A MAGNETI C ELECTRI CAL DEVI CE TECHNI CAL FI ELD [ 0001]
The invention relates generally to electronic
w@oemponamt s and nmet hods of manuf acturing t hesePCT/US2009/051005
conmponents and, nore particularly, to inductors,
transforners, and the nmethods of manufacturing them
BACKGROUND [ 0002] Typi cal inductors nmay include shaped
cores, including a shield core and drumcore, U core
and | core, EAJMAGNKTIC EBECTRICALTHEYIGHL chi ng
shapes. The inductors typically have a conductive wre
wr apped around the core or a clip. The wapped wire is
ddBaICAL EfldkPed to as a coil and is wound on the
drum core or other bobbin core directly. Each end of
the C?(l)dO lgm}%e bl% EI%fo%”r gteg ogeaséra l ?oad leacrt]r%n{cs .cg%%gnefn?sr and
coupl fng the”i nddctor to anvelec rical circui
Ricsiyde tof mERuER TRy thesch@uiidntig ahfemhotenFa@ti@hardf) to inductors,
adhesi ve. [0003] Wth advancenents in electronic
papsagngity and Hee Petbads ofasamdsiuing heMuf act ure power
i nductors having mniature structures. Thus, the core
SAMEERRGYst have | ower and |ower profiles so that
they may accommodate the nodem el ectroni c devi ces,
some of which may be slimor have a very thin profile.
Manuf &031 iTiygickhniddettons sndyawiinde shvped ocorcprioélutlioghashicld core
caused manufactures to encounter .many difficulties
FRLREy SRR BT haRte dCr A | SPBe Bt olief BLitiRe shapes.
R0 @ductors typxaNpihave @2ohdiRti¢O FRRNARAHSeAEMIEHEBLd &1 a clip.
and smaller, difficulty has arisen due to the nature
dihe pepnsd ipenie werailngfdreaddo we a kel arthsseoundrma the drvan core
t ik f [ List enci [ Dt r t
PRORECRLEn R Yrad achTRABE U GRRREL R PLGELSh and
i escafapeogiingsthbeéndigtorad yanf dlag@iit£ cidddit P IMOBE clcCcoB& Bay be
cracki ng throughout the manufacturing process. An
favnd togeiher thiough carEResiS- t hat the i nductance is not
very consistent due to the gap devi ati on between the
two di - ' 0| jm r
cor es g SFiTE R iRy HE LA pAtagl RO S 10
duniifagtuas pewty inductork hrving midiafure swlidtyres.s Thinathet dvee B@icture

resj stance (" ') IS t copsjstent due to uneven
ARG 2ot @Agi BHentN g Enduiisal e B oEuastiiy fsgodem
dickfrbsibl ddvess, SRheENWhieK B &3 QfmidtShavd b eWrPfthinhBrofile.
many difficulties encountered while attenpting to
Manufagturinge inductors having the low profile has caused manufactures to

encounter many difficulties, thereby making the manufacturing process expensive.

[0004] For example, as the components become smaller and smaller,
difficulty has arisen due to the nature of the components being hand wound. These
hand wound components provide for inconsistencies in the product themselves.
Another encountered difficulty includes the shape cores being very fragile and
prone to core cracking throughout the manufacturing process. An additional
difficulty is that the inductance is not very consistent due to the gap deviation
between the two discrete cores, including but not limited to drum cores and
shielded cores and U cores and 1 cores, during assembly. A further difficulty is

that the DC resistance (“DCR”) is not consistent due to uneven winding and



i nductors having a mniature structure. [0005]

Manuf acturi ng processes for inductors, |ike other
w@oimpongm s, have been scrutinized as a way toPCEUBEI/051005

costs in the highly conpetizive el ectronics

manuf act uri ng busi ness. Reduction of manufacturing

costs is particularly desirable when the conponents

bei ng manufactured are | ow cost, high vol une

tompeoenng thd windirgi pyhcess| Thesecbifisohientpresayt axgohptasiod pust a

T TN

RRfoaChdvid OmiEXtua i cairdli gher cost than anot her
material, but the overall manufacturing cost may be

| ess B¥ usi ng the nore cost%y mat eri al. because the
rel i abfQ05{ Mawtrctshginseessssy for indheorsy Bruethey ¢prpnpaents, have

U - r ' r jrahi L -
UEOPLATHALR 0 OFPI A Be0T0 3, AL BRI Ydioic
hwaufaesising basihyss miRicdudtamin. of hitus facaurmgpeastels pantidadarlyodesirable
actual manufactyred products may be sold, rather than
B Shed?%m@a by %I}‘g%félﬁrﬁg} ary Povarash high BOLER spEPonCrs.
10 8thi N o MR{cCEdrlonkRC€dn} RedTRAYA & Wil BP0 Aing QEROREDE course,

may have a higher cost than another naterlal,_bui t he
kizbdircastavi mgy bappssittlh drt oonpetesial ewd fiomanhaciunog emyeave a

n.material costs. The | es.are just. a few of
R T e T e A LA
bl Ras MEGRGR @8 hadrtal thRcds thd RlRLIMERARY icBnsistency of the
conponent of increased efficiency and inproved

rreadutibiatthe senpiaptiring pHegss i gesatdhangthe heliabjlite apd censestency
onent n C in n un f .space,
SEBOPAM Gohd EELBMRE MDA ATBY B SPAGR e s

almbeih@Bachat anpufiesikddaibeudtonlag Hseold, Reha@rbambeind discarded.
manual panufacturing steps involved and automating .
Asdiogplly.ng alsepis Pesstie thainofadRaietidd gusd o SneFicipe a

ot . y '
S SRR BB TR hE P ShicIRY phPine Jabor savings
petrd) dekn foompomsates ot the iimgeac liiowapraf coses. Thegaekaraples are just
c onent are di scl oged herein. The magnetic
8%%82@%%@@%‘8%&8{ reﬁmm F@nhfgfturl%c?%g to, inductors
and transfornmers. The nmagnetic conponents include at

| east [qU8] MBS RESAtdLRANE B PRIVIdOD RhgRetl BSthPéhent of
coupled to the at |east one sheet. The at | east one
gieecssed efficniy andnprovest mpeufaetuabisy witbautohcrepeng the size of
inding. The winding is oriented iR _a manner .such that
\gﬂe rrc&rﬁygplergs ]aIIlcYeVI ?cd:upgl%g a LRSSt OF space, espemallsy Wﬂen used on
circuit board applications. It also has become desirable to lessen the amount of

manual manufacturing steps involved and automating more of the steps in the
manufacturing process so that more consistent and reliable products may be

produced.



generated in a desired direction when current flows
t hrough the wi nding. The w ndi ng may be nade of a

W@ Rip/0144pr ef ormed coil, a stanped conductive POI/US20891051005
etched trace using chem cal3 or |aser etching
processes, or a conbination of these exenplary
w ndi ngs. Additionally, term nations may be forned at
the bottom of the magnetic conponent or formed on a
SUMMAR¥E to which the nmagnetic conponent nounts to.
[ 0008] According to sone enbodi nents, a plurality of
sheet | avered an to f__aone anpt her, where at
east UREEA BEEER: EebiRntiand"F OB My plE by « 1o
pRAIE!| thaghdticycahpdidge . dikbiesdl HéRln. t YThef mageeicScontignents
[am nated to one another to formthe magneti c

Eehysisndnt . arpcher BmHgd 11, Jedustaid HeRtirmarhe dhe | magnetic
| . 3

ShAEh A eGP O B Yok e Npsl o} b Rlnchlif Ehipled o
dreddt deast dree dhoste (Ths ut feagtenofshédnés lhoiidatsd ®hae &dast a portion of the
Accar di to.al.ternative enbodi nents, a _portion of .
W P&g%%@%ﬁ ©OrIGRER Bt s p1hy Bt upreRdic %j@ﬁ is
%&?&BE@ in & WsirBd §6kebtidi Whnkn RAALA AdHY %hroﬁﬁlf" tHM @/ﬂidﬁ% | Fhe
not conplete until the magnetic conponent i s nounted

wondihg nsayblst made of Actipr dipngfotocdaomt, restarmapede coraluctres foil, an

enbodi nent,. the sheet nma .rolled around a ., w ndin
SRCE HAE v HE AT PO R WaE ety O B epHREn O ghese
SRR IBRDRHIIIRRL AdBHARMIY ] RAmRhtibkemwd BEifBEnddodt e bbRom of
term nations. [0009] According to another exenplary '
ditb oerignetin | cormpengitnel fgrmed, ove aopybshiatedta vischdhsemagnetic

ch th a netic field is generated in a vertica
%?@>%%§?%8H@g$% anot her exenpl ary enbodi nent, the
wi nding nay be oriented in a manner such that a
magne{0008] iAekekding @esvatcatmbodimeatsho piwrelity adf sie¢teatd gered
In a férther exenplarg@enbodinent t he wi ndi ng

y be
SR i ¥hleRNS HOHHafbfaF A65eH atextoRPethe RIANBRES sRIfiRtGdcvithin
ftﬂeeﬂlﬁraliﬁl Senesat ¢he t)l'ﬁrélﬂf oB&HBs Ad BELAA t0&RCRnother to form
parallel” to one another.” I n anot her exenplary
drbmeigmotin tcomipheentd rdicoglimato dpencoembottimdntsntha enrenemding is
such that .nmore than.on neti.c field i enerated.in
Gttt Ge ol anas S aBear whicares gy gy sy Sorract of
BRY 1B BbcE bh Bbr b IR Is@FadM dihd BRARREEhek® ARREAIBE to alternative
Moreover, a plurality of winding may be formed w thin

emdodimpnts: k otismpdribamindiog 10l briresdicand ovtarsabstrate, such as,
: osrpe%(%%nl%ie %b r}eq%(gcirgu?tatt)o%rcfs Thﬁ%} & gV\llna(ﬂItl agsegotocfon{pli]e%e until the
Fnvent ion “w becone apparent’ 1o a person having

efagh&&y dbnFlonkht ik duR€dab thdlfi®Btrate. According to another alternative
embodiment, the sheet may be rolled around a winding and then laminated to form
the magnetic component. In some embodiments, a portion of the winding forms

the terminations.

[0009] According to another exemplary embodiment, the winding may be
oriented in a manner such that a magnetic field is generated in a vertical
orientation. In another exemplary embodiment, the winding may be oriented in a
manner such that a magnetic field is generated in a horizontal direction. In a

further exemplary embodiment, the winding may be oriented in a manner such that



consi deration of the follow ng detail ed description of

illustrated exenpl ary enbodi nents, which include the
wherb/omgde of carrying out the invention as prBSENS1099/051005

percei ved. BRI EF DESCRI PTI GN OF THE DRAW NGS [ 001 1]

The foregoi ng and other features and aspects of the

invention wll be best understood with reference to

the followi ng description of certain exenplary

arivo thameomesmagnetindicldhisegenicruted inhidn samaditcetiao gpempariided to

P’ o, T8 BERE P BBl B S e 0 ShslroTiRl

afanh&Sut P ha$ hidee Ban dnBinitigabtil £elp Qy\génekaﬂ&ilﬁlt diffeRaViifgtidns,
winding in a first winding configuration, at |east one

rag rsteniedpBnde onsialbt ParRgndicylar tdiieationy vofl aptsef &pragother.

& t
P R Pt A CPORR RSP BELERI compgment
expl oded view of the bottom side of the mniature
power [00100These asl dihpr aspedtsi nbjlébtgufeatdres iand acloamta@asce the
wth an ex | a enbodi ment; [0014] re
AR aveléin& ? i@ RATEW s Htgh%fdm%fsé tSk‘\‘An ifdhgngrt upon

COMGAGMIAL P I"‘[h@f fotllﬂ%lﬂg rHe?Jll‘éHed&@M‘ﬁﬁoﬂ RFUDGQfat®d exemplary
depicted in Figure la and Figure Ib in accordance wth
ambe&lmqntsar\yhlelnbmdudnemlue, bp901115§ie Fif geargyinga ot Ithes imangen as
J’ %pect I. Vﬁi%] vi ew and an expl oded view of the top

SFGEOPA“M Nt at ure power inductor having a winding in
a second w ndi ngconfiguration, at |east one magnetic
BRIHE DESEEIPT2ON @F TeIH BRAWAIN@GS ori ented core area in
accordance with an exenplary enbodi ment; [0016] Figure

2b illustrates a perspecti ve vi ew and an exfpl oded vi ew
of t hédHdd F@ﬁuf%ﬁea@nsfanﬁl r?éh% Ritaies ad gerests oinde dentigy will

g@ BL tuﬁ&!erkl%o{ 8\%%_} fe cé tb C Icﬂﬁﬂg %eé@n@ﬁo@gf @Qf&ﬂp&éﬁjﬂary

i ment I gure trates a perspect
‘ehlbmdmfentsh&f the dovwhtion,nethergreadnfiicgujuattionweh thhreccompanying
a}ni.at urzfg1 1power i nductor as depicted in Figure 2a and

PUPE- 1S

t-accordance with an exenpl ary enbodi ment ;
[0018] Figure 3a illustrates a perspective view and an

expl oggm 2 xFﬁg/Mr@ﬁa tiRgtritePa §bt‘§§ec@1fve oW s Bdn: x%lcﬂféﬂ@[ew of the
i nductor having a portion of wi nding in the second

top side of a miniature power inductor havmg a winding in a first winding
configuration, at least one magnetic powder sheet and a vertically oriented core

area in accordance with an exemplary embodiment;

[0013] Figure 1b illustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 1a in accordance

with an exemplary embodiment;

[0014] Figure 1c illustrates a perspective view of the first winding
configuration of the miniature power inductor as depicted in Figure 1a and Figure

1b in accordance with an exemplary embodiment;

[0015] Figure 2a illustrates a perspective view and an exploded view of the

top side of a miniature power inductor having a winding in a second winding



wi ndi ng configuration and at |east one term nal

| ocated on a printed circuit board, at |east one
woregn@ei44e4 powder sheet and a horizontal |y ori er@BUS2009/€51005

area in accordance with an ®xenpl ary enbodi nent;

[0019] Figure 3b illustrates a perspective view and an

expl oded view of the bottom side of the mniature

power inductor as depicted in Figure 3a in accordance

ehnfrguaationx enfohsi rope erdgodiqeowder [s0820hd Rihgurentalty oriented core

illustrates a rspective vi .0of the second w nding
i gerPIAne R EF B hec R RMIBEWer | nduct or s
depicted in Figure 3a and Figure 3b in accordance with
an exeoqloq Fygued i divventks a pORpddivEivisw enddan ddplodeti vadvesf the
a perspective view and an expl oded view of the top

Spigam sidepf fhaymirafpee Mmanduﬁgm &s depiefad imbighrepdaip argqrgance
QJithV&n%%&gﬁa& BnBodibichd W nding configuration, at |east
one magneti c’ powder sheet and a horizontally oriented
core area in accordance with an exenplary enbodi nent;

[ 0022]0(Hi7g Higaret Rci 1llustsdteateperapquevs peot i ofethei sasoah dviading
expl oded vi of. the bottom,side of the mmniature .
N R ot gy D AR UL iy Jm e ER AR
o i @BrRNEMRALY cRRd BModi8043] Figure 4c
illustrates a perspective view of the third w ndi ng

configuration of the mniature power inductor as
depi c?QQi 8] Higurgde Blusmatanhel prisprstize Fisw sndaarcaxpiuied ericn ehthe
e BY, i : 2 Fi 1] ustr
e B g R
$iindn® Codfiguirationt dnkleat Peisesnd Ret@bblocitay b @ @ind¢EEiesuitsbard,
coil and at |east one magneti c powder sheet in .
ak A aRe endgncHe ovelek PP r $ndeAblRIIZRBIY rivmss) cetiegifed in
' - at i ransparent view of the
rgnpcr?llrézlaldtng?gﬁ%g\%&?@?ﬁ%&g%gda%%%%pi cted in Figure 5a in
accordance with an exenplary enbodi ment; [0026] Figure
6a il [UEOL &igese 3b phssptes b pompadtiesvamdarahaneosplaidd driom efithe
f the.top side.of a mniature wer, i nduct or, havi ng.a
BRIP4 TGO T I5E A4 A R e 3a 1h aeliiddhee
G dndiedbla@emBbdih@ast one magnetic powder sheet, and
a plurality of horizontally oriented core areas in
accordance wth an exenpl ary enbodi nent; 40027] Fi gure
6b i | (201 Ktase Jcpdlusisetet javperopastivarndevarriethgl ssgerd wiiading

gf)nﬁéh?ation of the miniature power inductor as depicted in Figure 3a and Figure

3b in accordance with an exemplary embodiment;

[0021] Figure 4a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a plurality of windings in a third
winding configuration, at least one magnetic powder sheet and a horizontally

oriented core area in accordance with an exemplary embodiment;

[0022] Figure 4b illustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 4a in accordance

with an exemplary embodiment;



bottom side of the m niature power inductor as

depicted in Figure 6a in accordance with an exenpl ary
wepiogi4aent ; [0028] Figure 6¢c illustrates a pePGPESINYE51005

view of the fourth w nding €onfiguration of the

m ni ature power inductor as depicted in Figure 6a and

Figure 6b in accordance with an exenpl ary enbodi nent;

[0029] Figure 7a illustrates a perspective view and an

expl ot 3V Fewrofdct héustratss si derspkctavemivrivatafr hepdviet winding

O on S ittt o0 ucdyl i depick R B dayand Figure

ab ph becdldahye @ith Aeekaaphal dibodiment ed core areas in
accordance with an exenplary enbodi nent ; [0030] Figure
7b illustrates per spective view and an expl oded, vi ew
of t hé0B4 FW%?%&I%Fatﬁh% PRESPRCHY & M EWHEWet ¢xpénde gicvaaf the

[ r I
S0 S B 2 R P PR Y o
wiagnetaf pavider hdet I avcodamg withnén erengtlargrendbodinent;
m ni ature power inductor as depicted in Figure 7a and

Fi gur n ac ance with an enbodij ment ;
0050 f0E R G SO IRREE: Hisodt SR 07 R igore
83REOGREcHrens Qbpich@ tPFigireesOfin acibidhAdURBtHP AWeExemplary
I nductor having a winding in a sixth w nding

cobpdignentit i on, at | east one magnetic powder sheet, and
a vertically oriented core area and a circularly

ori eni&ﬁq %{%%%é%?luﬁﬁatgg g 8@@8&&%@ % etwh i e g)ﬂ}%feﬁ W of the

enbodi nen ur e €s a perspec

vpevidaofl a aninexpt gdedr widetodhating akmtlltaﬁty of drﬁldﬁlfgstlhfa fourth
m.niature_power inductor as depicted in_Figure

éi‘.’é%?%ia?ﬁ&@gwft‘%a?ﬁ %&%rﬁﬂeam9gl&%dmwééﬁt eTtOGBdl]a pkugqlmé of
61l dnltéiﬁrt&?e'h?eﬁ T %Ea?‘sﬁﬁ%&éo‘f&an‘é% SWHOdn &aﬁgﬂrgf%ﬁbMM%h{]g

con Iguration o e mnlature power ctor as
depicted in Figure 8a and Figure 8b in accordance with
an ex 7 Feueerblo dluseates a ﬂ)@l@ﬁ@jtiinvgm endan ¢xpladst vatvesf the

BB SRR R BB A b Bppncs

WithinNG ein ?k@ygﬁy&ﬁh@nmnndlng conflguratlon at | east
one magnetic powder sheet, and a horizontally oriented

core area in accordance wth an exenpl ary enbodi nent;
[0028] Figure 6¢ illustrates a perspective view of the fourth winding

configuration of the miniature power inductor as depicted in Figure 6a and Figure

6b in accordance with an exemplary embodiment;

[0029] Figure 7a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a winding in a fifth winding
configuration, at least one magnetic powder sheet, and a plurality of horizontally

oriented core areas in accordance with an exemplary embodiment;

[0030] Figure 7b illustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 7a in accordance

with an exemplary embodiment;



[0036] Figure 9b illustrates a perspective view of the
top side of the mniature power inductor as depicted

WO po1Blogidee 9a during an i nternedi ate manuf act uPCHGSHDEA51005
in accordance with an exenpl ary enbodi nent; [0037]
Figure 9c illustrates a perspective view of the bottom
side of the mniature power inductor as depicted in
Figure 9a in accordance with an exenplary enbodi nent;
[ 0038]0Bilglirgred/d lillussiateat @ speaspsetispentw vel Vheifdf wihding

sevent h. wi ndj ng .configurat.ion of the.mniat.ure power..

e AR ERe P pfikeSion SR GRS RGHE Figure

Fb aui®oRfantwak ap edanslaryrbbdanegxenpl ary enbodi nment ;

[0039] Figure 10a illustrates a perspective view and

an expl oded view of the top side of a miniature power

i nduc{¥B2hEigusySailtugsatesip ACRPISEN A §icvhanghanesxgirdgd view of the
i Ndi ' t] - i Moo g

B SRRCEMhAR bRk, Aliuci6R BhyiBRS, SHANEL U6 £ 3HHFwinding

acfiyul@ivne atMchbt @re @x@rak goydenblog, madty v§rtiCAB] ofdryet eore

10b il|ustrates a perspective view of the top side of

ffe R iaatcaf%la%zs et e or s I ASPRUORRFST WItB; Glir ScompAery

diibbiighedn | nternedi ate manufacturing step in

accordance wi th an exenplary enbodi ment; [0041] Figure

10c illustrates a perspective view of the bottom side

of t héOMBhiFaguue 8b gowentes agospentivayictepidaneekpladetivepyr ef the

R K L Gy N T K

Qligihintexepirpemeedifdegir at i on of the miniature power

i nductor as depicted in Figure 10a, Figure 10b, and

Figure 10c in accordance with an exenpl ary enbodi nment ;.

[ 0043[0Frglirara ke iustrates ot erRopisres piet idfethgi svtharygnding
e - 0 [ -

POYEPLRARE A SRt PO ARl B oo Higure

Wb mdadvgrdnood wghmatkenplaat erhiealsmherdne magneti ¢ powder

sheet, and a horizontally oriented core area in

accor wi th_ an exenpl ary enbodi nent: [0044] .Figur

b ST keSS ERTR PresOreiioD M ot br quopt he

ke siat if At MiMatRRVBEwWENRIHESEF hasng apbiet @eh Windih@uh @ sklénth

during an _internedi ate manufacturing step in '

aceding a0 BewiRton, s lesse ok anyenstib awivdshtsheqtoeabp Imripontally

| .i e,illustr.ates .RELS ective yi ew nf ..t he, bottom
g{lanete% $O1€ @Ica 11 acCordancc with an cxcmplary’cm odimert;

[0036] Figure 9b illustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 9a during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0037] Figure 9c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 9a in accordance with an

exemplary embodiment;

[0038] Figure 9d illustrates a perspective view of the seventh winding
configuration of the miniature power inductor as depicted in Figure 9a, Figure 9b,

and Figure 9c¢ in accordance with an exemplary embodiment;



m ni ature power inductor as depicted in Figure 1la in

accordance with an exenpl ary enbodi nent; [0046] Figure
woRdobi44ust rat es a perspective view of the ni nedir/US2009/051005

wi ndi ng configuration of the mniature power inductor

as depicted in Figure 11a, Figure 1lb, and Figure 1llc

i n accordance with an exenplary enbodi nent ;[ 0047]

Figure 12a illustrates a perspective view and an

expl otV Fewrofl 02 Héistrales 9i bespettive viewi aduamecypdadsd view of

i,nduct o ving .a one tur lipwnding in atenth .

RSHF el Bt < iR i d iy Braiing cightn

shedhg BRfg@ati®,i #0BiskIdny ARERAL §SbvaRF 8hédteand A horizontally

accordance with an exenplary enbodi ment; [0048] Figure

eUpntpd Fersarestia goerdimcs pedranexcmplafy embedisctlbp si de of

the m niature power inductor as depicted in Figure 12a

durin [ i nyf t.ng ' .

accor SAAOL A TR L SrROl REPHESNRREBE b agp g pfathe
tioiaturd ystwrecat @dudopes sgepidtéds én viFigureofl 04 himringt domermdediate
of the m niature poywer inductor depj ct.ed in Figure
IPRURRtULRE SteRdh 6%£0%$¥\§1ﬁe é‘(ﬁtﬂé‘%é’ﬁﬁmg\sa@’ gﬁ%@ﬁmﬁ@m ; [0050]
Figure 12d illustrates a perspective view of the tenth

wi ndi n@n4aPRfdugdined iIARtRks bRrdpettivl HER AR boitdd UsdObf the
as depicted in Figure 12a, Figure 12b, and Figure 12c
Mmnigieo rpavee eindiator an dopestps] an yFigwisodVarent accpoigdag with an
Fi ur.e 1§n ihhu%trates a perspective view and an
8?%?%3%33v(§%/%#’the top side of a mniature power

i nductor having a three turn clip winding in an

el evep@0a2\viFixgir61d 0d oitit1stepigsat | peispeativd @RSt obnke e twiading
powder sheet, and a horizontally oriented core area in

serfaguatipneoinihe Higiptw gy es Apdusiti i dapiated robspre gy fiigure
Il 'F il ' f : i de of
10 b TR 308, BeRhRBAG MPolnih piodBird . ° 18 5

during an internedi ate manufacturing step in

accor fH3¢ Fugurd 1 & ileserateb arpereetiod viewt gnd] G083 lodedguew of
3c illyustrates a perspective view of the bot.tam side.
tpRe'fh i RO URTR ARSI dihgr e YiRdRE p dinth

13Rdih® PRGOS Lt Weddd i BXaIFEL PowRFRA MBI o 1o dally

Figure 13d illustrates a perspective view of the

eriented torewraadn agcosdaict guthaan cyamptary prabedinicat ur e power

i nductor as depicted in Figure 13a, Figure

[0044] Figure 11b illustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 1la during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0045] Figure 11c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 1la in accordance with an

exemplary embodiment;

[0046] Figure 11d illustrates a perspective view of the ninth winding
configuration of the miniature power inductor as depicted in Figure 11a, Figure

11b, and Figure 11c in accordance with an exemplary embodiment;



13b, and Figure 13c in accordance with an exenpl ary
enbodi nent ; [ 0055] Figure 14a illustrates a perspective
WO Ewoof444 he top side of a mniature power i ndRCT/U82009/051005
having a one turn clip winding in a twelfth w nding
configuration, a rolled nmagnetic powder sheet, and a
horizontally oriented core area in accordance with an
exenpl ary enbodi nent; [0056] Figure 14b illustrates a
per sp&Y47Y Eigrirew2oillustrateh ot respestindeviov andeamexplededraew of
ower inductar.as depicted in Figure 14a i.n accordance
Sh P g8 dmaisRe BRES I ARSTRT MR § S RGP ¢ (e
wlihdifd rcahBSuratiRer S pest ione Mh@wtiofpdwier tshedtf hid Wi stiAgtally
configuration of the m niature power inductor as
Q@Bﬁlté‘g eQiciafeapn gegosdangg wathginExgmplary apbedimgs or dance
W th an exenpl ary enbodi nent. DETAI LED DESCRI PTI ON OF
EXEMP I 58] [ ' es:
1, AL F e e L Pt B DO Rigp oo
erbatirergiver oihdactomgr eddpictabripofignte d2a diwingeamristermediate

showp. In an exenpl ary enbodi nent the device is an
PRAHECBFNE 2P D a@@ﬂ?@% ?@&Br%&%’@%ef?ﬁ’%lmﬁ% benefits

of the invention described bel ow may accrue to ot her
types [@f4o0e¥e€32c Wiistgtcl RS rRpbaivcaliswaitdhé B6RE FURSof the
descri bed bel ow are believed to be particularl
auviahrageows ihductothes ndapidted tinrBgofe ﬂZ)n'wiprfmcm(énce with an
induq%ors ht iﬁ,recognized that the inductor is but
Sﬁ%nQy%EHg%)ng%trical conponent in which the benefits
of the invention may be appreciated. Thus, the

descr [(us0priged 1Rdr fifasirged ar pékpdesive atiew eofp tHepad@s winding
only, and it .is contenplated that benefits of the .
coRfaRtion efctheupiniursttoayer dpgustorgsadapgieds ingFigure 12a, Figure
1BGUGH P o 350 WlchordSn RUIRT afLRHNAN SrrsaRaRent s,

i neludi ng but not Timted to franstormers. erefore,
practice of the inventive concepts herein is not

i m t ¢4 dFeduye l3a tlhmtretee apicaspgctacbadivradt & chgdadedbedw of

erein.and. il lustrated i.n the Figures. Additi.onally, .
HE b Nt POUE BT B GBS Birsb it 58 opeiht in an
ardedthatviddngs cBhGkI8SHh, atd1Qkth8he Sh#@RtiOf pdviter VaebOUshd a
conponents have been exaggerated for the purpose of
dparantally qripnsg]coredres i avgondands witl e ciemplery codpdinagnt;
views of a first illustrative enbodi nrent of a magnetic

Comom?égfgﬁ%’lhﬁ Sdfhedr & 2RO FLaY 8 (lg%eappv side of the

illus erspective vi‘ew and an exp

ofigiatuep wivde @fuaomani ddpivtepameFigiredldi aturingvamdn®@rmediate

mﬁnd%ng in a first Xﬁndingrconfiguration at | east one
actur an

manu ing step in accordance with an exemplary embodiment;
[0053] Figure 13c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 13a in accordance with an

exemplary embodiment;

[0054] Figure 13d illustrates a perspective view of the eleventh winding
configuration of the miniature power inductor as depicted in Figure 13a, Figure

13b, and Figure 13c in accordance with an exemplary embodiment;



magneti ¢ powder sheet and a vertically oriented core

area in accordance with an exenpl ary enbodi nent.
Wo-2@ooeskd il lustrates a perspective view and BEIT/US2009/051005

expl oded view of the bottorn?side of the mniature

power inductor as depicted in Figure la in accordance

Wi th an exenplary enbodinent. Figure Ic illustrates a

perspective view of the first w nding configuration of

t he ni0015a] trgrpdver illusidaiet er paspatipé otied ofnthRi tr sideaof a

and. Figure Ib jn accordance with an ex l.ary o
BHBBBITERY <" FbBT TALEG GG PO EH & TERBRd: fohe! fhavinding
Qb QA atioR, ROWEEd infbueti© ?o&@& SHREVIang &S hélizon@ASt orddied core
magneti ¢ powder sheet 110, 120, 130 and a wi ndi ng 140
et ph aerordsnepwithan (cxggplaphembadiment ¢ powder sheet 110,
120, 130 in a first wi nding configuration 150. As seen
in thi ' - i, N r.d 0
corpr RSB RREETT i o hoRE R RO of 5 85 shCor the
howeturs yrofsae eindd@oand dapiaqgpen Bignfecat4a iddaccardaseeondth an
magneti ¢ powder sheet 120 having a | ower surface 122

SRR 8eHFfide 124, and a third magnetic powder
sheet 130 having a |l ower surface 132 and an upper

sur f agg)syPfigukd 130 iBYSARIsAL Y RFBRARMBBY, o BtwWEMIN &¥ih&ing
powder sheet can be a nmagnetic powder sheet

rerfiguadionradhdmitharegp s gndustsrp deritted in Rigure eomd Figure
rea ang soIdﬁHnderIgﬁoducHﬁ@unbgr 20u-eff Fl exible
AejgeRrdaneey it aff seemplay cinbodimel’y ¢ powder sheet s

have grains which are domnantly oriented in a

DETAICEDEDESCRERTION OFTEIXIEMPAAR g IEMBODIMENTR e may be

achi eved when the nagnetic field is created in the

directjon.of the domi.nant grain orientatign. Although.
this. SibGuRsERNY &pifegwet r i %Fé@%mlffcwspeﬁd@rw% dhpgative,
EREnAUDEAbAlimIRAMAL] SuBRAR! So/fiBohcRP ol BEVIEAIRSRNvn. In an

So as to increase or decrease the nunber o
exemgaiyrent oelimemtdhandevoee 15 en imtic wasdthonglde oy appseridtébthat the

ore. ar W t hout depart, fromthe sco and spi.rjt
BrtcTive O Buenia e e Rlow ARED XS b OGRS of deviss
& RAh BB Mo rth@PAf S clthidRY ABSdr b BV ars BERdved 38 ¥e particularly
fl exi ble sheet may be used that is capable of bein

pavAntrgcees, fonthcraenufasyaof lovy pfafdennduetoss dpe resagnised thiat the
of  the .exenpl ary _enbodi nent. [0061] .The, first nagneti
BloubiaF (SHRERAE p T AEA el DR by Spish B JFREE 4t

af@n@ors @QNist hyspredinad. s Coepdesetiftdbnogpdsitings for illustrative
| ongi tudi nal edges of the | ower surface 112 of the
prpepesgnand dt 1 spaempiiedtha hencfitspfdhe frveptigpacsruptg other

$ib8s SRy types of inductors, as well as other electronic components, including but
not limited to transformers. Therefore, practice of the inventive concepts herein is
not limited solely to the exemplary embodiments described herein and illustrated in
the Figures. Additionally, it is understood that the Figures are not to scale, and that
the thickness and other sizes of the various components have been exaggerated for

the purpose of clarity.

[0059] Referring to Figures la-lc, several views of a first illustrative
embodiment of a magnetic component or device 100 are shown. Figure la

illustrates a perspective view and an exploded view of the top side of a miniature



be used to couple the mniature power inductor 100 to
an electrical circuit, whichnmay be on a printed
we@ereni#4board (not shown), for exanpl e. Each BET/UR09/051005
termnals 116, 118 al so conprises a via 117, 119 for
coupling the termnals 116, 118 to one or nore w nding
| ayers, which will be further discussed bel ow. The
vias 117, 119 are conductive connectors which proceed
powen irdectoe havingl & winding in g Hrst iedihgwenfigunfies eat 11¢®t one
to the u r surface 114 t he first nmagnetic powder
et AEPE B8 B % el it 3% aFRR ARG, i an
Cherapely dhifodimenetHigud aBdalstRR@e! feraitdtiid dlelhdt dieexploded
inner circunference of the drilled hole with = )
Fishdefcthe bettorasisieiodthe minidpigomgs inducier apaenieted yeFigie la in
lLaged i ik hel. tq . [ -
JBrhReP yBAE R R AL cfhboEH, 2R 1R AR S hshlgive
Lkt of1th® ﬁgsﬁ @viﬁdéiﬁ%\?oﬁﬁglbﬁidhydﬂtmmitﬁ@ﬂurd povedrapdictdriag depicted
vias ma e a different geonetric shape, for exanple,
PeRigyreola s Figire Ho i 2caeidanas WiEh #4 STRIMEY SEBREIngT
spirit of the exenplary enbodi nent. In one exenplary
enbodi gy AckOiRifMd fifs tRSHERRNt BN PRafuf! FEFe@Miuctor 100
pressed before drilling the vias. Although the
vempiistal & lease oshowgnete pevdwuwptadl 0o 12ppbd agl a winding 140

I i tudi . the.t i I t. .
PO O3 GUEER e G DR onert 1t e A0 £ e winding
CofSdurdRANSI0l CAPQUH S 15N eRbodhichO Wle MaRattd fifvd: ifitictdre 00
scope and spirit of the exenplary enbodi nent. Al so,

abmhosag Bese magaetid pewddrsheetoldd hayingay doweresuyfage 112 and an
addi t i | Vias. for in. gach h rm nal
B0 PR AL Bt PP SR NI AT Biace

P22 ahdl @h,uppat h@factNan, bmd aahiré nagdefepoividg dhpenl3hBaving a
applicatio wi t hout departing fromthe scope and

iprerisuriage { Feandanmpprer pudhsoifdrelt an pooBdtry FRDOSERGHdCach
e LA RATS. el it Shest PGB! Chne
wunglilngprpayed ih2cheapl laled antlh@ldippder prodiieic eurhBed Du-cff

e.second magphetic powder sheet. 120., Both w ndin )
FLisae Mol BB ol Teiele ARAFTIICHY TEND L hich
bid ®ImikhdIg) cﬁﬁan{e%)i? %1 plu%%uia% dGOMRINEAdH,Q, & ﬁlghér%dﬂc%ka %1119 be

through the via 117. The second wi nding layer 128 i '
edupieddvhean thhendgnetst figldnslcregte ay dre digk®tiomd thghdopiaant grain

127.. which is f d.in.th t.
§h et R i ug b =St E PSR Brd rpsiske ofPAE gt the
hembBe of PREHctE KAREE mhgdb Oinckdi8ed O€ FBELIRAREET € RANEIRE or
sheet 120. The second winding |ayer 128 is coupled to

dpeease dempnnplear of fans mitBe pinding pr toilageaseer deargasehgeore area
without departing from the scope and spirit of the exemplary embodiment. Also,
although this embodiment depicts a magnetic powder sheet, any flexible sheet may
be used that is capable of being laminated, without departing from the scope and

spirit of the exemplary embodiment.

[0061] The first magnetic powder sheet 110 also includes a first terminal
116 and a second terminal 118 coupled to opposing longitudinal edges of the lower
surface 112 of the first magnetic powder sheet 110. These terminals 116, 118 may

be used to couple the miniature power inductor 100 to an electrical circuit, which



129 proceeds fromthe upper surface 124 to the | ower
surface 122 of the second nagnetic powder sheet 120.
WORahougd t wo wi ndi ng | ayers are shown to be chPCpUSMDY051005
the second magneti c powder 18heet in this enbodi nent,
there may be one wi nding | ayer coupled to the second
magneti ¢ powder sheet w thout departing fromthe scope
and spirit of the exenplary enbodi nent. [0063] The
mamdq'engl 4 a@@ﬁ@ citQ8t bae@@ (rat ehdvom réat efxammea Izoh o tha teeminals

S350 LR LIRS GRS RSSE EOR ov

P Elovd@inddlt 1ak&rs NOhich Wil e duttiRor d@scﬁﬁs@iﬂb@ﬁmﬁ OpReviad ©i1,.119

an etched copper trace, or a preformed coil w thout

drepndigitycfooppscidie whebguoeasd f@m tettergpinglh & 1 @xld fsnghg lower

%ﬂ%’c‘é' ﬂ?% ﬂgeTQpeqe?‘s&J?%% 1"12 e Hs?‘fr?agﬁaé’c P& d L SHED 116 The
i'S not en1ca

phetmdy bbdgmaahyy detihgi guels, thftfugbythd: amghetéd poW g sheets and
techni ques. As, shown in this enbodi nent, the w ndi
pkyiag the HNGTeEH ANRGTSAFS irbl qdaholﬁawérc‘r?nd}lﬁm\/@ateﬂal

%tlﬂ%ﬁ{atlpél t E&ﬁiu n ggaé% chfd_q{l@tﬁ@?ﬁ%@%lé@to\@s{agﬁéﬂ the

departing’ ron1t e splrlt 0 e exenplary
eofabdiine ntbnneéﬂldiﬂsau ghe empp eﬁclthoslghl $1m3|v1as 11 hel IGomd sbdown go be

her .conducti ve | s may .be ?
SHHstsE! e Pt HE VoM e & ChEue BBl Shag fofeexample,
?é%@e[ﬁ%h@f Y waikBedideBiting Tﬁ‘@mt ﬁ{ems&?ﬂes aﬂé- 69p1r1{1%f n{ﬁ&‘ &S lary

formed using a stanped copper foil, an etch
@mﬂop@mmt ade ongrexpmplany cobpdimesiithabhterenpdinset. ca[nob)ﬁts ﬂqrrned

I shEfpTBAD Gl Sl B CRbs. b 26iuer e EERET 3% SRS be
segNed toRepRisine PenEREinaheglizesl 2fhes eerinltals trhdy SRCeBEbled at

wi nding |ayer 128 may be insul ated and al so so that

elignatorce laghdensnay the lovier susq forhenbirmg| magnehe gieeyder sheet
W\,\éﬁpﬁ?ﬁ fr&rgQC)% Lcoﬁle Lhe lﬁgﬁﬁto??het &eﬁqﬂa ﬂﬁ%dﬁnent Also,

1S N ave a w
mthtdjghg:abla;eemuﬁms shewado @avd end Vie, dddminalsuasf mag boffored in
third m netl layer in_|i of the w ndi | ayer. on
£ ApPe feranha %&%%?0 E%élﬂé)e‘g% R8C REGIES Han %%\&é?rsslﬁé’éfa”el

Y‘Atﬁé}otﬁﬁn %Q&fets' ﬁ%eﬁﬁlﬁgu BE t5E %ﬁﬁllcm SRt dE}% frorn the

exenpl ary enb ditio al t hough hird
magnehdspmmmﬂéweshﬂpbqasnhnhm£MDmn to have a MAndlng
| ayer, a winding | ayer may be added to the upper

he third nmagnetic

surfa i t.hout .depart.in
From (S ThpGecatd” SRPRAE e NG b iRyt ARTRARGinESayer
gndegipredto {H@A6REr HpARe f10r Bhad wasil WindidpeladBamst dokipled to
powder sheets 110, 120, 130

the upper surface 124 of the second magnetic powder sheet 120. Both winding
layers 126, 128 combine to form the winding 140. The first winding layer 126 is
coupled to the terminal 116 through the via 117. The second winding layer 128 is
coupled to the first winding layer 126 through via 127, which is formed in the
second magnetic powder sheet 120. Via 127 proceeds from the lower surface 122
to the upper surface 124 of the second magnetic powder sheet 120. The second
winding layer 128 is coupled to the second terminal 118 through vias 129,119. Via
129 proceeds from the upper surface 124 to the lower surface 122 of the second

magnetic powder sheet 120. Although two winding layers are shown to be coupled



with the winding |ayers 126, 128 and/or term nals 116,
118, the sheets 110, 120, 130 are pressed with high
wW@eassuues for exanple, hydraulic pressure, aneCT/US2009/051005
| am nated together to formi8he m ni ature power
i nductor 100. After the sheets 110, 120, 130 have been
pressed together, the vias are forned, as previously
di scussed. According to this enbodi nent, the physi cal
traphd eccomd nmugretini provdey shnet ihéhis enbodishinghthese may be one
typi.cally found,in conventional inductor i s.renoyed..
HHRUEE 1o PTG 0P FRibeHy SR ensticgiy derieetc i frpgsing
e AYdidPeandBpi#e of extMplayy &hBddi@BnoOf the wi nding.
[0067] The mi niature power inductor 100 is depicted as
a cube shape. However, other geonetrical shapes, .
i ncl utRgl %@? WiBding ilacre G d 27 s&e Enpar dfom gjcppducsive cgpper
Pl Bhihal e, o plast oAU et 1R e
COf@8 layEh enawd incliudg bid @s hoxclimded tag af dtarmpedrtapgen fpil, ayettched
126 and a second w ndi.ng. |l ayer 128 and forns a fir.st
FPPRSF HECL ORF P ?%%qdoﬂ‘r?ﬂl@éh%%@m@ﬂ%g i 590Pg B¢ SRIAE efithe

%%@%3@7cmbmﬁnéﬁtr The MR BShpePRidcdHEPhd RPmIdDus tsdok Simited
at the'first termnal 116, then proceeds to the first

v, nadhergichlaymoceh®B, phrdolithopepedstetimiquve, secdyd lasiendéetalging
| ayer 128,A and then rocgg{%s ttot he .second term nalﬁ’H I
1By, s As; Fop; 1D HEM e “HRGRRL ET 1T &1 GORAFH AT
bigaped @pir@ithatterr? Bbiveedrl Bihct PaterhsSmREHERREH e the Wwikging
direction of grain orientation and thereby achieve a
mathent idaprring nieem othet sreppradpde shieit fafethg prgmMeryc pahodignent.
i\ jrectiaon th i,s. parallel to the directian of .
BBl SN 37 b R REEbY R el uf Gt AT haterals
indgubé anee wighrin diepgrtinpgoftomhihehsdabpe eatd ofirit g B gohiptary
powder sheet is extruded. [0069] Referring to Figures
smbodimeghy Ehaierpinslis! 165 158 swy oh ba fopraed wiing a stamiped copper

[ [ AR vice 200 are
zﬂg%ge@?%ﬁ?‘; © gglgﬁgpﬁé ?nzgt%e)[s a gg%lg%éeé%%\'/e vi ew and an
expl oded view of the top side of a mniature power
i nduc{@64hdWhe nghiad wimaghety ipovalesesloaet WBhdiasgording to this

confi.guration, at |east one [ owder , sheet . and

S os PR s e dion ofif DBPE vElor 03¢ o toh b REENGHS owder
giec®X SRS AaY 1RRRIANMRMdind 1:eF E282Mal IJcUsiulAL& Sndalso so that
per spective view and an exploded view of the bottom

diegrorodrer pay bieniccase (gydwed!ingdglar sprrert fibepi cted i n
Fi gure 2a inaccordance with an exenpl ary enbodi nent.

Fi gur fOO%%] 'Alh!hgﬁél{ i 18%1%88 %B{)v\dgr sheet is not shown to have a

winding layer, a winding layer may be added to the lower surface of the third
magnetic layer in lieu of the winding layer on the upper surface of the second
magnetic powder sheet without departing from the scope and spirit of the
exemplary embodiment. Additionally, although the third magnetic powder sheet is
not shown to have a winding layer, a winding layer may be added to the upper
surface of the third magnetic layer without departing from the scope and spirit of

the exemplary embodiment.



vi ew of the second w nding configuration of the

m ni ature power inductor as depicted in Figure 2a and
wWO-R@ooed2b i n accordance with an exenpl ary enbPCi/bg2009/051005

[0070] According to this erbodi nent, the mniature

power i nductor 200 conprises at |east one magnetic

powder sheet 210, 220, 230, 240 and a w ndi ng 250

coupled to the at | east one magnetic powder sheet 210,

220, 2@1936] 2lpon i fnrmaing e oln @ f \Ahmdialgeti@omw@m rshedtond 105820, 130

As.seen . th s e t he .m ni u ower

NRinEE SrihBah Mabm Te e anpior TR Aft-cl S Meeat ddp. 120.
210 afepredied ithOME peut @ Ger bdpdd) dyaRubi@prEsusdlfahadaninated
214, a second magnetic powder sheet 220 having a | ower

iqgethe to ypm the allwﬁtua%p@wersladuca@rel 092 A ftey they she@tSrﬂéQn &39.d 30
BQ\V&@% 8§se83§>§9t%¥ %e F \r/\%{% Rt éc%s 2%% m@ﬂﬁy 1sthlssed

per SUF ace rragne’t C

Meoﬂdmgl toghia chiboeiment} rtﬁ@pl@s&%ﬂg@ﬂbétﬁrlemmb evindiug had Ehe core,
244, %@iltyl ously nmentioned, the exenplary nmagnet.i

r}i"é]\l/ﬁ!l]elﬁ tgH stEIghmtf@nﬁﬁgwgg]i 18 %%ells rggpewds The ehrmnatlon of
%% rg%g tQﬁ{dsqga&%ﬁ O¢hk NGAHRO Eﬁ%g gro'g? ftﬂenq%?aﬁ{g)fa of the

Kor [d un pro uct nunber FI exi
I\mghagl c Sheet, and have the sanme characteristics as
descri bed above. Although this enbodi nent depicts four

magnet i er. sheets, the nynb of tic et
may b LSRR, St oobgPadte & (RRETs e 3 VEE Bape
R0 Dthdte gSdh@riadl eghapbd Nasud@ePritt h&rglifdiem fo h&ctangular
scope and sprrit of the exenpl ar%/ enbodi nent .

sireHaru §h ellmt1§ale$h§e@ﬁ, gyt belegsidevshent iggang c,frqmmeswpe and

n t may be used that is capable
g?l%ggfthg % q%bocﬁm? out departing fromthe scope

and spirit of the exenpl ary enbodi nent. [0071] The
first [mmé‘lhb cvipding eld0sihelaties?2d Giral wiadingClhydeR 6aardd & s¢écond

ter 216 a nd term nal. 218 caoupl ed t
%@/er %ﬁl@(ﬂﬁqrﬁ%la uplgemdgre qoméisriiien | §§rhf“é18% agpgtically
gfleﬁtQ@ c{)ﬂerlsﬁ nﬁ&nﬁts{ Wi €&n ?aﬁfonzl%@ staﬂkea?tQhe first terminal

termnals 216, 218 may be used to couple the mniature
poévethen rpdameb«bsr tR0e fiot am'ncﬁhg dayeir cl2, thencprotgedwtio che seopnd

be an ri ed circuit not shown.

S5t TR R oo eteer e tohaarorngtpins L, Thus. in this
eABbYERSt, 3hd MaghctRAIP mawb@c&lrmed iAYEdird2abh e 132&Qpen@1cu1ar
second botton1mnnd|n | ayer Eortlon 261, a third

bbtheomemmdbﬁgramag@ntqwmandﬁ aeby ac_shumw lowveb andustence or the
Imél net{]cqﬁeliéll ¥% ocrréaté)d’] 1n2a6(§1rec?10n it {sl pfatraﬁleﬁ)%t 2 I&‘lr\é\ét{]o%l or}%rain
orientation and thereby achieve a higher inductance depending upon which

direction the magnetic powder sheet is extruded.

[0069] Referring to Figures 2a-2c, several views of a second illustrative
embodiment of a magnetic component or device 200 are shown. Figure 2a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a winding in a second winding configuration, at least one
magnetic powder sheet and a horizontally oriented core area in accordance with an
exemplary embodiment. Figure 2b illustrates a perspective view and an exploded

view of the bottom side of the miniature power inductor as depicted in Figure 2a in



264 that arc all positioned in substantially the sane

direction as the termnals 216,218 and positioned
wheiweer44 he term nal s 216, 218 in a non- cont aRCT/H§R009/051005

rel ati onship to one anot heds These bottom w ndi ng

| ayer portions 260, 261, 262, 263, 264 are al so

| ocated on the | ower surface 212 of the first nmagnetic

powder sheet 210. [0072] Each of the term nals 216,

zqc@r@@lnp riighegn gxemplapgombodfent. e$ipmet i2¢ allystrafiesr a perspective

cou the termmnals 6, 218 one_.or nore

FEE e Mokt i St ol ToRinRlnd RaF sy R oo

Bepitlc@ NS Fi2O 2226l Figfd 2b 38 dccofdithc€ WifRrah $Reth B}Vérﬁﬁocflﬁént

coupling the bottom w nding | ayer portlons

262, 263, 264 to a respective top w nding |aye

por t i 650 Agcording topthgs cmbedimeniy thwsmaw @HWP% inductor 200

I t g d; he

SRS 43 B, Fapn B Rk Shodh 8L 020, 20524 G ' winding

b0 dbmgled ay ¢ic polkehitame hoghe8t pdhees elcend 1 da2R0et230, 240 in a

powder eet 2 0 and t third magneti c.powder sheet

pacivi dWBE §P@F1811 |223 of's \?F%Ps ™ 883 eﬁ@ﬁg mogh. tﬁ? gniniature
g@?er gﬁﬁcto?@@@ c&%ﬂmse%gazﬁrsg% ov@c?e'i_’ sh&dt qul'lﬂllviﬂ%ga lower

he termnals 216, 218, the otton1mnnd|ng ayer
paofade@ig aRd@n uppdr, suBecx; 2]2!63 se@ﬁld mapngti¢ p@wd@rrween@m having

| ayer oti 270, 271, 73 274 275to

0 HeRTTaE g% Pt A Pl Ao T SlaeBr T S Shept 230
ahwifg i |an (vt esircd DBStankiom whp Qgfab@yst, Red tal ﬂiﬁmﬁ?ﬁag@tlc
second top winding |layer portion 271, a third top

wPWEeIgherhyéd hapigi fbrl\O‘Qﬁ‘rl‘ZsufﬁiCﬁ c?&ﬂt andt o UADSTAPURECE Afdr As
fifth t e rtion 274
gPeggou% Ly, mteﬁﬁ?n%d thengxenglﬁ? yer port : onc{eﬁ_/sgeeit% Sn be magnetlc
postén siaed metnusatla&tacarbszlcaiahg SuiAg Iﬁ@ﬁ‘pordteﬂaﬁtlhﬂfeoﬂ,SKbﬁe and
botton1MAnd|ng | ayer_ portions 260, 261, 262, 263, 264
a?ldrider progdpctypspleari 20udiulonitip Mgnstie Shagicand hayjs the same

%a{}gét&gst cQY&S g@&%b@ NHood O A%t?lgm 12 i gtﬁﬁodl\%éﬁt d@%n?ts four

are p03|t|one N a non- contactin g relatron

anghdter powlesshetp thd ndinbgr b yergnptis tsheats nﬂfyObe 2fckgased or
272, 273, 274, 275 are also | ocated on per

Sifeab 80 340 gherttg dig RS ERF AT oW %P%#%@fﬂ%&om the
g%&g@ Od%gzspirg[?fttQQ Wepth RO thBYEMmeROT AlBN §1t1?021%h tRi¢ lomtdlfment

), , 275 are positioned in substantially the sane
depiets tai rorgnatic phwdtr@thtecmarmﬂ@ﬂbkm shelit nngayplm msed itigat 26@apable of

61, 262 63,.,264, re.s smal | a

B RIERTaHEr ieRE e aRES 5T o ey My Tite Sh B eppplary
cRBb&eicadl to one anot her.[0075] Each of the top
mﬁnding | ayer portions 270, 271, 272, 273, 274, 275
conprise two vias for coupling the top winding |ayer
porti oMY 12 Fhe fpstymagnepic ppwaer sheet 210 also includes™a first terminal

216 and a second terminal 218 coupled to opposing longitudinal sides of the lower
surface 212 of the first magnetic powder sheet 210. These terminals 216, 218 may
be used to couple the miniature power inductor 200 to an electrical circuit, which
may be on a printed circuit board (not shown), for example. The first magnetic
powder sheet 210 also includes a first bottom winding layer portion 260, a second
bottom winding layer portion 261, a third bottom winding layer portion 262, a
fourth bottom winding layer portion 263, and a fifth bottom winding layer portion

264 that arc all positioned in substantially the same direction as the terminals 216,



274, 275 to a respective bottomw nding | ayer portions

260, 261, 262, 263, 264, and to a respective term nal
WQ1Ba0/0PH48 which is described in detail bel ow. P¢DOSB)PI/ 051005

The top wi nding | ayer portiltens 270, 271, 272, 273,

274, 275, the bottom w nding | ayer portions 260, 261,

262, 263, 264, and the termnals 216, 218 may be

formed by any of the nmethods descri bed above, which

2he hudipssitidngt] besvagotthd fermineld 216, 218 intaanoperdntrepperelationship

foil, an etched copper .tr.ac or r ryred Il

1o RS PG FRERE il iR Bvehhofiol! S0 AMEertE R, 264 are
340 |evatkdtonané e BufB@maiof tiRomdenasheehorde:s shehe 10.
second magnetic sheet 220 and the third magnetic sheet

230 are7pl aced between the first magnetic powder sheet
210 ab¥P7ehEashy ot thardgimenile pHwdels stpsprison g Viwe280, 295,

PRNEANS, IREI LI Refn 202, 8300p 200 € N e
Ayviditmnbile, qacke9$ tiicebotamd wWiading ddyed ppogat 260, 2@, 262 MahH 64
m ni ature power inductqr 200. After the sheets Q,

SO0 Dih PP cphatoge it b porfiggs %ﬁﬁis%l, 262,

289.2648b.a %%ctig@?bp whllin 1§§er M@nszﬁﬂ-); 2?9,_2272;29?33, 2279,"'275,

295 are formed, in accordance to the description
prhochi ideldsdrbed F gatad deloav.| As liaghdi thiconal dng, additivoalt topgvioding
oxy (.not, sho may. be applied as an insulator |ayer
@8’6 ﬁ@lgﬁb@p%g%%a\g@g@giayoe? %?Wgnf ourth magnetic powder
sheet 240. According to this enbodi nent, the physical
gap betomemht hecoideiapgetnNoklig SRee 220hindhthieSthird magnetic
typically found in conventional inductors, is renoved.
Phwde sheptad0 emmstse anplyraify el vas 28R %l ertS 288, Athidsdz&90,
di o he i . ¢ R i
P67 TRt P ar n B HEF e SRR 2K bR A inding
tyef potioas 2ot 2A5 262v263g 264,haidi toprtialing 1oydr goitéths 200271,
257. The second wi nding configuration 255 starts at
the 2f7i3r%%4’§%ﬁﬁ?%an2§b@? then proceeds to the first top
wi ndi ng | ayer portion 270 through via 280, then

pr ocegstr 4l Tht WBudth Mmidenbal tRWIW JELRD40aNES iRPldds N 128 0op
through via 290, then proceeds to the second top

wilmdl g dayicayeortiqno? 10, ense2dnd tér sumhng ilaycp @ortionhZAl, a third top

rroceeds to the ond bottom w ndi | ayer p I 0
BaREiER Db 3650 faaf IPowiidite Pebet RRInPP I 1o B top
Widlh$ Jaye@WRItidODY4,0dhd2d Zidth ey HWindind 1802, pdrhi@h 275 that are
proceeds to the third bottom w nding | ayer portion 262
Pyl 1 isalzgantiatly dhe yimscdieaggon as thﬁgvoﬁt@mrwmdmgdayer portions

RIS IR ST FIRRTA LN A0, IR op i
263r pbrtioug270] 279872, 2118N274, 275 are positioned in a non-contacting
relationship to one another. These top winding layer portions 270, 271, 272, 273,
274, 275 are also located on the upper surface 244 of the fourth magnetic powder
sheet 240, Although the top winding layer portions 270, 271, 272, 273, 274, 275
are positioned in substantially the same direction as the bottom layer winding

portions 260, 261, 262, 263, 264, there is a small angle formed between their

directions so that they may be properly connected to one another.



proceeds to the fifth top winding |layer portion 274

through via 284, then proceeds to the fifth bottom
worndiong44 ayer portion 264 through via 294, t hREI/US2009/051005

proceeds to the sixth top wWnding |ayer portion 275

t hrough via 285, then proceeds to the second term nal

218 through via 295, In this enbodi nent, the nmagnetic

field nmay be created in a direction that is

per pet76liEaeh ohthe thep windeng lager mlﬁ‘titglsamﬁ Ot enE.ad30R74, 275

PPEPHG Ve B BBt e i B RO Reafon PR 573,

o4t 1TB @i 4 eGhERRe VottBakihdtg RPEREIraonATED, BN 24D 263, 264,
achi eve a hi gher i nduct ance dependi ng upon whi ch

and tct fepectitie tmmginb 1 @ 2pduiiich sqwctﬁ‘éfrlbesi ipdetall delow.
[ 0079] The m ni ature power inductor 200 is depicted as

.Sq“ar SRS tﬁ%}@ﬁ%ﬁf% @fg%&tﬁﬁ?’@brbfﬁlzﬁhéﬁf 74, 275, the

|nclu but 0 rectangu
bbtltdnptwmdmhg shapesitionnome6lsHER, R63 Im%lt ardabqhartetmngalﬁ 2136‘;1218

WA B EE B AR Al L s sne 0LV RISl I gt

r f AYSEfoRR ns,
e i S e

may increase or decrease dependi ng upon application
r equi t¥HEhUpon Jormingghadirstmaagnene pewider gheet A} end gy fourth

wi ndi_n Ia er j t han,bot t om | ayer. . .
BB B0 G R0 240 0B bRGe R HeBCtRungWE by pencic
ghcct N80 axepptar Netﬁﬁ&pdﬂerﬁi’@ﬁ magii8 Howkef etidet DYO Ad the fourth
Fi gures 3a-3c, several views of a third illustrative

@%@@iwd%ﬁh%t r%é@nértheénw%@ﬁewﬂeroﬁhe@ré\%lee%b@%%“o are
£ |

D B S ol L R SRR Bt S B0

ilarmdua:ﬂeda togdaehet fgfoampld tnmmtuﬂzf pdazvemmdjcng 200. tAIﬁer gechads 210,

ndjng.configuration ast o m _na
Potedila 2 (h havesPeet Ragssg FQ&?EHG &gams 20, ?@as?&o%@ 284, 285,
PBGNRY | S9P0vkl er94S heeh .abith 8 il cbARRE Ao the 85§cﬁgﬁ§rg%rowded

core area I n accor%ﬁnce W t h an exenp ary enb
Fordig@e8ba-lt| Adtlitimnaldy, a qoeinmg)acdzpow (mtesho\am)jmayl be applied as

d f the bot i at
et the ier ST 2 i 4B S0, Mefih et ifuden shect

i, hA@ébr@?ﬁ%ffBltlﬁg ¥mBsathiTeRd ph 1cguga% bR6wédnl tHS Wi @S adl the

perspective view of the secon wi ndi ng confi guration
@@ret hehigh rip dypicellpdartd iimdesyertioas! d@gnc@m dls| renRivgdr e The

&% nﬁut%‘bgo b}jskcrf‘l g e le(?s t%em‘{‘r"uﬁlrﬂzea{heexe o%sg from the

dture pover
Shﬁéiﬁbmdftllfd@ﬁfdﬁsg 3a-3c is simlar

[0078] The winding 250 forms a second winding configuration 255 having
a horizontally oriented core 257. The second winding configuration 255 starts at
the first terminal 216, then proceeds to the first top winding layer portion 270
through via 280, then proceeds to the first bottom winding layer portion 260
through via 290, then proceeds to the second top winding layer portion 271
through via 281, then proceeds to the second bottom winding layer portion 261
through via 291, then proceeds to the third top winding layer portion 272 through
via 282, then proceeds to the third bottom winding layer portion 262 through via



to the mniature power inductor 200 shown in Figures
2a-2c except that a first termnal 316, a second
W eriaionet4 318, and a plurality of bottom w ndi PQI/U83089/051005
portions 360, 361, 362, 3633 364 are now | ocated on
t he upper surface 304 of a substrate 302, instead of
on the | ower surface 312 of a first magnetic powder
sheet 310. To nmaintain a simlar thickness and
Be2.f themproecdsf tot the fourth spuwandpnkyer pattion @73 thiwugh ovan283,

Moo Eie i e Rt S RS P iRt hredeb ke 298 then

PRIBEds tDARCEAR tPRiRiNh ROSFIrE&S 224 MHrdtighl Vik P8Pftha Iars)ceeds
simlar to a second magneti c_powder sheet 320 ‘and

tihedifirebpiion winsbumleyerstnsien 3abthropehsyia 39b éhﬁtnrmoef@d$ to the
4
FRR B, Eg B r PR 2 ¥ moudfiia 283.0P ety pgecond

ke miived m&nnhhﬁtgﬁl via 25N ed thigtdnhbodimérs, QQUMagﬁbticoﬁélhemay be

substrate 302 having the proper termnals_ 316, 318 and

errategiitraliiceyobihapstieandicHlr iytheaertionet gigHisormgrtion and

6.3, 4. r t

itov3Biedad o ddomal By SRR B HER e BRICEE FORELD ¢

direaion tkatas\npalmﬂnlnterthe dnredtlmdl afgriontorieotatibn and dadrdby achieve a
ol derin ach of the vi.as to the substrate

REEL6T UidHgbes TR Biatan adHED ChRio e FE KB i heet i

kgldede, but is not limted to, a printed circuit

board and/or other substrates that are capabl e of

having term nals and the plurality of bottom w nding

| ayer [JOP1 ToasmingatwisdpewrsT wdnetom R0 rﬂérﬂﬁﬂ)éféftdj B3 wguaffs shape.

HBWGV ’oe%fé g%oqge}l\ﬁcal %%ﬁg ! OI{ICIu g 1|1t| noqay mmst, recIangular

not exi 1es o e mni a ure

Icﬁdll@ﬂ; oF cH(flicalashapbd, usdyr B &d:da‘ﬂdh(dﬁ&&patﬁﬁg gt |11he scope and
respect to Figures 2a-2c. [0082] Referri n to Figures

apirigef theeSrepmplary icghgdiprenk fAé%Pﬁ heyghyibesy GRbaiment depicts six
t 4
%d@nfgﬁg epoit geP% fie t‘?o%l&%%{&n%fagtg@ 6rﬁ8ns QO AL er of

ustrates pers ive viéw an
eoppiraibaiton eindhg ﬂetyter pbopions deyoficaady ori decroase ﬂep_mdmg upon

i nduct.or having a plurality of windings in a thi.r
ﬂkﬁaﬁan CEFCglRtt 8 ong s [tk ﬂ%‘gﬁm &Orbeiwa@rlg layer

sbeRh AR b&HdR rv&hﬁ@iﬁé Aoy Ip@ftio%nmoﬁtoﬁe%aﬁfngaﬁérﬁ the scope and

accordance w th an exenplary enbodi ment igure 4

spiritst tharceemplapersipslimente vi ew and an expl oded vi ew of
t he bottom side of the m ni ature power inductor as

depi CT&%O ﬁequ jﬁguﬁef anor ds%\rf]eq’gl we%vlg § tﬁlrgp 1lllust¥atlve

enbodi rren dstrates a perspective

efmbbdienchhiof ca ma@ﬂbﬁtg compbhairat §8ficcoB00 hee shown. Flgure 3a
m ni at ur epower i nductor as depicted in Figure 4a and
Hiugtiples ApCrsReetteorerneed ali efqa.logﬁi view of the top side of a miniature

power inductor having a portion of a winding in the second winding configuration
and at least one terminal located on a printed circuit board, at least one magnetic
powder sheet arid a horizontally oriented core area in accordance with an
exemplary embodiment. Figure 3b illustrates a perspective view and an exploded
view of the bottom side of the miniature power inductor as depicted in Figure 3 a
in accordance with an exemplary embodiment. Figure 3¢ illustrates a perspective
view of the second winding configuration of the miniature power inductor as

depicted in Figure 3a and Figure 3b in accordance with an exemplary embodiment.



exenpl ary enbodi nent. [0083] According to this

enbodi nent, the mniature power inductor 400 conprises
wa@eoibeasgt4 one magneti c powder sheet 410, 420, BGOUS249051005

and a plurality of w ndingd99450, 451, 452 coupled to

the at | east one nagnetic powder sheet 410, 420, 430,

440 in a third winding configuration 455. As seen in

this enbodi nent, the mniature power inductor 400

conpr (&4 ] Fhe nriglaturagerett iodpbodEl) shheetin Fighrdsada-Jogis aimilar

| ower surface 412. and a er surface 414. a s d
KR r R Bab S inditoR 200 REGn 3T TGt Fh RS 1Bl fins
adtehirdi) UppParsesoid &amithdB 182 ahfid glurBBP&Ifi Bot@e8hding layer
sheet 430 haV|ng a |l ower surface 432 and an upper

poitas 8603301, 3hd. 0¥ Gortaic maynlecated pabie prtidetfag, 804 of a
%ga"s'tﬂ&% R0l PURGg %i"{nﬁ /S v%f Ahde 30 pER St il %?{%cepo%é‘e sheet
previously nen |one8, he exenplary nagﬁ% iC pomﬂer
Sheet®o eainthia dregiikirithickoss and Sikefetmarntenef e truihéduleypower

Chang Sung Incorporated in |Incheon, Korea and sold .

HHRETOT g Ao E e 2201 Breilire| Tasgnslie PREHSNPY I3 deytilized
e G R 8 DOF i LR ety
she@tss sinbilve touartsecondf maggmet poovdehesbte Iy alk ai thodemsgdtic

d to | d th
R AT eSeDr Py Peo e Sedst 2audepmert 6 e 56340
gf%elaﬁh@&aa Bphad FRhiniMNRPowrt iRRLGR 3DH ii§p&'€%ﬁ$ilqég§? tranned

epi cts a magnetic powder sheet, any flexible s
wayl bes agupldd tdthe substespa® kavafg theipraper tominmaisedl 6, 318 and the

ey o SRR TR AT 0087 TR A <P heifec bt Dlrsioce

shgaétiAddvdrk Skecty®londes 330f 84(Ginal 6 dbiiatd b thd suliktrate 302 in
second termnal 413, a third term nal 415, a fourth

Ry kigvar maneer, mckidingrbut apinfimeed wp1spldesing o4 caghafihe vias to the

25T G2 Mool 6 AR Epto il Gl TGl g AR MDA ek s
her Hinftad td k3 péfited ehupit ddatdoandiyrashérgsubbteiass tiat hikecapable of
RUEE AR Bkt i i b S cporsott ormed
M %h%%u%ﬁhﬁlg%%’éfnﬂﬂatﬁf LhindldBr LoV BN S AGS, if

412 of the first gnetic po r sheet 410. The fifth
net o, dl the} figxihildics lo€ tisd mitiatuer powel indudora(¥), es ulplsedtet gind

0Si .sides of the | r surface 412 of the first
AR RBES it sGRs 10 FUBRCSAP0%C Addi t1 onal 1y, the first
termnal 4 11
[0082] Referring to Figures 4a-4c, several views of a fourth illustrative

embodiment of a magnetic component or device 400 are shown. Figure 4a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a plurality of windings in a third winding configuration, at
least one magnetic powder sheet and a horizontally oriented core area in
accordance with an exemplary embodiment. Figure 4b illustrates a perspective
view and an exploded view of the bottom side of the miniature power inductor as
depicted in Figure 4a in accordance with an exemplary embodiment, Figure 4c

illustrates a perspective view of the third winding configuration of the miniature



the third termnal 415, and the fifth term nal 417 are

positi oned adj acent to oneanother and al ong one edge
wo@tomwheower surface 412 of the first magneti BCPUSZHEY/051005

sheet 410, while the seconddterm nal 413, the fourth

termnal 416, and the sixth term nal 418 are

positi oned adj acent to one another and al ong the

opposi ng edge of the |lower surface 412 of the first

nrageeiiductoowdelepeheskein Bigre Thesd Kigniei Halis adcordancd 1gith an

415 416 7 18 may be used to couple the mniature

6@%%919'&ﬂ%%%P1ﬁ00 to an electrical circuit, which may

be on a printed circuit board (not shown), for

exanp[En83] 2R8&Kinkh® fhiy shbsdgRet, itke pauwdefec pbeet idilibtor 400
al so includes a first botton1mnnd|£%@Ia er ortion

LGOPIiSes SE 3PS ARAHRIGPAHIH ghed PP 170 ¢ Qaﬁ14 g1nd aphyality of
%Jlﬂgsbﬁ?é%qﬁéwéggspgn%ﬂf hepé’[flkés?%né@galgﬁnece%. %ﬂeﬁéﬂeﬁtem,

posi t the sane Pon as 1
?20,M30al40 h amirﬂwmdi@ﬁqnflfgﬁﬁa,tloﬂmj 46[5856@11ldn dris tmdodiment,

|.ower .surface 412 of t first na eti ¢ powder sheet
IREOMIBERNIG PRWET 'aétl‘ftelfn“aﬁ? ARG SFSaY Stpla% <G gicr sheet 410
RRShE LADRE: Qﬁfa@@ﬂm bhe a1f1 uppdr suehod PR, 4 sdbn@Rtheh&& powder

second termnal 413 and in a non-contacting
sledcatt2@ hsting atlowen mrmoﬁaé rand Bheipper strfabo i éna ditrddinagpetic

ti 460 fi 4 11 dt
o8 G RET 1800y o' Db shtoel PR an Pt wifie “Bgand a
Fdurtt migieelt POwdShcAdAOthaOmalal I¥wet 1@FaS€3ONEh DAL P surface
wi ndi ng | ayer portion 461 is positioned between the

ﬂﬁ-’ﬂ r Ay @remlqvély mestiened, theeckesurlan magnetiaowsies sherds ican be
8&1 ¢ Ctslhg d)?alm%tfelcgli}rg(? bg l?a}ngn@lﬂ%gﬁltc?ﬁ)ératt%dﬂ ?n 4 Incheon,

om w n

KQ)NE] zﬁall so4dl dndadodute nfidbért T0ut &F Mdxéllc MdpneaerBhee, 4md have
forma portion of the second wi nding 451. Furthernore,

theesans ehprasserissins wh dascaged abeve. polthpugh Hep embodiment depicts
E@It]ﬁégtqer naﬁ&%getg htﬁ Flhﬁlg)grn%ﬁﬁlc nt aCSﬁIé%% %9 Hehﬁcreased or

re&iuadsd smSkitp ihacoweoraduatdase thelTb@e tdnea dvithowtt dﬁpamrrgdfrn@ the

aSfreof apinl 0 phereRlae HabRUERY muzop g 1B podiment

itd 2 r 3 i
H {:t@ \f%é’giigfllg pé%ae Jh@& Q%yoﬁngiﬁ?lsegﬁgét&@aa}lﬁﬂieﬂ@ﬁaﬁ é‘caé):hble of

h@mg l4@B1atoio Byithogs pemrtuwg fsonf dire sewppl and gspiriteof drendyeaiptary
4 11.. 41&, 415, 416, 417, 418 to one or nore w nding
Fg¢8¢§1 dditionally, each of the bottom w nding | ayer
portions 460, 461, 462 conprise two vias for coupling

t he beadsaMThe THstNGadRYiepop@et siRs 446 Qlso46dlud462 fit® té&minal
El?f pa? cs:écgo\lllg tter(i)rlﬂna\ll\llI 4? IdSI rallgthlurdyterrmnal 415, a fourth terminal 416, a fifth
terminal 417, and a sixth terminal 418. There are two terminals for each winding
450, 451, 452. The first terminal 411 and the second terminal 413 are coupled to
opposing sides of the lower surface 412 of the first magnetic powder sheet 410.
The third terminal 415 and the fourth terminal 416 arc coupled to opposing sides of
the lower surface 412 of the first magnetic powder sheet 410. The fifth terminal
417 and the sixth terminal 418 are coupled to opposing sides of the lower surface

412 of the first magnetic powder sheet 410. Additionally, the first terminal 411,
the third terminal 415, and the fifth terminal 417 are positioned adjacent to one



portions 470, 471, 472, 473, 474, 475, which is

described in detail below Aslisted and previously
worenvioretd, there is one additional top w ndi NnBCT/HF209/051005

portion than bottom w ndi ngll ayer portion per w nding.

[0087] The second magnetic powder sheet 420 and the

third magnetic powder sheet 430 conprise a plurality

of vias 480, 481, 482, 483, 484, 485, 490, 491, 492,

49@her49u, alagSorfeoedge adiphd logyet Werfacsrdti2rd]the first pagndtd; powder

415, 416 1 418 he. bot wi ndi,ng | ayer, . portj ons.
ot 4Bdvndis fie skidnd ledingd S S ap g Pofd B3
fefhirth] 318 42, poditibneddBadeat @hean6thBLEind a[l@r@%g&]e oppésing edge of
fourth na%getlc owder sheet 440 al so includes a first

thegowrneirtge f a3 et the dirstingagngtropovades sbent d19-ophese termmigpls 411,

I p [ thi i ndi '
{40094 190 A8k b i, LARIMD N YR RALL 0 o
o rlovtigi rRYchigyehichahiy b8 oh/d priacdd éirciitxbdurd gpomshashinigfor
| ayer portion 475 that are positioned in substantially
tRE%&ame direction as the bottom w nding | ayer

portions 460, 461, 462 of the first magnetic powder

sheet L(ﬂ)%@] ThE&RG_HAPh YWy sBYET4 180018 Hefuded @ fildd bottom
472, 473, 474, 475 are positioned in a non-contacting

maehding tryshpgrtivo 46062 sononchbottonT masdng yempartiomg61 ,aapdra third

ortions, 47 471, . 47 473, 474, 475 are al so.l.pcated
Bt M6 st pptsiod ‘G2 e bl hostibred ibalsRua o fagpme
aheaiondAGhe Mrhhieugh1 1 ha st aps Wiisdiung 418yA1d APl 18RS surface
470, 471, 472, 473, 474, 475 are positioned in

4ibef tatlirstimagnehe pevide siratddPi dhe disst badomarinding llappeportion
LAadi ng..portians 460,~461. .4 ther.e. i | | | e .
0 R BACL RV S e it SR Ao LG iy £0AAR i

prapetdnyactiaf nektiekhim t® mac amother . ThO GBI ] bdt@eh wahdihfdayer
top. Wi ndi ng | ayer portions 470, 471, 472, 473, 474,
nosiop By the dirstirmyipal il opndehg sesong termunalgid 3 weRdinggo form a
i 1, i) 4 .
paEh AL AN Ry, S0 adfiSondth ielbond iyt yBpding layer
#62ionattd ik @oaitivespbetvicwe theethindnatmidalldl5 did3thedfbbrth 4drinal
#1% 318, whi ch is.described in detail bel g{ S[OOQdO]D
PG AANTFEIRSYRE TP RS 04988 apgther. 475e gpgend bottom
HAfding K%ner a8 0L DM tRigl NGl iRy &f 15?%& ROSoftB0 terhfihl 416
462, and the termnals 4 11, 413, 415, 416, 417, 418
reipbine thoormec byrtimnyofothe tsheondewitslare dakcriiupddrnadyoythe third

Lch i.ncludes, but.is not limt 0 S ed .cqopper
Pl iRt AEn Pibispeis e neuisf beheays KRG RIS and
the sixth terminal 418 and in a non-contacting relationship to one another. The
third bottom winding layer portion 462, the fifth terminal 417, and the sixth

terminal 418 combine to form a portion of the third winding 452.

[0086] Each of the terminals 411, 413, 415, 416, 417, 418 comprise a via
480, 482, 484, 491, 493, 495, respectively for coupling the terminals 411, 413,
415, 416, 417, 418 to one or more winding layers. Additionally, each of the
bottom winding layer portions 460, 461, 462 comprise two vias for coupling the
bottom winding layer portions 460, 461, 462 to a respective top winding layer
portions 470, 471, 472, 473, 474, 475, which is described in detail below. As



[0091] Upon formng the first magneti c powder sheet
410 and the fourth magnetic powder sheet 440, the
w@ewontmeagnet i ¢ sheet 420 and the third magneP¢TUSINeE051005

430 are placed between the2tirst magneti c powder sheet
410 and the fourth magnetic powder sheet 440. The
magneti ¢ powder sheets 410, 420, 430, 440 are then
pressed together with high pressure, for exanple,
hytdd and ipeevprusysmeetjongd dtherenis wat edditioga ttore winding dayer porion
ﬁ%%h%&yre %ﬁmer indu&tor 4001rﬁ¢ter the sheets 410,

oot WipdPEaxes PREIOR nst ARt oget her . the vi as
480, 481, 482, 483, 484, 485, 490, 491, 492, 493, 494,

495 af@s7pmiedcecordd amgastitapewddrosicbe 4desmdi Ptiiid magnetic
provided for Figures la-l1c. Additionally, a coatin

BRUSS TR SR Bliahel Vit 488 481, 1R ISt 4v| Ryefo0.
t 4 t ; h i

UPLLR, UBR Lo ol Rectfftnind BinhTA 1, FRODAS §1QMISH1s,

dap bbwineeindinge layen @ongnanib0t Hé1cdo6?, amhitlech taps winding layer

e N e A

t he audi bl e noise fromthe vibration of the w nding.

[ 0092100@8?3 T LAY Sndl@Biic Potdert BRect AWM Asd MhdlEkiad D eirdl Stop

configuration 455 having a horizontally oriented core
asrding ey ef ipogtonudt HHiangeeasd tet anndingifaych @oftions471, a third top

termnagl 4 11. t r.oceeds to the first top,w nd
PO Bire mohcrt 87 GRS Bt MAshE v, Pprdsbalt ' 57 cop
tWhedihg Nster BREtHMM, Ndidng shaly e6p Rahdin@NafhGpdriieOUgh tHataare
490, then proceeds to the second top wi nding | ayer )
poyitionsd ia pubstatislly khasamesdnectipn anthghottamaggindingt pger portions

0 t ' I ' i t S
368 0T, B2 Brdfy iindah B B Yot LTS F Refndige taver
Abitiont a4 105 4itl, t4R, t 43, ddTder 41 nake 4bSitiohb® nnpa on@eckmtdcding
the. thjrd top winding | ayer portion 472 through_via
&%@t}?ﬂﬁh@ﬁo (9F'5 GBS t”ghetSﬁ SWEBHRE et AR tiOng 7 |-d/ér 473,
f@%,télﬁnaré Qo X, Qéﬂlg(l;l} fafll'ee Ipﬁ@@surfa@@ R4PLPAREDE th %a?gﬁ@thcs%owder

ourth top MAnéing y portion 473 through vica
sleen 440.0 Adthdsglt thetthie winding teyee poitioas 440,617 hA a3y ad, 475

493 nich then co etes the second w ndi 451. The,.

it et oS Elly st ARSERR: v ey befoa gy Winding
beRNPUBE AFS 469, thBR if iaf dnfhit S dHHE BehddeRIth&iP Wik &Mbns so
74 through via 484, then proceeds to the third bottom

Wian thepgnayaiearropaht ¢opnedebtoranegugihenvi a 494, then
proceeds to the sixth topwi nding |ayer portion 475

t hrou [ E e ﬂ - I x4 r pd;n
ate RS OPSr b8 HBRPRRS pRbBROB I B T8, 475
whmptisgtwbbdas for coupling the top winding layer portions 470, 471, 472, 473,
474, 475 to a respective bottom winding layer portions 460, 461, 462, and to a
respective terminal 411, 413, 415, 416, 417, 418, which is described in detail

below.

[0090] The top winding layer portions 470, 471, 472, 473, 474, 475, the
bottom winding layer portions 460, 461, 462, and the terminals 411, 413, 415, 416,
417, 418 may be formed by any of the methods described above, which includes,



[0093] Although three windings are depicted in this

enbodi nent, greater or fewer w ndings may be forned
woralboud4departing fromthe scope and spirit oPCT/H82009/051005

exenpl ary enbodi nent. Addi 28onally, the three w ndi ngs

may be nounted onto a substrate (not shown) or printed

circuit board in a parallel arrangenent or in a series

arrangenent dependi ng upon the application and

baetjginot et d ta, laestanspod qoppetddil, ahétshdd i trdceyorad profegmed

thfgs m ni at ure power inductor 400 to be utilized as an

uctor or as a transforner. [0094] In this

enbodi ment, the nagnetic field may be created in a

di recfoomn] Upah foemipgrthe fiekt ahidgmiotié @oWﬁér sﬁeee«tto eid efe fourth

grain_orientation and thereby achieve

Mighettcarrvedes shech é%ﬁ@% sggopd ma@p%rlcnwewoc%@éh@&m%magnetw
didef ﬁ?d) R gl'a@éd bt P @' | g5k %'wfaﬁfi Eﬁe%'ﬂ P 84 M fourth
and t her e Hﬁ I'n

orientatio uct ance
depectii povdepsheantdioh Tdhlerramgnlenm pbhéermah@etewlo 420080, 440 are
sheet is extruded. [[Q095] The g ni at ure ovver i nduct or

#50 Pesgdgresy wih sla%}arp $H&p Yhigypressure, and
ALANBLE kdRlhed Qﬁﬁ% thd Hl%l!ﬁqi‘ v&é‘t‘tmd’if%’éor |40(‘71 %@t@r R sheets 410,

rectangular, circular, or ptical shapes, may be
B2 ﬂh@)ibavajbfpmmrﬁssgd tqgcthet,rthe seop@0andil, i8Ry #83,dH84, 485,

AR AR % G o R ncRifeney g gt myided

earerip@ts oA W AAURGNAIRY, @rcoR@id bOdpok YA IREWM) MEY BYapiled as
nunber of top and bottom w ndi ng]C | ayer portions na

ppdpedaer Wegetediba glpnprowrﬁml%éaft ithey fw&umén@m powdgp sheet
496] gA%éor%iﬁlgtto tthl Fr%boc% te tlgcnéhilswgp%a&l{eg a8 thg xzefndl?]g and the

portion om w n on for

\a)ﬂagﬂlvﬂgch Vik ttppluau;d epaid lum ok @itichble isdieres, aiRdréfiviclt  The
of t he exenfgl ary enbodi nent. [0096] Referring to
Eliginagien 24 Bi5, paysical grp yerdhstoominmizer the 3udiklgmoise fem the

@E}?thgnr@qﬁeg{nd?gmgnetl c conmponent or device 500 are

igure | lustrates a perspective view and an
expl oded view of the top side of a mniature power
i nduc{@92hane mgndingy €500 Ahedt SEdpim arblirdtvin deggs tondigeration 455

netlc r sheet in ordance w th exe

B%I |arﬁé)ﬁ ﬁgﬁﬁ Srlgntgé CPTq ig%g §w1nalng%0 starpp at%ﬁg first
REMSRE QY | VIBES BRRBAISaHthy/ E%Wtd}f wirldighgMaRérdddHien APVBIrough via
i nductor as depicted in Figure 5a in accordance with

4R0.cthemproardsdatieaifirse hottor 009dne Aeiso paitieg 468 thisiugh via 490,
ﬁ{%?ll pé“%%eteagkoe%hr?asgene O%u&ﬁﬂﬁllgvp S %5%0 gg‘sglw@jealen
prsteéds foeBistse@nd terminal 413 through via 491, which then completes the
first winding 450. The second winding 451 starts at the third terminal 415, then
proceeds to the third top winding layer portion 472 through via 482, then proceeds
to the second bottom winding layer portion 461 through via 492, then proceeds to
the fourth top winding layer portion 473 through via 483, then proceeds to the
fourth terminal 416 through via 493, which then completes the second winding
451. The third winding 452 starts at the fifth terminal 417, then proceeds to the
fifth top winding layer portion 474 through via 484, then proceeds to the third
bottom winding layer portion 462 through via 494, then proceeds to the sixth top



preformed coil 550 coupled to the at | east one
magneti ¢ powder sheet 510, 520, 530, 540. As seen in

W@ bis/oewipodi ment, the m ni ature power i nduct orPGD0S2009/051005
conprises a first nmagnetic?2powder sheet 510 having a
| oner surface 512 and an upper surface 514, a second
magneti ¢ powder sheet 520 having a | ower surface 522

and an upper surface 524, a third magnetic powder
sm@cbng E@or pertipmd7 2 throwgr vig 4B ciben pRealsdo dre wrpghderminal 418

d.a f heet 540
5 3 SO e SRl T BB 2ur f ace 2aa.
As preV|oust nmenti oned, the exenplary magnetic powder

sheet $0093N AdrotEtghedd windiel are dupeddsin TR bt inicae gbé‘ater or
Chang Sung Incorporated in Incheon, Korea and so
feverarvipdinan sy herpEre D pitheytrdeppiging o Megisaps andsﬁé@t of the

;
SRR RLENE AIARNE A5ihee aRatethtl Bl
&MEBH&JhthNﬂMmm@Wp@@emagneﬁﬂbaﬁmﬁei$anMylm@muﬁnmﬂaeedla
or .reduced so a g i ncrease or decreasg t he core

r

MR oUT gEP SR, frgnteaTe e ApRYicAHen e fefluisemenid That arc
BX&RR! athys ﬁmﬂ{f@ﬂﬁvs tﬁlssfﬁmlﬁllnre heughidddt®r 80® afbaBMized as

depi cts a magnetii c powder sheet, any flexible sheet
aaynduetonseas 4 tratsformecapabl e of belng | am nat ed,
wi t hout departing fromthe scope and spirit of the

emboat o TR wFEime o LE s HE R E bt jn o direction

adii$ iperpahdipilef @ MRAdieRtibs oTBfaiRoritmedio dnld t‘hbl%by achieve a
addi tion of nore magnetic powder sheets by altering
drveer drduetnee of thermaagnetiafipldtmanke geatehat a diiectiopthatihpgyallel

%1 &hd Eiﬁ‘é&{dﬁe 9{ %géd{n 0&%%1}/ Bﬁ ﬂl‘&siheke pegchlélfep@rhzi‘%ﬂc??l 1n81§ct%nce

I'n series, from
dépemhmge»peﬁmlmlydimﬁod tlfmnztgnef@@%ﬂier'ﬁheetﬁs &atudodgnet i c
powder sheet 510 al so includes a first termnal 516

ong: 106 Re aTiar P TuEPT S0bFackPaied S sawwe shape
Howdl clTBgR&t Fé‘orﬁ&ﬂ@eﬁrslﬁ @setln@lﬂl@m% Agsohst NEitk® tbhi@tangular,
embodi nent, the ternina 8 extend the entire

ceadah oofelltmleall ghapes, lmhynbﬁt uwddmthwttd@pmyhg tfhing the scope and

ST o T 0

ot \Qﬁﬂn%ﬂhyer@loﬁﬁﬁls anPehé b fwuﬁcﬁﬁ@ RESpHdIbon for each winding,
Ionglt nal sides w thout departing fromthe scope

thecnusigicr pf topfand hettemeripfliag Jayshbeodione ARy Ateast dprandipg upon

r, 1 bg used
BARGbF cChBRRnR: S0 JBAF Lol Gt Rl pRPE R i faver
pbitioh thay bogomnwinding layer portion for each winding, without departing

from the scope and spirit of the exemplary embodiment.

[0096] Referring to Figures 5a-5b, several views of a fifth illustrative
embodiment of a magnetic component or device 500 are shown. Figure 5a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a preformed coil and at least one magnetic powder sheet in

accordance with an exemplary embodiment. Figure 5b illustrates a perspective



printed circuit board (not shown), for exanple. [0099]
The second nagneti c powder sheet 520 al so includes a

WO Ri1ngi4ed m nal 526 and a fourth term nal 528 POUPE®A9/051005
to opposing | ongitudinal si2des of the | ower surface
522 of the second nmagnetic powder sheet 520. According
to this enbodi nent, the termnals 526, 528 extend the
entire length of the longitudinal side, simlar to the
trenspareal yiS1 ®f the Snipfatyrkepdwarsindneignes idepisteddiar Figheeta in
510. Alth9§%h this enboﬁkgent depicts the termnals
AR & BB S PR EHP P B S B 0si ng | ongi t udi na
sides, the termnals nay extend only along a portion
of t heoPPpostmdidgongihivicinbedimehgebe WMihinaué pdepaidduder 500
fromthe scope and spirit of the_ exenplary enbodi nent.
Aeraptiscs phlgayt oncaagnetie privdar shesbplo, é%, %’@ 5t apd gglepys one

t ' i nal ingl
SRS RE 530 PG ) A8 1o, Bk e REANR SRR 1 120
£580,m54@| s AS1&en 5ih8thi6 2MbodRBempyhd enifiature chdwer ainduabr 500
t he nethogs descri bed aboye, i ch.includes, but i
RO BEF M5 8NElI PR S EIp e 1FE1S @ dW et WS sbpged an
hg%é?esurfﬁgel 914, FaCBn@mdohetid bowlerBIBEIIE &rowBe Slrface
5 and the second magneti c powder sheet 520 further
PAZ landien aippérinuaface §24fa thirdsngBetic p8wdersdRet BOHhaveRdy lower
59 591, 592, 593, 594 endi ng fromthe uppe
SUieace 2o B VBHRE BBt & helbed TeriiotRatt s R e st 540
hibng QWBHves MirfR6 S421Ad @h dpper §urfast SARINGY hrevidQy @hentioned,
sheet 510, As shown in this enbodi nent, these
gheurexkimplarg f mapegiics gowdsg1shesig2 calsghe  mggnetsopowslon | sheets

92 94 .ar osi tione . erm-mnal s 6
guradiea BRAORRE SETL HGRRRRT j MRekEh RS od Saigpter

pfRluti mMenber 26u-pEFIElibRda@lc0 §hedigandfhat b eheadge shabcttR&ics
first nagnetic powder sheet 510 and the second )
AR gReribe Altheagh ghip, erabrflimpely depaste foyn, magnegis powder

r
BRRkd itﬁy%ﬁn%bg ?@Srﬁiggkeﬁg%gééatggn hgg iRbreidig dy fodhced so as to

magnéti c po e second magnetic
panehee os ke@tasb2be céiet dncrugtithbutvdepuiting feore tsdesupe andrsgirit of

ach of the o0si ng |.ongitudinal. edges, there may be .
%e%eaplw rgitash o cHoaRe gﬂ%\ﬁ’{”gﬂé‘nFPb ﬁ?ﬁlﬁé aSRpgetic
BOAISRIELL off eliBICHREPHA] ETROMIPA copAH dr 1RAR labhinated.

al though vias are used to couple first ‘and secon '
vathpithakpargis, fr@n 8the osaohe randanpirit cufr the teammplaal smbodment.

8 | i ) [ i, b d wit.h .
3 R ity Tise 2tBoiBtahateonfs MG o e pragprmeg coil

eddIa6hdrBRdformed coils may be used with the addition of more magnetic powder

sheets by altering one or more of the terminations so that the more than one
preformed coils may be positioned in parallel or in series, without departing from

the scope and spirit of the exemplary embodiment.

[0098] The first magnetic powder sheet 510 also includes a first terminal
516 and a second terminal 518 coupled to opposing longitudinal sides of the lower
surface 512 of the first magnetic powder sheet 510. According to this
embodiment, the terminals 516, 518 extend the entire length of the longitudinal
side. Although this embodiment depicts the terminals extending along the entire

opposing longitudinal sides, the terminals may extend only along a portion of the



One such alternative coupling includes, but is not
limted to, netal plating along at |east a portion of

w0 baooppesi ng si de faces 517, 519, 527, 529 of PGDUR2009/051005
first magnetic powder shee26510 and second nagnetic
powder sheet 520 and extending fromthe first and
second termnals 516, 518 to the third and fourth
term nals 526, 528. Also, in sone enbodinments, the
abpastnpatingdudioapsidesgwithguti deplatide fremathepicapé mgd tshatit of the

extends th ntir osi ng, side faces b517,..,519, ,527,
S5l srbatiien SRR thEvolspalifgs B o Sy TRL R5id to
2dhle B minRdSre pOGEPIALASr §GD SR &M cif@IL, Svhich may be on a
alternative coupling, such as the netal plating of the

opplsdichguis bepsd {ret skowmpforissagléd in addition to or in
lieu of the vias; or alternatively, the vias may be

used rahqRfeht i QAP 4 n'e{f?l a%e?fspk%les%ta%”??ﬁdw&s a third
coupl irng, “~such as met &l pldting o he opposi ng si de
tanésl 5P0ROR)a fopah tératimil i@ Stdoepled s toppesinpetongitipdmdetides of

sheet 510_an he second magneti c powder sheet 520, .
{hreorer @{rfaﬁagaépf @eﬁsmgrm%a%@%‘f by BTaE R s e to this
RGPt RAVESHiSHE 86 2B AlienPIHRSSRIFe 19981 BE theWohbitudinal

hi gh pressure, for exanple, hydraulic pressure, an
bidni siatied to dlye tdnernalo 51 @r rh8aofpdet fish nuiznetie povdérathgete510.

Rl Ao, A, S ol i
?ﬁ%sh@gl%ng@&%ﬂal 385, th94crafifall HafREtentd HndE El@ﬁgﬁ%@tidrpof the

description provided for Figures la-Ic. pl ace

eppgsoreongtudinalysides, withewtr depertiignieinoths seape lsad pad of the

et n the t sh . 20 W t.-hqut.~de i.ng. fro
BRe R b Rne AR Terel, A0S o SafoR b el o
theplé iths tfirsraghtinkC 5pewaerths heesndStkbmant stk eostBe andeast one
magneti ¢ powder sheet 520 are pressed together, a
praeiade@iwiPAdi ng or coil 550 having a first |ead 552
and a second | ead 554 may be positioned on the upper

surfa f n t4 r ,
cber SFAYEP U HIES 20808 SPANE LS BRSSP 349 o i

tdeithod's tdesambrd lab&R6% wdvicht melufdesy roh ist ot hinmigdd 528 stangbed lwepper
$ﬁgoqg Igad is coupled to the other term nal 526, 528.

Ol el ORRET WISt ng 550 may be coupled to the
term nals 526, 528 via wel ding other known coupling

met hog@sLo1TIRach Nifr themagsehhgncBOVSIBdes hartt 330 @aiid tHhecond
fourth magneti c powder sheet 540 may then be pressed

mygeetiteroveds heaiseh fumkgsrinclpdas plurpits of epspdd Poh 358, 583,
I e e
engactioswder tsheet 520 to the lower surface 512 of the first magnetic powder
sheet 510, As shown in this embodiment, these plurality of vias 580, 581, 582, 583,
584, 590, 591, 592, 593, 594 are positioned on the terminals 516, 518, 526, 528 in
a substantially linear pattern. There are five vias positioned along one of the edges
of the first magnetic powder sheet 510 and the second magnetic powder sheet 520,
and there are five vias positioned along the opposing edge of the first magnetic
powder sheet 510 and the second magnetic powder sheet 520. Although five vias

are shown along each of the opposing longitudinal edges, there may be greater or

fewer vias without departing from the scope and spirit of the exemplary



physi cal gap between the w nding and the core, which
is typically found in conventional inductors, is

w0 20mo0ed44 The el i m nation of this physical gapP@BEO09/051005
m nimze the audi bl e noise2fromthe vibration of the
wi ndi ng. [0103] Al though there are no nmagnetic sheets
shown between the first and second nagnetic powder
sheets, magnetic sheets may positioned between the
finbgdinznt] s@@bﬁ@ladﬂug ﬁbhcbttghpv)i\ml@re sbasktes ceuple dirgt ad second

AT of (F i RRGS! egﬁ%%ﬁ?iha%@ﬁ%%%%@%hng may

b asddswithd Ql@f)arﬁﬁ@ﬁbhi the séd rwnﬂfsplrﬁ GPER X ﬁa@y Ehbo@inent.
t he exenpl ary enbodi nent. Additionally, aIt ough two

Rgraeh eltaseaiive couplen 1acludes, Showmot bmied fosatal pieimg along at
f )
gegg %%hgoBf% Ui ggégn%&da £ac86 884 8100527 QB! f%gﬁeﬁ%ﬁqﬁ@%ﬁetlc

|ncr eécreas€e thecore area Wi

gepaert dhagt 500Nt seeorsMPpEnaio hosplier slteeoﬁz(l la&i ememih@fmm the
nbodlnent 0104 In this enbodi
CENET] nSég;orbie edl¢-r18 9 vlééhsréﬁnﬁlrfatmh éermmals 536, 528.

I
m%poqﬂ dbmid! @hbddAntie tﬂii FRElafle Qbufin 'Iﬁ%f ﬁﬁc@meaﬁlb%g plating

ereby achi eve a [ ower I nductan
thaeledtemdy thze extire atppdsing saledfacec517HnS 19h ét27 ; 8§29 andilallwl wraps

to the direction of ain_ari |on her
BN AV L ORsHE: Si06a TR hrld: S e Ahon GrCRE to some
dinbeGihian, bREnIRI®ublnPANEILEs BREREtaI aﬁ‘?@ Bf"ﬂﬁ%%ptposmg side

[0105] Thé miniature power inductor 500 is depic
&cesonangeluaed slhmnietlonl—m\@mrheuo@m@c vireo e ehtéroalively, the vias

shapes, including but not |i t o .squar cirgul ar
SRIERS st B R Qe Al leelhRE B s b e
Ia®i bhﬁlesc@gpﬁn@membglt of the exenplary enbodi nent.
0106] Referring to Figures 6a-6c¢c, several views of a

sixth illustrative enbodi nent of a magneti c__conpone

or delR1d] &pon dpenian i firtigpetiGROV G PSestatlfsang the Second
gxfargﬁ@[?cc 6&/@& s'h@é‘f’ ﬁ@d tHRNE ﬁﬁlag#ﬁ{% V}?{dv%’gr %fl ett%qo_ta‘ﬁe tﬁ# ggcond

lature power In ucto ng a p urality o
wagdétinggowder ah&o B20 aravpredsadgo gﬁhlén witlt &tghopressate, f@astample,

n netic po r sheet lurality of ..
ﬁzsa?ﬁ%%@aqw%ﬁﬁg g pedhaad Mrhacsuncs e mminire
BE&EP LYo L BHOdIATRA tshedté G0, eSZ@bhd\JelﬂéEﬁ fp%s@@d ﬁ)gether the vias

per spectivevi ew and an explo view of th
éBQteSSdf 58hé8d Matan.eSPowe?, 59ﬁdﬁ|%‘t ae falsnfdiem @ttoediarnne to the

rgtpBondT LT FRATS i Spoln RUESPEIERTE RE Mot e
Yériiiatigns At b wiadk befveeh thdevoBhBéa s 110,6520 without departing from
the scope and spirit of the exemplary embodiment. Once the first magnetic powder
sheet 510 and the second magnetic powder sheet 520 are pressed together, a
preformed winding or coil 550 having a first lead 552 and a second lead 554 may
be positioned on the upper surface 524 of the second magnetic powder sheet 520,
where the first lead 552 is coupled to either the third terminal 526 or the fourth
terminal 528 and the second lead is coupled to the other terminal 526, 528. The
preformed winding 550 may be coupled to the terminals 526, 528 via welding
other known coupling methods. The third magnetic powder sheet 530 and the
fourth magnetic powder sheet 540 may then be pressed together along with the



power inductor as depicted in Figure 6a and Figure 6b

i n accordance with an exenplary enbodi nent. [0107]
woeoonti4mg to this enbodi nent, the m niature pRHEDS2009/051005

i nductor 600 conprises at R&ast one magnetic powder

sheet 610, 620, 630, 640 and a plurality of w ndings

650, 651, 652 coupled to the at |east one magnetic

powder sheet 610, 620, 630, 640 in a fourth w nding

omviduglyr atcssad 8&%ion Asl gwe minipturdiipowenbodionend0 ttheform the

m ni re.power inductor, 6 conpri ses i.r st

ﬁ%@ﬂ% S BRE phREai QT ingr AR RERP Uil Plnbadigpst, the
gagpsétweeﬁ fikc avifdiftg dSBROBSe TRANSL isCty@MWfound in

sheet 620 having a | ower surface 622 and an upper

soiieatienad puductpry, 1 rfanqmgn diiccelipangion oftbistphggoalteapitergls to

b L DR LA BRS IR2 AN AN HRRS b U i86032, and

I'C po avi ng g 1 ower
surface 642 and an upper surface 644. As previously
ment i phidd)] Alltheughx thepd @t ynomaggretic shqasshemwnsiveeta tharfirkend
na tic omder sheets manuf.act ured by Chang  Sun
L ﬁ&ga?féfdpw JFIEPRoTA8RS S oK PesTtioitsard %W%‘&J&? first

BRIRREo 0 WaehEtidpxidbt §hARING! 1dngShE fhere 2R¢haRY 8n t NEctrical

same characteristics as descrlbeg above. Although this
em}@dtlma hetwetepitlet rrhioals afdbn érit eng owmbad rsémetis powter sheets

it R L T

%@ﬁﬁfotnhlﬂﬂ f1eupH o SEaRetiapdwart EhdetsOdre tsABWEXE R pés¥tioned
enbodi nent, Al so, although this enbodi nent depicts a

abyisethccprotonared coeetcatasrny fowict sheass Mayxbduseds Fedacrensy or
th a n Wi L ho

AEcrtRE e AL abes ARG AnaRie thd PORL B Girid iU eonplary

enbodinteant . [ 0108] The first magnetic powder sheet 610

al so i ncludes a first terninal 6 11, a second term na

613, thlrd ter a fourth term na

fift h QO il s nil?o esm%&nﬁtlﬁ pldimy b ee%sateﬂ}rwe% girection

ﬂ{a@ i W@rg%ﬁ(ilfﬂlgla{os thfeoélregﬂ;éﬁ] o g?ﬁhr@ieﬁél@ion 64%31 th@t%gy aIllﬁgve a

first rm nal he second term nal 613 ar
touplietictaco ppdwm@nsm@l Bsldahayt brecrtgebm s drécioe tit Zs pdrallel

first. na et'c r shee he thir )
i R Ctste SR (B on Ao st onal G oat s dndygtance
HepRBRRSIPDE viHidledirRlioh IR haRlic powIaGRc4 1L dfudble
first magnetic powder sheet 610. The fifth term nal 617

and the sixth termnal 618 are coupled to opposing
si des [Gf05{ Hae | BinttusupdueeingrotopfS0Phis deniged maghaeqtengular

?@%eng\gg\e&, g‘&lgr géat‘ggéth&aqrﬁ%éé, n{clﬂﬁiugé bt n&tellirmt&?lt gquare,

circular, or elliptical shapes, may be used without departing from the scope and

spirit of the exemplary embodiment.

[0106] Referring to Figures 6a-6¢, several views of a sixth illustrative
embodiment of a magnetic component or device 600 are shown. Figure 6a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a plurality of windings in a fourth winding configuration, at
least one magnetic powder sheet, and a plurality of horizontally oriented core areas

in accordance with an exemplary embodiment. Figure 6b illustrates a perspective



the third termnal 615, and the fifth term nal 617 are
posi ti oned adj acent to one another and al ong one edge
wo@towhesower surface 612 of the first nmagneti BCPUSZIEY/051005
sheet 610, while the secon@termnal 613, the fourth
termnal 616, and the sixth term nal 618 are
positioned adjacent to one, another and along the
opposi ng edge of the lower surface 612 of the first
Negnatd p’qﬂ\n@d et t10ottoTheide of ghaninmadtgregpaiier iBdiBfor as
6,..617 to coupl e ure
ot TR TS 5o B el oV B opi S PRy S dinfiallc i oc
hmsﬁ@teﬁa@fet?bﬁﬂfe(ﬂlé\ﬁ Wif fth R vélﬁ@hg%hﬁﬂ@aramﬁrpbf the miniature
exanpl e The first magnetic powder sheet 610
apwer mﬁi@pﬁ@aeﬂé piciadsin Bigur At windoifiagrel ely ét aperdansa with an
ttomw nding | ayer portion 661, a
gg&n%}% o%%mgﬁdl ng | ayer portion 662, a fourth
bottom wi ndi ng | ayer portion 663, a fifth bottom
wi ndi (l(gl()lwyﬁr:oqdbrgt toothi6 6dbodindna thd xtihiatwot powrermidctog 600

| aye i on 665 that ar alpiio din .

soibErset anwneﬁ%ag@a%pw%ééh% BT8020n65¢ gpflind pptugaticy of

Hmdlﬁ 65(53]@’1 836 co@tdd tOUR ANda@Rint HRadn@UeHhowHES 8.8t 610,
the first magneti c powder sheet 610. The first

b@ﬂ),t@m odhohi anfpurthyendipg mbnﬁguram @ﬁﬁd Aheccsan ting cimbodioment,

i ndi. n ortl on 1 are i,oned hetween t
e it B uk80 0 kB BaRoh it R eRr RS hASE 610
Aaving aq@w&amrfdae 6'12|aﬁﬂ |aﬁﬂ%§iblps&ﬁc@ B4 2N MBI makhi&ic powder
first term nal the first bottomvvlndlngla er

plaﬁet 08t hagog at 1hé/efs @@fﬁ@a 683 tang mnvipnel sigfacaped. 9pthﬂtd| @pgnetic
g ?ras deett F?(%/ %gllﬁngrfogv;enlsgr arllcegé’% NF Fﬁ u?)pér g r%%e _Pﬁ4aand a

foursht mh@feﬁb pawdér shiet B40ehalingtlowert i@ﬁb%mﬂ aﬁtUaﬂ @RF surface
portion 660, the second bottom w nding | ayer portion
664, AnarerusieBsRdonedy henarerelaycaicHe nayvdepsheess can be

H%%{léc} @l ddr el T inuM ALY %g??l?aélﬁ’a%g{g Ing%l ha)fedf e eon,

ttom w ndi ng | ayer and 't ourt
Bot ¢acandvdohd] undpr [ paydrct pumnberolﬂlﬁﬁB Fdaaxﬁolp ddagneon 8hlect, and have

tween the third term 5a fourt erm nal.
%%S%Ch%a%erwbﬁs EDAESERES @g? ?\%ﬂ%@ Bn%u srpgiment depicts
Mtrﬁﬁg’nenéf BEwlLH dhdetd %%ﬂﬁﬂbeﬁ&ﬁmaﬁﬂk%etshbétg nﬁ?tﬂeqmreased or

wi ndi ng | ayer portion 662, the fourth bottonm w nding
radpeed pomrs itonn@ese @ndbcrdase tlouearh arex withalt épertagefrom the

ti gned bstantially. | t d
Sk i o Be sk eRhRRL FhondimacloRlspp Biafep aRf Gyt giment
\depsietis ROmb @i RN del QRec® by duitblb Akl BRdct @mg\%d‘déeﬁghat is

| ayer portion 663, and the fourth terninal nbi ne
gepably of Acipgrleminateds vitheus depsdngyiingl Hy ®o8e and spirit of the

exemplary embodiment.

[0108] The first magnetic powder sheet 610 also includes a first terminal
611, a second terminal 613, a third terminal 615, a fourth terminal 616, a fifth
terminal 617, and a sixth terminal 618. There are two terminals for each winding
650, 651, 652. The first terminal 611 and the second terminal 613 are coupled to
opposing sides of the lower surface 612 of the first magnetic powder sheet 610.
The third terminal 615 and the fourth terminal 616 are coupled to opposing sides of
the lower surface 612 of the first magnetic powder sheet 610. The fifth terminal



Furthernore, the fifth bottom w nding | ayer portion

664 and the sixth bottom w nding | ayer portion 665 are
w@oEligmed between the fifth term nal 617 andP@TES2009/051005

sixth termnal 618 and in & non-contacting

relationship to one another. The fifth termnal 617,

the fifth bottomw nding |ayer portion 664, the sixth

bottom wi ndi ng | ayer portion 665, and the sixth

067 pnch e G418 tenmeng ddi8taro n@qal¢d1toaommsisg ares aff kthe loivae surface

P73 oh oA A Py Syiot 5P el e Tap Cfninkl 61,

Bt thedd taknidlhIngll 9, ane rthd Gifthi 1eFiBso6 1 ARG ﬂd@ﬁloﬁlbd(tabjacent to one
terminal 618 combine to forma portion of the third

whetherandgaong orpiedpglof theclowst suriecetdlmifiihg §rsg magnetgmowder
6 [ 6
T e e T
1tmil 3,18 Gibpositidned @lljacei k8 oho, idehed andralodgwhddpmging edge
bg¥ers Addi_tianal |y, Fach of the bottom wi ndi ng | ayer

i lgpysr @gfﬁce 664 of glispfirsggugngwapovalss shesibl - d hesggerminals

[ o] { r
é 8618 6153%‘1 62}% gl@%ﬁ%%@%ﬁ%%gﬁl{lgéﬂﬂ%n Elltﬁlg Ifdw%ﬁnductor

P00 to em eﬁ%ﬁ)l,cchﬁilqul‘@ %hjich6m3y b6 04,a pifiBed 6iréuit BAkEd (ﬁo?c&hown)
ich is described in detail below As listed and

g&é?@@ﬁ by mentioned, there is one additional top

wi nding | ayer portion than bottom w nding |ayer

por ti eoi0pg Thyi sk Mdgnofict fRKEER shft® o10agsAIR LIRS WitsP bBom

rectangul ar, other geonetric shapes, including but not

wipding dayco p@ﬁt@uﬁ@ﬂ asﬁ%ep@é bottarp windingeltyed persign 661, a third

%ﬁﬁ twmg]tng | %cf p%%]l @f nggogn?}pbortt'&n %nc{n?gv\&)éle nB]ﬁlO{ly663 a

620 wndnd Wendiny fagleBartion ic64 mwd@slx&h&&tonﬁ 30ndiegyies Pordion
plurality of vias 680, 681, 682, 683, 684, 685, 686
667 thag g5 albpwyitiongd in gstangally thegemeslinectiqyss, the ggmimdy 611,

%% 631@“6’ %97%11% &n% @'léwéi shilfac &G o %g grs‘? (]glgdfngé%}%o’wder

Ot tomw n ['ayer portions
Slcst 6664 The6 brst éndomhmttdmg Vaiyd pougiioh ayodr amb thei SmsncBBGt;torn
671, 672, 673, 674, 675,.676, 677, 678 _to one
pordineteyergoftion ¢H Hagestioach brdern dhe8tst 60 fag 1 the

KOohyd&shifal f618 Shd iR ndhEhRGtH AYSLtoRMKi 1td Bn@ Zﬁ)othé} The first
second top wi nding |ayer portion 671, a th op

Wmmaﬁ]gﬁlllaybfr fpsir bottom 67iRding fagerr phrtioop66d, rthﬁ rﬁgccbmdy bottom
p,. W ndi | ayer, rtion 674
STAdinE s oo o gl Bl B RP s E30 bt Fosioted®n «
kmwnﬁdnﬁ qmleéwg&tte@@ hilGR B76orden ef@NE kmiMiNelINGhe first
| ayer portion and a ninth top
boftom winding layer portlon 660, the second bottom winding layer portion 661,
and the second terminal 613 combine to form a portion of the first winding 650.
Additionally, the third bottom winding layer portion 662 and the fourth bottom
winding layer portion 663 are positioned between the third terminal 615 and the
fourth terminal 616 and in a non-contacting relationship to one another. The third
terminal 615, the third bottom winding layer portion 662, the fourth bottom
winding layer portion 663, and the fourth terminal 616 are positioned in a

substantially linear pattern and in that order. The third terminal 615, the third
bottom winding layer portion 662, the fourth bottom winding layer portion 663,



wi ndi ng | ayer portion 678 that are positioned in

substantially the sane direction as the bottom w ndi ng
WO 201e014d¢ t i ons 660, 661, 662, 663, 664, 665 OPCT/HE2009/051005

first magnetic powder sheeB1610. These top w ndi ng

| ayer portions 670, 671, 672, 673, 674, 675, 676, 677,

678 are positioned in a non-contacting relationship to

one anot her. These top wi nding | ayer portions 670,

87d thedparth &7@inab $4$ coMbinc6F Gorn67 port®Rdfahescabrdwinding 615.

ocated on,t u r surface 644 of. the fourth .
FagRufie Jhd i BREm "Wy phieh Sy Q4R g ayom
Mﬁdih% MayRr Portionec63e£ie HdsitioRedvbardlicBy theafifh tE@Hihdl8Y 760l the
and the third top winding |ayer portion 672 are
pB8l torpHel 6bY end yn agonteengatyee fobitivnshipde wae anether. f Thesfifth

[ t irst: t nding,.d i -
kBB AL e B B proPlinadhisg PRl S e TR £BGSh fuine
ldyer paciondos emdithadixthSmahaltd18 afd¢ pesitioned ek isebspotEiy linear
sheet 610 and in an _overl appi.ng rel ati onship. oL
RAERTR 28R AN that orges. £ Bhgr ﬁﬁh tt%“anw%r?dﬁ ngel fg@;lébo tyigging layer
BOop BB ik B BRURE PRSBERE ] 20g SRR 18
ov@bing ite fprivheepgaps of the medd etdmeedd2 he third terni nal
615, the third bottomw nding | ayer portion 662, the

fourt 0 . ndi.ng | i .and the . )
fourt BEZ) FAm Pt B eRini 1 PR 8 R e ol i vie
640, 68w 6sp, 891, 80er lbeppic cﬁeé@tfbfa%ﬁmﬁlg b e harRe1, 613,
the seventh top wnding |ayer portion 676, the eighth
0bp Mhdildg Ol &yerongort mere BAKIng Adycrhe Asiditdnatlppeach of the

g Aol P R0 6B S PP b Bes QUSHLY! P, Hleror

s forme en Tt erm nal
bedpliam e Boitdd wiayiap 1per hoaldondB40, dd1e 662X4d3, bed,taR to a top
mindinq | ayer portion 66 sixth termnal 6
f

dth
BIDIS JhGr SHOTHE 601 67 hosite 0 G édt. 810 Gty G, 448 which is
SVREbEDRN N bBLLOTAN Byich G plexlpB8 BndGRg’ Are is one

aeddtiofal 7top 6Wshdignmayes epdrivon thas boaomc eupdingigaydrepdrapn per
wi.ndi ng | ayer portions 670, 671, 672, 673, 674, 675,

B7elIng7 Aiigygh [ig oy B8 ﬁgﬁw 5 g SEEYIRIT R Figegempdic Shapes,
RGN ButRA 1irkieek t|o6cgl?eula§Ql?f%_p??@ﬁlgl%%@@ghse@%hb@t %efgrting from

respective termna 11, 613, 16, 617,
wivi sobpd andoprdtraf hledexempiiey ainbodislentv. [ 01 14] The top
wi ndi ng | ayer portions 670, 671, 672, 673, 674, 675,

676, 7, 8, the bottam wi ndi ng | rtions 670 .

071, 8911 d55: ookt RAUAAT Bh0e7hec IR0 B PR thdimerc

ewtitmakst 6301dom@kd.a Hiflity6dBviad 630, 18 68BYERE6ENra¥8d6S6,
ofthe net hods descri bed above, which includes,

an
géz, G838, ABY: 190nPP b KXo 69% (Sgt4aﬁ%§9c@6a 697 for coupling the terminals
611, 613, 615, 616, 617, 618, the bottom winding layer portions 660, 661, 662,

663, 664, 665, and the top winding layer portions 670, 671, 672, 673, 674, 675,
676, 677, 678 to one another.

[0112] The fourth magnetic powder sheet 640 also includes a first top
winding layer portion 670, a second top winding layer portion 671, a third top
winding layer portion 672, a fourth top winding layer portion 673. a fifth top
winding layer portion 674, a sixth top winding layer portion 675, a seventh top



copper foil, an etched copper trace, or a preforned

coil. [01 15] Upon formng the first nagnetic powder
wehbeen18id and the fourth magneti c powder sheePCBUS2009/051005

t he second magnetic sheet 620 and the third magnetic

sheet 630 are placed between the first magnetic powder

sheet 610 and the fourth magneti c powder sheet 640.

The magnetic powder sheets 610, 620, 630, 640 are then

priedse thytopatioe 6 7anteighitly loppred mgrlayer portioaxdifpans a ninth top

hydr.auli c press nd | am nated together.,to formthe
iy e BORR TS el P pR B et b SR EE tn S h@ hEReeR as
620 bottoi), whdthghver PERIBNPIEDS 1! 66-L B6T,, 64415051 86 the first
680, 681, 682, 683, 684, 685, 686, 687, 688, 68

6 9, 690,
gunceomwWdsoshces 610, Ebese tepeindiey layprepdriemredl0, PAl, 672, 673,

t - : e
PREPESIER F7ond SR BB L PG PP o onc
m}lclae mgi to@?m?ﬁing?aydﬂ?ﬁham@r67(t),§@ﬂer 6% mhs?qup{aesé,f%, 677,
surt ace 0 e Tour magneti C er sne .

Aﬁ% arechligloeged R sheawist PwEse %‘%‘Wé t@ﬁ@ﬁé énlaggsfgc B‘é‘t’gﬁééheet

SR o b . ol oy o
g e F o oM R ek R 6B KGR ¥ bion
bl ,sandhiys thial top apndieg deyet pomionitT zec pdsiticuediovbeyingitigegaps

G0 S b Tt R g for porion

RNt Btk vAR@EnS ?éé)ef‘ dorioR! déN akid e Qe teaRMbBS 1Y of the
oriented cores 657, 658, 659. The first w nding 650
§irmpagnatic poreddrishedt &l @ranil iakn @vdrlappirtgeielapipothém dé ddigionally,

he.first top,.w nding |l.a pertian 670. t.hrough via
stigrouithdop R HEo1 Borr R Fa PO B o it e by e 74
Bed thORixE6 G Riugh [Mica Bedon bhe Tard)fl)@sﬁﬁ@fbﬂ derlyhy the gaps
second top winding |ayer portion 671 through via 682,

torersd hebreesadie thirditpraniad ddrdthp shirbbetignhaiinding lyesportion 662,
BR8P o G ORCESER 940 o

i@ Gepastid powde sheg@1d andrimianakvebdppirtghretitighship.a FoBhbsrmore,
ich then conpletes the first w ndi ng 650, The second
¥R hesh pangdayr RoRiéon A7G-dhe stahithiap wansting e portion
o d r .
B PSR oL b B BN B YL TR o
vomdidrigtwanehe ihttéronn862 71 the diiphbotioan #8iding hger portion 664,

i aproyP R BEEE st ROFRRb Gt 20 B hdBPTH- D e frs
Wiag kG dvANL 506 1 A 63 &Bﬂﬁ?%g o t hen

proceeds to the sixth top win | ayer t hr ough

via 690, and then proceeds to .
[0113] Each of the top winding layer portions 670, 671, 672, 673, 674, 675,

676, 677, 678 comprise two vias for coupling the top winding layer portions 670,
671, 672, 673, 674, 675, 676, 677, 678 to a respective bottom winding layer
portions 660, 661, 662, 663, 664, 665, and to a respective terminal 611, 613, 615,
616, 617, 618, which is described in detail below.

[0114] The top winding layer portions 670, 671, 672, 673, 674, 675, 676,
677, 678, the bottom winding layer portions 670, 671, 672, 673, 674, 675, 676,
677, 678, and the terminals 611, 613, 615, 616, 617, 618 may be formed by any of



the fourth termnal 616 through via 691, which then

conpl etes the second w ndi ng651. The third w nding 652
waeanhsdad the fifth termnal 617, then proceeRSI/US2009@51005

seventh top winding |ayer gdrtion 676 through via 692,

then proceeds to the fifth bottom w nding | ayer

portion 664 through via 693, then proceeds to the

eighth top winding |layer portion 677 through via 694,

theemehode elesisibed abhec, sivikich imiudqsmbm rdhetglimgyéto, a stamped

orti n 665 h via 695 hen ceeds to the
Btk b R i R e Bt BRaRe 0y o 606, Cand t hen
proceeds to the sixth term nal 618 through via 697,

whi ch[ohen Upearbehiag thd €irs engmdtinpodidagsied61( 8dd the] fourth
Al t hough three wi ndi ngs are depicted in this

aisBeticnarder ghesh 089, tb@ S§afe magneft thyst W@é@ Hrirgegagnetic
Whdep %?'6 afjee@ n{,)éd' 15%%&% P dtgk?tt &gg@ﬁﬁ&%ﬁp e ot 696 ahd gm fourth

exenpl ary odi nen ree wn
megnéte poudtr ste itt0. dhsuhanedt @o(&zdﬂtslﬁbt@\ﬂﬂ) 620, ﬁBOméléUare

circuit anrd in a parall el arran%$nent or. in a series

gﬁnaﬁ’fﬁ HPeiRge Wt el P57 siRe A ppiantle i yidrapkg pressure, and

TRGHACE BRIRr [ RmARemB LRI oWk isdeld600] lirky 1Rlshauss1o,
this mniature power inductor 600 to be utilized as an

|62iQtLﬁﬂt00 640 havaubedn-[phase tagethecttbe viasro8s 6&l,t683n63Hroddr 685,

PGSl o oMoy B PR B o0 "o BRioben P o . i

didoRdnc®o e EKiRioArirevited FRTFignds 1 19t eV dacdhaBY 8 Boating
| ower i nductance or the nmagnetic field may be created

PheRexdi (pelothowr) masbeiagp ik a3 dandhsulgor héerdp tecunnsh swface 644
gf 31'1 n oourr{hemggﬁetlc dPoa\)chger sl?lg t\?ﬁ a%hl grd }}C-i %rnbodlrnetnt the

ance upon I'ch rec e magne

pbymi@n gabeeétwleen ed wd@dg a[nalthk%or@hezhmhnisatypﬁcellpotheﬁd in
I nduct.or 600 is depicted as a rectangul ar shape
FRvspEenal Grdvstory db FEravicd al Thstrlipuaation ] tbldunlalg%ﬂtgaﬁd@nds to

llghﬂﬁﬁﬁ@th% %uﬁlg}ear{o 3¢ f%nrl cfﬁé' ﬁ?ratﬁﬁ Oﬁhll 'vﬂh&il‘ﬁgl S hapes may

e used w t hout departing fromthe scope-and spirit of
t he exenpl ary enbodi ment. Al so, although this
enboditigi6] The priodimgs 166@.e6310®5%i fodh ragfduathewindorgt ¢ariguration

two bottomw ndi ng | ayer tion f each wi ndi.ng,
PRE tatiscs pheeoh TP anBlg ol ey Byr b Dol firs
NBYdih D65 @ 3% fs af tHahkeRaRIndEFEN thdAdprdRRAs &Pl fidt fof Winding
requi rements, so long as that there is one nore to

\l«ﬁyndpw@on &;7 Brthough VierbSOhthen hoecceds i thelfirg blotxylerwmdlng layer

ach n t t| ng fromt
Sl 0 opSr iR 1 Pl Prmelidy e SEBRLERAAPARE T Fortion
Ref ﬁfrbmglgv1a 68flt3¢ﬂ cdeds kCthe %@c\bﬁiﬂ&btt&ﬂn&»‘fﬁdﬁ@ 18ycs pyRIdh 561
illustrative enbodi nent of a magnetic conponent or

ovgheviz®§3 gihen §ﬁ)@ﬁﬁds terithpshird 2gp winding layer 672 through via 684,
and then proceeds to the second terminal 613 through via 685, which then

completes the first winding 650. The second winding 651 starts at the third
terminal 615, then proceeds to the fourth top winding layer portion 673 through via
686, then proceeds to the third bottom winding layer portion 662 through via 687,
then proceeds to the fifth top winding layer portion 674 through via 688, then
proceeds to the fourth bottom winding layer portion 663 through via 689, then
proceeds to the sixth top winding layer 675 through via 690, and then proceeds to
the fourth terminal 616 through via 691, which then completes the second winding



illustrates a perspective view and an expl oded vi ew of

the top side of a mniature power inductor having a
worndiong44 n a fifth winding configuration, at PEHRES20091€¢51005

magneti ¢ powder sheet, and3& plurality of horizontally

oriented core areas in accordance with an exenplary

enbodi nent. Figure 7b illustrates a perspective view

and an expl oded view of the bottom side of the

0b hi dthartkirg oweding 1082 ctaots aashedBfih ¢tredndl 017 then erd@ednto the

d . Wit di t, Fi 7
PRl Pacatiyk ol SRR e R RSt U ghe fifen
GOMdh GHihdihp Mye®boitida GBU Thdlbl ©ia)se theh PHoLEEEY todke eighth top
depicted in Figure 7a and Fi %ur e 7b in accordance with

annding dpicampriéabh 647 riergh Vo 224, thee mipesicds (e éhqpsiwey bottom
' I . .h. Eigur - [ Ll ar .t .
(AR 87 BTS00 OHIES 5Bk UL Bl Byl Raing
txeepls thiaight e 696rapd tm'mpibc]a:ﬁs &Bﬂhg SOOH. termbil sm%ﬂnohgh via
Figures 6a-6¢c are now a single winding 750 as shown in
ﬁPgufrl@gh then pempietrsdhgisgpng widiRghOHay occur by

repl acing the second termnal 613 and the fourth

term ngf76 kGt heed Windn %@T%i&e&ﬁ%@ embB§Riend g%ater or

with a seventh %ottom vvl_n§| ng layer portion 766 tha
fevayrwisdingsl ngw st farmhédivithogeatepenidi dtdnathet ssopdrend spirit of the

renmai,ni ng Jbotto i ndi.ng,,| ayers 760, ,.761, 762, 763,
N o R e T e e
FEstrRR @ot SRV Suplihted @ituit ®ofieinl APatangl Wirsliddn@ht b a
bott om wi ndi ng | ayer portions and the gap forned

patsredrnghBchivdcRetf mgenporb dha epplisiaten rigd| wyeirements that are
rtions. Addit.jonally,.the.third tern nal nd..th
PR T AR R s AR b L B e, BERULRS oo

@d thdua®r,shawii-phasEinductes obas Hehndfeyndde repl aced with

an eighth bottom w nding | ayer portion 767 that is
oriented substantjal.ly perpendicular to the remaining .
bot ¢ o) WEhdR ﬁ@s 2 @e%gie nyggnetieyGold magabe ergared g dircetion
glgl@ 611§ Pgﬁgﬁ@ﬁ%ﬁ RIMHM Belchgn |2 g%lﬁm cnta®Bn 404 tﬁ!{;r%wleve a

sufficient to overlap the width o
botdromdustandé ngthicayancpofitidongy landcitbe ingagiréaiomelht is parallel

etween the t adj acent. bott.om wi ndi ng | ayer. .
o GOy ph 2 AR ErGioR: Lk TSy SHeevsuf ciielsh daductance
estAai@rupeh wﬁii&ﬂdi?e%ti@ﬁlﬂfécm%%ti@Eo&zﬂe&%ﬁé&ﬁﬁ&@r&d@&p a
singl e phase inductor. [0122] The wi nding 750 form a
fifth w nding configuration 755 having a plurality of
hor i z6ht18I The gningeisdpewereBrdpstpr 6p8gis gapactedrigs anrpdansglar

P A, 2L LA LA LOLILRS) iy LDERPRARGFF .
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts three
top winding layer portions and two bottom winding layer portion for each winding,
the number of top and bottom winding layer portions may increase or decrease
depending upon application requirements, so long as that there is one more top

winding layer portion than bottom winding layer portion for each winding, without

departing from the scope and spirit of the exemplary embodiment.



t hrough via 780, then proceeds to the first bottom

wi ndi ng | ayer portion 760 through via 781, then
W@eooeedss t o the second top winding | ayer portPCHUS2009/051005

t hrough via 782, then procé&ds to the second bottom

wi ndi ng | ayer portion 761 through via 783, then

proceeds to the third top w nding |ayer 772 through

via 784, then proceeds to the seventh bottom w ndi ng

| ayer [QI@0] Referiies ta Hrgmegh7as7a sE882al visen qhroosweuth ilostrative

88odipithl) areb beEhe SorRtg 8 1S, 76 REPRE | Eifre 72
PAIstrh@d a [RBptHRvRUGEy \thad af WplotBE Nichr SCHEAS tide @ miniature

fifth top winding |layer portion 774 through via 789,
PR Prdveteedsving a Wending iy abbth ovimdina dlongeralen, at least one

rtj t Vi . t .
PEEhHR pSndel Mithoebh ity bERSBHRIREShgh S (i, oreas in
pcm@ﬁlds vtifhh hinexenpglatyh ﬁﬂﬁbbdiﬁﬁhwi g@gm@ 7b ﬁij&&mmr A E)@ﬂpective
767 through via 786, then procee to the seventh to
Wiewaigan exndededoriey oh thm@f%w 8idg w%\t«heamv@%}lret IPRSYET Induckor as

. . | t i i i O
B T g o O b g oL T o oFielRe 7
viusthteg al myerectpar viconof7the fiftir sughngy canfi@4ationhefinthe miniature
Broceed to the sixth ottog1w%5§£nﬁgl er gor ion 765
AMEL KGR 25 gEPItil FledEedydnt oig At ACEBfnce with an
W AEHIRG drddRimdnt8 through via 796, and then proceeds
to the'second term nal 713 through via 797, which then

conpl etes the wi nding 750. Thus, the pattern o
i 1| usi®2lédhp mipigtuse poserdndedier 109 shewpemFigyecs 7a-7c¢ is similar

?l Eh%orﬁglthatur tpho%vre PRRLEY: %0 %Xwg n fF? rurgeesd6 %ﬁ Q}?C%ét thflt the three
aoepar Ing rrom { he scope and spirit of The“ex nplrary
a3, 651 0d523¢hohheinnBipukachioci adgnod 4 fiegloiwihdihgI 780 as
power i nductor 700 wi ll have nost, if not all, of the
sy i [Figuress 7o ¢t pdinimedHtcghen pedccun @ depirciggghe gecond

. b ori . i
et oy S PRESIERCLHRS ¥l B HESRSEhab RS BHEF shoet 610
wiithws sofendin beitgint Windidgu klyeaporenerigo diatren briofited substantially
magnet.i ¢ conmponent . or device 8Q0 are shg i gur a

PPIPGE 1?@%? “pErepuRe Potod e aygys 5@@?86@% JeroTor
t7!9?. trap sé&e‘ﬂﬁl Qéttozi‘n Windifs Hyer POYIBH 766%’881115Ha RAYINGifhcient to

winding in a sixth wnding configuration, at [east one
pugtet the poltdert e dottorandindinge tayiet abttione randnthe dgapo faamed

rea and a circularly oriented core area |n.accordgnce.

R R LA Rupir P Bnie B e ets” M RED LB Rird
REMSREGY 5 MBd YHeNftid Remath] 6XPbP e @Wsithictfo® dBPiHen®10 (as
side of the m niature power . , o

shown in Figures 6a-6¢) may be replaced with an eighth bottom winding layer
portion 767 that is oriented substantially perpendicular to the remaining bottom
winding layers 760, 761, 762, 763, 764, 765. The eighth bottom winding layer
portion 767 also may be a length sufficient to overlap the width of two bottom
winding layer portions and the gap formed between the two adjacent bottom

winding layer portions. With these modifications, the multi-phase inductor of

Figures 6a-6¢ may be transformed into a single phase inductor.

[0122] The winding 750 form a fifth winding configuration 755 having a
plurality of horizontally oriented cores 757, 758, 759. The winding 750 starts at



i nductor as depicted in Figure 8a in accordance wth

an exenpl ary enbodi nent. Figure 8c illustrates a
wQerispertsd ve view of the sixth w nding confi gur@r/US209651005

the m niature power inductéé as depicted in Figure 8a

and Figure 8b in accordance with an exenplary

enbodi nent. [0125] According to this enbodi nent, the

m ni ature power inductor 800 conprises at |east one

theegfiest itompoadd@rl, gheseprogddds t82bs f830top S¥iddagdlagerwpartlpm 70

50 legd.to the at | east ti.c,. heet
AP oS el o fon (EThs RN ARG WiBHRe Jhrs, Rafish 760
aRbughAviaSg8N thenthibsecaiodthyBRtond R Wimdidk UsRer RIS 771
i nductor 800 conprises a first magnetic powder sheet
groughaviantpZa thapwpiiocends ffadles sxondbattem Wingere ket peigon 761
Bt 053 PAREL Sa RUIFD 130 Bl P R Sf P e

pfandebcdead tHR3Qvhatitogom Wkig kel pareoBIB6 al@ugh via 785,
upper surface 834, and a fourth rrggneti ¢ powder sheet

g MacscAy ta howsth iy vadinsleyenperign 17gpdroughrfiacd!. then
géo%eed%stopﬂh@%eﬂﬂﬁ |b¥g&%n\tvin‘aﬂfgdlay&hg%§?§ ;ﬁ%‘gg@@ﬁ%@%@, then

owder sheets can be nagneti c” po
peovaédscd uheflfth yopCvanigngSapgr pontar pot tirewdgzhi na [78¢ HBanproceeds

Korea .and sol d.upder product er . 2Qu-geff. Fl exible
e e beda il Bl 7L et F he S o the
AR fop G)Ginéf\%g\l@yer 8 rﬂl‘ﬁ‘ég?h Vhi m7eaadioRils feik %‘i%tﬁ B8ftom
magnet | ¢ powder sheets, the nunber of magnetic sheets
maydibg layes rsadend 767 thegigh eda si¥6ashanopiogesdsatoethgr seventh top

decr. h i t hout,,d i ng, f
STOUEE I IRt 2" ERuth e R oar TREbER e 8 T, bottom
alitd10g 0yt firGoR TP di GBIt vid 93, ¢hé FoBRANES the cROVKIRP winding

sheet, an%afl exi bl e sheet nmay be used that is capable
I

dtyehpergn [7ahitareuyiavidtnbean pipsprdsttp ity fixtbrhottha wading layer
ot Y. t . '
POhoRPICS bnflen' 1 80 M nbe SR 26 AP gt o8 Shgil gy 778

#rdugh sacnd anditiout pr84dpasithid aeend airmadyl g¢&nhroagh ver 397,
of .the first magnetic gowder sheet 810. The first

Neiftethce RoMRleles sheetingng A&o Thier defegatiernilyptrated in this
t%ﬁl%mii%lnt g1 64 ﬁﬁg,' B8hdu; ﬁ,motﬂlf@ atfepts %O%E %?glgdtvgitgout

owards a first non-cutodt corner 806 coupl e
doprgiingittomahe sdoge and spitieof thovexersplafyarebodiBersf t he
first magneti c powder sheet 810. The first nmagnetic

powde 810 al so.. | n% des. a second termn 81@

et entl irg) Ao enESEbnd PoraoR E8aor ShdrHelon B8 dH e
ARt Cit iyt alc oM ede ABRbAIMEs GIUME edlidifuR pORBOSdIgtor 600, as
| ongi tudi nal side of the |ower surface 812 of the
fliystrated and described with respect to Figures 6a-6¢.

[0124] Referring to Figures 8a-8c, several views of an eighth illustrative
embodiment of a magnetic component or device 800 are shown. Figure 8a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a winding in a sixth winding configuration, at least one
magnetic powder sheet, and a vertically oriented core area and a circularly oriented
core area in accordance with an exemplary embodiment. Figure 8b illustrates a
perspective view and an exploded view of the bottom side of the miniature power

inductor as depicted in Figure 8a in accordance with an exemplary embodiment.



magneti ¢ powder sheet 810. Although this enbodi nent
depicts the termnals extending the entire

wo ongiot44di nal side of the | ower surface of theP€T/081009/051005
magnet i cpowder sheet, the Barmnals may extend only a
portion of the l|ongitudinal side wthout departing
fromthe scope and spirit of the exenplary enbodi nent.
Al so, although the term nals are shown to extend on
bos Badllustatgs taupbirspebtivl diew, oft the sixth miimdihg comfygueaticanef the
a.portion of.the adjacent [l.ongitudinal,sides,w.thout
GRS RGP bitich S AE0RednG B 4 B PieRSslip Aafyaance
g sXemblary BABE&dihRAMM nal s 816, 818 may be used to
coupl e the mniature power inductor 800 to an
electrical circuit, which may be on a printed circuit

5 gR

boar d Qw1 Asrerdng, tor & hﬂ%ﬁ%@np [thel ppiatepie pPes inductor 800
BRGNS BB AL SRy BSDLEER sBgPh ald Lhiling
B66 chupdetktd thoatf loastoac smapsdtaniomalet yheet 8 duB20, 8381 84 in a sixth

havi.ng an_i nner circupference 862 and. an outer. .
SRR ePfé%fE%t%%?g-n@g r<r @ ey o %rﬁﬁwrﬂ@ﬂme power

i) 8for BOD bAPRsBEOHRX h%f@getfcr R dR&hd R RED h‘a:bi'h% WNh e REace
862 to the outer circunference 864 at a slight angle

Bidand hreusirostdate §ddt dsdcoodmtageeticprevdec sreetif? Ghamegea lower

862 t h t [ 864. The t ' 16

B e L B P G S P

aferaffaRosit hr@ﬁdubllfbr% fIREE EPNLAE i fOGrth %{agh&tw?&w&rtsﬁeet
ur ayer.

10
one anot her. These p ality of bottom wi ndi ng
860 thayie 860wWsar ssutfhed 81td catdedn oiprehsutfeste 844 ur Aaceregmasly
f t.he first net i er . shee 10, 12 Each of
califet Moy PEPRE eGSRy 8 i ek oGl s
eonpfactecd B9 Chag S@ig Coplorigd daciiciefon! kKergd dhidlsbldy under
of bottom w_ndi nngI er portions 860 to each of two

REgdueHImber gPureff ﬂeggleﬂ\éi‘ﬁwlﬁ Shers angdyhere Bsrsems gBargetgristics
| acel ot | \ _ T

MR B deRgE ] S SN, RZ AR ROt e

ploastke rths maetbe8 30 mamptic shedthendyi bstinauisedtor8ftAuanidsd he to

second cutout 804, simlar_to the first gnetic .
pishier o8 dedrs 1o: CORrE PithPd 4@@9%& ;@?fﬁgﬁ%ww Gpd spirit of
SRUBchiMarl, RendRlath @t tAsOf al 8L MivveRBbMehch@¥Elicts a magnetic
portions 860 to the plurality of top w nding |ayer
powtléroshsctg 20y dlwibtchshepl manlbetugedthat apcapiabldi i gelingy wminated,

Baoh ORE 8 o SRRkl e e S el ey e’

plurality of vias 880 correspond in position and
| ocat (@26 Tht HEstvinagnetio rgoRdiet Bhdh@10 has a first cutout 802 and a

second cutout 804 positioned at adjacent corners of the first magnetic powder sheet
810. The first magnetic powder sheet 810 also includes a first terminal 816
extending from the first cutout 802 towards a first non-cutout corner 806 and
coupled to a longitudinal side of the lower surface 812 of the first magnetic powder
sheet 810. The first magnetic powder sheet 810 also includes a second terminal
818 extending from the second cutout 804 towards a second non-cutout corner 808
and coupled to an opposing longitudinal side of the lower surface 812 of the first
magnetic powder sheet 810. Although this embodiment depicts the terminals

extending the entire longitudinal side of the lower surface of the first magnetic



first magnetic powder sheet 810.[0130] The fourth
magneti ¢ powder sheet 840 al so includes the first

W@ 21010144802 and t he second cutout 804, sim | arP@€DU$1989/051005
ot her magneti c powder shee$® 810, 820, 830, and a
plurality of top winding |ayer portions 870 that are
all positioned to forma substantially circular
pattern having an inner circunference 866 and an outer
ppwdemshere e t@a@nalsThay pixral ontly aoportiop ofi thelilengitudingt side

ortions 870 extend fromthe. inner circunference 866
Blbhiotattie it aiesbe At Gk Moy Shitha et Also
shikduoBSthe Ratkindlk QR LGy R Sktehd lohUsHREIRR ABnEaflidad stdes, the
outer circunference 868. The plurality of top w nding .
tapEtaloony ceirad 8 portignef Hsady mﬁ@anglﬁl(ﬁn% otdleg Bithawttdengrting

[ iptq. nqt . plural | .t
R SO B B RP (RORelay REPE R Thi ¥Rl 2816, 18
uppeie sutdftaceudiddhomihiaairé puwthindagoet0C ¢ awddsctrsda eircuit,
840. The first cut out 802 and the second cutout 804
SRRy BF OR pETIRIRY FEETIE Dot sheiwpk forgxampigoo, 830,

840 are netallized to facilitate an electrical
connegd g TREUNEEMaPRNBicOfowdte sREUT @0 Ei¥o hcIERR MVDREUIRG of
| ayer portion 870 and a respective termnal 816, 818.
boti@h Jwialingdayggnr ronteons| §60athat arc il paspionedidd Morm aysebstantially
portions, 870 are positioned in su antialléﬁthe sa

STt PRIFDO2FIE 40 RS CUGUBIFTRGE 0 dndy it ofich GitRgIcrence

864 t ITARSHIBRALy bNB6teorh S)viﬁdiﬁgﬂh}l'er Fodtidhsf ponBdeliefr¥@eRe inner
their directions so that t ex may be properly
or

cueiralsrage t8%2otve thenotthie circymicrencp ¥ b a dlight angle from the
rien {.ons the plurali top.,w ndi ng | r
b L R 78 he R By e RO oy B Bnce sos

aE téransal 860, %Ay ahe thieemarsiedoObottink giidiyg RBlytep&@tons 860 are
wi t hout departing fromthe scope and spirit of the

eEfipncar it & 9StHoRERNE rgatoshipatn Ry 2peiactpl (ihgss plpradity of
H8#o _\xﬂgﬂiiﬂg 14{%?’ portidfy Eé@?r% a%%%&a‘?%%ﬁ e 15W8r i @Se &P of the
e’p t I ng

coupling t rality of top wn ayer portions
8ird niagnttivepgl der ahdet $1@f bott om wi ndi ng | ayer portions
860 and to the term nals 816, 818. [0133] The

D1 ur aly i1 e Gr s RS of BTy St dibe R shcrigty Saggpmorise
06 via§ e d&ﬁbﬁn% d&h BHR pealipeof wﬂm{iwhwwggb&?&fp&ﬁ&m 860 to

met hods described above, which includes, but is not
kaaki pédwooadjacast aripetitycoppep Wivding dycetporeus cdhewhich is
tE&%iedﬁ{wgiF%e£$rnEd coil.[0134] Upon formng the

PIFS nagné%lc powder sheet 810 and the fourth

magneti c powder sheet 840, the second mmgneti c sheet

820 ap@i29h&ht heeehdraggedticc powder sheet 820 and the third magnetic

powder sheet 830 comprise the first cutout 802 and the second cutout 804, similar
to the first magnetic powder sheet 810, and a plurality of vias 880 for coupling the
plurality of bottom winding layer portions 860 to the plurality of top winding layer
portions 870 and the plurality of top winding layer portions 870 to the plurality of
bottom winding layer portions 860 and ecach of the terminals 816, 818. The
plurality of vias 880 correspond in position and location to the vias formed in the

first magnetic powder sheet 810.



sheet 830 are placed between the first magnetic powder

sheet 810 and the fourth magnetic powder sheet 840.
wabaomegmet i ¢ powder sheets 810, 820, 830, 840PEK/ES1008051005

pressed together with high3pressure, for exanple,

hydraul i c pressure, and | am nated together to formthe

m ni ature power inductor 800. After the sheets 810,

820, 830, 840 have been pressed together, the

pl ur al@13¢] dhe vouth B8Encaic wohvdenshget $40 @lsmmcumins;életfustt dwgout

3@2@%@5 gér)eré%‘g‘{)g‘;‘l}lodﬁgq 48 \%ﬁgﬁ :Trﬁg,O{?gr e igéﬁo%@cf"eghﬁéetsaglo

8D, 830! &1d 4 pueAity 6f top&vikdiRe nay%ﬂp&ﬁaﬁs SAVhef art BB pbatbAdd to
magnetl c powder sheet 840. According to this

&rpodi sybsiantiallyecipmas | Ragterng bgy ik e e BRET t EuRiferangsg8ethand an
|

PG SRR Bk PR o B BRI 0 evina

loyts the dhneg afrctifdsnde BOBI taithe ateit diccuaifeichéestoacerdin®ta the

the vibration of the w nding. [0135] The w ndi ng 850

ﬁl%ﬂfF?ét aafg QM the ARICH SIEHRTSTERFEARA0010 ISPk S Ffymacrence 868.

'
URE phEANL oras) AR BOECHiER, ORT.raRdyfofld fUl A-Yontcing
cdaianghupabionn a@bthes tldeses platalith ef tapr windirey layerapor8dG, 870 are

s to one of e plurality of top w.ndi

HEGdpCASE oF B wits® e Btigh Al ABteParth oier Pa dpoH e 840,
&{ﬁg ﬁrﬁtr@l@ oﬁf 9@23 aal$ 1R §e@61ﬁ?5ﬂlt8\9t S0 Qg h&FGhe Q{agﬁ&f‘c }t)owder
plurality of bottom w nd mgﬂ ayer portions 860 and
phla@tSaBN,ySZﬁ §30p S0 redt rrgetp td endaglitte hn clieptrigah econnection
luralit s 88 the circu ter,n i s
Bomsra by oo el iorth e, GYarberBi Rhaflig: rdpegive
R2Miina?B18418. The sixth wi nding configuration 855 then
proceeds to the second term nal 818 through the

II|zed second cutout 804. In this enbodi nent, the

magne{(?lé { Prdihgquel dhe qrusielityy 96 toRr winding ;1a>6>r| RftieRs S4P eare
b§iffort: Spd%tlgﬁf M arthd el al 'tﬁ’é1 'oc‘f bottom layer

er pen |cu ar tot direction o gra| or| &ntatl on
anmadihg ponﬂbys a6 itlore isaa dnoadkeangl nfbuatdbetercor tlteheilmmmtsb ¢hat
field ?reated i,n adlrectl(}nthat %éall.el :
theyrny Pfé?e?li BROYIECGH &9 Ao rItRTat T srposvible i pricntations
6? meﬁﬂﬁraﬁtymfgbﬁ Rmhcﬁﬁ’g' @Jy@f‘ﬁ@rﬁ@ﬁ@?ﬂﬁhﬂ&gthe I%‘R[}am‘;}' ocf Mottom layer
direction"the magnetic powder sheet 1s extruded
padions 8@ may, betigecraaigeretlightly iaberdd ovidmtiederiantinghom the scope
ci(gcul.f\rfln% orie r]t ed e area 859 may be created in a
ane BT On "'t RETR %rypél}%ﬁ)g %ular to the direction of
grain orientation and ther eby achi eve a | ower
| nduc{@Useg Fach bhehdpaiRgity @f ftoeWdndiay 18&r Poi@ing R 70Nconprise
directign that is parallel to the direction of
GV i by fansalisg taﬁ dleglitveBf ter Aviadiag daygrgpesfions 870 to the

bﬂﬁlé{ﬁgl 3PG&Af Rﬁh‘i‘cﬂhé‘ Qay%%’&néé‘ﬁy &b and to the terminals 81 6, 818.

[0133] The plurality of top winding layer portions 870, the plurality of
bottom winding layer portions 860, and the terminals 816, 818 may be formed by
any of the methods described above, which includes, but is not limited to, a

stamped copper foil, an etched copper trace, or a preformed coil.



direction the magneti c powder sheet is extruded.
Al t hough the pattern is shown to be circular or

W@ orioldet4 the pattern may be any geonetric she@EDS2009/051005
including but not limted #® rectangul ar, w thout
departing fromthe scope and spirit of the exenplary
enbodi nent. [0136] The m niature power inductor 800 is
depi cted as square shape. However, other geonetri cal
shape$Q13¢h &Jp@difngnibltthm dirstimagneed pt)wdmesheah&m and the fourth

yl
ey F ofirt REDUBS pesS R BB pe I heBr S ARGl iR npenctic
Sl B0 pladddSkutwadd theuakt inhi rﬁenerﬁwdﬂemaet gePhgd $he fourth
twenty top w ndi ,%%pl ayer port| ons and ni neteen bottom

iagBetigPavedes shers 80 orldie megnchepedciotheets §18ntR 8P ot0 are
gleeg e@g%eh A% Sindoht t{w ﬁggl% %?é’ssﬁx%c%o%f%%egag %%%Ea%l%%e ressure, and

I'ng upon app iFon requi
ldnaihatet e thes tdaf@emﬁm mlﬁlwtpre/pdwbr g ucty 800 paufiet tie shb@m 10,
bott om wi ngi ng | ayer porti Wi t hout dﬁgartl ng from

18%% @@oééo prp;rﬁss%ﬁ togg e@)t Revpluslily ehbBaBRe fte forrned in
dn@@ X d|e§éﬁrﬁﬁ)ﬂﬁ%0@d9 ?ortfti%ﬁ‘reyv'h@d'ﬁﬁﬁhtﬁ%élﬁﬁt ?&ﬁﬁil or

|se re than ofe turn may ize
\apmdyo(mbt shepan) taydefapphed iecarsioogatontugestoi the tipfed sttfigce 844 of

R BTSSR AR Bt
%Hﬁp BeiwEBAthO fwu‘?dlfi@ gﬁ‘@ thCcHOMMARENS tficABVIoaRd %QQoﬁ’Je%tlonal
hown. Figure 9a illustrates a perspective view and

gxbmdf’eds tan@yedf Thh @hnmﬁtlgndé tlys physéahigap tands pommmlze the
(ﬁgftor ga a]? g ¢1n WI(EIdI ng in a seventh
“Age F%B%Vé ?1“0 “1"é8St%one magnetic powder

sheet, and a horizontally oriented core area in

accor @@rse Th tWinding 83€ fRpindry siefibomid igionfigingtise 8 9P having a
illustrates a perspective view of the top side of the
iEicalhupaeieetre prfa ey gpd asirgelarly vagnted ccqii¢ad Pa The sixth

%dlﬂ C eéu%tf‘orn 'sft‘ﬁr?s mﬂyhﬁq%ﬁéﬁ’ﬂ SSIBet‘ﬁEﬁ grocee to one of

accordanc an exenplary e i ment ure
ithd pistalist of tap werdspeklyevportive W70 fthrobhgh et totallgded eﬁrstf cutout

t [ d 9
R iBet riosieds Bierritins BHSIERI i) Srbpdn ey o gtine onding
I LHBORRRSSA BRI BREGhify \dreipOhirkdle, PENRAL M70! Ml he

confi guratl on of the mniature power 1n duct or as
dbpilgy ef vian 8FY gnmﬂehg aerLFtargwtterrgb comp@tddu ajone optheipturality of

CCo e Wt n% !Ef

Rac oG e bR P RGE PR Fovagn procecds
kI euC 5 Qbn @ ABGRATPE 1SS BFodth HRambtaNNed RERL EdoROYEET In this
sheet 910, 920, 930, 940 and a w ndi ng

embodiment, the rnagnetlc field created in the vertically oriented core arca 857
may be created in a direction that is perpendicular to the direction of grain
orientation and thereby achieve a lower inductance or the magnetic field may be
created in a direction that is parallel to the direction of grain orientation and
thereby achieve a higher inductance depending upon which direction the magnetic
powder sheet is extruded. Additionally, the magnetic field created in the circularly
oriented core area 859 may be created in a direction that is perpendicular to the

direction of grain orientation and thereby achieve a lower inductance or the

magnetic field may be created in a direction that is parallel to the direction of grain



950 coupled to the at | east one magnetic powder sheet

910, 920, 930, 940 in a seventh wi nding configuration
WQ@2B0/0A846een in this enbodi ment, the m ni at urBCHUSRHN9/051005

i nductor 900 conprises a fdtst nmagnetic powder sheet

910 having a | ower surface 912 and an upper surface

914, a second magnetic powder sheet 920 having a | ower

surface 922 and an upper surface 924, a third magnetic

puviietions kodt theBDy hashievg a h@h@Thsmm@a@ecﬁﬁauﬁmatmnn thh

B ioa o e B0 G b S e oA IR B Py BB o

94 4irchlBr antoexePthRatteibeagy BeRhy ceaabridReNRS, hrfcl\litﬁﬁ% B8iit not
sheet can be a nagmetlc powder sheet nmanufactured

Gruled tSIAsENRWEL M BIoat éapartng) i disnscopo ks it Sl e%ernplary
gﬁﬁgéngﬁgduct number 20u-eff Flexible Magnetic Sheet.

S €se magnetic powder sheets have grains which
are domnantly oriented in a particular direction.
Thus, UﬂSh]ghenandmetpmn@-hﬂyabeSﬁﬁHbek@ﬁnmhemsqm&eshqm
gﬁ)netlc g%eld is.created i.n the dj rectlgn of,

NS tOtBTaBrP BT e HEPoh. AP REUGH P métﬁéota. Hefipeular

deailst Dr fcQtichPARL, oM GEcdSHRRSR dehieinp Lfm?ﬁrthéjgcope and

nagnetlc sheets may be’i ncreased or reduced SO as
spict edistbe excnpkire aswotlineent.or Alsar elhanigh hthust emquramenh geplcts

fro he sSCo and spirit of exenpl ar

R S0Y e ot e e i G JR ETE Bothage Rorions: he
BQMY@@J of h@ﬁta’nda&’)’ttdcrﬂl ain B! ﬁ@@eﬁoﬂﬁﬁﬁs hfapsEdedsBabr dScrease
capabl e of being | am nate out degartlng fromthe

éem@ém@n@poepﬁmhtcatmn TeHBIrERENHD| r gsbnerﬁ@d dtnthpe. is[amg399pre top
]Wlt‘i:"dl{lg Ea nglq Rt h%l BotY\drg r\VlﬁE Sg éayer 01%0 Owlétﬁé COZ%F@& from

a Seco m nal

tle @ppoand gplho 09 Itlteu@deﬁ@llargz dgdeddhent.hevddoviallgudlfhaagh a one

912 of the first magnetic powder sheet 910. These

fwpAiRding 19 depictgd an fy cpdodismsat.tBoredhy ang en may; ke wilized
ma

S i A B e e F L

exanpl e. Each of the termnals 916, 918 al so conpri ses

a vi a[@830)] Re&trihprto fdg;tp’eais vg- 9tdhee‘t@alni/inwlssofga&intﬁ]i&ul;tmtive

on I re wi ndin ers h.wl/|, be f rther
SBafielh el o OrReTEs o SaC RO Bt it P Figure %a
HRAeEt QpRrapbéttl} EWGEE dn fk pIBEA icthes M A sidd B a HWBiature
on the | ower surface 912 to the upper surface 914 of

pheci mﬂg@wﬁh@ﬁeg racpnp dwilewingingein D3qyentiheingingscomfiguiggion, at
fleast oneS drelgllgllnl nvg eal{t Ighﬁela tr«hnd nn'eerréoglrta(rﬂégh te:]tgcril gca g e&rea n
h&'tﬁ‘)r&kfnlcb lveich b@k@erﬁﬁlaﬁyl efb¥dibien€ OMEieE IO¥Ellustrates a perspective
view of the top side of the miniature power inductor as depicted in Figure 9a
during an intermediate manufacturing step in accordance with an exemplary
embodiment. Figure 9c¢ illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 9a in accordance with an
exemplary embodiment. Figure 9d illustrates a perspective view of the seventh

winding configuration of the miniature power inductor as depicted in Figure 9a,

Figure 9b, and Figure 9¢ in accordance with an exemplary embodiment.



material. Alternatively, a conductive pin may be
placed into the drilled holes to establish the
W@ ondotHive connections in the vias. A though PEEUS108%051005
are shown to be rectangul a#2in shape, the vias may be
a different geonetric shape, for exanple, circular
W t hout departing fromthe scope and spirit of the
exenpl ary enbodi nent. In this enbodi nent, a portion of
t he iﬁwdéﬂéwcm©hﬁwﬁmémsamb0®n@93éuabéﬁ@nee@pw%thm@cmh@OO
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A5 ReuEIBd td ehev haadrdheSOMRLE PoRlef SHdFEI 1@t 9Z) 930 940 in a
i nternmedi ate manufacturing step, the vias nay
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stk ed2taad ap mppe:rrsgrfhw@m udemld rﬁ@eﬁc pbhédertsaedrionalhaving
may be c u |led at alternatjve Iocaé gns on.the | owner
§d?‘f"%fc%1r 9%% and pg UPRRIGHERSC o rdaid srmeaeticpe sy sheet 930
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i ment, SO, ch termnal 1s s
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the termn Mﬁtho t artin m t he ,scope and
U R e T A RSP e A e
iR ﬁfahﬁfa@ﬂ%e(;y @ﬁ‘eﬁl%t S&%Qnmﬁo@te\ﬂ" 1ﬁ‘ PhdhGoh, RYGEa HPsold under
coupl ed to the upper surface 924 of the second

nm;imet nmbm@elrefé Iiéexible 2Aagnthie Shicetdi Atgol ‘élﬁ@fr n@gaetiospowder

ta th t
S B PR e LS G R S B s BGS G Thus. o
anthceXiRofscd e phackiderl KWacarhORRRSLNE fRADS 6fcatcein the
second magneti c powder sheet 920. The Mﬁndé@g | ayer

dirsctignsef Qﬂmémtegfamnowm%wgr t Odthongh thisy P@ﬁlegh dpicts
tf&ﬁtql%%ﬁ b?ﬁdéﬂ srh%ts,niﬁg lﬂﬁhl'b? 5’1%9 tl%kéﬁ ?n]agé% 1n<f‘reased or

cou e second nagne er s

Mdmdd:dﬂgo lagyterin@2dsel @ cﬂmﬁdatsd: (ﬁttedors st a/mﬂhbﬂi dgparting from the

perpendi cular_ to the orien ion of termnals 916

9ap° mﬂge@pwtr&f. h@ eﬁ%%lﬁ%%{w%mﬁﬁt ﬁé@omﬁlﬁlzﬂutgb this pmfpdiment

SERRIB R R  ER B APMe sHeq rhdl RS (R i EfRble of

being damiratkbd; ovithoet deoticg Mmgnéid scopovatdr spsiteef thenexchipdary
o%jne t, there may be nore than one w ndi ng coupl ed

cond magneti c powder sheet, either in
parallel or in series, depending upon the application

and t D@1398qut FREEALSHt taedbr SeRen1d Bl fih@iidshe fisg e@ehinal
%?g aI?cP 21 gelctong fcerﬁn?neal S)I(Se rCTglllp? r(?/ toeo%ggghg?oqltgltuc-izggl e%ggsl éfl th ?olwer
surface 912 of the first magnetic powder sheet 910. These terminals 916, 918 may
be used to couple the miniature power inductor 900 to an electrical circuit, which
may be on a printed circuit board (not shown), for example. Each of the terminals
916, 918 also comprises a via 980, 981 for coupling the terminals 916, 918 to one
or more winding layers, which will be further discussed below. The vias 980, 981
are conductive connectors which proceed from the terminals 916, 918 on the lower

surface 912 to the upper surface 914 of the first magnetic powder sheet 910. The

vias may be formed by drilling a hole or slot through the magnetic powder sheets



wi ndi ngs may be coupled in series or in parallel by

nodi fying the vias and theterm nals at the | ower
waerhace4of the first magneti c powder sheet anedDES2009/051005

nodi fying the trace on the48ubstrate or printed

circuit board. [0141] The w nding |layer 925 is forned

froma conductive copper |layer which is coupled to the

second nmagneti c powder sheet 920. This conductive

eop péating athie rinpraryciicnoiferdece dluthei drilfast hole mirt et woh canductive
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epartin romthne scope and spirit of tphe exenpl ary

Efpaiismenthe MMARHOgHPABIPE (s tdlueions's ¢ ivEmebrietderi Rrgssed
TRlsBhdcat ¢ %@ﬁ%&%f\%&% RouPAt e 'v%lsf{lr B{omtdlﬁé?@%med at an
w t hout departihg fromthe scope and spirit of the

etemEldaty menidadiumeg step At divias ameyl beyformhérbuper conmdtts f@hGtion

918 | so_he formed usi t anped foil,
B diieBish v tious PEENER O o SeRBY 64 PRBI & et pisa ey
LObG&Inchhe ARh&ubh BN R naROWEEEhGINEab B3Qou6d b dogidsing

to this enbodinent, may include a first indentation
dggitndingheddcovide tewnihals en®abe apepled Bi pliernasioter lacatiopn on the

Bitaeptiicet RSk HisaPEr o Ve Shrorcioph iR e score

andl spifieof the Ske@lafRehbOImIBE A8, enkbigtkat@firindal ¥ shown to
along the center of the third magnetic powder sheet

bae vl Via cerlibinealerige nay b foipiselsinngpcadefetheTisemmeissyithout
GRS ERbATG el e SRR b xR AR U0 o

powder sheet 930 is coupled to the second magnetic
powdef01sii¢dhe 32Eyndt inegrdtic giowderd ah¢catd20nh83 36 wamding heyer 925

eniid Fuitgriss s 831 phav rbard THABHEAT U S5t P20. The
d85difPed ot 9281C BRpds a8 sthitey NARThd QYREr e dppdASlrface

The fourth magnetic powder sheet 940, according to
O’ of ¢inbextiond magnetey ppwddrudiectad Yewuwhektemieliratangredgd go an

on the |power. surface 942 and a,second,extracti on 948
ot fisar BUreRRE oo B bkt PR O Bralifot ndheditin
sRE&S orhied WhabRiithdihe dRe%RAdui AeN: B @B P4 nanetid f&vder
second extraction 948 . o

sheet 910 is coupled to the second magnetic powder sheet 920, the winding layer
925 is positioned substantially perpendicular to the orientation of terminals 916,
918. The winding layer 925 forms the winding 950 and is coupled to the terminal
916, 918 through the vias 980, 981. Although one winding or 1-turn is shown to
be coupled to the second magnetic powder sheet in this embodiment, there may be
more than one winding coupled to the second magnetic powder sheet, either in
parallel or in series, depending upon the application and the requirements without

departing from the scope and spirit of the exemplary embodiment. The additional

windings may be coupled in series or in parallel by modifying the vias and the



extend substantially along the center of the fourth

magneti ¢ powder sheet 940 andfrom one edge to an
wopposisag edge. The second i ndentation 946 andP@TrES2009/051005

second extraction 948 are d#iented in a manner such

that when the fourth magneti c powder sheet 940 is

coupled to the third magneti c powder sheet 930, the

second i ndentation 946 and the second extracti on 948

eocoamds atrihe heves amdaadi afdle fiown megnetivepdvideos shéat dedipamiodiying

%%6 and tthe U&i St extra tion 938, The second

HISEISE 8D lbehs A6 9T BAF ﬁlé%}”‘i]?)oaéqmapsul ate the first

extraction 938. Although this enbodi nent depicts an

I nden{@t4i1p mhandnding exydr AR5 @ foted Aont icoaldireide fcopidr Nayer

magneti ¢ powder sheets, the indentation or extraction

t
pdichets Fonplaseioe thenssspad meagnpiic avdeeshast ORBut This conductive
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pomete trasd) eet pEBrnaniccotlheitisee deghriimgfremi the papdand spieedf the
920, the first magneti owder sheet 910 and .t he ..
SETORIA R T et swﬁgﬁwp%%ceawb%gg@sg B o gpnited
%,g)ﬂowli%gpefp%§stwh%i%f69 br 8¥ MR} echimBAEAMidues PTARSEHNA in this
and | am nated together to"forma first portion 990 of
ehdodimenatthe evipdng dayiendue treatar@0Bir-shdrtedr lirshe pateer@ 1 Glowever,
920 haye been.pressed.together,. the vi 980 81 are

PP KA Y B B B v B o & BB Y SPb ARG Gl the Scope
ahP\Pirit! Bf FhACReM lagprd?ﬂmirh&ﬁ. Vigthoudh N®pper is used as the
termnations, including but not limted plating and
sedhicHye ofatgtal) ether cenduetivd srtesfals may dicdesct agidkous fdeppréing
i r st rtion of e m.niat ur ower. i.nduct or, y
o ante St dnd ek o R A8 B SFoghBRAF, R iR ine
tepaidld 006,fFIdnmbhalssciop toraird Bhig & tstaddpetl @ ppecefsill an Yetched
enbodi ment. The third nmagnetjc powder sheet 930 and
£PRPF Jare: BT hngheether bl mathedet 940 may al so be

pressed together to forma second portion 992 of the

m ni ?TMM%H%V@&hiH‘dHﬁ &étic_gﬂﬂmd@esﬁéef St)SG‘,r‘dacé&‘aR%d to this
portion 990, 992 of the mniature power | nductor 900
mepodinent, beaypinebsled fisyetdestation 986 om thérdovearguifeted32 and a

1 niature p r i.nductor 900. .According,to this

S ol S iyt ol S tioln AL MRt g i sheet
bbe GAkRin WhE Ciirst SndtRitdl bye fanehd MirGoBYRRtbANGIS extend
inductors, is renoved. The elimnation of this

piBpsAnsially glape theregater of terthing megnetee pavdich bleechBi Geand fremone
the vibration of t i ndi ng.. .10 ] t hough .t her e

K08 SR ebhifs e Aot SR iRk M PGB o3 ar
sgembd inaghrehhe REWOBEt Shefttie thiRdtidnetis peeldsr BBt 930 is
positioned between the first ) )

coupled to the second magnetic powder sheet 920, the first indentation 936 and the
first extraction 938 extend in the same direction as the winding layer 925. The first

indentation 936 is designed to encapsulate the winding layer 925.

[0143] The fourth magnetic powder sheet 940, according to this
embodiment, may include a second indentation 946 on the lower surface 942 and a
second extraction 948 on the upper surface 944 of the fourth magnetic powder
sheet 940, wherein the second indentation 946 and the second extraction 948

extend substantially along the center of the fourth magnetic powder sheet 940 and



and second magnetic powder sheets so long as there

remai ns an el ectrical connection between the term nals
w@Rolessid r st and second magneti c powder sheetBU#I/UR909/051005

departing fromthe scope ad8él spirit of the exenplary

enbodi nent. Additionally, although two nmagnetic powder

sheets are shown to be positioned above the w nding

| ayer 925, greater or fewer sheets nay be used to
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fromth cope.and .spirit of the exenpla nbodi ment .
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grain orientation an hereby achi'eve a hi gher
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powder sheet is extruded. [0147] Referring to Figyres

¥ dudepiation sad e gxtrarieRts inothe ghird 3pdh foyrth, gyagngtic powder sheets,

%ﬁgﬂeﬁﬂsn Yr &t b En O P ANRO shBEts 8% B8 JRRRd ¥ Rhout
shown

. Figure 10a i1llustrates a perspecti’'ve view and
depaetipd roedhy sepe efid sfhat ofope skaheplafy canbmidihattur e power
i nductor having a two turn winding in an eighth

i ndi [ t. t | t,. ti
Sheet 10430 UpofldbRibaig Rl oREBii RS BR ShE G oPRAHRE sceond
%‘?ﬁétﬁﬁﬁ&ﬁdéﬂ shBetay20e ¥RMRAsB g RFROSEWERA tshedtiod B d kA second
illustrates a perspective view of the top side of the

maghettoup@vdssweect 938 wee bressed taegshert widh highmprgespee, foraexample,
urin n.inter i at nuf riong. st in...

f80ra e e RIE R BTG, a0t PR Bion 980 of the
inlihidGiré pbwer MdPQOSPELT Avter Micew T, Ve hhat bempsesded @fgcther,
the mniature power inductor as depicted in Figure 10a
the et 3¢ HIRE draformedin agearpinge o Sieodrarition, preyiged aboveg In
" S ST ' ) gt
platy'Bt FohfiR theRkp PAREE IMRNAHEH, Biclddaft, Gtk Bilcl Pl and
depingt efcht ileasFh gorteonldfathe Bidguiiecs Idiithe dimd peirtipunr f theaniniature

accordance wjith an exe a enbodi nent. [014 he

RPWFLERAUER otk eYd etrgﬂel%we%a v %hﬁéta ?9@], fgg-Wlthout
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Speci f.ical | termyal ~916 of .t he m ni

BBe Rttt fordg iskdt phERmeRa gl il Vet ulhiEoo.
ek Frftadnd, s_e%&&tﬁg&@ibfﬂ%g, 897 bf se iAo LBd@NEE 900 may
third term nal 1018. o ,

then be pressed together to form the completed miniature power inductor 900.
According to this embodiment, the physical gap between the winding and the core,
which is typically found in conventional inductors, is removed. The elimination of
this physical gap tends to minimize the audible noise from the vibration of the

winding.

[0145] Although there are no magnetic sheets shown between the first and
second magnetic powder sheets, magnetic sheets may positioned between the first
and second magnetic powder sheets so long as there remains an electrical

connection between the terminals of the first and second magnetic powder sheets



Additionally, the second termnal 918 of the mniature
power inductor 900 has been divided into two distinct

W@ 2010nes, thus formng a second term nal 101FCEOS09/051005
fourth term nal 1019. FurtHKér, the wi nding |ayer 925
of the mniature power inductor 900 has been divided
into two distinct winding |layers, a first w nding
| ayer 1025 and a second wi nding |ayer 1027. The first
wiithdihgdepatieg f1@R5thisscwpeapindd spiot tdfethiei exsemplarymiembpdiment.

016. and t second term.nal 1017. The secon i ndi n
P iy Ao BT R oty HnBtil Ry fhrelofias RN domts Btoned
bb&vef @uiRding NafoR a5 18%Ser P FSvRIBEAS SnafBe BRd to increase or
performed by etching the first termnal 916, the

deverd theear? Awk vatheut dapgrtingerarn Mg 1§gPe anfespirgx thf cxchwlary
L hiature power inductor 900 through the m ddl e of
g%\l@h&k%lngo, a plurality of vias 1080, 1081, 1082, 1083
are now formed through each of the first term nal
1016, [@1H@] $ethinembatimemathe dgnctit Reldtray ot ¢restod ived direction
018, and %he fourth term nal 1019, which reEuI{)s i n
{5 1% PEPCRYF Ul th i difggHOROh ErHE rapEien angrhgrdyehicve
TR iAR Ik 0 8r Bk hddBefi RERAHELELPAWRE] tHHELRon 1A parallel
w |l have nost, if hot all, of the flexibilities of
theéharidneettanr ef goaie rorientition cand9 O ebasadhlidvgsa rhaghed iadwertance
escri bed with respect .to Figures 9a-9d. .Al so,, instead
> pofg NsILEBRES ol rarPlf Bl vilipt "tsed
to couple the windings to the termnals, including,
but ned147i mefeeﬂn% € FiRi& 1022100 stWt@alcdews 9P an@hthdillustrative
portions of the face ends of the miniature power
FrRgadimsnt pHEOMagEEtSOJoNIRONERT Phgetier FPGaEs shovg HdTigure 10a
| 1 -
SRR o ool Atk S 4G Wlolitd URY B o P TR RS Mifthiature
pogurr ididtar hiving brtabeasrmawpeligp@cin yighthi windagdeoafiguration, at
xpl oded view of the top side of a m qkat ure Eower i
{53efu ON®r MASRAIAGPAVEFr et upil i RBNARY Y QUIRRtRE neore area in
e £ Lo, ' t . '
R oA AR T ¥ DA pecive
acsop i drc®pwiidd o theemanphar powerbindictents dépigad en [Figuye 10a

illustrates a rspective. view of the top si.de of the
e BTBRAPS TRGGLSIT A SEB!B: EAOIHE JUFl o8 gtemplary
dibbdichean Ffues MBdilALkB R AYeRpbsiicN@e®tdRhé Bottom side of the
accordance wth an exenplary enbodi ment, Figure | i e

Minigsre groasr aingegtepast dopected a Hgutché0pont angprsiades ofith an

the m ni atur ower. i nd s, depicted.in Figu 1l.
et G i RE 0 Mo BreS AR b Gl Boyyifpn
wihdiff cohfRsiraidnesShe ehihieury ipgWedfnduber Bé Bégicted in Figure 10a,

Figure 10b, and Figure 10c in accordance with an exemplary embodiment.

[0148] The miniature power inductor 1000 shown in Figures 10a- 10d is
similar to the miniature power inductor 900 shown in Figures 9a-9d except that this
miniature power inductor 1000 embodies a two turn embodiment. Specifically, the
first terminal 916 of the miniature power inductor 900 has been divided into two
distinct terminals, thus forming a first terminal 1016 and a third terminal 1018.
Additionally, the second terminal 918 of the miniature power inductor 900 has

been divided into two distinct terminals, thus forming a second terminal 1017 and



wi ndi ng configuration of the m niature power inductor
as depicted in Figure 1la, Figure 1llb, and Figure 1lc
WO po1aocaegdance with an exenpl ary enbodi nment . [ ORGIPS2DhL051005
m ni at ure power inductor 1300 shown in Figures 1la-|
Id is simlar to the mniature power inductor 900
shown in Figures 9a-9d except that this mniature
power i nductor 1100 enbodies a three turn enbodi nent.
speuitli iteraliha}, 1lRe Furthet, thermindiak 19496 V5 othdhe mmiiaengr mwer

oner i ctaqr 900 .has.heen dj.vided.into . three ..
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46,1025 tahil radsdeeiidiwiading 1d%r 1@0d. arid fitdd wigdimnayer 1025 is
1111. Additionally, the second termnal 918 of the
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l'ayer 1129. The first wnding [Ffayer 1125 °is coupled to
nhbe Himast thterghicaelh ofl htGirsndrmingl KE6othd stemdi te@hindl 11027, the

The, secon 1 ndi ng, | ayer, 1127 | upjed to the third
i raied 104 il ton S5m0 SaPhiEh reRIGHE B vigs for
W AR M8 Wvindeig i<l is coupled to the fifth term nal

1111 and the sixth termnal 1113. This process may be

perfornmed by etching the first termnal 916, the
secon@0 481 hhp arangfegturimg dftthe mipiawrhpeweryiaduwos] 90 witlchave

TLBLLAER RV GhREe 298 L BB sy o0, o

Viliagatkd 8ad dtddBibed WhiflesgdtB8 FikliBd, 9alddB 5 Atog imdevad fod rukitiding
t hrough each of the first termnal 1116, the second .
ther vipn &y dififerent mefodima be besdniorfuplethe windipes @ the ferminals,

: i-nal it i : ' . '
VAR P28 ! B TP A o B
tihds ofithamngatusey@veer ifdit®2]100he manuf acturi ng of the

m ni ature power inductor 1100 will have nost, if not

all, lexibilities of t m ni at ur.e power
nducTUROBBErERE ol ERFER o vahlg: eSERl BUga T an cleventh
[8RR8GTe LALEHINE Df IR NEEnct $Ompbitek fRAdQiccUl 100 aFdNShown.
the vias, a different nethod may be used to couple the

wigvee hipsiliustratbrea perspachise gicw ansl andexpdpded iewnof thieitep side of a
niallRl Al 31 NG, LB 1GOrLesPRRd! NG PRt Le0s;,0f LG, Ta%&n

endas 0? R%e m niature pgwer I hduc orli%. &
Aeietidurival hiyleasdbhb @laghetit fdwWRe slidét, ine alRdiz6®ally bSented core

illustrated herein, greater than three turns may be

A nBdasgordegeg with an exemplary embodiment. Figure 11b”illustrates a
perspective view of the top side of the miniature power inductor as depicted in
Figure 1la during an intermediate manufacturing step in accordance with an
exemplary embodiment, Figure 11c illustrates a perspective view of the bottom
side of the miniature power inductor as depicted in Figure 11a in accordance with
an exemplary embodiment, Figure 11d illustrates a perspective view of the ninth

winding configuration of the miniature power inductor as depicted in Figure 11a,

Figure 11b, and Figure 11c in accordance with an exemplary embodiment.



departing fromthe scope and spirit of the exenplary
enbodi nent. [0153] Referring to Figures 12a-12d,
w@eMensdd4i ews of a twelfth illustrative enbodP@Ens2009/051005
a magnetic conmponent or dewBce 1200 are shown. Figure
12aillustrates a perspective view and an expl oded vi ew
of the top side of a mniature power inductor having a
one turn clip winding in a tenth w ndi ng
conf i @QﬂrSa\ﬂ iTbe, miatatire gmiwcp neduregnetOocshosndier Fighwet | lagid is
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formof a cl I p, coup ed to the at east one
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ddtonbhiiEteets reaprm@forgﬁé@ty 616212@ thafirsdgeraninag g p, the second
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manuf act ured by Chang 'Sung Incorporated i n Incheon,
Kor &ih amhisd|1d1 Lradrthpsiaduetmmahbelr3, 20uehefesulH iextivlol 6as for

c Sheet. Al so, these magnetic powder sheets
ﬁ%\‘g]eoeildbea?’vﬁgh%a?fﬂsare dominantly oriented in a
particul ar direction. Thus, a higher inductance nay be

achi eygg2pran nﬁdﬁ@fmgtdfcthé hhigtuk S p&k @ah@ebtém1 1006wl have
direction of the dom nant grain orientation. Although

st i msd dilheeft thgePieibiities of the miniature power inductor 900, as
illustrated and described with respect to Figures 9a-9d. Also, instead of utilizing

the vias, a different method may be used to couple the windings to the terminals,
including, but not limited to, metallizing the corresponding portions of the face
ends of the miniature power inductor 1100. Additionally, although a three turn
embodiment is illustrated herein, greater than three turns may be formed without

departing from the scope and spirit of the exemplary embodiment.

[0153] Referring to Figures 12a-12d, several views of a twelfth illustrative

embodiment of a magnetic component or device 1200 are shown. Figure 12a



four magnetic powder sheets, the nunber of nmagnetic

sheets may be increased or reduced so as to increase
woeroidetHebse the core area w thout departing fPCHUS1989/051005

scope and spirit of the exdfplary enbodi ment. Al so,

al t hough this enbodi nrent depicts a magnetic powder

sheet, any flexible sheet may be used that is capable

of bei ng | am nat ed, without departing fromthe scope
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t he | ower surface 1242 and a second extraction 1248 on
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and spirit of the exenpla

sheet manufactured by Chang Sung Incorporated in Incheon, Korea and sold under
product number 20u-eff Flexible Magnetic Sheet. Also, these magnetic powder
sheets have grains which are dominantly oriented in a particular direction. Thus, a
higher inductance may be achieved when the magnetic field is created in the
direction of the dominant grain orientation. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrease the core area without departing from the

scope and spirit of the exemplary embodiment. Also, although this embodiment

depicts a magnetic powder sheet, any flexible sheet may be used that is capable of



enbodi nent. [0157] Upon forming the first magnetic
powder sheet 1210 and the second nagnetic powder sheet
wa22a0/014u4ie first magneti c powder sheet 1210 anBICT/K82009/051005

second magnetic powder sheet 1220 are pressed together

wi th high pressure, for exanple, hydraulic pressure,

and | am nated together to forma first portion 1290 of

the m niature power inductor 1200. Also, the third

treig g deingnaprswaiethogh departies froan thet keope cundt dpimtagh gtei exemplary

§m¥d§ peet 1240 may al so be pressed together to form
8 8ﬁﬁ'port|on 1292 of the mniature power inductor

1200. According to this enbodinment, the clip 1250 is
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il A%k etecoorid @D inraym4rinen s@cél feesded tho gmdwmagmqmcf frwder bsgeet

Leted i ni ature power i.nductor 120 Th
R TR e R gl e el
1h%s Bhaitiad BER REWGTonl MEBECEAEndLl B0the I BiRcdiBAtasah®Wdding
the first portion 1290 to formthe first term nation

1236 Hrdfinshiadewsaiénul 236ripieragricdrio epcpgsulaty gkeewinding 1250.
term nations 1216, 1218 allow the m ni ature power

i nduct@se I pl t S e, or,
printgg’ irCU|§ﬁboaH§&§§§%o d%%% %Q%h?%ﬁgngﬁghag% to™"this
bﬁ@omhyﬁtaahzg&puheim&ﬁndhmﬁmmﬁmd|mgéandﬂ&hewénm&ﬁwe]242

which is typically_found in conve |ndu tors, is .
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ndi ng. he w ndi ng formed froma
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ide.a desir eonetry. Althoygh a c
RSy i R eS8 rp g REd e sRoeBA S iAioR 1246 and
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heesdic mwdrsshectdany lbmpéqd t9 the thigkmageetichiogvder sheet 1230,
?I}ngosecon d’enfJI gdl tlb%] dcfhei Eescorqg %xgactloneﬁ4%déx &, hgarne

rst ¢C orrre manner as escr
dection as the ﬁrst indentation 1236 and the first extraction 1238. The second

indentation 1246 is designed to encapsulate the first extraction 1238. Although
this embodiment depicts an indentation and an extraction in the third and fourth
magnetic powder sheets, the indentation or extraction formed in these sheets may
be omitted without departing from the scope and spirit of the exemplary

embodiment.

[0157] Upon forming the first magnetic powder sheet 1210 and the second
magnetic powder sheet 1220, the first magnetic powder sheet 1210 and the second

magnetic powder sheet 1220 are pressed together with high pressure, for example,



the first clip without departing fromthe scope and

spirit of the exenplary enbodi nent. Although the clips
woresptooedfipor med parallel to one another, they nRBgI/B82009/051005

utilized in series dependi A§ upon the trace

configuration of the substrate.[0160] Although there

are no magnetic sheets shown between the first and

second magneti c powder sheets, magnhetic sheets nay
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scope and spirit of the exenplary enbodi nent.
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qapeans 491 ReM Phiths dbo@cidorsitiie MRAAGE i fowkPMEtRIctor 1200
sheet is extruded. [0162] Referring to Figures 13a-

18¢, thee\ber piesseil dogetfr ta folvinr the enontpléted mitatire \pewer inductor

di t of ti nent devi 30
el SR R G R G
afiniaupd peeet Mienoiof 200hmaly @R tehd@odifd thelfirkt Rirtié:e 1 DIV form
i nductor having a three turn clip winding in an
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IllTustrates a perspective view o tom si de of
thdiblei noiisatfome theomenatiomatht evindisg.depi cted in Figure 13a
i n accordance with an exenpl ary enbodi nent. Figure 13d

illus a_per.s [ve. view.of the .eleventh w nding.
cont i SUPST T8R BRFRITH iR B e G PPt Micn
deRi et @doinedHogbeidd Jadesirb @ bemdBP, Adhdugti 8WbBdubde icBpper
accordance with an exenplary enbodi nment .. ,
material is used in this embodiment, any conductive material may be used without

departing from the scope and spirit of the exemplary embodiment.

[0159] Although only one clip is used in this embodiment, additional clips
may be used adjacent the first clip and formed in the same manner as described for
the first clip without departing from the scope and spirit of the exemplary
embodiment. Although the clips may be formed parallel to one another, they may

be utilized in series depending upon the trace configuration of the substrate.



[0163] According to this enbodi nent, the mniature
power inductor 1300 conprises at | east one nagnetic
w@owdetd4dgheet 1310, 1320, 1330, 1340 and a pl urcl/Us2009651005

wi ndi ngs 1350, 1352, 1354, s®hich each maybe in the
formof a clip,coupled to the at | east one magnetic
powder sheet 1310, 1320, 1330, 1340 in an el eventh

wi ndi ng configuration 1355. As seen in this
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depi cts a nmagnetic powder sheet, any flexible sheet
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t hoyt departing fromthe scope and spirit of the
gl%@%‘il‘éer ?mgﬁi’al&ﬁn £ MAgREY CoRRoR (o Mt 10 B Wi,
i A S
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the.third netic powder sheet. 1330, erein the
PPNttt ST BHC PSR SrR MATE ok er GG Pt O core
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magneti ¢ powder sheet 1330 and from one edge to an '
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I rst. 1 ndentation
side of the miniature power inductor as depicted in Figure 13a in accordance with
an exemplary embodiment. Figure 13d illustrates a perspective view of the
eleventh winding configuration of the miniature power inductor as depicted in

Figure 13a, Figure 13b, and Figure 13c in accordance with an exemplary

embodiment.

[0163] According to this embodiment, the miniature power inductor 1300
comprises at least one magnetic powder sheet 1310, 1320, 1330, 1340 and a
plurality of windings 1350, 1352, 1354, which each maybe in the form of a clip,



1336 and the first extraction 1338 extend in the sane

direction as the plurality of w ndings 1350, 1352,
wagd/o1diine first indentation 1336 is desi gned POI/US2009/051005

encapsul ate the plurality &8 w ndings 1350, 1352,

1354.[0165] The fourth magnetic powder sheet 1340,

according to this enbodi nent, may include a second

i ndentation 1346 on the | ower surface 1342 and a
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upper su face 1324 e first portion 1390 of the

mniature pomer‘lnductor'lsoo such that the plurality
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1330, wherein the first indentation 1336 and the first extraction 1338 extend
substantially along the center of the third magnetic powder sheet 1330 and from
one edge to an opposing edge. The first indentation 1336 and the first extraction
1338 are oriented in a manner such that when the third magnetic powder sheet
1330 is coupled to the second magnetic powder sheet 1320, the first indentation
1336 and the first extraction 1338 extend in the same direction as the plurality of

windings 1350, 1352, 1354. The first indentation 1336 is designed to encapsulate
the plurality of windings 1350, 1352, 1354.



are properly positioned on the upper surface 1324 of
the first portion 1390, the second portion (not shown)
W0 201phseed on top of the first portion 1390. TPET/U2089/051005

and second portions 1390, @#hot shown) of the mniature

power inductor 1300 may then be pressed together to

formthe conpleted m niature power i nductor 1300.
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subst ate ere are no nagnetic
shagettsc mmm shet W2 tlhehﬁrsf nragnetarp]l)v@iec sinat iBhatd the second

owder sheet eti c sheet i.tioned between
?‘W@n?ticr I%%ch‘ﬁ éh‘*s?gi gﬂ‘b arﬁé’éﬁsé?f %éﬁ% PISS¥IG® | @(agg) <
hﬁ@raﬁ\h@ ‘ﬂké@gurle Saf lél%ﬁﬂe& ! t8§%théret%gfo?mt Y fﬁgteﬂ&%ﬁ | 590 Q5 fMhe

e termnals for the mniature power inductor w thout
dapiaturé¢ pgwer mducthe 1 b paélsantheshird imagoftic hewdstedrpétaldp0 and

e e aenehib e eB el a2t et b Pt Te el g o
9écond portion (not shown) of the miniature power inductor 1300. According to
this embodiment, the plurality of clips 1350, 1352, 1354 are placed on the upper
surface 1324 of the first portion 1390 of the miniature power inductor 1300 such
that the plurality of clips extend a distance beyond both sides of the first portion
1390. This distance is equal to or greater than the height of the first portion 1390
of the miniature power inductor 1300. Once the plurality of clips 1350, 1352, 1354
are properly positioned on the upper surface 1324 of the first portion 1390, the
second portion (not shown) is placed on top of the first portion 1390. The first and
second portions 1390, (not shown) of the miniature power inductor 1300 may then

be pressed together to form the completed miniature power inductor 1300. The



wi ndi ngs 1350, 1352, 1354, greater or fewer sheets may

be used to increase or decrease the core area w thout
walepanid4my from the scope and spirit of the exe@ps2099/051005

enbodi ment. [0170] In this é&wbodi nent, the nmagnetic

field may be created in a direction that is

perpendi cular to the direction of grain orientation

and thereby achi eve a | ower inductance or the magnetic
powtiods whythdehualétt efdclips B350 1882,i bif4t mduichi sxtpad &kyaid both

irection of arain orjentati,o dth
00 <G Y p b flstere B0 b R P B R o st porton
dB9®es ifen thefinmanalihgionode! tHheebnd Seriidiidfed.18, the third
0171] Referring to Figures 14a- 14c, several views of

rmmtlpéelﬁﬂﬁ the [femythy ta?fmmétl@wéébﬁ e iiltbfermingignet3ild, and the
%W%@%ﬂ}m% 1981 G8EAR0 AL BN 151?“1"3?6 1?‘17 1318, 1319

es a perspectlve VIeW of 't hd

aﬂ@wah@ﬁﬁmamwpowﬂdudﬁmr 16001 tobeaprope st wuplezil fopa substrate or
in atwelfth w nding configuration, roll

ﬁﬁgﬁéﬁreulbbwéf ASRging taﬁlalsa ofimhtths PRysisel &t 'éf‘aween the
Wﬁcﬁn%ra%@ fh@ afE, ORARMCR wgeéraggnfoﬁff@fm' &Melﬁ@gﬂ gﬁ[ﬁl@{ors, is

Figure 14b illustrates a ective view o
babd e Sihdeliofindtioe ofitni ahysiel gopvends duatimizegBe audible noise

epicted in Fi l4a in accordance with an exenplary
gﬁ‘?ﬁb@‘? ?t}owfgﬁ?‘éﬂ%%g illustrates a perspective view
of the twelfth w nding configuration of the mniature

power [0 Iy aherplaslide Rl Ghigdingd Bisgunesidaaned Foenddefrom a
14b in accordance With an exenpl ary enbodi ment, 0172]

AerdictyhgonnsT f4yies veliblo atayel: deforeednionirayide e % geometry.

ﬂr‘%gc%nad COan(gmlg% nEg) P %%te%m‘;?luﬁ&g 1nqﬁ% e%lgbo% rﬁ ent, d Irycsébl?l?cttlve
elatqdial anuipeaded @nthbm dephitiag fmgﬂetsb@pmmrrltsﬁem exbhiplary
in a twel fth winding configuration 1455. As seen in

embedigigBbdi nent, the miniature power inductor 1400
conprises a fi rst magneti ¢ powder sheet 1410 having a

| ower [G;llGrS %‘}Qloﬁéhl l?rigre@'ehb@ﬁ)t%rshé%ﬁfl@%s %%é%lrﬂeﬂt %peater or

exenplary” enb each nagnetic powder s

beva clgnety copovwde withbete tepmeimyf dotutled seoypeChrahgpiSting the

Incor orated.in In Korea and sol d under .product .
SR CHBNED PhoHEiece Siag: i apdaliclRpaaEHaton

mwal@gsl faP BedeedsineRtiss ﬂ@ﬁ(&ldﬂfgah?& Wi gheckdhfiguration of the

dom nantly oriented in a particular direction.  Thus, a

hlll@tfe‘ie i nduct ance may be achi eved when the magnetic
field is created in the direction of the dom nant

grain {(5)1r6|9g Al V@Bhé’[{]%hef% !11]3 Q]tldgtﬂ agtnlgjtlg‘ sﬁé@sosqlo%rgehggé?ll tﬁg ¥ir& and

magne
second magnetic powder sheets, magnetic sheets may positioned between the first

and second magnetic powder sheets so long as the winding is of sufficient length to
adequately form the terminals for the miniature power inductor without departing
from the scope and spirit of the exemplary embodiment. Additionally, although
two magnetic powder sheets are shown to be positioned above the plurality of
windings 1350, 1352, 1354, greater or fewer sheets may be used to increase or
decrease the core areca without departing from the scope and spirit of the exemplary

embodiment.



desired length, the desired |l ength may be increased or

reduced so as to increase or decrease the core area
woralboud4departing fromthe scope and spirit oPCT/H82009/051005

exenpl ary enbodi nent. Al soS6alt hough this enbodi nent

depi cts a magneti c powder sheet,any flexible sheet may

be used that is capable of being | am nated, w thout

departing fromthe scope and spirit of the exenplary

embodiMgil In fhisiBbodipont, fhermagngti¢ fieldfmayshe eragiedtn edirection

owder she 1450 i s aced the ..
BBES petr w1 theodtFicfiah B arfpnBit e iebPE ashipve o
14 isdikunt 8t thichaghbliPfidid ket @bsted i &liécioa eheypadilel
bot h sides of the first magneti c powder sheet 1410 and

&méhfe dgféCttﬁﬂ pherainquicnipsion| andathicsbedachiievs &rhightyengyctance
{
HEat Lo R L R RARD odddCtanfotd L RE e

clip 1450 extends beyond both sides of the first
magne{0171pRefering heetFiditdd [t 14he sbwatrdlovicsur foiice oi@enth

of the mn a.urepvver i nduct or 1400. ce the clip
ﬂh@ﬁa‘i“ée ﬁwéﬁéw sﬁ {HAgREEE SAMPRHRENY, pﬁ] VeG4 Q,Oealfmlzpwn

@fgutré"Q4£'1fl§§traf@9d"§kﬂsﬁeo‘?ﬁm5vvsﬁfetﬁ5 téquQie 608 1f nllaﬁ’ur%%er
and the first magnetic powder sheet 1410 are rol

mdactogheingt loge turo clipmmmdihg insd twedfthy mendafig t¢1é'1gura1uoat aradled

%%ﬁﬁ%ﬂ' RANEGE Shect 408 emenai b ALk o YRR BP AR FH- g on
Rk @8SibFyeembtimexMPloBre MARIratEs RiREPLEtRe A8 of the bottom
| am nated together to formthe m niature power

sidd @f they miMgore g |ipductarie dsmctqddﬁ Figre dfhe icaqeprdpagowith
Whégeh @X}ye%%?%&qd ngol%eg rl]%éj gﬁ%ta% S % Egrs%%cttltvg tanll'lergvﬁof‘[ﬁ\’\"téwelfth
FARn@ ot fi@rmidn &ft the enipi@e poRdt Gidaktor 40 Aepiotedanmigie 14a
first termnation 1416 and the second term nation

#0d Bigurn khenagpaitl#ige ivghisamexegip a1y e8badinsit-t he

m ni ature power inductor 1400 to be properly coupl ed

t O a f r { |
5,2 1ot AL SR s e

aomptites agole] mvxgne(tlh posvdeygiccal 419 ahdarvdnding d664, ezvhlclonmy be

(] [ I t f t .
ShOETRE St GRERAT B AT RTTES RaRAe S@eﬂ&?‘égﬂwwlﬂh
mlﬁg Qbﬁﬁ%&ﬂl&{ 149% WisndeRGn ﬂlil@Je?foodmt WHR ik tdid 58 we

is formed Troma conductive copper |a whi ch may be
déivéwneHOt)ocq@snm@i@ ﬁr&ﬂe@ag@acm‘ﬁ@t eetAHllQoh@hn& a lower

sur agc(%gnc}\gg |C(f\3 gll? gra tsuelr Ifacc | 14l%euuse Ie\%lel%lﬁ lary eHnlgoger%ent ¢ach
B{a@ﬁ&ﬁd‘lﬁoxﬁ@@ p;ﬁeeartdnsdal 4 hiag@énct P8 dx S Rpdt aﬁahu@[ﬁaﬁédl rﬂsgzr@hang
Sung Incorporated in Incheon, Korea and sold under product number 20Qu-eff
Flexible Magnetic Sheet. Also, these magnetic powder sheets have grains which
are dominantly oriented in a particular direction. Thus, a higher inductance may be
achieved when the magnetic field is created in the direction of the dominant grain
orientation. Although this embodiment depicts a magnetic powder sheet with a
desired length, the desired length may be increased or reduced so as to increase or

decrease the core areca without departing from the scope and spirit of the exemplary

embodiment. Also, although this embodiment depicts a magnetic powder sheet,



[0175] Although only one clip is used in this
enbodi nent, additional clips my be used adjacent the
wo prso1gakd p and formed in the same manner as deGLUR1962051005

for the first clip wthout Sdeparting fromthe scope

and spirit of the exenpl aryenbodi ment. Although the

clips may be forned parallel to one another, they may

be utilized in series depending upon the trace

eonfllepihlatshost whyt e useodamataitsecapp@l@mt] beimgt kimgnated, without
nbodi et.| be .created in a

drreted Bt e RE Rt beh bE S R TP on of

grain orientation and thereby achieve a | ower

i nduc{@ITee Upon tibrening gieefirktCmigretid poRietipeariaad atle thp 8450 is

dlrectlon that is parallel to the direction ofﬂ%rain

Gl @419%fhemp%ﬂlrfaﬁ%ﬂféwfééﬁ fley nagnefigprayder sersé d dHtaich that
d '
SRoa) 06 e ol St SR LBODRL i, RS ppcer

M&melbe&mnduﬁmlagﬁdﬂahewmp 1450i s ﬂqmb@nmﬂahm@dg&aﬁth&éﬁm
invention fications de to one

SREBEISRA%B & %?ib(g" ﬂ"% distaase Hi 594 g Gror @t diva fhe fistance
eRPdhERNhS clq%I Q44 (ﬂaxt@l&s Rd B&‘fq élc[b\é IMtthORrR "ﬁ‘?agﬁ@t?d"powder
described with reference fo specific enbodi ments,

s &4 detodh¢ pottapm surdace 1486 ofthampintaturb eowomlsltimjmdMOﬁ ®nce

I R S A s R A e
pOWEAL iHeBt W10, tREEIIR45(MRAY e fiks® nﬂh%hétﬁhnﬁoxk}@éﬁ dMdet 1410 are
ordi nary skill in the art upon reference to the

deliedravt pash asherttp dotnh theritiushire of thsainiagure eooavsp telortar 400.
q%e spru rehc?fv 0 91% ﬁlagure %co:}/(f]@fc' Ii(nldlulc I gﬁ{r)r(g 2 i rg %ehs ed ttoggther with

conceptron and

Bighrgagutey faitdxbinprd h?draahdopﬁes@ré @hd Malinhtet m@eﬁter to forrn the
desi gni ng other structures for cargélng out the s

pURg R FOBET UNBICIRVKAODT oRinally. ROUATHOB 8l fiseCliodis Grethich
BYtchd %%z I{Haﬁbtﬂgec%%g lbfdhy njhfa{dre gw%P G Iortl%g G be bent

equl val ent constructions 0 not epart rom t Irit
arvaing clapleotim Slh&cie rMQﬁtoifdn: amigete foovdr industarid00 to form the

ended cl aj nNs. is therefore, t enpl at ed .t hat
?lﬁg %"P’éﬁl%n\?ﬁqg ag \t/léﬁrseﬁ SRRy ﬁf? F&: AR dergyinations 1416,
eaPosi SR ﬂfesrmtnnﬁﬁre fp@l)vler Wdﬁabf‘l4d@eco %@ PR H {y cbf¥fled to a substrate
i nventi on. WHAT |1 S CLAI MED | . A magneti c conponent,
oonpnicd |0trgu1t hoartl e deconshimg @Hb@tembmldgn@ltnthﬁ pbysical lgepdetween

ne sheet substan I nd at ast e :
ATGE gREE e hiehde SaPislP ol O ofhenRR diliprors. i
%iﬁoved. The elimination of this physical gap tends to minimize the audible noise

from the vibration of the winding.

[0174] The winding 1450 is formed from a conductive copper layer, which
may be deformed to provide a desired geometry. Although a conductive copper
material is used in this embodiment, any conductive material may be used without

departing from the scope and spirit of the exemplary embodiment.

[0175] Although only one clip is used in this embodiment, additional clips
may be used adjacent the first clip and formed in the same manner as described for

the first clip without departing from the scope and spirit of the exemplary



winding is coupled to the at | east one sheet, and
wherein the at | east one sheet is lamnated to at
WO eEsMi1g4portion of the at | east one wi ndi ng. BCT/UR09/051005

magneti c conponent of clai@1l, wherein the at | east

one wi ndi ng conprises one of a prefornmed coil, a
conductive foil, a conductive trace, and a clip. 3.

The magnetic conponent of claiml, wherein the at
kwbedinene Mthaighghe ehpy inge be dormdcuetlicl & oncametifenrthexdmay

.sufr.f the at | heet. b f
Tk e e R e TR
plating. 4. The magnetic conponent of claim1, wherein

t he afol763si thinembdib@tnt, theandmmeneticld povBesresb@at a didection
The magnetic conponent of claim 1, wherein the at )
theh 4y pemendirHan HytheoMprctior of Lrynarienfatipn gnd ihergbn gshicve a
: £ 2w ndi ; . .
BSR4 B AR S0 B B gy ot
anehavdirdetivgy oD gpain serengatiph uanall theyebyf ackiievdi mdsghet hieductance

luraglity of windings fornmed i.n parallel. 7. Th
ﬁa@q@mg&pea wﬁ%ﬁﬂeﬂfecgfm H1cANBROLLIC PO Higfes ee&awsin@?ﬁg at
| east one surface nount term nation coupled to the at

| east [@I7g] WIRELEE seral TERLEBSBRE | 1favE OFHRANEN ol ModkMt is
1, wherein the at | east one sheet conprises a

ponfemblatod that dherrantion heclpdagrraddifigatiohs shesette onc embodiment
osi;tioned on,to one _another. 9. The magnetic
B3 ShER A PR of e Y Ha MR AFaTae M east “one. wi ndi ng

is coupled to a surface of a first sheet, the at | east

one wioudisnalthotgh nhe ainpaitiodr Raprbethedeseriiodc evithl Geferbhee to
magneti c_conponent of claim9, further conprisi ng[ a. .
HRHE cebpdisaats JhersqderpapiiQngr FEnRotf MEHY ohbergASTYFd In 2
Bhniti §éns?.”9\/a}?4oﬂ9'n%iﬁé BniBERR! HScibL&! &n&f‘dﬂ%ﬁgﬁ% KAl as
a vertical orientation t rough an opening torne Yy

thanative @alsddimoes wif e mgentioh. wilhlee coag reppaeniconposvanthaving

Sl hip {15 PrdRe TS1Praice Pobe GHaP o, e ingenton. T
SRR Y REpetiaRd Yy thbR Blvidge@lnary skill in the art that the conception
and the specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes of the
invention. It should also be realized by those having ordinary skill in the art that
such equivalent constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims. It is therefore, contemplated that the
claims will cover any such modifications or embodiments that fall within the scope

of the invention.



one wnding is fornmed on a second sheet, and wherein
the first portion and the second portion are coupl ed
W@ o10MeH4dhot her to forma pattern. 12. The nmagP€r/U82009/051005

conponent of claim 11, whes2in the first portion is

coupled to the second portion through a plurality of

vias. 13. The nmgnetic conponent of claim 11, further

conprising a magnetic field fornmed when current flows

MNAUgR GIIMED|I8ast one wi ndi ng, the magnetic field

generated in a horizontal orientation through an

openi ng fo%ﬁ%91§¥ %ge 8tmueastrgpe wi ndi ng. 14. The

magneti ¢ conpohen of PR m TP “Wherei n the at | east

one wi ndi ng conprises a plurallty of wndings in a

paral | el oai &nattabnorsheed Swherbia thagndedse oao vhenantsubdtantially

claim 14, further conprising a nagnetic field forned
A-@B¢rent flows through the plurality of windings,

the nagnetic field generated in a horizontal

orientatiop Ie%t%iﬁ%f’ﬁﬁn%?%’e% faneﬁ?cdaP 1BH%f Qﬂléiﬁtaﬂehstt)bne

of windings. 16. The nmagnetic conponent of claim 14,

faundihg s coowppadi teithe aalermgmetSihcetf arei whéroinntsd anhest onc sheet is

urrent flqws thr Lural ity of wndings, the
e © ¢8RS BRRe Be bl S deReal” ot entat i on
through a plurality of parallel openings forned by the
plurabity @hewhighectigScokponditeofragngt i C whermonentat dast one
claim11l, wherein the at |east one winding is a single
WiRdng §omanses\ge rod iarprefesmpd coibrancqnslustiyapiop p genducgye trace,
he. neti c conponent of claim 17, further conprising
a magnetic field formed when current flows through the
single w nding, the magnetic field generated in a

hori z8nt al Taeimagretic ocmrmﬂunentgbf alpmuf, abvihbl;eimfthqoat dtdselone

i f d by th di
RRERE PO o foRtusG e Ry TRred SRHeREiRe PhC dhlspshaeisteet

HPhAL Athen?fal e@ﬁf’hgnﬁ%’tg te’[c‘ﬁnfgo fﬁ@&‘%@é’ﬂm@ fang bRkiAy 19,

further conprising a pluralif magnetic fields

formed when current flows through the at |east one

wi ndi ﬁg 2The MRgactmepepdnenceingloine ht whdrciol the e ast one sheet

wher a fi netic field is generated in a
55??8 lép {lgggn and wherein a second magnetic
field is

5. The magnetic component of claim 1, wherein the at least one
winding comprises a plurality of windings, the plurality of windings formed in

Series.

6. The magnetic component of claim 1, wherein the at least one
winding comprises a plurality of windings, the plurality of windings formed in

parallel.

7. The magnetic component of claim 1, further comprising at least one

surface mount termination coupled to the at least one winding.

8. The magnetic component of claim 1, wherein the at least one sheet
comprises a plurality of sheets, the plurality of sheets positioned on top of one

another.



generated in a second orientation through an opening
formed by the at | east one winding. 22. The nmagnetic
w@onponamt of claim8, further conprising: a pPCHUSM09/051005
circuit board, wherein a fiépst portion of the at | east
one winding is forned on the printed circuit board,
wherein a second portion of the at | east one w nding
is formed on a second sheet, the first portion and the
secon@. por tThormegngpt edpmppnemteohicbime’, whefear tha ag deasalone

att.ern. 23 The netic.c onent of claim.1,. :
RS F ieg, O R HBROSHE GroaTRg (B eClsedofh Miminy forming o
aggen oh thdwrRte | east one sheet to an opposing edge of
the at | east one sheet in a substantially linear

orientation, 24. The magnetic_canponent of claim 23, )
wher eilf- t hdhamagaglia caprongRtRfi Ajmcd Fprthgcomprisingragmpgngtic
f 1 W Nd t [ i nd : [ -
PHPARS5ion' Qfrchl HER ] o BRIl iR fhe magnotic
Wk klr gdnkratdieinad vdraed torentation tdbngh aoopmigeforakd bgabé at least
one clj.p having opposing ends, the at |east one
EP?ﬁ@%%E%ding beyond t he opposi ng edges of the at

| east one sheet in a substantially |inear orientation,

the opposi NYe aRgactRf contjnaht Iredsh L MdeRlid P fifRHoHRdE oRthe at
plurality of surface nount termnals. 26. The nmagnetic

twstpmeenndiog isfoinad 06 a fikteshedtnwhdreinat scheraksporaereoicthi pt least

compr.i ses.a.plurality of clips h l.ural kty of.clips
P RINERR 1€ s & Sodnarpeflaund (¥heRus Wi pBih drkPine
s¢cahipdhionWiesRipltditb @nabndtBasb feea piteeh. is a single
sheet, the single sheet being rolled around the at

| east one clip. 28. The magnetic. conponent of claimil, .
wher eil A t hd hamagagis comBongnhAAf Simand > tvierear theHet perien is

B e D B o B Py EP Y & ming "2 magnet i ¢

conmponent, conprising: providing at | east one sheet,
wher eilB. t hdhat magagic epmpehaeét of slambdtlanfuithéd yomprising a

0 PHACE, b 500, A REDEDS, fy AL PBEL BB,
magnetic field generated in a horizontal orientation through an opening formed by

the at least one winding.

14.  The magnetic component of claim 11, wherein the at least one

winding comprises a plurality of windings in a parallel orientation.

15.  The magnetic component of claim 14, further comprising a
magnetic field formed when current flows through the plurality of windings, the
magnetic field generated in a horizontal orientation through an opening formed by

the plurality of windings.

16.  The magnetic component of claim 14, further comprising a
magnetic field formed when current flows through the plurality of windings, the
magnetic field generated in a horizontal orientation through a plurality of parallel

openings formed by the plurality of windings.



| am nating the at | east one sheet with at |east a
portion of the at |east one w nding.
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17.  The magnetic component of claim 11, wherein the at least one

winding is a single winding, and wherein the pattern is serpentine.

18.  The magnetic component of claim 17, further comprising a
magnetic field formed when current flows through the single winding, the
magnetic field generated in a horizontal orientation through a plurality of parallel

openings formed by the single winding.

19.  The magnetic component of claim 11, wherein the pattern is

toroidal.

20.  The magnetic component of claim 19, further comprising a plurality

of magnetic fields formed when current flows through the at least one winding.

21.  The magnetic component of claim 20, wherein a first magnetic field
is generated in a vertical orientation and wherein a second magnetic field is
generated in a second orientation through an opening formed by the at least one

winding.

22.  The magnetic component of claim &, further comprising:

a printed circuit board, wherein a first portion of the at least one

winding is formed on the printed circuit board, wherein a second portion of the at
least one winding is formed on a second sheet, the first portion and the second

portion coupled to one another to form a spiral pattern.

23.  The magnetic component of claim 1, wherein the at least one
winding proceeds from one edge of the at least one sheet to an opposing edge of

the at least one sheet in a substantially linear orientation.

24.  The magnetic component of claim 23, wherein the at least one
winding comprises a plurality of windings, the plurality of windings formed in

parallel.

25.  The magnetic component of claim 1, wherein the at least one

winding comprises at least one clip having opposing ends, the at least one clip
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extending beyond the opposing edges of the at least one sheet in a substantially
linear orientation, the opposing ends of the at least one clip forming a plurality of

surface mount terminals.

26. The magnetic component of claim 25, wherein the at least one clip

comprises a plurality of clips, the plurality of clips formed in parallel.

27.  The magnetic component of claim 25, wherein the at least one sheet

is a single sheet, the single sheet being rolled around the at least one clip.

28. The magnetic component of claim 1, wherein the at least one
winding and the at least one sheet are disposed adjacent to each other without a gap

there between.
29. A method of forming a magnetic component, comprising:

providing at least one sheet, wherein the at least one sheet is

substantially planar;

coupling at least a portion of at least one winding to the at least one

sheet; and

laminating the at least one sheet with at least a portion of the at least

one winding.



