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FI'ELD The present invention relates generally to integra i i and

nmore particularly to on-chip silicon-based inductors. 5 mmmmmm: THE

| NVENTI ON | ncr easi ng demands for personal nobile comrunicati qgfsg“equi prment
e

have notivated recent research activities to focus on the dev opnment of

i nexpensi ve, small size, |ow power consunption, and | ow noi se | evel

systems. To sati SfpA/LIGE INDUETORON SEMICONDUCTORMATEIAAT! ant and
i ndi spensable circuit conmponents is the on-chip silicon-based inductor. As

a result, mniaturization of the inductor on silicon has becone a current
key research area and extensive work has been done in this area. However,

despite efforts by many researc &{NEC{AE%EK Il in the art, achieving high
i.e., highquality factor (Q, still renains

per formance on-chi p inductors, i.

a maj or problem especially when radi o frequency.integrated circuits. (RFICs)
Sre bui 1t on FIRFGRH: ndenton oriks: EPGALY 1 GHERSHA STE AU TSR B LRI 9

l'i nes atonQp biliesh/BaxeN indwe@es further degrades the inductor performance in
CMOS technol ogy as conpared to those fabricated in nonolithic m crowave

integrated circuits (MM Cs). Many fabricating techniques, processes, and

mat eri al s have been proposed to i@gﬁ{ove t he ﬁerformance of on-chip
i nduétors. Tedious proces%@g la@sTgﬁé VENHEQY, ng away 20 the

silicon substrate under the inductor have been_i n.troduqed to renove t he
substrat e parlaereasing dérmansis for pensoreatl eshapile Dogpiunications equipgentolmaye metivates],

i ndustries are refauctta t tofado(pt S hla tecth i.que because.of rieliabi lity
| ssues SaCHT KeeEh pstuites iTorty e deyeiopmet i inDenitye SR Siag foxt B (.
The nosteoakirhptict], ahdldw molve NeNR ispderhi) e TREatiof SR re@lirdihdnts; Ofe REIRImMost
inductors is the 25 high resistive alum num copper (Al Cu) interconnects

used i n igportayreng irdignsaaable sircuitcpmpenerdnis thopr-rlip sisgnibased ipdugtar j ve gol d
(Au),netalizafi i th | l.e r i j i

(Gan) "t aohnal by b8 inlinthdiln GoBloTRuAHYSh Bichn SheOFhconit R B3GR £

easi | y. réseamohearesand Rkighsinewalrk hat besn dawi int thiscarea. a Hoopueradespiteheffoatsebyi s t o
have the | ayers qf tal stacked together, there achievipng a high Q

i nduct orMany reseay %quv%glgﬁav éh%%e%ch@vmehls DESTRCe sb ‘Q@“‘?t%‘dy’c?-or.
In an gl QublGUERR @)9D LAGIRTa Mol PUBRRRSFRAY o FAYi6 Rélubil.
really small” silicon aréa. However, sucCh an approach Suffers fromhig
power cointegrated crcuits (RRICsharedugeon siliedrs t hat are not acceptable for | ow

Pndabtors o Py BiehePRR Fisties oh ol TopbA CHE TRRDLR SR AT g
Ci I cul tr Yoor K kOinkthetbl PEIGRAMKINNOMUNtebREHIONS ad CoriiRRdtd thbsd thbEHBAEG in
possible alternative is to increase the thickiess of netal because the Q
val ue 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
20 the silicon substrate under the inductor have been introduced to remove the substrate parasitic
effects completely. Despite achieving good results, industries are reluctant to adopt such a
technique because of reliability issues such as packaging yield, as well as long-term
mechanical stability,
The most critical factor hindering the performance of silicon-based inductors is the
25  high resistive aluminum-copper (AlCu) interconnects used in silicon processes.
In comparison, thicker and less resistive gold (Au) metalization together with lossless
substrate in gallium arsenide (GaAs) technology permits high performance inductors to be
fabricated easily. To overcome high metalization resistance, a popular technique is to have

the layers of metal stacked together, thereby achieving a high Q inductor.
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of an inductor is dependent upon its interior resistance (r) to the AC
(alternate current) signal and increasing the thickness decreases the
interior resistance. Unfortunately, the thickness of |0 the netal cannot be
increased without Iimt before encountering technol ogical difficulties in
l'i t hogr aphy @Hﬂ)ﬂﬁ%‘ﬁasmﬁé aferh &S ik t@flsete{ﬁeacﬁQQYfﬂucttopeI&ém&/EHn %r'hTi’
commonly used on-c I nductors are planar silicon-based spira ctors
whi ch refapjblr m¢far®btahcd agrobe aohieved patieally smlamsaiums drea.i rHveaver, such an

per for manc utions to these e ave 0 ht t
have | orPkelstire 5ot SR ppUat PSLRBIGH pid Bl a0Re P on e TONGEIFER The
present fHMbNpdvedt aRl AYgHIRSqRNEPhppHcatidilY Gh @aditiog, pé@foﬁﬁaﬂtesdf Dietivein@uatbd an

i nductor dielectric |ayer over the substrate haV|ng a_spiral opening

pr oviSdedq IveReisensitives pid slependgnic tpen the iinductor's thiasipg rcicuidiye makingiit Hmene

i nduct or I of parallel spiral vias connected together
at cent ecrOhT: mngaH(?teﬁl&al&(;:g%]S%%r distal ends of the spiral inductor. The

paral | el spi rAfurttieBfodsitlé gleatativeds tlintRes thé &ﬁcl@lfesstckﬁnaali BeghusenitIQtvaluddy
over 70% and |ncrease the high quality factor X over 70% conpared to a

convent i ¥RgIindysiords deneadent ypon mﬁ@tm@srsmtamwaﬁputhm Er@liemate cyrragsy Bigaalof

manuf act |

i nduct or gilg(%g%%@o%’éﬁgfl%{rég%%%?éats %sythgﬁggﬂéc&\é-'?ﬁét and‘“?'Jffg Ma?él th%?ﬁg}rgopem ng
in tie ithdufeta)rcaﬁii(ﬁlbeqhmaseﬂ ayithout Bmitfhef@t encalintdring tee}mi)hrgimu difficilties #pi r al
~ openi ng va ﬁ&}&nar al.ity of parallel spiral vias connected together at
center p1 heenter distal ends of the spiral inductor. The

paral l el spirgd ,YdsaR of A 096, th@@mﬁﬂésft ﬁﬁ&nﬁs‘s@&m%oﬂl?%s&?bﬁ-@hl 1ﬂd“t%r@’areby
over 70% and i ncrease the Q by over 70% conpared to a conventional 30
spiral iplanac sdmon-basedmealalbdu@oxanwh@hdcqulmrefaldamut@gamlzatmn ilechpiqueetet

i nventiaon wl| cone apparent to those skilled in the art froma reading
of the fEm’%mR?é&’HE'f‘%l I ed description when taken in conjunction with the
accofgpanyi ng SH1@dns 36 thebdpiobl s Hake BIéxﬂNnQEmﬂéHEb@RﬂW Slulféd3hode {KRARIAOR
ART) is a cross-sectional view of a prior art spiral uctor along line
1--1 of iptls arp (PRROR ART); FIG 2 (PRIOR ART) is a cross sectional view of
the prior art spiral inductor along line 2--2 of FIG 1 (PRIOR ART); FIG 3
is shown a cross-sectional viewsimlar to FIG 1 (PRIOR ART) of a vial/line

lo spiral inductor of the pieEEORKURIERHIINNVESGTIGN(PRIOR ART) is a
cross-sectional view of the prior art spiral i1nductor along line 4--4 of

FIG 1; FIG | i f
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spiral inductor of the present |nvent
20  is in the spiral opening with the inductor mcludmg a plurality of parallel spiral vias connected

together at center proximate and center distal ends of the spiral inductor. The parallel spiral

vias increase the surface area of the spiral inductor by over 70% and increase the high quality
factor (Q) by over 70% compared to a conventional spiral inductor.

The present invention provides a method of manufacturing a spiral inductor by

25  providing a substrate, forming an inductor dielectric layer over the substrate, and forming a

spiral opening in the inductor dielectric layer. A spiral inductor is formed in the spiral

opening with a plurality of parallel spiral vias connected together at center proximate and

center distal ends of the spiral inductor. The parallel spiral vias increase the surface area of

the spiral inductor by over 70% and increase the Q by over 70% compared to a conventional

30  spiral inductor.



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Referring nowto FIG 1 (PRIOR
ART), therein is shown a cross-sectional view of a prior art on-chip

i nductor 10 along line 1--1 of FIG 2 (PRIOR ART). A substrate 12, of a 20
material such as silicon, has a plurality of dielectric |layers forned

t hereon of a N wepdl '
dielectric | g}fg[g%ﬁéfad(n sdusdﬂﬁnm?1§1 Hlatﬁgél Oo%t%@?egt?ﬁ%ne&{ ?vﬂgt%ﬁp‘%r#g?ggt to

di el ect rthase(skillof ihahe artlfcorh aadiag of the foltowing deréded desesiption iwhdn aiken inl D

| ayer 18 are forned over the substrate 12. Enbedded within the i nductor I1LD
| ayer QOPN%P%\V@t@raFC%‘BPWln&@%B’S&r 22. 25 The term"over" as used in
herein is defined vertically above a horizontal plane parallel to the
conventional surface of a wafer on which the on-chip inductor is forned

regar dl ess of the or| enBRﬁEpDBSfCKIP?IGRf@TH"E'EEIQ’AWIW as "on", "below',

"hi gher", "lower", "above" ‘under", are deflned wth respect to the
hor i ontal e r r to
1 P50 s i oL SRR AR A

sem condusit effF1Gep RRIORARY); conduct or deposition, photoresist, hard and

soft mask ph Iit ph etch, and str r.opri at.e,. the prior
art, the pri ?t&@géﬁa‘bﬂ?fhme@ﬁs %efﬂpgalap i1 (s ARoT AT SHiEA i ‘P‘Wt ng| 5
(PRI OR ARD)... h nd second turns 24 and 26. A first connecti ng
portion 30 g\%t?ééchﬁki;qlfﬁg{@i as 32 connects to the prior art spiral

i nduct or 22 &IGoAds emuvinadrass-sedional viowrs«'mﬂa'mg KiGr ii(BRIGR ARThetl s viadine he
ot her end. .Th has an inner dianeter 36, a wdth 38 which is

comdn tergldeﬁu%?r‘fstlﬁgeP’i‘ffer?imv&ﬂﬁorh spaci ng 40 between each of the turns

The first corpeci (PRIORMARTDYis3H ciddSs&Sional HEH T thd ridiVit taslfmn&mbrt

also referred to as an underpass 30. Referring now to Fl 2 (PRICR Al ),

t her ei n ling 4HoWF1§. ér oss-sectional view of the prior art spiral inductor 10
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pat t er neflodglites-n3 Mﬁmaga&pass 30. 15 The connecting ILD layer 16 is then
deposi ted over the underpass 30. One or nore first via openings are formed
in tWe connedflGng is pOrosaypestiongl vigwmimtlardoFIG: fof an abiemats spdiment yindlieg i ve
mat eri al splh‘ayﬁlﬁuétﬁr%fié’?fe%&gl% {15&? connecting ILD layer 16 and processed to
formthe prior art spi I nductor 22. The first via openings are al so
filled wth conductive material to formconnecting vias 32. 20 Referring
nowto FIG 3, therein is shown a cross-sectional viewsimlar to FIG 1
(PRI OR ART) of a vi BESTIMGREFAR CARRYING 06 SHEINVENBEBNt i nvention. A
substrate 112, of a material such as silicon, has a plurality of dielectric
| ayers formedRéferingamwoto BIGTHL @’rRiI@R ART thereBi ik ishown di coossdectichabjuent ofod | vy,

field diel h fiel i
"t er | ayBiorrEPEERpiBN D0 Hageina 151 AR 24PRIQRIAR D, B ahee dpeptin
i ndugg OrmHeQalzs%ch Yy %103&%@%‘%’1&%@% d‘i’él@c’ftmé rh%'eé%ﬁﬁé@fhgre%ﬂ ®f a'%ﬁ’ﬁl@ﬁiﬂ QHch

within the dielectric layers'is a“via/line spiral i1nductor 122. The
vi a/ | i neasspilicen dierddet oSequetially, shfiold élslebmcnblysmar(eu@masea figlek omdehaay

gl Sgl Pgl gdr\r}%%?l Qi geﬁlg{'%ﬁiéelectrmc l(ﬁ,rﬂ)%aye[rq% (\sllllc%/als'ans i& Ioxuic:), an ua%t 191E1uc](or Lg" be
layer 18 are formed over the substrate 12. Embedded within the inductor ILD layer 18 is a

prior art spiral inductor 22.

25 The term “over” as used in herein is defined vertically above a horizontal plane
parallel to the conventional surface of a wafer on which the on-chip inductor is formed
regardless of the orientation of the wafer. Terms, such as “on”, "below", “higher”, “lower”,

“above”, and “under”, are defined with respect to the horizontal plane.



cl ockwi se or counter clockw se as viewed from above. 30 In the described
enbodi nent, the via/line spiral inductor 122 is a two turn inductor. In
FIG 3, are shown first and second turns 124 and 126. Individually, the
turns can be flat as shown or circular, and can be made from any conductive
material inc i d ” ‘. i b i i s
connecting vi agltl qug‘%g%gt gjrt%)ﬁ{lﬁfg \?%gﬁﬂ{ﬂ%ﬁ&é'ﬁ%ﬁ?%%ﬂ lc}g?%a?%fzg a{%g%lﬁe end
and a sdurandnchades aohvengiopalr ¢eimicontiddtoh depasitionoohemiductgr depssitiod3 photoresist,s at

the other end. The fitst . .turn 126 has an jnner di aneter 136, a width 138
whi ch i aﬂﬁ‘"’rﬂﬁosﬂ t1RAs ginﬂtogihog-ra( % qt{:}}.!qg(?stgﬁdasaapgwafpg 140 between each of
the turns. Thg thd habr ﬁﬁ,nﬂl%cﬁﬂd?girpgﬁil;dl QRdukaR Hafstséfvﬁ\}wls'lﬁfi'ﬁrinhﬁﬁoﬂv‘@n tFgGng and

thus is also referred to as an underpass 130. | be under st ood that
t he tur (BREOB ART ) anersbowe firstland sécosd tunsi24awb2fd connecting portions 130 as

h it he first j .portion.130 t f t t .
Ref or 1 ng. nov PBY poraeBing B or ARIRE PaReing via® S el o BB mbioErR spist of

the pri Qhdubtdt 22'd ofi®érdPdnd 46 PEonAectNgPdttidn IEcohmeds A thEbRer dnd. The
cross-section is generally rectangul ar "and for purposes of conparison, the

width is 6.0 Thefustdwenndd hasianinmes disneter 36, wiwidthrisr which isgcommen to @eicof the
Tt e sSSP 30 bR, Y o LRl B M ChilS R biBa AL 122

of the prese oh “al'ong e

i nvemt i ainder the Was turgPdridzahds ishib refefred iy aumldetpsd Hct or (Q val ue of an 15
i nductor is dependent upon its interior resjistance (r) to the AC (alternate
current) si grtaferripg paw taidd. 2 RIQR AR stherelinis showma crosg-seqtigngleview of Bigsed.

I anal yziopg el Ra s aPbL A4 L2 bERIG AMGOR ARYESTAEAIARE 151k e

interior resistance ere nce curren ow along a
conduct dield dickectrir laperel phypmnomiEnioa conductike maedriab tst depositedvand padtteraedrianfoadmt hat
overal |l resistance was the problemand that the overall 20 resistance could
be redud ﬁuﬁ‘fFrPar?Esg'asi ng the surface area of the inductor. In analyzing how

to nmnuf act Urgeaddnh&&ngaseager {PRahal ﬁé’pdsﬂéhlﬁ\tré?rthélﬁh KX138L ik B JeRSSes,
several approaches appeared prom sing. I'n the enbodi nent of the vial/line

spiral ifirduca openiggs aséfowmeid in theGoniecting Ti.iddayen 26 cenngetsd 46 thedindenpagsadlal | el

vias 144 are forned .on the line 142 a,conventional .al um,um 2s.vial/line
oecea T A e hisrial Toven 6, Sobefed Pt SPBserdigt ALIVES 18 D' Do
a thi ckngeéesidd'to tbim Hirdpridrhet fivadinddatioy 2as Thé4iranga epshinG| RO h1sh dilleepdimat e,

parallel lines or vias connected at their center proximte and distal ends.

It will wadusivemateria to fam conaeqtagivitid?sur f ace area 146 is obtained when h
5 LY SRR IO MRAPHLAGRLS e e SRR RO
spiral i(@RIORARTYSS a vifa/link @pivaldsduttori 1100 @fi thegresehhiny tretionwrtro substrate 142, ef a
vialli nemeslt%i'iglasluc. gg gi iE:grE, h]ég 221Iplusra ?t\glmofidri]elg:ltr% la?/érspfgrrrr?é t?xlere\éL %lfajféa%erial such
as silicon dioxide. Sequentially, a field dielectric layer 114 (such as a field oxide), a
connecting interlayer dielectric (ILD) layer 116 (such as a silicon oxide), and an inductor ILD
25 layer 118 are formed over the substrate 112. Embedded within the dielectric layers is a
via/line spiral inductor 122.

The via/line spiral inductor 122 is shown as being square spiral but it may also be
circular spiral. Similarly, the via/line spiral inductor 122 can be a spiral, which is either
clockwise or counter clockwise as viewed from above.

30 In the described embodiment, the via/line spiral inductor 122 is a two turn inductor.
In FIG. 3, are shown first and second turns 124 and 126.
Individually, the turns can be flat as shown or circular, and can be made from any

conductive material including copper.



and a line 150 are formed sinmultaneously in a dual damascene process and
can be made of copper. This structure fornms additional surface area 152. 5
The line 150 has a thickness "h". If h=0, the parallel vias 148 are

equi valent to separate, vertically parallel Iines or vias connect ed

toget her at t{gjg &ﬁﬂé&l‘hg o2 4@ havidle Lombddti ngh (Wn]%ts M@@Mﬁ{eood
that the nmaxi num surface area 152 1s obtal ne ht | above
zero. Tispirdl indwctire]22sstadlei enldmlhdtn/setcbmdmmajecmmnondm rbxa{/mgmongeouhgtvlm top

5 surfacg,of th duc 22' after deposition. For purposes of conparison
with thégarcpﬁ’? cgrqtq?pqtf‘earlen nductor 22, when the width is 6.0 pmand the

t hi ckness i s TheGirstMu@sS126has A8 uﬂfei‘ Qfanﬂ:'iér 138, { Qitlth 13§w|?i'f@h% d6mMloRto ¥hdH df Ne

Spl ral inductor 122 or 122" will have approximately a surprising increase
i n sdrf dbe tunsandfa spaging7bi bemwwv/@athm theguing. SThef fise commesting pbrtmqula}tOe to

" conj e ondsy e SYRCHERS Fad s FbuBntf RONH ba%emRR SBC0d" FRlenmny

al t er natundestooduHatfthe airhonty bandniétdddhie ditst addl dechiftl eRRBELRIY Aydr@oﬁshm)eas _
skilled in the art in |light of the aforegoing description. cordingly, it

is int erﬁb@\f{ntobwéﬁhﬁh%t@@t gannegtingpartion i Hhen e thes®rtsi cati ons, and vari ati ons
that fall I{Hf&n%@?loa'pt;grﬁlb 4 ng@ﬁ%R étlicgan 198'0%%?96& o% n&lew ihérﬁxé ers

hither-to-fore se or s accorpanying raW| ng o be

i nt eypr edriespirahindoctot Imslbnglmw- aaﬁFr@) - | THE droRGesttuisie geferallyltdbtah QMENIHION
CLAI IVED S: 1. A nethod, of manyf r| ng a %pl ral 1nductor [122]
conpri si bpu"BPWP orgparisen e wagt 1?[ Q}tzl}an(# £ RGNS 2B or di el ect r| c

I 114 112 5 f n

| duct or di eﬁ%e?%ﬁs%Piv;*ﬁﬁlf‘:lwkre%man 4 R Beftiohl 7B RAEE e e

spi ral dpéwdtergi22afthd sresentfhvantidnidledg line HE5 pRFIE@. Bel spiral vias [ 144] [
148] connected hoget her, at center proximte and center distal ends of t he

spiral i nductl8rthg present ipventiqa, {ovasgealiged thali the Aighnqualisy factor(R) rvalug: ofran _
formsng i, AgtSPls" Seb&ﬂ?%&) 1{s]1?1?el'ﬁgi' '} é’fﬂﬁ? (tr ¥ & m nﬂCaﬁaftglinE{%l curk ?) ilén%] In

the spiral openin ormng t ura of para spl ra
144] aboWethtlbwerspfenatrdsmtmceﬁ t}iﬁdQ]coalkid)elmctre@eé.l therevm th. 3. The net hod as

claimed in cIIal m ein 5 form ng t he spijral duct or 122 i.ncl udes:
forming a spifd®® YFWS%I"“&@O‘F Bereinterion I‘%F’H{ty"aﬁfrc 1P Fl}aéll teror tepistoness |

148] andgili Aberdvalto bl esamved. Msinde cukh@t HE%%;%%&M@MHFQ a éﬂrﬁb@?ﬁ@n&meﬂ&ﬂ 6'1d' ng:

forming a first connecting portion formng connecting via 132]
bet ween ‘tskia-¢ffact} itcwemdateimigedrthat vamall re_sw]ncams tthee problene and thagk theem@rfdhd of

the si 1Al GOl nd A8l 1 bOR Y R RSSRbLARIEGLLRO Portion [134]

In analyzing how to manufacture an increased surface area inductor using existing
processes, several approaches appeared promising.

In the embodiment of the via/line spiral inductor 122 shown in FIG. 5, a line 142 is
deposited and parallel vias 144 are formed on the line 142 by a conventional aluminum

25  via/line process. This structure forms additional surface area 146.

The line 142 has a thickness “h”. If h=0, the parallel vias 144 are equivalent to
separate, parallel lines or vias connected at their center proximate and distal ends. It will be
understood that the maximum surface area 146 is obtained when h is slightly above zero.

Referring now to FIG. 6, therein is shown a cross-sectional view similar to FIG. 5 of

30  an alternate embodiment line spiral inductor 122’ of the present invention.

In the embodiment of a via/line spiral inductor 122' shown in FIG. 6, parallel vias 148

and a line 150 are formed simultaneously in a dual damascene process and can be made of

copper. This structure forms additional surface area 152.



spiral inductor [122]. 5. The nethod as clainmed in claim1 wherein: 25
formng the spiral opening fornms a nulti-turn spiral froma group
consisting of square, rectangular, and circular spirals. 6. A spiral

i nductor [122] conprising: a substrate [112]; an inductor dielectric |ayer

[ 114] over whg lﬁiéb J ﬁ&sea[thl%?e{s hg” | N9 120S B¢ e]?exﬂés”@483‘are°&ﬂi{{zéiéﬂ

therein; and a spiral 1 nducto 2] inthe's |ra openi ng, ral
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wher ei n: Shgnl nﬁﬂiﬁvig?]ﬂerd n‘i'Hé:than [b%Qe%iabllﬂféh'-HiE&xeﬁca? rﬁéﬂhﬁlﬂcallﬂdﬁ%lh%%]thé ﬂ)gt he

spiral o e plurality of parallel spiral vias above the
spi r &l Isurfece[oflh@]ndactdrlﬁe@craiepomwrewth 8. The spiral |nduct or [122] as

clainmed in cliaim6 wher.ein: thes al i nduct.or, S

Spiral | ne. [FOLBUPOSIA compern u (F popt B el et 22 WhertER pidgs 800

i nt egr alydh Aad eié thicknSss 50 b hkin tHedsidrQit, [al 381 1 3spml vwideBdas Vialindispirfl

i ncl udi ng a first connecting portion [130]; connectl ng via [132] between

t he fir dndustornkt @mQZ%owtlllmne [am@@]umdthslrpam@nncxeasgnmsuﬂfmeearealdf ofert he
spiral i and secon con ectin ortio 34] connected to
the. aent RV o ologg ingfese, A Brecir Rl FARCD s PRBY Fora Hibteas R ot or
[ 122) as cl aiwadle e 1ﬁba1t16h@a%@drnme@cn6ehqn eohjuAttiodReith BepdcdfidiBestmdde it tst Ur n

spiral froma group consisting of square 20 rect angul ar, and circul ar
spi ral s.tode, m}d%rsth‘yg thay magy alermnatives, modﬂﬁ%p@}agdwanatwns will be apparent to

o) on) ceBeE AR AnE bR E8) Sehe Thapharhenicrpling] aksalad) selaleabed) o2l ¢

i u %xs]nl @I]lli‘}l(]}d:@ll ca%h: a%tﬂﬁ%ltﬁ:\&]]sCﬁ%odﬁﬂo@ﬁ?x(j@]aﬁ&])@ﬁ?@(&is{t@rlmﬁllcwlthm] the] spidtcaidcal ca
ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca) ca s
}xs nid Z]CPEf‘a]chai}‘Sa]%‘H]d@Q] ¢laimsy] c%jlc : ]}E’&TQ:' rEa’]eéaf]‘)étQ] e shaye ainc M a) ca

3 é@?g?ﬁ%@?ﬁ%@i@@l@%@%%hﬁ@rﬁe@d m@tﬂl’llusty}!t#féﬁh§ R Wiiing sense.
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3. The method as claimed in claim 1 wherein:
15 forming the spiral inductor [122] includes:

forming a spiral line [150] over the plurality of parallel spiral vias [148] and
integral therewith.

4. The method as claimed in claim 1 including:
forming a first connecting portion [130];
20 forming connecting via [132] between the first connecting portion [130] and the
center proximate end of the spiral inductor [122]; and

forming a second connecting portion [134] connected to the center distal end of the

spiral inductor [122].
5. The method as claimed in claim 1 wherein:
25 forming the spiral opening forms a multi-turn spiral from a group consisting of

square, rectangular, and circular spirals.

6. A spiral inductor [122] comprising:
a substrate [112];
an inductor dielectric layer [114] over the substrate [112] having a spiral opening
30 provided therein; and

a spiral inductor [122] in the spiral opening, the spiral inductor [122] including;
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15 proximate end of the spiral inductor [122]; and

a second connecting portion [134] connected to the center distal end of the spiral
inductor [122].

10.  The spiral inductor [122] as claimed in claim 6 wherein:
the spiral opening forms a multi-turn spiral from a group consisting of square,

20 rectangular, and circular spirals.



