eSePLLND4PC$tP6PTan01 SPECI FI CATION Title of the Invention WRE WOUND
ELECTRCNIC CCNPCNENT ield of the Art The present invention relates to an

i nduct or, choke coil, common node choke coil or
wound el ec ent Backgr ound Art Awre vvound el ectrow \“\m‘\l\m\“\\\
conponent has agﬁwructure as showmn in HHG 14(A). In this 8
both ends of the core 10, whereon a wire i s wound and whose shape |sw%
colum having a circle (oval, rgc m | ar shape) cross-section,
has flanges 12 and 14 having a.gr?ggggﬂgégﬂ%%?-a pl ank shape with a

rect angul a@ TRIOSShee6idn@Bh are fornmed. The core 10 and the flanges 12 and
14, all of which are nade of magnetic materials, e.g., ferrite, forma coi
bobbin 16. El ectrodes 18VEtdWRUND ELEGTREUHI@CGMIEONENde and end surfaces of
the flanges 12 and 14 respectively. The conductor 22 is wound on the core
10 formed at the central portion of the coil bobbin 16. The lead wres 24
and 26 atég Ir Spq§ t he conductor 22 are connected to the el ectrodes 18
and 20 re fq Y each of side surfaces of the flanges 12 and 14. A
concave porti of,f i ng
resin 28 to cg@%r&%ﬁgqconducﬁg?éggq%%ﬁ'ag(ggfféﬁggﬁlgp Pﬁqighaﬁgﬁgﬁgathe

| ead W resnodd dhidde 26il aF €infiRs PGt W ¥eldyeleannee cemparentappl ied with plates 30
and 32 respectively. The above sealing resin 28 is nmade of, e.g., epoxy
resin wherein ferrite powder is m xed as disclosed in Japanese Patent
Laid-CpendFEbllcatlo No. 63-236305. Main conponents of the ferrite powder

to be use®PaFker"d Yirpose are, e.g., iron oxide, nickel oxide, zinc
oxi de, and co 0 fnihne,fe el L pr
magnet i ¢ shi orars o EPbE TouBonbitheh sk LERREMSRAIPEMER 1405,

In this FIG. 14(A), at both ends of the core 10, whereon a wire is wound and whose
shape is a column having a circle (oval, rectangular or similar shape) cross—section,
has flanges 12 and 14 having a prism shape (or a plank shape with a rectangular
cross—section) are formed. The core 10 and the flanges 12 and 14, all of which are
made of magnetic materials, e.g., ferrite, form a coil bobbin 16. Electrodes 18 and

20 are formed on each side and end surfaces of the flanges 12 and 14 respectively.

The conductor 22 is wound on the core 10 formed at the central portion of the
coil bobbin 16. The lead wires 24 and 26 at both ends of the conductor 22 are
connected to the electrodes 18 and 20 respectively at each of side surfaces of the
flanges 12 and 14. A concave portion formed between flanges 12 and 14 is coated
with a sealing resin 28 to cover the conductor 22. The electrodes 18 and 20
whereto the lead wires 24 and 26 are respectively connected are applied with plates

30 and 32 respectively.

The above sealing resin 28 is made of, e.g., epoxy resin wherein ferrite powder
is mixed as disclosed in Japanese Patent Laid~Open Publication No. 63-236305.
Main components of the ferrite powder to be used for this purpose are, e.g., iron
oxide, nickel oxide, zinc oxide, and copper oxide. Addition of the ferrite powder

improves the magnetic shielding effect of the sealing resin 28 as shown by the



dotted lines in FIG 14, because it will allow a magnetic flux 34 to easily
pass through inside the sealing resin 28. It wll also enable to reduce
magneti c effects exerted on the adjacent conmponents, and inprove the

i nductance of a wire wound el ectroni c conponent. \Wen an electric current

i s passed through the conductor 22 of & wire wound el ectroni ¢ conponent
having a structure described above, it generates heat. Ferrite used in the

i1 bobb fLerrite powde d fill th | 28
changes. tRBUHRHRR M TR BaBUEr o i Pt ot o b HROHBE ¢
charact er [k Gfie s@%l‘ﬂ&gré@h{ hgi g v& h%fs’&‘aéna%&a{bg?e%uc@\%é’grn‘é't@géf?’ecé'e%ké‘& to

ot her ordinary electronic conmponents, 1t requires good thermal radiation.

In ternms o tHEat)iddtg cofpoh 8| misln@rwdweqa&wt@mdmamw&etvﬂawd%l@mon.c

generation of static electricity for preventing the conponents from

sticki ng ¢onmaeht.ot her. In addition, when there is not a cl ose contact

bet ween the coil bobbin 16 and the sealing resin 28, as shown by the arrow

FAin FIG 14, water will enter into cracks of the conponent fromthe joint

portion of thg, flang r 14) with in rein 8, thereb

el i b1 11ty ofMERENIREERERT LTS P dchmEs tat it Rle” 27 2Eeait FPad so cu

the curre h i h t pogti t eby the
Qko@bnlk NEoBEELT Faliha™s Hn Rtk ﬁefz]k?%\éﬁ Qb BOEdcPlkost REXH

nmagnetic s ie |ng effect and §nductance w omere : ere1s a

pi nhol e 36erkife LE&Y FEBel 101 BEBIM188nd MG RE pBivler Bdct0aLBifBer F81StHdCahgs
conponent as shown by the arrow FB. If ferrite content is raised to

i ncrease tebim 2hdbotcancbe ridgnetif eermeaénl'pt@\/(ﬂle)rthpaafctfiMI'@s sB&vsnilye bwgsétiaing
fromthe surface of the sealing resin 28 to the coif bobbin 16 or the
conduct orcrEpactpristi¢s. sa'ea%emtmaﬁeuthmhtcfanses emtetorfingly. t%"%'oﬁboﬁéﬁ't al ong

th th f th f t f 3 b
the ar oW BEeOTRISSEERE CAMRETHONE TSAREEh SAPCA TR SAV PHER: of CHE Pho

ferrite nAUARTnGDA Lbaless 35 84 NolurRaYealelt ADT blelnd QUALAE Ok e Leaid

mat eri al s. 3 Ferrite powders Into the sealing resin 28 are nade
by bur ni nge@eRay abt Yredbntih@thd oIt BofVaickH30d dach Aseerdingly, the
sintered ferrite substance becones hard due to strong cohesion between the
particles, and the size of the ferrite powder particles made by

pul verization of the above ferrite substance m ght easily, be varied. We
those ferritelnprsififan. m&wmtéﬁrees'sm%w ‘EJﬂ%ﬁ/@‘PFtéth%%tWaFB the gad bicRb B kﬁh@dabove

t | t
milLouf fp SPplres T s et ShaflT hRghS Pl FAARIE T £ hBRE AR AL SATRORENS o
the seal 'mhaeﬁineonmsftamﬁe rsraqrb%w&nsm %keghmacmm{mp&% fihonspf the

sealing resin, or simlar problem In other words, this would change the
magnetic m&na@bylremabnltp dfit@e R@h{noﬁan@W|llt$H§dS&&brdt§dr eTha cradkerneihyslsdach
conmponent inductance woul d be changed. In addition, because a high internal
stress widdt whawgeeritndmmawmnaﬂi@rf@xm ht tthe aplamgeinbipomtigmethieceby the
perneability of the coil_ bobbi as it would cause a danmpge of the
coi | bobb’Pﬁg”ea'cbﬁhe‘a‘Pé”G)FffFﬁ'ea%ﬁdﬁ%ttaBFe m” kg lﬁvwea?d pribH1eEm's  @Inkel 3% of the
internal stre ht edS|r bIe rrlte er into the resin
will rai stz‘ t%e@?r\‘ﬁ §%sOS|2t% 5r°7a’s e%lI 7 enlterre'gf'%eatg a Who eme\ﬁ%r?hg seal &ng resin
of high vjsgeghty is used for coating and form ng, the sealing resin wll
have | ess applicability than a sealing resin of |ow viscosity, and it wll
al so requires high formng pressure. This high form ng pressure accordingly
exerts large stress on the coil bobbin 16 and conductor 22. This m ght
cause a cracklfaferrite. gontenheés jrabed tpdnticese dhe titductinmrgdmelfzrared pdWded th t he
core 10 because the portion is nobre vulnerable, or mght cause a break of

t he conle,atrB?32§8 n?ew %fdaqw%ﬁoméhaﬁae‘gcwf erssalingies|n ¢hithie gaieobbin

i nduct anc and cause det e atl QQ of the co nt
quality due® % uﬁ% #I tl;r/',th' n°1T5e "6t e m'g# 215 er i tp%é’ﬁé“ egs

manuf act Lmbﬁkgw&ﬁfm&ea@&a/e &pthersce%%emfehf@rr&@rmwa@ngatmefsmeeyseghow@w 4. The
present invention, paying attention to the points stated above, has

obj ecti veﬁrdv@Fcrrprraaveamhechtnrgemgm—J happeh atheOBhe E@8dcetAnGe fingdénnisé pwadear and
static | -4 electricity, all(1 111': a better reliability of a wire
wound el exrtices G8clnpuneave. wekhan e rtowbjdsche vesingnaterigdbt ai n a sealing resin
with stable magnetic characteristics and low internal stress by controlling
the site of ferrite powder particles as a fuller, as well



5 as to retain good magnetic shielding effect. In addition, another
‘objective is to have efficient productivity of a Wre wound el ectronic
conponent with good quality by controlling change of inductance attributed
to change of stress, as well as to protect a coil bobbin and wire by
relieving stresses. 10 The reference t8 any prior art in this specification
is not, and should not be taken as, an acknow edgnent or any fore of

suggestion 1 hedeh 03byBLdsAlleRdto{RE KbAe!reOf 28N%e CRAINITY KIRAREenkAfvLEd0e | N

Australia. 15 Disclosure of the Invention The present i nvention provides a
Wi re wourdgiel eeipkpftufe GREPOTRINCC .COMRELS M, thdd AktlePe £ FERHeSisNBstBn&OT €
with two ends, having a Mange at each end, the flanges defining a recess
bet ween theenmea heod Idueftowstrengvouingsiar detvteenhihecpareicleat wedrthe hizd banges; 20
a resin seal surrounding the coil between the flanges, said resin seal
conpri si rgrréefAowsier pastle BAdalHinvyeaizetions of Breoprei ferritef substariceemishind a

d | taini [ f f ite that is higher th
R R B e e L
conduct i vty fbag, L)€ [ &5iReq 2§eawmgr 's‘[?. thP RS GRIPN SRS ffltide and
the coefficient of thernmal expansion of the resin seal is simlar to that

of the bolhideneMNOt RArsuFRRIFGHEBIdrANpIBleA LTl eet?ermteoa/@ﬂgﬂm%emw@mi C
conponent whose conductor wound on t?le coil bobbin is sealed with a resin

mat er i al ,these&ludi reginadlthtt b e esagdBtic Basract e istisaal tiy pdryidhaphbbisealsigrresiae
treatnment which coats the additives. Another configuration i5 characterised
by a nuf tar-sirafasrerebletict U oths idrds.dibipvuowld £ipegmipie Spgptinpermeability in

the portion of the sealing resin, thereby each component inductance would be

changed. In addition, because a high internal stress will change inductance along

with the change of magnetic permeability of the coil bobbin , as well as it would

cause a damage of the coil bobbin, a break of the conductor or similar problem,

relaxation of the internal stress might be desirable.

Filling ferrite powder into the resin will raise the viscosity of a sealing resin as
a whole When a sealing resin of high viscosity is used for coating and forming, the
sealing resin will have less applicability than a sealing resin of low viscosity, and it
will also requires high forming pressure. This high forming pressure accordingly
exerts large stress on the coil bobbin 16 and conductor 22. This might cause a
crack at, e.g., the joint portion of the flanges 12 and 14 with the core 10 because the

portion is more vuinerable, or might cause a break of the conductor 22,

fn addition, changes of stress will change the inductance. On one hand, this
may cause deterioration of the component quality due to uneven quality, on the
other hand, this may cause less manufacturing efficiency to produce the

components with even quality.

The present invention, paying attention to the points stated above, has

objectives to improve the thermal radiation, resistance against water and static



_ordinary rosin and a farrite-nixed resin. In addition, another
contiguration: is chactecreriscd by relaxtion naterial added to at | east
ono of a coil bobbin and a sealing resin. According to one enbodirnent of
the invention a mmt hod of producing a wire 5 wound el ectroni c conponent is
characterised by the steps of wi nding a conductor around a coil bobbin;
applying a thernosetting resin or a thengplasttc resin on the coil bobbin
after the wire-wi nding step; and appllcatlon of heal and vibration to a
bl ock after application of the resin and placing thereof into magnetic
powders. A filler to the sealing: resin for a win;. wound el ectronic
conponent ofelftciflcéymléé’émbqtfﬂ(/@h@blélﬁqfé\%ﬁa’r%@éwg@ﬁc BYyTEcRg produced | 0
by pug pul verising the m xture whose main ingredients are Fe2O, N O ZnQ
Cud after burning thereof. Many other features and advant ages of t he
present inventi odmaitct objea.:'merés [mmtbtﬁiesatsualdng kasevivtestsid rjxagnd:tfueckarztcteciﬁxins

meki ng referen to the detail i pti ich,fo O\VS

acconpanyi ng® éﬁf’é’é{m%’fm A Pﬁgm‘c’l m%t%i TBY ngﬂ\égﬂ??‘vF%ﬁW c&fastaﬁg{ébr“éweﬂgs
FIG 1 shpwsis&t@;a% R naddidd spe3dihdetfhe enbodi ment 1 of the present
invention. FIG %1 a state of a portion of the sealing resin in the
enbodi nent 3 of

In addition, another objective is to have efficient productivity of a wire wound
electronic component with good quality by controlling change of inductance attributed to
change of stress, as well as to protect a coil bobbin and wire by relieving stresses.

10

The reference to any prior art in this specification is not, and should not be taken

as, an acknowledgment or any form of suggestion that that prior art forms part of the

common general knowledge in Australia.

15 Disclosure of the Invention
The present invention provides a wire wound electronic component, comprising:
a bobbin comprising a corc with two ends, having a flange at each end, the flanges
defining 2 recess between them;
a coil of wire wound around the core between the flanges;
20 a resin seal surrounding the coil between the {langes, said resin seal comprising:
a first layer containing a first proportion of ferrite, and
a second laycr containing a second proportion of ferite that is higher than
said first proportion of ferrite, and powder of higher thermal conductivity than the
resin,
25 wherein the powder comprises ferrite, and the coefficient of thermal expansion of

the resin seal is similar to that of the bobbin.

Another configuration relates to a wire wound electronic component whose
conductor wound on the coil bobbin is sealed with a resin material, including additives
30 characterised by hydrophobic surface treatment which coats the additives. Another

configuration is characteriscd by a multi-layer structure of the above resin comprising an



the present invention. FIG 3 shows a state of a portion of the sealing
‘resin in the enmbodiment 4 of the present invention. FIG 4 shows states of
a portion of the sealing resin in the enbodinent 5 of the present
invention. FIG 5 shows a main manufacturing process of a wire wound

el ectroni c conponent in the enbodinent 6 of the present invention. FIG 6
shows shapes of a core block, a coil bobbin, and an i nductance device. FIG
7 shows a manufacturing process of the enbodi nent 8 of the present
invention. FIG 8 shows vertical sectiong.of the conponent provided in a
mai n manufacturing process of the foregoing enbodiment 8. FIG 9 shows
verti cal sections of the conponent provided in a mai N manuf act uri ng process
of the embodiRl :ifhnd PRARLSSCI oliftV BINGION,, Ebffer LhBNPNEL KO R sc
sections of t onponen provi S mai n nanut act u i ng process of “th
enbodi ment 1y relfa.\itima npnaséndded m/ametasmr. oFh &il dbbihaws: saliveg msimanuf act uri ng
process of the enbodinment 11 of the present invention. FIG 12 shows a
vertical section of a conponent provided in the enbodi nent 12 of the
present inventiomccbiifag b3omNONBdBn&OMPAS 1:veRi@f aams@al iofGrs®@sing Phavi ded
in the en?odlnent 13

wound electronic component is characterised by the steps of winding a conductor around a
coil bobbin; applying a thermosetting resin or a thermoplastic resia on the cotl tobbin after
the wire-winding step; and applicaticn of heat and vilbration to a block afier application of
the resin and placing thereof into magnetic powders. A filler to the sealing resin for a wire
wound electronic component of the present invention is characterised by being produced
10 by pulversing the mixiure whose main ingredients are FesO;, NiO, ZnQ, CuQ after

burning thercof.

Many other features and advantages of the present invention will become manifest
to those versed in the art upon making reference to the detailed description which follows

15  and the accompanying sheet of drawings.



of the present invention. FIG 14 shows a basic structure of an exanple of
‘a wire wound el ectroni ¢ conponent and a state of a portion of the sealing

resin thereof. r 7 Best Mode of Practicing the Invention Wile the
present invention is practicable in vagi ous nodes, an adequate nunber of
enbodi nents thereof will be shown and described in detail. (1 ) Enbodi nent

1 Enbodinent 1 of the present invention is to inprove reliability of a wire
wound el BBrishPesemrironeritheyrawingsi ng back generation of static electricity

as well as to_inprove thernma nductiyity thereqf as shown in FIG 1. The
conposi tion tﬂgrngo”‘goﬁ SE?tFﬁQk a%‘?’“\’??e’”f%?leﬂ‘vﬁogﬁ’:‘er&,‘ @i’ﬁme‘?’eﬁ‘?”téi“t’%‘to”one or
both of an i ggni terital.or a. i ri.al ich. are r£ 1 hernmal
conductive t @E}g Srhgévimrala %k%afjg(ﬁm?%ﬂfh’gmreeg?ar%gge%'ﬁl'?etre.’ ef“gé)g'"l‘fi 3 TJ (A -
(Q), b, +M xtddht afvengyeer of either or both of the above inorganic
material or netallic material, and ferrite powder for magnetic shielding is
added to the FlesBrshawsfd laes of & eetidd & tHy Baling (FE3ih.in Weé BEhbadmeakidngF r esi n
wherein the above mentioned high thermal conductive materials are added
will all ébe arsgiene invgotign.conponent to have a better heat radiation because
heat gener at i nsi de the conponent assing a current w.ll be

o oot vel y. raPeASBavoGILras 4 FE R0 REATe PRI GAIBH it TR e ncs AGhe
conduct i é?esrg%tt%(vie%kibn Especially when netallic powder is used as an additive
to the resin, it al'so prevents frombearing electrical charges and
restrains genggaty QRoRE SRl G BELLHAE IFocddd SFW Iirélvafind! LR BRIc

i nproved nmounting of conponents because the conponents wll no | onger
adher e t @oapohemtihahe wpadinnsit &l o1 thg. pr&ssre i6fertio@. hi gh t hermal conducti ve

materials mxed into the resin could change nmagnetic permeability of the
seal i ng resi ;IGwAisbhweaishipdsi ¢fad Fgrechiasige ¢aiduabanceedah intctaosmpdanare..

Accordingly, ntrolling the mxture ratio_of high thermal conductive
materials wl 8alsl %ﬁ“‘lsnglﬁ’&”&‘r{?&é”r&g PWéeéﬁh%&%%rﬁngqog”B%“tggsqfr’gBIWe%F'd]tust ed.
Next, i nirg/rén%grrpl e of the enbodinment 1, thernosetting resin, thernoplastic
8 resin or simlar materials are used as a resin. Epoxy resinis a

favorabl e matmGi ad - sHoQs MVERIGRNEtiORE €6f ahs Wbhporktnghpidiefdimlin congdugt i vity,
ferrite, alumnumnitride, dianond or simlar materi aF are used. Because
nmet al | i ¢ nmuactadirsg aroeess of genferagdoingnérgbddimeie8.mal conductive, all of them
are applicable for the purpose. For exanple in FIG 1 (A), 1 10wm % of resin
is mxed witHHI80wW %hefvshivgtiioehesestione opfdibe | gempersngapioyidedt &r i almaiThe
reason for giving the above m xture rat'élo i s that thourgh m xi ng as | arge

ratio of THNGH EHEERICCEBhALLE YBOINBPYan Ot PPl M€ i¥ksi ble is mare
effective, theqsreg hﬁ«L'vﬁﬁ}éQ 'sgét%rrse'o?f&rec'c@% ‘é‘ﬁérﬁ%mgié)e’&g i o Lai se of
gh Thef ma materi al . ven those

the m xture ratio o I conducti ve

condi t i ORfanufdctl @RS hrote IOV PheOS mb BNt ER B tHelprheBe i Meehtidl G 1 (B) - (F)
shows exanpl es of weight m xture ratio of the materials.

FIG. 11 shows a main manufacturing process of the embodiment 11 of the
present invention.

FIG. 12 shows a vertical section of a component provided in the embodiment
12 of the present invention.

FIG. 13 shows a composition of a sealing resin provided in the embodiment 13
of the present invention.

FIG. 14 shows a basic structure of an example of a wire wound electronic

component and a state of a portion of the sealing resin thereof.



In terms of particle size of the high thermal conductive material, too
‘smal | sized particle does not contribute to inprovenent of thernal
conductivity. On the contrary, too large-sized particle mght deteriorate
applicability of the resin, make the surface of the sealing resin uneven,
or cause uneven quality. Taken these cénditions into account) in FIG 1
(A), for exanple, appropriate particle size may range from1 to 100 u m
and an ap@mBeRt iMlde FVehaganstHLImbnieticles may be 10 um The sane thing
can be said for FIG 1 (B) - (F). In addition, in the cases of FIG 1 (D) -
(F), a ferritW@himtteei@eséror innaghiet i< psditelatiiengn ivaribud Inedtidsntad adegyuaaal i ng
resin. Mxture ratio and particle size of the ferrite and the high thermnal
conduct i vesntagr of iegibodimnants) tirreefewilldeedshoyrt #nd drscaired iméetadlen magneti ¢
shielding effect provided by the ferrite and heat radiation effect provided
by the high thermal conductive material (which contributes to inproving
reliabil i<q }'Emﬁﬁ@iﬁwcejnglﬂ y when the ferrite is used as a high thernal
conductive rnorgani ¢ material, if particle size distribution ranges 1 to
100 um fine-ghpbdlR@nPRIE kid B s¥hd ihvdiie j3R6lihhRvE REIRILNAY o bIvBsSweind he
component will be rel eased when the m xed sealing resin Is hardening

(2) Enbodilemrdini@ coheoreriadi owing back ganedahipn @f etatimdicoficit\nes badikgraund art
to have better reliability in terms of keeping close contact of the coil
bobbi n wilmRraveethsentli angdreiaiivy. thaseofgvahiony ip ﬁgG-a‘r-r olheFpomposlia theted) , | f
the coil .bob?i n flﬁt dfOﬁS not keep close contact with the sealing resin 28,
wat er may® ERTET °F Hfo ot A" 8onmponent from the crack between them which will
e up M LD dEt LM IAnb G S0 £ BE ARINERSL RERER o i LA STRGLTENt 2

t he thernmal expansion coetficient (or the ermal expansi on nodu of the
seal i ng nasiM ateSmar tidrRd] BYnduBEL S ASd Mg r&in HLsd RASToNGeHe sinhds ANBUMee0f the
ferrite powder for magnetic shielding, or by adopting an appropriate shape
of the fdiGi t@)pol@er. By doing so, when the thernmal expansion coefficient
of the sealing resin 28 conmes close to that of the ferrite nmaterial
conprising the ddixtunsobbpeivdes, ofesithiiri &t P of thehabayeainorgenie siatetdsed by,

e.g., therma|. changes w I.| be prevented. Accordinpgly, entr f water from
The | of naNEBICUR: oS T ERgBnaY i Eneiaan i LeafdPr o Beihengw || be
prevent eq: h ealhng resin 28 will have closer contact with the
coi | bobgillgﬁcligg&?r'lé'aﬁl)zrg(c )l'cal exanpl e of the enbodi nent 2) an appropriate
m xture ratio of ferrite powder and a resinis, e.g. 70wm % and 30w % In
addition, a favorable size of ferrite particle mght be 1 to 100 um Using
bal | - shaped flgsing taesqabingleesiniviieraihsthe eatalk en¢raicmep Usgh tiemahlcoadyzdivei on
coefficient because thereby ferrite powder is allowed to have a w der

di sper si oiete(iay Tepaddaremi! 3lomer entsodionBhtcoPRegesih tP MAveve dPetirdeh st t he
background art to prevent deteriorati of wat er-proofness of the sealing
osin catedaty bRr eI EaT S Bl UAC B L heCHPP S HATSRPG SHTRS: M POt her o
is apin 30,1 ] i I Lnto the
corrponen[é?#eggggﬁo%etﬁggd%%'Hggh%ﬁc%t é’%g%gﬂ?[&af@h hgrresrg;g%/icgg&rﬁég%n has a
resin | ayesteA9l | FRpEIRIAL @Kk ARGt 0IRAS B ek el @ANs BByadlivivigtosPe red] kirg t he

pi nhole 36 of the sealing resin 28 with the resin layer 50 will prevent

wat er fr ereenter frog ibekong hele coicpb rdatgeana@nd mprsorains reenecton- pf ogktiess

10 thereof. A favorable material for the resin |ayer 50 may be a materi al
of | ow vielRGEFity ahhis HigRlselaliedi ayimerpee emBEMitERAt camapnantabesrysapheve

for mabi | Icto%p%fne;[ltgewiﬁunrof l%ggerogdhterheetosggtlzg ngel;'eu?alorQ'ins él)inglz.”bé)odr{'\g%pkhed'high

thermal conductive materials mixed into the resin could change magnetic
permeability of the sealing resin, which will finally change inductance of the
component. Accordingly, controlling the mixture ratio of high thermal conductive

materials will allow inductance of the component to be desirably adjusted.

Next, in an example of the embodiment 1, thermosetting resin, thermoplastic



_The -enbodi nent 4 is an inproved node of the background art to prevent
deterioration of water-proofness of the sealing resin by m xing appropriate
additives thereto As showmn by the arrow FCin FIG 14(B), if ferrite powder
particles 38 are strung out or the surface of the ferrite powder particles
38 does not have wettability towards the resin, water-proofness of the

sealing resin will be deteriorated. In the enbodi nent 4, as described in
FIG 3, aebipdrrophmilbi matdriats 62 usedf ar awdsion Epcty ofsint hea Sandralsiesmakrial,
additives 60, i.e. a ferrite for magnetic shielding or a high thernal

conduct i Veornapeganil masgrials evth hight tHeareef candurctintr dptideealuminum nitride,

(m croencapsul ation),, If the mxture ratio of ferrite to the sealing resin
s i nor edbimendaEeITAESTE6 ) e et ﬁfﬁ@%fﬂ#?‘ﬁmﬁeﬂg'ﬁrafrac@ 8tne5dlr esi n
64 to the.coil, bobhbin 16 0r e caonduct or .2 described in FIG 3. The
erbodi merte haahsnd 86 A FREUR HpiEP B EFRIPRE el rect of the
hydr ophobic film62 as shown by the arrow FCin FIG 14(B), and is all owed
to i nprove water-proofness thereof. In addition, if the hydrophobic film
fit having a Boockamgilé abFIG.tIYAY A0t Sf trBsinrie sixeddith DOMsBDfiHIgh BRrmal
enbodi ment 4, the hydrophobic film 62 and the resin 64 keep closer contact
at their dontlestivecieoraahisrepigridht diheprasimios sivaredthisyadoue modiuce tatia indhatof are
improved |f ferrite powder without surface treatnment is used as a fjller,
it is deéh%w BIHEAS PFRE rﬁ@?ﬁ??@ﬂ&m@ cgmﬂtaenwga@aatftm'taémw@{?
towards the resin. .ln an exanple of the di 4 ecific nmethods of
surface 11 Qs reiieerer BRoS ARy e tirotnart o pheehnao B (e By

i ncl ude, ©xQyredatly dF ARAARE I TBRLIRNe Mhidhial heaiVee1iRiselddhalidle, SURbACt ant
agent or siliconized surfactant agent. Specific nethods to inprove

wet t abi | i1Owt®bf kdrn acktisttobasmiRed.t omar d@ )-E) seswnexayples ofiveight tikeuree. g.
silane coupling treatnment or titan coupling treatnment. (5) Enbodinent 5
Simlar tatie l9étheomageialy enbodi ment, the enmbodinent 5 is also an inproved

node of the background art to provide etter reliability thereof in terns
of wat er-pr oo‘f"nt@g@sa?gc?aﬁ%'/ﬂ? c?ﬁ‘?o?)f?met Q'gﬁlipﬁ‘;mai °§I‘?§V\%t'v§t %E%'%fm& el ng
resin int i t 5. : verMig Nt | i I IPNAVRRS

coat ed ansl(ijélﬁap(raagg%?n‘{;@ggﬁfﬁoéﬁg@e&% ﬁéﬁsé\ﬁl onn?fstlﬂgrenﬁag%to bggﬁtil\&%i')sio'}‘ i t(g\reied on
the interdoag@ryithh 14R38-stdd p&tkld meht [da€erthed SiSblidbbility T tne fesim@RKkROSSI bl e
by applying centrifugal force or external nmagnetic field when the sealing
resin istharsddedcagpf the sdiliht raddi drieves, d2 chmmudsvenhgualionduThlsn gidseand a
resin layer 70A results in conprising the surface part. Using a resin with
rel ati velopntlisiangiistosteaunanid RiCgH (A, ufodi axpmipte. fapptaraiete pamtirde eviger pagf wat er

into the conponent (See the arrow FC in FIG 14) caused by additjon of the
bbove. addfiGEam bt 10 4 o Seber FEPG plectist s by SERRTF gAY Sy M 2 FoA | n

FI G 4(B)y.t it i i f _ the surface of the sealing resin
70, and ghree%%neaﬂg%%yﬁgﬁz%g f?%rﬂr%cﬁﬁgagp)t’he conductor 22. FIG 4(C is a
conbi nation of FIG 4(A) and (B), wherein a resin layer 70Cis formed in
the center of the sealing resin 70. This structure is realized by, e.g.
appl yi ng t he lhoddaitoimdn cbatoaséigalFIGol B or(Fexd éemibé mmagnat fioe Magektlc and
maki ng the seali nfg resin 70 a nulti-layer structure. (6) Enbodinment 6 Next,
t he emboghividieg & flled|infsethd ssakinapedin. TiExtend sdinent patipledizedelsthadersite

fter Xi n

tabilized [ h teristi f th | i [ '
Ferri te CRAMETH By T et ARgr T Pt AR BRERE G B F b7 87T L aRted to a
ri te PAAREF R By ISETEcer i 5P Bl SEb géided to
{he ombodh et 6 e FFLE BRI ERh e M R B e P DB P elePEy e "

bl ock 15Q,GaR Mg alt-ANeshd¥titd Yrak &N (REicBf contriflite atd @hgrot e rEliLBilith A)
shows a perspective view of the block 150, on each of the |onger sides

t her eof &sVeshiypeted die lorsteapeded eondiéaheths hapedhdgrtoevieorkdicinsatboainéd. The
grooves 152, wherein a | ead of the conductor is connected to 1'?

particle size distribution ranges 1 to 100 u m, fine—grained particles will move and

the internal stress of the component will be released when the mixed sealing resin is

hardening



an electrode, are to protect the joint portion of a |lead of the conductor
‘wWith an el ectrode. Secondly, as shown in FIG 5(B), the core 10 and the
flanges 12 and 14 are formed by grinding the central part of the block 150
into a colum (or a colum with oval cross-section, rectangul ar
cross-section, or sinilar shaped cross9section). The coil bobbin 16 is

obt ai ned by burning the ground block 150. FIG 6(B) shows a perspective

vi ew of tderedihidhekd n 16 produced through the above process. Then, as
described in FIG 5(C), the first |ayer electrodes 18A and 20A are forned
respectivel y dhe shtedinamd 2cinds iofprédedngete d2trenithckérdndddrppo mgvebeieni | ar
nmet hod. Following this, as shown in FIG 5(D), the conductor 22 is wound
around t helietolity inGerrandf kespiie dasapentaet af hecwinebbétwitbghe serling nesino

el ectrodes 18A and 20A in the grooves, 152 formed on the flanges 12 and 14
by ¢ her TR BFBILBItBR HEPAT Aq" OISt HLDY hiteafo BeHoD. | OTIRG=uRg) kase destr i bed

in FIG 5(F), .a ave portion@Qf the bl ock, forned, between t fl anges 12
and 14 | Lo TER TRITE BT o vl e R e R el Vit Bt orm
the resi nrShaRRenGaNhah! YinidtGiPBE S QICHoldtick SIPdhs QS IR oIALE: 8

pri sm shape. Then, as shown in FIG 5(F), the second | ayer of efectrodes
18B and 2BBreafe IhotheeembodimBet Pothd tipembl expapkidnheodtieieht doleshel 8rmard 20A
respectively with | eads 24 and 26) followed by application of plates 30 and
32 respectxipaesign mimstubsn.of Ahe ispalingt rraveis csliisted by ipersdaivecrt draversing be above
process. The second_| ayer of el ectroges 18B and Zhagq? woul d be formed if

appr opri 418, 2BPURth&) tign Teraite | Ravdss: fod. MmpaNetife SBIRIYBE nBAt Y%, 2498t <¥Y i bed
in FIG 5P, a.ferrite ose.main ingredients ar =0 Ni O zZnQ. and Cu0
2 used aevkonfh SpAs R BR B DAY g8k e B G dns M o Bllierhg anc
pul veri zi Qs hose of NAE GRS $e87 HLIGHkbeodd thi {Rat UOhe 2814t NRa2RA | NT
resin 128 is obtained by mxing the ferrite powder 160 into, e.g. epoxy
resin 16ZoasprigWheiddilblothin (1) exfbhgtichedfl theGetlas resib2&iussd Bppé.kethedmnaild

wi rewound portion of the block, as shown in FIG 5(E). 13 Although a main
i ngr edi ervthaoges Wil Hegpreiv¢rgednt Ac¢abingly, entnabf yates f08n the QintZreotiamdf the
especially CuQ_are nmixed therein in the enbodinent 6. This all ows burning

t enper at Ui gﬁézﬁé‘ddg]c?%%&eﬁh%m’lsw &UQF‘)E&%@BE&%?U% 5i%58/1&$p8r at ur e
enabl es tp ] %vtebs‘?os%‘%lc‘éﬁ{aic%ifitihot@ easiet ) makes sizes of the pulverized
ferrite particle ' nore even. ccor di ngly, afteér m xing of those ingredients,
the sealing resin will show nore even consistency and nore stabilized
magneti c characteristic. As the result, variations of the inductance can be
reduced, so tlpain pracoipplodemiplevof thatemeodimBst &1 emapptoariatd enitatd esiocgn be
obt ai ned. Next, an exanple of the enbodinent 6 will be explained. Firstly,
ferrite pewtderrosiseniened reynpsl a/@rilpthgnd 38ukpolnddaitte. byavargblagizams
burni ng Ee203, N O ZnQO  and 0,1s used a ferrite filler, 1f sjze of
ferrite 58«&&%5%8%@5@%%3 ieot0s e ﬁﬁ'"éihaﬂgsw,edtfﬁaltéxqféﬁeédv%? €osity
of the fi]l can.nof ., be obtained w t j [ t.he u f the
resin, i e@.a,g(eatob(a)crif ?tngtgheargnggte Tpaﬁ‘g’%gucs%ehﬁﬁén{sl%%ag%e% %r%é%’yoﬁeqﬂﬁeeg%)‘ﬁg i Gl es
becones t0Qwk@kg®avd b B &8p48Hn0f the resin is increased, the anount of
the ferrite filler may relatively be decreases, which would deteriorate
magnetic perneability of the sealing resin and result in decrease of

i nductance of the conponent. To the contrary, if too |large-sized ferrite
powder pdftEwbedimgnt3used, that may cause a rough surface of the sealing

resin because_t he shape of_ the ferrit owder. particles appear on the
surface thereb?® ef’f“ﬁ@"f“él%bs éﬁdg‘grﬂ’égr'gﬁé\% °5ftﬂﬁpﬁﬂcfi§%?ﬂf“g?¥"§/ tgfpr?YFé‘tseal i ng
resin. Takin paj I C . St i on.0 e
ferrite f)%lte errtagg? t%?‘g%(eesr ‘?‘Jéﬁ;g”zeag ?F ﬁqgasfggyl{ﬁﬁsén t ﬁg bg\}jéﬁr@égésl' sia\zsesfhto)‘?/nt he
particl e r algefon B hSrie MABOSH thdre Loy QidRlE 36epUIHeS svBihe Rbhagmed, and
the sealing resin also indicated a good nmagnetic shielding effect. From
anot her sitanépoinnivateepoxy drest intoattg. campoxdrir e Asf shivepherfoc. &, andhan
anhydrous hardening, is used as a resin. Wth using this resin, over 70wt %
of the feambiodéngvwdéhe sgrdink esxn haran rSOweys0I0 intRsegraspdand eogtet dlereen.obt ai n

a sealing.resin. Wienp the sealing.resin s used to. nuf acture an jnductor
devi ce t EPOIRRE EReaulkyg ﬁmhah%r?ﬁ@'&ﬁﬁag&ésg&\ﬁ%mﬁuwsm 'léyers, will "

i nduct an t i.C - AN ) i I i.ndi cat ood
et | 0 AT o e BEPE EnRe TR s e bon B R ih B8 A0 WaB BRIAG S8, PP

described. This enbodi nent is obtained by adding at | east one of the
additives, i.e. Bi Z03, SiOz and Pb304, when m xi ng the above Fe203, Ni O
ZnO, and CuO to obtain a ferrite. Conponents of these additives, i.e. Bi,
Si, and Pb, are anong the particles of the main conponent, i.e. ferrite
powder particles. Because of this, those conponents of the additives

rrc v o o o o M. - s 0=



Referring to FIG 7 and FIG 8, the enbodinment 8 will be explained. In this
“enbodi ment, resins filled without and with a ferrite are used. In FIG 7, a
mai n nanufacturlng process of an inductor device in the enbodinment 8 is
described. FIG 7(A) - (D) show the s as described in the foregoing
enbodi nrent 6. Next, as shown in FIG 7(6'@)9, an ordinary resin 154 is applied
on a concave portion of the bl ock 15 between the flanges 12 and 14. It is
desi r abl ehtheaf. t hefacoabicnehatesd Nfols@d riedint fEysr 006§ Shes ROHalle aver Rwsmal |

| i near expansivity and a snmall elastic coefficient. The ordinary resin
means a negiositwreddiigh 8ufddyr i Tee iembadimdnit|d wdl, alamdmpeyienforinebibity, okt |
epoxy resin, phenol resin, unsaturated polyester resin, silicone resin,

pol yi m desuffééPr?f t‘b‘?)F?/adngdés'f‘em n, pol yurethane resin, polybutylene
terepht hal ate resin, polyphenylene sul fide resin, polyphenyl ene ether

resin, polyether ketone resin, liquid crystal polyester resin or simlar
can be u showmn in FIG 7(F), a ferrite-m xed resin 156 nade up
by mi Xi nggyg?q‘rallg%qewesgader into the above resins. The ferrite-m xed resin 156
is formed andThakd@bethekong whiihptdlRdappdd oatthemachginenl £0 thheelrtegoi ng
ordinary resin 154. In general, the entire block is formed into a prism
shape, t aleteripratien nbuntdrngrobfreseof thensaaliag cenimby mikiterpproeriatrosddithast i ng,

as shown |n FIG 7(G) the second |ayer of electrodes 18B and 20B are
formed atthete j ofhenewt by She afrowrFeGmFel&Hé@gs'fiemtaﬁavvéer/xpwttcm ¥arrs 24 and

26. Th d bed F d 3 d
he socoriayarobREatefiithe [iihenh Sl PiGRe 30 007 SOn8 SRR SE O
above, aqowgl%%grregﬁvwst%rlpsromg£ BEIHY Schiind b@sﬁ%peg dLe?éf-)?JraQa(i el ectrodes

18B and 20B can be elinm nated when appropriate. C) show
vertical sections of the device in the main manuf acturl ng process thereof.
FIG 8 (A - (O correspond respectively to FIG 7 (D) - (F). As shown in
t hese magni f iledhelembpdigent thes desdiribad I Fl€sBna hbdroplsolfi¢ fifn 63 ppfireddont o a
conduct or 22 subse uentl the ferrite-mxed resin 156 is applied. In the
ot her wore@chaidh géar RS Pgﬂiﬁ'tlﬁa% 69 kSAG feévteerfogtmieteaiﬁeswﬁwsmg. nfiehayer s

of the or |nary in 154 ndth rrlte scri bed
above, H e'ori uc}'vgl rﬁna%gﬁlali s rr’r%t(flngdtt ° eeq:l N mph d@‘ 'BiPock.

That 'S e';q@e &?aﬂow hAstHe Sidhet l-gtf% Sle'té'tggcthsé%'ﬂné negh (gaxereag@ade of a
softer resi n and an outer layer made of a harder resin. This two-|ayer
struct ur edativewso Wik beewiuag oliDfrs e ulfady of avesia 84itb thardil Bobbigheror
fluidity conpared to the 16 background art wherein only the ferrite-m xed
resinis thsednderOZZjhmgé%ribedémFlG 3t hé'hie@mﬁoeenqﬁt%edowe\sérnpﬁsnﬁssthappI i ed
as the nost outer | ayer, stress wl rel axed by the ordinary resin 154,

and t her &"#9 viger @séhm%erof&heé\f/a@@o%ﬁ@arﬁ@@ shewnrRy ¥si 3 ubhi R 16,

especi al |F¥Ga{4féP Olls QL loWSd %c; Pn’rllprOI/e Evh ergor ness ereo% he flanges 12 and 14.
The structdre SOCendbes t9 MR %tresses eéxerted on the conductor

22 and prevent a break ther eof In add| t| on, the structure also reduces the

variations of inductance, and inproves the reliability and productivity of

t he devi ce. Theddawn| #yee iBidroiobiefiad 80 HakvegentSodwkhabdivghowads thef wat er
into the inner side of the device because a pinhol e woul d never pass

t hr ough freombéhe used frathe grobadireentnbitie hydrepkatfic fiire B2 @Amddbe mesin 69 kReber ri ng

to FIG 9, the enbodinent 9 wll be explained. Different fromthe foregoing
embodi mestossr viRstagtn a Hé’etSr AtFARGe: rt€§T%ylyﬁtqrsprﬁﬁﬁlelséda’é# tfWPraPhabiEdduct or

22 is wo Ound | L '[T’Bﬁéjo oF W%Bo%esfurf}gce treagmenth u%gd %iitﬂﬂer

or di naryl%aeers‘f’lonare R8s ed oh &ore ore the conductor 'S "wound
around t e GRLHaORRINHe PLIPREGYURBL 3houRBHRBQRYBd W tabiRty BRIrds the-&pnduct or
22 is wound around over the coating of the ordinary resin 154. This process
allows the ordinary resin 154 to inpregnate even into the m nute cracks

bet ween the conductor 22 and the core 10. Afterwards. as shown in FIG
9(Q, the ferlniameerxmtedofrtéwsiermbwenérg ‘apptdite metierdstfeuffacs treataeitrigr The
enbodi ment 9 provides the effect, as the enbodipent 8 gives. It also
provi des PERNHRE a*gvé%op@bgc'tv tt?la"thet REFEVES Gfo neRYr SRAULS: 28 3f Mﬁ%%blc

conduct oL gme%mﬁ&f use o?l%m ndé‘ 2yl an% hgtnttt{ll*esrll‘iacoln%eg ur]%c?antt agiarhs than

br eak betWea %¢8Rt° doRdaE for's are OrRer

sheat h ofs Wk #@: m&thBds tb'ﬁr%Eh)@@QN@t@?thtyFH?lt)ﬂ@%rd@ftweg%lo%wapcfs eiemelsﬁarmg@t erial.
(10) Enbodinment 10 Referring to 0, the enbodinent 10 wi |

expl ai ned. As shown in FIG



17 10 (A), the ordinary resin 154 is applied on the conductor 22 before

‘wi nding the same around a coil bobbin. This process is inplenented, e.g.,
by dropping the ordinary resin 154 on the conductor along wi th w nding of

t he conductor around the coil bobbin. After the application of the ordinary
resin 154, the conductor 22 is wound atound the core 10 as shown in FIG 10
(B). Accordingly, as in the enbodinent 9, this process allows the ordinary
resin 154inE@dé,rH?%.eﬂlBﬂ$ QobMIFT trdittehDEr BHIUL SRRk REtMeen the conduct or
22 and the core 10. After the w nding process, as shown in FIG 10 (O, the
ferrite-m xed resin 156 is applied over the coated wre. The enbodi nent 10
provi des the sane effect as that of the above enbodinent 9. In the

f or egoi ngSefbddimantd 8 - 10, a resin containing a higher proportion of
ferrite can be applied as an outer coating after the application of a resin
contai ning a ﬁw@r tArtapdrigesH ot MPH P Rte tg% epbedifeantiiealse Ahircrraystary
resin. In_this.case, the inner, |ayer . .of resin shall. haye the. average
ferrite paPYT &f & &i E%Ckgfo'“@rat 3t é.r%v'(rfﬁ raaﬁ%tée%ﬁ%h bH'éyf\"Ier?oﬁgmr §Ms 8F 5 to
SOWE 96 1 ang& of d YR ALhE hl dHobRodiSied. GTHLA chowd bt (R A0Kaiin AREih P yR! o7

| ayer of resin shal ave the average ferrite particle size of 5 to 20 a m
range anderhfiithéhd 5.ngnFAGI AAVfWRED the s8N keEidMIEs (R afcavaididrEefiatiodly s from
60 to 80wm % range). (1 y ) Enmbodinent 11 Referring to FIG 1 1, the

enbodi mertheledinwidrtiohe extpttaiehedositionegdhirs theninbetifarenvith tthe sddeceae. leown i n
each of FIG 8 - 10.B), .i.e. the devices 16Q whereon the ordinary resin
154, i .e outgideh@fnoghists cn#dssipassible Bpprarddnaraest iigaldiftrgeorr t4v&e®dhduct or
22 around the.cqre 1 e prepared.. The, devi ces .160, are ced into a

cont af nerm A8 F & T Wier Ih sEHERTESHandei-TRY C TR e R e R B o o
appl i ed. - MAADeld: O MEALE alif 1 41R90Rre ik in MAnfRir@tnBlsu e 8pErliSedingS, ¢ e
magneti c powder 162 The particle size thereof may range, a g. 0 1 to 100 ,u
m One ofretheviappdlathadly W tRtbGasaf hibie@ilidands Vavarsdle ONThé ehire cdppkércat i on
of ultrasonic, i.e.) application of heat by a far-infrared lunp along with
appl i cat iiotp tfe edrpamohi(See thy atrpwf.C IThEIGapp) cewteddry additiemef dmelabaver at | on
in the above nmethod will allow even 18 adherence_of the magnetic powder
162 ont o a%Eiveadisnvid her drsdaply Ftrﬁéerﬂé@ibﬁéhﬂé‘if"bfyﬁﬂﬂgéi ve effect of a

t hermopl astic resin. The application nmethod will also allow inductance to
be stabilized because no external stress is exerted thereon. (12)

Enbodi ment 12, Reteutdnehd Qudiifes 12is iR rborll teiceler el dealfz fad) ghned. In
t he enbodi nent 12, an ordinary resin 170 is applied along the surface of

t he conca Pedsin RPePTOB e faraied eabbhacdfluctore22,t IRGCHIT 4@ sdmbieRbNt he
conductor 22 is wound and the flanges 12 and 14. Subsequently, a
ferrite-mfXda. 4@giand (B2 wheraipp riecih leyarsiOfeisdpro¢einathdiasatsy afdbesedlt@, so
that the appljcatjon of the ferrite-m xed resin 172 caul ks tﬂp concave
portion S658s/%G o TREKEVHE I oal2ed DY Scke FBNYBERNE [FRreERBE &FHE HERRROE2. ¢ he
ordinary resin 170 1| osi i 0 en t. f I_§.e-m resin 172
and the 19 ne t%’%legﬁﬁé%% ﬁehlé %@?gagﬁé \gﬁedgﬁlu'ggfr ?ﬂhggsa %Eft!ﬂ?}a&e%?&% E:UE%T di ngly,
the ferritem xed resin 172 does not have a direct contact with the core 10
and the flanges 12 and 14, and the ordinary resin 170 act as a buffer, so

t hat the (6pApHESIEIedN6Stress and the tensile stress exerted on the coi
bobbin 16 are rel axed. As described above, also in the enbodi nent 12, the
stresses exeried. bye ehbodioeet Estikateldessriregiduddd, eraredirndrd hardvetesafiorer acks
generatin% in the coil bobbin 16 is al so reduced. (13),Enb?dLnent 13

Ref er ri ngtedlifadgnadnstic pharasissat rohtha seslingi epe e PR TaWFs &e4fN of the
f or egoi ng. enhodi ment s_pr ovi de t he .quter 168, rt. havin - | ayer
struct ur go,y ?n%eec“ Gl Tpéjvrv?%éa%%r?ﬁ{)n&io%?l%sﬁﬁr%\?’Flt eg%ﬁg%gu ree%'r{s' hg:ell?hg\ggws aving a
One'|ayeﬂn§hﬁ#&ﬂ#&ﬁuﬁ%?phﬂ@s@@bgﬁm&ﬁﬁhm%éde@m%ﬁﬁ%ﬁéeﬁ%h@%ﬁ%&%n ageny, 184 is
added as well as a sealing material 180 and ferrite powder for magnetic

shi el di ng gBzn-bpped bioealllsy,is tobe gesraeasi MihetHeclel EBtarché yboedd iycdrgnt , t he
stress relaxation agent 184 is added to a thernosetting resin, e.g. epoxy
resin, pHenvingroése.a,a Eopideyne. 665 showrs & paispastiveewien, ofiitheridoak 1¥) ont e
powder is filled. Silicone resin, acrylanitrilebutadi ene rubber, silicon
oxi de, | e“é’&h@fitﬁ"é'WFHWSB%%“%?P%I%)"'?*‘WQR% H-eharae GncaysmshapeHeieVeal are

used as the StEess, rehaxalion R2Wnt8d s KOS Tr RRMESTAtosl! d5R08HGRI N 19
used, the average



19 particle size shall range from1 to 15 um and the m xture rati o thereof
shall range from15 to 30 wo. Adding silicone resin allows the elasticity
coefficient of the entire ferrite-mxed resin to be |owered, thereby the
stress exerted on a coil bobbin will be reduced when the resin is

har deni ng. When using silicon oxide, I’€ad oxide, and bisnuth oxide, at

| east one of themshall be added on the ratio of 1w % to the anmount wei ght.
Those addirt kneSodnemeMoypitest thet RirRh RIBAGF th R adesf tHee cORIREr RARtAC] es
all ow stresses to be rel axed. Although a stress relaxation agent is added
to the nosectoarteer sheathing resin in the foregoing enbodi nents, it can al so
be added to the conmpound of the coil bobbin or the both of the nobst outer
sheathing resin and the coil bobbin. (14) Enbodi ment 14 Next, the

enbodi ment 14w |1, be expl ai.n this enbodi nent, the ferrite powder
having a | ar GRSSATEE FEPYR Bt b Me e L anaehs, fbten 1 Pasts o Bife. rost
outer sh i resik: 0 e r{dnt: in rticle
Gi'stri bur e oneof BT CEeftE TR Cor HBRIU 190 fed R ER Y e L B
snmal | er, 4Re ctays98sdticH, zrecﬁah?m@pfcrés%—w&idﬂm&rsiﬂme,r shhfed TP6ss-kBctidH)s
exanpl e, because fine-particles in the ferrite powder nove when the resin
i s har derileggoilt hutbbit | & solhtainee|byxedning nhaddiunid drigckoBitauSFaGt BE )f shbwis tae
powder has a good mettability towards the resin material, waterproofness

t her eof \erseestve ivavookihe il habatretf ansdvesd threugh Berhtovierirentison Thas

vari ous unp

Conduct i V& HEVEFFa 8 Ete aateds dr LOArITE Feten PR BPRgPF W
radi ati onoand. (el AbLILLYnde A R AOIRY SATRPBEN0d: S, bPRIAKEY,RpEC al |y

when netall'ic powders are used, 1 ncofveni ences caused by static electricity
i's reduceidowidk thREENBhoEXRPANSL 8D )CORI fdnaLeml 20fis dounl lardiing RRd 10 hat of
a sealing resin are 20 appropriately adjusted. The coil bobbin can

t her ef or enddvaisn2t bnd 262 ontaet resddetivhly tvedkctmgdeesBA.anBy20haivi thg a

mul tilayer structure in formng a resin |layer and surface treatnment of the
addi ti vegrptvaed@2ifatred pre theeBanges d 2tead d AHydthe photriosiRrgs eer mekdingdi thet v,
reliability. of thedmjre wound conponent is inproved in terns of
materpro&ﬁﬁggénﬂﬁa hydrophobicity. (3) Ferrite powder, nain conponents

t hereof are Fe~O-. NNO, ZnQ, and CuQO, is used as a filler to the sealing
resin. Accordingly, tenperature in burning the filler can be | owered.
Because of thenjahpves gtadriseRnin, FId1e5(8), 28 cohcde pbaldh bE thOWIedk RafledCl es
beconme nore even as well as pulverization of the ferrite powder can be
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stress is Inproved and variations of nagnetic perneability are reduced. (5)
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and a ferrite-mxed resin, or conprising of a resin containing a | ower
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Therefore, stress exerted on the sealiqg resin is desirably rel axed, and a
coi | boblsiartepdas d BBaaTEuddB oedrbeptorpedifeanrsep iayar ¢ alheyendte ¢ imtrieance
caused by changes of stress is also reduced, and wire wound el ectronic
conmponents with even characteristic can be efficiently produced. In
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epoxy resin 162 as shown in FIG 5(R). The sealing resin 128 is applied on a wire—

t

wound portion of the block, as shown in FIG. 5(E).



Various nodifications will become possible for those skilled in the art
after receiving the teachings of the present disclosure wthout departing
fromthe scope thereof. (1 ) A structure of a wire wound el ectronic
conponent shown in FIG 5 is just a specific configuration. The present
invention is simlarly applicable to wie wound el ectroni c conponents

havi ng various structures. For exanple, the present inventionis simlarly
applicable to a wire wound conponent with a vertical structure as disclosed
i n Japanese Patent Lai d-Qpen Publication No.4-338613. The present invention
is also appli ARRb&H & rfhiNidPe NOUNGE GRNMREHRN I aSdHN |85 s @alGOFETD), NRHe ehoke
coil, the core thereof is wound with a wire by bifilar w ndi ng, or simlar
Wi re wourghdet seliciadini Cu@ anponiesd thdr2)n MMather eabsdiardt Gondihid elevsbatrett above
are also just specific exanples and are not restrictive. Conbinations of

t he aboveegwataidreefpdi fepresset éhatl $o uappll Fesss e Lowen birmieg visowdratheect r oni ¢

conponent. (3) Inorganic fillers can be added to a ferrite. For, exanple, at
| east oneewa&'eéﬁ@ ek 1o R4V HERHAD SRer. A5coPakeR19es OhHE RYKEriEEh{eBa dded
to the ferrite. These additives, c rovid he advant bel pw, i.e.
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favorable for stabilization of characteristic of an I nductor device. In

addi t i on,theirstuit,eva0iatiMiO3f the infdecphoeeas hef ratabed, aot thiat Rgc démp@tent tethcan

i nprove the magnetic perneability, and m xture of CoO can control thermnal
char act ermeei exsiphent gdwsace(ishicd ¢anybd akltadred. of the i nductor devi ce. Zy
Claims / . A wire wound el ectronic conmponent conprising: a bobbin
conprising a core with 14'0 ends, having a flange at each end, the flanges

def i ning a reggss MelynalLhefl, SRuEhatht ads,f AT anel herend, and sl de of

»
each flange; ad extending fromeach end of s anid connect ed

to a respRGideY 8belifid KyPEQVedisdh lcofbotihd £12a¥W0 BN Gnidke Whd ﬂuh@ngwegoabmcween the
flanges; and a resin seal surrounding the coil between the flanges;

wher ei n. Zrte andsCuO Seaked @iy fesete fildsi nlfaside pdeleite @owadkgpertiddeisnmlo
conductivity than the resin; the powder conprises ferrite;, and the
coef fi ci emallofh ddieg ael thexp@astednvistostitieofr i fillescan nod b abtaired: witheigt of

increasing the amount of the resin, i e., a bonding agent, because the surface area of
the particles becomes too large. If the amount of the resin is increased, the
amount of the ferrite filler may relatively be decreases, which would deteriorate
magnetic permeability of the sealing resin and result in decrease of inductance of
the component. To the contrary, if too large—sized ferrite powder particles are
used, that may cause a rough surface of the sealing resin because the shape of the
ferrite powder particles may appear on the surface thereof. It may also cause
decrease of applicability of the sealing resin. Taking the above points into account,
when distribution of the ferrite powder particles ranged 1 to 100 it m and the average
size of the particles ranged 5 to 15 um (105 i« m), favorable results were obtained,

and the sealing resin also indicated a good magnetic shielding effect.

From another standpoint, epoxy resin, e g. a mixture of bisphenol A and an
anhydrous hardening, is used as a resin. With using this resin, over 70wt% of the
ferrite powder and less than 30wt% of the resin are mixed to obtain a sealing resin.

When the sealing resin was used to manufacture an inductor device through the



the bobbin. The wire wound el ectronic conponent as clained in claim-~)
‘wherein said powder includes at |east either of a nmetallic nmaterial or an
inorganic material. The wire wound el ectronic conmponent according to claim
/, wherein said resin includes additives having a surface treated to have
hydr ophobicity '? 3 The wire wound diectronic conponent as claimed in
claim 3, wherein surfaces of said additives are treated based on a

vet t abi | irhyh @dctaphd pRAQist ia4&poWh il FT@Sﬁjq}ﬁucrt%c%aéidthrée@é\pce was stabiifpedl S€
wound el ectroni c conponent according to claim/, wherein said resin has a

mul ti | ayerhesddvited &€ ididgIEl S ddgd Ghaghetlt laareydrmgesffactand an ferrte-m xed
resin. The wire wound el ectronic conponent as clainmed in claim5 wherein

sai d ordinary resin is applied after said coil is wound around, and
subseque % a ferrlte m xed resin is applied for sealing. The wire wound
electron 6 GReAt ‘as clalned in cIaran wherein sald coil is wound

around sai d cQr fter d orﬁ nar aid ore and
Sod ferri te- el EupRTREE D Ve B Phaa T FhEE s BTt oGt g i
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wound around sai d core during appllcatlén of said inary resin to said
coi |, antes@], &i0, Zn0O, and CuO to obtain a ferrite. Components of these additives, i.e. Bi,
Si, and Pb, are among the particles of the main component, i.e. ferrite powder
particles. Because of this, those components of the additives function as a buffer
to absorb stresses exerted on the ferrite powder particles, and to allow the wire
wound electronic component to easily resist against the outer stresses. In the way
above mentioned, the ferrite filler has come to have the resistance against stresses,
the sealing resin can prevent decrease of the inductance without deterioration of
the magnetic permeability thereof. The characteristic of the device will also

become stabilized because variations of inductance caused by internal stress inside

the sealing resin or influence of forming pressure thereof are reduced.

In an example of the embodiment 7, Twt% of additives including at least one of
the above, i.e. Bi,0,, Si0O,, and Pb,0,, is mixed with 99wt% of the mixture of Fe,O,,
NiQ, Zn0O, and CuO in order to obtain the ferrite powder. This ferrite powder is,
then, mixed with a resin on the mixture ratio of 70wt% to the resin. When an
inductor device was manufactured through the manufacturing process as shown in

FIG. 5 by using the sealing resin, the quality of the device became stabilized.

(8) Embodiment 8

Referring to FIG. 7 and FIG. 8, the embodiment 8 will be explained. In this
embodiment, resins filled without and with a ferrite are used. In FIG. 7, a main
manufacturing process of an inductor device in the embodiment 8 is described. FIG.
7(A) — (D) show the same as described in the foregoing embodiment 6. Next, as

shown in FIG 7(E}, an ordinary resin 154 is applied on a concave portion of the block



ferrite-m ?;ed resin is applied for sealing said coil. p, The wire wound
‘el ectronic conponent as clainmed :n claim,5) wherein said ordinary resin is
applied to cover the core of sail bobbin, and said ferrite-mxed resin is
applied for sealing said coil. 24 /D, The wire wound el ectroni c conponent
as claimed in claim5 wherein said resiih sea( contains a first |ayer
containing a first proportion of ferrite) and a second | ayer containing a
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20A with leads 24 and 26. Then, as described in FIG. 7(H), the plates 30 and 32 are

applied onto the second layer of electrodes 18B and 20B respectively. As
described above, an inductor device is manufactured. The second layer of

electrodes 18B and 20B can be eliminated when appropriate,

FIG. 8 {A) ~ (C) show vertical sections of the device in the main manufacturing
process thereof. FIG. 8 (A) - (C) correspond respectively to FIG. 7 (D) - (F). As
shown in these magnified drawings, the ordinary resin 154 is first applied onto a
conductor 22, subsequently the ferrite-mixed resin 156 is applied. In the other
word, the sealing resin has a two—layer structure comprising layers of the ordinary

resin 154 and the ferrite-mixed resin 156.

As described above, the ordinary resin 154 is formed at the inner side of the
block. That is. the device has a structure comprising of an inner layer made of a
softer resin and an outer layer made of a harder resin. This two~layer structure

allows the device to show a lower viscosity and a higher fluidity compared to the
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by the ordinary resm 154, and there will be less number of cracks appearing in the
coil bobbin 16, especially at the joint portion of the core 10 with the flanges 12 and
14. The structure also enables to relax the stresses exerted on the conductor 22
and prevent a break thereof In addition, the structure also reduces the variations
of inductance, and improves the reliability and productivity of the device. The
tow—layer structure also prevents a thorough entry of water into the inner side of

the device because a pinhole would never pass through from the surface to the

inside thereof.

(9) Embodiment 9

Referring to FIG. 9, the embodiment 9 will be explained. Different from the
foregoing embodiment 8 wherein the ordinary resin 154 s applied after the
conductor 22 is wound around, in the embodiment 8, as shown in FIG. 9(A), the
ordinary resin is applied on the core 10 before the conductor 22 is wound around the
coil bobbin. Subsequently, as shown in FIG. 9(B), the conductor 22 is wound around
over the coating of the ordinary resin 154. This process allows the ordinary resin
154 to impregnate even into the minute cracks between the conductor 22 and the
core 10. Afterwards, as shown in FIG. 9(G), the ferrite—-mixed resin 156 is applied

over the first coating.

The embodiment 9 provides the same effect as the embodiment 8 gives. [t
also provides advantages, e.g., that there is no direct stress from the conductor 22
on the coil bobbin 16, and that there is no defect, e.g., a break between the adjacent
conductors because there are other resins than sheath of wire, e.g., urethane coat,

polyester, nylon, or similar material.

(10) Embodiment 10

Referring to FiG. 10, the embodiment 10 will be explained. As shown in FIG.
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around a coil bobbin. This process is implemented, e.g., by dropping the ordinary
resin 154 on the conductor along with winding of the conductor around the coil
bobbin. After the application of the ordinary resin 154, the conductor 22 is wound
around the core 10 as shown in FIG. 10 (B). Accordingly, as in the embodiment 9,
this process allows the ordinary resin 154 to impregnate even into the minute cracks
between the conductor 22 and the core 10. After the winding process, as shown in

FIG. 10 (C), the ferrite—-mixed resin 156 is applied over the coated wire. The

embodiment 10 provides the same effect as that of the above embodiment 9.

In the foregoing embodiments 8 — 10, a resin containing a higher proportion of
ferrite can be applied as an outer coating after the application of a resin containing a
lower proportion of ferrite as a substitute of an ordinary resin. In this case, the
inner layer of resin shall have the average ferrite particle size of 5 to 20 u m range
and the filling ratio of 5 to 50wt% range (a favorable ratio is from 10 to 50wt% range),
and the outer layer of resin shall have the average ferrite particle size of 5 t0 20 pu
m range and the filling ratio of 30 to 90wt% range (a favorable ratio is from 60 to

80wt% range).

(11) Embodiment 11

Referring to FIG. 11, the embodiment 11 will be explained. In this embodiment,
the devices shown in each of FIG. 8 ~ 10{B), i.e. the devices 160 whereon the
ordinary resin 154, i.e, a thermoplastic resin, is applied after winding of the
conductor 22 around the core 10, are prepared. The devices 160 are placed into a
container 164 along with magnetic powder 162, then heat and vibration are applied.
Magnetic materials made of e.g., Mn—Zn or Ni—Zn are used as the magnetic powder
162 The particle size thereof may range, eg. 01 to 100 um. One of the
application methods of heat and vibration is the application of ultrasonic. ie.,
application of heat by a far—infrared lump along with application of ultrasenic

vibration. The application of heat and vibration in the above method will aliow even
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inductance to be stabilized because no external stress is exerted thereon.

(12) Embodiment 12

Referring to FIG. 12, the embodiment 12 wilt be explained. In the embodiment
12, an ordinary resin 170 is applied along the surface of the concave portion of the
coil bobbin 16, i.e. the core 10 whereon the conductor 22 is wound and the flanges 12
and 14, Subsequently, a ferrite-mixed resin 172 is applied outside of the ordinary
resin 170, so that the application of the ferrite-mixed resin 172 caulks the concave
portion so as to make the entire surface smooth. In the embodiment 12, the
ordinary resin 170 is positioned between the outer ferrite—mixed resin 172 and the
line made up of the core 10 and the flanges 12 and 14. Accordingly, the ferrite—
mixed resin 172 does not have a direct contact with the core 10 and the flanges 12
and 14, and the ordinary resin 170 act as a buffer, so that the compression stress
and the tensile stress exerted on the coil bobbin 16 are relaxed. As described
above, also in the embodiment 12, the stresses exerted by the outer sheath is

reduced, and the number of cracks generating in the coil bobbin 16 is also reduced.

(13) Embodiment 13

Referring to FIG. 13, the embodiment 13 will be described. While all of the
foregoing embodiments provide the outer sheath part having a two-layer structure,
the following embodiments provide the outer sheath part having a one-layer
structure. in the embodiment 13, a stress relaxation agent 184 is added as well as
a sealing material 180 and ferrite powder for magnetic shielding 182. Specifically,
for decreasing the elasticity coefficient, the stress relaxation agent 184 is added to
a thermosetting resin, e.g. epoxy resin, phenol resin, copolymer resin or similar resin,
wherein ferrite powder is filled. Silicone resin, acrylonitrilebutadiene rubber, silicon
oxide, lead oxide {plumbous oxide) , bismuth oxide or similar material are used as the

stress relaxation agent 184. When powder of silicone resin is used, the average
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from 15 to 30 wth. Adding silicone resin allows the elasticity coefficient of the
entire ferrite—mixed resin to be lowered, thereby the stress exerted on a coil bobbin

will be reduced when the resin is hardening.

When using silicon oxide, lead oxide, and bismuth oxide, at least one of them
shall be added on the ratio of Twt% to the amount weight. Those additives unevenly

precipitated among the ferrite powder particles allow stresses to be relaxed.

Although a stress relaxation agent is added to the most outer sheathing resin
in the foregoing embodiments, it can also be added to the compound of the coil

bobbin or the both of the most outer sheathing resin and the coil bobbin.

(14) Embodiment 14

Next, the embodiment 14 will be explained. In this embodiment, the ferrite
powder having a large distribution of particle is used as an additive to the most outer
sheathing resin. For example, the ferrite powder having the particle distribution of
5 to 20 . m range, the smallest size thereof is 1 um or smaller, the largest size
thereof is 100 # m or over, is used. In this example, because fine—particles in the
ferrite powder move when the resin is hardening, the stress is relaxed. In addition,
because the ferrite powder has a good wettability towards the resin material,

waterproofness thereof will be improved.

As stated above, the present invention has various unprecedented advantages,
as enumerated below
(1) A high thermal conductive materials are added to a sealing resin. Accordingly,
heat radiation and reliability of a wire wound component is improved Especially
when metallic powders are used, inconveniences caused by static electricity is
reduced.

(2) Thermal expansion coefficient of a coil bobbin and that of a sealing resin are
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1099 the sealing resin. By having a multilayer structure in forming a resin layer and
surface treatment of the additives placed into the resin to have hydrophobicity and
wettability, reliability of the wire wound component is improved in terms of
waterproofness and hydrophobicity.
(3) Ferrite powder, main components thereof are Fe,0,, NiO, ZnO, and CuO, is used
as a filler to the sealing resin.  Accordingly, temperature in burning the filler can be
lowered. Because of the above statement, the size of the ferrite powder particles
become more even as well as pulverization of the ferrite powder can be easily
implemented, and productivity of the sealing resin is improved because the quality of
the sealing resin become more stabilized and wire wound components with even
characteristics are easily obtained.
(4) At least one of the below additives, i.e. bismuth oxide (Bi,0,), silicon oxide (Si0,),
and lead oxide (Pb,0,), is added to a ferrite. Accordingly, characteristic of the
ferrite is more stabilized because resistance against stress is improved and
variations of magnetic permeability are reduced.
(5) A sealing resin has a multi-layer structure comprising of an ordinary resin and a
ferrite—mixed resin, or comprising of a resin containing a lower proportion of ferrite
and a resin containing higher proportion of ferrite. Therefore, stress exerted on the
sealing resin is desirably relaxed, and a coil bobbin and a conductor can be protected.
Variations of inductance caused by changes of stress is also reduced, and wire
wound electronic components with even characteristic can be efficiently produced.
In addition, reliability of the wire wound electronic component is improved because

influence attributed to a pinhole is prevented.

(8) Relaxation materials are added to a sealing material, or ferrite powder with large
distribution of particle is filled into the sealing material. Therefore, stresses
exerted on the sealing material are also relaxed as In the foregoing cases, and a wire
wound electronic component having an excellent reliability which is appropriate for

mass production can be provided.
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Various modifications will become possible for those skilled in the art after
receiving the teachings of the present disclosure without departing from the scope
thereof.

(1) A structure of a wire wound electronic component shown in FIG. 5 is just a
specific configuration. The present invention is similarly applicable to wire wound
electronic components having various structures. For example, the present
invention is similarly applicable to a wire wound component with a vertical structure
as disclosed in Japanese Patent Laid—-Open Publication No.4-338613. The present
mvention 1s also applicable to a wire wound component such as a common mode
choke coil, the core thereof is wound with a wire by bifilar winding, or similar wire
wound electronic component.

(2) Materials and conditions stated above are also just specific examples and are not
restrictive. Combinations of the above stated embodiments are also applicable to a
wire wound electronic component.

(3) Inorganic fillers can be added to a ferrite. For example, at least one of the
additives below, i.e. Si0,, Al,O, and AIN, can be added to the ferrite. These
additives can provide the advantages below, i.e. reduction of internal stresses inside
a sealing resin, improvement of heat radiation, improvement of mechanical strength
or similar advantage. and are favorable for stabilization of characteristic of an
inductor device. In addition, mixture of MnO, in the process of manufacturing a
ferrite can improve the magnetic permeability, and mixture of CoO can control

thermal characteristics and loss Q {(quality factor) of the inductor device.
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/. A wire wound electronic component, comprising:
a bobbin comprising a core with two ends, having a flange at cach end, the
flanges defining a recess between them;
an electrode formed on the end and side of each flange;
a lead extending from each end of said the coil and connected to a respective
electrode;
a coil of wire wound around the core between the flanges; and
aresin seal surrounding the coil between the flanges;
wherein.
the resin seal comprises resin and powder of higher thermal conductivity
than the resin;
the powder comprises ferrite; and

the coefficient of thermal expansion of the resin seal is similar to that of

the bobbin.

2. The wire wound electronic cemponent as claimed in claim / , wherein

said powder includes at Jeast either of a metallic material or an inorganic matersal.

3. The wire wound electronic component according o claim /, wherein

said resin includes additives having a surface treated to have hydrophobicity



& f dEbCA
10g! ! f #1
1 109341
10%g& ()
s!109& (
109& () -
109& () -

0%g& ()-9! 10%g& ()-110%& () - 10%g& () - 10%g& () - 10%g& () - .: ~de”?4C4

0%g& ()-!8&110%& ()- -10%g& ()-!6s+100& ()- °

- 9310%& () -ef gl bj KC4 1 10g93&10%& ()- " 10%& ()- sl

)-1S10%&' ()-FS10%&' ()- 10g 10ghe(~?KC4 1 10gL"t! 10%&' ()-! #&
S 109& () -Lf!I109& ()-!9109& ()- ! 109%& ()-( @EKC4 1 10gL3-
ol 1109& ()- 4L -z109%& ()-OL*! 1090& ()-1&) 10%& ()- L$gLO%& () -

109s&109&' ()-s 109& () -

{‘. The wire wound clectronic component as claimed in clam J, wherein
surfaces of said additives are treated based on a wettability of said additives with respect to said
resin.

5. The wire wound electronic component according to claim /, wherein

said resin has a multilayer structure comprising of an ordinary resin and an fernte-mixed resin.
- p E

6. The wire wound electronic component as claimed in claim J, wherein
said ordinary resin is applied after said coil is wound around, and subsequently a ferrite-mixed

resin is applied for sealing.

7. The wire wound electronic component as claimed in claim J°, wherein
said coil is wound around said core after application of said ordinary resin to szid core, and said

ferrite-mixed resin is applied for sealing said coil.

3. The wire wound electronic component as claimed in claim  §, wherein
said coil is wound around said core during application of said ordinary resin to said coil, and said

ferrite-mixed resin s applicd for sealing said coil.

?. The wire wound electronic component as claimed n claim §, wherein
said ordinary resin is applied to cover the core of said bobbin, and said fernte-mixed resin is

applied for sealing said coil.

Sh4 1
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/0 The wire wound electronic component as claimed in claim J, wherein
said resin seal contains a first layer containing a first proportion of ferrite, and a second layer

containing a second proportion of ferrite that is higher than said first propertion of ferrite.

/- The wire wound electronic component according to claim /, further

comprising a relaxation material added to at least one of said coil and said resin seal.



