WO 2010/014444PCT/US2009/051005 1 A MAGNETIC ELECTRICAL DEVICE
TECHNICAL FIELD [0001] The invention relates generally to electronic components and methods
of manufacturing these components and, more patrticularly, to inductors, transformers, and the
methods of manufacturing them. BACKGROUND [0002] Typical inductors may include shaped
cores, includingy@ shietdae@re and drum core, U core and | core, E core apdtfusgi®,@dn@dsother
matching shapes. The inductors typically have a canductive wire wrapped around the core or a clip.
The wrapped wire is commonly referred to as a coil and is wound on the drum core or other bobbin
core directly. Each end of the coil may be referred to as a lead and is used for coupling the inductor to

an electrical circuit. Discrete coresymax GRIPPKNE teeetRee Kyrayetek adhesive. [0003] With
advancements in electronic packaging, the trend has been to manufacture power inductors having

miniature structures. Thus, the core structure must have lower and lower profiles so that they may
accommodate thel FdddH 2leEtfdhic devices, some of which may be slim or have a very thin profile.
Manufacturing inductors having the low profile has caused manufactures to encounter many
difficulties, thereby makIfg0tHel heamfertterringlprocessrkpe frsivlectroniOG0ddRontexantple, as the

components beCQﬁé%&@QJi%eﬁﬂ@'a&ﬂ}ﬁldbe{hééB‘f&Hlﬁéﬁ@% afigensusdaithafatyr e eldas components
being hand wound. These hand woun componentsogﬁrowde for inconsistencies in the product

themselves. AnotHFENESTHALRGRAIRE HhEaudatHEnghHR cores being very fragile and prone to
core cracking throughout the manufacturing process. An additional difficulty is that the inductance is
not very consistedt e 48 HEGAp deviation between the two discrete cores, including but not limited
to drum cores and shielded cores and U cores and 1 cores, during assembly. A further difficulty is that
the DC resistance ("DCR00Z] Ayptehsidtetotdueytmundygnmwindireg, amdiding a shield core

and drum core, U core and I core, E core and I core, and other matching shapes.
The inductors typically have a conductive wire wrapped around the core or a clip.
The wrapped wire is commonly referred to as a coil and is wound on the drum core
or other bobbin core directly. Each end of the coil may be referred to as a lead and
is used for coupling the inductor to an electrical circuit. Discrete cores may be

bound together through an adhesive.

[0003] With advancements in electronic packaging, the trend has been to
manufacture power inductors having miniature structures. Thus, the core structure
must have lower and lower profiles so that they may accommodate the modem
electronic devices, some of which may be slim or have a very thin profile.
Manufacturing inductors having the low profile has caused manufactures to

encounter many difficulties, thereby making the manufacturing process expensive.

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

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



WO 2010/014444PCT/US2009/051005 2 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. [0005] Manufacturing processes for inductors, like other
components, have been scrutinized as a way to reduce costs in the highly competitive electronics
manufacturing hustoess4Reduction of manufacturing costs is particularly glesivsdale vghes the
components being manufactured are low cost, hight volume components. In a high volume component,
any reduction in manufacturing cost is, of course, significant. It may be possible that one material used
in manufacturing may have a higher cost than another material, but the overall manufacturing cost

may be less by USQﬂ%H%dHQth%%ﬂMiHé%FJé@Jsbeﬁﬁ%@ifﬁ&ﬂﬁé@%ﬂ'{%ﬁ&@@xﬁ@%@§@ﬂ§é& of the product in
the manufacturing. proc S§E IS greategq%wan,the reliability and consistency of the same product
e

manufactured wittr theledSc SRR ntaR o HRSOWFeds miBEPBY St BRI ured products
may be sold, ratherdthansbieingedistarded. s&dditionally, it also is possible that one material used in
manufacturing a component may have a higher cost than another material, but the labor savings more
than compensates for theoosreasafiztiaiepakeastsor idse@xampebeamjyshantevietthe many ways

for reducing manltl)facturina Costs. d?[oqo%t has become eﬂable to ptr.ovidfe ama netic

. cen SGrutinizcd as a w 0 ucg Costs jn the CQ ClIIVe CIECronic .
component of increased e ﬁmency an YmprqveoF manufac u.raBgl | § wlﬁlPout increasing the size of the
components and aesufpgingnarbumehie Hedghenpspaceaeypagiciiswinaricgedyotesinblsit board

applications. It alsphbasbespmadesiakiedalgssendhe.amornt afipanuahmaniaeiising steps

involved and auto§1at'kgghm0{e of the steps in the manufacturing. process so .tha%more consistent and
reliable products May Be pfodlEe® ™ 0es Bottid1a4Aap ETRIEIH0Y/08 £6t5 > ©F course:

significant. It may be possible that one material used in manufacturing may have a
higher cost than another material, but the overall manufacturing cost may be less
by using the more costly material because the reliability and consistency of the
product in the manufacturing process is greater than the reliability and consistency
of the same product manufactured with the less costly material. Thus, a greater
number of actual manufactured products may be sold, rather than being discarded.
Additionally, it also is possible that one material used in manufacturing a
component may have a higher cost than another material, but the labor savings
more than compensates for the increase in material costs. These examples are just

a few of the many ways for reducing manufacturing costs.

[0006] It has become desirable to provide a magnetic component of
increased efficiency and improved manufacturability without increasing 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 lessen the amount of
manual manufacturing steps involved and automating more of the steps in the
manufacturing process so that more consistent and reliable products may be

produced.



3 SUMMARY [0007] A magnetic component and a method for manufacturing a low profile,
magnetic component are disclosed herein. The magnetic components include, hut are not limited to,
inductors and transformers. The magnetic components include at least one sheet and at least a
portion of a winding coupled to the at least one sheet. The at least one sheet is laminated to at least a
portion of the wingltogy/oilagvinding is oriented in a manner such that a magnekgoiieddiimgenerated in a
desired direction when current flows through the winding. The winding may be made of a clip, a
preformed coil, a stamped conductive foil, an etched trace using chemical or laser etching processes,
or a combination of these exemplary windings. Additionally, terminations may be formed at the bottom
of the magnetic copp@ngRtor formed on a substrate to which the magnetic component mounts to.
[0008] According to some embodiments, a plurality of sheets are layered on top of one another, where

at least a portion of the yiing s, caNTgUSA WP e Pliali ashests. Tl plurally of sheets are

laminated to one another to form theé magnetic component. According to some embodiments, the
entire winding is dbpfil§ur@eRiatisirr R Eranty dissisedshettiieh sy Mierfde RBpKaSsurface of the
top sheet and/or theli@wengudiacadf hetkptiomishestis Aseordingdamaliernativeremhediments, a
portion of the winding may. be positi e% on a substrate, such as, for.example, a printed circuit board.
Thus, the winding Rk A e o ers detnisior RS BRI Sre.
According to anottherblteshenpshesniddiniasst the Sivekis raaynbieddiletlard amdrtionividiieg and then

laminated to formmlwgmcv%mﬂ@ﬁ@mﬁ&n&pmea?mﬁairé\%ﬁtsh@ Bqﬁugﬁquth@mviﬂadwg forms tge
terminations. 0009] According to another exemplar odiment, the winding may be oriented in
a manner such thé?ngrﬁ’i‘la‘gﬁleﬁc ﬁ%?ﬁd?s‘%%%lg?a% T “é:tt%gWSrf rr?f’é&gi‘ot i lgﬁ%ﬂ%‘er Xemplary
embodiment, the windignmayberaticritedim.ce mafmercd wol, thatanped gredicfieddes ,generated in a

horizontal directiof|g4a,Heheh XRIRIANLLIROMAR!IBEWIRARG BigwkheRHERIN @ manner
such that WO 2010/014444PCT/US2009/051005 4

exemplary windings. Additionally, terminations may be formed at the bottom of
the magnetic component or formed on a substrate to which the magnetic

component mounts to.

[0008] According to some embodiments, a plurality of sheets are layered
on top of one another, where at least a portion of the winding is configured within
the plurality of sheets. The plurality of sheets are laminated to one another to form
the magnetic component. According to some embodiments, the entire winding is
configured within the plurality of sheets, which may include the upper surface of
the top sheet and/or the lower surface of the bottom sheet. According to alternative
embodiments, a portion of the winding may be positioned on a substrate, such as,
for example, a printed circuit board. Thus, the winding is not complete until the
magnetic component is mounted to the substrate. According to another alternative
embodiment, the sheet may be rolled around a winding and then laminated to form
the magnetic component. In some embodiments, a portion of the winding forms

the terminations.

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

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



more than one magnetic field is generated in the same direction, each parallel to one another. In
another exemplary embodiment, the winding may be oriented in a manner such that more than one
magnetic field is generated in different directions, one oriented in a generally perpendicular direction
with respect to another. Moreover, a plurality of winding may be formed within the magnetic
component.  w{PLhiklpase and other aspects, objects, features, and agvianagessedohe invention
will become apparent to a person having ordinary gkill 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 [0011] The

foregoing and othgpfeatiiesnanm asnedisPidhedavratiannvilbhe hestsndersioadanithgeference to the
following description of certain exemplary embodiments of the invention, when read .in conjunction with

the accompanyin§Wr&tiigs, \WABPER: XSmRSt STRIGUPSTa L S0RErE8 BherESEEnE léw and an
exploded view of thewtepssilighaf merinatuvecposgectindietias franiagdiniidengtidieedirstwinding

configuration, at Igast QnemagnsticRewder sarahand,a MeticalY, AHenigd.cate afsia.in accordance

with an exemplary embodiment; 0013] Figure Ib illustrates a perspective view and an exploded
view of the bottoMmevafam@%hﬁ& eI ddRsMaS R tRETREE ISP IRPRP SR cordance with an
exemplary embodiment; [0014] Figure Ic illustrates a perspective view of the first winding
configuration of the mini&fh pbeve rirdobr asedepidtisdtin Figure. Bod addaripgaredb e accordance

with an exemplary,@8hegi8Mscome apparent to a person having ordinary skill 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

[0011] 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, wherein:

[0012] Figure 1a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a winding in a first winding
configuration, at least one magnetic powder sheet and a vertically oriented core

area in accordance with an exemplary embodiment;

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

with an exemplary embodiment;

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

1b in accordance with an exemplary embodiment;

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

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



WO 2010/014444PCT/US2009/051005 5 configuration, at least one magnetic powder sheet and a
horizontally oriented core area in accordance with an exemplary embodiment; [0016] Figure 2b
illustrates a perspective view and an exploded view of the bottom side of the miniature power inductor
as depicted in Figure 2a in accordance with an exemplary embodiment; [0017] Figure 2c
illustrates a pergocntiverview of the second winding configuration of the nigigigseopesm@s inductor as
depicted in Figure 2a and Figure 2b in accordanceswith an exemplary embodiment; [0018] Figure
3a illustrates a perspective view and an exploded view of the top side of a miniature power inductor
having a portion of a winding in the second winding configuration and at least one terminal located on

a printed circuit beatl,@hIRAShOREMNAYRRIGRE WAL ISR and AHieHzanlR b erienter.core area in

accordance with an exempl%ry emb%giiment; [0019] Figure 3b illustrates a perspective view and an
exploded view of tH& BOHSRINFS WHIHE RiFTHRare BRReMAuctor as depicted in Figure 3a in
accordance with an exemplary embodiment; [0020] Figure 3c illustrates a perspective view of the

second winding configuf3ttH bae Hikluttire poirsmrtdte idr aseistalrisFireBi%and Figure 3b in
accordance with aptR%esflaniembadimepdiver inductor as depicted in Figure 2a in accordance

with an exemplary embodiment;

[0017] Figure 2c illustrates a perspective view of the second winding
configuration of the miniature power inductor as depicted in Figure 2a and Figure

2b in accordance with an exemplary embodiment;

[0018] Figure 3a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a portion of a winding in the second
winding configuration and at least one terminal located on a printed circuit board,
at least one magnetic powder sheet and a horizontally oriented core area in

accordance with an exemplary embodiment;

[0019] Figure 3b illustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 3a in accordance

with an exemplary embodiment;

[0020] Figure 3c illustrates a perspective view of the second winding
configuration of the miniature power inductor as depicted in Figure 3a and Figure

3b in accordance with an exemplary embodiment;

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

oriented core area in accordance with an exemplary embodiment;

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

with an exemplary embodiment;



[0021] Figure 4a illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a plurality of windings in a third winding configuration, at least one magnetic
powder sheet and a horizontally oriented core area in accordance with an exemplary embodiment;
[0022] Figure 4b illustrates a perspective view and an exploded view of the bottom side of the
miniature powewimehieiauas depicted in Figure 4a in accordance with an exeropleyeemizodiment; WO
2010/014444PCT/US2009/051005 6 [0023] Figure 4c illustrates a perspective view of the third
winding configuration of the miniature power inductor as depicted in Figure 4a and Figure 4b in
accordance with an exemplary embodiment; [0024] Figure 5a illustrates a perspective view and an

exploded view of the toq(ﬁjgg plaminiatuigewes ipdystaihavieg apreformed g@gﬂdg{éd at least one
magnetic powder sh et in accoé%ance with an exemplary embodiment; [0025] Figure 5b illustrates

a perspective trarFQB RSO ST U VRTHTE RIPE hARTEF I i Sy el d&fﬂ@f&ﬁ nai #d78%% in accordance
with an exemplarytembachinvent; with f0O6]pkiguneBdiilustrates a perspective view and an exploded
view of the top side of a miniature power inductor having a plurality of windings in a fourth winding

configuration, at least on@paagnetic pamdenshegtranrdaPlivalifydohhaprastallyweented core areas in
accordance with %n exc? d? 'a%nmb%dfo@“‘?er} inductor having a preformed coil and at least one

magnetic powder sheet in accordance with an exemplary embodiment;

[0025] Figure 5b illustrates a perspective transparent view of the miniature
power inductor as depicted in Figure 5a in accordance with an exemplary

embodiment;

[0026] Figure 6a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a plurality of windings in a fourth
winding configuration, at least one magnetic powder sheet, and a plurality of

horizontally oriented core areas in accordance with an exemplary embodiment;

[0027] Figure 6b illustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 6a in accordance

with an exemplary embodiment;

[0028] Figure 6c¢ illustrates a perspective view of the fourth winding
configuration of the miniature power inductor as depicted in Figure 6a and Figure

6b in accordance with an exemplary embodiment;

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

oriented core areas in accordance with an exemplary embodiment;

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

with an exemplary embodiment;



[0027] Figure 6b illustrates a perspective view and an exploded view of the bottom side of the
miniature power inductor as depicted in Figure 6a in accordance with an exemplary embodiment;
[0028] Figure 6c¢ illustrates a perspective view of the fourth winding configuration of the miniature
power inductor as depicted in Figure 6a and Figure 6b in accordance with an exemplary embodiment;
[0029] Figure Tadlviaaieaa perspective view and an exploded view of tha-iopssidgosfoasminiature
power inductor having a winding in a fifth winding donfiguration, at least one magnetic powder sheet,
and a plurality of horizontally oriented core areas in accordance with an exemplary embodiment;
[0030] Figure 7b illustrates a perspective view and an exploded view of the bottom side of the

miniature power inductoigs fepigtedyin igwgc{ainacperdancg.withramexemplanagmpbodiment; WO
2010/014444PCT/U 2009/051005 7. . [0031] Figure 7c illustrates a perspective view of the fifth

winding configurafiSH B A& hh| %?d?&l‘SBWeP‘?WSDE} ‘icé(g ALPTRIEEIMFiRYE ABAd Etre 7b in
accordance with &h axenvplanyeemitbedipremtilary embodiment;

[0032] Figure 8a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a winding in a sixth winding
configuration, at least one magnetic powder sheet, and a vertically oriented core
arca and a circularly oriented core area in accordance with an exemplary

embodiment;

[0033] Figure 8b illustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 8a in accordance

with an exemplary embodiment;

[0034] Figure 8c illustrates a perspective view of the sixth winding
configuration of the miniature power inductor as depicted in Figure 8a and Figure

8b in accordance with an exemplary embodiment;

[0035] Figure 9a illustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a one turn winding in a seventh
winding configuration, at least one magnetic powder sheet, and a horizontally

oriented core area in accordance with an exemplary embodiment;

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

manufacturing step in accordance with an exemplary embodiment;

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

exemplary embodiment;

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

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



[0032] Figure 8a illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a winding in a sixth winding configuration, at least one magnetic powder sheet,
and a vertically oriented core area and a circularly oriented core area in accordance with an exemplary
embodiment; [0033] Figure 8b illustrates a perspective view and an exploded view of the bottom
side of the miniaioic@1pewesinductor as depicted in Figure 8a in accordangewithoagosesnplary
embodiment; [0034] Figure Scillustrates a pemspective view of the sixth winding configuration of
the miniature power inductor as depicted in Figure 8a and Figure 8b in accordance with an exemplary
embodiment; [0035] Figure 9a illustrates a perspective view and an exploded view of the top side

of a miniature power indigeon hayiRg g.aNEstHBsWiRAIgR IR SRVEMD windiigueenfiguetion, at least
one magnetic powder sheet, and a horizontally oriented core area in ac‘_‘%%da_nce with an exemplary

embodiment;  THOYSTERGUR B IS BRSSP RS GNP S Th & ARS8 988 Miniature power
inductor as depictethdmgigurég@emdhuming sasintecnediatecnramdtactirengastep wassostdance with an

exemplary embodimenti core 15%%@5&%5&%%@#§£r@>£9alﬁags%ﬁﬁ>%aﬁ}{&{{ieW of the bottom side of the

miniature power inductor as depicted in Figure 9a in accordance with an exemplary embodiment;

0038 Figure od ilustrajg g ferspeciive;yiew of the seuenth winding gonfiguragion.of the miniature
power inductor as depicted | ure 9a, Figure 9b, and Figure 9c¢ in accordance with an exemplary
embodiment: miniature power inductor as depicted in Figure 10a during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0041] Figure 10c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 10a in accordance with an

exemplary embodiment;

[0042] Figure 10d illustrates a perspective view of the eighth winding
configuration of the miniature power inductor as depicted in Figure 10a, Figure

10D, and Figure 10c in accordance with an exemplary embodiment;

[0043] Figure 11a illustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a three turn winding in a ninth
winding configuration, at least one magnetic powder sheet, and a horizontally

oriented core area in accordance with an exemplary embodiment;

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

manufacturing step in accordance with an exemplary embodiment;

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

exemplary embodiment;

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

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



WO 2010/014444PCT/US2009/051005 8 [0039] Figure 10a illustrates a perspective view and an
exploded view of the top side of a miniature power inductor having a two turn winding in an eighth
winding configuration, at least one magnetic powder sheet, and a horizontally oriented core area in
accordance with an exemplary embodiment; [0040] Figure 10b illustrates a perspective view of the

top side of the mmmiviagawver inductor as depicted in Figure 10a during grriotesmesiaie
manufacturing step in accordance with an exempla&y embodiment; [0041] Figure 10c illustrates a
perspective view of the bottom side of the miniature power inductor as depicted in Figure 10a in
accordance with an exemplary embodiment; [0042] Figure 10d illustrates a perspective view of the

eighth winding configuratigsy pf-thgmisiatie-ReepIRGUGior s depistedan kigdreiddas Figure 10b,
and Figure 10c in accord ncF with an exemplary embodiment; [9043] Figure 1 la jllustrates a

perspective view S5dOR 8% SIcHBE LN BYHNE PBEa8S AiRTAHIPS oW Tt aving a three
turn winding in a mintthnirdirigwetidiguratos, atdeasganie pagiretibgeowdérasheetp@aldya horizontally

oriented core areg,in AcCAsAaNGE Y Al LxEMRIaR: MBAAINSRLdimen{0044] Figure 1 b illustrates a

perspective view of the top side of the miniature power inductor as depicted in Figure 1 la during an
intermediate manufactufipg e in 2pRoiianes Wi an exerelary SPRRdent. of e
miniature power inductor as depicted in Figure 12a during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0049] Figure 12c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 12a in accordance with an

exemplary embodiment;

[0050] Figure 12d illustrates a perspective view of the tenth winding
configuration of the miniature power inductor as depicted in Figure 12a, Figure

12b, and Figure 12¢ in accordance with an exemplary embodiment;

[0051] Figure 13a illustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a three turn clip winding in an
eleventh winding configuration, at least one magnetic powder sheet, and a

horizontally oriented core area in accordance with an exemplary embodiment;

[0052] Figure 13b illustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 13a during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0053] Figure 13c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 13a in accordance with an

exemplary embodiment;

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

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



[0045] Figure | | c illustrates a perspective view of the bottom side of the miniature power inductor as
depicted in Figure 1 | a in accordance with an exemplary embodiment; [0046] Figure 1 Id
illustrates a perspective view of the ninth winding configuration of the miniature power inductor as
depicted in Figure 11 a, Figure 11b, and Figure 11c in accordance with an exemplary embodiment;
WO 2010/014444P6194452009/051005 9 [0047] Figure 12a illustratescapetspasing view and an
exploded view of the top side of a miniature powenénductor having a one turn clip winding in a tenth
winding configuration, at least one magnetic powder sheet, and a horizontally oriented core area in

accordance with an exemplary embodiment; [0048] Figure 12b illustrates a perspective view of the
top side of the miniaturgqqweriinducies asudeRisted in-figue I2addring.apinteimetliate
manufacturing step.in accordance with an exemplary embodiment; . [0049] Figure 12c illustrates a

perspective view BF L BoRONTSIAS ST MRS AIRS PERET haRIBEaE dePisll HH88re 12a in
accordance with annéigeraidara enilbddimgetic pow@d50¢dEigureal Ratithrsitbtesienpdrspective view of the

tenth winding con;;quggg&ﬁfagagmﬁ]i&tg;gnﬁggy%m%%;@s depicted in Figure 12a, Figure 12b, and
m

Figure 12c in accordance with an exemplary embodiment;
[0056] Figure 14b illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 14a in accordance with an

exemplary embodiment; and

[0057] Figure l4c illustrates a perspective view of the twelfth winding
configuration of the miniature power inductor as depicted in Figure 14a and Figure

14b in accordance with an exemplary embodiment.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0058] Referring to Figures 1-14, 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.

[0059] Referring to Figures la-1c, several views of a first illustrative
embodiment of a magnetic component or device 100 are shown. Figure la

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



[0051] Figure 13a illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a three turn clip winding in an eleventh winding configuration, at least one
magnetic powder sheet, and a horizontally oriented core area in accordance with an exemplary
embodiment; [0052] Figure 13b illustrates a perspective view of the top side of the miniature
power inductorwe gapisitadsn Figure 13a during an intermediate manufaqgytiifigstejpsin@ccordance
with an exemplary embodiment; [0053] FigurellL3e illustrates a perspective view of the bottom side
of the miniature power inductor as depicted in Figure 13a in accordance with an exemplary
embodiment; [0054] Figure 13d illustrates a perspective view of the eleventh winding configuration

of the miniature pEyvek INAYEIRY RS ABRICIERLINIFUridBaviRdair e chBluANGFigUkgs1 3adn accordance
with an exemplary embodiment; WO 2010/014444PCT/US2009/051005 10 [0055] Figure 14a

iilustrates a perspBREVE'G R SR TH B Side’ P SHh MBIl SOt D ABPHAURG A bAR trn clip
winding in a twelftxenipdimgobodigueratidigae dliedustagn eticpovdes sheetndad epodizbntally oriented

core area in aCCOW&OB?tH@%@M&Q@b@ I@l@’n%ﬁ?!&g@ m)% inductor as depicted in Figure 1a in
accordance with an exemplary embodiment. Figure lc illustrates a perspective
view of the first winding configuration of the miniature power inductor as depicted

in Figure 1a and Figure 1b in accordance with an exemplary embodiment.

[0060] According to this embodiment the miniature power inductor 100
comprises at least one magnetic powder sheet 110, 120, 130 and a winding 140
coupled to the at least one magnetic powder sheet 110, 120, 130 in a first winding
configuration 150. As seen in this embodiment, the miniature power inductor 100
comprises a first magnetic powder sheet 110 having a lower surface 112 and an
upper surface 114, a second magnetic powder sheet 120 having a lower surface
122 and an upper surface 124, and a third magnetic powder sheet 130 having a
lower surface 132 and an upper surface 134. In an exemplary embodiment, ecach
magnetic powder sheet can be a magnetic powder sheet manufactured by Chang
Sung Incorporated in Incheon, Korea and sold under product number 20u-eff
Flexible Magnetic Sheet. Also, these magnetic powder sheets have grains which
are dominantly oriented in a particular direction. Thus, a higher inductance may be
achieved when the magnetic field is created in the direction of the dominant grain
orientation. Although this embodiment depicts three magnetic powder sheets, the
number of magnetic sheets may be increased or reduced so as to increase or
decrease the number of turns in the winding or to increase or decrease the core arca
without departing from the scope and spirit of the exemplary embodiment. Also,
although this embodiment depicts a magnetic powder sheet, any flexible sheet may
be used that is capable of being laminated, without departing from the scope and

spirit of the exemplary embodiment.

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

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



[0056] Figure 14b illustrates a perspective view of the bottom side of the miniature power inductor as
depicted in Figure 14a in accordance with an exemplary embodiment; and [0057] Figure 14c
illustrates a perspective view of the twelfth winding configuration of the miniature power inductor as
depicted in Figure 14a and Figure 14b in accordance with an exemplary embodiment. DETAILED
DESCRIPTIONwWoRdtEMRBLARY EMBODIMENTS [0058] Referringporfigiememsiodst, 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 gg heligveddrbecpartiaady.Rdveiagestsdarioe manyfactutapidaw profile
inductors, it is recognized that the inductar is but one type of electrical comEonent in which the benefits

of the invention maybe APPRRRECTAYE the AL LPTTaR D RS R 1Bl it/ AfVE Pifrposes only,
and it is contemplatedthatisbnefiteof tecinweihtiofuaber dstasstheelsizedlandaypEs dfInductors, as

well as other e'eCE'iQQ&&QJHF@&%&]&%&%‘?&H%BU&&&Q%JME@%&H@Q%f%,n??é%nﬁﬁg[8&5%?9' practice of

the inventive concepts herein is not limited solely to the exemplary embodiments described herein and
illustrated in the FIiRes ! Kd@ithsnatRer ityeasaddiseb o thist trersitipey dreshet th ScdiBe and that the
thickness and othensineg 6¢ themedriguariiongponeithhaigé Brenexafgyesaiéd fhedkeapuirpose of clarity.
[0059] Referring ig,Figuss If:ic, severalMsus ! Afahilysialve smibediment of g maanetic
component or device T00 are shown. Figure 1 a |ﬁustrates a perspective view and an exploded view of
the top side of a MilitatefiEclyoOCoUiGID Tt 4 IPCH UISEd0gOB e dodetiholes to establish the

conductive connections in the vias. Although the vias 117, 119 are shown to be
cylindrical in shape, the vias may be a different geometric shape, for example,
rectangular, without departing from the scope and spirit of the exemplary
embodiment. In one exemplary embodiment, the entire inductor can be formed
and pressed before drilling the vias. Although the terminals are shown to be
coupled to opposing longitudinal edges, the terminals may be coupled at
alternative locations on the lower surface of the first magnetic powder sheet
without departing from the scope and spirit of the exemplary embodiment. Also,
although each terminal is shown to have one via, additional vias may be formed in
cach of the terminals so as to position the one or more winding layers in parallel,
rather than in series, depending upon the application, without departing from the

scope and spirit of the exemplary embodiment.

[0062] The second magnetic powder sheet 120 has a first winding layer
126 coupled to the lower surface 122 and a second winding layer 128 coupled to
the upper surface 124 of the second magnetic powder sheet 120. Both winding
layers 126, 128 combine to form the winding 140. The first winding layer 126 is
coupled to the terminal 116 through the via 117. The second winding layer 128 is
coupled to the first winding layer 126 through via 127, which is formed in the
second magnetic powder sheet 120. Via 127 proceeds from the lower surface 122
to the upper surface 124 of the second magnetic powder sheet 120. The second
winding layer 128 is coupled to the second terminal 118 through vias 129,119. Via
129 proceeds from the upper surface 124 to the lower surface 122 of the second

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



power inductor having a winding in a first winding configuration, at least one magnetic powder sheet
and a vertically oriented core area in accordance with an exemplary embodiment. Figure Ib illustrates
a perspective view and an exploded view of the bottom side of the miniature power inductor as
depicted in Figure la in accordance with an exemplary embodiment. Figure Ic illustrates a perspective
view of the firstwondionggeafiguration of the miniature power inductor as depiciedosnkigdre la and
Figure Ib in accordance with an exemplary embodigent. [0060] According to this embodiment the
miniature power inductor 100 comprises at least one magnetic powder sheet 110, 120, 130 and a
winding 140 coupled to the at least one magnetic powder sheet 110, 120, 130 in a first winding

configuration 150AgsegRbi thisaEAEOMMERAtsiha MinatUEsm RAWEINARGONn 1 0wRopARrises a first
magnetic powder sheet 1110 having a Iowgr surface 112 and an upper surface 114, a second magnetic
powder sheet 120 \T%g & FoVTRYIEET b AhS 25°8RY BREIR e PR 4V Y . RH A agnetic powder
sheet 130 having faolowerssorfard 484t afithacxkapplerysuntacknkd4d. In an exemplary embodiment, each
magnetic powder sheet can be a magnetic powder sheet manufactured by Chang Sung Incorporated
in Tncheon, Korea and sgiesymierghrathgabistmios; 2001effihiexibioMagnaticcihheatphlso, these
magnetic powder sheets .have grajns which are dominantly oriented i rticular djrection. Thus, a
Righer inductance Ty B RE OB 1 A4 BRRE YT 1o CHSSte i AL SRS of the dominant
grain orientation. fdpneulgkicthisag imslydimeritislapidigiterete.matmenid sopvdefosheatstcliseé number of
magnetic sheets mayderinereaspd prfedused sasdtnteass drdecrease hetysmmper of turns in
the winding or to increﬁse or e(i:.rease e core area without degea %ﬁ_\g\g&%m the sgope and spirit of the
a

exemplary emboditieR f“?(l%l&g% iSOG S b ERRTEHF SePict HEH BB SReet, any flexible
sheet may be used, thatcisicdpablecofcbeipiplahtiogtatywittrboigdepartindgfromsdhecsbope and spirit of
the exemplary empadimeot: As si9RRLLTRE IrtdRARRLtaP RS d9§1 10 @lsgnludes a first

terminal 116 and a second terminal 118 coupled to opposing longitudinal edges of the lower surface
112 of the first maBHRSACPEWARY Shed{OPOCTIRESE RaTINAREY P8, MaAB iy b &'tisdBdiB&ouple the
miniature power indthotor ddpertp@rfretectiiitcaboprcuiidwdpict M/ @h kel 444 ks ditdS2009/051005 12
may be on a pringglcliehit haard (Nalhewl [ ATRIG FACK AL NG gIminals L 118 also
comprises a via 117, 119 for coupling the terminals 116, 118 to one or more Wlnd?in ayers, which will
be further discuss@@ybfowred HsiRis femerting Hrenedifd Seife BnMRiEtorS \m‘?iéﬁ“fﬁ@%@éd from the
terminals 116, 118adheclowensuitacld 1260 tBendppRb sdfased 140f dhedifstraageetic powder
sheet 110. The vi%sﬂrgg)étbk? ocrmeq ri{cgrg}ig a h(())tgee}hr%gg tg%n&agnetic powder sheets and plating
the inner circumference of the arfiled nole with conductive material. Alternatively, a conductive pin may
be placed into the drilled holes to establish the conductive connections in the vias. Although the vias
117, 119 are shown to BE% k&G cAMH sHsactNe REIhayhse a Hitteratfogtibmdticttiape, for
example, rectanguiatiodisithayisdgiparding fhompiite sedpe v (it afthe exgmeptapyvedabodiment In one
exemplary embodingrxfg aRfiRICUGIPLARRBa el Andiresaeepelre diling fhe vias.
Although the terminals are shown to be coupledto 0pposing longitudinal edges, the terminals may be
coupled at alterndfiva5AHHEYRF ﬂﬁ@?é%@f%d}%@%fltﬁ@lﬁ?%?ﬁéﬁ%étic powder sheet without
departing from the scope and spirit of the exemplary embodiment. Also, although each terminal is
shown to have one via, Bdftlondiangs trathivé fognet ipprdehsbfthe terhsheals $olasee position the
one or more windipg dayersin Raaiehdather thanyd seIgSodePending Rep drqrRnRligation, without
departing from the scope and spirit of the exemplary embodiment. g0062 The second magnetic

powder sheet 120 REEHFY RSy RlyBF 1B &5 & IRET LiH5RE"M DS 89 second winding
layer 128 coupleditagtieecuppedsusiace $24wif thepsemgnonagineticopowder gheetol 20¢ Both winding

layers 126, 128 compie{ i irdingdd. This listindiaslpied afin.equalsd to the terminal
116 through the via 117. The second winding layer 128 is coupled to the first winding layer 126
through via 127, WRicK& 1ot i disedarmagietishbydershbeeddry. 9ithe 2pisFoceeds from
the lower surface sliZddodhedpparsahace 374 afthatsepanthgragneiicpopudad spertol20. The second
winding layer 128tﬁ% goe%)lﬁad tgntlggdlsnelzgqnd terminal 118 through vias 129,119. Via 129 proceeds from
the upper surface 24 1o the lower surface 122 of the second magnetic powder sheet 120. Although

two winding layers are shown to be coupled



WO 2010/014444PCT/US2009/051005 13 to the second magnetic powder sheet in this embodiment,
there may be one winding layer coupled to the second magnetic powder sheet without departing from
the scope and spirit of the exemplary embodiment. [0063] The winding layers 126, 128 are formed
from a conductive copper layer which is coupled to the second magnetic powder sheet 120. This
conductive coppey deig@ndnay include, but is not limited to, a stamped coppetigioan€ighed copper
trace, or a preformed coil without departing from tHé scope and spirit of the exemplary embodiment.
The etched copper trace may be formed, but is not limited to, chemical processes, photolithography
techniques, or by laser etching techniques. As shown in this embodiment, the winding layer is a

rectangular-shaped spirgjoaftepan HOWEYE baOthG (REUSINR DR PELSRAL0 faym 2hewending without
departing from the scope and. spirit of the exemplary embodiment. AIthou% copfer is used as the

conductive materi&l ot EEHELENGE e rAISHI) SEREY Winblit dspEitRy Hont the scope and

spirit of the exemphryrembodimeththiEhetssmimnéds &Kb6pll 8ydraylialsederformiddmisingla stamped
copper foil, an etchedCORPRKARE A Y ANNANSH USRS, MEIBOfle sheel0PRAI A4 $hird magnetic

powder sheet 130, according to this embodiment, is placed on the upper surface 124 of the second
magnetic powder ¥8ePaP0 HEstHat tPrsbeold Windift 1d)ERe2 g2 FBYHE LRIt also so that
the core area maybeiticreastd toiboamdinguighesicliggnbdleven the O Aldbeighrdhe third
magnetic powder shegt 50k ADMNIBNBKE AINARG.IRYEN.ANARo VST Maybe gdded (o the
lower surface of the third %?agngtchayer in lieu of the win ing layer on the upper surface of the second
magnetic powder 8HetinMogrrdEpaTHin griBmizh s o s spifionr thie BREtilay tBtbodiment.
Additionally, althowglaitise third magnetic powder sheet is not shown to have a winding layer, a winding
layer may be added to the upper surface of the third magnetic layer without departing from the scope

and spirit of the exempl%bf@fnﬁ%dm%re power inductor 100 is depicted as a cube shape.

However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and

spirit of the exemplary embodiment.

[0068] The winding 140 includes a first winding layer 126 and a second
winding layer 128 and forms a first winding configuration 150 having a vertically
oriented core 157. The first winding configuration 150 starts at the first terminal
116, then proceeds to the first winding layer 126, then proceeds to the second
winding layer 128, and then proceeds to the second terminal 118. Thus, in this
embodiment, the magnetic ficld may be created in a direction that is perpendicular
to the direction of grain orientation and thereby achieve a lower inductance or the
magnetic field may be created in a direction that is parallel to the direction of grain
orientation and thereby achieve a higher inductance depending upon which

direction the magnetic powder sheet is extruded.

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

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



WO 2010/014444PCT/US2009/051005 14 [0066] Upon forming each of the magnetic powder
sheets 110, 120, 130 with the winding layers 126, 128 and/or terminals 116, 118, the sheets 110, 120,
130 are pressed with high pressure, for example, hydraulic pressure, and laminated together to form
the miniature power inductor 100. After the sheets 110, 120, 130 have been pressed together, the vias
are formed, as wi@eyianmslysgiscussed. According to this embodiment, the phyisicab@apibeiween the
winding and the core, which is typically found in cdAventional inductors, is removed. The elimination of
this physic& gap tends to minimize the audible noise from the vibration of the winding. [0067] The
miniature power inductor 100 is depicted as a cube shape. However, other geometrical shapes,

including but not linisegie."eclirAgWakmpIey ahHRuRIRLICH; shapes: mavbe Hedpaitheut departing
from the scope and spirit %f the exempl§ry embodiment. [00_’%11 The winding 140 includes a first

winding layer 126”40 & 482 SHEPHInYIAY TRyR ISy 4ied i ihs &7 ‘\‘Kﬁn%‘?ﬁ’ﬁrcﬁ‘rgﬂﬁtﬁfaﬁon 150 having a
vertically orienteddepiecis Fighe Brstndifiging Zoinfiguratiore Y650 stegtsrapltine dinbbderminal 116, then
proceeds to the first winding layer 126, then proceeds to the second winding layer 128, and then
proceeds to the second[rmojnadcbidnd Rushindhis ambedimentnthermnagnetiadictormey be created in a

direction that is perpendicular to the direction of grain,orieniati thereby. achieye a lower
incuctance or e IgE0E RS ey Bt DB e e T eh At S tEction of grain
orientation and thé?@tspuntereoetle higlseyt ineluotagisd depreddiseeeiptf Wit 2dkettbmthe magnetic

povgdzr sheet ifs ez?@é&ﬂ?dzinding[@&ﬁ%u%ﬁtﬁgri@g. tOAEigw&%ﬁﬁig%nﬁ%ﬂﬁﬁ%hﬁ!iﬁﬁ@%&ﬁiﬁt&%cond illustrative
embodiment of a magnetic co nent or device 200 are shown. Figur illustrates a perspective
dhiintd Ko R

A WSPHHE b A i ATARIFE GBWEI Tt ictar AR 4 WitiEing in a second

view and an explddéd'vi
winding configuratioficatlastdomaippagretic pbiddessshednagatéchyorZentadist dziehdedcore area in

accordance with an gxemplaty emhagimenh AR 2B UUSHAPH AREISPESHYEN RN 3hd an exploded

view of the bottom side of the miniature power inductor as depicted in Figure 2a in WO
2010/01 4444pcﬁpjg1gobém§idegace 232 and an upper surface 234, and a fourth magnetic

powder sheet 240 having a lower surface 242 and an upper surface 244. As
previously mentioned, the exemplary magnetic powder sheets can be magnetic
powder sheets manufactured by Chang Sung Incorporated in Incheon, Korea and
sold under product number 20u-eff Flexible Magnetic Sheet, and have the same
characteristics as described above. Although this embodiment depicts four
magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrease the core area without departing from the
scope and spirit of the exemplary embodiment. Also, although this embodiment
depicts a magnetic powder sheet, any flexible sheet may be used that is capable of
being laminated, without departing from the scope and spirit of the exemplary

embodiment.

[0071] The first magnetic powder sheet 210 also includes a first terminal
216 and a second terminal 218 coupled to opposing longitudinal sides of the lower
surface 212 of the first magnetic powder sheet 210. These terminals 216, 218 may
be used to couple the miniature power inductor 200 to an electrical circuit, which
may be on a printed circuit board (not shown), for example. The first magnetic
powder sheet 210 also includes a first bottom winding layer portion 260, a second
bottom winding layer portion 261, a third bottom winding layer portion 262, a
fourth bottom winding layer portion 263, and a fifth bottom winding layer portion

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



15 accordance with an exemplary embodiment. Figure 2c illustrates a perspective view of the second
winding configuration of the miniature power inductor as depicted in Figure 2a and Figure 2b in
accordance with an exemplary embodiment. [0070] According to this embodiment, the miniature
power inductor 200 comprises at least one magnetic powder sheet 210, 220, 230, 240 and a winding
250 coupled towheaideagtpne magnetic powder sheet 210, 220, 230, 24kima segodosvinding
configuration 255. As seen in this embodiment, th@éminiature power inductor 200 comprises a first
magnetic powder sheet 210 having a lower surface 212 and an upper surface 214, a second magnetic
powder sheet 220 having a lower surface 222 and an upper surface 224, a third magnetic powder

sheet 230 having £ {oWghsuFiara B3¢ RNARHRASK SUHa0R Z3fmanthAfouthmagngtic powder sheet
240 having a lower surface 242 and an upper. surface 244. As previousl%%wentioned, the exemplary

magnetic powder ‘SHISE I he Ay AT HBERE R ROFSAUA e d 17 Chdnd S g Incorporated
in Tncheon, Korealandsaid amtie iogroduchondndef @0 dksfifalaxitidedidgndtict Sheet, and have the
same characteristics as described above. Although this embodiment depicts four magnetic powder

sheets, the number of negnegtizghegtsiraybanincreased of resiuped saasito xoreass or decrease
the core area without de\pe?rti%q fro .thethsc%pe .ar\csi fpéri%% ge exemplary ?rgglod]iment. Also, although

this embodiment 6%88?813 ayrhagncé)ﬁg 1|E>1§w er shee , any flexi €S 8{3{9 r%récty e uSed'that is capable of

being laminated, Withibandbpathgfrbmbritoscopdiaadespimosiate26QefoplaifLertbodirhent. [0071]
The first magnetic papydensheels 24P dsiipcikdssddirstienpingd2d&nd aoesonderminal 218

coupled to opposing Igngitudinal sides of the lower surface 212 of first magnetic powder sheet 210.
These terminals 2%%: %%%%aa)r/eﬁ”eeﬁlsvgd%%ggﬁ\%qﬂ%'grrﬁ?ﬁ%?tn r§7 é)oé\?j' #r@ug%gr ggjo %(??an electrical
circuit, which maywhecoms algsrinted ot ioard. (Mot [shalyti)rfols examidlieomdeoprstimdagnetic powder

sheet 210 also inglydes, aifirshRPSRmWWIRAING [g?/grpgg{(t)ilgn 260, a second bottom winding layer portion
261, a third bottom winding layer portion 262, a fourth bottom winding layer portion 263, and a fifth

torminals 216, WO 201010 AP U000 HO0E 1A s 20t ko SENTRAHSLN the terminals
216, 218 in a nonrevidRicling Flhtiomarie torbridighethers 31138 hattdmitindihgtaydPGbortions 260,
261, 262, 263, 26doaroqismincatec on thedapiaisuEasmiadr of sherfirstmaansticpawder sheet 210,
layer portions 260, 261, 262, 263, 264, and top winding layer portions 270, 271,
272,273,274, 275 to one another.

[0074] The fourth magnetic powder sheet 240 also includes a first top
winding layer portion 270, a second top winding layer portion 271, a third top
winding layer portion 272, a fourth top winding layer portion 273, a fifth top
winding layer portion 274, and a sixth top winding layer portion 275 that are
positioned in substantially the same direction as the bottom winding layer portions
260, 261, 262, 263, 264 of the first magnetic powder sheet 210. These top winding
layer portions 270, 271, 272, 273, 274, 275 are positioned in a non-contacting
relationship to one another. These top winding layer portions 270, 271, 272, 273,
274, 2775 are also located on the upper surface 244 of the fourth magnetic powder
sheet 240, Although the top winding layer portions 270, 271, 272, 273, 274, 275
are positioned in substantially the same direction as the bottom layer winding
portions 260, 261, 262, 263, 264, there is a small angle formed between their

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



[0072] Each of the terminals 216, 218 comprises a via 280, 295, respectively, for coupling the
terminals 216, 218 to one or more winding layers. Additionally, each of the bottom winding layer
portions 260, 261, 262, 263, 264 comprise two vias for coupling the bottom winding layer portions 260,
261, 262, 263, 264 to a respective top winding layer portions 270, 271, 272, 273, 274, 275, which is
described in dedad hredamussss listed, there is one additional top winding layermersienctisss bottom
winding layer portion. [0073] The second magtietic powder sheet 220 and the third magnetic
powder sheet 230 comprise a plurality of vias 280, 281, 282, 283, 284, 285, 290, 291, 292, 293, 294,
295 for coupling the terminals 216, 218, the bottom winding layer portions 260, 261, 262, 263, 264,

and top winding layer posiossERéR o2thd 1y Rirdifnd Ry oI O Bnothera7s 24074 The fourth

magnetic powder sheet 240 also includes a first top winding layer portion 270, a second top winding

layer portion 271, 8 RFEERP WIRHI RGP p SHeideP 2734 A% Stith RSB Wi Ty &f partibn 273, a fifth
top winding layer Pottidid 27 4, rasig @i sixthttop windingligyepporie2@7 3dhal@e2pbsitdned in

substantially the sain, dHERHOR % IARACHRM WIRAINg IYELROMANSAAGRRY, 262, 263, 264 of the
first magnetic powder sheet 210. These top winding layer portions 270, 271, 272, 273, 274, 275 are

272, 275, 274 275 are 4 ToLLHeH oo AL o SUHALS 544 o1 e PocHA aEbrt Dowder sheet
240, Although thebrsiowivitlitingdaesr pottions 00z G0 2.72022768, 293, aahorarirelpdktidhed in
substantially the samediteslianpaiherieitammaerdnsinaRtiangRo12RY, #EZ #&3, 264, there is
a small angle formed between th%ig direct%%%s o) tha(titré%% may b%t%rogﬁr%%;ngbﬁct_ed to one another.
WO 2010/014444BCFISIOHEIBELTIE S {037 5] BAEFBF the S p Wiy PeBortions 270, 271, 272,
213, 214, [0077] Upon forming the first magnetic powder sheet 210 and the fourth

magnetic powder sheet 240, the second magnetic sheet 220 and the third magnetic

sheet 230 are placed between the first magnetic powder sheet 210 and the fourth

magnetic powder sheet 240. The magnetic powder sheets 210, 220, 230, 240 are

then pressed together with high pressure, for example, hydraulic pressure, and

laminated together to form the miniature power inductor 200. After the sheets 210,

220, 230, 240 have been pressed together, the vias 280, 281, 282, 283, 284, 285,

290, 291, 292, 293, 294, 295 are formed, in accordance to the description provided

for Figures la-1c. Additionally, a coating or epoxy (not shown) may be applied as

an insulator layer to the upper surface 244 of the fourth magnetic powder sheet

240. According to this embodiment, the physical gap between the winding and the

core, which is typically found in conventional inductors, is removed. The

climination of this physical gap tends to minimize the audible noise from the

vibration of the winding.

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



275 comprise two vias for coupling the top winding layer portions 270, 271, 272, 273, 274, 275 to a
respective bottom winding layer portions 260, 261, 262, 263, 264, and to a respective terminal 216,
218, which is described in detail below.

WO 2010/014444 PCT/US2009/051005
18

292, then proceeds to the fourth top winding layer portion 273 through via 283,
then proceeds to the fourth bottom winding layer portion 263 through via 293, then
proceeds to the fifth top winding layer portion 274 through via 284, then proceeds
to the fifth bottom winding layer portion 264 through via 294, then proceeds to the
sixth top winding layer portion 275 through via 285, then proceeds to the second
terminal 218 through via 295, In this embodiment, the magnetic field may be
created in a direction that is perpendicular to the direction of grain orientation and
thereby achieve a lower inductance or the magnetic field may be created in a
direction that is parallel to the direction of grain orientation and thereby achieve a
higher inductance depending upon which direction the magnetic powder sheet is

extruded.

[0079] The miniature power inductor 200 is depicted as square shape.
However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts six
top winding layer portions and five bottom winding layer portions, the number of
top and bottom winding layer portions may increase or decrease depending upon
application requirements, so long as that there is one more top winding layer
portion than bottom winding layer portion, without departing from the scope and

spirit of the exemplary embodiment.

[0080] Referring to Figures 3a-3c, several views of a third illustrative
embodiment of a magnetic component or device 300 are shown. Figure 3a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a portion of a winding in the second winding configuration
and at least one terminal located on a printed circuit board, at least one magnetic
powder sheet arid a horizontally oriented core area in accordance with an
exemplary embodiment. Figure 3b illustrates a perspective view and an exploded
view of the bottom side of the miniature power inductor as depicted in Figure 3 a
in accordance with an exemplary embodiment. Figure 3c illustrates a perspective
view of the second winding configuration of the miniature power inductor as

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



[0076] The top winding layer portions 270, 271, 272, 273, 274, 275, the bottom winding layer portions
260, 261, 262, 263, 264, and the terminals 216, 218 may be formed by any of the methods described
above, which includes, but is not limited to, a stamped copper foil, an etched copper trace, or a
preformed coil. [0077] Upon forming the first magnetic powder sheet 210 and the fourth magnetic
powder sheet 240,therecand magnetic sheet 220 and the third magnetiesheeiods6sans placed
between the first magnetic powder sheet 210 and the fourth magnetic powder sheet 240. The
magnetic powder sheets 210, 220, 230, 240 are then pressed together with high pressure, for
example, hydraulic pressure, and laminated together to form the miniature power inductor 200. After

the sheets 210, 220, 23R4 MRVRINCER PIRRISFUIRAR R siDEVIAF 28R 381 284ni83, 284, 285,
290, 291, 292, 293, 294, 295 are formed, in accardance to the description provided for Figures la-Ic.

Additionally, a colifly JPBBEYS ARSCEHRMAYIaYY BEoARhik 8 En tistIRISMRIET b #Hd upper surface
244 of the fourth meegnetid sowdershieetr@4@] Ateonding touhigetbodiomentjthiegpiwsical gap between

the winding and the, core uhishiisi/pisaly found in.copuenienakingyriors iz fameyed. The

elimination of this physical gap tends to minimize the audible noise from the vibration of the winding.

[0078] The windiny®E8$oiths2s e ShANAR AN CORRGE A 255 HARE S PRYESIISRY oriented core
257. The second svinding eaiiiglsr atiomi2bSistans abideptirti-temnainad 2iktomthietupereceeds to the first
top winding Iayerp rtion 27 thrgu . Vig 2§0_2th n Prqceed to the firshbq Q winding layer portion
60 throush v 200 e B B e
proceeds to the sEcHRdpBtRTH AR aMHBCIEYER B ION? 61BN ¥id compriFesr? phoedds to the third

top winding layer pokian 2f2dhreugRovin@8hothen pracredada te thied bettemmasaeiag layer portion

262 through via \Q/o(\?v 69%948]3%6441]?11%T(/)l1{(%%9€o %an%ggglgtic powder sheets 310, 320, 330, 340
are laminated together, the miniature power inductor 300 is not completely fanned
until it is coupled to the substrate 302 having the proper terminals 316, 318 and the
plurality of bottom winding layer portions 360, 361, 362, 363, 364, The pressed
magnetic powder sheets 310, 320, 330, 340 may be coupled to the substrate 302 in
any known manner, including but not limited to soldering of each of the vias to the
substrate 302. According to this embodiment, the substrate 302 may include, but is
not limited to, a printed circuit board and/or other substrates that are capable of
having terminals and the plurality of bottom winding layer portions formed
thereon. The manufacturing of the miniature power inductor 300 will have most, if

not all, of the flexibilities of the miniature power inductor 200, as illustrated and

described with respect to Figures 2a-2c.

[0082] Referring to Figures 4a-4c, several views of a fourth illustrative
embodiment of a magnetic component or device 400 are shown. Figure 4a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a plurality of windings in a third winding configuration, at
least one magnetic powder sheet and a horizontally oriented core area in
accordance with an exemplary embodiment. Figure 4b illustrates a perspective
view and an exploded view of the bottom side of the miniature power inductor as
depicted in Figure 4a in accordance with an exemplary embodiment, Figure 4c

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



18 292, then proceeds to the fourth top winding layer portion 273 through via 283, then proceeds to
the fourth bottom winding layer portion 263 through via 293, then proceeds to the fifth top winding
layer portion 274 through via 284, then proceeds to the fifth bottom winding layer portion 264 through
via 294, then proceeds to the sixth top winding layer portion 275 through via 285, then proceeds to the
second terminalydL3itrnugh via 295, In this embodiment, the magnetic fipéd imayobeseseated in a
direction that is perpendicular to the direction of gr&in orientation and thereby achieve a lower
inductance or the magnetic field may be created in a direction that is parallel to the direction of grain
orientation and thereby achieve a higher inductance depending upon which direction the magnetic
powder sheet is exfugdedductor [ROdHidibe imim'%&wewgmﬁi cierig0RdsralgRicteghas,square shape.
However, other geom%\{lgit%al shapes, including but not limited to rectangular, circular, or elliptical
shapes, may be (ESEWHRSRGERAing from the scope and spirit of the exemplary embodiment. Also,
although this embodiment depicts six top winding layer portions and five bottom winding layer portions,
the number of top and H@ﬁ%’rﬁﬁﬁ?ﬂiﬁﬁ’éﬁl&?é‘i‘%@?ﬁ%ﬁ%@ﬁ% ihoraléE Gt Bevreaed elepéfiing upon
application requiresagiitss SO IlRGHASs Hhaghdhe isianadnans tapoyviselingolayes pRitiary dran bottom
winding layer portian, with ‘1; arting from the scope and spirit of the exemplar bodiment.
10030] Referring o Eier da 5 <0QARTES B i M e S RDoa ke Vmagnetc
component or deviéd 380 4#8 shotbind Figuiaeifisdies 4 perspesetive tiswrabrdiarrxploded view of
the top side of a mjpiatdieROWSK IGHEIGHNAYINGLARALION Bfsa MIRCIRY poWaer sesanst winding
configuration and at Ieastlone terqninai Igca%ed on a prir}éed E'r40uit boatlgﬁl, at least one magnetic powder
sheet arid a horizBh{AR A oNERtSE S e AR i L ERBFLaRES it ah SXeMTERN ifHBBYfent. Figure 3b
illustrates a perspeetivé20ibur mpa dowexplolied 442 wndfaheppattomias o2 éf 2hbirhimianatec power inductor
as depicted in Figiye R adnaceprdancg Withan Sxamplasy.amaedipant. rigl a8 igtrates a

perspective view of the second Windinq\%:ﬁonﬁﬁriration of the miniature power inductor as depicted in

Figure 3a and FigQte BB sEEaRIMlEE SRRt HhhayarblanFerisaiféind ggpper surface
2010/014444PCT4US2069651d0Rk Tentiond@08ik] dhephiryiatiapeqpovyemifidubters386 shown in Figures

3a-3c is similar to_the miniatur i 0p,sh ingFi -2C exc hat a first terminal
316, alsecl:orlld terﬁn?ggitgq%%(ﬁapglvé’%g Irqg#u%%{ugeao b E%éll%r;@%“f%%%&%‘éd 3 ?TI%E‘IEOQ : I

plurality of bottom windig layer portions 360, 361, 362, 363, 364
arc now located ofatise HUppwidursise @reduchiyndsh s I dagneionhase Wdrsurface 312 of a

first magnetic powslesshe ehatders@daindaitridsinmbarthisknesshand perfedmancepicthie miniature

power inductor, as shown IelillcFI%‘l{]r(%% S%lae-e Sc,ttrele fir telm naetlll(ét cos\ﬁge?r she%t 3101is uc}ll(;rzed in the

. Rur ma 0 S }nag € 1Nereasce .
manufacturing of the mimature power inductor and comprises a plurality of vias, similar to a

second magnetic [sdvwdérssitedp 30w & Wiettradretie pewderidhpet3RGIMEN{IsMotce the four
magnetic powder gigets 10330 133 %eApMAredANIRAURd tREEthaLthE mivighsmipuer inductor 300
is not completely fanned until it S cou Ie%éo the substrate 302 havin th%EFr.oper termipals 316, 318
and the plurality S BSRHTRAEHSG TAUEF HSRIGHE J800 SoTe 35S SR RRALEH magneti
powder sheets 3111820880 840itmay Bepatnp|édio thressoystnatesBOL af teyckeoplirymanner,

including but not limited iRzoldering of each of the vias to the substrate 302. According to this
embodiment, the substrate 302 may include, but is not limited to, a printed circuit board and/or other

substrates that are cap f having terminals and the plurality of bottom winding layer portions
formed thereon. The mjﬁﬁﬁt{l}ﬁn@%f{?ﬁ%ﬁ%ﬁ%%%ﬁvrgjgrpsgﬁé\%ér{aédl%ﬁé olrnqﬁlgeﬁﬁl lrgtvéeqr%%%, if not all, of the
flexibilities of the Mihidtireopovieminguttdr 200rhicimisttatéd anubstamedhiih.redgéct to Figures

2a-2c. terminal 417, and a sixth terminal 418. There are two terminals for each winding
450, 451, 452. The first terminal 411 and the second terminal 413 are coupled to
opposing sides of the lower surface 412 of the first magnetic powder sheet 410.
The third terminal 415 and the fourth terminal 416 arc coupled to opposing sides of
the lower surface 412 of the first magnetic powder sheet 410. The fifth terminal
417 and the sixth terminal 418 are coupled to opposing sides of the lower surface
412 of the first magnetic powder sheet 410. Additionally, the first terminal 411,

the third terminal 415, and the fifth terminal 417 are positioned adjacent to one



[0082] Referring to Figures 4a-4c, several views of a fourth illustrative embodiment of a magnetic
component or device 400 are shown. Figure 4a illustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a plurality of windings in a third winding
configuration, at least one magnetic powder sheet and a horizontally oriented core area in accordance
with an exemplary smpediment. Figure 4b illustrates a perspective view angrag:exploaes view of the
bottom side of the miniature power inductor as depicted in Figure 4a in accordance with an exemplary
embodiment, Figure 4c illustrates a perspective view of the third winding configuration of the miniature
WO 2010/014444PCT/US2009/051005 20 power inductor as depicted in Figure 4a and Figure 4b in
accordance with aR.exeRRIaNy BRI the 100083IACEPsdNG LGNS ERbAdIRCL, the miniature

power inductor 400 comprises at least one magnetic powder sheet 410, 420, 430, 440 and a plurality

of windings 450, 485 489 8[54 S RRIAFTELE! SHe HISGRBTR [5Ewaar Eledfa ity 458, 430, 440 in a
third winding configuratibfl § 5. pasiseed idjthisembadinognrt, theatigdic e powe cigdaftor 400

comprises a first magnetic pewdershest 410 having adowersuifass 412290 ARMPpAr surface 414. a

second magnetic povvdcr sheet 420 having a lower surface 422 and an upper surface 424, a third
magnetic powder SHeét 230haVing '8 BN rhte ey R MBI FE A4 Q8 a fourth
magnetic powder shelet#4dl kaving alawensubkace 442iand afcuppeusuriacedddh) Abipreviously
mentioned, the exemnplflry magnetic powder sheets can be magnetic powder sheets manufactured by
cXa (SR . .
Chang Sung Incorporgted in Inchcon, Korea and sold under product number 20u-eff Flexible Magnetic

Sheet, and have the same characteristics as. descrjbed above. Although this embodiment depicts four
magnetic powdor shoeloURD ATFmbEt SHHANGES STt h ) BBTESASR A P TETARH o as to
increase or decreasslitneleprepares Witheutcdephirtingnfremdthg lsgop®itind 4piritef thiedxemplary

embodiment. Alsq,glihoyghiHys.cRhodiIseRbARRIGH AIMagRGH ROWEELRERLRWfexible sheet may
be used that is czg’qable of being laminated, without de ar'g\}r:gq from the scope and spirit of the

exemplary embodifffsHien 2 hp@smrrhe filstitagnetic fotlder thard 21 8h5119 R S a first terminal
411, a second termihaf tht Jira bhipd dier pundbddibetat fourthd Emmimatodl 6;aliif hatermponad 17, and a sixth

terminal 418. ThejgAe 3%%8&?%34&@?%0&%%9 t?%f@ﬁi%& ﬁ?%’nd“fﬁélsé%%%d ENGifiEshfeyning! 411 and the

second terminal 413 are coupled to opposing sides of the lower surface 412 of the first magnetic
powder sheet 41G* TPiefifeFtdeniiaiortbiniel the fGHIsteriindiat Bodrcisled t9¥pposing sides of

the lower surface gbldoafaie ficstimiaghnehsa powded sheetshliQerhhsufifths tesmungl ¢ ¥drand the sixth
terminal 418 are COtrJtpled gqhg%posin% ide% fth(@ JQWI%H surface 41§]t())f#he first magdnetic powder sheet

410. Additionally,%e?ll}s? termlﬁ%p}’f fnﬁwet'irc[? erminar 2 ,SaerglO & |ﬂﬁ1tvélr?%}rrlél 217 are positioned

adjacent to one portion 461 is positioned between the third terminal 415 and the fourth terminal
416 and in a non-contacting relationship to one another. The second bottom
winding layer portion 461, the third terminal 415, and the fourth terminal 416
combine to form a portion of the second winding 451. Furthermore, the third
bottom winding layer portion 462 is positioned between the fifth terminal 417 and
the sixth terminal 418 and in a non-contacting relationship to one another. The
third bottom winding layer portion 462, the fifth terminal 417, and the sixth

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

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



WO 2010/014444PCT/US2009/051005 21 another and along one edge of the lower surface 412 of the
first magnetic powder sheet 410, while the second terminal 413, the fourth terminal 416, and the sixth
terminal 418 are positioned adjacent to one another and along the opposing edge of the lower surface
412 of the first magnetic powder sheet 410. These terminals 411, 413, 415, 416, 417, 418 may be
used to couple W@ niméatye power inductor 400 to an electrical circuit, whighurayloeies a printed
circuit board (not shown), for example. [0085]2Fhe first magnetic powder sheet 410 also includes a
first bottom winding layer portion 460, a second bottom winding layer portion 461, and a third bottom
winding layer portion 462 that are all positioned in substantially the same direction as the terminals

411, 413, 415, Al iR vaNdIPMhE JeniesriRepAddiabiae dpsh maspelichudsr sheet 410.

The first bottom winding layer partion 460 is positioned between the first terminal 411 and the second
terminal 413 and [A*8 PO ESHRS BB RABINAAE Yl Eanother. The first bottom winding layer portion

460, the first terminal 411, and the second terminal 413 combine to form a@ortion of the first winding
450. Additionally, the sl@8Rdl Bbgoitr Wihdigriife PRBHEIDRNE1 480ptidtitise sk thesdhtthe third terminal
415 and the fourthdeaaingd 4 h6aashifise nosleaniastingsrekatiansgzoienetanotber4die second

bottom winding la tiqn,461, the third terming| 415, and the fqurth, terminal, 416, combine to form a
portion of the secé{% %\%%d%gé g%i qﬁar?ﬁléﬁ%u Ren,gthee t]}glnrh?i1 agsttgﬁ’%?r%dﬁrﬁg ’Igyi/%’r Abl;‘ti‘grg’%z IS
positioned betwedkethetffth vandingalaey pevtichie 4iQthdrndirdal atigthndoin &indnecdiricting

relationship to ongaiaqheT0, 1418 ihird Botfemainding laweicportion 462, the fifth terminal 417, and the
sixth terminal 418 combine to form a portion of the third winding 452. [0086] Each of the terminals

411, 413, 415, 416, 417,448 GRMRIEE 3Mgh &R0 p &8 8 8ibef9dp 483 ARRULESPEEUVR)Y for coupling
the terminals 411, 413, 415, 416, 417, 418 1o one or more winding layers. Additionally, each of the

bottom winding lay&iurtires aeHone 048 3CEMpiBe G Reaadr RUtpHiMY the BédoRPwinding layer
portions 460, 46 1y4GZnfo layte Spetbivel 1op avioainodaye maaigionsA §6ktidd U747 2, A8 tép/ 4, 475, which
's described in defail pelow A3 WS 29304 ARGI UREAR2 RREC05 65 475 that are

positioned in substantially the same direction as the bottom winding layer portions

460, 461, 462 of the first magnetic powder sheet 410. These top winding layer

portions 470, 471, 472, 473, 474, 475 are positioned in a non-contacting

relationship to one another. These top winding layer portions 470, 471, 472, 473,

474, 475 are also located on the upper surface 444 of the fourth magnetic powder

sheet 440. Although the top winding layer portions 470, 471, 472, 473, 474, 475

are positioned in substantially the same direction as the bottom layer winding

portions 460, 461, 462, there is a small angle formed between their directions so

that they may be properly connected to one another.

[0089] Each of the top winding layer portions 470, 471, 472, 473, 474, 475
comprise two vias for coupling the top winding layer portions 470, 471, 472, 473,
474, 475 to a respective bottom winding layer portions 460, 461, 462, and to a
respective terminal 411, 413, 415, 416, 417, 418, which is described in detail

below.

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



listed and previously mentioned, there is one additional top winding layer portion than bottom winding
layer portion per winding. [0087] The second magnetic powder sheet 420 and thc third magnetic
powder sheet 430 comprise a plurality of vias 480, 481, 482, 483, 484, 485, 490, 491, 492, 493, 494,
495 for coupling the terminals 411, 413,

WO 2010/014444 PCT/US2009/051005
23

but is not limited to, a stamped copper foil, an etched copper trace, or a preformed

coil.

[0091] Upon forming the first magnetic powder sheet 410 and the fourth
magnetic powder sheet 440, the second magnetic sheet 420 and the third magnetic
sheet 430 are placed between the first magnetic powder sheet 410 and the fourth
magnetic powder sheet 440. The magnetic powder sheets 410, 420, 430, 440 are
then pressed together with high pressure, for example, hydraulic pressure, and
laminated together to form the miniature power inductor 400. After the sheets 410,
420, 430, 440 have been pressed together, the vias 480, 481, 482, 483, 484, 485,
490, 491, 492, 493, 494, 495 are formed, in accordance to the description provided
for Figures la-1c. Additionally, a coating or epoxy (not shown) may be applied as
an insulator layer to the upper surface 444 of the fourth magnetic powder sheet
440. According to this embodiment, the physical gap between the winding and the
core, which is typically found in conventional inductors, is removed. The
climination of this physical gap tends to minimize the audible noise from the

vibration of the winding.

[0092] The windings 450, 451, 452 form a third winding configuration 455
having a horizontally oriented core 457. The first winding 450 starts at the first
terminal 411, then proceeds to the first top winding layer portion 470 through via
480, then proceeds to the first bottom winding layer portion 460 through via 490,
then proceeds to the second top winding layer portion 471 through via 481, then
proceeds to the second terminal 413 through via 491, which then completes the
first winding 450. The second winding 451 starts at the third terminal 415, then
proceeds to the third top winding layer portion 472 through via 482, then proceeds
to the second bottom winding layer portion 461 through via 492, then proceeds to
the fourth top winding layer portion 473 through via 483, then proceeds to the
fourth terminal 416 through via 493, which then completes the second winding
451. The third winding 452 starts at the fifth terminal 417, then proceeds to the
fifth top winding layer portion 474 through via 484, then proceeds to the third
bottom winding layer portion 462 through via 494, then proceeds to the sixth top



415, 416, 417, 418, the bottom winding layer portions 460, 461, 462, and the top winding layer
portions 470, 471,472,473, 474, 475 to one another. [0088] The fourth magnetic powder sheet
440 also includes a first top winding layer portion 470, a second top winding layer portion 471, a third
top winding layer portion 472, a fourth top winding layer portion 473, a fifth top winding layer portion
474, and a sixtiwippowindiag layer portion 475 that are positioned in substariigiwibhessene direction as
the bottom winding layer portions 460, 461, 462 oR#he first magnetic powder sheet 410. These top
winding layer portions 470, 471, 472, 473, 474, 475 are positioned in a non-contacting relationship to
one another. These top winding layer portions 470, 471, 472, 473, 474, 475 are also located on the

upper surface 444,af4he fQurth,MagALsieRRMIGH SRe At BrAltheuamins PR WiRdINgG dayer portions
470, 471, 472, 473, 474, 475 are positioned In substantially. the same direction as the bottom layer

winding portions 488 #5112 482, ML S LRl SHG e 15NN B8tingen their directions so that they
may be properly connected to one another. ~  [0089] Each of the top winding layer portions 470,
471, 472, 473, 474, 475188 brikkongb Wiss YordiBeRtisg st pRRGIaesb SIS A 70, 471, 472,
473, 474, 475 to aseaperdug Dot m WiREEg AT aeptieng 468, #olcdRZnangiin érespective terminal
411, 413, 415, 4le>6>ie§n]f)7dr§ ]é181fb\(l)v 1{%in[.$ g&%ﬁﬁ{(l)%gﬁyl,n[hdee[Lafleleb\gng(Ylvﬁgs may be mounted onto a
substrate (not shown) or printed circuit board in a parallel arrangement or in a
series arrangement depending upon the application and requirements that are
needed. This flexibility allows this miniature power inductor 400 to be utilized as

an inductor or as a transformer.

[0094] In this embodiment, the magnetic field may be created in a direction
that is perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet is extruded.

[0095] The miniature power inductor 400 is depicted as square shape.
However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts two
top winding layer portions and one bottom winding layer portion for each winding,
the number of top and bottom winding layer portions may increase depending upon
application requirements, so long as that there is one more top winding layer
portion than bottom winding layer portion for each winding, without departing

from the scope and spirit of the exemplary embodiment.

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

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



[0090] The top winding layer portions 470, 471, 472, 473, 474, 475, the bottom winding layer portions
460, 461, 462, and the terminals 411, 413, 415, 416, 417, 418 may be formed by any of the methods
described above, which includes, WO 2010/014444PCT/US2009/051005 23 but is not limited to, a
stamped copper foil an etched copper trace, or a preformed coil. [0091] Upon forming the first
magnetic powdgioshegédda and the fourth magnetic powder sheet 440, thesesnusogagnetic sheet
420 and the third magnetic sheet 430 are placed #étween the first magnetic powder sheet 410 and the
fourth magnetic powder sheet 440. The magnetic powder sheets 410, 420, 430, 440 are then pressed
together with high pressure, for example, hydraulic pressure, and laminated together to form the

miniature power gLt A0QAfigr dheshests-AAv 4204436 4¢Ahavaibrenprssedfogether, the
vias 480, 481, 482, 4%?9, 484, 485, 490, 491, 492, 493, 494, 495 are formed, in accordance to the

description providS§¥SF g IES R RBAN S oating or epoxy (not shown) may be applied as
an insulator layer to the upper surface 444 of the fourth magnetic powder sheet 440. According to this
embodiment, the physidgpgabﬁtféwe% ithéhipipahegasattike cori2 Wi d TSty BEAIRF fRfthd in
conventional indugdesidss remasashe theeliminatien althis physicabgapitendstocminmize the audible

noise from the vibration of the winding. [}09 ], The windings 450, 451 45051 third winding
Configuration 4551 ek sty S St Lok & RS THETRLS: i ong e A2 at the s
terminal 411, therd frodéeds fo thestfirat this vinbiadgrienfertivormananro teoeighdiatasd0then proceeds to

the first bottom wighing dayerrertiamdao fhrauothvia 490, 4h8p Preceeds e tha sesend top winding

layer portion 471 through via , then proceeds.to the second inal 413 through via 491, which
] o £l N

then completes th&¥irst Wi S0SF A JBRBIHRRASG 25T *At¥hé A tfiiffal 415, then

proceeds to the tHi?d top wvingdirg Jenfercparientidrniagoeihpeiads 8 A etiehd phoemedsltothe second

bottom winding layef,porion A8 L iNpHohwia A934then RIRCERdSIM e fRWdl taRWinging layer portion
473 through via 483, then proceeds to the fourth terminal 416 through via 493, which then completes

the second windin*A%3 & 1R mMARGUEY" SRS Brits Afth terhifRyi Wy, 18HBdceeds to the fifth
top winding layer pertiormpldrihroagiciia 484ddhesh@rtoceadstio thegikiid hattater wiheting layer portion

462 through via 4%%h&¢a%?u%ﬁ)%§eéﬁa¥% tggnﬁi)?mg%rated in Incheon, Korea and sold under
product number 20u-eff Flexible Magnetic Sheet, and have the same characteristics
as described above. Although this embodiment depicts four magnetic powder
sheets, the number of magnetic sheets may be increased or reduced so as to
increase or decrease the core area without departing from the scope and spirit of
the exemplary embodiment. Also, although this embodiment depicts a magnetic
powder sheet, any flexible sheet may be used that is capable of being laminated,
without departing from the scope and spirit of the exemplary embodiment.
Moreover, although this embodiment depicts the use of one preformed coil,
additional preformed coils may be used with the addition of more magnetic powder
sheets by altering one or more of the terminations so that the more than one
preformed coils may be positioned in parallel or in series, without departing from

the scope and spirit of the exemplary embodiment.

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

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



WO 2010/014444PCT/US2009/051005 24 winding layer portion 475 through via 485, then proceeds to
the sixth terminal 418 through via 495, which then completes the third winding 452. [0093]
Although three windings are depicted in this embodiment, greater or fewer windings may be formed
without departing from the scope and spirit of the exemplary embodiment. Additionally, the three
windings may bggnewnatadionto a substrate (not shown) or printed circuit bosaiginaosaiallel
arrangement or in a series arrangement dependingupon the application and requirements that are
needed. This flexibility allows this miniature power inductor 400 to be utilized as an inductor or as a
transformer. [0094] In this embodiment, the magnetic field may be created in a direction that is

perpendicular to tbﬁgggrsgtieﬁg%cgﬁairsfa@@m&m andutherenpaliavsR ipweapinddetaace or the

magnetic field may be created in a directjon that is garallel to the direction of %:ain orientation and

thereby achieve & MRS INETRPAHRE HASSHTHY IdSRS TRt 2l Bn the Midgretipdider sheet is
extruded. [008BipTertBemimiatureppowendadiactdiV 4Qenisldepietedast . sguaneshdpentdowever, other

geometrical shapeg,ineluding.RLtnabliniies e rectangular, circular, or elliptical shapes, may be used

without departing from the scope and spirit of the exemplary embodiment. Also, although this

embodiment depicts twa g winding.layer,porians and.ong hetag winding,ger, parien for each
winding, the number of top a ottom win ﬁ1g [ayRr portions may increase depending upon
application requirémeings 536 torg deuttntaimapel 828w ynlsreteopnanengrayedind tides ¥fan bottom

winding layer portigni-eashwissing iuithesfadapaiting e thirssope andapitefie exemplary
f‘tggélrkustr.at've embodiment of

embodiment. [‘%)139?6 Retfet riq tQ Fig%res fS_Sb sgvt%gal \{iews ofha fi ¢
a magnetic compSheit'cltevite %anﬁ e SRow, f\:’?&ﬁl o B St shed aoé QISR w and an
exploded view of thietepnsidetotia rivimiatelseSp omeEsind ubtofilsaviagnetipredodreshesilsdfd at least one
magne“fj powder ghRSHIN AHCOHBRGUEN R GXaIPIRRMATO AN, FigHEe @b Uhsiates a
erspectve

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

opposing longitudinal sides without departing from the scope and spirit of the

exemplary embodiment. Additionally, these terminals 526, 528 may be used to

couple the first terminal 516 and the second terminal 518 to the at least one

preformed coil 550.

[0100] The terminals 516, 518, 526, 528 may be formed by any of the
methods described above, which includes, but is not limited to, a stamped copper

foil or etched copper trace.

[0101] Each of the first magnetic powder sheet 510 and the second
magnetic powder sheet 520 further include a plurality of vias 580, 581, 582, 583,
584, 590, 591, 592, 593, 594 extending from the upper surface 524 of the second
magnetic powder sheet 520 to the lower surface 512 of the first magnetic powder
sheet 510, As shown in this embodiment, these plurality of vias 580, 581, 582, 583,
584, 590, 591, 592, 593, 594 are positioned on the terminals 516, 518, 526, 528 in
a substantially linear pattern. There are five vias positioned along one of the edges
of the first magnetic powder sheet 510 and the second magnetic powder sheet 520,
and there are five vias positioned along the opposing edge of the first magnetic
powder sheet 510 and the second magnetic powder sheet 520. Although five vias
are shown along each of the opposing longitudinal edges, there may be greater or

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



WO 2010/014444PCT/US2009/051005 25 transparent view of the miniature power inductor as
depicted in Figure 5a in accordance with an exemplary embodiment. [0097] According to this
embodiment, the miniature power inductor 500 comprises at least one magnetic powder sheet 510,
520, 530, 540 and at least one preformed coil 550 coupled to the at least one magnetic powder sheet
510, 520, 530, b4 ufmsaen in this embodiment, the miniature power indgctouSH0daommmperises a first
magnetic powder sheet 510 having a lower surfac@’512 and an upper surface 514, a second magnetic
powder sheet 520 having a lower surface 522 and an upper surface 524, a third magnetic powder
sheet 530 having a lower surface 532 and an upper surface 534, and a fourth magnetic powder sheet

540 having a lowe$idHRcs 94 A @HANIYPRRRIMHAGE SA4 - APk iRl e ntigngdoiiie exemplary
magnetic powder she_et%can be ma%lnetic ﬁgwder sheets manufactured by Chang Sung Incorporated

in Inchcon, Korea'SAU"&51a ' Gndilt 8B AdMPRISBEH Hexible MEGHEFLRUEE BAY have the same
characteristics astdesedibediaid dvenrtithboaghhthiscpmboidipnéntfdepistsiidernyreatodticipowder sheets,

the number of ma@ﬂ@&i&ﬁ*&ﬁ%@@%ﬁ%ﬂﬁgﬁﬁ&ﬁ&& PedHGEhERAR I iRgTRasR Qg clease the core

area without departing from the scope and spirit of the exemplary embodiment.”Also, although this
embodiment depild&HEAAGARAE BHRRRISERSKE BReidXinoshebtmag Bathided Prsritapable of being
laminated, withoup&lepartine: 5ot ildecoapenagnctsppiwalcthhexepoplady emndodimentthyloreover,
althouh this embadment depietz hauiss of o praformed solladdinahpretormed.coils may be
used with the addition of more magnetic powder sheefs y a?tering one or more of the terminations so
that the more thar iR prefaensetrebmstajhb e issiivncqupliparans| Beliriearmsd plathsut departing

from the scope anghspitit:eftae exarsRIasysapReRiment.s17, {00981 ThedlirstmRgnAtigspowder sheet

510 also includes a first terminal 516 and a sec terminal 518 coupled tg.opposing longitudinal
sides of the lowerSUr gcté%%l?%cfstlﬁ% ﬁ}gff‘ r%%ﬁ%gi]g b%rvf\%e?%ﬁeg%%lo}’ %05%?1 néotc?(f IS embodiment,
the terminals 516¢Bb&lareaivdaftrenefitivesdopigth, ofthed digingtiinaksideo/Ahopryhitgisiémbodiment

depicts the terminglg &xiendingsalona. farientsORPeSING lapgitudinaliridasyiie terminals may extend
only along a portion of the WO 2010/014444PCT/US2009/051005 26

may be used in addition to or in licu of the alternative coupling, such as metal

plating of the opposing side faces.

[0102] Upon forming the first magnetic powder sheet 510 and the second
magnetic powder sheet 520, the first magnetic powder sheet 510 and the second
magnetic powder sheet 520 are pressed together with high pressure, for example,
hydraulic pressure, and laminated together to form a portion of the miniature
power inductor 500. After sheets 510, 520 have been pressed together, the vias
580, 581, 582, 583. 584, 590, 591, 592, 593, 594 are formed, in accordance to the
description provided for Figures la-lc. In place of forming the vias, other
terminations may be made between the two sheets 510, 520 without departing from
the scope and spirit of the exemplary embodiment. Once the first magnetic powder
sheet 510 and the second magnetic powder sheet 520 are pressed together, a
preformed winding or coil 550 having a first lead 552 and a second lead 554 may
be positioned on the upper surface 524 of the second magnetic powder sheet 520,
where the first lead 552 is coupled to either the third terminal 526 or the fourth
terminal 528 and the second lead is coupled to the other terminal 526, 528. The
preformed winding 550 may be coupled to the terminals 526, 528 via welding
other known coupling methods. The third magnetic powder sheet 530 and the
fourth magnetic powder sheet 540 may then be pressed together along with the



opposing longitudinal sides without departing from the scope and spirit of the exemplary embodiment
Additionally, these terminals 516, 518 may be used to couple the miniature power inductor 500 to an
electrical circuit, which may be on a printed circuit board (not shown), for example. [0099] The
second magnetic powder sheet 520 also includes a third terminal 526 and a fourth terminal 528
coupled to oppesingl@ngiiudinal sides of the lower surface 522 of the seqandugragngii@powder sheet
520. According to this embodiment, the terminals 326, 528 extend the entire length of the longitudinal
side, similar to the terminals 516, 518 of the first magnetic powder sheet 510. Although this
embodiment depicts the terminals extending along the entire opposing longitudinal sides, the terminals

may extend only alatg.a1PosHAR9f JheiaPResINg Aangitkdingheidgsiyithosideparing rom the scope
and spirit of the exem%liar embodiment. Additionally, these terminals 526, 528 may be used to couple

the first terminal SPERSEIHL BEESRPIEHhilTSPELE @ OrheAa&cPég]é‘?o'ﬁ’eﬂBPe?B}Pﬁ HEBi 850 [0100]
The terminals 516h54831526, 528 ¢oaytheevordmed dnd ahy ofrthevinelthods pledtyifechdbove, which

includes, but is nQt,liiteght . AstARPRIEGARRET Pl QiBICARSHCIRRRI PGS ¢ap 194K Each of the
first magnetic powder sheet 510 and the second ma%netlcésgéwder sheet 520 further include a plurality

of vias 580, 581, 58pImsEnths gudiBlgaog frosydiesgpsa Wéfiti%rom the upper surface 524 of the
second magnetic powder sheet 520 to the lower surface 512 of the first magnetic powder sheet 510,
As shown in this embodifd&at Alkaeh beatigyolivinaeseo, $84ts SBowWE8gvseY IBJDs5a1, 592, 593, 594

arc positioned on e ieinAIE5b6.45L e SREmBRRIR Msubsianfialbrdinaarnaitarie Thare are five vias
positioned along on§ of the edges of the f'rstégagnetic powdertgheet 510 and thfe[second magnetic
i

powder sheet 520" Antf A R FVe TN FositisHedCalSh e BES0SHE BUGR &t HHEF st magnetic
powder sheet 51Canddite $etesrd thadmetic:sow der SheatbROoml the gt dfivyewdassaeetshown along

each of the opposipgenaityding edaesnthes @%M&J%é%?aé?rtﬁé TEWEPMIZS Withart departing from the
scope and spirit of the exemplary WO 2010/014444PCT/US2009/051005 27 embodiment.

Additionally, altholigiti {18 r& {ioughd et first e Sethsiitt (5Filiea8 &218° $P818"ird and fourth
terminals 526, 528h@ltetinapwdocouplivag npasalbe esécveritiieut depatingstdmo therssepea and spirit of the

exemplary embodjment. Qne such altemna iéfg %%QS" ipcludes, DYt s Aol iE%Q&rﬁra etal plating
e Iélces a?

along at least a portion of the opposing si 17,519, 527, 529 of both first netic powder
sheet 510 and seéBhedikghetic powder sheet 520 and extending from the first and second terminals
516, 518 to the third and fourth terminals 526, 528. Also, in some embodiments, the alternative
coupling may include mgt&0{]|&titigs ttrabaktemdstheamire opdosindsidefaces: 8gcthh9, 527, 529 and

also wraps arounghthe,QRRRSING.BIAG AR R LoD 4 2T oA ARCAAING {9 SamE empodiments,

alternative coupling, such as the metal plating of the o;l)%posing side faces, may be used in addition to
or in lieu of the vid&¥FriatisAss A RS LCHisY BeRetrsAsigindiagion thefdrsrlifl alternative
coupling, such astonétal itating affthexppposingicidenfadescby achieve a higher inductance

depending upon which direction the magnetic powder sheet is extruded.

[0105] The miniature power inductor 500 is depicted as a rectangular
shape. However, other geometrical shapes, including but not limited to square,
circular, or elliptical shapes, may be used without departing from the scope and

spirit of the exemplary embodiment.

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

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



[0102] Upon forming the first magnetic powder sheet 510 and the second magnetic powder sheet 520,
the first magnetic powder sheet 510 and the second magnetic powder sheet 520 are pressed together
with high pressure, for example, hydraulic pressure, and laminated together to form a portion of the
miniature power inductor 500. After sheets 510, 520 have been pressed together, the vias 580, 581,
582, 583. 584, 4@0:0p0d140A2, 593, 594 are formed, in accordance to the desaripsionganoyided for
Figures la-Ic. In place of forming the vias, other teghinations may be made between the two sheets
510, 520 without departing from the scope and spirit of the exemplary embodiment. Once the first
magnetic powder sheet 510 and the second magnetic powder sheet 520 are pressed together, a

preformed winding; Q) 6R apkpRYINOVR{irst Ifadorem aiad s SRRt Ieadpeat MANAS ROsitioned on the
upper surface 524 of the second magnetic powder sheet 520, where the first lead 552 is coupled to

either the third terfAAFS I (R Yo UHACERHRIGE I 5% BnEk e 'SRCSRAASINTE cHiEHIESfo the other
terminal 526, 528illkeprefgurectwvinding 660 afayrthercaliptech it ghettermninbdsnb2B1B28 via welding

other known coupfing.mathers- [Lhethis masnshc Rowdershees 530 andihe.fowrth magnetic powder
sheet 540 may then be pressed together along with the WO 2010/014444PCT/US2009/051005 28

previously pressetFfBMHH SrAERiature power inductor 500 to form the completed miniature power
inductor 500. According to this embodiment, the physical gap between the winding and the core, which
is typically found in conveHtidrsdcierdinetdesthis rarhediadntT iee afifmittatiopesfthidptigsied gap tends to

minimize the audifyg fiaise.frem ke wibratiRnyehithe Wwisding; 620, dSHLQ3D Alheyakathets are no

magnetic sheets shown betweep the first and second magnetic powder sheets, magnetic sheets may
ostioned betwedH T &0 e Sekon B Eop B! SRE GRS AAAATE foaing an
electrical connectf@d, l$étwethithefterthinaldiaf theffastiandosécandenagnbiiccpbadecsheets without

departing from they,scqne,and seirit ofdhexemelatyRIbpdiment Additionally splfhqygh two magnetic

powder sheets are shown to be positioned above the preformed coil, greater or fewer sheets may be

used to increase B HREARIEHIW E6F < WthBRRE &G o P TN S BIF@ AR PIBHH of the
exemplary embodimem20 havifd @4dwer thisaeenidadindent vijpermagnretidieldhindynbgnetieated in a
direction that is per igular to.t jrection of grain o [ t i lower
inductance or the%r%%fdgr?e%%%e d rﬂqu%ée%lg\g%g glﬁ%é!% d%r@e%%ﬁ tﬁa%%bgﬁgﬁg%/t%eg 1)l(lﬁl?reglction of grain

orientation and th g avigheeshatitbanice slpehamissyn dieh Wirectisirthe magnetic
powder sheet is exdauded. previd@lPSpchiienminiatusecpuer ingduciar pOXis degisteshasea rectangular

shape. However, other eom%tricsilll stha es fjn,g:lu in tnoi'slimit?d to square ?ir%ular, or elliptical
rna%}letg% owder Shegts ny agfure b ang Sung Tncorporate i, Inc con, i
shapes, may be used without departing from the scope and spirit of the exemplary embodiment.
Korea and sold under product number 20u-cff Flexible Magnetic Sheet, and have
the same characteristics as described above. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrease the core area without departing from the
scope and spirit of the exemplary embodiment, Also, although this embodiment
depicts a magnetic powder sheet, any suitable flexible sheet may be used that is

capable of being laminated, without departing from the scope and spirit of the

exemplary embodiment.

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



[0106] Referring to Figures 6a-6c¢, several views of a sixth illustrative embodiment of a magnetic
component or device 600 are shown. Figure 6a illustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a plurality of windings in a fourth winding
configuration, at least one magnetic powder sheet, and a plurality of horizontally oriented core areas in
accordance wittvanoexeimn@kary embodiment. Figure 6b illustrates a perspectixs 2d@s1005
2010/014444PCT/US2009/051005 29 view and ardexploded view of the bottom side of the miniature
power inductor as depicted in Figure 6a in accordance with an exemplary embodiment. Figure 6c¢
illustrates a perspective view of the fourth winding configuration of the miniature power inductor as

depicted in Figure; 6 ARdHEIgWIe BN AeeQTdaREENMINARHFXERRIBEY SMROPIRE Mrface [0107]
According to this embadiment, the miniature power inductor 600 comprises at least one magnetic

n
powder sheet 61&1823,t%%%‘f%4ﬁ%9?&%p6m58 i Waing S 685 &5 eas3t ¢gupmal tblthe at least one
magnetic powder tshelkit & 1OMER0 663041640 rfiffourthnalitdihgre pofigunatiodj 855t Asoseen in this

embodiment, the miniafure; ARWeTIduGtor A0 SAMRKsES. fisimadnstic.Rawrsrsheet 610 having a

lower surface 612 and an upper surface 614, a second magnetic powder sheet 620 having a lower
surface 622 and aAGhPH SUHSCBSSA R HFIAAGhetE D ENHR LR 36: 1adify &ver surface 632
and an upper surfaaeifd4, ane:pooititiciatpetctpondanasheeifidddna \irgpplanmeredyeface 642 and an
upper surtace 644y A peviousty.ManUaNRd e XRTRIAN MAGNEHE ROWHSTSfggif,Ran be magnetic
powder sheets manu acture(iuby hang Sung mcor%oraté) in Incheon, Korea and sold under product

number 20u-cff Fleiibfd vabnétie: Shadt! hiRhi/eseddosetiiel charadtifisfd wer dediitied above.
Although this embmndinentdepicts fviimagnaticpavdarsheats, dheunwaber Wi nagngtic sheets may

be increased or n=%glruecxeg1 SQ as to increase or decrease the core area without departing from the scope
and spirit of the exempalalpy embodiment, Also, although this embodiment depicts a magnetic powder
sheet, any suitable flexible sheet may be used that is capable of being laminated, without departing

from the scope and spirlPbTh&sxErforasrerrosaifsenteet 61fhalaeiulsir ﬁf%fg?féi?&“powder sheet
610 also includesvarfitiaitéryainalrtd a0secsndue voitnal 6d3diagthisdteminalé6l5a abiedirth terminal

616, a fifth termingl G47. A0l A 31 [SHMIAAU LY. RIS AIGMAEIIARLS [areachuinding 650, 651,

652. The first terminal 611 and the second terminal 613 are coupledto 0pposing sides of the lower
surface 612 of theififsPetagnetidipaiaer piter 626. MHe third RotamarisdiBealiyetRofaRtth terminal 616
are coupled to oppesing sides pbifiedenersstitacralflBofthe dirstmagnaticpewderssheet 610. The

fitth terminal 613, 615, 616, 617, 618 and on the lower surface 612 of the first magnetic powder
sheet 610. The first bottom winding layer portion 660 and the second bottom
winding layer portion 661 are positioned between the first terminal 611 and the
second terminal 613 and in a non-contacting relationship to one another, The first
terminal 611, the first bottom winding layer portion 660, the second bottom
winding layer portion 661, and the second terminal 613 are positioned in a
substantially linear pattern and in that order. The first terminal 611, the first
bottom winding layer portion 660, the second bottom winding layer portion 661,
and the second terminal 613 combine to form a portion of the first winding 650.
Additionally, the third bottom winding layer portion 662 and the fourth bottom
winding layer portion 663 are positioned between the third terminal 615 and the
fourth terminal 616 and in a non-contacting relationship to one another. The third
terminal 615, the third bottom winding layer portion 662, the fourth bottom
winding layer portion 663, and the fourth terminal 616 are positioned in a
substantially linear pattern and in that order. The third terminal 615, the third
bottom winding layer portion 662, the fourth bottom winding layer portion 663,



WO 2010/014444PCT/US2009/051005 30 617 and the sixth terminal 618 are coupled to opposing
sides of the lower surface 612 of the first magnetic powder sheet 610. Additionally, the first terminal
611, the third terminal 615, and the fifth terminal 617 are positioned adjacent to one another and along
one edge of the lower surface 612 of the first magnetic powder sheet 610, while the second terminal
613, the fourth teomin@d@da, and the sixth terminal 618 are positioned ad@egoti@visesdanother and
along the opposing edge of the lower surface 612 3f the first magnetic powder sheet 610. These
terminals 611, 613, 615, 616, 617, 618 may be used to couple the miniature power inductor 600 to an
electrical circuit, which may be on a printed circuit board (not shown), for example. [0109] The first

magnetic powder ghiegt GkPrisarpsludesanfislRoiam yindiog Javier ResHEM REMeasecond bottom
winding layer portion 661, a third ott%?t wmdln%layer portion 662, a fourth bottom winding layer
I

portion 663, a fifth T [SBHISH GRS, 'R0 B Boteand Wi 1898¥"Bortion 665 that
are all positioned wirstifgstaydiaihy tthe &amecdirsttttondalstivectefimifidls ©irin6ll 8] Bis] 6&6, 617, 618 and

on the lower Surfm@&%&ﬁ&h&%r%mm%%%&ﬁ@%@ﬁﬁ&&%ﬂ; B JiEsbhREoRWiRging layer portion

660 and the second bottom Wlndln% layer portion 661 are positioned between the first terminal 611 and
the second termirt&"® 14 §hd thediABALOMAEHAG $x i3 P Hridcahsbgttom e idkipgerminal 611, the
first bottom windimgzbapeﬁmﬁr(ﬁiﬁm aﬁﬁﬁhéhe(ﬁﬁeﬁﬂﬂdbemmevpmd{agetaym@Bﬁt@ﬁaﬁ@lmamd the second

terminal 613 are o]0 |t|on {ﬁ? tantﬁllny{Jﬁ1 attlegri]7a 'P Q%t grder Tcril fI[S'[ terminal 611, the
first bottom Wlndlﬁgﬁayer portlorell 660, ‘the seconcfﬂl ottom Wln lfl[ eor BgnrﬁNolﬁ 6bg1 “and the second

terminal 613 comﬁm@m%ﬁh‘ésﬁﬁhmﬁt%ﬁt‘ﬁ@ﬂ@ Wﬁd?ﬁgl%éé%é%ﬁﬂbﬁ&ﬁﬁl tiEd Bottom winding

layer portion 662 anbthedfofaeth beitasn vindingreyaidperien 663 are positioned between the third
terminal 615 and the fourth terminal 616 and in a non-contacting relationship to one another. The third

terminal 615, the third bém%q WIRARgHaYSh RN 6673 thesfadhdettom widing laygr portion 663,

and the fourth terminal 616 arwosmoned in a substantlall linear attern and'in that order. The third

terminal 615, the titd ¥dttbhviindiAdaSEr ﬁB%RFGHVéézf%é"fﬁ’é‘ﬂ% %th?ﬁWHo%& &Yr portion 663,
WO 2010/014444RG THUS 20094810053 bandihevfadinih kemminal 6di6epatybiaelitoofotia a portion of the

second winding 615, F rmoy. fth. botiorp, windli tio) 1y th bottom
winding layer port%(?[r;[ 61#6‘575%% g e]tlirg‘n%rg é?e%geél@tlhé%‘?ftﬁgtﬁérﬁ{lé%ﬁél %&Q‘%ﬁe%&% t%%r(mlnal 618 and

in a non- contactlr@?@%ﬂdh%ﬁﬂﬁt?@dﬁéda‘?ﬁ){ﬁ@ﬁ PRKETIRANR PRI &1061 70 1hethftbOBdtariPvinding layer
portion 664, the s{xﬁhub@ttgmﬂ/v[badiﬂg Eeraportm 666, aTd, thessixts teyminaid diakeipositioned in a
substantially Ilnea({t%a er erlltha order T[: f&ft%]gerrpemﬁl 17 tg flf'th t%ﬁttom wmdmg layer
portion 664, the sIX bottom W|n in ?ayer portion 6 Snd the &%ﬁ erminal 618 combine to form a
portion of the thirdddineiak @52w1ndmg layer portion than bottom winding layer portion per

winding. Although the vias are shown to be rectangular, other geometric shapes,
including but not limited to circular shapes, may be used without departing from

the scope and spirit of the exemplary embodiment.

[0111] The second magnetic powder sheet 620 and the third magnetic
powder sheet 630 comprise a plurality of vias 680, 681, 682, 683, 684, 685, 686,
687, 688, 689, 690, 691, 692, 693, 694, 695, 696, 697 for coupling the terminals
611, 613, 615, 616, 617, 618, the bottom winding layer portions 660, 661, 662,
663, 664, 665, and the top winding layer portions 670, 671, 672, 673, 674, 675,
676, 677, 678 to one another.

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



[0110] Each of the terminals 611, 613, 615, 616, 617, 618 comprise a via 680, 685, 686, 691, 692,
697, respectively for coupling the terminals 611, 613, 615, 616, 617, 618 to one or more winding
layers. Additionally, each of the bottom winding layer portions 660, 661, 662, 663, 664, 665 comprise
two vias for coupling the bottom winding layer portions 660, 661, 662, 663, 664, 665 to a top winding
layer portion 6 A00&dib/e44d4 673, 674, 675, 676, 677, 678 which is descrilped, s heéasloedow. As listed
and previously mentioned, there is one additional 88p winding layer portion than bottom winding layer
portion per winding. Although the vias are shown to be rectangular, other geometric shapes, including
but not limited to circular shapes, may be used without departing from the scope and spirit of the
exemplary embodimanis layer [Rlddd 7t SRGONE BpenaiicpANOSSsheet B2R@NdHedhird magnetic
powder sheet 630 comprijse a pIu_raIit¥ of vias 680, 681 682b683,§84, 685, 686, 687, 688, 689, 690,
691, 692, 693, 60U K '&¥E neg PRy ESlHIHG RN iHEEbs g e PETETECEPY 3518 the bottom
winding layer portion$@60) 661di652a663p@6dns666),afrd tHe2oBadinGhAg tayesfpirtidns 670, 671, 672,
673, 674, 675, 676,871 6840 ML AN Shese 1of WikAhd DS JOptRMAGASHS 1 PRYEs sheet 640 also

includes a first top winding Ia%er ortion 670, a second top winding layer portion 671, a third top
winding layer portiéi 672; 87Ut -tE6P WIFTaRASTVE? i BANGSRELAS HiFth eI NRIHNG 185/ r portion 674, a
sixth top winding laigetcpoTthes: 6oibwin sy ety japtiMCr 20 F010 3424448 CTAUSE08B 0005 32 winding
layer portion 676, ag ei hlth f winding layer portion 47 %pdfa 1mlnth top.winding. layer portion 678
that arc positionega,i% asr(éjgl:a)lsstoangt%ﬁ})(/%l %neq%aﬁgeaﬁgc%fgn%s%e bottom wi n(ﬁtﬁc I%@%%S%ﬁtons 660, 661,

662, 663, 664, 6658 tHee filist ey HutiRePBwHRY ERRET G 1 TeRbeppvRitiang R it tions 670, 671,
672, 673, 674, 675716 46d 6 ihRd BopreiRasitinpach i RN Caniastingcelatianshimiogne another.
These top winding layer portions 670, 671,.672, 673, 674, 675, 676,677, 678 are alsa located on the
upper surface 64%05?¥ ﬁ%ieﬁ?fgﬁ?%ﬁ %%Sﬁ%%%“%%\?véeﬁ Ségg%réﬁfa?ﬁewﬁ?gf%pl)é??\?lrn%’?ﬁbo?aéj@r’ portion 670, the
second top windirbrlageengbetiom 6vindiaadatiee nhitgndd Wisnditley lssrend tsmionab ¥ B aretpositioned
overlying the gap%JQ%h%ﬂelﬂ@%%@ﬂ%é#@id%ﬂﬁ'%@t@é\%ﬂ%iﬂé%%@%’flwiMﬁlﬂdﬁ‘é’lﬁf, portion 660, the

second bottom winding layer partion 661, and.the second terminal 613 of the first magnetic powder

sheet 610 and in S SVEHSPiNG FRgHBYEHIBRE Giffb A thE Poli e S0 WA TG 98y portion 673, the

fifth top winding layértportisth 6kl vamtirthdagixtipdopwiiiding|ayeripodiondyhardpesmioned overlying
the gaps formed hstyern the.thisd dsrminglad 3, shadhirchRoem wisding. RYgbREHIRR 662, the fourth

bottom winding layer portion 663, and the fourth terminal 616 of the first magnetic powder sheet 610

and in an overlappihHSIRRHSAIY idiR dirTbROr G S8%etith TspfrbilsgmEye P horfoh%76, the eighth

top winding layer fisetinapfofié, pad dhehasnth depdrinsing daypsipg b g arepositaied overlying the

gaps formed betV\{Eersl thetmh term('ipnal 317 thlet.foiftlg%ot m Wlilﬂgitg Iv%%glrngqrtion 664. the sixth bottom
1

winding layer portloen 8%%1 and the six tg?ﬂﬁﬁa 618 of the fitst m gnetic O\ia\lly(férpgﬁtédgt 610 and in an

overlapping relatiénsHipd fba 13fiEaRRVETdRe koprwmtimgiAyae portiionederorleng ie72ar873, 674, 675,

formed between the fifth terminal 617, the fifth bottom winding layer portion 664,
the sixth bottom winding layer portion 665, and the sixth terminal 618 of the first

magnetic powder sheet 610 and in an overlapping relationship.

[0113] Each of the top winding layer portions 670, 671, 672, 673, 674, 675,
676, 677, 678 comprise two vias for coupling the top winding layer portions 670,
671, 672, 673, 674, 675, 676, 677, 678 to a respective bottom winding layer
portions 660, 661, 662, 663, 664, 665, and to a respective terminal 611, 613, 615,
616, 617, 618, which is described in detail below.

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



676, 677, 678 comprise two vias for coupling the top winding layer portions 670, 671, 672, 673, 674,
675, 676, 677, 678 to a respective bottom winding layer portions 660, 661, 662, 663, 664, 665, and to
a respective terminal 611, 613, 615, 616, 617, 618, which is described in detail below. [0114] The top
winding layer portions 670, 671, 672, 673, 674, 675, 676, 677, 678, the bottom winding layer portions
670, 671, 672, Wb 0béhaid5, 676, 677, 678, and the terminals 611, 613, kv &by B1ois618 may be
formed by any of WO 2010/014444PCT/US2009/651005 33 the methods described above, which
includes, but is not limited to, a stamped copper foil, an etched copper trace, or a preformed coil.
[0115] Upon forming the first magnetic powder sheet 610 and the fourth magnetic powder sheet 640,

the second magnefic.bgei62Qanddhedhirdymagngticsabesi:63Gareplraed betwegndhe first

magnetic powder sheet 610 and the fourth magnetic powder sheet 640. The magnetic powder sheets
610, 620, 630, 64T RS tRENPIALLEFBRBHEF W R BIeEsEte, for example, hydraulic pressure, and
laminated together to form the miniature power inductor 600. After the sheets 610, 620, 630, 640 have

been pressed together, e Yd&resdonsis du2fisssagticomyybushas p18a8ddbo Byl 691, 692, 693,
694, 695, 696, 69hairioHrederishaccertlancetadhanslesadptien provideddarimigugsda-lc. Additionally,
a coating or epoxy. (n own) may. be applie an insulator layer to the upper surfgce 644 of the
fourth magnetic p%%%%ﬁ?sh%% ﬁf?.i ectggrg?#geotl%% 15 IrlﬁsB% Pn%“é!ﬁ{se[ﬁgqéﬁgsﬁlgﬁ%ea%g%e ween the
winding and the ceoegnoisichvidayphieetl§buhbcimegiete meomar ibdeietold, i2¢embyvet). ahe elimination of

this physical gap tgadsQseunipiartheiduditengise.frm dagnyibratianaf digundingd
laminated together to form the miniature power inductor 600. After the sheets 610,
620, 630, 640 have been pressed together, the vias 680, 681, 682, 683, 684, 685,
686, 687, 688, 689, 690, 691, 692, 693, 694, 695, 696, 697 are formed, in
accordance to the description provided for Figures la-1c. Additionally, a coating
or epoxy (not shown) may be applied as an insulator layer to the upper surface 644
of the fourth magnetic powder sheet 640. According to this embodiment, the
physical gap between the winding and the core, which is typically found in
conventional inductors, is removed. The elimination of this physical gap tends to

minimize the audible noise from the vibration of the winding.

[0116] The windings 650, 651, 652 form a fourth winding configuration
655 having a plurality of horizontally oriented cores 657, 658, 659. The first
winding 650 starts at the first terminal 611, then proceeds to the first top winding
layer portion 670 through via 680, then proceeds to the first bottom winding layer
portion 660 through via 681, then proceeds to the second top winding layer portion
671 through via 682, then proceeds to the second bottom winding layer portion 661
through via 683, then proceeds to the third top winding layer 672 through via 684,
and then proceeds to the second terminal 613 through via 685, which then
completes the first winding 650. The second winding 651 starts at the third
terminal 615, then proceeds to the fourth top winding layer portion 673 through via
686, then proceeds to the third bottom winding layer portion 662 through via 687,
then proceeds to the fifth top winding layer portion 674 through via 688, then
proceeds to the fourth bottom winding layer portion 663 through via 689, then
proceeds to the sixth top winding layer 675 through via 690, and then proceeds to
the fourth terminal 616 through via 691, which then completes the second winding



[0116] The windings 650, 651, 652 form a fourth winding configuration 655 having a plurality of
horizontally oriented cores 657, 658, 659. The first winding 650 starts at the first terminal 611, then
proceeds to the first top winding layer portion 670 through via 680, then proceeds to the first bottom
winding layer portion 660 through via 681, then proceeds to the second top winding layer portion 671
through via 683ytheropracaeds to the second bottom winding layer portiopcaakibvgesghvyia 683, then
proceeds to the third top winding layer 672 througBvia 684, and then proceeds to the second terminal
613 through via 685, which then completes the first winding 650. The second winding 651 starts at the
third terminal 615, then proceeds to the fourth top winding layer portion 673 through via 686, then

proceeds to the thisd betomiwingiathieysr RAQR 62 Hirayahyiad 68 ihdhenRQragdadto the fifth top
winding layer portion 674 thro,ug_h via 688, then %ot e%cé]?rnto the fourth bottom winding layer portion

663 through via 655 PP rCdEE: TR SR (8 Yadyer 695 REEEh ©id'898 and then
proceeds to the fdurtbniermitiad B 6 thnoiag o tAaBAIghvwini 19 théancopidtas the sgobrnehbwinding WO

2010/014444PCTJLS2000/051008, 34,651, Tha thirdesinding FE2.S1RNS Aldhaifthdesminal 617, then
proceeds to the seventh top winding Igger portion 676 through via 692, then proceeds to the fifth

bottom winding lay/EMHBRR e S0y HN4EB o tenisibrrserstdats aigitPiopididing layer portion
677 through via 624citloes thregeeds todha ¢kt baiterdswintingxtayenpation aabuireugh via 695, then

proceeds to the njnth 1[ ding la er6/g thl’Oldg}!;l \ga 6 % and then proceeds to the sixth terminal
618 through via 6 7,’%%?8%&86 cmo%epﬁf%tegst?fgnsecglnal %vt?n ing 652. [0117] Although three

windings are depicted in thjs_embodiment, greater or fewer windings may. be formed without departing
from the scope and spirlobl e SRR STBOH B KT AARy e Rkl KA s may bo
mounted onto a stdvstratedmgs skovbe)fampdntatooirdepebogrtdm ghpacailekadremgeohdnt or in a series
arrangement depgRding, 4PORHIGRAPIGAUAR MG "eayHeMeRE e aia,nardrdq bhis flexibility allows

this miniature power inductor 600 to be utilized as an inductor, a multi-phase inductor, or as a
transformer.  [OPIEY T AISSMBORIiIIEHETE FHAGARC &I P HIdY HETERESmEatiTa itection that is
perpendicular to theidirectingeabgraispordaniaijon ahd theliebipachiéweqmilewertindiactaace or the
magnetic field m r 10:a directi [s.parall t irecti rain orientation and
thereby achieve aagﬁ%e%%rﬁﬁ?&%ﬁ:@yd%%ﬁgdﬁlﬂg%%(%r?uv%iﬁéﬁ% i?(g%b%ct)or?cﬁﬂ@qrﬁoéég rlllgzllcz:%{o%vder sheet is
extruded. [0130t YoM il issBfyRRn Xore0r s faERtEted as a rectangular shape. However,
other geometrical shapes, including but not limited to square, circular, or elliptical shapes, may be
used without departing fidriBiHe $copebadhspirihofrimexdmidlaryy dmbodihent. ddsvicalthough this

embodiment depigig ree ferwingding 4y 8l-ReMIPES aaf WRLAIRMKIRLRG/a¥g{poYion for each

winding, the number of top and bottom winding layer portions may increase or decrease depending
upon application reYGiHEAMSHRCSS Bhg e tHal M R sbs R gl fofy rtenrletdy 8#3btion than bottom
winding layer portionHordeacivwiod grginntioititde pardingcfobm dbidcscopeaighet Spiticahthe exemplary

embodiment. depending upon which direction the magnetic powder sheet is extruded.

[0119] The miniature power inductor 600 is depicted as a rectangular
shape. However, other geometrical shapes, including but not limited to square,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts three
top winding layer portions and two bottom winding layer portion for each winding,
the number of top and bottom winding layer portions may increase or decrease
depending upon application requirements, so long as that there is one more top
winding layer portion than bottom winding layer portion for each winding, without

departing from the scope and spirit of the exemplary embodiment.



WO 2010/014444PCT/13S2009/051005 35 [0120] Referring to Figures 7a-7c, several views of a
seventh illustrative embodiment of a magnetic component or device 700 are shown. Figure 7a
illustrates a perspective view and an exploded view of the top side of a miniature power inductor
having a winding in a fifth winding configuration, at least one magnetic powder sheet, and a plurality of
horizontally orignged@eigsareas in accordance with an exemplary embodiwaenisJoiguseodd illustrates a
perspective view and an exploded view of the bott&m side of the miniature power inductor as depicted
in Figure 7a in accordance with an exemplary embodiment. Figure 7c illustrates a perspective view of
the fifth winding configuration of the miniature power inductor as depicted in Figure 7a and Figure 7b in

accordance with an exefpplg/embagdimentures 7504214.ERg RIS RAWRK iNFUEIRT 00 shown in
Figures 7a-7c is similar.to the miniature power inductor 60Q shown in Fjgures 6a-6¢ except that the

three windings 650" &1 88 2°EHbTHSAHTG GPER BB CErANSH YR MNBing B8°adshown in
Figures 7a-7c. Thikustedifieatiopariay ocourial are platidgl thevsef drdtéprsninal 6 b3rantdrthe fourth

terminal 616 of th first magnetic,pawder sheet A10 ¥ith & seventh Ratiamwinding layer portion 766

that is oriented substantially perpendicular to the remaining bottom winding layers 760, 761, 762, 763,
764, 765. The sevRHRIF bR FinamsY Bifer jUMmiy766 Insepely IeHGHFSATICIERtad Bverlap the width
of two bottom wingliegdayer politiansxamgithe gapiotmed baiwedd thestweadjpaepidiottom winding

layer portions. Additionagyhthe fh'r termir}atIh%Jf)Stgndt ef'\\fm termiqal 617 of th fir§t magnetic
powder sheet 610 (as shown i %cliaurvégWG%ﬁc n%acilnb% r%B aced wit ugenpgivé rthn@octt(z)n{llswinding layer

portion 767 that isletiepteld Sigseariislyjserireseiviffaptoisepkmiasaibs Bed mblEraing layers 760,

761, 762, 763, 76#46ResTNQLIgkN baltamowinginghlayanipg tiamdfdislsemayhgiaength sufficient to
overlap the width of two. bpttom winding layer_portions and the formed between the two adjacent
pitom winding layer-portions and {he.agp

. . OWCEer 1Nductor, as C Ic . /a an I n_accordance wit, 1
bottom winding Iagler poﬁlons. Withthese modfficationd! hegmultl-phase inductor o Falgures 6a-6¢c may

be transformed intscansiwrgylenptedgacinductor. WO 2010/014444PCT/US2009/051005 36

[0121] The miniature power inductor 700 shown in Figures 7a-7¢ is similar
to the miniature power inductor 600 shown in Figures 6a-6¢ except that the three
windings 650, 651, 652 shown in Figures 6a-6¢ are now a single winding 750 as
shown in Figures 7a-7c. This modification may occur by replacing the second
terminal 613 and the fourth terminal 616 of the first magnetic powder sheet 610
with a seventh bottom winding layer portion 766 that is oriented substantially
perpendicular to the remaining bottom winding layers 760, 761, 762, 763, 764,
765. The seventh bottom winding layer portion 766 may be a length sufficient to
overlap the width of two bottom winding layer portions and the gap formed
between the two adjacent bottom winding layer portions. Additionally, the third
terminal 615 and the fifth terminal 617 of the first magnetic powder sheet 610 (as
shown in Figures 6a-6¢) may be replaced with an eighth bottom winding layer
portion 767 that is oriented substantially perpendicular to the remaining bottom
winding layers 760, 761, 762, 763, 764, 765. The eighth bottom winding layer
portion 767 also may be a length sufficient to overlap the width of two bottom
winding layer portions and the gap formed between the two adjacent bottom
winding layer portions. With these modifications, the multi-phase inductor of

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

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



the first terminal 711, then proceeds to the first top winding layer portion 770 through via 780, then
proceeds to the first bottom winding layer portion 760 through via 781, then proceeds to the second
top winding layer portion 771 through via 782, then proceeds to the second bottom winding layer
portion 761 through via 783, then proceeds to the third top winding layer 772 through via 784, then
proceeds to thenxsexanihaeitom winding layer portion 766 through via 78 cthes@uesads to the sixth
top winding layer portion 775 through via 791, thedéproceeds to the fourth bottom winding layer portion
763 through via 790, then proceeds to the fifth top winding layer portion 774 through via 789, then
proceeds to the third bottom winding layer portion 762 through via 788, then proceeds to the fourth top
winding layer 773qtaraugh.-widni8 71 then-pracesds 9 the sighiy %ﬁmw&g@ﬂr]ﬁ)m@wwtion 767
through via 786, then proceeds to the seventh toE) winding layer portion 776 through via 792, then
proceeds to the fiffi8toM ildifgaR/8r 58t iSn oA THr SO iR Y8S tHER! frId8Bd® 1o the eighth top
winding layer portioough 7vilaré8ghthvia petetiderioprbeeedsito ttipe wixdimpdtom peimding 1ayer portion 765

through via 795, g0 prageeds, R iian windinshiPustof! S RiRHORMaARwan then proceeds
to the second terminal 713 thro%;g?wa 797, which then completes the winding 750. Thus, the pattern

illustrated in this eRAsdiMiRAS 1s SeRPBRRATES Doy BihatdaemEr Ay Breveinied Hithout departing
from the scope anhbkspiriceddhe ekeneplary ernbadiiiditg layerPdRdhTite manghacturisg of the
miniature power inductor 700 will. have t, if not all. of the, flexibilities of the mipiature power inductor
500. 20 s rated e R L B T e B .
several views of dHoSR§AtHAIthstiatE ntoadiiinDiaThasiieic’edipor#ntisr @8vider800 are shown.
_Figure 8a iIIqstratgg&wrmgtﬂ&v@m%g%%gﬂgﬂ vﬁvmgﬁd@e\ﬁgngjggl@f FaviBigture power
inductor having a winding n, 5 sixthuindind confidurafion, atJeast ane madnelic powder sheet, and a
vertically oriented coré area and a circurary ofiented core area in accordance with an exemplary
embodiment. Figdear8btifustrdiog byseBpPcbtiveslyiew Aiidthen explodiedovibwctehthédditstom side of the
miniature power inghGLor ﬁ?&%ﬁﬁ@ i Figwe:Ra in ageordansa vt ap exeqeplary ejpbodiment. WO
2010/014444PCT/US2009/051005 37 Figure 8e illustrates a perspective view of the sixth winding
configuration of tHEHiRalNE POTER A& dRsPuRl ddbittad P EBGFREEs BniPEilliPe"8HM accordance
with an exemplaryenhbgdipeeptrtion 7f3%RbuAlceardgtienthiscesdbadimenshtthemvimaiure power
inductor 800 compse i35t afe MACHEA RRNGRISDASH IO F8, i3 BARiA A ANInding 850

coupled to the at least one magnetic powder sheet 810, 820, 830, 840 in a sixth winding configuration
855. As seen in tREMRbETithEME ndaiNatire pEtImBuloRBob eBnities Wifst Magnetic powder
sheet 810 having tartawe raurtaceaild angtadadp pe iruttacel Sdhinasecdnktsugignatizoppwder sheet
820 having a lower SLH’f ce 822 qnd an upper . surface 8%1 a H;ird malgn(ﬁtic RO der sheet 830 having
a lower surface 83 lgtn(i11 an 88‘6 retselﬁrf%ge é%%n%m a fourt S’maeg %%Fc p(ljv}/ltsjte?% euét%ljo having a

lower surface 84 X&EheddRCObpErssNgaEec8ahgghrosuINtitientiBme dtherdnipi@arimagnetic

powder sheets caphigtnagoaticnevienskseiomansfashugd-Rpddhang Sung Incorporated in
Tncheon, Korea and sold under product number 20u-cff Flexible Magnetic Sheet, and have the same

characteristics as descrigesh Ry e, AliRenah s RMRALINEYAGRIGIS L fogangtic.powder sheets,

the number of magnetic sheets may be increased or reduced so as to increase or decrease the core
area without depdfifig toftid-sebe afar SpfifitorthdexBInpIar BisbdReR" Kb, Hithough this
embodiment depidtssaaragnétiespiwderihhegkanyHlgxibléastieet may be used that is capable of being
laminated, without departing from the scope and spirit of the exemplary embodiment. [0126] The
first magnetic powder sheet31QBana fHrstauiowa.802 anda seeanst cdteish 804 R@sitiened at adjacent
corners of the firstrrfr&l)aranetict p?Wder sh?.et 810. The first ma n%sic owﬂer sheﬁt 810 also includes a
first terminal 816 EXteY Hfheél Ot IS T GEBIRo8GY t8§/vg1%l§ a r%t hon-CUtdut céhiér¥os and coupled
to a longitudinal sitlesoétthe lowergindanev8i of thelfidstl mMagnetibpowdidr sheeni8burd he first
magnetic powder sheet;31Q Alsinrluges Angeand iminakiRiextgnding frankiiecsecond cutout

804 towards a second non-cutout corner 808 and coupled to an opposing Ionaitudjnal side of the lower

surface 812 of the rOEHTANEGE PBethder ensEigtn onsisl e hise sbb bt he terminals
extending the enti@dongitidinabside ofvilie dowenguifacendddhecfirst Fipagn&bicllustrates a

perspective view and an exploded view of the bottom side of the miniature power

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



WO 2010/014444PCT/US2009/051005 38 powder sheet, the terminals may extend only a portion of
the longitudinal side without departing from the scope and spirit of the exemplary embodiment. Also,
although the terminals are shown to extend on opposing longitudinal sides, the terminals may extend a
portion of the adjacent longitudinal sides without departing from the scope and spirit of the exemplary
embodiment. Thessigimials 816, 818 may be used to couple the miniateire/psrnerorithsctor 800 to an
electrical circuit, which may be on a printed circuit3oard (not shown), for example. [0127] The first
magnetic powder sheet 810 also includes a plurality of bottom winding layer portions 860 that are all
positioned to form a substantially circular pattern having an inner circumference 862 and an outer

circumference 864o],Redpluralihaf bg&eﬁecm@di{egwayﬁ{ewﬁp&}ﬁl&ﬁg sxiapddremdhgdnner
circumference 862 to the outer circumference 864 at a slight an%ne from the shortest path from the

inner circumferenfe g8 S IME O UEF O ArifBIERL A 868 PHE (HFNINGIEC g6 "s1E A tRe plurality of

bottom winding layéh portiongl86Categositioned in a non-contacting relationship to one another.
These plurality of bottom winding layer portions 860 are also located on the lower surface 812 of the
first magnetic powder sheets3 Wecordinf0b28] Eachy ointhia, Rhy ahiyihboitemn widding kyer portions 860
comprise two vias for cou I| each of the Iurallt of boft ding layer rtlons 860 to each of two
adjacent plurality o(?nt]gp w%?\dnl%s é))}lgrnﬁcﬁ?lo n870: W eeﬁ %ﬂ d\ggéhgg)d?ﬁ%e §I| bel ow 8 [0129] The
second magnetic lesﬁ@ébszﬂ@ﬁ@m@mmtmm@él}m%ér SHe&dB3dComprde the first cutout

802 and the secoa%@uf@%%r%ﬂl%rsso thg fiksh rnasm@msmﬁ&n sh@eﬁlﬁﬁau@nﬁbmlurality of vias
880 for coupling the Iurag of bottom |nd|n ortlo 860 q the Iu allt winding layer

portions 870 and A&'BRIFAR CSWéﬁ%m g %@? 5dr ‘8%% 5thasi aﬁl 88?%% winding layer
portions 860 and &Htimdfatheppermirfads MgSi@n@h@gﬂunamwkvmseBB@d@megpdndem position and

location to the Via&lﬁ@ﬂ@@ﬁbiQnman{[ﬁgépﬁgﬂ%i%ﬁ?‘é’fiﬁrd%ﬂ?g%egégowder sheet 830 having a

lower surface 832 and an upper surface 834, and a fourth magnetic powder sheet
840 having a lower surface 842 and an upper surface 844. As previously
mentioned, the exemplary magnetic powder sheets can be magnetic powder sheets
manufactured by Chang Sung Incorporated in Incheon, Korea and sold under
product number 20u-eff Flexible Magnetic Sheet, and have the same characteristics
as described above. Although this embodiment depicts four magnetic powder
sheets, the number of magnetic sheets may be increased or reduced so as to
increase or decrease the core arca without departing from the scope and spirit of
the exemplary embodiment. Also, although this embodiment depicts a magnetic
powder sheet, any flexible sheet may be used that is capable of being laminated,

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

[0126] The first magnetic powder sheet 810 has a first cutout 802 and a
second cutout 804 positioned at adjacent corners of the first magnetic powder sheet
810. The first magnetic powder sheet 810 also includes a first terminal 816
extending from the first cutout 802 towards a first non-cutout corner 806 and
coupled to a longitudinal side of the lower surface 812 of the first magnetic powder
sheet 810. The first magnetic powder sheet 810 also includes a second terminal
818 extending from the second cutout 804 towards a second non-cutout corner 808
and coupled to an opposing longitudinal side of the lower surface 812 of the first
magnetic powder sheet 8§10. Although this embodiment depicts the terminals

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



WO 2010/014444PCT/US2009/051005 39 [0130] The fourth magnetic powder sheet 840 also
includes the first cutout 802 and the second cutout 804, similar to the other magnetic powder sheets
810, 820, 830, and a plurality of top winding layer portions 870 that are all positioned to form a
substantially circular pattern having an inner circumference 866 and an outer circumference 868. The
plurality of top wiodingdamer portions 870 extend from the inner circumfereace $66/iBiilee outer
circumference 868 according to the shortest path ff®om the inner circumference 866 to the outer
circumference 868. The plurality of top winding layer portions 870 are positioned in a hon-contacting
relationship to one another, These plurality of top winding layer portions 870 are also located on the

upper surface 844, gf 4be dRurthhhaghatitsnawdelshiesti§40 e fibst mutonli@aRangythe second

cutout 804 of each of the magnetic powder sheets 810, 0%20’ 830, 840 are metallized to facilitate an

electrical connectiSHBE 2 BREUR 118 HitRaRRS SPISh WIRAIRG TREY SBRASHE?D MtCa respective

terminal 816, 818althougd) 134 eAthaisgir¢hbiuralitykehtopnwipeingd dyegipdridnsgd8y,Xtlare positioned in
substantially the sam, drseion @siheslialiBmlptamayemndingRomiansgeuipere is a small

angle formed between their directions so that they may be({)roperl connected to one another. Itis
possible that the Gi98htaRie oI EPHIPAIY SFBBHINAING I pbRGSS 8705t thé! Blurality of
bottom layer portigiag B6Qsataty heueyetisenitatahg htlyaliedactovidooud depastinigairoirtithe scope and

comprise two vies I CALRIRe I HLFATE) O R Y SONVERL 370 (o he pluraly of botiom
portions 870, the piurali) o bolor A oy SRS 448 AR L e UL 16, 18 may be.
formed by any of tee¢amethodisgdiegeribat @b, thiete rlthmemnbditisfomt hnitetktoiaBystamped copper
foil, an etched coppefIfafaAl RRIEICHMEH SO R LRL0BE44F4R CIILSLRAHMAREO0S

864. The plurality of bottom winding layer portions 860 extend from the inner

circumference 862 to the outer circumference 864 at a slight angle from the

shortest path from the inner circumference 862 to the outer circumference 864.

The terminals 816, 818 and the plurality of bottom winding layer portions 860 are

positioned in a non-contacting relationship to one another. These plurality of

bottom winding layer portions 860 are also located on the lower surface 812 of the

first magnetic powder sheet 810.

[0128] Each of the plurality of bottom winding layer portions 860 comprise
two vias for coupling ecach of the plurality of bottom winding layer portions 860 to
cach of two adjacent plurality of top winding layer portions 870, which is

described in detail below.

[0129] The second magnetic powder sheet 820 and the third magnetic
powder sheet 830 comprise the first cutout 802 and the second cutout 804, similar
to the first magnetic powder sheet 810, and a plurality of vias 880 for coupling the
plurality of bottom winding layer portions 860 to the plurality of top winding layer
portions 870 and the plurality of top winding layer portions 870 to the plurality of
bottom winding layer portions 860 and each of the terminals 816, 818. The
plurality of vias 880 correspond in position and location to the vias formed in the

first magnetic powder sheet 810.



40 [0134] Upon forming the first magnetic powder sheet 810 and the fourth magnetic powder
sheet 840, the second magnetic sheet 820 and the third magnetic sheet 830 are placed between the
first magnetic powder sheet 810 and the fourth magnetic powder sheet 840. The magnetic powder
sheets 810, 820, 830, 840 are then pressed together with high pressure, for example, hydraulic
pressure, and lgoinatadsagether to form the miniature power inductor 80g:-Adtndfressleets 810, 820,
830, 840 have been pressed together, the plurality®f vias 880 are formed, in accordance to the
description provided for Figures lie. Additionally, a coating or epoxy (not shown) may be applied as an
insulator layer to the upper surface 844 of the fourth magnetic powder sheet 840. According to this

embodiment, the physicwlgmgtw&@mtﬁagn\eﬁeqmd@ml&@egmrﬁsmm& ivpicRllydeund in
conventional inductars, |s removed. The elimination of this ghysical gap tends to minimize the audible

noise from the vibtatiAIPEHERANTHGUT S04 o TR HRANG RIofR G AR5 16 ARY ST WiHding configuration
855 having a vertk2Ally ¥riendeh borbtanrd a8 5vindng; &ptrquididysdtTénbetacorl mreacdsdtol he sixth
winding configurafign 859, SIaHS. At Becist ﬁg{ﬂg}i{]ﬁm&g,aﬁh%&rgﬁaﬁéﬁw%feﬂ?@ glurality of top

winding layer portion 870 throughthe metallized first cutout 802, then proceeds alternating through
each of the pluralRy!'ef BB RIFIRG: 1ayeF pBrEERNCE6W aritdine iBrsFaIry Bt dpdfreRdg portions 870
through the pluralitgrofiviasn880indnitilfthe cirkidas pattenrisicompleted sdonedditpeplteality of top
winding layer portign 70, 'J['hh<fa SIX Iﬂvv.indin conffi urati D5 lIlhen roceed§ to thesecond terminal
15 themuon the i e R oted I tho
vertically orientedTdsralpdity 86 omain P St THOA RS LTS PBrpenBieettactBEhe direction of
grain orientation agedbherepyoashiensiadonridniueiance Gp hamaongticpieidingyohecreated in a
direction that is parallel to the di ection of grain 4r'er}1?ﬁiop a']? there Y achieve a hig er inductance
01{rt magne 1e Opo'&/éar shee

. also located on upper _suriace a .
dependlng upon wnic (ﬁrectcl’on epr%agne IC powder sheet Is extru |t|onatlly, he magnetic

field created in thdleirbitiagly ovietiedrsbiiee arcond39tonay Meof resatedf itha migsetiomenaris perpendicular

to the direction of grajn erignissiogsandiherebyaahigyed WRLINJHCIRBER AT dhsdaagnetic field may
be created in a direction that is parallel to the direction of grain W

/O :
2010/014444PCTIEESB08NOS1 085 1 EHE b ih MR A PEBy REHEVE S gHeF G nce depending

upon which directiomting $nagii€tic powder sheet is extruded. Although the pattern is shown to be
circular or toroidal, the pattern may be any geometric shape, including but not limited to rectangular,

without departing from tjya sgopEhaneh Pkt it Rye ety an RIABodae Rbrtions [82864rd he miniature
power inductor 800 is.depicted as square shape. However, other geometrical shapes, including but not
it (o rectanglii He 5 S Al Sh g, SRSy 1 o0 VIR B0 (38 the scope and
spirit of the exemplaxdirempdidim 8ol thisoisaltmerlpnghi Sosmrgdduiveant thelpibitsctivanty ted winding layer
portions and ninetggnRRtIMMRHNG IRYaE PR IR0 endhRNUMPRELvieMand dattamHwiading layer
portions may incre? e o d?.cre se deﬁgndi g upon.aﬁ) giicatio %Elg% irements, so long as that there is
one more top wind r%e|8[Vé?- PSRN & RARE 55 Z&é?fg BN RhSUHE RS from the scope
and spirit of the erernpiagbempotiimentsidditiosially: althbughataiveanting Wimdithg ssogepicted in this

embodiment, morg, hatPheiHiR MgkbeHblagckyyithout departing from the scope and spirit of the
exemplary embodiment.

[0132] Each of the plurality of top winding layer portions 870 comprise
two vias for coupling the plurality of top winding layer portions 870 to the
plurality of bottom winding layer portions 860 and to the terminals 816, 818.

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

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



[0137] Referring to Figures 9a-9d, several views of a ninth illustrative embodiment of a magnetic
component or device 900 are shown. Figure 9a illustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a one turn winding in a seventh winding
configuration, at least one magnetic powder sheet, and a horizontally oriented core area in accordance
with an exemplay smbegdunent. Figure 9b illustrates a perspective view afdhedapsgisieoaf the miniature
power inductor as depicted in Figure 9a during an4fitermediate manufacturing step in accordance with
an exemplary embodiment. Figure 9e illustrates a perspective view of the bottom side of the miniature
power inductor as depicted in Figure 9a in accordance with an exemplary embodiment. Figure 9d

illustrates a perspectivegiew efjhie eavetmwinding.craflopsatensatdhe minaturerpawer inductor as
depicted in Figure 9a, Figure b,éggd Figure 9e in accordance with an exempliry embodiment. WO
HosdP40: thy

2010/014444PCTRIESH69, TSR NEEBREG 1Bt b O ER I R Winiature power
inductor 900 comprise8 ¥ deapkoriebatagnetic owdegstiecp Gl Rt 930 28d charfcughvinding 950

coupled to the at |sast.ane magnaficinawdsy,sheeh 440, 820r %40 IR A Seyentiywipding

configuration 955. As seen in this embodiment, the miniature power inductor 900 comprises a first
magnetic powder ‘ERBA L HABFHG A Tt LU AESERS1 308 fefaaiP ip BEretita B U 1HE: %k cond magnetic
powder sheet 92Qdnawing &ol@vier BuUbiacehOdznand apoupprd stotest® 9R4cathbistbenagoetic powder
sheet 930 having g lo Y f%ce 2 and an upper s%facle 34 §nd afqurth ma etic powder sheet
940 having a Iowe?r2 J%’ur a’cg 9{3542a Ya?r?) %‘_h?ﬁ%é%gr so_%%a%ré 9?121]]%%% %x‘gﬁ%pﬁfgf gm%rg%?rhlélnt, each
magnetic powder &KeEeeeDER FrERBNE Povidkt i dégyicaafaciisaBihehany SLAY Incorporated
in Incheon, Korea:aad; $dd suo6ley REQhdchpLich ek Mdnefrleydble MagneticughestsAigo, these
magnetic powder sheets have grains which are dominantly oriented in a particular direction. Thus, a
higher inductancetﬁrﬁgo)}%lé%a rfgt\llc Vv\geerr?ckl %%gg% %Q%g&? cl’st%cl?ga %ﬁlﬁ%ﬁ{é%ﬂg}l |S(1)Cr‘?f)f the dominant
grain orientation. gdthbtighethiBcewibddimedttie pices fdurhmagmetidy dwdénsisestsyttheehumber of

magnetic sheets maychﬁs!ngli%%egdorﬂf‘ed&ﬁﬁﬂasfa@gft@nmﬁajﬁ@ﬁ prferisastifmeer@area without
departing from the scope and _spirit of the.exemEIary embodiment. Also, although this embodiment

depicts a magnet®HOwASHEHRE 5y Haimie e st IS be used that is capable of being laminated,

without departing from the scope and spirit of the exemplary embodiment. [0139] The first
magnetic powder sheet [§1dhikerindrdaessalriame miinal oindiag eraleesing rnfinan928 coupled to

opposing longitudvealeiges etdhedewes surface Sdizabihefitstanagoatic peydetcshast 910. These
' Eﬁtor 900 to an electrical circuit,

terminals 916, 918 may be uysed to ¢ le the miniatu ower
i ey b on & R e R e A e o o 018 miso
comprises a via 90,1982l fordoaplirigding teypipeiitog 160gh®uehothe tewibredwirdiowioistyers, which will

be further discussgg bglovw,rihedviarI8Rin2&hrarercondustive Ganagsteisummeh virgged from the
terminals 916, 918 on the owe%%urface 91%0 the upper surface 914 of%%‘ fliﬁ{gt magiﬁetic powder
a

sheet 910. The vide Th&) BE oMLY BFRIRHEATHIE BPsIOPErR SR R oWder sheets WO
2010/014444PCTpuS260087 053 08 uhBl the circular pattern is completed at one of the plurality of

top winding layer portion 870. The sixth winding configuration 855 then proceeds
to the second terminal 818 through the metallized second cutout 804. In this
embodiment, the magnetic field created in the vertically oriented core area 857
may be created in a direction that is perpendicular to the direction of grain
orientation and thereby achieve a lower inductance or the magnetic field may be
created in a direction that is parallel to the direction of grain orientation and
thereby achieve a higher inductance depending upon which direction the magnetic
powder sheet is extruded. Additionally, the magnetic field created in the circularly
oriented core arca 859 may be created in a direction that is perpendicular to the
direction of grain orientation and thereby achieve a lower inductance or the

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



and plating the inner circumference of the drilled hole or slot with conductive material. Alternatively, a
conductive pin may be placed into the drilled holes to establish the conductive connections in the vias.
Although the vias are shown to be rectangular in shape, the v-ias may be a different geometric shape,
for example, circular, without departing from the scope and spirit of the exemplary embodiment. Tn this
embodiment, aworiigno@idhe inductor is formed and pressed before drilling ihesxasesiée remaining
portion of the inductor is formed andlor pressed sufdsequent to forming the vias. Although the vias are
shown to be formed at an intermediate manufacturing step, the vias may be formed upon complete
formation of the inductor without departing from the scope and spirit of the exemplary embodiment.

Although the termingals.a58 shawndbe Lauried taiorRoiRgIangitydinalisddgenthenterminals may be
coupled at alternatjve I,ocrigions on the lower surface of the first ma'%netic ?ow,der sheet without

departing from th&' 5688 BR &8I PN BRBRTbIART B Bb B NP UL BGRRYER terminal is
shown to have onle: iagaditicrraldaiashmgatéye forymledairy eachafithbderminalBngithoudbdeparting from

the scope and spigih,pf e EXERIRIAY AHRPAIRAGHE, from MA14Q),T AELSEEANE MAGRETG.RPWder sheet

920 has a winding layer 925 coupled to the upper Surface 924 of the second magnetic powder sheet
920. The winding qg&?@?’@?@tis formed substantially across the center of the upper surface 924 of the
second magnetic powder sheet 920 and extends from one edge to an opposing edge of the second
magnetic powder sheet [92801THe windkhigclayreren 28dapser i Wrientstinted kngfltatindladirection such that

Whean th? first mam%l&e&pwm%f %@@rﬁ&t%ﬁui%ﬁﬁé!@'ﬁ%l&ir@e HRacpsd 1m§¢ngHcr?awg@ra§|heet 920, the )
winding layer 925 is positioned substantially perpendicular to the orienjation of terminals 916, 918. The
ot A R,

winding layer 92516ri% e ﬁ‘u%tbﬁ?ags Ys’Cotipfel to e Wit T6" "6 £ 8lYh the vias 980,
981. Although onepwinhdinthorcdeturhis shbwinienbe éduplelthtoighalse corgdmagnetipipowder sheet in

this embodiment, thefe maw haimaredhamene windingeunisH (iths serRPFmaaNetic powder sheet,

either in parallel or in Series, depen |n? upon the application and the requirements without departing

from the scope afd"8BiFitdr iR ExbRian BndBgiMEr:. PPHL R AMSHAFvtiAGITRSESBe coupled in
series or in paralldkpndidifyong:ppacdias ang ifeenc O sa A2 0¢0kAA4ARET Ad S200MBSRH05 44 terminals

a:i:]r;:cllocvi"riLﬁ“g;i%r%ﬁfntg BIELIRINGIS BOYSALHANRS! AV OLMOVING NE RS He substrate or
P the scope and spirit of the exemplary embodiment. Additionally, although a one

turn winding is depicted in this embodiment, more than one turn may be utilized

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

[0137] Referring to Figures 9a-9d, several views of a ninth illustrative
embodiment of a magnetic component or device 900 are shown. Figure 9a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a one turn winding in a seventh winding configuration, at
least one magnetic powder sheet, and a horizontally oriented core area in
accordance with an exemplary embodiment. Figure 9b illustrates a perspective
view of the top side of the miniature power inductor as depicted in Figure 9a
during an intermediate manufacturing step in accordance with an exemplary
embodiment. Figure 9c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 9a in accordance with an
exemplary embodiment. Figure 9d illustrates a perspective view of the seventh
winding configuration of the miniature power inductor as depicted in Figure 9a,

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



[0141] The winding layer 925 is formed from a conductive copper layer which is coupled to the second
magnetic powder sheet 920. This conductive copper layer may include, but is not limited to, a stamped
copper foil, an etched copper trace, or a preformed coil without departing from the scope and spirit of
the exemplary embodiment. The etched copper trace may be formed, but is not limited to,
photolithographydeshmiaues or by laser etching techniques. As shown in platsesnlogokment, the winding
layer is a rectangular-shaped linear pattern. Howe##r, other patterns may be used to form the winding
without departing from the scope and spirit of the exemplary embodiment. Although copper is used as
the conductive material, other conductive materials may be used without departing from the scope and
spirit of the exemplary embgflimentsAdditianalivpiienisriminals9ha, 93 wamalsePedormed using a
stamped copper foil, an etched copper trace, or by any other suitable method. . [0142] The third
magnetic powder SEEPE308, SELTHHGS SHisPeMERd ditRent. tnds el lued #tangafitstion 936 on the

lower surface 93ahdaificst ©xtiractiden@380migectip pewdorfaoet 334, sR2hO#tird4hagretic powder
sheet 930, wherela,fefishiseatatan:ARA 39 e ishexarian:amhexcnd supsiantaly along the

center of the third magnetic Powder sheet 930 and from one edge to an opposing edge. The first
indentation 936 aREMHe Tt @A GOMRYSE drdstidneaatin R rishikes deh tRSPH AN e third magnetic
powder sheet 93CusfaeuEdntbahepsecainfidanaghaticpaaesshiegio9d0; the:fwso indantation 936 and
the first extraction 833 extepd i ame direction. a tLpe in ing layer 925. The firstindentation 936
o doeigned 1o o L R ahoct 040
according to this SAYBBdiMeNe nidfRitcideasatoiithdeintatici 9 46bni teertweteseatiface 942 and a

second extraction,8¢8.enH&e onpeishifaced4efihedtousthy magpeticpewedenshagt940, wherein the
second indentation 946l and the fecond extraction 948 ixte(rﬂ'd substantiall al%rcﬂéh%egenter of the

fourth magnetic p%’\‘/\elglgra%gg]tbﬁ 1618%@ 5&6?6&1?( Pifa) ﬁﬁﬁfgﬁ 0d/ #rom one edge to
an opposing edgehTtasedaridriddonition D46 aorparsisd cohtloomaktion 9uBselkuodented in a

manner such thatyyaen thedourionagpelitRoVSsL s 8at40nR SanRledhighe thikdumagnetic powder
sheet 930, the second indentation 946 and the second extraction 948 extend in the same direction as

the first indentatiofl 56" ArcETAE TP EktradiBrres, TR ELDAAMEBRIAE, 6 i'¢edigned to
encapsulate the firgthex thatttoom@38aA lblecandie thds el abemerndiépittddars indendatrothand an

extraction in the third.and ipurth magnslc RAVer SheetsAlne ipdsRaling A sxiraglion formed in these

sheets may be omitted without departing from the scope and spirit of the exemplary embodiment.
[0144] Upon formfﬁ@rtﬁégﬂﬁéﬂﬂ%ﬁgﬁétﬁeeﬁ&mﬁérngn@@f e D%nE thehedeaHY RidgristRobBivder sheet 920,
the first magnetic reowelessheab IlGand dhdsecsnthmagoaiicapoitdat sheeig2@anetpressed together
with high pressure, for exampl draulic pressure, and Jaminateq, together to form a first portion 990
of the miature pY ORS00 At haoet S Eat paie it IFL (A, O e oeo,
981 are formed, iHREEOPIANEEHS PR 6 sBeRstivly Frothbicthesh 81, in pricabiTspRtiPlg he vias, other
terminations, including hutinetdimitedplatpgiapdietehing bt leastprpatian ktheside faces of the
first portion of the anigturetpower inductor 900, may be made between the two sheets 910, 920
without departing from %ngnsbope and spirit of the exemplary embodiment. The third magnetic powder
sheet 930 and the fourth maé;netic powder sheet 940 may also be pressed together to form a second

portion 992 of the miniat3téPIReiHuTREBreDaoTHE Mstiatd bedRe5ib 858! of the miniature
power inductor 900 éraay ilvecohé tpiesaedlogeifled to Jppmithdcginpiate ddgunditisd gawer inductor

900. According t%ﬁ?&?@h‘&o&"EH?ﬁ%s#%%@@%%i%‘v'vgégsﬁ’%e‘@(gﬁ“I_tfl‘e%e"‘(é%%iﬁasaél 1BFyGRLE. which is

typically found in conventional inductors; is removed. mination of this physical gap tends to
minimize the audiPfe'¥6is Pupicthie MBatiGhroMeeiHstIRgO0 to an electrical circuit, which

may be on a printed circuit board (not shown), for example. Each of the terminals
916, 918 also comprises a via 980, 981 for coupling the terminals 916, 918 to one
or more winding layers, which will be further discussed below. The vias 980, 981
are conductive connectors which proceed from the terminals 916, 918 on the lower
surface 912 to the upper surface 914 of the first magnetic powder sheet 910. The

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



[0145] Although there are no magnetic sheets shown between the first and second magnetic powder
sheets, magnetic sheets may positioned between the first and second magnetic powder sheets so
long as there remains an electrical connection between the terminals of the first and second magnetic
powder sheets WO 2010/014444PCT/US2009/051005 46 without departing from the scope and spirit
of the exemplaryemhadingnt. Additionally, although two magnetic powdetshaessasgosiown to be
positioned above the winding layer 925, greater or#ewer sheets may be used to increase or decrease
the core area without departing from the scope and spirit of the exemplary embodiment. [0146] In
this embodiment, the magnetic field may be created in a direction that is perpendicular to the direction

of grain orientatioghanfl.thereRy iachieve miQWrtdnAustanse.arihe ragneliadieldanawbe created in a
direction that is parallel to the direction of grain orientation arFlei thereby achieve %ligher inductance

depending upon WHIEH ZirdUIRSRHNE ¥ AGOBARHEWRIB ERe R Rasstritiade diligh iR erring to
Figures 10a-10d, seabkdishl thiewsdof évtertimiitistraitivibcenabodithewghoha yagretiowomponent or device

1000 are shown. Figure 10alystiates a perapeeive Yiew.and-ansxpladed view,affhe top side of a

miniature power inductor having a two turn winding in an eighth winding configuration, at least one
magnetic powder SFHEEY: 3G HSAIEHENT) B RSB Cte SRS T TaRIAeeSWRe EPeB)Remplary
embodiment. Figunethi©bnilhagthadies appaiapetiicandemooistheriop sideredsticafvrsattiiéenpower inductor
as depicted in Figtlﬂre 10a d"ﬁilngr n intgrmegtiate an fac ur'nlg step in accordance with an exemplary
embodiment. Figurg 1V(1)a(§'iIIustreate%ngl%e%ngc}[?\?e c\r)/?ewgoﬁﬁglgot%sér%g g?l(fea oa?lf{]%rnﬁ)fnlsg%ére power

inductor as depict8@seilvEefurefeaitE Becordarddovigh Bis slesrsslakyanid baiferd Bigiire 10d

illustrates a perspesivRdliennahife eightRivinding.confiow aliet o 1br diialdRRAGEs inductor as
depicted in Flgureof’LQ}?e, ﬁllgltlﬂe 10? and Fl%ﬁlile 11%9(: in accordance with an. exem Iar}{ embodiment.

[0148] The miniature powercitﬁalfvtzl 8?%0(&5’ n?nmlf%beuﬁce%pi(f‘él- 16d IIISOSImI ar 1o the miniature power

inductor 900 showmbadtigantes 9bodzbxteptamainatisamintsene tpobverdnpladtde XOOGEMbodies a two

turn embodiment.Ragificallyadbe fikstderminahdl 6. okthe MiRialEm RNV IRISeR IR0 has been
divided into two distinct terminals, thus forming a first terminal 1016 and a third terminal 1018.

Additionally, the sQ8ShITLHRINEPS 18 bPHRTHINSIIE Pidel thavdorasers AR daeicaRided into two
distinct terminals,aituspiorefityg axsepding ¢etdnabdtOAB@rdthough each terminal is shown to

have one via, additional vias may be formed in each of the terminals without

departing from the scope and spirit of the exemplary embodiment.

[0140] The second magnetic powder sheet 920 has a winding layer 925
coupled to the upper surface 924 of the second magnetic powder sheet 920. The
winding layer 925 is formed substantially across the center of the upper surface
924 of the second magnetic powder sheet 920 and extends from one edge to an
opposing edge of the second magnetic powder sheet 920. The winding layer 925
also is oriented in a longitudinal direction such that when the first magnetic powder
sheet 910 is coupled to the second magnetic powder sheet 920, the winding layer
925 is positioned substantially perpendicular to the orientation of terminals 916,
918. The winding layer 925 forms the winding 950 and is coupled to the terminal
916, 918 through the vias 980, 981. Although one winding or 1-turn is shown to
be coupled to the second magnetic powder sheet in this embodiment, there may be
more than one winding coupled to the second magnetic powder sheet, either in
parallel or in series, depending upon the application and the requirements without
departing from the scope and spirit of the exemplary embodiment. The additional

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



WO 2010/014444PCT/US2009/051005 47 a fourth terminal 1019. Further, the winding layer 925 of the
miniature power inductor 900 has been divided into two distinct winding layers, a first winding layer
1025 and a second winding layer 1027. The first winding layer 1025 is coupled to the first terminal
1016 and the second terminal 1017. The second winding layer 1027 is coupled to the third terminal
1018 and the faupthoieoningl 1019. This process may be performed by etelingshedfirgbéerminal 916,
the second terminal 918, and the winding layer 92%tof the miniature power inductor 900 through the
middle of each. Also, a plurality of vias 1080, 1081, 1082, 1083 are now formed through each of the
first terminal 1016, the second terminal 1017, the third terminal 1018, and the fourth terminal 1019,

which results in tweniaafer @agtwel thewinding B¥ehSgnctic [RAARE Themansfaciwing.of the miniature
power inductor 1000 will have most, if not all, gf the flexibjlities of the miniature power inductor 900, as

illustrated and de &H5ES MRS ELBEAISE BIRIFES BRI %50, instead of utilizing the vias, a different

method may be used to couple the windings to the terminals, including, but not limited to, metallizing
the corresponding porticﬁPi%“éEt e riedisadry et tRe inifararefioohe canaucitse sounr layer0150] Referring
to Figures 1 la-11@hzaverabipess®ftian Lioventhilustrativeenshedinrent ohis dwagnatie component or
device 1100 are shown, Figurs la, llustrates, a petspeciive vigw,and an exnloged viewof the top side
of a miniature poweprplndlu% ornhgvmg a three turn winding'in a Hinth wnln)alng cdnﬂguraeﬂon, at least one
magnetic powder steet ragkd o horiomadyolierbout depertive drimabe oot withth thxemplary

embodiment Figuggedn aiUstiri@manperapeciive dsyuatdhadapssideidhaminiatuggower inductor as

depicted in Figure 1 la during an intermediate manufacturing step in accordance with an exemplary
embodiment, biodfe HTISHATEE PRISbSaE e SFIEL IO Ghie by e A e power
inductor as depicteubiifigusehsavimdiog dagdeamice: witheeguexehapddrimem lpedeme ntloRignere 1 1d illustrates
a perspective VieWtfPthE‘Qt&iﬁkt%M%i‘[lge&%‘M@ﬁ@@zﬁﬁﬁ?mﬁﬂ@%ﬁ&%@%&dﬁ{g%ﬁé depicted in

|

Figure 11a, Figure 11b, and Figure 11 c in accordance with an exemplary embodiment. WO
2010/01 4444PCT%932@6§/B%1 §xemplary embodiment.  Although copper”is used as the

conductive material, other conductive materials may be used without departing
from the scope and spirit of the exemplary embodiment. Additionally, the
terminals 916, 918 may also be formed using a stamped copper foil, an etched

copper trace, or by any other suitable method.

[0142] The third magnetic powder sheet 930, according to this
embodiment, may include a first indentation 936 on the lower surface 932 and a
first extraction 938 on the upper surface 934 of the third magnetic powder sheet
930, wherein the first indentation 936 and the first extraction 938 extend
substantially along the center of the third magnetic powder sheet 930 and from one
edge to an opposing edge. The first indentation 936 and the first extraction 938 are
oriented in a manner such that when the third magnetic powder sheet 930 is
coupled to the second magnetic powder sheet 920, the first indentation 936 and the
first extraction 938 extend in the same direction as the winding layer 925. The first

indentation 936 is designed to encapsulate the winding layer 925.

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

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



48 [0151] The miniature power inductor 1100 shown in Figures lla-lld is similar to the miniature
power inductor 900 shown in Figures 9a-9d except that this miniature power inductor 1100 embodies a
three turn embodiment. Specifically, the first terminal 916 of the miniature power inductor 900 has
been divided into three distinct terminals, thus forming a first terminal 1116, a third terminal 1118, and
a fifth terminal #Wd dn1deditionally, the second terminal 918 of the miniaturecrawsisndueior 900 has
been divided into three distinct terminals, thus forming a second terminal 1117, a fourth terminal 1119,
and a sixth terminal 1113. Further, the winding layer 925 of the miniature power inductor 900 has been
divided into three distinct winding layers, a first winding layer 1125, a second winding layer 1127, and

a third winding laygynd $29 cddaaditst WiRding dayer sl spupighhinihafiniderminght116 and the
second terminal 1117. The second winding layer 1127 i@ﬁcoupled to the third terminal 1118 and the

fourth terminal 11T 7% hiFF A IAY &8 e ebtipied'sd e @AsNRA AMCand the sixth
terminal 1113. ThisgetoéEssmenupedpérfohmebindy mighing thewfikst tbemirtdD9 1bs theeselcond terminal

918, and the winding,|aysh 935 alihe RiNAlwe-RAWELIRAUCHE APR thioudh inig, fhyeg substantially
equal portions. Also, a plurality of vias 1180, 1181, 1182, 1183, 1184, 1185 are now formed through

each of the first tfffirRd TN o Bddhel tEthiHEclen 23 the thirePteRhindraie, M8 fourth terminal
1119, the fifth terninghdditblnandiilae sixthirtecriinalchOB3, whichige sulisrbddimatasefidcteach of the
winding layers. 0152] The manufacturing.of the, miniature ppwer inductor 1100 will have most, if
ot allof the e T it respoct
to Figures 9a-9d. thfs&dpsedan oF whfiigthiownsas, @ ditstericrtiethny PRagrbicdsedhertouple the
windings to the tegapinals; fReudiNgopiidaahlimieadexspializingdieearresponding portions of the
face ends of th_e miniature power inductor 1100. Additionally, although a_three turn embodiment is B
illustrated herein, greatgb}la@ﬁ}%gq&ﬁq mavkhe M%HQQ y&t‘p&)&tsq%aﬁmgp[{qﬁg th&,sgope and spirit
of the exemplary embodiment, WO 2010/014444PCT/US2009/051005 49 illustrates a perspective
view and an explC8EASHeReSIHSheY e BE AimagiraoRRYErTdeTS haUhgsses@urn clip winding
ina t(_enth windingxmyf!ﬁgumt\imer alidetagsttoae pmgabtdxg_@hmdemshgle@rmdra Iﬁm'r'm«aniguy or_iented core
areain accordan%wmi@%%g%@ap'm %@A&%ﬂéﬁ”% Lfdovgenkap Q'?ﬁ&[i&%ﬁi&p%épﬁcﬂ}’e‘e view of the top
p uctor as de

side of thc miniature power induc picted in Figure 12a durln% n intermediate manufacturing
step in accordanc@iNta el etbodifienberiytile P22 inistrete o5sput éprséiRie view of the
bottom side of thetnniatoge, pewat inGuelinscepiateddmhkigisteifida aeerdesnce with an
exemplary embodiment.. Figure 12d illustrates a perspective view of the tenth winding configuration of
the miniature pom})en?%?lalfjg or a Saféfea{?ﬁr ?gﬁ%aﬁﬁ%;s,’ @%(;/31 %Bt Igjnﬁfrlglltgeg g s f%“gccordance with
an exemplary embisbiirgenitat leas{@usaiigncebtetiridtofthis et it eattigheohilviatimetpower inductor

1200 comprises aﬁd@@lsti&{i@tmmgtiﬁapowdﬁaémeme%mhé%%@l, $R3Q, 1A aNd anginding 1250,
which may be in the form of a clip, coupled to the %{ I?gast one magn%i’c&%%derﬁheet 210, 1220,
1230, 1240 in a tENARSARG BiriaPSaRH TDEE, A Mo &K TRPIATS SMISHMRENt, the Witiature power
inductor 1200 compgses adirdtmbgn81i¢ pdvideiostieetagfdt® hawihy sidondidd sunfad® 212 and an
upper surface (nof,shAW)hSEEIBETIRANGHG ARRISs Shas! 1220 haYine.AilRweassgace (not shown)

and an upper surface 1224, a third ma .netic§)owder sheet 1230 having a lower surface 1232 and an
upper surface 1234dHe 410 S 2GHEEC W Er Tnibe B R IFRMG AN stfaRaY1242 and an
upper surface 124#enl mamressempi@m@n&bcﬁdinmem,@aqfnemgﬁeﬂémmpﬁ&ﬁ shaéet@apobe a magnetic
D e o i crACIHEr) B e RS AL FRrORIFIEY nlnehenn, iarea. adheglfunder product

number 20u-eff Flexible Magnetic Sheet. Also, these magnetic powder sheets have grains which are
dominantly orient®dih & perselivaieendeiry Higsa binyriesintisatarce theebeiareeéd when the
magnetic field is creaipgsioahgliraction afiteicominangeandiorieatation vAMRMab tihis embodiment
depicts four magne.tigﬁgowder sheets, the number of magnetic sheets may be increased or reduced so
as to increase or detredse the core area without departing from the scope and spirit of the exemplary

embodiment. Also, although this embodiment depicts a magnetic powder sheet, any flexible sheet may
be used that is capable 45] Although there are no magnetic sheets shown between the first and

second magnetic powder sheets, magnetic sheets may positioned between the first
and second magnetic powder sheets so long as there remains an electrical

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



WO 2010/014444PCT/US2009/051005 50 being laminated, without departing from the scope and
spirit of the exemplary embodiment. [0155] The third magnetic powder sheet 1230, according to
this embodiment, may include a first indentation 1236 on the lower surface 1232 and a first extraction
1238 on the upper surface 1234 of the third magnetic powder sheet 1230, wherein thc first indentation
1236 and the fisgbexitaciion 1238 extend substantially along the center obtheuthiig/magsetic powder
sheet 1230 and from one edge to an opposing edde. The first indentation 1236 and thc first extraction
1238 are oriented in a manner such that when the third magnetic powder sheet 1230 is coupled to the
second magnetic powder sheet 1220, the first indentation 1236 and the first extraction 1238 extend in

the same directioa,ﬁ%g@ed@%mw #8m0mEhecbigst QQegyggo&lgg@;&ggﬁgn@gggdgﬁ&gpsuIate the
winding 1250. [0156] The fourth magnetic powder sheet 1240, according to this embodiment, may

include a second HHEYIAHGN 19088 b THRAT SRR 1959 AT 8 98T RaPERPsE8% 248 on the
upper surface 1244ost tihe foudingriagn&ic, powaeoshertr 12485 whgiginitbe tseoorasénatentation 1246

and the second eylragtion,1248 extendsubsiantialyalong the,centerafibesfourta magnetic powder

sheet 1240 and from one edge to an opposing edge. The second indentation 1246 and the second
extraction 1248 af&"BYHMEE in a manner such that when the fourth magnetic powder sheet 1240 is
coupled to the third magnetic powder sheet 1230, the second indentation 1246 and the second
extraction 1248 extend i ttd sathie elireetionrashhafignetindiektariorPd oBatehid dregdeextraction 1238.

The second indentation pegitfdrdesianad remearIulaln thefirstaxirrctivrd 3giAlthpugh this
embodiment depi?ts an indentation and an ex%alction iE the third angd fourth ma neti%e[iowder sheets,

the indentation or SXtalfldHYEI e FIRESE SHES DAY BEBhiRad WitHoU HEPAIAY trom the scope
and spirit of the exethplaneemibadiment. orientpidd And pberdar naithés theafihsgrragretiewewder sheet
1210 and the secqnelmagnelc PRUFEFERERIHAANAR oSl mannelcRauear sheet 1210 and the

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

[0147] Referring to Figures 10a-10d, several views of a tenth illustrative
embodiment of a magnetic component or device 1000 are shown. Figure 10a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a two turn winding in an eighth winding configuration, at
least one magnetic powder sheet, and a horizontally oriented core area in
accordance with an exemplary embodiment. Figure 10b illustrates a perspective
view of the top side of the miniature power inductor as depicted in Figure 10a
during an intermediate manufacturing step in accordance with an exemplary
embodiment. Figure 10c¢ illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 10a in accordance with an
exemplary embodiment. Figure 10d illustrates a perspective view of the eighth
winding configuration of the miniature power inductor as depicted in Figure 10a,

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

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

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



WO 2010/014444PCT/US2009/051005 51 hydraulic pressure, and laminated together to form a first
portion 1290 of the miniature power inductor 1200. Also, the third magnetic powder sheet 1230 and
the fourth magnetic powder sheet 1240 may also be pressed together to form a second portion 1292
of the miniature power inductor 1200. According to this embodiment, the clip 1250 is placed on the
upper surface k340@d/dlnafirst portion 1290 of the miniature power inductpeigOfdmweivébat the clip
extends a distance beyond both sides of the first pgrtion 1290. This distance is equal to or greater than
the height of the first portion 1290 of the miniature power inductor 1200. Once the clip 1250 is properly
positioned on the upper surface 1224 of the first portion 1290, the second portion 1292 is placed on

top of the first porfigg, kR 90ndig fitibanc,seconeneriens he80k292:Rf hmiminiatdtepower inductor
1200 may then be pressed to(ﬁﬁ?ther to farm the completed miniature power inductor 1200. The

portions of the clif’ 1488, WA eRERGBETEAR DAY? SBRIES of THEhitATIrd P& iiictor 1200, may
be bent around thieyféirst Prtion 428@®td fermiitigelfirst t€2rin&tiodihk M6nding thecsdd®8ndstermination

1218. These termiafions, 1 #16a42 18 2law e minialure. Rawar MAUEtR; 3200 0 he properly coupled

to a substrate or printed circuit board. According to this embodiment, the physical gap between the
winding and the cBedihlarFis BAgicangulehipithe Shvd HiBralindtictsrsthe fRimbiedinthe elimination of
this physical gap tends Taisprimizentyebayclifalenndisecithmgtiie Wit aiioiinef ¢ne, winditvgd [0158] The
winding 1250 is fqured rm @, epnAlclive oRRer lgyer, hichmay,e,delormetia prgvide a desired
geometry. Althoug% a conductive copper méterial is Used in this emboc Iment, any conductive material

may be used withBiRuaphttagdlon tehscolie ardusgitit of vive ety Kivbodiient. [0159]

Although only oneghrdsnésadrinthis.eniesimantcaddiionas alipsdaay kenvisgd adjagent the first clip
and formed in the e manner as described for the first clip without departing from the scope and
spirit of the exemﬁ%@teerrrnn ng(ljifﬁg%e%rit.a Iﬁt %Sufgﬁ%ée%%aln@b%& 6?gnree u%%r%ll@%fovgﬁegoénother, they
may be utilized incsehiesthieweddiadpypon the trace configuration of the substrate. WO
2010/014444PCT/US2009/051005 52

[0149] The manufacturing of the miniature power inductor 1000 will have
most, if not all, of the flexibilities of the miniature power inductor 900, as
illustrated and described with respect to Figures 9a-9d. Also, instead of utilizing
the vias, a different method may be used to couple the windings to the terminals,
including, but not limited to, metallizing the corresponding portions of the face

ends of the miniature power inductor 1000.

[0150] Referring to Figures 1la-11d, several views of an cleventh
illustrative embodiment of a magnetic component or device 1100 are shown.
Figure 11a illustrates a perspective view and an exploded view of the top side of a
miniature power inductor having a three turn winding in a ninth winding
configuration, at least one magnetic powder sheet, and a horizontally oriented core
area in accordance with an exemplary embodiment. Figure 11b illustrates a
perspective view of the top side of the miniature power inductor as depicted in
Figure 1la during an intermediate manufacturing step in accordance with an
exemplary embodiment, Figure 11c illustrates a perspective view of the bottom
side of the miniature power inductor as depicted in Figure 11a in accordance with
an exemplary embodiment, Figure 11d illustrates a perspective view of the ninth
winding configuration of the miniature power inductor as depicted in Figure 11a,

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



[0160] Although there are no magnetic sheets shown between the first and second magnetic powder
sheets, magnetic sheets may positioned between the first and second magnetic powder sheets so
long as the winding is of sufficient length to adequately form the terminals for the miniature power
inductor without departing from the scope and spirit of the exemplary embodiment. Additionally,
although two mwgneiigopoMgder sheets are shown to be positioned above pag/vwin@dngbad0, greater or
fewer sheets may be used to increase or decreasé®he core area without departing from the scope and
spirit of the exemplary embodiment. [0161] In this embodiment, the magnetic field may be created
in a direction that is perpendicular to the direction of grain orientation and thereby achieve a lower

inductance or the magngfig fieldMamAr.Creaiad inaqiectinndbatispaigirl toithedirgction of grain
orientation and thereby achieve a higher inductance dependjn%,upon Whl?h direction the magnetic

powder sheet is XA, e MBS NOUFE AR 1Y IJIROY ] SR IBHC 8T 41 0FBWAR S thirteenth
illustrative embodimentiaf pomagnéticocdrifforreidiesdettice 180Cabedsihonyn SpigifieallBa illustrates a

perspective view gnckan expiadest igmief iR side o adminiaYERO wen iBduEehaving a three

turn clip winding in an eleventh winding configuration, at least one magnetic powder sheet, and a
horizontally orientetFedHaTeE IS0 ﬁ&%ﬁﬂiﬁ%%@?ﬂ‘&%r%éﬁaﬂ%ﬂéﬁ?p?@dﬁé %3b illustrates a
perspective view efidhefitip tsidenal thelminiitoapigywat vedociacrasndepistedtir higirard3a during an
intermediate manyfaciiag Sieain ActRcanGa I RXRIANEMPAIINE ity g 13 Hlustrates
a perspective view of the bottom side of the mimiature power inductor as depicted in %lgure 13ain
accordance with APl éMBotifratt tamgnré | B Iristrated dpaiapddive Gilathess the eleventh
winding Configuraﬁ%wmg [f]&eiaams%pmf/@ﬁﬂm%@tga\a&dﬁﬁi&t?@m Ei@m&%&aad%’tgtﬁ]ﬁe 13b6 adnd
Figure 13c in accgrdance.with an.exemplar odiment. 63] According to this embodiment,
the miniature powt LT TS e T od AL IS B 18 Rt AL SHEEK 151, 1320, 1330,
1340 and a plurality2af swihditherd 1350nA B52r 18594, Thkibkseaoidinalyer ihl Bdafemmbsideclip, WO

2010/014444PCTHIS2009/0210071835puRISC ta dhe-allaastionernagnstic pawdesheet 1310, 1320,
1330, 1340 in an eleventh windin con&i‘[%uration 1355. As seen in this.embodiment, the miniature

power inductor 1308 cBripikes'a Hrdhirhigrane Jnta dhe U318 mipihy! Wros Biifkace 1312 and

an upper surface (nodishdeyn), 1d Zecongipheigoetic idivdensindetl1B20havingth lewengurface (not
shown) and an upRgs SYiRGR.L3R4 Ui mAdaets AawdensheetdAtnaving.aloygr surface 1332

and an upper surface 1334, and a fourth magnetic powder sheet 1340 having a lower surface 1342
and an upper surfSEB R34 §n 4K diemRIgine dRBodimert EafRME BRIV SRS RS can be a
magnetic powder tahaghmasuhaciuiedtbyisThang S pogibacorpavatadploriniehesnidsoreg and sold under

product number 20ueff filex{ale Magnetic, Shecl, (a0 eaMAAEHS PAYGRL sl have grains
which are dominantly ‘oriented in’a particular cfirectionl?nlghus, a%lg er inductance may be achieved

when the magnetit! fieléhsseserdderitintle Hiredtothiod thebehihEhtlp dmdrisrrassn. Akhough this

embodiment depigis four eragietic powdenshiraisethenumberafidnagneticnshesisaray be increased

or reduced so as to ilélcF%?se.o .deFrease the core area without departing from the scope and spirit of
achn, 0 C W 1mng i?ﬁrs. . . . .
thc exemplary embodiment. AfS6® & ough this embodiment depicts a magnetic powder sheet, any

flexible sheet may be used that is capable of being laminated, without departing from the scope and
spirit of the exemplary 8ijﬁk}€mgnufactunng of the miniature power inductor 1100 will have

most, if not all, of the flexibilities of the miniature power inductor 900, as
illustrated and described with respect to Figures 9a-9d. Also, instead of utilizing
the vias, a different method may be used to couple the windings to the terminals,
including, but not limited to, metallizing the corresponding portions of the face
ends of the miniature power inductor 1100. Additionally, although a three turn
embodiment is illustrated herein, greater than three turns may be formed without

departing from the scope and spirit of the exemplary embodiment.

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

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



[0164] The third magnetic powder sheet 1330, according to this embodiment, may include a first
indentation 1336 on the lower surface 1332 and a first extraction 1338 on the upper surface 1334 of
the third magnetic powder sheet 1330, wherein the first indentation 1336 and the first extraction 1338
extend substantially along the center of the third magnetic powder sheet 1330 and from one edge to
an opposing edge.2déta@ gl indentation 1336 and the first extraction 1338%atiauetianieches a manner
such that when the third magnetic powder sheet 1830 is coupled to the second magnetic powder sheet
1320, the first indentation 1336 and the first extraction 1338 extend in the same direction as the
plurality of windings 1350, 1352, 1354. The first indentation 1336 is designed to encapsulate the
plurality of windingg, 380, J352c:354vidV Ghd QA UGIMAARGTHE2Q0RE 1R Bhiaturc [0165] The

fourth magnetic powder. sheet 1340, according to this embodiment, may inclﬁde a second indentation

1346 on the lowePRUFABETSAI IS 4 FEcBHUERRANS T8 Bh YHRdtissorLewald 1344 of the fourth
magnetic powder sk etrk34fgndtiergiovtie sbeendiddenbatioon B4 6carrdi¢ti ecoerang: extraction 1348

extend substantial along. e Rteraf e 'guHumagneficRo st ARest 340,40 from one edge to

an opposing edge. The second indentation 1346 and the second extraction 1348 are oriented in a
manner such that¥iieAftHE f8artiimighetRipaitfePeracndsid i nined b tHe'thilddnagnetic
powder sheet 133yihe sedonchiadantationfiddongnddhamsacandaaxdradtionn 34eexiend in the same
direction as the firgt indentgtion 1336 An (e, fitst exiraction 4338, e seeang dadgnfation 1346 is
designed to encapsu%tet & first extraction 1338. Alth ugh this embodiment depicts an indentation
and an extraction THY¥RE!hi RS 551 FSUFATnTa gt qdoitd Ereskedis the dprpsdatfon B8R édtraction formed

in these sheets mayhpemikeshavitoaut departing framdhe scpnerant sRilhobthgeexaimplary _
embodiment. On]ﬂ%gé]fu%n formin H?e first gg?netlcd%%\i\é er sh({aeeltC ! 10 l@nd th?zgecond magnetic

powder sheet 132 16 lératrll%lﬁc poSleérP% PIto"anathe’ sekon rlﬁladﬁlérﬁc powder sheet

1320 are pressedtiggethel. withfhégre pPedsareotbmexartiple chyrirdaricpbedisueet; and laminated together
to form a first portion 1390 of the miniature power inductor 1300. Also, the third magnetic powder
sheet 1330 and the fourit sadgrveticlipgwd éris habb didé ot niaynalsetive pressaditogethzoto form a

second portion (ngf zhown), pf the Hﬁ@ﬁ%&%ﬁ’@ﬁ&ﬁd&d%&f 13Q0-184¢01943d 19 i gmbodiment, the
plurality of clips 1350, 1352, 1354 are placed on the upper surface 1324 of the first portion 1390 of the

miniature power iMdRfditg: 12300 which it fseipitieafRybPEifpdiaxtonaled distincé 5aydid both sides of
the first portion 13QmTtisyeiciangeds Exoal o ®rigeeatenthanthadeightiaf tetfirstpestion 1390 of the
miniature power inductor 1300. Once the plurality of clips 1350, 1352, 1 re properly positioned on
ey o ettt S s T L o e
first portion 1390.fTFétenfirgrctigdroadondheorticng 1300g (hdewhowmiaof thal imidtereuppsrer inductor

1300 may then bgpresseditagathes iR Jomthe camplededsRrinigtooe RaMe! IRHUMCRHE300. The WO
2010/014444PCT/US2009/051005

not shown) and an upper surface 1224, a third magnetic powder sheet 1230 having
a lower surface 1232 and an upper surface 1234, and a fourth magnetic powder
sheet 1240 having a lower surface 1242 and an upper surface 1244. In an
exemplary embodiment, each magnetic powder sheet can be a magnetic powder
sheet manufactured by Chang Sung Incorporated in Incheon, Korea and sold under
product number 20u-eff Flexible Magnetic Sheet. Also, these magnetic powder
sheets have grains which are dominantly oriented in a particular direction. Thus, a
higher inductance may be achieved when the magnetic field is created in the
direction of the dominant grain orientation. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrease the core area without departing from the
scope and spirit of the exemplary embodiment. Also, although this embodiment

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



55 portions of the plurality of clips 1350, 1352, 1354, which extend beyond both edges of the miniature
power inductor 1300, may be bent around the first portion 1390 to form the first termination 1316, the
second termination 1318, the third termination 1317, the fourth termination 1319, the fifth termination
1311, and the sixth termination 1313. These terminations 1311, 1313, 1316, 1317, 1318, 1319 allow
the miniature pewenisduatar 1300 to be properly coupled to a substrate arcaridsdoaiscass board.
According to this embodiment, the physical gap bétween the winding and the core, which is typically
found in conventional inductors, is removed. The elimination of this physical gap tends to minimize the
audible noise from the vibration of the winding. [0167] The plurality of windings 1350, 1352, 1354

is formed from a eRPAUGIHRCRPRAMAVSIMRIGR MaY bR Q@éfsm&&i pRreyide 2 desirggd geometry.

Although a conductive copper material is used In this embodiment, any conductive material may be
used without dep&PEFRS f5AY the scope and spirit of the exemplary embodiment. [0168] Although
only three clips are shown in this embodiment, greater or fewer clips may be used without departing

from the scope and spirlf6th&texehijsiaryaenstiodirAerer AftksLghP e @fperdRe sibwhiin a parallel

configuration, the ghRsimaytheaysed ifsefiesifependingapen ieisaseaantigasation of the substrate.
[0169] Although tt%ere ar%crgi%nnﬁggggmhsheets sr}%wenl %V\é?%]n t{ﬁg Jlrst and second eagnetlc powder

. Lirste ! er Su m ctic powder s
sheets, magnetic s'hee)fs may positione ween the first an secon&%agnpetlc pOWCfeI’ sheets so

long as the winding38. oVserfieidhn leisgindentatier Uatélyafsrihehlrseaxiinaliotol 3h& palaidture power

inductor without depariagl fomthenscRRR BokigP L@ fthenexe paplasy @mbodiment. glitionally,
although two magnetic, powder sheets are s }\{vnftotbe ostitionegg 6abov§%tr%e Qlurality of windings
1350, 1352, 1354?%8%?&100F“%e%%?%“f%e%‘i%em Jpar dagrRs ot date Bt HC SR TR 8Bre area without

departing from thé S¢ope anchspint of tiveexemplaryt erhbodiméntd Mighetic powder sheet
2010/ 014444PCT{%%QQ%@%%Sdé%econd magnetic powder sheet 1220, the first indentation

1236 and the first extraction 1238 extend in the same direction as the winding

1250. The first indentation 1236 is designed to encapsulate the winding 1250.

[0156] The fourth magnetic powder sheet 1240, according to this
embodiment, may include a second indentation 1246 on the lower surface 1242
and a second extraction 1248 on the upper surface 1244 of the fourth magnetic
powder sheet 1240, wherein the second indentation 1246 and the second extraction
1248 extend substantially along the center of the fourth magnetic powder sheet
1240 and from one edge to an opposing edge. The second indentation 1246 and
the second extraction 1248 are oriented in a manner such that when the fourth
magnetic powder sheet 1240 is coupled to the third magnetic powder sheet 1230,
the second indentation 1246 and the second extraction 1248 extend in the same
direction as the first indentation 1236 and the first extraction 1238. The second
indentation 1246 is designed to encapsulate the first extraction 1238. Although
this embodiment depicts an indentation and an extraction in the third and fourth
magnetic powder sheets, the indentation or extraction formed in these sheets may
be omitted without departing from the scope and spirit of the exemplary

embodiment.

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

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



[0170] In this embodiment, the magnetic field may be created in a direction that is perpendicular to the
direction of grain orientation and thereby achieve a lower inductance or the magnetic field may be
created in a direction that is parallel to the direction of grain orientation and thereby achieve a higher
inductance depending upon which direction the magnetic powder sheet is extruded. [0171]
Referring to Figuees ibdastlde, several views of a fourteenth illustrative emiadiryent@i@snagnetic
component or device 1400 are shown, Figure 14a3llustrates a perspective view of the top side of a
miniature power inductor having a one turn clip winding in a twelfth winding configuration, a rolled
magnetic powder sheet, and a horizontally oriented core area in accordance with an exemplary
embodiment. Figuigiddhdilisiiate saP ersneliv eoyiaw-abthe-Roltem: sidaioh theyistiatdre power
inductor as depicted jn Figure 14a in accordance with an ixemplary embodiment, Figure 14e

illustrates a perspBLHTRTGIBNYSF IR 0Bt Wirefiify ‘BE AHGL AR ST AR IS APSRirer BOAEY inductor as
depicted in Figurghed@atidniguate Ipbly iiradeorddngenagtialem exprwstd riogetiibodinient.a  [0172]
According to this gmhadiment, Be PRI RANE" IBIUCIRLLAQ0 SHMPHSES AdP s dmagnetic powder

sheet 1410 and a winding 1450, which may be in the form of a clip, coupled to the rolled magnetic
powder sheet 14 RPRPE AR GHIIG o mRfrtb e utsT Adfase it idheipbantient, the miniature
power inductor 14120efmp¢isasistfiesponag netictpovatdersabie etal 410chavirgnad awdtsisface 1412 and
an upper surface d414, I A0 GETPIRDREMRAHIMBboe AR MRINENG POED shegLaan be & magnetic
powder sheet manufacture B hang Sundj?ncorporate In Incheon, Kdrea and Sold under product
number 20u-eff FlB&ibteeNigightefit Bhdett pesionHeS8 aidhnatieipyirdershdatsdriveé28Pains which are
dominantly orienteglde avpartictlse dirgetieny phiisebighelingpstaneamempperaabiawed when the
magnetic field is created ir.the direction of the inant grain orientation. Although this embodiment
epicto & magnett Sy et Wi SE oL o it het (BAg A2 e 1A eased o
reduced so as to iNerdusieand derorshpertinescBi¥ atdd2witibemdeptning fromnhstsedp@and spirit of the

exemplary embodimenteA R0 pRlthoughdhis mbadimentaemnies amagrefsrowdsLheet, WO
2010/014444PCT/US2009/051005 57 any flexihle sheet ma%/ be used that is capable of being

laminated, withoul BpartifgRRBierene’ JBe sEmn ddpiktish (e @deriimaf, ehnssmentt®  [0173] upon
forming the first meaigia¢tic powvdérdsheetl 2a0 Ondhéclipni 450nié thiatsd entithelApper Surface 1414 of the
first magnetic powgler;shegh1A10.systithal e iR AtA.exiends A disce Devangpoth sides of the

first magnetic powder sheet 1410 and one edge of the clip 1450 is aligned with an edge of the first

magnetic powder SH8et 11518/ loPh G r8iaIREE S P RUTEN SPgHEMEP PraPreRerdiSEYREd ofn where the clip
1450 extends beyanshhetbr pidesdofithéatfliciraagaetdpovdes shveliddlOte tredaittgip surface 1490
of the miniature ppwer inductor. 1400. Once the clip 1450 is properly. positioned on.the upper surface
1414 of the fret moRe e e B P et 2410
are rolled over eaustResr torForATAthe Bteudttiaagpih tHihrbireahetdeideircton@eoththe structure of

the miniature powgiipdusier A4Q0HSs thenignessaddpaather with high pressure, for example, hydraulic
pressure, and laminated together to form the miniature power inductor 1400. Finally, the portions of

the clip 1450, which extepdenandihag edaes R MAIUVES ROR driayet A0Rcfmay be bent
(0}

around the bottom surface 1490 of the miniature power inductor 1400 to form the first termination 1416
and the second téRhiREHGHOIAIS TR tetififiatbACPATS, 1M TS oty HIiNfatPEBower inductor
1400 to be propethueoupiedstd & shibstnhteliaicptntsdektuiikaaidtrificeaydingsal thime@mbodiment, the
physical gap between the winding and the core which is, typically found.in conventional inductors, is
removed. The eIir%%iﬁatiog of this phgélical gsgplté)nds %emﬁia?}?’ize tﬁe1 audtible noise from the vibration of

the winding. [0159] Although only one clip is used in this embodiment, additional clips

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

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



[0174] The winding 1450 is formed from a conductive copper layer, which may be deformed to provide
a desired geometry. Although a conductive copper material is used in this embodiment, any
conductive material may be used without departing from the scope and spirit of the exemplary
embodiment. [0175] Although only one clip is used in this embodiment, additional clips may be
used adjacent Wye bssi/elipsand formed in the same manner as described feribeédisbalipswithout
departing from the scope and spirit of the exempla® WO 2010/014444PCT/US2009/051005 58
embodiment. Although the clips may be formed parallel to one another, they may be utilized in series
depending upon the trace configuration of the substrate. [0176] In this embodiment, the magnetic

field may be created in godygchaRothat iR RemeRdicHIOsHedURGHR-Rf QAR rigniafion and thereby
achieve a lower induct(?nce or the magnetic field may be created in a direction th%;? parallel to the

direction of grain SR SHPIETEH S B S S HSF i AL 8L BERGRG SRt which direction
the magnetic powdersstreetisg@xdicgedder shd@d F7loAdthotghvseleral eimidtidienektgthave been

disclosed above, it cantemplatedthat the ipveptianingludesmodifisations.mags.ta.ne embodiment
based upon the teachings of the remaining embodiments =~ .
from the scope and spirit of the exemplary embodiment. Additionally, although

two magnetic powder sheets are shown to be positioned above the winding 1250,
greater or fewer sheets may be used to increase or decrease the core area without

departing from the scope and spirit of the exemplary embodiment.

[0161] In this embodiment, the magnetic field may be created in a direction
that is perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet is extruded.

[0162] Referring to Figures 13a-13d, several views of a thirteenth
illustrative embodiment of a magnetic component or device 1300 are shown.
Figure 13a illustrates a perspective view and an exploded view of the top side of a
miniature power inductor having a three turn clip winding in an eleventh winding
configuration, at least one magnetic powder sheet, and a horizontally oriented core
area in accordance with an exemplary embodiment. Figure 13b illustrates a
perspective view of the top side of the miniature power inductor as depicted in
Figure 13a during an intermediate manufacturing step in accordance with an
exemplary embodiment. Figure 13c illustrates a perspective view of the bottom
side of the miniature power inductor as depicted in Figure 13a in accordance with
an exemplary embodiment. Figure 13d illustrates a perspective view of the
cleventh winding configuration of the miniature power inductor as depicted in
Figure 13a, Figure 13b, and Figure 13c in accordance with an exemplary

embodiment.

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



[0178] Although the invention has been described with reference to specific embodiments, these
descriptions arc 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 wwsadaviag ordinary skill in the art that the conception apdthgspeaiiiwembodiments
disclosed may be readily utilized as a basis for modifying or designing other structures for carrying out
the same purposes of the invention. It should also be realized by those having ordinary skill in the art
that such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claimsy bismthareirecanienplaied dhalihe clainswil coveramny sugh modifications
or embodiments that faII W|th|n theﬁiope of the |nvent|on MGSIA. P%HCLAIMS 1. An

electromagnetic cCORPERSHP EnTsRaRgion 1 @ﬁfﬁﬁfﬁ/%fﬂ%)ﬁﬁé" Fhictie BBMHEFsheets, wherein

each of the pIuralnyvmrﬁndagnemﬂpowntmsshemtlmmmm phacta3ad dacapablevat being

laminated to surface 1312 and an upper surface (not shown), a second magnetic powder sheet

1320 having a lower surface (not shown) and an upper surface 1324, a third
magnetic powder sheet 1330 having a lower surface 1332 and an upper surface
1334, and a fourth magnetic powder sheet 1340 having a lower surface 1342 and
an upper surface 1344 In an exemplary embodiment, each magnetic powder sheet
can be a magnetic powder sheet manufactured by Chang Sung Incorporated in
Incheon, Korea and sold under product number 20u-eff Flexible Magnetic Sheet.
Also, these magnetic powder sheets have grains which are dominantly oriented in a
particular direction. Thus, a higher inductance may be achieved when the
magnetic field is created in the direction of the dominant grain orientation.
Although this embodiment depicts four magnetic powder sheets, the number of
magnetic sheets may be increased or reduced so as to increase or decrease the core
areca without departing from the scope and spirit of the exemplary embodiment.
Also, although this embodiment depicts a magnetic powder sheet, any flexible
sheet may be used that is capable of being laminated, without departing from the

scope and spirit of the exemplary embodiment.

[0164] The third magnetic powder sheet 1330, according to this
embodiment, may include a first indentation 1336 on the lower surface 1332 and a
first extraction 1338 on the upper surface 1334 of the third magnetic powder sheet
1330, wherein the first indentation 1336 and the first extraction 1338 extend
substantially along the center of the third magnetic powder sheet 1330 and from
one edge to an opposing edge. The first indentation 1336 and the first extraction
1338 arc oriented in a manner such that when the third magnetic powder sheet
1330 is coupled to the second magnetic powder sheet 1320, the first indentation
1336 and the first extraction 1338 extend in the same direction as the plurality of
windings 1350, 1352, 1354. The first indentation 1336 is designed to encapsulate
the plurality of windings 1350, 1352, 1354.



adjacent ones of the magnetic sheets when arranged in a stack; and

at least one preformed

conductive winding separately fabricated and separately provided from all of the plurality of flexible
magnetic sheets, wherein the plurality of flexible magnetic sheets are pressed to and around the
conductive winding to define a 10magnetic core area for the preformed conductive winding. 2. The
electromagnetigveoimpenant of claim 1, wherein the preformed conductivergindinngogamgrises a wire
conductor wound into a coil and having first and sé¢ond leads. 3. The electromagnetic component
of claim 1, wherein at least one of the plurality of flexible magnetic sheets includes magnetic grains
oriented in a dominant direction. 154.The electromagnetic component of claim 3, wherein the at least

one preformed conductiyg gsineiag ggﬁgrqﬁggn@t{pwg; figlebperpandicdlaiie the deminant direction
of the magnetic grains. . 5. The elqectromagnetlc component of claim 1, further comprising at least

a first terminal on FAPSIBHE dFthe SISty SPHEXHIE I &S SHe

IONE at3est B4 cond terminal

and a second extraction 1348 on the upper surface 1344 of the fourth magnetic
powder sheet 1340, wherein the second indentation 1346 and the second extraction
1348 extend substantially along the center of the fourth magnetic powder sheet
1340 and from one edge to an opposing edge. The second indentation 1346 and
the second extraction 1348 are oriented in a manner such that when the fourth
magnetic powder sheet 1340 is coupled to the third magnetic powder sheet 1330,
the second indentation 1346 and the second extraction 1348 extend in the same
direction as the first indentation 1336 and the first extraction 1338. The second
indentation 1346 is designed to encapsulate the first extraction 1338. Although
this embodiment depicts an indentation and an extraction in the third and fourth
magnetic powder sheets, the indentation or extraction formed in these sheets may
be omitted without departing from the scope and spirit of the exemplary

embodiment.

[0166] Upon forming the first magnetic powder sheet 1310 and the second
magnetic powder sheet 1320, the first magnetic powder sheet 1310 and the second
magnetic powder sheet 1320 are pressed together with high pressure, for example,
hydraulic pressure, and laminated together to form a first portion 1390 of the
miniature power inductor 1300. Also, the third magnetic powder sheet 1330 and
the fourth magnetic powder sheet 1340 may also be pressed together to form a
second portion (not shown) of the miniature power inductor 1300. According to
this embodiment, the plurality of clips 1350, 1352, 1354 are placed on the upper
surface 1324 of the first portion 1390 of the miniature power inductor 1300 such
that the plurality of clips extend a distance beyond both sides of the first portion
1390. This distance is equal to or greater than the height of the first portion 1390
of the miniature power inductor 1300. Once the plurality of clips 1350, 1352, 1354
are properly positioned on the upper surface 1324 of the first portion 1390, the
second portion (not shown) is placed on top of the first portion 1390. The first and
second portions 1390, (not shown) of the miniature power inductor 1300 may then

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



200n a second one of the plurality of flexible magnetic sheets. 6. The electromagnetic component
of claim 5, wherein the first and second terminals span an entire length of the first and second ones of
the magnetic sheets. 7. The electromagnetic component of claim 5, wherein each of the first and
second terminals are connected by a plurality of vias. 258.The electromagnetic component of claim 5,
wherein the corgpigsivg inding comprises a wire conductor wound into apeait@n@dnayeog first and
second leads, and one of the first and second congfuctive leads is attached to the first terminal.
MCSIA.P 60

portions of the plurality of clips 1350, 1352, 1354, which extend beyond both
edges of the miniature power inductor 1300, may be bent around the first portion
1390 to form the first termination 1316, the second termination 1318, the third
termination 1317, the fourth termination 1319, the fifth termination 1311, and the
sixth termination 1313. These terminations 1311, 1313, 1316, 1317, 1318, 1319
allow the miniature power inductor 1300 to be properly coupled to a substrate or
printed circuit board. According to this embodiment, the physical gap between the
winding and the core, which is typically found in conventional inductors, is
removed. The elimination of this physical gap tends to minimize the audible noise

from the vibration of the winding.

[0167] The plurality of windings 1350, 1352, 1354 is formed from a
conductive copper layer, which may be deformed to provide a desired geometry.
Although a conductive copper material is used in this embodiment, any conductive
material may be used without departing from the scope and spirit of the exemplary

embodiment.

[0168] Although only three clips are shown in this embodiment, greater or
fewer clips may be used without departing from the scope and spirit of the
exemplary embodiment. Although the clips are shown in a parallel configuration,
the clips may be used in series depending upon the trace configuration of the

substrate.

[0169] Although there are no magnetic sheets shown between the first and
second magnetic powder sheets, magnetic sheets may positioned between the first
and second magnetic powder sheets so long as the winding is of sufficient length to
adequately form the terminals for the miniature power inductor without departing
from the scope and spirit of the exemplary embodiment. Additionally, although
two magnetic powder sheets are shown to be positioned above the plurality of
windings 1350, 1352, 1354, greater or fewer sheets may be used to increase or
decrease the core area without departing from the scope and spirit of the exemplary

embodiment.



9. The electromagnetic component of claim 6, wherein the second terminal defines a surface mount
termination for the component. 10. The electromagnetic component of claim 1, wherein the
stacked magnetic sheets form a generally rectangular shape. 511.The electromagnetic component of
claim 1, wherein at least two of the plurality of flexible magnetic sheets are disposed adjacent to the
coil without a physoadgapsbeing formed adjacent the coil. 12.The electromaginei®esimponent of claim
1, wherein the component is a miniature power indéctor. 1013.The electromagnetic component of
claim 1, wherein at least one of the plurality of flexible magnetic powder sheets comprises magnetic
metal powders mixed with a thermoplastic resin.

[0170] In this embodiment, the magnetic field may be created in a direction
that is perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet is extruded.

[0171] Referring to Figures 14a-14c, several views of a fourteenth
illustrative embodiment of a magnetic component or device 1400 are shown,
Figure 14a illustrates a perspective view of the top side of a miniature power
inductor having a one turn clip winding in a twelfth winding configuration, a rolled
magnetic powder sheet, and a horizontally oriented core area in accordance with an
exemplary embodiment. Figure 14b illustrates a perspective view of the bottom
side of the miniature power inductor as depicted in Figure 14a in accordance with
an exemplary embodiment. Figure 14c illustrates a perspective view of the twelfth
winding configuration of the miniature power inductor as depicted in Figure 14a

and Figure 14b in accordance with an exemplary embodiment.

[0172] According to this embodiment, the miniature power inductor 1400
comprises a rolled magnetic powder sheet 1410 and a winding 1450, which may be
in the form of a clip, coupled to the rolled magnetic powder sheet 1410 in a twelfth
winding configuration 1455. As seen in this embodiment, the miniature power
inductor 1400 comprises a first magnetic powder sheet 1410 having a lower
surface 1412 and an upper surface 1414. In an exemplary embodiment, each
magnetic powder sheet can be a magnetic powder sheet manufactured by Chang
Sung Incorporated in Incheon, Korea and sold under product number 20u-eff
Flexible Magnetic Sheet. Also, these magnetic powder sheets have grains which
are dominantly oriented in a particular direction. Thus, a higher inductance may be
achieved when the magnetic field is created in the direction of the dominant grain
orientation. Although this embodiment depicts a magnetic powder sheet with a
desired length, the desired length may be increased or reduced so as to increase or
decrease the core area without departing from the scope and spirit of the exemplary

embodiment. Also, although this embodiment depicts a magnetic powder sheet,



14. The electromagnetic component of claim 13, wherein all of the plurality of flexible magnetic powder
sheets comprise magnetic metal powders mixed with a thermoplastic 15resin. 15. The
electromagnetic component of claim 1, wherein the at least one preformed conductive winding is
configured to generate at least one magnetic field in a predetermined direction when electrical current
flows through theowineingss4 16. The electromagnetic component of ciaimub2e0/biavesn the at least
one magnetic 20field is oriented in a vertical directidon. 17. The electromagnetic component of
claim 1, wherein the at least one preformed conductive winding is configured with a plurality of turns.
18. The electromagnetic component of claim 17, wherein the plurality of turns are concentrically

wound. 2519.TheglegiQiprRINREC FRMBENGRE ohslaindfanhereRaitie pvrality, of fms

departing from the scope and spirit of the exemplary embodiment.

[0173] Upon forming the first magnetic powder sheet 1410, the clip 1450 is
placed on the upper surface 1414 of the first magnetic powder sheet 1410 such that
the clip 1410 extends a distance beyond both sides of the first magnetic powder
sheet 1410 and one edge of the clip 1450 is aligned with an edge of the first
magnetic powder sheet 1410. The distance is equal to or greater than the distance
from where the clip 1450 extends beyond both sides of the first magnetic powder
sheet 1410 to the bottom surface 1490 of the miniature power inductor 1400. Once
the clip 1450 is properly positioned on the upper surface 1414 of the first magnetic
powder sheet 1410, the clip 1450 and the first magnetic powder sheet 1410 are
rolled over each other to form the structure of the miniature power inductor 1400.
The structure of the miniature power inductor 1400 is then pressed together with
high pressure, for example, hydraulic pressure, and laminated together to form the
miniature power inductor 1400. Finally, the portions of the clip 1450, which
extend beyond both edges of the miniature power inductor 1400, may be bent
around the bottom surface 1490 of the miniature power inductor 1400 to form the
first termination 1416 and the second termination 1418. These terminations 1416,
1418 allow the miniature power inductor 1400 to be properly coupled to a substrate
or printed circuit board. According to this embodiment, the physical gap between
the winding and the core, which is typically found in conventional inductors, is
removed. The elimination of this physical gap tends to minimize the audible noise

from the vibration of the winding.

[0174] The winding 1450 is formed from a conductive copper layer, which
may be deformed to provide a desired geometry. Although a conductive copper
material is used in this embodiment, any conductive material may be used without

departing from the scope and spirit of the exemplary embodiment.

[0175] Although only one clip is used in this embodiment, additional clips
may be used adjacent the first clip and formed in the same manner as described for

the first clip without departing from the scope and spirit of the exemplary



defines a curvilinear spiral path. MCSIA.P 61 20. The electromagnetic component of claim 17,
wherein the plurality of turns extend generally coplanar to one another. 21. The electromagnetic
component of claim 1, wherein the at least one preformed conductive winding is configured to provide
a selected amount of inductance to the completed 5electromagnetic component when electrical

current flows thvwasigh o aqil. 22. The electromagnetic component ofpetaiing28d,0sfaegein the at
least one preformed conductive winding comprises$8a single preformed conductive winding, and
wherein the magnetic core area contains only the single preformed conductive winding. 23. The

electromagnetic component of claim 21, wherein the coil comprises a

embodiment. Although the clips may be formed parallel to one another, they may

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

[0176] In this embodiment, the magnetic field may be created in a direction
that is perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet is extruded.

[0177] 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.

[0178] 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 other structures for carrying out the same purposes of the
invention. It should also be realized by those having ordinary skill in the art that
such equivalent constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims. It is therefore, contemplated that the
claims will cover any such modifications or embodiments that fall within the scope

of the invention.



10single preformed conductive winding, and wherein the magnetic core area contains only the single
preformed conductive winding.
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CLAIMS:
1. An electromagnetic component, comprising:
a plurality of flexible magnetic powder sheets, wherein each of the plurality of
5 magnetic powder sheets is substantially planar and capable of being laminated to

adjacent ones of the magnetic sheets when arranged in a stack; and

at least one preformed conductive winding separately fabricated and separately
provided from all of the plurality of flexible magnetic sheets, wherein the plurality of
flexible magnetic sheets are pressed to and around the conductive winding to define a

10 magnetic core area for the preformed conductive winding.

2. The electromagnetic component of claim 1, wherein the preformed conductive

winding comprises a wire conductor wound into a coil and having first and second leads.

3. The electromagnetic component of claim 1, wherein at least one of the plurality

of flexible magnetic sheets includes magnetic grains oriented in a dominant direction.

15 4. The electromagnetic component of claim 3, wherein the at least one preformed
conductive winding generates a magnetic field perpendicular to the dominant direction of the

magnetic grains.

5. The electromagnetic component of claim 1, further comprising at least a first
terminal on a first one of the plurality of flexible magnetic sheets and at least a second terminal

20  on a second one of the plurality of flexible magnetic sheets.

6. The electromagnetic component of claim 5, wherein the first and second

terminals span an entire length of the first and second ones of the magnetic sheets.

7. The electromagnetic component of claim 5, wherein each of the first and

second terminals are connected by a plurality of vias.

25 8. The electromagnetic component of claim 5, wherein the conductive winding
comprises a wire conductor wound into a coil and having first and second leads, and one of the

first and second conductive leads is attached to the first terminal.
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9. The electromagnetic component of claim 6, wherein the second terminal

defines a surface mount termination for the component.

10. The electromagnetic component of claim 1, wherein the stacked magnetic

sheets form a generally rectangular shape.

11. The electromagnetic component of claim 1, wherein at least two of the plurality
of flexible magnetic sheets are disposed adjacent to the coil without a physical gap being

formed adjacent the coil.

12. The electromagnetic component of claim 1, wherein the component is a

miniature power inductor.

13. The electromagnetic component of claim 1, wherein at least one of the plurality
of flexible magnetic powder sheets comprises magnetic metal powders mixed with a

thermoplastic resin.

14. The electromagnetic component of claim 13, wherein all of the plurality of
flexible magnetic powder sheets comprise magnetic metal powders mixed with a thermoplastic

resin.

15. The electromagnetic component of claim 1, wherein the at least one preformed
conductive winding is configured to generate at least one magnetic field in a predetermined

direction when electrical current flows through the winding.

16. The electromagnetic component of claim 15, wherein the at least one magnetic

field is oriented in a vertical direction.

17. The electromagnetic component of claim 1, wherein the at least one preformed

conductive winding is configured with a plurality of turns.

18. The electromagnetic component of claim 17, wherein the plurality of turns are

concentrically wound.

19. The electromagnetic component of claim 17, wherein the plurality of turns

defines a curvilinear spiral path.
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20. The electromagnetic component of claim 17, wherein the plurality of turns
extend generally coplanar to one another.
21. The electromagnetic component of claim 1, wherein the at least one preformed

conductive winding is configured to provide a selected amount of inductance to the completed

electromagnetic component when electrical current flows through the coil.

22. The electromagnetic component of claim 21, wherein the at least one preformed
conductive winding comprises a single preformed conductive winding, and wherein the

magnetic core area contains only the single preformed conductive winding.

23. The electromagnetic component of claim 21, wherein the coil comprises a
single preformed conductive winding, and wherein the magnetic core area contains only the

single preformed conductive winding.



