;e3e!7q! Il nBnRop6 gT"g"k K3-D SPI RAL STACKED | NDUCTOR ON SEM CONDUCTOR
- MATERI AL TECHNI CAL FI ELD The present invention relates generally to
integrated circuits and nore particularly to 5 on-chip silicon-based

i nductors. BACKGROUND OF THE | NVENTI ON | ncreasi ng demands for personal
nobi | e communi cati ons equi pnment have notivated recent research activities
to focus on the devel opfrgng 'gmbvmgﬁdRﬁﬁe, | ow power
consunpti on, and Iom1n0|se]Teve systens. To satisfy these requirenents,
one of the nobst 10 i npor SAIMIGONDUCTORNEBERIALr cuit conponents is the
on-chip silicon-based inductor. As a result, mniaturization of the

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

i nductors, i.e., high qualify ?E??%PQ%BFﬁ§#?|| remai ns a maj or problem
especially ﬁ@gn radi.o frequency 15 integrated circuits (RFICs) are built on
Silicon. ColURRITORAPVIHER ETAES edrally BrinGeratecsiredits agd eve PRGicRRERAR i n
nat 4r eon Eh® SiohaRteLiaiRls@ent ary netal oxide sem conductor (CM3S) process
uses a very conductive substrate. Spiral inductors fabricated on such a

| ossy substrate suffer from high capacitive and nagnetic |osses. 20 In
addi tion, high dynam c resistance of rnetal |lines at GHz frequency ranges
further degrades the i nd3REBORSAINEY GEASE IMVENDENechnol ogy as conpared to
t hose fabricated in nonolithic mcrowave integrated circuits (MM GCs). Many
f abri cat i nglicembing gigempdpfoogesseas], mabile omheuhehtorlsag@ipnesin havoposeded o

i mprove the performance of on-chip.inductors, B Tedi ous praqcessi.ng techni ques
such BRI DAY S5 14 HetEp FﬁefgﬁeV§fP@§Bn59EHﬁw1Vtﬂh§nﬁﬁaa%tlew RYMFE been
i ntrod u&?sqmrpaoﬁ,ema\al%wt hfiscSbait sryé‘{eﬁlspaf@%ét%sw Hhd RGlufremeRR] Gl the HESPI L €

achi eving good results, industries are reluctant to adopt such a technique
bed@us énpiriangndipidispensabls sirewit ganepengstspathkagi-abdp siliedrdbased indsttor.as | ong-term

mechani cal stability. . . Another roach to m.nimze the substrate.l oss for
S 1T aons pason A ek BrwapRZ L P B PRk u e BB rcie Reairil by
Thi's t egbdithldeeaag suit@lsiedverkdik et iMbné @8 Uil Sreah USN¥SVer, &e@?ites sy BY €
becomes unsuitable for building active MOS devices. The nost critica

f act or MPY deserishers havips skl ivethe ertopchigving bighmesferminsg ot &g inductorse 8. hi gh
oSt Sthkh, Qb D LRI ML, BERFIAORERSR0Y itk LR SRARGESS S

In conp on, €ess resi e go al’i zati on
wi tith | dasdretsd cBolist(REI@s)iare gdltlohgiticanseni de (GaAs) technol ogy permts high
per formance | nductors to be f bric%ted easily. To. overconme high

g ﬁ@%?@f%ﬁ met al

met al i zat i o OPEHSPAHERICers JYHLPRISIHOBIHP GERETALY PhnpaiPenaiie- | !
st aCke@oﬁlgﬁﬁfeH%fy haer QﬂYdea%&hfc\ﬁh@%tﬁ‘ QCMD@ 'g%!:‘égst Uses 1O B tc@ﬁ%udﬁﬁés' bl e
uct r high Q

alternative Is to use an active In or. 1 n active inducto

f act or sebstraien diprahmohictan fabeicatcthioesadh adossyrsehitrage suifdr| frem lhiglomapacitiae
However, ., such aqﬁroach suffers from hi gh power consunption and hi gh noi se
| evel s PHAPERHE IRRES accept abl e for | ow power and high frequency

apphi cati ong additigfldiigh @Pnanii€ kNIRRT RtalPlilds e drng ﬁ_@&ﬁn_%}{ Mirfyel Biher
sensitive and dependent upon the inductor's biasing circuitry, making it
time copgraddsribe alyctor 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
25  the silicon substrate under the inductor have been introduced to remove the substrate parasitic
effects completely. Despite achieving good results, industries are reluctant to adopt such a

technique because of reliability issues such as packaging vield, as well as long-term

mechanical stability.



15 tedious to design. As a result of the above, the sinplest and nost
commonl y used on-chip inductors are planar silicon-based spiral inductors,
whi ch require careful |ayout optim zation techniques to inprove
performance. In the conventional spiral inductor design, the inductor is

pl anar and fabri cat ed a .20 conducti v ilicon.substrate. To Jjnprove the
0 fact o of ARIECCHIPAI IRGHETBIS 8 T ap MAs el ISRt e BBt h o

few | ayeierdabe theWabstild akistititR UThis\teamidue Hak Ridldedesi shifcaY edsalth, Hokeabr, Seri es
resi stance. Neverthel ess, when nore |layers are used to realize a very thick

conduc thersubstrate bgvomes gpsuitableifer rldingractive HEP deiceshe substrate. This
i ncreases t i ~1 0- ST rasitic c J: & e e. results
in a degr adgﬁ f %ﬁosﬁ)? ﬁga?e{?#%r ﬁlggérv\%o @e}se rlioﬁrém}c%pﬁgtﬂécﬁ%gbafglglglﬁﬁ 1'%(ri;sels',sotﬁgnt

f r egueRiph.redittivieasurhieam-apper (M20ul RtdredinectQuiathellicoh pfocdsskayer st acked
i nductor decreases, at a nmuch faster rate conpared.to 1- to 3-layer stacked

i nduct ors. Breexpraisen, thigker andilessaedstie gold (Awanstaligation dogether vitidessigss hi gh
erfor i :ndyet i I i A : i menon

A G R R S G S L e S TR g

occur viteivated ctagityor Fo averctme highomembindiont resistasaeh 8 tpoptias technigoe di tocha3e t o

Faraday' s | aw, .an image current_or eddy current is induced in the substrate
under n&ilayerpef @514 e -eﬂa?&?ﬂeﬁrath@ehzé&ae@w 2 Bigh QidefPRt o has | ow

reghsti vity anbites pbdBCalithdiRRs fARkelInQMi6aRdLYor. | Th FHOUBBNE MGSIoPhIdh Genz' s
law, the direction of flow for this induced current is 2 opposite to that
of t he factaheotlondustance pan beTdvhseved ar avtally issiall silives aters Hawexeq egrhaderoash of
the inductor. s overall useful inductance.. To reduce these nmagnetjic,l osses
due t o STHYS TSGR vEY PRRMeY 20 e stise Jerel Tt aie R 2 oRatEoRE WEve
been preResSAd high @ch@mics apidsting. Ahiad&itiBA! pdrforhandd dﬂa@i@@inﬁﬁ@i@@la&@p&? 5
magnetic flux created by the induced substrate eddy current, especially at
t he i ndersttore andeispendeThiponcthp isicoa's ibiagingcdwhis, shéthgoy timsdweswaiogandent
der]§i t)(e(ﬁl_‘) sttQ%eéi 1gluct or's inner turns. Meanwhile, when current density of
the’i nner turng 'S reduced, induced substrate current at the center of the

i nductor w lAs @desdt bthe aBove)\iRs sigiplasemid sleaisoimontys ueedr@setip indictokd@re

i nductor's core,_ parasjtic nmagnetic flux generated in the substrate is nuch
weaker Piar silipen-hesed spiral indpctaas sehieh eequig GateHH deyouh apimization sehjaussitospi r al
i nduct Lt has been observed that the Q factor degrades

drasti g@??ﬁ%%ﬁgé frequenci es when conpared with fixed-w dth spiral

i nduct ors. Thile cuygesingl sdiad idductoa desipgethe matlnctooris planacaidefabricatell od er ence

in current density between_fhe inne nd outer turns, .the overall inductor
ardl mehAusEVE NUERRasIT S 16 rwit sy  BegE of g spralnadiciasahe ixmral s, a5

Gz 15 apthyeatkdd vath £8W BSers'@NSREr thbBlabiHrSEIVISUS HAFRERLURE ¥vitaR RSS.
Solutions to these probl ens have been | ong sought, but have | ong el uded

t hose skii¢d reeistance: Heevertheless, SOEOBWRE lagrrsTsHEusadVBNTalER aTveey thidsemdugtouent i on

provid a.3:D spir.al stacked indyctor havi .a.substrate with a,2

D1 ur al 155, %1 afd 1 prbeBf RS 1 s et s RS BrRRe B sl 55 Pave o

i ncr eagAfasiticQipaditahdaid hided rds0lt fiea abredationd1%) efctdrh® vididaictheindutiorst and

second connecti nig portions are respectively connected to an inner _turn and
Ff

an 25ut seloetonafiFequanay- dt brebeaobservedhthat thel Q dterafrisd1ayer stpsked Idi¥td¥econd

connect &Qaﬁ%{bﬂﬂfch%s‘? AR Rhiphitlal - 95 a-ti P Sta¥& in uﬁkft‘oxg.“%%&glﬁla%fﬂﬁg' S
will reguce curren |n?he|nn r turn an ower curren ensity In e
out er titbemnie axmpmelyediifidiictoadesBn2IE gl perfQuiact dndusey o mdth2labzeGriductdive
present nvention further pravides a 3-D ag‘}ral st gcked i nduct or where
nei t herVaEaFNFHFigh ahhsRuRetqngs aosperongincsd fihen ShdndydeR oody lpgg arsded. The

present i nv%ﬂ&éﬂéﬂc EENQIuPHRM HRScRrSarP el bRkokhREHEhtsBAWS! S%ccﬁlﬁi‘ﬁir%ng a
greatly reduced average parasitic capacitance as conpared to a converntional
st a&dkedoiFaddey'ntavw,an inhge B80Ted e eddyndarendis imdol ih dyendstralb engaresdinthe

i nvention further %r ovi de.?. a 3-D spiflal stack$d. i nduct or wherejn the
spiral inductor. 'Since a Silicon substrate has low refistivity, this 1mage current can flow

easily. In compliance with Lenz's law, the direction of flow for this induced current is



difference in current density for every turn is nuch |arger conpared to the
varying wwdth 3 i nductor. This difference is achieved w thout consum ng
extra silicon. This optim zed 3-D stacked design can be inplenmented for

i nductors of small as well as l|arge inductance val ues. The present

i nventi r r.ovi iLrcular. t wel | as. copper .i.nduct ors

i ong. SPRE A o SRt iRERR GHeR iSRG AR TonE R DBRRayRE B e

pr esentndudiognbi-anll widfll laée@ieapparent to those skilled in the art froma
readi ng of the follow ng detail ed description when taken in conjunction

wi th the acd8ripaifgi thesediagicrgdossarimr totsdripaticoneiche Py DREINGRIFERS, 1

(PRI OR ) d ; - i | vl e -nriar . -chiP i al ong
o |1 nd Tty FRAEBR SRR e oS iis P rilinRe bBAAGARE 00
vi esv ofndghetiqpflicocreated bgnhe midpcddnmhbsttare eddyongrent, repe2iall? a0 theRhuctdr's(dBR. OR

ART) ; G 3]s shown a cross-sectiqnal view of. a 3-D spiral stacked

i nduct dSofar Pe® qé(saé’ﬁ?mp{%’i%@athyoli‘?d'é?l%@”]IT?IHedeSSI% ogfh%n@mgr,s e U G 4

| S SNOWReAAWRIIOSHhELEltN AbnstiyaW BE iddRE 1dnLiSRUAR, HdREKPLERAY Lk the
present invention along line"4--4 of FIG 3. BEST MODE FOR CARRYI NG OQUT THE
| NVENT Ki@\ceRtsk of therigdundey widl #saChavie a(lPREORIART Jlensithie Asiaresdt, shthwninductor's

cross-sectional. vi ew of rior art.op-chip, inductor, 10 al ong, Li.n --1 of

FI G 2_C‘()rlgF{IP&QS?&]IQT?I.a ?’guﬁggrgﬁlga%g, InoﬁwaS oS Ppagh é"{?ﬁ_ﬁera this 3’16 S has a
pl upal iifcreRt ol iBHQSArck andl 818D Sack¥oTBpirdl hehRRs.0f a material such as silicon
di oxide. Sequentially, a field dielectric |layer 14 (such as a field oxide),

a connect i nflowever, | iyes Ttice| @werved thatlthe Qafastor1degraies hragicallyidt i igher

oxi de) j kSt vel | I r 18,..and. a .second lLevel |L aygr 20 are
For mot Tsduorte i @rmoatad 4B Heed i IPuR REROR RSk WA B il ",

spi ral isdueekad dchiduetaodifidzenc® n theediadamsit befiveed Shdl 5f@r lafid Rt itArnk Sthdef | ned
vertically_above a horizontal plane parallel to the conventional surface of
a waf eovellwriuster arre mpst b epormpgsclts R fastor sravpertedigdel exesbefereid® Gliz
orient at.i BBmi ont o ..below', "higher", "lower",
"'ablgvegi,ﬂg\}r?l)gﬂf’aﬁ er‘”%@@?%&z. ne%ﬁaﬁ‘@%esl gg?le %0 the hori zont al pl ane. 4
The term " piSohewaew those priblems hgVe Bs:nusedsdughe bot liave l@feerludeod théwe skiltedat i on
of vias gnd turns includes conventional sem conductor deposition of

phot or &3 at-pard and soft mask phot ol i t hography, etch, and strip, as
appropriate. In the described enbodi nent, the spiral stacked inductor 22 is
a two-turn stacked 5 inductor. In FIG 1 (PRIOR ART), are shown first and

second turns 24 and 26. AYCIHSCRAMECTHEINYEN TN 30 havi ng connecti ng
vias 32 connects to the spiral stacked inductor 22 at one end and a second

connecti ng AYELFQBL SR GR; t. 4. i 4.has an
i nner di anmet ertp%}G, a U\A&%{a E%g%ﬁe\ﬁiacﬁbfsggrgj;%r%kgag%d%%gr}]&g E%ﬁ%%%ﬁ%gltﬂgnd a
spaoi ngladlityet wees ircaphiraity bhievels wisreid e funttst of erele dhdregepfiromi anrindda
passes  to .under the t utr and_thus is also referred.to as an under pass
30. Reft@?rfPﬁ% R e T@ﬁﬁr-o&rw,Sef%%nﬁeit@ggaﬁmw&rﬁeag%@@ ti onal
Vi ew Ofcohhttddl toQh iBhdr it &4H & bitetedsP turd Cardl LBRIAREmAreridl QntditsGhe FiriPRI OR
ART). The substrate 12 has the field di electric layer 14 upon which a
conductang eeqent spingcting pawions pndthe phuralitatof égme dverdhd srbsirathe Thisdeillpadece30. 15

The co i | ayer i s then. depasi.t over. the under pas 0. One or
ror e £ RogEn g b R08 and dov Sty AERAZ R U i PR B P aeRissoot od
t 0 25he avddefaprs beydihd 25 Gopductive nmaterial |ayer is deposited on the
connecting I LD | ayer 16 and processed to forma first |level of the spiral

st acked i ndddgdresnt inngatiory fsthes Peqyidesi ¢ 3tD spualsdedad inducty where agithars'  of
a first o M r [ [.& openings are also 20 filled
W th cgﬁgﬁéﬁ%ﬂ\}g&%ﬁé %tgpglg%%?%n%%g%g%h%?%?‘%ﬂneg'vi as 32. The first |evel

| LD | ayer 18hegredesnindepos fugterowervidehea 3D spirall seacked S{ductoOhsving argasatlysecond
Vi a openéﬁr%g? formed in.the first |evel IA_D | ayer 18 connect.e .t(?mtth first
and sect EY HEBDRATA G ARG CItAICH AY COHBATF [ GRHENLINAL SHEKFI PO IFPR Al i s
depgsi tsggle AmbBeofhégtalgvel 1LD layer 18 and processed to 25 formthe
first and second turns 24 and 26 of a second level 50'. The first and
“second t ur ns'he4praseat deveatien rfeghrscpriovieey acdih epital dstaaked Hedddterswhemih tecond
turn vi 24v and 26¥ al otngftheir | engt hs b¥ﬁ1t he condegicti e mat.eri al

£i 117 ng™t HE MY deRFitysfop STy TYE Pompel 1ATesT PR Ootisnaryite fidthas 24v
and 26v. The second level ILD layer 20 is then deposited over the second
level 50'. 30 As will be understood By those skilled in the art, as a
spiral stacked i nductor has nmore turns, it wll still have the sane nunber
of turns in each level and the turns will all be connected along their

|l ength by pluralities of vias. 5 During operation, the passage of current
~ (direction indicated by double circles as being an arrow head and the x in

- " o, . ~ - L "



Referring nowto FIG 3, therein is shown a cross-sectional view of a 3-D
spiral stacked inductor chip 100 of the present invention along |line 3--3
of FIG 4. A substrate 112, 10 of a material such as silicon, has a
plurality of dielectric |ayers forned thereon of a material such as silicon

dioxide. Se uent i , a.field dielectric Ia er as a fi

R e A TR R R R A g N L e

sili CO@ta@l@iné);lgn%aﬁ bé ﬁﬁplbt%%ﬁded lfdr@ndhﬁﬂ’&ﬁ o@s]tﬁall@st%@ﬂ‘ﬁ@ﬁr EMGhcddePvhRuer 120,
and a third level ILD layer 121 are fornmed over the substrate 112. Enbedded
W t hin the dhelpsesent mveriyay Sirthst gr@dddssyp cirellars type kesdwelh dsicopper linductd’s The
3-D spl w5 %%%%9 |n&#ctor | 22 is shown as being square spiral but it may
al so be ¢ rc&ﬁarys%lra Simlarly, the 3-D spiral stacked inductor 122 can

be & spiral Thebb&k dndl aaiidas] ivaakds HE R presrbifentdrofb&endsppieiad from
above. In the described enmbodi nent, the 3-D spiral stacked |nductor 122 is

a 3-D thaseskilled in ithryad denm 2 ssadingsof she fodlosviemaetpileds doscaipdomavheniekentinr d
turns |.g4 20 the turns can be flat as shown or
circul ar ‘Huné]t%; caﬂ-[]1(ki)11 Jaggodnedag?in%\(g%@%%nductl ve material including copper. A
first connecting portion |30 having connecting vias 132 connects to the 3-D
spiral stacked inductor 122 at one end and a second connecting portion |34
connects at the ot her BROEE DESERIPRIGN QGHIFHEIBAWIBIGEhe first turn 126 has
an inner dianeter 136, a width 138 which is commopn to each of the turns,

and a spaci FgG 1A P REIRRERITER GMerods-debRortall vk ofl B @ribl B tonCahip @fdubiog aRARt | ON
| 30 passes under the three turns and thus is also referred to as an

und@r pdisg 130! Fiar2MRIAR ABMi o FIG 4, therein is shown a cross-sectiona

vi ew of the ese i.on_al ong
line 4--4 oFig(li’I[%G Cﬁirﬁ‘%@qiggltdg?g&i%g&has gg%teh%ﬁ}rgnl(%l Q{IBIIIP&/%{r&Fgofﬂ upon
whi ch dinea@ndwdtiGiel (FRRIOR ART)s deposited and patterned to formthe
under pass 1%%3 6. .The connecting |ILD |layer 116 is then deposited over the
under pass | DiteshgPpiassryerdenal vig vy ?t%eplgtl stagksdipdustor ¢fibe peseict i ng
| LD Iamekng&ﬁmgggnﬁggedOfpkﬁheaﬁgder pass 130. A conductive material |ayer
is deposited he connecting ILD | ayer 116 and 5 processed to forma
finst |evel Fof. #he shpivnad cetsarcéotidnalndiget off thk22-D Yhesd stacked ssdutioraoft thier d
turn 128 of. a EIFS Ieyeu_%SQJ éjél be formed and a first connecting
cont actP§58RF InYSQUipR Along TRf 4 AOTFICSE | evel 150'. The first via openings are
filled wth conductive nmaterial to formthe connecting vias 132. The first
| evel 1LD layer 118 is then deposited over the first |evel 150'. One or
more |0 second vi aBeSEMONE BOR ¢ ARRYANGOUNErHE NSVENaGUYeN | LD | ayer 118
connected to the third turn 128 and the first connecting contact 130'. The
second Vi a @REHA aoe»tmd tt«bﬁtmtAt@tj Yhe@étH'?Qsﬁd%ﬁt £0ds§ §edt1%ﬁ£ltxhe\9foftahe
third turn 128'. conductive material” is deposited on the first level ILD
I ayer prigr aﬁ@nmfmgsise‘rdr 110 alangrhirseohdf§ BHd 2 (RRIOR ARIS. |/26Ubstnate 128 aand a
nd ¢ ctin ntact 130" .of second 15 |.evel e third turn
" ST SROCE FEAER 4 P PSSR ntety G Bstiihot) elsial Sibuct i ve
rrat eri ak sfiﬂlddnl awxidee Seqemdaly,2a RENIAGStE® [her M4 ihieh deuefiellhbdige)t Wrn
vial 128vl. The second connecting contact 130" is connected to the first

connectePhRecEBaitieavedieleplyicd Hrdlleyenid (merbeasiaeilidon| axidey, a fiust kueldh® loya
openin o e laver
1201 o na o, &isBhd gt N PREFR0 B8 A% Ll sbferdTE" QbR b IRV,
openi ngkeclatec Tagems;ia bpirdl baclseldadattdildD. | ayer | 20 connected to the second and
third turns 126" and 128", and the second connectlng contact . 130". The

thiZd via opBifi G REENd SessimAeren fsydefingd grarralimbore 3 borontablance
second angief rﬂfb EM{v@ﬁttc;n%@ suft 328 warby 68 Eltt' € off&! Pﬁf brftfuclo? i ted on
the second level ILD layer 120 and processe ormftirst, secon and
third tregandlessxf, thei@ﬁcntalmtm o2@e ofafer. tFarmd, Sueheb “61150 "beloWh,e“}ﬁglr e, ,“1cam’ond 25

and thi.r tur I2 ,,126, are re ctively connected to the second
connect?ﬁ% é# 8?%F§ﬁﬁéb¥?9?tHﬂﬁgspﬂ?n??' PlANSy the third via
openings to forntsecond connecting vias 132v2, and the second | evel second
and third turns 126" and 128" by conductive material filling the third via
openings to formsecond | evel second and third turn vias 126v2 and 128v2.
30 The third level ILD layer 121 is then deposited over the third |evel
150"". As will be understood by those skilled in the art, as the spiral
stacked inductor 22 has nore turns, #t will still have the sane nunber of
‘turns in each level and the turns will -all be connected by pluralities of
vias. On the other hand, as the 3-D spiral stacked inductor 122 7 has
nore turns, it has nore levels with a fewer nunber of turns per level and,
although the turns mnll aII be connected by pIuralltles of V|as a Iomer

Y e " o " o ~ ~ 1 a o



and four turns in a fourth level; etc. The above neans that the induced
magnetic fields of the prior art are negligible. As will be understood by
those skilled in the art, since the turns closest to the substrate have the
greatest effect on magnetic |oss, higher |evel s may have nore or |ess turns

10 | t hout subs; ||,, 1 while th
Fowbst 1 ovelll ErTPIomoRs Bt Rvwly b Vst SRisar Lo At aPar P g Eoeeh | Al so
as W | kurhe inoneRs saoao&tmialt E@&@om{olr Qﬁpbﬂu&h%fé}dhbtor@m@ AR 2ld séraGlkag

i nductors could be made in the same fashion as shown with various

confi g@h@tpllﬁlﬁgraphn@ltﬁhaéﬂcbﬁrlpmsaip})mlﬁdﬂfarret ers, W dt hs, and spaci ngs.
Simlarly, fenent .can use he d ors . 15.inclu

21 un num andh disoAGPHOGRbALSAiRRR, 16e 457 Rl Ml B Fado PCHARAC i on

with aisheorf ICFIRYt(PROOR,ART), bt showhdirstnee ksdondturhal and@ny. al t ernati ves,
nodi fications, and variatigns will be apparent to those skilled in the art

in |ight of A st eees peytiende Pryipg Weﬂ@&w@s A Pgnnerts tp $h spirehdecked o
enbr ace, ) {or §§%p01?el raggta' s¥&ohd cftiln ﬁ)ﬂ? d:%ﬂﬁec\fﬂt tffé til@rse dhat fall

within the spirit an scope o the al ns tters
hi t her - t o- f @he fisetturh@rithas an miemzlmmemrﬂhga atdth3pavhichn @nmmtg&mht ef the be

interpreted i.n an jl| rative and non-limting sense. 8 THE | NVENTI ON
CLAl MEBPS: and & Spasioe ARbG Resth o e itWgsa Téleégrgtpwwct&gaﬁ%@an iSRduetesr

Conpri %h@é} thé)f\ﬁ}’{uﬁis“&d%hlﬁq?%é?éf@rr&d tjozalS1an uﬁﬁéﬂgﬁlﬁ 38, first conductive

material |ayer over the substrate cessing the first conductive
mat eri al | aRefertiog how te EIGlZ@RIORV@RTj |thaemt1mshm{fnl:5&‘oss &8}ipndlotew nfitha fi r st

e R e
di el ectifd felad@bcthid 18kr 48 gl?sﬁ KRACH 8 chituctilé SlatdrRY & ddpokBdd dnd Patledr 0128] |

lo form ng a second conductive naterial layer over the first dielectric
Iayer [fQIIIB]heaAﬁdelipﬁSSﬂQe first turn first vi a openi ng; processing the second
uctive terla f.or.m cond | evel, second t 150" -1 26] and
2 d8eona T eulr SprRetnfHER 1hdag® T sl A S5 b BB " T o
t urn [ & vid @fhirigs affolbed By the BehmcHGCO M lageel Eednhbaed ayBE u{ld&@&ss gger the

first dielectric layer [118], the second | evel second turn [150"-126], and
the second Kewendydtivetmpigrial fapsois |dpgpsited orrihe r?@pmynasﬂd? dryREd16 gl ai m 1

| ncl udinges e85 HR ﬁ&n g ffrktrlgéeél elrtﬁ'e SR cNéd%n?B&%f‘?r Stten rBSé"s?éHj hifrgsecond

via opening In t secon ectric [ayer Irvel'y’connected to
t he seceocthdltems|24f and 262z 0f 4 dirst 1¢vEHGU> WABbe dovahesle Thea dirdtenie bpadggnde talson
nductive material_ |ayer over the second

[ 150 6 formng.a thit
di @Pect]fﬁle W‘%nd'[“&lé’ﬁ]m%?ﬂfﬂ t%ﬁ’t“i‘i‘éﬁ? FIYECHRE Hiasecond via opening and a
-second turn13eGRRdeVd] QLB%?érng 15%&98%'51'% SR thdiiksH 1GRNIHCT IO SFarh&e! 2l
| ayer to forma third leve hird turn
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
25  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°.
30 As will be understood by those skilled in the art, as a spiral stacked inductor has more

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.



124], a third level second turn [150"'-126] connected to the second | evel
25 second turn [150"-126], a third level first turn [150"'-128] connected
to the second level first turn [150"-128]; and formng a third dielectric
| ayer [121] over the second dielectric layer [120], the third level third

t | 50"" =124], the thjrd |evel ) 15Q" ' - 126 d the third
| ovel -t 11 st Dl pragon HsgpasSig o SRR dieah 8 tieriad Ao C chies 5
i ncl udbgiglg ah @FBWZad ahd thetx W dircldbdifly ﬂlbﬁaigﬁﬁl%h?lﬂthe% geCHRdted Hdacloppsd via

opening, and a third turn third via opening in the third dielectric layer
121 ] rFeuspeiieiowstign obmagestisdialds B whichdnduse mepgneticeficlds $4in thaswbyiasol2. - 128]
the thi,r vel r w-apd the, third lLevel thir rn

| 150+ Ap5op iy FRRRADS Kb ooy Snminee iR Mot R B BV b2 g

di e} ecinhiich fl@yein 4 dizélioamght inopgoeitd to thk ot i the 4hirdl Riatkedvindua@erd. Mhis a
second turn [26] third via OEe_ni ng,.and 5 a third turn third via opening;

pr oces §MUSES & aghelt toss Bk arsults Yethgelearadation oy tbe overal gwpiuh indydianes olche|
fourth_t: : f: vel third turn connected to the third level third
SR RingBed MGG A2

turn [ ourth level second turn connected to the third |evel
second t ur nRefenfitig ndR6fo, FEG.f Huthedeird évaliovin astrodsusecticmahnest off at HIX k@rdihi r d

| | first t 50"' -1 X d.10 f, ] af th dielectric | 14
over ¢ HECk PR 00 o hb premort I3 Epton RIOE AR P IS PED: SoBrthEtEs At o
foypt hok g¥edieddlishich AddiReont ASs £ BHEANRY lof ¥Rl RRCRPEs toibg 1?1@1@01}1 BeafQiidp | evel

first turn. 4. The nethod as c?al med in claaim3 including: formng a first
connec sudhgaspelitinodiokitis 0] Segnetdially he fikld diclebeedhydri Irldt (svaw o § 160 oxi@8] aand 15

ted t .t | d th iSting. t I I
cecond cperind iyerasE reREhE” o PSP g Jap G 78 avion DR <15 TSERER o0 o
level figef t 18, talleBonRdel AL EORBEN0L OiY 4 B8FERT el IBD Ahg mathothasdehal tked in
claim 3 includi ngl:ﬁ@fborm ng a second connecting portion [134] while

pr oces sibigraig 1dan ¢dded rrathen thaldi@@ttiaiﬂarﬁrssliea I d? eniral Stﬁnkqdﬁed'g‘rt@lﬂ@l
essh . e . ' the thir .
rotgr sl Tagls 17 sEEESOAEL NG VR SELA w S Ml Bl R on

t her eokirclar shirakt Hiogilely, therBiDapiral tigked iRhitos 122 @hn B¢ acjed, WARHGE either
conprising: providing a substrate [112]: 25 formng a field dielectric
[114] &RsKWisE@r spmgdercdeakwiseias|view fﬁ‘i’fﬁ@b‘é"?@onnecti ng conductive materi al

R TN e
inductor. In FIG. 3, is shown first, second, and third turns 124, 126, and 128. Individually,

20  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.

25 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

30 the field dielectric 114 upon which a conductive material is deposited and patterned to form

the underpass 130.



form ng a connecting dielectric |ayer [116] over the first connecting
portion [130]; 30 form ng a connecting via opening in the connecting
dielectric layer [116] connected to the first connecting portion [130]; t10
formng a first conductive naterial | ayer over the connecting dielectric

I 116 d th nec a, openi.n ssin he first

CS%SLCEi ve] ?%?4“3?“‘}%:9@? a?'?)r ﬂ\?;énfqepgtl{éfié\%@&? g‘trp"[lﬁﬁqr’fb %Orﬁgf and a
first keweka 6 tdr® GorgAt iaGhe [cét%fécim 5L1bq5;ml r1968eot1hé&éd 12 ﬁtle%tiéﬂ ssayer
[118] over the substrate [112] and the first” level first turn [150" -128]

and thé34.irst |evel connecting contact [130']; forming a first turn first

| t 8 t th
Vevel 1irat A ik ol URE  fooBEL shioddl sohBURE By T ca 10

thesfi pﬁdceésed/ & f@ana é‘@:ﬁtl IB-@:I 6] I’tﬁ@@}ilre{l lsBRkdd indactbo1P2. nWiknsgeaReecC anHigt i ve
mat eri al %er over the first dlelectrlc |Layer [118] and in the first turn

first tﬂrala e Brshisarck W’ pvilde fermgdeand gBrst pennspidng erutachl $Q°cis sormediate
d
C1e0-- T5OL el PSUTUEE iR U knis LY M) SEFOQUGLENE mEBRANK Kiime

| evel bommammgWMS[EBO 128] , and 15 formng a second dielectric |ayer

120] over e fi rjc. | econd | evel second turn
%150']' | 26] , ﬁﬁfsﬁ %ﬂrﬁ:‘ﬂ? élﬁet“ﬁ%’ %‘tpoﬁ‘tﬁd]nm[ergt? sbigyel 150°. TQne RmapyE as
¢l & MededoRid G Fenthadhel %rﬂledl%%@ﬁ%!t"]&zeﬁ MEDISRING 8 CORHAELd %emg%@ Ihta* | ayer

i ncl udes fornlng a second | evel connecting contact [134]; 20 an udi ng:
formi ng2& 4nd the fingt corseciongcwitact d3ONI Al sacaelcwincpevings setemhdubstamaﬂgm ng,

d a s d con t'n Vi a.qpeni.ng,in the second dielectric |ayer [120]
?gspec?cvnga%gm ?%é&ﬁ61ﬁﬁgeggéggd level first turn [150"-128], second
| evel second ¢dndictivedBated 6k depiiicl R tﬁ@ﬁ%%w‘e@Yﬁb 19;%1@9%&%&&5%&%

[134]; 25 forming a third conductive material |ayer ‘over the second
di el ecf@%sqcé%ﬂnqﬂbgé]m@ﬁd% nandhi28’iapd & seennd copuestins vorlagpeAl nha secopdcond

(g SRRANTSY 21B0B G 596 LNSoReSeN BOTRSELLAG M 105N AR oRessl ng

conducti ve natertal [150"

124] , @onductide haweial S8ignte kevond [vh@@b g3 feon e led] tord fen SREangvi. evel
30 second turn [150"-126], a third level first turn [150"'-128] connected
to t he 1§8c8sRNY eapdEcting: entach IR0 1% gonnegtsyl: tothe firgt connecting contact 130° by

conductive material filling the second via openings to form first connecting vias 132v1.
The second level ILD layer 120 is then deposited over the second level 150”. One or
20  more third via openings are formed in the second ILD layer 120 connected to the second and
third turns 126” and 128", and the second connecting contact 1307, 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,
25 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.
30 The third level ILD layer 121 is then deposited over the third level 1507,
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 tums will all be

connected by pluralities of vias. On the other hand, as the 3-D spiral stacked inductor 122



formng athird dielectric layer [121] over the second dielectric |ayer
(120], the third level third turn [150"'-124], the third | evel second turn
[150"'-126], and the third level first turn [150"" -128]. 8. The nethod as
claimed in claim7 wherein: 5 processing the third conductive materi al

| ayer includes forming a third |evel connegti contact; and | ncluydin
o RSO R b e A A S o emr PGS TR R ] PR ABOUIE vg.
third pehfviibl de KbmheRa My MuraBid o idy § @ MEMbF HOMisaht AREIBIRE 1Evk14 he

~third dielectric 10 layer "[121] respecfively_connected to the third | evel
first Forexqoygera 3p8Yo turhendubior das evelevele boavidg ooe turp i1 50irst-le@dland twe t hi rd

for m ndt bt ihabe Das B ol S b v TR AR o\ EIE3A PR ayer
[123] andisi with lage hirh Sh atfisnietdll Heo virds BPEBEJEd 14RE (BRE @ids v bNhididwdl, Vi a
opening, the third 15 turn third via opening, and the third connecting via
openi nghd g dess inpyfourh levsliéh conductive material layer to forma fourth
| evel fourt | ird.t the .third | evel
third tarn Fheghove et oo bshic AUl SRRPRAbER ARkl e 1 hiTa

| evel secondhst wilh be Lipfdlerstcbd6by thostoskilldd lreve! aifi) sigte the uraorhgedted the t he
third level first turn [150"-128]; and 20 formng a fourth dielectric |ayer
[14] ovkpstipischavptheprantaststiest Qu magnstic lassghisherdevalpmay Rayespare erdawstiwmsur n,

t hg,fo i r . .S AU t fQurth

I e\E/igI #5 :éli E%Je? ﬁ%h&%guﬁﬁ%&@? h%@ﬁeggﬂ% I g]ig rrlléﬁgrl@ﬁwcﬁglg %tﬁ lrillg:i a%ézlgf%rfrgﬁ ng a
first ocphméxtibydapogthomdetB03d andActer sindle tfrbr st 1 evel first turn [ 150" -1 28]

d 25 ted trf h i | d. f
onsi ot ng. G5 ffe i DS g BseDd A5 et FHOME B thscrt el PRUeddediioseyel
conneciching BEQBE@&ﬁlf thd 30mé fashitd 53{%‘6%' Wb atARNSAH LN GRS as ARGIA

conbi nation thereof to a turn selected froma group consisting of th%
second diamai¢rsswistihrd and snaqing0" SingByly, differettimetals ean|betused dott theninductors
[1%9"'11§é¥ the.fourth | evel fourth turn, and a 30 conbination thereof.
10.”° Thé&™% lﬂ%ﬁmggn%?gp PPH claim 8 i ncluding: 12 form ng a second

connecting pwhild @8 ifveAAbn WY benRIOEREE il BorFukPiod Wath ¥ SpedBictesfnoll @ YEk
sel ected fromthe group consisting of the second conductive material |ayer,

the t hit decuantrvibainmery pbemptiyes, modificationss end verietitsi widl haspparent thayer
and a qg&@'sﬂ.ﬁfﬂig? t}tlf,hﬁ‘li ?IPIightSOflti]Ie aﬁ‘)r&?g’o%gs Rés%x%ti(ﬁlt. aﬁ%@o@dfngf% fliQ iAW oS! NY:

a substrate
embrace all such alternatives, modifications, and variations that fall within the spirit and
20 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.



a plurality of turns [124, 126, 128] in a plurality of levels [I50", |50",
150"'] wherein: the nunber of levels increases froman inner turn of the
plurality of turns [ 124, 126, 128], 10 the nunber of turns decreases in
the nunber of levels nore proximate to the substrate [112] to one turn

pr oxi trate , and at |east one of the plurality of turns
[124,nﬁ%ﬁ%h@ﬁ%@*&iﬂﬁﬁf%@%%ﬁﬁécted along the length thereof to another turn
in the plurality A0fheth8d 8k mahhfaliurind 38 D spRA stacked thaudof wlﬁlhis]?xp%anect' ng

portion [130] connected to the innéer turn of the plurality o urns [124,
126, |28] i praviding avebstrdiedfid2];from t he substrate [112]; and a second

connecting port.on 34] . connected, {0 an outernms f.fhe plurality of
turns [124,%%E%Pgigg%FO%%ﬁggeHW%;@%%V?E“W&#@FP%%H%3@i%£121 ] containing the
first and seewechigOmpEedticogdRant hRngialRytbrldForh 34kstandl ke tiph prseri1by). of
turns [124, 126, 128]. 12. The 3-D spiral stacked inductor as clained in

clai m 11 whéayng aHesiofelegigicdayes [4h8 Jowes thostbstrate h11213ind ghg fist dgyiet first

st acked inductorhﬁﬁgpﬂrgb@?; a substrate [112]; 25 a plurality of tons

[ 124, 126, 128] in pluratity of levels [ 150", 150", 150"'] wherein: the
nunber of | éwelisg & ficste@adi st vio opating mmeie frstrdiclodtrit yep] UBREdinkctod td thens
[124, 126, 128], a turn_of the plurality of turns [124, 126, 128] proximate
to the substratefyﬁﬂ?Flﬁ5§“BHé“§hﬂ38hhd the | argest nunber of |evels having

ot hgr turns ; I I . t-her et o,
Chi st di S0alnp S g PreBhRhY et IR ity ARRuickEic BOMTEACA I T
plurality of turns fiiR4ymnIRE, vikdgningnd 13 t he nunber of turns increases
distally fromthe sybstrat 121; a fi.r connecting portiop [I3
connected t &4 Hn SteEl‘?I?‘lie %n@ﬁivepmﬁﬁegﬁﬁayero@ HPr?sge[cPQ‘ﬁeVF %ﬁcoﬁ‘g%'lf{‘ a
second connect i anﬂMlt%anc[ Q%n&%@%ﬁsﬁ%ﬁmﬂﬁgﬁ‘ééﬁn&%ﬁ% tfe firi8evel
plurality of 5 turns [124, 126, 128]; and a dielectric material |[116, 12I]

cont ai ni ng the fifrgttumid>¢elddhdanbnnecti ng portions [130, 134] and the

I it fo t | 24...126.. 128]. . T - i ral, st d,i nductor a
P oY tthe S shoofdistEtio SR HabT ot s BrhuRR R 1n R 1 e SR o
the plurality of 14eVecsnd &BR[1502508), ab8@hc ecdddl 18Rl fstInd [3HPPLEIg]St acked

i nductor conprising: a substrate [112];
2. The method as claimed in claim 1 including:

forming a first turn second via opening and a second turn second via opening in the
second dielectric layer [120] respectively connected to the second level first
20 turn [1507-128] and second level second turn [1507-126];
forming a third conductive material layer over the second dielectric layer [120] 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 [150°-
124], a third level second turn [150°”-126] connected to the second level
25 _ second turn [1507-126], a third level first turn [150°”-128] connected to the
second level first turn [1507-128]; and
forming a third dielectric layer [121] over the second dielectric layer [120], the third
level third turn [150°7-124], the third level second turn [150°7-126}, and the
third level first turn [150°-128].

30 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 tum

third via opening in the third dielectric layer [121] respectively connected to



a first level first turn [150"-128] over the substrate [112]; a first
dielectric layer [118] over the substrate [112] and the first |level first
turn [150" 128] , the first dielectric layer [118] having provided therein
a first turn first 15 via opening connected to the first level first turn

[ 150" -128] ; a secopnd,lev co Mr 150"-1 ver the first

dielectric | ayerﬁ[eltggf},levgbé%%‘?mqﬁ% eTﬁfgg’rg'te tpﬁ&ﬁ‘lvfg%’on a5k [lé@r'lt’zﬂle first
dielectric | ayera,ﬁdlﬁlg]thieduévgmhﬁ@gnﬁiyﬁw_qM]@ first via opening connected to
the first level first turn (150'-128]; and a second dielectric |layer [ 120]

over the fi feyming @feuth ¢ondpetivermgterialdpyeroiver the doindidickegic lagerdé2brandtinr n |
150"-126], and t d gl.first turn 150" - 1.28]... 16, The. 3-D spiral
stacked | nduct or Hedst SREEATIRk ihloBbob feckairp iZYenied e REind: e

| ayer [120] has prlxl dedthiddengbpendnd:i rst turn second via opening and a
second turn second via opening respectively connected to the second |evel
first turn Puosessingbr fgwih & Hve aatgriak lyghip famna foustr leyslafourth sy ag

ncluding: a thi khdrieeh) e U6 eLte&fz?"lt'%ﬁﬁfd&gvfle{hhfdp&{fﬁgfs%ﬂ%ﬂg?L.ect”C

| ayer [ 120]; a third Ievel second turn ove secon
di el ectric | ayer fgultOpvanetond thdneosratsitotths thirddewsh decond apghd018-126aect ed
to the second Ie¥el sgc gﬁﬁturn [ 150" - 126] ; ?i rd level first turn

,3(} a t
[150"" -128] over ¢ e SPBReGLGd Lot thirds T@éf‘_%ﬁﬂni[}ﬁq Hd285 Aad turn
segpnd Vi a openh Qﬁﬁﬂﬂﬁ&le‘%&ié&ﬁ‘fﬁ#@@&rﬂe ltlﬁi’c?hiefe'gfr%.tla oy zi]}ﬁg'foﬁaﬁ]: and

14 a third diefectric layer | over the secon ielectri yer [120],
the third | evel 1dvel thutthr unf,186" fourtip dvel thivd todni thet foenlelevslesommtl tum, rand

[ 150" -126], and tz[,e tg"rd evel first turn [150"'-128]. 17. The 3-D spiral
stacked i nduct or BEOMBIGYEHISHUEY 3 m 16 wherein: 5 the third dielectric

| ayer [121] has provided therein a first turn third via opening, a second
turn third ¢ia o%@ﬁﬂ?&}o%&?@nﬁ%mﬂa%?ﬂmﬂwmﬁ vi a openi ng respectively

conmec oyt oy B LTSRS 0 sson

turn [150"'-126], and the thi
i ndfudi ng: - 10 a ftounected| teveeburh alettedt flom thy eyrotrheortshting ofi the eet¢omiddeldyer

[12]]; a fourth |evel, thi g ver. the third dieleGtrd ayer .[121] and
in third turn this?‘i?HE}i“é{“c[gg |ﬂ%6qc@‘ﬁﬁ%15(ﬁ g‘fd’e#@“ﬁﬁlémt[ﬁﬁﬁd']lzé‘iék‘e Wﬁhde‘t’?]lrn
[150"" -124]; a fosirithubEved 2 s6aBRAbMHarRYer the third dielectric |ayer
[121] and in the second turn third via opening connected to the third | evel

second turns[ | 50" 128lcd %Ql&n{%ﬁﬂ{gghﬁ eVehudihg-St turn over the third
[121] and in the

dielectric layer irst turn third
forming a second connecting portion [134] while processing a conductive material

20 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.

6. A method of manufacturing a 3-D spiral stacked inductor comprising:
providing a substrate [112];

25 forming a field dielectric {114] over the substrate [112];
forming a connecting conductive material layer over the field dielectric [114];
processing the connecting conductive material layer to form a first connecting portion

[130];

forming a connecting dielectric layer [116] over the first connecting portion [130];

30 forming a connecting via opening in the connecting dielectric layer [116] connected to

the first connecting portion [130];

10



vi a opening connected to the third level first turn [150"'-128]; and a
fourth dielectric layer [14] over the third dielectric layer [121), the
fourth level fourth turn, the fourth level third turn, the fourth | evel
second turn, and the fourth Ievel first turn. 20 18. The 3-D spiral stacked
i nductor as_.clained.in cl first tin [130]
under e oo 8 el s Bbe FaldPEL HYL G an soRiehE PRiedae 1L L

sel ected fron1thgn@ﬁpmgc@gﬁahﬁgv@gm@mnghe second | evel second turn
[150"-126], the third level third turn (150"'-124], the fourth |evel fourth
turn, and aPESAEIHEDE SEstcraiushive npgermblaypnie formadbtlavel dirgtdwad 1dlafor as

clained in claim S%J?Tg&m#% aﬂmman§§£8ﬂ8t@36 ecting portion [134] connected

to a turn sel ect from roup <consi s >of the second level first turn
[ 150" -128], fémeing hifirsk dljeleedmcflayeﬁat[l I&]rd’ifef il&flsu'bstlétB][l 12] ad fiae Gtdn 1veY @kstf i r st
turn, and a conbi nation there iral stacked inductor

conmprising: 30 at¥nbiit el [apgﬁ}e'ﬁrétIFY@ICHUJGECEP%E‘?IF[?CG [}30{4] over the .
substrate [%J&lm Qﬁfrétrtﬁrrn P“ : %E'f? %Qoveyé{gté?fccfdn%tgdﬂiﬁ%e?t“ c

[114]; 15 a co nectlng ayer ITst connecting
portion [130] anﬁnﬂémwhﬁmpnnnﬂﬂﬁﬂIﬂﬁkmﬂdafhﬂmomm30ngm@mmkﬂngmemﬁm@du)
connected to the figst. connecti.n arti 130]; a first level first turn
[ 150' - 128) over pﬁ%é @épmﬁﬁﬁagéﬁﬁéﬂﬁﬁg) ;ayer [116]; 5 a first |eve

conpecting ¢ontiach sécolaaozonauc@i\e@&na&é}rm PEGL AT BleRetidd v} €8] dnaki}6] and
in the connecti ng Vi a openl ng connected to the first connectl ng pOI‘tI on

[130]; a first dithe st wicfitshyes ofenirg) andvke fitsheompoetivertia ngerdngl ectric | ayer

11 6 the fi t t t [ 150 dth f |
E:onn]ectl e ot P g e ombtine i B, 1o R A Neohd Bl PR P ovi ded

therein a first quor-fid|shd ¥ kéold &lieNdrsk Qirf PISIECIBY chithebied td tHeSirsd 18VA!
first turn [150'-]128] and a first connectlng vi a openi ng connected to the

flrst | evel connd@ttitig [¢aht128 , paB a second | evel second turn

-1 26] vel rst turn
[ 190 126] Yok ool gheidhd; B Fa% } :1%0 | 5d BB BRI B Ll
first via openi ndevebsrend atn { B0 Ha6], iand the evald 1bvel Sirsttruwn [f 5B0128]28] and in
15 the first connecting via opening; and a second dielectric |ayer [120]

over the first dimekesdthddas cied fnlti8inm 6thRragcond | evel second turn
[150"-126], and the second level first turn [150"-128]. 21. The 3-D spiral

stacked i ndurEResPsiag thg spaeed Jondeqtive nmaigripln layerdinsdides fowpinac sespapl level
connecti ng ContaQ£n&%ﬁ9ngR&§?1§ﬁe first dielectric |ayer [118];

20 and including:
forming a first turn second via opening, a second tum second via opening, and a
| second connecting via opening in the second dielectric layer [120] respectively
connected to the second level first turn [150”-128], second level second turn
[1507-126], and the second level connecting contact [134];

25 forming a third conductive material layer over the second dielectric layer [120] 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 [150°7-
124}, a third level second turn [150°7-126] connected to the second level

30 second turn [1507-126], a third level first turn [150°”-128] connected to the

second level first turn [1507-1287}; and

11



20 and wherein: the second dielectric layer [ 120] having provided therein
a first turn second via opening, a second turn second via opening, and a
second connecting via opening respectively connected to the second | evel
first turn [150"-128], second |evel second turn [150"-126], and the second

| evel connectin ntact. 25, ([130"]; and incl udi ird veI jrd turn
[150"" -124] m&g # fand dielss de@&tre[ﬁ%t]. %Veratp?esfec? c{ﬁgqelectalct Fwerrdl vt gJé‘éond
turn [150"" - 126] quer Hilaewse e tha! aetthi 1&@%&0&1&%&]{1 [@ag-L 1@63%(15@90“
turn second via opening connected to the second | evel second tUrn 3

[150"-126); a thﬂndikédéhﬁﬁwmdﬂSWGHQSII50"' 128] over the second dielectric
| ayer (120] and in the first turn second via opening connected to the
second | eveB. fir§hehuﬂnﬁ@mbﬁﬂ&edﬁﬁﬂmnﬁhdmk&ul athird dielectric layer [

121 /] over the second dj electrlc | ayer f t he th|rd | evel third turn
[159"" - 124] Prachesifehithy thisd oo %Wd%trwl ey includss | fosming e third levalevel
first turn [I50"'0é§§&nga§ﬂmghe 3-D splral stacked i nductor as claimed in
claim21 including: 5 third | evel connecting contact over the second
dielectric ha@emhkmgﬁ] and wherein: the thlrd dielectric layer [12I] has

provided therei.n a urn third.via o in a second turn third via
openi ng, - ??ﬁ“tl’aﬁ? i ﬁ"ﬁ?& TCQ V2 gpeieng,se %fgftml VB SIPARICE B ‘Ut&“%peni ng
respecti Ve| y conpgfd ed &Rnt eaﬁ(l'”artﬂlr!i@éﬁﬁecftm? Stia bpéhingl ¢h EkS@ira-didlirict he
third | evel second turn |26 the third level t |rd turn [150"" 124], and

thdOthird | evel é@ﬁhﬂ@ﬂhﬁ@p@@ﬁﬂa@pmwmﬂl torte thdichlgvelirstaumt [A50°8ER . f dar t h
turn over the th|rd |l ectr L, 1 rt vel L, over
the third d|e|ectrﬁ%%V§f§F”FE ﬁ§§d I'f %%H?F{%VdHEFH% [}5? ggéjﬁn peni ng

connected to the tlidthird 1dveV&nnbftinetbohtsicy; a fourth |evel second turn over
the third dielectric layer [I21] and in the second turn third via opening
connect ed t &omHBS £PwEh sandaftiveanaigral layes qvestire thitd dielecticf lgyart[A21 Jeapd|ing j r st

turn over the th | ird
vi a opening connggfggﬁto ﬁ&q% r% :é%t%¥%¥%n tﬁﬂ?ﬁﬁﬁaﬁ%gﬁg {ﬂth 9fourth
di abectric Iayernhnﬂﬁhiwnemcmhgeﬁhﬁhﬂ&ﬁﬂ@bﬁ&knngvh&gﬁﬁm@ 121 ], the fourth
| evel fourth turn, hpe fourth | evel th|rgiturn the fourth IeveI second

turn, and t REPFHRE e foyh cpnductive mateniab faverfo, foympn Soyrihylevel fupth dumonauct or
as claimed in cl gmrievbNHildHuR connected to the third level third tum [150°”-124], a

fourth level second turn connected to the third level second turn [150°-126], a
fourth level first turn connected to the third level first turn [150”-128]; and

20 forming a fourth dielectric layer [14] over the third dielectric layer [121], the fourth
level fourth turn, the fourth level third turn, the fourth level second turn, and
the fourth level first turn.

9. The method as claimed in claim 8 including:

forming a first connecting portion [130] under the first level first turn [150°~128] and

25 connected through a connecting contact selected from a group consisting of
the first level connecting contact [130°], the second level connecting contact

[1307], the third level connecting contact, and a combination thereof to a turn

selected from a group consisting of the second level second turn [1507-126],

the third level third turn [150°-124], the fourth level fourth turn, and a

30 combination thereof.

10. The method as claimed in claim 8 including:

12



a first connecting portion [130] under the first level first turn

[ 150' - 128] and z5 connected through a connecting contact selected froma
group consisting of the first |evel connecting contact (130'], the second
| evel connecting contact [130"], the third | evel connecting contact, and a

conmbi nation_ thereof to a turn.selecte o] roup,consisting of th
second Ievefforgﬁ%ﬁosef?ﬂdﬁc‘{qn%@mgl l?nﬂﬁé‘{]t%}‘ﬁﬁgmﬁ g RicPRIYHI R nPatena?

150"" -124], the fQuF kBecbiey Hont Y EfdubWoRsis@H of (RO BAPIRAtICADe Whgd el - 17
24. The 3-D spiral stacked inductor as clainmed

s | . in clarm22 including: a
second connect i ndaygbrithe dird[cogdijctive mmeaiadthyen the fourth conthetive chatarbriaybe gr oup
consisting of the (?econgil?:a&%?{hg%i FSt turn [150"-128], the third level first

turn [150"'-I28],an REY first turn, and a conbi nation thereof 5

18 A& . A(. AC. AC. C.AC. AC. AC. AC. AC. AC..AC. AC. AC. AC. AC. A6F, <%r;r2 V>K
a} xsni d_Z]( cdfca] éa?@ﬁip&‘gf E%‘]cf@ﬁ]l‘é‘ﬁ]“ﬁ‘%i]“e’ﬁ‘}’&%‘}l&é] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cakgdealigatical cal ca] cal aw* ?n3I NOR: s

"R} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] aao}ur iy af tahe HR4 2] ] 28] iRa"pRirklityQyf lewelsgd SO PP, 3IB3BVASHB67v 778
P oo oo ol sgleabeal axheal el sohoalathsahoalplorl ks tise) oo oo
KKKELJLALLM MMVE NVNNNE@WARRxsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]lcal ca] ca! OO Pi PP

Q AOQARRRS] SSST\ ﬂml]q@@@w\ugmpases in the number of levels more proximate to the

X< id Z .

Y oa] cal cal a] oal oal cardarea 4B GEFRE PSRRI AR I B0 LRy T AN 671
“| 77 ?al a} xsni d_3Z{ kadieat oajleallwaligalfeahs floal 26]108] taheabeadda dalcakca)l ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!l aaaa9bbbcntccld{ddddSeeeeCf W f f
g_ggg. h}hhicii}xsnid_ %h&f |te S HIEE sraapchy chyrehiycef] esgle i e} daftal caj c
a] ca] ca] ca] ca] ca] ca] cgkga).cal ca] ca] ca]cajcalcalij jjjj Wkl %n-n mm4nwnn%o0
ooopXp~papppSghqqqkKr ~r %xs i d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cafca] ca] c.\a]ﬁual] oajpeet]papatde §] 304 |coabesddca] thalieal cagce the ph@alAs sFf-thinst t <uMu
uuvVvW) Wgwwx\ Xx

zzz"{4{{{} xsni éiﬁ%‘la]lggf] 18] e lveldista) framchy wubsteate EMidadda) ca] ca] ca] ca] ca]
ca) oa] ca] cakoalial otk asbg Ak onberLaAkaal (S{PblthlE b TRy Wulid) xoni ¢

_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca cal cal ca]
ca] ca] ca] ca] ca] cd]¥h]léa|l@81;zxd" f V?TM+E2} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]

O K{ SNB] o ARt TP ad Udpuaf LS oA baf Lpb SRR E PR cal ¢
a] @a] ca] ca] ca] ca]ex] a3drajLamk gy Gihaad P@ KIS xsni d_Z] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]ca]ca]ca caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal ca] ca6F, 1. 108 0)pRA0d kol Q¥ Hnlclrifl A erkiRARBA o

10% & ()-110% & ()-, <$dE- 10% & s$

109% & (@p-ogtetmostdh) - 1 | YSH10% " & ()-C'10% & () -1 SH10% & () -1 S#H10% & () - $r;
dB-

r10%‘ I'fp, 6#10% " & A 31 ppitdt 3108ked iGJuckorvcPeisi®io( ) - f1) 1096 & () -f' 6#10% & ()-f &6

#10% & ()-r2 .. 109 X=. 10%& ()- 10" 10"
10" f 710% & (")SP'P%%G%% ()-f4SHI0% & ()- &2%40% & ()- V>dEnb@
109%f L6#10%a§5h§rhl‘ity of turns [124, 126, 128] in a plurality of levels [150°, 1507, 150°”] wherein:
the number of levels increases from an inner turn of the plurality of turns [124,
126, 128], |
a turn of the plurality of turns [124, 126, 128] proximate to the substrate [112]
has one turn and the largest number of levels having other turns of the
30 plurality of turns [124, 126, 128] connected thereto,
the most distal level from the substrate [112] has the most turns of the plurality
of turns {124, 126, 128], and
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10% & ()-&10% & ()-v 10% & ()-110% & ()-13S#10% & ()-K  awdEnb@ 10% 6

10% & ()- <10% & ()-f S#10% & () - C@%4.0% & ()-fs10% & () -f 6#10% & () - * ?ndEnb
@ 109% " p, v94.0% &'() %S#10% & () - CVSVUL0% & () - 6"

10%&'()-1310%&' ) - f S#10% & () - 31 KLaB7@

10, Fi <s10% & 109 & () - 66#10% & O/ 0% 0%, & ()-. SH10%
&'()IE:/I\I%?(@(lz) &b%é')e(? PSINTEUES #261“1’/ fof Q?éa)‘eiﬂc@# 3() - (%8#1((33/&'()- ’
10, 10, R aBK@rdOcdnhO0 g(oﬁdr%rl@fé@] (hanecldd® 4n innb ot G the 7 E#él%

SHL0%! ()-5 dEK@10, S 0 109 ()-C. L0%& ()- F( SFLOVE! () - CRYA0%E () - 6%

109&' ()-"10%&' () {10R: dEK@2ED, : 8#10%&' ()-S\8 109%& ()- 6F |
109 () 6551108 a2 0hs 1A hsed 8 RELY s B8 Py or
10|:g<v10%§' () - H hens BrpatBrexesd; 51@:0/%0%' ()-7#*10%&' ()-!# YOO ()-C# YA

0%&' ()-C# YUdOoo&' ()-C  YUdOY& (ﬁ C$% ' " 'I({Y7I I Ovod 0%’ () -!#Cvod o9& () -
10 10 a dielectric material [116, 121] containing the first and second connecting portions

b {5 o T RIS B Felacnal W e 0

000000wWXMB7!

10Fi <v100& (§- I udhE R spiral, sagked gndpstor gsglaiged in_dlaip wRetein i pies §48 31 BVB7

| 10f 6#45li8%Ee fbst di&¥Bletdl of thkGS %&aﬁ df levels [150°, 1507, 150°™].
6#109& () - %0%& ()-! | SH10%&' () 3 45- 6667dEMB7! 106!

100{@ ()-y1l09& () -Af %.Q%&l Eheked YA RUK c()ﬁ-lph%%oo/& ) - CAYUL 09 () - 7v777899aBNVB
10 6#109%& ()&l—sﬁmtﬁﬁi@[l’&ﬂ ) - FUSHI09&R () - f USH#10%&K' () - CVSVULO0%& () - "6#10%&K () -9
| a ﬁrst eve{%rst%)[lé()’ 128] over the substrate [112];
a first dielectric layer [118] over the substrate [112] and the first level first turn [150°-
128} , the first dielectric layer [118] having provided therein a first turn first
15 via opening connected to the first level first turn [150°-128] ;
a second level second turn [1507-126] over the first dielectric layer [118];
a second level first turn [150”-128} over the first dielectric layer [118] and in the first
| turn first via opening connected to the first level first turn [150°-128]; and
a second dielectric layer [120] over the first dielectric layer [118], the second level

20 second turn [1507-126], and the second level first turn {1507-128].

16. The 3-D spiral stacked inductor as claimed in claim 15 wherein:
the second dielectric layer {120] has provided therein a first turn second via opening
and a second turn second via opening respectively connected to the second
level first turn {150”-128] and second level second turn [1507-126] ;
25 and including:
| a third level third turn {150°”-124] over the second dielectric layer [120];
a third level second turn [150°”-126] over the second dielectric layer [120] and in the
second turn second via opening connected to the second level second turn
[1507-126];
30 a third level first turn [150°”-128] over the second dielectric layer [120] and in the
| first turn second via opening connected to the second level first turn [1507-

128]; and
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10 10 10Fi <VI0%& ()-6109%& ()- 1 4YOLO%& ()-!. 6#10%& ()-;

5<==F>X?h@W3j _=! 10vod0%& ()-! CvOdO%& ()-!*Cvodo%& ()-!C vUd0%& ()-m C
VOA0Y&' ()-m YA0%&' ()-| h@ABCID EwX6j =!!8CWYA0%& ()-] CWYd0%& ()-]! 8CWYA0
o8 ()-]! CWYAOYE ()-]! 8CWILOYE ()-]T CvUdLOY& () - _EaEbEcEdEFAGhGGb@' 8! f

fg ;L|OO</§L1(()2’ /G'&f %&‘ﬁ?ﬁ%ﬁ‘ﬁ? jr}i i%ﬁ‘g%%r t{qes‘#s#gb%(l)ﬁtdgecmc layer [120], the third level third

109 () - YI 10% fyrn! ﬁw@%m%hh@#ﬁﬁffﬁvél)m%/m@i(v” “13615HAP U third ddvel
KKKELGLHLI LdE: / 10 1OFi <V109&

109%& () - C\/$v(yaowﬁr9(t}um[mbo;l@8]() f Ol SH109&' () -f S#10%&' ()- | LILALLM MWWKY: /
10i j 10%& ()-6 10%& ()-& YA0%& ()-6v 109%& ()-6P1O%& ()-f 10%& ()-
1OI\/QNVNNN&Ol\DdE Thg 041 688l GlackedlindEité aslM’&'e(l i G@A0YReler: 1098 () - 6

) Pi P 0!'Ss %&' ~=SI'f 109&R -6 ; ) )
100 () "%’j é%%ﬁ@iﬁy(ef ?ﬁﬂd]}@ CbEj@tﬁwafgS? i Sy §ogPeping: ap-+
109 () S)f 109 sddbond #HhQiEa Gla éye%ﬁn @rf@a(tm@%%d Wa FRheeSEygaBvdly 10S7f
109&' () - Cp5109&' () - #i 3CLO%E () -!'S1 109&' ()-

109%&' ()-#. f 109%& 9nne¢te¢Ttmtb© titsdeyddirsong [1)50”’311_2&}&11@ third degl ¢9cond Qurno

A
1098 () - 61098 {nohddsrd V& () 10%&' () - CHVIL0YR () - X4\ YYY* Z| ZdEbC
10! &109%& () - C<I%/ 94 0%& () -

1098 () - 6" 189@uth leyelggnith mnlem thg thirdzirdpetrielayebld21b! SP4109%& () -1 S1
10%& () - Sy/ @edn fkelnitd %n(c)veptkﬁjtf?l{@dgecﬂ#é layer [121] and in third turn third via
opening connected to the third level third turn [150°-124];
a fourth level second turn over the third dielectric layer [121] and in the second turn
third via opening connected to the third level second turn [150°”-126];
15  a fourth level first turn over the third dielectric layer [121] and in the first tumn third
via opening connected to the third level first turn [150°7-128]; and
a fourth dielectric layer [14] over the third dielectric layer [121}, the fourth level
fourth turn, the fourth level third turn, the fourth level second tum, and the
fourth level first turn.

20 18. The 3-D spiral stacked inductor as claimed in claim 17 including:
a first connecting portion [130] under the first level first turn [150°-1281 and
connected to a turn selected from the group consisting of the second level
second tum [1507-126], the third level third turn [150°7-124], the fourth level

fourth turn, and a combination thereof.

25 19.  The 3-D spiral stacked inductor as claimed in claim 17 including:
a second connecting portion [134] connected to a turn selected from the group
consisting of the second level first turn [1507-128], the third level first turn

[150°-128], the fourth level first turn, and a combination thereof.

20. A 3-D spiral stacked iﬁductor comprising:
30 a substrate [112];
a field dielectric [114] over the substrate [112];
a first connecting portion [130] over the field dielectric [114];

15



109 ()-=\\\\\\\]:]bC 10! 3109%& ()-6f 109 ()- 10 10

10i <109& () - #v7109%& ()- 5v9409%& ()-:1]117]~* _dBbC 10'!6 109%& ()-6L 109%& () -
109& ()- 9409 ()-v 109& ()-6f 109%& ()-_6___+ | " dEbC

10! | #109& () - #109& ()-f 109& ()-3109& () - #YYAO0Y%& ()-109%& ()-  ?al aaaaaBbC

1-8:)/5 \(/) }0‘;/«5(3/& . #6‘%%0 gg@g%@ﬁ%%gégﬁ éx)e} t el 1r0§t&;:cgr2n_6(!:t%g portion [130] and having

10! #v. 109& () -, YEVRRE therei@B1 LAWK CLid ’é)aé‘g(%g{ir((g C(ﬁﬁl@@t%@‘t& the¥ifkt connectin
10%&' ()-ccld{dddddddE:/ 10 10L<10%& % ) - @F 10%&' ()- 4vodOo%& () - #LBIO‘@' ()-S1
109K () - #0109%&' ( potidBEEHHCE W uV7/

R e A R TG 1001
1098 () - 6f 10Ut (dvelcdtinbbiingd dodEat [ 150HRIEOMHE cohnechBBiddctd layer [116] and in

109&' ()-" CLO% ()-9109%&' ()-6 109 ()-ij jjj]j WdE7/ 101 PS+f
109&' () - 60*109& he-cppneims y)aw&mqf&nlegdfdgom@ﬁmt ¢onngestenpagtion [NRKI | % m) mt
m+nd YNC 10l

Tor <100 () *Sobaeric Lyebdkhoven Peoarpscing Gelenae [ver B Sk intdarlc 106
109 () - ! qJ10%agrst)urn [100®1 18-, LOMRNE irR1RYE' donnéetib@dn(act NPAOR albp XpaBYNC
10 109 ()-109%& ()- clO%&' (i{ “YOHL0%& ()-. 109%&' ()-!6p , ;

109%&' () - Xp~pppSqHisistinayen 6681 tovige nrovided dbgein) a dirsty g first-vip rpoging) -

‘1(9)3% &?;/‘_53 \(/())/(;_0 % &gq@egtgggé‘éﬁ% ifl?%?%g\%rf{r%%@ 'h'Fsol-%?{/ ind a first connecting via

10%&' () - C$10%&' ( byéﬁﬂ@&smbtthdiﬁ)meﬁiﬂ 1&81 connecting contact [130°];
1OVE () - TLOY& (bt 196D o v TT500 B Do T kit Yo, { yt o 1t <uMaubC
a second level first turn [1507-128] over the first dielectric layer [118] and in the first
turn first via opening connected to the first level first turn [150°-128] and in
15 the first connecting via opening; and
a sccond dielectric layer {120} over the first dielectric layer [118], the second level

second turn [1507-126], and the second level first turn [1507-128].

21.  The 3-D spiral stacked inductor as claimed in claim 20 including:
a second level connecting contact [130”] over the first dielectric layer [118];
20 and wherein:
the second dielectric layer [120] having provided therein a first turn second via
opening, a second turn second via opening, and a second connecting via
opening respectively connected to the second level first turn [1507-128],
second level second turn {1507-126], and the second level connecting contact
25 [1307];
and including:
a third level third turn [150°”-124] over the second dielectric layer [120];
a third level second turn {150°”-126]over the second dielectric layer [120] and in the
second turn second via opening connected to the second level second turn
30 [1507-126];
a third level first turm [150°7-128] over the second diclectric layer [120] and in the
first turn second via opening comnected to the second level first turn [1507-

128}; and
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109%&' () - CLO%& () - 6f 109%&' ()-T] dEbC 10C<% 10%& ()- 6#10%&' ()-110%& ()-6
109 ()-" 109 () The 34D 3hir ptafBedaBitetdiBSylaih0ddd ¢hinC2 T including:

101 S1006 () 2484 o4 PSR Saest g s e A oo () 1 ke

10 10i & Yd0YRY GhereZk0%&' () -!$ 109" () - P10%&' ()- 10%& ()- 10 10f V}~A?KC 10
10J10%&' () - CQ 0%k ()-109%& ()-!6 109& ()-6i 10%& ()-! 10%& ()-?TdEKC 10
1010%&' () - 6 theodaid (die @mq@m@zuom Prpvisled OgRein ) Bis0w@h (hird MBEKENTG, a

1‘0) 10%: () - )(10%5%0%(16%31 (f& VQ ope %nogo,/&l { ifd6 urn Qfl/la%d 1a %ngrgigg, argd) K 121“d'A\aBKC
connecting via opening respectively connected to the third level first turn
10 [150°7-128], the third level second turn [26], the third level third turn [150°-
124], and the third level connecting contact;
and including:
a fourth level fourth turn over the third dielectric layer [121];
a fourth level third turn over the third dielectric layer [121] and in the first tumn third
15 via opening connected to the third level third turn;
a fourth level second turn over the third dielectric layer [121] and in the second turn
third via opening connected to the third level second turn [150°”-126];
a fourth level first turn over the third dielectric layer {121] and in the third turn third
via opening connected to the third level first turn [1507-128];
20 a fourth dielectric layer [14] over the third diclectric layer [121], the fourth level
fourth turn, the fourth level third turn, the fourth level second turn, and the
fourth level first turn. |

23.  The 3-D spiral stacked inductor as claimed in claim 22 including:
a first connecting portion [130] under the first level first turn [150°-128] and
25 comnected through a connecting contact selected from a group consisting of
- the first level connecting contact [130°], the second level connecting contact
f130”], the third level connecting contact, and a combination thereof to a turn
selected from a group consisting of the second level second turn [1507-126],
the third level third tumn [150°"-124], the fourth level fourth turn, and a

30 combination thereof.
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