;e3et hPt e\ : 06 TPAJ2 PARALLEL SPI RAL STACKED | NDUCTOR ON SEM CONDUCTOR

MATERI AL TEOWW'W“.M%‘WM present invention relates generally to

i ntegrated ci re particularly to 5 on-chip silicon-based

i nduct ors. BACKGRGWR» OF THE | NVENTI ON | ncr easi ng demands for personal

nobi | e communi cati ons equi pnment have notivated recent research activities
to focus on the devel opnent of inexpensive, small size, |ow power
consunption, and | oy oA EEET NS Mgtﬂ[@KE cGforidigse requirenents,
one of the nost 10 inportant and I ndi spensable circuit conponents is the
on-chip silicon-based i ndSEMICONDUCTORMATERMEt uri zati on of the

i nductor on silicon has becone a current key research area and extensive
wor k has been done in this area. However, despite efforts by nany
researchers having skill in th hi.euxing hi gh performance on-chip

i nductors, i.e., high qualify ?E%IC?%FFE?TI% | remains a major problem
especially en radi,o frequency 15 integrated circuits (RFICs) are built on
si |'i con. ConBeRtesgHanventian &elaies eerarelly Pnintseratedbrirails agd magrapaiticylaalyde in
natyregnk s@l‘itrog%ﬁca&iﬁﬁﬁét entary metal oxide sem conductor (CM3S) process
uses a very conductive substrate. Spiral inductors fabricated on such a

| ossy substrate suffer from high capacitive and nagnetic | osses. 20 In
addi tion, high dynam c resistance of netal |lines at GHz frequency ranges
further degrades the i ndBdCECRRUNG QENGEE INVENIEONechnol ogy as conpared to
t hose fabricated in nonolithic mcrowave integrated circuits (MM GCs). Many
fabricati Eglﬁmfbimgqleﬂ&nwfmﬁﬁal mabile cBimatungd aﬁgﬂm&@ilhlﬁem kmvepmﬁdtdﬁlo

i nprove the performance of. on-chjp.inductors.  Tedi oys progcessing techniques
suGh  aZooBRCIRSHECHARRY RS t ioevs of th e ¢4 0F inFaens Yon sl 78t 199 POWET been

i nt r odugedminfioh SARVBW A6isS WRET SAlEnD 2T Shildfs 1Rt S6dutreR AR Sheby thd R t e
achi eving good results, 1 ndustries are reluctant t0 adopt such a techni que
be t&us émpdértang kndidispensablesiresit somhorntsia theami-chyp yiliebutbased indudtoras | ong-term
mechani cal stability. . . Anofher roach to m.nim.ze the substrate | oss
for a1 | | con ekt gttt of JBR 98t FUidoR s Rebmp  SoFEU Ko vi ¢y,
Thi s t ecsbarch Weeah@fl WitersiveOwsikORds beeatonk &8 Whik red) OWBWRVer, UBHItS Witz aye
becones unsuitable for building active MOS devices. The npst critical

f act or DNy descRrrershaving skill imfhecarbrckipying dighhperfarmaner en-ehip inducters, Be-hi gh

resisti ' €Ly in o [ i i es.
| comh Bty WEERER Kl fiths LhEIG OGRS ofRSRITYEN TRAS BEREESECS,
wi ik | dtegrated cirobiss (RRIEs) are baill onsitianseni de (GaAa) technol ogy pernmits high
per formance | nductors,to be faﬁri ca{,ed easily. To_over,cone hi

met al i zat | o OPEENiAnahinguoigs Bt Oy Sitierm AfcqrracRally tRlaria jR NARES | AREr WISt et al
st ackedomPaaidielry e\ e@:&id@%hﬁ&ddagct%r W(l)@) | REbGE Ofiges t @ t B&{due@esi bl e

alternative is to use an active inductor. In"an active inductor high Q

f act or subsratedfpiral inducters fahyicatadi ey suthi smlossy subistrgtesywffier from highreapaative
However . .such approach suffers from hi gh power consunption and hi gh noise
| evel s af’ﬂg}a%afté&ﬁﬁstes'accept able for | ow power and hi gh frequency

appbi cat i ondn alditioThigh @ynally feSisROE 6f Mictah tinky 6t GRIUBSEACBIaRgyLhirther
sensitive and dependent upon the inductor's biasing circuitry, making it

tinme colesiadenithednduotor pestormancein GMOStechnelogy ssceqmparest to these Fbrisated %é
i npl . - Rirfrdind I ili -b d
sinp eﬁ%ﬁﬂ@?m&o\%w%%a@&g&ﬁg (R'P\Il/}Fb%)n uctors are planar silicon-base

spi ral ors, gquire care ayout optimzation techniques to
i mprove per Manyefabscating techniques, processes, and materials have been proposed to improve

the performance of on-chip inductors. Tedious processing techniques such as etching away
25  the silicon substrate under the inductor have been introduced to remove the substrate parasitic
effects completely. Despite achieving good results, industries are reluctant to adopt such a
technique because of reliability issues such as packaging yield, as well as long-term

mechanical stability.
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In the conventional spiral inductor design, the inductor is planar and
fabricated on a 20 conductive silicon substrate. To inprove the Q factor of
the spiral inductors, the top netal is usually stacked with a few | ayers of
| ower netal through vias to minimze the overall netal series resistance.
Nevert hel ess, when nore |ayers are used to realize a very thick conductor,

the whol e sp oﬁkeriaépllé'éa{'g)hlﬁmirﬁln?z%%e .tskcl)bsm?e lﬁysbis rsﬂfcgn-blge'&sitnig&ﬁéﬁgl%g%eérp €

spiral -t o-substra arasitic capacitance and hence re

degr adabiimuieast the §ubstrate résstivitly] TiSs teoBnibinelbiad @eldsd fpnsfdaht Ffegsltd) Abivever,
frequency. Neverthel ess, |nprovenent an €é&al Ity factors are still observed

for a Ab§ spetratebgeqrars unseitabiefor hpilding setiveMMSrdericesz) . The above techni que
to inmprove t ' QLY WAV ' I K ; o rin
the | ndust 1y 15 hog (AL ol Biddeting 36} Blrthnale br SIRARLANG, HALARARMET L0
flow GQighesistive alpmiminh-ebppen (AW istefraumectawsed ibsBcorepiobessexd because t hose

skilled in the art ,expect 30 e perf.or C f sych parallel inductors to
" be very poor™ CRFPaLSOs. ﬁ\é‘fkﬂ aﬁ“i\l}é? Peﬁﬁf‘&?gg]ﬂéﬁgﬁﬁ_ ‘rz?tl‘i?ll ?%@ﬁﬂﬁggg?“&ess :
par asi dufstfsS it bANGA: arSSREL (G4A t@élﬁxlalc@h{'%ﬁs it Béridifingd d;ﬂiu%?s?f& %e

frequencies w il decrease by 50% This hel ps I nprove the |n1uctor S

f act or fobricatadseasidy.u Toanverdontbultigh mastaligation adsistanioe, 4 ponlahigcliigue isrto thppe cal

pl anar parallel. i nduct or t he advantage 2 aver. the conventional spiral

i nduct J‘ﬁe {aé’ oL t?:gtm%‘ﬁ éﬁacgféfq@ﬁ?tgar’ ﬁlﬁ" g})’ﬁgﬂ{fﬁa@ﬁp@%@ bc‘@?i‘f‘@?r' conduct or
congection cRabtkG pRElibleQitemaflve 131t ust BRhételiRANERS ThRR eEROIHALAET Righ]Y | €S
resistance; i.e., the inductors are planar, open, concentric rings which
are corfgar W%@dﬁ@@m@@aabe@ﬁ@eveddp@rre@lbd@nalmﬁw wragy Howeverdsushapprwagnd Q
factor ' ' . ' tor. - L, n |_an arall el
i nduct osgl?fe%t ﬁ%\s{lﬁ%g géragllea&{shlgﬁéh% alé%ﬁ c ollsheé%E’ %lg e}tﬁra%es Ptgac%egtﬁglﬁgfh goa“r’ al | el
manner pgower andrhighefrejoetic] appticitivas. haddita peiformace of adtbelifductdra afcevery

t her eby gi,v,i nglyia higher Q factor. However, the inductance produced is very
| ow corfFasitive i dependent yeme thsigrticfas YAsing KEpwiny, wakingdt timg censupsng @idvi or
of guch m{l@w&kiﬁhﬂduct ors is expected by those skilled in the art to be
unsati s?actory a this as been found to be the case. |0 Solutions to these
probl ens havés beesnltloftiye shwyghthe shuplestand nash goretmodbdusell oaechigkindbhetdrsi are t he
art. DI SCLOSURE THE. | @EWO\I . paral.l el %%L[?S}I sta%cke .1 nductor and
manuf adl trd" S ORTASY SPiat Imagrtars, ¥ gty car Oty QRUMIABHOTL{CERIEURS Py of
turns ijmpRowd nhitce0f | evels, the plurality of turns having a center 15
proxi mate and a center distal ends. Afirst plurality of vias connecting
the center pidhe eanentipan spirak indugipnidesign, yheomnduetphis plarprand debnigatad e al ity
of i as tJ: t ter . di - g i r A

ri 8 CoRBaRR s R BRE B b Ve TRl ot P it iihlots, W bl

pl ur al i wspally stackedswiahd fewdayanndf hoven eedtalrthrangh tviasrto aninieize ithgotedall hetatent er
di stal end of ,the plural iqﬁgﬁ,Of turns.. A dielectric terial c?(ntai ns the

i nduct oferieagesisfance, Nexerthelesswheromors; lgyers gte used o gqalige ey thigk qanducieh:
uher ei e EhdIE hREMANGBukE ABMP3H AL Qubdiall)! THEY IiRfeds@Bthe! difrak AIRNDHhiRNA

stacked inductor. Despite achieving |ow inductance when nmetal strips are
| ai d ouparasiticicapaciddrice land-dwmncer resudtsfinct dagrasfatiom of Qnfator @s wehhmsdbe indugton’s

igrfi t 30% .He ' tal stri b din,. | | el
oL A e B N B S il oS B RO B
show t r gaRaEe ackat iadideY at 2M52HediRRE@GHRY t he conventional stacked spiral

inductors. The present invention further provides an alternative, if not
better sol ut Tamabave techiguedoimpraveribe industers qualify ifectorsisiwell knavauaadyeryThe

I l.ely | Y i sf. . '
can be BgbTeafted HHELPlpde FAARNI IR o AEktoto iR dlitde ChAOG ltelaltSl FTET
spiral Corenthy, parallel indictodiale newsn beeroéxplored beeduse tidse tkitled irotheartcexppetr abl e

to 30 cqnventional stacked inductors. The inductor of the present inyvention
i s 3thi dEFfﬁtM'i'élﬁn‘iﬁ ok sughopryalle] Hadugters dodie Very RAgk diftfi & Ranctak-lygteparalieluct or

are re Thi ¥t [ t .

ayer o Taattor, i SoffaRE pafsie ishicd) Bkcly e Wffurit Reitlnl R SR |
f ound t fraquenvies wil degrbase iy d&4.oThis Aelps éhproive tleeaintiyctarsn@ dadtexchuit its pesulthhte |

t he i nductance valuge i.s not re d.as i,n _the case .a planar parall el

| nduct ofidugaces ik £Ba Hsoaer by St 18 aybifalPlans el ittobleth e BAHRESFal e
conpared to the parallel inductor because of the presence of nutual
coupling between adjacent conductors._Since the 5 conductors are stacked on
top of each other, the |arge conduct of surface areas as well as the thin
inter metal dielectric pronote a significant constructive nmutual coupling
effect. Hence, nutual inductance generated through this strong coupling
conpensates for the reduction in self inductance of the netal |ines when
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paral lel to the conventional surface of a wafer on which the on-chip

I nductor is forned regardless of the orientation of the wafer. Terns, such
as "on", "below', "higher", "lower", "above", and "under", are defined with
respect to the horizontal plane. 5 The term "processed” or "form ng" as
used herein to refer to the formation of vias and turns includes

convent | I L.conduct or . depasition.of photoresist.,hard and sof.t . -mask
oot of 198 SRTBA AL AGASF I bR roBURIPRE T el o8RG Afporof o

spi ral @haskiet caf B intifte®and thidgledtdy tedibesstha elmdhctord Beti@ resibtandd; @e., thd PRI OR
ART), are shown first and second turns 24 and 26. to A first connecting

por t i orindertors\are @lanan mpen; prcontsls s gk @re cemmoply epinesed o dhgiv gpen

" nd 5 i na. i 4 h
othor - engeCRinoftify foindlthufe REFOHCGENPEHL AN Sl MaRIRETHR) Bla | 02
comspn 4 plaaacparatiel tihductatl tswasoolsberved phati bygcohbediignhe tumadh aofladdrgataliehs.

The first connecting portion 30 passes under the two turns and thus is also
r ef er r dBanngr fostoxm the seiral geducepthe conguctors sergs reeiancs, hergbygivipRadygherfd |

t her ei ng,jS, S - i [ | t s chi oy g nduct or
10" al ongePra By, BleAatcitl iitad S da, DBl o B cpUerithit AR 0
di el ect Therefory the ihduatiye behdviiarrpfauciopatelidl indnctoas mrexpéctedsbythoesikibetl mrtbe
patterned to form.cthe una rpass 30, The .copnecting ILD | ayer 16 is then
deposi t@gtoohfeqns?%acdﬂaép 2@‘ a%%‘?encth%n‘gtro h‘?ﬁﬂ"e"‘?& first via openings are
forged in t heolGRGHRAE thdde ptdbRhPNRE bbbh RABREEIR but Ratd Bnp RARES Afvle iled
conductive material |ayer is deposited on the connecting ILD |ayer 16 and
processighe ettf orma first level of the spiral stacked inductor 22. Wen
processed, first and second turns 24' and 26" of a first level 50° will be
formed. The first via openings are also filled with conductive material to

form connecting vias 32. %EE@SU@E)F'%@’%VEMI@@. 18 is then deposited

over the first |evel 50 e or nore second via openings are fornmed in the

first | | LD | . 18 ted tq the fi t t. . 24! d
b6 al ongt i) Stiret SRR 4l ratfogtdrdie BOfed Biertn i il AL

| evel | &iBstratyas é%hﬁﬁ!l‘iigmf@ﬁ% %ﬁﬁl phRalit9 ofdveR, fhephiraRfybI0HR ﬂﬂvﬁlgrar&n?eﬁ and
26 of a second | evel 50'. The

G ) first and second turns 24 30 and 26 are

r esPect Pip&imate apé ecenlgr distal gads. | A dirstaluralibeohvias connetingsthe pentgharoxgyatg| ong
their | t nAUECt i Ch.alged i lel i 4 ' Vi
openi nggﬂ@o&%gﬂ#@?g t8 ?z[anc‘\ é%%%ﬁ%%‘g %&é?t&sdfﬁ%%gﬁg%%g.%H%ﬁéé{tés&gdégcl)t?\%éngveI
| LD | ayef the@luralityhefrtunhep @s fitst doxmeeting pertisr comekctsetudhe Edditer groximise endslofbe

under st Qod ll'%%/,tho e skilled in ,the art, as, a spiral stglcked ig%uiﬁtor as
mor et ubiePIusaity pf furns; and; a seeond copnesting portiep cpRACting i 16 Gentes istald oTand
the turfd phiublity?fhuS. ACNOBEYE ekl oAk ind ifdgtidy. by pluralities of vias.

Referring ' now to FIG 3, therein iIs shown a cross-sectional view of a
par20 | el spi The present invention provides a stacked parallel inductor wherein the performance is

comparable if not better than the conventional stacked inductor. Despite achieving low

inductance when metal strips are laid out in a parallel manner, Q factor of the inductor

improves by a significant 30%. Hence, if metal strips can be connected in a parallel manner

without affecting the overall inductance, such parallel inductors show tremend/ous potential in
25 replacing the conventional stacked spiral inductors.

The present invention further provides an alternative, if not better solution, to replace
the conventional stacked spiral inductor. The planar parallel inductor yields unsatisfactory
results. Its low inductance can be overcome in the stacked parallel design. The layout of the
parallel spiral conductors allows performance of parallel inductors to be comparable to

30  conventional stacked inductors. The inductor of the present invention is achieved when vias
along conductors of the conventional stacked inductor are removed. This means only the

regions at the two ends of the metal layers making up the main spiral are connected with vias.
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5 stacked on-chip inductor 100 of the present invention along line 3--3 of
FI.G 4. A substrate 112, of a material such as silicon, has a plurality of
dielectric layers forned thereon of a nmaterial such as silicon dioxide.
Sequentially, a field dielectric layer 114 (such as a field oxide), a
connecting interlayer dielectric (ILD) layer 116 (such as a silicon oxide),
a first v I 8 ] n hi

| evel IILE% g{:/eenr h)?? a%z{%ree ortr}rlggglf gS@d\}ng(Jrf\égé g%h@tcrgygg%t%%d%ggg%%}’ vlt\lni e'?hi n

t he di éhdetance vhhiges aot seducedaglin dhe egserofla plaaakedallelduducder. 17Re sihbleed
parallel spjral stacked inductor 122 is shqQwn as being square_spiral but it
may al Sl inchctir asshinpieh. higher; ingpetgnce wﬁuwp@fpp@ﬂ @pﬁwaparglﬂejcwaémor

i nduct ps b [ [ 1iSo S i ouny;

ol ook 5o ag e frfans 56 it itpliie it SHRCH SdffiofDl i, the

par al | elondpiteralares stackded dni toplof each &R, ile largeawadlaér sunface areas amdwel tasithe | n
FIG 3,,ar.e sho .i.rst. and second.turns 124 and 126, | ndi vi I 1y, the
Curns <R 56T ATl diglocfie RFpmate Griinicait Somfuediy miahenHipE sty Hintiuct i ve
mat eri ghythACnEEtASCoRLRted tﬁrcfdﬁhsthisCs%ﬂg%ﬁﬁlﬁlgp&ﬁﬁﬁe%‘até@ﬁ)rhﬁé’ k@O RECt | NG
vias 132 connects to the parallel 20 spiral stacked inductor 122 at one end

and a selfanductanea of thermetpldines swhen Sheyrrae conpectod iree paraljehashion. 3SBhe Qrfactor s at
th t d. The f.irst t 12 i di t 136 W dth 138
wh ch 10t BB Oeb s bffestetl oo ien T nidfer BAEeoRTErBhe kel it oG ¢ e

turps. alf¥eeduendibs.connecting portion 130 passes under the two turns and thus
is also referred to as an underpass 130. 25 Referring nowto FIG 4,

therein is shabose andadditiensl pdyaatages efthe prasert ipggnsion il beeome apnagent &
i nduct 0Q.: ’ (P ant | . i . .
!szbg tC ra %s]el%ﬁ%daélh@ﬁ%&? ?rg da d'lg'1 é%‘%ﬂﬁg af%%;lwﬁl Io%?al Fc‘ﬁesggpég)hc?ﬁ%% %/%Ql?rrgtl erial

i s deposnjuedtiendithahé socompatying dramingdse under pass 130. The connecting |ILD
| ayer 116 is then deposited over the underpass 130. One or nore 30 first
via openings are fornmed in the connecting ILD |l ayer 116 connected to the
under pass 130. 6 Ac t i I i sited on the
connecting ILD | ayer 1@§ﬁ?§%@?ﬁ@ﬁ%ﬁ§@#ﬂ’ﬁ§§? | evel of the

paral |l el spiral stacked inductor 122. \Wen processed, first _ar(ld second
Durks 124° diG- 1@RIOR ARA) ixp Crosyspctipnnr Vigh|qT BRqicithEprchipBdpstPEROPEy |
LD | aygfe lllﬁofﬁld.he(?Ri’@R‘?ﬁ{TFd over the first level 150° . One or nore 5

second via openings formed inthe first level ILD l'ayer 118 connected to
the center pPrlEki2n@RIOBMIRT) istecheross-sestional viewl ofithe gnigr ard ontebicinduetor aliosg al

end of the fir r ' .conductive material is deposited on the first
| evel I@ﬁ?’é%/gfhfslg (gﬁiagr‘%%ﬁ)ssed to formthe first and second turns 124
and 126 and Pite 3 & sHvviC @ ARG s ibnAP 1Ot & Jhrallel 8pisal sbitited endictok c¥Ghe The
first and second turns 124 and 126 are respectively connected to the to

fir2x aprgsepbivicatieniplang lipe3--3a6F>ak asd their center proximate and center
di stal ends ya Ry It L i L4 NG 1 ni ngs
o f or m cent 0 BstblA £ GGGkt Rhe ot the Pl ik oSRUTRM AL ARE

I espect présdny invehttors slong tiné 4v4bf FI® 3.ayer 120 is then deposited over the
second level 150'. As will be understood by those skilled in the art, as
the spiral stacked inductor 22 has 15 nore tons, it will still have the

same number of turngpR \FBHE FON CARRINIGOUT 1R HiVEntdNe

Referring now to FIG. 1 (PRIOR ART), therein is shown a cross-sectional view of a
25  prior art on-chip inductor 10 along line 1--1 of FIG. 2 (PRIOR ART). A substrate 12, of a

material such as silicon, has a plurality of dielectric layers formed thereon of a material such

as silicon dioxide. Sequentially, a field dielectric layer 14 (such as a field oxide), a

connecting interlayer dielectric (ILD) layer 16 (such as a silicon oxide), a first level ILD layer

18, and a second level ILD layer 20 are formed over the substrate 12. Embedded within the
30 dielectric layers is a spiral stacked inductor 22.



connected by pluralities of vias. On the other hand, as the parallel spiral
stacked inductor 122 has nore turns, each level of spiral of turns wll be
only connected at the center proxinate and center distal ends. Also as wll
be understood by those skilled in the art, parallel circular stacked 2o

I nductors could be made in the sane fashion as shown w th various

di aneters t 'S ta sed
for the |nduc}%o{régm| ?&?ﬂdgﬁgh%@@m}lﬁj&ﬁ asﬁgé%hggg&eefrlﬁ%n%bog? h‘|§rrllé\\/ogln oarl#has
been desmilebtd thencanventiorel isorface df aawafpeonfwhicheahé omatiéy inducios it cfoxlmed

under st ood_t hat al ternatives, difications,, and varjations will be
appar efggadesspf ttﬂagée@?&qu %ﬁﬁ"F’r‘fo{ fefe 8§ fpc |a‘§h?nofg elaw" aftaghsyoi heyver”,
descri phifRRe. 4496 n fided |1 such alternatives,
m)dlflcat(ﬁ%ns %%a%ggfoneg ﬁé&lﬁp‘vhvlE ﬁ?‘fﬁ{t %I%l rit and scope of the
i nch uded cI Memmptocmmdéros“fummg’ -as msédbhnereindd rdéfar tohthoformhtiomof viag frel
acconp

avmnsareto be i.nterpreted nlllustr
on- 1| A e 0d oot Terl SmisondiReRt R oR REBhateseitt Haihraps odfgrask
manuf a%y{dh&g)g@apmr@ebﬁ Qnd $tAS kesbprostigd or conpri sing: providing a
substrate; formng a first conductive material |ayer over the substrate; 5

processi ng tlhdlefpﬁoitaﬂc@ﬁ@pmll staskedhindpetat 22 isectworipr giacked inductar. {mFHG. 1
formn tri er o r.t trate and the first turn;
form nng éfé S%\ eesil ﬁ%‘}?n P ﬁgtaﬂ(ga irst dielectric |ayer
conpected t o\ Gt womcdng padnoﬁ 3@ha@ingtddanédting tvidsB2nconhedtéioWe spissl Gedked
conductive material |ayer over the first dielectric Iaéwr and in the to

}‘. rst dpdpckadng ope endiniy srgend ponseeting pfgﬁt)mé4 sennsal at hstheriend mat eri al
to f
o by e TERESALSS WA SRR A S0 061k AR ot el

turn by the secon ve na second Vi a openi ngs
f or m ngufnisy atd ars;iameg:éﬁd»etw&h dable 10€ ltled mmm Thadirdt aonhewging ppeanso paskeect ri c

| ayer o he first ectrlc r and the second turn. 15 2. The net hod
as” ol aitihger e WP&FHM_H ?tﬁoﬁlwc%er%ﬁﬁ?ﬁ@awfeavaaﬁg& ourth via openings in
thgssecond ql&&%g%ﬁr toBIE! 2 (PRI WG ﬁxe’EE’i‘ﬁ ¥s shBwhllaSdréds-8Bshalliehl ot thecond

turn; formng a third conductive material |ayer over the second dielectric
| ayer gnibriant arhehip ndugtaarld #long lite ¥4-3 ob F#Gi hGBRIOR AR B swlystrate 12 tias d

ends oY FieEglskfie % s, ane VpifhCefohtits PO RGR P pof atetnef o6
form the underpass 30.

The connecting ILD layer 16 is then deposited over the underpass 30. One or more

20  first via openings are formed in the connecting ILD layer 16 connected to the underpass 30.

A conductive material layer is deposited on the connecting ILD layer 16 and
processed to form a first level of the spiral stacked inductor 22. When processed, first and
second turns 24’ and 26’ of a first level 50’ will be formed. The first via openings are also
filled with conductive material to form connecting vias 32.

25 The first level ILD layer 18 is then deposited over the first level 50°. One or more
second via openings are formed in the first level ILD layer 18 connected to the first and
second turns 24’ and 26’ along their lengths.

A conductive material is deposited on the first level ILD layer 18 and processed to
form the first and second turns 24 and 26 of a second level 50°. The first and second turns 24

30 and 26 are respectively connected to the first and second turn vias 24v and 26v along their
lengths by the conductive material filling the respective vias openings to form first and
second turn vias 24v and 26v.

The second level ILD layer 20 is then deposited over the second level 50°.



and fourth via openings formng third and fourth vias therebetween; and
formng a third dielectric |ayer over the second dielectric |layer and the
third turn. 3. The nethod as clainmed in claim1 including: 25 formng a
first connecting portion under the first turn and connected to one of the
di stal ends of the first turn. 4. The rrethod as claimed in claim3

i ncl udi ng: fAQr

conductive ré%t‘g?rlllr}%l @d%@@a@ﬁ? H&{éesg.[l erlagrrln ro‘é@fr%lﬁsﬁaé&&fﬁﬁﬁbﬁ? h?‘v’nremrseecond
conduc g mratuﬁr stdl hhwythe, satﬂeem&ﬁbérMﬂﬁimﬁmhﬂml Meeecln@idetheaturnsawilt allebed a

conmbi nation th A nmet hod of manufacturing a parallel spiral
st ack e POPRFELFS:t &fgﬁﬁfqngf Plﬁmfﬂﬂ?%‘ga% substrate; formng a first
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vi as t Heduskttld@en; and for ni ng a second dielectric | ayer over the f| rst
dielectric | Iyt L ai med
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mat eri aVbif déffe‘?‘thS(/éPai"f‘tée%‘gtB‘H@réﬂO@K@@F@F el drom, abov; %n the third and fourth
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third plurality of turns connected onl e center proximte an center
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A first connecting portion 130 having connecting vias 132 connects to the parallel

20 spiral stacked inductor 122 at one end and a second connecting portion 134 having
connecting vias 133 connects at the other end.

The first turn 126 has an inner diameter 136, a width 138 which is common to each of
the turns, and a spacing 140 between each of the turns. The first connecting portion 130
passes under the two turns and thus is also referred to as an underpass 130.

25 Referring now to FIG. 4, therein is shown a cross-sectional view of the parallel spiral
stacked inductor 100 of the present invention along line 4--4 of FIG. 3. The substrate 112 has
the field dielectric 114 upon which a conductive material is deposited and patterned to form
the underpass 130.

The connecting ILD layer 116 is then deposited over the underpass 130. One or more

30 first via openings are formed in the connecting ILD layer 116 connected to the underpass
130.



of turns. 7. The nethod as claimed in claim5 including: 30 formng a field
dielectric |layer over the substrate; form ng a connecting conductive
material |ayer over the field dielectric |ayer; processing the second
conductive material layer to forma connecting portion, the connecting
portion having a center proximate end; 9 form ng a connecting dielectric
| ayer over th hel. Lelegtyic. | C g ortjon. a
formng a cg‘nﬁg{lz ‘fé&]’ge \% gtelg%e!ﬁ&%rg 1§a>ﬁ§§?§2t@€ic§er{]§1ed?§1ﬂ1:e§{d}$ nga%}FP crioqu n%gq ed to
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pr oxi ndire aed gecos tarps 124 and 20 nef pbrst eyl i wilhge formed. pl ural ity of turns.
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material layer, the third conductive naterial layer, and a conbination
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purality ofa biidieildnfirial iPdobiinddl o BKGHiS 1el AU Hyal |19/ afl plodtltsa Vi N
distal ends; a plurality of vias connecting the dist ends of the

pl ur al ifbsm dhe figstrend seednd sirns dhaod 113G gudr the sacandnemotaihg portine 184 ¢fthe

distal ends, of the, lity, of t L0, th | i mate th trate;
2 sccororgninuettafl,"BbF Frsh b Siechil s 1§ bnE 106 K relieRfhl sPretfeddidil o °
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and second connecting E)or'g ions and the plurality of turns. 10. A parallel
spiral the sendvgtiverthatarisl fillingpthe seengd via epéningsatodorm Sentep proxémateyandfcentgr ns i n

a plural.i,ty. af .l | s lural bty of turns having a center proximate and
a cent ZHrlStﬁlies“?é’llasgl\égg;ah%tlg,ii’rrgﬁpeﬁt?%eb%l ity of vial connecting the center

proxi mat e e setordlevd)ILDahyer1201s ther O&hosAed oD ik ekodlei#ly150f. vi as
connecting the cgnter distal ends of the plurality of turns; a first

f
connect i ng pbt Wilbhe Bedrsdeechy those Helledin e afy axihrupBaletrrked indugtor 6P das) i ty
of 30 14 %?g??t §‘%§ﬁ RENR0E Bt égﬁ%otﬂ?ﬁﬁér QP tii RS REEIRd et ahf L aMSKiltaisha!l end

of the p turns; an
connected by pluralities of vias. On the other hand, as the parallel spiral stacked inductor 122

has more turns, each level of spiral of turns will be only connected at the center proximate
and center distal ends.
Also as will be understood by those skilled in the art, parallel circular stacked
20  inductors could be made in the same fashion as shown with various diameters, widths, and
spacings. Similarly, different metals can be used for the inductors including aluminum and
copper.
While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
25  those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.

30



a dielectric material containing the first and second connecting portions,
the plurality of turns, and the first and second plurality of vies. 11. A
paral | el stacked inductor conprising: a substrate; 5 a first turn of
conductive material over the substrate; a first dielectric |ayer over the
substrate and the first turn; a second turn of conductive material over the
first ch { A bk ,and second vies of conductive materi al
connecﬁe ﬁ?@@%bﬁgé}hgpgsﬁénds of the first turn; and lo a second

di el ectric llayer Aowethodrof nidnuftctutingl aguarallet sthekedrinduntbricompsisingnd turn. 12.
The inductor as.clained in claim1l including: third and fourth vies of
conducti ve rPé?Yég’in&IangW?é?}t ed only to distal ends of the second turn; a
third turn ghmGapdyttd coRdEE mdbrid Yikr b1 ME&BRTaEI €l ectric |ayer
connected only to 15 the distal ends of the second turn by the third and

f oust h vi es;progedsiag thei first ehndii@ivematerial yayrer toformtarfastsieopnd di el ectric | ayer
and the thi Ef-g turn. i nduct or, as cI%iFme in.claim11l including: a

first conne m‘é‘gﬁof‘}r%ﬁs%ﬂl{}ﬁaé?yef Reerthe sy ﬁn‘gﬂ’l(‘fr}gﬁtrﬂ’l@ét ed to one of the

di stal ends fafminBeirkt dndtsetatidvia Pentdlgs ihhBe FHREURARIiARYSE @ni&ded & Gt 13
i ncludi ng: a second connecting portion of conductive material |ayer

connected to a tulistakandsef the firstdrns he group consisting of the first turn,
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turips of conduct ifuet amltsecord vigupenitigse substrate, the first plurality of
turns hawing a center proxjimte and a center distal ends; a first
diel ectric IHQesiggdhe sesendepndpstiveanatsralilayer o form & peeend fury cornactedpply o

second plurality gf . eloTal i I L& St Ghi tric
| ayer; 30 first atﬁéhiglg%?\g%i es o?&gmggﬁﬁ% éearﬁ:agfﬁ%ggéﬂgé?ileg*ﬁlﬁ?
connect ed only t cardrsecamsintia ppringsi forniag dinst anll secvad tvéas thisrebedweandsd of t he

first pluraljty.of turns; and 11 a secqnd dielectric l.ayer over the first
i el ectri o HaybintarcompieRiti s afenthe 1o plelsrilayergnd Mo b r - as
claimed in claim15 including; third and fourth vias of conductive nmaterial
resiiect i vel yz-conn@é‘i@ﬂ&ﬁﬂla?qaﬂn?i’emfg?d{ne]rmsmﬁ}%ki mate and the center distal

ends of the ﬁ%ﬂ%ﬂh Yh&ltbdrh @b oi)&{iﬂgcé in the second dielectric layer connected to only
to distal ends of the second turn;
forming a third conductive material layer over the second dielectric layer and in the
third and fourth via openings;

20 processing the third conductive material layer to form a third turn connected only to
the distal ends of the second turn by the third conductive material in the third
and fourth via openings forming third and fourth vias therebetween; and

forming a third dielectric layer over the second dielectric layer and the third turn.

3. The method as claimed in claim 1 including:
25 forming a first connecting portion under the first turn and connected to one of the
distal ends of the first turn.
4. The method as claimed in claim 3 including;

forming a second connecting portion while processing a conductive material layer
selected from the group consisting of the second conductive material layer, the

30 third conductive material layer, and a combination thereof.



a third plurality of turns of conductive material over the second
dielectric |layer connected only to the distal ends of the center distal
ends of the second plurality of turns by the third and fourth vias; and a
third dielectric layer over the second dielectric layer and the third
plurality of turns. 10 17. The inductor as claimed in claim15 including: a
first connecgting n.cunde he first.plur rns and. connect ed
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25 plurality of turns by the third conductive material in the third and fourth via

openings forming third and fourth vias therebetween; and

forming a third dielectric layer over the second dielectric layer and the third plurality

of turns.
7. The method as claimed in claim 5 including:
30 forming a field dielectric layer over the substrate;

forming a connecting conductive material layer over the field dielectric layer;
processing the second conductive material layer to form a connecting portion, the

connecting portion having a center proximate end;
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9. A parallel stacked inductor comprising:

a substrate;
15 a plurality of turns in a plurality of levels, the plurality of turns having distal ends;

a plurality of vias connecting the distal ends of the plurality of turns;

a first connecting portion connected to one of the distal ends of the plurality of turns

in the level proximate the substrate;

a second connecting portion connected to the other of the distal ends of the plurality
20 of turns; and

a dielectric material containing the first and second connecting portions and the

plurality of turns.

10. A parallel spiral stacked inductor comprising:

a substrate;
25 a plurality of turns in a plurality of levels, the plurality of turns having a center

proximate and a center distal ends;

a first plurality of vias connecting the center proximate ends of the plurality of turns;

a second plurality of vias connecting the center distal ends of the plurality of turns;

a first connecting portion connected to the center proximate ends of the plurality of
30 turns;

a second connecting portion connected to the center distal end of the plurality of turns;

and
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10 a second dielectric layer over the first dielectric layer and the second turn.

12.  The inductor as claimed in claim 11 including:
third and fourth vias of conductive material connected only to distal ends of the
second turn;
a third turn of conductive material over the second dielectric layer connected only to
15 the distal ends of the second turn by the third and fourth vias; and
a third dielectric layer over the second dielectric layer and the third turn.

13.  The inductor as claimed in claim 11 including:
a first connecting portion under the first turn and connected to one of the distal ends
of the first turn.

20 14.  The inductor as claimed in claim 13 including:
a second connecting portion of conductive material layer connected to a turn selected
from the group consisting of the first turn, the second turn, the third turn, and a

combination thereof.

15. A parallel spiral stacked inductor comprising:
25 a substrate;
a first plurality of turns of conductive material over the substrate, the first plurality of
turns having a center proximate and a center distal ends;
a first dielectric layer over the substrate and the first plurality of turns;
a second plurality of turns of conductive material over the first dielectric layer;
30 first and second vias of conductive material respectively connected only to the center

proximate and the center distal ends of the first plurality of turns; and
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10 17.  The inductor as claimed in claim 15 including:

a first connecting portion under the first plurality of turns and connected to the center

proximate end of the first plurality of turns.

18.  The inductor as claimed in claim 17 including:
a second connecting portion of conductive material layer connected to a turn selected
15 from the group consisting of the first plurality of turns, the second plurality of
turns, the third plurality of turns, and a combination thereof.
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