HI GH CURRENT MAGNETI C COVPONENT AND METHODS OF MANUFACTURE TECHNI CAL FI ELD
[ 0001] The invention relates generally to electronic conponents and net hods
of manuf a®0Owpimgesshese conponents and, nore particul arl PCTIUS201008290DTr S,
transforners, and the nmethods of manufacturing such itenms. BACKGROUND

[ 0002] Typical inductors may include toroidal cores and shaped-cores,
including a shield core and drumcore, U core and | core, E core and |
core, and other nmatching shapes. The typical core materials for these

i nductors are fgGH CERRENPMBGNEIYC O PO ERRE ANRAMETHODSOF ncl ude iron
(Fe), Sendust (Al -Si-Fe), MPP (M-N -Fe), and H ghFlux (N -Fe). The

i nductors typically have a condUdANEFALCRHREg wr apped around the core,
whi ch may include, but is not limted to a magnet wire coil that may be
flat or rounded, a stanped copper foil, or a clip. The coil may be wound on

the drum el At obbin core directly. Each end of the w nding nmay be
referred ?g as gqq“e]g@i%ﬁn)d is used for coupling the inductor to an

el ectrical circuit. The wi nding nmay be preforned, sem -prefornmed, or
non- pr ef or med depenfi0fdd] ufbe itveationp pdlatcapermnal lvetguil ¢cermaitt @midnsos @ehé cor es

may be bound toget her through an adhesive. . 0003] Wth the
trend of #Siq%daﬁ%?féur@eﬁ E\&S? SREPANHIty RS BFS B?ﬁtl,culéhﬁe@dl%k‘@f% f or

provi di nghNGaedRs, and M REnSBY §F iR Bl f QEmdAgt ors, nore robust
configurations, higher power and energy densities, higher efficiencies, and

tighter inductance and Direct Current Resistance ("DCR') tolerance. DC to
DC conver B&A(KG@ROWEPt age Regul ator Modul es ("VRM') applications often
require inductors having tighter DCR tol erances, which is currently

0 11 EuLt L0 Prov SR YOnkey a e i e, TIVATCLA DABAAEEE?,,

t ol er ancecé®R ihdludiyiphuchicld svd¢letiddiminhésre, BesrkrdadI &b, E core and I core, and
other matching shapes. The typical core materials for these inductors are ferrite or
normal powder core materials, which include iron (Fe), Sendust (Al-Si-Fe), MPP
(Mo-Ni-Fe), and HighFlux (Ni-Fe). The inductors typically have a conductive
winding wrapped around the core, which may include, but is not limited to a magnet
wire coil that may be flat or rounded, a stamped copper foil, or a clip. The coil may
be wound on the drum core or other bobbin core directly. Each end of the winding
may be referred to as a lead and is used for coupling the inductor to an electrical
circuit. The winding may be preformed, semi-preformed, or non-preformed

depending upon the application requirements. Discrete cores may be bound together

through an adhesive.

[0003] With the trend of power inductors going toward higher
current, a need exists for providing inductors having more flexible form factors, more
robust configurations, higher power and energy densities, higher efficiencies, and
tighter inductance and Direct Current Resistance (“DCR”) tolerance. DC to DC
converters and Voltage Regulator Modules (“VRM”) applications often require
inductors having tighter DCR tolerances, which is currently difficult to provide due to
the finished goods manufacturing process. Existing solutions for providing higher

saturation current and tighter tolerance DCR in typical inductors have become very



difficult and costly and do not provide the best performance fromthese
typical inductors. Accordingly, the current inductors are in need for such
i Mpr ovenewo011/016883 [0004] To inprove certain i ndu®Cons2010/032992
characteristics, toroidal cores have recently been manufactured using an
anor phous powder material for the core material. Toroidal cores require a
coil, or winding, to be wound onto the core directly. During this w nding
process, the cores may crack very easily, thereby causing the nmanufacturing
process t @ifheuldiahd i Yy aBAUITRHE pERSAd Yhel Bst | JeBfoHBghdeNSMr fiR&EtypRsHIt
technol ogy. Additionally, due to the uneven coil w nding and coil tension
vari at i onsdugptotsoravicdedinglpytbe curréns IMIOROrsany ot neasl fpr sushdingtavementahi ch i s
typically required in DCto DC converters and VRM Due to the high
pressures i nvol ved giiing14NG, 6 65308, PLASGSS chivh AR orBGEN BiRgST bl € o
manuf act ur e shaped-cores usi ng anbrphous powder Haterrars.

[ 0005] DuBavicoreaghtBnieaanimifadiuret esingam emppas@gpaddertrgtetialefod thwasorbeen to
manuf act ure power_inductors having m niature structures. Thus, the core

st r uct ur eMgfsial-palgoidalyepres feayine roofls OF i Wisdinge t@ st wewl, opy thsecore

accomoda y . i i , f i ch slimor
have a ve?@gcttﬁi nﬁgl‘r?lgg?tﬁ %W‘ﬁ‘?ﬁ ?g({yﬁ%i ﬁgé/icﬁﬁﬁc?gfs Cgv}]ér?g egg'll}g&%%}rég}[i | e has
caused nmapafsagt theemamdagndog ipreressmenpeddiffiduttubnd esore tchatiyeliyr immkisaignt he
manuf act ur i process  expensive,. . 0006] For. exanple, as. the
Component STHEEEHIR At g&-nd@@iﬂwaé% g 19 i P?@Jeﬁafsoﬂaw@gr'ﬁ% a0 the
nature of (&,Gi8n GAARRIR A forBRhNEbrEa Rt MORNE notN8% GofdiichiWRHRE iCQpRANGNT S
provide for inconsistencies in the product thenselves. Another encountered
di ffi cul t yequived unld2C tth DS lrapesrsoy esd BERMg  Dee yo fthadighepmssirgsr ovelved core
cracki ng throughout the nanufac%uriq?b%goces% Qp adq%tionq% d&fficulty IS
that the PHHUEIENRIESE REICCRoAL MEY ARt OFILFEOINE FAPEVT A BRI B8 heen t he
two di scr giifig 6@bfhoud pekdtdinigeriild. not limted to drumcores and shiel ded
cores, ER cores and | cores, and U cores and | cores, during assenbly. A
further difficulty is that the DCR is not consistent due to uneven w nding
and tension during {45hi Ry adivercemsntsTReeCtignict packpgingsthe dsnd dwnt

exanpl es @i Sk, ijageﬁ’reoéo&aein B¥rsd Mﬁ%ﬁ Wihihfse gﬁ'ﬁ&%&.e Bifhs MUl Eore
attenpting to nanufacture 1 nductors havihg a mniature structure.

[ 0007] Mapudicaotunusthapr bees aad 1dvoer profiles tsortisat théykmapbhekcanmpdatedbg, have
been scrutinized as a way to reduce.costs in the highly conpetitiyve

el ect roni & fﬁ%ﬁfm St R fevitRsi wEROT Vﬁélaka&aiyg)ﬁ_ S GRRIF 40T PHYPRS s i 5
par t i cul ankfuiRRirathGuctlishatiAE COPABAIY RREh0G WRANGAGLY S dnifidow cost,
hi gh vol une conponéents. In a hrgh vol une conponent, any reduction in

manuf act umiang dd6stltits thepdbycoakisge theghgmiffdhwag pro¢ass meyenbige possi bl e t hat one
mat erial used in manufacturing may have a hi gher cost than another

materi al . However, veral | nuf act uring cost may be less by.using the
mor 6 costly mat er | alOBEEarSE I dr th TR TR e T PEFUTA ARG product
in the nmagifiadtyUidsngisPh d6E S tHeSna@lire dff €lic Ediaporich® Hetld Rdidl Wodhdanbhese .

consi stency of the sane product nmanufactured with the | ess costly material.

Thus, a gh#yt svoupdngearposentacRraaide nigh upersiskagdicprisdiiet Brogast emselves. r at her
t han bei ng_ di delit | [ L ibl terial
used i m maRUPSE PR Wt AT bdcsthe QB8 coRARER T bt a R clRe
mat eri al , tdudretdigckimpthrogheints mardadtinanry poopsnsAn edditionalt di€idulgriease i n
mat eri al costs. These exanples are just a few of the nan¥ ways. . for reducing
manuf act thahaledggchqnce 18 not consistent due to the gap deviation between the two discrete

cores, including but not limited to drum cores and shielded cores, ER cores and

I cores, and U cores and I cores, during assembly. A further difficulty is that the DCR

is not consistent due to uneven winding and tension during the winding process.

These difficulties represent examples of just a few of the many difficulties

encountered while attempting to manufacture inductors having a miniature structure.



[0008] It has becone desirable to provide a nagnetic conponent having a
core and wi nding configuration that can allow one or nore of the foll ow ng
i mpr ovenawopliinesse fl exi ble formfactor, a nore robusPCTarskeigoszmv: on, a
hi gher power and energy density, a higher efficiency, a w der operating
frequency range, a wi der operating tenperature range, a higher saturation
flux density, a higher effective perneability, and a tighter inductance and
DCR tol erance, w thout substantially increasing the size of the conponents
and occupying an unghiR7amaM fRturfBaC roc8SREC Rk | Vindhi&BrsUS eitkeON oftiek CUI t
board applications. It also has becone desirable tgﬁgr ovi de a magnetic
conponent cérapenegtsahasrgcanduiihied aya venftd guiuat cems inhae highly edmpartivow cost
manuf acturj ng and achi eves rre_consi,stent .el ect.rical and.mechani cal

oroper 11 oo PR AROH R PPURgRRUE R os TP BHLER: ARG AEPREe RS onen
that ti ghtéyirabRNivhen Shé h@nipeRety eieidgd hguRICRUE takd oW Odos8 i KGR - voSMVARY

[ 0009] A nmgnetic conmponent and a net hod of manufacturing such a conponent
i s descri peaporERE. dagiegh volegsemearcieanyiraductiga in panufastupsg cp§tis.10€d t o, an
i nduct or t.r ar I T i St i.di ng at
| east one&'gslﬁgeﬁces@g%‘“frag{ ?gtﬁl ?llycg%Bgﬁwri%%agﬁgg%?egﬁéh%%plovﬁ@f%%@{ﬁo %';(1]1[&9

coupl i ng hivd £agtheac@drthidnomodlicrahatbeds tHomeven thdiovgrallombmdaatrihgasst one
shaped-core, and pressing the at | east one shaped-core with at |east a
portion omam@qa%s Dyewdte GReEatF ﬁaﬂy natpral bﬁ&@l&ﬁ@tth%r%%éw{] BT Ees at

| east oneophAPes @Rl dn ! ALT ERIEufib OB ATDIROAUS (RAVHET relighifly dhqand at

| east a portion of at |east one w nding coupl/ed to the at | east” one
shaped- coc@sisihiey oif tha $secaproled shanofietigbd peti-tbolas icesthyr mssadl. t Dhwt al east a

portion of the at | east one w nding. .The w ndi ng, may, be preforned,

Do - pr ef BIHEG, IO R 57 P B At dly e Mt Bt (ePRG N Bibed to, a
clip or ajgeirbed. TABJABRAIBN AUsPRWISSIHIRBARAINA|mATBYal REedlh mhATaABSRHa

anor phous powder naterial” or a nanoanor phous powder material.

[ 0010] Aceanponsgt mey devea dsgher rest thananoHmep ethtatd.dut dheelabougivengs rayget her
with a winding Bosiidoneds tsLe, beturen ol fl Hese ashas! & ;00¢ of Jphe
shaped- cor €8 TEPpIEs8eY, SN The "Whidi g 1% colipt &4'tid YHE B 8de% 8
shaped- cotie. madlyewvssiter reaticing eragofeturisg eeipl ed to the winding and the
pressed shaped-core and pressed again to formthe magnetic conponent. The
shaped-core may be fabricated from an anprphous powder material or a
nanoanor phous powdef00981 et has become desirable] (9onrpyidace dRABENRHC COMPERBY

I ' ' I
exenp: ar yh@xﬁ9§ %tctgﬁ drldGy AR %ﬁﬂgﬁﬁﬁéﬁ‘f’ﬁ{m E%Lﬁ[dv@\%é Sr &8&6%@&"1? ?(glﬁr)]dj&\gﬁ at | east

one w ndi ng. ese aspects, e anorp S powder materia e at
| east oneimprodémentsr @ npredkeibl¢ doret fetort @ Mmoremdbugt codigetationc o ripgheent
wherein the magnetic c rrponenh. Eas shaped-cpore. According to these
aspects, PRESTHENECTE (BiBbriehiEhes/lRLDEy- 4 w1d5p PR, BAAUDE TS & si ngl e
wi ndi ng, QfiddrlopBRYng UMYk Bredamelh didHeY sAfiraBbRPRLdERiESa MJhbt Brr&tiskngl e
structure, wherein each of the shaped-cores has a correspondi ng w ndi ng.
Al t er nat i peimeabilie @tdapetightor eduatpnése ahd HPCR atodatarfoco withontsolstantiphpus
powder naterial . . .

in¢reasing the size of the components and occupying an undue amount of space,

especially when used on circuit board applications. It also has become desirable to

provide a magnetic component having a core and winding configuration that can

allow low cost manufacturing and achieves more consistent electrical and mechanical

properties. Furthermore, it is desirable to provide a magnetic component that tightly

controls the DCR over large production lot sizes.



[ 0012] These and ot her aspects, objects, features, and advantages of the

i nvention will becone apparent to a person having ordinary skill in the art
upon conswoenntiiess3of the foll ow ng detail ed descri pti orCofuseétoosropat ed
exenpl ary enbodi nents, which include the best node of carrying out the

I nvention as presently perceived. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0013] The foregoing and other features and aspects of the invention wll
be best understood with reference to the follow ng description of certain
exenpl arygempadippent s of the invention, when read in conjunction with the
acconpanyi ng draw ngs. [0014] Figure 1 illustrates a
perspective view of a power inductor having an ER- | shaped-core during

mul ti pl e stages in {499 hadumagiaticicampprane aada mothogcd snatamsairmgtshica
exenpl ary _enbhodi pent . . .001 Figure.2 illystr rspective
v ow o 2oBORErl Rolaedndbe apenct PriGBME il MRS EhF BB R RTEGS

t he manuf ag tinducdd opraoeasforme) AGE AicHidCeonipridas dic axePt |oyidapbadicigent .
[0016] Figure 3A illustratesa perspective view of a symmetrical U core in
accord anc@nwh%e%O@x@%wé@dyfrg%%pm@mh_ous powder material; coupling at least a

portion of at least one winding to the at least one shaped-core, and pressing the at
least one shaped-core with at least a portion of the at least one winding. The magnetic
component comprises at least one shaped-core fabricated from an amorphous powder
material and at least a portion of at least one winding coupled to the at least one
shaped-core, wherein the at least one shaped-core is pressed to at least a portion of the
at least one winding. The winding may be preformed, semi-preformed, or
non-preformed and may include, but is not limited to, a clip or a coil. The amorphous
powder material may be an iron-based amorphous powder material or a

nanoamorphous powder material.

[0010] According to some aspects, two shaped-cores are coupled
together with a winding positioned there between. In these aspects, one of the
shaped-cores is pressed, and the winding is coupled to the pressed shaped-core. The
other shaped-core is coupled to the winding and the pressed shaped-core and pressed
again to form the magnetic component. The shaped-core may be fabricated from an

amorphous powder material or a nanoamorphous powder material.

[0011] According to other exemplary aspects, the amorphous powder
material is coupled around at least one winding. In these aspects, the amorphous
powder material and the at least one winding are pressed together to form the
magnetic component, wherein the magnetic component has a shaped-core. According
to these aspects, the magnetic component may have a single shaped-core and a single
winding, or it may comprise a plurality of shaped-cores within a single structure,
wherein ecach of the shaped-cores has a corresponding winding. Alternatively, the

shaped-core may be fabricated from a nanoamorphous powder material.



[0017] Figure 3B illustrates a perspective view of an asymmetrical U core

I n accordance with an exenpl ary enbodi nent. [0018] Figure 4
i1l ustratwe 2a11passspecti ve view of a power inductor havi RgTASREQ®3ITO2 E i n
accordance with an exenpl ary enbodi nent. [0019] Figure 5

il lustrates a perspective view of a power inductor having a plurality of U
shaped-cores fornmed as a single structure in accordance with an exenplary

enbodi nment . [ 0020] Figures 6-9 illustrate another magnetic
conponent assembly pjo19Rr TANR HIBERS RbediBUBjREL %a%reé’%ﬁ&%ﬂant&éé@%ﬂ Figure
6 illustrates a first core piece and w ndi ng subassenb

the invention will become apparent to a person having ordinary sklll in the art upon
consideration of the following detailed description of illustrated exemplary
embodiments, which include the best mode of carrying out the invention as presently

perceived.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other features and aspects of the invention
will be best understood with reference to the following description of certain
exemplary embodiments of the invention, when read in conjunction with the

accompanying drawings.

[0014] Figure 1 illustrates a perspective view of a power inductor
having an ER-I shaped-core during multiple stages in the manufacturing process, in

accordance with an exemplary embodiment.

[0015] Figure 2 illustrates a perspective view of a power inductor
having a U-I shaped-core during multiple stages in the manufacturing process, in

accordance with an exemplary embodiment.

[0016] Figure 3A  illustrates a  perspective view of a

symmetrical U core in accordance with an exemplary embodiment.

[0017] Figure 3B illustrates a perspective view of an asymmetrical U

core in accordance with an exemplary embodiment.

[0018] Figure 4 illustrates a perspective view of a power inductor

having a bead core in accordance with an exemplary embodiment.

[0019] Figure 5 illustrates a perspective view of a power inductor
having a plurality of U shaped-cores formed as a single structure in accordance with

an exemplary embodiment.



[0022] Figure 7 illustrates the core and wi nding shown in Figure 6 in

assenbl ed form

[0023] Figure 8 illustrates the assenbly of

Fi gure 7 weizng/mEsssanbl ed with a second core piece. [0022LTRiSQu0®3BIBhows

t he conpl et ed conmponent assenbly in bottom view. [ 0025] Fi gures
10-13 illustrate another magnetic conponent assenbly at various stages of
manuf acture, wherein: [0026] Figure 11 illustrates a first core piece and

wi ndi ng subassenbl y;

[0020] Figures 6-9 illustrate another magnetic component assembly

at various stages of manufacture, wherein:

subassembly;

[0021] Figure 6 illustrates a first core piece and winding

[0022] Figure 7 illustrates the core and winding shown in Figure 6 in

assembled form,;

[0023] Figure 8 illustrates the assembly of Figure 7 being assembled

with a second core piece.

view.

[0024] Figure 9 shows the completed component assembly in bottom

[0025] Figures 10-13 illustrate another magnetic component

assembly at various stages of manufacture, wherein:

subassembly;

[0026] Figure 11 illustrates a first core piece and winding

[0027] Figure 12 illustrates the core and winding shown in Figure 6

in assembled form,;

[0028] Figure 12 illustrates the assembly of Figure 12 being

assembled with a second core piece.

view.

[0029] Figure 13 shows the completed component assembly in top

[0030] Figures 14-17 illustrate another magnetic component

assembly at various stages of manufacture, wherein:

subassembly;

[0031] Figure 14 illustrates a first core piece and winding



[0027] Figure 12 illustrates the core and wi nding shown in Figure 6 in
assenbl ed form [0028] Figure 12 illustrates the assenbly of
Fi gure 12wbebngiesssenbl ed with a second core piece. [0028T/USe@ui082998 shows
t he conpl eted conmponent assenbly in top view [ 0030] Figures
14-17 illustrate another magnetic conponent assenbly at various stages of
manuf acture, wherein: [0031] Figure 14 illustrates a first core piece and
wi ndi ng subassenbl y;

[0032] Figure 15 illustrates the core and winding shown in Figure 15

in assembled form;

[0033] Figure 16 illustrates the assembly of Figure 16 being

assembled with a second core piece.

[0034] Figure 17 shows the completed component assembly in top

view.

[0035] Figures 18-21 illustrate another magnetic component

assembly at various stages of manufacture, wherein:

[0036] Figure 18 illustrates a first core piece and winding

subassembly;

[0037] Figure 19 illustrates the core and winding shown in Figure 18

in assembled form;

[0038] Figure 20 illustrates the assembly of Figure 19 being

assembled with a second core piece.

[0039] Figure 21 shows the completed component assembly in top

view.

[0040] Figure 22 illustrates another magnetic component assembly in
various stages of manufacture, wherein Figure 21A illustrates a first sectional view of
a component subassembly, Figure 22B illustrates a second sectional view of a
component subassembly, and Figure 22C illustrates a sectional view of a completed

component.

[0041] Figure 23 illustrates an exploded view of another magnetic

component assembly.

[0042] Figure 24 illustrates an assembled view of the component

shown in Figure 23.



[0032] Figure 15 illustrates the core and wi nding shown in Figure 15 in
assenbl ed form [0033] Figure 16 illustrates the assenbly of
Fi gure lewbenngiesssenbl ed with a second core piece. [0034T/USR@008299Y shows
t he conpl eted conponent assenbly in top view [ 0035] Figures
18-21 illustrate another magnetic conponent assenbly at various stages of
manuf acture, wherein: [0036] Figure 18 illustrates a first core piece and
wi ndi ng

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0043] Referring to Figures 1-5, several views of various illustrative,

exemplary embodiments of a magnetic component or device are shown. In an

exemplary embodiment the device is an inductor, although it is appreciated that the

benefits of the invention described below may accrue to other types of devices. While

the materials and techniques described below are believed to be particularly

advantageous for the manufacture of low profile inductors, it is recognized that the

inductor is but one type of electrical component in which the benefits of the invention

may be appreciated. Thus, the description set forth is for illustrative purposes only,

and it is contemplated that benefits of the invention accrue to other sizes and 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.

[0044] Figure 1 illustrates a perspective view of a power inductor
having an ER-I shaped-core during multiple stages in the manufacturing process, in
accordance with an exemplary embodiment. In this embodiment, the power inductor

100 comprises an ER core 110, a preformed coil 130, and an I core 150.

[0045] The ER core 110 is generally square or rectangular in shape
and has a base 112, two side walls 114, 115, two end walls 120, 121, a receptacle 124,
and a centering projection or post 126. The two side walls 114, 115 extend the entire
longitudinal length of the base 112 and have an exterior surface 116 and an interior
surface 117, wherein the interior surface 117 is proximate to the centering projection
126. The exterior surface 116 of the two side walls 114, 115 are substantially planar,
while the interior surface 117 of the two side walls are concave. The two end walls
120,121 extend a portion of the width of the base 112 from the ends of each side wall
114, 115 of the base 112, such that a gap 122, 123 is formed in each of the two end



subassenbl y; [0037] Figure 19 illustrates the core and w nding
shown in Figure 18 in assenbled form [ 0038] Figure 20

i Il ustratwe 20hw1esssenbl y of Figure 19 being assenbl ed wpPCh/Us26100829d2 cor e

pi ece. [0039] Figure 21 shows the conpleted conponent assenbly in top view.

[ 0040] Figure 22 illustrates another magnetic conponent assenbly in various
stages of manufacture, wherein Figure 21A illustrates a first sectiona
vi ew of a conponent subassenbly, Figure 22B illustrates a second secti onal

view of ayapgmoment, %&p@@%gfbwhls aae 1Bb gwﬁmggge'fblln%ﬂt §dk@atiAlySRChE onal
vi ew of a conpl et ed’ conponent 41] Figure 23 illustrates an

expl oded véndey aficaeinef the tweraghwalls 120 riBbmaeh thattshe P ylde walls 114, 115 are

mirror images of one another. The receptacle 124 is defined by the two side walls
114, 115 and the two end walls 120, 121. The centering projection 126 may be
centrally located in the receptacle 124 of the ER core 110 and may extend upwardly
from the base 112 of the ER core 110. The centering projection 126 may extend to a
height that is substantially the same as the height of the two side walls 114, 115 and
the two end walls 120, 121, or the height may extend less than the height of the two
side walls 114, 115 and the two end walls 120, 121. As such, the centering projection
126 extends into an inner periphery 132 of the preformed coil 130 to maintain the
preformed coil 130 in a fixed, predetermined, and centered position with respect to
the ER core 110. Although the ER core is described as having a symmetrical core
structure in this embodiment, the ER core may have an asymmetrical core structure

without departing from the scope and spirit of the exemplary embodiment.

[0046] The preformed coil 130 has a coil having one or more turns,
and two terminals 134, 136, or leads, that extend from the preformed coil 130 at 180°
from one another. The two terminals 134, 136 extend in an outwardly direction from
the preformed coil 130, then in an upward direction, and then back in an inward
direction towards the preformed coil 130; thereby ecach forming a U-shaped
configuration. The preformed coil 130 defines the inner periphery 132 of the
preformed coil 130. The configuration of the preformed coil 130 is designed to
couple the preformed coil 130 to the ER core 110 via the centering projection 126,
such that the centering projection 126 extends into the inner periphery 132 of the
preformed coil 130. The preformed coil 130 is fabricated from copper and is plated
with nickel and tin. Although the preformed coil 130 is made from copper and has
nickel and tin plating, other suitable conductive materials, including but not limited to
gold plating and soldering, may be utilized in fabricating the preformed coil 130
and/or the two terminals 134, 136 without departing from the scope and spirit of the
invention. Additionally, although a preformed coil 130 has been depicted as one type

of winding that may be used within this embodiment, other types of windings may be



[0042] Figure 24 illustrates an assenbled view of the conponent shown in
Fi gure 23. DETAILED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS

[ 0043] ReWwernimgessd Fi gures 1-5, several views of vari oR€TiUSkustszd: Ve,
exenpl ary enbodi nents of a nagnetic conponent or device are shown. In an
exenpl ary enbodi nrent the device is an inductor, although it is appreciated
that the benefits of the invention described bel ow may accrue to other
types of devices. Wile the materials and techni ques described bel ow are

bel i eved {QIiRe WaKdt Gepatihy REY &t @9804Rd kpirit bl ehdTBRUARAL UAGdRDAIRY profile
inductors, it is recognized that the inductor is but one type of électri cal

conponentahmﬁmhﬁbhmeEﬂUEWEﬂHﬂgebﬁIﬂﬂbﬂnﬁve@ddéﬂ melbe%apgiecnéngﬁ Thus,

t he descri ion s rth is for IIustr oses and i

e oo b ni Rk SRR el ipaings hik oS St SRR e R andng’  ypes
of i nduct gifit oBtheiRdntids. PLRREr, eltRfEh Y @riaMABOIREANT 36 hivichdedidagriddd not
l[imted to transforners. Therefore practice of the inventive concepts

herein i sIhdPaticwi eenfiggrasiop, @ltﬁr@%@eé%ﬁ@raﬁi%én%m necdtier edemipds her ei n
and ill USWtﬁB&dd Qﬂﬁlg? ofrﬁ ﬁllér gglg%ﬁfbds'[pﬁ] todﬁﬂlé ’Vellit o, 8'1%9% {h%%%ofng t he

figures are not e thlc ness a ot het es o0

vari ous coﬂﬁem@ﬂbﬁnaﬁaﬁlbﬁeﬁaeh@g@@ﬂatﬁﬁmﬁgfaﬂh@upunﬁeﬁeodkrghﬁﬁﬁhy

[0044] Figure 1 illustrates a perspective view of a power uct or havi ng
an ER-| %sa@edww dsostiRg frAm ttheseonst anf8pirik of ke h‘hVﬁG?l%i‘bt Lﬁlen’@teﬁ}%cess in

accor dancg, Wt ofe XMRlAWaIRMPOd ITe iRy {H &Y énc?%ﬁg'l%”tlzl the, Bever

i nductor 100 conprises an ER core’ 110, a prefornmed coil 130, and an | core
150. reconfigured 8@68]ingdliieo ERrespord ol heigsometne phtHeyprsfiquackcat 13&orangul ar

n shape and, has_a _base 2, t 114, 115, t end. walls 120,
01 P R b 1 3 a e b M E b il b dniop et SBGhERES w51 de
wal I's 114madde reqdifad Than@iMtionanPpdh todingalr Rt &findigoPdsemay2 and

have an exterior surface 116 and an interior surface 117, wherein the
i nterior beapleaekbetwyen e prroki mate to the centering projection 126. The
exterior surface 116 of the two side walls 114, 115 are substantially

pl anar, while the i o] r ncave.
R Y e LI e R T o
fromthe entdandhilyeeahesponts twaﬁd foﬂ)fbﬂl,nt dithedR tdre 1bas@hd 12oresisOhab lv@d a gap
122, 123 is formed in_each of the t end

opposing ends 152, 154, wherein each end 152 154 has a recessed portion 153, 155,

respectively, to accommodate an end portion of the terminals 134, 136. The recessed

portions 153, 155 are substantially the same width, or slightly larger in width, when

compared to the width of the end portion of the terminals 134, 136.

[0048] In an exemplary embodiment, the ER core 110 and the I core
150 are both fabricated from an amorphous powder core material. According to some
embodiments, the amorphous powder core material can be an iron-based amorphous
powder core material. One example of the iron-based amorphous powder core
material comprises approximately 80% iron and 20% other elements. According to
alternative embodiments, the amorphous powder core material can be a cobalt-based
amorphous powder core material. One example of the cobalt-based amorphous
powder core material comprises approximately 75% cobalt and 25% other elements.
Still, according to some other alternative embodiments, the amorphous powder core

material can be a nanoamorphous powder core material.

-10-



wal I s 120, 121, respectively. This gap 122, 123 may be forned substantially
in the center of each of the two end walls 120, 121 such that the two side
wal | s 114woRab/ass83m rror i mages of one anot her. The re®eptisctdie/0iRg2i s
defined by the two side walls 114, 115 and the two end walls 120, 121. The
centering projection 126 may be centrally located in the receptacle 124 of
the ER core 110 and nay extend upwardly fromthe base 112 of the ER core
110. The centering projection 126 may extend to a height that is
substantially the Sﬁazt?%as mﬁnm@ﬁafﬂrho@aestﬂa@ahmm&?ga@ﬁétﬂu%m%&%heﬁé and the

two end walls 120, 1, or the height nay extend | ess than the height of
the two silgebindél materia| beh&vearas girs withinethd fedtiraed 2@n-tead amorphenk, t he
centering _projection 126 extends into .an inner peri.phery 132 .of . th

or ef or medPESHer T35, PG ReCAkey s B TR HoR s i ot

predet er mknes, a@nﬁl&@ﬁﬂ@gﬁddm&iutﬂb@ﬂ AFHR (28RREEI PevdReCHER), Gitfege 110.

Al t hough the ER core is described as having a symretrical core structure in

t hi s enbotiPiesarts the sffpriveareamaeylitya@feths imatsy o1 ampdeo ik the effeatiye e

wi t hout d om.t e g h ment .

[0046]  Theteeba SR MApECRSSAMS SR hlmblr B RR ARG T HRL BN TR0 v

t er m nal scdpale dfIBingarsed €adsgh tlradnt pa eniddfictemapplieatiphef addi@naldy,|thid 30 at

180 from one %\{mt her. The termnals 134, 136 ext-enf in an out \,:\pl%rdl y
X

WO .
di rect i on™RIER DK PR 8k WE\QDI%W OPSERtng EFIUCRCIah WRiGAPY I hce@nEe Rl and
then back iyt anVvIEVR £hotdt b eGti,0 -h&\pﬁg i al Refine U thd 3Qiucioper eby
each forma]%]dg}lta Ushap%)(?qconfi gh?lzlattl 0 .H%&e%?@%ﬁmg@%ﬁfﬁ 1t3%§gtélﬁones t he
i nner per ilpheAythd®sh the mdterigdrmedyobarestdaoithe hd0er fFepicognfangertat inoerafl t he
preformed coil 130.is desi egg“t coupl e the preforned. coil 0O to the ER
Cor e 110, U1 teHBOL Shioaiar A0 BrOb BeTaHCY SHEcS YOmorHRParie EuRdar 1orge
proj ecti opndlgfiri€atiBRO BN chtii0 THAnhdPRSusRRWARNES Y mbdiaPEad ﬁl%yﬂ"e%ﬁﬁ%ﬁ@d coi |
130. The preformed coil 130 is fabricated fromcopper and is plated with
ni ckel anshtutafon Aluxhdenghy.t mdoyweehpiteresis coid lobg0a ivederadecritingnficapiney and has
ni ckel and tin_platin t her suitable conductiv terials, 1ncluding but
not 11 m t B8 oot Srareiihg amictebiaeiey by ML RmaoRatt MEIT cari ng
the pref oeffediveopdrméaflignd/Addifidirlly \Wehi§ endttial canlpbvide3forva tib@et Igdeparting
fromthe scope and spirit of the invention, Additionally, although a
pr ef or meddissibuteizgpphaatcHde iyhirdptheschy cars mepanizg e pAWaRiandicAgrey HignsSiay be

used wi t hirp..1 ki i i: ndi il:.zed

i thout  GagarE g eativE Bem@blIRy of MRS Rk ey B B o Bestb ona 1y,
al t hough thissty ewhoghsre iowsviet, i use of ahprafitoriatefbr abd khdphd@;coss mhan pilefoa med

wi ndi ngs, and non-prefaornmed wi ndings may al so be used wthout departing
from the SUBpETEH ScATe TR bR oRos Wﬁ@?@-a%%%ahv et er i nal s

134, 136 H%%ngmuggﬁw&p%té&l &aRalifoke uglatg t‘ﬁ?ét%f {i Qg %5%199 P)_eﬁhéa%ﬂ tive

configurations used for the termn w t hout departing fromthe
scope andwhpi cornpatd taibe ipamerabiloy of Mbirenbesed atroephypes pewvdgr odtetide pr ef or ned
coil 130 may be circular, square, rectangular, or any other geonetric shape

wi t hout departing f he scope, and iri.t ,of _the inwvention The_jnterior
surface of the two me wglsllﬁu%ﬁﬁad lﬂ‘églgﬁd’gﬁem%ﬁ%reelﬁé a\ﬂ/glt}l?esI “1056?5921 may
be reconf h@rededemddddi figth intoPpltRk HesdeNElatetal Befog eiteiold dhpddieorey, ef or med
coil 130, or wnding. In the event the coil 130 has nmultiple turns,

i nsul at i oRPpePigseing theeER gpigs! Ifntheiscipened el 30nssopplsdi tathicdiR ety 1be a
coating o r type. . i at or peles urns.

[ 0047] Th?an tﬁg F:%l r 8&1@8\71?{5151% g?\%klg{x?yﬂg%%%?@%r@g’egt angg glr%wﬁl%g ﬁé@?%d
subst ant i attyd aoscughshondss 102,t 128 ihabt pwo rRhd afalls NROER ICOTRe 138ke TBOEs| core
receseed PORCPBRed Byihe 185 e0e ddpaat ey omEd dod AR BaHC SR BORE] on of
the term T [ ,15k5 r ially
the sams T e T B P e LS e A G C dt h of
t he end ptrtlicore b30.t Hee ERraoienhl G5 the3pkefoh®6d coil 130, and the | @480 lare ghan

exenpl ary enbadi nent, the ER.cor 0 and th e 15 re b

abr | cat SB RO RC st b beropouae PRebBUsiat 590 of Thoushoal frer S0 due

enbodi nents, the anorphous powder core material can be an iron-based

anor phous powder core material. One exanple of the iron-based anorphous
powder core material conprises approximately 80%iron and 20% ot her

el ements. According to alternative enbodi nents, the anorphous powder core
mat eri al can be a cobalt-based anDrthH _powder core material. One exanple
of the cobalt-based anorphous powder core material conprises approximtely
75% cobalt and 25% ot her elenments. Still, according to sone ot her
alternative enbodi nents, the anorphous powder core material can be a

o o e



[0049] This material provides for a distributed gap structure, wherein the
bi nder material behaves as gaps within the fabricated iron-based anorphous
powder neworoul016883 exenpl ary material is nmanufactured PETASRGOM392 N
Seoul , Korea and sold under product nunber APHxx (Advanced Powder Core),
where xx represents the effective perneability of the material. For
exanple, if the effective perneability for the material is 60, the part
nunber is APH60. This nmaterial is capable of being used for high current
pover i ndyednQfiu@Ridd SatahRBSecAGd Jdr@aal 158, 15 MoPmb@IehE #ho BBYoshEy dhagd Wi th
hi gher operating frequencies, typically in the range of about MHz to
about 2 M2, Wit tsul cqse dd0ohag haenibic radeskrslapartignopmitted Witk tdspartiog.

Al t hough t.he terjal . .be.used in.the, higher f uency fr e, the

mtori ol T BB ek SHehEr MRS igher AR Saflave PATEEE (RORS e tepar ti ng
fromthe grepRec@nd tepiyimrheteitall B hiVEIRLl DEbres! Ry AP0 UHAO ke RIME € Coor €

mat eri al can provide a higher saturation flux density, a | ower hysteresis
core | osshadngimigipkopopfingmy dosedhednkslowaniboutgdoppgar fepe the e adper at ur e
range, betdt. tdissipation and a higher effective perneability.
Additiona%%@?oﬂﬁgénggﬁé¥iaI can provide for a lower |oss distributed gap
mat erial, which thereby can maxi m ze the power and energy density.

Typi cal ly, the effefilsve peauneahllidttagesod pshapeidecaeeofi & poetr welugtoni gh due
to pressi .densj ty concerns. However, use of this eri.al for the

shaped- CoPBaNE AUl 1307 Caftie g RSy PBEEY o USeras BFTIES PEFRE: pRevi ousl y
avai | abl eyl daBEOakth el kempBy BABOGHRLPLNBUS POUCRAMBRL 81! Rhwef &udlok OW Up to
three times higher perneability when conpared to the permeability of an

i ron- based0Gpenpirsss Uhowddd 0naprefaraied clip 230, and an [[@05230. ASs isddusreiat ed i n

Figure 1, t ER,core 110.and t cor 0 are.pr e | ded fr.om

ror phous b iaien gt 8 arei fdteb i LGP 61 B Ramilte et TBERAPEES: ng the
ER core 1205 2tiBewREBiQneBeb §igkd 2103014 sreGREM LW ith@cdpber tEithCaic@talibf ofn t he
manner previously described. The termnals 134, 136 of the prefornmed coi
130 ext entherwindinghot ¢lip. gapend e twpxads g 16.had 8t e peipandigwlpswith aespegt 1o The |
core 150 | . .t h e, 1l t]..130 such
that the UqultBReBRYPE e 6 oip SQLEALHoRRE 10T BT MRuERes S oo
portions 258,2545md twespeit236e2¢0, wherthethe taor@dckSih2, Thé aeRpeatiel ik, the
prefornmed coil 130, and the | core 150 are then pressed nol ded together to
form the BERPSCtitodiscqrintation of Ahe wandine.taelip. 23} ém{f%’@ thasendp ety 90 8t r at ed
as havi ng i - . [FYAFE PQS}Ng: s 152,
154, 1 ho TUBERASHE PO HRRT R orib RO RBIRS sl or ol 2B AT e

depar t i ngthis embbdhencat ape laodt 33 has baxh mbéificdtemroode fd & mistakd pbmodgh t he |

core 150 has n il lustrated be trical, as ical. | cores may
be. used, | HRFUIPngHTe WOHE Mavh hepivzet dke HPOGH! gt Rar te 0T 56 TH81 ow,

wi t hout dgparndli dds b5EOMEONEsPEPRELyARSns Ride 12652 Qff thd1BotidhY 51 bPhe mistake _
[0051] Figure 2 illustrates a pefspective view of a power inductor having a
U- | shapeproodl eoredidPiang nondreinpyasl maraemess238n 26h&omathafsame two pgrajelowdss, in
accordanc i an_exenpl ar,y. enbodi nent, .l n.t hi s, _enbodi.ment ., .the power
ductor 39 2605 ELETR e 0SS TR 25 oF BT PSSR 238 an" | cor e
250. As used herein and throughout the specification, the U core 210 has
two sides 212, 214 pyod2} wahe pedordd, cliplB0 Raweiterniifi€ls 09w, 2B6deslcddsy, 214
are parallel with respect to the orientation of the wi nding, or clip, 230
and t he t st By de sewlcdamund thegrisigke araofil sprewidp by mesiveringtle prsforgefient at i on

of the w pgdi j . i<t i Yol s - i des
252, 254 a dgg%%qé%%%hgﬁéigﬂgggq?%éggﬁkhfﬁghgﬁ%éBﬁ%@?még%?qggiaﬁgg§para||a
Wi t h r espéetndnerctrioecd porioha2d &2 6 uith ehavpredonng:d dip 230 may 280bandvete two
ends 256, .260 a perpendi cul ar with respec o the orjientation, of the

wi ndi ng, BFEF Eﬁ%gtﬁfg‘zpé‘gioﬁm &) a{hl‘?iwsgé%m%ﬁ%t}mlt HEC CRBPECSED2has been
modi fied hon Bra@yhAd fIRY bacdtls bakenPLRPLrdkmE & ARthes TG S kG cRNRO! |
core 250 has renoved portions 257, 261 fromtwo parall el ehds 256, 260,
respect i véleymatuforeing proc@52 Tht mikekd ptdod ihc@isl2 df cnables thcsprafoempd cbp | cor e
250 and ngnp-renoved rtions 258, 262 fromt sanme, two. paral l.el ends 256,
560, "respadd 1§ B8 rondl sl n i hucUSBl ofo FREh SRiskB’ el ficer o
250. [ 0052] The preformed clip 230 has two term nals 234, 236,
or | eads, that may be coupl ed around the m stake proof | core 250 by
positioning the prefornmed clip 230 at the renoved portions 257, 261 and
sliding the prefornmed clip 230 tomardSJEPe non-renoved portions 258, 262
until the preforned clip 230 nay not be“noved further. The preformed clip

230 can all ow better DCR control, when conpared to a non-preformed clip,
because bending and cracking of platings is greatly reduced in the

Y T o o e o S ~ N R T o " Y Y 1



correctly coupled to the m stake proof | core 250. As shown in Figure 2,
only the bottom 251 of the m stake proof | core 250 provides the m stake
proof i ng.wel2zbtiougdssonly the bottom 251 of the m stake pPeOfUSR01008®IZ50
provi des the m stake proofing in this enbodinment, alternative sides, either
al one or in conmbination with another side, may provide the m stake proofing
W t hout departing fromthe scope and spirit of the exenplary enbodi nent.
For exanple, the m stake proofing may be | ocated only at the opposing ends
256, 260 gfrr&klytddapRRROThO i QRES preb 1 8RN ANAALREoRAtA I Ze2, BhIyide | core,
instead of only at the botton125€ of the | core 250 as depicted’in Figure
2. Addi ti befgm 51 ohhe mistake p2&Y [reaye BY) provides! thei mistalie pacmﬁpnlgi shlthomghr oof i ng
accordi ng _so | ter i enbodi nent.s. . 0053] ., The ef.or med
oo 230 RS ER Prdeh 231 b e ERRR TRy cpte Hi0ubraidgs HR TRkEPTOgIE

Al t hough tHecpbediglcie dltehbv23ded, Sith@dgodd @MnCRRLRatRAdy i gndth&ksede, and tin
pl ati ng, other suitable conductive materials, including but not |imted to
gol d pl at May ragndde Biedeistakg prepfingowithaut [depating fropatheiseand sy ot ¢fr e or ned

clip 230 §99¢ t t ergn 3 : i rt he scope

and spirit o Iﬁ{l eg}??lo\g\é@ﬁtbn@rk%‘éﬁlp %b?\ha %%?aﬁg@ﬁﬁﬁﬁgggg}e elk%rqerr%éﬂ?lalttp 230 is

used in t tesoppobiagicn@n;6, 266 ot lat he2@Poriny chés Pa6,12368lany the otasmead] @f not

pref or med wit hout departipg fL%g1the scoge and spirit of t$e i.nvention.
Yettd g? e

Fur t her mofé, I 28r il od op eftem 291 258hq Icoge pr G pedrrivicd Wi i2kitbodi nent

any form NddMoﬂQlﬂﬂQh&PXox@%U%ﬁ%r Be Rl WRRAE tafé}pﬁli§t5@?lﬁogﬁn%%9&?diﬁgd spirit
of the invention. [ 0054] The renoved portions 257, 261 fromthe
m st ake ps@of alterggne caB@dmegntde di nensi oned such that a symmetrical U core
or an asymetrical U core, which are described with respect to Figure 3A

and Figure 3B respegtivel may. be uti.li Wi t.hout departing fromthe
scope and spirit ofﬁ#hgfiﬁbgﬁg%gﬁﬁe ﬁgp coﬁ%ﬁﬂfﬁafg @&Weﬂgwghéa t'® have a
wi dt h subgfagsati il hitkéhed SRMeA idsoubh endprefodmed cﬁﬁ‘%(ﬂﬂs&h@d@e&(ﬂ_ﬁ@@f)}l)(& ag@re 250
and a length substantially the same as the |l ength of the m stake proof |

core 250. hay piskelghnd Ha platvig setbers sutablcheondueibye npiayiatiaviaclpdiag hut|ngst r at ed
b , th i i . it | t d

Spivit of piel NSRRIl SoBbhl Sy e REBLL HPABECAAN ! RIGRRASHRE ™"

perspect i 280 ¥hdur bt t@&o symivils 28341236 withioat depaadiofrdmnae syvpehandnpi@fipl ary

enbodi nent. The symmetrical U core 300 has one surface 310 and an opposi ng
surface 381, sl n Aslditimellsypitheughs sopicdorgipds eime 730 11y wedndyr thiand t he

opposi ng 820 has asd ifst it , g 4 it lip
channel 3§%B%gﬁ%ﬁé§ %gﬁ%eéﬁi?ﬁ ?%?%téﬁégmgggﬁgﬁggthg gégbngapgbﬁ%%4. n

t he synmetiepactalg fononke 36¢he bk spirdtdf dfe tnventiom stFurthgri3@2, iaBhsughstanti al |y
equal to the w dt f .the second, leg 324. This trical U core 300 is
coupl ed BTHER <BaPd0SSRPIGRG Mo hEGTERGHTH. £he OB OF HUBE T8 <
pOS't!0”egmﬂb&hhﬁmﬁhgﬁ%h{&e%ﬂ%ﬁﬂ%hsﬁ%ﬁofﬁ&qg&%hﬂﬁ.tO certain exenplary
enbodi nents, the term nals 234, 236 of the prefornmed clip 230 are coupl ed
to the bottomsurface 251 of the | core 250. However, in alternative

exenpl ary enbodi ment®>541 hd'he semeved| portday, 257326 lofromrbe prigtplor predf E¢arp 230 may
b € coupl 695(? al q)% cﬁrrrllgnssléll{efdas%gh 139 aosglrr,tn%?ricu WPlie %QQm a mmeﬁrice} U c%?e?.SG]

Fi gure 3B7i tdtrates a perspective’vi ew of ah asynne? Ica core’in

accor dancehwht drc ales@iedphidh yespahiadi Figie 3AThed apumaeB rregattikdlgangy 860 has
one surface 360 and an opposi ng surface 370, wherein the one surface 360 is

subst ant i dithgedpyigheat deppsiing femdgpe sapsgnd spiriaebtheinvensieng The (5¢orp 40372, a
second | e : 1P, ' t h Lr g 372
and the sg’c%%lﬁnflgg&:ﬁhﬁé\’lena {Q\thtﬂgsgl %%étﬁl&i%k @%qg ga‘rgemgggfiﬁlt (ﬁre{h\l?\,i rglisﬁlh(gf t he
first | egp®621 carcr2dD andbdtraytit sulistantidtyuthle shime tah eéheviewith obthetrhistakepard | eg
374. This_as trical U core 350 is_.goupl ed the | core 250, and a
portion of Cer)é%r élm%ga {5 f1nos3igns SF gy PG WVE e ﬁh@tr&ﬁeg #O%¥fannel
576 Acconfll BthchBofChld! i FXEEPLANGLAYRLHIERLS: tNGobChll Ml Adfe 236 of
the preforned clip 230"are coupled to the bottomsurface 251 of the | core
250. Howevwerntiom al ternative exenpl ary enbodi nents, the termnals 234, 236
of the prefornmed clip 230 may be coupled to the one surface 360 of the U
core 350. One reason for using an asymmetrical U core 350 is to provide a
nore even flux density distribution throughout the entire magnetic path.

[ 0057] In an exenpl ary enbodi nent, the U core 210 and the | core 250 are
both fabricated from an anorphous powder core material, which is the sane
materi al as described above in reference to the ER core 110 and the | core

150. According to sone enbodi nents, the anorphous powder core material can
be an




i ron-based anorphous powder core material. Additionally, a nanoanorphous
powder material nmay al so be used for these core materials. As illustrated

i n Fi gurewd,20tiaegssef orned clip 230 is coupled to the | Pcons2250329and t he U
core 210 is coupled to the I core 250 and the preforned clip 230 such that
the preforned clip 230 is positioned wwthin the clip channel of the U core
210. The U core 210 can be symretrical as showmn with U core 310 or
asynmetrical as shown with U core 350. The U core 210, the preforned clip
230, and the | core[@3@] aF?guweﬂ Msesed awgérq;eétlbee%ﬁeaf mymé@léahle Ul

i nductor 200. The press nol di ng renoves the physical gap that is generally
| ocat ed bétageem @W@rd@neﬂf it @emlm@ndmdlmdme dbe eymmtrl%@ ¢ye Hgﬂ)l ng the
cores 210, 250 fo eﬁjde around.t he Frefg % 1

[0058] Fi B%Fr 8%, SYHFCG o105 s OBV 8‘%61%9*5’ O SYF§EH S havi ng a
bead cor esuttaaGEI0F BRAGE and tikt alspceﬁgnsmlrﬁbe/ 3@%@%&&@& leg!322t Bissconabledi ment,

t he power i nductor 400 coggrlses bead core 410 and a sem - preforned cllp

430. As ud¥H apépdlin chaendl ALodefirsdtborwecnsipe dirftilemdiZomd thpecwsddecdie 410 has
two sides X 4 4 ot 414
are paral ﬁ%m;ﬁ%n}@Q%é{?Q%gﬂﬁﬁge&ﬁ% ﬁﬁg?eﬁgﬁﬁ p? ggﬁﬁﬁﬁgaigga¥éégends
?16, fls &reemﬁercpfetlhdsemhaﬂeg\éﬂzmh Tm@mhh %t'tloaaltﬂﬁeoﬂbi%diimmup@a’dbtolthqf)l éa’j@ic

0059] In_an e enp ary epbodinent, the bead core 410 is fabricate rom an
anor phous 2y raPQBtFQél Qféggplie&rmem fipR39 & pasiiong ﬁ%‘ﬁl’é‘?ic P changedsh i bed

above in A%E(% gc?oté%rttaﬂee gﬁ‘éﬁ e dfcht!, hﬂle té}ﬁ’ﬁr@alsl%zt Aagondigg to sone
enbodi nent s, anor phous po core matérial can be an’ iron-based
anDrphousppﬁmdedchpQéOm&t@nmhﬁtoﬂﬁdnﬂmnnamﬂwe2&1uﬁmcanmmﬁﬁﬁuikpumﬂmr
material ma | so be use he ore mat erj.al 060] The
e - pr ef Gt M BB, REPPUIE g BRTTHGID2: 036 PEdshretimed 588 o

0pposi Ng b¥PnRHUS c&ﬁ@edﬂﬂtﬁe@ﬂ@aff?&)&egm 6PWRl et Q0 he bead core 410 by
having a portion of the sem -preforned clip 430 pass centrally within the

bead core 410 and haV|nﬁ the two termnals 434, 436 wap around the two
ends 416, 418 of thE056hdFeawe3Ribustmigs & epispestiat oriere @f @ni asymBEtGes al | ow

bet ter DCB’co?QH a?f{co dﬁ'ﬁ@é"wuﬁ%m%%@ﬂlahpe@uce Eud eﬁﬁ &ﬁ%ﬁ#ﬁ@l@@o‘%@%@ bendi ng

and cracking o |ngs I'sS grea urlng process.
has one surface 360 and an opposing surface 370, wherein the one surface 360 is

substantially planar, and the opposing surface 370 has a first leg 372, a second leg
374, and a clip channel 376 defined between the first leg 372 and the second leg 374.
In the asymmetrical U core 350, the width of the first leg 372 is not substantially
equal to the width of the second leg 374. This asymmetrical U core 350 is coupled to
the I core 250, and a portion of the preformed clip 230 is positioned within the clip
channel 376. According to certain exemplary embodiments, the terminals 234, 236 of
the preformed clip 230 are coupled to the bottom surface 251 of the I core 250.
However, in alternative exemplary embodiments, the terminals 234, 236 of the
preformed clip 230 may be coupled to the one surface 360 of the U core 350. One
reason for using an asymmetrical U core 350 is to provide a more even flux density

distribution throughout the entire magnetic path.

[0057] In an exemplary embodiment, the U core 210 and the I core
250 are both fabricated from an amorphous powder core material, which is the same
material as described above in reference to the ER core 110 and the Icore 150.

According to some embodiments, the amorphous powder core material can be an
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[0061] The semi-preforned clip 430 is fabricated fromcopper and is plated
with nickel and tin. Although the sem -preforned clip 430 is nmade from
copper amiohlasl/mbssBel and tin plating, other suitable ceactdasténwesvaterial s,
including but not limted to gold plating and soldering, may be utilized in
fabricating the sem -prefornmed clip 430 w thout departing fromthe scope
and spirit of the invention. Additionally, although a sem-preforned clip
430 is used in this enbodinent, the clip 430 may be not preformed w thout

departi ngirBﬁ-%%éd@no?ﬁlQﬁ% gamelsairé ifat@fal t ﬁ%diti@)‘ﬂ@lnwﬁiagﬁnofr%ﬁ)hgﬁmv@iera' t hough

a sem-prefornmed clip is depicted in this enbodi ment, any form of

wi ndi ng meptdsiel nwedlyg bhosed Guphese enge matenialhe Asciblpsirasertins Piguig 2,0the t he

i nvention, . [.0062 il Lustrated jn FEigur . the sem ;preforned
o o430 Pefemsgicn 281E Ramielh bod B8 R0b i BeTh b 2y OmEFE R

sem - pref pesred50lang thSPrePRfRd Wip P30 shflethaea’d sefoemdd Oligngo epydsitgbntlie two
termnals 434, 436 wap around the two ends 416, 418 of the bead core 410.
In sonme eftifdi therlip, chapeclpddbic beare£10. chie Hecoindil @ icarl be syRaneérier! penoved
portion 4 i ] f bea e 0 and a
non-rennvégn%%gﬁbgﬂgﬁggquﬁ%%F%éd%ggégﬁﬁé&g}ﬁgp%%Qﬁ%gﬁ%he dggﬁk%%ﬁ% 410.
The two t dicrnprofelded 3dp 238 andfthe heowe30-40¢ efcarpreded hiopd 30 her tbefoposi ti oned
at the bottom 450 of thegggad core 410 such that the term nals 43@, 436 are
| ocat ed wienVhindyetor 2Ry dde gBpssieldingxemay e i gHveing Hwalicioresntaty been
illustrat j E r N bead
cor ey B e e R B R B aPt Rt Bt o8 ot he
scope and2&(pi2sDtfornf mohiediarwadtthopreformed clip 230. [ 0063] According to an

exenpl ary enbodi nent, the anorphous powder core material may be initially
formed into a sheet g tgen wwaﬁgﬁdtor rol |l ed. around the sem. -preforned
clip 430. Upon rollﬂﬁﬁ | hE 8T SHOTRUSS HMSISPEBIE RY &l APORFHiHChe

sem - pref piviRg £1dcad 4dfte inhQc@TRANRD OWSh PAVWIREnHUrE ERb&TiMaht. ankh tiie

sem -preformed clip 430 can then be pressed at high pressures, thereby
form ng tRabpdwsat. | the urvsr m@gctorrrf@Op@@gBﬂ%lajimgg retd\id8 ik apbgmi-cal gap
that is Il y. | pcat t L - | Q.4 t he bead
core 410 g§Q avﬁﬁépfﬁ@'5§g8§%%$%ggf%ﬂﬁgéﬁg%%ﬁég%gggggﬁﬁ&%ﬁgegg%f&%?eforned
clip 430. 410 has two sides[4006/4K sAdaad @hagd X6) 48801 hvein eeetal Adas 4aapoidi arent , t he
anor phous powder core material and the sem -prefornmed cljp 430 may be

posi t i oneBalelnWih dessEigtq Hist wakigh)or dipe 3P rnd theewvanedsibies 48wler core
mat eri al 1 s fq sem -preformed clip 430. The
annrphousﬁgg%gggﬂéagﬁhﬁéﬁgafahggﬂg&?ﬁﬁﬂgghgngeforned clip 430 can then be
pressed at high pressures, thereby form ng the power inductor 400. The
press nol di ng renovE¥SPhe Iphy skaaplayagmbddanentsthgdred adreyt 100s &tbedatodt ween

the sem -preforned clip 43Q and the bead,core 410 by havi the bead core
410 T or m FOGRY SEPBURAL PHUCTEHITe SParORmBArE) e sgne mitcral s W3%rgd

Addi tionahbote Rt REErch®! RPdse BRYCRE 1UBethdt thef PESRLIFG. | NAUSIdRTg Hes6mt bed
above. In a first alternative nethod, a bead core may be formed by pressing

t he anor phobedipwnise thecwrasphmusaravaler gorchngfhrigraas digrassirof-bascdwewrphpusoupl i ng
the wi ndin o the cQre,.. then followed b ddi.n di t, onal

anor phous PR e BREP L B fioRDf. iERsb bR FEr SN B RN MPRE <

di sposed hefdeemctd@rbaacrar e and at | east a portion of the additiona

anor phous powder core material. The bead core, the wi nding and the
addi ti onal anorphous powder core qglerial,are t hen pressed together at high
pressures to form t HOOBbwdhe i ssBuPrdPeRes elip peld FomRTNCcs teRpSENIEK: oI n a
second al fapnatyy m@g- W0 $hash 4, @ 18hansth Bto6e berdTEft: DY
pressi ng the’ann?ﬁ%ous oﬁﬁgr core materia at3ﬁ?§ﬁﬁﬁresgur%s, fol T owed by
posi ti oni A0 bhbavingdipngionetfweesentiipgcfomnediclie 43t gass hapedly ootles thedrdd t hen
foll owed b i ng, addi t.i gnal, anor s,,powder core material . T WO

i screte SHAZAN 2BOPRANE KAV ANRL *dnal DU 2B ACEH S oddh pHoua S Swder
core mat efjcacadtErcl410N TS RArdrQaRUNGDH 80 Bh dNoRRESUDER doRtrbOkRch he power
i nductor described in this enbodinment. In a third alternative nethod,
injection nolding can be used to nold the anorphous powder core materi al
and the wi nding together. Al though a bead core is described in this

enbodi ment, other shaped cores may be utilized without departing fromthe
scope and spirit of the exenplary enbodi nent.
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[0066] Figure 5 illustrates a perspective view of a power inductor having a
plurality of U shaped-cores forned as a single structure in accordance with
an exenplwoyoanwhesssnent. In this enbodi nent, the power POUASR@0/03302
conprises four U shaped-cores 510, 515, 520, 525 forned as a single
structure 505 and four clips 530, 532, 534, 536, wherein each clip 530,

532, 534, 536 is coupled to a respective one of the U shaped-core 510, 515,
520, 525 and wherein each clip 530, 532, 534, 536 is not prefornmed. As used

her ei nangyhpdred 35 ot thoh e o RS El;,i\%at)écﬁﬂse bORIANAHEt @Eck ohgﬂaﬁn‘g@ igi des
502, 504 and two ends 506, 508, wherein the two sides 502, 504 are parallel
wi th respeettly oedubed wnithelinagefacturing bigsess. 530, 532, 534, 536, and the two
ends 506, 508 are perpendicular with respect to the w ndings, or clips,

530, 532, 534, 536. ough four r,e - 52 nd f.our clips
230, o35 a4’ oug WHATPHHR hBthi R SRR s By Romp@iod b 1" |

fewer U cenes, withtrdiclel aadras poyidiongh nhdrigeni-piefdrhicdsclipma30 e magedirdre form
the single structure w thout  de arting fromthe scope and spirit of the

i nvent i oncopper and has nickelpmg#in plating, heanyyitably cepdusdivedpmtcrialthdneudiag mat eri al
is fabric fr.QF i - dlﬁPQ gﬂﬂf r . 1A ichis

t he sanme ﬁgfg?ﬁgﬁﬂ%gqge(%gﬁﬁggga%ovémﬁn réfg%gﬁgénﬁgggﬁgq% 1%%%54%@0 and

t he | cor eenii5frefotuldd tiiwAa0 kwthoat depamgdrquh diesscppyatet spirit erthainvemtyoral so be

used for these core materials. : 006 ach clip 530, 532, 534,
536 has Ao Ph St yegecfornes elﬂib@%%d\ﬁmg J,n 'El‘?f“él%o%g%stgﬁﬁﬁ%nds_ and
may be coyph gyt %eeﬁﬁg%@forﬁllag WishRPRPa s R Hom! the %;i}e A0spiAedrpe havi ng a

portion of the'clip 5 532, 534, 536 pass centra w thi'n each of the U
shaped- comasntsd), Biherns®o, aBlRBighngd sha-predornied ¢l 486 rini deplctedb 40 tifimot

shown), 542 of. each cl.ip 530, 532, 534 536. wr aroungd t two ends 506,
200 01 "t nERPRGERGAE fsth S 0inde hay’ 5 e thE Bet Bt el B i5Ped° 250
are fabri gatiegf the aeaomper and are plated with nickel and tin. Although the
clips 530, 532, 534, 536 are nmade from copper and has nickel and tin

pl ati ng, other suitable conductive materials, including but not [imted to
gol d plating and sol@éei ngs Wagtraesed dniHigyed. ithe mami-reitmed elHe 480 iips

ot SoGgL L FOIRE 57508, AL 90 oo LU OKRRY O o onel
form of wwidlinihs bewy cdre 408 add hirtihgtite thep@rrinaly 4840436 Weapscopel tadwspi rit of
the i nventerll sn4l6, 418 of the bead core 410. In some embodiments, the bead core 410 can be

modified to have a removed portion 440 from one side 412 of the bottom 450 of the

bead core 410 and a non-removed portion 442 from the opposing side 414 of the bead

core 410. The two terminals 434, 436 of the semi-preformed clip 430 can be

positioned at the bottom 450 of the bead core 410 such that the terminals 434, 436 are

located within the removed portion 442. Although the bead core has been illustrated

having a removed portion and a non-removed portion, the bead core may be formed to

omit the removed portion without departing from the scope and spirit of the invention.

[0063] According to an exemplary embodiment, the amorphous
powder core material may be initially formed into a sheet and then wrapped or rolled
around the semi-preformed clip 430. Upon rolling the amorphous powder core
material around the semi-preformed clip 430, the amorphous powder core material
and the semi-preformed clip 430 can then be pressed at high pressures, thereby

forming the power inductor 400. The press molding removes the physical gap that is

-16-



[0070] As illustrated in Figure 5, the clips 530, 532, 534, 536 are coupled
to the U shaped-cores 510, 515, 520, 525 by having a portion of each of the
clips 530w02802,/016884, 536 pass within each of the U shapedTasc@s/03002 515,
520, 525 and having the two term nals 540 (not shown), 542 of each
prefornmed clip 530, 532, 534, 536 wap around the two ends 506, 508 of the
i nduct or 500. [ 0071] According to an exenplary enbodi nent, the
anor phous powder core material may be initially formed into a sheet and
then wr appgftralyolRscl hf‘et\%énp&e Q%Qm-p@e'fgrme@?’é]hp 336 -anlRRY DALRRBINYI( BE

anor phous powdér core material around the clips 530, 532, 534, 536, the
annrphoushgowﬂ@ﬁb©@ﬁenﬁéﬂ@ﬁmalm@hhd@hwndNMﬁﬁnﬁamdbﬁaﬂidﬁﬁﬁﬂ)536 can then be
pressed at high pressures, thereby form ng the U shaped inductor 500 having
a plurality of U sh 1 Ccqr 10, 15, 25 f.or I
structure 505. The gﬁ@gé %ﬁ?%ﬁﬁltpé%8§%§§¥%%ﬂg ??QEQWR%ES% I]Iﬂg)ugenerally
| ocat ed bp@w@ﬁmo&@m&éﬂamanwﬁh séﬁlzpreﬁﬂmd 2Bp @mdma}hcbe qmsmn&{lamhﬁ% 520,
525 by having the cores 510, 520, 525 form nol ded around the clips
530, 532, W@@g(HOIsgl@WH) Such that the aﬂpemg]ls PREHT gPFRgMptsTIalnwIIRERdSe 3 deAst ar v

enbodi men I r 32, 534,
536 may bg pggﬁfﬁgﬁ%gp%#ﬁﬁﬁﬁ%gﬁﬁgﬁg ?ﬁ%%hﬁ%@3#§%8§8%ﬂ§¥ﬁg?gﬁ gégwggphous
powder cos@aminmtfarmad cEprd30wandshat bd pasicdaat haoght pl@slsumés theechyl fopaing3@e 532,

534, 536. The agnrghggﬁ ﬁ‘mder corg mat eri al aqg% CIHB 530, ﬁZ, 534,
536 can t REWCTH@dprtes CHIGH Pdg JrReves: the mbyvictloram et BreeieilRaped

i nductor RQOAAEAENAHP | sHind k%&nﬁ%,&I gk AR 88d b 490 By Mgl A5 forned
as a single structure 505. press nDIdlng renoves the pK S|cal gap that
is generabuwmbotéﬂbﬂwmenMé@thh@d&kwgmbﬁeﬂmnﬁﬁzhpﬁéﬂ 536 and the cores
510, 515, 520, 525 by having the cores 510, 515, 520, 525 form nol ded
around the clips 53 2, 4 Add t|o a Iy ot her
nmet hods may be usedﬂgg§fo#§?ﬁ 8% a%Pdé??%%%mﬁéﬁi st

al ternat i yecibédasbve alph ﬁfs’ﬁ'ait&ﬁﬁa@sfe rhletah@pﬁsbaa @bRSmiKplye hemed ey @ﬁa@smgget her

by pre55|ng t he anDrphous powder core material at high pressures, followed
by coupl i H§ #RADBPYY ROVES esire vindeiHgy hish duesiviss, fahlewsH Uyareunjingfther shaped

cores, an I I1t14.0 ﬂgg{
mat eri al ggaﬁﬁguiﬁ%#§¥?gy brﬁﬁﬂ&ﬁg%% dtJégﬁé g?m? &ﬁ ra ?éﬁ%%f
W ndi ngs asre rdat&mai&edhdale&aﬂmre tchthapthgrvaintding mﬁlsple@hamadeemahe%eaﬁwbrat | east

a portion e addi tion pho s powder core materi al e plyrality
of U-shap%‘bJ &b é%taP‘I’fél%logrt%ﬂil \ﬂmm%gpo‘é{ﬁﬁ FOHE AdRFAL cﬁﬂabea rphous

powder COp& . NRE %hdﬁh% Qﬁ@thte %HltlBhﬁsa%ﬁgpﬁcRg oaEr @re Hia%?lapﬁr%stﬁéhr Sssk@ form

the i nductor describ his enbodinent. In a second alternative nethod,
two di scr tagethshaiplegh (pmselsfes whéarai the pavdar mds;lcuoetieSCSIIbaqbadtln@cmmeeat

I lit f sh I th th
P or phous b ItER alpash: wFna e divgre orued FPbs Mol Bidet By PESSRE ant ng
t he pl ur alet sm@bhdisnsivids BRL WaRHal Rehibhrélsses efofowbapethosRiogfg @Ad t hen
foll owed by addi ng addi tional anorphous powder core naterial. The two

di screte 9hujiegl bebrees, tltehémbldwcmtbt%hamd worndi age, thamcfotlh‘@ethdﬁf efldnal
anor phous hen . pressed t he 4 h pressures
to formt %&é&ﬁgcﬁucat rgl(1:10es %EI O t |tesrlaénbf€)ﬁ ?rvé%tcﬁ&f i Sh?lﬁel rg? ttgr native

met hod, i Rjiklitg,@nd il a&ildngm@laermcb@h@qumtd@r oat ehdidieal anahghpdsse yeticr cor e
material and the plurality of w ndings together. Although a plurality of
U-shaped @iohighk p@ﬁ@@r@ﬁe@cfpmél@ pqwqrﬁn@cméﬁrwéﬁﬂn tht prabodimspledn@dhéd may be

i1 zed kA SRBL! (GULA SYNE SRORUAAGESRE e O ipRARRRIATY

enbodi nment . urality ot I ps 530,
532, 534, c&ﬁﬁnﬂngdh&@dmanendmgtbgﬁmaraAhhbugmxlbanhanbheﬁemnﬂmmlseMBes based

appl i cat | SREPEUT SEnHErSFarieRSDF S EHES K A 38 BB "t 1850 oy
gﬁdd$§L?n%ﬂgggp@ggg@ﬂ@ggkgm&yﬁh&nphase current, for exanple, three-phase
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[ 0075] Al though several enbodi nents have been di scl osed above, it is
contenpl ated that the invention includes nodifications nade to one

enbodi mrerwohlasi@gdesspon t he teachi ngs of the renaini ng enpodiuserns32992
[0076] While single piece core constructions fabricated fromdistributed
gap magnetic materials and one or nore coils arranged in the single piece
core construction is advantageous in certain applications, in other
applications still other benefits nmay be realized using discrete core

pi eces assembl ed W dpeene Flurd®rigudRidsSa PBE e RO 1 mo%m&laiorgaps can
provi de desirabl e performnce advantages. Fr uctures and net hods of

acconpl i shivigg a@éléﬁbtwofdf skiipsdrcetas femi@i qm aes;laslemctprwm aaprdgagswih e
described furth bel ur es. strate anot her
mmanet 1o EbsORGHD Sulbmey: obo eyl BRSSP Sidat s FPE A e hown
in Fi gurefdur I RRapRasRfd3l 310, 3¢5 UsES SQSffbfrﬁ&d aRgnNeidl€ sedtereP(BCendar and

w nding 604 formng a first subassenb &32078] In the

exenpl ar yClépthdd.nti¥: SHoRAs, Wﬁéferﬁag?@t F]ép S8Pe 5Pttt isscaapled ©ofe havi ng
an el onga e%?ecr‘u?fgg)%?%lfltﬁé Ubéh%ﬁgq g(;rebjrlbcg §h5‘%e 29 b c}%gr%ﬁ{ %5?%1(3(3{ fy, ece 602

may be fa romany o e nma he I’C erra escri ove and
associ at ed32,esdnbIuB 0t pref@iniedr nad mSéé Ihyreﬁmyncbelrcﬁ@thbutctaé eﬂecﬁﬁ@ﬁbﬁ)t ther
suitable materials and technlaues known i [0079] Also

in the exéWﬁPtﬁFy?O%#B%Hf’?réWFS SHowWP4 35ktwA QRJ nij)%éﬁ&. whespig\thg dwoisiict he f or m
of a pre-§eF ngd M 3%{191 \%Me eeft' tBQh@‘wEﬁEHlﬁ @%9%&50'63965‘3?1 ahliys{d ahqand

pl anar mai n 'wi ndi ng section d opposi | eg Sections 608 and 610
ext endi ngthiertemm &ids 56, é@ﬁjar@fpetlhmdrmlam vwﬂnﬂbsp‘fgt &edtenmmdﬁsfg@, orTtigps) 5-3;)5 608 and

cect | on 60X Ta st dRbeh eg {efer suh B angenghind e pe P lr 2R i adi ng
clip 604 &3y t9@rark REdWEES frff é“sﬂl%le itﬁfé@hr@%g’é %f@ﬁeﬁétzfew@;‘b sorbEnging from
each of the respective |egs 608 and er m nal sections 612,

614 ext endorg%snemchng ylup@clpeﬁ@hpulraay tbg usrq@ t@ efglpvedhq: vanghl sinesturefwithwit| egs 608
and 610 aﬁ gene gll CaraIIIﬁ A Ofih lane of the main wi nding section 606.
The ternindlo 1 ead’s sec SRe¥81P %ﬁ grOV|d% spaced apart contact pads for
surface nounting to a circuit board (not shown). The clip 604 and its
sections 606, 608, fWB7] 612amrterhifircohbaditentele fare MmaAachudy farichteane
defining an interior region or cavity 616. In the exerrpl ary enbodi nent
shown, t h8oBa¥ trgnHaged; %m;‘ab@tSaﬁﬁwd&r |C9rer@é&eaﬁlgmha9 BribC SHRP IR &Py i n

shape t0 yRgibid S6ovTBEEELGC R fhePii€E6re®08: and the T core 150. Additionally, a

nanoamorphous powder material may also be used for these core materials.

[0068] Each clip 530, 532, 534, 536 has two terminals, or leads, 540
(not shown), 542 at opposing ends and may be coupled to each of the U shaped-cores
510, 515, 520, 525 by having a portion of the clip 530, 532, 534, 536 pass centrally
within each of the U shaped-cores 510, 515, 520, 525 and having the two terminals
540 (not shown), 542 of each clip 530, 532, 534, 536 wrap around the two ends 506,
508 of the inductor 500.

[0069] The clips 530, 532, 534, 536 are fabricated from copper and
are plated with nickel and tin. Although the clips 530, 532, 534, 536 are made from
copper and has nickel and tin plating, other suitable conductive materials, including
but not limited to gold plating and soldering, may be utilized in fabricating the clips
without departing from the scope and spirit of the invention. Additionally, although
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[0080] In exenplary enbodinments, the clip 604 nmay be fabricated froma
sheet of copper or other conductive material or alloy and may and forned
i nto the wbhapa/@essshown usi ng known techni ques, i ncl udi rgTHISROM0O82992 M t ed
to stanping and pressing techniques. In an exenplary enbodinment, the clip
604 is separately fabricated and provided for assenbly to the core piece
602, referred to here as being a pre-forned coil 610. Such a pre-forned
coil 604 is specifically contrasted with conventional magnetic conponent
assembl i eﬁlevm%g 830, 5jge 589] 534 SrefRpiRA ﬁt{ﬁidten?oo‘él%@ntphr%ﬁ%rmodf Whlaglw se is
bent or shaped around a core piece. 81]" As shown |n Figure 7
the clip mbamlaectvwéhdutrdsparhn@fremtbee@pé apil epicit 6 eam\@na@rsenbl ed or

ot herwi se coupled to one another to forma first subassenbly 620 In one
enbodi nent the core e 60 b bri at ide d n1the
clip 604 and the co(ghg e@gléﬁégﬂagylfg%? 5 ﬁl ﬁﬁé‘%@v??f gg% e clip

604 to coaqnlpeécietotthetssm@sd;e@ﬂawlwilb si@rszsm@zrmlvﬁlg ede)t‘fibﬁ@f%ﬁlea@lelﬁent I n
anot her enpodi nent core piece 602 coul formed_in the caV|ty 616

using a pplé%%ﬁpg 582, 5@6‘1 aPhgapr witigeach gf ﬂ@x‘drﬁbmed 1%y Storidd 529 n t he
exenpl ary, ttw%“c@%@fﬁnal% r3@0 R&te‘shBlNﬁE%%g# ?&1 ﬁr’e?cﬁ‘-ﬂleé%ggff@@,rﬁﬁzfto be

substantla y co tensive wth the cavit is, the
core piecé&ﬁ@26snb§m@nhddbhymkmh$SmiHGSoﬁﬂmnymﬁmBSObut does not project
fromthe cavity 616 of the clip 604. In other words, the nmagnetic core

pi ece 602 is genera ntained in the interi.or confines qf the clip,
and the external hgﬁé oﬁ?c Mg &0 A EXHRRIAB] iSpbedur @1sﬁ8“ﬁﬁ}H‘Flgure 7

is equal wwaé}eco%hﬁmﬁl nfdly RNSIRNS f@fméd‘ﬁt&h'sﬁee@@ﬂd Itﬁeﬁle&vfappé‘d @fRndssenbl y
with the core piece 602 %ﬁAs Figure 7 illustrates, each

section 606,clEog306182. B#253614nen Wﬂﬁepl@glt 8uarniioys pewt¢tycapmaered  engages

di ff h Th
pi cce. soo e BT SR o VA STndhe A IRRRMfr SR B R BB iR Pt

t he subasssarbsin, 620, rﬂ% be tvest ses@ed.uat hlghnplfegidréb?rth@‘éﬁﬁrfbhﬂingttﬁgs of
magneti c conponents. 0083] Fégure 8 illustrates the

subassenblMysheped rduEtog 309 travireg P HEsiEef dd shirdd-@reee bhdd Hagdt Pé3 cor e
pi ece 630,118 , §§%ﬂ%‘rﬂel gﬁ%ﬂg& 565 CRHE phis ?ﬁﬁ)ldn@%p B s R é@@fchf &flad 1§ OM any

of the nagnetlc escri bed above and associ at tec i ques, or
al ter nat i geleyallyalpcited batwreen atiecliffsr 30, 68ef345 686 abd ehonautrey 5 B, $1an820,

t echni ques,. kno inthe art, Furth t he second tic_core piece
630 in vaé%ﬁg\ﬁgﬁlﬁsdh%%@h%ﬁé ST 6RP darB A feshironed QRrinsS3fi er ent
nmagnetic g4 ekpal than used to fabricate the first core piece 602. That is,
if desired, 'the first and second magnetic core pieces 602, 630 may exhi bit

different magnetic nmaterials or the sane nagnetic naterlals dependi ng on
the particul ar mat efQ0gR Agosdmg to another exemplary embodiment, the amorphous

powder core material and the clips 530, 532, 534, 536 may be positioned within a
mold (not shown), such that the amorphous powder core material surrounds at least a
portion of the clips 530, 532, 534, 536. The amorphous powder core material and the
clips 530, 532, 534, 536 can then be pressed at high pressures, thereby forming the U-
shaped inductor 500 having a plurality of U shaped-cores 510, 515, 520, 525 formed
as a single structure 505. The press molding removes the physical gap that is
generally located between the clips 530, 532, 534, 536 and the cores 510, 515, 520,
525 by having the cores 510, 515, 520, 525 form molded around the clips 530, 532,
534, 536.

[0073] Additionally, other methods may be used to form the inductor

described above. In a first alternative method, a plurality of U-shaped cores may be
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[0084] In the exenpl ary enbodi mrent shown, the second nagnetic core piece
630 is a U core having a U shape including a substantially planar surface
632 and aweunfiauess834 opposi ng the planar surface 632 tirat/USaclows®g2z a fir st
|l eg 636, a second |leg 638, and a clip channel 640 defined between the first
and second | egs 636 and 638. In different enbodi nents, symetrical and
asymetrical U cores may be utilized as descri bed above. The subassenbly
620 including the first core piece 602 and the clip 604 is aligned with and
inserted findclQo&dithd®? IR O IdRr b @UheBalSH gl I
subassenbly 620 ?i inter-?ﬁ#%gg &??R§?%§R§%?egb?ecee630. A% gﬁ%ﬁ%afhe
subassenbfotloszd toxemmting dbd plurality lof eoedingshte ersbodhe phealgy of dJ-6B8ped or

substantially an.entire axjal ,¢di st e het ween opposi ng _ends 642,..644 of
the soconteh B SR Bl Ew BN b nadihg baRE et B P g PR R B e B 4 e ) of
the clip léiuealﬁ?BEUadHayecﬁéﬁr@&ﬁﬂﬂlaﬁﬂhG pRubist tWindihys dfcWsipodd Kopban@e Wi th
the ends 642, 644 of the second core piece 630. Wen so assenbl ed, the
first andphedlnal Hovepss exesasion leastn pamipniss thsorlddpnebyaembpuspaticadhesi ves
and the |pke. - ]y 14 0 it ed t 600 in
Fi gure Q,Eéﬁén?g?%ing epggﬁﬁgggﬁﬂﬁﬁg%gl fm6?ﬁzg@gﬁg£§%§%§$§g§¢§§g§?antiaIIy
flush or edfitiemudrambipholsh@otidtt ebres uidtatet ot thee pecwddtogother pit eleigh630 and
hence are well situated for surface(gpunt, el ectrical connection to a

circuit bBEPHCAAPTT SifalndyctonfpcEReG R SrPodigente 10,2 ssrRnst dmagdps 650
may be T ORfIRRIORIIERBreld\haplf Cortl, §AR%if Aot NIder8R AN SBRY nAY OFffiglicglesi T abl e
performance characteristics for a power 1 nductor, a potentially tor other
types of nhgnetd corcs npupiahtogethor, atdyere fenbedi byrprissing lthe arherpbotizopliwdent shown,
t he gaps 650 extend axially on eLther side of the subassenbly 620 within
the o\ p ENAHHAFTDa PERGUVSIS). [HORRE 1SeoonteHEg NS PLTAE! SFYBEEes30, The
size of tpawgaRsh&INoNEYcrbR MAPbEToRY, adi Urdd maldNRl 8| "RIFIORSdiRbnd he clip
channel 640 (Figure 8) in the second core piece 630 and/or the dinension of
t he subass@atphpus powtéracorp medterdds Thve o descrato skapsd ewecse i pByalipaofi ng t he
dinensionsiéépthe ga&g,(&ﬁ%HBFQforqﬁpce(%Qﬁgaqﬁen£§£ﬁ sapfﬂfgelresgltant
magneti c Jnponen nay e 'Var SRRl part?c%lar o%jegtl esPENd provi de
a vari et ytopbthepwehigh e tiRs o oo tiexiadndter déseMbayirdibid embsdimesr. f b pance
characteristics in_a uniform package size and with relatively easy and

ef fi ci ent thiighaltereatizie Agthode priedippamelling cadrheeAtddoteamold dhe rmerhdiponent s.

[ 0086] W i.ngl j ' as: Chi ' ien to

Fi gures. 6P5T o RS R Bl B S ey f ol BBl 00 i D1 e

i n furthetU-shagédcorad drerdeadribee i mbo dinb@ditrgnt, other shaped corcks @ Me Hilgpades 10- 13
illustrate. another magnetic conponeni. assenbly 700 aj yarious stags of

manuf act udhout departing from hgoewc 2 Sgﬁwﬁther?ﬁ@me@%ﬁ'lmgt assenbl y
includes a first magnetic core piece 702 and the pre-formed winding clip
604 form ng a first@yhpsaguflotally,thd Bﬁﬁﬁ?@?‘_bl’f@%@%?b%ﬁ@f‘% by & core
piece 702 is a U core having a U'shape including a substantially” planar
surface 70enngpaiddan pardlacty OB wipyagiingetierebased npen siredib centipodonshett ai ncl udes
a first qu)7q5, a §§co d IQ%:7%8h and a cfiQ channel 712 gefined bet ween
the first BRH O8I EYs o8 PsRGS 160" FRENGPE CRUERE e S8V BC ee 702
may be fabieheatiRdsr oM, 33y, §56 e bresshddCtomt&hmalise dagehhhrctuakaye and
associ ated techniques, or alternatively nmay be fabricated from ot her
sui t abl e faitcapmplesthagedphase firl @ueshasgown in the art. In different

enbodi ments, symetrical and asymmetrical U-cores may be utilized as
described above. [0075] Although several embodiments have been disclosed above, it
is contemplated that the invention includes modifications made to one embodiment

based upon the teachings of the remaining embodiments.

[0076] While single piece core constructions fabricated from

distributed gap magnetic materials and one or more coils arranged in the single piece
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[0089] As shown in Figure 11, when the clip 604 is coupled to the core

pi ece a subassenbly 720 is formed. The main w nding section 606 of the clip
604 i s slwoablwoisssdei ved in the clip channel 712 and t heCrarsaémioszyssecti ons
608, 610, 612, 614 of the clip 604 wap around the outer perineter of the

|l eg 710 of the first core piece 700. That is, the leg 710 of the first core
piece 702 is received in the interior cavity 616 of the clip 604. Each
section 606, 608, 610, 612, 614 of the clip 604 physically abuts or
engages acgefdoBii@tioniif@deaidR686s Al c&rB&e aphlidalibnd, 88 ofl?d phliddBns QMg Pi ece
602. The leg 710 is securely received and cradled wthin the clip 604 such
t hat the eilonbewiity pay b reptigedresimgdiseretoscose pigices dsperibled meth assemiglry st eps
of magnetic,co onentsf . 0090%{In.t@ﬁ exgqg{afy ﬁﬂbﬁdinent
shown, - ¢ &Y TS BEAPYRBRPYYYise) €eay £ REEr Rt PHE Ny afARRER 712 such
that the girh@uRQ4amdr ajcaflds dff 8dBohipeisBidp f AcanHP6o0MUische: @fe pRicecand02 in

t he subassenbly 720. Specifically, the wi nding section 606 of the clip 604
i s engagedh¥iiqahgamsere fgsgribesaiviBer brlowwi t h t he remai ning 608, 610, 612, 614
of the clip 604 physically abutting or engaging a different side surface or
face of the leg 710 he: e Pl : gl | hons 612,
614 extend substantF§P7£ gggg%ﬁ%P]?g§¥ng%rg%e%%gﬁﬂ%F%b¥3ﬁ§ﬂéﬁgggagxposed
on t he boto®@at wuohastegefofirhaudanec] &g sht@nfioFigue bathe aseuibly cohrecthi on to a
circuit bqard. . : 0091]. The 710 of . the core piece 702 is
securel y PECEIAFRLICHREC Blesef e @wﬁﬁlg@wggfewag BESISHRHSTRAY ( he subassenbl y
720 may be noved as a unit in further assenbly steps of magnetic

conponents. _ Loom] [ 208R]cx&8pRROWALOAMERLAKO & nLthe d)csuBRAS PREBI Y 720
isinter-fitted with a second magnetic core piece 730. e second core

pi ece 730003 isany Coredanagianglengared ragiangutar|bleikray taick shancantlicankgnept anar
surface 732 and ur f ace. /34 . 0pposSi n e planar surface 7 at i ncludes
St rer | B e DA AR P SERORIANT of o M RRL R BSEesfitRed RV

se e , ana a Cl 1 p~channe et ween

the firstagahdsspeneadicbBY§ucs3br amdmaddely They ecbdcded i otikersitplece 730
may be fabricated fromany of the magnetic materials described above and
associ at efatesidhingdecdiniqyes kpaver iwdhe 981 y may be fabricated from ot her
suitable materials and techni ques known in the art. The second core piece

730 may |ikew se be[(fo"’)'@%;%%oeﬂ t{li %ﬂ#@%ﬁ%dﬁ%@n@kﬁgﬂ,%wﬁ}%&géﬁl isas the

first magnetic core pie 702. ent enbodi nent's, sy rical and
asynmet r i palviddddortks forayobe pua-forinzé dvinding esip rhabieg aabovlengated, generally [ 0093]

I I S RLEN T R T
mrror i MBgendhs GRMALHIRN h@ drhike tiais WikBAE s@tBA®0602rheTiREs 608 Bng BapNEl 738
extend generally perpendicularly from the plane of the main winding section 604 in a
substantially C-shaped arrangement. The pre-formed winding clip 604 further
includes terminal lead sections 612, 614 extending from each of the respective legs
608 and 610. The terminal lead sections 612, 614 extend generally perpendicular to
the respective planes of the legs 608 and 610 and generally parallel to a plane of the
main winding section 606. The terminal lead sections 612, 614 provide spaced apart
contact pads for surface mounting to a circuit board (not shown). The clip 604 and its
sections 606, 608, 610, 612 and 614 collectively form a body or frame defining an
interior region or cavity 616. In the exemplary embodiment shown, the cavity 616 is
substantially rectangular and complementary in shape to the first magnetic core piece

602.
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of the second core piece 730 receives an exposed portion of the clip 604
such that the clip surrounds an outer perineter of the leg 736 of the
second cowe 2piuess330. As such, the main w nding secti orCE#ABG2@/081982 cl i p
604 is received partly in the clip channel 712 of the first core piece 702
and is received partly in the clip channel 738 of the second core piece
730. The remai ning sections 608, 610, 612, 614 of the clip 604 partly

encl ose a portion of the leg 710 of the first core piece 702 and partly
encl ose a portion OPXBBF e gxd aﬂfmhb&ﬁﬁQEQHQmC&%ﬁ6@4%%@l&?@ﬂnN%@& SO
assenbl ed, the first and second core pieces 702, 730 may be bonded toget her
wi t h adhe§owes sheatof ¢pppet deenther conductive matgripd 04 pllgysansoemn andhforingdiido 13, i n

e oM geguBOANSNL 00 A3y B0l I R oDEbARD e

charact er higd pfSsih@technREWVET Th NEUScRIplaranentRAiRaT el olipf 604 &f hghrdipes of
magneti ¢ conponents in other enbodi nents. In the enbodi ment shown, the gaps
752 ext enépbpistigdand ploridsd desisagnblyie the @eepicq®0afieferradiq eraapbeinga

per pendi cyl a t i newindi ng. { Qn {(.Fi e ip 604
and subst§%$®gﬁgicgﬁ§g?f §ﬁ§p%a nfﬁﬁﬁguﬁ%lg@gﬂ%6%9@?8”@g%8ﬁ%%&?dyﬁ%f t he
clip 604. cdivensSorze napnétiecoggpscmasomlich evheadin et doyl iadprusidiabgutt heore

di mensions, of the cljp.channels 712 (Fjgure 10) and 738 (Figure 12) in the
first andPi§eeohAtheBYse b Reaber shapeHauBHCURAISE the | ateral di mension of
clip 604 extendi ng between the opposed core pieces 702, 730. By varying the

di mensi ons of the gﬁﬁ)%dl)t A& sREWhH o FRRSE7 A ACE 0 drRitthE Eir@imdohi&rid &bl t ant
magneti c conponent may be varied to nmeet particular objectives and provide

a vari et ypefe gdlenrci ashambledsor fotherexsanpiugledhsyviong aiotlfesr @nforperf drstance
characteristics,in uni.f orm package si.ze and Wt el ati vel y . easy  and
of 1 oi ent STHINGTIRLY (POho 1Bl EaRiien” 15 cBfvERET SR ot St T EakBonent s.
[ 0095] V%iﬂd@%@ld_%itﬂsgfr@mctﬁé klig 6P dhdBRtcoRASicRESID deREH iRBdhd fuvitglabiopn to

, |

Fi gures 10-13, i s recogni zed that nu!tiple coil enbodi nents are possible
i n furthetheaahia/ @ talcompieie theesubpserblyetitts.. for example, sliding ggagimaitgdies 14- 17
illustrat t : efj.c < .1 O 3 s of
ranut act upastier abodRERCH e SROP 80 BRACH kY iy M (RibTHE 0B8RS D
i ncl udes prekdingtornmagliéid praese fpr exemBl? anwvdviee fpmeed, dnnthd aMentgilarg clip
604 formng a first subassenbly. In the enbaodi nent shown, the first core

pi ece 802¢mRodiment shaipadtheordeinieqeulidhds g, ad shapsgdeele sabptadiallung a
d | i ' ah f
secon ”H{%g&%%i%%%@ %&g'@'gnggg%e ggpr@(ﬁ Mafie As ) t Eor@n@eé‘e cg9) from

the first e secon g ines a raised stop face or stop
surface 86dsfantially Stlake q@vopilengaglenenet pofeht friva thé cpvigOdl 6ast tHesbpi bed

above. Th irst nmagnetic core piece 802 .be fabricated from a of the
mmgnet i ¢ Hid-eli BIHET SOL fscEna & o Bioas SOb et cTir gt the
al ternat i yRdYorMBNARE draky éltﬁﬁhﬁcﬁthfere%&&il REher3tink PHR JoR £id c’}ipsas%?l%ly

techni ques known in the art.
shown in Figure 7 is equal to the external dimensions of the clip 604 itself before

assembly with the core piece 602.

[0082] As Figure 7 illustrates, each section 606, 608, 610, 612, 614
of the clip 604 physically abuts or engages a different side surface or face of the
magnetic core piece 602. The core piece 602 is securely received and cradled within
the clip 604 such that the subassembly 620 may be moved as a unit in further

assembly steps of magnetic components.

[0083] Figure 8 illustrates the subassembly 620 of Figure 7 being

assembled with a second magnetic core piece 630. The second magnetic core piece
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[0098] As shown in Figure 15 when the clip 604 is coupled to the core

pi ece 802 a subassenbly 820 is forned. The first |leg 804 of the first core
pi ece 802wp=0rignessded in the interior cavity 616 of thePCiys2@043m=nz t he
clipis slidingly brought into engagenent with the stop surface 808 to
ensure correct positioning of the coil 604. Each section 606, 608, 610,

612, 614 of the clip 604 physically abuts or engages a different side
surface or face of the leg 804 of the core piece 802. The leg 804 is
securely ps¢ehaede aastiGaidhsmh Why RiFnhe Reagabiid PR4i4aRsd Rl b aHPassenbly
820 may be noved as a unit in further assenbly steps of nmagnetic

conponent gssociated techniques, jod @Bghatively meyube ifebriiatpd feom ethet histablebastsuatsl y 820

isinter-fitted with a second netic core piece 830,..overlyin he
Lobassampri St B aR o] PR Bo R B R R A BN R uet ng
first el ongadwdniRgindshds dag ba fagand ftdmk Readeld dreBffé3f @xdRAd inngeral
approximate a right angle (90) fromthe first | eg 832. The second nmagnetic

core pi ecthagagcdigyfabacae e fisl wic preendhy Tt it nbdesiighabs Ervrané peoand
descri bed i I: - [

Fabr1 cat el Erm APReRRA A5 RE HErA) Sinedi MAEHERREIYRE Bhe. o0t
The seconehagdti rpatedsls 83antimyg dnitkeparsieulbembbiniscaded. from t he sanme or
different material as the first magnetic core piece 802.

[ 00100] The second core. piece 830 in the exanple sho is sybstantially

i denticall'y sized aﬁﬁ)@haé@hﬁ‘asxi%a%?rab#@g@t shep . s _S?C@nﬁé%}%%@aa 180 and
arranged béleale@RBOSE B @bicalivtd 2T {Hapd RRIIHRSEH sCNM RIS pBn8Oirtable coi
604 is effectively captured between tﬂe opposed truncated | egs 806, 834 of

t he respe63? ged govtaqeiBdepp8ORe theoh 880 sudmg ¢3Rehataneludésredfirsg loge®ioi an 610
(Figure 14) of . the coil 604 is s W, ched.bet ween the el ongated | egs 804,
b0 of t PRl Hetiee 8 o P00 sh RO AR vt R e A s T SRBR REa 638 e 11 1 st
and seconghE£e3€ Pi @RS @dboddReni® % yRendaondadd ogshbeicaMUtdradhgs byes and
the |ike. 00101] As shown in Figure 17, in the conpl eted

L l : !
conmponent uBi@daspleyaitediabgep b sugyscpbly 620t luskagderfirsheorepiose W0Adi ng
section 6 e I . . pi her
portions g(i@%é&gbggiggaggégqgﬁgégglé%gggg%q%%ghﬁfﬁégﬁgggogg%£§%§q%rovide
desi r abl eFjpard 8rsueinde clwsatenibdi K26 if tierafitpoweith ithed ek QrieceadBd). pasenti al |y
for other Eépes of magnetic conponents in other enbodi nments. In the

enbodi mentUcTh S subape iy, 688 Exisedepaiglly thepugh dhe seinsst et ipaAcF yO30atoal 1 el to
the main y ﬁdhﬂguy% te%;t% L34 dﬁ&é&grb%tvé'fe% o&iﬁg eeg&%gﬁzggaﬁﬁfof&ﬂ@sécﬁﬁ@“d core

pi ece 830. e size of the gaps 852 nmay be var usting the
di mensi onsorofpiddaed3DeJhdBH, dfc Ithecadi®onnd,dd0eFpuec 6) 83the tchp lrnthemlly he

di rension of the clip 60 varyi t he di nensi f the gap,, the

per T or naneducshrabriRiay s T el Pl i Sy e A o emtd S be
varied topeeh3parwh&HiRhsRRIbRE iehrs@Afd REQHIARrapiatd 663 BD ANBE

i nductors, for exanple, having different performance characteristics in a

uni f or m pheikdsddogithrs vathcrdhesivesranddahd Ned.y easy and ef fici ent manuf act uri ng
step conpared to conventional nmagnetic conponents. [ 00102]

ohile & omale <ol RSPIERL S RECTRRGr LGN 400 ALIGRe B L0 o
further anghdfal datieeeadns\6a2e8bDaicnEmpbsed and substantially flush or coplanar with
the bottom surface of the second core piece 630 and hence are well situated for
surface mount, electrical connection to a circuit board. Additionally, and as shown in
Figure 9, physical gaps 650 may be formed between the core pieces 602 and 630 and
may provide desirable performance characteristics for a power inductor, and
potentially for other types of magnetic components in other embodiments. In the

embodiment shown, the gaps 650 extend axially on either side of the subassembly 620

within the clip channel 640 (Figure 8) in the second magnetic core piece 630. The

3



[ 00103] Figures 18-21 illustrate another magnetic conponent assenbly 900 at
various stages of manufacture. [00104] As shown in Figure 18,

t he assermuDyoiwabssdes a first magnetic core piece 802 amdTiuseonpns29dnr med
winding clip 604 formng a first subassenbly. In the enbodi nrent shown, the
first core piece 802 is an L-shaped core including a first elongated | eg
804 and a second truncated | eg 806 extending at approxinmate a right angle
(90) fromthe first leg 804. The second | eg 806 defines a raised stop face
or stop sypf %@%&%ﬁ)gfefsb by bakeri®! BPhdRIGAY BN MeMibY &mecchign;_hﬁ%l as

descri bed above. > first” magnetic core piece 802 nay be fabricated from
any of theédGriiggeri® imtheescteridscade pises Hae andion dic slcnssaoef the ewbasssmiiniy ques, or

alternati e fahricated. fr of,her suitable materi.al s and
Fechnt queb il S B Yt @rehietd 8. °b) S et i A TR M Pl tbe 10,
when the Eéﬂf(ﬁnﬁﬁée CBarGQURRE dfahé R&sub@itempiREe BerboderstUap $enhikiyxd 920 i's
formed. The first leg 804 of the first core piece 802 is conpletely

recei ved Mect haticyaepbisetiveavdndypioysleqs vemty «ifi ppvenandyrdorshforcdxappiss br ought

into slidj i rfa t ug.: r
positionih%g% Qgﬁ%%@%?%ﬁﬁ%%@c%%ﬁg%ﬁ%ﬁ%%?1%O§tn§8§g§%ﬁ§%% @gﬁggﬂd&%ﬁin

Fi gur e 15relatbvepoedsy andaffficibe maghBldrigxstepdsmparcirtojcentshtioaylonggrdetie clip in
a direction opposing the stop surface 808. Each section 606, 608, 610, 612,

614 of th&RPIENEO4 physical |y abuts or engages a different side surface or
face of the leg 804 of the core piece 802. The leg 804 is securely received

and cradl ed w thin 1diRef! mmmiROAsiase Rofl BRbodiRRnEHRARSL ARYiLELH RRYioRe noved
as a unit in further assenbly steps of magnetic conponents.

[ 00106] AW Eigows 6% iFisgacagniz@d thdtendtiblased renibpdgamts sreiposablefin furdrwi t h a
second nma Qgtiq core E&@C@ 930 overlying the subassenbly 920. The second
core pi ecB'YYPCLALKC FMORAMEHSor e including a first el ongated |eg 932 and
a second truncated |l eg 934 extending at approxinmate a right angle (90) from

the first leg 932. [lmw7seCadesmagnes i Gllgdae piRtier93Padmiic beompbhidntat ed
fromany of the nmagnetic materials described above and associ at ed

t echni que8sse@blya] 00ext matpupestags ph{napefacdit.i cat ed from ot her suitabl e
materials and techni ques known in the art. The second core piece 930 may

|i kewi se be fabri Cat%bgg]( r ashB&n SRFRURL 1k e?‘sEcﬁlé‘lSlgrfﬁél&d sal firdSmi L1 T St

magneti c core piece 00107] T econd core piece 930 in
t he exanptercyhmaryORsingithd prarfbymahapechg ¢liped04 formmapefist subasdeenbiyor dn pi ece

802, but differentl i rensjoned and pro i.oned. The |ater i des of the
o | 604 eeeBReBEh ShME e ek Be: et 1PheS Gpbosed PRaHed: Hal8ge 306,
934 of thelRPRES LY RarRRIIG p%rﬁ‘a?%ﬁrf@&z7(ﬁ1“9nc9§gurf§é’bd7(§@6{)¢;@iﬂﬁ Wenslhdag section
I gure 0} e col I'S Sandw che etween e

610 (F 18) of th " 604 d hed bet

surface 704 that includes a first leg 708, a second leg 710, and a clip channel 712

defined between the first and second legs 708 and 710. The first magnetic core piece

702 may be fabricated from any of the magnetic materials described above and

associated techniques, or alternatively may be fabricated from other suitable materials

and techniques known in the art. In different embodiments, symmetrical and

asymmetrical U-cores may be utilized as described above.

[0089] As shown in Figure 11, when the clip 604 is coupled to the
core piece a subassembly 720 is formed. The main winding section 606 of the clip
604 is slidably received in the clip channel 712 and the remaining sections 608, 610,
612, 614 of the clip 604 wrap around the outer perimeter of the leg 710 of the first
core piece 700. That is, the leg 710 of the first core piece 702 is received in the
interior cavity 616 of the clip 604. Each section 606, 608, 610, 612, 614 of the clip
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el ongated | egs 804, 932 of the respective core pieces 802 and 930. Wen so
assenbl ed, the first and second core pieces 802, 930 nmay be bonded toget her
wi t h adhewoOwves/dm$3t he |i ke. [ 00108] As shownTius2¢H0gse9e2 21, in
t he conpl et ed conponent 900 a physical gap 952 may be forned between the
mai n wi ndi ng section 606 of the clip 604 and the second core piece 930

and/ or other portions of the opposed core pieces 802 and 930. The gap 952
may provi de desirabl e performance characteristics for a power inductor, and

potenti al by4 hRysiQlINGbuls YR A gsles RBABIchCsi80 FRARSHr FadebOhO R EIbOAhEENtS. | Nn
the enbodi nent” shown, the gap 952 extends in a plane substantially parallel
to the marerewisediong. goe dégon 06is Ocquilyugasived pndicradipd widlhyn 88clgf 6G44haickecond

i . _The si frth 95 be varied b | ' h
i ot onGBs AR EgTE R 0o d3arisrof AR LaRg i e ANk Sbnb Yo’

and/ or thgagdhdtRn®hponedtsthe clip 604. By varying the dinmension of the gap,
the performance characteristics of the resultant magneti c conponent nay be
varied to neet particul ar objectives and provide a variety of power

i nductors, for exanf080] nh&withsy cxirpplapeinboipesh phavde tBh&HRAMr ISselts in a

uni form pg&ﬂﬁg@f réée%’%daiﬂdth%‘iip diGhl M| HcRARNK tﬁ%‘g'liﬁféd4cﬂr%j&tsnﬂ&‘f{gtg§t uring

step conpared to conventional magnetic conponen 09]
Wi | e a skurfce 706idf tlenbwdipiaent70Ras thrxeebadesbdhy Hd $pecifedaly) tha windikg gur es

18-21, it is recognized.t .multiple.cojl enbodi nents are possihle in
further affigR 6§&°§ﬁﬁ&?@&@3‘£%@?ﬁ@ﬂ&ﬁ the cfip channcl 7 %83&561]14_0 Fyinias 22
i |l ustrat ggg anQt Bes, @ﬁg@@fhb%lf@%momicag§ S80HEhY okRadife iadifeusat sliages of

manuf acture. As shown in Figure 21A° a first nagnetic body 1002 is forned,
whi ch mayswéca osifanglad the Ege’ l0arishe oaripperedt02miltei tpineingli leaksestost 6 1kct i on in

accordanc it n f the e i,ment s .descri ~ I n,the sectjon Vi ew
ahown 1 Bl seEnd Rl GRRGTHE B PO AT M pRCeTBHLAREFp passes
t hrough t BeitdReNeide® ARG REZ 10 TordurR¥d Mousl oBBEHRA 10 a circuit board. [ 00111]
As shown in Figure 21B, a second magnetic body 1006 is formed, which may be

a single piece construction or nultiple piece construction in accordance
with any of the enbBWohbntlgcdesdi? wEdhe toie RiskcorE Hatphwichcraseiyyd 2od6,

cradled within the clip 604 such that the subassembly 720 may be moved as a unit in

further assembly steps of magnetic components.

[0092] As shown in Figure 12, the subassembly 720 is inter-fitted
with a second magnetic core piece 730. The second core piece 730 is a U core having
a U shape including a substantially planar surface 732 and a surface 734 opposing the
planar surface 732 that includes a first leg 734, a second leg 736, and a clip channel
738 defined between the first and second legs 734 and 736. The second magnetic
core piece 730 may be fabricated from any of the magnetic materials described above
and associated techniques, or alternatively may be fabricated from other suitable
materials and techniques known in the art. The second core piece 730 may likewise
be fabricated from the same or different material as the first magnetic core piece 702.
In different embodiments, symmetrical and asymmetrical U-cores may be utilized as

described above.

[0093] The second core piece 730 in the example shown is
substantially identically sized and shaped as the core piece 702, but is arranged in an

opposing, mirror image orientation to the first core piece 702. The clip channel 738
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however, is fabricated froma different magnetic material and hence has
different nmagnetic properties than the first magnetic body 1002. In the
sect i onalwoizew/mabssen in Figure 21, the main w ndi ng secPCoS:@0431992t he
pre-fornmed clip passes through the magnetic body 1002 in an axi al

direction. [00112] As shown in Figure 21C, the first and second
magneti ¢ bodi es 1002 and 1006 are arranged al ongsi de one anot her and
coupl ed to one another. The axial |ength of the coupled bodies 1002 and
1006 is tBemsumdl doRepiE&SPR MO aﬁﬁ&tpb%d?léorﬁ&?omg'cﬁﬁ 609 Qecrame: thO06

i ndividually. The main wi nding section 1004 extends across the axial |ength
of the bodiipsurt@o@s andut@oerisnetdr afithe leg por of dre sscondeonsatiecowi Wdi Ag sect i on

1004 is i tact.with.th ' teri f the fi b 1002 and
another potT di Bt antb SRRt SC IR Fih Rach Ry ey RIGAER " he
magneti c Bmin@El 712 6ff tht Miest OEOPIdc PO andDRZecd Idf i@ in fhleWkipRabiise] B8

performance characteristics are therefore made possible in the different
bodi es 100bthgrgcago®re piced 7pdr Fh@ﬁ@n@ﬂlngrﬁéc%’lﬁtéo@oﬂo,§é%,t¢]d‘rpf1"b94hp ecei vi ng
t he benef| f. 1 I,f t teri hl | ze

Addi ti ona ?@?L%ﬁg&gk%ﬁﬁ} &€§§§¥§%§q%%32@Eﬁih§£ﬁ§#§@%%%%eﬁﬁbs%ﬁe Sgyall of

t he magnetndowadp@siol @0Zhakrd 78605 the sqoad icde stdd T30 unhde so peschiigrrnce
variations and attributes. Varying_inductance values and w dely varying

per f or mant¥ gt Fndpgeend gre pisgec{Gr 539&}?3’6@%9@?1?(@%83]%“’%@Hh%\“‘f?éﬁﬁér by
strat egi cgldpesel ecting and jointing n nunber of nagnetic bodies, whether
physi cal | y gapped or not, and assenbling with themw th one or nore coils.
[00113] Figures 23 and 24 illustrate another nagnetic conponent assenbly
1100 i n expl oded vi E094hd Aassheminl ad Figues, 131 s tlec complejed component 700 [ 00114]

As shown in Figure t he ¢ onent assenbly 1100 ipclu t he assenbly
nci udes PReed Eefs (o ate b BEREI e B0 RS take s DL PRI Rt ng o i p
604 form pavadeldekisiblS POBSHRAR! dhaflerRsicdRS 6 HoRREindRedE and pbhalllyofrt 0
Figure 11. The assenbly 100 further includes the second magnetic core piece

730, al soothier tyesvirft magngiicecqrapansatswinnethag ceibpginBos. f di rthegnbodsramd
subassenb c oSl t n naraf | fi ond
subassenoh alt M il 77 R nd BLURER ARS8 i 280 b0 250 RPLpREET)
channel 1p8pcdichlar seclonechatd iindingneetionl 508 (Figuposion®tihe dlipr 604 ahdp
channel 1106. The third magnetic core piece 1104 ornmed in the shape

I | nmay bhe for
of an | - bedhsieatalin Birpcti the pragy manding partiosr Gig: (Rigrg 193/% & clim@04-nilhg
magnetic ¢ ) i I . ving a
U ohape. w25 5f Bleeps 30 hdntG Lot Padiie by dRRARRAS of ARSiPORMDSY | o
| egs. 712 (Figure 100@ad 5B8 Thigufci F2tin ¢hd firsc hahsebnd £66 fiews 02 hed 780 st

subsassenbly 720 .and accepts ortion of . .the clip 604 thereof. .The second
o1 p- chaniied or deda it 5heion 8 Bt U BuEutig Py B A HePotts 6 95 por £ on
of the cl iy, 606 tﬁ}ﬁ{fﬁ?fng\m& QirRSR AR 0E the @HsSMEWRrtbAndrc¥hsraddristid@rc! i ps

604 are spaced apart from one another by the third nmagnetic core piece
1104, andthshsesiltral npgpstic7 s@mpxteah thayebeneared: foemeéty partiade slgedivds @ode pi eces

702 and 1104,,and the third and, second core pieces 1 and 730, In the
ool ar y PR akES Shahltef PiuREEn s 3 BpR %R Rl Re Bl ng or e
pi eces 702handerdstiod in anainifham gsarcﬁagy gic€ Sand 1A4h aRthti(39 tdyyaard @fffvient

per pendi cular to the main w nding section 610 (Figure 10; of each clip 604

and subst BWREFIUYing Sisp cpmpied haFonvantieiiah Blagedtici COMPERENts.Fi gure 10) of each
clip 604.

[0095] While a single coil embodiment has been described in relation
to Figures 10-13, it is recognized that multiple coil embodiments are possible in

further and/or alternative embodiments.

[0096] Figures 14-17 illustrate another magnetic component

assembly 800 at various stages of manufacture.
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[00116] In various enbodinents, the magnetic material used to fabricate the
third core piece 1104 may be the sane or different fromthe nmagnetic

mat er i al swoed/tiessBabri cate the first and second pi ece POZ/tsaad0/d3D92 and
hence the third core piece my have the sane or different magnetic
properties as the core piece 702 or 730. Thus, the main w nding sections
610 of the clips 604 may extend across and be in contact with different
magnetic materials in such an enbodinment. Different flux paths and

per formance charact gjjog i c&s ahewhher &figne madﬁlepa@%h}% 6"3 ih@luddie adiifdier ent
bodi es 702, 1104 and 730, with portions of the cl |1§ 04 receiving the
P

benefit ofmagadis ofret higcaliSO earshtharpymttringd mutndingakkip (¥ faredng a first

00117 Ad 110 d d d with
a1 b nafitanicabie TR ARG o SfiRRoh e PR st PR A RS sl Temibe! 468 et

provi de sticlididdiat gt chrpetd tisg 1804 3arkdeh @bto&ﬁl Muraty 800 @ﬂ@ﬁdﬁ"ﬁ@tat
[00118] It is contenplated that the conponent assenblies 600 &ilgure 9),

800 (Fi guiRPrevimatopoghirngly ©02)frowohe @r%ﬂ% g1 Yhpeecprélaedeld dafinps & t hi r d
magneti c

addi t1 onal Tt s e Sl Akl 808 for Bl ALPp AT BladaBirEhe i LB o
assenblieamwﬁbahdﬁwbodhaﬁnn&u@ﬁmubﬁnepﬁke80@ﬁﬁb%e@ﬁﬁ&h&dﬁﬂknﬁmyommbt|-phase
power i nductor. conpan 0119] The advant ages. and benefits

of the .nv@mlfftwnmaﬁe@ahadfﬁgés&efie%beae fpd Bé@oaﬁ&ér%mHIQWém& HETRARP BAY
enbodi Went)éfa%ﬁ%%a%ﬁmth& guﬁa@e&ﬁa@&falsbﬁd' @lg deBRhod i fA€hr@and al ternative

enbodi nents coul d be derived by those Int rt having the benefit of the

present disclosure while still being within the scope and spirit of the
exenpl ary clai nms subifiosi e@smépwwlnrflgure 15, when thq clir1 804 1sOrm1péede1mjtlhary

enbodi ment_of .a netic co nt -asse b t hat
conpr | ses o nitp Ik FEOBARE N R PECIeRRET of MECHST F5° 868 ed 10
sai d firsgoragretived GRMEe m@m ca¥itgl @63&0&@%1@3@1@%& tHeOEIS B SlfEndlitt ed
with the first magnetic core piece and the coupled coil.

brought into engagement with the stop surface 808 to ensure correct positioning of the

coil 604. Each section 606, 608, 610, 612, 614 of the clip 604 physically abuts or

engages a different side surface or face of the leg 804 of the core piece 802. The leg

804 is securely received and cradled within the clip 604 such that the subassembly

820 may be moved as a unit in further assembly steps of magnetic components.

[0099] As shown in Figure 16, the subassembly 820 is inter-fitted
with a second magnetic core piece 830 overlying the subassembly 820. The second
core piece 830 is an L-shaped core including a first elongated leg 832 and a second
truncated leg 834 extending at approximate a right angle (90°) from the first leg 832.
The second magnetic core piece 830 may be fabricated from any of the magnetic
materials described above and associated techniques, or alternatively may be
fabricated from other suitable materials and techniques known in the art. The second
core piece 830 may likewise be fabricated from the same or different material as the

first magnetic core piece 802.

[00100] The second core piece 830 in the example shown is
substantially identically sized and shaped as the core piece 802, but is reversed 180°

and arranged in an opposing orientation to the first core piece 802. The coil 604 is
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[00121] Optionally, the first pre-formed clip may include a flat conductor
formed substantially in a Cshape. The C shape includes a first leg and a
second | ey 20itttiesshe preforned clip further conprising Permse@/obmars
extending fromeach of the first and second | eads. The first pre-forned
clip may define a substantially rectangular interior cavity, the interior
cavity being extended over the first core piece. The first core piece may
be di nensioned to be substantially coextensive with the interior cavity of
the first eﬂé&fv@%”@aﬁguﬁédl Between the opposcll @RheAbd THE FBC oMl ormENREp& GO € Pi ece
may optionally define a slot dinensioned to receive and contain the first
core pi eceqregmrdes B2 d1id &0, ambiths serom o imdigmedction 660 &Figitedds ofithe cpitp8f cal | y

d f : . Th [ ' [ b iall
U Shaped. © candichB bokifin SRR R REROE S0 of S e ptites 2 cor e

pi ece mayahd@Bodewacd isb bsdn@tded, ahs Eegnchd &@on@REredpiedsPeNABDGhayeleti ned
between the first leg and the second | eg, and a portion of the first

pr e- f or m bpidsdriegethss widicdhoswesiandithelilkd. i p channel of the first nmagnetic
core piece. The second nagnetic core piece may |ikew se include a first

eg. & second I ea, AR ChRnGRAMHu et IRAOSONERS BmILiat sbpg, and the

second leg, with a n of the fir re-form rec Inthe clip
channel ophysidaé gge 86D dnayalgm &trimed betveccpithe enainl hending séaionedoadfi the rhy

conpri se | at .conductor for suhstantially in C-shape. The C- shape
may i ncl ugﬁ%‘[ 414 licotece C%{ﬁd’leéggg&ﬂ‘ﬂg?qf@ ,erm%nﬁvoéft ARRPSES FYefiiFdher

conpri si ngod grdRH@! Theadss & fRdIHRAidd 8 ERE hePbrhiRcfdhhaticARtsS8E QN
| eads, the term nal |eads extending substantially parallel to the clip

channel i powereingfictohearfd petentadly &ecashet typgnef incagnetie cpinpoesnts Thethsre- f or ned

| i furt fi bst anti al | | ar .interi i1y, and
the i ncer PEPOErnEy il Suiiretaba vt e Ault g ol gl eca and
wrap ar oupghabéleo @ hbi@ Wintsl pRREISEIRAFLUE I6) of the leg 834 of thdktedd cdrd anot her

option, the first magnetic core piece nmay optionally be substantially

L- shaped. PFae830. shiapuee oiign @ﬂp&:S%om@y p¢ s@recdnyadivding dlec dineapigny efthand a
short leg ncl t i.al i cul ar fro edo | gg. The
et ot oried BrisanE AR pRse OO T s b B R R, B,
cavity, wiryidghthei ditrension of aké feyp, b ngrioxmemdechaeacedrisdod oMilap pistiganar ound a
portion of the long |eg. The second magnetic¢c core piece may al so_ be

subst ant i BIREYCHC CORM9BET Nt be Yamisd d@ BSRParagEtobiccHBeseindi NERE dha VALY ever sed
rel ative ' ' -0 N {1

br et or mel BOT SR RS ELIPIERE ) AR ARDoABE I ak SRrkliShn e

subst ant i ahifyrni geckage aditey asd zeith anldtis¢ippeady omddefficenemdmpfatreg sep shaped.
[ 00125] As anot?er gﬁtion, the first and second nmagnetic core pieces are
arranged SPBRYSY eoBNentionat MASNCLS §ORPEIYupl ed to one another, with the

first preformed coil extending across and in intinmate contact with each of

the plurality of magabdr @afiR Ri §RES. coit ch@BImdntonQf bddiedcHbad ihy of
magnetic core pieces nay optionally be fabricated fromdifferent magnetic

mat er i al srdietianrg Figureseten?, iigaeagnezep tienuliipls coil satbedinthare pasbIEi ni t ed
to an amofphous. PANIESMaEE! Lfbodiments.

[00103] Figures 18-21 illustrate another magnetic component

assembly 900 at various stages of manufacture.

[00104] As shown in Figure 18, the assembly includes a first
magnetic core piece 802 and the pre-formed winding clip 604 forming a first
subassembly. In the embodiment shown, the first core piece 802 is an L-shaped core
including a first elongated leg 804 and a second truncated leg 806 extending at
approximate a right angle (90°) from the first leg 804. The second leg 806 defines a

8-



[00126] A third magnetic core piece may optionally be interposed between
the first and second magnetic core piece, and a second prefornmed clip may
be provi o0 2and16888t ed wi th t he second nagnetic core pi @Ce/tsaalowbm®or hird
magneti c core piece. [00127] An exenplary nethod of formng a
magneti c conponent is also disclosed. The conponent includes first and
second nmagnetic core pieces and a pre-formed winding clip. The nethod
conprises: coupling the pre-formed winding clip to the first magnetic core

pi ece; anghiRISeIPhtOs Miﬁs&ﬂl@@%@g f&%lstaﬁ@grofom@gageﬁgme\wﬂ@tmlcﬁg%ohcast he
second magnetic piece, whereby the first and second magnetic piece

col | ecti vé¢8§mb@dr abwynd Tha dirss meigoetéc cprpmet:q: 802 oy bh éatﬂ:wgwépfmn gy of the

[ 00128] tionall the f.0 na nterior

cavi ty, anteeaBamtisg Ersut PPTE At AR S PR St Rp R it P core
pi ece nmaybe QIBPichee fﬂoﬁﬁ@ch&ﬂ Jugtaidlc Ptdria ardf tedHngquch kedwirBOMmetitC core piece
into the interior cavity. [00129] Coupling the pre-formed

winding clip to the first magnetic core Elece may optionally further

conprise sliding thB4Pel  of AV AIGHE 7 Bheal BRGIP K841t PRPlstaigrieei ¢ core
pi ece unt h&reyg@ e84 %BQ&QHWX@OWQ SR, UL fBrsPle g%@@ of Wil @SEcore gfecg/

[00130] T e-forne clrp may optiona be substanti
C- shaped, 8@his ameplotelyt feecifved &t thanidtesioc omdtyn@tef the dpr @4and thptdlipnal | y be
U shaped. . o .
brought into sliding engagement with the stop surface 808 to ensure correct
positioning of the coil 604. In contrast to the assembly 820 shown in Figure 15, no
portion of the leg 804 extends or projects beyond the clip in a direction opposing the
stop surface 808. Each section 606, 608, 610, 612, 614 of the clip 604 physically
abuts or engages a different side surface or face of the leg 804 of the core piece 802.
The leg 804 is securely received and cradled within the clip 604 such that the
subassembly 820 may be moved as a unit in further assembly steps of magnetic

components.

[00106] As shown in Figure 20, the subassembly 920 is inter-fitted
with a second magnetic core piece 930 overlying the subassembly 920. The second
core piece 930 is an L-shaped core including a first elongated leg 932 and a second
truncated leg 934 extending at approximate a right angle (90°) from the first leg 932.
The second magnetic core piece 930 may be fabricated from any of the magnetic
materials described above and associated techniques, or alternatively may be
fabricated from other suitable materials and techniques known in the art. The second
core piece 930 may likewise be fabricated from the same or different material as the

first magnetic core piece 902.

[00107] The second core piece 930 in the example shown is similarly
shaped (i.e., L shaped) to the core piece 802, but differently dimensioned and
proportioned. The lateral sides of the coil 604 are effectively captured between the
opposed truncated legs 806, 934 of the respective core pieces 802 and 930, and the

main winding section 610 (Figure 18) of the coil 604 is sandwiched between the

220



[ 00131] As another option, both of the first and second magnetic core

pi eces may be U-shaped, with each of the U shaped core pieces receives a
porti on oVothe/iTssshaped w nding clip. [ 00132 TIUS2610i0B399AAN0Ot her
option, the pre-formed winding clip nay be substantially C shaped, and one
of the first and second nmagnetic core pieces may be L-shaped. Further, both
of the first and second magnetic core pieces may optionally be L-shaped,
and the L-shaped core pieces may be reversed relative to one anot her.

[00133] ALfpoheued 1&%!9804“@3@ bPNhbasspRedit d62Chicbadsyd tahd rejoer ank& 6
speci fi c enbodi men these descriptions are not neant to be construed in a

limting seambledythei fouss amcb s d abicopiscast 82h 3@yl bs bondsdbiogéthemvisth as wel |
as altern ive enb4%» nts of the invention, will becone apparent to

per sons h% Nt e%?ﬁf 8%% skill in the art upon reference to the description
of the |nvent|on It should be appreciated by those having ordinary skil

in the art that the[(008kpAlsGhowidn tFigirs pecinftihe comphaddredihsordhsedpaed nay
be readily utilized as a basis for nodifying or designing other structures
for carryPhgichean H82 yeddhirped dstvarentthe maky amdies Seqﬂpné&émfdh@cgb be
realized I | ent
construct?gnéaggﬁﬁ%aMgganggﬂ??gﬁpt Hh%5?%?§%hﬁﬁgsgéﬁ£8%¥ﬁgﬁgm? v%%?ion as
set forth80haﬁ&93@pﬂénd&ﬂSbBanmﬁpnﬁd¢ﬂQmﬁﬁﬂe@kﬂbﬂnmmamhmphaﬁﬁdsﬁhaa t he

claine will cover any such no cat ons or enbodinents that fall, within
the scopeP®teh MEUFRpEHES Befent ¥ s PR TRSETClE Comporeits it othet

embodiments. In the embodiment shown, the gap 952 extends in a plane substantially
parallel to the main winding portion 610 (Figure 10) of the leg 834 of the second core
piece 830. The size of the gap 952 may be varied by adjusting the dimensions of the
legs 806 and 934 of the core pieces 802 and 930 the and/or the dimension of the clip
604. By varying the dimension of the gap, the performance characteristics of the
resultant magnetic component may be varied to meet particular objectives and provide
a variety of power inductors, for example, having different performance
characteristics in a uniform package size and with relatively ecasy and efficient

manufacturing step compared to conventional magnetic components.

[00109] While a single coil embodiment has been described in
relation to Figures 18-21, it is recognized that multiple coil embodiments are possible

in further and/or alternative embodiments.

[00110] Figure 22 illustrates another magnetic component assembly
1000 in various stages of manufacture. As shown in Figure 21A, a first magnetic
body 1002 is formed, which may be a single piece construction or multiple piece
construction in accordance with any of the embodiments described. In the sectional
view shown in Figure 21, a main winding section 1004 of a pre-formed clip passes

through the magnetic body 1002 in an axial direction.

[00111] As shown in Figure 21B, a second magnetic body 1006 is
formed, which may be a single piece construction or multiple piece construction in

accordance with any of the embodiments described. The second magnetic body 1006,
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1. A magnetic conponent assenbly conprising: a first nagnetic core piece;

first pre-formed clip coupled to said first nagnetic core piece;

and

a second wagnatdiiesssore piece fitted with the first magnheCrasecaovssppece and

t he coupl ed coill

substantially in a C shape.
of claim2, wherein the Cshape includes a first

t he

a

2. The magnetic conponent assenbly of claim
1, wherein the first prefornmed clip conprises a flat conductor forned

3. The magnetic conponent assenbly
| eg and a second | eg,

pref or ”Edh&lvé\Férfiér fahﬁ&at&pwﬂ 2l difeleaf ma@aéud RRHsiaExheNhOOniy ameagh of the

first and second | eads.

pi ece.

magnetic body 1002 in an axial direction.

[00112] As shown in Figure 21C, the first and second magnetic
bodies 1002 and 1006 are arranged alongside one another and coupled to one another.
The axial length of the coupled bodies 1002 and 1006 is the sum of the respective
lengths of the bodies 1002 and 1006 individually. The main winding section 1004
extends across the axial length of the bodies 1002 and 1006 such that a portion of the
main winding section 1004 is in contact with the magnetic material of the first body
1002 and another portion of the main winding section 1004 is in contact with the
magnetic material of the second body 1002. Different flux paths and performance
characteristics are therefore made possible in the different bodies 1002 and 1006, with
portions of the same coil section 1004 receiving the benefit of each of the different
magnetic materials utilized. Additionally, one or more physical gaps may be provided
in some or all of the magnetic bodies 1002 and 1006 to provide still further
performance variations and attributes. Varying inductance values and widely varying
performance attributes of inductors may be achieved in such a manner by strategically
selecting and jointing #» number of magnetic bodies, whether physically gapped or not,

and assembling with them with one or more coils.

[00113] Figures 23 and 24 illustrate another magnetic component

assembly 1100 in exploded view and assembled view, respectively.

[00114] As shown in Figure 23, the component assembly 1100
includes the assembly includes the first magnetic core piece 702 and the pre-formed
winding clip 604 forming a first subassembly 720 as described above in relation to
Figure 11. The assembly 100 further includes the second magnetic core piece 730,
also fitted with a pre-formed winding clip 604 forming a second subassembly 1102.
Situated between and separating the first and second subassemblies is a third magnetic

core piece 1104 having a first clip channel 1106 and a second clip channel 1108
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5. The magnetic conponent of claim4, wherein the first core piece is

di nmensi oned to be substantially coextensive with the interior cavity of the
first prevornadiesssp. 6. The nagneti c conpeaEriS2i/08ivar m 5,
wherein the second nmagnetic core piece defines a slot dinensioned to
receive and contain the first core piece. 7. The magnetic
conponent of claim®6, wherein the first and second magneti c core pieces are
physi cal |y gapped from one anot her. 8. The nmmgneti c conponent

of claim @%pdé’ﬂﬁ‘gr @ik Mirkh8lis eeRRel MR eThe tGR ﬁla@h@cﬁecd@ p'ié&fesmatm@;t by
U- shaped. The magnetic conponent assenbly of claim1

wher ei n tﬁ&niednstthmalmetqf@ncbb@npa@@@wmm Etﬁelse 331 |Ar1@u‘n4tlefgly datsdctbad | eg,

and a cli 81 Chﬂalgé]n%ltlc gnge prllece lq%Elvn\?a%Qnglﬁge rnu{uaiily op OSGB%&&GQ%&C Ca%?lg E!.%g and

shape with the clip channels 1106, 1108 extending between respective legs.

[00115] The first clip channel 1106 faces the first subsassembly 720
and accepts a portion of the clip 604 thereof. The second clip channel 1108 faces the
second subassembly 1102 and accepts a portion of the clip 604 thercof. When
assembled, as shown in Figure 24, the clips 604 are spaced apart from one another by
the third magnetic core piece 1104, and physical gaps 752 extend between the first
and second core pieces 702 and 1104, and the third and second core pieces 1104 and
730. In the exemplary embodiments shown, the gaps 752 extend between the
opposing core pieces 702 and 1104, and the core pieces 1104 and 730 in a plane
perpendicular to the main winding section 610 (Figure 10) of each clip 604 and
substantially bisect the main winding portion 610 (Figure 10) of each clip 604.

[00116] In various embodiments, the magnetic material used to
fabricate the third core piece 1104 may be the same or different from the magnetic
materials used to fabricate the first and second piece 702 and 730, and hence the third
core piece may have the same or different magnetic properties as the core piece 702
or 730. Thus, the main winding sections 610 of the clips 604 may extend across and
be in contact with different magnetic materials in such an embodiment. Different flux
paths and performance characteristics are therefore made possible in the different
bodies 702, 1104 and 730, with portions of the clips 604 receiving the benefit of each

of the different magnetic materials utilized.

[00117] Additional magnetic pieces 1104 may be provided and
utilized with additional clips 604 to extend the axial length of the assembly 100 and

provide still further benefits in a relatively compact arrangement.

[00118] It is contemplated that the component assemblies 600
(Figure 9), 800 (Figure 17), 900 (Figure 21) could similarly be provided with a third

magnetic core piece (or additional core pieces) inter-fitted with additional clips to
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wherein a portion of the first pre-formclip is received in the clip
channel of the first magnetic core piece. 10. The magnetic
conponentwassanhbgssof claim 9, wherein the second magnePCE/USer16/0pi9L e
includes a first leg, a second leg, and a clip channel defined between the
first leg and the second | eg; and wherein a portion of the
first pre-formclip is received in the clip channel of the second nagnetic
core piece. 11. The magnetic conmponent assenbly of claim9,

wher ei n tb@%ﬁ'&tﬂ&f%ﬁaﬁéﬂ%f@ﬂéﬁ%ﬁ@ 8SmporfchAhsseRABRUC tRIchfeibdRAnGHPaLANt i al | y
In a C shape .- The magnetic conponent assenbly of claim 10,

wher ei n th@p@ilslhialphébﬁnﬂﬁcwé@ raulflrph@se paveeramdictor sewpanknteg, the prefor med
clip further conprising termnal |eads extending fromeach of the first and

second | eads. the | fmaR TheAR BRI IO SR LCREE Ak eloko the
e

clip channel in one sécond magne core pieces

13. The nagietd co Qﬁnma&nt fidin ﬂi@biﬁnﬂ;ﬂary%cﬁlhrﬁeﬁth&leﬁd’rﬁ:eﬂOFIIEI‘EQ fottip defi nes
a substantlallg rectangul ar_ interior cavity, the interior caV|tK bei ng
©

ext ended BeAEved Hiet fyrthef anghaliapatvecahodpnadecamd bodapyadhy hewsuRdhons of t he
fi r.St and V\i‘gr%l X tﬁ&%F Iof the Rﬁesent dlsclc]'sure mﬁe %ﬂ%ﬁ%ﬁﬁﬂp%e%gé%ﬁgml y of

claim1l, rst netic core piece is bst an shaped.
spirit of the exemplary claims subrnitted herewith.

[00120] One exemplary embodiment of a magnetic component
assembly has been disclosed that comprises: a first magnetic core piece; a first pre-
formed clip coupled to said first magnetic core piece; and a second magnetic core

piece fitted with the first magnetic core piece and the coupled coil.

[00121] Optionally, the first pre-formed clip may include a flat
conductor formed substantially in a C-shape. The C-shape includes a first leg and a
second leg, with the preformed clip further comprising terminal leads extending from
cach of the first and second leads. The first pre-formed clip may define a
substantially rectangular interior cavity, the interior cavity being extended over the
first core piece. The first core piece may be dimensioned to be substantially

coextensive with the interior cavity of the first preformed clip.

[00122] The second magnetic core piece may optionally define a slot
dimensioned to receive and contain the first core piece, and the first and second
magnetic core pieces are physically gapped from one another. The second magnetic

core piece is substantially U-shaped.

[00123] As another option, the first magnetic core piece may include
a first leg, a second leg, and a clip channel defined between the first leg and the
second leg, and a portion of the first pre-form clip may be received in the clip channel
of the first magnetic core piece. The second magnetic core piece may likewise
include a first leg, a second leg, and a clip channel defined between the first leg and

the second leg, with a portion of the first pre-form clip received in the clip channel of
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15. The mmgneti c conponent assenbly of claim 14, wherein the L-shaped
magneti c core piece conprises a long leg and a short | eg extending

subst ant iabDI2g1pEsgsendi cul arly fromthe |ong | eg. PCT/US2010/032082 The
magneti ¢ conponent assenbly of claim 15, wherein the pre-first forned clip
defines a substantially rectangular interior cavity, the interior cavity
bei ng extended over and w apping around a portion of the long |eg.

17. The magnetic conmponent assenbly of claim 16, wherein the second

nmagneti c gRrceieselctic TRspidt | hd YrelfoshaPeth nfa?%oﬁl%ﬁ@@g fRenRIu®rcor e
pi ece being reversed relative to the first magnetic core piece and
over | yi ngfarimed fsibstantipHgfioe keshapei [The C-shape may includ@a fiT$idegraghes¢cond onponent

assenbly of claim.:16 erein the first, and second, L-shaped netic cores
are subst dfft ‘u”étﬁ|p§ef%8%?%¥\$l@aﬁf@ers"r°%’dlSé{]rgdte‘%ﬂl&ﬁ@ ad¥ Extending rom eg%‘?feﬁi‘ﬁe

magneti ¢ GeMaANeBdondIsaiEbthe tefmighiRlchsl&tethi®f QibRtAgY baallclapdhs @apnd
L- shaped nagnetic cores are differently sized and shaped,

0.
The magnethaanelofonehthedisieind) speand rapgictie sorodpracsi hhe Are-formed clihmagecond
TROnet © BRI ReBRGSaBhin wgg%&%gﬁgﬁgf%gﬂg%ﬁqﬂé e 'oqrégvi?ﬁﬁﬁg%g to one

anot her, pre-tor cross and 1 n i t'e contact
W t h eacheitndddeoyrlr uh@lfiritymadnciiagioed piece ané vplapceesund one of the first and

second legs.

[00124] In another option, the first magnetic core piece may
optionally be substantially L-shaped. The L-shaped magnetic core piece may include
a long leg and a short leg extending substantially perpendicularly from the long leg.
The pre-first formed clip may define a substantially rectangular interior cavity, with
the interior cavity being extended over and wrapping around a portion of the long leg.
The second magnetic core piece may also be substantially L-shaped, with the second
magnetic core piece being reversed relative to the first magnetic core piece and
overlying the first pre-formed coil. The first and second L-shaped magnetic cores

may be substantially identically sized and shaped or differently sized and shaped.

[00125] As another option, the first and second magnetic core pieces
are arranged alongside one another and are coupled to one another, with the first pre-
formed coil extending across and in intimate contact with each of the plurality of
magnetic core pieces. At least two of the plurality of magnetic core pieces may
optionally be fabricated from different magnetic materials having different magnetic

properties, including but not limited to an amorphous powder material.

[00126] A third magnetic core piece may optionally be interposed
between the first and second magnetic core piece, and a second preformed clip may
be provided and fitted with the second magnetic core piece and the third magnetic

core piece.

[00127] An exemplary method of forming a magnetic component is

also disclosed. The component includes first and second magnetic core pieces and a
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21. The magnetic conponent assenbly of claim 20, wherein at |east two of
the plurality of nagnetic core pieces are fabricated fromdifferent

magnet i ¢ watertvabssshavi ng di fferent magneti c properti esPCT/US2010/032992 22.
The magneti c conponent assenbly of claim 20, wherein the first magnetic
core piece is fabricated from an anorphous powder materi al .

23. A nmethod of form ng a magnetic conponent, the conponent including first
and second magnetic core pieces and a pre-forned winding clip, the nethod

conpri si nﬁre foRHBd Wistihhelipr eht MRS YARsHRS %mﬂmtg%& he-formgd WIRgIAEt i ¢ core
pi ece; and assenbl ing the cougled coil “and first magnetic

pi ece to thie tseborfestmayggasticc cmemece windr afsgmblieg ftl'ilﬁr Qt)uldﬁﬂ CQécftmid fimagnet i c

i ece collectivel.y surround and enclose a ortl h
P magnetic plgce to t[le secong magnetic picce, whereb e 1rst ang seco aggne‘ucI 'p.

piece collectively surround and enclose a portion of the C-shaped clip.

[00128] Optionally, the pre-formed winding clip may define an
interior cavity, and coupling the pre-formed winding clip to the first magnetic core
piece may comprise inserting a portion of the first magnetic core piece into the

interior cavity.

[00129] Coupling the pre-formed winding clip to the first magnetic
core piece may optionally further comprise sliding the pre-formed winding clip along

the first magnetic core piece until the pre-formed winding clip abuts a stop surface.

[00130] The pre-formed winding clip may optionally be substantially

C-shaped, and one of the first and second magnetic core may optionally be U-shaped.

[00131] As another option, both of the first and second magnetic
core pieces may be U-shaped, with each of the U-shaped core pieces receives a

portion of the C-shaped winding clip.

[00132] In still another option, the pre-formed winding clip may be
substantially C-shaped, and one of the first and second magnetic core pieces may be
L-shaped. Further, both of the first and second magnetic core pieces may optionally

be L-shaped, and the L-shaped core pieces may be reversed relative to one another.

[00133] Although the invention has been described with reference to
specific embodiments, these descriptions are not meant to be construed in a limiting
sense. Various modifications of the disclosed embodiments, as well as alternative
embodiments of the invention, will become apparent to persons having ordinary skill
in the art upon reference to the description of the invention. It should be appreciated
by those having ordinary skill in the art that the conception and the specific

embodiments disclosed may be readily utilized as a basis for modifying or designing
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24. The nmethod of claim 23, wherein the pre-forned winding clip defines an
interior cavity, and coupling the pre-formed winding clip to the first
magnet i c wore11pilie’8@ conpri ses inserting a portion of thecTiusgeiomeaypetic
core piece into the interior cavity. 25. The nethod of claim
24, wherein coupling the pre-forned wnding clip to the first magnetic core
pi ece further conprises sliding the pre-forned winding clip along the first
magneti c core piece until the pre-forned winding clip abuts a stop surface.
26. The mp{hlpdnRtured fr Thdping WEhSisBmE PErgek& drand B eI IR Ghdulld Bisb $e
substantially C shaped, and one of the first and second nagnetic core

pi eces i srddlig¢thlppethose having ordinary gkill ifTHe arethhbelichfequivalcnt @@strydiioneida bot h of
the first _and second netic .core pieces are U shap .and each of the

U shaped. B derpiicagt FEARFYaSehS: B 35 By i e A5ty e FREMARN .

28. The nelhed Bis Gk 28ntcpRIt®] that the cRiMs {vall BB why SidhGnédifiBatiohs
substantially C-shaped, and one of the first and second magnetic core

pi eces i sorcrgbedimgnts that fall within thoscopgrbthedb¥riionf cl ai m 28, wherein both of
the first and second nagnetic core pieces are L-shaped, and the L-shaped
core pieces are reversed relative to one anot her. 30. The
magneti c conponent assenbly of claim1, further conprising a third nmagnetic
core piece interposed between the first and second nagnetic core piece, and
a second prefornmed clip fitted with the second nagnetic core piece and the
third magnetic core piece.
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WHAT IS CLAIMED IS:
1. A magnetic component assembly comprising:
a first magnetic core piece;
a first pre-formed clip coupled to said first magnetic core piece; and

a second magnetic core piece fitted with the first magnetic core piece

and the coupled coil.

2. The magnetic component assembly of claim 1, wherein the first pre-

formed clip comprises a flat conductor formed substantially in a C-shape.

3. The magnetic component assembly of claim 2, wherein the C-shape
includes a first leg and a second leg, the preformed clip further comprising terminal

leads extending from each of the first and second leads.

4. The magnetic component of claim 1, wherein the first pre-formed
clip defines a substantially rectangular interior cavity, the interior cavity being

extended over the first core piece.

5. The magnetic component of claim 4, wherein the first core piece is
dimensioned to be substantially coextensive with the interior cavity of the first

preformed clip.

6. The magnetic component of claim 5, wherein the second magnetic

core piece defines a slot dimensioned to receive and contain the first core piece.

7. The magnetic component of claim 6, wherein the first and second

magnetic core pieces are physically gapped from one another.

8. The magnetic component of claim 6, wherein the second magnetic

core piece is substantially U-shaped.

9. The magnetic component assembly of claim 1:
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wherein the first magnetic core piece includes a first leg, a second leg,

and a clip channel defined between the first leg and the second leg; and

wherein a portion of the first pre-form clip is received in the clip

channel of the first magnetic core piece.

10. The magnetic component assembly of claim 9, wherein the second
magnetic core piece includes a first leg, a second leg, and a clip channel defined

between the first leg and the second leg; and

wherein a portion of the first pre-form clip is received in the clip

channel of the second magnetic core piece.

11. The magnetic component assembly of claim 9, wherein the pre-

formed clip comprises a flat conductor formed substantially in a C-shape.

12. The magnetic component assembly of claim 10, wherein the C-
shape includes a first leg and a second leg, the preformed clip further comprising
terminal leads extending from each of the first and second leads, the terminal leads
extending substantially parallel to the clip channel in one of the first and second

magnetic core pieces.

13. The magnetic component of claim 10, wherein the pre-formed clip
defines a substantially rectangular interior cavity, the interior cavity being extended
over the first magnetic core piece and wrapping around one of the first and second

legs.

14. The magnetic component assembly of claim 1, wherein the first

magnetic core piece is substantially L-shaped.

15. The magnetic component assembly of claim 14, wherein the L-
shaped magnetic core piece comprises a long leg and a short leg extending

substantially perpendicularly from the long leg.
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16. The magnetic component assembly of claim 15, wherein the pre-
first formed clip defines a substantially rectangular interior cavity, the interior cavity

being extended over and wrapping around a portion of the long leg.

17. The magnetic component assembly of claim 16, wherein the
second magnetic core piece is substantially L-shaped, the second magnetic core piece
being reversed relative to the first magnetic core piece and overlying the first pre-

formed coil.

18. The magnetic component assembly of claim 16, wherein the first

and second L-shaped magnetic cores are substantially identically sized and shaped.

19. The magnetic component assembly of claim 16, wherein the first

and second L-shaped magnetic cores are differently sized and shaped.

20. The magnetic component assembly of claim 1, wherein the first
and second magnetic core pieces are arranged alongside one another and coupled to
one another, the first pre-formed coil extending across and in intimate contact with

cach of the plurality of magnetic core pieces.

21. The magnetic component assembly of claim 20, wherein at least
two of the plurality of magnetic core pieces are fabricated from different magnetic

materials having different magnetic properties.

22. The magnetic component assembly of claim 20, wherein the first

magnetic core piece is fabricated from an amorphous powder material.

23. A method of forming a magnetic component, the component
including first and second magnetic core pieces and a pre-formed winding clip, the

method comprising:

coupling the pre-formed winding clip to the first magnetic core piece;

and
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assembling the coupled coil and first magnetic piece to the second
magnetic piece, whereby the first and second magnetic piece collectively surround

and enclose a portion of the C-shaped clip.

24. The method of claim 23, wherein the pre-formed winding clip
defines an interior cavity, and coupling the pre-formed winding clip to the first
magnetic core piece comprises inserting a portion of the first magnetic core piece into

the interior cavity.

25. The method of claim 24, wherein coupling the pre-formed winding
clip to the first magnetic core piece further comprises sliding the pre-formed winding
clip along the first magnetic core piece until the pre-formed winding clip abuts a stop

surface.

26. The method of claim 23, wherein the pre-formed winding clip is
substantially C-shaped, and one of the first and second magnetic core pieces is U-

shaped.

27. The method of claim 26, wherein both of the first and second
magnetic core pieces are U-shaped, and each of the U-shaped core pieces receives a

portion of the C-shaped winding clip.

28. The method of claim 23, wherein the pre-formed winding clip is
substantially C-shaped, and one of the first and second magnetic core pieces is L-

shaped.

29. The method of claim 28, wherein both of the first and second
magnetic core pieces are L-shaped, and the L-shaped core pieces are reversed relative

to one another.

30. The magnetic component assembly of claim 1, further comprising
a third magnetic core piece interposed between the first and second magnetic core
piece, and a second preformed clip fitted with the second magnetic core piece and the

third magnetic core piece.
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