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CROSS-REFERENCE TO RELATED APPLICATION [000I]This application claims priority to Chinese
patent application number 200710111096.9, filed June 15, 2007, entitled "Miniature Shielded Magnetic
Component" bywéipangsyan, Robert J. Bogert and Baogi Wang, which is ipeqippiaiand 3grein by
reference in its entirety. BACKGROUND OF THE INVENTION [0002]This invention relates generally to
the manufacture of electronic components and more specifically to the manufacture of miniature
magnetic components s a5 nuuct%rfgl%&@%é gﬁ?ﬂ@l@mBRAWINGS 10003]Figure 1
is a perspective view of a known magnetlc component for an electronlc device. [0004]Figure 2 is an
exploded view of a convefifipab-<HidlHR AEONA QF1Biure 3 is a bottom assembly
view of the component shown in Flgure 2 [0006]F|gure 4 is an exploded view of another conventional

shielded rfgngtic AdwpePidation claims priority to Chinese patent application number
200710111096.9, filed June 15, 2007, entitled “Miniature Shielded Magnetic Component” by

Yipeng Yan, Robert J. Bogert and Baogi Wang, which is incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002]  This invention relates generally to the manufacture of electronic components, and

more specifically to the manufacture of miniature magnetic components such as inductors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]  Figure 1 is a perspective view of a known magnetic component for an electronic
device.

[0004] Figure 2 is an exploded view of a conventional shielded magnetic component.
[0005]  Figure 3 is a bottom assembly view of the component shown in Figure 2

[0006]  Figure 4 is an exploded view of another conventional shielded magnetic

component.
[0007]  Figure 5 is a bottom assembly view of the component shown in Figure 4.

[0008]  Figure 6 is a bottom assembly view of another conventional shielded magnetic

component.

[0009]  Figure 7 is a top plan view of a conventional preformed coil preformed coil for a

low profile inductor component.

[0010]  Figure 8 is a top plan view of a coil formed in accordance with the present

invention.

[0011]  Figure 9 is an exploded view of a component formed in accordance with an

exemplary embodiment of the invention.




[0007]Figure 5 is a bottom assembly view of the component shown in Figure 4. [0008]Figure 6 is a
bottom assembly view of another conventional shielded magnetic component. [0009]Figure 7 is a top
plan view of a conventional preformed coil preformed coil for a low profile inductor component.
[0010]Figure 8We aotspyaiah view of a coil formed in accordance with the presapidintisn WO
2008/152493PCT/1B2008/001533 2 [0012]Figure?10 is a perspective view of the component shown in

Figure 9 in an assembled condition. [0013]Figure 11 is a bottom perspective view of the component
shown in FIB#e 10F @08 4iftiéure PESRS SIS 8 BErSH BV EPHBNRST tRBOCBIBoRgHtS Aolth Figures
10-12 with RaHs ¢ eaRMRb.

[0013]  Figure 11 is a bottom perspective view of the component shown in Figure 10.

[0014]  Figure 12 is a side perspective view of the component shown in Figures 10-12

with parts removed.

[0015] Figure‘ 13 is an exploded view of a component formed in accordance with another

embodiment of the invention,

[0016]  Figure 14 is a perspective view of the component shown in Figure 13 in an

assembled condition.
[0017]  Figure 15 is a bottom perspective view of the ~¢omponent shown in Figure 14.
[0018]  Figure 16 is a side schematic view of the component shown in Figures 13-15.

[0019]  Figure 17 is a partial exploded view of another component formed in accordance

with an exemplary embodiment of the invention,

[0020]  Figure 18 is a side perspective view of the component shown in Figure 17 with

parts removed.

[0021]  Figure 19 illustrates the component shown in Figure 17 in a partly assembled

condition.

[0022] Figure 20 illustrates a bottom perspective view of the component shown in Figure
19,

[0023]  Figure 21 is a top perspective view of the component shown in Figure 17 in a fully

assembled condition.

[0024]  Figure 22 is a perspective view of still another magnetic component formed in

accordance with another exemplary embodiment of the invention.

[0025] Figure 23 illustrates the component shown in Figure 22 at another stage of

manufacture.




[0015]Figure 13 is an exploded view of a component farmed in accordance with another embodiment of
the invention. [0016]Figure 14 is a perspective view of the component shown in Figure 13 in an
assembled condition. [0017]Figure 15 is a bottom perspective view of the component shown in Figure
14, [00181Figusenkoisdassde schematic view of the component shown in Rigirgs,dids0019]Figure
17 is a partial exploded view of another component formed in accordance \with an exemplary
embodiment of the invention, [0020]Figure 18 is a side perspective view of the component shown in

Figure 17 yWitaqartshigmegeds {007 birigecevt Yidhsifdiesdhpcemphoentshowr s Rigurei 7 in a partly
assemblec%&gg%%iﬁg@bﬁg%Z%]Figure 20 illustrates a bottom perspective view of the component shown in
Figure 19. [0 i igure s a top perspective view of the component shown in Figure 17 in a fully

[0027]  Figure 25 is a bottom perspective view of the component shown in Figure 23.

[0028] Figure 26 is a perspective view of still another magnetic component formed in

accordance with another exemplary embodiment of the invention.

{00291  Figure 27 illustrates the component shown in Figure 26 at another stage of

manufacture.

[0030]  Figure 28 is a top perspective view of the component shown in Figure 26 in a fully

assembled condition.

[0031]  Figure 29 is a bottom perspective view of the component shown in Figure 28,
[0032]  Figure 30 is a basic circuit diagram for a step down converter.

[0033]  Figure 31 is a basic circuit diagram for a step up converter.

[0034] Figure 32 is a circuit diagram for a high voltage driver,

[0035]  Figure 33 is a graph showing inductance vs. current performance for an exemplary

device.
[0036]  Figure 34 is a graph showing inductance rolloff for an exemplary device.

DETAILED DESCRIPTION OF THE INVENTION

[0037]  Exemplary embodiments of magnetic components are disclosed herein that
overcome numerous challenges in the art for reliably manufacturing low profile components
for electronic devices at a reasonable cost. More particularly, disclosed are exemplary
miniature shielded power components such as inductors and transformers, and methodology
for manufacturing the same. The components utilize unique core structures, preformed coils,
and welding and plating techniques for forming termination structure for the preformed coil.
Gap size in the cores may be tightly controlied over large production lot sizes, providing a
more tightly controlled inductance value. Components may be provided at lower costs by

virtue of easier assembly and better yield in comparison to known magnetic components for




assembled condition, [0024]Figure 22 is a perspective view of still another magnetic component formed
in accordance with another exemplary embodiment of the invention. WC)
20081152493PCT/M20081001533 [0026]Figure 24 is a top perspective view of the component shown
in Figure 23 inaofalbg/agsembled condition. [0027]Figure 23 is a bottom perapeetisaiaw of the
component shown in Figure 23. [0028]Figure 26 is a perspective view of still another magnetic
component formed in accordance with another exemplary embodiment of the invention. [0029]Figure
27 illustraieerthbocadrppohentiosholheinaRigorentoairoapiowids istaersedf pnanufgotirerd@d80KFigure 28 is a

top perspeglive Vs RfHRe S8MRQ RSP IR OHES26: i A1 WeRSsaRbISd eondition; J0031]Figure
29 is a bottom perspective view of the component shown in Figure 28.
circuitry of an electronic device.

[0038]  In order to appreciate the invention to its fullest extent, the following disclosure
will be segmented into different parts, wherein Part I discloses conventional shielded
magnetic components and challenges associated therewith; and Part II discloses exemplary

embodiments of magnetic components formed in accordance with exemplary embodiments of

the present invention.

1._Introduction to the Invention

[0039] It has become desirable in many types of electronic devices to provide an ever
increasing array of features and functionality in a smaller physical package size. Hand-held
electronic devices such as cellular phones, personal digital assistant (PDA) devices, and
personal music and entertainment devices, for example, now include an increased number of
electronic components to accommodate the increased functionality desired in such devices.
Accommodating an increased number of components in a reduced physical package size for
such devices has led to prolific use of “low profile” components having a relatively small
height projecting from a surface of a circuit board. The low profile of the components
reduces a clearance needed above the board within the electronic device, and allows multiple

circuit boards to be stacked within a reduced amount of space in the device.

[0040] The manufacture of such low profile components, however, presents a number of
practical challenges, making it difficult and expensive to manufacture the smaller low
profiles needed to produce smaller and smaller electronic devices. Producing uniform
performance in very small magnetic components such as inductors and transformers is
difficult, especially when the component involves gapped core structures that are difficult to
control during manufacturing, resulting in performance and cost issues. In a high volume
world of electronic components, any variability in performance among components is

undesirable, and even relatively small cost savings can be significant.

[0041] A variety of magnetic components for circuit board applications, including but not
limited to,u inductors and transformers used in electronic devices, include at least one

conductive winding disposed about a magnetic core. In some magnetic components, a core




[0032]Figure 30 is a basic circuit diagram for a step down converter. [0033]Figure 31 is a basic circuit
diagram for a step up converter, [0034]Figure 32 is a circuit diagram for a high voltage driver,
[0035]Figure 33 is a graph showing inductance vs. current performance for an exemplary device,
[0036]Figure 3aisoasgsaph showing inductance rolloff for an exemplary deginesDiE#ANED
DESCRIPTION OF THE INVENTION [0037]Exemplary embodiments of magnetic components are
disclosed herein that overcome numerous challenges in the art for reliably manufacturing low profile

componerftSFPI scbrsaterb i duatis rosedhalire compelmehvartduredthaistosedimrgapxemplary
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board appiféBReH#EISThe components also provide increased power density relative to known
components, and thus the components are particularly well suited for power supply circuitry of an
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components and challenges associated therewi art
Magnetic Bsrpoperisonthestindeg ondamdve wikneveinplerprembodkhentsivbdhe.present invention.

[0043] Figure 1 is a perspective view of a known magnetic component 100 for an
electronic device. As illustrated in Figure 1, the component 100 is a power inductor
including a base 102 fabricated from, for example a nonconductive circuit board material,
such as for example, a phenolic resin. A ferrite drum core 104, sometimes referred to as a
winding bobbin, is attached to the base 102 with an adhesive 106 such an epoxy-based glué.
A winding or coil 108 is provided in the form of a conductive wire that is wrapped around the
drum core 104 for a specified number of turns, and the winding 108 terminates at each
opposing end in coil leads 110, 112 extending from the drum core 104. Metallic termination
clips 114, 116 are provided on opposing side edges of the.base 1062 and the clips 114, 116
may be separately fabricated from a sheet of metal, for example, and assembled to the base
102. Portions of the respective clips 114, 116 may be soldered to conductive traces of a
circuit board (not shown) of the electronic device, and portions of the clips 114 and 116
mechanically and electrically connect to the coil leads 110, 112. A ferrite shield ring core
118 substantially surrounds the drum core 104 and is spaced in a gapped relation to the drum
core 104,

[0044] The winding 108 is wound on the drum core 104 directly, and the shield ring core
118 is assembied to the drum core 104. Careful centering of the drum core 104 with respect
to the shield core 118 assembly is required to control the inductance value and ensure the DC
bias performance of the conductor. A relatively high temperature soldering process is

typically utilized to solder the wire leads 110, 112 to the termination clips 114, 116.

[0045]  Centering of drum core 104 within shield core 118 presents a number of practical

difficulties for miniaturized, low profile components, In some instances, epoxies have been




l. Introduction to the Invention [0039]It has become desirable in many types of electronic devices to
provide an ever increasing array of features and functionality in a smaller physical package size.
Hand-held electronic devices such as cellular phones, personal digital assistant (PDA) devices, and
personal musicgan@@ntauainment devices, for example, now include an ingreasgesnwERer of electronic
components to accommodate the increased functionality desired in such devices. Accommodating an
increased number of components in a reduced physical package size for such devices has led to

prolific use o Ropfoie feadinserse Al radid dSatoareriner sheafiadetgrs Irsipblingy frornstiurface of a
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the electronic device, and allows multiple circuit boards to be st; ‘ a reduced amount of
space in tHBHEG & [ﬁ@bﬁlﬁﬁ%‘mé?ﬁ.lf?&ﬂ@iﬁgﬁ&WT%‘WI)m?ﬁ%rléﬁﬁﬁ%ﬁéﬁﬁ@%s%m%?fl&@sents a
number of practicahohalléng ésnmaking.it Witic hiéarndrekpanspos b mantifactuse thesmaller low profiles
needed to maller and. s el nic devices. Produci niform performance in very
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performance among components is undesirable, and even relatively small cost savings can be
significant “fERFAPIRN 08 ?H?&a%ﬁ%r%mﬁﬁﬂéﬂégféﬁdﬁﬂﬁ@%@&m %ﬂ?éaﬁ%ﬁé‘?ﬁﬁ&?ﬁ?ﬂﬁ% but not
limited to, imduetdreoandlttandiorepers usethin glrattoniticevitesadnetudenat leastonecanductive
winding d%@@q about a magnetic core. In some nialetie components, a core WO

2008/1524 "171132008/001533 assembly is fabricated from ferrite cores that are gapped and
bonded together. In use, the gap between the cores js required to store energy in the core, and the gap
affects maghete chﬁ%@%@ﬁ%‘ﬂ?@é@ﬁ%ﬁ@ﬂ@%ﬁ%ﬁrﬁ&%Sﬁg'nlgﬁéﬁfgliﬁdﬁ%ﬁéff?& e BE bias
characteristiesivEsspesiathy dnctiniaicsencasipoheniioprg ductiopief-d briifesmtpaphstreendhe cores is
important e ngi)sgecgrt mg%%fgc}grgeog ([:%Habxlrelé (gigg} %ualit magnetic com c%nents. QQ42]It is
therefore desirable to%roviéré a magmeti con?’ponento incréade e??i‘éférnclﬁ}s aﬁarirﬁlp%v%d
manufactutabitiafifofhsireursoit dpplid and ripasithmatandrershegithe sizmohtheomigoats and
occupying apindusarouat afsaace e aRdniedcireit boaml[ARARIEIgE dds aPRERRECtive view of

a known magnetic component 100 for an electronic device. As illustrated in Figure 1, the component
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winding or 158 pro§/| edﬁln&t‘fwe ornTof a conductive wire that 1 wrapped around’the drum core

104 for a specified number of turns, and the winding 108 terminates at each opposing end in coil leads
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[0048]  Figures 2 and 3 iliustrate an exploded view and a perspective view, respectively,
or another known type of shielded magnetic component 150 that in some aspects is easier to

manufacture and assemble than the component 100 shown in Figure 1. In addition, the

component 150 may also be provided with a lower profile than the component 100.

[0049]  The component 150 includes a drum core 152 upon which a coil or winding 154 is
extended for a number of turns, and a shield core 156 that receives the drum core. The shield

core 156 includes electroplated terminations 160 formed on the surfaces thereof. Wire leads




[0044]The winding 108 is wound on the drum core 104 directly, and the shield ring core 118 is
assembled to the drum core 104. Careful centering of the drum core 104 with respect to the shield core
118 assembly is required to control the inductance value and ensure the DC bias performance of the
conductor. A relativedyrigh temperature soldering process is typically utilizechto@eldasthe wire leads
110, 112 to the termination clips 114, 116. WO 2008/152493Pa/1132008/001533 6 used to bond the
ferrite cores 104 and 118 to produce a bonded core assembly for magnetic components. In an effort to

consistenifRg i trécadraenribawitine fisdedodedricinpaless wphdre sorarasiomelifiesdnixed with
adhesive i%ﬁ%ﬂt%g‘&fgéﬁﬁe%@. digpepsed Relweenhecares dP4andslid e {orm ihggap. When

heat cured, the epoxy bonds the cores 104 and 118 and the beads space the cores 104 and 118 apart
to form th'GaprtiPRS IRSner e AvaRNCHRS Lbtead B0 AdRPrE: Rowaver i piitharildepentant upon the
viscosity giitheiepaxinangitbe epoxyito Headsratic ehadhesiveambnbispemseshebvesithe cores, It
has been noted, that in spme.applications the honde res 104 and 118 are insufficiently bonded for
their inten‘glé’a gls%é ? y?ﬁdn go{gn?r%?ﬁ%qgggﬁp%%@%sé Iv‘zﬁ\/(s);vzlil §|c()&r?er? lsn?%ﬁ?%a‘l’r?stﬁlg A Ieaéﬁg/gsrsr?&rhr%s proven very
difficult. [0048]Andthervidveven invethododt € dntelringf thiee drompomg 168 withinopraishield 8ore 118

involves ac&ggégéﬁgw@@@gﬁmaterial (not shown) that is placed between the cores 104 and 118.
The spacer material is frequently made of a paper or mylar insulator material. Typically, the cores 104
and 118 1@8 ?mace material ar% §§§Lﬂred to one anoti‘herlwith tape wrap gld arto,und the outside of the
core halves, with a }éed%oé%ﬁ’\%et% Bcurd e edre R e€: ][%ngfé%ﬁe?,r%arnv?n § ar%l%ﬁ"rllﬁr 5 S¥cure the core
halves antbkeep¢fiteyaf duesdtariaf drwaamithdSZomth stves:t Mudbiple ¢he. 1Aforenthian didfojuieces of
spacer majerial are arelrtised sipeehesprablerm o SREMININRHCIRIOgRINEE BRgaMes very

complicated, difficult and costly. [ 047]1Dur|ng the soldering process to electrically connect the coil

leads 1109am3Led078 Mg irRRBAlEfO Hierng AperaEons IS HEBH SRR RPTHa A A8k $1h d04d8velop in one
or both of gherghumgoxne 134-a0d Sershieldigere cbis1 pardicularywitemyenr shalbspmsare utilized.

Additionally, electrical shorts may occur, within the winding, 108 during soldering, processes. Either
condition ?&8&@%@0%%%18@%88“%&%%% SIeEHEE t;l %%dhscst%rr%:cgﬁggﬁte%ﬁﬁl au?éﬁ&%]lzigures
2 and 3 illustrdte B @qﬁmﬂe&ﬁaﬂkw:aﬁtdt_a ménspébtiv&ud‘e_wﬁ mgue’dﬂtivémeomrdrmhh@mmbwﬂn type of
shielded r@?@.ﬂ%fgggg&@&?%?@ AL %gre%&ﬁ,@&%&ﬁg§£@§1ﬂeﬁgi&§%y@gtwm@f§fmb'e than

the component own in Figure 1. | ra dition, the component 150 may also be {)rovided with a

lower proffedtishisithecso Aiforient D el Aendegonert 1Sw ikendad s Qriisresees® upon which

a coil or winding &b4isexiendediiar ermbenobiuinssend adshigldierepiaththabrearives the drum

core, The shield core 1,56,inc|ude§,electropltated termindatiqn%,?,ﬁo formed gn the s r{a%es thereof Wire
leads form the terminations, leading to performance and reliability issues; and undesirably low

production yields of satisfactory components.

[0051] Figures 4 and 5 illustrate another embodiment of a component 180 that is similar
to component 150 in some aspects. Like reference characters of Figures 2 and 3 are used in
Figures 4 and 5 for common features. Unlike component 150, component 180 includes
termination slots 182, 184 (Figure 4) embedded into the shield core 156. Embedded
termination slots 182 and 184 receive the winding leads 166, 168 (Figure 5) on a surface of
the shield core 156, that may be surface mounted to a circuit board of an electronic device.
The embedded termination slots 182 and 184 allow for a reduction of the component height,
or a reduction in the profile of the component in comparison to component 150, but is still
subject to the aforementioned difficulties in centering of the core, potential damage to the
cores from electroplating of the terminations 158 and 160, and thermal shock issues due to
high temperature soldering operations when component 180 is surface mounted to a circuit

board.




WO 20081152493PC171B20081001533 162, 164 extend from the winding 154 and electrically connect
with the terminations 158 and 160 on side edges thereof. The electroplated terminations 160 avoid
separately fabricated termination clips, such as the clips 114 and 116 as shown in Figure 1 as well as
the base 102 (glsqQgshewmin 1-7*re 1) to which the clips 114 and 116 are essasabigel1Blimination of the
clips 114, 116 and the base 102 that othenvise weuld be required saves material and assembly costs,
and provides a lower profile height of the component 150 in comparison, to the component 100 (Figure
1). [0050]Toe2g0mpaRestsii:Hhaayenekismioenatengingtdtamifaectube arisoreadingly lower
profiles. Centering of drum core 152 with respect hield . 156 j [ffi .;expensive.
The comp5RgAFIS0 14t Iseg%ﬁlﬁg?}é}o LS ¢ errr?gl g%(gck%ghc?f gg%é%t'i{ai darﬁlz dgﬁ?ﬁ)%(ﬁirg%ﬁemperature
soldering opetationsdipterinj e tre woitdcsagrdp2ewn besred tﬁédﬁeiﬁﬁhéﬁgﬂglmsa%aheo on the

shield Corﬁi%%%ﬁ'i”' MRNVSARIL S the CRIRGNABY 160:0xihermal StoqkigurRs iencediwhen the
component i IS surface mounted to a circuit board. The thermal shocké%réds ﬁolée(g%%% the structural
g <

strength ofashEedhb et &ofsd 404 6818 SN AL RN TEVFRHY TOWBRLEH HORENts, the dimensions
of the drugggossdRAcRd@hiateeonehSmite hkffigutdeuceckntendetingithenteoroié4ulitdrable to
thermal shock issues. Cracking. of the shield core 156 has selved, dyring.slectraplating
processett 1B ¥ tel 1,15388%15{5%15&},%%%“ ﬁg?fg%rrﬁg nggﬁg reliability issues;}%nd%ndesirably low
productioneyisitsiofisatigfactiny tompbreers. 0B HiRigurs sy aiel 5 iMpaE e sHsHEReHbodiment of a
component 180 that is.simi cRpRepant 150 in some aspects. Like reference characters of Figures
2and 3 al%eﬂ%ggaﬁmci?gfs&% 4ntg?rl1td 5 for common features. Unlike component 150, component 180
includes termination slots 182, 184 (Figure 4) embedded into the shield core 156 Embadged
terminatiofOStots 183 %ﬁﬁo’%éﬁfﬁégg}vse%\év%%%%elg%%g%%é%%% éélg l%rlgﬁ)&li) on a surface of the shield
core 156, thatwmiay:hesuriases fodheteditotionirfdielosrreiaheritabmehaemenitie éfedded
termination slots 182 and %%Qgﬁ’é%ﬁ’r{e@ redugtion.af; the campRNaNidiRiohbuat ageductien in the

profile of tﬁgego%%)gnent In comparison to component 150, but is still su% rehmentioned
t

) 'ectggo the7afo n
difficulties srodwenney SR treasedy Fommis! A RER R B0 &8 SHY EEEr dpfating &

& terminations
158 and 169, andthermalshoskicstiosdysdanighl e petaturesylteinegl operations wiseh component

180 is surface mounted to a circuit ppard., 2008/152493P 0 (D524 igure 6
illustrates @ﬁﬂféﬁ&ﬁ%?t%mﬁ%mpgﬁgﬁf) %gé%}%% qmggyaB%Scegonns%trTé%(t%ﬁ %%%%gé%e with either

componenbl §@retkses dowitdnotitings sepanatély providleddolims miieasets ffs2ePvoieRat more
securely retain the coil leads 166, ' -b) Gl idedmver shenelectroplated
termination® 158, %ﬁk?ég%?ecgqfa%@ é%g!/: é%%%?ﬁ%%%ﬁﬁ%%&f%%@ fropqrin@ar more reliable
terminatiorcoil #:38,coifl bad$ 662 BB LERMIsAER ﬁ@@‘éﬁf@?’%}’ﬁ?%@mﬁﬁpﬁiﬁ?gulties in centering the
drum core 154 within the shield core 156, similar issues relating to damage to the cores when
electroplating thedsnaineiitosnant siftilaithernioal shock issues that may adversely impact the
reliability and performance of component 200 in use. [0053]To avoid difficulties in winding the coil onto

smaller a”%&d?ég"ef dHamcotes H5%AR0 Withan sxedewardiidtier redletorot tiniewrprofile height of
such components, it has been proposed to utilize prefgrmed iEsétrur(e:gtégﬁn%%oiﬁstgﬁg of;peing wound
upon a cor@ﬁr@&%ﬂ%&@%@’é‘ﬁ%ﬁ%l@% AT AR EEEEm }fe INto a core structure. Figure 7 is a
top plan viewpfenersur)) eanvatienalipre-dodmecooil@20 Mat may2hé asédtireghstut® low profile
inductor component. The ¢qil 220 has first a cong leadls, 22 lengthofwyire
therebetwe@ﬁﬁﬁhﬁ%e@\ﬁgff%dsfgfogrﬁgﬁ ero tggﬁngecausggégfﬁgdc%r%\?ﬁ%%l manner in which the
coil 220 is weamplicpndderd RAecextenddurdaT ancleried I REAPHTIE coil 220, and the other lead 224
extends from the outer periphery of the coil 220. Il. Exemplary Embodiments of the invention
[00541FigurggB4s a tap phamesef antredarraed wihditignoryooil D40ddreminietnaceye wire

according to known techniques. If desired, the wire used to form coil 240 may be coated

with enamel coatings and the like to improve structural and functional aspects of coil 240.
As those in the art will appreciate, an inductance value of coil 240, in part, depends upon wire

type, a mumber of turns of wire in the coil, and wire diameter. As such, inductance ratings of

coil 240 may be varied considerably for different applications.




low profile magnetic component formed in accordance with the present invention. Like coil 220 (Figure
7), coil 240 has first and second leads 242 and 244 and a length of wire fnerebetween which is wound
for a number of turns to achieve a desire effect, such as, for example, a desired inductance value for a
selected end UX€ dPphgAtidn. [0055]In an illustrative embodiment, coil 24@cmaybesfomsed from a
conductive wire according to known techniques. If desired, the wire used to form coil 240 may be
coated with enamel coatings and the like to improve structural and functional aspects of coil 240. As

those in th&Oa%8 will Gpikecssd2 %P thedends I s lb4bmoud, finpar cuiss epdehapcktwie type, a

number otsilrpsiof uitelinithecsel, astheirs diameeier, A8 3@*&»&&@1&%%@%@3{%&%@40 may be
varied co i§j,e1[. ly for different va}%)pli%aéi‘?ws' WO 2008/3%%3?3PCT/1112008/00 533 [0056]Unlike coil
220, both%?we(feacfsc 5 SR LGN o inSH ST B9t settofemdbsseilditferently,
neither of lkengd 9e2idReaini B 4 weitdind sifrcmrandnmetrperiph@n R48minthigeertenopsningdof-coil 240.
‘Since neleiead 24405244 eumis AomnE SPLIBRPIRCNEAS, audid shace n 2 core

ed below ec

structure (not shown in Figure 3 brit descri may be used more e ively anwith coil 220.
More effettRi§ (Eecai ¢ WiRiAe sisakerercordyanssesiae Sptkorriantenaefamagesiind further
reduction efightew.prafirtheighteherinagnetic component. [0057]Additionally, more effective use of
winding space provides for additional benefits, including the use of a. larger wire gauge in the

fabricationethe colyhlig:Aocung e sAtepIXRISRL SR, A3 A LeRentipRaL gl ighricated from a
smaller wire gauge. Alternatively, for a given wire gauge, .gre%ter number of turns In the coil may be
provided iRCthEingahicyshpSiediresacaitn gensednveniarmigaton wittha tetsehiuntserdiguhes would

occupy bysetinigasingiuntsedairspaseSibiartbar, morraiecive use slaindipgsnagg.may reduce
the directggrrent r§sis ance.sDCR of component 260 in use, and reduce power losses In an electronic
I

device. [0058]PFEYEF M LEITSA S BRSrAnTCa s & ShGBREHBACH RS e SFNSfe, and may
later be assembledavittydcebrpstsubtire edmiesignatedistagh af manufastvse oT hengowrstindction of coil

240 is bel&\ég tg adya t J8QMs; H_g (yetili i ubstantially. self centering. magnetic core
structures as g}ésgr)i%&q}l{_)e%%/%gow\%(ﬁg%res ?%%%t?é%%%ﬁ?ﬁé%%ﬁse é’i"”ﬁ‘%‘éﬁe gcgomponent
260 forme8an Eeees dendeesligyaenesesitphet/(BrBbeirenpeiate ilientisn 2Corpsaeate60 includes a

first core 16caiprafarneAicQit w4 (also shown in Figure 8) insertable into a shield core 262, and a
second core 264 overlying coil 240 and received in a self-centering manner within first core 262. First

core 262 i ew Jell f th leld.cores previous scribed, and second core 264 is
sometime@ rée rredQ%fé?s%@s,g§§l?é‘ ?hté% %ﬁgkgé%f%%% 5%: Sﬁ#%?r%y .?tg Igoartéyfgﬁé f %taﬁisa%%gst seenin
Figure 9, figY deia beasrrayblrs fatitied fom arnshghaticiosdeaiblestnaterianintoiacsolid fltcbase 266 with

upstandingow@258e 2 94 ENdiRANA RANRKAAtageous when utilized with substantially self

centering magnetic core structures as described below.

[0059]  Figures 9-12 illustrate various views of a magnetic component 260 formed in
accordance with an exemplary embodiment of the invention. Component 260 includes a first
core 262, a preformed coil 240 (also shown in Figure 8) insertable into a shield core 262, and
a second core 264 overlying coil 240 and received in a self-centering manner within first core
262. First core 262 is somewhat reminiscent of the shield cores previously described, and
second core 264 is sometimes referred to as a shroud that encloses coil 240 within first core
262.

[0060]  As best seen in Figure 9, first core 262 may be formed from a magnetic permeable
material into a solid flat base 266 with upstanding walls 268, 270 extending in a normal or
generally perpendicular direction from base 266. Walls 268 and 270 may define a generally

cylindrical winding space or winding receptacle 272 therebetween and above base 266 for




generally perpendicular direction from base 266. Walls 268 and 270 may define a generally cylindrical
winding space or winding receptacle 272 therebetween and above base 266 for WO
2008/152493PCT/1B2008/001533 10 receiving coil 240. Cutouts or openings 273 extend between the
ends of the siggwealigi2faB8:and 270 and provide clearances for the respe@iBuNde8Ids3242 and 244,
[0061]A variety of magnetic materials are knownthat are suitable for manufacturing Core 262. For
example, iron-powder cores, molypermalloy powder (.N_PP) having powdered nickel, iron, and
molybdenthiteigifQ R i S8R ORGP TSI RATR AT S A0 e ArBeridy W&lﬁﬁg depending
on whethemniyceipeedot ddahedFedtin popetsupplyadabiendanyersion circuitry, or in another
application such as a filter inductor, for example. Exemplary ferrite materials include manganese zinc

ferrite, andggayicularly, power ferriigsaickal-Ancleriies, ihiming e1tites. Mmagnesiyp manganese

ferrites, and the like that have been commercially used and are rather widely available. It is further
contemplat¥a ¥4t 1B ERPEwHRP TIOR, SRehdRob RSB S AR HHatTA) B RREPRAGT materials
may he usgekt falxieaterdhigRiesivhiiaiaahieving aideasi-somenidheatvaniedeswod the present

invention. OO%ZgAs hown in Figure -12, first core 262 may also include surface mount terminations
%Sﬁgﬁ C{] 3 € &le 32 I

276, 278 foim bR S St B B e iR SO P8 B8 TRl b fohed on core 262

from a conductivematenatin, doriexamible, apphsationl wapordepbitiom@atDd) feocessuitstead of
electroplating, s commanty Hsedin he At bivsical YaPRE-AePasiionRemHls greaterpracess control,

and enhanced quadlity of terminations 268, 270 on very small core structures, in comparison to

conventiorigkpluzias Eeiabdithing sioedsaiiss PRyRIEHI Vo PorEEssifisithatrd i s dlksidiebre damage

and relatediesyes hakalectsoplatinmpiese RiteyVhie physiealeyaper tiepestiatpriaesses are believed

to be advantageous for forming terminations 268, 270, it is yeco izeld that other termingtion structures
SEEEE nd 0 i

may likewiSe S RAEEEF i AT iR RS SE R A e o o

ns, Rinaton SUHAEE Efminations formed
from dippingea poftiatcataheec26? ntdonahdtivegnk kad teetikd, tinddtimsngerwirihtioresmethods and
structures 51@01\1’{’1%1;” the art. [0063)As also shown in Figures 10-12, terminations 276 and 278 may each
be formed With embedded termination slots 280 that receive the ends of coil leads 242 and 244. In the

example shown in the Figures, as best seen in Eigure 9, the leads of coil 240 may be oriented adjacent
base 266, EY%il 2403s° %@Bn%@d%%ﬁrr‘s% C%rl% 282, é{?ﬁ‘d fﬂaevleagsﬁ Rl 5

s Ay Be Bent into engagement
with terminatiginatRinie 2878 dadsc24R and: 244 mrapifes bealsitiedefoirekan@ies, 7 famminations 276

and 278 to,engure: adequate fpechanical apg elretizab- Q24P LoadRia P T L34008/001533
deposition (PVD) process, instead of electroplating as commonly used in the art. Physical
vapor deposition permits greater process control, and enhanced quality of terminations 268,
270 on very small core structures, in comparison to conventionally used electroplating
processes. Physical vapor deposition may also avoid core damage and related issues that
electroplating presents. While physical vapor depoéition processes are believed to be
advantageous for forming terminations 268, 270, it is recognized that other termination
structures may likewise be provided, including electroplated terminations, termination clips,
surface terminations formed from dipping e portion of core 262 in conductive ink and the

like, and other termination methods and structures known in the art.

[0063]  As also shown in Figures 10-12, terminations 276 and 278 may each be formed
with embedded termination slots 280 that receive the ends of coil leads 242 and 244. In the
example shown in the Figures, as best seen in Figure 9, the leads of coil 240 may be oriented
adjacent base 266, as coil 240 is assembled to the first core 262, and the leads may be bent
into engagement with terminations slots 280. Leads 242 and 244 may then be welded, for

example, to terminations 276 and 278 to ensure adeguate mechanical and electrical




connection of coil leads 242 and 244 to terminations 276 and 278. In particular, spark welding and laser
welding may be utilized to terminate coil leads 242 and 244. [0064]Welding, as opposed to soldering, of
coil leads 242 and 244 to terminations 276 and 278 avoids undesirable effects of soldering on the total
height of comP8h&1#82889%and also avoids undesirable thermal shock issB€®/Bnthhighssemperature
effects on coil 240 and potential core damage th&t soldering entails. Notwithstanding the benefits of

welding, however, it is appreciated th ldering may be used in_ some embodiments of the invention
while still SBELHRY a(ﬁ\}lo{f"‘iﬁ% %‘ghg?la%sigf‘ e ﬁ?%%ﬂ%%%ﬂé&%ﬂ%%%aﬁ%m?@%a@% wrap around

to the bottaadisp fad&of fivsidborenbase 2iGednd prowide stifaeasnariatidg4ls for electrical connection to
conductive circuit traces on a circuit board. [0066]Second core 264 may be fabricated independently

and apart{mﬁrstwer&?g@%s aggoL%@%%%@éﬁ@égefteofiﬁége@f@é@%@%@%‘@éﬂﬁ&&ﬁl%ﬁeoo”d core

262 may be fabricated from a magnetic permeable material, such as those described above, into a
generally 5t 2dfsRYSH B SR B ST 508 RAWAYPE RPsHidnTiar & cPh CEmRERTY pP8jeton 292
integrally drmedidvitimtheeimtainthody 290 andsesdandingp sty fsortonessideitereehdCentering
projection is centrally located on,main body.29 d. e formed, for exampl .irgto a generally
cylindricapé%ggd%r %Oégtﬁaé\lﬁa gﬁ%msgh%%na%%g grﬁ'thoéﬁoqr}lvértﬁl%&gﬁ% Igﬁr}ﬁéésr,%?‘sﬁe “may be
dimensiofieWteesldselgrmateied b soldeashayitirniether perptiebpddagnyf cbih240:<Rost 292 therefore

may serve,as-an AliRmeRR LS Ueegdeaiiralsacongd.gore 264 when component 260 is assembled.

Post 292 may be extended into the opening of the coil at coil inner periphery 248, and outer periphery
of the maj y 290 may be s d inst an upper surface of the sjide walls 268, 270 of first core
262. Whe {i%ég s2 %lrl%tﬁ%lﬁ g?ée %%%Zg%%tﬁgr%sﬁgg 1 Oetg?é?nfﬁ’é}?%f’no %P5 88 & dhesive, coil
240 is saddvicidgddyedweefrcoregi@aRdrdr 264 tend poairtdiorth icritduotsitiorily tpest 892 of second

uore 264. JO0GAIEspecially when the outer periphery of coil 240 (indicated by reference numeral 246 in
Figure S) is closely matched to the inner dimensions of receptacle 272 in first core 262, the interfitted

assembly res 262 and 26 d cojl 240 provides a particularly compact and mechanpically stable
com poner@g’c in \%ﬁ?gﬁdeﬁ?éerégqﬂn ég?ﬁeﬁfn’agéﬁé%e rffé%‘?@%?ﬁﬁ%&ﬁ%éﬁ%%%‘ﬁ Jef &8 separate
fabricationmwf lecres@6D ki do2b4t and péafarmeihiceil B40wrdddes eas6f asgeraidianctsimplified
manufactuyl ; / 3 [132008/ to
conventioﬁgﬁgﬁmﬁgﬁﬁﬁaﬁgﬁg&g% %9 g#%%%w%ggé %%% a's e%%%% esﬂs%ucture.
[0068]As Biktsbapsd imegbedv12Pfidaiage vibwiwisardm aoil 24onierinstuRisRinn gBimegrdhsecond core
264 extengsni ywparinef thendistanes) framdthenmain by @9 G-t thehareiRG6oef ftistiere 262 through

coil inner periphery 248 (Figure 9). That is, an end of post 292 does not extend to, and is spaced from,
base 266 GPIFHWTEE ST ROVt ST Bl RSre g 8o 2 R e Galy D86 BRGNS B rfergy storage
in the coresnanifyaffiéatérivvghetiochatdeteristic snofl oo dipnrentZ60msicibady@9en Gitethiésinductance

and DC bias cteristics. By providing gap tween post 292 and base 266, stable and
consisent e T e B B R P o
straightfor@arddénd pstadRetharsipieon e Yrshirrets AlcOISpANBOM tereisrve hevie ddweprodileornagnetic

componea@gfwhg},eggfg[ﬁ@g&%i@@% dBsiBRECtapgSYRlLG oL CRIBRAASHIZEQ Gﬁ&ﬁfﬁ?@f@{@ be tightly
controlled at relatively low cqst in comparison to existing component constructions. Higher production

yields of kR0 COFRPSHERA&HHEH SN GrBHBPPP0ER Y BRift giody 290 may be scated
against an upper surface of the side walls 268, 270 of first core 262. When cores 262 and 264

are bonded together using, for example, an epoxy based adhesive, coil 240 is sandwiched

between cores 262 and 264 and maintained in its position by post 292 of second core 264.

[0067] Especially when the outer periphery of coil 240 (indicated by reference numeral
246 in Figure 8) is closely matched to the inner dimensions of receptacle 272 in first core
262, the interfitted assembly of cores 262 and 264 and coil 240 provides a particularly
compact and mechanically stable component 260 in which external centering elements are
not required. Independent and separate fabrication of cores 262 and 264 and preformed coil

240 provides ease of assembly and simplified manufacturing of component 260, as opposed




[0069]Figures 13-16 illustrate in various views another component 300 component feuded in
accordance with another embodiment of the invention. Component 300 in many aspects is similar to
component 260 described above in relation to Figures 9-12, and like reference characters are therefore
used in Figure¥a 20088 ¥#hdicate common features. Except as noted belS&T/EBHASEAERTE 300 is
substantially identical in its construction to comp®&nent 260 and provides substantially similar benefits.
[0070]First core 262 of component 300, unlike compone t,Z%O, is.formed with a sulﬁstantially solid and
continuoffs %‘@Wﬂéﬁfﬂﬁ’ﬁ?ﬂgfﬁﬁé“é@&@p %ﬁ&?%%f HHREY BRSPS ShSponent 300
does notgieduge cutouts 273 shown in Figure 9 in first core 262. Also, as best shown in Figure 14, coil
240 is oriented with leads 242, 244 extending from an upper surface of coil 240, rather than in the

Conﬁgur%@@@s?how&iﬂeﬁigw&% wherein (s ierdadramasitionathen thecbekiam seeiacepf coil 240
adjacent base 266. By virtue of the orientation of coil 240 and solid wall 302 wi}EhQéJt cg%ogﬂs,
&t 2bie"162, as opposed

terminati6h SRR BTP iROLFRITAATBPY D96 Al BB RortrBedrRTL g At b

to the emizgriiment shpwrinFigureRvhamiatersifatian $/olshath, extentlainlysf@bhdeight of the

b 266. El [ ft inatj 276 lot ire.hai I 302
provides i) RUACLTBORIHE & & Tor o TS S5 S Ats ot s e A
2008/15229%3P CPlikich 088/ 005 3B diBs antkep?8 semaizenady falitmesoréringwisvelamgiSperations to
secure cqil leads;242 and 244 1o 1eEminations 2A6:248 lfiteheow 262 1A Irgwasd7-21 ilustrate

in various views another component 320 component formed in accordance with another embodiment of

the invenBorRrObHRfO B SPPI $raR)SaEPE A SSH NG RPRISARDAESEY BRLRIRE Bove in relation

to Figures.§- bsandoike rpferensaeharnetens ares el ifs Figuiesd1it-21sforigaforment features. Except
as noted below, component 320 is substantially identical in.its constuctio c 260 and
provides E??B%YSWJ{QI‘]’@%?% ﬁéz}nB%rnlélfi%WQflA%g %Wﬁ%‘r)\nﬁlléj%‘?’e%ﬂigtézﬁa@é%n%ggg%%%%%%%includes
preformedoeaitchuctive devivinatitir dlijscd2Reane B2t rampentnt 2ot e ritigreara 2adiftbm core 262
into freesianding puiIes NBLALG:ARPERlEiA EoiRiaka Sipmrar andardsmayigrigbricated, for

example, from conductive sheets of material, and stamped, bent or otherwise formed into a desired

shape. TenodngiihyiHes F20csAE 30 20BFARGR TP ITTRRHTRAR SBACRAGE™S and 244 as well as

surface mount termination pads for a circuit board. Clips 322 may be used in lieu of; or in addition to,
terminatique 76, 2Fdesdribed dbevae 00 78 a2 - 28 itastratepoasisud0ficwspdnsail another

magnetic compenent.3RRJaed i AceolipEe i RRRINRIANEM AR SBe ARk invention.

Componen IN many aspects Is similar to comgonent 260 described above in relation to Figures

912, and likeerefaretimélahiar aerarensre YL 4SHrERg @@25@@%%%6%}#@%&#&?@%&& as noted

below, copponentAQissubstantially identica! jconstractionicrompenancastantxpepyvides
bstantially similar benefits. [0074)Unlik t 260, 360 includ teri
;?ojzci?o:]aaé@@tgéog? goxln?)ogent 330 1% Isu%s(%gn lgl%? Fégn&ca?ng ggjc%%sr{%]c 810 rc]:grylpc?nsar?t ggb1ternng

and provides substantially similar benefits.

[0070] First core 262 of component 300, unlike component 260, is formed with a
substantially solid and continuous side wall 302 that defines receptacle 272 for preformed
coil 240. That is, component 300 does not include cutouts 273 shown in Figure 9 in first core
262. Also, as best shown in Figure 14, coil 240 is oriented with leads 242, 244 extending
from an upper surface of coil 240, rather than in the configuration shown in Figure 9 wherein
the leads are positioned on the bottom surface of coil 240 adjacent base 266. By virtue of the
orientation of coil 240 and solid wall 302 without cutouts, termination slots 28¢ in
terminations 276 and 278 extend the entire height of first core 162, as opposed to the
embodiment shown in Figure 9 wherein termination slots 280 extend only for the height of
the base 266. Elongation of terminations 276 and 278 and slots 280 for the entire height of

wall 302 provides an increased bonding area for coil leads 242 and 244 on terminations 276




352 formed in first core 262 instead of second core 264, as described above. Post 352 may be centrally
located in receptacle 272 of first core 262 and may extend upwardly from base 266 of first core 262. As
such, post 352 may extend upwardly into inner periphery 248 of coil 240 to maintain coil 240 in a fixed,
predeterminedsanthaentesed position with respect to core 262. Core 264, IRGWBes/(9ichides only main
body 290. That is, core 264 does not include post3292 shown in Figures 9 and 12 in an cxempla,-y
embodiment. [0075]Post 352 may extend only a portion of the distance between base 266 of first core
262 and ridr Bodypnpsofeiitate saldariertruy ddsas WIS IRoteeE Beibieeh X &ri%dfpost WO
2008/152493RG 3200816919330 »2%and core 264 in a consistent and reliable manner. A
non-magnetic spacer element (not shown) fabricated from, for example, a paper or mylar insulator
material e pravided e er, surface.of core 26 c 4 and,ex veen cores
262 and g@ﬁ% lift gl %egpqa[}ré e é%%r%rﬁtgfﬁo\?n&gé%t%ég\é%tc%n (?gf\%e% %gg%f)%n %ﬁo&%gc%%%rt if desired.
Otherwisdopost Z6dcenaiatse foithatotben spevedinerpaf dbvarydalier Heggrrarmth 338 Side™Wall of core 262

that defingg recentaglei272. thershudessitinadnrhysicakgambeiveendost 852 and gese 264 when
the coinponent is assembled. [0076]In a further and/or alter%tive embodiment, e:%ﬁhﬂaf core 262 and
the

core 264 RERyBErEhARETIfRea Sethit g SFoj el o BUREWHITHE: dimERSIBHEEF (R Bosts being
selected teoptenfiee 3yaip beiweaenlihedendsofithe pastsudicpacesetement2iiagnbeprodksed to define

the gap in V\{)h?|e.0{ in .[?na{t ilg such an embodiment. [0077]Figure 26-29 illustrate various views of

Supg a*f.tla 18 stmular S . . )

another magnetic componen formed in accordance with another exemplary embodiment of the

invention. Comﬁonent 370 in many aspects is similar to com‘ﬁqnent 350 dgscri ed above in relation to
O

Figures 230982 land fiReHorsPe it d AP clére ar EOHEEETHY Figlirde W8S ohrs SRERYres. Except
as noted helgwagempRReH237ans Jekstantially meapiealemnits fbrisitedtifroro dhe cihporent 350 and

provides s b§tan jally similar efits. [007 il 240,in, ¢ opent 3 Qi cl ipl§ windings
each assoCHATEH Wit X AT Bt %35? "F%gfliosil%fgtc%edz Qé’c(oar?(? chﬁeag s%ﬂ?#ﬁfﬁ% ggr?e%brovided to
terminate &ndveteplkichty confeciw frstiset ofaidrdinndntashscoitn4u, dkvifedaRgEdtitth coil leads

372 and Spa i pigyided g sl and eleaisallocpneciasscand adkafuiding yms in col
240. Accordingly, core 262 is provided with terminations 276 and 278 for first and secog:l coil leads 242

and 244, r&&petiiebiys sHdes e DB RIBRAIAR AR P T IR BAY S 76 35 37 898y IF4Hd fourth coil

leads 372 pad,3 i ireskesivelyicAtidiipnaboe]deadsaiddetvirations may be provided to
accommodate additional winding sets in coil 240. [0079]Multiple winding sets in coil 240 may be

especially hgneficialhien soupeslagetoR ake Aasl aPIuPLiRiheMaRACHESALaRormers such

as gate drive transformers and the . . .
formed in accordance with another exemplary embodiment of the invention. Component 350

in many aspects is similar to component 260 described above in relation to Figures 9-12, and
like reference characters are used in Figures 22-25 for common features. Except as noted
below, component 350 is substantially identical in construction to component 350 and

provides substantially similar benefits.

[0074]  Unlike component 260, component 360 includes a centering projéétion or post
. 352 formed in first core 262 instead of second core 264, as described above. Post 352 may be
centrally located in receptacle 272 of first core 262 and may extend upw‘ardly from base 266
of first core 262. As such, post 352 may extend upwardly into inner periphery 248 of coil
240 to maintain coil 240 in a fixed, predetermined and centered position with respect to core
262. Core 264, however, includes only main body 290. That is, core 264 does not include

post 292 shown in Figures 9 and 12 in an exemplary embodiment.

[0075]  Post 352 may extend only a portion of the distance between base 266 of first core

262 and main body 292 of core 264, and thus a gap may be provided between an end of post




WO 208/152493PCT/1132008/001533 15 diagram for a step down or buck converter, and Figure 31
illustrates a typical circuit diagram for a step up or boost converter. Inductors prepared in accordance
with the present invention may be also used in a variety of electronic devices, such as for example,
mobile phonesy&bwsasntGPS devices, and the like. In one exemplary enrbodinesioagsshown in the
circuit diagram provided in Figure 32, an inductodprepared in accordance with methods described
herein m?/ be included in a high voltage driver designed for driving ,clectrolurninescent lamps used iii

eleCtronié Hetideesre 36 HsHepesisiRmRdneTReIRUHSS. (DO TIHAEAERSRASHISBABodRhent, an

inductolr i%&gﬁ@iﬂ@%%%’&g%@l%@?ﬂ@i@ﬁﬁ&f Qﬁwb%ﬁ@msm&&rgmeﬁﬁmmgmaw@ﬁ the
exemplary device is 4. %, with a peak current of Q.7 A and an rage, current of 0.46 A.
ResistancloPP {HE%R theas Al B e ds %%ﬁgfi‘?ﬁ@%ﬁ%?%ﬁg}ig I8 %¥$ %EngAJ (g}g%yan evice are

comparecsagaitestdwa €b mpetitost 36%icess s shogap in Fable 4. i@ papirdtbred xathpleidds a Murata

nductor, MARSLRNMPEL kAt ond &9@8@5@%&%@8@%@&%@9%@0&% number . As

shown in a e exemplary inductor (Example 1) provides the same performance in terms of

inductancéwairigfnsakeeeriaoht FCnikereliciesitandn paBKaEgY . e Hefsaneeshf BaahpreeZ@shown in

Figure 33 yharedhe-ndustancass:#iqun as a function of current. Roll off (percent loss of inductance
with increasing current) for the inductor of Example 1 is shown in Figure 34 and is approximately 20%

o he bealpcyrient el 10,0, Table SO DRACEDITeTSIORs o ML 3 Mo dnduciance

(41-1) Pe rrent ( verage Current (Irms) Direct Current Resistance
formed with a centering projection or post, with the dimensions of the posts being selected to

provide a gap between the ends of the posts. A spacer element may be provided to define the

gap in whole or in part in such an embodiment.

[0077)  Figure 26-29 illustrate various views of another magnetic component 370 formed
in accordance with another exemplary embodiment of the invention. Component 370 in
many aspects is similar to component 356 described above in relation to Figures 22-25, and
like reference characters are used in Figures 26-29 for common features. Except as noted
below, component 370 is substantially identical in its construction to the component 350 and

provides substantially similar benefits.

[0078] Coil 240 in component 370 includes multiple windings each associated with a pair
of leads. That is, first and second coil leads 242 and 244 are provided to terminate and
electrically connect a first set of winding turns in coil 240, and third and fourth coil leads 372
and 374 are provided to terminate and electrically connect a second set of winding turns in
coil 240. Accordingly, core 262 is provided with terminations 276 and 278 for first and
second coil leads 242 and 244, respectively, and core 262 is provided with terminations 376
and 378 for third and fourth coil leads 372 and 374, respectively. Additional coil leads and

terminations may be provided to accommodate additional winding sets in coil 240.

[0079]  Multiple winding sets in coil 240 may be especially beneficial when coupled
inductors are desirable, or for the manufacture of transformers such as gate drive transformers

and the like.

[0080] The inductors provided herein may be used in a variety of devices, such as for -

example, step down or step up converters. For example, Figure 30 illustrates a typical circuit -




Example 1 2 5mm x 2.5nun x 0.7mm 4.7 z.'-- 20% 0.7 A 0.46 A 0.33 Ohms Comparative Example 1
3.2mm x 2.5mm x 1.56mm 4.720% 0.65 A 0.195 Ohms Comparative Example 2

WO 2008/152493 PCT/IB2008/001533
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diagram for a step down or buck converter, and Figure 31 illustrates a typical circuit diagram
for a step up or boost converter. Inductors prepared in accordance with the present invention
may be also used in a variety of electronic devices, such as for example, mobile phones, PDA
and GPS devices, and the like. In one exemplary embodiment, as shown in the circuit
diagram provided in Figure 32, an inductor prepared in accordance with methods described
- herein may be included in a high voltage driver designed for driving -electroluminescent

lamps used in eleétronic.devices, such as for example, mobile phones.

[0081] In an exemplary embodiment, an inductor is provided having dimensions of
2.5mm x 2.5mm x 0.7mm. Peak inductance for the exemplary device is 4.7 pH = 20%, with
a peak current of 0.7 A and an average current of 0.46 A. Resistance of the wire is measured
at 0.83 ohms. The characteristics of the Exemplary device are compared against two
competitor devices, as shown in Table 1. Comparative Example 1 is a Murata inductor,
model number LQH32CN and Comparative Example 2 is a TDK inductor, model number

As shown in the table, the exemplary inductor (Example 1) provides the
same performance in terms of inductance and peak current from a much smaller package.
Performance of Bxample 1 is shown in Figure 33 where the inductance is shown as a function
of current. Roll off (percent loss of inductance with increasing current) for the inductor of

Example 1 is shown in Figure 34 and is approximately 20% at the peak cutrent value of 0.7

A.
Table 1
Sample Device | Max | Peak Average | Direct
Dimensions (L | Inductance | Current | Current Current
x W x H) (rH) (Tsat) (rms) Resistance
Example 1 | 2.5mm x 47+£20% |0.7A |046A | 0.83 Ohms
2.5mmx
0.7mm
Comparative | 3.2mm X 47£20% |065A |- 0.195 Ohms
| Bxample 1 2.5mm x
1.56mm *{
Comparative | 2.8mm X 47+£20% |07 A 0.82 A 0.24 Ohms
Example 2 2.6mm x
L 1.0mm

II1. Conclusion




2.8mm x 2.6wmt x 1.0mm 4.7 20% 0.7 A 0.82 A 0.24 Ohms Ill. Conclusion_ WO
20081152493PCT/1132008/001533 [0082]The benefits and advantages of the invention are now
believed to be amply demonstrated in the above-described embodiments. The unique core structures,
preformed coilBOamBedding and plating techniques for forming terminatRSiFSBAe8(FESEr the preformed
coil avoid thermal shock issues to which converittonal component constructions are susceptible, avoid

external gapping elements,and A0gniSIIAND HIRRRENEALR SELCIHPLaRdaeINgaRsige In the

cores to be tightly controlled over large production lot sizes to provide a more tightly coritrolled
inductance FRRISTECthE dehibonerrsctrg CoMpBmEns niky Beipre vriedaidower Hekmsy virtue of

easier assepilb|yrandldnaiie sydaithif € QRPAGHRAIOHRANE BRAGNAHE SeRRANRAESOrGHEHIboard
nge been. disclosed, it is contemplated that still other

applications,.J0083]While various embodiments.
i Rt DS o BRlaly cHiS o S ARHR St CCutPRB i RS WA burview of

variations and adaptations f y em
those in theusetniiithroavdé paiting! fraritizeckompe and gpirt of thevinvenied ciersexamplaendistributed air

gap core maierelsaying o' GXAMPIE ARANIRIALON andIRSBIRASE PeAenganother on a

particle level, thereby producing a gap effect without formatio a discrete gap In the structure are
also availahlBYRIIEMY entslisddieusiatscelardery e purpragmy coie sABRBIFRdNBELbEONS without

a discrete physiealgane s6nphty themarkiasudaduecaseierthels andpptenrtaly tadwmprove the DC
bias characteristics and reduce the AC winding,|oss of the component. [0084]A low profile mapetic
componen%ﬁ%%cegﬂn&)é’élgﬁ%éealtﬂﬁ%gm §p§1fﬁ%tf%re fabricated from a magnetic permeable material
and includes a receptacle therein, and a second core fabricated from a magnetic permeable material,

wherein th&'88%bnd PBrcizaapicardadinasehaehemdml enedfifstcsrsempletebimichBetiferther includes
a coil formegrindependeathydiomdthe fiistanhsacopdrRiernwhateistiecrihinsludasatipast a first

lead, a second.lead alr};)d %)Iurtglit%gof tt#?ps %‘nerebet een, The first core, incllydes a receptacle adapted to
receives the BB aHd SETeRIPERE BF Y HTSPAHASSENUG SRS i HEE & She/BiBiCHtd®into the coil.
example, distributed air gap core materials having, for example, a powdered iron and resin
binder mixed with one another on a particle level, thereby producing a gap effect without
formation of a discrete gap in the structure are also available and may be utilized to produce
largely self centering core and coil constructions without a discrete physical gap to simplify
the manufacturing process further, and potentially to improve the DC bias characteristics and

reduce the AC winding loss of the component.

[0084] A low profile magnetic component has been described that includes a first core
fabricated from a magnetic permeable material and includes a receptacle therein, and a
second coré fabricated from a magnetic permeable material, wherein the second core is
fabricated independently from the first core. The component further includes a coil formed
independently from the first and second cores, wherein the coil includes at least a first lead, a
second lead and plurality of turns therebetween. The first core includes a receptacle adapted
to receives the coil, and at least one of the first and second cores includes a projection fitted

into the coil.

[0085] In one embodiment, the projection extends from the second core into a center
opening of the coil. In another embodiment, the projection extends into the receptacle a
length less than the distance between the first and second cores when said cores are
assembled, thereby forming a gap between the first and second cores. In another

embodiment, the first core includes the projection extending through @ center opening of the




[0085]in one embodiment, the projection extends from the second core into a center opening of the coil.
In another embodiment, the projection extends into the receptacle a length less than the distance
between the first and second cores when said cores are assembled, thereby forming a gap between
the first and s&@HIEHEEY. In another embodiment, the first core includeS HEROREH extending
through a center opening of the WO 2008/152493PCT/M2008/001533 17 coil, In yet another

embodlm%&tl, ti&g froggc an eemtgnds frort’gea base .of the fII’qS%t §ore, uch t?%t}?:tﬁsgost is spaced from the

second core whenahaTist Sht SARisRy Hi5 8RS oR XIS “{o0BeiH & HBOARRNL, the first

core incluiestberfertés mocat formihasionsforthe iowilthedds: dndanathé cemstodisembitde component
also includes first and second conductive clips adapted to receive the first and second coil leads,

respectivelyods] anoth esebeadimantethereoi-fushernalusesthisd apg.fourhdaads. 4p apother
embodiment, the cojl includes an inner periphery and an outer perjphery, wherein each of the first and
second Ie%oté {g%%nshec at%otgﬁeé 8@?%#%%‘%%8%8@%%%%%%%? ﬁé?i?él%@?ﬁ@tﬁ"%‘i‘ﬁ%ﬁnent can be
used as a(%i@Wgthhtﬁmc@@Sﬁ@lﬁrazrw_tdheq:caspeoﬂ &40y pspéilevmagnetiscmpabetieas been
described aatipaes:alisaif Ry FRiRe A amagnelchermeahleDalerial Aad having a
receptacle formed therein. The component includes a preformed coi Feceived in the receptacle of the
first core, WHErBFHRAE CHiCi AR RSPty feeie sactaos s itk endl ssaeng lseditgoofieuirivs
therebenugeroil ketcompepentAise naHdes psarRORGAoNE faRrisalRAiOR asmagnsiseermeable

material, tlf;l% s?cond core fabricated independently from the first core, and including a post extending
through a celﬁ?eorr’opening of the coil and establishing a gap with the first core.. [0088]In one

embodiment, the first core includes surface mount tesuiinations for the coil leads. In another
embodiméRPSttle cdihpBriben AsPaser anldldB® fitetrapgnese cenmebenmd Uiivbectipdesediiditigathe first and

second caildaruls araspestivalitRanetie.mbRdim Rt B SalkiuihensamBrss SdRisd apd fourth

leads. In yet ané)%ger embodiment, the coil includes an inner periphery and an outer periphery, and the

first and sEEBITH BEFE coMe B L BiF Bt S TR pari SRR AT S inRutrecaR o aifEnt, the first
core inclufies adbaseharnih upstatidinguaiceanwirls extendiag, iasdhe basenanthagapexiends between

the base N [ éa&e f th . In.another.embodiment, the.post is substantially cylindrical. In
another em (%l%%r?t,' the first cl%ggrzgl %trtﬁlesp |ﬁ%?§lc§iee§ & mam g%fo%%ﬂ?ﬁ%%ﬁ%@%oﬁ,?ﬁe& r%yglln body

having anrstesaplsriptatsnelariger erandhecpodebiiass] | mnderstiventis peon dHowiiptofiteemaghetic
componentfagiReenseseripes hatdnsludes.afiblaare fabiicaied froma magpetic.permeable

material, wherein the first core includes a receptacle and a post projecting upwardly into the receptacle.

The compdiieHtt core.
[0088]  In one embodiment, the first core includes surface mount terminations for the coil
leads. In another embodiment, the component further includes first and second conductive
clips receiving the first and second coil leads, respectively. In another embodiment, the coil
further comprises third and fourth leads. 1In yet another embodiment, the coil includes an
inner periphery and an outer periphery, and the first and second leads connect to the coil at
the outer periphery. In yet another embodiment, the first core includes a base and upstanding
side walls extending from the base, and a gap extends between the base and a distal end of
the post. In another embodiment, the post is substantially cylindrical. In another
embodiment, the first core further includes a main body overlying the coil, the main body

having an outer periphery larger than the post.

[0089] In another aspect, a low profile magnetic component has been described that
includes a first core fabricated from a magnetic permeable material, wherein the first core
includes a receptacie and a post projecting upwardly into the receptacle. The component

includes a preformed coil received in the receptacle of the first core and on the post extending




includes a preformed coil received in the receptacle of the first core and on the post extending WO
2008/152493PCT/1B2008/001533 18 through an inner periphery of the coil. The coil inch des at least a
first lead, a second lead and plurality of turns therebetween. [0090]in one embodiment, the component
includes a sectfAdWeteZBricated form a magnetic permeable material, witaveimotiiesessond Core is
fabricated independently from the first core and d¥erlying the coil. In another embodiment, the second
core includes a substantially fiat bady having an outer periphery larger than the post. In another
embodimER e HiSREoPETRRTHAS Lrfatle Lﬁ‘i’ﬁlté’i‘ﬁf‘i‘rdrﬁﬁi%?%tr%t@%éﬂafbai’o%qcﬁﬁ‘%%er
embodiment pitvaitomponsnhéndiagesHdirst and second conductive clips mounted to the first core and
receiving the first and second coil leads, respectively. In another embodiment, the coil further

comprisegytiisg anehfQyrthigadsyRanatherembadimaniethe coil inclides.andnagrpgrinhery and an
outer periphery, wherein each of the first and second leads connect to the colil at the outer periphery. In

another eRASBEHMBF AR\ C BrATSERE M S BR apSPRAI 08 Infamisgiet Efensarisrht fre kst core
includes dilaseransdipsiandig tidesNallsextendingdesaithehase, au6ha 98R axisnds hetween the
second cqre and a distal end of the post. [0091]In another aspect, a low profile magnetic component
which inclus Se%ng%}éf?ﬁr%ne oiE’%Y?ggmaéla[ﬁgq%r]%er%lilgmg{gr 'é?rstﬁhaélgﬁ?é?icp%tre arlﬁdg?ﬁ?t%&eiving the
preformedrebiianehs ¢oo fidsnemnsdudgr swifiregrasacencimagmetic tereilleedsedondatheans are

provided seRasale o N MaRAPIRA ARG lisbmagnsliaiceaAnd.anslasingaha greformed coll

within the first means. The component also includes means for centering the coil with respect to the
core, the E¥RtEINGIHEM IS e gramdnrobitadeirerebrae nranciher sebodimenigihetic cores for
providing @inagneticeargsdd 082 Imarvether iesne CinammaihodRbnaMaghItne Adrweprefile magnetic

component has been described which includes the steps (g:?(ﬁ) roviding a first core fabricated from a
magnetinlﬁﬁ?{rngB%r%g? A4 ?Wﬁrepgﬂ?&ﬂﬁg’f@%%?eeﬁ‘fgﬁﬁ ’isgégﬁt%?@fg{d(iﬁ?%rﬁmﬁ%t% second core
;abricz;l]teglf@mmﬂaammgnaﬁcmnm rheblénna ¢fﬁrml¢mﬂmin. C;eimthélseﬁoa}rpdml’t]esig fabvkzatfelddta%ependently
rom the fijfs : (g% providi [ tly fro e first an cond cores,
wherein tfil% %:%ﬁﬁ%c%ﬁges ws@éf%ys%gto%%}lﬁgé%]s%gﬁg a§ %%%agitnf%/stt %ﬁégnsétﬁé{?eggtigveegﬁfl%ﬁlﬂ wherein the
receptacl&fatiie @4se aedfh Sep Sréchds biasth B1e sfcand wricadteched fideofitse aed second cores

include a projection fitted into the core. WO 2008/152493Pa/IBM8/001533 19 The first core includes a
receptaclétf@tihed thessithel hepenggrieticreofinponenttal sortnohude svaisie cattticoreprafogret the second
core s fabyigajed from.Apagnalis.permsaple ma'eial anckls fabiisated Independen) from said first
core. The cof‘nponen% ihcludes a coil formecf%aepengen fom the first and second cores, wherein the
coil includesaadirsetmadica sevodiddeadeend amplmeilitycofsuridithesadtweens Titve poitikedludes an inner

periphery 5%19&@@ psfemReiRhery. wherain he,irsh andRecRoddesals spnneetieiis,colqt the outer

periphery. The component also includes first and second conductive clips for receiving the first and
second leSd8ITdRpdHEl@FeTthe TEEHEERITBIIGET iMEHE T Soeve IX fFaltaEtSretdiv® e coil and
wherein atdgrst eneofdiie, fitst carerandrbensarnndiaaeiisiudevaipiojegiencsSaid prajeation adapted
to be insegié%gnigto the coil '

magnetic cores for providing a magnetic core.
[0092]  In another aspect, a method of manufacturing a low profile magnetic component
has been described which includes the steps of: (a) providing a first core fabricated from a
magnetic permeable material, wherein the first core includes a receptacle; {b) providing a
second core fabricated from a magnetic permeable material, wherein the second core is
fabricated independently from the first core; and (¢) providing a coil formed independently
from the first and second cores, wherein the coil includes first and second leads and a
plurality of turns therebetween, and wherein the receptacle formed in the first core receives

the coil and at least one of the first and second cores include a projection fitted into the core.

[0093] In another aspect, a low profile magnetic component has been described that

includes a first core, wherein the first core is fabricated from a magnetic permeable material.




[0094]While the invention has been described in terms of various specific embodiments, those skilled,
in the art will recognize that the invention can be practiced with modification within the spirit and scope
of the claims. IVICSLLP 20 CLAIMS: 1. A low profile magnetic component comprising: a first core
fabricated frorwve magastic permeable material and defining a receptacle pasacomhesse fabricated
from a magnetic permeable material, the secondigore fabricated independently from the first core and
having a different shape than the first core; and a coil formed independently from the first and second
cores, th& soflsbenpsrisiadas temstrtditstitondd dhseatond heasparrlip Raationot wisndntiegebetween,

wherein the first care defines tecrpiacls dhatiacaives s bniantilyall abiba g gfdhe coil, and at

least one of the first and second cores comprises a projection fitted'into the coil, wherein a

non-magiRhicgeh BeRadeBetiuanste Sefettsn alda BIFROACSE tHSIHASE cpredil formed

independent from the first and second cores, wherein the coil includes a first lead, a second
lead, and a plurality of turns therebetween. The coil includes an inner periphery and an outer
periphery, wherein the first and second leads connect to the coil at the outer periphéry. The
component also includes first and second conductive clips for receiving the first and second
leads, respectively. The receptacle formed in the first core is adapted to receive the coil and
wherein at least one of the first core and the second core include a projection, said projection

adapted to be inserted into the coil.

[0094]  While the invention has been described in terms of various specific embodiments,
those skilled in the art will recognize that the invention can be practiced with modification

within the spirit and scope of the claims.




where!n the ;econd core is bonded to the first core in a stationary position relative to the first core; and
wherem_ the first core comprises surface mount teiminations for the coil leads. 2. The low profile
magne.tlc qomponent of claim 1, wherein the second core defines the. projection thé rojection
extendmg into a center opening of the coil. 3. The low profile magnetic comp’onen@gréc ét%fn 1
wherein the projection extends less than the dista¥ice between the first and second cores when s’,aid
cores are assembl_ed, thereby forming a physical imp between the first and second cores 4. The
iow prqflle magnetic component of claim I, wherein the first core defines the projection th.e projéction
extendmg throu_gmglm:ter opening of the coil. 5. The low profile magnetic compor’lent of claim 1
wherein the projection comprises a post extending from a base of the first core, the post béing spaceéj
from the second core when the first and second cores are assembled. MCSLL’P 21 6. The low

profile magneticicompewent ifechaingmii furtngrooemsasingsifigst and second conductive clips receiving

wheroi the coll MNP Eo R BTEA L d Ea Srehie maghts compons

' . prises third an ads, 8. The low profile magnetic component of
claim 1, whereinsthe eall compiisestas frime e pesiplisppareablotiaiepal “QRA&HSF each or:‘ the first

o clam LT e I O Lo e e magnetic component
Comprisin,gﬁld : . A low profile magnetic component
a coil formed independently from the first and second cores, the coil comprising at
least a first lead, a second lead and plurality of turns therebetween,;
wherein the first core defines a receptacle that receives substantially all of the turns
of the coil, and at least one of the first and second cores comprises a projection fitted into
the coil, wherein a non-magnetic gap extends between the projection and a portion of the
first core;

wherein the second core is bonded to the first core in a stationary position relative to

the first core; and

wherein the first core comprises surface mount terminations for the coil leads.
2. The low profile magnetic component of claim 1, wherein the second core defines

the projection, the projection extending into a center opening of the coil.

3. The low profile magnetic component of claim 1, wherein the projection extends
less than the distance between the first and second cores when said cores are assembled,

thereby forming a physical gap between the first and second cores.

4. The low profile magnetic component of claim I, wherein the first core defines the

projection, the projection extending through a center opening of the coil.

5. The low profile magnetic component of claim 1, wherein the projection
comprises a post extending from a base of the first core, the post being spaced from the

second core when the first and second cores are assembled.




a first core fabricated from a magnetic permeable material and defining a receptacle; a preformed
coil received in the receptacle of the first core, the coil comprising at least a first lead, a second lead
and plurality of turns therebetween wherein substantially all of the turns are received in the receptacle;
and a second core fabricated from a magnetic permeable material and being diffgrently shaped
from tile first core, the second core fabricated indépendently from the first core, said second core
comprising a post extending through a center opening of the coil and establishing a physical gap with
the first core; wherein the first core comprises surface mount terminations for the coil leads. 11. The
low profile magrefithedmpprdiit ofapstic LOnfpetiet 0bmpirishduitseannsecsrdesiddctive clips
receiving the first and second colil leads, re ivel : rofilemagnetic component of
claim 10, $Kféfel? ﬁgcclovi?ﬁ}} Ser %eé\r/ﬁ%?ig{}ees%t) %{f Xé?n%c/?%gﬁ(rit]ﬁgllég%gg Oé)@&%?ﬁl%l 13. The low profile
magnetic component of claim 10, wherein the coil comprises an inner periphery and an outer periphery,

wherein the ﬂrStfmﬁ g ?&%%%Ff dl%fcon%%%cg%%ﬁgﬁ&{)gia&g% OUBI-REHIBRENY: furthkf The low profile
Claim

magnetic componen)t o] , Whereln the’component is a power inductor. 15. The low profile
magnetic gonppieeetitiof aldifoukd; lwhérein the fast core comprises a base and upstanding side walls
extending from the base, and wherein the physical gap extends between the base and a distal end of
the post. 16. The low profile magnetic component of claim 10, wherein the fast core further
comprises a maif adyooverlylig trensil thepeanbotsitiaying berouibe el SRERF Y& than the post.

17. The law profile magnetic, sQMBepSlRl s aimAS, whersinaos!ds suhaaataby aindrical.

to the coil at the outer periphery.

9. The low profile magnetic component of claim 1, wherein the component is a

power inductor.

10. A low profile magnetic component comprising:

a first core fabricated from a magnetic permeable material and defining a receptacle;

a preformed coil received in the receptacle of the first core, the coil comprising at
least a first lead, a second lead and plurality of turns therebetween wherein substantially all
of the turns are received in the receptacle; and

a second core fabricated from a magnetic permeable material and being differently
shaped from the first core, the second core fabricated independently from the first core, said
second core comprising a post extending through a center opening of the coil and

establishing a physical gap with the first core;

wherein the first core comprises surface mount terminations for the coil leads.

11. The low profile magnetic component of claim 10, further comprising first and

second conductive clips receiving the first and second coil leads, respectively.

12. The low profile magnetic component of claim 10, wherein the coil further

comprises third and fourth leads.




18. A low profile magnetic component comprising: a first core fabricated from a magnetic
permeable material and defining a receptacle, and said core including a post projecting upwardly into
the receptacle;  a preformed coil received in the receptacle of the first core with the pest extending
through an inner periphery of the coil, the coil comprising at least a first lead, a second lead and
plurality of turns therebetween and substantially &f of the plurality of tums being received in the
receptacle of the first core; and a second core fabricated from a magnetic permeable material, the
second core fabricated independently from the fast core and bonded to the fast core in a stationary

relationship therésvitthe lowpheiEimagrstinsagmetiengab driathbiishedpebrse areriSethe post and
the second Core-rM%rS%%Eal

3 JIhslowRiefilenagnetia capRonans ehlaind dwherein the
second cc‘)l?geéé)r%p%se a suggt‘étr?{ié%{/%a%%bdy, the body having an outer periphery larger than the

post. 2611 Ehéntowtprofiteohsagnetic component of claim 18, wherein the first core comprises surface
mount terminations for the coil leads. 21. The low profile magnetic component of claim 18, further
comprising first and second conductive clips mounted to the first core and receiving the first and
second -coil leads}.fEsphstipedfile mappetheoRPpratifd Aaghlic s REHPBIRIEY Toivherein the
coil further corg%rligga(}pird and fourth leads. 23. The low profile magnetic component of claim 18,
wherein tHe ol comprises an inner periphery and an outer periphery, wherein each of the first and
second leads connect to the coil at. the outer periphery.

15. The low profile magnetic component of claim 10, wherein the first core
comprises a base and upstanding side walls extending from the base, and wherein the

physical gap extends between the base and a distal end of the post.

16. The low profile magnetic component of claim 10, wherein the first core further
comprises a main body overlying the coil, the main body having an outer periphery larger

than the post.

17. The low profile magnetic component of claim 10, wherein the post is

substantially cylindrical.

18. A low profile magnetic component comprising:

a first core fabricated from a magnetic permeable material and defining a receptacle,
and said core including a post projecting upwardly into the receptacle;

a preformed coil received in the receptacle of the first core with the post extending
through an inner periphery of the coil, the coil comprising at least a first lead, a second lead
and plurality of turns therebetween and substantially all of the plurality of turns being
received in the receptacle of the first core; and

a second core fabricated from a magnetic permeable material, the second core

fabricated independently from the first core and bonded to the first core in a stationary

relationship therewith,

wherein a non-magnetic gap is established between an end of the post and the

second core.




24. The low profile magnetic component of claim 18, wherein the component is a power inductor.

25. The low profile magnetic component of claim 18, wherein the first core comprises a base and
upstanding side walls extending from the base, the gap extending between the second!¢6fe.aRd a
distal end of the post. 26. A low profile magnetic component comprising: a prefomied coil defining a
plurality of turns; first means for providing a first dagnetic core and for receiving substantially all of
turns of the preformed coil; and MCSLLP 24 second means for providing a second magnetic core,
the second means separately provided from the means for providing a first magnetic core and
enclosing the prefoffhetbeoprafthimtiyaditstrmaemenanticlainmandsoriektedereOoil with respect to

at least one of the first magpetic core and.th and magnetic.core. the centering meaps being
integrally ProvidEd ﬂwsg?lséagﬁ f]erlu—f[ f%étt%)% ’sfé%%r?g}gmagég% cores?%‘orﬁ?o%}\%idin% a magne?ic core;
means for defining a non-magnetic gap between the means for centering and one of the first magnetic

core and the Secgndmagneli gore, and megns,or dsfiing sufase maunt leringlions. 27 The

low profile comp wherein the first magnetic core, the second magnetic core, and the
preformed:eaibayes imeifitiedomthioneratiotisdor the 08! Trdsiow profile component of claim 26, wherein
the coil comprises a first lead, a second lead, an inner periphery and an outer periphery, and wherein

each of the first and second leads connect to the coil at the outer periphery.
21. The low profile magnetic component of claim 18, further comprising first and

second conductive clips mounted to the first core and receiving the first and second -coil

leads, respectively.

22. The low profile magnetic component of claim 18, wherein the coil further

comprises third and fourth leads.

23. The low profile magnetic component of claim 18, wherein the coil comprises an

inner periphery and an outer periphery, wherein each of the first and second leads connect

to the coil at the outer periphery.

24. The low profile magnetic component of claim 18, wherein the component is a

power inductor.

25. The low profile magnetic component of claim 18, wherein the first core
comprises a base and upstanding side walls extending from the base, the gap extending

between the second core and a distal end of the post.

26. A low profile magnetic component comprising:

a preformed coil defining a plurality of turns;

first means for providing a first magnetic core and for receiving substantially all of

turns of the preformed coil; and




29. The low proﬁle magnetic component of claim 26, wherein the component is a power inductor

30. The low profile magnetic component of claim 6, wherein the coil comprises more than one Wi.nding
31. A method of manufacturing a low profile magnetic component comprising: providingigdirstcore |
fabricated from a magnetic permeable material, said first core defining a receptacle; providing a
;econd core fabricated from a magnetic permeablé material, said second core beiné fabricated
mdepend_ently_ from the first core; providing a coil formed independently from the first and second
cores, said coil comprising first and second Leads and a plurality of turns therebetweer, wherein the
ivVICSLLP 25 receptadiececeivepthd ol andcardansentic 6pthe i seepiy! SREBRITBFEE M clude a

projection inseﬁggtye intp the cor fiEgt Core aihe-serRNd erreramehibe coil so that

. DEOV. m the me ?(jr r@ﬁgﬁpﬂ&g
substantlfﬁy {RE tlifns Sf the cglf)are}? cated in the receptacle, the projection is inserted into the

coil, ﬁnd_ aoﬁb_mmagme_ﬁcs};apﬁ@ﬁﬁablished atan en_d of the projection; bonding the cores to one
another in a fixed, Qn%'%Or”cé%k%ﬁ%%ﬁéoé(ﬁﬂ@ﬁﬁ%‘éﬂ@&ﬁg ihedirstangksroond ieadete sudace mount

terminations. .),€. The 'method of claim 31 wherein the coil includes an inner periphery a
: : ) . : . COl Jnne nd
periphery anhéreincead ot diestank SeoitleRane SRscIIs HHe LI dRd @&%?%e i hery.an outer

first and second magnetic cores for providing a magnetic core;

means for defining a non-magnetic gap between the means for centering and one of
the first magnetic core and the second magnetic core; and

means for defining surface mount terminations.

27. The low profile component of claim 26, wherein the first magnetic core, the

second magnetic core, and the preformed coil are interfitted with one another.

28. The low profile component of claim 26, wherein the coil comprises a first lead,
a second lead, an inner periphery and an outer periphery, and wherein each of the first and

second leads connect to the coil at the outer periphery.

29. The low profile magnetic component of claim 26, wherein the component is &

power inductor,

30. The low profile magnetic component of claim 26, wherein the coil comprises

more than one winding.

31. A method of manufacturing a low profile magnetic component comprising:

providing a first core fabricated from a magnetic permeable material, said first core

defining a receptacle;

providing a second core fabricated from a magnetic permeable material, said second
core being fabricated independently from the first core;
providing a coil formed independently from the first and second cores, said coil

comprising first and second leads and a plurality of turns therebetween, wherein the




33. The method of claim 31 wherein the colil is configured such that distance between the first and
§econd core is minimized. 34. A low profile magnetic component comprising: a first core, said
first core fabricated from a magnetic permeable material, and including a receptacle; MC25eond core
_said second core fabricated independent from a magnetic permeable material and fabricated ’
mo_lependent from said first core, a coll formediindependent from the first and second cores, said
_CO|I comprising a first lead, a second lead, and a plurality of turns therebetween, said coil comprising an
inner periphery and an outer periphery, wherein %Eegl{st an€ second leads (fognect to the coil at the

outer perigffeigelaAgcei verithe SAH EANFISH AT CHVRS IS 387 FECRdiNg e EEae

' _ CO &dtive first and second
leads, the,gRAYGMSAIBR eRGNIdaiiING surface mount termination pads; wherein the first core
defines a receptacle adapted to receive the coil and wher%r:l at, eashone of th%e tﬁor{et and the

1a [e) s

second core incE R HIBBEAER. S TrofSeath Suetad T 58S RET IR e I(]:rgﬁ and the first and
second cghgs bomndeditaeneanratheminradisediposiionoietaisanshigerted into the coil, and a

non-magnetic gap is established at an end of the projection;
bonding the cores to one another in a fixed position relationship; and

terminating the first and second leads to surface mount terminations.

32. The method of claim 31 wherein the coil includes an inner periphery and an
outer periphery, wherein each of the first and second leads connect to the coil at the outer

periphery.

13. The method of claim 31 wherein the coil is configured such that distance

between the first and second core is minimized.

34. A low profile magnetic component comprising:

a first core, said first core fabricated from a magnetic permeable material, and
including a receptacle;

a second core, said second core fabricated independent from a magnetic permeable
material and fabricated independent from said first core;

a coil formed independent from the first and second cores, said coil comprising a
first lead, a second lead, and a plurality of turns therebetween, said coil comprising an inner
periphery and an outer periphery, wherein said first and second leads connect to the coil at
the outer periphery; and

first and second conductive clips for receiving the respective first and second leads,
the conductive clips each defining surface mount termination pads;

wherein the first core defines a receptacle adapted to receive the coil and wherein at
least one of the first core and the second core include a projection, said projection adapted
to be inserted into the coil and the first and second cores bonded to one another in a fixed

position relationship.




