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Field %Otop?zsll vention. This invention relates to transfﬁlﬁg@m@gre

speci fical o nmulti-layer ceramc transformers and ne
Description of Related Art. 10 Transformers of conventional construction

i ncorporate w ndi NgRIaTd.AYBRIMTRANSFORMER FRVING BLECTRICHE red to as
cores. Wndings generally consist of an insulated conductive wire and is

usual |y wrapped around aGeBNBETION dNA MAENERIGEHORE may al so be wrapped
around an insul ated bobbin which is then placed around a magnetic core. It
I's common for transfornmers to incorporate several w ndings 15 of different

turns or waps to conpri %A%m@wm:m NoENaTEN: he secondary

wi ndi ngs. Conventional t ' rated separate
magnet isc core and w ndi ng ar ehsFighkofithe Idventiorest ri ctive in terns of

pl acing the windings relative to the core. Generally, the w ndings are
wound around t hehigdyertiangeletes do transformeer mege speciicallndo sydti-laver egramgicang

vol une of the.transforner.. It is inpractical, using current construction

t echni qued™@f %W@@ﬁ%ass the windings through the core region. To do
this would be very costly and tinme consum ng. Furthernore, nost of the
possible circuit paths passing through a magnetic core material would

i nduce unwant ed magnetic fi eRdPeseaiptioddif RcbiediArit he magnetic fiel ds

produced by design. Therefore, w apping t.he.w ndings.25 aroynd a magnetic
core |1§gi on i %’g%sf? {GOBFRELOR WE%&PPH@”’L"H@O&tg@mHgnﬁm onvent i onal

t ransf or ' | ' ti b en

i 11 cul ¢ TERa a5 PR ek FelBlrodld deToIR, vicisR BBlCRIonsiSt (ah "0

t r ansf or misupkecondudtiveayite inidlis uslabyg wrippet armld alrhaghetic cper Thes. | n

addition to &gSi cal size limtations, conventional transforners that are
used 30 MAndingsswaylsebe wranpad amypd re mshisied hobbin whish 1stBenrplasad o regul atory
safety st gr'})%%{l g%nagnetic core. It is common for transformers to incorporate several windings
15  of different turns or wraps to comprise the primary windings and the secondary
Conventional transformers have long incorporated separate magnetic core and
winding areas making them restrictive in tenms of placing the windings relative to the
core. Generally, the windings are wound around the magnetic core, thus adding to the
20  overall size and volume of the transformer. It is impractical, using current construction
techniques, to physically paés.’the windings through the core region. To do this wounld |
be very costly and time consuming. Furthermore, most of the possible circuit paths
passing through a magnetic core material would induce umwanted magnetic fields in
addition to the magnetic fields produced by design. Therefore, wrapping the windings
25  around a magnetic core region limits the options for reducing the size of a
conventional transformer. Reducing the size of an isolation transformer is ofien
difficult because the physical size and construction of an isolation trénsformer play a
role in its electrical isolation properties.
In addition to physical sizé Hmitations, conventional transformers that are used
30  intelecommunications applications must also conform to regulatory safety standards

because to a great extent they are used for isolating user electronic equipment from a



because to a great extent they are used for isolating user el e_cﬁr
equi pnent froma 1 1 OCT 2004 WO 01/82317 PCT/ US00/ 11036 conmuni c

+ network | ephone network. Many regul atory agenci espd joF8036l Nt @
transfoﬂé?lg?ozf’%fi de a certain voltage isolation barrier an& neet certain
cl earance and creepage distance requirenments within the transforner.

Cl earance dioaimnfeatiodehétnesk, 2$. tdphshondiwstk. dManhg nepnldietyvapenciesyeqeionduct i ve
5 parts neasured through air, is of particular concern because air, albeit

a good i nsuhattadransfogneeprovids aicomyn ¥ Hisadatiomiharreggiand mee cerlgin ¢le@gasa al | y
i oni ze and breach the dielectric tba_' r.i ﬁ{ Crfee age di stance, defined as
the short eSPdgreep StERse RERremiegts Y Thin de rgs 05% s neasured al ong the
surface of the idgihald @BandeSdétine 0BG IRfant TRRNLATER coklultieause

gi ven enough el ectrical potehtial between two points on an insulating
surfaces yasdemeastirédibkcughnaw isafpanicalar cardinticomse aimalbeihe good inswletors he

surface of the insulation wll eventually break,do and, lead to a breach
inits i sommﬂﬁwwmﬁﬁélﬁiw}%ﬂmw&?%@%@%ﬂc@ﬁdeﬂBlP%tE'f’ured to-

meet di st agce. and voltage isolation requirenents by using insulating

tapes, cro e er t apes, varnish, epoxy, 15 insulating wires and plastic

bobbi ns. These 8 distaicd déahéEisthOEhdreaiifaide®REvden thBeuhiductiigt t he

transfornmers wilT w thstand the required vol :t;?e breakdown limts and the

speci fi ed gharit measesed dlongtlidistiface of thephgl atioa, issilsoeof|piartionlar iwpertanse

el ectrical insulating propertie lipmjations, a.conventiongl transformner

i s noti@as ﬂ’mﬂﬁ%é@%ﬁg&ﬁ?ﬁjﬁ'ﬁ@‘&m@gﬁ@ﬁmw?%ﬁi%‘r@%ﬂ%&% At wire

wound tran 1B Sifl) F{ ' : f \ it YratStafiAsdi on
) because of %er é%&g?o o) g%&l\t}m&%(%?%g’ ea%gﬁ@gﬁggb ?n term nal s,

Addi t i onal kil eveaRpiy tedkhdowi sl leghtoartdedchdpits isoldtiempavpmytidsr om each ot her

during the manufacturing process is rather difficult and requires a |ot of
manual | abor toC@S'@@m?g‘mlEfWe@ %ﬁ%@%ﬁ%&!ﬂ%@é@cq@@u‘f‘ﬁ@%nt s

calling for _higher volta 25.1 s0] at.i u ' hegui re
addi ti onal %P@E@Wﬂ%%yﬁmgtm%“ﬁﬁg% | T%g%sgb%%f%ﬁg%%h%g&her' s -cost
bey ondy y\hagnch BRI WS indplabtidSobbins.| Thesoirs 0684 ih eratibtyidfebinblittiods to
conventional transforners, a nunber of - .

ensure that the transformers will withstand the required voltage breakdown limits and

gp‘lr Co004

I ons

) Yo

the specified distances.
In addition to physical size limitations and electrical insulating properiies
limitations, a conventional transformer is not easily manufactured in an antomated
20  fashion. Conventional wire wound transformers are difficult to manufacture in an |
auntomated fashion because of the need to solder winding leads to bobbin terminals:.

: ) Addiﬁonaﬂjr, wrapping the windings and keeping them away from each other during
the manufacturing process is rather difficult and requires a lot of manuat Jabor to
assemble. Simple changes in regulatory requirements calling for higher voltage

25  isolation wonld potentialty require additional processing and result in an increase of
the transformer’s cost beyond what the market will bear. 7
To overcome the limitations of conventional transformers, a number of -
methods of manufacturing ceramic transformers have been disclosed. Most of these
ceramic transformers do not adequately address electrical isolation requirements, such

30 as the physical requirements needed to give adequate voltage breakdown protection.




met hods of manufacturing ceramc transformers have been discl osed. Mst of
these ceramic transformers do not adequately address el ectrical .TSoIZ3T Qm

r equi ey ch 30 as the physical requirements needeg-tgsaid/Y@zadequat e
vol t age brelér%%@\u/m protection. 2 WO 01!82317 O CT 299, PCIT/U 11036

Additionally, the conventional ceramc transforners that neet the safety
requi renent s of tAaiditienallg} thpcawentéonabiepmaic erapsfofmersithat meekthe kafaty a poor
coupling between coils of a conventional ceramc transforner, etc. Thus,

there is aregagmentstfien dp nofpsevide adagyile PEdOTIERRS FEFINES 2 ORI CARRISI, in 5
particular, a low.cost, small size .ceram ransfornmer that can be readily
mass prodhe@@e{xﬁo@snoftaﬁog}g{hgaafc saﬂ}]%ﬁa%gadﬁlgi’s‘%?neet regul atory safety
requi rements. SYlVARNCEE Jhided iANHE R N n ilpRteA ¢RARBTokRer dndthétBéd,@as in the
prior art described above, and to overconme 10 other limtations that wll

becone fpppatiohlat)pdowicesttinmg! size] ceramizrtenafodhegthatven beaswstily maspeci f i cat i on,

the present invention discloses a nethod and apparatus of. providing a
mul ti-| ayeprodneﬁdén@pr?étowedrféﬁﬁ%@ld;ﬂ%%%%Fe%l?az&ya?ﬁ%f%’é?ﬂﬁwgmwt?-hout

adversely affecting its electrical isolation characteristics. In one
enbodi nent, the present invention discloses a transformer having a 15

mul ti-layer tape structure SUNMMARYQF IHE INVFNTIONf | ayers defining a
magneti c core area disposed on at Teast tw of the |layers which forma

magneti ¢ core ofotolvercomedirshinoitations insthp prigeary deserierdaboye.opé 3 GVHROBE | east .

ayer <10 o ethe Emtichs it i bedome PR aEER NP Ed bt rie oY s e

| ayer stV a e I mary

 Winding belueaiiaddie dieelcht indeitio (RRRAAM AbMbakhd ¥pfikatdfof ibeidagnnect | ng
secon |

vi as connecti ng ary w ndi ng between the lTayers, wherein the

first and mahpher thisfamanelrtiwgd physcahsiee alidsyndsmed without advesely cent er of
the magnetic core of the transforner. Further in one enbodi nrent of the
present | raféaetingits elepiicliylatongharagiedslicst 4 cofired-ceranic material. 25

Still in one enpod NENodihf, B0bHb&H xhehAdH fisdlBles aitRnsfoimér HAthglETPEr at ur e-
15  multi-layer tape structure comprising a plurality of layers defining a magnetic core
area disposed on at least two of the layers which form a magnetic core of the

transformer, a primary winding disposed on at least one of the layers, a secondary
winding disposed on at least one of the layers, 2 first plurality of interconmecting vias
connecting the primary winding between the layers, and a second plurality of
20 interconnecting vias connecting the secondary winding between the layers, wherein the
first and second interconmecting vias are dﬁsposed proximate a center of the magnetic
core of the transformer. _ _ ‘
"~ Further in one embodiment o_f the present invention, the layers are made ofa
cofired-ceramic material.
25 . - 8iill in one embodiment, the cofired ceramic material isa Low-,_'.[‘emperatm'é-
Cofired-Ceramic (LTCC) material.
In an alternative embodiment, the cofired-ceramic material is a High-
Temperature-Cofired-Ceramic (HTCC) material.
' One advantage of the present invention is that the overall volume of the
30 transformer is reduced, and the amount of material required to manufacture the



Cofired-Ceramc (LTCC) material. In an alternative enboq,j_'cgegh-r %@T
cofired-ceranmic material is a H gh- Tenperature-Cofired-Cerani'c CO

material . One _ﬂdvant age of the present invention is thatpdhgsqygos ! vol ume

of the W8P hsformer is reduced, and the anount of material required to

manuf acture the 3 r~Z OCT 20 4 WO 01/82317 PCT/ US00/ 11036 transformer is

al so r educgghspbinehissil@rediceanhich digifivantly hevdrs thedfansioemers evealbtost cost  and

wei ght. The present invention also provides a nulti-layer transforner

havi ng i ndmerweighti ng wi ndi ngs. I n one enbodi nent, the nulti-Iayer

transfornmer conprises a, 5 plurality..of |aye IRl netic core

area di sposed oRhprepent Zyveptign 4150 pif d?sai'/@uu'[ﬁiﬁg‘ﬁ g:rr%grga netic core of

the transfof i ki hoShDshitiesP BeRulf dayer dahFbrméraphiprisés $econdary
relEng pibdifes. by PETat an

wi ndi ng di¥ ayer, the first and second | ayers being

di sposed agh@aGRN lhpere detinigs dmbgsdiclootehata disgpspd omat lpastiwd ohgredaers he
secondary ~ wi nding are disposed in an_interl eavi n%’g{ el at.i Onsﬁlﬂiglgaf m one

| ayer to twhichfdrers.a magretic coreiof thetenefopsern ABAMaN WdmEHRSP her

conprises a first ural.if. f ipter | Vi QRESd 1 the primar

Wi Lnd)i ng bé@%e%sqcﬂgé%%?@%ﬁﬁp%egg%3%%&§ﬁ%}}r°§ﬁlln¥§%g?@nt er cjc")l %gcti ng vi asy

COMNECTT NGl SRR it VLR BitePbiOR Bt tkspriniaeg indiNgland theaveoriatiodi ment
con

the first and® s I'nterconnecting vias are disposed proximte a center
of the magpRding £edepoedediman ntelesviog rationshipfom peg layer todke @h®odi nent, the
darting and finishing ends of th rinar wi,.ndi ng _are dis ol a sane
end | dfer of t KRtilhinengembpdn GM@%mcﬁwwa%qﬁngs or mer .

Still in ane embodi ment,  the st gt &b P3RS HRNE er®ind dgecsaEoNdar y
-~ W ndi ng, oia BBM%S§§%$&P§ ﬁ;fse or e ?vq%regdi sr?osed on a sanme end | ayer

7 of the 2QHalikaAdfiihtérddbnédiiag vivg eommetingthe seoudady windingrtetwéenithelayerst i |1 i n
one enbodi‘nent, the starting and finishing ends of the prinary. and

secondary wi ndi Yigtsin ont embedimenh Shedirsand sgpondnisrronperting viasaae, gisposgd| aver of
the plura Lty e a e PUE Radeti® 06 §Ptheifarfifmbs anst or mer
15 Further in one embodiment, the starting and finishing ends of the primary
winding are disposed on a same end layer of the plurality of the layers at one end of

 the transformer.
Still in one embodiment, the starting and finishing ends of the secondary

winding, of the multi-layer transformer, are disposed on a same end layer of the
20 plurality of the layers at one end of the transformer. _
Still in one embodiment, the starting and finishing ends of the primary and
secondary windings, of the transformer, are disposed on a same end layer of the e
plurality of the layers at one end of the transformer. o
In one embodiment, the pluratity of layers of the transformer are ferromagnetic
. 25 cofired-ceramic tapes. The eofired-ceramic tapes are made of Low—Temperaturé
Cofired-Ceramic (LTCC). ' o
In an alternative embodiment, the cofired-ceramic tapes are made of a High-
Temperature-Cofired-Ceramic (HTCC) material.
Still in one embodiment, the primary and secondary windings are primary and
30 - secondary electrical conductive member disposed on at least the first and second

layers, respectively, within the magnetic core, the primary elecirical conductive

4



I n one enbodinment, the plurality of layers of the transfor.rrqrg@f[em(}ly
ferromagnetic 25 cofired-ceramc tapes. The cofired-ceram c tapes are nade
of Loww%ﬁ{.pre Cofired-Ceramc (LTCC). In an alternapygisesie@dsent,
the cofired-ceram c tapes are nade of a Hi gh- Tenperature-Cofired-Ceramc
(HTCC) material. Still in one enbodinent, the primary and secondar

wi ndi ngs aneerildr wartle ﬁmdlay&masanmdjmme@ingman@adofdbﬁmf@ndwelﬁém{

di sposed on at |east the first and segon | gyers, re ctivel wi t.hin the
i v e ot e (R il ot
el O : Reelicap to an end o
t he secondé‘?ipng[@%? :ﬁ(l:ea %@ﬁ%@?ﬁ@’g rf@}i%:er%%ﬁ%hhe s’g%gnd or?e of the |ayers
through a vhadRev¥aRMBcRDellg geherallf perpaiitariialax Sined skthé imaghetizrmbrs,econd
| ayers adj acent to each other, the electrical conductive nenpbers being
g](canﬂ] al :cj_y pfrm?ruf{tkmﬁmf elt:@tntgal a?pdm&m@ﬂb@WW%ﬁﬁ@,Wﬁi’%ng por L ion
o] e first electrical c uct i er di spose roximate the yia being
par al | el tﬁaféuﬁ‘&P@iW%Of?tﬂ%seg%‘&%ﬁﬁﬁgﬂ u&é S TENY c‘ﬁfr\'Pge%%%nu aféi sposed

pr oxi nat e ﬁer\ﬁ?,\{h@tw Sﬂ@ﬁhﬁ%ﬁﬁﬁigg% el Qi brt Y arf BprRsditd irbdHon Sdtichithatan

opposi te direct’ion, netirc effect around the via is

subst ant i allagned effdenizetnd fhevidie substantisidy eliindiedent , the primry and
secondary w ndi ngs di sposed on 10 adjacent |ayers are sepafated by a first
di stance, the f Fughenonggabodiaenty theguanary and ggco W@P&t‘é?ﬂ?éed? e second

di stan bei.n spaci ng di st.ance, e | : ' of the
pri mar igel @éﬁg@?%ﬁﬁﬁ%@mﬁmﬁ%ﬁﬁg&ﬁ&t %%ﬁn%g&me%gﬁ%é Iﬂ%%sdt he sane
. layer. et séoen@ﬁgtﬂaqaé SR Biid aisafceBeidBhd Yading dRe608 Bameeniwsladigsendi sposed
" yon 15 adjacent layers are separated by a first distance, the first

< di stance bpértigns ebthe phiarrpelegrcd sandicvemembersiof theanrbpafy avisding 08 theei ng a

spaci ng di stance between two adjacent portions of the secondary el ectrical
conduct i veS#aB¥EL- of a secondary winding on the same layer. Still in one

enbodi nent, the hf@;{.en@@itﬁ gﬁ% | DisBEmASySPRaREs Aipostd ondj acent
| ayers are sepaF%Eed Byy a H%tﬁ’qg? tafa\ic{ye, tshe first giﬁisé_t gjn&ge being | ess
than al5 adjacent layers are separated by a first distance, the first distance being less than a

i)

second distance, the second distance being a spacing distance between two adjacent
portions of the secondary electrical conductive member of a secondary winding on the
same [ayer.

Still in one embodiment, the primary and secondary windings disposed on

20 adjacent layers are separated by a first distance, the first distance being less than a
second distance, the second distance being a spacing distance between the primary and
secondary electrical condu(_:tive members of the primary and the secondary windings,
respectively. | S

Further in one embodiment, the primary winding has a spiral shape.

25 Yet in one embodiment, the secondary winding has a spiral shape.

Still in one embodiment, the primary winding disposed on at least the first
layer generates a primary magnetic flux, and the secondary winding disposed on at
least the secondary layer is coupled to the primary winding by the primary magnetic
flux. '

30 One advantage of the present invention is that flux lines from the transformer

are not significantly altered because the net current in the first and second electrical



second di stance, the second distance being a spacing distance b&t %n t he
primary and secondary el ectrical conductive menbers of the b V\@ nd the

seconda‘;‘% Oﬁl}sgﬂl ngs, respectively. Further in one enbodip@ﬁm,so,;/hﬁ;;@rl mary
wi ndi ng' ha spiral shape. 25 Yet, in one enbodinent, the secondary

wi nding has a spiral shape. Still in one enbodi nent, t he primary w ndi ng

di sposed ogomductieasienibbs ai‘omdtthe haymercge’ﬂlmr@%nasqgmﬁml;spmglﬂﬁet ic flux,
and the secondary_ w ndi n% sposed on at |east the secondary |layer is

coupl ed t omagaetisrfieids are intvodperd iB Qﬂﬁ@sﬁﬂnﬁb‘l’%}"eﬂrgﬁﬂetic flux. 30 One
arenot s Sﬂiﬂ'&ﬁﬁf Se@w&éﬁ ﬂ]&%ﬁ?ﬁ'& tihpigh ot O EReheticbbing (A1 O TS
xﬁgggsegso%nﬁe Vi a ?g}g-z[g%o Ther ef or ?31ZOPSC|-I-/Qhjlsg?/c;ﬁgsgpﬁ(rjpgﬂgtIVe
magnet ix fi el ds The présaitimdntienl ako pravides rbakhosdoulticloyes tansfarmen doieae

£he i nd ngsb 5&&%%@%&%&%@ et enpleyt ot windhes Beutdege o

provi des a baI It| @PE ng? the

tr ansforrre %ﬂ& tﬁe%?lm%é ;ft/lgég%e{gﬁé ﬁg gﬁjésposed on the at
| east one f tﬁhewmdm@ﬂﬁng@a@ﬁmramabmmwﬂany erpendivgiactoi the cor e
area forne y ¥he wi nding, the nagnetic core area be| n substant ially

per pendi cutmagndtio fhixe A platpridisriosed onisop ofith aideastinsdawsdhoplaicagorrdinge at

I t I th | at d t th f h
ox. her BhimgahdpEeshasehens vt o botal s s Strtondl i v BB, 1S,
flux is Suﬁ; tn?ﬁgglk@é &ﬁ%@éta&&an Wﬂﬁ%&‘gﬂ%ﬂé@o@hﬁﬁu&{r&é&i eby the'

magnetic f present 1 nvehtion al so provides a bal anced nulti-|ayer
transforn%agﬁamcm enbodi nent, the transforner corrprlses at | east one

gener ating a neghepRent pyERAED %E«g REvidsS 8 bBS R BRI gpY iﬁr%?fﬁfw Wa?ﬁg?gt he
Imj)g(]ne;\l S| gor rea%gﬁt%%ﬂt%gg he a%i %EWe%ayeW p at e %Ir gv:c di ng
a 15 the at least one Iayer, the winding generating a magnetic flux, a magnetic core arca

formed by the winding, the magnetic core arca being substantially perpendicular to the

magnetic flux. A plate disposed on top of the at least one layer, the plate providing a

return path for the magnetic flux, wherein a total plate cross-sectional area covered by

- the magnetic flux is greater than the magnetic core area covered by the magnetic flux.
20 One advantage of the present invention is that a balanced transformer having a
balanced cross-séctional a:rea'i,s realized, so that the magnetic flux density for 2 given
size is maximized.
The present invention also provides a ferromagnetic ﬁat&iﬂ for a ceramic
transformer. In one embodiment, the material comprises a Nickel-Copper-Zinc-Fexrite
25  (NiCuZnFeO) in which a Ferrite (FeO) content is 40% - 60% of a total Wt.%. The
ferromagnetic material also containing Bismuth (Bi) in an amount not more than 1% -
of the total Wt.%, and a Zinc-Oxide (ZnO) in.an amount not more than 10% of the -
total Wt. %, wherein the Zinc-Oxide particle size after firing of the ceramic
transformer is less than 10 pm.
30 These and various other advantages and features of novelty which characterize

the invention are pointed out with particularity in the claims annexed hereto and form a



return path for the magnetic flux, wherein a total plate crcst-&[éf:tzﬂafnal
area covered by the magnetic flux is greater than the magnetic core area
- cover edy ofgBegnetic flux. 20 One advantage of the pregangsobny®stion is
that a ba anced transforner having a balanced cross-sectional area is
realized, so that the magnetic f lux density for a given size is

maxi m zed. ﬁﬁmdlerﬂoéanWevmﬁzmlb@ﬁemgerﬂémgeéﬂlean Q%W@Wtég%%@rl al for
a ceramc t ransf or n.one e od| t he ri

Ni ckel - ?OIZF%Q%H@E@“S?S@ ?r&"b dbf ﬁn?/d?%%ﬁa d}ﬁe HIEE 8% cont ent
i s 40% - QERAPGI 1R tfaatlﬁwmémbf@areont ai ni ng

Bi snut h (Bg{“ﬁér %nthg{rfc%l&} no%ccrrgﬁ)aﬁflh% ﬁ)ﬁ/‘cf ozfl the total W % and a

Zi nc- Oxi de jfidafaled'#dd desiiibed bpatific mﬁ@lesrwan afpdraids inkaecordancelwithl they wher ei n
the Zinc-Oxide particle size after firing of the ceramic transfornmer is

| ess t han Zlifivemion.30 These and various ot her advantages and features of

. hovelty which characterize the invention are pointed out with
particularity in the clains annexed hereto and forma 6 - 1 O CT 2D04 WO

01/ 82317 PCT/ USOQ 11036 mririr PRSERIPTION®REIHE DRAWINGS! er under st andi ng of

- the invention, its advantages, and the obj ects obtained by its use,

ref erence shoul Réferimgdewt o thdwradinpsiimyhiciike heftronea munbers rapessefar t  her eof
and to acconpanyi ng descr.i ptlve matter, in which there are illustrated and
descri bed spuespendingparpiteeughoutin apparatus in accordance with the 5

nventi,qn BRI EF I P f ngs
0 whi &8 IRt A s VA O A e ot

in which like r correspondi ng par ts throughout:
10 FIGS. | yfirevitubl tiféforh&. a side view and a cross-secti onal view of a
conventional wrewwund transfornmer. FIG 2 illustrates | an view of a

‘top layer of a MGt 2illusyrates eplawsiiow @ topdayes ofp myli-da YPF\ R ed
W i ng: | ayperorPPE 48 EEFER e APt G s WNBRSAL P 7 L R r e ng o
the preferred emjedsiRiirarl aRBsMBHRGSFibding VARE itRBtrating current flow in one

15  polarity according to the preferred embodiment of the present invention.

_ FIG. 4 illustrates another transformer winding layer illustrating current flow in
an opposite polarity of FIG. 3 according to the preferred embodiment of the present
invention.

FIG. 5 illustrates two transformer winding layers as shown in Figs. 3and 4 ina
20  stacked arrangement further depicting the cuﬁent flow in each layer and the
corresponding magnetic flux polarity according to the preférred embodiment of the
present invention. N
- FIGS. 6 A, Brillusirate 2 magnetic flux path with separate primary and
secondary windings on one layer of a conventional multi-layer transformer.
25 FIGS. 7 A, B illustrate 2 magnetic flux path and primary and secondary
- windings in close proximity on separate layers of a multi-layer transformer according
to the preferred embodiment of the present invention. o
FIGS. 8 A, B illustrate a plan view of one layer and a cross-sectional area of a
multi-layer transformer according to the preferred embodiment of the present

30 invention.




FIG 4 illustrates another transfornmer w nding |ayer illust rat‘j_nlgé)cmr a4
flowin an opposite polarity of FIG 3 according to the preférre

" enbodi "Q{Boﬂﬁzs“‘e present invention. FIG 5 illustrates picwpudooansicor ner
wi nding layers as shown in Figs. 3 and 4 in a 20 stacked arrangenent
further depicting the current flow in each |ayer and the corresponding
magnetic flux pdFie Otijusiates adicrploded vine of p aidii-laygr Batsdurmes agcosdng kR
present inventign. F -illustrate a magnetic flux path with

| GS.., 6- A,
separat e prihearefereed smbodinnst of thepresgriigy Uf%one layer of a conventional
mul ti -layer 1 1 anggon fusas keior bdhncBl il eAlSisforiBoRRbIding lofhePal
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Jcoupl ed prina secondary windings in an interleaving relationship. The
present i tiveentiomfurther plogidep r balades] raultislayor dratsfomiari Frethamore, 4baf or ner

Furthernore, the present [nvention pr.ovides ? ferro netic material for a
t r ansf or meiPrespRf 1nYftieR GG e G?f‘z‘a?al %@W ¥ed enbodi nent's,
reference is mgg tﬁeqfo]lowing description of the preferred embodiments, reference is made to

15  the accompanying drawings which form a part hereof, and in which is shown by way '

of illustration a specific embodiment in which the invention may be practiced. Itisto
be understood that other embodiments may be utilized and structural changes may be
made without departing from the scope of the present invention.

Figure 1A illustrates a side view of a conventional transformer depicting a

20 winding having a starting lead 46 and an ending lead 48 wrapped several times around

_ an insulating bobbin 44. The winding includes an insulated conductive wire. An.

' ) electric current passing through the windings 46 and 48 generates a mag_netic field.
"The magnetic flux lines are perpendicular to the winding. The magnetic flux lines
produced in this manner are concentrated, or enhanced, by passing them through a

25  magnetically permeable core 42 having low reluctance, or resistance, to establishing
the flux lines. To further ensure low reluctance, a closed magnetic path 40 is
established in the magnetic core 42, Other embodiments of conventional transformers
typically have two or more windings comprising primary and secondary windings,
requiring at least four jead connections to the core.

30 Figure 1B illustrates a cutaway view of cross-sectional area A-A of the

conventional transformer of Figure 1A. The core cross-sectional area is perpendicular




- 15 the acconpanyi ng drawi ngs which forma part hereof, and |n1_\ﬁ,hbﬂ1 mer
shown by way of illustration a specific enbodi nent in which the % I on

may be PraGikssd. It is- to be understood that other enygepsishsoigay be
utilized and structural changes may be nade wi thout departing.fromthe

scope of the present invention. Figure |Aillustrates a side view of a
convent i onato amagesfioflne patiddfi (Big. hé).alt 20mporient e optiiza gheovwrall sigggf thead 46

and an endi ng | ead 48 .wr ed _several times ar.ound.. an.J nsul ati ng bobbin
44. The wi n%ﬂg'?i@“P??cﬁeGE%%a?g%a%ﬁé%F‘éf%&h%‘iﬂ%H‘@% %“Péa.? ﬂ)—’lﬁsdé%qlé'cr?' & current

passi ng thrfn‘dQF? %@%cﬁdﬁ@e’i’&ﬁiﬁ?m@u erﬂgntg%[kﬁfer@\%lmaﬁ%&. TReRet dsidddpldfa | The

magneti c flUX S are perpendi ar td t I ng. The gnetic flux

lines pr odwﬁﬁﬂ]%iafeatw i§ al¥8 Aiidednts cefchatthawidingis weapprcesindtiie passi ng
t hem t hrough a 25 magneti cal Iczl per meabl e core 42 having | ow rel uctance, or
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H
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more w ndi lofHbBHinktirt BRMY pRREnSAFRARGR X t¥p PidteBlSof thé RAME-Idyes at
| east fourqﬁég%%gr?@gtlons tgg tl?g&core. 30 Fi gﬁégﬁlB Il lustrat eg@g cut anay

vi ew of cr agmsfoanén maainche fovk corduetive teeminabyads and fovalcondwting trough of
Figure 1A. The core cross-sectional area is perpendicular 8 -1 OCT 2004 WO
01/ 82317 Pdplssemedtzes Yias 60-nHameandactivejsmynal padsrogesppnd tap primary g

i mportgnt to gptij.ze the overall sj. £t ' Lé%%- Cij.0nal area
42 to thﬁ%gfﬁ@Wiﬁ%aqp%nﬁm&gﬁ Jﬁg lcf:e ?lrzt??a’r at ngvag'ngh?he

appl i cat i Onfifer BhRRICHVERIMiANId SBESE SorreBpdhd th ABetdhaRgSvinfupishetingliend ct i on
of a winding area 50 is al so i ncl uded to clarify that the winding is

wr apped ar andd sedopd&ywindinggndiog dead 2reppactivady, Bheitop@late ibendalls t hr ough a
central portjon of .the corte 42 _Fi.qu 2 illustragtes t | aver of a

mul ti-|aye %WWE@F@#E@%BP&%%E{%W & Sp ?Se%f%‘éiﬁgcﬁ%?ﬁ fent of the
present & N\ dberatid APICEPnfteidl HHiEATeibbture ToSifed-Cerdiiike (HTEC) MY

I ncl ude four conductive term nal pads and Tour conducting through holes,

referref tenagialiess Tk priharyeandsemhdarg windingsraky padigpqsodmgpdnd to a
Fespect | veoiBierommEeted bRYe<BoRUTEL A Taniah i copgisgiitell HFRAtiRy o a
secondary \%ﬁ' gﬂd?xgg fhay &¢ tﬂgpﬁﬁﬁfb and secondary windings terminate on an outer surface ‘

63 of the plate 61. Conductive vias 60 are generally located toward an inner portion

of the plate 61. In this embodiment, the terminal pads for the primary winding and
20 secondary winding are disposed on the same plate. It is appreciated that the terminal

pads for the primary winding and secondary winding can be disposed on different - -

plates or layers..
In Figure 3, a layer 76 of a multi-layer transformer in accordance with the
preferred embodiment of the present invention is shown. A conductive material is
25  printed onto a ferrite tape substrate to form an electrical conductive member or a
winding 62. An electric current flowing through the winding 62 generates a magnetic
field 64 that is perpendicular to and encircles the winding 62. The polarity of the
magnetic field 64 is determined by the direction of the current flow. Each subsequent
layer of the multi-layer transformer has similar windings. Each winding having one or
30 more trns with a starting end and 2 finishing end and is electrically connected to the
conductive terminal pads 52, 54, 56, or 58 (Fig. 2) through the conductive vias 60. It

9
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' p]?ﬁ?g&rheg 1 OCT w441 WD 01/82317 PCT/ US00/ 11036 is
gyﬁgttl nunber of turns per prinmary and secondary w ndings is
nénﬁgm

by a Rignwed iHpshaies itedbyen74of aansltidagst transformeriie aggo
e ferrite tape substrate I%er J ntg andi ner -.cqolrge gor.tion 68 and
theprpisrred pmbedim € BIFEeRL N FET0R- o6 6B © 24BfS | ocated in

cor t] . , e | . ; ol t 1S
FApRARR Rl e bubRRE tad Bctc T EntTlowilE tbAIELO WiRting | 10,
G0 enditiek b MhgBtic Mde 00 diad i perpendicnize toparef encirelds thenbiodingei2 , al |

s o s e e S i |
?ttis E)P gpposite polarity to the magnetic field 64 (Fig. 3) generated on the adjacent

layer 76 (Fig. 3) of the transformer. The winding 72 has one or more trns. The

starting and finishing ends of the winding can be electrically connected to the

conductive terminal pads 52, 54, 56, or 58 (Fig. 2) through the conductive vias 60.

* The winding 72 divides the ferrite tape substrate of layer 74 into an inmer core portion

. 69 and an outer core portion 67. Conductive via 60 is preferably located on the inmer

. core portion 69. Accordingly, all conducting vias may pass through the inner core

25

30

portion 69 from the layer 74 to the layer 76. Similarly, the number of turns per
primary and secondary windings is determined by a given specification of a
transformer. o ) T o

© - Figure 5 further illustrates the layer 76 and the layer 74 of a multi-layer -
transformer in accordance with the preferred embodiment of the present invention.
The layers 76 and 74 can be two adjacent layers of a multi-layer transformer, or can be
a two layer transformer. The conductive winding 62 of the layer 76 is electrically
connected to the conductive winding 72 of the layer 74 by utilizing the conductive vias

10




conductive wi ndings 62 through the inner core portion 68 signjfi %by
reduces the 10 overall volume of the transformer without adver sﬂﬁcﬁ

af fecti- ansformer's nagnetic properties. Figure | es the.
| ayer 7 %%33 lti-layer transfornmer in accordance V\/ithﬂc?}r%}esui%?feo?&erred
enbodi nent of the present invention. A conductive winding 72 is printed
onto a fer rgot qht aRetriWasEhE@rvindinte tirovibiing 60 persrited thomiapyetihfiekd g t he

w nding 15 72 generates a magnetic field 70 that is perpendicular to and
enci rcl es tiet iswpposibtmintRlarity frethp olagnstiofickd 7@ peneraiese the condichiveo | s

d I ned hy the di ' f.th d,. it i f. | [ e.nolari
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~vias 60. The winding 72 divides the feirite tape substrate of |ayer 74

-

into an i nmetrmegnetic figldindhe coptrakueie regiop s s 25pc T et cogblettduct i ve via
60 | referably | gcated.on.the inner [ ' A -dingly, all
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74 10 the hayGhmd wittlott adVelsély ditSringiRagiRtic pitpeRics Cin atilitish, Gweryli and

secondary wndings 1s determ ned by a given specification of a
t r ansf or mekolubdegind @o&t dfild trmsfarbderistalsatredicedie | ayer 76 and the | ayer 74 of
a multi-layer transforner jin_accordance with the

di f
t he pr&@ent inv%ﬁﬂﬁf@ﬂﬁﬂ’%@}@?@#@‘%ﬁseﬁ@%@?%@%e e%;{]lfeagqu%a%llg épts gf a

mul ti-layey tr qE gpr i] -gr ﬁrm !a& a‘;@ diiniiatds ok ARkemeRes forl Ne
conductivei%eﬂ%h%o ’0 e aye ?hgse ctrically ‘connected to the
conduct i vepmikdlivigivoitageé. IsbRtib@pitectidn by ol 3001 \ZAGgnaytie requitkddnisomevi as 10
'-1 OCT 2004 WO 01/82317 PCT/ USOO 11036 60, The electric curre fl ow ng

into the wepnicaipreovhssnthedrassformer iggepnetied betwerrya gser's eguipment Gite in

b the. | aytHephime il s isoefior vgtid BARe8h  Prisiin Apgi i NGaal) T T8 12
a po”*ﬁn Rhndil}Bis OARH YEunea b SbcHe 3600 NIRE Valusritbbutiescdssiveletiagen a

central core 5 Tegion of the transforner, direct|ly opposes, each other and
cancel s outurreis flmougsthe transfhemer. In one preferred embodiment, the multi-layer

transformer may inchude a layer having a thickness of 0.0035 inches. The thickness of
the layer is substantially equal to the distance between the primary and secondary
windings. The layer thickness is a finction compromise between achieving good

20 magnetic coupling among the windings and providing adequate isolaﬁon protection.
For example, a thicker layer between the windings provides betier isolation than a
thinner layer. However, because the wmdmgs are further apart, the magnetic coupling -
for a thicker layer is worse than the magnetic coupling for a thinner layer.

To ixhprove magnetic coupling and isolation characteristic properties between

25 the pnmary and secondary windings in a multi-layer transformer, the present invention
also provides an improved material for the transformer. Jn one preferred embodiment,
the material inclu&es a Nickel-Ferrite base material (NiCuZnFeO) having about 50%
weight of ferrite (FeO). To increase the isolation protection or dielectric voltage, the
amount of Bi present in the composition of a base material is minimized to trace

30  amounts and the percent content of Zn is also reduced. The base material may be in

essence a semiconductor. By reducing the amount of Zn in the composition and

11



net magnetic field in the central core region is thus zero. This fg_aturi
enabl es-the interconnecting w ndings to pass through the centr I 0GHr0
regi on I ti-layer transformer without adversely paffh@Sbhisss t S
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i nvention WS 75 ARt MRAAE dianiBuird bf letsAUA1 5 t10BRA 0 siAR . thskidlé voltageor mi ng
with the safety standards or requirenments for breakdown voltages.
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wi ndi ngs anelitithtvettagemal leakapheurreny 0£ particatapdpiplicationo Toangdt vetians | ayer i s
worse than the magnetic coupling for a thinner |layer. To i@ro e.magnetic
coupl | k@ amequixcuieats; the Amsier gng conentyand fhe biger tckgesS g

& 81z
p o g . Ui PET | .
yal'so"provi et v eRT B el Mprgitel B RARE PRl prEpib SRR, POET "
enbodi ment, th | #hprbvifl Hdeoupling\boekidiedt Betwces tedndividanbwindings

(Ni CuzZnFeO) havi ng about 500./oévvei ght of ferrite (FeQ. To increase the
i sol ati on pfatentfoomercdsodeeires tontrolling the pbysied dayon ¢ indjvidyal pr esent in

t he conpositign of ase terjal i I ni.m zed. to trace 30. s and the
percent coRBHESHf E‘fEP%S%?NEﬁ’ Pﬁ-&%ﬁaﬁ."mﬁﬁé"&? b}ﬁﬁ&é’ﬁngl % y&ggééi%trtl. essence
a sem gondycho } Bcduting BRERih BE céfiral Borehepiew B @St ibednand 11 1
OCT 20812 %ﬁaﬁ?@%ﬂ%ﬁgg‘;%o#ngse mlli r?g t he Z%_art icles to dianeters
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control a | eakage current to an a cggt %gl e Iév.el'. The ac%ual g&icent

each winding, thereby increasing the couphing coefficient of the transiormer

resulting in better transfer of electrical signals. :

Figures 6A and B illustrate a cut away view and a cross-sectional view of

20 conventional transformer 96 having a Iohg magnetic path 98 that results in poor
coupling between a primary winding 100 and a secondary winding 102. Figure 6B -

) further illustrates the primary winding 100 to the secondary winding 102 and a

distance X there bétween which must be maintained to prevent dielectric breakdown.
Also, in this conventional transformer, X is the distance between two windingsona
25 same layer. ,

Figures 7A and B illustrate a blow up view and a cross-sectional view of a
transformer 110, according to the preferred embodiment of the presentinvention. I -
this transformer, a much shorter magnetic path 112 is shown which results in a good
coupling between a primary winding 182 and a secondary winding 184. In the

30 preferred embodiment of the present invention, the layout of the primary and

secondary windings are arranged such that the maximum number of flux lines 112
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content of Zn used in the conposition depends on factors such SDSITZP 2004
particle dianmeter size, the anmount of contamnants in the c'onﬁo ion, and

" the ove‘&ﬁlé'l Is%ggckness between 5 primary and secondary W g3
transfo ! yer, etc. For exanple, in a preferred enbodi nent, having a

t hi ckness of 0.0035 inches, the Zn content is Iless than 10% of the W%
(Vi ght Y0yas8fidni the Wiiding¥61 82 threghthecénttrarfitis négrghic cofe arga ands
appreciated that a different |ayer thickness mgy be used based on a desired

m ni mum i smipht with theglecondaryawiadings k84 eA @opd eiPLiBg Paligsn,yasisEOVR ™ appl i cat i on.
T t ' 10 ' t t ZNn. | € J : ' th t
Content, " aisaieRd A Bri bR PR e by HGIARRIG i HiRGER B Bhd e 1T, DOTCCN
wi thin t hese%@?&sa %at, a@mw GREMbr, LA ORindirigs 182,184 has b Bpird ¢hayg tohe

i'cl ent be

coupl ing coe tween thé individual w ndings of a transforner also
requires cemaintdh b balknédddraphipaneraionstaction and mirimidefbe dislues betwptli ngs.

W ndi ngs are kept physically close tggether by reducing .the thickness of
15 each cewindings| &y ere empbpdipentots $W8G’§H‘¥?Fféggﬂ?ﬂrgﬁlf£@8ﬁgnr egion as -
described jn.Figs.,.3-5.  The .cl o gl Srfier SnsRaees i ¢ flux
l'ines wi | If”ﬁ'é%gs‘%{"ﬂc} erse%rclﬁa\?:\n nél netga,F T Lﬁe_ﬁéegy_'i%gﬁrga??ng_theucoupl i ng

coef 1 i enfy,@f 155t MBSHO! SRlopdTthe frzhisth of BGohdarh adiding ayenssf er of

el ectrical® signals. Figures 6A and illustrate a cut away view and a

cross- sect i onal Farlen infhepref2tred ombedinicohacording toftes presenbBiveptiona ey | ong
magnetic path 98 that resylts in oL. . coupl L.n tuee ) Y Ndi ng
100 artd a W%FVW%@%H%M%W@ (Fﬁ??ﬁgrf% (ﬁﬁtg?-ra @gt@ pri mary
wi ndi ng 10 GRigs 1 g0 Nl ofle pRtifStcdEkhodithdi® lcen bet ween
")whi ch wstgagé&r%%xg??gg to %trﬂe({‘/g]({‘ﬁgi e%%?t rioc reakdown. . Al'so, in this

convent i on@h%:é fram < 606 Rches 16 6.050incHes; amhfiethbeinose prefomwed gbiidigenteang 25
sane | ayer. Fi

7A and B ill te "a bl ' d
Cr 0Ss- secthay, ul;ﬁi‘)@ﬁiﬂglgﬁs tq Q-IQHQ%IIS‘} ﬁ%; rﬁ}ff@f;tangg&:i% %ﬁ%ﬁg%%&e B’Yegf]r ed

enbodi ment_of the.present. | ' | k) shorter
nmagnet i c p%}yﬁwffgjaggﬁgﬁg%épmﬁ!ﬁeﬁ&%?ﬂ]&#?ﬁégsgg%]%ﬁ(?%dpl 9;‘19 :get ween a
pri margs W fdieRetitSiisatasorferabondatisticwonplinpgrhifiéteribticst Thesbsprtbéer r ed

enbodi nent of the present invention, the |ayout of the prinmary and
secondar y winditignges, frecgreaterdheeatpHDg k8- t hat t he maxi mum nunber of flux |ines

112 12 1 ot 2 Olgiléme 8A illustrates a plan view of 2 transformer layer 122 having a magnetic
core area 114 formed by the winding 120. Figure 8B illustrates a cutaway view of a
cross-sectional area of several layers of 2 mulii-layer transformer in accordance with

20  the preferred embodiment of the present invention. In Figure 8B, primary winding
layers 158, 162 and primary windings 159, 161, respectively, secondary winding
. ) léyers 160, 164 and secondarj windings 161, 165, respectively; a top plate 156, and a -
bottom plate 166 are shown. }
Figufe 9 is an exploded view of a multi-layer balanced transformer 132
25  illustrating an end cap (top layer) 124, a bottom cap (bottom layer) 176, primary
winding layers 168, 170 having primary windings 126 and 128, respectively,

* secondary winding layers 172, 174 having secondary windings 178 and 180,
respectively, and conductive vias 130. In the preferred embodiment according to the
present invention, the primary winding layers 168 and 170 are stacked on altemate

30  adjacent layers. The primary windings 126 and 128 are being substantially aligned on
top of each other. Similarly, the secondary winding layers 172 and 174 are stacked on

13



WO 01/82317 PCT/ US00/ 11036 pass fromthe primary w ndings 182 through the

center of the magnetic core area and couple with the seconq_qry | %i @'gs
" 184. A'&ﬁqﬂsgﬁgpl ing pattern, as shown in Figures 7 A for/® ,ﬁ%gg 084 ned
by inte ea(/l ng the primary winding 182 and the secondary 184 w ndi ng.
Furt her, each of the wi ndings 182, 184 has a spiral shape to 5 maintain a
bal anced t ahaadteadjacent tysisr Theiseconday windings ¥28 aridel 89i zs¢ substanbtidtyveen

w ndi ngs. In one enbodi nent, the w ndings can he in a rﬁgéi I 'tri]reear spi ral
pattern haligned ondomeabench gtheer Burgher,ithe primamvmding 26 apd ‘“E)‘tl ern. Figure

7A further illustrates | at.e~1' 18 t 1S . ) : the primary
or secondaﬁvommgwﬁg@%ﬁgpﬁeeﬁﬁpqgﬁéPha?a] or a‘?%@?%%ﬁg{r?g%dﬁ%nt ‘accordi ng
to the prea@&exﬁ Loin@ RubsiAtRialty ablirei 3620 bthet 16 Ads&R opfimfabndagictict han t he
di stance X |g.ﬁ1 B). The di sta%ce X (Fig. 6B) can retl)?l}ge from 0. 005 inches
to 0.109 i oeipting imthe nultidner paedfenmeedlissrpmteciated thatimany amggementsedis006
inches to 0.050 inches, and further in one preferred enbodi nent can range .
f r om 0. 006farigtpdeaving the prip fice Y, i.e. a vertical space

COY
between any t adj acent M. ndi |.Sc: -1 1 ot i han X
(Fig. 6B) to O%Wf’éqgletwaeﬁ%%ﬂg !ag% ati%giriiﬁ]’é&r?g%%&n%éﬁtgﬁ%dcoupl I ng-
charact er i ghrisgteriealiif thé piRbry 4R the\kcRehdaeF wiridingst Wikereih @id windinpe haveipl i ng i s:
Figure SAillustrates a plan view of a transforner |ayer 122 havi ng a
magneti ¢ diffeentmenbdiof tiros.nisdlabje 1,18/ sRidedotagthe detal prirggy durgsand Y857 r at es a
cutaway view of a cross-gectional, area of veral layers.af a.multi-|ayer
t r ansf ¥ medlenofes gheigral s¢ron W%M%%Wﬁﬁ?&’?‘ﬁé’&@%%%ﬁﬁw% resent
invention. In Figure 8B, primary winding |ayers 158, 162 and primary

wi ndi ngs 159, 1611 respectively, secondary winding |ayers 160, 164 and
secondary w ndings 161, 165, respectiTABEEla top plate 156, and a bottom
pl ate 166 arcoMBIRAMONT gufe 9 19 an explsoded view of a multi-lager bal anced
transf or mer—I3Zz—25 Tt ugfatri ngman endpgap (L Ok/kayer )p/dZ4, aggptiom cap
(bottom | ayery—t76;—r1 Ry ‘WiP 1Ty iog’ﬂ:l S 168,p/F 70 g PT pfaaT
wi ndi ngs 126—ane , 5 ‘?? setAT WKL s o174
havi ng seconds wi-Rei-Rg 3 3H8 g—eondigciive Vi as
130. In th ' P2 ot odde (kB ion the
primary winding layers 168 and 170 are stacked 421t o4t o 30584i acent

| ayers. The_prinmary windings 126 and 128 are being substanti al ls)g aligned on

0

D}

Tt is appreciated that many other arrangements can be used for interleaving the
primary and secondary windings.
15 Figure 10 is a plan view of the transformer layer 116 illustrating a cut away -
 view of several croés-secﬁonal areas of a multi-layer transformer. Figure 10 shows an
. inmer core cross-sectional area 214, two side areas 218 of the total top plate, an area of
conductive winding 220, and an outside cross-sectional area 222 of the layer 216. The
top plate cross-sectional area covered by magnetic flux lines includes all four sides of
20  the top plate area 218 (only two sides are shown). _ |
- The parameters illustrated in Figure 10 determine the overall inductance of the . .
transformer. Inductance can be calculated using the following formula:
L = (0.4nN°Ap)/*10°
‘Where N is the number of turns made by 2 winding, A is the inner core cross-sectional
25  area214, pis the permeability of the magnetic core, and / is the mean _maignetic path
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top of each other. Simlarly, the secondary wi nding | ayers 172 aﬁﬁ 126{];}are
stacked on 13 WO 01/82317 PCT/17S00/19& 2004 alternate adj aceﬂt gy rs

" The secw&j@ﬂ, ;4 ndings 178 and 180 are substantially al pgpedogHresep of
each other.  Further, the primary winding 126 and 128 and the secondary
w ndings 178 and 180 are disposed in an_ interleaving relatjonship on
di fferent Ilength.sThmovesalbesossrertionalargs phithe anutié-layse wansiormer eighg PrseRfe opt i nal

magnetic 5 coupling in the |ti-layer, transf.o e, . LS ciated that
nmany arr andgBYf@HpPR: %‘f’e‘p?oo%]{? maémzég\{}}eﬁaa@ﬁéc g%ﬁ&%%&%%s%gﬁtﬁgary
- windings. As.af éﬁmaﬁncmémﬁsd_éécﬁm el Provides@ialBE QT angfoENAL | ONS
that nmay be use for interleaving the primary and the secondary w ndi ngs
wher ei n t hgeyinge thaghuxipatieis aot Wiifitied énanyndirdotion when therfbix lines feshe 1, "Phi "
denotes the total primary turns_and "S/x" 10 depotes the tqtal .secgondary
turns, Hhetlronglstheplate erose-seatipnnd Arcasthraygh @Wﬁam&@m% W@Qba? @Eugh
. COMVBI NATI ON123456 P/ 1S12P/ 25/ %ﬁ/éﬁ ea.S/ 1P/ 18/ 1P12S/ 2P13 S12P/ 2S/ 2P12S/ 3
P25/ 2P/ 3 §IUPTRPRCRfOIC BB TUPA 8B eci ated that many ot her arrangenents
can be used for 11'1Bh?ﬁk?&féh%ﬁxbbhﬁmﬂrdtaﬁlwawwome@ﬁwaratewmﬁdmdb% Fi gure
- 10 is a plan view of"the transforner layer 116 illustrating a cut away
vi ew of seviermhgretiofux deditdes all fovasizles and issubstantially euabto the mugpelioere Fi gure
10 shows an inner core cross-secfional area 214, two side areas 218 of the
total top pread4cayersd BathsmagmeiitiXi ve wi ndi ng 220, and an outsi de

Cross- €ct i onal ﬁgg&%@@%&iajﬂwﬁa@&?ﬁg a-qﬁ?ﬁepbm&@f@m@ct i onal

area coOvered by nagne i nes Tnclu our sides of "20 the top
pl at e ar eapplericMvyintMbesdlfonr ddes Bilidsymeateilihen firnmagrktc core kieagi4at ed in
f“)Figure 10 determ ne the overall inductance of the
: covered by the magnetic flux,

Figures 11 A, B, and C are plan views of three different examples of winding
patterns according to the preferred embodiment of the present invention. These
15  patierns are a rectilinear spiral pattern 148, a rectilinear spiral paitern 150 having
rounded corners 152, and a curvilinear spiral patteni 154. The rectilinear pattern 150
with rounded comers and the curvilinear pattern 154 help lower irace capacitance by
reducing the total plate area of the spiral winding while providing the required number
of turns. -Also, rétmded comers or curvilinear spirals help reduce the probability of a
20  short circuit between two conductive segments of the windings during the
- manufacturing process. ‘ ’
) _ ‘The conventional wirewound transformers as shown in Figs. 1A and B ha'we a
_ long separate core 42 (Fig. 1A) and winding areas 50 (Fig. 1B). The placement of the
windings relative to the core 42 (Fig. 1A) is difficult. Inthe preferred embodiment of
25  the present invention, these limitations are overcome by passing the conductive
windings 62, 72 (Fig. 5) through the conductive vias 60, (Figs. 2, 3,4, and Sy and -
through the central core region 68, 69 (Figs. 3 and 4) of the multi-layer ceramic
transformer to obtain compact size, good inductive coupling between the windings, as
well as fulfilling safety regulations.
30 'i‘he preferred embodiment of the present invention may be manufactured
‘uﬁlizing cofired ceramic technology. One example is to use Low-Temperattre-
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transformer. Inductance can be cal culated using the following formula: L =
(0. ‘4 A)/1* 10$ Where N is the nunber of turns made by a wiprd] 3GT 2004 t he
i nner ¢ sectional 25 area 214, p. is the perne t he
rragnetlgﬁgol%ezglggnd | is the nean magnetic path 14 | % ﬁ%ﬂ%i/ 82317
PCT/ US00/ 11036 | ength. The overall cross-sectional ar ea of the mul ti-Ilayer
t r ansf or nerCofired-CeraprieJecitnolagy\(BHCICY. nAhethbnaémlpmisﬂ;@usaesHigh Teanparateee-t he
magnetic field for a gl ven size qof the transforner. bal anced core

cr oss- sect i(eWagd 'gﬁ@ﬁﬂ‘p 6%@ﬂ%nééﬁa@eﬁﬁ§?rﬁraﬁéﬁnek§ lésqlﬁfé'rﬁ%xhpathh
bl at e or oo St BU6 Atk A A oY S et SRt ke B ough

the transf grdmRyincRpbrafih® IPnet8&klyO R strafi@fholld) PRSuRKGEbAARHSEDOI ment, a
total plate cross-sectional area 2I8 covered by the magnetic fl ux |ncI udes

all fouf simasomrdions etbendatasdanpedomald a5 holeh in thedereite tape vsieg vanias 214
covered by the magnetic flux. 10 |In anqther_ enbodi nent, a fotal plate

cr oss- sect Feshaifues Weﬂm%aﬂtbyattnécerﬂewpécr%&m ae'areegaThef our

si des and h q ﬁ% t he
magneti c fl"%ﬁgweﬁg—%g tbe i}fﬁﬁgugf a{gn%ﬁ%b re p |ews o Pt ferent
exanpl es Oﬁdﬁdﬁdhfmna@ﬂhlts@&mﬁs s’iﬁr@@(ﬂﬁ) uh:hﬂlvl@f ?cmg)qst hlmﬁlﬁmOf t he
present i nvention. These 15 patterns are a rectilinear Spl ra pattern 148,

a rectil i nsilwer &deAg) paoﬂlawnﬁmmm@s ndbefoon of arpaster iocommanly

curvil | near raI tern 154, recti.Jin atte 50 h rounded
cgrrglrsi(gnduﬁ W@éﬁlﬁ}%ﬁ%&ﬁgﬁgﬁﬂﬂhﬁl ]gr%gp a%@l'éﬁb%tﬁ,‘\’nf’ e gy
reducing th g@t%&@ B %%&M@&ﬂﬁﬁtdﬂdﬁéﬁ%t PLaYdisdsh t he

required nu roun corners or curv I near spirals
hel p r educthe fifitentapd elhd conglutivevias2fe theby tarmirated andedevtrioally wonwsotediict i ve
segnents of the_ windi S/gs during. the man factur,ing process. The conventi onal

wi rewound Yortbg PlﬂlaV § ocgied yrithipthe-peptral copgegt arate

Sﬂrg. ﬁés(fe?“ﬁz’“‘?&q?% core quél%&?éw%'}a?%mh?pre erreel

enbodi s nt codtluctive winding patterns can then be stacked up one on top of the other with the

vias i appropriate alignment, to ensure electrical connectivity between the various
layers, during the formation of a multi-layer transformer structure as shown in Figure
9. The stacked collated layers can then be fused together under conditions such as heat
and pressure, etc. and subsequently the entire structure is fired in a fumace, thus,

20 forming a homogenous monolithic ferrite multi-layer transformer. Firing temperatures
may range from 1300 ° C to 800 °C. Tn one preferred embodiment, firing temperatures
may range from 1000°C - 1200°C, or further preferably around 1100 °C.

Using the process disclosed herewith, a multitnde of transformers may be
manufactured simultancously so as to mass produce them in large quantities by

25 forming alarge array of vias and conductive windings on the sheets of ferrite material.
Individual transformers can be singulated either before or after firing in the furnace.

Of course, it is appreciated that those skilled in the art would recognize many
modifications that can be made to this process and configuration without departing
from the spirit of the present invention.

30 The foregoing description of the preferred embodiment of the invention has
been presented for the purposes of illustration and description. It is not intended to be
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25 the present invention, these linitations are overcone by ~ph3ih@inhe
conductive windings 62, 72 (Fig.- 5) through the conductive vias 60, (Figs.

" 2, 3P4, gb@%ﬂand t hrough the central core region 68, @.%T(qlfgogﬁmﬁ and 4)
of the-mul'ti-Tayer ceramic transforner to obtain conpact size, good

i nductive coupling between the wndings, as_ wel| as fulfillin safety
regul at i onmwuvnermmmeeuvm@m ﬁhémecaﬁp fQIﬁbdlﬁ‘P asedn My BAdIiEHIRsy " be

E‘S&E?ﬁ%:ﬁ%‘i&r BTN 8 et FatpBOl s P PR shpd © USe
- Cof i r ed- Cer g, %@. e tdalnbthy ﬂuﬂ@éﬂbﬁrde@f?ﬁ@h Eoult Sathét BYSRe claims

H gh- Tenperature CEranlc Technol ogy A magnetic core and an
electrlcalzﬁpaukﬂ&ﬁﬂmﬁre cast into a tape and are nade of a ferrite
mat eri al . e tape is subsequently cut into sheets incorporating, if
necessary, registration holes. Vias used as conductive 5 interconnections
between | ayers can be forned as holes in the ferrite tape using various
techni ques that are well known in the art of ceramc hybrid circuit
manuf acturing. The vias are made to be electrically conductive by
subsequently filling the holes with a conductive material such as silver
(Ag), palladiumsilver (PdAg), platinum palladium silver (PtPdAg), or
ot her conductive materials in the formof a paste or ink comonly 10 used
and well known in the art ofhybrid circuit manufacturing. Simlar
conductive elenents or conpounds are utilized to deposit the conductive
transfornmer windings on the ferrite tape. The conductive vias are thereby
term nated and electrically connected to the wi ndings. Vias and w ndi ngs
)nay be located within the central core region of the transforner |ayer.
I ndi vidual ferrite tape layers containing filled vias and deposited 15
conductive wi nding patterns can then be stacked up one on top of the other
with the vias in appropriate alignnent, to ensure electrical connectivity
bet ween the various layers, during the formation of a nmulti-Iayer
transforner structure as shown in Figure 9. The stacked collated |ayers
can then be fused together under conditions such as heat and pressure,
etc. and subsequently the entire structure is fired in a furnace, thus, 20
form ng a honobgenous nonolithic ferrite nulti-layer transformer. Firing
t enper at ur es
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may range from 1300 Cto 800 T. In one preferred enbodi nent ]n
terrperatures may range from | 000C -1200C, or further preferaﬂ| ;dtla %ﬂ%

© 1100 C.- g:{l he process disclosed herewith, a nultltudep@fmgé(ﬁﬂgg@rners
may be rranu actured sinultaneously so as to nmass produce themin [ arge
quantities by 25 for a_large array of vial and conductive w ndings on
the sheels E@iqlé\lﬁ‘g@a@-al | ndi Vi dual transforners can be singul at ed

ei ther before or te firdin our.se. it is appreciated
that those Skil I‘écﬁarnﬁ %v%%w@e]%% c&“ %T%'lgcatlons that can
be made to this RpREARY om%zﬁqeﬁma a%dgﬁéhafuowﬂeﬁ dﬁﬁ@s%ﬁtdn%leaﬁtrtﬂi@ éthe
spirit of the preSent 1nvenhtion. The foregoi ng description of the
preferred embdnjzbme.ﬂmmfomimmagnmmomfﬂmmbﬁmnexpresent ed for the purposes
of illustration and descriptign. I S _not |ntended to be 16 1 OC T 2004
WD 01/ 82317 Pd/mmmﬂwtéﬁaﬂmq the1ay$18 i nvention to the

7l gt " The. abot aeopRdy Ao ispesef B a0l o0 BB TU2 2P PRE® 71 E 1T
i nvention be |ing g M@Mfﬁkﬁr&;ﬂ Imcdm&hgg%%%%%g?er by the

claims appended hereto 17 1L OCT 2004 WO 01/ , 11036 5 WHAT
| S CLAI I\/EDbeﬁareehthMmanmid)r rrer haV| ng a multi-layer tape struct ure,
conprising: a plurali ers definin eti,c cor rea (di sposed on
at |east two of aﬁeﬁ%n‘ié?@] @ﬁcqﬂﬁ?%ng §ﬂ’é’iq%gn h%e e former,

a primry Wl gﬁ@sﬁﬂe@ﬂtﬂéﬁ}sfﬁﬁlﬁ]se xﬁferéoﬁﬁeéftlﬂ%gi&pﬁ Gsedecondary

w ndi ng di spose 1east one o ayers Ity of

lntercqsneqﬁbﬂﬁ:aw@@enc@@ﬂﬁmtmmeﬁbeorabmﬁmnwonﬂmg bet ween the | ayers;
)and a second plurality of interconnecting vias connecting the secondary

wi ndi ng between the layers, wherein the first and second interconnecting
vias are dlf PPRE gansformer according to claim 1, wherein the layers are made of a cofired

ceramic material.

20 3. The transformer according to claim 2, wherein the cofired ceramic material is a
Low Temperature Cofired Ceramic (LTCC) material.

4, The transformer according to claim 2, wherein the cofired ceramic material is a
High Temperature Cofired Ceramic (HTCC) material.
, 25 . .
) o . 5. A multi-layer transformer, comprising:
a plurality of layers defining a magnetic core area disposed on at least two
layers which form a magnetic core of the transformer;
a primary winding disposed on a first layer;
30 | a secondary winding disposed on a second layer;
the first and second layers being disposed adjacent to each other such that the-
primary winding and the secondary winding are disposed in an interleaving
relationship from one layer to the other.

35 6. The multi-layer transformer according to claim 5, further comprising:
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15 proximate a center of the magnetic core of the transformel .0 200
transfornmer according to claiml1l, wherein the |ayers are made of a cofired
- ceram c\gLHekdsdh - 20 3. The transforner according to cl aipRpg M(]EJF n the
cofired ceramc material is a Low Tenperature Cofired Oeramc

material. 4. The transformer according to claim?2, wherein the coflred
ceranic nateri a|aﬁ@tﬁmahtg#m@m9@nmg@ae§¢we@mpaﬁn@rxwm@;g material . 25

5. Anmulti-]|ayer sfo conprising: a plurality of layers defining a
magneti c cd?g‘xﬁné% g‘?’ d on at least two |ayers which forma nagnetic

core of the trarﬁegs 1uraﬁ fiRfndcRAt Dids iR 8Becdnfidry Winkmyer . 30 a
secondary w ndi ng osed on a second Tayer; the Tirst and second | ayers
bei ng di spdsecccadhalagas. t o each other such that the primry w nding and

t he secondary winding are disposed in an interleaving relationship from
one |a$fr to the other. 35 6. The nulti-layer transfornmer according to

CTirst plurdhi vy B R ety Skt R G MR il el ) ©

bet Ween_th%teﬁ%ﬁie%un Dlds 8&ll frbxifriatd 4 denfk of He@NARABNEErE BFthe as
connecting the secondary wi ndi ng between the layers. 40 7. The nmulti-I|ayer

t ransf or nertraasfoomati ng to claim6, wherein the first and second
i nterconnecting vias are disposed proximate a center of the magnetic core
of the transforrrer 45 8. The nulti-layer transfornmer of claim5, wherein

Tayer 7 the pl are AR Elioal Bt ARMT LA SR8 dtipEsQE € same

the primary winding are disposed on a same layer of the plurality of the layers of the

-transformer.

9. The multi-layer transformer of claim 5, wherein starting and finishing ends of
50 the secondary winding are disposed on a same layer of the plurality of the layers of the
transformer.

10.  The multi-layer transformer of claim 5, wherein starting and finishing ends of
the primary and secondary windings are disposed on a same layer of the plurality of
‘55  the layers of the transformer.

11.  The mulii-layer iransformer of claim 5, wherein the plurahty of layers are .
fea‘romagnetlc cofired ceramic tapes.

60 12.  The multi-layer transformer of claim 11, wherein the ferromagnetic cofired
ceramic tapes are made of a Low Temperature Cofired Ceramic (LTCC) material.

13.  The multi-layer transformer of claim 11, wherein the ferromagnetic cofired
ceramic tapes are made of a High Temperature Cofired Ceramic (HTCC) material.
65
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9. The multi-layer transformer of claim5, wherein starting anﬁi ﬁ_iﬂi@hi ng
ends of 50 the secondary wi nding are di sposed on a sane szyér b

" plurali | ayers of the transformer. 10. The nul ty @%b@u 36

transfo BL%}PI;%I aimb5, wherein starting and finishing er?ggllo ft%e primry

and secondary wi ndings are disposed on a sane |ayer of the plurality of

'55 the | aykks dfhetmeltit—lamrélfamfgm@‘r of clainy e where the iyenleayed pEFBPHEE of cl ai m

5, wherein the pluraljty of Jayers. are. ferro netic cofired ceramc

t apes. 60 19290311H@W%q35?1§y%‘jp“¥1ﬁ5ﬂ¥9ﬁ%w8fo%elaﬁﬂgﬁgi'l, wherein the

ferromagnetic cofired ceramc tapes are nade of a Low Tenperature Cofired

Ceramic (LTCC) material. 13. The multi-layer transfornmer of claim 11,

wher ei n t hesf er rpEBamEthferdahiforter of elatniscwheapims are nade of a High

Tenperature Cofired Ceram c (HTCC) material. 65 19 - 1 O CT 2004 WO _

01/ 82370 PCT/ USabé pridiad and sechmdanywindings grsprimpagy adsesandagy eleclical 5. wher ei n

the interleaved primary apd secondary,w.ndi ngs_ar bstant i al i gned
over one arf§t .GWMW#@}%@Wﬁ%ﬁ&ﬁ%’@@aﬁ%ﬁaleﬁgh@ﬁ%rei n: 70

- the primary, | R pRSSHA & tREd] BERIdGcERImERBENGiaIhY fRbtasferi Cal
conductive%vr%e 'éh?'gﬁ%#%g%g%rgftgn at l'east the first and second Iayg S,
respect i veltys an wid dinnedting toveg ord ofthe sscondaryeleptricaloopdudtsremmémnbér andhduct i ve
menber on the first |layer has an end connect.i n%eéo an End of, the secondary
el ectrical seondene ofthedayepethrongheryia betweeme frd 2pd sqoqnd fayers, the; a via

bet the first d,. d_| t ' -
od] acods 1 Sowatiasta ysoeilg Catt Rl el Ml QBB eibEOREE VSIS
per pend culggheriy drhndidte%o B il STBNBRetio0OR, & popokidfae Bt { he T 1'st

-~y el ectrical “conductive nenber disposed proximate the via being parallel to a
Jportion of el&chizabmndnctivel memberdispossdrmuonimatathemistheingpasyiled tyd perdienedt e t he

- via, the two portjqns., condyct.ing an egual current | ' S]

di rection, ﬂ%“u‘@FP‘ldrfg? ﬁ%‘f‘ﬁ’@g’é? %@gﬂa‘ﬁﬂwp@ﬁmﬁgh}r}l @Qitgé)@g%@%ﬂ?‘? ally

el 1 m nat ed eod et B barkétt B o dppOShOtTRiofsubll BiafliBenitfRRL urbldd Pr | Ml y
and secondary w ndi ng | sposed on adj acent |ayers are separated by a first
di st ang@, tievih is'substantidiiyretiinated.

16.  The multi-layer transformer of claim 5, wherein the primary and secondary -
windings disposed on adjacent layers are separated by a first distance, the first distance
being Iess than a second distance, the second distance being.a spacing distance

85  between two adjacent portions of the primary electrical conductive members of the
primary winding on the same layer.

17.  The multi-layer transformer of claim 5, wherein the primary and secondary
windings disposed on adjact layers are separated by a first distance, the first distance

90  being less than a second distance, the second distance being a spacing distance
between two adjacent portions of the secondary electrical conductive memberof a -
secondary winding on the same layer.

18. The multi-layer transformer of claim 5, wherein the primary and secondary
95  windings disposed on adjacent layers are separated by a first distance, the first distance
being less than a second distance, the second distance being a spacing distance
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being | ess than a second distance, the second di stance being a spacing
di stance 85 between two adj acent portions of the prinmary el ectry CEIT 2004

conduct | rs of the primary w nding on the sane | he
%@ﬂ@g};ﬁ ?ngusoﬂﬂmagr ¥

mul ti-| sfornmer of claim5, wherein the primary and Ssecon

w ndi ngs di sposed on adjacent |ayers are separated by a first distance, the
first di staeteccdGhdymimeryland seqondaryelestivehedndugiveneanberhef thepamaryand ance
bei ng a spacing djstance between two adjacent portions of the secondary

el ectrical tReseaRdary, Windigseteseaci¥eYsecondary windi ng on the same | ayer. 18.
The nulti-layer transformer of claim5, wherein the primary and secondary
95 wi ndi ngs di sposed on adjacent |ayers are separated by a first distance,

the fijpet digst arge milbilager heasotoanf alair Spwherdinthamdaarytwindardemsd di st ance
bei ng a spacing distance 20 WO 01/82317 1 OCT 2004 PCT/USOQ 11036 between
t he pri mar wpaalghapgcondary el ectrical conductive nmenbers of the primary and
the secondary w ndi ngs, respectively. 100 19. The nulti-layer transforner
of claim$, wherein the primary winding has a spiral shape. 20. The

mul ti-layepgtr i‘{}‘%‘*%‘ﬁﬁ?ﬁ%ﬁﬁ e of YRk 1 WhirbR (BESRbSREY wildiel R has a

spiral shape: ayer transforner of claim15, wherein: the
primary w gphralghshesposed on at least the first layer generates a primary -
magneti c flux; and the secondary w ndi ng di sposed on at |east the secondary
| ayer 1% coupled to the 110 primary winding by the primary magnetic flux.

w ndi ng. o SposeatsmiRE opbddHe ofBhm IR WMGETT | B0 (S atihg &
magnet i ¢ 13w fdrinkay winding disposed on at least the first layer generates a primary magnetic
flux; and
the secondary winding disposed on at least the secondary layer is coupled to the
110  primary winding by the primary magnetic fiux.

22. A balanced multi-layer transformer, comprising:
at least one layer;
a winding disposed on the at least one layer, the winding generating a magnetic
115  flux;
amagnetic core area formed by the winding, the magnetic core area being
substantially perpendicular to-the magnetic flux; and
a plate disposed on top of the at least one layer, the plate providiﬁg a return
path for the magnetic flux, wherein a total plate cross-sectional area covered by the
120  magnetic flux is suﬁstantially equal to the magnetic core area covered by the magnetic

flux.

23. A balanced mulii-layer transformer, comprising:
at least one layer;
125 a winding disposed on the at least one layer, the winding generating a magnetic

fhax;
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a magnetic core area forned by the wi nding, the nmagnetic core area being
substantial |y perpendicular to the magnetic flux; and a pl até GCdpdHéd on
" top of ast one layer, the plate providing a retWdrugiteior the
magnet i I}bﬁo kﬁ%(%l‘?mher ein a total plate cross-sectional area covered by the
120 magnetic flux is substantially equal to the magnetic core ayea covered
by the magnetic amlagretio@roanafamedby the winding, be magaghs erparea beBigpr i si ng:

at |l east one layer, 125fl ux:a w,nding disposed on the at |east one |ayer,

the wi ndi ngSeRERal PPt e mEngtc 358, W0 01/ 82317 PCTI US00! 11036

a magnetic core &‘Bﬁf’edci@@@@o%ptd?%ﬂtmem  (IBPRRIPr6viaRiza Rha bei ng
endi Cu

substanti al'ly per ar to'the nmagnetic f1lux; and a plate di sposed on
top of13ghe pith keahé mapeeticdla] whersin bt plafr ayossesectipnal ared coveredligOthpat h f or
the magnetic flux, wherein a total plate cross-sectjonal area covered by
the nagnetinggnetiofluxds gicatsr than fhegnagnetic ﬁ%‘gﬁtﬂﬁ@@@#b}!ﬁ%@éﬂaﬁﬁ%ﬁeﬁ by the
magnetic flux. 24. A ferromagnetic material for a ceram c transforner,
conprising: 134 Nickel - Copper-Zinc-Ferrite (NiCuZ nFeO in which a Ferrite

(FeQ contepy isp fhiomadidic nflRaPlord chhit riisiSfined,3ond th (Bi) in an
amount not nore than 1% of the total W.% and 137 Zinc-Oxide (ZnQ in an
anountl3dot nor e Kivkel-CoppenZindiBertitet QCHEnFR) in sdickinFariite (Fe@Q)rcadi¢ndds
particle size after firing of the ceramc transformer is |l ess than 10 139
22 OC1350040%\060% e 23atal Bit-M:US00/ 11036 AVENDED CLAI MBS [recei ved by the

| nt ernat.i onal B ORs: g]& Rk totalivit 9t clainms 1, 5,

7, 15q§§d 22- 23%%@#&@@;1}%eav%c @%ﬂﬁ%&gg&f adlcj?gg;?ﬁpert%nm %%}’g% gl ai s
unchanggd (6 pagzmelOxide (ZnO) in an amount not more than 10% of the total Wt. %,

138  wherein Zinc-Oxide particle size after firing of the ceramic transformer is less than 10

139 pm.
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1. Atransforner having a nulti-layer tape structure, corrprlsm(gT @
plurality of |ayers defining a magnetic core area di sposed"”h 3 gét 5

* two of t rs which forma magnetic core of the tra primary
wi ndi n "é%?%i‘?d on at | east one of t he Iayers the pri E@ﬁgﬁrﬂgﬁng

deflnlng a central core reglon st one | ayer; a secondary

wi ndi ng di spose ary w ndi ng

defining a cen'ﬁﬂrégl F\'ﬁ'&::ﬁl‘g? t@ﬂa SIL 6&?!”626&1?%%?;??50 a first

plurality of t ndi ng bet ween
_the layers; and a second ¥ F‘?ﬂﬁ‘l‘%’m&"‘ cﬂ‘i‘ﬁ‘é%]tl ng vias connecting the

secondary W ndi ng {aelreear hiend ARRNE JapdR 8he shudthe, Eothlisiagd second

i nterconnecting “vias are disposed within the cenfral coré regions defined
by the primary and 15aphwalitgtaxt Yayeisndtifinire aiagieticrageta disposed ar attléast
transforner. 2. The transforner according to claim1, wherein the |ayers
are madé ofﬂ@@ﬁhﬂﬂ%@m"&]@%ﬁ@ﬁﬂ%@ﬁ%m@ﬁo OFBefasf or mer according to

claim2, wherein the cof.ire [ S'Fptﬁ Cof i red
Ceramic (LTCC) mat erlﬁp M‘Fﬁ%ﬁﬁé hﬁg‘g@&%ra?aegﬁ?r 8|%rfllﬁ9€‘tw3}c al %i}z.'ma\%%er ein
the cofir edyf@h@ adinil £Eédal bére rgibh 6 tHAATERY @pfl red Ceramic (HTCQ)
material. 25 5. "A nult1 -1 ayer traﬁgslformer conprising: a plurality of

| ayers defining a nagms&qondm‘grvenémgailamsml@ﬂﬂt enc ¢ithelayersythd ayers whi ch

forma magnetlc core of .transforner wi ndi ng di sposed on a
first Iayersec"t’ Agentsy Gﬂl?frf’ﬂpﬁ gﬁ%%t,}ﬁsgpn%%p’g regi on on the

first yer; a second 8 gﬁ&g secondary
wi ndi n&ﬁdefi ning a cen rasfM cortgg)rfg[g?%n on t e secon EjF%yer 23 AI\/ENDED

M SHEET ( ARTlv@nBinb®etweddihie Pk, Wei 01/ 82317 PCTI US00/ 11036

- a second plurality of interconnecting vias connecting the

secondary winding between the léyem, wherein the first and second interconnecting

vias are disposed within the central core regions defined by the primary and
15 secondary windings of the magnetic core of the transformer.

2. The transformer according to claim 1, wherein the layers are made of a cofired

ceramic material.

20 3. The transformer aceording to claim 2, wherein the cofired ceramic material is

a Low Temperature Coﬁ'red. Ceramic (LTCC) material.

4. The transformer according to claim 2, wherein the cofired ceramic material is
a High Temperature Cofired Ceramic (HTCC) material.
25 _
5. A multi-layer transformer, comprising:
| a plurality of layers defining a magnetic core area disposed on at least
two layers which form a magnetic core of the transformer;
a primary winding disposed on a first layer, the primary winding
30 defining a central core region on the first layer;
a secondary winding disposed on a second layer, the secondary

winding defining a central core region on the second layer;

23
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the first and second | ayers being di sposed adjacent to eachy o@E?r @KCh
that the primary winding and the secondary w nding are di spole i n2

i nterl gayishd24;¢! ati onship fromone layer to the other. Sp@rudfgnady ti-1ayer
transforner according to claimb5, further conprising: a first
pluralityofinterconnecting vias connecting the primary wi nding between the

| ayers; and a second plural,ity of .interconnegct.ing.Vvia nneget i t he

secondary wi nding bet men{hef%sq@gépgqndﬁﬁy% eﬂﬂ%%}FBPﬁ%—z{angP ﬁoregg]%former
according t ' H}/gqﬂngg . ' ik r ' Vi as
are di sposeoghﬁstahlﬁr}r%ﬁtt e cenfr?g{qﬁ‘;ﬁgggﬁéggf%ﬁ%n%gi ned %?/&c?%gagﬁﬂn%?y and

secondary \hieglendag eflatidishipefomeohe layer ® thé otee transfornmer. 15 8. The
mul ti-layer transfornmer of claim5, wherein starting and finishing ends of
the primary winding are disposed on a sane |ayer of the plurality of the

whor 61 nSst &  The HERG R Ben gt 6 PR, ShRRR FaRIRGE, 0 M ©
di sposed on a S%W&f&%&h% "Hyswnne&tﬁnfgﬂéﬁgiﬁfr:nﬁgy%diﬁg

transforner. 10. '

ti-layer transtorner o , Wherein starting
and fi ni shibepvesndhe laytrst el pri mary and secondary wi ndings. are di sposed on a
sane | ayer of the plurality 25 of the layers of {he transforner. 11. The -
mul ti-layer trarfsicspniplogity phinisreonngpiingyias cormeptng theisesondary Winding o1 e
ferromgne&h&co&ﬁrg&ﬁgerarﬁc tapes. 30 12. The multi-Ilayer transforner of
claim11, EYY erromagnetic cofired ceramc tapes are nmade of a
Low Teggerature Cofired Ceramc (LTCC) material. 24 AMENDED SHEET (ARTI CLE
19) - 1 OCT 2004 WO 01/82317 PCT/USCQO 11036 13. The multi-l|ayer transformer
of claim17, whé&teimultideydrdransforgemadcording torddeim ¢.ovkarein theprst aade nmde of a
H gh Te ”peéé‘éo‘éﬁ ?ntgrogoh{leec%ngevrﬁas%g dl(spHgs%g)wi%Jtl e &lntral core regions defined by

the primary and secondary windings of the magnetic core of the transformer.

15 8. The multi-layer transformer of claim 5, wherein starting and finishing ends
of the primary winding are disposed on a same layer of the plurality of the layers of
the transformer.

9.  The multilayer transformer of claim 5, wherein starting and finishing ends
20 of the secondary winding are disposed on a same layer of the plurality of the layers
of the transformer. ‘

10. - The multi-layer transformer of claim 5, wherein starting and finishing ends .
of the primary and secondary windings are disposed on a same layer of the plurality
25  ofthe layers of the transformer.

11. The multi-layer transformer of claim 5 , wherein the plurality of layers are-

ferromagnetic cofired ceramic tapes.

30 12.  The muilti-layer transformer of claim 11, wherein the ferromagunetic cofired

ceramic tapes are made of a Low Temperature Cofired Ceramic (L.TCC) material.

24
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5 14. The nulti-layer transforner of claimb5, wherein the_irnﬁﬁfﬁﬁygd
primary and secondary w ndings are substantially aligned over” orfe anot her.
15. The_multi-layer transformer of claimb5, wherein: th ' d
seconda?ﬁ’ﬂ%ﬁﬁwngs are primary and secondary 10 electrﬁggﬁbggg S%?ive
menbers di sposed on at least the first and second | ayers, respectively,
within the magnetic core, the primary electrical conductive menber on the
first layer has an end connecting to an end of the secondary el ectrical

conducti ve nmb on e s : ]ﬂﬁ% Vi t ween
the first aﬁgese%ﬁalﬂ{i‘g@’ﬂg@&?‘ﬂ%@??gméﬁg’%@%gfr‘%h{ag{/ers_ a Jlgggfé#ato each
other, the elgfidtabad ort onduelh MghTeipeheie CusraChRiReICE atatéral | ux
lines of the nagnetic core, a portion'of the primary electrical conductive
menber di sposed within the central core region defined by the primary

wi ndi ng being parallel to a portion

. f. the secondary electrical conductive
menber df spbbed Whe pulti-dayer H@}#@t&}ﬂegﬂéw Sgwgﬁ'eﬂ’e/‘?‘#‘gﬁdwe‘ﬁ REEE ghar y
" winding, the t or.t .0 | t ents in an opposite
direction 2%?“8%%‘83’&%‘3’3%%%3@%@‘@8% na?%g I C ?%Trr'ds havi ng opposi te.

pol arity, such that the net nmagnetic field around the via is substantially
elimnated. 16. The nmulti-layer transforner of claim$5, wherein the primary
and secondat¥ wIhelimdiElayies paséotmen ofielpire Snwhergler s are separated by a
first distance, the first, 25 di@t ance bei.nﬁel ess than ?ﬂ%gﬁ% 0 | stance, -
the second distance bEISHRIIATE FUG Seranaayy WHIINES YERERAHY 4d) acent portions

of the py i MaLoiEheehAkLARk niAMICAEWRed BRADRAS (B Sish EndSdoBRd Jeyske)di ng on t he

sane | ayer. mu ayer transformer of claimb5, wherein the primary

and secondafeypecBelyi withinghe tagnetivamra thepiimenrdlediagad cenductve gpmberet by a
“first distance, the first distance being |le T_lethan a s%ond di%}? ce, the
second di sttanestieyesfasanpndsongedmeigprephobiesecqudam @eqimnga co 82317

o TR S I st i L

secondary Cin er of~a seco y W nding on the sane
| ayer. layers, the first and second layers adjacent to each other, the electrical conductive

15 members being perpendicular to flux lines of the magnetic core, a portion of the
primary electrical conductive member disposed within the central core region
defined by the primary winding being parallel to a portion of the secondary electrical
conductive member disposed within the central core region defined by the secondary
windinQ the two portions conducting about equal currents in an opposite direction

20  and generating about equal magnetic fields having opposite polarity, such that the
net magnetic field around the via is substantially eliminated.

16.  The multi-layer transformer of claim 5, wherein the primary and secondary
windings disposed on adjacent layers are separated by a first distance, the first

25  distance being less than a second distance, the second distance being a spacing
distance between two adjacent portions of the primary electrical conductive

members of the primary winding on the same layer. -

17.  The multi-layer transformer of claim 5, wherein the primary and secondary
30  windings disposed on adjacent layers are separated by a first distance, the first

distance being less than a second distance, the second distance being a spacing

25
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18. The mnulti-layer transformer of claim5, wherein the prninary and
seconda-ry 5 wi ndings disposed on adjacent |ayers are sepq.r.aft )2@ first

©odi stancgy BD&:’H rst distance being less flma second di sbahassos sg "bond

di st ance %EI ng a spacing distance between the primry and secondary

el ectrical conductive nmenbers of the and the secondary w ndings,

respectively, 10 19. The multi-layer tr sfor?rr%{ of. claim 5, wherein the

prinmary wi n@i‘ﬁ‘i@lcﬁ%t‘%ﬁenstﬁpraglac@ﬁé’ﬁg?mﬁé’? C electica! PN er of
claim5, wh 0 t i.ngdi iral shape. 15 21. The
mul ti-| ayer?ée%@n%ngﬁ%(%%gWg@gs e?le ﬁlzs'pt he pri rrgry wi ndi ng di sposed

on at least the first |ayer generates a prinmary magnetic flux; and the
secondary wi ndi ng di sposed on at |east the secondary |ayer is coupled to
the 20 pridfry Vihednult-loyerttassformersoficlatony avhierein thoprimary andisse

mul ti-layer transfQrner, conprising: one or re ers; . wi ndi ng
di spose on“ﬂ?dalpé%t &56e OBTagﬁ’ﬁ@ltéﬁ’%r%‘freﬁﬁaéathggP ‘,rg'%/qeﬁ%‘an%ﬂ*ﬁ ﬁl‘iﬁ?ng
generating a.lmanetdc: : b GBS i @@Ei% :hy the ‘
wi ndi ng, th'é“bn”arﬁggfilng%%:ﬂgm%g&gel ng ﬁggébéee%?ill%gui arEt 0 g%@ﬁ%ﬁ%t ic flux;
and a pl at ediitmpebeveen theaRiirytand sedonliegdectrical ednduetivenrnibersiof the | ayer s,
the plate providing a return path for the magnetic flux through a cross 30
sectional apamanfandithe secondaryyenAENIEweshrEY. (ARTI CLE 19) OCT 2004 WO
01/82317 PCT/ US00/ 11036 wherein the cross-sectional area of the plate
covered by the magnetic flux is equal to the inner magnetic core area

coveredypy jdie MRHPLHE-1dyet FransfBitkr of claim 5, wherein the primary winding has a
spiral shape.

20.  The multi-layer transformer of claim 5, wherein the secondary winding has a

spiral shape. _
15
21.  The mmiti-layer transformer of claim 15, wherein:
the primary winding disposed on at least the first layer generates a primary magnetic
flux; and
the secéndmy winding disposed on at least the secondary layer is coupled to the
20  primary winding by the primary magnetic flux.

22. A balanced multi-layer transformer, comprising:
one or more layers;

a winding disposed on at least one of the one or more layers, the
25 winding generating a magnetic flux;
an inner magnetic core area formed by the winding, the magnetic core
area being perpendicular to the magnetic flux; and |

aplate disposed on top of the at least one of the one or more
layers, the plate providing a return path for the magnetic flux through a cross-
30 sectional area of the plate;
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wherein the one or nore |ayers are all forned of one rrater.i_a,iamjza 3. A
bal anced nmulti-layer transfornmer, conprising: one or nore | ; 1]

" windi ng dhepesgd on at least one of the one or nore |ayepgy/idys1¢¥sndi NY
generating a magnetic flux; an inner magnetic core area fornmed by the

wi ndi ng, the nmagnetic core area being perpendicular to the magnetic fl ux;

and a plate disposed on top pof 1t at |l east ane of.1he one or re | ayers,
the plate providing a retur‘ﬁg"?i' ?SIEDS?_H%C%WEaF%?ai%ftﬁ?B&%[%IyS{f Y2550 at e
Cross- secti |43 . ' RS Walab18 fRhat e
covered by t’ﬁ eﬁ‘ggﬁgﬁ%@?}'ﬁ%‘?gﬁéﬁg‘gﬁé thgﬁﬁt%%\g inn%l?iﬂrr%glﬁée i(t:lgcoré area
covered by tap@ magnetic flux; and wherein the one or nore |layers are all
formed of one material. 20 24. A ferromagnetic material for_a ceranic
transformer, comprising: Nesten topppeer mpredayess aerall fomped ofmeapateriali ch a
Ferrite (FeO content .is 40%- 60%of a total W.% Bisnuth (Bi) in an

. anount not nore than 1% of the total W.% and Zinc-Oxide (ZnO in an

amount not mere teA ARl tahdorir, dapREngher ei n Zi nc- Ol de particle

size after firing of the ceramc transforner is Tess than 10m. 30 25. A
bal anced nul ti-layer tanawstmreryemgcordi ng to claim 22, wherein the one or

nore |ayers are all forned, of .a ferromﬁgnetic P%tﬁeri al. 26, A bal anced
mul ti-1ayer transfor merwiadmgdisneged on gt l5astoneo OPE PRmoRRlaypisy magnet i c

mat eri al co%&iﬁgeﬁénegﬁfg%%%&%? (ARTI CLE 19) OCT 2004

10 an inner magnétic core area formed by the winding, the magnetic core

area being perpendicular to the magnetic flux; and |
a plate disposed on top of the at least one of the one or more

layers, the plate pr;widing a return path for the magnetic flux through a plate cross-
sectional area; o

15 - wherein the cross-sectional area of the plate covered by the
magnetic flux is greater than the inner magnetic core area covered by the magnetic
flux; and

wherein the one or more layers ave afl formed of one material.

20 24. A ferromagnetic material for a ceramic transformer, comprising:
Nickel—Copper—Zinb—'Ferrite (NiCuZnFeO) in which a Ferrite (FeO) content
15 40% - 60% of a total Wt.%;
Bismuth (Bi) in an amount not more than 1% of the total Wi.%; and
Zinc-Oxide (Zn0) 'in an amount not more than 10% of the total Wt. %,
25  wherein Zinc-Oxide particle size after firing of the ceramic transformer is less than

10 pm.

25. A balanced multi-layer transformer according to claim 22, wherein the one or
rﬁore layers are all formed of a ferromagnetic material.
30
26. A balanced multi-layer transformer according to claim 25, wherein the
_ferromagnetic material comprises:
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WO 01/82317 PCTI USOO 11036 N ckel - Copper-Zinc-Ferrite (N CuZQﬁe ' r} &Ti ch
a Ferrite (FeO content is 40%- 60%of a total W.% Bi snut ]ﬁ 084 an

" anmount &g‘}()%fﬁ?than 1% of the total W.% and Zi nc- Oxi deefgsfoiibds an
anmount re than 10% of the 5 total W. % wherein Zinc-Oxide particle

size after firing of the ceramc transfornmer is less than 10 m 27. A
bal anced nmul ti-1ayer transfqrner accarding.to.claim 23,. I- one or
nore layers are all fongel-@?P%Pf@n‘rﬁﬁfé’é%&E&@%ﬁ@%‘i‘@‘%ﬁ%& (kgg’gl anced
mul ti-layer transf r ' @,cl aim 27, wherein the ferromagnetic
mat eri al cor%?%ggggo%cﬁ@ﬁ’?o ag%@?- i/ﬁ’c-Ferri te (Ni CuznFeO) in which a
Ferrite (FeOQ contentBisp i) irb&Pambura nbbinate Min 386 dGhBictal Wh.%Bind i n an

amount not more than 1%of the total W.% and Zinc-Oxide (ZnO) in an
anount not nore than 10% of Zinhddxide (ZnOMp agpmpmat rotanone aOTHG ticle

,SA:\/ZEEDE]I; ngEEiq{rai W&E@% Zine. . Side %grrﬁ%{eosriz%earﬁer i lg%?‘?ﬁet O 8nicdr A Worfdr 28

is less than 10 pm.

27. A balanced multi-layer transformer according to ¢laim 23, wherein the one or
more layers are all formed of a ferromagnetic material.

10 .
28. A balanced multi-layer transformer according to claim 27, wherein the

ferromagnetic material comprises:
Nickel-Copper-Zinc-Ferrite (NiCuZnFeO) in which a Ferrite (FeO)
content is 40% - 60% of a total Wt.%;
15 Bismuth (Bi) in an amomnt not more than 1% of the total Wt.%; and
Zinc-Oxide (ZnO) in an amount not more than 10% of the

total Wt. %, wherein Zinc-Oxide particle size after firing of the ceramic transformer
is less than 10 pm.

20

28

AMENDED SHEET (ARTICLE 19)



