, KLe3ecDl cA, H6TI, 02 z ~c~ zoo4 ___, VIA/LINE | NDUCTOR ON SEM CONDUCTOR
MATERI AL TECHNI CAL FIELD The present invention relates generald y %@T ?
integrated circuits and nore particularly to on-chip silicon-based” Uqlf

i nductors. s BACKGROUND OF THE | NVENTI ON I ncreasi ng denmands for personal
nobi | e communi cati ons equi pnment have notivated recent research activities
to focus on the devel opnent of inexpensive, small size, |ow power

one-of the et i e/ PRVE TRDCTOR N Bl bR sRpsRaIAL. | < the

on-chip silicon-based inductor. 10 As a result, , miniaturization of the
i nductor on silicon has becone a current key research area and extensive
wor k has been done in this area. wever, despite efforts by nmany

researchers having skill in the dCHNSABFEBEDh gh performance on-chip

i nductors, i gfﬂil high quality factor (Q, still remains a major problem
especi al |y whenerees! reniarrelites geagnlly edintégrated tscuiBhCmon Rrthuidrt, @8N
silicon. Oha.ihwsiﬁ&ﬂi-ﬁisgﬁ'indgﬂzt%& dynam c resistance, of netal linés at Gz
frequency ranges further degrades the inductor performance in CMOS
technol ogy as conpared to those fabricated in nonolithic m crowave
integrated circuits (MM GCs). Many fabricating techniques, processes, and
mat er Pal s have been proposBACGKGROPNG ©OR NEEpEVENT@RCe of on-chip
inductors. Tedious processing techniques such as etching away 20 the

silicon subst fatreasimyidemande fomnpuissral nivaye cbmﬂﬁﬁﬁ&@ﬁ'ﬁ%nggoﬁ&%gg@v%gﬁ

substr at e%e(’%%{ asitic etféf.ect s conpletely. Despite achie

i ndust ri SAF ESPRFR aetiests fogisn the dRvelopraet wif infaptresive, smab bize Slobedtiwer
I ssues s wohsuagptidas Kad1d¥ nyisel I . -termnechapical stability.
The nost ,cri?i%)cal fact ornhianl(glﬂ ?\%Stt e ngsf‘%%eé%f%%“‘?mefl@oﬂ%a the most

i nduct or dmpgrignt apd indispengable oincitis eomp oments iswloogpetiip 6ifibGitbadetigtapnect s used
i n sijhi con pr ; ari son, .thicker and |l ess resistive gold (Au)
met allzozati on ?gs_ggtsr E%’Irh’ W#Rmfrgzs? W ttF‘gt‘E‘?‘?citPrg‘éﬂ ISﬂiﬁﬁlilé}%ém@m? (aCaitsdnt key

t echnol ogysepehrires aiid gitemsivd WorRh&ChdeRimeQh Shik 3PL Cﬁ%ﬁgve??ﬁéép}jet Brtp e s

over cone _hi gh met%i ation resistance, a popular tec ue’rs

of netal REHIRRGT e, skilh & Bisyarh @phieving righ prrfimendensiucliiprinduktors 2.¢; OCT

2004 Ano ARSS eraat i ' . Use active inductor. In an
active i g‘ﬁtqor gi %h@bqu’c%tg?trgﬁﬁn% f]adtn%,zogn%rgg@gxn especiglly; wheayradio drequendyy
smal | si [intgpratedraieenitHRIICeY are buittorawili@ppr oach suffers from hi gh power
consquti on arhq gi %]h nl'l%i ]gﬁgrllev.el s that are not acceptable for |ow power and
hi gh Fr equency®™ &SP oR-1ER J¥namic rasistanseopt metak finesnatrGdz dfeqaatoyengasdughar s 5
are very degnRded théanditfordRPR ; ' tor's biasing circuitry,
maki ng it tg?me .consumi ng. angﬁiﬁ%i%@?@qg%%g" : ‘ﬁ"ﬂﬁpﬁﬁgrm %S§ifl:5]P%°atedym

al t er nat iWenralithie migrewpesinicerated cibiuite eBEIGS). met al because the Q val ue of an

i nductor is d . ! interior resistance (r) to the AC (alternate
current) dzé g Em%f QnQB%%@gg%#%“?%@r?%ﬁ?ﬁ’ @ﬁ%ﬁ%ﬁ%‘@sbeméfqmﬁ@}ﬁodmpmve

r esi st andhe peiidrarahue af eh-vhiptibéudtdis.Cc KRERS: : : e

i ncrease vvi.bhout I%qit gefpolr_e encounteris%go%e%(ﬁlér:%f%%é@glﬁg?gf%tg&nﬁa&ayi n
lit hﬁ%r aﬂh silifop bsirate pudex theigdnetonhaverbsembiredycadtio remons the butanetePasdsitic

commonl y ffeed AR, | ' ‘ si.l i con- based spiral inductors,
whi ch rgﬂui re dg’ar ef{laj1 ' I%gflﬁ% 9%}%%‘?{?1? §§§‘?g‘%{l{%(}ﬂ¢] SHifS 2r¢ Beq'i‘ L3 &dopt such a

per f or naie@niqQE Brrlausd ofi reliabilityeiseudar athe s i 0 ught t _have
|led in the art. DI S&gﬁgﬁlx%?%{ldlé %QNVWE%TIQ%\]IOH%EFHH

| ong elu e L
pr esent ﬁﬁ%&%@?@ﬁ%ﬁb@i des a spiral inductor including a substrate and an

i nduct or di el exter6st! itiosl RAMSE hidd¥ers &n{},ﬁ | 0P SP}ral .openi ng

provi ded therein. A spiral induct or %gﬁ% é@an Ee(é gg?‘ﬁﬁ?ﬁhﬁgﬁilﬂ QB RS the

i nducPor Higleresistiveyalaminum-sonpey (ACw intaicbmectnisedin siicsm precRast ed toget her
i nductor. The

at center proxi nter distal. ends of the spiral N
paral | el spi rgh%@l@%ﬁé@ %tﬁ’g%’éa? S§irssixe salddAupmetaligatinn togéethemwiitictasr by

" over 70%sabstrdtetrr gﬂﬁ&mtdi@enmegfﬁf@k@|té&ﬁiofo?9}ﬁr%\f}g%ﬁﬂﬂype%%a%%%gﬁmar ed to a

conventional spiral inductor. The presen pr ovi Hod of

_maguf act P_Iiiﬁj‘ff‘él %aﬁﬂ)’-airoiqwmmrhiﬁynﬁﬁaéizaﬁm tﬁsi%@n&e,?{htﬁﬁ[a@tt&shnfcﬁl'éri% Ag an - -
i nduct or %_lergl%t : [ er. t sybstrate, an Qrmng a spiral opening-
inthe in tc or O(rg?[gﬁtéel%?lfecd% %/ﬂé?rf Elﬁreg’b'iaf’é‘ﬁv’inﬁﬁg‘é&bﬁa inductosy med i n' t he

spiral opening with a plurality of parallel spiral vial connected together
at center proximate and center distal énds of the spiral inductor. The
paral l el spiral vias increase the surface area of the spiral inductor by

over 70% and i ncrease the Q by over 70% conpared to a conventional 30
spiral inductor.




2 2 Z OCT 2004 The above and additional advantages of the pres nb

. invention wll beconme apparent to those skilled in the art from eBCT 2§04
of the follow ng detail ed description when taken in conjunction with the
acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 (PRIOR

ART) is a cr, - | i.ew.of a prior art spiral inductor along |ine

1--1 of FI Gﬁéﬁ’(egﬁﬁ%{ﬁ%%ﬁétﬁﬁe 02“8@&@&?’%@%*’}“&3 Iy apaglive ydpstophigh Qi ew of

the prifatoraand iyuctahce ouhubé @chiavednth b irBAly2smal Glickil Greal ﬁ%‘@?{;g anl1G 3
viewsimlar to FIG 1 (PRIOR A a vialline

i's shown a gross-segctiqnal ] ) :

i o spi PBPO ﬁhﬂ’cs,ffea% B high PRV esERFUMpHamIddrgh Mi letels FRItOR: ARTcctmatde

Cr 0ss- $8GLWARAYer 4 f Wl 2 splrad..inductor alopg line 4--4 of
FIG 1. FIG 5 cr Sh& Wieh oféés‘fﬁg%ﬁﬁpg’%%%{"%'e@ %‘ﬁi‘?‘ﬁ‘eP%&%ﬁnﬁ%ogg‘m"&lmilmét or of
t heS pr @seiveryi sensitivieomdaleprpdentnepdir e fdubib bRisingNdirdlty, Gakfig § fme

&
- [ | vi im| to FIG 5 of | t t mbodi t vialli
cpi ral SoirRbepnd B il ° nvent i on. BEST MODE FOR CARRYING. OUT THE.
| NVENTI ON Ref ' e isltol ARy h ‘ ‘
RirfheFBosBiBYE %ﬂ:nl:a_ltl@e 15110(18&59&@%0 LGk %‘le?a&lbgﬁ:a%ﬁg\,ﬂ]ei @ yalpe_ 1

- cross-sectional view of prior art on-chi nduct or
FI G 2 of pringuciorty depandanb ypemiteinte2ior odsistarze (nyed thei Al (sltegiut@surdédt) §i8Mal has a

plurality: j.el : ayers forned thereon of _a_material such as silicon
B ot g ggaﬁagin i@%%%l&gésf%&eése&%‘? Gror gesistapge. Yatorupatsly, hethickaess ofxi de) |
a aonndled meyl icimindt bayereadbd Welibiit [mit e Bre b j St -
oxi de) a”dqﬁ%a du torrel LD |l ayer 18 ar ecf%%bggtgﬁg%g%ﬂ% g@%a sltﬁri%dtltge%??.

Enbeddg’.&h%r €0 nductor 1LD | ayer 18 is a prior art spiral inductor

22. z5 The t v 4 L [ fined verticgally, above a
rori sontal pr eS8 ool e koISl Sldnb IBCIARD el G o e o
t he on-piamiap silieerrbessd spisalfinduntets,eljah diquivs cafefill ieyout beMhikiion tRhnighe Waf er .

Terns, . +on"_  "below', "higher", "lower", "above", and "under", are
defi nedﬁ%ﬁ{bﬁ%’r%gg%gﬁce‘to the horizontal plane. 3 2 2 OCT 2004 The term

"priscessed” Salutione tihegE problelhs ddveBEci1bngd Sl Bht HaQell Jh vi al
and tur.ns includes conventional sem condéuctugr ’depgsftél%nélg(? co?\%&é{ﬁ%

deposi t‘PgFﬁarbhotoresi st, hard and soft mask photolithography, etch, and
strip, as appropriate. In the prior art, the prior art spiral inductor 22
is atw turn inductor. In FIG 1 5 (PRIOR ART), are shown first and second

turns 24 and 26. A first gmg@gg@pqﬁﬂ%%mng connecting vias 32

connects to the prior art spiral 1 nductor at one end and a second

connecti ng t the.other end..The first turn 24 has an
i nner di-amsslg{re %gs,%ngﬁi\y\n&gpﬁ%%éﬁd 2 PPyl T poiling 2 gubstraterpndiagripductemnd a
spaci nglidectiefayeenverabdisubbtrath datitg aspirdlepehing Provi QN @Elei) 0A RBIh iﬁﬂu%@r
'pasz%es to {}l]rr%der t he .tvvo.thutEns and thus is also referred to as an underpass
30. PRefid 1} 115 5P 1R} APERInE With the indnpteringfuning g plarakitbhof parallebepiral viasawenstat i onal

Vi ew oftopdiBeriticBfitePproxiRite ahd bé}?éfctfl FULNE i % i sl
ART) . Th% substrat eﬁlz has the tie ﬁéld‘?ngﬁg%trl 8%2@3%“% %Haﬁ%r‘f’lcsﬂ?grﬁﬁ
conductVigsingteass the surface deqaofithespimhihdpatot by bee 700 faf ioicass 1o d@g&ﬂgﬁﬁtﬁo- 15
The co j | LD er 16 i,s then deposited oyer the underpass 30. "One or
ASGH Oy dver 7Y ady
nore firs LY PERi RgCopared p meanysntional seliedicterg | LD | ayer 16 connect ed
to the underTias predéht invention provides a method of manufacturing a spiral inductor by
25 providing a substrate, forming an inductor dielectric layer over the substraté, 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.




A conductive material layer is deposited on the connecting ILD Iaﬁer 1 nd
. procéssed to formthe prior art spiral inductor 22. The first vida ni @b
are also filled with conductive material to formconnecting vial 32. 20

Referring nowto FIG 3, therein is shown a cross-sectional viewsimlar to

FIG 1 (PR of vi alline spiral inductor 100 of the present

i nventi on. ﬁ %@g(g'%eraﬁfiélaﬁli‘?flalci’ﬁvﬁrlt%@f thel presgphinsentivinl witldrecomaapmralts al i ty
of di eltlest Iskitlel a¥ ke adt T d LAGh erpi.al such.as si|icon dioxide.
Sequentially, a field dielectri c§?823t/lggr fo}ﬁf%%%%tﬁlﬁeélsgeéc¥ﬁg%w & tikyn in
connecCPHyP¢tipnayithathe ecetineapyingidcawinkd) | ayer 116 (such as a silicon oxide),
and an inductor ILD . 25 layer 118 are fornmed over the substrate 112.
Enbedded within the dielectric layers is a vial/line spiral inductor 122.

The viaAine spiral in i i uare spiral but it may
al so. be circul ar spi rgvﬁf%%ﬁsg:ﬁﬁmwvﬁiﬁﬁ%&%ﬁgﬁal i nductor 122 can be
a spiral, iGhy | 4 her.cl ockwi se or .counter clockw se as viewed from
aboge. 30 W@h}e@%@!{ f&%&a 1S BO8-fReHenal vk of aptienest spiiat Hiductodalohgiind 22 i s
a two tIMmfiﬂmUz(muomnRﬁ*h;G 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 akYOcdRRRIQR AR Teis ar drags-seniidnativivy cOWPGIrior 4rt spRalindedio ABde A
first Wﬁ@g—@df}?%@{jﬁl{l@?{@?yhav' ng connecting vias 132 connects to %he

I nduct or 2

vialline spira at one end and a second connecting portion 134

havi ng conn&t@i hds stiosm 4 ABssRAES] Sidk skl & FRE. LRvhioR AR G, Ji5:n 126
hasman inrier di a%ﬁter 136,. a width 138 which is co n@g‘Rggc(ﬁfao‘%l 1% he
i

tond, AREPARSIriofthapiereptinYeioneach of the turns. The first connecting
portion 130 Fp@ss ¢BRIEARTINE of WBsstddbs; h is.also referred to as an
under pass 130. It will be )unozliers%sooé@%ﬁgggtwth%%@ﬁrpﬁlé’rﬁﬁfpﬁél indheieceleast he
first amWg4sdedkiGclnnecting portions 130 as shown or with the first
connecti ng t on.top of t turns. Refernng nowto FIG 4 (PRIOR
ART), ther e?ﬁéi 5595} %rggss%?_cg ivl?h”a‘i’ﬂsf‘ &ti/151e spal ipdneier oighe presetiinwdntibnduct or
22 al ontpngiline 54-5-F FO6G. Flaed 1. The cross-section is generally rectangul ar
and for pur%ﬁ)ses,of conparison, the width is 6.0 ~mand the thickness is

2.3 pm Ref &1 tf hgpsteectiom] viEW sinblaetnFIG Sofatnl@reOstbsEshonalinyi ew of
t he Vi apdrhinBdsiiro®ine 2 of the present invention along line S--5
of FIGéS. I'n tﬁe préggér%tﬁ-{i?&rﬁl{etﬁo ion, it was realized that the high quality
factor (Q value of an 15 inductor is dependent upon its interior
.resistance (r) to the AC &alternate current) signal. Wth lower interior
resi stance, the Q BESTMODE FORSARRYING QINaMEHE INVRENWON r educe interior
resistance, it was realized that interior resistance did not have to be

reduced. Si Referdug newtto FIGW {PRIGR ARDNEHESR s iDwa é%&ﬁ&e%ﬁ@ﬁﬁ@%@@ §or
"skin-effect"” ned .t hat overall resistance was the pr Bl em

N s determ
and t hat'of A& 08\7%?%\}?1%“%‘ ﬁ@éﬂ']élgémﬁel-cloaf HGe PRIOBARAY. iMnsutersterty, bhe
surbacendémd soéh 4 idondhast RYVA . t nuf acture an jncreased
surface area T duct (l)érOEihlg%nﬁﬂg(%h@{ ﬁgie%ﬁé@ga&gﬁm@ eé‘i”ona‘i%r BaHas%hpear ed
proni siggéilison digxidenbSequentiallyfa tiiekd \dﬁeiédtﬂiméay&pilmatsubﬂcagcgqieh;?&-&ﬁogm in
' the

FIG 5 ne: a2 i d Ilel vias 144 f 3
e 143 E P oIRRRR EHh A6 BESTH ¢ SR 6Xiders andrm indsrion B <
forns dsirttBanaforsed basathakesihol2. THHdia& JiRihas %'xglu%'r ?@ﬁgfefllgdé g' ‘;r

h=0, the, parallel vias 144 are equivalent to separa par
vi as copReartsprdindugior 22cent er proXi mate and distal ends. It will be

undgr st ood t €k i rface area 146 is. ohtained when h is slightly

above zero. FPRIZéf (taérnlrﬁl ndﬁo%/wﬂ%e%%ncﬁergl’n ’(Sh‘gﬁ?fé‘ie& ‘ie’é“"@ﬁlﬁ\ﬂl?oﬁe &rlyyizogtat plaseal

vi ew sipardllel ta the-tdaventionfal 3ocfase &t & eyt ' -chipnGasALL &l ¢l ndyct or

122" of th‘gl E)re nt .invention. In the e&%&ﬂ#ﬁ%pﬁgﬂ\% Iglfiﬁﬁﬁgelss&rfnﬁﬂ

i nduct gFEa[25es %fsﬁgi‘ﬂﬁﬂﬁﬁatmr@f the Wakaral Tesins,sugh ad 46n"aMbklaw? i heghtB “Riweerf, Or med

sinmulta | Myl dual r s, and can be nmade of . copper.
P e o R B o 85 n e B PP

This structure forns ‘addi




,2 2 OCT 2004 The line 150 has a thickness "h". If h=0, the parals,é gl i
oAb 20k

148 are equivalent to separate, vertically parallel lines or via

together at their center proximate and distal ends. It will be understood

t hat the maxi mum surface area 152 is obtained when h is slightly above
zero. The h th?n %g?bll 'b .ct;em' caJ. mechani cal polishing of the top
s surface of Gre N& 498, h@?‘ﬁﬁorqf@rtoﬁlﬁfﬁﬁgﬁwﬂdf véasrapdr i son
With therumllﬁdslu@ést cdilli)brlitﬁinal m p

thi ckness js 2.0 pm.as in tﬁ%ﬁi%r%lf%grdte I{ch (%&%r a2 O?fg%\?i’ fe’g?SPl ne
spiral i %Itdo?OﬂleQSkcﬁhoioéQhomth ﬂdwandpmpoxs m;qir@r;at@. surpri sing | ncrease

in surface an 0% %.I NCr ease surface area w | uate to
appr oxi mat el yﬁgthg(? ﬁ{%@r desRrigry ar%sm{ag Vﬁ qter H:és P e dtyroidpeter. bé’érF

descsi be@RIORCART)) aed shownViirbitind s643@8 itdirn6 20984 260de, it is to be under stood
that many alternatives, nodifications, and varirations will be apparent to

those skil | ed®fiFstepenesting pwtuon éﬁ thaving cheneafing e@@ BRgomess o Heipaivr art spiral

Accor d £ 11 It
o 11 cartieiel 22 dhnk BhE LS e B TR ¢ parweSprr e SlsheRbope of the

i ncl uded cI ai Ttm ﬁnéﬂﬂlrrm hes @ 1hhér|ﬂi‘£mét@r wraemaﬁf 34 wﬁfcﬂ i8N éd&gfo?ﬂlew
| ve an

accorrpa ga%{'{:‘avmn S are to be |nterprete in an | ustrati
“non- | i m Pig2¥bASeac '6340?ﬂ@Wﬂ%9ﬁMmmﬁmmcu@pbﬁon3oopmemod

_of nﬁnuflﬁﬂbyﬂie@-go%ﬁp?%?hub IeT oo T Mo els) o] g ir'{ﬁ%i gg%gﬁ ding a substrate ;

"formng an inductor d ectric layer over ‘ate ; formng a spiral
openi ng i n t hiefemihgatowr todfIE, ?-‘@RI@R IARYBY therdi®fstho®n @ chdks sddtiondMe dF the t he

ob Ui TR o DB 10 S0RB g b2 SEHIG T OR SRS, e prtataiiny s gheri s
commonl yﬁm IﬂMﬁﬁx&ﬁla@t&r 1432?&{ whith aQiShandive Qﬁ&&ﬁ%ﬁ% ?‘%’3&‘?@2@% é%aYthn)é{i 3} ghgt tom

or top, g{[l ne paraII spiral vias connecte center
pr oxi mat e&ﬁ P& distal ends of the spiral inductor. 2. The method as

claiqged in cl 1 ng..t he s uctor includes: formng a
spi r{fff li ne .?‘ﬁ‘i’m\s@%ﬁﬁ%b& s %,QQRE%FB‘F ﬁ@v ‘gl IH?%S@Q 5“‘?08?51‘*@

spiral Vit vialspesinghare Spintedl in e @naeding 1L DAL 1%*&31&@&&% tﬁ’eu E@@a@ﬁd“)d as
clainmed in clgglml ereln aBormn t he spiral inductor inclu formng a

spiral Iine ovefPRENYR material ylayar afepastied o the cmsmwdeDnlwgr di6 and
ther ew trocéssed fefor@ithO GridSart bittdlBthucRhr Ohal ]qxjstnag %gﬁrgggsi arg tainggkﬂhagc\ﬂtmg

connecting portion ; formng connecting Vvia ween
portion Mﬂ@%‘@@@tﬁn@lrt0§¢mxcm@ngndaaﬁ2 the spiral inductor; and forming a

dto th ter djstal d of th |
it or 5. BHARIECRb B G A et 1 et SromepQional Fisprpimer kori o
openi ng (ERIOGR ARm)llofthdﬂEﬂb @%lrlﬁhucftépmoaoﬁﬁnﬂgxﬁs&? ﬂﬁﬁeﬁﬁwgﬂﬁbsﬁ%@{ v ofg,

rectangul ar, fmd Ci rcu ar. spirals . manutacturing a spir
i nduct orm@t?ﬁlﬁ §l§¥hﬁ3@ 81 ﬁpgﬂqg,ar{éurgllgmfgiwla@tgc layers formed thereon of a material such

as silicon dioxide. Sequentially, a field dielectric layer 114 (such as a field oxide), a
connecting intetlayer dielectric (ILD) layer 116 (such as a silicon oxide), and an inductor ILD .

25 layer 118 are formed over the subsirate 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 & 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.

InFIG. 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.




formng a field dielectric |ayer over the substrate; formng an . nd o)
di‘eleétric | ayer over the field dielectric layer; 7 2 a OCR LLZIJQ 6&[%&%

a spiral opening in the inductor dielectric layer; formng a spiral

i nductor in the spiral opening, formng the spiral inductor including: :
formng a pl I t f.vias in cr.oss-sect.ion of the spiral inductor,
the plurali t)l%{ é)ﬁ#étv(}l\égfs?écgg%m%}’ iﬁh@e{%&o%eql%v&s 3t sompeddnip thecwaftiaet ed
r espect ispizhlyindiicthiol 22040 de dndRindt:0scl6hd BSnrRat o 184 Rhyi}l d
t oget her,_at center proxi mte and center di strg% b%%%éqg?%%ﬁééggﬁegpgggggct or;
f or mi ng 14> CPRRgetsas Meetheregdpor ti on connected to the center proxi mate end of

the spiral i e rm.n . Seco connect | porti on connected to
the center d@gﬁr&e%% 1{%8@ élbnl%F %aﬁ}eﬁ?ﬁ[}gpo W‘d(;htl#@g’h*fg‘tlﬁﬁ‘%{n%@né‘{’ gkt i n
cl ai | 6 th bures, randfospriciig 140eb&iresa badhneitithe Qlirns NCHLOBSE c$rﬂfe9?ir?},gg@rti§{?ilr3%!

line in_the ﬁpiral openi ng connected together to the paralle piral "vias
at the By F’ﬂ?roﬁen&f%t‘%ﬁjali%@uééhtaéﬂo wéfested| toeasdsn vhderpass IB0r allt iwild bet or ;

and forn | pigal .vias ove the spiral_ line and
i nt egr alpﬂntH ﬁresﬁdg\?mtﬁﬁ%guﬁgﬁ%eb?ﬁ%ﬁh%gdcﬁ’ﬁiﬁfgtaanidr?eﬁfl’ i SRngeching RATions 130 asng
the spi rbwied withdhe first bordesting wortibm 03 @os Rip' Fithd fuf®, over the plurality of
parallel spiral. vias and integral therewith, the spiral |ine connected
together to tHETHREAFEL 1%51& %PRWESA%T),ﬁh@e@éhﬂ@rosmmtiondt@e‘amd thenprierent er

cdi strl - eftpial iddigo P2 iidhg REHCE 8F FIA: 1. iR FBENRHASs G MR e ingiidl

i ncl udi gular and

ng: S
t%r purposes of comparison, the width is 6.0 pm and the thickness is 2.0 pm.
Referring now to FIG. 5, therein is shown a cross-sectional view of the via/line spiral

inductor 122 of the present invention along line 5--5 of FIG. 3.

In the present invention, it was realized that the high quality factor (Q) value of an
inductor is dependent upon its interior resistance (r) to the AC (alternate current) signal.

With lower interior resistance, the Q could be increased.

15

| In analyzing how to reduce interior resistance, it was realized that interior resistance
did pot have to be reduced. ‘Since current flow along a conductor is a surface phenomenon or
“skin-effect”, it was determined that overall resistance was the problem and that the overall

20 resistance could be reduced by increasing the surface area of the inductor.

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 analternate 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 sixnuitaneously in a dual damascene process and can be made of .
copper. This structure forms additional surface area 152.

5




form ng a connecting portion dielectric over the field dielectric and under
the inductor dielectric layer; formng an opening in the connectﬂn%m ':zbﬁ)n
for the first connecting portion; form ng connecting via between 't i 4
connecting portion and the center proximte end of the spiral inductor; and
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to be understood that many alternatives, modifications, and variations will be apparent to
thqse skilled in the art in light of the aforegoing description. Accordingly, it is intended to
. embrace all such alternatives, modifications, and variations that fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth or shown in the

15 accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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forming a plurality of vias in the cross-section of the spiral inductor, the
plurality of vias commonly connected at top or bottom and unconnected
respectively at bottom or top, to define parallel spiral vias connected together

at center proximate and center distal ends of the spiral inductor.

2. The method as claimed in claim 1 wherein:
forming the spiral inductor includes:
forming a spiral line in the spiral opening; and
forming the plurality of parallel spiral vias above the spiral line and integral

therewith.

3. The method as claimed in claim 1 wherein:
forming the spiral inductor includes:

forming a spiral line over the plurality of parallel spiral vias and integral
therewith,

4. The method as claimed in claim 1 including:

forming a first connecting portion ;

forming connecting via between the first connecting portion and the center proximate
end of the spiral inductor; and

forming a second connecting portion connected to the center distal énd of the spiral

mductor.

5. The method as claimed in claim 1 wherein:

. forming the spiral opening forms a multi-turn spiral from a group consisting of

square, rectangular, and circular spirals.

6. A method of manufacturing a spiral inductor comprising:

providing a substrate;
forming a field dielectric layer over the substrate;

forming an inductor dielectric layer over the field dielectric layer;

7
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unconnected respectively at bottom or top, to define parallel spiral vias
connected together at center proximate and center distal ends of the
spiral inductor;
forming a first connecting portion connected to the center proximate end of the spiral
inductor; and

forming a second connecting portion connected to the center distal end of the spiral

inductor.

7. The method as claimed in claim 6 wherein:
forming the spiral inductor includes:
forming a spiral line in the spiral opening connected together to the paraliel
spiral vias at the center proximate and the center distal ends of the
spiral inductor; and
forming the plurality of parallel spiral vias above the spiral line and integral

therewith.

8. The method as claimed in claim 6 wherein:
forming the spiral inductor includes:
forming a spiral line over the plurality of parallel spiral vias and integral
therewith, the spiral line connected together to the parallel spiral vias at

the center proximate and the center distal ends of the spiral inductor.

9. The method as claimed in claim 6 including:
forming a connecting portion dielectric over the field dielectric and under the inductor
dielectric layer;
forming an opening in the connecting portion for the first connecting portion;
- forming connecting via between the first connecting portion and the center proximate
end of the spiral inductor; and
forming a second connecting portion connected to the center distal end of the spiral

inductor.
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