; z{e3eh2e\ 46T2Al . 13 AUG 2004 PARALLEL SPI RAL STACKED | NDUCTOR ON

SEM CONDUCTOR MATERI AL TECHNI CAL FI ELD The present invention ﬁflb%tﬁb% 2004
generally to integrated circuits and nore particularly to 5 on~Chi
silicon-based i nductors. BACKGROUND OF THE | NVENTI ON I ncreasi ng demands for
personal nobile conmunications equi pnent have notivated recent research
activities to focus on the devel opnent of inexpensive, small size, |ow
power consunption, and | ow noise | evel systens. To satisfy these

requi renents, one of the nost to inportant and indi spensable circuit
conponents is the on-chip silicon-based inductor. As a result,

m ni aturization of thepARUEICSPIRALSTACKED ROUARFPOR a current key
research area and extensive work has been done in this area. However,
despite efforts by many resBa GBI GLRNMIBRIAL § 1 the art, achieving high
performance on-chip inductors, i.e., high qualify factor (Q, still remains
a maj or problemespecially when radi o frecLuency 15 integrated circuits
(RFICs) are built on silicon. nductors built on silicon are
general ly plan in nature. The current. conplenentary netal i de
Jem conductor | (ERPEFEPEIEL TS ERAG s ST SERR BT bRt B i 1 a

i nduct oss babhip girvedasohindyeks. a | ossy substrate suffer from high capacitive
and magnetic | osses. 20 In addition, high dynam c resistance of nmetal |ines
at Gz frequency ranges further degrades the inductor perfornmance in CMOS
technol ogy as conpared toBAGEKSROURND OEFHEINYENTIONol i t hi ¢ m crowave
integrated circuits (MM Cs). Many fabricating techniques, processes, and
mat eri al s have lseeringieopesder reooraprbireomyenipiofscapiament hofe ntivani p

i nduct ors. rclgfiQufkhRERERS ﬁ,l £6Gs biEmB BEVABSend Hﬁhexﬁ&si% GRLING-AWRpodex t he
silicon substrate un(ger t he i nductor have _been introduced to renove the

substrate PFEFYERUCR EGIPIPIE 1vg 5TiEtse N, s2shs (BF s &RETRRE; MG %G8 ¥esul ts,

i ndust rioces ingfogart aidulﬁ:di@atsatﬂ@uaﬁloqnmpauﬁthlsahetoe@fmpmquﬁ Haed ads@orof reliability
i ssues such as C s, wel.| rm nmechani c stability.
1 13 AUG ZOOAfB %n% éfqg%%%?zgtédél h&t%e %ducmrﬁ 7 eSol elheésu yStrate o ogksf % or

si | i con- batredrdhrigta @pdedenpias whkdps bagn ﬂﬂ@rleés&aartahé{wbgt feapie cffeti byt i vity.

Thi s t echnigperelasneyd wbide s iand £, ganetvmg/ggu ga?ommawerxteﬁp intRErSHPSt rat e

becones unsujtabl e for building. active evi ces he nost critical
factor hi nd&PIHYiTY frstop&k s hﬁ%ﬁl@esermw prebiem sspseiglly whricedp drepuengthe 5 hi gh
resi stimse aitdgfﬁteﬂldiﬂ&uﬁowms)(ré\blﬁ]ﬂ)msllﬁbbﬁr connects used in silicon processes.
I n conparison, Ctohl ck esistive oI d _(Au). net aI | atl on toget her

S
wi th | ossless sugvefmonfﬂ mg‘ucmrs%“ﬁt ?Jnrrslﬂé{:rorégrﬁl a(ﬂéggfjs“}r T &THY oI ogy pgr mts high
per f or manc ecnpkdgatanr metal Obée fsablmrda'-tt@d(cé&@ﬁ)l proce¥o ugy e oomecdniiughve
met al i zat mstraee's'ﬁrmﬁ&cme fmegédaan sﬁlapmgs%@bstrée brePAUA nighSagaBl@ S Of metal
stacked together, thereby achieving a high Qinductor. (§ Anot her possi bl e
al t er nat i v&4@agpgic{ps®s.an” acti ve i nductor. In an active inductor high Q
factor mnd i ndug hARRE, mgamybamaedaistemedaf taplinee &l 1Yz Bdadnky Eaingejs mﬂuelar ea.
However , ch a ch su fers fr ower cons ti hlgh noi se
| evel s tha egéard gsptﬁ%{ngé:(tzocr: rf f ;ow p81% BARAPHT gt[ﬁrr&fofe § fé"ﬁ%?‘}
applicati onlsnohlthmlaldmwaveomegrqjeirdrenwﬂdwsmf active inductors are very
sensitive and %‘a‘ﬂ?Pa‘ﬂﬁ&hng&g&ﬂlqﬁééepréc@g&kcﬁng'ma&nmﬁ‘a’irle@&n%l P&U&{o iprotBKi NG it

time consunming and 15 tedious to design. As a result o ove, the
si npl est  aH PRE¥PRE AhBHNip lﬁ@éﬁ‘i“oﬁe@ﬂsﬁchﬁﬁﬂﬁfe%“%%c%ﬂséﬁﬁ% aFPi con- based
spiral dsnduetimies, subM]ﬁt@ﬁthﬁﬁBihdhﬁtoE%@f)déh inkra(Rditto Efol e abitaR ph;eﬁtlw ques to-

i nmprove per or man onve entional spiral uct or esi the

auct or 1 e ERAR Gy Pl peRoing B T bRy i OBt W5 A ate. To
i nprove theacl@lquadiecwseoéf tehigilgpiisseds suphd ac padkagingt hieldt eq)wﬂmaallongstems ual l'y
stacked wi {hoafewliayers of lower netal through vias to mininze the
overal | metal series Fesistance. Nevert hel ess, when nore |ayers are used to
realize a very thick conductor, the whole splral 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 25

sel f-resonant frequency. Neverthel ess, inprovenent and quality factors are
still observed for a 4-layer stacked inductor at 2.45 gigahertz (GHz). The
above technique to inprove the inductor's quality factor is well known and
very popular in the industry since it involves no nodification to the
existing CMOS process flow. Currently, parallel inductors have never been
expl ored because those skilled in the art expect 30 the performance of such
paral l el inductors to be very poor. For a 2-netal -layer parallel inductor,
its conductor parasitic resistance, especially high dynam c resistance at

gi gahertz frequen0|es wil | decrease by 5096 ThIS hel ps |nprove t he |nductor

e ~ r i . I T N o ' T e~




1o Solutions to these problens have been | ong sought, but have |ong el uded
those skilled in the art. DI SCLOSURE OF THE | NVENTI ON A paral | & 3s pGallu-
stacked i nductor and manufacturing nethod therefore is provided. A
substrate has a plurality of turns in a plurality of levels, the plurality
of turns having a center 15 proxinmate and a center distal ends. A first
plurality of vias connecting the center proximate ends of the plurality of
turns and a second plurality of vias connecting the center distal ends of
the plurality of toms. A first connecting portion connects to the center

proxi mate ends of .the plurali nd .a connec ortion
Ponnect i ng Lo tiEtaRpR bl “BRRS 57 P E o SRR ER e b ol corri o
material conheras it hebsiatthesdtioity. Tis F¢heiqps les gietded signdiivkitaeulpy oriedes a st acked
paral | el inductar. wherein the narfor hSa&ppparabl e if not better than
t he conven?ﬁong ‘%ta&ﬁ g&u El(}uct or. IZ%E% te achlﬁew ng | ow i nduct ance when
metal strips aréemepirrigen fHeigr améf‘a%meevprf?fﬁzﬁwwf siyonzesedindeiors ehq nduct or

| nprovess b&'ngﬁr&is%'afuhﬁﬁ&%o?&%}\lmﬁﬁ&conhefctsrﬁﬁgdaﬂ sifidoh pidgese@n be connected in a
par al 'l el manner, Wi t hout,l@]; cting the o uct ance, h parall el

v
P tact or s ehow It Fam Betst s mhors S8 Rt BRESEuRb B Pana

st acked spisutatratd inchaliiorassenidh@Gaps)asdhndlogyrpeaitsihigh petiortnagr anuc)tvns debe an
alternativ b I t. st acked
i T g ibrbaied G D 3b bRbeohiBith ‘%‘HIIZ%“‘%%%S‘%‘%?QQAJ" xRN ke B
results. | ﬁ@l?yéﬁwofmﬁﬂéW%é@g@@ﬁ thseeby yabieigae high Qindactar acked paral | el design.

The laygut of tAgmpadoititielie@Rive & o GRNAMWANO nBuctdr] RS 2RRE (AfdENGE f parall el
i nductors to be co(glgar abl %{it?ﬁ 30, .conv ntlﬁglng1 st acked i nductors. The
a vEEP

i nduct or of*{oREMIIPRERNE c30 vehn el N80 POV E SR AP RShduct or s of
t he conventsuftanafrons biglt kexkr corcungition aal leghr wive Veyels thihars noraedegtatdnfoy Idwhe r egi ons
at the two r n connect ed
with vias. pg@gﬁn%%r}%%%éﬁ%%hlda a@ g@édr? ?eoun El%ﬁbétgafgglenﬁ&'{oﬁoug I;)gonductors
are el ectr |S%¢1V§/anédm?é®v@mom the gelpcier]s dlasing Hsvifmhdupking idimnecarsy@ing §ndhot  r educed
as in the Q@ﬁﬁsgfdeﬁgnpl anar parallel inductor. The stacked parallel inductor
has a much hi gher ﬁ gﬁj nbe val ye corrﬁared to the g r |1 el inductor
because of the ‘?f‘raergsé‘ EEIR OoNG (5 S ImRS LAY MR CHBTR R P iRfuctos fuct or s.

Si nce the Dplaeaniivotiaked spiradingicack etico reqtiepaeful hamholnitrdmﬁon tedheigheange

conduct or ?M%E%g;%%%ﬁ% as well as the thin inter netal dielectric pronote
a significa nstructive nmutual coupling effect. Hence, nutual inductance
gener at ed t hr ouglthetchinvgntinglspignl ndeqiridesiene thenralpesertivplarfap pndt fpficateddenca i on i n

sel f-i ngﬂ“c@t%&m@&héoﬂ@uﬂﬁ@att@-lTol-dnﬂ%&: tﬂ@@@actop6Nth@§pﬁalqwa&§tt&(’coﬂ Red ipar al | el
fashion. The Q factor for the new esugn i S opbserved to be sI| ghtly hi gher

than the cd fi oyt W RaEs ioh et By Aroued vif fo Pirditrdhyee!! "*Fﬁb above and
addi tional satly asistagesNeofertices, phanast laydy & ticd o hlizé 2 beg dik campadsrent to
those skilled in the ant 0 di f t

descripti on V\%ﬁole taken bfoﬁg%gnmsﬁr{ét%?e ogrlllggvlrmt(‘g ]thtf}en{ar%é%otm ngm ﬂ% v !éa?vﬁ ngs. BRI EF
DESCRI PTI Oﬁa@mﬂqalﬁcmwﬁl@wi?ﬂm@! a deg(aPRjoORl QAo ﬁsweil @rt@slsdusfem i onal view
of a prhor af. ;esdaaht%@@lp,naynﬂu&h%es@mﬁgvehkmn&%uaﬂw@Jctol%la@snﬂ ok ART) ;. FIG

2 (PRIOR ART) is cross-sectional view of e prior art on-chip inductor
along |ine 2”33?1’ ek indueter of Py PpghoigfiHzk G 3 s shown a cross-sectional
vi ew of a par aITlﬁIab(s/mercmhqusttcamipﬁﬂe tha chdadrafs qﬁrfllt}t fagozid wpll eseMtand vantl on

along line 3 ctio vi ew of
he par al | Gty ke foes Vihghierln ol W R ORISR [ '

4--4 of FI @UUSﬁIYBE@FCIN@EOIF@RG@!\WN@PM bTHESCItwmem tRefregxpéchg now t o

FIG 1 ¢P R'tl@%eﬁﬁ@ancet&?%&' ;521:&‘111?1 RARWE @B b@rvgl%lﬁ_po&ecfzdr%nﬁhwt\ﬂ 6 ?;ralﬁ:l 25 prior
art on-chip inductor along line 1--1 (P substrate

12, of a maREFPRfts %‘l?é‘l‘fwa@aféﬁﬂllq EHYRnch gepegially) ighadypargic &Slsavfélaééltg?heﬁﬂ ayers
f or med therﬂ%@lﬁn@és vall BRtedkiba 50% UTs i@%ps Shprd e o ilutssdBfaciSafitientsurdnt y, a field

i ol oot ri ¢ RPaye Py R Selora Biooke 3 il e ByF LT el I | o

| ayer 18, and a second level ILD |ayer 20 are for rred over the substrate 12.
Enbedded within the 30 dielectric layers is a spiral stacked inductor 22. 4
13 AUG 2004 The term"over" as used in herein is defined vertically above a
hori zontal plane :



parall el to the conventional surface of a wafer on which the on-chip
inductor is fornmed regardl ess of the orientation of the waferi§ EE£ME 28d4ch
as "on", "below', "higher", "lower", "above", and "under", ar e 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
conventional sem conductor deposition of photoresist, hard and soft nask
phot ol i t hography, etch, and strip, as appropriate. In the prior art, the
spiral stacked inductor 22 is a two-turn stacked inductor In FIG 1 (PRICR
ART), are %beg\{m ctaﬁv%ﬁ%onﬁ@@ra%ﬁ&%ﬂ)g et Os % gor%h% u tI;l]e ass center con gtgneCt I ng
portion 30 having connec conn t Cked

i nduct or 22onggctigngandy gmiisd alai tb’é@@ﬁbf re‘blﬁ?‘féhﬁt ‘ion@lcfpo‘?r &enﬁrresslhn@omebq s at the

ot her end. ijiB&ork |afe§ﬁan5ﬁ6§knzéon%§lc§ﬂgé Rhek aﬁ'c@n’ﬁﬁ%ﬁ§ cflectd éf\‘ttg:;rh) a8 which is
commpn to each _of the turns, and pacin bet ween each tphe tons. The

first conn&Fi FiguRsERs hedustingsaad 8§a°£ﬂﬁa%8r Y‘Fét“t"@\k?“f‘lﬁrﬁ?“‘é?f(@ f“l‘ﬂ]é‘“q s al so
referred ta pasargaralidldepas s vao obs&.ﬁed%ﬁtefyrdomgctn@mhet tomkirG plZnat-FiRIER ART) ,

therein is 0 ChLO Vi ew r.art.on i nduct or
0 ong | FRARKD ke B AR Bndbb SN Blec G RE! e Pl B TREALRY L NIEH O
di el ect ri c fictpyeHoviexen,the mdydtdnedpreduesdriglvaey lowesompdrask t die conyentiopd désisad and

patterned tQerffethd 1h@t1ch'ﬁd)@l‘iac)ﬁ§§f o parkll@ 1&%@&%&&&&& tylthds@W@leq 48nd S then
deposi ted over t he under e or nore 20 first via openings are

formed in taﬁ?b(‘?éiﬂﬁgs&cf f‘EﬁﬂSB‘SF&f"“ﬂ‘.‘éw@SHﬁé@Fed to the underpass 30. A
conduct iove mat eSoiudibdnsl@fiest piosledlpes bdee thng FouphichuciROReE ¢1REd thodd skiayer 16 and
processed tonfQrma first level of the spiral stacked inductor 22. Wen
processed, r{‘l rst and second turns 24' and 26' of a first level 50° wll be
formed. The first via openings are also filled with conductive material to

form connecting vias 32. Zg]sa%sﬁkﬁ%fﬁvﬁlvgklrfen\k ayer 18 is then deposited

over the first level 50 nore second via openlngs are fornmed in the
first level IL, p?érm&ﬁua&aa@@m%to?gndtﬂanm&ué defitbno i RECO PR 24 and
26' along their len conductive materia e oSl t e first
| evel |LD S#Eyiere saawaﬂ"aroéelé@greﬂplwhw Wthl-‘h@ePlufaéltY oéﬁwséle@@gmcemar ns 24 and

26 of aiss e@@m}at&wh c@r dishh@dd | A Stst e efsamoﬁ&&&g% cBRerRskind ar e

respective nne 0 the first ond tomvias 24v._and 26v al ong
el el ot SDOE BRI ol Bt & SrataM Il FrF FSine It Bee B RURIG T s

openi ngs tof ml@plmafmyroﬁturrand fge comekting porvémadonizdy cahkceRBproxitge s;&leend | evel
LD | ayer 20 | i V€ pUG 20D4
As wll be urJi-)l] eEF fg{‘%@xgﬁ%&ﬁ? hS(E)cggd ‘éo\ﬁﬁ{cfnrégc}&nﬁﬁ%ﬁeggr ° %%isegltegd'?t?la il 01?ac ked

i nduct or h&?PH*ﬁihéfthﬂ%ffﬁsAdlietlecwFﬂate’?f%llCPfttalﬁdhféﬂfiuh‘éf same nunber of turns in

each | exel and ﬁhegregewlaﬁnmnl Proviidda Q&k&ﬂmﬂaﬁmct&l v@iaﬁmtd?telseffoﬁlﬁ%tlﬁ by

pluralities of a ef er nng. now t o in is shown a
cross-sect W{? g\ﬂPtR'?e B e F‘Eve%nﬁﬁléﬁad%dé‘lda‘?f%"edD?fﬁlmc?ﬁh‘ﬁ"‘P%éﬂX’ct or 100 of

the pr esenunducnanemmhenmalalcm@s | arenBid3eut 3n mfpaxEllleGmaﬂner A saths bof dieandhdid; of a
mat eri al S . i rs_formed
t her eon of aln (r)r‘gt? g’?é I a n(hgcl%rclzt 36%3 I%IIIL]QI 12%%%9%}’ S%; %l‘en%(lg}‘!ée({n1 %gfﬁ%l){e?ma"ﬁpr eld

di el ect ri c vithgeptferting tesqyerpll mducpngs; @mpf@ueuequctmﬁ Shcn‘nlw@@tuiqquqtqmtldm ayer

di el ect gsi C rdplakikd) thk adﬁegnngﬁaﬁm(cﬁéacspu@&dact@g licon oxide), a first level IL,D
| ayer 118, a sg@lond | evel 1LD Igg 120, and a third |level ILD |ayer 121

“are formed to OVEPTEHEMEIPIeRPrevides afplrafwy il RPLORHSR STMIOnAP D6 ri ¢ | ayers
is a paral Itlelcompntroaitl sgitled kgichl indatete! @he flAde parhiR] mamoair lybds Spdatididctost acked

i nduct or uar.e so_be. circul ar

Spi ral ezs.llllis l[t§ E)% 1ﬁdugt§ncgg?nlrh% ovegc%mre é_ &19 ft %&de]%iuatliel dles;% yl‘hi §° (t; afﬁ thebe a
spiral, V\hIP@:rhllql §Pl@i P‘PTéPCtQﬁ @ldwsi I@éoman@ofufmaaﬂelcmmm webeawmppraiedo f r om
above. %5 LéhvidiBndlQs&Ed ﬂ@lﬁtomgin% of &Qge&a(meln@an 1§mhfeaéd wikRGiged 1 nduct or

122 is a parallel twoturn inductor. , are shown first and second
tons |24 af@res@duciyyphihgerarenijionat ﬁ@kf%‘tﬂﬁ‘%ﬁ% ar TRoved-affhig snea Rl 8% circul ar,
and can be rdgr@eat ke @nd &ay of G kS Llydte maBA LI (R mdiDGirl At OnieOPPRIh vidd, T i r St
connecting portion I30 having connecting vias 132 connects to the parall el
20 spiral stacked inductor 122 at one end and a second connecting portion
134 havi ng connecting vias 133 connects at the other end. The first tom 126
has an inner dianeter 136, a width 138 which is commpn to each of the
turns, and a spacing |40 between each of the tons. The first connecting
portion 130 passes under the two turns and thus is also referred to as an
under pass 130. 25 Referring nowto 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 formthe underpass 130. The connecting ILD | ayer 1}2%;ﬁg§hen
deposi ted over the underpass 130. One or nore 30 first via operi eUl4
formed in the connecting ILD layer 116 connected to the underpass 130. 6

~i 3 AUG 2004 A conductive material |ayer is deposited on the connecting

| LD |l ayer 116 and processed to forma first |evel of the parallel spiral
stacked inductor 122. Wen processed, first and second turns |24 and 126
of a first level 150" will be forned The first |evel ILD layer 118 is then
deposi t ed e % Qpeni ngs
formed in '(t?thl% Tb %‘Jrﬁsﬁogddet\ﬁ/éetleﬁ %Bl zf [édrm%]@: ec%l?lcﬁrtlacéal?y %onFeC% & p?:r%l%% er pr oxi mat e
end of the1$W@%Wﬂvﬁwaﬁ2me@ﬁﬁi@dﬂﬂﬁemﬁe#VEMNEIEﬁékl@ﬁ@mbfTbhémkw#st turn

124" . A copgig |1ﬁ(i§ct5faﬁa§ra| @ichl 1§ h@ppﬁ@u{n&dvm dohtpartd raos the peeéﬁél ihduBol @yer 118
and procesied to formthe |rs% and second turns 124 and | 26 and the second

connect i ng PfFaYEi Vribe BFEsYee élf §%‘E’6]n6°“P]€\$e‘f’e“1@B'adlaeleﬂbc‘?“id\‘%‘trs amiPgddond turns
124 and 5126omn@ors A8 peckkd veloy ot:aﬂnﬁﬁetraﬁle bQe tdaucQ sxﬁrfabé&reaamdwaeﬁaﬁﬁi turns
124" and 126 t ent er  proxi .center distal only by the
conduct i ve sl e TR bt SRk ORI EMEN SR el ety

proxi mat e awthakciaducanceierpragdd télmlghvthlaﬁtwl@Zvupamjcom@maw@bp@ctﬂdv@by in The second
level 1LD Lay@liucha of fhe Bﬁﬁﬂxn@@ﬂ% 'tﬂeﬁgreg&ﬁéctédh@a %@aqlgmshioﬁwﬂe dpbor As will

be understod by those skil inthe art, as t spiral stacked inductor
22 has 15 BN eV SRE it ?bswqd|togﬂt%hs*rﬂyr%s!}@ e SaMET RO DRSBTS | n cach

| evel amd tiéedutriciks. Wi || all be connected by pI ural ities of vial. On the

ot her hand, as h ar pi.ra 2 has nore tons, each
level of spir al”lth er an adaemcinlal vanlatgﬁs OP &16 Hrﬁseegttuév nt10{1 ]:}ll' ec%rge ?pgzruenrg Ig; oxi mat e and
cent er di stheke %ﬁﬂ@é m ﬂ\#s@ﬁa@ anieddingd tlwrfd’éfrvsmg)@dulbydqsmsw whenltikedini n the art,
paral l el cCigfhkdn withdMehE&dmpRylnpdieigs s could be made in the same fashion as
shown with various dianmeters, w dths, and spacings. Simlarly, different
metal s can be used for the inductors includi ng al um num and copper. Wile

the invention has been dg&eEHRSERIPTICGROOE $HEDRAWINGEN a specific best node,
it is to be understood that many alternatives, nodifications, and

vari ati gns WI | IFIbEl @RI ARYr) §Q cZ3s-1BQBA vk éflae;dlomm&Aﬂ&uﬁh&uctopalbﬁgght of the
af or egoi ng cr| Pﬁ 2% IAﬁﬁi gl ngly, it is intended to enbrace all such

al t er nat i v88% Hed B3 nd variations that fall within the spirit and
scope of t he’ |rﬁﬂ}Lﬁi@HIQRERTYBSaAﬂzs’b—semibﬁaEViSwhfﬂhhmormﬂ)elf—ﬂﬁlein&etorﬁlemgh or shown
in the acc Vi @b re to be interpreted in an illustrative and
non- ||mt|ﬁg@§2nd§gﬂ3g ﬂg&iﬁ 3 AUG 2~u~ THE INVENTION CLAIMED IS: 1. A
met hod of manuffdetisishepma ﬁf&FSaSFCPUéPal giedcK edparafid reird staghsaprdugpme:theor ovi di ng a

subst: r agoe; pfeggnmmt@ aidngﬁﬁe LoREHET k\ugq mat er| al layer over the substrate; 5
proceSS| ng the %rst conductive materi al %/mr to forma first turn;

formng a firsttidi%l et corpssyeronl gr Pﬁ@eg L} sryplestagkrd RayEroR 9f]  tur n;
form ng fi pstencinctns@ciing lind -4@pHEIGL Bigs in the first dielectric |ayer
connected to only to distal ends of the first turn; formng a second
conductive material |ayer over the first dielectric layer and in the to
first and second vi a BESEMOBFORPCARRYENGQUT THESECENTIOBoNduct i ve materi al
| ayer to forma second tumconnected only to the distal ends of the first
turn by the sedsfidingandueFiGyé FRIOBARA), thewit hehdwnr sdrosssadtigelosvd ofvd a openi ngs
form ng,sf i psd: ANg. cﬁl @gorvf{)acﬂ;on% 'ilF—‘J EhelEE ™ ﬁftﬂz Rﬁﬂ“&%b@m%eeﬁo di el ectric
| ayer over the fi rs |e ectri ager and t e second turn. The met hod
as cl ai med™MeiRridsuhs siligopciagd PGty Pbfiaeeee lemrfmﬁdmre@wftahnaﬁnal geni ngs in
the secondadiki@t@cdibdide. | 83@EntCIBNAEEHE dicle@ri®My¥r 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.




to distal ends of the second turn forming a third conductive material |ayer
over the second dielectric layer and in the third and fourth %‘? ﬂpﬁnzmﬂs
20 processing the third conductive material layer to format d

connected only to the distal ends of the second tumby the third conductive
material in the third and fourth via openings formng third and fourth vias
t herebetween; and formng a third dielectric |ayer over the second
dielectric layer and the third tum 3. The nethod as clainmed in claim1
including: 25 forming a first connecting portion under the first turn and
connected to On?heotfrn{ h cld|a§tu§€!d lﬁrflgl%ln 1@ dgtrh%d VLIJE §atll aBIJvn a }f%nzonba? ané hod as
claimed in claim3 inc nd connect ting or Ion while
proceSS|ngPﬁ“@%ﬁdﬁ@FPV@mwﬂ@éPﬁ@FOfayﬁﬁﬂ§ﬁh@w$éﬂ3P?@M@vﬁ@mgﬂbﬁpmenS|stlng

of the SeCQé&QrdﬁE&ﬂﬂ%tonﬁanBﬁbﬁthé @hed, AXERs, s & B9, FRidwd, %ﬂ&uc‘idw%ﬁ nateri al
| ayer, and %CQM)I nat.i g 2004 5. met hod of

manuf act ur i 9V Pr GiF Iaresdﬁﬁeﬂlwngfeéﬁeﬁtéﬁthieﬁ‘i‘ﬂf{'}?tﬂrplaﬁ?)rrpr| sing: providing a
substratse; for m‘heg:na “prodesitd "o Midkidigd” ieusadliepdin talrefderag'ﬁé foion bheassbst r at e;
processi ng Ellgcie§ orﬁrgrpgtﬂaqtsér%{ig anCttCﬁrnggSﬂlO# Yf hottor 31s rhmdaan]:il L3 g{ urality of
tons, the f1rst "ural ity "o turns favi ng alcen proxi nat 6 and a center
di st al end@hotﬁ@mgianlg’ gicl, pdstripgisappsertrigec | ayer over the substrate and the

first plurali t}ﬁn e pliGH a8, thd s@frﬁﬂsﬁ&eé lnﬁ&torgﬁ]fé a SREARG MR iRRGY RYSGin the first
dielectric Ia rezFectl vely connected to only to the center proximte and

center di st(BaBI © sppyan frytyarg sepqnd fughsi2g gnd0. t urns; 10 forning a second
conduct ive mat ex fial cohmyig poivied 3¢ Haeinf bonaéctial ehssatooinectd taylerspladnﬁladkm the first

o eC 0 n iAo SN 85 anl EGIRLRID Bord G Ak ERNTHE LY GaTer o7 &0 ayer 1S

forma second plura urns conn ) ‘er proximte and
center distal élfhéf}fsbm%élaifﬁﬂﬂwr%mm@eiﬁﬁ taywidh 3§ wlﬂlﬁsls bymmdrdo epel ot conduct i ve

material i Ruhd)§nd d gpaéuaga«me&eeep Bdn G de Lﬁnso PR g Sorfn il Plridal J05Jas@0d second
vi as t her ebet ween;

ﬁ a_second dielectric |ayer over the first
di el ect ri c "Pdsy b viodems #d twssaRerefred s ipndiPaiiths. 6. The method as

cl ai nedis n cl aiRefdingmot tdFIGg2 (PRODRTART), thhiei’nds At § awsisiviabviopenhdgs in the

second dielectric |ayer i mate and
center di stal en -Cl“8¥edt ﬁorol%aonﬁdne%fjirog g]F Aﬁl@ q?%?u‘r%n’strﬁ‘% 124?% rd

conduct i vethvreﬁe@rdlﬁ(tctdtfdwr l4onpen Wﬂlhé age@@ﬁde ma@mc& gepesittdagnd patgmgditn the third
and Fourt h gyianaR8hpa30%, Processing the third conductive material layer to
forma third plurality of turns connected only to the center proxi mate and
center distal eH8§OBFUpnERBESAR SABlepnstd tBEf“‘tdEFP‘i‘fé 3y One s masg r d

conduct twve ﬁﬁmhebpeaingsaﬂcﬁoh&dﬁxfmwmﬁaaﬁhgfmundy& 16 icenneeits g Snde@EIBOY third and

fourth vias the}[ ebeuc ve rhat Ehaéertmcﬂa 51 d on rtl% gdnl?%ctellf%mlgy%y?érﬁ%&/er the

second di el ect rt &t Turalitt met hod as
clainmed in ptplcasqmusfqnn@lfmdllqvg of 36 spigal ﬁtﬂcrkgd aldriqtcelw WMhel potessed, firapad over the

substrate; Qg2 ag@a@%%lﬁm 165 QYBUGHI D¢ ot Gk @ikt L@x&%@@g asdre field
dielectric | ayer; processin e second conductive material layer to forma

connect i ng Vithsgndugtiyg “@Eﬁ‘ﬁ%é‘bﬁ"%@’“bﬁ“ﬁ Wi 3kaving a center proximate end; 9
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 tumn vias 24v and 26v.,

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



~1 3 BUG 204 form ng a connecting dielectric layer over the field
dielectric layer and the connecting portion; and form ng a connecting via
opening in the field dielectric |ayer connected to the center Qr@xw ﬁnd
of the connecting portion; 5 and wherein: processing the first con U/
material |ayer connects the center proximate ends of the connecting portion
and the first plurality of tons. 8 The nmethod as clainmed in claim?7

i ncluding: form ng a second connecting portion while processing a
conductive material |ayer 10 selected fromthe group consisting of the
first conductlvsélﬁx@ﬁmcrgtn&@g}%gy&lg WA, %6 PRE S5 1l RY ?ﬁasn%ohﬁe third
conductive material |ayer a co |nat| on thereo g. arallel stacked
i nduct or c &t itstif gl &a"§l}ﬁ‘sﬁafnﬁt”émb"£5’fémfﬂ Wreas leyel gnd fhe rrans WlﬂaﬂleMr ality of

| evel s, theormkdgda.ldngmeiefengﬂoﬁgspmamem\ﬁb stal ends; a plurality of vias
connect i ng the taI end EIFO é § aIit&y of turns; fir E connecting
portion connect “‘115“8‘?{(%0 £hl erfﬂ“ést PWiL gQssgpetiopa Visy of A Prelle! ek yr ns i n
the | evel prdkdomthip indretos IPSH ktatpessena insentiondorgding €3 b GPOr A kirai:onnect ed to
the other cﬁZ toPQ ng'teﬁglaslucheﬁ%ﬁlcglf h ; aHlfj{aolfldE}éctﬁQ la% 63 tfc%ntng.’? lhel@&ld fa dl el ectric
material containing the first connect i t1ons an

plurality &fRefyspd asfélconﬁdlﬁi%ﬁﬁalfie@eﬂ%b’raaﬂelféﬂla]é%@‘dla}’@md%@mh s @rifisid SI ng a

substrat e; ox8e)fa Pdndécahd fnbérl@fer Bibieddse (IDD)alaﬂJr ll'i@-tsh&h)’athf sillcBY 6*1&6) dhecplurality

ol ur a1ty SO RSEIRE aeRPR-FRLBURR o SR a e TR S0r T bnBrptdar iy of

turns; ® sevond spbarn@llil.y Exibedded svithio niveditlécniy lbjees ic e phuelic] dpist sthckends of t he
plurality @fj.dst rl?f; a first connecting portion connected to the center

pr oxi mat e ends of the plurality of 30 turns; a second connecting portion
connected to t e panlicbipil sackad ipdgion 22 in shoyin e Aping jauere spishByt iamey 10 i1 3

AUG 2004 aagh 84 edufai gpuaiatsﬁﬁluaaiy &Qlﬂhﬁﬂdﬂls;ﬂﬁl ki®ed infiktor a0 a6 QNGirAONNECt i ng
portions, rst and second plurality of

Do 1Y P Ratth iodd e o ot SRR sunot i are: & & Tirst
turn of isconductlh the devarited erallodimeet the peealisLipsil satked induckdr 121 is dpedientvod ¢ | ayer

over the S%?hﬁﬂ:t(og ﬂpﬁGt Ig'ealref éhoﬁltl fl#SP Md s&onf &%qﬁ ﬁfﬁ CIO 1V1Huail tl? mat eri al

over the first dielectric Tayer; and second vias Of conductive
mat eri al c&tfeEnrdd fbh Iatysliowntﬂhélrml%t @Id cepds nesfle filgm oy rogpdugtiyematgaiad t o a
second dleh@ﬁﬂﬁg&mb@yer over the first dielectric layer and the second tom

12. The inductor _as clained in claim11 inc¢l udi (r}g: third and fourth vias of
conduct i ve mat &t U5} SRBHKHRCREW AP Yapng @reeeuns dids2 spmegistodbe il urn: a
t hird tom efirat eackad tindugombit2ent ade aMdeandt eecsrL oditlectthe lpentibd 1184 Ihayi®y connect ed

only to. .158&2&11?%%5531'33 ({;lggctsg th%lﬁ’er%ﬁfond tomby the third and fourth vias;

and a thir ctric layer over e second dielectric layer and the thlrd
turn. 13. The iThelfitsttom 13@hit§laainm§dlamtetl3éi ayvidth 13$ehichdis pgmman t6 packbf connect i ng

Por t It otn ungRrurhand i Efbing WobeAtEn CRANE Bl Q6knd. OTIRNG s QbndelBg FogibRh3ends of the
I rs urn.

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.



20 14. The inductor as clainmed in claim13 including: a second connecting
portion of conductive material |ayer connected to a turn selected fromthe
group consisting of the first tom the second turn, thg BhA g gep, and a -
conbi nation thereof. 15. A parallel spiral stacked inductor conprising: 25
a substrate; a first plurality of tons of conductive material over the
substrate, the first plurality of tonms having a center proximte and a
center distal ends; a first dielectric |layer over the substrate and the
first plurality of tons; a second plurality of turns of conductive material
over the first y'csad@&wn%tén@]yﬁger i3 Qe gorslfeh Al 36H00, MLASRL 150AGHCT ! Ve
materi al respectively connecte e center ErOXI te and the center
di st al end§f°6TSSqu‘éf°F1P radirst glﬂveirOéItHﬁ'thra 1 spiggt fiackedgipgpctpn 122. Wign procgsed004 a

second di elfeg hddisecoh®MBE 1Y &1d 10618 § FifsBibvedi B! VRItbE Feméayer and the second

plurality of t n .Lh claimlS including: third
and fourth vi agﬁgprs{:](%e&lﬁg%%aVéqﬁdf 8‘?’? %ipost‘técg‘b"éf:‘g? s 19"" gﬂneéﬂ%‘&f“&i’i‘ﬂ y to the
center 55 praxaded epesing forhed netrties latldllayen iScopfecth® tsaenadrghnttal i ty of
turns; I rial over the second

di el ectri cg*l(g(ggrg ffé%?lﬂlrrldetz%ie%tj tJtﬁi&ﬁm%%ﬁgrggg& %#IYS?mg‘?tz%f t he center distal

ends of the secbhpdytivey aptpria)issiepositndrey tsyfirgthevel IhPrleyenh§ ahdprotdsseditas; and a

third diel e&wth@fdsamrsew@rturﬁshmsaﬁ@@maxﬂltﬁ‘é ﬁee&nﬁlcande&mgrpoﬁeﬂ 13g 4 hi rd
pluralltyoft uctor as claimed in claimlS including: a

first conné??f”i‘ T)lﬂ-pt i O fﬁ?’id‘édresef”ﬁ‘g s, Log angg 13 ageirespechiyely rprsted R onnect ed
to the wentfiiet agirsecondrams 1241cind 126t iehdid cemer podxitmzal auﬁytermifr distal éndls 011158by The

i nductor a L I 7] n ortlon of
conduct| ve b BAIEH ridbaft dHflleel LS Oss B BEERAL BANEELIGAEDC 0 0

consi st i ng disfl enf giag i3rz§9nddl3§rrfﬁp¢cti‘§ﬁhbf turns, the second plurality of toms,

the third pl urathtetofifilevelit DS (%@uand lsahetﬁqggagl&abcfeenmfséa@rrdqa}fd 1582

A Ae. AL AN A
2DP{ Vce]l gb] X] ca] ale@BT a%? etgjﬁﬁc éﬁ%%gillgg\/\#éT &ré]a%the spiral stacked inductor 22 has
a] ca] calscahoa] oad, dayit afiltbave e cajccalnbealof alnta) eah tadlead vajerlitallbea) c

! Pl %D>J
a ##n$$§c%87§§/vf££§£ﬁ““‘55 Ofw (? nil]' l(1:2311 () e girau Sc?g létg k(?% ng%l oéé 2ca] cal ca] ca
] ca] ca] ca] @@] B} QJg_l]sCeach level of sp1ral of turns will be only connected at the center proximate
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333~333D4y4- 5} xsni d M a})ca] ca{i c . . )
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a] ca] ¢ & cajdoadrs 5&5&5&718#19 HN\the same fashion as shown with various diameters, widths, and
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18:;)619 <(&) E ? yg )]/_ 0%058%;;%%1 cp%ﬁggf%%g gr/l(i\rﬁfr& thg )firsg dielectric layer and in the

first and second via openings;

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

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

15 2. The methed as claimed in claim 1 including:
forming third and fourth via openings 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 tum 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.
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i 110% 0& () - fgl@%goézst( yod FREgnd]1 G96ApeRIgES (1) -@ofirs] Gddegrri¢ )layed kikecitefl LaBK@ 10
10° o! connected to only to the center proximate and center distal ends of the first
plurality of turns;
10 forming a second conductive material layer over the first dielectric layer and in the
first and second via openings;
processing the second conductive material layer to form a second plurality of tums
connected only to the center proximate and center distal ends of the first
plurality of turns by the second conductive material in the first and second via
15 openings forming first and second vias therebetween; and
forming a second dielectric layer over the first dielectric layer and the second plurality

of turns.

6. The method as claimed in claim 35 including;
forming third and fourth via openings in the second dielectric layer connected to only
20 to the center proximate and center distal ends of the second plurality of turns;
forming a third conductive material layer over the second dielectric layer and in the
third and fourth via openings;
processing the third conductive material layer to form a third plurality of turns
connected only to the center proximate and center distal ends of the second
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,;

9
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portion; and

forming a connecting via opening in the field dielectric layer connected to the center
proximate end of the connecting portion;
5 and wherein: '
processing the first conductive material layer connects the center proximate ends of

the connecting portion and the first plurality of turns.

8. The method as claimed in claim 7 including:
forming a second connecting portion while processing a conductive material layer
10 selected from the group consisting of the first conductive layer, the second
conductive material layer, the third conductive material layer, and a

combination thereof,

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

plurafity of turns.

10. A parallel spiral stacked inductor comprising:

a substrate;
25 a plurality of turns in a plurality of levels, the plurality of tumms 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 tums;

and
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| 11. A parallel stacked inductor comprising:
a substrate;
5 a first turn of conductive material over the substrate;
a first diclectric layer over the substrate and the first turn;
a second turn of conductive material over the first dielectric layer;
first and second vias of conductive material connected only to the distal ends of the
first tum; and

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 connecied 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 tumn by the third and fourth vias; and

a third dielectric layer over the second dielectric layer and the third tumn.

3. 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 tumn.

20 14.  The inductor as claimed in claim 13 including:
a second connecting portion of conductive material layer connected to a furn 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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third and fourth vias of conductive material respectively connected only to the center
5 proximate and the center distal ends of the second plurality of turns;

a third plurality of tumms 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 Secondldielectric layer and the third plurality of turns.

10 17.  The inductor as claimed in claim 15 including:
a first connecting portion under the first plarality 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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