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Tée BACKGROUND OF THE INVENTION 1111 *159159* | . Field of the Invention
@00002' This invention relates generally to the fabrication of integrated

m croel ectronic circuitry having passive circuit conmponents forned therein,

nore specifical t a circ haV|n an inductor foroed therein. 2.
Descr i piion of Wha b HeaRaRICAT RHINTOERoRy ME Vb ZBt AR

m croel ectronics circuitry, wher ein active and passive conponents are

nonol thically integrated, is advant age@Ms both fromthe standpoint of
reduci ng manufacturing costs and fromthe standpoint of producing a circuit
with inproved dpedat ChyCbérdriang, &e¢ $od ong, AerSeg diap iClen,iGiga et dds of

form ng such passive conponents, however, inductors pose nore chall enges
than either'resistors or capacitors. For the pur poses that they are

requi red, mcroel ectronic inductors nust have both a gh i n%uct ance mﬁm

to reduce power consunpti BA)CIQDRGUMDOEIHHEHWBNTHDN(Q fact u"wmmﬂ”
factor is defined as the ratio of energy stored to energy di

(Es/ Ed) by a device, which can be shown to be equal to |Im Z)/ Re(Zpqs9t he
rati o of the V imaginary part of the inpedance, Z, and its real part.

General |y, It h®eldGBgenaventpart, 1n(2Z), is the reactance Of"“'m nm"mmmmm“

whi ch) for a device having both capacitative as well

*G00002*

This invention relates generally to the fabrication of integrated microelectronic
circuitry having passive circuit components formed therein, more specifically to such a

circuit having an inductor formed therein.
2. Description of the Related Art

It is well known that fabricating microelectronics circuitry, wherein active and
passive components are monolthically integrated, is advantageous both from the
standpoint of reducing manufacturing costs and from the standpoint of producing a circuit
with improved operating characteristics. When considering methods of forming such
passive components, however, inductors pose more challenges than either resistors or
capacitors. For the purposes that they are required, microelectronic inductors must have
both a high inductance (eg. to reduce power consumption) and high quality factor (Q
factor.) Quality factor is defined as the ratio of energy stored to energy dissipated

(Es/Ed) by a device, which can be shown to be equal to Im(Z)/Re(Z), the ratio of the



as inductive characteristics is given by the difference between the

i nductive reactance and the capacitative reactance at the frequency of
operation, w ImZ)=c~L-1 /wC. The real part, Re(Z), is deternmined by the
sum of the inductor's resistive |osses, which we can sinply call R Thus:
Q= (c~L-1/wC) /R For an inductor with little or no capacitative conponent,
the Qis sinply coL/R_. When the inductor js forned as, a nonolithic
structure \M“tﬂﬁf‘f‘fye{’af‘é?tt&@rmpﬁ‘%aé‘@?’z’] 6‘6‘? F%‘[?P#R?é‘ti erajlpdhe upaginar et and
resistive parts include effects due to coupling between the inductor and

i ts surrourdi(Ayss the esactsasendithq devises which, fopy Agytigerhayingbody capgaijatig aspedlent  No.
6, 054, 329) di scl oses a danascened spiral and toroidal inductor wherein the
spi ral i ndustimduciive giamateristagsds gien byotheidifadrencadaoteon thesndystivatchgtarfcorngd
around a ferromagnetic core. Dowet al. (U S. Patent No. 5,478,773)

provi des a tpt adpaéittiop pattahed @ gredte@deqlyaiapedpéd, @ | nductor, wherein the

i nductor is contained within a square area of 410 mcrons on a side and has
an inductance of 50 nH (nanoHenphesdepid,@ Q factor of 15 or greater. Yu et
al. (U S. Patent No. 5,793,096) discloses an inductor device with MOS
transi st or sy l.l.e ' : . : l.7.24

di scl oses ?lgeg?élz)ﬁhi necfgz'? %gét%}wé%&%hgéi megf @Sé‘fﬁgﬁg%%ﬁg%wga%f %r“%u gr%/\iv%e
substrate. The. .he inductor is increased by a-formation wherein
circunfereﬁgpgwg%g?%gﬁt?%u%urrents are channel ed through doped regi ons of

t he substrate, reducing its res'g&ggﬁﬁRgpﬁ | owering the real part of its 2
i npedance. Abidi et al. (U S ent 775,539, 241) provides an integrated
circuit with an energy storing inductor which is nonolithically forned

wi thin an oxide |layer overlaying a silicon substrate. To reduce parasitic
capaci tances, an opening is formed within the silicon substrate beneath the
i nduct or arfthrzh findagtonvith Lighe 9riesReaci tAlgy errempenet. theQds sieply 9oy i sol ate the
i nductor. Conventional planar inductors suffer from several disadvantages
whi ch adver sel y Whérett irkiattor tsHeimedias dnodnahiddée sindturdieithin@ li@et iarcgrafoad pr ovi de
a high inductance, they nust have a | arge nunmber of w ndings and a cover a
cor r espondi agligatibArtgecpbanceldndsesiitbveues include effessdizitg ealliag pagash t i ¢
capaci tances as well as increased energy dissipation within the underlying
substrate. theifGeer adddts SNEbeREEsQe\hirdsttioWfectse dBGigAGtd <t @ QUi § SBtgii Nonduct or
that covers a smaller area for a given nunber of wndings. In addition, a

pl anar spi r@hs10ydEeSsddaimaicehdSspiRoaRttboidal Blddctvl WRdEintespidbst r at e,
whi ch i nduces oppositely directed fields that reduce the inductance of the

coil. On {Ngaghhal diafflandnhRkliealindioot N SAoh AflmSH aBGH) 4 R zoNT | NS

nore of its nmagnetic d wthin the col ormation, thus inproving its

more of c el th or matTon, " i
mal | ar oa a8 BE Sl et PRat TOrRbvan pevient ko U ey 20 ,°

high Q SU%aYin%ct&ﬁ»%hér@éﬁkg{ngx}lctor is contained within a square area of 410 microns on

a side and has an inductance of 50 nH (nanoHenries) and a Q factor of 15 or greater. Yu
et al. (U. S. Patent No. 5,793,096) discloses an inductor device with MOS transistors
installed therein. Lowther (U. S. Patent No. 5,717,243) discloses a spiral inductor that is
formed over a semiconductor device substrate. The Q value of the inductor is increased
by a formation wherein circumferential parasitic currents are channeled through doped

regions of the substrate, reducing its resistance and lowering the real part of its



It is.an object of the present invention to provide a nethod for form ng,
within a mninmumarea of an integrated m croel ectronics fabrication, an RF
i fiductor having a |l arge i nductance and high quality factor. It is a
further object of the present invention to provide a nmethod for form ng
such an inductor wherein there is mninmal capacitative coupling and

significantly .reduged.cross-tal t jacent levels of .netal.lization
such as t hg?alegg%cgbﬁg)fdég[ &i ﬁh S?g?ﬁ\égtbg%g?ﬁﬁtzgﬂgﬁwg&s[@ pfeefaled it Wl ¢ per
obj ect of the present .inventiaon to prqyid met hqod . for form ng such a

mi ni mum ar 84CHET8Y SORRECREYCtP VI Ch s mRa ey Z‘H@?d fathig ﬁvw&emy% etching of
formations with high aspect ratios. It is yet a further object of the
present i nowty ey asgicop subsratea T preadiedpar asitif epaditaacos LAsPPaning i ivtmedr ea R

i nductor in a manner that is easily and efficiently inplenmented within
current fabrthoahe ahcpr vbssgekenah thd indodrent fidlad edthanigwiating material ® yet a
further object of the present invention to provide a coil structure having
| ar ge i ndueffemivelyasndathihghndpgadri ty factor together with increased
versatility of circuit placenent and a correspondi ng broader range of
applicability wcohventiotee phomsinduitars suffepfrooi seeernk distelsigages Widchaddowmsclpbj ect s
of the present invention will be realized by a nethod of formng a heli cal
RF i nduct onffedt bbhthred¢iaindoctarceppé thedaddréswen®o paivide a High indhitterdqeathey hieswi dt h
fromw de to narrow, wherein nore coils can be forned and accommopdat ed

wi thi n thehsaneageeambsr & wielingadnd nebvert Deorwspdndi@ly BrgefareaniThey, m wi dt h
fabricated according to the prior art. Said nethod is easily acconplished
by strat eghswévey, p@éd@@ﬁéiidﬂlegﬁia@itié cipdchadeedlisd War &Mhcredte@eddB) aissigdtRhect ri c
(IMD) levels of an integrated m croel ectronics fabrication.

within the underlying substrate. In order to increase Q while not reducing L requires an
inductor that covers a smaller area for a given number of windings. In addition, a planar
spiral produces much of its magnetic field within the substrate, which induces oppositely
directed fields that reduce the inductance of the coil. On the other hand, a helical or
solenoidal shaped inductor confines more of its magnetic field within the coil formation,
thus improving its inductive characteristics. For this reason, a helical inductor occupying

a small area would be an optimal formation for an inductor with large L and high Q.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method for forming, within a
minimum area of an integrated microelectronics fabrication, an RF inductor having a

large inductance and high quality factor.

LI



4 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic cross-sectional
view of a helical inductor Fabricated according to the prior art, show ng

the disposition of its coils. Fig. 2 is a schematic cross-sectional view of
a helical inductor fabricated according to a first preferred enbodi nent the
met hod of the present invention, showng tile disposition of its coils and

191521119, (e {1 288 Juld D DUAORE 0L 5L 6014, ARG PORGHhEall o2

di sposition. Fib r e a sc epi ct st eps
involved in f 8rrri ng a .hﬁ%i cal induyctor. in accqrd vvciit.h a fi @s_t lgr ferred
enbodi nent YUY ‘gléet‘% F StHBIY CYBREALVRFRYR' NG And pggitigantlyred e%r ovi de a
schematic depiction of the process steps involved in formng a helical
i nduct or i srosiclabsrgtwirenridimcand deyisls obmefadlization ayeh oe fheprmsowtted weth gpidssandt
invention, wherein the helical coils are forned by a copper damascene
met hod. DESCRI®ENEON OF THE PREFERRED eeEMBODI MENT The obj ects, features and
advant ages of the present invention are understood wthin the context of
t he Descri pti onltdf yet héurBree bigected tHembedntneydnsion asprseitle fi atetiivdifet fowninghe
Description of the Preferred Enbodi nents is understood within the context
of the accearpamyinimgurh agaiRdsindiiterst a embodtithadbes v travolvEohd etSeggrent s,
Non- Damascene Process
formations with high aspect ratios.
It is yet a further object of the present invention to provide a method for forming
such a minimum area RF inductor in a manner that is easily and efficiently implemented
within current fabrication processes for microelectronics circuitry.
[t is yet a {urther object of the present invention to provide a coil structurc having
large inductance and high quality factor together with increased versatility of circuit
placement and a corresponding broader range of applicability within the constraints, of
circuit design.
The above objects of the present invention will be realized by a method of
forming a helical RF inductor with metal or copper damascene coils that alternate in
width from wide to narrow, wherein more coils can be formed and accommodated within
the same area as a helical inductor with coils of uniform width fabricated according to the

prior art. Said method is casily accomplished by strategically allocating metals within

different intermetal dielectric (IMD) levels of an integrated microelectronics fabrication.



Referring first to Fig's. 1 and 2, there is seen in schematic
cross-sectional view the essential difference between the helical formation
of the prior art (Fib. 1) and that of the present invention (Fig.2). In
Fig. 1, disconnected |linear segnents of the coils (1) of the helical

i nductor fornmed according to the prior art are disposed along two
inter-nmetal dielectric ( c with those
Layers. The el ectrical c%n |%Eﬁ%ﬁﬁgFﬁﬁﬁgﬁ@gﬂﬁgﬁgﬁeggﬁﬁgééd by

i nterconnecting netal plugs (3) that cross fromone IMD to the other,
wherein each plug contacts an end of one linear portion on each |ayer. The
resulting formation has coils of uniformwdth. In Fig. 2 there is seen in
schematic cross Fiedts dffdemgliegoshiecionspyisiaf ahebal tndacthefabeedtedoi | s (4) of
the inductor provided by the present invention. By the interposition of an
| MD | ayer (@8Jording ta the prisearbishowing thechspositiongt iweeadls. pl ugs of two different
|l engths (G 7), one plug (G passing between an upper coil segnment (4c) and
a |l ower coil se@ieats{ dapmandcrobeseotidvred viplvug ahélicab aslecgfabeataeen a m ddl e
coil segnent (4b) and a |l ower coil segnent (4a), a novel helical

conf i gur at iaceorting ko < Hrsk gre€drred|ctrbodiateat th cidisdad thdyeedenr imechtioh shbwingoduces
the sanme nunber of coils in a, snaller area or, alternatively, a greater
nunber of aled dispositiohloéits esils aad @adicanhg ke inedase imdye aapaei dfahidveeilcoudd i ng

bet ween said coils. This shape and the novel nethod of the Formation of

t hi s i nductpessivie by sdie didpssiticassed by referring to the next group of figures.
Referring next to Fig. 3, there is shown, in schematic form a plurality of
approxi mat el y equi g sitgiaévigas adnkshtid ddpedion SR pre@eyRsPs Snvol N, in Gt St ant
fromeach other by a distance D of approximately 0.25 p.m (m crons), but
whi ch di st anegcdPicdBoP R Fo6He vAgh 4 AfsOfrcRSreRABbALRNt SFAhImeggaBNLE havi ng
been fornmed on a substrate ( 12) by deposition through a first patterned
phot ol i t hographiigvdrsk. using a method such as G chemi cal vapor
deposition (CVvD), but which could also include such formati on net hods as

I | at i I h L0 ; I I b
e ool op 1110 G5ud e SpAPAI. 98cal. MRl e kS SRERLS, oo f 0 bo
i1l be di i . . i
1L e oSSR RSB B T RSSO AL PGy

subsequent escription of sai -1's al so

o8N £00  led p RRE R BRSO Sl SRRLEARLE) 0,25 P

constraints. The segnments (10) have a width W which is approximtely 0:18
pm a height H of between approxinmately 4,000 um and a000 um and a length L

of approximately a few m crons, depending upon circuit |ayout and routing.
't i important to MESCRITHION @ BHE PRAFERRERFYRONPMERTSea above i ght

vary as a result of changes in the technol ogy, |ayout, nature of the netal
| ayers and the design scales. Referring next to Fig. 4, there is shown the
fabrication of Fig. 3 in which a first inter-netal dielectric (IMD) |ayer
of | ow di el ect rilheobisssaarturparead pduaniapesafithq Wesenhiagensioa proepiesiaodd (14)
over the nmetal segnments {10) to insure mninal capacitative coupling

bet ween t hevigeytherostesiaf thdhBescppaeraet theBrefayred Embodipaenes, ag pré frtabelavechani cal
polishing (CW) to expose the netal segnents. Typically, dielectric

mat eri al suUkie Bescripsioh ofig® PrafBed BbKdiarenBlifRidecstoodbeithis g, coasxivglthe as any
of several others chosen from anong those commercially available materials
wel I known feompaagingtiigarer s of the art. Said dielectric layers can be
formed by a nethod such chem cal vapor deposition (CvD) and said nethod

W ll be used in the formation of all subsequent IMD | ayers. Referring next
to Fig. 5 there is shown the fabrication of Fig. 4, wherein a second | owK
di el ectric g, . ] g it . i s of between 5000

m crons andJ @gg%‘b?n&l(@eggg&éggﬁmt%g%lﬁ? sltegapgingﬁc?% gtl%?g%er ( 14) and has then
been patterned and 7 et ched using a second photolithographic mask to form
a plurality of equally spaced channels or trenches (18) equidistant from
each other by a distance D of approximately 0.25 pm (mcrons), but which

di stance D can be. nmade | arger, said channels having an approximate w dth
of 0.18 um a length L of approximately a few m crons, dependi ng upon
circuit layout and routing and a thickness equal to the thickness of said
dielectric layer. As can be seen in the figure, each of said trenches is
positioned over the first dielectric |ayer between the netal segnents (10)
therein. Referring next to Pig. 6, there is shown the fabrication of Pig 5,
wherein a |l ayer of metal (20), which can be Cu or Al or another conducting
speci es, has now been fornmed within each of the plurality of trenches
etched in the second lowK inter-netal dielectric |ayer by a deposition

o I T o T L, I Y T P — I B B T 1



segnents ( 10) fornmed within the first lowK dielectric |layer. Both sets of
said vias arc then conformally tilled with metal, by a nmethod such as CVD
or electroplating, to formconducting connections (28) to the netal
segnents at their termnations. . Referring next to Fig. 9, there is shown
the fabrication of Pig. 8 wherein a plurality of linear nmetal segnents (30)
has been deposi t hr fourt atterned tol.i t hogr aphi ¢ mas

form thereby, g‘ﬁ?ﬂﬁ%.ﬁ?? dgsédwggb§e§ﬁéﬁﬁﬁ‘“g&F@PV%WDﬁ%ﬁﬁP %@&Wﬁﬁ‘% on
the third IMD | ayer, which segnments, however, are not parallel to the neta
segnents f @ﬁm@aludﬁfqrw@efhe%qen rtmehéa}é@m(atxqu B¢ priprarsddgid andvbal ofyiks  (20) ,
but are obliquely disposed relative to them Said newly forned |inear netal
segnent s ( 3DsearievahormEdg ).t Im Kifpdi, disemdsctedkiaagsagheatsrdf cial code af) @afthewi t h t he
filled vias (24) and (2G and arc pitched at an angle relative to | ower
segnments ( ht(gal aridcio2 rmsod addoading taake proow aetanpdiepBedialogg bedinteg@hdialf or mat i on
with conductive continuity. A series of arrows (32) indicate the current

direction tduleuae(IMT® 1¥ats @YSnd &¢ebpladhir SRYIRE ByandThhekéritdtaitianpect i ng
vias. Referringj finally to Fig. 10, there is shown an overhead vices of

the orient arkirtont stdRBicPédtyintdrdbnRéctiaBR e ghigs %i&@%ﬁﬁs PBindne $R®RNES (30)
relative to the two |layers of netal segnents (20) and (10) beneath them As

can be deduged JKQam he ﬂ@%@&ﬁicys £ enti R oS OMch It rabh O eacdtithye .t g assunpti on
that the niddle segnents (20) are approxi mately m dway between the |ower

segnents ( rngﬂtlngtheﬁthf%lrl%taé %Emf Bnil?&{’r}"@ﬁiﬂl tI‘H dé erﬂérg ns deen ilPlcnERGRR c‘?&l i que

segnent (30), the length L of each | ower segnent and the

di st D 2
Second pr erey TEg Ry S chep MO SEAPRY ‘ni"s“ée i W@*"?ﬁé"““”@by et e
Tetal seguEnls, 99@50%'Bgtﬁenﬁe@p%'satggtogm\gﬁq%&gsgagzmt g resent invention

are to be For ous Fu$ormthennmth|n

i ned trenches r, act arrier t he out-diffusion
of "the copﬁaWOHlee& PR BEPLI Aader Plabiadbih hoB aRe B hedae Bt
damascene fornatlo s and t t their yse in th brication of the
hel | cal i ncRcPBF* Gt Sffs«faew%@ﬂ? irs At s HBendder OBy Rk L PR o ¢ he
following figures.  Referring first to Fig. 11, there_is shomm a schematic
di agram of SRvesnpeRiddicicpd Sﬁ%r%‘if’éé@)taé}dtaﬂ%w‘é‘tcéﬂé%}%%K%oP nayedicgicals and Fig.
4, wherein the netal segnents of the first |ayer of the helical coil are
now for med @eBBiaangVitls Ceilsc pPiemata atidiseemdefpisecds tat pradedss iegrmer nat i ve
process mnet hodol ogy, which is also in accord with the objects and net hods
of the presuntbei phaons iromsmaller iaregtor,lalBnhiawedy, a(gtder ghmbonwilCods &l the saniec
material such as FSG HSQ MSQ SILK or FLARE, is deposited to a thickness
of bet ween &) OMhileravuaing c8&ya00@ivervpupling bstrsh sait eoilsl Z)hiasidpaamsl the advel y  of
equi distant, parallel trenches (11) are forned within said |ayer through a
patt er ned phethot eths formagier of thstindiowamill b Hisclbsedrbyhrefsrrargeo dlgpncdi groamt  f r om
each other by a distance D of approximately 0.25 p.m but said distance D
can be madeoflfguger, said trenches having an approximate width of 0.18 p.ma
|l ength L of approximately a few mcrons, depending upon circuit |ayout and
routing and a tR«FkAagaeaqoalg 5othébdes shbivekingsisenttic Saintl adil@hegtofi ¢ | ayer. of
the trenches disclosed Said trenches are then conformally lined with a

barrier | ayghrd@mhity@gaidisane mmméﬁ n§RRREImHS (103 ieqidiswit Ghmeasd d be
formed of TaFTaN or T|/T|N(9? Rofcrr|n~ ncxt to Fig. 12a, there is

shown the fahe bg%tdnﬂ&cgfq]g{jﬂaguo]ﬁ]&at@@(iffﬁ'ﬁn fmlcRARY, el vrvg{aRB%'Eané%B%aH%é 4y

been deposite as"CVvD,” o ayer

and |ined (921 %}QQ ?i%éssxv\ﬁ sr.)xd se%ﬁ{?g{srﬂaolggﬁogc?nlzt’oghec%ﬁrgs Lh)@g‘gtg é Zﬁ b?hown t he

fabrication™o e copp enoved by

a planarization es behlnd .copper, plu (21 )

Wi hin the qpﬁﬁagq?né%ﬁ@ rstﬁﬁeﬁn(éip o AT RN SR AR HbEh cover ed
by a thin layer (20) of material such as SIN, which will act as both a
barrier layer to upward copper diffusion and as an etch-stop |ayer for use
during trench formation in a second I MD | ayer subsequently deposited over
said SiN layer and Frst IMD | ayer. Referging next to Fig. 13, there is
shown a second IMD | ayer (23) fornmed of the sane |owK diciectric materi al
as said first IMD (aver, which said second Il1~ID layer is deposited over
the first IMD Payer ( 1 ~). A series of equidistant, parallel trenches (25)
have been fornmed in said second IMD |layer (2~) that are identical in
spaci ng and dinension to those fornmed in the said first IMD |layer. Said
trenches are formed through a patterned second photoresist |ayer (not
shown) using an etch chem stry which is selective between the | owK
dielectric naterial of sald second IND Iayer and the S|N barrler Iayer (20)
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Referring next to Fig. 14) there is shown the fabrication of Fig. I 3
wherein the trenches have been lined, covered with a | ayer of copper,
planari zed and covered with a | ayer of SIiN (29), in exactly the sane
series of process steps outlined in the discussion of rig. 13a and 12b
above. The copper damascene segments are schematically shown (30).

Ref er r I ng :{Fﬁﬁc ?zwﬁ ?%{Jo%mo? ,\Qﬁb? u't argﬁzﬂ(%Md I}S u];c%pd’e sta]f fo?ﬁat%r} rﬁétgods

wherein a entl caI
ﬁnd IND a |d th|rd | MD

di h ted
erhon S BRhese R AT RORAE S B BHal Valt EG SRR T s BAPEhoy aphi ¢

mask to formtwo sets of cylindric enings or via's, one set of which
(34) penet #sHteed %qﬁ@utquenwm@%@éﬂ&wﬁr%!sPg%‘h apgeeeys willdberdiscliseditned on t he
opposite ends of the danmascene segnents (30) fornmed in the second I MD

| ayer, t hesectrugnefeatd ethbadinett by36ferqnen st subsegudno figuteh evithii thel désBdptiand’ second
(23) lowK IMD | ayers and term nate on opposite ends of the damascene
segnent s (sakPmiboaimed. Wit Hsreicbgnifddribdt thodistknadiBebaeten eghayeibf (t i s
inmportant to note that the etch chem stry renoves the SiN |ayer fromthe
copper dangpeanasEPENLS chiobahbhdnsmARE WE langas QeRESLdt virgitnaedgt Zalcset al
filled vias and the said copper damascene coil segnents. Both sets of said
via's are st anesédnyents d10eshvaiatwidmewalvhichys @proximeelyudumss CVD or

el ectroplating, to form conducting connections (38) to the netal segnents
at their tigJightHbéf vefSeenRpprokinhaidy B@OD phrOanki P001M addleBgthg. ghown t he
fabrication of Fig. 15 wherein a fourth lowK IMD | ayer (40), identical to

the third JpwHmhMy d RWahichas, ReamiiOigtRdieyelhysliansd aduding hitidinh Rk | MD

layer. Using a patterned fourth photoresist |ayer (not ﬁown) a plurality

of equal | yiosRacas thp@mhﬁtedlmaﬁs%}@ Qﬁ&lﬁéhza)oo{/ésml:ém URJ ok B réstlﬁ of@lafadQHr th
|l ow-K I MD | ayer, which trenches, however, are not parallel to t%e copper

damascene EGUEAS Sy, ShReInk rtdg‘?hécxhétﬁl o %éygarlcfat){gﬁesg]n%algg the second |MD

| ayer (23), but ar I quel'y dispose ative to't em Said trenches are

then |ined Wt%&e@?\ﬁph&&o@ﬁrﬂh@x‘e id o@m’Tﬁé‘ﬂS{mz&Sﬁ%? xk%hﬁ&a&ﬁé{at forth

in the discussion o covere 12

pl anari zed. quer e SiNin nner e o that
set forth § r‘t‘?’ne dll‘eé?:?fé IW’@W"&%S‘W %geﬁﬁacﬁsgnpaﬁtﬁmwﬂ‘ﬁm%r eby, a
plurality of copper damascene segnents g42 Sai d newly forned coq
damascene B%€§MERRSEed W) ovpavhe mral seemaps (1A ingure misinal E%Hac%’r‘{f’é&‘f \Rﬁt h the
upper ends of the netal filled vias (34) 36) and are pltched at an
angl e rel abityeenge pegpsnisseg emrdanerieyd bdnfdmft%‘§ okAemii-MeRRANIGOIP BTGl et e a
helical coil formation wth conductive continuity. A series of arrows (45)

i ndi cate t#eMBueregpesedhs el %ﬂmhtﬁoagwcqlwed\?k@mr@m@awé%w@ 3§ SEegi¥eht s and
their interconnecting vias. As is understood by a person skilled in the
art, the pMS QS Oélgr’aéaﬁmﬂt@ used. ap el pe 3w seysrdthesnchesen fremagorat i ve of
the present invention rather than limting of the present invention.

Revi si ons tmek soandrrioly pomisblemyatdsialnwel bkncovte prrstiionanrnefhe atts3aidt ruct ur es
and di mensi ons enployed in fabricating an RF i nductor with mni mum area and
hi gh qual i digleta@ictigrersdanibe fehiek by proathal sugh ahemstd odpdraiepésitom (CMD)mgdsuch an
RF inductor with mninmum area and high quality factor in accord with the
spi rit andss¢apthodfwill be ugpdds et foimmationtoif alh sesedqlehi IMD (dyyrst he appended
claims. What is clainmed is: 13 1. A nethod for fabricating an RF inductor
Wi th mini num ar Rafeaiid dekOb Fig. GOtRRfd i kiGvn RE bridatlv@ oF Fegllas ivhereya deednd ng on
said substrate a plur ral i ty of parallel, equidistant |inear conducting

segnent s Ug@ RelbdfiSlayBat Bﬂﬁﬁ%gerpa%ﬂtédttgggﬁé&'@ys dT&sKveen 5000 microns

and 8000 microns over the first dielectric layer (14) and has then been patterned and



formng over said substrate and conducting segnents a first |ayer of
intérnmetal dielectric (IMD) material wherein said |ayer covers said
conducti ng segnents and conformally fills the spaces between them

pl anarizing said first |MD to expose said |inear conducting segnents;
formng a second |ayer of IMD material over said planarized first |ayer of

INID materi gl patterninb. and etchjng said.second Layer of |M material
using a se‘if%ﬁﬂ “S‘é‘?t“é?“r?é‘g pBﬂ{éﬂ&oﬁfaﬁhﬁg%Pﬁﬁﬁp foprm B Pl O? 8‘1‘1“1@?' WPl urality of
paral | el equidistant trenches. extending vertically to the surface of said
first | MD ‘ﬁ‘é?’é"r‘s, °r§§n8hetsr(é§?c‘ﬂ§§j‘sé"r‘§ OB‘e‘i%ﬁE}O‘Bérrlﬁ’lq@thﬁ? %ﬁgakﬁr%’ﬁéﬁc%al ly
equi valent to the linear conducting segnments within the first IVID I|ayer
and wher ej h2eaBHmigrenohbut svhdsqistarns dcapdieisla laggrasaid efansels Havieghatuct i ng
segnents fornmed in said first IMD, formng a plurality of parallel

* conduct i ngappegximate svidth of eh S i mpngthridefcipproginmetle nifal mitrohs, degemidthgt r enches
formed in said second I MD | ayer; planarizing said second | MD | ayer now

cont ai ni nQupsai oikcdlie pgsuttaad renmduat ktigckmierquall to grghekidss oflshid diblREttNng on
sai d pl ananzed second II1VID layer a third IlviD | ayer; planariz:ng said

third I NI Dab@yelsicah 0 BdeRdn aRAiduad, tQhifRBid drehdhet § pobibdd depther@phy nmask on
said third IlviD |l ayer; etching said third IlvID layer through said third
phot ol i t hogieRPiY 15%55&6/@@3@@ tnf2tal segments (10) therein.
Referring next to Fig. 6, there is shown the fabrication of Fig 5, wherein a layer of
metal (20), which can be Cu or Al or another conducting species, has now becn formed
within each of the plurality of trenches etched in the second low-K inter-metal dielectric
layer by a deposition process such as, but not limited to, CVD, spinning-on of metal or
electroplating. Said layer of metal, shown here subsequent to surface planarization by a
method such as chemical-mechanical polishing (CMP) thereby forms linear segments
conforming to the shape of said etched trenches.
Referring next to Fig. 7, there is shown the fabrication of Fig. 6 on which a third
low-K layer of dielectric (22) has been deposited to a thickness of between 5,000 um and
8,000 pm.
Referring next to Fig. 8, there is shown the fabrication of Fig. 7, which has now
been patterned and etched using a third photolithographic mask to form two sets of
cylindrical openings or via's, one set of which (24) penetrate the third low-K dielectric
layer (22) and terminate on the opposite ends of the metal segments (20) formed in the

second low-K dielectric layer, the other set of which (26) penetrate both the third (22)

and second (16) low-K dielectric layers and terminate on opposite ends of the metal



formiwo sets of cylindrical vtas, wherein one said set is positioned over
opposite ends oC the conductin5 segnents forned within the second | MD | ayer
ahd extends conpletely , through said third IMD |layer and the second said
set is positioned over opposite ends ol ~ the netal segnents fornmed within
the first IMD | ayer and extends conpletely tlu~ou6h the third I MD | ayer and
the second | ) (A b [ 1et . llugs. wthin said vias . so as to
el ectrical I%(/:bcgéht? g@t) ‘Osrgll%ggﬂhﬁlde{gfg ﬁgsgr{%) u§t4lﬂgC[§%ga%%1h¥}gs°t? FHET W Thi A° sai d
First and second . M, | ayers:. formn5 an atterni a.fourth photolithol;
Faphy ek Beeronstitaty BFh MR AGed Sichar A AP ERE & i | aver

t hrough said patterned tourg qutolithograph mask, .a plurality of

paral [ el |i5P8drct@8SORRECHPRS (Mltte FednealsgBments ANEE FEIBERLBRY | quel y di sposed
relative to the conducting linear segments of the first and second |1~ID

| ayers and wher ef#ictsag nevido 52 2abeie sfshewn gha fabrication ohtigct hecimat er i al
segnents nmakes el ectrical contact wwth a conducting nmaterial filled via of
one set of plumlityaridintdranasaiisegmemzi(36F hasdeeh fidpoeitad thronghue faurtl pattdrasd al

segnment nmakes el ectrical contact with a conducting material filled via

bel ongi ng tghotdighaptdplic mesk toforsaihdreby asplumliged fédqudiiyrsgadepariiid! mhar ei n sai d
forniation of |inear conducting naterial segnents thereby products a

conti nuous wbeetits b dlel tyird BviBuager wehittedeizmahts padvwever] bre no2pardife@to theidad of
claiml1l wherein the condu¢ting material form ng the conductinb segnents
deposi t ed ogeginbes Sarhet frathe firs Iefibolagsr (0D thé secgrdINIDOdycHER0R bt @ NTPr i Si ng
Cu, Al, Ta, and Au. 3. The nmethod of claim?2 wherein the netal segnents arc

deposi ted bybliuérpidizpokes delhtivaso eHeeir Sutd navdp Gornide Kiasdrindod) se Sy G Ogron  of
metal or electroplating. 4. The nethod of claim3 wherein the netal

segnent s hagemed WRReHelt.enid Abkin@Bldctiedl gbhradiRath the ndesiiaNcanshd @I arc
dependent, but wherein a IengtT‘u of approximately 1 or 2 p,m a wdth of

appr oxi mat eliyen0y & an aRBe A6k 5 &I v ke MenRQi WEER ($0)2 B8R MW RPRd N i'S

acceptable Wwthin typical designs and | ayouts.

helical coil formation with conductive continuity. A series of arrows (32) indicate the
current direction through the various levels of segments and their interconnecting vias,

Referring finally to Fig. 10, there is shown an overhcad view of the orientation of
the plurality of obliquely disposed metal segments (30) relative to the two layers of metal
segments (20) and (10) beneath them. As can be deduced from the geometry of the
configuration, with the assumption that the middle segments (20) are approximately
midway between the lower segments (10), the relationship between the length, L', of each
oblique segment (30), the length L of each lower (and middle) segment and the distance,
D, between said lower segments, is given by:

L*=L* +(Dr2)*.

Second Preferred Embodiment: Copper Damascene Coil Segments



5. The method of claim1l wherein the spacing between the netal segnments is
desi'gn and | ayout dependent but wherein a spacing of approximtely 0.25 pm
i's acceptable within typical designs and |ayouts. 6 The nethod of claim1
wherein the first internmetal dielectric (IMD) layer is a layer of lowK
dielectric material chosen froma group of commercially available materials
such as FSG HSQ MSQ FLARE and Bl ack Di anond and is deposited by a nethod
of chem cal vapor deposition (CVD) to a thickness of between 5,000 pm and
8,000 p,m ' 16,. 7. The nethod of .claim6 rejn the first lLowK | M
layer is planar Pilé“dmbfﬁp Sa?bwg?tﬁ88’“8‘?‘“%@&}181&?&%6%506BﬁhBBF‘?S%’Hi‘Wﬁn?@\/P) . 8.
The nmethod of claiml wherein the second internctal dielectric (1MD) |ayer
is a | ayer aGfo pplprred PEFwpes itds pRnadvatageqBserforn Bismavighin lipedrensbepmer ci al | y
avai l able materials such as FSG HSQ MsQ FLARE and Bl ack Di anond and is
deposi t ed baid dngrecthegiasof bagtigsrie peevenv dprorutdeieseintaf dre opm)intoshealMBi ckness of
bet ween 5,000 um and 8,000 pm 9. The nethod of claim1l wherein the
trenches i mythe Ssdcfondatians erenmtled capiped dantascane fdrivid)iodsayd theanehed cheirt o have
a length, width, separation and height that is design and | ayout dependent,
but wher ei nsedinltigN@blicatibn appe tuxliduhingliytodofahe Prefum indemiodtchn b¢ sc@ppioXi Nat el y
0.18 p,m a separation of approximtely 0.25 wm and a hei ght of between
4,000 p, m aFetria@ @Oty Mlicsviag ag@eabl e wi thin typical designs and | ayouts. 10.
The metrod of claim 1l wherein the conducting materials deposited in the
trenches for medRrifersai fksste o d 1] vededd ho®RASCRenhdtiRMidghen of alftctfativ@t al s
conprising Cu, Al, Ta, and Au. 11. The nethod of claim1l wherein the second

|1$/D layer bhcRsadtiels#pd pRviRd R ER0od afd FigheMieddin RGN sE@hedtObf BOERY (CVP) .
layer of the helical coil are now formed according to a copper damascene process. In this
alternative process methodology, which is also in accord with the objects and methods of
the present invention, a first IMD layer (15) of low-K dielectric material such as FSG,
HSQ, MSQ, SILK or FLARE, is deposited to a thickness of between 5,000 um and
8,000 um on a substrate (12) and a plurality of equidistant, parallel trenches (11) are
formed within said layer through a patterned photoresist layer (not shown). The trenches
are equidistant from each other by a distance D of approximately 0.25 pm, but said
distance D can be made larger, said trenches having an approximate width of 0.18 pum, a
length L of approximately a few microns, depending upon circuit layout and routing and
a thickness equal to the thickness of said dielectric layer. of the trenches disclosed Said
trenches are then conformally lined with a barrier layer to lateral and downward copper

diffusion, which could be formed ot Ta/TaN or Ti/TiN(9).

10



12. The method of claim 1l wherein the third internctal dielectric (liVID)
| ayer is a layer ~f lowK dielectric material chosen froma group of
comercially available mater.als such as FSG HSQ MsSQ FLAItTJ and Bl ack
D anmond and is deposited by a method of chem cal vapor deposition (CVD) to
a thickness of between 5,000 umand 8,000 um 13. The nethod of claim1
wherein the third lowK IMD |layer is planarizcd by a nethod of chem cal
mechani cal pol i Kefargns next trkig. ?f?é*t et ipshopingherfabrigiioneif Aig he wheistutt i ng
material deposited in said vias is netal chosen fromthe group of netals
conpri si ng @r oAboppT(18hiehs Agw been-depphidediby hogthofl sedhaisa MIDwhver diedirdach of
the plurality of parallel conducting segnents formed through said fourth
phot ol i t hodivephyem@Skarddamed ($)eregthesi(!rel ated to the length, L, of the
conducting segnents forned in the first and second IMD | ayers and the

co- pl anar di st aReerrih); tdRigWeaentheriigslwomahe fabrichtior @Byt $2hwhefeth geonetri c
relationship. L'2=L2 + (D)2) . 16. The nethod of claim 1l wherein the

conduct i ng BBt&N4yat (10 hw&eﬁeén%v@awlalpﬁllnaﬁ@geﬁg;oaeés%u@ dmtNab, iehgsen from
the group of netals conprising Cu, Al, Ta and Au. 17. A nethod for

fabricati ngap4REodeR H&E?i’l)%ttfga &999&&;9@3&5%@%sﬁmﬂgwﬁic%n%a%] n high Q

and m ni num area conpri sing: provi ding a substrate; on said

Iskl/t[))sf ;at e %eyl E(ﬁ;efédrg’\’e.{tgﬁlt l@}lfer(éi’(glo?ﬁfafeidﬁl Icm Sill\?m&;h \ifi‘ﬂram ﬂg)ohpa §a@1lxg' first

yer a plurality of paralTel, equidistant I'inear trenches
layer to upward copper diffusion and as an etch-stop layer for use during trench
formation in a second IMD layer subsequently deposited over said SiN layer and first
IMD layer.

Referring next to Fig. 13, there is shown a second IMD layer (23) formed of the

same low-K diclectric material as said first IMD {ayer, which said second IMD layer is
deposited over the first IMD layer (15). A series of equidistant, parallel trenches (25)
have been formed in said second IMD layer (23) that are identical in spacing and
dimension to those formed in the said first IMD layer. Said trenches are formed through
a patterned second photoresist layer (not shown) using an etch chemistry which is
selective between the low-K dielectric material of said second IMD layer and the SiN
barrier layer (20) previously formed over said first IMD layer. As can be seen in the
figure, each of said trenches is positioned over the first dielectric layer between the metal
segments (10) therein and does not penetrate the said SiN layer.

Referring next to Fig. 14, there is shown the fabrication of Fig. 13 wherein the

trenches have been lined, covered with a layer of copper, planarized and covered with a

11



using a first patterned photolithography mask; formng in said trenches
conducting segnents having a copper danascene structure; form ng over said
first IMD layer a first barrier/etch stop layer; form ng a second | MD | ayer
over said first barrier/etch stop |ayer; patterning and etching said second
| MD | ayer using a second patterned photolithography nmask so as to forma

plurality Qf.Rasa h@?, iﬁGkﬂc‘é'!y%ﬂ%hetsﬁg&wg%cgﬁts&ggE{(?)tﬁgé’c?fntth&éi's&féfﬁe){?oF he

surface of said firs ow K" I'MD, sal nches el ng para to and

s onatln Aol i RSO S0R0ST dRmeRERSLLLA] OgRp 2o

formed w nthe’l an erern eac | VD

| ayer is positi d._abov nd,bet ween,a ir.of said.copper, damascene netal
segnents; foi m@%g%mﬁlnﬁ}tg ?fgy 1%‘fethffgﬁsaﬁhPVevﬁ%Eeotﬁ%éﬁaﬁaﬁﬂ%@g‘eﬁ‘feawg%r@lﬁélntggdvvi thin
said trenches forned in said second IVID | ayer; form ng over said second

I MD | ayer ﬁ@é%ﬁ@lgat ipicn PairiaEmpPsies J%%mﬁ?%@l R &0 wehere deposiidy
barrier/etch stop |ayer over said second planarized IMD layer a third I1VID
| ayer; pl apier 53d sRgoBRINDtImyer d SpilthirdlpeP laveshasiney bead pptarecskandisishad t hi rd
phot ol i t hography mask on said third IMD |l ayer; ' etching said third I M

| ayer t hroedytg stiird phetiolidiogiaphioimask tsyfoap o seis &f eybindricat opdnargnor wa'ssetes of
cylindrical vias, wherein one set is positioned over opposite cads of the
19  coppcset offehimb (N eemtgreghe thifdde wed dielettiicnayeh 6 13 enbtedninv® dnaer and
extends conpletely through said third I MD | ayer and through said second
barri cr/ ct eppositoognds aydre damescesaiegmens (30) féddadliayersecwnd IMIelagac hediizet is
posi tioned over opposite ends of the copper damascene segnents forned

Wi t hi n t heset bf shich KiB) Ipayeerateshoth eretlendlS 1 atdpeadnal(g3)t1bu-0 WD 1a@dreladdhi rd 1 MD
| ayer, said second barrier/etch stop | ayer, said second |IMD |ayer and said

first barricghingte®n opbeiite leA¥Lsf thel@POBtdne REEMNIUOY fordePvitBR thé fiRtt PwsHI d Vi as
so as to clectncally contact said copper damascene segnents within said

1|‘ :\/let a;lg? §RRE 14VP 1 &YigipSrtadtQ6 AbB%ha tHeQuthtdAerh sy %@é@ kheOYRIayti d third
| from the copper damascene segments to allow conductive contact between the metal
filled vias and the said copper damascene coil segments. Both sets of said via's are then
conformally filled with metal, by a method such as CVD or electroplating, to form
conducting connections (38) to the metal segments at their terminations.

Referring next to Fig. 16, there is shown the fabrication of Fig. 15 wherein a
fourth low-K IMD layer (40), identical to the third low-K IMD layer has been formed
over the said third low-K IMD layer. Using a patterned fourth photoresist layer (not
shown) a plurality of equally spaced, parallel trenches (42) is formed in the said fourth
low-K IMD layer, which trenches, however, are not parallel to the copper damascene
segments formed in the first IMD layer (15) or the second IMD layer (23), but are

obliquely disposed relative to them. Said trenches are then lined with a barrier material

in a manner identical to that set forth in the discussion of Fig. 11, covered with a layer of



form.ng and patterning a fourth photolithol;raphy nmask over said fourth I M
| ayer; formng in said fourth IMD | ayer, by etching through said patterned
fourth photolithography mask, a plurality of approximately equidi stant
parall el trenches obliquely disposed relative to said copper danmascene
segnents forned in said first and second IMD | ayers. form ng copper

damascene sQ@EERlaBaMbeiing cSrel W/ 1te N Y8 So VHIRTL h AR i8Rl to RSN (@n sai d
copper damascene segnments makes el ectrical contact with a conductor filled

via of onegsaf dfcudidsorang 1@9%@ti@erzb§mmﬁg,§@r@ylipl%mtﬁ@ftc%k; gegnent nmakes
el ectrical contact wth a conductor tilled Via bélonging to %e ot her set

of vias fopip il 3@khend M dshiyR3%, &jp CXSCEIMSJCHE | ﬂ(@ﬁ). al,pear
gzlnnent ? roauce u GP f]

copper damascene se her eby s continuo ectrically
conductive helical path. 20 18.. The. et hod of aim erelLn the first
oot ol earabrrBRt o colfer JOGTERAR SR o STl Gl Wit
chosen from oup.of commercially available material s, such as FSG HSQ
VO,  FLARECES o bE gk s aham i el iriacve B Bl taaneny GOt kil el eires  vapor
deposition (CVD) to _a thickness of between 5,000 pmand 8,000 um_19. The
met hod of EBPIAC FAclifal cail formaton WiHB FeMNEHYCIATERN N A &7tFs of FE3%3 WD) | ayer
have a | ength, wi dth and height that is_design and | ayout dependent, but
wher ei n a indigterthe suregsp issatinn thapyehnthe various leyelsof spemantsomd st oxi matel y 0. 18
um and a hei ght of between 4,000 pm and a000 pmis~acceptable within
typi cal desitgpeongetthg vgsout s. 20. The nethod of claim 19 wherein the spacing
bet ween said trenches is design and | ayout dependent but wherein a spacing
of approximately 0.25 pmis acceptable withw typical designs and | ayouts.
21 . T 11C nlethGd of claim 17 wherein the copper dalllaSCC |IC SCgl11Cl1tS
al'l; lorncd i nAs& whdersendibga pessonskilledinghe sht,fthe pefersé embddiardtsfobtiret h | VD
| ayers in accord wwth the foll owi ng steps, conprising: depositing,
conf or mal | Yresat iienticiadrel iltus@MpRes theSire@n@int@iid e tatbatGhunasmiGMPof te
barrier/liner layer forned of a material inpervious to copper diffusion;
form ng overes&aitlchiMa. | Ryiom 260 pRAIfichBMBmayVheahficno Stibds,oRAGtald, ayer
conformally fills said |lined trenches and covers said | MD | ayer surface;
structures and dimensions employed in fabricating an RF inductor with minimum arca

and high quality factor while still providing a method for fabricating such an RF inductor
with minimum area and high quality factor in accord with the spirit and scope of the

present invention as defined by the appended claims.

What is claimed is:



21 planarizing said copper covered IMD | ayer by a nmethod of chem cal
mechani cal polishing (CMP) to renove, thereby, said copper |ayer but to

| eave copper plugs remaining within said lined trenches. 22. The met hod of
claim 21 wherein the barrier/liner layer is fornmed as a | ayer of either

Ta/ TaN, Ta-Si-Nor Ti/TiN 23. The nethod of claim 17 wherein the second
internetal dielectric (IMD) layer is a layer of lowK dielectric materi al
chosen froma group of conmercially available materials such as FSG 1-1SQ
M5Q FLARE and Bl ack Dianond and is deposited by a nethod of chem cal vapor
deposition (CVD) to a thickness of between 5, 000 pmand 8,000 p,m 24. The
met hod of claim 17 wherein the trenches in the second intcrnctal dielectric
(IMD) |ayek ar e 8tediddonigbraatiag an REngdustor widpiningupaicagndhighidl hei ght t hat
i s design and | ayout dependent, but wherein a |length of approximtely 1 or
2 Vim a véohmisel: approxi mately 0.18 wm a separation of approximtely 0.25
pm and a hei ght of between 4,000 umand 5,000 urn is acceptable within

typi cal desi gnspravidinbga;sobﬁtnate;ZS. The net hod of claim 17 wherein the third
intermetal dielectric (INND) layer is a layer of lowK dielectric materi al

chosen from a dbahipgoh ssiduRtaieal glyraktyif badall€, dpidstinliseseehd@EindSG HSQ
M5Q FLARE and Bl ack Dianond and is deposited by a 22 nmet hod of chem cal

vapor depogistieR8 ubifyPXird Parerhdd sHeRE R phb&la¢een 5, 000 um and 8,000 Vim

forming over said substrate and conducting segments a first layer of intermetal
dielectric (IMD) material wherein said layer covers said conducting segments and
conformally fills the spaces between them,;

planarizing said first IMD to expose said linear conducting segments;

forming a second layer of IMD material over said planarized first layer of IMD
material;

patterning and etching said second layer of IMD material using a second patterned
photolithography mask so as to form a plurality of parallel equidistant trenches extending
vertically to the surface of said first IMD layer, said trenches also being parallel to and
dimensionally equivalent to the linear conducting segments within the first IMD layer
and wherein each trench is positioned between a pair of said conducting segments formed
in said first IMD;

forming a plurality of parallel conducting segments by depositing conducting
material within said trenches formed in said second IMD layer;

planarizing said second IMD layer now containing said deposited conducting

material segments;

14



26. The nmethod of claim 17 wherein the conducting nmaterial deposited in
said vial is nmetal chosen fromthe 5roup of netals conprising Cu, A, Ta
and Au. 27. The nmethod of claim 17 wherein the third IMD |ayer is

pl anarized by a nethod ul' chem cal nechanical polishing. 28. The met hod of
claim 17 wherein the fourth intermetal dielectric (IMD) layer is a layer of

l'ow I L diel ectrigat %ﬁ'bﬁh p@iﬁQﬁfe'a sEERIRIR %&Qx Rfd pABEy LI al |y availabl e
materials such as FSG, M5Q FLARE and D anond and i s deposited

by a net hod of : Y. ARk ion (CVD) to a thickness of between
5,000 win and 8, g}Eﬁh]“ : ﬁ%g@thod of claim 17 wherein each of the

lurality of par - ourt |tho raph
ﬁask hasya I eﬁgt FL 4%}&(@%?%5?{1 %{o“ lﬁﬂ%@hﬁ%qﬁ %uebaéon | nlg ség?ren!tosy
formed in the fir t and ayers t a stance D,
bet ween sai d cor‘l3 éft% 5rfilbd 2‘5@?@&& ?y%ﬂ“t ﬁgh firpggtoﬁgﬂogrt“f’ g‘ﬂ? ORI 7 +
(D2)z. 23 , A Ae. A ﬁ? AYNR. A . AAN A; . ANsy. ANL. AYN
e. As. A(s. Asfog\n tVAO tet%\ %hn <§1 X2 F%E““ said set 1s” posmone over opposite ends of
T{vql gb] X] ca] ca] ca] ca] ca] ca].ca] ca].ca] ca] ca] ca] ca]ca
a] ca] ca] ca]BaFeEpeEpEape Arar cd bl EE é%?Pé‘é]MQ]léléﬂr@ac] exendsicRRpIgRd p
t(}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cahoakl sdic¢ diicldMIa layat aal thabec8i saxdget is positioned over opposite cnds of
{#9%&&F+. . (1457]| : Z<nkr<<} xshi d_Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] thahea)] sahcalsdajmal walia ajectabdd] 2 dlyeadmiakcallc adnpt@ IGRBVWE) |hd M OQQ
AThV| WWWW>WWWKBXXXXAYYYBZZZ} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cahrad) lepdraad er)eedmddMm]9at ca) ca] ca] ca] ca] ca] ca] cal ZZO[[[[[\ S\\
]T]] 1M~ _a  auaaaaObbbcNc| dd
eDe} xsni d_Z] | ca]depd<si]Cahaadma]phags calhandaelisadcr]is alecabfia] donleadtr] cal caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Deef ff gi gghZzhdhhi Pjjjj &k, kk~l I Imminn
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forming and patterning a fourth photolithography mask over said third IMD layer;
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other end of said linear conducting material segment makes electrical contact with a
conducting material filled via belonging to the other set of said vias in said third IMD and
wherein said formation of linear conducting material segments thercby produces a

continuous electrically conductive helical path.
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such as chemical vapor deposition, spinning-on of metal or clectroplating.

4, The method of claim 3 wherein the metal segments have a length, width and
height that is design and layout dependent, but wherein a length of approximately 1 or 2
um, a width of approximately 0.18 um and a height of between 4,000 um and 5,000 yun

is acceptable within typical designs and layouts.

5. The method of claim 1 wherein the spacing between the metal segment. is design
and layout dependent but wherein a spacing of approximately 0.25 um is acceptable

within typical designs and layouts.

6 The method of claim 1 wherein the first intermetal dielectric (IMD) layer is a
layer of low-K dielectric material chosen from a group of commercially available
materials such as FSG, HSQ, MSQ, FLARE and Black Diamond and is deposited by a
method of chemical vapor deposition (CVD) to a thickness of between 5,000 um and

8,000 pm.
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8. The method of claim 1 wherein the second intermetal dielectric (IMD) layer is a
layer of low-K dielectric material chosen from a group of commercially available
materials such as FSG, HSQ, MSQ, FLARE and Black Diamond and is dcposited by a
method of chemical vapor deposition (CVD) to a thickness of between 5,000 um and

8,000 um.

9. The method of claim | wherein the trenches in the second intermetal diclectric
(IMD) layer are etched to have a length, width, separation and height that is design and
layout dependent, but wherein a length of approximately 1 or 2 um, a width of
approximately 0.18 pm, a separation of approximately 0.25 um and a height of between

4,000 um and 5,000 um is acceptable within typical designs and layouts.
10. The method of claim 1 wherein the conducting materials deposited in the trenches
formed in said second IMD are chosen from the group of metals comprising Cu, Al, Ta,

and Au.

11.  The method of claim 1 wherein the second IMD layer is planarized by a method

of chemical mechanical polishing (CMP).
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layer of low-K dielectric material chosen from a group of commercially available

mater.als such as F'SG, HSQ, MSQ, FLARE and Black Diamond and is deposited by a

method of chemical vapor deposition (CVD) to a thickness of between 5,000 pm and

8,000 um.

13.  The method of claim 1 wherein the third low-K IMD layer is planarized by a

method of chemical mechanical polishing.

14.  The method of claim 1 wherein the conducting material deposited in said vias is

metal chosen from the group of metals comprising Cu, Al, Ta and Au.

15.  The method of claim 1 wherein each of the plurality of parallel conducting
segments formed through said fourth photolithography mask has a length L' related to the
length, L, of the conducting segments formed in the first and second IMD layers and the

co-planar distance, D, between said conducting segments by the gecometric relationship.

L2=L? +(D/2)*.

16.  The method of claim 1 wherein the conducting material of the said parallel

segments is a metal chosen from the group of metals comprising Cu, Al, Ta and Au.

17. A method for fabricating an RF inductor with copper damascene conducting coils,

high Q and minimum area comprising:
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forming on said substrate a first intermetal diclectric (IMD) layer;
forming in said first IMD layer a plurality of parallcl, equidistant lincar trenches
using a first patterned photolithography mask;
forming in said trenches conducting segments having a copper damascene
structure;
forming over said first IMD layer a first barrier/etch stop layer;
forming a second IMD layer over said first barriet/etch stop layer;
patterning and etching said second IMD layer using a second patterned
photolithography mask so as to form a plurality of parallel equidistant trenches extending
vertically to the surface of said first low-K IMD, said trenches also being parallel to and
dimensionally equivalent to the now copper damascene {illed linear trenches formed
within the IMD layer and wherein each trench in said sccond IMD layer is positioned
above and between a pair of said copper damascene metal segments;
forming a plurality of parallel copper damascene segments within said trenches
formed in said second IMD layer;
forming over said second IMD layer a second barrier/etch stop layer;
forming over said second barrier/etch stop layer over said second planarized IMD
layer a third IMD layer;
planarizing said third IMD layer;
forming and patterning a third photolithography mask on said third IMD layer;

etching said third IMD layer thrc;ugh said third photolithography mask so as to

form two sets of cylindrical vias, wherein one set is positioned over opposite ends of the
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copper damascene segments formed within the second IMD layer and extends completely
through said third IMD layer and through said second barrier/ctch stop layer over said
second IMD layer and the second set is positioned over opposite ends of the copper
damascene segments formed within the first IMD layer and extends completely through
said third IMD layer, said second barrier/etch stop layer, said sccond IMD layer and said
first barrier/etch stop layer;

depositing con.ducting plugs within said vias so as to clectrically contact said
copper damascene segments within said first and second IMD layers;

forming a fourth IMD layer over said third IMD layer;

forming and patterning a fourth photolithography mask over said fourth IMD
layer;

forming in said fourth IMD layer, by etching through said patterned fourth
photolithography mask, a plurality of approximately equidistant parallel trenches
obliquely disposed relative to said copper damascene segments formed in said first and
second IMD layers.

forming copper damascene segments within said trenches whercin onc end of
each of said copper damascene segments makes electrical contact with a conductor filled
via of one set of vias and the other end of said linear metal segment makes electrical
contact with a conductor filled via belonging to the other set of vias formed in said third
IMD and wherein said formation of linear copper damascene segments thereby produces

a continuous electrically conductive helical path.
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layer of 1ow-K dielectric material chosen from a group of commercially availablc
materials such as FSG, HSQ, MSQ, FLARE and Black Diamond and is deposited by a

method of chemical vapor deposition (CVD) to a thickness of between 5,000 um and

8,000 pm.

19.  The method of claim 17 wherein said trenches formed in said first IMD laycr have
a length, width and height that is design and layout dependent, but wherein a length of
approximately 1 or 2 um, a width of approximately 0.18 pm and a height of between

4,000 pm and 5,000 um is acceptable within typical designs and layouts.

20.  The method of claim 19 wherein the spacing between said trenches 1s design and
layout dependent but wherein a spacing of approximately 0.25 um is acceptable within

typical designs and layouts.

21. The method of claim 17 wherein the copper damascene scgments are formed n
said trenches formed in said first, second and fourth IMD layers in accord with the
following steps, comprising:

depositing, conformally, within said trenches using a method such as CVD, a
barrier/liner layer formed of a material impervious to copper diffusion;

forming over said IMD layer a copper layer, wherein said copper layer

conformally fills said lined trenches and covers said IMD layer surface;
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22. The method of claim 21 wherein the barrier/liner layer is formed as a layer of

either Ta/TaN, Ta-Si-N or Ti/TiN.

23.  The method of claim 17 wherein the second intermetal dielectric (IMD) laycr is a
layer of low-K dielectric material chosen from a group of commercially available
materials such as FSG, HSQ, MSQ, FLARE and Black Diamond and is deposited by a

method of chemical vapor deposition (CVD) to a thickness of between 5,000 pum and

8,000 pm.

24.  The method of claim 17 wherein the trenches in the sccond intermetal diclectric
(IMD) layer are etched to have a length, width, separation and height that is design and
layout dependent, but wherein a length of approximately 1 or 2 pm, a width of

approximately 0.18 pm, a separation of approximately 0.25 um and a height of between

4,000 um and 5,000 um is acceptable within typical designs and layouts.

25. The method of claim 17 wherein the third intermetal dielectric (IMD) layer is a’
layer of low-K dielectric material chosen from a group of commercially available

materials such as FSG, HSQ, MSQ, FLARE and Black Diamond and is deposited by a
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26.  The method of claim 17 wherein the conducting material deposited in said vias is

metal chosen from the group of metals comprising Cu, Al, Ta and Au.

27.  The method of claim 17 wherein the third IMD layer is planarized by a method ol

chemical mechanical polishing.

28.  The method of claim 17 wherein the fourth intermetal dielectric (IMD) layer is a
layer of low-K dielectric material chosen from a group of commercially available
materials such as FSG, HSQ, MSQ, FLARE and Black Diamond and is deposited by a

method of chemical vapor deposition (CVD) to a thickness of between 5,000 pm and

8,000 pum.

29.  The method of claim 17 wherein each of the plurality of parallel trenches formed
through said fourth photolithography mask has a length L' related to the length, L, of the
conducting segments formed in the first and second IMD layers and the co-planar
distance, D, between said conducting segments by the geometric relationship:

L2=L% + (D/2)~
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