said niddle partion -conprises an inside niddle portion positioned
in the. through-hole and an - outside mddl e portion surrounding an outer
part of said coil, said outside S -



m ddl e portion being higher in density than said inside mddle portion. 3.
The coil conponent of claim 1, wherein said nagnetic core is Hg EG(QU[]a
that a densities of said top portion and said bottom portion are in a
range fromb5.0 to 6.0 g/cnB 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 conponent of claiml1, V\heﬁml d coil is an edgew se coil
formed by winding a- flat wire in suc r that adjacent flat wires are
in tight contact with each other. 5. The coil conponent of cl ai m 1, wherein
said magnetic core ‘conprises a binder including thernosetti.ng resin and
magnet i ¢ -powder . Is. Jgiﬂd@ll:§¢>llfllflc\5!®|fi¢p¢)|ﬁielﬁtl.pm$111gl:al m 5, wherein said. :

thernosetting resj siljcon esin including tough resin conponent

and el astic resi 2‘&3%?%%8@&1? d“f) é‘né ieo conmponent of claimb5, wherein a
conpr essed powdera mugﬁgu@@oee g Gla T Sggfc(r,’rﬂnyﬁ@ct uring said nagnetic core
has a weak portion being unable to keep a shape of said conpressed powder

and a strong 1- @tRE@HE&i@mcmﬂt@smd)emﬂgmbkmto keep the, shape of said

conpr essed powder ci/y\/nen S ‘% ésed owder .is re-nolded, 8. The coil
conponent of cl aitfid ™ ,q:prg udes ac HOH!OMil&pomlmt @sq:pqropaﬁr

The coi | oanpann IbRE bt pdtTort BRHRana A IpH @ ry o Ballf cBfl s °
conpr essed pulde portion ﬂmpﬂsedraj thertidight of\bhidecditeas %&éﬁlay%‘irthjc%e:?é‘ @lft he
O e o' BRI ot B Rl disBistor o wosd éﬁiﬁﬁmﬂ‘ﬁﬁiﬂé.mdm "
Conpressecdup ooty SR 10RS piAfion ekl Ber h 011055k SRR
portion of P@atlﬁﬂcorrpr essed powder. 12. A nethod of manufacturi ng 00| I
conpohent conpri gl ngl"ﬁeh%oﬂ co%{)ponent of claim 1, wherein said middle portion
‘comprises an 1_r151dc nnddl@ 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 porﬁon.
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
. component. -
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



encapsul ating a coil having a through-hole with a magnetic core igc LN
magnetic powder”; and formng a termnal connected to said coil,'msebtﬂﬁ ﬁﬂﬂs
sai d encapsul ating is processed. such that an outer |ayer thickness of

m ddl e portion including said coil is m | ess than a dianeter of said

t hrough-hol e, -and a top portion of said gnetic core disposed at an upper

part of saiportinin being #blbab thewppthe sleapeods saldlcongresded ﬁ@kﬁrﬁeﬁ“v‘%ﬁ%%ﬁi@t a
| ower part.of said . coil are niade. higher in density thanh said mddle
portion. 13compeessed pewdsr igrermelded. wherein'. said middle portion

conprises an insigle i ddl e rtion di spgsed in_said through-hole and an
out si de middl e porti ghg%%lpg@l@@o&en r&oﬁ?bql e ilﬁﬁ%lpya &Fo%aﬁ‘?f‘t&ﬂ P? satfll a
density of s@hfreidedigifydardghe Mkt ' MY 1t AV y d
insi de  middi e_ﬁr orti_olﬁsv PrRAs mahhpo ith 260 f??ﬂ%’ere%’?ﬁggé’tﬁéﬂ‘eéﬁof
said top poPuishie pomitdt.sai d bottom portion are in a range from5.0 to 6.0

g/cm- and the deniit;f of .]éaid i nsi de .m, ddl % 8‘?15?”10%8 from85%to 98% of
the densities of ¥ . TRF§OUPIBOBREL 9 Gt Sparharsin thiiback posder ohsaid
portion.. 15 sl @il 21 N S ol pr.ogess
further ngcpergggessﬁt&?&% g‘{dgg'ggo‘?‘bﬁ%ﬁﬂn‘%W%@%ﬁ@@ggaﬁ%mﬁh%erﬁgﬂlq‘ﬂ)‘g?ﬁc ,

i ncl udi ng t¢itsidesportiongserve ai the anealopgrigen.c powder; and forming an

encapsul ati-ng magneti ¢ core by re-nolding said conpressed powder under
pressure so as t ovi‘]‘*‘e §Qﬁd°‘g’6’iﬂoﬁl%pf Q%e?:hﬁ’élemmcﬂlﬁi%dgef thiheentral sai d

so as { o Covehe SACCRIRonCIs of clipjandisf theca
e hot Lo chre e of Sugil BRRbH, O B Lo dr BBl el il SiRHn ARZ4n

pressure -sovallegts.said thernosetting resi-n cures. 17. ‘The nmethod of claim
15, wherein ‘said fornj of. conpressed . powder includes formng of a weak
.portion and a sti]gn%gglcpfloﬁ?%&r@%kdaﬁ&ﬁ rheseimgt dersl ene dividing a

shape of sag@oseMRPRETRIEd AP HE 'ba@krﬁd}@iqia&fjsaid compressed powder.

o 12. A method of manﬁfacturing coil component comprising the
steps of: ' ' |
. | 'éncapsuiatix_lg a coil having a through-hole with a mégnéﬁc cére
including magnetic powder; and | _ | .

forming a terminal comnected to said coil, whersin |

| said encapsulating is processed such that an outer layer thickness of

S 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/cm® and the density
of said inside middle portion is from 85% to 98% of the densities of said top



.re-nol ding and said strong portion being able to keep a shape of said

conpressed powder during said re-nmolding. 18. The method of 'clakl ?E
vvhrenroei n said thernosetting resin conprises silicone resin incl udﬁr 9131003

resin conponent and elastic resin conponent. 19. The nethod of claim17,
wherei n said encapsul ating magnet ic corgs formng process is executed in

such mann the.coil is supported by the strong portion
of said cﬁérpfrtg@sg %a\?\%gﬁt P&t {HE other side of said coil is covered

with said weak pdfti orhe Methbieof®illng P, GHairBinld ﬁd"‘@%&ﬂ?{(&;ﬁlﬁﬁ% g:)rr&%%%snt al

section of _sajd conpressed powder has E-'shape W|t
portion anfirt t%‘i’l@g?%ﬁtthgﬁtemﬂ back portlon being said strong portion,

while said cent rti on and said tsi d c%e on be| ng said weak

portion. 21: Thef%&ﬁl&j ﬁtflgow eWé To C Bﬂlftgrethldlémm@tllimg ;
ortion conpressed powder has sna peaks an

\F/)al | eys. Weg%ﬂh%ﬁgﬁﬁgﬁﬁgg(ﬁgv@&?%?%ﬁw wherein at | east one dividing groove

i s provided at tfermiagk por tem:apsrilaSmgd nEPNCEsSs ’EbrBOWIe! re-molding  said
compressed powder under pressure so as to cover said coil.

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 |





