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METHOD OF MANUFACTURI NG 3-D SPI RAL STACKED | NDUCTOR
ON SEM CONDUCTOR MATERI AL CROSS- REFERENCE TO RELATED
APPLI CATION This is a divisional of co-pending
application serial nunber 101040, 765, filed Septenber

4, 2012. TECHN CAL FI ELD The {ar esent invention rel ates

generally to %E\BHQ&QFM@ %?QBW@FPCUl ts and

nore particul sed |nductors

10 BACKGROUND 8@%%%%%%%)&@%%?255@% demands ' for

per sonal nobi | e SENMIQOINDAIGTOR MYyTERMINt have

notivated recent research activities to focus on the

devel opnent of inexpensive, snall size, |ow power

consunption, and | ow noise |level systens. To satisfy

t hese requi t nd

i ndi spensab(‘FIgagS'@lﬁE?{]ﬁ\éﬁ%gtr@ﬁ mﬁgmt gpggdﬁ(ﬂbﬁ

gihis ¢onr ldagsendl nefuebpendihp Aplidaticds Yérial number 10/040,765, filed

m niaturization of the inductor on silicon has becone
Septembee #3098t key research area and extensive work has

been done in this area. However, despite efforts by

many researchers having skill in the art, achieving

hi gh performnce on-giimNICALEIELD. Le. hi gh qualify
factor (Q, still remains a major probl em especially
MRS B HBEAEY e BRI TR LML e L bl mor

particulsrlyi t6 0f-chfpesildemeaatd hdpttarsar in nature. The current
conpl enmentary netal oxide sem conductor (CMOS) process
uses a very conductive substrate. Spiral inductors

capaci 11 ve _aRdtegRol RS IE RGN Ton. "hion ©

dynam c resistance of netal lines at G -1z frequen
Aegresing demangs foppergengt mpbiletaepmpdestions e%?ﬂﬂ@lﬁ%@ g@notivated

e PR TGI8 AP0 R ORR00: A AB3E AL CBELA, LA v

consunfl}ﬂhihl aad 1dvg nbBe Mriel| spsem§r Toaatiey, thasﬁdeq[ateﬁ{einasl, snéay ¢he most
en _proposed to i nprove the erforma@ce_g’ g hi p
lmportarﬁaaéer&@enw@!ﬁ I SPEPRRIthY theethhhip seisos atsdaductdr.

%scg'rggllta"iﬁ%lar%niaBSn el ﬂhQQHd BS bt &fifoH @rbetc e a current key

i nduct or "have been |ntroduce to renove e substrate
researchaarees bd exterdifewbsk banitent (kiny: inDbspir¢ae Holwnewi dgspyocnﬂforts by
t o.adopt suc

many (eSGH e B b B fre By edyeh b EE Bt i aap nductors, ic.
high qRAKARACRY (G)eh@ll rB89aME!d nBSor! PRBIEeBPecially 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
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mechani cal stability. 5 Another approach to m nim ze
the substrate |l oss for silicon-based inductors has
been to increase the substrate resistivity. This

t echni que has %‘éel ded significant results, however,
the silicp S‘&@B‘ﬁ? pade thetdhetsr hﬁmhefnamt@dﬂ@ﬁd tpugrhelyertlje achsints parasitic

effects n’g(r:l é.ﬁées ?EQ %cl?]‘gvc’ ase l.ES%E(&Ssha{rQ gﬁﬁétgrgt gaﬁlopt such a
techmql&s bsd;ausee odl| neHability !‘.S@We Eu(ihApr)acszgirfgr giuMess svalisasl 1bflg-term
ilic rocesses. to In conparison, thicker and Iess
meChaPlégll%‘i ~gold (Au) met alization together with
| ORI &SPproabiP & Ml @hlgs;(ﬂa{fg 185501 s goﬂ $889)inductors has been
t echnol gy permts per ormance inductors to be
to incréasbithe sitbstiate a&nttyatde’hchhmqme hasgfielded silghif@titassults, however,

si st ance, chni have the |ayers
the Subgg @F‘é‘?m%‘ﬂ’éﬂlgag’?ﬁ %@éﬂiﬁflg agth éﬁ\gQ\? ‘%&?F%w ng a high Q
ITHUGHAoritidRICLBRE hRRR AP iR BékGtatd ¥e sﬂh@oﬁ Baddd ‘?n(ﬁﬂ:tors is the
active inductor. In an active inductor high Q

high repigtivorluminsn-epnst 4hisa) @aprcomeatsmsed/mlhwn@m@mdsy

h f
S 3blaPaloc B 31 SYETe il R SRRAGPED SULIS Fptostes
substrabd & gﬂlluﬁlcﬁ%ﬂi@){@aﬁg itedh@Blogh PeBhita Atbh M ofd b RBUBBEN ors to be
applications. In addition, performance of active

fabricafidcrgeror 30 gvercoBreyhighs etalizpien rvgtadepanehantar ipdniqukds to have
the layér@ g&* ﬁ{eﬁg Istsaclpédatﬁ égﬂercihepelﬂg 65%?1{{?‘& hé% {) 4uc['e 8o consumi ng

ous to-desi above,
tAIE)thEr mpbsitsit ahelﬂaﬂfmk t€ osa@mndcyive seflicon- GhaPadtiveisdiuREd high Q
| anar s on- hased splral i_nductors, which

facior @rﬂé‘dafhfféart?src@? bt aﬁ%%dtm 8 pealhyi sl iropaesini reayer guch approach
suffers'ﬂmﬁ@lYﬁl @\{Iérocr ionl é{l %%ﬁ\éqgfélsoﬁﬁ{ al%g‘&otrlaalé ptabtle gpr low

i nductor deS|g the in or Is anar an rrca
power md bigh (f@qdmylapphcsmbns: oln agldiv®ins peréormincd crfmcﬁvmxﬂheto@ are very
acto spjral tors, .the top netal 25
sensit A epiieat e e apee ot B BRSO PEARS T consuming and
ted1ousttbfd@!:,igﬁ1 vial to a mnimze the overall netal series
resi stance. Neverthel ess, when nore |layers are used to
e et af (herapovaitisksiophrstisndomost comenaip hesdsqi-ehip indsictors are
bst ncrease
planar QiCHERAeT SBF A pd pds” Sy RPR B Banell o Feouh RO TG frtniaues to
imprové@ﬁﬁbﬁﬁanca a degradation of Q factor as well as the
inductor's.  self resonant frequency. It has been
&z@rme@twazel sl @dugior sesign, the ndusipsris planerkand fabricated on a

conducittigg %151"1‘:?% Sl%)g HEC FI%%&Z)?(&\% dth@%?dc@tp Bf"ﬁlte 1r£16}}1(?uc?(%rrmtﬁr ?op metal is

ayer S ors. cau

usuallyi sitadked:twrﬂasa foot fagem|of 1ekvér metal thrdncghdﬁss @mhiglve the ovenl metal
. rperfor duct s with large inductance val ues

SEHES ?lﬁé%c fg\ﬁﬁn&’ 510re Laygisrage BFf‘éirf@ dRRlEg anfsen thigkeconductor,

the wh&%dé]ﬁfap & bﬂﬁl%Hp}floEél'r Qe KBStratdBIARL 'nﬁ:créaggst X aﬁﬁﬁﬁ' fo-substrate

N i nductors are t on conductive su
parasitincepaciting anddehee m:*.alys B 4 degradation A e factmras evdll @rtheddinctor’s

e b EHS e 8 Rttt e
decrease®ai $triuéh tfdstertrite SoPRAE t6 YL E@Maﬁﬁ@ta@ﬁé&%ductors. 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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easily. In conpliance 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 de%(rgadat ion of the inductor's overall useful )

Magnetialostes oreur briciadugesarehyitiern eondygliwssulsfeateso Apgording
to Faraziér}}r uc%vlé rglg %et %gﬂg% edt osgﬂ&htstf M&ng Iﬂgth\ew\%l ‘ée underneath the
spiral ipduagter. p8ince % $ibicon mitRirate hawdewi reaibliwty, rthlg nepge clfrent can flow

created.b the nduc bs rateed C r nt, )
easily. o iy gempligrice gyith H@n%ﬁ E%t B ‘ilre&t}% of | flqw i pluped current is
opposite até'théf AGRO TR cRR R rBN:. MR thngtcféHEﬁ@fgsul@seﬂlsé HX%t%athﬁeof the

i nductor's inner turns. Meanwhile, when curren
inductod'e nwéral uedful indudtanver t ur ns |s reduced i nduced

bs rat current. at the cepter of the nduyctor w
TPaiidvBed hhditicJhrspiilfe BEMe opRaude S hastliy Lot prving
width 1hdﬁﬂ!tk§'r§ AhveSheeh PrdposBBI TR bdstc Wﬁﬂﬁ@ﬂﬁ dfalixs 8 eMmafize dnddirable
the substrate is much weaker and this hel i Nncrease

magnetihBux ergefed fpidlee mduchrﬁelb@rateeddyr cmftens sspeataﬂmtj thetindugtor's core.
This caalgber g%sevea{gpom hshgﬁl bee?uoﬁt@% E:élyre f reélal e%g ﬁleegn V\Pt&&os inner turns.

Meanwﬁﬂﬁp@h@ﬂcumrdnh df:lllsxt@drﬂ/théihbleﬁ Rirh@ls fedaed] DidgcedT: shibStrate current at
ests that for a |l ar i nductor to achieve

the centﬁrp? tredpductorvidh alsochpve ﬁ‘é’Plt Ut syt Ae 4 rﬁﬂ)érr atatha inductor's
core, pgt'é%f?i:cm %gérﬂ{h’c h%? fgeﬂ%/rgtrea: 1%1 gl)%decisg%e qﬁuﬁ" caker d thlS helps
increase thiSnd@@drancannd i) ﬂa,ctdrfof smmlsmductw.stder this t echnl que

%&\ymglvgrteg%ﬁxhaﬁ I es dﬂﬁl ut i o&s to these gr bl egﬁy at higher
frequertds iR cohﬁ)affé?lewﬁ‘ﬁ ‘ﬁxecpm %ﬁn@fct&?s‘"z Tﬁlm\/slﬁ%gésg\{thﬁ)r a large

present invention provides t hod of manufacturin
inducto3 6D ashicvela d;ffamlneej i nduett atensityabemgen telbeier and owter rtulals the

| lit f it f
overall Spticfpnatsh st bY SEoimabs, 1P Lok e DrottF b T eiEhcton 2,45 Gz
and woliRl, bh&ou@sd. %ndb%&&eaﬁllqdaeoh@mgw&eledil rst and second
ConneCtln portlons ar e reSpeCtlveI ConneCted to an

Saléions tertAeserdollame hee bass tong gavghta At kave dng edededithose skilled
lnthea@terl al contains the first and second connecti ng

portions and the plurality of turns over the

substrate. This will reduce current in the inner turn

and |l ower current density in the outer turns to

i nprove i nductRISCE.CEIIR B CHEINMENRON. 5 GHz. 30 The

present invention further provides a nethod of

TRB a6t Uhvdpdos pQV&ws ladhetBdBEF@anufhAGked D WMRT &acked inductor
nei t her additional processing steps nor additional

having rragibstraie evifte g uilyrality & tpms me@bmhtvmféﬁtqlewhﬁt@m Her number of
levels fi)ln \é%: %gf?o JF 51{}1%9 tt?rfn %fo%‘té og’ tlB ﬁl@hétgll %Ilr%f: 5&9 second

aving a great Yy re average parasl It
connectif@ peitibAN R r@specHvadAkethecrRdao aﬁcimvee mttmomalansiuaeﬂﬁedt turn, and a

d1elect1!1cnrcrjlle{t%tl'glr an?a{mg tr}]lg ﬁstgtrg?ldr]slélgtgl?ircogﬁlecr{l%tg%lortllo?l)s/ %,nd 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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The present invention further provides a nethod of

manuf acturing 3-D spiral stacked 5 inductor wherein

the difference in current density for every turn is

nmuch | arger conpared to the varying w dth inductor.

Tihe presentf areniiva fghganpddese wiethed il reavwsashiring Xt spiral stacked

. N . LS ORIl M,z -D e ' n
indueidt brE0E. o fF0pdy RAENT Bohrry BRI SP R 8 et o 0
conventiogil Gtaakaktindadtoefor thEhhampmasdet of mutehayas. f urt her

provi des net hod of manufacturing a circular type a

t

e wgrsentiavemsiopdirthaduerigese mebig alimanuiagiuingg - @rbstacked

_ o _ h
e e ]
the varylngg width finduwtca. r Eladidiferedicet heach@ivbdwithgud edrsiiinérgy extra silicon.

This o3RG G OGS DHRINN BISERF BALEIs el as well s large
inductaABAVINGS 15 FIG | (PRIOR ART) is a cross-sectional
view of a prior art on-chip inductor along line 1-- 1
dihe prGgen inveRI@RIUARE) pravidss RethRloOmanRTActirngaa circular type as
well asGk Osesf'ir?cf%LJ 9 %I vi.t%w of.ntaeqsgﬂri or art on-chip inductor
arBng e 2028 SFURPEME MIBRIOR. ART); FIG 3 is
giewhowe £idasigitRact idemahgsi FthOpresendiVeftidd w1l Sdcok@Pparent to
i nductor of the present 20 invention along |line 3--%

those sklleft)ig they art frem @) rading jof thhéilowang detgded descriphien whiceiaken in
. t - j . St i nductor of the present

°°nJ“n'|gntq°\?en%|1 %‘ﬁ[ggﬁ"g{‘n%ﬁb?‘%e&%@ “of FIG 3. BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON Referring now to FIG |

(PRIOR ART), therein is shown a cross-sectional view

of a 25 prBBIERPESORIRRIQN O UJERRAWIAIGHg |ine 1--1

of FIG 2 (PRIOR ART). A substrate 12, of a materia

FUGh1 SBRKDR I ATOT), ishiagos-Rbtisrall view of a priet e tonl chip SMREST along

formed thereon of a material such as silicon dioxide.

line 1--Sed F&Gt 3 IRIPR ARflDiel d diel ectric |ayer 14 (such as a
Y ' ord ¢t jng. i r . di Clal.d €
Fifes RIAERRTS is SSAREEL B o BTridt o Sl nductor along
line 2--P@f #IG] LPRIORART)8, and a second |level ILD |aver 20
orned over the substrate 12. Enbedded wi.thin the
3l & Seen agcrp%?ngor}ag Vgl ¢ &1D SRIEE RieakGdniadeqigrofzbe present
inventién JIBg lifEH--3 oP¥RE.'4;@8q Used in herein is defined
vertically above a horizontal plane parallel to the
t&bv énsisboah & erdsasectiohali viewadfetheoh Dibpich stdvkednndifviqr of the

i.nductor,is.finned rdl ess of the orientation of
presentigye ?élro.ng*‘é‘fa%é',g' °§giﬁ9§s "on", "below', "higher",
“lower". "above", and "under", are defined with

respect to the horizontal plane.
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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The term "processed" or "formng" as used herein to

refer to the formation of vial and turns includes
conventional sem conductor deposition of photoresist,

hard and soft mask photolithography, etch, and strip,
ashespropevest as used ﬂrhéle@ese& dﬁgwdem@nlhyemove takorizontal plane

parallef E% E@ét S(Eﬁ\%ﬁﬁ@lﬁl éﬂpf‘riget g&laﬁaf&%?ﬁ J\/fg@lé tISlﬁ ol c%ipa &l?lgtgﬁ & formed

regardk:ex:@fhuﬂe oriemati@d ofirthd vQﬁer IDerfsf $uchtas Conmebtlony, Mighe’QMlower”,

connecting vias 32 connects t he spiral
“abovel ity S0 B A BRI Eored et PR GERe oG
{e PR, . :
PRI POoBRE AP AR gl DB s BRI v nd
turns npludés C@vcmmmh semimadictaf d¢gositionusthphotamsista hapheandigoft mask
h of the turns. The first connecting

phomhﬁlbqgﬁpiw §té’§’ AHPEP e two turns and thus is

dhSRe mei&lrbeae @nﬂ%dﬁﬁexﬁnthk! ndabPaaskedOindd@oRes 8¢ hl thd-t0RWstacked
) to FIG 2 (PRIOR ART), therein is shown a
inducteyy de §IC§ elcth @&ARTéwrwhOMEﬁrspmdmecmtquérm 0 26.

[ al on ne 2--2 of .FIG PRI .The

/{] 5" 8 e%ﬁ ortlgn t3pé1a¥1n§|camch8p% g{arsli”g(c]o eg:fa %?%WP stacked
inductMﬂZCdﬁ oﬁe emmimeat sewndmirmeaﬂi o‘itl(dﬁﬁpédrﬁl@&s antle @akf gidned

to formthe underpass 30. The connecti nﬁ] I LD | ayer 16

j dhetf} Hé‘ﬁu@e%]éﬁsta@dnw@iaf@%@ IPn aavipihsd which oneomypomisreach of the
turns, ?rf_dsafs %@gtgﬁe%lg IC {h% ﬁ{su eér Hlésg L&&g‘%%ﬁlige BSI’tl%g 30 passes
under the helol tm'nS/z&ldrthilSﬂISIaEIo rhﬁmedl td » aihalmlStpfaﬁB(Dn t he

processed to forma fi

| 16 [
Har s po e 5591 FUOICaRES irstice showpa Cramipestional View of the
Rf&&&ﬁﬁ?ﬁﬂl fol 18t @HRdineS2e0 INMNSRAGR ART) 28he Sibshrate 12 h
ProTS first evgc 50' tavﬁg mk?e fo?ﬂnlé Tﬁ) élrst |a 8 ensl %tesl as
the fieldr &iclattsio layer |IHaponi witicle ordudidtive nerdal iisdepositéd aml p:tthaened to
form 129N ect| vias 32. 25 The first level ILD layer 18 is
orm the gag)lted over the first level 50'. One or nore

S%%Qnéé’tlﬁg g S ﬁﬁH@ﬂdéﬂ(‘)sf‘t&ﬁoxﬁér t&d uﬁ&‘ﬁ%ss B8D One or more
| ayer 18 connected to the first and second " turns 24

first vig pppges agg @ﬁ@eql hethe cbmegtm@ ILTAlayen tueeringetedri tejuaderpass 30.

ep n.th rst. ILLLS | ayer an
I RORELe HBallf) TR lis (RpGriteliT b8 it rBe i) laygy 16 and
proces&ﬁ toffoan ﬁeﬂigﬂlévél%f&he 5§Jral stldRed indGttoand. SREENSrob&sE@S first and
?t~ and 26 are respect ively connected to the first

Secondafﬁlals Jdc 8Ad 26 upha Jirgdevad yOa il D vorneh g'he Hisstr vip enepings are also
filled With éﬁﬁu&%gﬂzﬁéﬁﬂ? %etﬁé @J()]nnteh 16%{1113 %fe respective vial

openi ngs t orn1 urn vias 24v and
T . firdiheved EH:Drﬂdyd:reLBeis thd:d.bleﬁo@lﬂ&f O\?EQ ths fitdn éevet 60 S iGrRbr more
over the s be unpder st ood by

second g, gRendgs| P’é’HeCF i B zﬂ%hl?vel A%Dalaxﬁm 1|8aq°n§?°é%4<@dt P ddtiang second

mmSZE%dW§lon§‘t'ﬁer‘1slen%thsW Il still have the sane nunber of
turns in each and the turns will all be

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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connected along their length by pluralities of vias.

Duri ng operation, the passage of current (direction

indi cat ed by double circles as 5 being an arrow head
he x in acircle being the tail) through the

sf}:ﬁ Wﬁl besyngerséend hckietcotkilies in dhgarb os piseirglrséaskpdmdagtor has more
S e el
s, FRORELAE by HORGE ArGETRRACKLA LILISRA D v
conneotadr alewy thei 1éngth yploeditienof vies.| ow resistivity subst rate
.. Which.flows in a direction . that |s, opposite to

Tfsing) GRgEation R BRTRG 05 CHBRY GO et ricglel hIGubIe circles as
being a(hadt‘ﬁﬁvgh@ad'ﬁgrﬂ% xfnd 9i§éie b&aL sl tth§0dgﬂ tﬁ@%lﬁ?&ﬁa&@tlﬁcﬁfétor 22

of the overall useful 1nductance of spiral
causes sheaarkani af deagnotic figlds B2 frduiehi indusronagnetiEfidlds 53 in tHeewubstrate 12.

e T AT TR SR M-

which 8b®Beh h df¥€ct@n-tBatak OFﬂxﬁite% tH) WP & ﬂl@tsﬁlrﬂl]sgacke&fndﬁctor 22. This
material such as silicon, has a plurality of

causes @jrapgastie lqss |tagj seslts o theclegrrsietion obtheaovierlersefil indyigtance of the
oxi de. Sequentially, a, field dielectric
Sl ﬁ?ﬁkgd nfﬁ%gfgéuch as a field oxide), a 15 connecting

mtfemhgyﬁw ¢ el@cs) thereinh EDshdvay chrMsGse(:ﬁ(Mﬁlm V@@v @f a 3-D spiral
con oxi de) aflrst | evel LD | ayer

Stackei@éaﬁar ghap PO Pf;tbemafgﬁém inpautionalpng lingidrd qféil@} 44 Apubstrate 112,
t

of a mét@ﬁfﬁrsué'lgés le xf g%%"??%&%ﬁ?tél é)?f??ﬁlg&fgggatyrﬁﬁ fgrn}a the E ?gq‘gatenal

such as sifioart dioxik21l Sdyaeidiallp, 8 ficidatlickicakiager hldIU@tch asl2 ZieldG oxide), a

I al so. be
connecEg diiedres @'ﬂ*’?‘gatgg ge) aee 165@@@6*3%@ lepRio~Stehok Gt evel ILD
layer l'lgldd»'ﬁcé’ﬁd 24 e & ?@r PZOS Qh([ AlthirdMVEN IS gélt AT are %&‘med over the

cl ockwi se or counfer clockw se as viewed from above.
substratenl {2h eEnibsdded ydthie theoti¢lesric 1ay|.et$es 33ED spiral atackd:d'amhlmdor 122.

hd or. 12 'sa3-D ee:t i.nduct or

BC eI RhidtsPekS Bl LRSS oo B neiafspire o iCigafatso b
circulad &iral.| BhhivarHu eel 3D sp‘hﬁ?sthéﬂeﬂSmﬁféfbrh@ﬂclaﬁ%e A%p ﬁE‘IOWlthlrls either

circular, and can be made from any conducti ve materi al
ClOCkWiSﬁ@IrG@Wﬁ@T Qoppase asyigwed frem abeymect i ng portion 130

Ii‘l? n&ag %ﬁﬂoﬁ%égaﬁlt ]32lées%lra ns%%\ckgd duggo(s nléZ is a %-15 %ree—turn

inductoeOmin€0G.J 3)ds Parvid first, kddondonmetig tainsting, pidhand 1251d thdividually,
the third turn 128. The first turn 126 _has an i nner
the turpg gfpbe flah apshoyviypieircuiarg anghica be snadsnfion any ceadctiye material
ns, and a spacing 140 between each of the
mdudl%%??%pléfThe first connecting portion 130 a0 passes
Wi fisst corlectity partibnrlA8 hanidg tchnisecting &l d 3R ebangoedtotthe 8D spiral
nde ss 130.. Referring nowto FIG 4, therein i

stackecCdigion, | £F Boeae i fighia pecond wopRecting Periongid fncets af the other

end to Sk AGkEG A DEUct or 100 of the present invention along
line 4--4 of FIG 3. The substrate 11.2 has 6 the

fhhe Ifigist dure| 1@6thas en irtgr dlpxmtem B@,ha \a’(ldﬂm h3lkiehiohds n@heion &b each of
the turns an&pos%a&%g 1%'6%@%%&%&: tI t?le s, 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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t he under pass 130. The connecting IL:3 layer 116 is
then deposited over the underpass 130. One or nore
first via openings are forned in the connecting ILLS
t@%er 116 connected to the under pass 130. A

the field (Helgetrir Jd4 pme pibigh 3 sgnduciie maiseal isslgpesited ad pattered to form
&9&& yng | LD layer 116 and processed to forma

theunfi s?g?%vel of the spiral stacked inductor 122. Wen
prhecesseting ALD hayed 116 isrtherd @& osivdd @vek iesindemasd 1305ne or more

W1l be formed and a first, c ecting contact 130" is
first vig pppipEs e formed i1 4 qoBORAting dD laypiol kg PUeHPATO the under pass
130. openings are filled with conductive material to form

the 13 connecting vias 132. The first level ILD |ayer

A @ohductive mafends layed ivveposithé dn fist comeetingl 30D. la@ae 116 and

ar e second .via,openi.ngs.are fo i he first .
proces i 6 R0 e SRR 38 STl hS oS, a i
turn 128ndf 4 lfigst fiéved 1| SEONMERS foRbed it AGikst LdfhectilPBom&EABY" KifBrmed at

openlngs,extend substantially. along the entire
the firgt dewgl 456+ Ehgefizshiviadonenings rpg'tilled svith eensuaiérd meterial to form the

[ is deposited on the first level ILL} |ayer
comﬁmgﬁgggggk%rocessed to grin second and third turns 126"

dind fit&§evehilicD dayze ¢ 0816k thom dewisitedowe fiicafist les6l'150f. @ne or more
second . |l evel 150". The third turn 128" is connected .
secondyda PRenings 41 fored moBe TastdavelilhD lnssghls esymedied to the third turn
> i . i i b N d . . .
125" SREUELL ST Ll 0 o SRR SRSy
along tboentire tangth afdind thixtd tdB01287.s connected to the first

onnecti.ng contact, 13Q' .b condycti ve teria
Y OGS EBER deprsited f8rha destieval JER Ivarch!S and processed to
form séeBRM B 1hitd tiing$24:32¥d128PhRd S&eaR- éloﬁﬂ&litin% lgg?;taktaoﬁq{’:?r’ 8% 4Qecond

is then deposited over the second |eve
level 1591 eThéithinl tricm 12Pe s engaected td thentburd itment 18 sbngrits leh@h by the

.aver 12 onnected to.the second. an t.hi turns .
conduc G Flascht? 5B IRE MG PH 314 SRt LB nR Frvgtel it g 12501
The seddif Ediineeling orPRENI300Ss coxdeRnd BUnStBBL Ealneidl 8Badt N80’ by
entire length of the second and third turns 1126" and

conductiygmaterigl ligg e seepndvigapeting tojfernd fpss spanegting vigh &32v1.

I 0,an rocessed t form,,,

e SRl NI bkl A7 AR0IAORREBRR 10T oneor

more thifi viel openiegs a6 BrmedThehd decoid TR ERBE120 adithettBll kdthc Weddnd and
26, and 128 are respectively connected to the

. 124, 1
third tugnse k30 088 ctandgihe sproagiconnesting IsgnigeintRéEt ihhe thisd era eprenings
extend bitstanfg¥ Qgr\llé\gfere%gleévlg?ﬁﬁ SPIRGR cdrd afnﬁgﬁlr(z @1&{@&6” and, 128”.

connecting and the secon second and
Bhéomdudtivemsatdrt s dapositcdl @' thbyecvad dthvet 1M layai £20 @ld [36cessed to

o o, 8 LUFARIES, U ORERLOGS 0 KON otond LEvel, oy
and thiI:dgdélgﬂls 1%%,&26?%%7 13@dreirSspbOBRIPERASEHELH @Y 8Ecohl Bohdlctifly 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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As wi Il be understood by those skilled in the art, as
the spiral stacked inductor 22 has nore turns, it
will still have t he sarre nunber of turns in each |evel

and t tu corrected by pluralities of
\/‘Q%ﬂ”ﬂr% 3@’41@\‘ ﬂ}ﬁ’éﬁ akl n; the a5 45 1§ ¥pial sinchgdcaguctor 22 has
more ﬁlﬁﬂuﬁt\@fl stiB havd B s‘iﬁfc%tﬁﬂfe?%f Fl é\% ldIE ﬁlescuﬁi‘fﬁtwtlll all be
fewer nunber of tun-is per eve ough t
Conneqte.dwbx plirdlitiealof vivas. cOm tlscotber lhandph:utlml 3 D gsrabﬁta«vkedl indwctor 122
| ower er of. t rns at .the |lo | evel s.
has mdy§ {0t FEChnoR 1ekels PO s cuBIoer 48 MEEPF ot anfadihgyeh the
turns vﬂ[thlltBérdcbnhébtéﬂ By pistalitiey 6F viad G 1bwer ndrhlﬁéi%fmnéatstﬁe Rﬁ&’est levels.

level ; a 3-D three turn inductor is shown: a 3 1) four
For expigplé, f AdR 600 rtulnagdlfcmrrhas 40 é¢‘§18\/hatvmgdnw tugy im 4 firshlevel and two

turns Jl 'arsgé({nﬁq&g:l thtre’ler Hlfljn %nrc]iu(:’f‘tO{S %? gwpn §e¢ &H,rnrﬂml 18é1écitorshas four

levels a/tltth onl:\turn'l'ilﬁel ﬁﬂow@eﬂﬁﬁrﬁ&uﬂr@aﬁ atsBeordnevdl ethrfP@IRRL in G third level,
fields of the prior art. are negligible. As will be
and fo‘éﬁfﬂ’é\sé@ pérrleydlode skilled in the art, since the
t I
LR L BRER L DR SRR AL AR R P R e
oks ek et umdesstoqi byl thued skilleddwtths laift$tsﬁl&taltﬁé|turns closest to the

el eELAATE e € Jose WiV (T Toweet Tevel 6T
per le%lrﬁlthéu:t ﬁlb%ﬁnﬁﬁl}y"'ulléreﬁﬁlgu %egﬁgﬂgﬁ: Bysst RRGE tﬁg'lhéggsq level is

in the art, 3-D spiral stacke uctors cou
Optlmlmﬂde’ hawmgﬁbe sadrspdsaghd/ona sisglstigwn Wi t h vari ous

AR s g iR oSt Pl ine i oD St sdebliyductors

could Bedfmalldrén hid Gl Fhshior %Ewm@nﬁ'v'dﬂbﬁw&ﬁrﬁ%%aﬁgﬁpﬁﬁch as circular),
Wil e the invention has been described in conjunction

diametgyst widihs padisppeingres Simibatly, differpi metglst eanblee usedelios thoothductors

. . tives, nodifications, and variations
mCIudl&P?funﬂEﬂéﬁgg%@ﬁ? those skilled in the art in |ight
OWhilb thed hwsneign hﬁgbéﬁh&%dzrﬂiedQﬂ cofyGR@Toa Wit X spdcifid Best mode, it is

intended to enbrace all such alternatives,
to be yslgrstaodathprlomany aHampyssamagificatipes, anéwarwwlrﬁ wilt he apparent to
[ [
those Rfliih O i BOR% e ek HERRoTAT MecordliayTH iyiRaded to
embraadr ivswas alaareatives, beodificetiqise hed viarationsi thhwﬁlllr ‘atthMetha rbjimt and
[im¢tin ense. 8 THE | NVENT| ON CLAIMED | S; 1.
scope. AT 1B LB AERGRactl i Rgitess uibes-fose sst derBdor shown in the
accomﬂdﬂ?ﬂfétcﬂﬁwﬁ%me'té e gnteeré't?y N Gudraiyl §ﬁ(§ A& Bmflt‘ﬁ{ggeﬂ& a
fifst conductive materi | ayer over the su
processing the first conductive material |ayer to
fors: a first level first turn; formng a first
dielectric |layer over the substrate and the first
| evel first turn;
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formng a first turn first via opening in the first
dielectric layer connected to the first |evel first
turn; formng a second conductive material |ayer over

c layer and in the 10 first turn
L Wﬁ@f@gﬁmﬁ processi ng the second conducti ve

1.

MRt oflrAdriFach@irfeQl IDApRALQikell BXRIcto? 86APHsihgr . and
a second level first turn connected to the first |evel

farpyding rsybstidte second | evel second turn inside and
p forn1ng a

gglgglng%éi rg{b%g{ﬁrmlrt@telnlé@ée(r?il })Jg \h%tetﬁg%h}) gt %I el ectric

Ipiwmsmg He fastcmndudtan elhaterizﬂi l@eﬁ Qﬂid»nh Wrfirst lami fikedd @urn

cond I first turn. thod as clained in
Iamﬁlg 1 fef?wL? Igetrindpyer %Y%ﬂaf‘gsu&stfat? §fed thg rfﬁsté@% FEst (e

JRFEER Gty BRE ML ortell: RRAO Al M doRERlyBdlediB o the firs

t he sdewhfirdteéwme] first t urn and second | evel second

formng a rd conducti ve nmafe |.ayer .over
g aoteo st Emiteral T Syt thi et Gl G IF and in the
seconq\‘lrytltanpmmlgg aﬁg%a second turn second via

opening; processing the third conductive materi al
|PAQRERsIng) theoamomi tondugtivemateriahiaydr taufomm @ sedond deveb second turn

tar n, SEEFad e BRTRED SpPish If RERRE I LM 53878 Second

sec ondedeeyaiona buirf insidd dhd rd6 BvdrahéiRgledelt fist tdm; and
dlelectrlc | ayer. over the second dielectric |ayer, the

PRTRIRE | de yeqong ilgetrie Jdeyer oves theifirst fislestrics iyemdhe weepnd level

and t lsecantlityry, prd/the sedonddevelifirst tinThe met hod as

claimed in claim2 including: 30 formng a first turn

third via opening, a second town third via opening,
rdtur hlrg Vi a ogenlnglnthethlrd

3nh§Inéec'f]tF(f(1 o Cllac{?’@ in glapa LingudipE connect ed to the third
|fenviihg fal xSt tubd E&bond REa &ﬂk‘n’ir%f 4RVELeRRE PR bR, vidd eﬁlﬂ% in the

third level third turn ormng a fourth condu
mat er |S©n.¢0nldai}elpctov dayer respehiivelly domeetstir ite theasesondatayel first turn

t he h|rd vi a opening, a second turn third
Vi a ogg(?”s%cg’nggeﬁ/g %?c?lﬁq M urn third via openi ng;

po2aeg aithgd tcbaducauve tut@Rn et bve mBlsedondldiélédtaE 14y@r and in the
forma fourth level fourth turn; a fourth |evel third

turn dviteat sacang vimepaniig and asgeond taimy spoend via ogerfingir t h
h hi I ond
b BESHI AR FOONSELSS b LIBEH 4 Uy RR e
t hi r d1dvel edcohd teh conmgttedaddhe second level second turn, a thlrd 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.

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;
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formng a fourth dielectric |layer over the third
dielectric layer, the fourth level fourth turn, the
fourth level third turn, the fourth | evel second tarn,
th h 10 1| | first t .4, Th t hod

PAPiE oHBIcAPARVE B rer s o FPeqine [ayer and i he
conneGlkgrPhild AR opBHRS, 4 fRohd hdth ik ¢la Jgeﬁﬁ , AR third turn
and connected to a turn selected fromthe group
consi shirdgiagipening; second | evel second turn, the third
level .third.turn, the fourth level fourth turn, d )
e T N S R VN L A S s
cl ai mfudtindviedi Bidid el BbicRd 36 ¢ thiCIOBRG ChirdeurROK a2t level
whil e processing a conductive material |ayer selected

f r om tsReongrtgupcaesied te iy dirdtlpeel seecmddunn adawtth Jevel first tum
mat eriC%L”[1 RVEL: ét?x?rdlév@l flgstﬁlon_du%t ive material |ayer,
t he four élﬁc Ve nma

con | erral’ Yager, and a

dformbing atfoorh dietscedd laydQver thd thied ladecdiic By tiacfourth 1éreBfourth
3-D spiral  stacked inductor conPri sing: providing a

subst riéie; the dpwrth lpval thad e itheyiavghdavalispeondeitiey jaad the fourth

| ayer 10%8%.dt ignSsubstrate; processing the connecting
conductive material layer to forma first connecting

%e%{tﬁ%@%cﬁiﬁ{eﬁ% nlggaﬁqlgag%cti ng dielectric |ayer

over I TST conne n P#ion; forni ng a

dorhniag ta Mgt YortheoRgNpHtion lintiéiethe aitfteletdl Tarstciued 86d Ebrfhected to a
| ayer connected to the first connecting portion;

f or mi Agmesetqcied frem it Eroupecarsising af theagrspndirerl sasend tum, the
conne Qﬁi'r(fﬂ:vgl' tﬁir& %1{1,' the If@z%f‘ﬁlrle?@ %1%1{11 tuI?lp ah@ G c&%ﬂ&?&ﬁ&ﬁ ﬁf@reof.
g e tirs eria

via openi ng, processin conductive nma

I r o, forma.first Level .first turn and a first
Ilgp\ég?etfé%dnansec&%l}nﬁg 1 Sﬁ{néétlr;l&?%ng'or mng a first

ielectric |aver over the supstrate and the first .
TGt 1<€ond SPineIfRE phion; VRds prasceyit oy Apadyqiiyg material layer

cont agblectt® Hohihe rédy Shsistifdlof the $&cotll RoRRRAVOGhaleial RSer, the
first dielectric l'ayer connected to the first |evel

first thind sordwgtisie mnaterial dayenetiei fogrtlyi candysive mgaterial layer, and a
conn_e%tor%gintg tﬂﬁerécoi rst |evel connecting contact;

form ng Sed ccghductlve material |aver over the

first dielectric layer and in the

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

providing a substrate;

forming a connecting conductive material layer over the substrate;

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;

10
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first tern first via opening and the first connecting

vi a openi ng; processing the second conductive materi a

| ayer to forma second | evel second turn and a second

| evel figst turn connected to the first |evel fjrst

darmine eHussdiglsagic 19geriavge hesubyie put fhei st lgecltat et and the
over tﬂiﬁlé@é%&nﬂe@ﬂﬁécéﬂt{]&t turn. and formng a second
dielectric layer over the first dielectric layer, the
Sewwing al fevtefurn 1t oiadortening, in dnel fitsh dicdetinyéresomhedtéd &t the first

turn. ;7. . The nmethod as clainmed in claim6 wherejn:

pr 00 ed€ih G HBTHEgh 1% GHIEK G & SRGHIEFOrRE g 1o the Tist level
i ncl udgandcangthi@ad; second level connecting contact;

and including: formng a first turn second via )
dpeming @, scaonsbeansacti v matsisbliger peer dhe it glielegidc dayer and in the

second, gannet| N9 kLS. ORENkI% LR LA SeeaNd el ect ri e
| ayer respecfl ve yp DO TEh s SFE GOy e VESPSNEE evel

foré&@bsihil fHd, se86ED Bshduen el mateian thybtifoforang sddofd 18eL eddnd tumn
| evel connecting contact; formng a third conductive

mat er igaf 2 e lvelrfinshrs sewiestediteltecfirst éevenliest tundthe second
the gweﬂecw& furf} GEAIhY Bt OPE Bt RvSIAGH e YRS

secona via openi ng, anél tnhe second connecting via

dpeming gy s&dnrdielestsic Ngydrhever lthe dirstodediectricv ryamitke isadond level

| ayer sténlanmm and fhe kebond@lel fibt knt urn, a third |evel
second turn connected to the second | evel second turn,

athird ' level first turn connected to the second
I'Thganethod agiclaipied in glaim Povhereig: a third diel ectric | ayer
over the second dielectric layer, the third | evel

tppgegsing dhen seaohd eomidnetivieemeterige daya indlvdes farmlingh@ second level
third | evel. fir%ttturn. 30 8, The nethod as clained in

cl ai m7"WEPEFHM 411 processing the third conductive
naheri%* | ayer includes formng a third |evel

CBAHMYYIRg contact: and including: forming a first

tink N fiht Vi@ QRER R o;%_nﬁ‘%‘} ANELch A Rurnt R3bdfll ViaPopening, and a
opening, a third turn third via openi ng, and a thi r§
connectéang sinaedpeniviagopaningén tthé secodidedielstiricclay¢rayaspectively

respective copnected, to e.third | evel first rn,
[ el e ot B PR 10t At BeseflTengifedtnd M and the
turn, saeshdibel toidedtihEydkacgonnect i ng contact; formng

a fourth conductive material |ayer over the third
dpenias arthird (cagdyctiyp andterial fgyer 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.

The method as claimed in claim 7 wherein:

11
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10.

10 first turn third via opening, the second turn third
via opening, the third turn third via opening, and
the third connecting via opening; processing the

fourth conductiyve terial layer to forma fourth .
| ORI e Ty Gondpctiv pkTHlojgter (FASY dping o third level

connectgfediBolchsathird level third turn, a fourth
| evel secong turn connected to the third | evel second

t fourth level first tuna 15 connected to the
ﬁﬁ??ﬁﬂﬁgbgl first turn; and formng a fourth

doshimgta first tayethirdwea opdiing, i sedokl alrgahitd &id ayeding, tah@ird turn
fourth | evel fourth turn, the fourth level third. ) )
tuna, THE FHOPTWS gl 2 Guosrinesiig, viampering i dhe hird dielectric

| evel lfij.lér%sg%é{%’\)ély &)nngé}@? B 18 Fevel AlsTRE! fhe thitd I& second

i ncl uding: ormng a first connecting portion under

t he fitnsy tHedkied leviek third tumparaintle domiiewd] ednnecting ugttac;

connecting contact selected froma group consisting of

the first |evel . connecti. contact, the, second |evel .
SHRE&3 ﬁgﬁgﬁpgﬁtw@trﬂ@e@ﬂﬂaﬁﬂOéf%rhe B ifielegirig layer and in the

cont ackrst @AF AiGOAR 'o?é}hfééz ri?é Elﬁf)ﬁ@%urﬁ ?lgﬂ? {/ilz{r({f)eﬁiﬁ . ?lgpefﬂird turn
froma group consisting of the secon evel secon

turn, thiné viaipeoinggarel the thirdctonneating tvieeorfeaingt h 2. . 5

| evel fourth turn, .and a conhination theregof. 10 _Th
Rt e Puuing fE e SniFET IR UBIGE rORHE f o ount wrm, a
secondog@nnset | BErddRkA tothedhl!|t6 (R BERSIBIA9hAd turn, a fourth level
conductive material |ayer selected fromthe group

consi sefay gm edmmected v thecthirduevel secandt torm, al fobely devel first turn

the thi nauct i eri,al layer, the fourth

conducc{g %’f\i/%te(r?&f) gl?ei %‘i‘r\éﬁ%ﬁ?‘,mt AR 3“3/30 conbi nati on

tibeniagfa. fodh 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.

The method as claimed in claim 8 including:

forming a first connecting portion under the first level first turn and connected
through a connecting contact selected from a group consisting of the first level
connecting contact, the second level connecting contact, the third level
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.
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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