A' M GROVAGNETI C DEVI CE FOR POAER PROCESSI NG APPL| 68g1k ND
METHOD OF MANUFACTURE THEREFOR Techni cal Field of the |nvention
The present invention is directed, in general, to mcromagnet{®%devices
and,. nore 5 specifically, to a mcromagnetic device for power processing

applications, a nmethod of manuf acture therefor and a power processing
circuit enploying the sane. Background of the Invention

A magnetic device includes a magnetic coile coupl ed to conductor w ndings
such that the magnetic flux flows inh a closed path about the core.
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reduced significantly. Ferromagneti ¢ materials such as alloys,
however, hawendugtor windings: Inshetereidabmagnetic device, a first and second winding-portion
of the conductor windings surround the magnetic core. o

Micromagnetic devices (e.g., microinductors or microtransformers) are micron-

15 scaled integrated circuit magnetic devices; the electroinagnetic properties of the device

are provided by the presence of the magnetic core and conductor windings. In the past,

micromagnetic devices were only applicable to low-level signal applications (e.g.,

recording heads). With the advancement in the production techniques for integrated

circuits, it is now pessible to fabricate micromagnetic devices for relatively large signal

20 and power processing applications. For instance, micromagnetic devices may be
employed in power systems for wireless communications equipment.

While many power semiconductor devices (having ferrite cores, for instance) have

been scaled down into integrated circuits, inductive elements at the present time remain

~ discrete and physically large. Of course, there is a strong desire to miniaturize these

25 inductive components as well. By extending thin-film processing techniques employed

in power semiconductor devices to ferromagnetic materials, the size of the conventional

discrete ferromagnetic-core inductive devices can be reduced significantly.

Ferromagnetic materials such as alloys, however, have much higher saturation flux



2" “ densities than ferrites (e.g., 10-20 kG verses 3 kG thereby
reduci ng the physical volune - of the core for a given inductance and
energy requirenent. To limt the eddy current | osses in the
ferromagnetic materials, the materials nust be fabricated in inordinately
thin films. Processing thin-filmferromagnetic nmaterials with
traditional rolling and tape 5 w nding techniqgues proves to be very costly
as the desired tape thicknesses drops bel,ow - 0.001 inches (i.e., 25
[err]m. It is thus advantageous to prod&%e such thin filnms by other

integrated circuit deposjtion L.gues h.as sputtering or,
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120 Cleaning methods vary in effectiveness and the selected method required depends on the
ability' of the deposition process to dislodge contaminant atoms. As an example, different
cleaning techniques may be employed with sputtering or electroplating.

Of course, the ultimate consideration with regard to the adhesion properties
* depends on the materials employed. While others have attempted to address the adhesion -

25 of ferromagnetic materials to an insulator coupled to a substrate [e.g., Measured

Performance of a High-Power-Density Microfabricated Transformer in a DC-DC
Converter, by Charleé R. Sullivan and Seth R. Sanders, IEEE Power Electronics
Specialists Conference, p.-287-294 (July 1996), which is incorporated herein by
reference], to date, the problem remains unresolved. Developing an adhesive material

30 that simultaneously forms a bond with the insulator and the ferromagnetic material such



3 ¢ that thi n-filmprocessing can be applied to inductive elenents wll

provi de a foundation for the introduction of power m cronagnetic
integrated circuits. Accordingly, what is needed in the art is
an adhesive for a mcronmagnetic device that can secure a ferronmagnetic

core to an insulator coupled to a substrate such that the 5 mcronmagnetic
devi ce can handl e the nore stringent requirenents associated with power
processi ng applications. Sunmar y oi the I nvention To
address the above-di scussed deficiencies of the prior art, the present

I nvention -0\H ' S f, ] . Lo Ero netic
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an insul at or feole ietbdubSsréfpovaR micromadhbitic Shtégrated Ghrughts)y a netal lic _
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core to secure the\qsoudinglyyiwhabismgedsdiin thd attiisan adbesivefor amikcromagnetitdevice
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aspects, the present 1nvention provides cromagneti c
i nt egr at ed cipracessingapplicatiansf er r omagneti ¢ core, a nethod of manufacture

therefor and a power processing circuit enploying the sanme, that
includes: (1) a subsirate; (2) an i nsul ator coupled to the substrate
and (3) a ne ' @?{!ﬁi@%@? forms a bond between 20 the insulator and
the ferromag e the ferromagnetic core to the substrate.
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15 adhesive.
In related aspects, the present invention provides a power micromagnetic
integrated circuit having a ferromagnetic core, a method of manufacture therefor and a
power processing circuit employing the same, that includes: (1) a substrate; (2) an
~ insulator coupled to the substrate and (3) a metallic adhes‘fve that forms a bond between
20 the insulator and the ferromagnetic core to secure the ferromagnetic core to the substrate.
The present invention introduces the broad concept of employing a metallic
adhesive to secure a ferromagnetic core to an insulator coupled to a substrate. As a result,
the limitation associated with depositing a thin-film ferromagnetic material on an
insulator coupled to a silicon substrate (or the like) is resolved. The bond formed between
25 the ferromagnetic material and insulator may be substantially physical, substantially
" chemical or a combination thereof. The present invention, therefore, provides the
foundation for a micromagnetic device that can handle the requirements associated with
power processing applications. For the purposes of the present invention, the metallic

adhesive is an inorganic-based material that is substantially free of titanium.



4 i The foregoing has outlined, rather broadly, features of the

present invention so that those skilled in the art may better
understand the detail ed description of the invention that foll ows.
Addi tional features of the invention wll be described hereinafter that
form the subject of the clains of the invention. Those skilled in the
art should appreciate that 5 they can readily use the disclosed
conception and specific enbodi nent as a pasis for desi gni ng or

nodi fyi ng other structures for carrying out the same purposes of the
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m cromagnetic integrated circuit ("PMC') constructed according to the
principles of the pr esent invention; and FI GURE 5
i 11 ustrat es Briéf Descript i Drawings)odi nent of a nethod of

fact t he power gn nt egr.at ed 1 FI GURE
g o b &ﬁ%@@éﬁ%@%ﬂ%&m&n REME P o roiebed o 1
I Tustrated j5
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present i nveantwhich: The power processing circuit 100 incl udes a power train

havi ng a conver5|on st age incl ud| n a switching circuit 110 for
recei ving i nput RE Jdqpll § apche pptic diagram of an embo ent of a power

processing circuit constructed according to the principles of the present mventlon,

15 FIGURE 2 illustrates a top view of an embodiment of a power micromagnetic
device constructed according to the principles of the present invention;
FIGURE 3 illustrates a top view of another embodiment of a power
micromagnetic device constructed according to the pnnclples of the present mventlon,
FIGURE 4 illustrates a cross-sectional view of an embodiment of a power
20 micromagnetic integrated circuit (“PMIC”) constructed according to the principles of the
present invention; and
FIGURE 5 illustrates a flow diagram of an embodiment of a method of
manufacturing the power micromagnetic integrated circuit (“PMIC”) of FIGURE 4.

Detailed Deseripti |
25 ‘Referring initially to FIGURE 1, illustrated is a schematic diagram of an

embodiment of a power processing circuit 100 constructed according to the principles of
the present invention. The power processing circuit 100 includes a power train having a
conversion stage including a switching circuit 110 for receiving input electrical power Vy



5 ¢ and producing therefromsw tched el ectrical power. The power
processing circuit 100 further includes a filtér circuit (including an
out put inductor 150 and out put capacitor 160) for filtering the
switched el ectrical power to produce output electrical power (represented
as a voltage V[err]). The power processing circuit 100 still further

I ncl udes a power 5 mcromagnetic integrated circuit (e.g., transforner)
120, having a primary w nding 123 agd a secondary wi nding 126, and a
rectifier (including rectifying diodes 130, 140) coupl ed between the
power converg) o h : |
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230 and &0 seRusPRsss Qnlyviandnthes power micromagneticintegraged gircuits g applicatigps therefor o ned
fromany co ' TRLEN | L ndi. 230 termnates in a
plurality of ngeir% na s@%@%@g?ﬁgéggé%’ﬁ%%gh%ndi ng 240 termnates in a
plurality of Tirfingno®it6 FRFORE28{llustrated is a top view Uf@n Einbbdinitlofess
core-portions 210, 220 surround the primary and secondary 25 w ndings 230,

240. The magmisrorpagnetis: dsvice R00poonstrupied rasnonging: tac thie priveiples oof the present
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20% iron), other ferromagnetic materials are well within the broad scope of the present

Y

invention. The power micromagnetic device 200 also includes conductive windings

20  having a primary winding 230 and a secondary winding 240. Of course, the windings

may be formed from any conductive material. The primary winding 230 terminates in a

plurality of terminals 250, 260; the secondary winding 240 terminates in a plurality of
terminals 270, 280.

The first and second core-portions 210, 220 surround the primary and secondary

25 windings 230, 240. The magnetic flux of the power micromagnetic device 200

predominantly flows along the width of the ferromagnetic core. As a result, the

ferromagnetic core is arﬁ.éotropic thereby controlling hysteresis losses at higher

frequencies (e.g., above 10 MHZ). The anisotropic property may be introduced by a

deposition pfocess in a’ uniform magneti;:. field through an energized solenoid or

30 permanent magnet at levels of 10-500 Oersteds [("Oe"); 8000 - 40000 A/m]. The induced



6 ¢ anisotropy also produces a hard and easy axis, along which the
perneability is a mni num and maxi mum |In sonme cases, the perneability
is increased five-fold fromthe hard axis to the easy axis as a result
of the anistropy. The EE-type structure effectively controls the
perneability of the ferromagnetic core by regulating the direction of the

i nduced 5 anisotropy with respect to the magnetic field vector. The first
and second core-portion 230, 240 aregcoupl ed together by magnetic vias
(when ani sotropic characteristics and control are desired) or remain
separate (Whep;sd %gm afnintif
ferromagnetic nat&g £l|s tﬁ%&?g@“‘g%{ﬁ}g&gﬁ evrrrlgcl*th%é ect g gz‘ased
on the i nductardammmqm e soamé casesf thelpermiabilityeis ihaeased fivefold rfromh thedaad axie!l vy

hi gh 10 frequencies (e.g., above 10 MHZ), eddy currents induced in the
f err omagnet i &0 dto the ey #yisas a resultofitheanistiiopy. ThaE strugtyee effectivaly eantigisthe g

I(:(lj\rNr reﬁflsSt I Veﬁ magne?tycofﬂf < %éet%gc&grl{ éanearn:rggnagnelfe‘:@grﬁg’? t#’?é’i'fug%%ul d

be limtedst Chn@soh'b %&&eﬁﬁeoﬁtﬁ&h&iﬁh@dﬁ@ﬂkm {rd%ldr] ThefRst@nt 8€ddnd core-portion

([err]/[err]f r] err] for a given frequency f of operation]. For
" i nstance, amcqueled]tegqom bytmegnetic Niasdphbn asisetonic charagtenisticsrand hus,

ool 05v°g'b:o$t thﬁpf”‘?l | Byl PR Ao o EpR s AR cCcary s the
permeabi | ity incregifsdg ar&"ﬂﬁﬁei‘é}ﬁa “dﬂ%ﬁ%‘?ﬂ?q?%%%é‘@%‘%?ﬂwzra

| ar ger thickness, 1 nsul at ed nultipl I ayers
not exceedi n@%@om&mmﬂw@wkeqmtdmentsrﬁsth& devioell Fob eperatidryterdlatively high
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principl es.of %ﬂﬁﬂ BYR am\;\g Cl Ol vhCce
300 is a toroca%}BF S %trllr%%‘:rd"(‘feg I ce. ér.f}l?lhglga%ﬁ r( omagne’ltl ge’g‘r?ce
300 incl udes reddoemaaagamm ﬂﬁhﬁgﬁétﬁ:ﬂlﬂftﬁ?éldi&é@fthefdﬂ%ﬁﬁgheucmat&?ﬂ)shcﬁﬂ@
conductive w ndings (collectively designated 350) that surround the

f err omagnet i dedimiedsto frantion @i therplisy dep Q{Wb@nﬁecfnlﬁﬁi)@f@sa giverefrequeppy £h as

desi gnat ed 25 375 t erm nat t t | s

390, 395. ThPfORHE RAatorl, %8 mstance; gt % MEZ} %QQ ‘é?g‘“}‘ ‘?%‘? ?%O@%%ﬁ%w
310. The {3 ngo3ii¢ thel effeRf offhe eﬁ&? barnéfis the ﬁlmb@ﬁdkﬁ&d% sﬁbﬂdr&%é'ldﬁ Bt 2 pum
determ ne the size of the wi ndow 310. Cbviously, wt - trend m)vr ng

t oward smal | dpbieuslyethinner Sfileis| are necessary as ﬂnrm‘meablhtydmeaaésl).e When the
G Ten! o1 o e SO R0 LR Bl 228 0L L i
I ndu Ct ance ¢ %El?ﬁg'&r ﬂo?%k&e%&ng fe necessary skin thickness) should be employed.
Turning now to FIGURE 3, illustrated is a top view of another embodiment of a
20 power micromagnetic device 300 constructed according to the principles of the present
invention. The power micromagnetic device 300 is a toroidal transformer device. The
power micromagnetic device 300 includes a ferromagnetic core 310 (proximate a window
325) and conductive windings (collectively designated 350) that surround the
ferromagnetic core 310 through inner-layer connection vias (one of which as designated
25 375) and terminate in a plurality of terminals 380, 385, 390, 395. The inner-layer
connection vias 375 lie within the window 310. The line space rules and distance
between via requirements determine the size of the window 310. Obviously, with the
trend moving toward smaller devices, a smaller window dimension is desirable. The
dimension of the window 310, however, is limited as dictated by the thickness of the
30 ferromagnetic material necessary to achieve the inductance characteristics. The



7 : inductance, as an exanple, for a toroidal device is maxim zed if

the toroid is generally “circular, the inductance is less if the
toroid is forned into a square ([err]25%|ess) and finally degr ades
as the square is elongated into a rectangle. The inductance for a square
toroid having a core width to neet a m ni nrum w ndow di nension, is: 5
L= [err] where N is the nunber of turns of the winding and t is the

t hi ckness of the film The size of 4he wi ndow 310 is determined by the
m ni mum vi a size, via-via clearance and the nunber of vias (related to

the nunber @fqatdnBRra¥ aﬂ@garﬁglﬁgfg?ﬁi%rpéﬁ{ ﬁbﬁ%ﬁ? if AE5EhOEE I th€toroid is rggx{jeg%ﬁ,at he

di e size of the device, nesses IS necessary in an
10 equi val eirculanthednduetance is less ifftke thfvid i3foEedinte asqiRe P25051¢a) andl ALAIRG

turns and core w dth. . Remenber that for the EE-type structure
fewer wi ndi GgeradesAsdig sayary is sloggated into a restanglee d'he fndustance fottacsquare toreidanount

of die spac . coupl e .t he W ndings. to the core. Toroi dal
transformerg‘,a %e%ége:%d(%}??erﬁ&gar"é' '2?‘%’%@Fﬁdq‘v€§l‘“egﬂanslﬁboth surface for the
depositi @ of the ferronmagnetic naLe%pi[ﬁtt]/a@eggpy reduci ng the formation of
stresses that 15 may cause the degradation of the magnetic properties of
the fil m depderetMis théyaumber of Tirnssof the winidingsmd ¢ & thé thickneysaf tienfilmu e ditee

ferromagneti ¢ mater, al, has hi gh etqQstrictjon . .constant The

EE- t ype strﬁgmﬁ&ndgw A E?F‘F‘B?dggg‘? HYNIGIR, Vg, Sizes Vidgvia clegrance apd the nuous
magnetic pa D rblafedt S bl Hmtagr DAL gone L gn,  This "’
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at the two ceduee thodie stfe oftthg alevicd helarger cofe thivkelesseo BNmebisdiyt 16 Sbtaintdhe
ferromagnetic material such that the first and - second core-portions
are cou g‘loed eﬂ@ﬁ?‘ﬁéﬂd"@@ﬁﬁq e @8 X forronpagnetic eare ofgauel windingtamns andeore width.  of

stress concent raﬂeﬂﬁn‘fb'@ﬂha'i?&“ﬁ%%ﬁ%etgu%nﬁl ﬁﬁl 0 e‘YiIrIf g‘éf%@ggﬁt{??g %ecreaze

t he accumnul at ed Str esses.

illustrate pejuited therebrédubing #Rtnicdifofdid spaéctittésSiny s catiple tHE Wikdinds'to fleudi N9
t he advantages and di sadvantages therefor), other power m cromagnhetic
devi ces (i neorgdiTotpidal transfoomersdiowever, bfferayelatiyelylat and ymaoth sapfptd foatliecons

therefor arg well ithin the bro scope, of the _present .i nventjon.
Tur ni ng no ?@sﬂoﬁﬁgmﬁq’?\aﬁ%ﬁtﬁcé‘? ?f‘q‘il g‘eééi’é’ FS%‘E"“%‘E’Ff oy Péwwesaﬁhat
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PM C 400 i nis especially smpartant twhefi therferronthgaétic inaterial has a high magnetostriction
constant. The EE-type structure, also, requires special provisions to create a continuous

magnetic path from the first core-portion to the second core-portion. This is
accomplished by introducing vias within the central core region and at the two outer core
20 edges. The vias provide connectivity for the ferromagnetic matenal such that the first and
second core-portions are coupled together continuously. The vias, however, are a source
of stress concentration that require additional slope reduction to decrease the accumulated
stresses.
While the preceding FIGURES illustrate both the EE-type and toroidal transformer
25  device (including the advantages and disadvantages therefor), other power micromagnetic
devices (including variations of the foregoing devices) and applications therefor are well
within the broad scope of the present invention.
Turmng now to FIGURE 4, illustrated is a cross-sectional view of an embodiment
of a power micromagnetic integrated circuit (“PMIC”) 400 constructed according to the
30 principles of the present invention. The PMIC 400 includes a substrate (composed of, fbr



8 * instance, silicon, glass, ceramc or the |like) 410 having a
passivation |ayer (e.g., silicon- di oxi de) 420 formed thereon using
conventional fornmation processes such as a thernal gr owi ng process.
The PM C 400 further includes a first and second conductive w ndi ng

| ayer (conposed of, for instance, alum numor any other conductive
material) 440, 460 5 surrounded by first, second and third insulative
| ayers or insulators 430, 450, 470. The g PM C 400 still further
includes a netallic adhesive that contains a first adhesive |ayer

(e.g., chromsmke GEA ' ’ Hationdk _The
o & 400 ot Bl Uiieoflacs, SREADGr 86 'ﬁgaf“é‘ﬁ“&"’%‘%ﬁﬁ%"%‘aﬁhﬁg?l’wﬁﬂé‘p’fm C 400

still furt hdioxide)420 fermedgherea using conventinhal formatidregyrecessésanck aoh thermalv el y
desi gnat ed gq%ﬂéhat r ig %iple pa{ s between 10 layers of . the PMC
200 and o t SrOHiRGPREGS. the PRRAoD iaier Fighulien et aadsscend condgctive winding
passi vation jaﬁd Is cond hi ' af ] : S 0,
450, 470 rra)l/iy%ie(fgom%g‘f or thé oM an norgbg%flglag{)e?rﬁ%m E#lg%ﬁx{i%.nlaﬁ?@f), 460’

si | i con- @i Oxinfeundad byifist Redbmkardithird insulabies Jaykis oFirbuldre 430, 450, 470)The
pol ymer (e.qg., olyimde) or any other insulating material. As
previ ously ﬂffb@,ll furtheninchides 2 metallicsadhesive that containg a first-adhesive lagerer i al

15 that i b i al b 099 i tani ' '
acdhesi ve | afek- g 488 anfiR3icopd Bt Reflect, SR 4B dBe SRR i, o
el ements (s yethepcRides#ftmoaghdtic core|49b?‘m PVEC 206 St fiiBeriaelless fifltdliy TOr €

conposition of titaniun), G oup 5 elenents (such as vanadi ni"obi um
and t ant al unf imedlageo viascalleetively slefignatéd 493)chatgprovide multiple pathsbisbéwesn and

tungsten), other gl emen re well within the broag scope of {he present 20
i nventi 01?9 Tayers, %%ﬁéﬁ@@é h,atterpw}ié@éofgr eonpsstion toyanather dewics| chisnt s
are conpati otd ] ' | | ed
Cher sty nirsiyesn itfel £ 4 B8 soddh kP iuiithe et 40,10, 300 i
while the séomivd &ORE ANV hofdiniceopasition c(aﬁ.t, asilicondtioRide, aluminabcdiogidegol d,

silver, platinum palladiumand copper, other materials susceptible to
pl ating berylliwn-dinridalc an ©rganice polimen (egwdl polyinmide)or ray tothes

of
e pones o L A7 BegBRY oot bl PR B BallY,
CONMOSi t§50N}hat @ &ﬁfstahﬁél'l}@(%g{iﬁd%) f¥8¢ 6f tidhitind. ©While tﬁé‘ﬁ?ﬁ‘iﬁﬂé%laslm

phosphide) are well within the broad scope of the present invention.
As previ ousggnerally canteids materials stdectedafoora Grouprdneléments (suchias rzinconjuay and

cor e 450 i s baftymterbidug i adthl 3 momsoroated of HAbiPhEERR SSIFFER on
constants t gich RN vhiiih Wobilfh &id @Stilum) and Group 6 elements (such as chromium,
molybdenum and tungsten), other elements are well within the broad scope of the present
20 invention. It should be noted that the above classifications of elements are compatible
with the new International Union of Pure and Applied Chemistry notation indicated in the
periodic table. Additionally, while the second adhesive 485 generally contains metals
such as gold, silver, platinum, palladium and copper, other materials susceptible to piaﬁng
a ferromagnetic material are well within the broad scope of the present invention. Again,
25 while the ferromagneﬁc core 490 may be composed of an alloy [such as the permalloy™

or a cobalt-iron composition), other ferromagnetic materials (e.g., an amorphous nickel

phosphide) are well within the broad scope of f_he present invention.
As previously mentioned, it is desirable to manufacture micromagnetic devices
as integrated circuits. Employing alloys in the ferromagnetic core 490 is attractive
30 because of the relatively low magnetostriction constants thereby reducing the stress



9 * associated with the deposition processes. If relatively high
stresses are associated with - the deposition process, the nmagnetic
properties of the PMC 40 may be degraded and the thin filnms may | ack
the requi site adhesive properties necessary to facilitate the deposition
of the PMC 400. Cbviously, a netallic adhesive should be provided that
counteracts the 5 potential built-up stress in the filns.

Several attenpts have been undertaken ta uncover a netallic adhesive that
provides a secure interface to a ferromagnetic material and an i nsul at or.
For instanc F}ygég S [ t he
nmetallic adﬁsésgfl\a}l}aed %ﬂgﬂ#egfﬁ?n@él et Cse§ Iﬁeﬁa&? élp, %ﬁiﬁsﬁr&ﬁoﬁgﬁ S

st ronger ththc depesmcrsprbeass;rthsmagmuc propertitsofthe BMIE 40anayt be deghazled @nd the

ferroma net teria sil.ver filns may, be peel ed fromthe,

subst ratg e athin b@@ﬂﬁ%‘lﬁ"& %&eﬁ@eﬁwe%%m@m@éﬁ@ﬁ depasitiofnesi on
eval uati on t en
chrom um i sBexE: usl veqo use lgéy e afih%ﬁll C a@h %deﬁ%%&&%m

i nsul at ors/cbbmnualrbuﬂﬂtlpsﬁ-mmthemmEonger than the ferromagnetic
mat eri al / chrom um interface. As a result, the ferromagnetic materi al

and silver fil nsSeusrabatiqrepts dgvehesn underiakentria macasieh gt metallicaadhesivpdhatf i ed

testing peel fo <6 usin _Lstan rd adh S|on eval Lon t echni gue for
| ess than 1PRYE esgl;f %ﬁettf) &allr?'? agne 8“&%‘?%?{5%%8&8‘%t Eor J5ta8Ce:a
adequat e seqfeh afRfal E@haekmer R@xélhgvelP a8 HRGh Al BRIV the ?éﬁ%nﬁgﬁéiﬁ

I nventi on, therefore, introduces  a netallic adhesive that provides an

adequat e bomaterial/sibear interface is stromger ﬂmgheinsulatmlsdvetgﬁteaﬁacb t As airessilt] theor s
430, 45 40co led to ¢ strgte 410 to faciJit
fabr| ca% t%mganff sifver dlins may b pasled awavvffqma}mﬁzetr@}e ata

%Lﬂ?é&?b??% ﬂ”?e W%ﬁ%ﬂ%@gi?@ﬁﬁﬁ%@é%ﬁgﬁmﬁﬁﬁ‘% I8 pan
PM C i s anall &k@#?)! Conversety) whe eliromiun ixexclusivelylusedas the!inetatliv idResivg thee

processes [see Silicon-on-Silicon MCMs with Integrated Passive
Conponent s, insylaterichromipem interfage is sprpnger than tlmﬁezrqmem materiglichromiwn| e

oo e e e A i R PR A 5 e e B, 2

process 16 t forithé m&atébxa 0 tdsing!fdell Fstcd (i iCadhediogbvdl@fionl t he
PM C based upon a err&mdem gn rule. Ile the rule is relatively
coarse, it t@haniuqdimless‘tban 1k /cﬂﬁbrAddmongﬁl)déhﬂ chromiurodoes nothproPide @nsi nce-

O L e B Ll o s ok, e v
therefore, introduces a metallic adhesive that provides an adequate bond between the
ferromagnetic core 490 and the insulators 430, 450, 470 coupled to the substrate 410 to

20 facilitate the fabrication of the PMIC 400. '

Tuming now to FIGURE $, illustrated is a flow diagram of an embodiment of a
method of manufacturing the PMIC of FIGURE 4. The method of manufacturing the
PMIC is analogous to conventional silicon-on-silicon multi-chip-module processes [see
Silicon-on-Silicon MCMs with Integrated Passive Components, by R.C. Frye, et al., Proc.

25 1992 IEEE Multi-Chip Module Conference, 155, Santa Cruz, Ca. (1992), which is herein
incorporated by reference] with the following variations. Generally, a photolithographic
process with photoresist is used to define the geometrical features of the PMIC based

upon a 20 pm design rule. While the rule is relatively coarse, it is adequate for
fabricating devices such as the PMIC since the major dimensions are multiples of the 20

30 um rule. The photolithographic process generally includes the steps of exposing and



10 ° " devel opi ng the photoresi st and etching away and stripping the

unwant ed portions of the material that the process is being applied
to away fromthe circuit. Those skilled in the art should be famliar
wi th conventional photolithographic processes. The PM C

enpl oys a toroidal structure that includes nultiple |layers. The nethod 5
begins at a start step 510. A silicon substrate is oxidized with a

passi vation | ayer an oxi di ze substgate step 520. The passivation

| ayer is generally created using conventi onal t hermal grow ng

t echni ques developing thephoteyesist dhdReshinig vy @afs&i@ﬁﬁ%hg %wﬁﬁ%@tﬁoﬁ?@ftﬁe
substrate nmay be bl ank or be conposed of a pre-fabricated fer wt
under | yi ng Bitegig] thatthe processHig heing appliedde swey fionrthe Tinenif. i Thuise skitlediint the e

deposi © 111 5 A0 bE AR RSy eREgE ity MBogrdhic pREsSRauoL i ve
wi ndi ng | ayer MBYhdBMIOERPRSHS a tiroidhlsFusiSthil Hchides mgaﬁ.mé felod’ "

i nstance, at | 5 mtorr Argon pressure and room
passi vat ¥ onbégigseat tstaitisteps510. A silichn substrateds oridizetd with 2 pasivation Jayer kT

t hi cker conduct or .tyaces chi eve | ower resistance), . el ectropl at ed
copper may %8 ?—,‘-‘H’Sﬁ%"ﬁﬁ?géﬁ fbﬁ@&ﬂm&aﬂ‘}b‘s@&nﬁwﬁrﬁ%ﬁd PHiRg PoRvemtienal | r st
15 conduct{hgmg}g,;,ﬁg a*&gleg 4 | r configuration
(including the : etél re c%%ﬁ@?&%%@%‘b%%%%‘ g’gicﬂ‘érs% e
convent i onasubstraie may béblgnlagutbecomposedof a pre-fabricatdd veadierviith undleyifg tirGifey act

region may be fornmed.in the first conductjve w ndin Ig%/ler to ]
facilitate aéldeé%i pessivation the fisst eqnduetive: wiadingilayen is, thepoblpnketi depositedon

pass! val§ orhP Substcal during a epDH i boBurdNe vippihg et 530 s £ apmdicve
deposit fi rwindinlayérimaebd ehiposed 6Palidhhumthst i :sgti&er id@ﬁdélitg? tfgﬁ His%%ﬁt&gé ra{ S

cured (at about 350[err]C for approxinate 12 hour
shrinkage ah mteruAIgany prefswye: and froeth demperature)3o1b thenpassivation dayer devingda The

spi n coating.techni gues erally,. provide higher voltage .isolation
bgt ween t hertﬂ'ﬁ N ave éﬁ?}itgg@gﬂﬂaﬁ‘y%"zﬁicﬁ 1ctgy diaessto %Phleflg lowes resistpace)ev el

br eakdown | ' : I ' rEent
("VACH) T o HABPLAAL cippe Bl 8F w6 ol cibkhokishp o abBGAS LAY PIASE i g
a phot ol3 t megdagtiveovipdingdayer iothen pattéroediot the desiredrcohfy@ration fficlufiag thé1r ough.

The netal | ife @%Eesi ve including the first and second adhesive layers are
bl anket st erntact gegiopsifarthe FMIC) jusing aeonyentionglphotnlithogyaphic pooess.

Composed of TR, FRHEE ocHdeRregticpay be fonSt il hrondie R B IR 1 or
Ar gon pr es Sucititats eleibicaleconnéstivity thhuthéri dirthits BaupIE to/ the! subSHratd A FHR Rt
insulative layer is spin coated on the passivation layer and the first conductive winding
20  layer during a deposit first insulative layer step 540. The first insulative layer is cured (at
about 350°C for approximately 12 hours) and after shrinkage an insulative layer of about
3-5 pm thick is producgd. The spin coating techniques, generally, provide higher voltage
isolation between the primary and secondary windings; generally, the voltage level
breakdown values for isolation vary from 500 volts alternating current (“VAC”) to 1500

25 VAC. The first insulative layer is then patterned using a photolithographic process to
form the inner-layer vias therethrough. '

- The metallic adhesive including the first and second adhesive layers are blanket

deposited_on the first insulative layer during an apply metallic adhesive layer step 550.

The first adhesive layer may be composed of chromium that is sputter deposited (for

30‘ instance, at 5 mtorr Argon pressute and 250°C) on the first insulative layer having a



t hi cknesses of about: 250 Alerr]. The second adhesive | ayer nmay be conposed

of silver that IS sputter deposited (for instance, at 5 ntorr Argon
pressure and roomtenperature) on the first adhesive | ayer having a
t hi cknesses of about 500 Alerr]. The netallic adhesive al so serves as

a seed layer for plating the ferromagnetic core. The ferronmagnetic core is
5 deposited (e.g., electroplated in a thicknesses of about 2-12 [err]m on
the netal lic adhesive during a depddit ferromagnetic core step 560.
The ferromagnetic core may be plated in a buffered sul famate bath
under a contthickiesskstofatpet 250Ae The sgeond2dh&ifedaydr@aybet domposed ofsilver that

density of about 30 mA/gnflerr]. The netallic adhesive and ferro nefic
core are pati# eposxtedﬂ’?rf Bf & 3 WEPILATEOR FIFSSHS mﬁewgwtgmamm@%n ihe

phot ol i t hogr. ' ' . P | |
process, t hefﬁg{]%:ﬁl ngggag@ﬁm‘)gxrégg&oui dﬁq%ép?:%%ggﬁg%’f @gqn%é\ﬁlﬂg t ﬁeWeCalso
unwant ed netsatves as adleed iayer £t fatingcthe defrotagnietioy €reC OTROfeToimapNetit ¢dre id
attacking the deposited ferromagnetic film For instance, a standard

conmerci a3 dlepesited (agroeleatreplated in pithieknesses of skt 2-12 um) on thesretellicadbesiva i on

etches the sjlver at t rate of about I ec .. m um
at the rat e.db‘F‘“%(Sl%%‘fs &?T‘?W o ‘&#eps sﬁ&ﬁ#’%‘ﬁ%ﬁﬁg‘f‘? & ?‘r% '{elq’ga'%w |
ferromagnet i iyfiRk&l dulfamate Bath wideP b Quntidlled mﬁ%@ﬁf&(e.fﬁgrz_sawc?wmmnw 75
seconds I s adequate to pattern the netallic adhesive and ferrorrggnetlc

core. Agai n,density dfiabeut 30 mA/cadhFh¢ metallizyadhesivs. and ferromagneticgore arepaticroedibl y
d ited int f. 200- 300, (250 . 1.nal ) A d d
adhest ve. | ayeitht degred comfigirafion asigech BhotBlYOERIS Brbsrt.n Wi FoEart 15 g o

00- 600 0 ' sl ] | : . 20
4 {6 0% 3R HHrapHiY Bidobsd. e AEhing 'Blufiofls SRR 8L lcAPLe BF Hinbing Whe

Furthernore,” to e nat &€ possi eral etching and undercutting beneath
the f erunsvantsdahetallicadbesiven(e. gs cheomiuaddilver compasitiom) mdthobeattackingshel of
copper. In this case, ot assi.um i odi de ‘%?éj wat er ;sol ution nay be

a
appl i ed for depesited forramagnetis flol@- Jior figstance,fostandard compmercial icepicymmo s and

a potassi um f.erri. i n | [ '

2ppl i od for L AT AR O RERE s fer st B sbout sTRYBE )
25 pot assi ydf ter diwmaith A8 e GaRk0bH 250 U/t ithode salstantially affeeting the
substantial ly affect the copper |ayer underlying the ferromagnetic
core thet®byfepomagnetic matariab Puiseemplaying aiGAN stch for approximetelc 69-75 seponds

PR RN W W g

iret 30 noohedife (e dROmIMRRE RHARLY dposiet RO Rt Or 20020000 o
570. The seawninal)#slantithesecond adhesive layer (e.g., silver) is preferably deposited in the
2 range of 400-600 (500 nominal) A- to facilitate a controllable etch process.
20 Furthermore, to eliminate possible lateral etching and undercutting beneath the
ferromagnetic core, the second adhesive layer may be composed of copper. In this case,

a potassium iodide and water solution may be applied for about 10 seconds to perform the

copper etching process and a potassium ferri-cyanide and potassium hydroxide solution
may be applied for about 1-2 seconds to perform the chromium etching process. The
25 potassium ferri-cyanide and potassium hydroxide solution does not substantially affect
the copper layer underlying the ferromagnetic core thereby preventing the potential aﬁ'ects
of undercutting. Of course, other types of etching processes (such as ion etching) are
well within the broad scope of the present invention.
The second insulative layer is spin coated on the ferromagnetic core and the first
30 insulative layer during a deposit second insulative layer step 570. The second insulative



| ayer* i s then patterned using a photolithographic process to formthe

I nner-1ayer vias t her et hrough. The second conductive wi nding |ayer is,
t hen, bl anket deposited (e.g., sputtered) on the second insulative
| ayer during a deposit the second w nding conductive | ayer step 580.

The second conductive winding |ayer is then patterned to the desired 5
configuration (including the desired contact regions) using a

phot ol i t hogr aphi ¢ process. Next, the& third insulative layer is spin
coated on the second conductive wi nding |ayer and t he second

i nsul ati ve llagepiis thenipatierned @ping iat pHokilithbgraphid piocess tb fymi tld mpeslfer as
termnal is finally forned in the third insulative |layer during a form

tler mi nal st dhersthwoughy cThessegpneheonductive; ‘yinémgtlamrlés,fthm\/alme ém;}f‘gd (eeggl ,
(o " Chr orpPst ohtle Booddipbive A ik eBONPRE pecbild HEERE RIS

met hod ter ml@ﬁr@&passoamc@ide@naa&iveAVﬁmgglw&% #idh Pattéra¥d e deSired

packaged as an integrated circuit or bare die nounted as in flip-chip

assenbl i 5. configuration (including e desitodeontactmgioss)iusingst phataitbograptiopiocesst of a
power mcro nefigc. .. i.ntegrated circpit, and t hod of nmanufacture
(' ncl udi ng. OB IS B S getted onthe and pesiuotiiandigg Jayer and
m cr omagnet itfe ik eyt Uiy 4 Adbokit i noiAlivE1ay & oS00, N terminal is
foregoing circuit) and nethods of  manutfacture therefor are well wthin the

br oad scope finally forfned irethp tidakinsulativedayter during a form terminal sttp 599 Thd fepninal
under st andi ng qf Fovver el ectronics,. power rraq‘régt_i c_devices and power

converter tdbsHiggledor wire bopding (¢:2-¢ 3lupyinym yise bonding) oxis fipished with ageldeski an,

M 20 | L 50N: o i Shis =
understglrjldc;i %@lﬂ%@%,@?@1@gﬁ ¢%| gpsgm o%%ﬁﬁ%zhﬁﬁﬁg%eﬁ@thgregﬁgr '
t her ef or segnéthediteninatel ab@uiéridestep 599. Aeapletedovafdiatiiythed b patkagkd asdsa and

S. Hayakawa, Noyes Publications (1992) and = Thin Film Technol ogy, by
R W Berry, imegratedpincuis gtjbaye die mpyntedias ipflip-rbiptassemblies.0638) ; Thin Film

Processes, by J. S cadem 1978) .. and Handbook of Thin
25 B 1 m Techmol e oD R ariCh sl o8 rihp et 4 TAMer TR RPEDAGc

af or ement i ongorated circfift @h& RefDJ VT Tanblature (ﬁkﬁﬂ&iﬁ@ﬂﬁt@@t&%&ﬁ;ﬁﬁ@@%@esﬂ

Al t hough the present invention has been described 1 n detail”, those skilled

in the 15 therefoshothémpewatanicramagnetia integrated cinuitss (inchaling variatioas @f the

substitutions and alterations ‘herein w thqut departing fromthe spirit
and scope of °'E°S%mgﬁ¥f€‘h‘f)|36‘ﬁ ni“’ﬁh‘?qsé’fﬁ}aﬁﬁﬁég‘l'e r are well withirt the broad scope :
13 O Y present invention. :

For a better understanding of power electronics, power magnetic devices and

power converter topologies see Principles of Power Electronics, by J. Kassakian, M.

20 Schlecht, Addison-Wesley Publishing Company (1991). l‘For a better understanding of

integrated éircuits and methods of manufacture therefor see Handbook of Sputter

Deposition Technology, by K. Wasa and S. Hayakawa, Noyes Publications (1992) and

Thin Film Technology, by R.W. Bérry, P.M. Hall and M.T. Harris, Van Nostrand (1968);

Thin Film Processe;s, by J. Vossen and W. Kem, Academic (1978); and Handbook of Thin

25 Film Technology? by L. Maissel and R. Glang, McGraw Hill (1970). The aforementioned
references are herein incorporated by reference. |

Although the present invention has been described in detail, those skilled in the

art should understand that they can make various changes, substitutions and alterations

herein without departing from the spirit and scope of the invention in its broadest form.



1. * For use with—apowermcromagneti c device having of a ferromagnetic
core and for havi ng an insul ator coupled thereto, an
adhesi ve, conpri sma ”ﬂ]lﬁm !l‘ﬂ nl a netallic material that fornms a
bond bet ween sai d: i nsuleat or ssaad 5 ferronmagnetic core to secure said
power m cromagneti c deV| ce to said insulator. 2. The

adhesive as recited in Claim1l conprising a | ayer that contains a
material selected fromthe group consisi3ng of:

zi rconi um and haf ni um 10 3. The adhesive
as recited Chimspi m1 conprising a |layer that contains a mat eri al

sel ected fromthe group consisting of: vanadi um

ni obi um and . tantalum The adhesive as

recited in d ai ayer that .c er
sel ected fromthe grgﬁ‘% Wﬁ'ﬁgf’? 3‘\412# cuc%@%%eﬂ%u%ofafelz%et re

nol ybdenum axﬂlﬂrmed on a substrate having an ins\148dF &dpled thereto, an adhesive, comprising:
14 The adhesive as recifed in aim1 conprising a

| ayer that contai ns aametalllcrma&nahlthasé'omtebond bemeeresgdonqsdmmdssaldng of :

gg: ? adi ufy fFgmagnetic core to secure ¢ said poysrptag:‘rqmagneuc device l!()) sa1cf insulator.

2. " The adhesive as recited in Claim 1 comprising a layer that contains a
material selected from the group consisting of:
zirconium; and
hafnium.

10 3. The adhesive as recited in Claim 1 comprising a layer that contains a
material selected from the group consisting of:
. vanadium;
niobium; and

tantalum.

15 4, The adhesive as recited in Claim 1 comprising a layer that contains a
material selected from the group consisting of: A
chromium,; |
molybdenum; and
tungsten. '



The adhesive as rnmfnd |n Claim1l wherein said ferromagnetic core

cbntalns an 7. The adhesive as recited in
CI aim1l vvheJ HB!‘" I"iﬂ | ncI udes- an or gani ¢ pol yner.
. The a in Claim1l wherein said power mcronagnetic

deV| ce further corrprlses awinding to inpart a desired magnetic property to
sai d ferronmagnetic core. 15 9. A nethod for securing a
ferromagnetic core of a power m cromagnel4c device to a substrate
havi ng an i nsul ator coupled thereto, conprising the step of:

form ng an adhesi §e bofHe héhesiverasaditédiin Clhipd Qrmﬁiioﬁsﬁlgldjlai'&rmﬁmﬁsﬁ
core vmtharret?,l\aL? terial The nethod as recited in
Cl ai m 9 wher B ?@@@%@Wﬂ@l’éﬁmpges 20 the step of depositing a

| ayer on said insul at o&olhhat contains a material selected fromthe

group consisting of: zi rconi um and

haf ni um silver; ' 15
11. The nmethod as recited in Caim9 wherein the step of formng
conpri ses?d t he stepladMumepositing a | ayer on said insulator that
contains a materi al selaﬁﬁl&ed frgm t he group consisting of:
vanadium 5 A®bi um and tantal um-
copper.
6. The adhesive as recited in Claim 1 wherein said ferromagnetic core
contains an alloy material.
10 - 7. The adhesive as recited in Claim 1 wherein said insulator includes an
organic polymer.
8. The adhesive as recited in Claim 1 wherein said power micromagnetic

device further comprises a winding to impart a desired magnetic property to said
ferromagnetic core.

15 9. A method for securmg a ferromagnetic core of a power micromagnetic
device to a substrate having an insulator coupled thereto, éomprising the step of:
forming an adhesive bond between said insulator and said ferromagnetic

core with a metallic material.

10.  The method as recited in Claim 9 whereiﬁ the step of forming comprises
20  the step of depositing a layer on said insulator that contains a material selected from the
group consisting of’ |
i zirconium; and
hafnium.



12. = The: nmethod as recited in Caim9 wherein the step of formng
conpri ses the step of depositing a |ayer on said insulator that

corta 3%""|1I‘|i|||1|||ﬂ|||ﬁﬂ||iﬁ|l T ybdenum and OUP oM SN 0T AR eten.

13. The nethdd &s Tecited in daim9 wherein the step of form ng
conpri ses the step of depositing a | ayer contiguous to said
ferromagnetic core that contains a 15 nal®rial selected fromthe group
consi sting of: gol d; silver;

pl ati num 11.  The methog as teaited imClaintl9 Hherein the step of forming comprises
14. The nme hod a reclled in Clalg1 9 wherein sajd ferrqQmagneti.c core

cont ai ns Hing & layer on said insulator that contains a maferigfselested fom thei ¢ ed
in Claim?9 V\Q(% dgnsul ator includes an organi c pol yner.

16 ﬁﬁf@ns?&ln%hg method as recited in Caim9 wherein said power
m cr omagneti c devivatdfusi;t her conprises a winding to inpart a desired
magnetic property to said ferromagnetic core. 17. A
power m cPomagnetic i nhishima@ddcircuit having a ferromagnetic core, 5

conpri si ng: tantalum

12.  The method as recited in Claim 9 wherein tﬁe step of forming comprises
the step of depositing a layer on said insulator that contains a material selected from the
group consisting of:

10 chromium,;
molybdenum; and

tungsten.

13.  The method as recited in Claim 9 wherein the step of forming comprises
the 'step of depositing a layer contiguous to said ferromagnetic core that contains a
15 material selected from the group consisting of:.
' gold;
silver;
platinum;
palladium; and
20 | copper.

14.  Themethod asrecited in Claim 9 wherein said ferromagnetic core contains
an alloy material.

15.  The method as recited in Claim 9 wherein said insulator includes an
organic polymer.



a substrate; an insulator coupled to said substrate;
and llmuml)l i c adhesive that forns a bond between said
i nsul at or and SM“I“H“II netic core to secure said ferromagnetic

core to said subgtratet " 10 : The integrated circuit as
recited in Claim1l7 wherein said netal I | c adhesi ve conprises a |ayer
that contains a material selected fromthe group consisting of:

zirconium and haf nilém 19. The

integrated circuit as recited in Caim1l7 wherein said netallic adhesive 15
conprises a | ayel6t hafTheanethodes aecltedmClalms%mteadsdldquehangmmqgneuc

;ﬁgSI sting ﬁevwe further corqulrﬂe%lpuyﬂndmg 10 gnpart a desisgl magnetic pmpgﬁy n| Oty um
circuit as g&f idcdedi M 17 wherein said netal lic adhesive 20 conprises
a layer that contains a material selected fromthe group consisting of:
chrom um ' nol ybdenum and t ungst en.
17 The integrated circuit as recited in Claimi1l7
wherein said met am i cmwwommw%mﬁmts@suﬁmmgemm¢ fereq

mat eri al se romthe group consisting of: gol d;
silver; 3 cgl%ﬁgﬂé’ pl ati num _ pal | adi um and

copper. a substrate;
" an insulator coupled to said substrate; and
a metallic adhesive that forms a bond between said insulator and said

ferromagnetic core to secure said ferromagnetic core to said substrate.

10 18.  Theintegrated circuit as recited in Claim 17 wherein said metallic adhesive
comprises a layer that contains a material selected from the group consisting of:
zirconium; and |
hafnium.

19.  Theintegrated circuit as recited in Claim 17 wherein said metallic adhesive
15 compnses a layer that contains a material selected from the group consisting of:
vanadium;
niobium; and

tantalum.

20.  Theintegrated circuit as recited in Claim 17 wherein said metallic adhesive
20 comprises a layer that contains a material selected from the group consisting of:
' chromium; |
molybdenum; and

_tungsten.



22. " The'integrated circuit as recited in Claim17 wherein said

f err omagnetit tore contains an alloy material. 10 23.

The integra ' ' ecited in Claim1l7 wherein said insul ator

i ncl udes aimﬂug““mwm’ml 24. The integrated circuit as
recited in aicm L7 whey ei*n said ferromagnetic core is coupled to a
winding to inpart a desired nmagnetic property to said ferromagnetic

core. 15 25. A nethod of manfZacturing a power micromagnetic
integrated circuit, conprising the steps of:

provi di ng a subst r24t e; Theintegrated circuit as recited indHain 17 wigerein said mietatlicudhesive
proxi mate to said depositing a netallic

substrate; ., .
adhesi ve on s‘:&m"??ﬁ%%&?ﬁi’?t Copigins @ material selected from the geaypsppsisting:of:

ferromagnetic core on %" netal lic adhesive, said netallic adhesi ve
form ng a bond between~sar’d insulator and said ferromagnetic core to secure
sai d ferromagneti gileete to said substrate. 26. The

method as recited in Caim 25 wherein the second step of depositing
conpri ses X he step of d’é’é@é‘%i ng a layer on said insulator that contains a

material selected 25 fr Lhe, group consisting of:
18 pg@#’"@%h% and haf ni um

27. The met hod as reebpwd. in Caim25 wherein the second step of
deposi ting . .

22.  The integrated circuit as recited in Claim 17 wherein said ferromagnetic

core contains an alloy material.

10 23.  The integrated circuit as recited in Claim 17 wherein said insulator

includes an orgahic polymer.

24.  The integrated circuit as recited in Claim 17 Whereih'séid ferromagnetic

core is coupled to a winding to impart a desired magnetic property to said ferromagnetic

core.
15 -~ 25. A method of manufacturing a power micromagnetic integrated cifcuit,
comprising the steps of: ' )
providing a substrate; _
depositing an insulator proximate to said substrate;
depositing a metallic adhesive on said insulator; and
20 depositing a ferromagnetic core on said metallic adhesive, said metallic

adhesive forming a bond between said insulator and said ferromagnetic core to secure said
ferromagnetic core to said substrate.

26.  The method as recited in Claim 25 wherein the second step of depositing
comprises the step of depositing a layer on said insulator that contains a material selected
25 from the group consisting of:



conpri ses—the—step—of—depositing a |ayer on said insulator that contains a

o S T 55502 (antal um

The #reteh as recised in Claim25 wherein the second step of
dep05|t|ng 10 conprises the step of depositing a | ayer on said insulator

that contains a material selected fromthe group consi sting of:

chrom um mol ybdenuni8 and t ungst en.
15 29. The nmethod as recited in Claim25 wherein the second step
of depositing corgircopium;ahd step of depositi ng a layer contiguous to
said ferromagnetic corﬁaaﬁ'glhat _contains a material selected fromthe
group consi sting of: gol d; silver;
20 pI ati num pal | adi um and

copper. 30. The nethod as recited in Caim25 wherein said
ferromagnetic cor237 Theanethaﬂmeawd&icmmﬁtvﬂfei'dhﬂle second step of depositin,

19 method as recited in Caim?25 wherein sai

i nsul ator i rF@FlPHé%S th?lSteP° deppsiting 2 layen opsaid insplajprthasicontains a material selectedz
The net hogl %rﬁﬁfdér&gpécﬂ:sglﬂé&% further conprising the step of

vanadium;
niobium; and

tantalum.

. 28.  Themethod as recited in Claim 25 wherein the second step of depositing
10 comprises the step of depositing a layer on said insulator that contains a material selected
from the group consisting of:
chromium;
molybdenum; and

tungsten.

15 29.  The method as recited in Claim 25 wherein the second step of depositing
comprises the step of depositing a layer contiguous to said ferromagnetic cofe that
contains a material selected from the group consisting of: \

gold;
siiver;

20 platinum;

palladium; and

copper.

-30. The method as recited in Claim 25 wherein said ferromagnetic core
contains an alloy material.



deposi ting a wnding conti guous to said ferromagnetic core to inpart a
desired lﬂ mﬂuﬁm erty to said ferromagnetic core.

33. C|rcuit, conpri si ng: an i nput
source of eI ectrical power; . a switchi ng circuit for
receiving said electrical power and producing t herefrom sw t ched

el ectrical power; and 10 a power mcronmagnetic integrated
circuit, including: : B9 substrate having an insul ator
coupl ed thereto; a ferromagnetic core and a winding to
i npart a desired 3agneThe nethodeasstrgcited in Claim 25 whereinisaidf iasulaop ivhides agor e;
and ] .a netallic adhesive that fornms a bond between said
i nsul at or an@FgaRic golymer insulatorf oy r onagnetic core to secure said
ferromagnetic core to said substrate. 34. The power
processing circuit as recited in Caim33 further conprising a

rectifier and a f33.terThd ifetdd &9 v&ited xhecmm§mekruowrai@dma§teyléf and
an out put of said JOWEr processi n? circuit. The
power pr ocesdipasjting a winding:eontigudus deisdic feBioniagnais cnteeﬂoampaSwd&smgtmagneuczo
adhesi ve 50 ri ses, a l er that contains a material selected fromthe group

consi stin Toperty to said e erromagnetic Core, i  conj um  and

haf ni um ' 20

36. The power pr ocessing circuit as recited in CI aim 33 wherein said
metal lic adh3si veAqomer proesssinglcirgeit, colprisingnt ai ns a material sel ected
fromthe group consisting of: vanadi um

ni obium and 5 an input source of glegtrigah power;

a switching circuit for receiving said electrical power and producing
therefrom switched electrical power; and |
10 : a power micromagnetic integrated circuit, including:
a substrate having an insulator coupled thereto;
a ferromagnetic core and a winding to impart a desired magnetic property
to said ferromagnetic core; and T
a metallic adhesive that forms a bond between said insulator and said

15 ferromagnetic core to secure said ferromagnetic core to said substrate.

34.  The power processing circuit as recited in Claim 33 further comprising a
rectifier and a filter circu_it coupled between said integrate& circuit and an output of said

power processing circuit.

35.  The power processing circuit as recited in Claim 33 wherein said metallic
20 adhesive comprises a layer that contains a material selected from the group consisting of:
zirconium; and
hafnium.



37. - The power processing circuit as recited in Caim33 wherein said

net al | | rrprl ses a layer that contains a material selected
from i AT e | chr o um

denum can t ungst en. 38. The power
proce55| ng ci rcwt as recited in daim33 wherein said netallic
adhesi ve conprises a |layer that contains a nmaterial selected fromthe group

consi sting of: gol d; 20 silver; 15
pl ati num pal I adi um and copper.
39. The power pr3g&;es sThechowiet procéssing cireuit dsaecited uocwumﬁavmmma nietallic
ferromagnetic core contains an alloy material The

power pr oces Sdhesits GostArisesaslayerdhat contains amateriabwl Weérfémﬂ@aﬁr@m m@ngﬁf
i ncl udes an organic pol‘)égg([mtn

niobium; and

5 tantalum.

37.  The power processing circuit as recited in Claim 33 wherein said metallic
adhesive coinprises a layer that contains a matenal selected from the groﬁp consisting of:
chromium; '
molybdenum; and
10 tungsten.

38.  The power processing circuit as recited in Claim 33 wherein said metallic
adhesive comprises a layer that contams a material selected from the group consisting of:
| gold; T
-silver; |
15 platinum;
palladium; and

copper.

39.  The power processing circuit as recited in Claim 33 wherein said
ferromagnetic core contains an alloy material. '

20 40. The power processing circuit as recited in Cla:m 33 wherein said insulator
includes an organic polymer. |



