s, P.o222 |
COMRGER-BE-ZNDUGTER EERVENEREFRREROUND OF THE | r\i(ﬂerr onPRE "EP"FRcf ~
vI nvention The present” invention relates to a conposite i nductéﬁ
" More particul ar| y, the present invention relates to a conposite |g§§ct or

'e’rlmsrﬁmetbleﬁ ‘Eo function as an -anti- noi'se conponent -in onal -
el ectroni c apparat uses.. ‘2. Descrl ptlon of the ReI at ed
Art , software in personal AREAXRE -~ - ‘

m)re conpl | cat ed and advanced. In order to perform i nstructions: cont ai ned
in such software at hi gh $oMROSITE: INDUCTOR ELEMENI of CPUs in personal
corrputers has ‘greatly |ncreased Personal conputers have a plurality of

) OKTIROUE VTR grpoRh as power circuits to drive CPUs, power
circuits to drive CII’CUItS other than the CPUs, power circuits to drive

har d dlfksquml i ke, and so on. Anmpng these power .
circuits, arthougn there are supplying currents as |large as tens .of
anper es, t he. Y ' i fLQr. c%r/ vi_ng CPUs. hav.i_t i gh ¢l ock
frequenci es *ﬁﬁg:g%&:&%ﬁﬁ#ﬁéﬁte&?ptﬁ *’ﬂga gﬁ'ﬁ’%ﬁg %c& ﬁge‘t\%%r eds
of mIIra eres e h of .these power gircuits, an anti - noi se conponent
havi ng MOT& BATEAGHL ATy o RacR AR A G i gIIRIAL R B BI3 COBBPFLRE | s
separateI% required. Up to now, a single elenment having a current .
capaci t jndeeter glament MMW as an anti-noise
?aa:-t- mg_nj; in personal computers and se—en gthgr__ej.gs_:mnig

In recent years, software in personal computers has become
more and more complicated and advanced. In orxder to perform
instructions contained J.n such software at .high- speed, the clock
frequency of CPUs meunted in personal computers h_as greatly
:increased.

Personal computers have a. plurality of types of power supply
circuits such as power circuits to drive CPUs, power circuits to
drive ether circuits other than the .CPUs, power circuits to drive
hard disks, floppy disks and the like, and so on. Among these power
circuits, although there are seme supplying currents as large as
tens of amperes, as in the power circuits for driving CPUs having
high clock frequencies, there are alSo'eemehethees other supplying
currents as small as hundreds of milliamperes. And—im In each of
these power .circuite, an anti-noise pa-re mp_qnm having a current
capacity corresponding to each ef-the supply current is separately
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L (s P.@322 |
of”’ t‘h%gg'%%v@? CII?CJL? tﬂ'ﬁs ”H%%Tr? uséd as an anti -I‘Tgl se cor'ﬁ%%r?ghltER ‘However, -

. When the above single elements are used in the power circuits of: personal
conputers. to functi.on as an anti- noi-se.component, many different types of

_anti-norse conponents are reqU|red Accordlngly, there S a probl em that
the cosj {ﬁl . : ] .

occuplede e an n0|se conp ' VAR

- | NVENTI ercone _ the robl ens descrlbed prefe -
enbodi rEhERSBE t4ﬁglﬁse§eﬁe’rr SABRGHY, T EPABSIIRG <20 HRE | GREERRRen:

which has a significantly reduced cost and greatly reduced space .

requi re‘ﬁ%ﬂ%cb’éY&frrﬁé‘PE(P%Bhﬁm ?bﬁﬁ?ﬂ'ﬂ%t’!%@?gﬁ usadasanantic-neideng to

a preferred enbodinent of the present invention, a conposite.inductor ,

el enentcomponent.a plurality of coils-buried in a block nade up of at |east

either resin or rubber having magnetic material dispersed therein and the

end portionsHokeeath wihien the abbveasmflemrenmtﬁs/ agenggedeih thecpowvenal

el ectrodes provided on the bl ock coil s have 2 di f ferent

el ect ri §FcGhREa6E PeésdESL %&ﬂbﬁ%ﬁl 4 ad AAHGLABAGe ther

characteri stlcs Therefore, in the bl oc coll's constructed I n actordance
with the BAC dobiPSE! ShEELESTSe POl GabGlblReb”
) : egheg 1}882e

- components are requ:.red. Accord:.n_gly, there is a prob_lém that the

cost of anti-noise paxts—inereasces components is greatly increased
and the space occupied by the anti-noise parts compements also

~ increases.
' his Sheet Has Been Replaced

i cdingiy, it s I ] b1 3 ibed
above, preferred embhodiments of the present invention £e provide

SUMMARY OF THE INVENTION

a composite inductor element which allows—the-eost—of-anti—neise

: i the al biect in 2 1ing 4 ¢ 3
embodiment of the present invention, a compos ite inductor element
according-te—the-present—invention .uml.uﬂgs a plurality of coils
are buried in a block pazt made up of at least either resin or rubber
having magnetic material dispersed therein and the end portions
of each of the coils are electrically connected to external

electrodes provided on the block paxt. The coils have different

et Tonrmg ey
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_burl é@gs'agr‘?'?thpsz%ay,':mrb B%HF%IFFFSI of conventi onal ant ngplaaf;éw £ ?:Eez: .
.Jare.realized as single-type units. Further, in a c_orrpostl' ' f{é nt
‘according td a preferred enbodi nent of the present inventi ﬂ&'m y

of electromagnetically close-coupled coils  defined by d
paralIebmecuricazaquarachﬂtxyuics ab o T T TNaE S B STETTES el OBl 4

w.th insulating coating resin are arranged I n paral I eI The pI ural I ty of

coi |'s apdirsGeni g Ruidentdeag Qc?i%ﬁt J.xﬁiﬁ:tta%éeheraﬁ &Sige-0bn'

havi ng. a magnetic material dispersed therein. Wth t‘he above constructlon,
a conpo ement acts as a common-node choke coil, and when
‘conmon Wpl ied to each of a.plurality of el ect romagnet ically
cl ose- coupl oils, the revent ed, frombeing t ansmtte Thus,
an array typ?&%’?ﬁ%‘l’??e ﬁ%gﬁﬁts@r“éf r §S %;ﬁﬂ%ﬂ%ﬂ{ *%mde
“choke coils enbedded in a block includes a plurality of splrally wound .
par al | ek éhplrm#e:éns\tqut%@capﬁpmaﬁmm&matémm%\mmngmts |

cl ose-coupled coils buried in a block while being separated from each

ot her. 3in pERdRDRSEREPTLLN Cfndmwmplmmmeﬂ.
first preferred enbodi ment of a conposite inductor elenment: according to the

present Imwhils avay ,Fiag pladad ixyf mnt:owvewte.bnhneaﬁﬂﬁmaan.he Wment
shown in Fig. 1;
. somponents are realized as s:.ngle-_ty_pe units.

Further, in a éomposj.te inductor element accordihg_ to a
p:_e.ﬁe.:r_eﬂ_gmbg_dimgu f.he present invention, a plurality of
electromagnetically close=coupled coils ef defined by spirally
wound parallel lines,—wheze are provided and a plurality of
conductors integrally coated with insulating coating resiz; are
arranged in parallel,—aze-construeted-ard—the, The plurality of
coils are buried in a block}a—r—% made up of at least either resin
or rubber having a magnétic material dispersed therein.

Based-on mh the ‘ab.ove cons_f:ruction, a composite induétor
element acts as a common-modé choké coil, and when common mode noise
is aple.ed to each of a plurality of electromagnet:.cally
close-caupled coils, the noise is prevented from gase—tag—Eh-Eeugh-r
And—threugh hsins_::ananx:;sdL__Ihn5*_an_ax:az_&xng_sﬂnngzxts
induet ] ¢ havi lurality of —mode chol il
jgmhgﬂ.dgd.._, in a block includes a plurality. of spirally wound
parallel-wire lines ' constituting a plurality of

electromagnetically close=zcoupled coils buried~ J.L_a_blm while

being separated from each otherr—bn—ehe-bleeie—pcw

- THIS "THIS SHEET HAS BEEN
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Fi 919§9T9§'325eé'f |25naIFR9"F eWRﬁxﬁ\MFﬁg a manuf acturlﬂﬁg met RREA" N‘?”Fﬁcesa%orrgoassl/tzze
Me.nductor elenment .shown in Fig. 1; Fig. 4 is a plan vi ew showi ng the L
nanufacturlng process after the step shown in Fig. :3; Fig. 5isa partlal
I ong| t udi nal sect__l onal view shovm ng the rranuf acturing pr ocess after the :
b - ! - ferred enb dlrrent
Siieyt » g ) 7

Flg 8

- conposi #i8dd : : > JANG3t he present invention; Fig. 9 is a
| ongi t udi nal sect [ onal Vi ew of the conposite inductor elenment shown in Fig.

8; Fig. 10 iBig.rlghs-ai pkani viewfofha firpbsprefergedtenbednent shayn in
Fig. 8 4 Fig. 11 is a sectional view show ng a manufacturing nmethod of

the conpempéeitadiniactorcatohefiionBebfding. t8: thé Jprddent oy éﬁ‘@f@:f o
perspective view showi ng a nodification of t he conposite inductor enment
shown in Figp;§, Fi& alfrdrt Fieonok gl Eaﬁpégiﬁé%ué’ﬁﬂ"’eigmgﬂﬁ é*‘r?cFGP:? site
in Fig. 1 P
Fig. 3 is a sectional view showiﬁg a manufacturing method of
the composite inductor eleﬁ\ent shown in Fig. 1;
Fig. 4 is é\ plan view shbwing the manufacturing process aftei:
that—ef the step shown in Fig. 3;
Fig. | 5 is a partial lohgitudinal’ sectional view s-ﬁowing the
manufacturing process after that the step of Fig. 4; |
Fig. 6 is a plan view 'éhowing a second preferred embodiment
of a composite inductor element according to the preseﬁt invention;
| Fig. 7 is a plan view showing a modification of.the second
preferred émhédiment of the composite inductor element according
to the present invention;
Fig. 8 is a schematic perspective view showing a third
m:_gfg;:_é_d embodiment of a composite inductor element according to
the present invention;
Fig. 9 is a longitudinal sectional vieﬁ of the composite
inductor element shown in Fig. 8;

Fig. 10 is a right-side view of the compos'ite inductor element

shown in Fig. 8; heet Has Been Replaced
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i ndueFroERme " o fifn "R ¥F and Fig. 14 i'9 a ridht SPEERTRw o e -
.Cconposite inductor el ement shown iin Fig. 12.  DETAILED DESCRI PTION OF - :
PREFERRED EMBODI MENTS Her ei.naf ter, -preferred enbodi ments of a conposite

i nduct or. _'el'errent .accordi ng to _the.-pr_es'.e_r_lt i_,nyent'i-_on ar'e_ expl ai ned wi _t.h- o
reference 1opile il aghafl sbickiiohdl vhekl IMoViRY o' nindeabeatefgeiBefbg®t
of a conposite”inductor elenent according to the present -invention and a -
front view, ' .ef er.r i ar o} Lo Figs. 1 and 2, .
respect*a\?ef:?/‘.ta E%%O%rﬁfceor%ﬁ'%ct%émo%%%%}‘& Sﬁgf?@nﬁ'ﬁt bg‘?' -|g|'1cl udes a
plurality of spirally wound coi)s-11, 12, .13, 14 referably, four coils in
Phe first prEiBer Lo B AR HRIRSLS BEFBRer hiseprisn Bowing R mpsRcat ion
preferably has a substantially rectangul ar parall el epi ped shape and the _
coi | s 19£f1%hg sonpasdite | ipductaryelesenh shawn: 48 Higs 86 the coils extend
in the sane direction. The block 2 is preferably made of either resin or
rubber havi nFi§. l13reigesi tongitwdindl séctiemal teiewrofother compgsdtiec
material, dispersed therein. External electrodes 2la through 24a and 21b

t hr oughiddlactionr RI@neiRd sHRaPEs M.y 126N an@0 opposi te side portions 2a
and 2b of the block 2. The end portions 11t and 11t of the coil 11 are

el ectricall yffi_g}nﬁtf%j al Pighe-sxaéevidw S5 adid Eﬂﬁgoﬂéfaﬂh@é&r element

respectively e end portTons 12t and 12t of t coil 12 are
- shown in Fig. 12. - . ' :

Herei.nafter, %hemig:xsﬂ eubodiﬁents of a composite inductor
element aﬁcording to the present in_vention are explained with
reference to the attached drawings. |

Aplanviewof ena.p:.ef&::s.d embodiment of a composite iri_du_ctor
element according to the present invention and a front. view of £he
.thiu:.efsxﬁg_d embodiment are shown :'_.n Figs. 1 and 2, respectively.
The composite inductor element 1 cemprises includes a plurality
of spirally wound coils 11 threugh—34—{, 12, 13, 14 (preferably,
four coils in the first preferred embodiment) buried in a block
pere—2—of—a—2. The block 2 preferably has a substantially
rectangular parallelepiped shape se and the c¢oils 11-14 are
preferably arranged such that_ ﬁhe axes of thé coils are—arranged
extend in the same direction. As—a-material-of-the-bloek-part-2
The block 2 is preferably made of either resin or rubber having

magnetic material of ferrite,and-so-en-dispersed-therein-is-used~

o

. ; Th
THIS SHEET HAS BEEN
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el ec*%?ﬁ'—"e%?'?? cdRifgct d6HNo "'Pﬁ%mew:sernal el ectrodeTE 22a. Wﬁ@iﬁcg&) F.a722

;respectrvely the end portions 13t and 13t of the corlrﬁ CcRY -
connected to the external electrodes 23a and 23b, respec l end
portions 14t and 14t .of the coil .14 are el ectrically con

external_electrodes 24a. and 24h,_ respecty yel T e e tern eI : trs 21a
t hrough™24& =arma " ZLb througl 240 Can- De Ta -o e aANpr N Tolojikida g and
hardenr ng co, ductrve aste of A Ag-Pd, N, a d ot,her surtabl e material,

- - Ov 1) L,. & g : » SDE qr:;,_r ' 1.,

' - her, the external
eIectrodes 21a through 24b may be constructed usin nmetal caps preferably
havi ng a subBE&sEnall glectrageswAlanthronghic24p and 2 1b dhusugh R4b aget abl e
material. After the netal caps have been attached to the side portrons 2a
and 2b ptovhdefl, ockspectliveldy D opipt g extide ahandndk
portions 11t through 14t of the corls 11 through 14 preferably vra

sol deri g6 €hesBRbckeRdi NPhe Gend PoLOIPWSi L Pt iAMDY ¢f &Hicolinawi Agesuch
‘a construction is nounted, for exanple, as an anti-noise elenent for power

circuit 3 c
accor da%%gbgmrt" Eﬁlti a'gnnor Seg&;a#gt ?{10? rtethet %’geh%%l?% éjﬁggre?‘rs%%#r %§§ 8?1 at e‘brﬁower

ur o PrkBakRirRikz ile AP heES1IE] ?’th%n%' I e te St dRoanE ' °
anti - noLge el ey ;O,%ggnz%@é %% ' he SL08Eat "L ectr 0588 Jo00%a SRS oot

respectively, the end portions 13t and 13t of _the coil 13 are

electrically connected to the external electrodes 23a and 23.b,-
' resprectively, and the end portions 14t and 1.4t of the coil 14 are
elect.ricaily connected to the external electrodee 24a and 24b,
respectively. The extern_al electrodes 21a through 24a' and 21b
through 24b ean be formed, | for exam;.)le, by applying and hardening
conductive pasteof AQ,_ Ag-Pd, Ni, ahd see&rwm
on the side portions 2a and 2b of the block pasé 2. Further, the
external electrodes 21a through 24b may bé constructed using metal
caps -fefmed- preferably having a substantially $m—e U-shape which
is made up of silver and-se—en QI.MEML After
the.metal caps. have been attached by—£itting—them to the side
portions 2a and 2b of the block pe=t 2, the caps are electrically
connected to the end port:ions 11t through 14t of the coils 11 through
14 by preferably via soldering or spot welding.
A composite inductor element 1 having such a constiuction is
mounted, for example, as an aﬁti_-nois’e part-ef-the g]mntm power.
'circuits. in pefsonal -computers. The coils gconstxucted in

211/63667.0RED THIS SHEET HAS BEEN
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‘NAPIER(SG)  P.08/22
rreas{ﬁg@sa?@zgréaﬂly & cE'HRpgﬁqutGhe 'space occupi ed by D I -nol se elements -
s greatly reduced. Next, one exanpl e of a manufacturi ng method of a & .

- conposite |nductor el errent 1 is explained with reference to Figs. 3 through

5. First of -all, pellets of PPS resin (poI yphenyl ene sul fi de resr n) m xed -
th 90 E d
oL S0k dpaknkel i th, PRECESL00 Sl etk UGy SERR 1 cBRAERR Ko

‘Next, shovvn' after the COI 11 t hrough.14 haeben t on -
IR R O FEDR M SR %om;tur#%fsgmeea RIEBERS, Lan
upper npld 32 and the | ower nold 31 are joined.together. Next , the PPS
pel | et s1§i %@ dbfi PRURERd AXeyPETArd) ingidecof the BlockspantoincPesavsnd
i nj ected between the |l ower nold 31 and upper nold 32 as shown by arrows Al,

and t huef-tdeis Wmlﬂml&mfmmtmmﬂtmtim;se paxsksver

~nmold 31 is renoved to pull out the pins 41 through 44 from? the coils
11 t hr osgh-Bd , e batientia SOO 1ea 1zl asrenel-type—oS-ysipanlls i
fill the hoIIow portlons previously OCCUpI ed by the p| ns 41 through 44,
using thg gas ; ol 863 PPS Aedd£d En i Edtﬂétébé-@rd Eﬁ‘#dﬁgt thihak
|nJect|oner . as shown 1 n Fi 4, part "34, 1In |c

oo kgt SR A parrb%a@?%étw
shown by one dot o by anti-noise elements is greatly reduced.
Next, one example of a manufactu'ring method of a composite
‘inductor element 1 is explained with reference to Figs. 3 through
5. First oflall, pellets of PPS resin ('polyphenylene sulfideresin)
mixed witt: 9_0 wt% of ferrite powder are. prepared. Ft:;'ther, sets
of spirally wound coils 11 ;through 14, which are needed for one
molding shot, are prepared. | |
Next, as shown in Fig. 3, after the coils 11 through 14 have
been put on 'pins 41 through 44 giwven provided on a lower mold 31
for injection molding, an upper mold 32 and the lower mold 31 are
joined together. WNext, the PPS pellets mixed with ferrite prepared
in the above process are me;.ted and injected between the lower mold
"31 and uppexr mold 32 as shown by arrowe Al, and thus, a first inj'ection
molding is performed. After that, the lower mold 31 is removed to
pull out the pins 41 through 44 from the coils 11 through 14, and,
a second injection molding is performed in order to fill the hollow
portions meh previously occupied by the pins 41 through 44 with,
using the same melted PPS pellets mixed with ferrite as in the first

injection molding. Thus, as shown in Fig. 4, a molded part 34, in
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chai' 99 B%E2) 1 17s3Ing RO iMURATE H%thl ne, a dicingPutt erDRaél)rNﬂg Ré?msu kG
.device, to produce blocks 2. The bl ocks 2 are further cut-at the Iocatlons
‘shown by one-dot chain lines L2 inFig. 5and the end portions 11t through
14t . of the coils 11 through 14, respectively, buried inside of the-blocks 2.
become i b LD Sd¥es Iy fof'—iC%h%f cbﬂisbii’c{‘ﬁré’u KU gy '&fé%ﬂa&ﬂﬁcéhﬁé

paste I s applied and hardened on the_side portlons 2a and where the end

_porti on&;&%&?rg&gg ;él{: fa&Pebﬁ %r blist @%RH?H&&: pespect ively, are

exposed eSExXt rna des roug 24a and 21b through
24b el ectric Iy connected to, the end portio t, thro 14t of t e COI|S
T hreoh (Bne)nelRed bERy T X i A Sne ipaatiiong, shdum By Rpenin
process and a cuttln% process using resin mterial -suitable for mass

tRe

. pr oduct‘F‘b‘ﬁlnaléEﬁﬁo% SiRgudt éﬂ-lﬁﬂ-éﬂeﬂﬁcmléﬁm Beddcing Eﬁﬂ'—ﬂﬁrmﬁ&ﬁaﬁﬁur ed.
8  Another preferred enbodi ment .of a conposite inductor element

accor diemy sunothex suitable dévice itonprodute Hae-k—be-rces;umkﬂ 2. | Fhe
conposite |nductor eI errent 51, the plan view of which is shown in Fig. 6,
four coebsaffeli +pad poks i dre adrthigrieut A thenlbe@sidnd shoi,
di fferent |nduct ances) V\:hl ch are different fromthose of the conposite

I nduct oby 4t Enfint Denbb s ﬁrﬁin?r rseﬁnantl%"éﬁ“&orﬁﬁ.&nguﬁ@ﬂihﬂuahm ock
2. The nunber of “'wi ndings of the coiTs 61 through 64 is determ ned _

individygt lyr ei@etd1s 27 thidbgh 10 Tespttdvel P bfitied £AD28E QS the'

bleek—parts blocks 2 become eicposed on the surface of the bloek

parts blocks 2. Furthermore, eeandcuctive s.emln:ﬂze paste is
applied and hardened on the.side.portions 2a and Zb where the end
portions 111: through 14t of the coils 11 through 14, respect:.vely,
. are exposed. Thus, the external electrodes 21a through 24a and 21b
through 24b electrically connected to the end portions 11t through
14t qf_the coils 11 through 14, respectively, are formed. In this
way, by wia a molding pr&cess.and a cutting process using resin
material suitable for mass production, a composite inductor element.
1 can be efficiently manufactured.
Another preferred embodiment of a composite inductor element
according to. the present invention is will now be explainéd. In
" a composite inductor element S1, the plan view of which is shown
in Fig. 6, four coils 61 through 64 having different numbers of
windings (that is, different inductances), which are different from
those of the composite inductor element 1 of the first preferred
embodiment, are buried in a block part 2. The number of windings

of the coils 61 tﬁrough 64 is determined individually based on the

211/83487.0RED | Thls Sheet Has Been Repla
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specﬁﬂ%@?’?@ns 13121 hFREBWEHRATA, G ¢ 5 of t he per 98nal’ cgﬁ%ﬂf‘gﬂggsra)ot r?é%mz
_&lectroni c apparatuses, to which the conposite inductor element 51 is. :
connected. * On two opposite side porti.ons 2a and 2b. of the block 2,
ext ernal el ectrodes 21a through 24a and 21b- t hrough 24b are provi ded

connect iRty %%E‘E'Srﬁ‘?%%l P #%Zﬁﬁe‘?%*‘lf’sﬁi@'i%cf’f B e fﬂé‘éﬁeﬁ' ’
6
Dot er nae ERe PRERdRhL SonkliE 5] bnd2eltf il SEhE S0t tRIE Rk SridEe: o

the coil 63 are electrical]y con ected to the external electrodes 23a and
23b, r Hich| the LOMRORM TR ARt A e Leneniu O oS, FOnAgFteds PR two
electrically connected to the external electrodes 24a and 24b, 3 '
‘respecteppoFing anIraite sidepapsirne 2adnd @b ef tmblprk. Ehequtonnarl ew of
which is showmn in Fig.. 7, four coils 6la through 64a having 9. di fferent
nunber selectrodesdi2l@s thmubh d2daecandt 21k othroughr Q4bhiadercpposiasd,
different coil diameters, which are different fromthe case of the

COWDOS'i:éspéé’éﬂrel{ﬂ erngnd %oghbhs férest apaefery egg YROUEGEN! 61 Afe
buried. in a bloc he w re th| cknesses nunber s of wr ndi.ngs,

and ol by oALATELEES cBhnebBacel A" S fadlet

i ndi vi dua € nol se ané‘ current capacity speciti cat | ons of t he
i oh f"ﬁégﬁé{%%bﬁe% n%ﬁit BRASREP 650 e CRAET o CEheQUGyEPRY hiiace 10

electrically connected to the external electrodes 22a and 22b,

respectively, end'porl:ions 63t and 63t of the coil 63 are
electrically connected to the externall electrodes 23a and 23b,
respectively, and end pozrtions 64t and 64t of the coil 64 are
~ electrically connected to the external electrodes 24a and 24b,
respectively. |
Further, in a composite inducter element 71, the plan view
of which is shown in Fig. 7, four ceils 6la through 64a havihg et
enly different numbers of windings,—but—alse and different coil
wire thicknesses and different coil diameters, which are different
from the case of the composif:e inductor element 1 of the first
preferred embodiment, .are buried in a block part 2. The wire
thicknesses, numbers of windings, and coil diameters of the coils
6la through 64a are determined individually based on the noise and
current capacity specifications of the power circuits ef the

personal computers and—se—oRr or other electronic apparatuses to

which the composite inductor element 71 is connected. On two

eppesing opposite side portions 2a and 2b of the block 2, external
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_21a through 24a and 21b through 24b_are provided, respectively.. End
portions 61t and 61t of the coil 6la-are electrically connected to the
external electrodes 2la and 21b, respectively, end portions 62t and 62t

of i hapitrodin 31§ URGIFIY SRENFTCEI O FKbOUTY (RRRdAles 220

and 22b, respectively, end’portions 63t of the coi 63a are

el ectri ' t ed, t n elecgtr S @3 nd e
respe-ctﬁ%a%%%&an nd Ehrat i%&%}ﬂg a%%t 63? &of .eog'o%h%ﬁggf eGéFecﬁrrel cally
connected to the external electrodes 24a and,24h, respectiyely. | he :
‘conpos HEITRARA Ye‘l’%%ﬂ‘fgeglgﬁngﬁ?leﬁ §rR8Ls SLRCLELIRS! IZ\L[‘}@ti rh}tb' |

conbi nation of coils 61 through 64 and 6la_through 64a can be changed, for

~ exanpl &espeatctrlianc endi tPPXREORS I 62ft and af38i t9f thed coidbi §8a are

el imnation characteristics 10 corresponding to a plurality of

power electrically eensectéedcbopther exteratbcelectrodesi @2apadatailes.

Anot her preferred enbodinent of a conposite inductor elenent

accor dirspdct ivély pr eddntporticné | 63t Vand 68&W obetheP|coikd634 are
perspective view, a longitudinal sectional view, and a right-side view of a

) . \ . ' Fi 9, '
corrpos@_fedﬁ}_dj;@éﬁ_l%:é&ﬁ'ﬁ&té& EE?tQEOW&te&:Pgr]fe ﬁ%ct:%de};erzaa%nganldln% b

respectively. conposite inductor e 81 pre 3ucfés t wo
el ect 1 RELEALLY, hRECeRAVBbEL16RE! $4RLaBl! 63 of Tib LS Lo o0
elecfrically connectéd to the- external electi:odes .24'a and 24b,
respectively. |
In the composite inductor el_ements"51 and 71 having such é
construction, a combination of coils 61 th.fough_ 64 and 6la through
64a can be changed, for example, in accordance with the current
capacity and noise elimination charac_térisiics corresponding to
a plurality of power circuits of personal computers or ather
Another preferred embodiment of a composite inductor elemeht
accotding to the .present invention 4 will now be explainéd. A
perspective view, a longitudinal sectional view, and a right-side
view of a cpﬁposite inductor element 81 are shown in Figs. 8, 9,
land 10 respectively. The composite inductor element 81 eentains
preferably includes two electr‘émagneticaily close=coupled coils
- 91 and 92. The two coils 91 and 92 are eompesed preferably made
of a parallel-wire line 94 in which two conductors 91a and 92a

integrally coated with insulating coating resin 93 are arranged

in parallel. The parallel-wire line 94 is spirally wound around

This Sheet Has Béen Replac
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preferably made of a parallel-wire line 94 in which tw conductors
91a and 92a integrally coated with insul ating coating resin 93 are arranged
in parallel. The parallel-wire line 94 is spirally wound around one coi
axis and buried in a block.2 having a substantially rectanqul ar

par al | einspi peilsaxis andhbupiedk ip i3 plef:lsrmf;%-rﬁ-uei-crﬁ-&-mm or
rubber having magnetic material of ferrite or other magnetic materi al

di sper snibdtael al 1y récbangpbar t pasalibebepiped:e—ﬂa—a—n&a%b—r-aﬁh—bé—lﬁh@k 2,
external electrodes 2la and 21b, and 22a and 22b are prOV|ded The end

'portiowﬁw : $ Vprreafune
exterhnal electrodes 2l1a and 21b, respectlvely and the end portlons 92t and

.92t €noty i ey}éf’%}é te@gz%bia%%gg{zing pe el %Hﬂe&%élyoioféﬁfiﬁéé&ié_ée

exter na‘? ectr O a an conposi t e

.inductor ele 81 havin sugc constr | O t.he coils

and 9?"&r’ sgerse h%hequr{%t#zﬁlﬁ?g@ coati ng
. resin: and are el ectromagneti caI |y cl ose-coupl ed [
€0Nposi te i rRmIWS oPPesihe gppasite 5@%&%&%5@“@%&8 CE{‘? @f%‘éé
bifilar type. Wen common npde noise is applied to each of the coils 91 and
92, t he2 naaxdeermalredentiraids @habandg2 1b amad t22sd ande?2 8b R @rovdeder |
because the coils 91 and 92 are nade up of conductors 91a and 91b, the

Cr 0ss SﬂféleﬂdOfpd&i‘l:lzsdh&amlibeand 91t of the coil 91 are electrically

rd

connected to the external electrodes 21a and 21b, respectlvely,
and the end portions 92t and 92t (not 111ustrated) of the c011 92
are electrically connected to the external electrodes 22a and 22b,
respectlvely.

In the compos:.te :Lnductor element 81 having such a construct:.on,
the two coils 91 and 92 are arranged to be im parallel in the
lnsulatlng coating resin 93 and are electromagnetlcally close=
coupled. Accordrngly, the composite lnductor array element 8l
beeemes is a common-mode choke coil of a bifilar type. When common
mode noise is applied to each of the coils 91 and 92, the noise.
is prevented from passing-threugh~ mmmmmte_d_there_thmgh_..
Further, as because the coils 91 and 92 are eempiesed:maﬂe_np of
conductors 9la and 91b, the cross section of which can be made
relatively large, the current capacity is greatly increased in
comparison with a composite inductor element of a conventional
laminated type where the conductors constituting coils are formed
byprintingconductivepaste.Further,eshssaniﬁthetuoconductors

9la and 92a constituting the 'two coils 91 and 92 are covered by

214/83467.0RED - : his Sheet Has Been Replace
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.conparison with a conposite inductor elenment of a conventional |aninated
type where the conductors constituting coils are forned by printing

- conductive paste. Further, because the two conductors 9l1la and 92a -

osin ofnelideind Hhdeing fea Rt l¢ FAB, EALTRPTALLY, BTN MheidiegRe,
92 i I ' . iy f. factur] et hod of th
composi PERRRL AP dmenitn TE O s W e o B g 10
First, pellets of PPS resin_mixed with ferrite powder are prepared.

Further, th&SX% On¢ eXARPES ?rgcﬁs wwﬁaqwﬁ EFFEPQ/\PF@&? (FOmPPsdite he

two conductors 91a and 92a contained within the insulating resin 93, which
i's spi r dnductamelemenh® loke explainedsin withpreferente to Fig.\ekt , Fdfnsdr, t he
spirally wound parallel-wire line 94 has been put on a pin provided on a

| over mplelléts fof PPSetesin muidedgwith ufsaeritel poddar aadet rdpawed.nol d
3la are joined together. Next, the PPS pellets mxed with ferrite prepared

in the FREthdY 0 coidlsm™it 2Ada97 ndie i dbeheeparhltel OWbre ik 342 and

upper nold.32a as shown by an arrow Al, and thus, a first injection nolding

o e £l LEhdittbrs 08 LS4 R Bt SR Uty 1
| nj ecti %g}_‘},' 95 ?gdﬂisch is spirally wo‘imd arourid one coil axis, are prepared.
Next, after the spirally wound_parallel-wire.line 94 has been
pﬁj’. én a piﬁ g-ﬁeﬁ provided on a lower ﬁold 31a for injectionmolding,
an upper mold 32a and thé lower mold 3la are joined together. Next,
the PPS p;allets mixed with feri:ite prepared in the abcve'process
are melted and injected between the lower mold 31la and upper moid
32a as shown by an arrow Al, and thus, a first injection molding
is performed. After that, the lowér-mold 3l1a is removed to pull
ou£ the pin 4l1la from the spirally wound parallel-wire line 94, and
a second iﬁjection moldiné is performed to £ill the concave portion
which was occupied by the pin 41la with the sarﬁe melted PPS pellets
mixed with ferrite as in the first injectionmolding. Thus, amolded
part havimj the coils 91 and 92 b_uri.‘ed therein is produced.
Next, both of the end portions of the mqlded part are.cut_off
using a slicing machine, a diciné' éutter, a-né-se-en gx_qﬂgr_s.umb_lg
cutting apparatus, to produce the block part 2. ©a At the side
portions 2a and 2b of the block paxt—2-2, the end portions 91t and

92t of the coils 91 and 92 are exposed. Furthermore, by laser

machining and so on, a guide groove 95 (see Fig. 10) is formed on

211/83467.0RED THIS SHEET H As'i*his Sheet Has Been Replace
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_.W.th the same nelted PPS pellets m xed with ferrite as in the first:
i njection nolding. Thus, a nolded part havi ng - the coil's 91 and 92 buried
therein-is produced. Next, both of the end portions of the nolded part are

cut of f tHei ide gdreidies Packh@eb 32l Blotk! pEs 207 PhNffcorudidd eu%nttl ng
‘apparatus, to produce the. block 2. At the side portions. 2a and 2b of

bl ock 2, ggeggaqep o oLt vl n&*a,%s%' é:sa?ﬂi L 2z See%émed

Furt her nore er mechi i ng an roove 10) |

w th thpd 88%5%%5%@8@#’ %Zes(%n&aca%'e?&d ol 958, e e SHE SR,

92 are gw ded respectively, and the end portjons 91t and 92t are set within
the gui détgRE8y &85 within the guide,graqye 198 «si de portions 2a and 2b where
the end portions 91t and 92t of the coils 91 and 92 are exposed, '
conducti ve pAftern Lhafui con abbiehsidenpertionsula amd Uxtwherme thecemddes
21a and 21b, and 22a and 22b electrically connected to the end portions

91t andp@tt:.o’nst brtcand 92194f thnel codAs Odszmd 92 aky, exp@sézw dothductive _
Information on the breakdown voltage, - the coupling coefficient, and

the dirgakteuikedbated Shdnhardenbls OPHROS| tife | i1 1BiYodel 21a
manuf actured in this way are shown in Table 1. In Table 1, for conparison,

the meagpueseh! Samd 22AThid!$5b electrically connected to the end portions
.911_: and 92t of the coils 91 and 92, réspectively, aré formed.
Infqrmation on the breakdown voli:age, the coupling coéfficient,
and the direct-current resistance of the éompos ite inductor element
81 manﬁfaétured in this way are shown in Téble 1. In Table'l, for
comparison, the measurements of laminated-type composite inductof
eléments, in which a plurality of magnetic layers and two sets of
conductors fex-fe=miag defining coils are alternately laminated,
are also shown (see Comparative Example 1 and Compara.tiv_e Example
2). Example 1 was constructed by simply 'l'aminating each layer of
conductors for -feﬂntag ﬂe_i.unng__thg ‘coils. Example 2 was
' constructed by arranging electrical insulation material .having

lower permeability than that of the magnetic layer between the

conductor layers fer—forming defining the coils.
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t ypel@dPes e iTdtict Bl "BREM &M% n which a pl ufhlity &&W
.and two~sets of conductors defining coils are alternatel

al so shown (see. Conparative Exanple.1l and Conparative Exa

was constructed: by sinply | anmi nat i ng each tayer of .conduct m,

t he coitgbldxmnpl e 2 was constructed by arranging electri c

mat eri al havi ng. | ower perrreabl lity than.that of the.magnetic. Iayer bet ween

t he conouctor—tayers te Wm Coupl i ng
DC resi|stance vol tagelgféhkaaﬂ? dgrﬂéléf e%Lerred _ 99 %
10 m Enbodi ment Corrpa s 1 Exgnmple 1 '
Conpar dti ve 16 V 5‘*:3935 % c"":"ffmlejf’%'Ex Tp| e 2 As clearlly seen in
Tabl e. l—the rnmngif inductaor eleonent 81 of thig nref erred engbodi nent has _
“superi ity [bPOi¥sul ati off9 @hd a . hi gft0 @upling codfficient.
Becausd the i nsul atiing coating resin 93 of thejparallel-wre lline 94 has a
hi gh adiamentvol tlage, the high “breakdown| voltage of tlhe preferred
enbodi nfent was achi eJed, and thus} selection of{the resin to bg used the
br eakddeBmparhgdeecan ¢ yurther igpreved. 1 B

xample 1

omparative 16 v 95 % 1

xample 2

As cléarly seen in Table 1, th_e. composite inductor element

81 of thié preferred embodiment -haé has superior reliability of .
" #he insulation and a high coupling .coefficient. Because the
insulating coating resin 93 of the paralllel-wire line 94 has a high
breakdown wvoltage, the high breakdown voltage of the preferred
embodiment resultedy was_acghieved, and by thus, seiection of the
resin to be used the breakdown voltage can be further improved.
Further, in the composite inductor element 81, the permeability
of the b.‘_l.oé_k part 2 is about 13, but on the other hand,. the
permeability of the insulating coating resin 93 is about 1 and the
magnetic reluctance is relatively high. Accordingly, the ratio of
the magnetic flux leaking from the coils 91 and 92 (short path
phenomenon) is reiatively smaller than that of the laminated-type
composite inductor elements, and the coupling coefficient is
greatly improved. Furthermore, in the composite inductor element

81, as because the conductors of relatively large thickness and

211/83467.0RED | THIS SHEET HAS BEEN
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F_ur_tﬁg?g,_?'nzzt heﬂé%‘hpo@?q“e MRAIR BT el enent 81, t e per’r@&ﬂi”ﬂpf?(ﬁ?? tHd®2 |
bllock 2 is about 13, but on the other hand, the permeability of ™
the-insul-ating coating resin 93 is about 1 and the magnetic reluctance is -
relativéely high. ~ Accordingly, the ratio of the nmagnetic flux |eaking

fromth i ' g pat noyenon) | atively.smaller than -
t hat ofﬂtaﬁg Ibgm%rj?a{sq]e -%%%ﬁmﬁi%ﬁﬁﬁ%ﬁg %ﬁe{:rght ge %gé& a?hé:%e :
couplin ' effii_cie |.s. greatly iymproved. . Furthernore, in the

CoNposi ?_8;’?}%8&8% r gg‘laerﬂiﬁ %z}" @b%tg’éc’ﬁ%mc%gdﬁbfﬁr rgpkageacAvsSed by ge

t hi ckneEs tQ_r.ld rrgd'e of _ba;c?é metal such as copper. and so on can be used as

the conlGBFIRg 988 %Rd D IRFIEEUWTEERT FEoFOAVed -br eakage caused by heating
due to a large current is solved. Al though the two coils 91 and 92 are
formed usi ngAlfBoyghal tlae - kwce ¢ohbs 981 nanvhi OR tdre t Gormedues g tha and
92a are arranged in parallel in the.insulating coating resin 93, in a. S

conposi paraidedtwirel 2inet 940in wsicthahe twoFegadudLoth 9vghand 9469@.
el ectromagnetically cl ose-coupled coils 96, 97, and 98 spirally wound

around apganged iaxigardElebeinf eheedndanag i8lg W&&ihi 88,99 &N
‘whi ch, thr_eeq(or rmr%aﬁhaneth%rée) conguctoré’ﬁgggﬁéﬁ{g,%éﬁhﬂggg'a?g a

2 bl ook OBRoRRRE iRaacRe? o1 gl 10D, SORMA JEBTs T2 iR 1y i
L, U SHBlel SO B BRI 2 06! £ CaRE 0"
spirally wound around one coil axis may be formed using a
- parallel-wire Iline 99 in which three (or more thaxi three) conductors
96a, 9.73, and 98a are arranged in parallel in an insulating coating
resin 93, and buried in a bloék part 2 with magnétic material
dispersed therein. aAnd-as As showh in Fig. 14, through the groove |
| guide 95a formed o= jn the block pes+ 2, the end portions 96t through
98t of thecoils 96 through 98 are electrically connected to external
electrodes 2la through 23a and 21b through 23b.

Further, the number of parallel-wire lines is not limited to
one, and a plurality of spirally _wound parallel-wire lines may be.
buried in a block part-2-ima-eendition-in-whieh guch that the lines
are separated from each other. Thus, because, in a composite an
array-type inductor element, a plurality of common-mode choke coils
are contained in the block past 2, the occupied space can also be
further reduced. |

The present invention is not limited to the above n:.e.f.ex:.e_d

embodiments, but various modifications are possible within the

spirit and scope of the invention. For example, in the first and

This Sheet Has Been Replace
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._through 23b. Further, :the nunber of parallel-wire lines is not. I|mted to -

one, ‘and a‘plurality of spirally wound parallel-wire |ines may be buried |n'-'

a bl ock such that the Ilnes .are separat ed from each - ot her. . Thus,
becausgeed ﬁfm ’Bﬁ'ép Leggat Rt ty of
conmon- r?t’):déiac oke colls ar ed?.@en%& ai ne %%ﬁ]eﬁgﬁ afg n?ﬁel occtﬁép# ed
space 0 e The LnventJ on j s _not mted to
T haC bk BE0 Bl HER B, SERESS e Nt REBE kY FRER L7 Ao o
wthint rit and, scope, of the invention. For exarrple in the first
and seé‘b‘gﬁ‘ pr'bFeﬁ%%Fbﬁ’o%%F%%t QI} tBIUIRRERY OF cBFPIUGE e ifotwhighi @Rt o

- four, and may be changed to any arbitrary nunmber in accordance with the

~ speci f ianRi-wiFe ¢ mesupenentodigt mpanERdch FMrtiher,noapartofpomera s
mounted. Further, apart froma spirally wound form the coils may be of a
| i near spuimraldky otdend sformb| thd czodls\may dee |of undeimsam dEdmo ozt ketlpdhove
expl anation, according to the present invention, by burying a plurality of

coi |l s igyikddies kfgmgle of at [east either resin or rubber having a nmagnetic
material dispersed therein, a plurality of anti-noise conponents are able

- Ergagﬁr regalciaﬁ g&}aéfgf%ﬁy rd‘eéﬁ‘g:déﬁ 'f&-onﬁ%hé 5669k exp16n&E86n 0 aé’élixieﬂﬁ’ése
to the present invention, by bury:.ng a plurality o_f coils in a block
part made of at least either re_sin or rubber having a magnetic
material dispersed therein, a plurality of eenventieonal anti-noise
parts components are able to be reaiized as single-type units. As
a result, fhe cost of anti-noise measures can be greatly reduced.
Further, since a plurality of electromagnetically close=
coupled coils are constructed by spirally winding a parallel-wire
line in which a plurality of conductors are integrally coated with
irisulating coating resin and arranged in parallel and buried in
a block pare, a composite inductor element functioning as a
common~-mode choke coil having a high breakdown voltage, a large
coupling coefficieht, and a large current capacity can be obtained.
While the invention has been shown and described with reference
to the preferred embodiments, it will be understood by those skilled

in the art that the foregoing and other changes in form and details

can be made without departing from the spirit and scope of the

inventijion.
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Fur t B&9-22128ce 11°3 urfdioMt WUBWQEWFé:bt romagnet ical I cl oseDRE%mB}Egésc&)m Ieslgfzg
.€onstructed by spirally winding a parallel- wire line-in which a pIurallty B
of conductors are integrally coated with insulating coating Fes

arranged.in parallel and buried in a block, a conp03|te'ﬂmdu&kﬂﬂaéééavﬁgbbcm,
functioning as a comon-node choke coi | haV|ng a high brea

17 1 arge coupling coefficient, and a large current capa Mum M;ﬂm
obt ai neggadhtd ectREMEDSVESLI On has been shown and descri bed

to the preferred enbodi nents, |t mnll be: understood by those skilled in the

art that th forg§£é§%§¥¥g 39&&1 tails can be nmade

wi t hout departiing Splrl% scope 0 qﬁ%?%%? ntlon WHAT IS
CLAIMED I S: 1. 0S nd r onpri si,ng: ock made of at
Coast it herd reloFRPRRt iadd 18 4T, 13ask RiehE T eaiRopr G OhReE AV ARS o .
external electrodes being, provided on said block and a plurality of COI|S

buri ed @ rmagnet it qaateri ;##qnwd)ftmnof eKRETBRAr alegyr@dee ob¢:an)e| ng
el ectrically connected to

provided on said block paxd; and

a plurality of coils buried in said block pas%, end portions
. of each of the plurality of coils being electrically connected to

said external electrodes.

2. A composite inductor element according to claim 1, wherein

"each of the coils has different electrical characteristics.

E ! il 1 i ! ] ! i. l ] . 1 , 2

AR A e
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sai d19PreRRl APt r GREY, MPRATA MEGeonposite . inddPtor ePBREAPPIER T ai fg? & .
.claim1l, wherein each of the -coils, "has different  electrical"-
characteristics. 3. . A conposite inductor elenent .according to claim1,
wherei n four of the coi I s are prow ded 4. A corrp05|te |nduct or eI enment -
accor di ng tolelh s ding DeRt \2 gstaral S aYe "

I nduct or elenent accordlng o cIa|n1 1, mhereln the plurallty of coils
are arranged such that axes of the pIurallty of coils extend in the sane
direction. 7. A conposite inductor elenent accordlng to cIa|n11 wherein

t he external 4 - Pd | .o 8. A .
conposite i
el ectrodes co -rls- s-bstan |aI
conposi =& e Acaniaman. iy : PSR Sy .
~plurality of COI|S has a dlfferent nunber of wnndlngs fron1that of others
of the pRuBALYer.of c0|Is 10. ‘A conp03|te i nductor el ement accordlng to
claim1l, _ .

. o heet Has Been Replaced

i

a block part made of at least either resin or rubber having

12. A composite inductor element comprising:

a magnetic material dispersed therein; and
a plurality of electromagnetically close=coupled coils buried

in said block paxt, said coils being arranged in parallel and being

constructed by of spiral'ly winding-a~wound parallel-wire +ine-and
AR ORY AR IIIIII o
ki 1s THIS SHEET HAS BEEN
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 Whieri@BP-a8NR of 1TRS pfml WP@T%f”FEbl |'s has a difl%rent Ph cﬁ%PégRs sFrom that.
_of others of the plurality of coils. 11. A conposite inductor el ement:

according to claim1, wherein one of the plurality of coils has a dlfférent
diameter fromthat of others of the.plurality of coils. 20 . 12. A

conpos igye-imeegiallplecasingolinbsi faded ofl oclplinga ity ¥t Imlﬁﬂﬂ
n, and a

resin or rubber having a rragnetlc materl al dispersed therei
LU d in said bIock

pl ural Iéq_/n%geé&ﬁaﬁeaaﬁg 25 b3 :
said co ei ng arranged in paraIIeI and -elng constructed of

spirally-wound parallel-wire lines made of a plurality of insulation-coated
conduct ors. 13 A conposite inductor element according to claim 12,

wherein th lity of L d || el | tjtus
the ol ural' th B i FoRenBghe: 1edrFpoE sledht Actbrdiad Y eTatR adn T he

bl ock such t hat the lines are separated fromeach other. 14. A conposite

i nduct oWherekpnithe cpluragity @ ﬁPl-!a]-Mer‘&ﬂﬂd)n?aé'ﬁlﬂ-ﬁé-ﬁﬂ-uemIJtlyeS)f
coils has a different nunber of w ndings fromthat of others of the '
pl ur al iconstiteting tbe pluvapitytefi ellectoomayeeeitally cclbse-coupled m 12,
wherein one of the plurality of coils has a different thickness fromthat

of ot hetsibé ahe puiiedi iy thecblbsk m—mﬂm such

. that the 1in_es are separated from each other.

16. 3 ite induct 1 ! T : laim 12, wt i

s Sheet Has Been Re|p|aced'
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A?%Soﬂ%&?l ew %ﬁjucﬂﬂq é’lUEW@nFFGaccordl ng to oI B m 12 D%wpf%(gne of" 23‘ 2 .
.pIurallty of coils has a different dianeter’ fromthat of others of the _
plurality of coils. 17. A conposite inductor elenent according to claim12, "
wherei n-t he plurallty of . c0|Is are arranged such t hat axes of t he plurallty
of coils extesp 1 Seme SeBeds Y 4 h2ent
according to clai m 12 V\herel n each of the - coi I s has _ d| fferent
el ectrig@ ,

S are}prOV|-e-. ] A'corrp05| e 1 navct or
el enent accordlng to claim 12, wherein the block has a substantially
rect angul ar parall el pi ped shape 22
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