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GRANULAR MAGNETI C MATERI ALS CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] The present application
clainms the benefit of priority under 35 U S.C 119
from U S Provisional Patent Application Serial No.
60/ 907,303 entitled "SOFT MAGNETIC ALLOY THI N FI LMS
FOR | NTEGRATED | NDUCTORS, TRANSFORMERS AND OTHER H GH
9oketdNe. APOB4GEAIETONS, " filed on March 28, 2007, the
di scl osure of which is hereby incorporated by
reference in its entirety for all purposes. STATEMENT
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[0002] Not a D OF THE | NVENTI ON [0003!
The INDAKEVE DEA SWHEH GRANULAR M AGNET; S
devices and, nore specifically, relates to inductive
devices with granular nmagnetic materials. BACKGROUND
OF THE | NVENTI ON [ 0004] Integrated on-chip and
on- package i nductors are often provided with thin
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i ncreasing magnetic losses 1 (e.g., an increasing
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currents in the magnetic materials contribute to
DEVHQPMENH frequency magnetic | osses, as they

contribute significantly to danping effects. These
[gmﬂfy Nl ffpiikspi@re the result of magnetic materials

wth insufficiently high resistivity. Wiile sone

anor phous magnetic all oys enjoy higher
FIELD OF THE NTION

[0003]  The present invention generally relates to inductive devices and, more specifically,

relates to inductive devices with granular magnetic materials.
BACKGROUND OF THE INVENTION

[0004]  Integrated on-chip and on-package inductors are often provided with thin films of

- a magnetic material to improve their inductance. When a high-permeability magnetic
materia] is placed near a conductor carrying electric current, the inductance in the conductor
is increased by a factor of the relative permeability p,. If the relative permeability is real

(i.e., does not show any magnetic loss), then the gain in inductance can be significant.

-[0005]  In higher-frequency applications (e.g., operating above about 1 GHz), the

-magnetic materials used in these integrated devices experience increasing magnetic losses



resisitivity, this comes at a cost of |ower
magneti zation (and accordingly |ower performance in
i nductive applications.) Accordingly, to inprove the
hi gh-frequency performance of integrated inductors,
transfornmers and the like, it is desirable to provide
magnetic materials wth high resistivity and high
magneti zation for use therein. SUMVARY OF THE
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I nventi on, t ranst or nmer nprises a core and
i nduct or. The fyrst |nduc§or |ncludes a first
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d f
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ceramic matrix has a diclectric constant greater than 3.

-[0009]  In accordance with another embodiment of the present invention, a transformer

- comprises a core and a first inductor. The first inductor includes a first conductor conﬁgured.
in a spiral surrounding a first portion of the core, and a first layer of granular magnetic
material. The transformer further comprises a second inductor. The second inductor
includes a second conductor configured in a spiral surrounding a second portion of the core,

~ and a second layer of granular magnetic material. The first and second layers of granular



[0010] It is to be understood that both the foregoing
sunmmary of the invention and the follow ng detailed
description are exenplary and expl anatory and are
intended to provide further explanation of the

i nvention as clainmed. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0011] The acconpanyi ng draw ngs, which are

i ncluded to provide further understanding of the

magagbmipwHaldmie aphiraliiy of magnstie drains embgddadria an purpephgus ceramic
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to explain the principles of the invention. In the
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one enbodi nent of the present i nvention; [0014] Figure

a granul ar magnetic alloy
Blﬁ&bé@é{%&mﬁﬁtﬁgp 85 ¢ grai ns enbedded in an
anor phous ceram c nmatrix |n accordance with one
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enbodi nent of the present invention; [0017] Figure 6

[Odln‘L H@f elsllﬁlﬁ{eh&dﬁﬁfié@%ﬁ r'in .g%\%}g%g?%‘%% %é {}B%GIE of the éaresent

invénfidd;ustrates a partlal cross-sectional view of an
i nductor in accordance with one enbodi nent of the

MR SR N—

onPéfb&ienti of iR résehit invention;

[0014]  Figure 3 illustrates a plan view of a granular magnetic alloy having a plurality of
magnetic grains embedded in an amorphous ceramic matrix in accordance with one

embodiment of the present invention;

[0015] = Figure 4 illustrates a perspective view of a granular magnetic alloy having a
plurality of magnetic grains embedded in an amorphous ceramic matrix in accordance with

one embodiment of the present invention;

[0016]  Figure 5 illustrates an inductor in accordance with one embodiment of the present

invention;

[0017]  Figure 6 illustrates an inductor in accordance with one embodiment of the present

invention;




[0020] Figure 9 illustrates a partial cross-sectiona
view of an inductor in accordance with one enbodi nent
of the present invention; and [0021] Figure 10
illustrates a partial cross-sectional view of a
transforner in accordance wth one enbodi nent of the
present invention. DETAILED DESCRI PTI ON OF THE
| NVENTI ON [ 0022] In the follow ng detail ed
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thls regard, the conductor nay be referred to herein
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In this regard, the conductor may be referred to herein as an inductor trace.

[0024]  Inductor 100 further includes granular magnetic alloy layers 102 disposed above
" “portions of conductor 101. Figure 2 illustrates in cross section one possible spatial
relationship between granular magnetic alloy layer 102 and conductor 101 in accordance
with one embodiment of the present invention. Granular magnetic alloy layer 102 is
disposed over a dielectric layer 105 in which the turns of conductor 101 are disposed.
Dielectric layer 105 is thereby sandwiched between granular magpetic alloy layer 102 and




anor phous ceramc matrix, as illustrated in greater

detail in Figure 3. According to one aspect, a soft

magneti c naterial can be characterized by high

perneabi lity, high saturation nagnetization or

i nduction, high remanent magnetization or induction,

| ow coercivity and |ow hysteresis |oss. Additiona

desi rabl e characters of soft nagnetic materials may
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selected sputtering target (i.e., one with a desired amount of oxygen) in a reactive sputtering
process (i.e., in the presence of oxygen), any potential non-stoichiometry can be

compensated.

[0027]  In Figure 3, granular magnetic alloy layer 102 is illustrated in partial cross-section,
so that the individual magnetic grains 102b in the amorphous ceramic matrix 102a are

visible. Each of magnetic grains 102b has a cross-sectional size between 5 and 50



between 5 and 50 nanoneters in one direction, but may

be I onger in the columar direction). This

m crostructure reduces the undesirabl e eddy current

| osses experienced by non-granular magnetic fil ns,

thereby dramatically increasing their inductance (and

their Q factor, as Q factor is a function of

i nductance) in high-frequency applications. [0028]
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granul ar magnetic_alloy |ayer 102. [0029] In . .

smaller shisgestceomionpnts b magpatictgrans 102b).p Flais eontinuiy &nthe dighly
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achnéwsikbis cominuoussithctnae, inasoalahaeygith tr @afodimieats o€ the, present

. bel.ow, provides an _exe r non-exhaustive |jst of o

iR BB R RE ST Ay S R aiept eing 10% by
volahRd A AR GAGAde alby Ryer 102. accordance  wi th one

aspect of the present 1nvention. Table 1 Cobalt-based

L.ron-pased N ckel -based Fe NI . CoTaZr FeCo, N Fe. -
10025F 5o ReSForeERsg TG ane espectelche Brepmb AR oo peE s erains 102b

cothHi bask4terial selected from the group consisting of cobalt (Co), iron (Fe), nickel (Ni)
and various alloys thereof. Table 1, below, provides an exemplary, non-exhaustive list of

various ferromagnetic materials and alloys for use in granular magnetic alloys in accordance

with one aspect of the present invention.

Table 1

Cobalt-based Iron-based Nickel-based
Co Fe Ni
CoTaZr FeCo NiFe.
CoNbZr FeCoB NiFeCr
CoCrTa FeCoTaZr
CoCrTaZr
CoFeTaZr
CoNi
CoFe
CoFeB




CoNi  CoFe CoFeB -6 [0030] In accordance with one

aspect of the present invention, anorphous ceramc

matrix 102a conprises a material with a dielectric

constant greater than about 3. For exanple, the

anor phous ceramc matrix may be an oxide, a nitride, a

carbide, a silicate, an alum nate, a Perovskite, or

any conbination thereof. Table 2, bel ow, provides an
[0€30 nplla aagcordaow wigh hea rspéect of thie preseft imtiomslmoqﬂ-@m'; ceramic matrix
10§X é&% rﬁsesc’ g glﬁl?éélﬁ? {tﬁ b did (Slhe e%glécncg??tgrbt?g?%aﬁ% ﬂbalneégﬁttg CFo"i'l le;{a%{ple, the
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ex?%stéi@lm 3f ¢RicRs c%c%@stgms $4081elr udGPa %?anglar M%Qéeuc alloy in

accordance with one aspect of the present invention.

Table 2
Bulk Dielectric
Ceramic phase Constant at room
temperature (RT)
Si0, 3.9
MgO 3.2
Al O4 10.5
Ta205 30
NbOs 50
HfO, 25
- Lr0, 25
Ti0; 60
La203 20.8
WO, 20.2
Y20, 14
CoO 12.9
V205 13.84
HESi0O4 12
ZrSiO, 12
LaAlO; ~15
StTi0s 250
BaTiO; 500

- [0031]  Granular magnetic alloy layers 102 may be provided by any one of a number of
methods, including physical vapor deposition (e.g., sputiering), in accordance with one

- aspect of the present invention. Accordingly, a sputter target comprising both the material of
the magnetic grains and the material of the amorphous ceramic matrix may be sputtered over
a spiral conductor to provide granular magnetic alloy layers over the desired regions of the
package during fabrication, in accordance with one aspect of the present invention.
Alternatively, two sputter targets, one comprising the material of the magnetic grains, the

other comprising the material of the amorphous ceramic matrix, may both be sputtered at the



Hf SIO4 12 ZrSi2 12 LaAlB -15 SrTiG3 250 BaTi O3
500 [0031] Granular magnetic alloy layers 102 nay be
provi ded by any one of a nunber of nethods, including
physi cal vapor deposition (e.g., sputtering), in
accordance with one aspect of the present invention.
Accordingly, a sputter target conprising both the
material of the magnetic grains and the material of
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[0033]  According to one aspect, the present invention is practiced with an integrated
inductor having exactly two granular magnetic alloy layers in a single plane. The invention,
however, is not limited to this configuration. For example, according to one aspect, the
present invention has application to inductors with any number of granular magnetic alloy
layers greater than or equal to one. For example, Figure 5 illustrates another inductor 500 in
accordance with one embodiment of the present invention in which ten granular magnetic
alloy layers 502 are provided along a spiral conductor 501. Similarly to the inductor
illustrated in Figure 1, the conductor 501 of inductor 500 is terminated by conductor leads
503, and inductor 500 is disposed on a substrate 504.

[0034]  According to one aspect, a configuration of the present invention can include

granular magnetic alloy layers disposed on opposing sides of an approximately octagonal



magnetic. flux is better confined within the granul ar
magnetic alloy than in a non-granular nagnetic all oy,
cross-tal k between multiple inductors on the sane chip
or package is mnimzed. These advantages render the
vari ous enbodi nents of the present invention suitable
for use in a nunber of applications, including
portabl e power delivery, wireless comunication, and
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1n£mﬂnéﬁ@wﬁﬁﬂb@de&qaheanamﬂpumam0¢onductor 501.
Siwilarly to the inductor illustrated in Figure 1,

T e L KEA R TR

magnStithlol ddyRrsalihosddid 34inghesi icfiardlcl & (23 aB&RAF belod) the plane in
C nflguratlon of . the present invention can include
W*@ﬂi%atha Friral pRpylHeter is daﬁppwl Thy seapegf Hisgsesgnigaventpodiopgver, is not

linsed 5 th a?t'ibuﬁagﬁér%io%pe o? he! HafG! @e gf@ent invanéH 18 has application to

conduct e present invention,
arrpregeeneats in wbichetveril da}teeidoﬂgnamaﬂarmagpetrd alkoylaesrprowded in different

o] AR iSO o h R OB o el 7
ilBppes § partiginerése-sbatibaal aew ofihdudtb 7S i8 AB®Rank& with a6 Rmbodiment
ranul ar netic allo | ayers are provided in any
%Sﬂquﬁlt}r’%‘fqﬂgﬂn er%@ﬁlapﬁle%@t{f@ﬂ@wwrﬂ@? (disospd eﬂhlp.dgfd?cénc layer
t.
70%) ard bdniwidhad Sécwé%}{)%e B%érrgs Bﬁ{larqg% nbfle aﬁf}"fo\%ﬁ Eﬁcﬁnﬂb ifl two

one enbodi nent o I nventi on
diffeent plaaes. gVhibethésrmwitignietel struetitteorpqiizey @msoré 6dphintieatseh fabeidation

I the her of. a
R G B0 R et P A o e By be
justifiet] bhee Girttcr trcrdaficiin Ghind B8hcd 26 Wthdtot 6f b iBMRER G0 @BnfRzured.
substrate 604. [0035] According to one aspect, a

T T T Y L —
sm@b%ﬁ@uﬁ@ bhkh&lc A1y (Fedis disPBRYSn Bhe PEAOWovE BELIGR AR Pléhe in
which the spiral conductor is disposed, and the single granular magnetic alloy layer is large
enough to cover the entire spiral conductor (instead of covering only certain sections of a
“conductor, as shown in Figures 1, 5 and 6). For example, Figure 8 illustrates an integrated
inductor 800 in accordance with one embodiment of the present invention, in which one
continuous conductor 801 (illustrated with a dotted line) configured in a spiral is disposed
below a single continuous layer of granular magnetic alloy 802 which is large enough to

cover the entire conductor 801. Conductor 801 is shown with a dotted line to illustrate that




whi ch the spiral conductor is disposed. The scope of
the present invention, however, is not Ilimted to

this particular arrangenent. Rather, the present

i nvention also has application to arrangenents in

whi ch several |ayers of granular nmagnetic alloy are
provided in different planes and/or in various

relati onships with an inductive trace. For exanpl e,

cordgiwre30T is hildansfrom ttesview barahﬁeagrmﬂﬂﬂsmg&em albiydhyey B@covers up

duct 0 di.men of
i LA TN R e
701 (disposed within dlelectrlc | ayer 705) are

[0637) dWIAQsI‘@ﬂ bk @ée\ﬁﬁﬁﬁth fefepercayEFiguRfs, ghradin lembod@astof ‘ﬂle present
. alloy %a and 702b in two different planes. Wi
InYtaF}pgn Hay o pfﬂvg};g vath qoadypters p@%ﬂgufeélsm 3 Vagety of different sp1rals

InseRrshd }csﬁnéte@rdcfa@t)ﬁaq Qpirdl ARRwhEE 1r§t!hle gge;%;dg% gg@nl%lﬁlg

structures previ ously described and 1|
en@@ﬁmmtsaﬁy spigal of IEQUW $ schpbspxirhaelly wedtdngnlar, vathemeadeadpomers. The

sc&cl%n itg&F %{]%Ie’ffg ]IS n gtn getvF]r Ilmat d'to tglgs%: ox confé%urat%ons Rather,

eér aspec
as iwill babpparenh asoreflskitldh therart, thepidsamdaventibs hasnappmanbn & inductors

R L iy b A SECERL B
irr&Rildradre. Cpfé?ééﬁ?&o 'Whilé tH fﬁﬁg&ﬁg exéﬁﬂaﬁ%b%ﬂﬂﬂén@s }Qﬁé Bé’énaﬁlustrated

magnetic alloy layer is large enough to cover
withyfupgtantiagy ﬁ\a®-d@mmwa@1@plrels st esattale lyiepinesr single phngz) the scope of

thecl?ré%:ﬁ{ iy éﬁﬁ&h' TQE& 181(1teﬁ tcl) %&ﬂ%ﬂ%}r% 5 Rgct\gnm% 1Y) [tddiment of

exanp I gur

thd presegt iavadion] the tetOspiBd0 ak psﬁdﬁfﬁhﬁi&ﬂﬂﬁlwtﬁrhﬁ: dﬁl@:nsmnal spirals
on

e di nent of the. present invention, i C
(e € oot Eo Mt Bl ma0R: Yefl i Gt chieist g ot esribed in
detailmelbwconfigured in a spiral is disposed below a
singl e continuous |ayer of granular magnetic alloy 802

which_ is large enough to cover the entire conductor
[0038) . Eviratrdesse vaith onesisped Ahthaiprasery ivnsntien Higused dliistrates a partial

crsd- Eééﬁt)ﬁzﬁn/?ev& Sedn 1nl%Fx%%rqu(ﬁIcWr 988 grr *vﬁlcﬂ 'a@gﬁcﬂlcg% gm HR osed ina

vi ew because granufar magnetic ["ayer cov
diclgotrictlnger 803 lsrsanat\wnliut!hemwe@(gtanuﬁunnhgnetm al&@'layess 902a and 902b in

t er.m nat.ed b | eads 00
v G bR LRI e 48 B Gt 2 ARl The two
- layers of BEinplae f@fieticially$ 002 0MAPBYH BL% cBhmétedesy ignBtic vias 902¢. These
conduct ors conflgured in a variety of different

magﬁ*rtml%s 902¢ ramplsts the clrwt fapihe syendicdluy lﬁélledgl‘ﬂﬁ%\?oza and 902b of
graﬁﬁ!,oaf 1315 dekik le[ﬁ& @\lehg fl.}rﬁl%}‘ Hﬁr_ﬁ‘WIéHr@l GBI @EMnce and factor of the

_ nts e spl gure I S approxi mately
Kﬁubmmaﬁ@ubamjnghﬁhmxmmamed corners. The scope of the
present invention is not, however, limted to these

- [0055‘? CRQJJr&Hé & J)l%rh%pecﬁ%lt c!%%fi guration of the present invention includes
conductors disposed within a layer of dielectric material. The scope of the present invention,
however, is not limited to such an arrangement. Rather, as will be apparent to one of skill in
the art, the present invention also has application to inductors in which the conductor is
disposed directly upon the substrate, in a layer of material that is not dielectric, in multiple

layers, or within or alongside a granular magnetic alloy layer.
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as wll be apparent to one of skill in the art, the
present invention has application to inductors wth
conductors configured in spirals of any shape, whether

elliptical, circular, polygonal, irregular, etc.
Mor eover, while the foregoing exenplary enbodi nents
have been illustrated wth substantially

t wo- di nensional spirals (i.e., spirals lying in a
[08409g| e\cpbumivg)tp ohbaspsappeonfiuratiieofthe §ﬁ¢nt linvweatidd dolutss one
such an arrangenent. ordln

t ed t
il THE OGP WS G GHEGT ARV ISR S0 pch o arangement.

Ratl§e] dsill 'be afpad& ¢ BRY skl ih N RS greRanetinkBA 81O H@ application
~ spirals (e.g., helices), such as those that nay

E{Elétélﬂ? mdpsiosgnd femytanang fr@fm@%ctwaée‘awcmpluémg.twnsfonners and
: théjﬁﬁea'#or e, 1119 %?cian!:&%_zlﬁlg %?détﬁ%%%%f)&‘fﬂ{eﬁt Q&‘finvglltltlon, an

e present Inventlon par
mtcgm@d tepsfoinoan ddclndee twoindagtods gaely hammgjonemimttre tay8B®figranular

nduct or .901 disposed in a _dielegctri
ma 0By AR ErEly DRrE R BT e r Qi Berapl e fiductors of
a thapyforrfer MR cbe ol fiSdedin planak ¥ir0, bé ﬁﬁl@tﬁte(p%ﬂm Rsspect BEME foregoing
t hr ee Iayers are toget her disposed on a substrate 904.

exqrRRlapfbodiyants opmay ﬁ%m#twﬁl}’r@gﬁéﬁ%%ml thipe glypensignal helices
R e O LA R R R EER p14rR S 1l UG spials)

netic flux in the layers 902a and 902b of granul ar
lﬂmg neFprexaimiplsy Figgreold lﬂuﬁgitefswmaﬁ@d cioppsastienat miew of athrasformer in

ac 0?(83%8% @ﬂﬁ%n@gﬂbc%l&?%&ggl} A%sgn f?){l’lllotl‘aansfolmqg Uﬁ)to8 1nc‘?udes

requenci es one as
induotofs G ahd 0O020futlined pith aelaik blﬁbkaﬁieb dﬂﬁpcbsﬁ@ hlbtdae& dleiectnc layer

{illgf:il ig’: %{rgt?ﬂ b&tg %E&u\gf lt()Bi t g é génq? eﬁlog Eéé liccand two granular

magg%\‘ﬂby ldy%rsrl@t)le{ A8 10800t RaRMUEH1 D 1@(!'1&(?6@ Q%Pﬁﬂtconductor 1002¢ and
th as wWill be apparent to one of skil

W@Bl@nulﬂh@agiwég eHw Jayiere h002arand |16@2tn Ahreyahl the middimod the conductor
ey . j i l

YR B 00 o 60 BORELEL L 0 L REAR o G5b.

As dalebesﬁen wdth referamud: td Figae lt),anémsor 1902 had bt teths than inductor 1001,

AL RRER) S5 ARAC RO, Sl oh et L0 B000E

indBEBS 0T dpPMRThaiSR i R&bﬂﬁﬁ@e WA thelrMBSH RS nunihie o?ﬁﬁﬁﬁn(iﬁductor
the present invention, however, is not limted to such

100 aladmtvg dR@hie.q., ¥thisaioltage), anivtill bpeeadiip andanstoadbyoens offskill in
ill in the art, the present invention also has
application to nultiple i nductors and to any one or
nore inductive devices, including transfornmers and
[0042] A transformer of the present invention is not limited to the configuration shown in

Figure 10, and may be configured in a variety of ways. For example, instead of having two
separate sets (1001a-1001b and 1002a-1002b) of granular magnetic alloy layers that are

- separated by a region 1005 as shown in Figure 10, the inductors of a transformer may share
- one or more granular magnetic alloy layers (e.g., granular magnetic alloy layer 1001a may
extend to granular magnetic alloy layer 1002a without a gap so that the two granular
magnetic alloy layers 1001a and 1002a become one granular magnetic alloy layer), In

-11 -



- PRSP LBy ads

the like. For exanple, in accordance wth another

enbodi nent of the present invention, an integrated

transforner includes two inductors, each having one or

nore | ayers of granular magnetic alloy configured to

i nprove the inductance and Q factor thereof. The

i nductors of a transfornmer may be configured in

pl anar spirals, as illustrated with respect to the
anpbeegopdiceacle sithp inslugtorsre e diansfntnssr nagry inelydeadrly pmagrandary

: ' ' - o] [ | helic . 0.,
iR ol A bLORERL TR )" a7si nt e bl ane’ can

pass through both spirals). [0041] For exanple, Figure
[0043] i | I g¢trandther @p@Earahiiaductr of thepesstntamaintivn ewy dfchale multiple

copf B VPRbxt e R aRE Gttt BB R ot indictor Faving
onlyWi6E10 ks layaPshdl2o1€ BidldctrRaslyenid Whidh db#KdURtASdisposed,

l'i ne) disﬁosed above a dielectric layer 1006 on a

bukagct.raa pell boappargn i e shijan theret, thg@sesgntgpyangipn also has
o LHE R0 580 ) IRGRGLL S s

herepi.ral conductor 1002c and two granul ar nagnetic
all oy layers 1002a and 1002b. Through the m ddl e of

' . of h ind 1001 02
O3, ST es h g E EEA 30 00
vagaus fiparasead embbdiment gt shoakl Beourdegtooe tHA thebdghy €ordlust@Han

has nore turnsg.than inductor. 1001. Accqrdingly,
. b npchs e Simitrsihe dpane op ey asge may be
mah§ othePlvBRED iMBlehRAGHE hvehtiil MMy ckgﬁ%es ARP LU B Gs¥ndybe made

accordance with the ratio of the nunber of turns in

- to thadnventien, by ooohaving erdimeryokill wohe g withoutidPparting from the spirit and

I will be readily understood by one of
scoﬁgioﬁﬁ)%?%\renﬁ% art. [0042] A transformer of the present

invention is not limted to the configuration shown in
Figure 10, and nmay be configured in a variety of ways.
For exanple, instead of having two separate sets
(100l a- 1001b and 1002a-1002b) of granul ar nagnetic
alloy layers that are separated by a region 1005 as
shown in Figure 10, the inductors of a transformer may
share one or nore granular magnetic alloy |ayers
(e.g., granular magnetic alloy |ayer 1001 a nay

extend to granul ar magnetic alloy |ayer 1002a w t hout
a gap so that the two granular magnetic alloy |ayers
1001la and 1002a becone one granul ar nmagnetic all oy
layer). In _11 another aspect, each of the inductors
of a transforner may include only one granul ar

-12-




magnetic alloy layer instead of nmultiple |ayers.
[0043] In yet another aspect, an inductor of the
present invention may include multiple conductors.
Moreover, the present invention is not limted to
integrated inductors having only a single substrate
| ayer and a single dielectric layer in which a
conductor is disposed, but rather, as will be
WHpddP ERAIMBDdMe of skill in the art, the present
i nvention also has application to inductors with any

nunber ofmqmbﬁqqu@gegog%ggﬁg not descri bed or
illustrated  herein 44]" Wil e the present

|nV€aQbhdﬁ6toh@>‘éﬁ%§@ﬁn@§Mal Qﬁ{i arly described with _
reference to t various figures and enbodi nents, it

s houlfist el vTdRnA4QREnd B atatctiNaS Gndd Euzfa% of Inhgh$tid @hibon
pur poses only and should not be taken as limting the
enfbedR@inGh anbBPhinid erBric Ohtrix] he hRomRyhs BRamigBaANix Uk iRE a Wal¥Sric

to i npl enent the invention. Many changes and
comali frea@@ttha@s nay be nmade to the invention, by one
having ordinary skill in the art, w thout departing
fromthe spirit and scope of the invention. -12 WHAT
| S CLAI MEBE in@ctite depige piifcleiot 1, whereie ai least jgmtmi of ihe gonduetor is
conductor configured in a spiral; and a first |ayer of
disgesadwithin thedign byeref Elamémnai@dﬁlamat‘?gala plurality of
magnetic grains enbedded in an anorphous ceramc

matri x, the anorphous ceram c matrix having a

di ePect r iTe indushes dewice pfraan prerol el 1r 2 further eomnrisingt i ve

device of Claim1l, wherein at |east a portion of the

cond@ iR dielectrigmatsrial dniwiieh #ilsastarpartion pithe ?%Q‘éator@rdlsposed

_grang nqgg tic naterlal 3. The inductive device o

any fremn e yrreof gragyl arz‘na@fl‘iﬂ"t“i‘?é‘?“a]c‘ﬁ)ﬁ%‘ﬂeg forfhe laypr P%@@F‘:m"

of, dielectric material in which at | east a portion of
maefigl conduct or is di sposed, wherein the first |ayer of

granul ar magnetic naterlal is coupled to the Iayer of

dlelectr r The nduct ve, devi
any Sne o?ﬁetlﬁglaca‘Feedg o %féa“ ng oL e [nd ° P dmé i %?remélfe first layer

.of érﬁ}ﬁ?arr magnetic material has a resistivity of greater than 100 pQ cm.

5. . Theinductive device of any one of the preceding claims, wherein the spiral is
disposed in a first plane parallel to a second plane in which the first layer of granular magnetic

material is disposed.

C 6 The inductive device of Claim 5, further comprising;
a second layer of granular magnetic material having a second plurality of magnetic grains
- embedded in a second amorphous ceramic matrix, the second amorphous ceramic matrix having a
dielectric constant greater than 3,

wherein the second layer of granular magnetic material is disposed in a third plane
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of granular magnetic material has a resistivity of

greater than 100 1.Qcm 5. , The inductive device of

any one of the preceding clains, wherein the spiral is

di sposed in a first plane parallel to a second pl ane
in which the first |layer of granular nmagnetic

material is disposed. 6. The inductive device of Caim

5, further conprising: a second |ayer of granul ar
parptiginethe drshetdeedoad plhewiandg a second plurality of

magnetic grains enbedded in a second anorphous

cer arhersinthe sebond andiibird pleuss dre anopnokisuiles efrtbmiiret plaat.r i x

having a dielectric constant greater than 3, wherein

the second | ayer of granular magnetic material is

di sposed Pﬁméuqﬂh‘? Jegyicp phlaim 6, yhereig shegpqond layes of granylgrymagnetic

and second pl anes, and wherein the second and third
maigrighand the figst fgyer il grsmgliranagpetis snatsrialiapr.coppecie by ptdepst ong magnetic

The inductive device of Claim®6, wherein the second
Vig-ayer of granular magnetic material and the first

Iayer of granul ar nagnetic materi al are connected by

eaSt EQ ﬁ% RN tv{cg of any Qe o%\‘,he pr \Aﬁimgeclfalm w%e:ipm tfle;[ flerst(fayer

any one 0 e preced ng’ c
r ter| | ess than
of g:%%ﬁﬁgr Hf%rﬁtlg P%%H!il is le n’?l%ﬁggou? 1 rrﬂgcron.ﬂﬁ ﬁ'uckné}u ctive device
of any one of the precedlng cl ai ms, wherein each of

theg pl upgd 1'11£ll,¥:t19<=]C deUi%Q&%‘h& Gner &He ?ec Faims, wherein each of the
cross-sectional size between 5 and nm '10. The

plurd i tnlay fetid gMins ﬁas%fcrégyecﬁ&ﬁl He btens%e]pﬁ’ £f8dihpg cl ai ns,
wherei n t he "anor phous ceramc matrix i s contlnuously
connected in three dinensions. if. The inductive
devilge .ofThciaYuctRaletite b8y Pieft GdipRedids s, whbei@hd hnlofBous
anor phous ceramc matrix conprises greater than 10 %

- cerbiticnitrixiecatindongy tdshstedlinhes dohengbmnul ar magneti c
material. 12. The inductive device of any one of the
precedi ng cl ai ns, wherein the anorphous ceramc
mat 11.x -1 Sheahdictve denied ofiagy o1edf thEpecedirguddimy evhelemitieanefphous
any one of the preceding clains, wherein the plurality

cergrfiic matrix comprises greater than 10 % by volume of the first layer of granular magnetic

materiai.

12. . The inductive device of any one of the preceding claims, wherein the amorphous

ceramic matrix is stoichiometric.

13. . The inductive device of any one of the preceding claims, wherein the plurality of
- - magnetic grains comprises at least 50 atomic % of a material selected from the group consisting

of cobalt (Co), iron (Fe), nickel (Ni) and any combination thereof.

14, . The inductive device of any one of the preceding claims, wherein the plurality of

magnetic grains comprise at.least 50 atomic % of a material selected from the group consisting of
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magneti c grains conprises at |east 50 atomc % of a
materi al selected fromthe group consisting of cobalt
(Co), iron (Fe), nickel (N) and any conbi nation
thereof. 14. The inductive device of any one of the
precedi ng clains, wherein the plurality of nagnetic
grains conprise at |east 50 atomc % of a materi al
selected fromthe group consisting of -14 Co, CoTaZr,
CQZ@R?B%ZF Caper, FaCr TadGiCriatir, CaBe FTaami, Qbni CoF el e, FeCorsSoB,
FeCo, FeCoB, FeCoTaZr, Ni, N Fe and N FeCr. 15.
Fe‘ﬁﬁ@@%u@f%@}&!@%@ce of any one of the preceding
cl ai ms, wherein the anorphous ceramc rratrl X
compr.ises a material selected fromthe grou

condPst i g Bluskixe dryiegel any opf of thegeceding Qfgpiﬁ,,vggreme{he amorphous
Licat I ki t d
co RIS (BT 8 FEITA G eHRiEh PRALR Fpe e BLovie e

th wh th h
co i et Pl R PSR A PGt SEEBG From t he
group consisting of SiQ2, MO A1203, Ta2(0b, Nb20p,

;'ﬁ gl;-i &Zr %e n&:% ‘%ﬁggﬁany gﬂ)ezrdf %%Qe%e%r% %}m%/o reln’dgles‘;m%phous
ceﬁﬁﬁrn%];x v ?n nseAQ Iﬂa{%}lﬁgglg&ﬁlqhﬁj:f gr%ulf goggpt[ng?yf g‘i@)g, M T ALO,,

first 1n tor trace; ayer gran

TaJBIATEbL @{figgﬁzﬁﬁ | 80,12)0,M03 YRk ¥0,0ksiRgntic,C LarA103

grains in a ’fl rst am)rphous ceram c

srtibg B‘aw@tan@m%%%aldm&exfc matrix having a
di el ectric constant greater than 3. 18. The integrated

device of claim 17, further conprising: a second

i ndugt or AhiA&eitedRticd caBiRMg: | ayer of granul ar
magnetic material having a plurality of nmagnetic

gr ah fisst indndeddecaidn a second anor phous ceramic matri x,

t he second anor phous ceramc matri x having a

di ehdest lay@ of gamilantagptie ahefial thivdng Splutaktg bLinfpnktivepriihy St

. and second inductor traces are operably coupled to
embwgided ia atfirsh madrphave ceramig Satrikhibe fint @grgtoedcethenit mariohaving a
claim 18, wherein each of the first and second | ayer

dielgfiric gonaiantigagatenthgn@t i ¢ material has a resistivity of
greater than 100 pQ cm

18. The integrated device of claim 17, further comprising:

a second inductor trace; and

a second layer of granular magnetic material having z plurality of magnetic grains
embedded in a second amorphous ceramic matrix, the second amorphous ceramic matrix having a

dielectric constant greater than 3,

wherein the first and second inductor fraces are operably coupled to form a transformer.

19. The integrated device of claim 18, wherein each of the first and second layer of

granular magnetic material has a resistivity of greater than 100 puQ cm.
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-15 20. The integrated device of any one of clains 18
or 19, wherein the first anorphous ceramic matrix is
conti nuously connected in three dinensions and wherein
t he second anorphous ceramc matrix is continuously
connected in three dinensions. 21. The integrated
device of any one of clains 18 to 20, wherein the
first amprphous ceramc matrix conprises greater than
10 oy VEF tiRgratsd deviee of prque phgjaims E,? orgP eiFeaR theiEshasarphous
material, and wherein the second anorphous, ceram ¢
CORENG P ﬁ%‘i‘ﬁ“%‘é’élyg?‘lé’ﬁ?@rmf‘ﬁ%“%‘s%wd wherpig e sgrond praorphous
econd .l ayer. of granul a netic material. 22. The
cefan Byoao el CGmelngRe Sretiol e 18 1o 21,
wherein the first and second anorphous ceram c

mat r2| ces Tﬁg Ste%n[a%d %Q\’l(%n?%lgyl oh; ogc%;ams %§ to%BSf eregl iFthe ﬁrst amorphous

corrprl Si ng

celfahﬁcgiﬁatt%p g{#}fi&e@ ?tgﬂkéngltbr“/eg {1 a £ rﬁ”}%t iaﬁrgye an?l rgag%etlc

first porti on O e core an

mlA Hﬁda&hemﬁ@geb&l i) ﬂ)gnblﬁlceraﬁﬂ%a?? gugugg&-s %@Q&%&fm % by

I ncl udi ng a secon condauct or con a Sspl ral

vofte LOME SHeBI 18er SQEMMr AQFbEORQ.t e core and a second
| ayer of granul ar magnetic material; wherein the first

and second | ayers of granul ar nagnetlc mat eri al have a

pl upal i t YhéihtegRy B&kideGf Syhd 6 HRe A1, wheRih BOBEPRA Y& ond
ceram c matrix, the anorphous ceramic matrix having a

amdipB® Cthmit neaitsd avtoigiieases. than 3. - 16

-23. A transformer comprising:

a core;

a first inductor including a first conductor configured in a spiral surrounding a first
portion of the core and a first layer of granular magnetic material; and

a second inductor including a second conductor configured in a spiral surrounding a
. second portion of the core and a second layer of granular magnetic material;

wherein the first and second layers of granular magnetic material have a plurality of
magnetic grains embedded in an amorphous ceramic matrix, the amorphous ceramic matrix

having a dielectric constant greater than 3.
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