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patent application is a continuation-in-part patent application &f :

Pat ent .Application No. 09/766, 162, filed January 19, 2001, entitled

| NTEGRATED | NDUCTOR, by Donald S. Gardner, which is a continuation-in-part
patent application of U S. Patent Application No. 09/444,608, filed
Novenber 2&p0i08882 entitled METHOD AND APPARATUS FOR PEEMERING | NDUCTOR
FOR | NTEGRATED CI RCU T OR | NTEGRATED Cl RCU T PACKAGE, by Donal d S.
Gardner. BACKGROUND OF THE | NVENTI ON - FI ELD OF THE | NVENTI ON The present

I nvention rel ates generally Eg % ﬁ f'ﬁ?&\@é el ectrical transfornmers. Mre
particularly, the present RYERnhe field of electrical
transformers fQhis pht@ﬁt@zﬁlﬁli%ﬁlﬁﬁ i€h E&ﬁhﬁﬁoﬁ—blpﬁ&t;ﬁ&‘ﬂtd ppliA6K 808 S PAdEPCRI PTI ON OF
RELATED ART El ectrical transforners are typicall é used in a vari ety of

ni cr oel ectRpHFaioR NocRH/ 166, 15%@?"0’8‘@‘43%59 3R phensiged
conver t er Sy TRANAS. A&t STchASY baRRnatidR R bart aﬁ%& %h%oﬂﬁﬂ]@efaterﬁnd radi o

frequency (R B) and mcrowave circuitry inc mat chi ng networ ks,

osci | | at ofApplieatipn Np, 09f444,68% diledi¥avember ZBek?élﬂbﬁhiéhdM'ﬁﬂ@DtMSf ormers result

N | 0SSesprhRTRXAT FRoPHSINGANBUIGHIR FORGAPAGRATES gfi stance in
connect i ng themto an Integrated circulrt an ecause discrete transforners

i ncur a r SVEEGRATED QIREUBRACKAGE, hyd3mald Sy Gatdnemsf or ners are preferably
fabricated on-chip, that is integrated on an integrated circuit, and/or in
a package housing an integrated circuit. BRI EF DESCRI PTI ON OF THE DRAW NGS

The present invention | BACKGROUND QRTHRINVENTION | e and not |imtation
inythe figures L e npanyi ng drawi ngs, in which like references
i-ndicate sim |I=ar rermts —atta+n which: Figure 1 illustrates, for one

enbodi nent , am@mmmmnmtwgeﬁ@ﬂmsmﬂem&mmcam@ﬂme% IMidreiSt 1 at es,
for one enbo ow di agram t t.he ated_ i nductor of

Fi gure 1; Pﬂc&[ffrﬁg’qgé? ts‘f‘YeaP%%I%{aFeﬁF‘”gﬁgqg% tﬂ‘@ﬂ %‘nﬁ?rﬁg%r sectional view
of a subsihteghed oirgiits QOB) @8 I@pdckiiget. di el ectric Iayer and a magnetic | ayer

are formed; 145 2t oRPRELATED ART

Electrical transformers are typically wsed in a variety of microelectronic circuit

applications such as, for example, power converters, power delivery devices, power
isolation devices, and radio frequency (RF) and microwave circuitry including matching
networks, oscillators, amplifiers, and filters. Because discrete transformers tesult in
losses, for example, due to parasitic capacitance and resistance in connecting them to an
integrated circuit and because discrete transformers incur a relatively high cost for
assembly, transformers are preferably fabricated on-chip, that is integrated on an

) integrated circuit, and/or in a package housing an integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

_ The present invention is illustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like references indicate similar elements
and in which:

Figure 1 illustrates, for one embodiment, a plan view of an integrated inductor;
... Figure2 illustrates, for one embodiment, a flow diagram to form the integrated
inductor of Figure 1;

Figure 3 illustrates, for one embodiment, a cross-sectional view of a substrate over

which a first dielectric layer and a magnetic layer are formed;
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WO 02/ 065492 PCT/ US02/01742 Figure 4 illustrates, for one embodimentg aji 2069
cross-sectional view of the substrate of Figure 3 after the first nagnetic
| ayer has been patterned and a second dielectric |layer has been forned,;

Figure 5 illustrates, for one enbodi ment, a cross-sectional view of the
substrate of Figure 4 after the second dielectric |ayer has been patterned
and a condWOtliENeE492ayer has been forned; Figure 6 ill ustrasesi7dtor one

enbodi ment, a cross-sectional view of the substrate of Figure 5 after the
conducti-ve | ayer has been patterned and a third dielectric |ayer has been

formed; Figure Str for., one enbodi nment CrQss- sectlonal vi ew of
the substrate gmed’é %%?%qngymlgwgm |ar°(§°53‘r“‘§1“8‘&ag?"ie‘é’q? &pbsiiale oheen
pat t er ned fagitﬂeaaﬁ@mrfﬁstmgjm'b layed 1AY Bden PafernddQAd a bRbiEdc1anstE 19;;%&115‘& ned;

Figure 8 il tes, for one enbodinent, a flow diagramto forma magnetic
| ayer; bﬁ‘H‘r Pl lustrates, for one enbodl ment, a cross-sectional view of
a substrate oVBigureWhil@krats, ﬂir%h@&ﬁﬁddﬁnén%%fos@%n&m&%ﬂhe sULRYRE of1ave been
formed; Figure 10 i Ilustrates, for one enmbodi ment, a cross-sectional view

of the subiuet dtepthe swpgiﬁl@e@i%hﬁ'éhasd:es@mt@mémmducayeehm@s been for med
and the rrggﬁ%mg,dl ayer has been patterned; Figure 11 illustrates, for one
enbodi nent Igl an view of an integrated transformer, Figure 12

il lustrates, figguefdlssiedionereembadiment 8 croeesectimal wwefmh@éubsm éfnt’egr at ed

L ans or MRy e Gl Elo i bAdcHRBR) £ 101 AR T RIRRRLICT - 2 P! an

view of an r integrated rans ure % or one
enbodi nenformed; pl an vi ew of anot her | nt egr at ed transforner; Fi gure 15

i I'hustrates, f n_view not h in r at.ed

t r-ansf or ner, %ur ﬁlf@ ﬁg ,ffﬁé aFlggdLBF'b a?fﬁ?'sg%f%% ‘%,rtheas“bﬁgﬂa?fl ew of

anot her ili’igtargﬁafta'dhe thirddislearicriayer hbd Igpen pattered khdis tecaidatagnttidiayenRasenbodi ment ,
a bl ock q)eergfam d,mgan |nt egrat ed circuit conprising one or nor e

t ransf or ners;
F1 gure 8 illustrates, for one embodiment, a flow diagram to form a magnetic layer; .

Figure 9 illustrates, for one embodiment, a cross-sectional view of a substrate over .
which a dielectric layer and a magnetic layer have been formed;
Figure 10 illustrates, for one embodiment, a cross-sectional view of the substrate of
Figure 9 after a patterned mask layer has been formed and the magnetic layer has been
patterned;
Figure 11 illustrates, for one embodiment, a plan view of an integrated
transformer; _
- Figure 12 1]Iustrates for one embodunent, a cross-sectional view of the mtegrated
' ) teansformer of Figure 11; .
Figure 13 illustrates, for ohe erﬁBodimént, a plan view of another integrated
transformert;
Figure 14 illustrates, for one embodiment, 2 plan view of another integrated
transformer;
- Figure 15 illustrates, for one embodiment, a plan view of another integrated
transformer;
. Figure 16 illustrates, for one embodiment, a plan view of another integrated
transformer; .
Figure 17 illustrates, for one embodiment, a block diagram of an integrated circuit
comprising one or more transformers; and '
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1 9 JUL 2005 WD 02/065492 PCTIUS02/01742 Figure 18 illustrates, for one
enbodi nent, a bl ock diagramof an integrated circuit package conp1§ JUE 2005
one or nore transfornmers. DETAILED DESCRI PTION The fol | owi ng det ai
description sets forth an enbodi nent or enbodi nents in accordance with the
present invention for an integrated transforner. In the foll ow ng

descripti omporiesael s are set forth such as specific maperuabsizapar aneters,
etc. in order to provide a thorough understanding of the present

invention. It will be evident, however, that the present invention nmay be
practiced withqgut th se detalls I.n _other instances, well- known process
steps, equi pmefigwre &8 Hlustatescfopene epphodiment a ploplediagram g ntsgrated cisthi | so as
nhot to of otnPBsity SR W inotdWatbinads. SPI RAL | NDUCTOR STRUCTURE Figure 1
illustrates, tor one enbodi nent, an integrated inductor 100. Integrated

I nductor 100 conprises a generally spiral -shaped conductor 110 defining a
signal path along which cun %;% ¢ nerate an el ectromagnetic
field around conductor 110. BIPAITY plese (ﬂ$hrough conductor 110 by
appl yi ng a volThadadlopingdetailed deseripsios setnforth amenbwlitbent otkemtiodiZoantsan t he

begi nni ng f, n r 110-apd .out er nost node
116 near %Cﬁ&d%{r‘}g%ﬁ{%?&g tw&&@%ﬁuf&nm%%gg% °ﬁ‘8€fc11%ﬁ’ {% '}ﬁ t hough

il lustrat @dcrqmonldétaﬂﬂ angseb fpthoréhnatspdoyficnMeripnparahdtsts, @ad agediko shaped

turns, condu su table r of, ogne or nore turns
and any pgﬁ‘fl gﬁ‘g‘%‘ﬁtﬁ" ’?g(gnﬁeu%ﬁ SR O”SE[HEVTQ‘E"’ 9@0 WeEeh tUrn may
be rect artgatltlm’preshﬁmmﬁmﬂmay R ipravticetiubithiont thess BfR. I SthergistiiBéscwelf-onduct or

11 t abl duct I d h
<1t abl VPR REFSRELPorHRBTErRgh o B oA Bty nuIeE G008 oy have any

SUItab|Etwbﬂ%hgﬂk@hﬁ&ﬂaﬁﬁmuﬁnd length with any suitable spacing between
turns to forng -shaped conductor 110 covering an area of

any suitable BEd in this description, a spiral or

spiral - shapedﬂfg@edunﬁsaﬁtes T&r'oﬂ@éﬁbocﬁﬂ&hh%@ﬁbﬁh@dmﬁﬁﬁtéﬂ'ﬂﬂgln?egﬁt&na' pat h
having at | easf one tam w th_each_successive tam any, substantial ly

sur r oundYCPHEiCARBRSES & £onetnlly SBifrs Wiﬂﬁé\’,"éﬁllﬁgd@ﬁﬂl%aﬁl r 100 for one

enbodi Neglong GHRA bﬁ&‘ﬁt ﬁamﬁi defierh@%E bledifdtaghd?id Hefl £26und Lohdubedr PRSI i Oned
over nmagnetic Ia% 120 and for one enbodiment i s separated from magnetic
&y

| ayer 128uBsntgmay ey dhrogghsoadustor 11Q.bY appliing agigltpgepoisniial aerossian | ayer nay
conpr i semaaiho@moh@bizenem%@i,@gﬁ gﬁof@ﬁfrﬁél'nﬂst ek 14 BY EonBiorT4b bidPk t hi Ckness.

The dielectric material and™t ness -
ontermost node 116 near the end of an outermost turn 118 of conductor 110.
Although illustrated as defining approximately 2 % generally octagonal-shaped

tarns, conductor 110 may define any suitable number of one or more turns and any

suitable fraction of 2 tumn of any suitable shape. Each tumn may be rectangular, hexagonal, .
) or circular in shape, for example. Conductor 110 -may compﬁse any suitable conductive

material and may have any suitable dimensions. The signal path defined by conductor 110 .

may have any suitable width, thickness, and length with any suitable spacing between

turns to form a generally spiral-shaped conductor 110 covering an area of any suitable

shape and size. As used in this description, a spiral or spiral-shaped conductor includes

any conductor defining a signal path having at least one turn with each successive tum, if

any, substantially surrounding the innermost turn and any preceding turn.

_ . Inductor 100 for one embodiment comprises a magneic layer 120. Conductor 110

is positioned over magnetic layer 120 and for one embodiment is separated from magnetic
- Iayer 120 by at least a dielectric layer. Such a dielectric layer may comprise any suitable
- dieleciric material and have any suitable thickness. The dielectric material and thickness
-3




1 9 JUL 2005 WO 02/065492 PCT/ US02/ 01742 hel p determ ne the capaci t@ 05
and therefore the resonance frequency cur for inductor 100. Nhgne ‘ﬁgygp
120 forns a voltage reference plane for inductor 100 to help contain

el ectric and magnetic fields around conductor 110. Magnetic |ayer 120
therefore hel ps increase the inductance L of inductor 100, and therefore

t he qual i twolaaser Q for inductor 100. Magnetic | ayer pdRfsodBiaL£onpri se any
suitabl e magneti.c material and have any suitable shape, such as the
rectangul ar shape illustrated in Figure 1 for exanple, and any. suitable
di mensi ons. | nductor 100 may be designed to have any suitable frequency
range and Wetcﬁé@?waﬁﬂ"@méﬁl}@ﬁ#ﬂﬂﬂﬁ%@fﬁﬁw 1ggonangg ﬁﬂuenﬂ?@héomndusmmﬂ operat i ng

frequency [ ctance uet or. 100, and Ris
t he resi stbg ceetlcg%w ucfﬂgs%‘rfgﬁg. r%se}ep%é}l%gg [ mm{fgjottgg o P nductor 100 is
proport i omekktrt end mgnﬂlﬁrdﬁﬂidsammmd torgif:ctbmid0c Magne‘ziﬁ (Iayaﬂtﬂ{)lﬂibtﬁms aklys

proportion res e R uc 100,,. duc 0 can be

desi gned \}fcfeﬁse% PRApr %@P@ﬂﬁ?ﬁﬂéﬁé’laﬂﬁg‘ﬁgﬁ%@ é?%ﬂﬂ?’@w’é rel atively
hi gher quadgo. tMag‘aBtﬁﬂl@Yer@OxhﬁycompngeM@@mﬁiblé&n@heﬁcﬁﬁdtéiaﬁﬂﬁﬂ]a%ﬁlﬁf i nductor 100.

Al ternati veI for gi ven induc ce L i nductor 100 can be designed with
a rel ati v&P§ lgﬁ]ﬁ’P?éP %Sé%%ﬁﬂlgﬁ%&ém}‘%ma ted ) Hieyes d for example. and @9 st ance R

and capacsdi@able dimensiongl ting in a relativel y hi gher resonance frequency w
and a rel atlvely hi gher quality factor Q |nductor 100 for one embodi nment

is formed overdyctonHt may e degignsd |t%h*}¥§3%¥3“§@1?ﬁ@ﬂ#’Mtf@¥g0M@b’i al with at
Ieast a dheBikadtd dul kﬁ&bém%ﬂe%ﬁwaﬁné@{qgé@%ﬁ%&m& 1gd)g substrate.

h a dielectric layer may conprise any sult ectric material and
h e any isthedrdyrtancetof dinaierst00,4md 8o the atsitandeldf infbwier Hie Asthewpglityt i ¢ f | ux

towar d_tNuior Y BEhAREE 1hORproiBifofl A SanGRAY 1 O il Eb oo | %Qrg%%a“d

t her ef or o Lot frducay 100apd iy sitioning
magneti c Hr@pymonalzoﬂbeem:ﬁRhéindummlﬂ&umdwmdlommdiadéshg‘nedﬁzﬁh hel ps r-educe

such cur c 0 for d ‘;@Iere i nduct or 100
and nei gh ori rfh‘% rc%@“%giﬁégn%e vgltf Cg‘g\e%?"é\?ent substrate
coupl i ng giwed mebmszstmbadts)fsndnsmr KtOe Memﬂmcqmgmmgﬁmh:m@ndea.yer 120 for one
enbodi nmen sl.ots é ?D%[té le, to help
further lﬁd %glteidgn?}né%i t‘ﬁ IYFfﬂal erelRRg ‘@?31 Y& 120 may
define amgs:smucdmhtbzbcapauifmmb ze:fultﬁjgen BfclivElf hfghatﬁsom:ﬂcb ﬁ@dj\;én@ttb,taﬁ@h e di mensi on
and orie tatl % at ggﬁ suitable one or nore |ocations relative to
conduct oFe rQ) ot s may be perpendicular to or at any other
sui tabl e anglmdurcairaum 2 ohertittBinkdnOid/ f@ine@ didr 8 Bhibstrhtd COMBRmfzaNduct or 110.
Defining slots in magryft Lc layer 120 al so reduces Eddy currents
- semiconductor with at least a dielectric layer separating magnetic layer 120 from
" the substrate. Such a dielectric layer may comprise any suitable dielectric material and
' have any suitable thickness. As conductor 110 generates a magnetic flux toward. the
' ) : sut_»slrate that would induce FEddy or mirror currents and therefore losses in inductor 100
' and noise in the substrate, positioning magnetic layer 120 between the substrate and
conductor 110 helps reduce such currents and minimizes concem for interference between
inductor 100 and neighboring circuitry. Magnetic layer 120 also helps prevent substrate
coupling and helps reduce substrate dependency.
Magnetic layer 120 for one embodiment defines slots, such as slots 122 and 124
for example, to help further reduce any Eddy currents in the substrate. Magnetic layer 120
- -may define any-suitable number of one or more slots with any.sujtable. dimensionsand.. . - .o .o
orientation at any suitable one or more locations relative to conductor 110. One or more

slots may be perpendicular to or at any other suitable angle relative to the flow of current

through conductor 110. Defining slots in magnetic layer 120 also reduces Eddy currents
' -4-




-4 9 JUL 2005 WD 02/065492 PCT/US02/ 01742 that can formin nmagnet iﬁCglgyLerm%
120 and helps to increase the resonance frequency 0), for inductor 1007
Magnetic | ayer 120 for one enbodi nent has a relatively high magnetic
perneability, a relatively high saturation magneti zation, and a relatively
hi gh magnetic resonance frequency to allow inductor 110 to operate at

rel ati vel ywbioghssforequenci es, such as in the G gaHert zptRnniange for
exanple. Perneability is a.-neasure of the ability of a nagnetic nmaterial
to magneti ze. A non-nmagnetic material has a relative perneability of one.
A magnetic material having a relatively high saturation magnetization

al | ows f orthat gaa|famm W@P%%n?ﬂéwetmaéﬁh%lpsttem@amsﬂﬁ@eiﬁ?@'ﬂmas@f'Dlh i nduct ance
L due to %gag{}g@, | ayer 120 hel ps increase the quality factor Q for

i nduct or . gnetic layer 120 for one enbodi nent is conpatible with

avai | abl e senMegmtulyor 2 faoesanhudinenthap acdiatiyelydighandpnetdcogy t hat nay be
used to forma.chi avi Il nductor 100.. That, is,.. netic |layer 120 ma
be formed?and: (‘)%Y’iapnlgﬁeyv %glf FaLn maﬁ%q%ﬁﬁmﬁv@filai‘%f‘@%% & or S
pr ocessi negestpadefrehngyy mtioWdhdugen E10ab byeratt dthalb@art higtefrajubnerk Yudd gh
tenperatur es encoynt er &Firﬁla%rocessi ng, and packaging a chip.on which
i nduct or is(}ﬁﬂ132ﬁ$%£ﬁé&§ YA dorexyagle Termeabdityis adpeasiiee plthebility ehaingi ng t he
rel evant mpgrefemitees tOhagRERS A fonlimdpaétichiReriaMMBRGhdve RMREDIERDLT Or one
enbodi ment conprises cobalt (Co). Mgnetic |ayer 120 for one enbodi nent
conpri ses®n AdRSRHcIRcad bayins g ickalively gl sabusation magpriizatingsllews foco) and any
sui tabl e xeﬁﬁvewm%pf?mﬁdsméd.%e%a&%%ﬁﬂkﬁné@meﬁo91 ¢ Qe percent age.
a

The anor phous co [

[ (Co) alloy may have any suitable atom c” order. For one
enpodi ment20 belpgingtaese ghewatity &sta Q foriodyctas1f®y has an atonic order in the
range of  appifghdRiAEY12b 6F e hbMRih&) id | 100 angstrons (A).
For one enbodi nent, ﬁ%h-e anmor phous cobél‘{?’n@é&g@ﬁ%ﬁhﬁg an atomc order in
t he ranges@icordyptorprpensting 4ad packeping teclnolqgafhat mapbgpused tofiatmeh ghip5 angst r ons
(A) . For \ons. fahesi1gen gg : 1S _gn atomc
order in t'ﬂegrgn e%? ?ﬁ%?%%a%?%ﬁ ﬁ%]rl\%g??}g%nn A togﬁéngﬂp%&g%n@ngtel y 10
angstro M@A}leﬂggm%ﬁh@)rmm&gﬁ@bn@m apti oy gererdily sdthgiaidses an anor phous

cobal . Skt ol L AU e S ISR S Sy 2 om0
enbodi nemductoni®Piistosmed withoat ¢rystillizingvirwignifiCadly chalgingythdwievant) one or nore
addi ti ong}opgh&r@%gneh%%r fR tant al um (Ta) and ni obi um
Magnetic layer 120 for one embodiment comprises cobalt (Co). Magnetic layer
120 for one embodiment comprises an amorphous cobalt (Co) alloy comprising cobalt
(Co) and any suitable one or more elements of aﬂy suitable atomic or weight percentage. .
) The amorphous cobalt (Co) alloy may have any suitable atomic order. _Fdr one
_ ) :  embodiment, the amorphous: cobalt (Co) alloy has an atomic order in the range of
o approximately 1 angstrom (A) to approximately 100 angstroms (A). For one embodiment,
the amorphous cobalt (Co) alloy has an atomic order in the range of approximately 1
angstrom (A) to approximately 25 angstroms (A). For one embodiment, the amorphous
cobalt (Co) alloy has an atomic order in the range of approximately 1 angstrom (A) to
approximately 10 angstroms (A).
Magnetic layer 120 for one embodiment comprises an amorphous cobalt (Co) alloy
‘comprising cobalt (Co) and zirconium (Zr). Zirconium (Zr) helps make cobatt (Co) . . .
~ amorphous. Magnetic layer 120 for one embodiment comprises a cobalt-zitconium
(CoZr) alloy having one or more additional elements, such as tantalum (Ta) and nicbium

(Nb) for example, that help make the cobalt-zirconium (CoZr) alloy magnetically softer.
5-




(Nb) for exanple, that help nmake the cobalt-zirconium (CoZr) alloy 2005
magnetically softer. 5 1 9 JUL 200 WO 02/065492 PCT/ US02/ 01742 I\/Lgnejluch

| ayer 120 for one enbodi nent conprises a cobalt-zirconium (CoZr) alloy

havi ng one or nore additional elenents, such as a rare earth element for
exanple, that help increase the ferromagnetic resonance of the

cobal t - zi rg@piméEdes CoZr) alloy. Rare earth el enents ingépg@rsgni um (Re),
neodym um (Nd), praseodym um (Pr), and dysprosium (Dy) for exanple.

Rheni um (Re) hel p reduce stress and magnetostriction for the
cobalt-zirconium (CoZr) alloy. Wiere magnetic |ayer 120 conprises a

cobal t - zi MagnétighayeCRDripr e lempodinren wemprises 4 copelt-zitddivm(CoZomey se, for
“exanpl e, r oxi . ] r t r oxi tom c percent
ST cont umEap O R Sipsah bl i BE SRR o e AR o skt Y

cobal t - zi helpixcrametthfeabmagnetiowsohargce af the gobaltwhrgadtm (Céayaloy. 1R8e may conpri se,
for exanple r oxi ly.3 atom c, perc to roximately 10 atom c
per cent ZFW%%%HS ?‘%ﬁe%%@egaﬁ%yﬁwﬁﬁﬁt%“aﬁg&ﬁ%@ﬁ% appr oxi mat el y
10 at oni cdppfosimiDypiaF elaviple( TapniulyiRe)deipGeduay fifess 2 rhaphetosnietionfopdi nent :
conpri ses_appr oxi mat el Qﬂ?ﬁ}f atom c percent cobalt (Co), approximtely 4
atoni ¢ pef€é& t‘@?‘?"&‘%k{' )(%Py and approximately 4.5 atom c percent

tant al um ( Ta) . WRHS RagheO196ra 20 bdriDtisesCAibbARG AR ([TolZHalIs, gﬁ?&ﬁ& z (GHz)
range and can w thstand tenperatures up to approxi mately 450 Cel sius

wi t hout clayes 42 mpycomprige. for egample. eaproximatelihaipiig nescent e ppproXHRatelpr operti es.

Wer e mgﬂpgt&ﬁck@gﬁﬁzﬂ&ghﬁpmi ses a cobal t-zirconi umrheni um ( CoZr Re)
al-l oy, magneti ayer 120 nay conprise, for exanple, approximtely 3

atgm c per centWhete magagticleyard 2@eomprisesacopdliczippeniverientalpmdEedelim allgy,) and may

conprise | | ﬁ{“ﬁ%é : - ] g&%&ﬁ t rhenium (Re).
Magneti c #%‘gﬁr&iﬁﬁdo@&lo%?pgﬁ%g%?ﬁe EZa): q@%rfnﬁ%ﬁla%le‘? %%%fré ;(nldganf:i;égg 89 atomc
per cent cpbmkima  ateEpio Iporcentateinng(Za) amdingy gemprisetup to indd ing (zr), and
appr oxi . 3 L C L Eﬂﬁ?' : ' dis My have
any sui {Tga%ﬁ] Q%Pﬁfeg{(ﬁfegst@g%gnehnc a{}gép @?%Mgbk%%%ﬁmm has a :
t hi cknes soinpriteh eppremimgately®1 Sppmox peresntéopal (O), appoxomaely Aptomie pezgeplr oxi mat el y
2.0 m cr onsorbill 7 VAANELEGh S s bl AL BB TR DSz fihp kness i
t he rangé of approxi nﬁ'Pe‘y i crongrfér%}?g{lo apgfr X1 mat el'y £20%i cron
(pm .  Meegmeperate b dheaBigdikdta(GHz)rargeaurd oati withstant eesiperaturtshipékness  of
appr oxi n%f)}?rl)%mgte@ 43b5EQa8s mﬁ%m crystallizing or significantly changing its relévant

properties. -

Where magnetic layer 120 comprises a cobalt-zirconium-rhenivm (CoZrRe) alloy,
magnetic layer 120 may comprise, for example, approximately 3 atomic percent to
_ approximately 10 atomic percent zirconium (Zr) and may comprise up. to and including
i ) o approximatély 3 atomic percent rhenium (Re). Magnetic layer 120 for one embodiment
comprises approximately 89 atomic percent cobalt (Co), approximately 8 atomic percent
zirconium (Zr), and approximately 3 atomic percent theninm (Re). ‘
Magnetic layer 120 may have any suitable thickness. Magnetic layer 120 for one
embodiment has a thickness in the range of approximately 0.05 microns (¢m) to
approximately 2.0 microns (pm). Magnetic layer 120 for one embodiment has a thickness
in the range of approximately 0.1 microns (um) to approximately 1.0 micron (gm).
. Magnetic layer 120 for one embodiment has a thickness of approximately 0.4 microns
(pm).
Inductor 100 for one embodiment comprises another magnetic layer positioned
- over conductor 110 and separated from conductor 110 by at least a dielectric layer. Sucha
-6



I nduct or 100 for one enbodi nent conprises another nmagnetic |ayer ﬂo@ij[i]]prﬂ@glj
over conductor 110 and separated from conductor 110 by at |east a
dielectric layer. Socha -6 19 JUL 2005 WO 02/065492 PCTI US02/01742
dielectric layer may conprise any suitable dielectric material and have any
suitable thickness. The dielectric material and thickness help determ ne
the capaciygisgsapd therefore the resonance frequencypgpps@hiinduct or 100.
The other nagnetic |layer may conprise any suitable magnetic material and
have any suitabl e shape and dinensions simlarly as for nmagnetic |ayer

120. The ot her_ nmgnetic | ayer may not conprise the same magnetic
mat eri al dislasigdeer may egparise any suﬁlah@ diglerdnic mefepipd endchavegnysuiipbleps f ur t her

[ nerease habAdRL aRRrk Al A B Qbesl Ay dBBRRE EpRiindeifa Aual 11 [ act or

Q for inductor 100, when use magne 120. The ot her nagnetic
| ayer for thereéore sgesonue frembnayes 0§mdmosort160 h’éihqﬁﬂneemag@tiﬂﬁdgrma}’ur rent.s and

I ncrease the resonar re enc | ndu 100., The ot her magnetic

| ayer mycg:g?qsggn%wi}ac@ﬁw%% é‘?d q‘veé'%sub[%bl B° ddjflgw\ﬁ Ph any suitable
di mensi onsmlaﬂgdascformagmﬁuayerazo Moﬂiﬁtﬁﬁ@i&ﬁch@&mﬁyoﬁﬁﬁ?n&@&ﬁﬁmﬁns relative
to conductor 110. Ope or . nore % tB nd| c Iar ﬁ.mih at any

ot her sui ﬁ@eg@egc%qeg@@@a%u? ger {?@ Bhduct or
110. I ndupbehse I ndRyan6 L. biRdIctoy w@@mma&fo@m@ qmmétmoq f@mctaﬁo and the
ot her ﬁ}?gtlc Iaer or onléyelther one of the two magnetic |ayers. For

one enbodffferbenied with magnetic byer18® conpri ses both nagnetic layer 120 and
the ot her rragrmbﬁ;e}ﬁxﬁkncmﬂﬁ%&emmﬁﬁéma@ﬁ}m@ﬂ&sEdlﬁ];p;bhxﬁaﬁa@,gnetIc | ayer

be connected through a region 132 withi I nnernost turn I14 of
co duct orcumrews agkingspasg ecswen@fsemencweagif@mduc@um a&ep@gﬁwemu and 136

for exa 8494, f conduct or
110. m!ri?%{:fn%g ﬁ%?mgﬁéﬁg%ﬁ%@gﬁgh@% m magne glﬂlqsgygr hel ps
i ncr easé anf eri¢ntation nbanysuidble opé of mok decationt dddativedo tdnducedu*drl& Oheorqual ity

factor Q f(%e ?Qgﬁ‘g Rerpg%:cum% angp%?smt%glgtmaggnr%laé}[‘e tB%\er}Fow qagnet ic Tayer

may be connec perlne any sul such as the
rect angulcaxrerslﬂmmghlcbhdmtoral{bd in Fi gure 1 for exanpl e. Connectl ng magnetic

| ayer 120 andth ne Iae t or IIy all regions

along a peri %‘Pedf'c? surn?ag Hgm'ﬁﬁ éﬁyﬁrs g g’i rayi ng of the

magnet i C riagbetic l@ermfcmb@thmoneohﬁmmgmagm:ﬁb laffrd. m&ommmmnﬁm CATI ON

| nduct or 100 RS ARE bR itnde? 10150tk B T RAB e 165 @& O Nt
Iayer 120 and the other magnetic layer may be connected through a region 132 within

innermost turn 114 of conductor 110 and/or at one or more regions, such as regions 134

- and 136 for example, along a perimeter surrounding outermost turr 118 of conductor 110.
_ Connecting magnetic layer 120 and the other magnetic layer helps increase the inductance
- ) L of inductor 100 and thérefore the quality factor Q for inductor 100. Magnetic layer 120 |
and the other magnetic layer may be comnected along a perimeter of any suitable shape,
such as the rectangular shape illustrated in Figure 1 for example. Connecting magnetic:
layer 120 and the other magnetic layer at most or substantially all regions along a
perimeter surrounding conductor 110 helps prevent straying of the magnetic flux
generated by conductor 110.
SPIRAT, INDUCTOR FABRICATION
Inductor 100 may be fabricated in any suitable manner. For one embodiment,
inductor 100 is fabricated in accordance with flow diagram 200 as illustrated in Figure 2.
For block 202 of Figure 2, a first dielectric layer 302 is formed over a substrate 300

as illustrated in Figure 3. The cross-sectional view of Figure 3 generally corresponds to a
. _7_




i nductor 100 is fabricated in accordance with flow diagram 200 as {9 JUL 2005
Illustrated in Figure 2. For block 202 of Figure 2, a first dielectric
| ayer 302 is formed over a substrate 300 as illustrated in Figure 3. The
cross-sectional view of Figure 3 generally corresponds toa 7 1 9 JUL 2005
WO 02/ 065492 PCT/ US02/ 01742 cross-section at line A-A of inductor 100 as

i Il ustrat eoippledsisgure 1. Substrate 300 may conprise apyrgsthlodfat ©

sem conductor material, such as silicon (Si), silicon germanium (SiGe),
germanium (Ge), or galliumarsenide (GaAs) for exanple. Dielectric |ayer
302 may conprise any suitable dielectric material, such as an oxi de of
silicon, srass-gestionntiing deh of inguctor 19Qasillusiaptad inHighee 1.ofubsizael0anayand nmay be

formed to - SUi [ ' LU tabl g. ' . Dielectric
| ayer 302 PRty A8l LAHEHRERT ifiA st (B B, SichBERBMAE" |

enbodi nent($iGd), etraetinndGtlagregallidoariesidt (Bas)l fdp px oo Pickecige Bydri3edn di oxi de
(Si2) ov trate. 300..t.0 a thickness of approxinately 2.mcrons (pm
using a Sm&g@zﬁ 8 esﬁtéc)bgtf-d“\}/lg%%?m g%o’sslu '%Snan(oé@%fp?fécgﬁhsl%ﬁ MES?  anot her
enbodi menbr sitiwn exymithdé foatxampROihd a8 RIfosed teidyistieble(ificknesdistigaay ri c | ayer
302 may be.formed.b .QWi ng a ximately . m crons 0 i 1icon

it oxi do ¢ S8 Fficih, HiadkEaBR 0 Aol okt JPEm W0t 5 e

form ng dFeloae embslithay,Qlieledfiit 18kier 802tk for@¥Ehy da?wmgrsﬂ{cen ddflide (Biehectric |ayer
302 may be forned gver n pore suitable layers, such_as one or nore

or
i nt er conn@Yef subgtrate 3QGtap ¢58 Of appEKFRately gindgrons ey Bsing, suitgblepie, for med

over  subglempaPyagblQiepdsfiion i VDK teditique AFERGDMES dibodiviRht Witde dubsth Med over
dlj| ectric layer 302 as__illustrated in Fi gure 3. Magnetic |ayer 304

copr esponti§-coprisgsFlisandS).glisdecteiciayes P02 ormed bygegvaRg proxyegelz04 nay
conpri se Bitrohd (R ilBRERGHHC(STH) 85 hdkuaPshoray be formed to any suitable

t hi ckness using any suitable technique. For one enbodi nent, magnetic |ayer
304 is fornedﬁgt?m@é&]ﬂlisw&ﬂiﬂﬂFﬁgfoﬁwnaﬁiﬁlﬁﬁﬁglﬁé’efcﬁgéﬁ'@cwwf all oy, such as
a sul tab'sﬁbsu%%b,tcﬁ&écﬁﬁqge}'ﬁﬂzhﬁ%i@Meﬁ%@ér@é& mék kﬁ&zafe%ye&(@dm% o a

thi ckness 1n the range o approximately 0.1 mcrons to approxi mately
1. 0 mi cr oNe PripomyBercefingdt ada, e&‘-’b& yand/or device Iayess foegamapleciormadavenl for one
enbodi menty, 4 sfganetic | ayer 304 may be deposited in the presence of an
applied magnetic field to induce desirable nagnetic properties in nagnetic
| ayer 304. FoForthlagkR04ea0agnatiglayer 34 infoomedour dislegiic iagend02ag 0 def i ne at

et oM P e SR e B P . 975,
or nore Magogiclryeh3{(dmyaysompridslagy sliitablo siagnetic amatbrial and may be formed to
any suitable thickness using any suitable techmique. For one embodiment, magnetic layer
304 is formed by sputter depositing an amorphdus cobalt (Co) alloy, such as a suitable
cobait-zirconium-tantalum (CoZrTa). alloy for example, to a thickuness in the range of
' ) approximately 0.1 microns (im) to approximately 1.0 micron (pm) over dielectric layer
302. The magnetic material for one embodiment for magnetic layer 304 may be deposited
in the presence of an applied magnetic field to induce desirable magnetic properties in
magnetic layer 304.
For block 206, magnetic layer 304 is patterned to define at Jeast one slot, such as
slot 322 for example, as illustrated in Figure 4. Magnetic layer 304 may be patterned to
define any suitable number of one or more slots with any suitable dimensions and
__orientation at any suitable one or more locations. Magnetic layer 304 for one embodiment
- is patterned to define slots having a width in the range of approximately 0.05 microns

(pm) to approximately 15 microns {(zm). Magnetic layer 304 for one embodiment is
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orientation at any suitable one or more |ocations. Magnetic |ayer 1384Jifor2005
one enbodinent is patterned to define slots having a wdth in the range of
approximately 0.05 mcrons (n) to approximately 15 mcrons (m. Mgnetic
| ayer 304 for one enbodinment is -8 i 9 JUL 2005 WO 02/065492
PCT/ US02/ 01742 patterned to define a conductive underpass 126 to i nnernost
node 112 owoipsisptor 110 as illustrated in Figure 1 tacatid@wirae Vol t age
potential to be applied to node 112. Magnetic | ayer 304 may be patterned
usi ng any suitable patterning technique. Magnetic |ayer 304 for one
enbodi nent is patterned by form ng a patterned mask over magnetic |ayer
304, et chibaterraddmdainga p@eh@@ndmspbaﬁttememﬂt t12 of ymsuct80U Ojap
accor danceyw b & 3ﬁ§§ ' t terned mask. The
patterned rrasElera corr%%pg‘gqgny SB?%%*%%%%{%H 5 ’Fb%ggc' as photoresist for
exanpl e, for meMagnetialayer 384imanbd patteied baivesay auitiblepytidneng@titnijuaed usi ng any
sui tabl e ol : etic. laver .30 be .et ched using any suitable
etch tec h%?a%éeﬁ,ﬂag’ urc%oyggsnge 8”&}’?‘%?‘5‘%#‘*‘8 CHTARipEE eﬂ‘ﬁ‘im%ﬂve%x anpl e.
For m ng nmampetic kydrd04 retchihd napdtianaypeddes pitleth mageed lager Begiar 304 to define
one or nmore slots.i.s optiopal, Fqr block 208, a second dielegtric |ayer
306 i s 1 ofHEASS BR fit i ashomd e hd paltmed meke TPRPRRRA 0 4.
IDl el ec?L N maékawrco%ﬁ@se@ﬁy fape fmﬂlﬁze;iaps&ﬂ%s phogirﬁfslt fdr@xdnﬁﬂt%forﬁ@d WRAY .. rralgnet i c
ayer 1 a onduct or 0 igure 1 and hel ps insulate magnetic |ayer
120 (1 ot eres FnaysPatsecddise anndiitloeinaivea Yendte g 304
defines omgy WetdhB Ringh Sifitabld iefth @Chrilnse, Lidl 8 a RQ0IE et e‘iclﬁ@nghﬁﬂﬁ@ slot. For
one enbodj nent where nagnetic |ayer 304 is patterned to define conductive
uugerpas§b9?%F?@ielec;ric layer 306 fills the slots surrounding conductive
underpass M Pogiifthiditid B@ B0 RRYD PhabsichYer Sl LAt dllest 001 1 €
material, such as an ~oxide of silicon, siliton nitride, or silicon
oxyni t ri decre gptsisapinat. and may be formed to any suitable thickness using

any suitable p&q,mkgyg.a_sg&hggg%giﬁ%gljg@gggfbmqu%%gﬁél%gaﬁg6 is forned

by depositing silicon dioxid over nagnetic yer 0 a thickness
E)frEzci)g)pr oﬂlm@ ip Figyrapb Digleglsic i@f%ﬂs}%ﬁ?ﬂgtﬁh@ ditlectsc ltTytr botwekosi | i Cf'i: e

Si | . | . on,Adeposition
(PEOVD) " SR av 120 sl 1BloBF R TARARAB iRl B0 1P 1o
at | east femeoydugtor H10. ey ore drabotlimpeat wisgeimametihilages 304 defin@Séheanm choB834 f or
exanpl e, k. ' ' J.el 1C er. 306 .for one
erbodi meety SR 1t 305 1k bR s RoEbt il GE iyt e

304 is patterned to define conductive underpass 126, dielectric layer 306 fills the slots

surrounding conductive underpass 126.
Dielectric Iayer 306 may comprise any suitable dielectric material, such as an
‘ oxide of silicon, silicon nitride, or silicon oxynitride for example, and may be formed to
) -any suitable thickness using any suitable technique. For one embodiment, dielectric layer
306 is formed by depositing silicon dioxide (Si02) over magnetic layer 304 to a thickness
. of approximately 10,000 angstroms (A) using a tetraethyl orthosilicate (TEOS) silicon
dioxide (8i02) plasma enhanced chemical vapor deposition (PECVD) system.
For block 210, dielectric layer 306 is patiemed to define at least one via to
maguetic layer 304, such as vias 332 and 334 for example, as illustrated in Figure 5.
Dielectric layer 306 for one embodiment is patterned to define at least one via in region
132 within inpermost turn 114 of conductor 110 as illustrated in Figure 1 to connect
magnetic layer 304 with another magnetic layer. Dielectric layer 306 for one embodiment
is patterned to define at least one via in one or more regions, such as regions 134 and 136
- for example, along a perimeter sur:ounding outermdst turn 118 of conductor 110 as
9-




132 within innernost turn 114 of conductor 110 as |Ilustrated I n FqggryUE 2005
to connect magnetic |layer 304 wth another nmagnetic |ayer. Dielectric

| ayer 306 for one enbodinent is patterned to define at |east one via in

one or nore regions, such as regions 134 and 136 for exanple, along a
perimeter surrounding outernost turn 118 of conductor 110 as -9 1 9 JUL

2005 WO Owbesea®2 PCT/ US02/ 01742 illustrated in Fi gureciusizarzapne

enbodi ment where magnetic | ayer 304 defines conductive underpass 126
extendi ng across the perineter to node 112 and conductor 110 defines a

conductive, connection extending across the perineter to node 116, as
i || ust r at dipsirpedindiiguee 1F°f@P‘°e?fg‘&dPIPfi§“ WBF;I@FI%@BC Jaxer 38¢ defines eanduativi t h any

via al ong uhﬁh@pd@@ﬂﬁréﬁfeﬁ&n%&r%% L8 p0de 00 o ConBAERL ere magnetic

| ayer 304 defines conductive underpass 126 ectric ayer 06 is
pat t er ned censiuetiic gpnpegtion eec@n@omm WQelumetartp aeds Momstlnstgehindligmode 112 to

conductiv fern d usi ng any
sui tabl e ga"g%lgﬁn ng tec %&Lﬁg&ﬁﬂfﬂ%{%%%l ayﬁegrm%%g nlfosg(tfh Re embodi ment i s
patternedeyMﬂ@mhmhgmu“bawmggnﬂdlqasKM@hEMEcduhhaeum&nphayﬁﬁ 306 et chi ng
di el ectri dielectri 306 acco nce with
t he patte&ﬁe@éﬂaﬁ%&is g%ﬁocgmgﬂﬁ%ga%cf)f'@%‘éeymﬁss 1#’:@ ‘éd mask
may conpr ikdoaomdngiveadergrssittéer i al , such as phot or esi st. for exarrpl e; . forned
to any suita t hi kn an be patterne usin any suitable
t echni que. 2+§ 9@ ' n%%ﬁﬂfﬁ%@EWﬁﬁﬂ@ a&Fchigean| e ‘et ch
technl quamemblag&msaﬂcmaahmﬁtﬁw&t ﬂerhémm iﬁ.fttenﬁ&ﬁim&&er For m ng
Iectr g&a Di eI ectric |ayer 306 _may not be fornmed,
exanp‘ﬁﬂec“g@@% globip °5'§'€|1a5’9'0396 it pattgm digdectrisdayepd®e By ni ng di el ectric
Iayer 30 Guct@dandeFitige Mm%afeﬁ;%vfngmmﬁéﬁwmisﬁyméﬂémw optional .
Dielectric |ayer 306 may not be patterned, for exanple, where magnetic

| ayer 304% FeRprise A witelie materiely wch prbploresist fon camplndfopmed © apugnet-i ¢
| ayer 304uitdbldtRickdess 28 ﬁ@%@%&tﬁﬁdhﬁngﬁgtshﬂmé@&ﬁﬁ#CDh@éé&rc TayePSoeP! 0ck 212,
i

a conductive layer 308 is fornmed over el ectric 1ayer 306 as |Ilustrated
in Fi guré‘“’ﬁ’ F@ged&ﬁ@gé%ﬁ'éfﬁ%ﬁtp h {gplniquegiugh e guiteble dy erchmbnigestfones one or
nore vi agx l,gragnetlc Iayer 304, conductive layer 308 fills any such vi as.
Conductlve Igger 308 may nErlse any suitable conductive material and may
be forned t Wgﬁnmlm P aptionaly Nielectamipyes 3¢ agy mottbedermediue.  Sui t abl e

coNAUCt | 8 crdie nplodehlcfies 30408 nEVXATRUCE CARMCRCOH 1o U™ (A1)

tungsten (W nol ybdendum titan um (Ti ver (Ag), a
net al si fefiegee oran%m# tqmgnmréayep 3M4/is pptionaln Dielectric layer 306 may notbe -

patterned, for example, where magnetic layer 304 does not define conductive underpass
126 and where magnetic layer 304 is not to be connected to another magnetic layer.
) For block 212, 2 conductive layer 308 is formed over dielectric layer 306 as
) illustrated in Figare 5. For one embodiment where dielectric layer 306 defines one or
o miore vias to magnetic layer 304, conductive layer 308 fills any such vias.

Conductive layer 308 may comprise any suitable conductive material and may be
formed to any suitable thickness using any suitable technique. Suitable conductive
materials include, for example, copper (Cu), aluminum (Al), tungsten (W), molybdenum
(Mo), titanium (T%), gold (Au), silver (Ag), a metal silicide, a metal nitride, polysilicon, or
an alloy containing one or more such conductive materials, such as an aluminum-copper

. (AICu) alloy, an aluminum-silicon (A1Si) alloy, an aluminum-copper-silicon (AlCuSi) =
alloy, and a titanium nitride (TiN) alloy for example. For one embodiment, conductive’

layer 308, is formed by spuiter depositing an aluminum-copper-silicon (AlCuSj) alloy over
- dielectric layer 306 to a thickness of approximately 1 micron (pm).
-10-




an alloy containing one or nore such conductive materials, such as 3n
al um num copper (Al Cu) alloy, an alum numsilicon (Al1Si)- all oy, L JUL 2003
al um num copper-silicon (AICSi) alloy, and a titaniumnitride (TiN) alloy
for exanple. For one enbodi nent, conductive |ayer 308, is fornmed by

sputter depositing an al um num copper-silicon (A CuSi) alloy over

di el ectri cwhay@549306 to a thickness of approximately lpfgéRiiAs) . -10 1 9
JUL 2005 WD 02/065492 PCT/ US02/ 01742 Conductive |ayer 308 for one

enbodi ment may al so be fornmed to conprise an underlying adhesi on and/ or
diffusion barrier layer and/or an overlying adhesion and/or diffusion
barrier | ayer. COodvndiinet lnyce 30&fpeone36Bodimentanay atsotbe foromdio cvmyprisd 80 be f or ned

to conpris n verlyi .ayer .that. serves as an.antj-reflective coating
for 11t hodPesiins adicsion gl ifeeic bactist et ApTRs M Ry R v B duc 1 ve
materi al fdiffosion bauiet laye. Caydactivd08er 308dor @8 embBotimeitiRiyalsobefemedpduct i ve

| ayer 308 conprises n.akuni un}cogger-sil'cqn (AICUSL%PaIon, a titanium
(Ti) | ayeOHERreARY Q3SR a8t that peyes @d apnbigeliedive cqatins tor lithesraphy

copper - si land@&itha htipy proviat BNedkaRIof tHecaRtindie(ddtdrial foY %ndﬁ&)ﬁebﬁem.%i ted over
the deposited alum num copper-silicon alloy. For block 214, conductive

| ayer 308FP%OHB&PP'§F}W% hgrercoRGpC RS aeE 205 compiises gn alumingsa-pappeEdilicAn Fi gures 1
and 6. Copslessi) Yigoyl @ﬁﬁmu%%i)@xrﬁﬁﬁ%ﬁﬁfmdé&h&gﬁgémgtﬂea'iingfﬁaﬁz. pat h

havi ng any suitabl'e wi dth, thickness, ‘and l'ength a ny suitable spacing

bet ween ¢tapperssilicgn allpyang appthes fipniug @pilayst menbepdegositod aves theidefostedcover i ng an

area of aﬁﬁmiﬂh%%&—sﬂﬁmﬁyand si ze. For one enbodi ment where dielectric
nmo

.

| ayer 306 defines one or e vias to magnetic |layer 304, conductive |ayer
308 is al so pdior dpekei4 epndegtive laye 308l ispattarned tafam cof@Btdrithasany such vi al .
Were ma L gl _ f ek £ 0N | a .nowever,
conduct i \%ﬁﬁgﬁﬂg@%géﬁg@g@gﬁﬁgﬁﬁ b? }séﬁﬁg{g 92?9%8@/20 r %ﬁlgﬁ%\evi ato
conduct i veathhatling passnitable widtin thitkngssnanddargth andadyinitaie spasipg betd®é hel ps.

connect ' er 126 tQ nho 112 .of condyctor.110. Conductive
ayer - s0d S HTblal € aelOF ART bGP ookl ilT0 e o B AT PRI e,
Conduct i sbafeandsize3 (or oor enthodinenhebliredinkctiis lqyat306 defats bye dramck vigs a pat t er ned
mask over,_ i _con tive. | ayver 308 chi ng conductive | r 308 to pattern
conduct i w2 %'if’g‘r: gg%g #hcogg%gwaléﬁeégoﬁgfﬁoP%tée“ﬁgg?@ﬂ%ﬁcwgé‘%’e & removi ng
t he patt 808 &dmrespsuch Ve Phtteauagadic layesi0inkiinGeoiductie: mdypasii2@bl e materi al ,
such as hot or esi st .and i lico i oxi.de Si 2). hard mask for exanpl e,
forned t oam;r,gatrcﬁxg% eéajfeﬁ?%’é%egﬁﬁaﬁﬁyi gotﬁéfp?v%%rgalangyaﬁ% any suitable
t echni queondGetivedueddarys k 20y dn thRQBanirery cdidueive ler 308ihalps adhned dbidabiive et ch

underpass 126 to node 112 of conductor 110.

Conductive layer 308 may be patterned using any suitable patterning technique. -

B . Conductive layg;' 308 for one embodiment is patterned by forming a patterned mask over
) _ coudﬁctive layér 303, efch‘ing coﬁdﬁcﬁ\fé']zi‘yer 308 to paftern conductive layer 308 in:
o accordance with the ba&emed mask, and removing the péitémed mask, The patterned |
mask may comprise any suitable material, such as a photoresist and a silicon dioxide
(5i02) hard mask for example, formed to any suitable thickness and may be patterned ‘
using any suitable technique. Conductive layer 308 may be etched using any suitable etch
technique, such as a suitable plasma dry etching teéhniquc for example.
For block 216, a thixd dielectric layer 310 is formed over conductive layer 308 as
. illstrated in Figure 6. Dielectric layer 310 for one embodiment helps insulate conductive. .
layer 308 from another magnetic layer. Diclectric layer 310 fills the areas semoved from
~ conductive layer 308 in patterning conductive layer 308 to form conductor 110. Dielectric
layer 310 also fills any exposed vias in dielectric layer 306.
11




techni que, such as a suitable plasma dry etching technique for exanple. For
block 216, a third dielectric layer 310 is fornmed over conductive Ila§ejUBoH}
as illustrated _in Fig= 6. Dielectric layer 310 for one enbodi nent helFs

i nsul ate conductive_ |ayer 308 from anot her magnetic |layer. D electric

| ayer 310 fills the areas renoved from conductive |ayer 308 in patterning
conduct i VvewhaYgds40308 to form conductor 110. Diel ectricpet/ayRlr310 al so

fills any exposed vias in dielectric layer 306. 11 1 9 JUL 2005 WO

02/ 065492 PCTI US02/ 01742 Dielectric |layer 310 may conprise any suitable
dielectric material, such as an oxide of silicon, silicon nitride, or

si li con oxyni t Didketrfcdayee ddnpdyepmariet ampyuitable flisleneid niatrial, anl asan t abl e

t hi ckness usjing.any suitabl.e techni que. .For one enbadi nen diel ectric
layer 310%% O?ﬁc%ds@%?"é‘ S %sf’rt g g’f’f“f‘%t%#%?mﬁe‘m@ﬁ@ﬁw ?°conduct i ve
| ayer 3g8|ahps‘ﬂﬁblé ﬂﬁcldnébesﬁng)inyaﬁnbmwmn&é.é@oien@&%mad , ﬂia{ﬁui(:/ﬁ)yeyﬁi ng g '
tetraethy rthosilicate (TEOS) . sSilig | oxi de (S Q2 asma enhance
cheni cal éé‘gﬁf"f&’éﬁbﬁﬁﬂ%‘ﬂ‘g% 5@@%@)"%@@%“"%‘?"“@"5 laﬁé?éj @i%el ectric |ayer
310 is pauﬁa@aﬁdf%@r&@;hﬁtag 16,000 @%_ﬁ;onm) usin;v% LSRR RfhosthiCad @Ry i C | ayer

304 as illustrated in Figure 7. electric layer 310-for one enbodinment is
pat t er nedsifigpniexidedSiOn) plasmasnbangsd chemicabyager deestion, (R ¥W) Emdef i ned by

dielectric | ay®yplodl1s, aeﬁbﬁsia§é&_lb%&eﬁé&o@@ﬂn&ﬁe&@%@ﬁ{ﬂ@ﬂe lb,Ng any
suitable patterning technique.” Dielectric |ayer 310 for one enbodi nent is

pat t er nedtoypagpeticlayes 3¢ 9sallustsaterbia Frmasi7. dielectrie lagerdd 0 faront epladingand, et chi ng

di el ectrigyh : ﬁ“:@ I WP nce with

th pattefrgge méﬁé&gﬁgv%%%%@?ﬂgg 1 gﬁ %atg!] £ %%ﬁ%%@?dﬁ;ﬂ%el%%ﬁ?@?ﬁed mask

may conpr3®e any suitable material, such as photoresist for exanple, formed

to any suitallg.dhl gk Q,[ﬁ t LRGNy | tabl e

techni que. D glgct r |1§§ﬁq§§éer ﬁ%@%@ggﬁiﬂ@%ﬂﬁﬁ ng any h??ﬁ“ abl e etch

t echni -quebieketotlager 30 derionatrhlgdiinent stpetterteidyfompieg 4 mtternedmagk aver For mi ng

dielectri [ i i | y..Di ciric | r .310 not be formed,

for exanp eé%cgyvﬁﬁlgeg%g%o R@ghwrr%gtﬁ%%a %rﬁg%eﬁganf?‘%%%%?c&a%«g%%éned over '

conduct i \aecdrdupery wilid e patfeaictianask, agd timelieg theipattdrandanasR 1 Thd mattek@éd ne one or

nore vias_t netic |layer. ,304 i tional .. Dielectrigc |ayer 310 may not
gmga s % %,as %g 8101"% or fe tc

be pat t erHed2Y SP LS A AR B R LS RR OO Pes OBt PEPYed or  where

magnet i ¢ shitaplerthigkivss asndmedy be patiemed osineatyaditdbie weehaiger Dithorielaver 310ayer f or ned

over conductive, l.ayer 308. For bl aock 220,  a secqnd,magpetjc |ayer 312 is

f or med O\;{gy%caletgﬁl 1 @XW%‘H&%@C’ suthasasmta%ledryegﬂ ?echmqueaf\b/r

example.

-

Forming dielectric layer 310 is optional. Dielectric layer 310 may not be formed,
for example, where another magnetic Iayer is not to be formed over conductive layer 308.
Patterning dielectric layer 310 to define one or more vias to magnetic layer 304 is
: . ) ~ optional. Dielectric layer 310 may not be patterned, for cxamﬁle, where magneﬁé layer
304 is not formed or where magnetic layer 304 is not to be connected to another magnetic
- layer formed over conductive layer 308.

For block 220, a second magnetic layer 312 is formed over dielectric layer 302 as
illustrated in Figure 7. For one embodiment where dielectric layers 306 and 310 define
one or more vias to magnetic layer 304, magnetic layer 312 fills any such vias. In this
manner, one or more connecﬁons.between magnetic layer 304 and magnetic layer 312
may be formed. _ .

Magnetic layer 312 may comprise any suitable magnetic material and may be
formed to any suitable thickness using any suitable technique. For one embodiment,
magnetic layer 312 is forméd by sputter depositing an amorphous cobalt (Co) alloy, such
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illustrated in Figure 7. For one enbodi ment where dielectric |ayers- 306 ﬁ][ldz
310 define one or nore vias to magnetic |ayer 304, magnetic |ayer 1§1 J 003
fills any such vias. In this nanner, one or nore connections between

magnetic | ayer 304 and nmagnetic |layer 312 may be forned. Magnetic |ayer

312 may conprise any suitable magnetic material and may be forned to any

sui tabl e tgbekmess usi ng any suitabl e techni que. For opergiibedirent,

magnetic |layer 312 is formed by sputter depositing an anorphous cobalt (Co)
alloy, such -12 t 0 JUL 2005 WO 02/065492 PCT/ US02/ 01742 as a suitable
cobalt-zirconiumtantal um (CoZrTa) alloy for exanple, to a thickness in the
range of aﬁ)pstéwblﬁa@kélt;zirgendwanmbm@w%gl-lwﬁpmﬁmnh,ttemyhiqlmgssm&mon (m over

dielectri t] ' ; .pent for magnetic
| ayer 3129314#23};@;@8‘%%%%:1665??’%5 I'n t(&%ﬂ %@E‘@%@%‘t‘%‘ﬁ%ﬁ‘@%ﬂg@% %:gnet ic field to
i nduce dedieteatgicdeyem¥§n @he magnetipmateiia $orione pmbmixhént fdr magneti@ kFer HBr bl ock 222,
magnetic | r.312 i.s patterned to define at .least one slot, such as slot
345 Tor oTAHEF dbidiel iy BELLRIPES o Bl hint rrB TR BB 32 mmy be
pat t er nedmniagnetic plopertiesdn ynagnetit fgerssipunber of one or nore slots wth any
sui t abl e di nensi d orientation at a | tabl e one. or re | ocations.
Magnetic | aye?%%@af@’ Bﬁ@eﬁhﬁﬁﬂbh@ﬁtpmﬁrﬁ%a?%fl&m@ﬁ ﬁ’eﬁgﬁsﬂg'p‘g‘l ots havi ng
a wi dt h i glod34g féraRgeple)fas AREEM i Bigatey7. MAtDetit 16¥e B m4y bOPhttdrhedappr.oxi nat el y
15 microng (m. Magnetic |layer 312 ”}%¥ be patterned usjing any suitable

pat t er ni n%f%ﬁqi’rf?’(ﬁ‘??é?n““w&b%?efm%‘?é St g0y puitshle SERBSAPSTABAL i s patt er ned
by form ngicftaRé 4t ahy'\RtaBIB e R Yifdie 1oDRBRE INIhenb@Y18¥er 31 for SleEniboinRONEL i C

| ayer 312 to pattern nmagnetic layer 312 in _accordance with the patterned
rasgk, ands patteEef tnefine sipis hedngwidtis the rags of apprexvimaely OPaSNCIRRS) conpri se any
sui tabl e @R & dpffoxintid 1 SRR AhESi st for exanple, formed to any suitable
t hi ckness and_may be patterned using any suitable technique. Mignetic |ayer
312 may be eMMageaiiclayen2apgy b ppttemsidasiag any wutdirpalfo@ingderbpides a suitabl e
wet et chiyjer L@ §14Ffor b enfibaiieh 1189 rI RS ot k39 and/ or

pat t er ni ng%r?agngﬁrc g§/e_r 312 to ﬁgﬁ:t%ggg%gfor reerltsl ots is optional.

Al t hough magnetistizyar 32, etchingnpgnetimlayer Fibjtoqualtern magestic lyer Y2donnect magnetic

layer 312 ..otfnlBaREL Whag‘gg‘.‘dl@ S QK Chr Mt rial -may al so
be used. or one en%gal ment, any v?]églﬁggfeg% eef:atrl c ?}gﬁré@%ﬁ to magnetic
| ayer 304naghpapeonffitisé any switablle material, such as photoresist for example, formed to any

suitable thickness and may be patterned using any suitable technique. Magnetic layer 312

may be efched using any suitable etch technique, such as a suitable wet etching technique
for example.
. Forming magnetic layer 312 and/or patterning magnetic layer 312 to define one or
- more slots is optional. ,

J e - Although illustraied as using only magnetic material to connect magnetic layer 312
to magnetic layer 304, any suitable conductive material may also be used. For one
embodiment, any vias in dielectric Iayer 306 to magnetic layer 304 may be filled with
conductive material in forming and patterning conductive layer 308 for blocks 212 and .
214. Dielectric layer 310 may then be patterned for block 218 to define at least one viato
any such filled vias. As magpetic material fills any vias in dielectric layer 310 in forming
magnetic layer 312 for block 220, one or more connections between magnetic layer 304

..and magnetic layer 312isformed,
Although iltustrated as comprising conductive underpass 126 defined by magnetic

layer 304, mductor 100 for another embodiment may also or instead comprise a similar
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conductive material in formng and patterning conductive |ayer 308 fiog HUL 2005
bl ocks 212 and . 214. Dielectric |layer 310 may then be patterned for blI0OCk
218 to define at least one via to any such filled vias. As nagnetic
material fills any vias in dielectric layer 310 in form ng nagnetic |ayer
312 for block 220, one or nore connections between magnetic |ayer 304 and
magnetic | wyg@sneashz 1S formed. Although illustrated as pEFpoksi7RY conductive
under pass 126 defined by nagnetic |ayer 304, inductor 100 for another
enbodi mrent may al so or instead conprise a simlar -13 .1 9 JUL 2005 WD
02/ 065492 PCT/ US02/ 01742 conductive overpass defined by magnetic | ayer 312
to al | ow Zondybtiveguerpess defired by magnstic laaqsﬁ[lg tochlipw arvoliege poentigktrbeanot her

enbodi nent, IkgﬂHﬁﬁgﬁl 00 may be fabricated such that a voltage potenti al
may be apque t0o node 112 and/or node 116 from beneath magnetic layer 304.
Al so, i nduct orFdt@fothaymbedimelsindetos d0Gmenbd fabricawd swhitlge velegent i al may be

applied tg _.nad 12 and/.or 116 fro Qv net | a 312. Nodes
122 and/ oP?'TY ﬁ@&bceaggﬂ%%no%gggl%‘#?r\?g%mc% ge&giﬁgm@ﬂe ﬁh%/r;e/jr O?T om beneat h
?nd/ or SSZWH i‘;rmbmum miPk: fatyrichtad gtﬁldgghaag v?lﬁa_pﬁtéﬂﬂahmh uy e ztpbliealtuﬂ hodmg_ntet Ibf

ayer r ic ]ayer an ilLlin e, Vi Wi suitabl e
co%ducfivéﬂﬁ@@@TWgﬁa%§%9m3h3¥ﬁﬁﬁmﬂﬁﬁﬂﬁf%Eh?#dﬁgﬂéP?VﬂﬁﬁQFmﬁﬁﬁﬁgFic | ayer
304 and/ ogondR@NEY ceupled¥esircdite foRYbeRRith AifdriaboveEndusel 800 fomifed ve .as a
portion of a _conductive contact to conductor 110. By conductively coupling
bot i node®sepgivexidtherveh mpgnetis Jgyer ARt and{or mmapngiis faysi 2 2pdifillipe g giet i ¢ | ayer
312 in thjsh MRMANE condBENE Waferihif ¥RF foffiflemBiliineil 2 poRion REmegHRNS R &

continuously along the full perineter surrounding outernost turn 1.1_8. For
ong enbodihEnd/osipreneric Iaw2topayiatoradlbe isolateddmpegverns gmertiog of &yer 304 or
magneti C doad@fiverbatacidb 8bfahidibd Go! B?f%énd%@tf\reg) L%@Ing‘%b&'n%ﬁésﬁ'lﬁ ah@Y® 310 may
neverthel ess be patterned with af least one via in region 132 and/or in
one or nohrevghagieneiic layes A%t nd/op magneiic layeriiR indiisdnangercwagngde yers @ as
i1lustrat { k) o Enetted EQ EMEE%S‘J(' gj LN \%%En. SetAR € magneti c
or condué§?3£ terigﬁ. Inﬂﬁgtor 1 E?%?£g other e og?ﬁent I's fabricated

- using a duntlddl e dammscene process to form conductor 110. Rather than
form ng and pajt L 00 Is ol [ 306 or
anot her diele%%ﬁﬁ% ayeragg@%%gxggéfﬁ%*gﬁggE?Pg&?%égr?é@%iﬁéﬁﬁbe patterned
t 0 def i nanagugticddybrs3 12y deletvaslayar G0@andloraliclectictaeh 310 maynenerthclesste mat eri al |
such as nar. ¢ CL _ . - ] r - dielectric
| ayer an 8&%@po | g‘ﬁé}g‘j?ﬁ tﬁﬁea%ﬂl@élgn 13‘%&?:11%83? Jn&%qeﬁgxﬁs aloglg?i

perimeter surrounding conductor 110, as illustrated in Figure 1, for subsequent filling with -

a suitable magnetic or conductive material.
Inductor 100 for another embodiment is fabricated using a suitable damascene:

process to form conductor 110. Rather than forming and p-attefning conductive layer 308,
) diclectric layer 306 or another dielectric Iayer formed over dielectric layer 306 may be

pattemed to define suitable trenches and/or vias such that a conductive material, such as

copper (Cu} for example, may be deposited over the dietectric layer and polished with a

suitable chemical-mechanical polishing (CMP) technigue, for example, to form conductor

110. One or more vias to magnetic layer 304 may then be defined through the dielectric

layer.

MAGNETIC LAYER PROCESSING
. Magnetic layers 304 and 312 may each be formed and patterned in any suitable =

manner. For one embodiment, each magnetic layer 304 and 312 is formed and patterned
in accordance with flow diagram 800 as illustrated in Figure 8. Flow diagram 800 is
described in the context of magnetic layer 304 for the sake of simplicity.
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sui tabl e cheni cal - mechani cal polishing (CW) technique, for exanple,j §ojyl 2008
form conductor 110. One or nore vias to nagnetic |ayer 304 may then be
defined through the dielectric |ayer. MAGNETI C LAYER PROCESSI NG Magneti c

| ayers 304 and 312 may each be fornmed and patterned in any suitable

manner. For one enbodi nent, each nmagnetic |ayer 304 and 312 is forned and
patterned wonyesser dance with fl ow di agram 800 as il | uget/eseediun Fi gure 8.
Fl ow diagram 800 is described in the context of magnetic |ayer 304 for the
sake of sinplicity. -14 1 9 JUL 2005 WD 02/ 065492 PCT/ USQ2/ 01742 For bl ock
802 of Figure 8, an underlyi ng | ayer 902 is fornmed over dielectric |ayer

302 as il ust r Herddodk30Fpiiguse 8, anpadestyingdayenty istormes qver disledtdnlexsron | ayer
and/ or as 3@2asdﬂl{15fuld%li(ﬂpﬁ b1 Ehve nzgfsgﬁrefi?ma%h fon' 18)6F hndAfids o LAy er 902 may
t abl an y be t

conprise any suitable material ormed to ‘any suitable thickness
usi ng any diffiision bincier layen for quagnetiFbyerii®d. enbodi nent where the magnetic

material for 1Lco : 4 ' h . Co) all oy,
such as cobal t%@gtﬁﬁy Sﬁ%ﬁ%ﬁg& %%%ﬁ%ﬁﬁggygé%%%&oaﬁfﬁéﬁ%m (Ti) may
be sput t ethickapss wiihg shycuitable tekhaigee t Farond aylerdiiBmR where theankghatiolnetdrial ckness,
such as approxi natel 50 angstrons .(A) fo X | e, usi a physi cal
vapor depgogﬂa%eﬁcﬁﬁgﬁogg%%s?ﬁaﬂf%@‘%&&%ﬁ@éﬁ@@“ﬁ%};ﬁ’{cpﬁg@ )02. Titani um
(Ti) P_el psllrdohﬁnptaﬁ:tal ; luin (?Ezbr)ra)afof@mn@d fﬁhﬂaﬁ'umqrﬂm\tlr\heeiyu&erddhepysa_ éd&ﬁ%?.d/ Layer 902
is optional. and. may _pot be .ys or _exanpl e,. re _adhesi on, and/ or

i £ 1 Usi onCEEERE Y07 1t SRR ickners saeh 4 RPBRIED 250 ABFEPRSIANF magnet i ¢

| ayer 304exalnle, WirpCdphPicl Odpot depbsiBord(P VD) FRGRE ForexRPIE, th ﬁ;hmh%&mez904 i's
formed over under_ld%*‘}g layer 902 ag illustrated in Figure 9. Magnetic
vaderial TUANm G, gieeebﬁﬁlpgw@ﬁwwm@c%@m and may be formed to
any sui tabl e iRy WOPE DplihiGd 2AY ndttelvdbd, for ek BN WHER - aahB A Shdver Mat eri al .

| ayer 904 for one enbodi nent conprises cobalt (Co). Magnetic material

| ayer 9oAifyongyrofaniBEizadsarcer Ry Swgnelin nufirlm rsndisiaict 30co) al | oy
conpri si-ng colpgd dlodkERk of @yaﬁh!%.ﬁa@hﬁeﬁﬁ%yefﬁ% &;ﬁé@&%ﬂ%ﬁ?@?@ny

suitable atonm c or weight percentage. The anorphous cobal al l oy may
have any 12¥r $QAss dlustraied i Figuge} Magngtic waterid ERRY, compEseYr phous cobal t

(Co) all gmm%@m%&rfg‘gﬂdwa&y?% mh%”s%gg?&ggfeel y | angstrom

(A to approximately 100 angstrons For one e ment, the anorphous
cobal t (@shnigpd.oy has an atonic order in the range of approximately 1

Magnetic material layer 904 for one embodiment comprises cobalt (Co). Magnetic
material layer 904 for one embodiment comprises an amorphous cobalt {Co) alloy

comprising cobalt (Co) and any suitable one or more elements of any suitable atomic or
- weight percentage. The amorphous cobalt (Co) alloy may have any suitable atomie order.
. For one embodiment, the amorphous cobalt (Co) alloy has an atomic order in the range of
_ ) | approximately 1 angstrom (A) to approximately-IOG angstroms (A), For one embodiment,
the amorphous cobalt (Co) alloy has an atomic order in the range of approximately 1
angstrom (A) to approximately 25 angstroms (A). For one embodiment, the amorphous
cobalt (Co) alloy has an atomic order in the range of approximately 1 angstrom (A to
: approxiinately 10 angstroms (A).
Magnetic material layer 904 for one embodiment comprises an amorphous cobalt
(Co) alloy comprising cobalt (Co) and zirconium {Zr). Zirconium (Zr) helps make cobalt
(Co) amorphous. Magnetic material layer 904 for one embodiment comprises a cobal-
~ zirconium (CoZr) alloy having one or more additional elementé, such as tantalum (Ta) and
niobium (Nb) for example, that help make the cobalt-zirconium (CoZr) alloy magnetically
softer. Magnetic material layer 904 for one embodiment comprises a cobalt-zirconinm
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angstrom (A) to approxi mately 25 angstrons (A). For one enbodi nent, 1tg1eJUL 2005
anor phous cobalt (Co) alloy has an atom c order in the range of
approximately 1 angstrom (A) to approxinmately 10 angstronms (A). Mgnetic
material |ayer 904 for one enbodi nent conprises an anorphous cobalt (Co)
all oy conprising cobalt (Co) and zirconium (Zr). Zirconium (Zr) hel ps make
cobalt (Gapogpaimhous. Magnetic material |ayer 904 fopcpisneied nent
conprises a cobalt- zirconium (CoZr) alloy having one or nore additional

el ements, such as tantalum (Ta) and niobium (Nb) for exanple, that help
make the cobalt-zirconium (CoZr) alloy magnetically softer. Magnetic

mat eri al (€94 aliyha¥iog owpny membasditienal elegniprsiichens agare edsthl dement fooni um - 15 1 9
JUL 2005 / / ' r nore

addi ti onal™¢€ @%feﬂ%? E‘?}I?%ﬁg%é%%g&é%%%é%caé%ﬁﬁe% 8%%%?@’%%%@ that help

i ncrease taliey. fRate carth gleakits incldorhatniom (RE). hdodymionaNid), prasedypiivm PJoZr ) : -al | oy.

Rare earth elenents jncl ude rhenium neodym um raseodym um
(Pry, © andnEBRPRLR dhiie) Simble” Rhish 00 e RANGE i i BpBRGRE" 01 £es
and magneftssie dobili-Attonibar(Col ak@bal t - zi rconi um (CoZr) al |l oy. Where magnetic
material |ayer_904 conprises g co t-zirconiu CoZr ] o magneti c
material | ayer“’gmﬂ‘?ﬁ&r;%emﬂf’@aﬁ_ cowgﬁlaé??aﬁlmm&é‘}ﬁ@yat omi ¢ .
percent  hRgRRAPHR iYR! 904 RayoRiife, ReELible, &ipiek@Rbtbli3(atlic psféept € magnetic
material |ayer 904 conprises a cobalt-zirconiumtantalum (CoZi Ta) all oy,
magnet i ¢ ipePBRoriatelnl oo petseRf ZueRIN @8, for exanpl e, approximately 3

atom c per centyhde ARPHRX ARLA 1WA S04 bRBlises RBSUaR Hrediifh @it (Zr) and may
cogprise up to and 1ncluding approxinmately 10 atom c percent tantal um

(Td). Ma ) ey empgetic mpteral laypu90d gnay spepiseriotiexsmple. apprsimaiely 3

appr oxi ) m%a,g ;,rm;n : tomc

pglro'ce)ri!t n?%t%%ﬁ%cn?( Z% 'an%é%g%%gxi tellt‘ty 4. uné{%%ﬂ{?q%é rce t%u?z;ﬁt al um

(Ta). SuctndianciugingrpproximatelHiatorpic percent tantalune(Ta). Pdpgnetio mpterial laypr r ange and
it Sarals ' ' i t hout

can W t hglghd,L &#r %ﬁ& &@ﬁogzﬁﬂét& bf@&fﬁlﬂ’cj I:i‘éc%m%bﬁ{o@;,‘“ ou

crystallizing or signiticantly grng 1ts rel'evant pr ties. Were
magnet i ¢ approgimiately 4 apwic RG4ntgimiig 64),and yipuiximately d Srtamis péresst um  ( CoZr Re)

al | oy, NMRgns | G | Aoty 4 S QR f é@@l appr oxi mat el y
3 atomc pe%gﬁ{lﬂ?g&a&g%or oxXl ﬁn%l’%%ﬂ%%ka@om ch%%rﬂgéﬁiﬁg r onfsﬁar'r]l (Zr) and may
conpr i se withstand tegpetatures bp & apgroappatedx #5608 Celsips Fithewy niystalfigingent r heni um (Re) .

Magneti c Sﬁ‘gﬁ%{‘ﬂ ‘ Icggﬁ%ﬁ%?%og%éan{p%pe%g enbodi nent conprises approxi nately 89

atom ¢ percen 0
‘Where magnetic material layer 904 comprises a cobali-zirconium-rtheninm

(CoZiRe) alloy, magnetic material layer 904 may comprise, for example, approximately 3
atomic percent to approximately 10 atomic percent zirconium (Zr) and may comprise up to
) and including approximately 3 atomic percent thenium (Re). Magnetic material layer 904
) ; for one embodiment comprises approximately 89 atomic percent cobalt (Co),
approximately 8 atomic percent zirconium (Zr), and approximately 3 atomic percent
thenivm (Re).
Magnetic material layer 904 may be formed to any suitable thickness. Magnetic
material layer 904 for one embodiment has a thickness in the range of approximately 0.05
microns (gm) to approximately 2.0 microns (pm). Magnetic material layer 904 for one
embodiment has a thickness in the range of approximately 0.1 microns (¢m) to
_approximately 1.0 micron (um). Magnetic material layer 904 for one embodiment has a
thickness of approximately 0.4 microns (um),
Magnetic material layer 904 for one embodiment is sputier deposited using a
physical vapor deposition (PVD) system, for example. Magnetic material layer 904 for
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~approximately 8 atom c percent zirconium (Zr), and approxi mately 3‘7a90dU{:' 2005
percent rhenium (Re). Magnetic material |ayer 904 may be forned to any

. suitabl e thickness. Magnetic material |ayer 904 for one enbodi nent has a

t hi ckness in the range of approximately 0.05 mcrons (n) to approximately
2.0 mcrons (m. Magnetic material |ayer 904 for one enbodinent has a

t hi ckness wo otiwesor ange of approximately 0.1 m crons (gpdr/osmepyy oxi mately
1.0 micron (pn). Magnetic nmaterial |ayer 904 for one enbodi nent has a

t hi ckness of approximately 0.4 mcrons (gn). Magnetic material |ayer 904
for one enbodi nent is sputter deposited using a physical vapor deposition
(PVD) sysPBgmiodimegids denasitedin s prepaceefraaapplicdimagpgticdighd tp induce15 A 9 JUL 2005
WO 02/ 065 : | L §pad | | esence of
an appl i egl%éﬂg%% %@%é’%ﬂ’%&%ﬁ?ﬁﬁg‘gﬂ%ﬁ? ?éry gfbi%é' rra%néet{c?ﬁc%tégralo%%?tg imes in
magnet i ¢ may bg deppsited,forexggnle, inthgpesense pia @radanaghetigdield @nappreaimatdy deposi t ed,
for exanp | 1€, | ' . | , an approxi mately
180 swi tchiﬁ)r:adn?rcahg?'a%é%iqiearﬁ?ro%r&g%#oggg ﬂ’%ﬁ‘%’h@\%&% f(-%“lﬁ‘l(il'ng magnetic field.
Magnet i ¢ mat e Magheticapaterid Dverf904 fay ore @utivdthanbmiy bedephsited aysoklayescofi n

subl ayers_of . suitable thickne uch as, approxinmgately.0.2 mcrons (m
for ex arrp?ng Smf% eﬁ'@?%'essp?%g EhtP PBW%%%?‘? rqacrgﬂsa(ygﬁ g%rteﬁm@?’ M‘?IP during

deposi ti oprevelbrheatins ayecrydtaligrovnieduringldegtisivient Emhysublayerifiposd ted in. the
presence of magnetic, field in such a_.manner, as o_induce a nmagnetic
B Sot - opRporimeR B msengrrd n esteieits Of F BRI B0 soeh S HBREote of 1 he
subl ayer taniduey 4 hagemsdnisofophyai the fubkiyerih @ dirsdtioh pxelel thbe Plassofiiwyer may, for

exanple, be deposited jn the presence of _an orthogongl sw tching magnetic
fidl d. SoHYgyens W@O“&‘gﬁfﬂﬁfgﬂﬁéﬂéﬁ-t%éﬁmﬁ ’g‘i’ﬁf & eKFPuple.PE v ed nagneti c

field as ®Rpshedi Bled¥Endef AERADEIRILWARHAS nfaBnetit HEIAC Subdiae 300 Ragonal
magnetic fields. For block 806 of Fiqure 8, an overlying |ayer 906 is
fornmed ovwse brEgpritioned mlgtive fog fixed mpgpe 9ﬁalda§eaqh|sei§%xcaw@apq8#d¥w@m°e 9. Layer

906 may sem¥emesmdgori ReshapnbRYer, a diffusion barrier layer, and/or as
an anti-reflective coating for |ithography for magnetic |ayer 304. Layer
906 may correr@@lO&hW@ﬁﬁIfl&B?@W@M“&I}a}&hmm‘? PYsF magneigmgietials yj t abl e

thi cknes 3,,65d0q ds MVratedl ih 8Pt I 8GIDI0E Riay §d¥e RAR BIERBH 1B aitligEE Magnetic
materi al [ayer 904 conprises cobalt _(0035,_ titanium (T7) may be sputter
deposi t edaggdpyerandiex asen gati-efieetive cegjing faydithogmphy formegnstielayerdfkness, such

as  appr OX PSR iy opRAREY SRRl werPind XA TR tSmel &) 49 s@itaBl2YSi cal vapor
thickness using any suitable technique.

For one embodiment where magnetic material layer 904 comprises cobalt (Co),
titaniune (T1) may be sputter deposited over magnetic material layer 904 to a suitable
thickness, such as approximately 250 angstroms (A) for example, using a physical vapor

) deposition (PVD) system, for example, to form layer 906. Titanium (T3} helps photoresist
adhere to cobalt (Co) in patterning magnetic layer 304, helps protect cobalt (Co) from
relatively high temperature processes that could potentially oxidize the top surface of
magnetic material layer 904 and possibly damage the relevant properties of cobalt (Co),
and may help reduce any undercuiting in etching magnetic material layer 904.

For another embodiment where magnetic material layer 904 comprises cobalt (Co),
magnetic material layer 904 is oxidized to form layer 906 comprising cobalt oxide (CoOy).
. Cobalt oxide (CoO,) may be formed to any suitable thickness, such as in the range of
approximately 10 angstroms (A) to approximately 100 angstroms (A) for example.
Magnetic material layer 904 for one embodiment is briefly ashed with a suitable relatively
low lamp, low temperature recipe to oxidize cobalt (Co) while minimizing any damage to
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3 deposition (PVD) system for exanple, to formlayer 906. Titaniuml(%iJUL 2005
hel ps photoresist adhere to cobalt (Co) in patterning magnetic |ayer 304,

hel ps protect cobalt (Co) from relatively high tenperature processes that
could potentially oxidize the top surface of magnetic material |ayer 904

and possi bly damage the rel evant properties of cobalt (Co), and may help
reduce anywongeseatting in etching magnetic material | pysose90ds2 For anot her
enbodi ment where magnetic material |ayer 904 conprises cobalt (Co),

magnetic material |ayer 904 is oxidized to formlayer 906 conprising cobalt

oxide (CoQ ).. Cobalt oxide X ybe faornmed to any suitable thickness,
such as i ﬁ"%ﬂé"“\nﬁa}i’f@%ﬁ%ﬁfso aﬁhﬁft&)néM@gm balt (G0 inghyis melger bdbppr oxi mat el y
100 angst HadBredidhdheds toBBIIRCS) in phEaifd Rydrabs | ayer 904 for one

enbodi nent is briefly ashed WIthI) a swta | e reI atively low lanp, |ow
t enper at ure r eAYHI0E @Ewmlz@i%tiﬁbewse@)fomamnlcnwhﬂwdbmlaofy damage to

-17 1 9 JlknidRd condlin 88 4@&(‘(}3‘%{ 9‘21141'9%"; % el evant properties of

cobalt (Co). Oxidizing coba eI ps photoresi st adhere
to cobalt (Oo)FOrhloplaﬁﬂé'eﬂmtt?gledmgsi@ayec%&w&m@ddvcrmm:cwﬁioéampt|onal and

may not bgUs f;ﬁ{” ﬂ%!sl‘? ed .concern for

t he magnet I C mate rra qg;? nag In %%Séﬁ%ﬂag‘g}ﬁp?ég&yﬁo mq%ﬁ%%%n%g@zm@'}gg‘fterned

ggsk%aimyw&blmmmmmwmnymmw uSfd arysuitabld techhiqas. ﬁd in Figure
: s i S erial and _nmay have any

sui tabl e c ness Wé’ §/PIE) orﬁﬂit%ﬁéﬂumaﬁ theRy suitabl e

technl qUuepatterhiaty eixpysirig zﬁ@&xdyawoemOmh(sdimwkmﬂevsmgm@hﬁmaﬁ&i st that is

n on %@g then patterned by exposing nask |ayer 908 through a suitable
k and “dével opi ng nask |l ayer 908. For block 810, underlying |layer 902,

magnet iC mat epmaanodkaya,run ngﬂi)fdr 02 inhdtieNg mateBiQiyePEA, MddvelERed as

I 11 ust raé %3 1& netic | ayer 304 for_one enbodi nent is etched
usi ng a & Hﬂ?ﬁ’% agistic dayer MBI A EHPOGRBRE | ayer 906
conpr i se&tcmd@mgurﬁu{:aﬁa wétletchib Bchnigue I ql?er érdefboditeliticalDbRy dod Ut ©

hydr of [ uoric. (HE) aci d solution is used to etch |ayer 906 exposed by mask

| ayer 908% ey ar?ﬂ?ﬁleoméﬁCon)paésetahlatdémyhsﬁoﬂuqqpﬂéaw%m ution is
used. FOgol@im iCRRA B ayefoes SxpbiRE BF iabk 1278008, | Fdr ch@URBodR e, GRMPY | S€es

cobalt (Co), .a solution of nitric acid is used to wet etch nmgnetic

mat er i al 2RVESAImately S04 B acidsalop-isde ofrissied. Kpe pneyagbodirennt whare BRESHE ment ,  an
appr oxi i@t 1HePOEUotphifR cOfate by b SontddNOB hitdCicst & ﬁseu%@%t il one

enbodi ment where |ayer 906 conprises titanium (Ti), layer 906 hel ps reduce
any undeegietic pateria 1%@{ 9Qdtexpgspdby mask layer 908. For one emboditment, an

approximately 10% solution of nitric (HNQ;) acid is used. For one embodiment where
‘layer 906 comprises titanium (Ti), layer 906 helbs reduce any undercutting in wet etching
magnetic material layer 904, For one embodiment where layer 902 comprises titaninvm
) (Ti), a suitable dilute hydrofluoric (HF) acid solution is used to etch layer 902 exposed by
mask layer 908. For one émbodiment, an approximately 50:1 HF acid solution is used.
| As substrate 300 is further processed in accordance with flow diagram 200 of
Figure 2, for example, each subsequent process technique is to account for the presence of
magnetic layer 304. As one example where magnetic layer 304 comprises cobalt (Co),
exposing magnetic layer 304 to a plasma or atmosphere contai;iing oxygen at relatively
high temperatures may damage the relevant properties of magnetic layer 304. The effects
 of subsequent process technigues on magnetic layer 304 may be monitored using a
permeance meter, for example,
 For one embodiment where magnetic layer 304 comprises cobalt (Co), silicon
~dioxide (SiOy) is deposited to form dielectric layer 306, for examplie, using a suitable
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magnetic material |ayer 904. For one enbodi ment where | ayer 902 con§39| ggg 2008
titanium (Ti), a suitable dilute hydrofluoric (HF) acid solution is use

to etch | ayer 902 exposed by nask |ayer 908. For one enbodi nent, an
approximately 50:1 HF acid solution is used. As substrate 300 is further
processed in accordance with flow diagram 200 of Figure 2, for exanple,
each subsemgemntsspeocess technique is to account for thecpossenge of
magnetic | ayer 304. As one exanpl e where magnetic |ayer 304 conprises
cobalt (Co), exposing nmagnetic Iayer 304 to a plasma or atnosphere

cont ai ni ng oxygen at rel ativel eratures nmay damage the rel evant
propert i ePlasya grigpese ichenien) &POB&POSI sptenpyitls igtsantiyl enhosilicde es s

t echni quegrids %gm} ance neter,
for exanple. Ij@gf)lnieﬂa{eﬁtrﬁgg%?fn nt wher Bl {hlaftégi}ig%og?lls@gﬁﬁ%%g{?ﬁes cobal t
(Co), si | helpminigiizgenyiexiddiooa)d irgstalligation ofedagnmcrlmm% el ect r| c | ayer 306,
for exanple,

PCTI US02/ 0174 d|5’|r‘“§f’s m%eg‘ﬁ%eeée%q]?e"ﬁmé ﬁl’%ﬁ‘%’?'o d%“’\é% %)]l%on D) system

wi t h tetroegriet lagcrtﬂﬁé,shdlectm;tl@erQOHEM)’ort&bmeilhnoﬂumidal(mOa) Haghmpaskat ur e bel ow

appr oxi mag el y

crystal | i 2at '8t ﬁ%"gﬁﬂ‘&fr@ 18 lée fagﬁayfqyoha t{%&%&%% 'Rﬁ'élraggt i on and

phot or esi stu,ttalble soleenaniay b usedinbtoadus angiieny fthtivelp High mgi&fahir@ashay er 304,
dielectrigc er 306, and/ or frorf%yg{ﬁztl i C n d| oxi de 02) hard mask over

conductl\/tgc & fo 2794l exposing Tpagpgtic Ghredativg] Fmpepleesst strip
t echni qua‘oﬁﬁﬂmvaylﬂﬂgb@{dd@oﬁ&bé/%} alm{er%bbtﬁtﬁ&u'vdh&%?ﬁ&oﬁﬁ} stdfok Y pi cal
re atively hi ture ash techni que to avoid exposing nmagnetic |ayer
to pl‘% 1%“% %ﬁﬁ%@f@]@im?mf"p@g?' | ong peri ods
Of tinme. ekfihp: 1@&9&&1@@6{6@@@@5&%&%@@ iy Edestle refaBbel We?, is used in
l )

etching silicon dioxide (S Q2 such as for dielectric 1ayer 306 for
exanpl e, aphelatively lyntemperrivesainy rtcpyhnigup to belp minimire guy hngdeging of theb| e

relativelp }iotbm@ﬂs@%bhot&&ﬂstEzﬁbﬁfeh%@i‘éﬁ:dv@ﬂ‘héﬁ%ﬁ%lé’éo‘fveﬁ%y etch techpique to

hel p mi nim ze_any hardening of the photoresist. The photoresist may then
be removed usFellpwingfabrcationcof insuglont00 wigh magnetiejayas 504 andfar omgestici nduct or 100

Wi th magpgtd 12 BYSkicRdk: 30 4alor SRENEAL T edh%w bg:lu%lea]@ﬁ‘gfé%bﬁn ayer 304
and/ or netic laye 12 may nnea gxp03| ng uctor 100 to a
sui t abl em%c!ﬁﬁéwtfwemiahleweﬁt@%@ﬁb@menep ofagersnétis fieldep belp oitiligep vital i ze

t he nagngklnga Les @éﬁ:& tpmagnetic |ayer 312.

Al t hough des @g‘;‘{“n t?l ont 2@‘* ?‘i uctgIl n? s | | lustrated in Figure
|, one or M@%%ﬁ@i@?ﬁ@%ﬁ%ﬂﬁ%@lﬂﬂ%ﬁl@@lmwﬂ ned in
fabri cat j,Bg rﬂéggafc %tﬁéyb%fmmed and possibly patterned in fabricating other suitable

inductors having ether suitable structures. As one example, inductor 100 may be

- fabricated with a multi-level conductor formed across multiple layers and/or with multiple
) : conductors. Inductor 100 for one embodiment may be formed with multiple conductors
' ' ~ coupled in series or in parallel. Also, one or more magnetic layers may be formed and
possibly patterned in fabricating other suitable integrated circuit devices, such as an
integrated transformer formed using one or more inductors similar to inductor-100.
INTEGRATED TRANSFORMER STRUCTURE AND FABRICATION
Figure 11 illustrates, for one embodiment, an integrated transformer 1100. Figure
12 illustrates, for one embodiment, a cross-sectional view of integrated transformer 1100.

.. The cross-sectional view of Figure 12 generally corresponds to a cross-section atline 12-
12 of transformer 1100 as illustrated in Figure 11.
As illustrated in Figure 12, integrated transformer 1100 comprises integrated
inductor 100 and another integrated inductor 1150 formed over inductor 100. Integrated
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I nductors having other suitable structures. As one exanple, induct&rglﬁwL‘ﬂwg
maybe fabricated wwth a nulti-Ilevel conductor fornmed across nultiple | ayers
and/or with nultiple 3 conductors. Inductor 100 for one enbodi ment may be
formed with nmultiple conductors coupled in series or in parallel. Also,

one or nore magnetic |layers may be fornmed and possibly patterned in

fabri cati ngoatt@uzsui table integrated circuit devices, p8delnzagan

i ntegrated transformer forned using one or nore inductors simlar to

i nductor. 100. | NTEGRATED TRANSFORMER STRUCTURE AND FABRI CATI ON Fi gure 11
illustrates, for one enbodinent, an_integrated transforner 1100. Figure 12

i | | ust r at d8ductos{ 159fer cngsmbediment is similarlyfahncated asdpductoy 100y Ioducion 1@y r at ed
t f T < AYe ' ' [
7510 00t oo el g i R L

corresponds to a truss-sectl_on a_t I ne or ner
i || ust r at Eetrespords i g sscontiary aeil.j A4 induaters EP dnd 1H0gur dectiially ispletyd foed

transf or mgp | | -] 0 0. and .anot her int égr'at ed
i nduct or 1185%’%?’%’5’&%%ﬁ&%%ﬁ%&%%%&%ﬁ%@% co @ng’éﬁ%‘iﬁL 2095 WO
02/ 065492 pP@H/ftu80GE GiriFi Do iamdher while koBing drectengent (depbiasen Trangfosieni | ar | y
fabricate ' tor 100 . |l nductor 100 corresponds to a primary coil of
a convent ?%na é%%%gf%elﬂ#%%lp TFeiRtErct or 1.150 corresponds to a secondary
coi | . As i nducAgillestch®a irFigurd 15Gnducer &1 50Cbmpads, lsitnilaf9 beinaekté1000a one

anot her, transforner 1100 for enbodi nen be used to couple signals
or pomrg@@m@%ﬁa?%{ﬁo{'&wr ifﬁg’t ‘fs“"'%\)?l?‘glé‘&P‘gggla’t’ﬂ\"iﬁ“’}élf"?“@&m%l?rent ?dc)
bi ases. Tfigmsheidiuel 150 Positiokyd lHi9e RAnAURAA 100uBeih: MAILEEmARERE. AS

i 1l ust ratgg%i n Fi ﬁ re 12, inductor 1150 conprises, simlarly as inductor
108; a . BFRIe ;\;Y adpcton 100 pndyess avgiessPpisatial agess ga imeranst spdg it if7al  pat h

al ong Whi felir tielbéghittngBhn inbrRMt i 464 &l cordueldr | FEORAS bt biRiaRdsirRbat i ve to

I nductor 100 such that an el ectronagnetic field generated by inductor 100

i nduces al 0B reasHie epd plcmropteroost gL K163 of pondugtordd60. nythepflowear the
begi nni n&h&ﬁgl?dbn&&ﬂﬁrlmt'mkH{dﬂceh]v@ﬁag&fpoféﬂmH&Bs@ﬁnd%é;@?lﬁ@%ﬁ%%gou? ernost node

1166 near the end of an outernost turn 1168 of conductor Current then

flows t FHERREHPOSFERROE Spwn frem theryoliaganatratyl applied agressiudustor 100} asacr oss -
| nduct or bRl idkighiRe iRhaBRI00 AR 1350 AR BAG AR IdicRN 1003n Pldgp0S po! ential

appl i ed across inductor 100 as. desire esigni ng 1Tnductors 100 and
1150 and iaivsdaenei2paiberg i nductors 100 and 1150 relative to one anot her.
Al t hough eachafRRdK elf" 1Y® ahd $860 iS ithilthalak Blifidh Sihdid109 2
approximately 2 Y. geﬁ%raﬁ?‘; oct agonaﬁ-gﬁ%@égturn ) ag'ﬁlh"g‘!(‘)lﬂg%ctor 110
and 11602ensirliy e¢trgraaizshgped irns bich conductor 110 and 1160 may define any suitable

-number of one or more turns and any suttable fraction of a turn of any suitable shape. .

Each turn may be rectangular, hexagonal, or circular in shape, for example. The number .

of turns defined by each conductor 110 and 1160 helps determine the amount of the

' ) - voltage potential induced across inductor 1150 for a given voltage potential applied across
inductor 100. The shape of each turn for each conductor 110 and 1160 may also help
determine the amount of the voltage potential induced across inductor 1150 for a given
voltage potential applied across inductor 100,

Each conductor 110 and 1160 may comprise any suitable conductive materiat and
may have any suitable dimensions. The signal path defined by each conductor 110 and
1160 may have any suitable width, thickness, and length with any suitable spacing
between tums and may cover an area of any suitable shape and size. The material and
dimensions of each cenductor 110 and 1160 and the spacing between turns for each

- conductor 110 and 1160 may help determine the amount of the voltage potential induced
across inductor 1150 based on a given voltage potential applied across inductor 100.
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nunber of one or nore turns and any suitable fraction of a turn of ?@VJU 2005
sui tabl e shape. . Each tam nmay be rectangul ar, hexagonal, or circu

shape, for exanple. The nunber . of turns defined by each conductor 110

and 1160 hel ps determ ne the anount of the voltage potential induced

across inductor 1150 for a given voltage potential applied across I nduct or
100. The swaRgo@fszeach turn for each conductor 110 andpddfQ.4py; al so hel p
determ ne the amount of the voltage potential induced across |nductor 1150
for a given voltage potential applied across inductor 100. Each conductor
110 and 1160 nmay conprise any. suitable conductive material and may have

any suitable dhﬂmm$bngmdlhﬂ)mm@wqbﬁﬁmuﬁndaﬁEMEdmbmahaﬁhmgumﬂdﬁﬂor 110 and

1160 may sui tabl e ness,. h with any suitable

spaci ng. SR R b Kefl (Pt Aol S8 im0y kol '

Si ze. The powitiad dpplicdarebss ﬂ:dﬁamloonmdoétoﬂasmfoeemhmﬁoa{mehﬁﬁ posiibngd 60 and t he

spaci ng be Ween turns con heI determ' ne

t he anounf® %W?Q‘gﬂ’cggiaéﬁfflﬁ?a%ﬁ%a@é’ﬂ&g% lﬂﬁ‘gﬁ 0 based on
a given vcsl Elled e sRARH paBEeRE 0§ SorddasCL10r HbQQndtﬁQ)m“lO@ addl 2005 WO

02/ 065492 PCT/ US 2/ 01742 1 nductors 100 and 1150 maybe ositioned relative
to one andliare positigiag relptivede pee anpthrid the Proxiatte Retwerp 1 dffand ol t age

potenti al 1mme@mt&ﬁﬁ&wmﬂ&é%fwwaa@ﬁb&ﬂnml&mcmepineﬁ&drqhs@ppl ied
across inductor 100. |nductor 1150 for one enbodi ment is positioned

rel ative ?%@WY%WOME@WEWFWM@SEWQ%%10@at h def| ned by conduct or
1160 lies overa@ destriBENE B dotiteRr Rdu &t c&t}gs @ﬂﬁgﬁﬂ | ned by
(5 | t ione tl

conductor 110. Ho |nductors 100 an 0 are ve to one

angdt her aand indwettnpkléﬂ meemcowmisd@m I%may dlse@agiopdiodet er mi ne

t he anou | gigguﬁ AG ngE 0 based on
a given \r}% tage entla Ogg%) ah’acgcr SS ?n uc Ogﬂﬂﬁ,ﬁ%ﬂa descri bed
in the ccnﬂeemlmfybeWjﬂle@m@@d%dﬁﬁmgdh@iaf@ldugtoalmmgml . and

i nduct or dajcﬁgmgééuc%eﬁ)@ %Cﬁﬁgﬁ%%' 0| I ”edéjv?ol Qe% Ry al so

correspon secon ary COI nay C spond to a
primary (amoksnoﬁtsdﬂZMwIkﬁafmkduatgeIOOpotentlal maybe -appl i ed across nodes 1162

o0 1106 O L BoHEheog i, e L ARG o L o S arovnd bot!
116 of i mhma*sedrselt—ﬁﬁlucﬂmdmhaip mcﬂaﬁtﬁ tlmnpkalilj:%toi- Qrofeach indderd 10®kaid are each
qual ity P98 T e iR o Y0 RS raroahd pheRar e,
t ransf or inloctdrk QG0 amidtlllsa relatively high nutual inductance between
As illustrated in Figure 12, inductor 1150 for one embodiment is similarly
fabricated as inductor 100. Inductor 1150 comprises magnetic layer 312, a first dielectric
layer 314, a conduchve Iayer 316 to form conductor 1160, a second dielectric layer 318
_) . and a magnctlc Iayer 320 Magneuc layer-312 serves as a second magnetic layer for
inductor 100 and as a first magnenc layer for inductor 1150. Dielectric layer 314 helps
insulate conductive layer 316 from magnetic layer 312. Dielectric layer 318 helps insﬁ}ate'
magnetic layer 320 from conductive layer 316. '
Inductor 1150 for one embodiment is fabricated in accordance with flow diagram
200 as illustrated in Figure 2. After inductor 100 has been formed, dielectric layer 314
may be formed over inductor 100 and patterned similarly as dielectric layer 306 for blocks
~ 208 and 210 of Figure 2. Forming and/or patterning dielectric layer 314 is optional
sirnilarly as dielectric layer 306. Dielectric layer 314 may not be formed, for examople,
where inductor 100 does not comprise magnetic layer 312 and does comprise dielectric
layer 314, '
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i nductors 100 and 1150. As illustrated in Figure 12, inductor 1150 flof gk 2005
enbodinent is simlarly fabricated as inductor 100. |nductor 1150

conprises nmagnetic layer 312, a first dielectric |ayer 314, a conductive

| ayer 316 to form conductor 1160, a second dielectric layer 318, 3 and a
magnetic | ayer 320. Magnetic |ayer 312 serves as a second magnetic |ayer

for. inducwonz®kezand as a first magnetic |ayer for inggotssetdbo.

Dielectric |ayer 314 helps insulate conductive |ayer 316 from magnetic

| ayer 312. Dielectric |ayer 318 helps insulate magnetic |ayer 320 from
conductive layer 316. Inductor 1150 for one enbodinment is fabricated in

accordance wi t Fondueriyedayay? Kmaybedormed and patiemed todforncandepinrd 160 Af t er
i nduct ] ; ' tok | : be f d
i nductor 10h-fia J&ﬁ&f&n@@fag&@% ﬂﬂlrgfro%s Zg% ﬁncﬁ ie’ii)ﬁgfgtli%l:gé 2. My be Tornmed over

i nduct or 100 an:?ls patterned sim ayer 306 for bl ocks
208, and 210 oiielerialayers8onayiba éprmedidndpapernedsimilaly ideteettic kayer J1@yer 314 is
opt i onal M91] L& i 0 L el ectrd . 314 may not
be for med,ﬁﬁ-fb i(;gfi(@génp‘?gl,é%%ii n%@%%w%@%n%@eng‘ﬁ%f&%ga eﬁigés magneti c

| ayer - 312optivtlaldonsitarly @aspielesteic thyed3d@tric | ayer 310. 21 1 9 JUL 2009 WO

02/ 065492 FCT/,US02/ 0174 nductive | 316, be formed a atterned
to form conducl\sfwgéc%gwr %ﬁ%foﬁs‘m@éﬁgﬂﬁﬁis%n?ai{%%’?m%’ﬁ%’elﬁﬁ g(‘: ks 212
and I214I oforEio@tsrzleo-axd ﬂZe;ilfﬂgnreizc Hoﬁm?g aﬁIlt;l&;ﬁEsming nffa@;ﬁdgechyam? patter ne(Zj
simlar as dielectric layer 3 or ocks 216 and 218 of Figure 2.
For mi ng g?ﬁﬁ’f’ﬁ"?“ﬁ%‘t‘ﬁ%ﬁf?ﬁ%‘%‘?%ﬁé%’?%i c layer 318 is optional si m'gl arly as
dielectric | apeignatitQayedapachd/er I12Yielp intrlasd Y sdiEintisviaBélofanducieaidopr ned
si-mlarly as magnetic _|layer 312 for blocks 220 and 222 of Figure 2.
Founi ng HHAFBEPHIS IveR ALA I IR AEh R Memgis tbessl indoctanen ot raROLt L0 ar 1y as

nmagnet i C Niggelic 13veds 3OMBAIE hrkdPor 300 Ri1P indfedse Wth a3 dduchBldbelwdel €ase t he
sel f-inductance of inductor 100, _and netic layers 312 and/or 320 help

i ncr ease pdEtomsclop apd, bl X0 meﬁﬂax%@@gl%w3m@f@pmmqa&yers 304, 312,

and/ or 3%&;@@&@%@@&%%@5&}%&%@%@&%agﬁfe\e&%gummt ors 100 and
1150. Each nagnetic Iaﬁ:&;i 304, 312, and 320 may conprise any suitable
magnet i ¢ isireted inFigues d 1 fonexayople. apd enyswiigide dimentionss Epdhanagaeticangul ar
shape il _]Jéls:r,ga 160, L O . ! i i t.abl e

di mensi orllés. Ea%lg%iﬁdn@éztﬁin%yolia%;%?&%gmﬁ%gl ,sag%%s%%’crrayor rrén éFlﬂ(])%racorrpri se
t he sane megeptielayer 304t B2 o 3285 Agygnegw ireore ofiaagneti¢ leyers304r3120apd 3262, or 320.

Any one gfyy BRHoRaR defRe R dufiat1 SN E5r e ofrhdre siitd 320

Transformer 1100 for one embodiment may optionalily comprise one of magnetic
layers 304, 312, and 320 to help increase the inductance of inductor 100 and/or inductor

1150. Transformer 1100 for another embodiment may optionally comprise two of

_ ‘ magnetic layers 304, 312, and 320 to help further incre_aaée the inductance of inductor 100

\) . " and/or inductor 1150. Transformer 1100 for another e’zﬁbodimeht may comprise all three
‘magnetic layers 304, 312, and 320 to help even further increase the inductance of inductor
160 and/or inductor 1150.
.- For one embodiment where transformer 1100 comprises two or more of magnetic
layers 304, 312, and 320, each such magnetic layer 304, 312, or 320 may optionally be
connected to another magnetic layer 304, 312, or 320 with any suitable magnetic and/or
condactive material. Magnetic layers 304 and 312 may be connected, as illustrated in

. Figure 1, through-a region 132 within innermost turn 114 of conductor 110 and/oratone . .
or more regions, such as regions 134 and 136 for example, along a perimeter surrounding
outermost turn 118 of conductor 110. Magnetic layers 312 and 320 may be connected, as

- illustrated in Figure 11, through a region 1182 within innermost turn 1164 of conductor
iy




may optionally define any suitable nunber of one or nore slots. Tr a%BOUUErZBUS
1100 for one enbodi nent nay optionally conprise one of magnetic |ayers™ -~
304, 312, and 320 to help increase the inductance of inductor 100 and/or

i nductor 1150. Transforner 1100 for another enbodi nent may optionally
conprise two of magnetic |layers 304, 312, and 320 to hel p further increase

t he i nductwoeposdfori nduct or 100 and/or inductor 1150. degnsserper 1100 for
anot her enbodi nent may conprise all three magnetic |ayers 304, 312, and

320 to help even further increase the inductance of inductor 100 and/or

i nductor 1150. For one enbodi nent where transforner 1100 conprises two or

nore of mdgPRAndEr af ong gy morgapgions such asmegicys d 184amdH 186 forexsmplecalonz 4 ayer 304,

312, or Bgatvama&smesm,g!o %ﬂ&tm&qaaﬁsf&qd%y%qmwfxém{,}gfsiz&;wer 304,

312, or 320 with any suitable nagnetic an r conducti materi al .
Magnet i ¢ B3mpgbeypnnegted tigauehmegjons d32ondrid 82 endlfor atonielor meteregiand, such Fi gure 1,

thr ough a4 8ebfshdga YasthdrcbIRCIAURY 11488 AR aGRNGUERAL, 110 andfor at

one or nore-regions, suc regi ons géxanpl e, along a
per i met er swwondogetindestors it0amddBG0. Tuworor ibSe effmagoetidigen304, B02, aMig2eet i c | ayers
312 and 3 : ect ed s 1llu ated in Figure 11, through a region
1182 Wthﬁ%%g‘g“hg@%%?ﬁc%%%?ﬂy%ﬁ%% ge--such s e gctaagylar shape) 1/ 065492
PCT/ US02/ ilstebfed I Bigwan f Ami I 1dfboaxemple. nore regi ons, such as.regions 1184 and
1186 for exa e |l ong a eri meter surrqoundjn termpst turn 1168 of
conduct or 1.1285.0%6%?*?’&@3&‘#?%&0%&’3 3&%%@3“8@‘@&5%%“? hr dugh
regi ons JsBE-dil&mdtaﬂcE&Z hﬁﬁdémodaﬁdl@ﬂﬁdflﬁfor mlﬂlﬁn? ﬁﬂinﬁu&&ll | inQidtdhce Btwée@0i ons 134
and 1184 .a regions. 136 and 1186 for exanple, along a perineter -
sufround i‘ﬁ‘gmt% EMOV%O' 1Gqsmeating Hvosty morspf %?@Fﬁi%léyeﬁf%ﬁéﬁg@fi e2¢gyers 304,
312, and mkiber siBifankigl NS ﬁs%ng:a?&ﬂ?&eﬂﬁﬁb leoftiuc@PY10SHibAD! € shape,

'l [us

such as the_rectanqul ar shape . rated in Figures 1 and 11 for exanple.
Connect i §§n9ugisr H1o9 hsipe prsventstprioe ot the magpetic g gensmged by gepdastor HO| ps i ncr ease
the sel fandrdadaizaiqy | nductor 100 and/or inductor 1150 and the nutual

i nduct ance between inductor 100 and 1150. Connecting two or nore of

magnet i ¢ | aye¥igugd3 illugtates, fon anezppodimentygaathes integrated tansfomer §300. | r egi ons

o 00, B S S8 o B o 1150 1 P
conduct oftd4de0l30¢; 4&istiated in Figyerldi inductdrp 1318rsad &30 pesifionedamet her
e B ARy W 0 6 AT ol 2
field due to the application of a voltage potential across inductor 1310, a voltage potential
is induced across inductor 1360. The induced voltage potential across inductor 1360 may
be stepped up or stepped down from the voltage potential applied across inductor 1310 as
_ desired in designing inductors 1310 and 1360 and in positioning inductors 1310 and 1360
) refative o one another. |
Each inductor 1310 and 1360 for one embodiment is fabricated similarly as
- inductor 100. For one embodiment, each inductor 1310 and 1360 is fabricated in
accordance with flow diagram 200 of Figure 2 over the same substrate to form transformer
1360.
For one embodimesnt where each inductor 1310 and 1360 comprises a first
magnetic layer corresponding to magnetic layer 304 of inductor 100, each corresponding
. first magnetic Jayer of inductors 1310 and 1360 for one embodiment may be formed at the
same time and remain connected to one another to help increase the mutual inductance
between inductors 1310 and 1360. For one embodiment where each inductor 1310 and
1360 comprises a second magnetic layer corresponding to magnetic layer 312 of inductor
23~




i nductor 1360. As illustrated in Figure 13,. inductors 1310 and 136? ] 2005
positioned in. a side-by-side relationshi p As inductor 1310, for exarfgﬂ‘e
generates an el ectromagnetic field due to the application of a voltage
potential across inductor 1310, a voltage potential is induced across

i nductor 1360. The induced voltage potential across inductor 1360 may be

st epped upwaibgsepped down fromthe voltage potential pERLdeM7TRCr 0SS
i nductor 1310 as desired in designing inductors 1310 and 1360 and in

positioning inductors 1310 and 1360 relative to one another. Each inductor
1310 and 1360 for one enbodinent is fabricated simlarly as inductor 100.
For one e#ﬁ%@ﬁ%@ﬁ@@@%ﬂﬁ%&ﬂaﬂﬁﬂﬁmg of ireflugtes 331 Ganfl 4860 fonored | n

accor danc ‘QHHQ ' ate_-to
formtrang or m?ﬁt%%g%gfo%gr one e %‘é‘?%{eﬁl\%ﬁﬁ%ﬁé@%ﬁ%ﬁgu&%% 10 and 1360
conpr i sesmﬂeﬂbﬁmutndgﬂtattﬂmelbay@mmqutmsﬂ)ﬂrﬂdmd@ﬁﬂol?mgnembodiinamer 304 of

i nduct or firs | aver nductors 1310
and 1360 %%Qreg%g(i@ %ﬁ{ﬁ&g%&gﬁag%%p %%tgamg %ﬁ%yeri (ﬁ"éesqolnﬁ‘él gnd remain
connect edn:iagnenm}ayammzﬂmd 312)oﬂimduptor mor dr<hsttnidgrotid layed of einduennee  bet ween

I nductors 10 0. For enbodi nent ¢h, ind 1310 and
1360 corrp?'élf@ dg%g gﬁc S‘H‘“éﬁf’gwlsﬁ‘ipé'a i%ﬁ‘rfgl?f%“?@c gﬁ@ﬁ“é | ayer 312
of i nduct 1360 at &8 o mBredtdions Adbg a YEirkktéA6RGDAiInEGdh iR B4R adOB60 each
correspondi Hﬁ second magnetic_ |ayer of inductors 1310 and 1360 for one

enbodi men® ingfeRse fhe qutyal mdactance betweensinductosyddif apd i8¢t ed to one

anot her to helfpurd AGNRAASs, @ IndthbidliméRdR6Han ¥aRRrBo4edor s 1310 and
1360. For one enbodi nent _where each i nductor 1310 and 1360 conprises both

net i c Inggiated ransfareeridfl comeprises integgisd inductpplAdp endymothsrigtegmiedof i nduct or
100, the malfcﬁ,}zmgnﬁ%mlzaifﬁéldq%mmnémtmég&ﬂma&ﬂsulﬁ@ﬁt&{H be

connected to the second magnetic | ayer of each ctor 1310 and 1360 at

one or r’rﬁ?aét#Eﬁi‘%‘r@%ﬁ%ﬂ@f’f%m%ﬁfﬁﬁtcéﬂdlmﬁ?ﬁjmoﬁmaphmwﬁ 1310 and
1360 %%Eﬂﬁfﬂ&é}ﬁmﬁaﬁ&goﬁwdﬁ@kﬂ P@QE&'&E&O&? BrizﬂﬁUCt ors 1310

and 1360 Igure 14 1llustrates or one enbodi nent ano I nt egr at ed
t r ansf or deductondg1o mddﬂégfoapmmhodmmsxtim@sm thet at deast 4 m@gr(ét ed

i nduct or 14 1410 and
1460 for oﬁé&%%ﬁ%%@‘gﬁeﬂ%@%?%@% ?ﬂgﬁg&}%g{?ﬁ%ﬁﬁ%mﬁ eas ae%grtlon of one
or nore pﬁmostﬂmsDﬁm@wwmésucmhatnﬂmgmmoaeammmw ti oned
adj acent ; |§F§ rn.of the
conduct o?ﬁd in uctor ﬁg&kd% uc otrl%agtld%gﬁdg%g ‘%&é’g pH‘orr(}e enbodi nent are
posi t i onindustercid19. g ont erhlmebnent apiustcased io fFigure 14, inductors 1410 and 1460

are positioned such that each turn of inductor 1410 is positioned on the same level as and

adjacent to at least one turn of inductor 1460 and such that each tum of inductor 1460 is

.  positioned on the same level as and adjacent to at least one turn of inductor 1410.
) As inductor 1410, for example, generates an electromagnetic field due to the
| application of a voltage potential across inductor 1410, a voltage potential is induced
across induetor 1460. The induced voltage potential across inductor 1460 may be stepped
up or stepped down from the voltage potential applied across inductor 1410 as desired in
designing inductors 1410 and 1460 and in positioning inductors 1410 and 1460 relative to
one another. ’
Each inductor 1410 and 1460 for one embodiment is fabricated similarly as
. inductor 100. For one embodiment, each inductor 1410 and 1460 is fabricated in .
accordance with flow diagram 200 of Figure 2. The conductor of each inductor 1410 and
.1460, for one embodiment, is formed sitnulianeously for blocks 212 and 214 of Figure 2.
Transformer 1400 may be formed with a first magnetic layer corresponding to magnetic
-24-




one or nore turns of inductor 1410 are each positioned between at §eRsyja 2005
portion of each of two turns of inductor 1460 and such that at least a =~
portion of one or nore turns of inductor 1460 are each positioned between
at least a portion of each of two turns of inductor 1410. For one

enbodi ment, as illustrated in Figure 14, inductors 1410 and 1460 are

posi ti onedweuntssdshat each turn of inductor 1410 is pospéipaedien the sanme

| evel as and adjacent to at |east one turn of inductor 1460 and such t hat
each turn of inductor 1460 is positioned on the sanme |evel as and adj acent
to at least o ur,n of indyctor 1410. As_inductor 1410, for exanple,

gener at esi?i(ﬁr@?é’i{"fiw i Orfai38?06‘33}?5"3336laty?fé”“%ﬁﬁﬁ?q"&ga‘f’in&ﬂﬂ“@fﬁaé’e{/ol t age

pot ent.i al 3aze&fdsduciopddoct or 1410, a voltage potential is induced across

i nduct or 1460. , The induced voltage potential across inductor 1460 may be
stepped up or’iiougheagh drion 108 15Ret 360 1860y d410md A¢6 Qs dessibedas acr oss -

i nduct or - 14A8Hs@s ol Shgie vl pick 348 bitdud bieﬁ,}gn din

posi tioni ;% | ng%ct ors_glﬁhlo _gnd 1&%0 rel 5?}?%&?{5& one aﬁ%ﬁé@gﬁh | nduct or
1410 and W4iB@or each bpangsy suitabiermumber of gbe prapare spirsl-shaped ¢opduetors ¢agluct or  100.

For, one ' .eﬂ;dag : ' e din

accordance w%@%@rgﬁ%?am gswgflehéll}%ﬂir@g&é& 6%%??3&%%%@% )gf each

i nduct or fehrigredaelinducs@ (100 pud positionasitblodverte nbe anbthef inampshitgblemiat@en gous| y- f or

bl ocks 2 rrzagrgin?eééﬁeﬁftmﬁéf wre 2. Transformer 1400 maybe formed with a first
yer

magnetic la cOrrespon |{:j to magnetic -24 2 2 JUL 2005 WO 02/ 065492
PCT/ US02/ 017 4 Figueeyldriil@ddtes fori one epbatimdid Gmethel/inte grated aaesftmap(foet i c | ayer

correspondi ng. 1 netiso.l ayer 312 of .induc 100. Al fhou each
i”l.n,éuct or r]%{ﬁggtcf{%@g?&’fﬁtliéﬁo ﬁ%‘%@wﬁlﬂ%ﬁéﬂb"‘@%@b}sﬁé a‘&‘@%‘&’?ﬂﬁb@&ﬁ&@‘-’g conpri si ng
one si nglieducry £560s Riduetors A5 tpaME 1560 fhy OhesmbodintAl ars poditide@sih kixpgty and
secondar ] nduct or.s each havi ng_an uitahl e nu r of one. or re
spiral - sfy‘% ‘ﬁpo%b%d)&g?%?r@%@ﬁ‘s cf?g’rﬂr‘r’éﬁd%&?’é? lﬁ‘ﬁ’@t"ﬂir}rp‘ﬁ’lﬂ‘%eﬂc PRNONEd § coupl ed
in seri exdjatent 10 ap@inat didd of APl¢add & pGiitith bEdnk Yurn bARE Edh&6r Fsndub@Eedror 100 and
positioned,re | ve to one another in any _suitable manner tg form an

i nt egr at é’ﬁdf'ﬁpgﬁ’é%???\?ﬁp"f—q“&? gre af mqrg {yesiof nductor; 1510 g cach ROSIIPHENt | anot her

i nt egr at adjadchtyd ah BnsEYideldi @least MpdribiE6H At G b idd&i? 1560, RARALHIDr i ses
i nt egr at eg%%gkjct or 1510 and anat her rated inductor 1560. Inductors

. inte )
1510 and® o0 FrEDUHBHY e dRTtioned S%éhft% pideast RUEPR efpRe opXRo®| east a
portion eimsufendaétorM1e afelbhdtSpoRitiohd®bebRBe MALRY a piitidd WHEGLHYF o Rignsar € each

positioned . adj ag, nt to an_inner side of at |east a portion of one turn of
t he cond@ipgyctosd Qeﬂhﬁ;[gelﬂ@; atjepip portion of one or more tums of inductor 1560 are :
' each positioned between at least a portion of each of two turns of inductor 1510, and such

that each of one or more tums of inductor 1510 or 1560 crosses over an adjacent turn of

inductor 1560 or 1510 at least once.

: ) : As inductor 1510, for example, generates an electromagnetic field due to the

. application of a voltage potential across inductor 1510, a voltage potential is induced
across inducter 1560. The induced voltage potential across inductor 1560 may be stepped
up or stepped down from the voltage potential applied across inductor 1510 as desired in
designing inductors 1510 and 1560 and in positioning inductors 1510 and 1560 relative to
one another.

- Each inductor 1510 and 1560 for one embodiment is fabricated similarly as
inductor 100. For one embodiment, each inductor 1510 and 1560 is fabricated in
accordance with flow diagram 200 of Figure 2. The conductor of each inductor 1510 and
1560, for one embodiment, is formed simultaneously for blocks 212 and 214 of Figure 2
and spans multiple levels to accommodate cross-overs for each co_nd_ﬁctor with a suitable
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and such that at |east a portion of one or nore turns of inductor %ﬁgoéﬁieﬂmﬁ
each positioned adjacent to an inner side of at |east a portion of -oné~— =~
turn of inductor 1560. Inductors 1510 and 1560 for one enbodi ment are
positioned such that at |east a portion of one or nore turns of inductor
1510 are each. positioned between at |east a portion of each of two turns
of i nduct ofwodh&eszsuch that at |east a portion of one ggrg@sei7hur ns of
i nductor 1560 are each positioned between at |east a portion of each of
two turns of i nductor 1510, and such that each of one or nore turns of
I nduct or éo or 1560 crosses over acent tan]OfH@? guctor 1560 or

I

an
1510 at Wﬂﬂﬂﬁéﬂ PR FREIFOnquston at %{cr@mm & rangio
el ect r onegnedel withia sl nfdgfeticQave\® Bﬁﬁﬁ@&da@ﬁbﬁ@ﬁay@r%'dfﬁﬂﬁct&%@n“a' acr oss

-~ inductor 1510, a voltage potentlal I s induced across inductor 1560. The
i nduced v@Pd/afscpad apmenatic layer epsmsnonding o siagnatic dayensi 2t insoelp.  up or

stepped down [ ARl Back HshdditaeP PioRIs08 1490 Bhd PROREHIBRBuck AL Ui REind 510 25

desired in designrng inductors 1510 an 560 and 1 n positioning inductors
1510 and PB&EBimaY meiajer and onpsseondarytinduetor, Eychitibieimuebsr ofjBinGeasd 1560 for one

enbodi ment. |, _ t odi ment
each inducto%h%éﬁ andgggg' |s?%§%}|c§%ec %ﬁlagg%ggﬁgnggmﬁp§ﬁ§?$OM/diagram
200 of FigumeﬂmmdﬁsmwmﬁmMﬁnmmuﬁmﬁnmhnum&mmdmmﬂﬁmﬁmamdmﬁ&ﬁmmhfor one
enbodi nen for nul tanegusl ocks 212 gure 2
and spans MR IFRmite By e BEQU el mlafe B8 Somed P e Mialhcc o
with a summiefeferaﬁmﬂhibgﬁ&ﬂhnémaxﬁﬁl 065492 PCT/ US02/ 01742 dielectric

mat eri al bet N 63 ] .- . < r. Transformer 1500 maybe
fopmed with a 5 - Z cor T espondrfig-t 0 magnetic | ayer 304 of

i nduct or 100 mwwlnm&eqaﬂbmmm&d@méglﬁm&mﬁm@mto nmagneti c

| ayer 31 uc or t hou ach transfor 1100, 1300, 1400, and
1500 i s i Fﬁ‘?ﬁq H’é‘“’%?%m E’ M&F“ﬁ%ﬁn bcondary

i nduct or mwsmﬁgmbﬁcﬂmﬁd&iormomgm@mbﬂeﬁaﬁﬁ@onmwhagaduct ors each
simlarly fabricated as |ndﬁ§h%£ 100 may be positioned relative to one

anot her RPtRHR} IApPRedACEsHA oreen et of 43pigl-sheesd condugior IQ0E . As one

exanpl e, tahkﬂn&?m%ﬂﬁndmﬁ%&@fﬂﬁﬂ@Yﬂ-@%thl@Pe‘hﬁtoT%Wctb@iﬁb':M%Itﬁgé one primary
i nductor in an suitable manner to forman integrated t ransf or mer .

| NTEGRAT iPofealist pointy Rlgos eqrdugtyrd G @maysbs tfapepdy Trangfermer 4600y n e
enbodi meRtay b@-ﬁseﬁ%?&iaﬁipﬁﬁfdr'bﬁﬁﬁt@%ﬁ%m]a%tcuﬁ@iitg&‘)%ﬁée%rﬂr&ﬂrorrTer 1600 is

an autotansforner Transformer 1600 for one enbo
Figure 16 illustrates, for one embodiment, voltage taps 1642 and 1644 each at a

node between nodes 1612 and 1616. A voltage potential tapped using voltage taps 1642
and/or 1644 may be stepped down from the voltage potential applied across transformer
1600 as desired in designing transformer 1600. The resulting voltage potential, for

) example, across voltage tap 1642 and voliage tap 1644, node 1612 and voltage tap 1642,
node 1612 and voltage tap 1644, node 1616 and voltage tap 1642, and/or node 1616 and
voltage tap 1644 may be tapped.

For anether embodiment, a predetermined voltage potential, such as ground for

example, may be applied to voltage tap 1642 and/or voltage tap 1644. As a voltage

potential is applied across transformer 1600, the resulting voltage potential across node

1612 and voltage tap 1642, node 1612 and voltage tap 1644, node 1616 ;‘md voltage tap

~ 1642, and/or node 1616 and voltage tap 1644 may be - tapped. -
Although conductor 1610 is illustrated as defining apprommately 2 % genera]]y

octagonal-shaped turns, conductor 1610 may define any suitable number of one or more

turns and any suitable fraction of a tum of any suitable shape. Each turn may be
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may be simlarly fabricated as inductor 100 of Figure 1, for exanpljeg ﬁLa?ﬂﬂﬁ
voltage potential is applied across a node 1612 near one end of a

spiral -shaped conductor 1610 of transformer 1600 and anot her node 1616
near the other end of conductor 1610, a voltage potential between any two
poi nts al ong conductor 1610 nmaybe tapped. Transfornmer 1600 nay be used,
for exanplwooisessegi rcuits such as in a direct current jEgisoyehizage
converter. Figure 16 illustrates, for one enbodi nent, voltage taps 1642 and
1644 each at a node between nodes 1612 and 1616. A voltage potenti al
tapped using valtage taps 1642 . and/ qr 1644 be st ed, do fromthe
vol t age p5?°g§?g‘lﬂgrﬁe§ﬁ%ﬂ“ B A€ Brslgglfar‘-’%t%%‘fe&%F SEnbeLo 6‘%@“?4‘3 desi gni ng
t r ansf or mesndh60O1610 Relps @dintre fig aﬁibhﬁt%ﬂ]e%ﬁﬁégbﬁhﬁal {apped BXANHNa8e aACT 0SS

vol tage tap 1642 and voltage tap 1644, node 1612 and vol tage tap 1642,

node 1612 %4ppL04Aspe/atodt £05 agven voltge potantiakapplied apenss Beysiopmgs 18@k Abeang/ or node
1616 and s}iﬁ@ébﬁeﬁ&ﬁlﬁa@oﬂéﬁléﬂcﬁﬁﬁﬂﬁm&%@ﬂm EREmABR Al RBbuR TPAE VaBRE .. 2

predeterm ned voltage potential, such as ground for exanple, nmay be
appl i ed t Botcasial tapped psipe IféWEefaPﬁdﬁé?ﬂnﬂ&rtléﬁgfor apivesypltagepotantisl oppligde -
potenti al i & fRRkGE RBHOSS transformer 1600, the resulting voltage
potential across node 1612 and voltage tap 1642, node 1612 and voltage tap
1644, node 161®ndtbnl61Q mepecompyise anl suitablriediducti veguderibabasl maydaveoinyage t ap

1644 be,: A t ' 10 1S i fini
appr oxi e Bifaidil: 20 b BAEYERRT b COlheld 1610 MALEAL B oBRORT 16’0 rmy
def i ne anwyid8wiibickisdss, anditebgth with aonaitalie spacieg bétwesnstuaan dadamay covertambl e fracti on

02) 0o a0 2Bt KB B R PE i dichd e aRiolS of RS A shape, 1 or

exanpl e. tidspacingieeween fturhsfoncondaditor16t fyy hetpdakitilintheldddntldes det.erm ne the
amount of the voltage pptential ta usin | tage 'taps 1642 and/or
164t or valgEe plftsE opnisre e ip® BE o thod S en vobbF Reption. e
shape of appiil abrogsnrahgfornepneddct or 1610 may al so hel p determ ne the anount of
the voltage potential tapped,ysing, voltage taps 1642 and/or 1644 for a

gi ven vol tage%’ﬁﬂgwg?&oé 3’:%? ncﬁésﬁ%%&??%@tﬂngnémge ctor 1610
gay conplf;io&ﬂ:oammh ofjlllﬂﬂlibhﬂyﬁﬁglﬂ?lﬁaﬁxmgﬂbm swdé:aii@o%f ; fdbﬂb%dhmy sui t abl ebI

i mensi ons. The signal pat ef j ne conduct or may _have, any suitable
wi dt h, tﬁ%‘”&’%ﬂ-{“e&";“g?ﬁa"? 6?%4@%?#%&?3@@“%\%&%&%&0¥um5'and
My COVefrofibowaicoiduior 260, bithiathiR 16408 1884 181 &Bpld Byt €ri al and

di mensi ons of conductor 1610 and. the spacing between turns for conductor
1610 may cqp@p&ﬁwalé( ' 8 CHEELi bgneath andier above transformer 1600 by forming

a respective via tc conductor 1610 and filling the via with a suitable conductive material.
- Where transformer 1600 comprises a lower magnetic Iayer and/or an upper magnetic
layer, a portion of the lower magnetic layer and/or the upper magnetic layer may
_) optionally be isolated to serve as a portion of a conductive contact to conductor 1610,

- Although transformer 1600 is described as comprising one single-level spiral-
shaped conductor, any other suitable transformer having any suitable number of one or -
more spiral-shaped conductors each formed over one or more levels and coupled in series
or in parallel may be similarly fabricated and tapped at any suitable location along any
conductor of the transformer.

Although transformer 1600 is illustrated in the context of a single inductor, any
.~ suitable primary or secondary inductor of any suitable transformer, such as transformer
1100 of Figure 11, transformer 1300 of Figure 13, transformer 1400 of Figure 14, or
transformer 1500 of Figure 15, for example, may be tapped at any suitable location along
any conductor of the transformer.
27-




vol tage potential tapped using voltage taps 1642 and/or 1644 for a given
vol tage potential applied across transforner 1600. Transformer 16009ndyl b5
fabricated such that a voltage potential nay be tapped from conductor 1610
in any suitable manner. Transformer 1600 may be fabricated, for exanple,
such that a voltage potential may be tapped from beneath conductor 1610
and/ or frwova@see conductor 1610. Voltage taps 1642 apcridddrad or exanpl e,
may be conductively coupled to circuitry from beneath and/ or above
transfornmer 1600 by formng a respective via to conductor 1610 and filling
the via with a,suitable conductiwe nater iz here transtormer 1600
conprises a | owe ETTC ayet —ardror—at rgette— |ayer, a portion
of the |ower nagiiiettiatedinock dapsinoforieFignRdr, e gnableGntb@med nmay optional |y
be i sol atﬁgﬂf 0 ser,\é@f as a_IPorti n of a co ducli,y@ cqontact. t o conduct or
1610. Al't 'E??ﬂff?é B ReagsHer nan flersipd Ui d A0y SHELIGPEE €T ngl e- | evel
spiral - shiapastcgand titdutdevieddysulll Rehteghted GRIR dbvieR ITor m17degsr ng any
sui tabl e nunber of one ar. _nore spiral-shaped conductors each fornmed over
one or mofmpley e vathany swishis ciepits FOmRLsEone g mprg inlegrated @rcuitdeViess, si nil arl y
fabr i cat eghoRacinieARRA irdtit RAiYes 904 #1906 RE Bkdufile, TP GuAUme:A0HGY Or Of the
oug

transfornmer. Al h transfornmer 1600 is illustrated in the context of a

si ngl e i rigfetrisated, fppexamplp.iag bresfosmpiklf) obFigare d britkasiornien d30of Figvfe any
sui tabl e I t.I.3 f_Ei t pansf or ner
49, BASlopl 00 ot e b, ARt 1580 or S 15 or Bliidhed Jogof 213 00!

1300 of Figure 13, ‘trans 0 : . for
Fi gur e 15igurel6. sMtheptloillusimated becamppisind twe trausformers {712, imtdgmbegiciromit al ong.  any
conduct ory48 %ﬁ@@éﬁ%ml Iéﬁ & ﬁ k EOE% [ 065

PIC?/ t 78021/7?4??113&&@ &!I;!}-K:Ia(ﬁugrmrllfrj;n:nnElﬁz*)J M Asd

Il lustrated i As n i nonin Higpoe 18, nk; orarvee integraede | nt egrat e
transforger s, 12020 Re Lot earafed jin an int%gr tegeﬁlcircuit 1700 with any
sui t abl e 'one or nore m?eegr L el d%e\?‘il% i cggmﬁg?fléa&?at ed circuit
devi ces 19@forcmidicTi®6 cdupling texa indgeatedurircuit I $04dioysed by ifddraeddircaiti t S

conpri si ng.,on | nt eqr d circyit devices, . _.such as .ntegrated
circuit B%&f‘%‘%‘é%’%%E‘R%S?‘TWWE%%@“’EE&WH%‘H@B}%@FM my be
fabri cat eiscuitfpackage180plaed condudtivetn sdupledrs intektfledafirchit PBOMEn ddly, suitsbaensf or mer 1300
of Figure 13, _transf.orne 400, of . Fi qu 14, transfofner 0_of Figure
15, or tfnﬁ?f?f'oﬁ?&%mis&fﬁ‘% 80 ﬁaﬁﬁ?%’bﬁf%a?ed;f"fﬁ e 1% ?ﬂ?f"?‘ﬁ?‘e‘égggf conpri si ng
t wo t r anFifgae1e/ tlandféfider 1500 of Gightcld, Ghdsfosintr B100 08B Y4 RRnfakidrcat ed with any
sui tabl eléwrgv?ggm%fﬁ? OI} Osrfonnlpmt fGOE)r isg]:u%rlg? rf-ﬁ'ﬂl&u?ggzlﬁustratedascompﬁsing

two transformers 1802, integrated cireuit package 1800 may be fabricated with any

suitable number of one or more transformers 1802, Also, one or more transformers 1802

may be fabricated directly on an integrated circuit package.

: ) In the foregoing description, the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit
or scope of the present invention as defined in the appended claims. The specification and
drawings are, accordingly, to be regarded in an illustrative rather than a restrictive sense.
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As illustrated in block diagramformin Figure 18, one or nore integrated
transforners 1802 for one enbodi nent may be nounted in an integrate 9 JUL.ENE
circuit package 1800 for conductive coupling to an integrated circuit 1804
housed by integrated circuit package 1800. Each transforner 1802 nay be
integrated with or nmounted in integrated circuit package 1800 and
conductively coupled to integrated circuit 1804 in any suitable manner.

Each transforner 1802 nay be fabricated, for exanple, as transformer 1100

of Fi guretAMSt r ansforner 1300 of Figure 13, transforner 1400 of Figure

14, transfornmer 1500 of Figure 15, or transforner 1600 of Figure 16.

Al t hough ihh&ﬁé&%@%%mﬁs conprising two transfornmers 1802, integrated

circuit package may be fabricated with any suitable nunber of one or
nore transforners 1802. Also, one or nore transformers 1802 may be

fabri cat ed1di r egtrénsfoermerabmpridinggr at ed circuit package. In the foregoing

descri ption, th§“hgﬁﬁﬂ&%@9“fo“%ﬁgﬁﬁﬂﬁ?%%kpﬁg wth reference to specific

exenpl ary enbodi pents thereo owever, be evident that various
nodi fi cati ons ahifstcRavgascvsaiie pebskaiadhe firalcardyciar d4fioing a aensmlly Frig-9heeash t he
br oader spsignat pattOraviag apeasbénettlr® present invention as defined in the

appended ¢l al M, colif SRAEIoE biEpik QbR nd LAMIGRa R et A Hhaglbyrd O, P

regarded in an illustrative ra an a restrictive sens JUL 201
CLAI MB; Widprsdsignpl pthdgvingsst lepst one fumy 884 or ner conpri si ng: a substrate
conpri sing a seniirstomagretioo tayerelicdidedl the dubisirsts tang aREl 86t Bsndov&T ahd@ ot r at e,

the first Il I I - i . havi ng -
bt 1 enst QRanACSHRF bl N SoRBEG! Bolhe S Rond BB Hlerch' itk Bdhcke
conduct or '#¥&Fis APYRlgd & the proPad Meenelis laver- shaped signal path having at | east

one turn; and a first magnetic | ayer between the substrate and the first

conduct or 5 andmﬁﬁﬁg%m qt\Lli?er%i%g%a@%ﬁiéﬁ?{%&%ﬁ%&sgo%glt.cOndUCtOr and the

second conduct or, erein the first magn yer colipl ed to the
second magnetic layer. 2. The transfornmer of claim1l, wherein the magnetic
| ayers compri s@he dhatotmerdf cllife 1 twiensd Be mMegnait 15681 dmprisevdresnirfholifigliogragnet i ¢
Iayers.coggﬂaﬁﬁggamﬁnnrphous alloy conprising cobalt. 4. The transfornmer
of claiml1, ereln the magnetic |ayers conprise an anorphous all oy
conprising cobalt and zirconium

4. The transformer of claim 1, wherein the magnetic layers comprise an amorphous alloy

comprising cobalt and zircontum.

5. The transformer of claim 1, wherein the magnetic layers comprise an amorphous alloy
comprising cobalt; zirconium; and tantalum, niobium, or a rare earth slement.

6. The transformer of claim 1, wherein the second conductor lies over the first conductor.

7. The transformer of claim 1, wherein the first and second conductors are positioned such
that at least a portion of one or more turns of the first conductor are each positioned adjacent to
an inner side of at least a portion of one turn of the second conductor and such that at least a
portion of one or more turns of the second conductor are each positioned adjacent to an inner
side of at least a portion of one turn of the first conductor.

8. The transformer of claim 7, wherein the first and second conductors each lie over the first
magnetic layer.

9, A transformer comprising:
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5. The transfornmer of claim1, wherein the nmagnetic |ayers conprise %n
anor phous alloy conprising cobalt; zirconium and tantalum niobi uin JWLa2005
rare earth elenent. 6. The transforner of claim1, wherein the second
conductor lies over the first conductor. 7. The transforner of claiml,
wherein the first and second conductors are positioned such that at |east

a portion of one or nore turns of the first conductor are each positioned
adjacent to an inner side of at |least a portion of one turn of the second
conduct or and sHEPsTaRtomprisingyaamieondystar matsrialof one or nore turns of the
second conduct oi firar @n@ehoRe He lsukied, taslfirsiC@RductoPddlifing BAererali bslRl-Mbpat | east

a portion gf. ona tur rst conductor. 8. The transformer of claim
7, wherein %rﬁ &%’ nBaPIL Sgg‘%ot{jl conductors each lie over the first

magnetic | ayer.2 ?ic"'ﬁc' °t°f“§{‘f£°f BYertie sphsifpieiagd fgfining 9 genetally gpirabgigped signgiyistt r at e
conpri si nghaing etfeasdorditahendnat eri al ; a first conductor over the substrate,

the first Condué:ﬁrgtr mgg%gfrcnlhgg %%35' %Et@r&ry allstg}'tﬁl aLpIr%th%FI?e% eg%lal ﬁ‘ll ofgﬁé n'slh aving

at | east one turn; SeCon defining a
gener al | y <pfycir a@rﬁé‘ﬁé@%?'@hﬁﬁ"’?ﬂaﬁ'%a‘ Hﬁ'ﬁ'\ﬂfﬁ'@ sggonfl genguctyin®dt urn; and a first
magnet i c | ayer achesmsmgnémuaw&rspa&dd befweblitie Rt toabiuctdn afbtle subgmé whaielh of the

first ntq‘ygeﬁga secon Vepgcg*?’?fﬁf%%,ﬂ"ﬁ“ﬁmgfﬁq ;gnal path of the second

conduct or magne Spos bet ween the first conductor
and the substrate, wherein the second magnetic |layer is coupled to the
first magreti c Arastiead. cotPrising: met hod conpri si ng formng a first conductor

over A SUDSt T ARG F:Shiiled 61 CRRFNELARIRY ELbAbondS" Elll Wigehor M N0

the first conductof conprises ormn con suc
first condifcP@tng ta%frﬁfrﬁsgd%wge?wa?ﬁ fyr%rm th%\frsfs%a%@r ye@ﬁmtthséf%cwaw%g at
| east one definen g géraxratly aErabshapaihalpaihciadibgst i@dednetdd® substrate such that the

second conduct ?H?mﬂ& f':l 'sg&ﬁd §0ndg§ er t"né/ s@%’r{t&%ucﬁ lﬂﬁp{ﬁg éc!o%&lndn?cﬁ&e #{h%é,[ Lhg at

| east oneturn and ormn i rst ayer evveen rate
and the fi9PReraly sidlietepsd 3'@ﬁ'd’a§‘ ha§'@9:6td‘ii’5h%(’§r§'€t‘|eé | ayer between the first
conduct or and fdne.n@acmstdnsgmaﬁhmy@rbewdaertm Butishi&e fand Ste fisBEMELdia, bRy er i S

coupl ed t Qedo mﬁﬁﬂ\e(ﬁ@ Pn%teh (fhel fﬁéﬁ%ndu%r alﬁ'\ﬁe g(?ctoné) gon(aLct&' ?ﬁ&% r:l'Q-re fipQer ein

the forming the magnet ers conprises form n | ayer
conpri si n@‘a&'i?ﬂ‘élat’e”sl@”P'%*@"F?e‘lePRP& MAENRAE HveR 10, wher ein the form ng the

magnetic | ayers conprises formng a
1. The method of claim 10, wherein the forming the magnetic layers comprises forming a

magnetic layer comprising cobalt.

12. The method of claim 10, wherein the forming the magnetic layers comprises forming a

magnetic layer comprising an amorphous alloy comprising cobalt.

13. The method of claim 10, wherein the forming the magnetic layers comprises forming a

magnetic layer comprising an amorphous alloy comprising cobalt and zirconium.
14. The method of claim 10, wherein the forming the magnetic layers comprises forming a
_magnetic layer comprising an amorphous alloy comprising cobalt; zirconium; and tantalum,

niobium, or a rare earth element.

15. The method of claim 10, wherein the forming the second conductor comprises forming

the second conductor over the first conductor.
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magnetic | ayer conprising an anorphous all oy conprising cobalt. 13.1 $ndUL 2005
nmet hod of claim 10, wherein the form ng the magnetic | ayers conprises -
formng a magnetic |ayer conprising an anorphous all oy conprising cobalt
and zirconium 14. The nethod of claim 10, wherein the form ng the nagnetic
| ayers conprises formng a magnetic |ayer conprising an anorphous all oy
conprising cobalt; zirconium and tantalum niobium or a rare earth

el ement. 15. The nethod of claim 10, wherein the form ng the second

conduct or &&npr TR&Tethed ff ¢ Phwheseip drrdforgn thetfisst corduptor ansl the fagming dhduct or .
30 1 9 JULs&bfbcondifctor Ednepris@folniiay 10é firel sid Gechd condt@s Such iRt 4048 dy@rtioher f i r st
conduct or  ghoh g {,ME B tﬁgﬁr&t*?s%nd%‘étﬁ%}g o SRHANGERL GOIRY t{; S8 inh<'sI B8 lddGe f | ¥ St
and second conductors such that at [east a oF t10n 0 ~one or nore turns of
the first BUVRRLEP: Um0l e SePPN 6T EIARE el *g@@h'@aﬁtta Pamion efivee osere s at

| east a pairthd soraifconduetot are Radbfpositiches adjadeet t6 an thoertside obdeBLLboridna¥ ot | east
a portion @ SBR aRk cdiBldt Urns of the second conductor are each positioned
adj acent to an inner side of at |east a portion of one turn of the first
conductor. 31
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