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METHOD OF MANUFACTURING 3-D SPIRAL STACKED INDUCTOR ON
SEMICONDUCTOR MATERIAL CROSS-REFERENCE TO RELATED
APPLICATION 5 This is a divisional of co-pending application serial number
10/040,765, filed September 4, 2002. TECHNICAL FIELD The present
invention relates generally to manufacturing{éntegrated circuits and more

particularly to on-chiplgiﬁ SIPRREMANIESSTHFBACKB ROUND OF THE

INVENTION Increasings#adnss AQKEpgonsl inbReOtommunications
equipment have motivat%%hﬁ?égﬁ{{p m&t{“ﬂﬂ?ﬁﬁo focus on the
e, small size,

development of inexpensiv Ow power consumption, and low
noise level systems. To satisfy these requirements, one of the most
important and indispensable circuit components is the on-chip silicon-based

inductor. 15 As a reylsiniEAtER O e JostappIBliganas become

a current key research area and extensive work has been done in this area.
Howehhdt, He%pﬁé’ istrorts %fy Cﬁi&ﬁ@f@%e@r@ﬁé‘%’ﬁaﬁﬁﬂ@l SKirPF 00,765, filed
Sagbigding, igip performance on-chip inductors, i.e., high qualify factor (Q),
still remains a major problem especially when radio frequency integrated
circuits (RFICs) are built on silicon. 20 Conventional inductors built on silicon
are generally planar in natureTEbeISUOEDtFEarDplementary metal oxide
semiconductor (CMOS) process uses a very conductive substrate. Spiral
inducthrspiaksicatednanmsutitea fpasyabylosirate: Sufieinfrome highdeapaditiued more

p%gu'i‘]érﬁ%‘c?gﬁ-!:%? es; Cgr%_%r?é%ggpdu%ggdynamic resistance of metal lines at

GHz frequency ranges fu r 25 degrades the inductor performance in
CMOS technology as compared to those fabricated in monolithic microwave

integrated circuits (MMA@&@%%Q%MEIWE i , processes, and

materials have been proposed to improve the performance of on-chip

Inducigrs., SG8lIgY3RRGSEPNLIEE HUBHE S SHRR AS.BHIRG AN IHRE SilE0Red

substrate under the inductor have been introduced to remove the substrate
reSaRLETEATE Aty ILGHIPIAtEN . B RpREVERBIM G lgBEtPFas ks STt RGO WrBOWer
coatusipmbiioadapl sugke detechpnigus. becataserofineliailitirisseies sduebBthe most

1188(%@?119 ie?l% ¥1i1%¥gpe%ssa lgllcggull?g _tg(';rrlrénts is the on-chip silicon-based inductor.

As a result, miniaturization of the inductor on silicon has become a current key
research area and extensive work has been done in this area. However, despite efforts by
many researchers having skill in the art, achieving high performance on-chip inductors, i.e.,
high qualify factor (Q), still remains a major problem especially when radio frequency
integrated circuits (RFICs) are built on silicon.

Conventional inductors built on silicon are generally planar in nature. The current
complementary metal oxide semiconductor (CMOS) process uses a very conductive
substrate. Spiral inductors fabricated on such a lossy substrate suffer from high capacitive
and magnetic losses.

In addition, high dynamic resistance of metal lines at GHz frequency ranges further
degrades the inductor performance in CMOS technology as compared to those fabricated in
monolithic microwave integrated circuits (MMICs).

Many fabricating techniques, processes, and materials have been proposed to improve

the performance of on-chip inductors. Tedious processing techniques such as etching away



10

15

20

25

30

mechanical stability. 5 Another approach to minimize the substrate loss for
silicon-based inductors has been to increase the substrate resistivity. This
technique has yielded significant results, however, the substrate becomes
unsuitable for building active MOS devices. The most critical factor hindering

thieilprefonbranteuofieiibo mbmseching berir nisothisehighoragistiie substrate parasitic

eﬁ&mi&me@ .ﬂ')@%@éﬁa&ﬂi@&ﬁ%@&ﬁﬁéﬁrﬁg IRRICRY REOLPSISS: t%oa!i&pt such a
comparison, thicker and less resistive l(i;(old (Au) metalization together with

(QRfUUES PEEISHatE iR SN 6 G Rer ke g odey - pétntid high long-term
nfeelitmitadmnasiiingluctors to be fabricated easily. To overcome high
metaljzation resistance, a populay techni is to haye the layers of metal
oo B O SIS, S e TS L T b
taalneraivibasubsige asiserive iddictemnigembastiveldedisieofipighrults hastorer,
tRdindHcieR Sam b aabigyediiniR sl Mol filicey area. However, such
approach suffers from high power consumption and high noise levels that

are nOPaERhEBISHPRIN THRIGEP R MEHorBaRRERdy sdpoRcatGAdn ctors is the
haddiimnvpariainanes gieachilCuinductonsale wetyinssisitiyecasdedependent

upon,the inductor's,biasing circuitry, making it time consuming and tedious to

dosigh 0 RUS TGl T Thote e ShiEa) A AL AR (Lt e
s@nteigplingibtorsazaenigs d favisiliohuoteserdpspiras indbgrorormavieh insgoipes to be

fa@ﬁ‘f&ﬁ'éh'_@é/ t%i%\iéﬁz@%ﬁ% H%Pﬁéé&oﬂ@é%ﬁ&%ﬁc@%fﬂémﬁﬁ%cmﬁ&@ is to have
conventional spiral inductor design, the inductor is planar and fabricated on a

thedavine fbasinbyackeb araterTsprasRiTHa LS fitoR SidHeLpiral inductors,

the tombirtabissidfe usuallyi stacke dswith a tewitayers oflaweac imetalitieougiah Q
B ninimize.dhe overal metpl serics sesistange, Neverihsless, wh

ﬁayers are used to realize a very thick conductor, the whole splraii’is
sisse frionttheel utystrateorFimiapiruread dsah e o pirkivids shivstrateotparasitiele for low
pGRPRGHIARGE ABRGLPRICH PRSI hdaafadaterahihirRIPLAR MEH RSB Gre very

inductor's “self-resonant frequency. It has been observed that the Q factor of
S@%‘Ié‘i/é?‘%?&@ﬁ%em dl‘BbeEhSME@%&%@%&WHEWfé’%‘i@@a’ﬂe“(%?ﬁﬁ&?éﬂ%g fnd
td@idayaesgacked inductors. Because of this, it becomes extremely difficult

to degign Righ BeHormanceinductars X‘l’q'g‘nl%&’ceo'”%%%é%%cgd YaIUES SICSors are
sucha pnenomenon Is more prornounced when the In

nmore
Jiotghre"

S
ctors occu%)l/ arge
phreasilzddgsratitplod seduoces rviidniénqduc wrstat dalporiit epticardigotivehniques to
iﬁ%g@%rﬁggggding to Faraday's law, an image current or eddy current is

induced in the substrate underneath the ‘ , ‘
In the conventional spiral inductor design, the inductor is planar and fabricated on a

conductive silicon substrate. To improve the Q factor of the spiral inductors, the top metal is
usually stacked with a few layers of lower metal through vias to minimize the overall metal
series resistance. Nevertheless, when more layers are used to realize a very thick conductor,
the whole spiral is brought closer to the substrate. This increases the spiral-to-substrate
parasitic capacitance and hence results in a degradation of Q factor as well as the inductor’s
self-resonant frequency. It has been observed that the Q factor of a 4-layer stacked inductor
decreases at a much faster rate compared to 1- to 3-layer stacked inductors. Because of this,
it becomes extremely difficult to design high performance inductors with large inductance

values since such a phenomenon is more pronounced when the inductors occupy large areas.
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spiral inductor. Since a silicon substrate has low resistivity, this image current
can flow easily. In compliance with Lenz's law, the direction of flow for this
induced current is 5 opposite to that of the inductor current. This

characteristic results in a degradation of the inductor's overall useful
induchaERetiT éppecturas thedempdiisedic 105 sudtdwectadhetiieravhsioriesf thecording

(CAAYRYN RIS M ARYIBE cWHdH UGS RAYR RRERARPGRadbtRg RAdGneath the

working principal is to minimize undesirable magnetic flux created by the
SpiAL St <abs rate et A SRS Ep efalRParsHE HBn A dreste SHBORh AR IPW
chdleadily @agotmpléshed hyetiedusngiot deaitdansitylof the- indudiduiscthetrent is

turns. while, when current density of the inner turns is reduced, ..
ORGSR ETRY I IR 5, S ugn ot e
inslyaiens cemaitysEylandusiincat the inductor's core, parasitic magnetic flux

genefgfediin ek IR S BUshaweakal- aBehitis 1 6lnse 10gicaseth], varying
inductance and the Q factor of Sfiral inductors. 15 However, it has been

waHBdRIEE PR AR e fRRC S rA b8 S a ARIKIRR ARG SR URRRS S R fsisable
ne@Afa ik with X e -uviditl saidalubdtaci edly [hiscauggpsitiliifai e anthrger's core.
inductoy to achieve a difference in current density between the inner and
e e s
Mexpebidsd vdh¢allcovernt ideforie f4BeGrer srdswe idduesideofreesdrerigsptthigirrent at

Heehnique GemRIRIeHWHASIRS $:220 aﬁ@%%&%tthaﬁ%ﬁr%|%%ﬁ@ﬁ?tf?@ﬁﬂuctor‘s
long sought, but have long eluded those skilled in the art. DISCLOSURE OF

COrR EPRAVER TIESREFh e Pre St Rk MidheprBitaE dsniBtabdsrksasathdiifglps
ingrEhspiial sdacisect indLieioQ hawngfastbsitateonith a plurality of turns in a

pIura'égof levels wherein the number of 25 ﬁel ingreases from.an inner. .
R G St i AT IS, St o S mueTig oyt igher

fraguamigrestive lsoomarrscrdth thxad-inder spimal andbetaroutBrimostgents thaida a large
ifRIRE S ogiedal coiaing the st angk Re6PRLGENNBRINGRUNPRIE@NELIRE the

plurality of turns over the substrate. This will reduce current in the inner turn
O YR RKLF L AFER FES TG PN TS o diteR i {8 RS Hall e ari’e> GHz
afidctoulieypashRd etdz: B Tdenpjesenhpventigrifusther provides a method

of manufacty r%Q%qé”ge[’p?@)ga&%‘ﬁ%e& inductor where %e"h?énade‘i*ﬁ%oﬁ‘%'me skilled
processing ssteps hor'additional masks are reguired. 3 The pigesenef invention
irfigretast. provides a method of manufacturing 3-D spiral stacked inductor

having a greatly reduced average parasitic capacitance as compared to a
DISCLOSURE OF THE INVENTION

The present invention provides a method of manufacturing 3-D spiral stacked inductor
having a substrate with a plurality of turns in a plurality of levels wherein the number of
levels increases from an inner turn to the outer turns of the inductor. First and second
connecting portions are respectively connected to an inner turn and an outermost turn, and a
dielectric material contains the first and second connecting portions and the plurality of turns
over the substrate. This will reduce current in the inner turn and lower current density in the
outer turns to improve inductance and Q factor beyond 2.5 GHz.

The present invention further provides a method of manufacturing 3-D spiral stacked

inductor where neither additional processing steps nor additional masks are required.
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conventional stacked inductor for the same number of metal layers. The
present invention further provides a method of manufacturing 3-D spiral
stacked 5 inductor wherein the difference in current density for every turn is
much larger compared to the varying width inductor. This difference is
achieVedidshiunEoHsuningenaraveiie annettisid optimizedtaineside ket ctigied
ifcRBte imalgmenigehigr induetars, ofgpaal) agsue!! é’a%&%fﬁﬁcé'”qycé%ﬁﬁﬁred to a
values. The present invention further provides method of manufacturing a
cupERipRlptade digdiifrerdlp SRS TARSH Wi varying widths. The
abovalangadditionakiad\fantag e oidiien piesedtonwantitiouith H@doReral stacked
iSRPAIEPE LR N é‘?gi% dlied i the.art from. 2 %‘3&9@9&}9% f%ﬂ%ﬁ’i“%edr?égﬁ'l%gred t
escription when taken in conjunction with the'a companying dr wings.
1B RIERIR FEER IPAUQN. OF P HERREWVING BevsdF1GthWPRIGRIAR TXtig ailicon.

THIOS clionab iewLf @ RHPEA HO NN IS iAlReSiBEs it & FdfPadiarge
(PRIOR ART); FIG. 2 (PRIOR ART) is a cross-sectional view of the prior art

ingyesipeiNiEtor along line 2--2 of FIG. 1 (PRIOR ART); FIG. 3 is shown a
crossFaeqiieswlt Viewshaba Bnthappialvidackedhodoctonniftheupresenirdlar type as

Wia\llesngion earlcl)nn Ii[geS %(-&31 ova iFﬂcv;ar4inandi t!lg 4 is shown a cross-sectional view
of the 2B splrafstrac edo’inéucto?/oﬁme present invention along line 4--4 of
FIG. 3ha@sTemOREIHOR] GIVRIRAZHNC GRITEEIE IINYENT IONRefaeridg At o

HAE WL dRRIQRARID: INRIRIAISBRRVA BotagSaSaalanRIMBWoRT Rndrt RIS in
art on-chip inductor 10 along line 1--1 of FIG. 2 (PRIOR ART). A substrate

cquuRgion 1Bl &RATRLYIREsHYEES 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 connectin inter?&}er dielectric (ILD) layer

16 (such as a silicmﬁigf GO ARG RAVENGS second level ILD

layer 20 are formed qver the substrate 12. Embedded within the, 30 dielectric
ayori a B R El i o 5 B S B “0Qe 45 LS ROt Aone
lidefinédiEldcalyRIoo/aRNorizontal plane parallel to the conventional
surfagg-0ha Walsk ARWIEN & LGURANAUGOF if"BrmEd: B%Q%g'ﬁﬁﬁl%}%ng
orientation of the wafer. Terms, such as "on", "below", "higher", "lower",
line 2--2 of FIG. 1 (PRIOR ART);
FIG. 3 is shown a cross-sectional view of a 3-D spiral stacked inductor of the present
invention along line 3--3 of FIG. 4; and

FIG. 4 is shown a cross-sectional view of the 3-D spiral stacked inductor of the

present invention along line 4--4 of FIG. 3.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1 (PRIOR ART), therein is shown a cross-sectional view of a
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

dielectric layers is a spiral stacked inductor 22.
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"above", and "under", are defined with respect to the horizontal plane. 5 The
term "processed" or "forming" as used herein to refer to the formation of vial
and turns includes conventional semiconductor deposition of photoresist,

hard and soft mask photolithography, etch, and strip, as appropriate. In the
described temboelitnens, thedspirb¢siackedeigdcrertzally abgyve-tuherstaetiédlane

pHRENEIRS - R Ry hBRIQRAR TIf areyshewh WRkANHSERMG MHAR&F ’Nfhrmed
26. 10 A first connec_ting%gortion 30 having connecting vial 32 connects to the

regAirdrstalkRTOsifalior 220 BAFenlcaRY S'SRASNE Contiting Pishton 38wver
“gavegcisdatiieother @tcled héttirstjern@hdhsiaonanpiastameter 36, a width
38 whigh 1> common Ig.each of the. tuims, and.a spaging, 40 between sad ol
the turns. The first connecting portion 50 passes under the two turns and
tuingsiislafiss eofsiveidonslascarcondisipadsReitins Refdioiatgnswhayd-iad 2oft mask
pl_(lg@l@ggﬁ ’,gllag’rgj{a §r ’ggvg})ggfgﬁ-.sectional view of the prior art on-chip
inductor 10 along line 2--2 of FIG, 1 (PRIOR ART). The substrate 12 has the

field detBetiestaler £Abplmhhichs o RbHativRe Rdsil 72 dd ot dhsfacked
irdatermaa FoGfarARIBRINRATD asSsBOw T fiescanrnectingtichy Eyerd1®.is then

deposited over the underpa 0..0ne or more_ 20 fiyst via nings ar
ot e e T o g S 0 e O eked
insynhufhas enaradaindyerisndaposieitho natietdhaewtise Hthé¢ayberkddnd

p roceﬁ@ﬁr&@t@ﬁ@@%%'% Qﬁﬂi&%tépi@}'as&ﬁ&!f%k '%R‘l‘qt@sr C%%H}MH & each of the

processed, first and second turns 24' and 26’ of a first level 50" will be

Um! gRReRiet i RDUERRGEhrofaito tHmed With S haoRIRsE & AHAM td K BAes
ubidercannactings\vad s 25akbeddisstternel s kbulayepak8 36.then deposited over

the first level 50'. r via openings formed in the first.leve
li?efj gHOW Or@§tﬂﬁfeﬁ9§%w, cIrc I%SrnWléa,Céonsa—ieé;tlglnal VIEW Ol: the

ILD layer 18connec nd’secon S ong their
piengthonAlionadistive b ateralie degoyittdoh (ABIABIAR/EL | IDelayentrbg dAdhas

(R BERPERELRAR NG (IFhalr P ABHMERR 270126 ARG IRYRHRY o

The first and second turns 24 30 and 26 are respectively connected to the
fqiratbinde®3sPtlin vial 24v and 26v along their lengths by the conductive
matemat ftbing ¢heg espaativevad epaniogsieder fikstimagrpsecond OH# siahore

24v.and 26v. The.second level ILD la % is then deposited gver the
el SR B R R B s 0
spiralsteckditindusrserslasores 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 the connecting vias 32.

The first level ILD layer 18 is then deposited over the first level 50°. One or more
second via openings 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
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°.
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turns, it will still have the same number of turns in each level and the turns
will all be connected along their length by pluralities of vias. During
operation, the passage of current (direction indicated by double circles as 5
being an arrow head and the x in a circle being the tail) through the spiral

stackés Wit (retondzasteed B shiive didlgtlon e mbgnatioifid|sledbedydehtondageore
whRonelafigidsmddnibesubstiaiedér desondinglokrragayiidawndmaddy ve

current 56 is induced in the low resistivity substrate 12, which flows in a

conRsErgr g feB iph S Al h ViR spiral stacked inductor 22. This
caus&nidnpagaatiolosketpatsesulit dartbe: degeadati onlohtbe byvekalbleseaidles as

piglugtance ot the, JQ,3niral ;?E?r%ll(eegeipldltjl?t%gﬁ RO DOWAOFIG: fictor 22
Theréin 1s Shown a cross-sectional view of a 3- spl%al Stdcked nauctor thlp

capesdhalvecpiies ofmageaitioicliohg Whis BuBlafri@gnptia keldsirate theaubsfrate 12.

Anaarial suehas,ilisan dhesd plwalitsekdigiectic aversyormeditparsomel 12,

a material such as silicon dioxide. Sequentially, a field dielectric layer 114

WRER A QTR IS Ri8) T4 L1s WA G Sritena) P U RRIEt A e P rker £pe This
c4{sush asagrsiicossoptigterssalfirsi layekbrhlatayeslih8 casaitanehleueludbhéaydrhe
V?I ILD layer 121 are formed over the substrate 112.

S 12a ’st%ngeg itrll‘](irg:tloer - . . . .
Mbedded within the dielectric layers is a 3-D spiral stacked inductor 122.

The ReespirainstackellindactbereRiis shlopivri exsdseitegtsmpahracspiphldodtlx spiral
SERYBISRA8r Qliﬁ%ul'@(ﬁ SPIfR! prolailave ifieh J1bh g ifalsstackeddnduaiqrddacany,

be a spiral, which is either 20 clockwise or counter clockwise as viewed from
obpavcAl e aseisery BBodiieht, theidesiplrpsrduioes ifgtran P2 egal
sukiDathsie dil ok CBuqUen Gy, 3, ikshaelactiist]secand,(and third fielnsxidd, a
cll%l%tt?r?dil%%a'ré?‘é{fﬁg%”% BN, Cﬁ‘ﬁ E%{]P%@% Shawn O[iiei culan ARdFAD
be made from ny con uct?ve r%a rial  Including copper. S5 A tirst
layonhESfingg pondidsyal 30 dvieg | 6 naretiitly didey A JRR dmwre disl tareHerBufd spiraihe

seharkied 1Pdusilcddc 3liane FOdiatd f $8eNd £aNHSFHNGROLLEhdRdor 122.

connects at the other end to the third turn 128. The first turn 126 has an
inner dartetePH8EAeKAAHHIYSE Wiidh T8CEhIdHNGS SeRvH St thBULHB A0S

cispaemngildO Siativesn eacknoiphe tuacedlihentitst comaeching ParioWHIA0 isX0ther

passes under %he }hr e.turns andér}us is also referred to as an underpass
C i)g WI1S€ ?l‘ counter Clo \EF& as VI%WC rom apove. . .
. Referring now to . 4, therein’is shown a cross-sectional view of the

3-D shith dtawided induetoncr00tsf HR prieskenidheeintiontaldag line ¥ bfee-turn
ifalos: TPEIEUBSIEaiRd42iR8S& ond, and third turns 124, 126, and 128. Individually,
the turns can be flat as shown or circular, and can be made from any conductive material
including copper.

A first connecting portion 130 having connecting vias 132 connects to the 3-D spiral
stacked inductor 122 at one end and a second connecting portion 134 connects at the other
end to the third turn 128.

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 three turns and thus is also referred to as an underpass 130.

Referring now to FIG. 4, therein is shown a cross-sectional view of the 3-D spiral

stacked inductor 100 of the present invention along line 4--4 of FIG. 3. The substrate 112 has
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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 first via openings are
formed in the connecting ILD layer 116 connected to the under pass 5 130.
tha Belddiielsotrienblériapaydids depusbictidconatssad onderaiigd M| agiggrnadbtaerm
Hres&ssed fadorm a first level of the spiral stacked inductor 122. When
processed, a third turn 128' of a first level 150" will be formed and a first
connéBhigSREAE B fdrfidt B (Pt VET 50 n94HB flia One or more
fiepemnings g ilediiieconductvenedterialiol fosmi tivec dhectsinectirguutih pass
2. The first level ILD layer 118 is then deposited over the first level 150'.
ne or more second via openings are formed in the first level ILD layer 118
connéctexhdodines tiipdetinin layps iard¢phe fidspeothnectingtmstdEDL Jo/emhé6 and
pRREQRM MiaraRenings Rxiend abgiantialkalangdhe emirevergthafdledthirthird
turn 128'. 15 A conductive material is deposited on the first level ILD layer
g & Zh ot Stessae! to Yol S8d8HBCA A tLrRRN P8 e 3D g 3Gntt Lprmed at
tieefindeeonNnECtiMmhcointacidl 3pendia aecaoidd level ddiuciihe thitetiting 1280 ke
conngctevd tsol%g third turn 128" along its length by the conductive material

¢ ﬁllllﬁ(é the'second via openings to form first level third turn vial 128v1l. The
secoddctrmhéowhilEblueet1180¢ theoslenested avettbefilisitdoyadéfing Goateicmnore

sekafld t{b{a?é)p@ﬂﬂ cliveomaterialfilling: hesecondyda ﬁ@%&%t@i féB”EHef ifigkd turn
connecting vial 132v1, The second level ILD layer 120 is then deposited over

1%8e YL OKd BV IBEP RS OB MY thitBeViScapeiAgP et o Mk drtheantially
apagandette | RyigthlaGheanie aied 1zsthe second and third turns 126" and

128", and the second cqnnecting contact 130". Th f(};jr via nings exte
e R S S PP T L P Y e BB EC R
forpgiec@Bdrand Huuctives e red iL28¢e pusiteccondthensedtmgd datast 1110 afersdad

163BH BEPCeSREChiRy TFM ML SeCRNM (NG TR dHiNNSHh 281 2Rn3NH IaB A8 the
third level 150™. The first, second, and third turns 124, 126, and 128 are

CoRLNAREVERICEH HEEE AN Kb ¥R ARE QI YR SHEAdt valdhird e N HS Ry |-
Theatectaldiliigdhen thishida apeningsiadosn seaentreonnectingoviahtid2vi) by

and the secondl ﬁ%gﬁﬁgggc%n \9123: Qirgn}ll%g%olfgrq; ?193? a]bi%%;c?% nggéi%%¥

“material %tﬁﬂﬁlgﬁ rd via openings to form second level sécon third

turn Viak 308v2 snvdl HABLyeT hedthitbeledepdtiDdayer th2 bdeothblawdepdsite@ne or

nRYETHHE JQ%&%YI%SJQQIformed in the second ILD layer 120 connected to the second and
third turns 126” and 128”, and the second connecting contact 130”. The third via openings
extend substantially along the entire length of the second and third turns 126 and 128

A conductive material is deposited on the second level ILD layer 120 and processed to
form first, second, and third turns 124, 126, and 128 of a third level 150”’. The first, second,
and third turns 124, 126, and 128 are respectively connected to the second connecting contact
130” by conductive material filling the third via openings to form second connecting vias
132v2, and the second level second and third turns 126” and 128” by conductive material
filling the third via openings to form second level second and third turn vias 126v2 and
128v2.

The third level ILD layer 121 is then deposited over the third level 150™.
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7 As will be understood by those skilled in the art, as the spiral stacked
inductor 22 has more turns, it will still have the same number of turns in each
level and the turns will all be connected by pluralities of vial. On the other
hand, as the 3-D spiral stacked inductor 122 has more turns, it has more

levelgwithllabfewndeiiaatbey Biongreid]iserinethel ainds dhentniigh staeksdtindisipfiPalhas

e GARRERIGGY: BlHsRlRS QhakArawe LHMALAf [VBS.al Re IOMESHll all be
levels. For example, a 3-D two turn inductor has two levels having one turn

e sird: b RIPLHE VY Yiiths T AhscBHP R sathE B-TA eardl s ket ddpglor 122
hshowir; @rdsDifau tste irdeictordthastéows davedsr withuanreturaviel adirsilteveth the
two turns.in a second level, three turns in a third level d four turns in
e R 5 S S R e e R Pt
Forioraarplare Adyligiblermagduilidsdasioherstvdlel sy iiiogeedkitied infirsé lavel simbevo
b s clagastdp shepsuhsirals havedhe grsatest efieesRnumagdnelc asS four

r}Lither' levels may have more or less turns per level without substantially

IqH s euih g th B T A A SSE W R RS B &19RR IS¢ o i 2R b Ratbifigy evel.

atlledunderpassa sndioreacsirgle turn. 15 Also as will be understood by those
skilled.in the art, 3-D spiral stacked inductors. could be made in the same
tashiON O A o e Rar et o R e BREGEA® HERARE
width4s awidl SprasirgsstSicitarithodiffekdlsdmettis etin Hecaséd fornghelindtictorde

s&B&M@E’Pﬂ_@'%{YQi %ﬁ'@f&&%%a\éyl@il@ 1‘&‘%‘ 3 Qﬁiféﬂeﬁkaﬁmg%%igﬁﬁémums
conjunction with a %%GQIfIC best mode, itis 20 to be understood that man

) 9 . S Yy )
PefitdrHeivaDOHoHRNAREHY, dRTSAStdis TEHEQIpsrettile thodenashidars s
offtienaidd ylighting the aitsiggaingddascsiptienusccordingly, it is intended to

embrace all such alterpatjves, madificati ,.and variations that fall within, the

A A T O e, A e B Sl B
caidwn imatlseingbeompargmondrashiogs with tvabevintergretedionsamitl sty ativelar),
JBREERANIMILNG. 585842 8 SHRINY BNTIGN FeMNNMEDLS a Aometh et Rfors

~manufacturing a 3-D spiral stacked inductor comprising: providing a
inglistps i TORHR A S Eonductive material layer over the substrate; 5
procewsiing tha firsiteandiyciive aaadanal 1ayenjiobaon wifli stdevefifissituiode, it is

to be understood that many alternatives, modifications, and variations will be apparent to
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.
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forming a first dielectric layer over the substrate and the first level first turn;
forming a first turn first via opening in the first dielectric layer connected to the
first level first turn; forming a second conductive material layer over the first
dielectric layer and in the 10 first turn first via opening; processing the

TEec BRI e Hdipidb 1ayer to form a second level second turn and a

second level fisstHsun connaatedte the Hrgtilevahiitsd tHan:_peofapming a
second dijelectric Jayer over the first dielectric layer, the second level second
turn, 8W5L§\%gsae Nti%Evel first turn. 15 2. The method as claimed in claim |
includingri2DaZo foronihg tév Eirsb kil syeoncevibeopbsingand a second turn

SeCOg&’o&%s%%etﬂ@@r@ct&%ﬁﬁ%ﬁ%@%’?ﬁ%l YT FREGIVEY; enppcted to

the second level first turn and second level second turn; forming a third

cond{ilivehidietidiqlegaicdorrmecsbecstbstistetidiehrljest el rshesirst turn

seconghyia ORENNEANEA SacREIIYMSBEONRE ViIQRENIRG RGBS U first
third condU(lztive naterial layer to form a third level third turn, a third level

second turn CShHE o the second level second turn, a third level first turn
connéatedhpoathe satondlieviet firatdtiah ] aynd dfarmirgfiasthiid adieke tiyia layérin the

over the se ielectric | . the third level third turn, the third level
el

second turn, an irst turn. 3. The method as claimed in claim 2
includifagesonaithg sctirae teondgsivo/maspahiliyeatedeshnd tegenHitevelesecond turn

opening, angha hischireyHifesvidaReRiRg R thenthind diele et dayeind
respectively connected to the third level first turn, the third level second turn,
and tFETHIF fedRi M EIF RS0 1M a PSR cCORGER AW adParrgpar evel
over the thirdcielactncalalde anchiid tweel fiist twmn third via opening, a second
turn third via opening, and a third turn third via opening; 9 processing the
fourt conddégvecederigldayet vo dorm hifslidingvel fourth turn; a fourth

level thirgturn €ROALEIED JRathe tiedilevehdhirck tur, @ fowdbn@ Vel opening in the

second dielectric layer respectively connected to the second level first turn
and second level second turn;

forming a third conductive material layer over the second dielectric layer and in the
first turn second via opening and a second turn second via opening;

processing the third conductive material layer to form a third level third turn, a third
level second turn connected to the second level second turn, a third level first
turn connected to the second level first turn; and

forming a third dielectric layer over the second dielectric layer, the third level third

turn, the third level second turn, and the third level first turn.

3. The method as claimed in claim 2 including:

forming a first turn third via opening, a second turn third via opening, and a third turn
third via opening in the third dielectric layer respectively connected to the
third level first turn, the third level second turn, and the third level third turn;

forming a fourth conductive material layer over the third dielectric layer and in the
first turn third via opening, a second turn third via opening, and a third turn

third via opening;
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second turn connected to the third level second turn, a fourth level first turn
connected to the third level first turn; and 5 forming a fourth dielectric layer
over the third dielectric layer, the fourth level fourth turn, the fourth level third
turn, the fourth level second turn, and the fourth level first turn. 10 4. The

methoegseigithedanrtiamBiehicRidingrifbiayiegia fors edenekfiagebbmtidh turn; a

under the firgf,laveliist thira and canrectet tdadinseliessd HamathsugrorRel
consisting of the second level second turn, the third level third turn, the

fourth level 165 tHFR CARRFIRBRAIBA theetse BT Bl Ao e\ difmetm

in claim 3 inelnciogd fiorthdngial mm)ﬂdscmnnaﬂting portion while processing a

condgflctlve m | er se ected fro onsisting of, th co
Y RGO RISEN G h CR Eourth
conductlve%'naterrﬁ] ay g(r:t tﬁeayfé ?Hf’rr condructl\(?ecrﬁgteﬁ'aflaye Ir‘nt ourt Purt

conductive meterib¢ I@yéﬁh vll ahicrivinshio Fotidr vkl Geordetipdaof the fourth
manufacturipg.p3Pegpiral stacked inductor comprising: providing a
substrate; forming a field dielectric over the substrate; 20 forming a

connécfing Taaehthiveanateriad Iia)teiim@hmedi@d dielectriC' processing the

conn?cflng cor}dructlve m terlal ayer Eﬂ]%rﬂr rcl)C?rtlon

con ec lgrPOIi eve II'S connécted to a
formlng ac nnec Ing C ayer over rst connectlng por orming

a connecflnglmaifdfzfémn@qm the etinectingdielettlic kyerdtivakbsteentbtting the

25 first QO”QE&H 'Tkgza%ﬂ‘arlhfﬁ’,rfﬂéf‘fglﬁltﬁ ﬁ%@&%gﬂﬁ@%ﬁ,%%&%@%ﬁﬁ@%{%&%ﬂ
connecting dielectric layer and in the connecting via opening; processing the

first canductivie mwatedak Eyeidoifosmia fiigtievalfirst turn and a first level

conn cfmg contact; d%o form n% a first dleﬂlelctng%lzae\éselr over th&& gjbstrate an

the firSt T8val first Elif SRd-tha bt 1oVel con Contact; 105" A e

selected from the group consisting of the second conductive material layer, the
third conductive material layer, the fourth conductive material layer, and a

combination thereof.

6. A method of manufacturing a 3-D spiral stacked inductor comprising:

providing a substrate;

forming a field dielectric over the substrate;

forming a connecting conductive material layer over the field dielectric;

processing the connecting conductive material layer to form a first connecting
portion;

forming a connecting dielectric layer over the first connecting portion;

forming a connecting via opening in the connecting dielectric layer connected to the
first connecting portion;

forming a first conductive material layer over the connecting dielectric layer and in
the connecting via opening;

processing the first conductive material layer to form a first level first turn and a first
level connecting contact;

forming a first dielectric layer over the substrate and the first level first turn and the

first level connecting contact;

10
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forming a first turn first via opening in the first dielectric layer connected to the
first level first turn and a first connecting via opening connected to the first
level connecting contact; forming a second conductive material layer over

the first dielectric layer and in the first turn first via opening and the first
connéetinig &/l openingirproteasingghe Secontddaeitetivrcnramnsaladye it first
form a secopdlengat second i seishRsee00M IeyekittdWa canpastedriPlevel
the first level first turn, and forming a second dielectric layer over the first
dielectric layeP BBt fevel second turn, and the second level first turn.
10 7.foheimgethochas abatuad, énnclairaltlaybeoett: thd 20t2bgacedsirg 4hé in the
second conflueive maferialiayer nalueslorminaasecondigyel. connecting
contact; and inc uging: formlﬂg a first turn second via 5penlﬁg, a%econd turn
secomtorastgeinsccand eonskebyrl reaarialckingr via peninggéanthéevelotsaend turn
dielectric laygy respesiivalM seprested e thesaronddevel first dunasgcond

level second turn, and the second level connecting contact; forming a third
cond U@ ARSIAMA ISR thestshdidistuiielasiar dAin thie sirepdulsyel
second via epenihga secorddisinddecantsviarapening, and the second
connecting via opening; processing the third conductive material layer to form
a third- levelthérchetred as tinehdévetrkendnaheminconnected to the second level
SeCOfiS?oEéE@in@ tJBEdsé_%Mﬁél fi{&ﬁdﬁéfﬂ&%‘iﬁ&%@%%ﬂhﬁc‘ﬁﬁfe@”@ﬂﬁ% fir SEUHE 1evel
and forming a third dielectric layer over the second dielectric layer, the third
level third tEtAMHE IRl second turn, and the third level first turn. 8. The
methafdascbldinzed in claim 7 wherein: processing the third conductive

mgtfgf%g{%}’gea'%%s'y‘?&% 'Qming, & thirdhisyel Comngeing ContaliAlkning, and a

second connecting via opening in the second dielectric layer respectively
connected to the second level first turn, second level second turn, and the
second level connecting contact;

forming a third conductive material layer over the second dielectric layer and in the
first turn  second via opening, a second turn second via opening, and the
second connecting via opening;

processing the third conductive material layer to form a third level third turn, a third
level second turn connected to the second level second turn, a third level first
turn connected to the second level first turn; and

forming a third dielectric layer over the second dielectric layer, the third level third

turn, the third level second turn, and the third level first turn.

8. The method as claimed in claim 7 wherein:

processing the third conductive material layer includes forming a third level
connecting contact;

and including:

forming a first turn third via opening, a second turn third via opening, a third turn
third via opening, and a third connecting via opening in the third dielectric
layer respectively connected to the third level first turn, the third level second

turn, the third level third turn, and the third level connecting contact;

11
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third turn third via opening, and a third connecting via opening in the third
dielectric layer respectively connected to the third level first turn, the third

level second turn, the third level third turn, and the third level connecting
contalerningsal purth 20 dwativRy aafousrtH ven duetithe ihare dell¢ayer lbyer ahé in the

third dielectfig{aygr %Q&Wi@%péﬂﬁigﬁ%ﬂé &U&Hi%ﬁ%ﬁﬁ"%a@ﬁeﬁﬁ%’nﬁé%ﬁd turn
third via opening, the third turn third via opening, and the third connecting via

opening; proEESYIAGRAETS A LEAUILEORMASHRSHAR RRAYME form a fourth level
fourthptotessan gfony thobeted dhdid tivenncoanie digdrtothethirddevie lehindfburth, airn, a
fourth level second turn connected to the third level second turn, a fqurt

vl frat i T ta el Ty S T e SRt AT tve
dielectric layesoadehtheahiagtedete chicthayiele i ssdordntieved fourth leveh fiteturn

fourth level thjrghtirn (She: faudheleyel-seqepdafigrn, and the fourth level first
turn. 9. The method as claimed in claim 8 including: forming a first connecting

portidATaHBR A T RSy S0 AAbedBRA kg U th Bt h Be BB &g fourth
contact selaated trenoargr daelcdngistimg we thafilsklevetcoannaatingdortéqirth
the second {gv&lﬁcrgr}glgncting contact, the third level connecting contact, and a
combination thereof 10 & turn selected from a group consisting of the second

level secong iy dhs tRirg, lexalithiidituenathigifeurth level fourth turn, and a
combination thereof. 10. The method as claimed in claim 8 including: forming

a secdOHFB hdttng PEFGERWIMIE By StsEEity dednlguietivBsmitariaPdagapnected
selected frommrshghgrobpheangisvngafsthe sadania condpciiveisnageriahdayst level
the third conductive ma]tfeﬁlri@ Iﬁ}/er the Jo rth conductive ma%er@al ¢ @/%irﬂnfje vel

. connecting confac e second level connecting” contact,
a combination thereof. &
connecting contact, and a combination thereof to a turn selected from a group

consisting of the second level second turn, the third level third turn, the fourth

level fourth turn, and a combination thereof.

10. The method as claimed in claim 8 including:

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

combination thereof.
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