METHOD TO FABRI CATE RF | NDUCTORS WTH M NI MUM AREA by Randall Cha Cher
Liang Lee Tae Jong, Al ex see, Lap Chan, Chua Chee Tee BA%EROJND_G: THE
I NVENTION" 1. Field of the Invention This invention relaldk$ Neyer@hly to
the fabrication of integrated mi croelectronic circuitry having passive

~circuit co f ' iof circuit
having an | RaldeLr ) TabREh ke TDUCRORs MITH VANV RIR A 1
is well known that fabricating mcroelectronics circuitry, wherein active
and passive conponents are nDnoIticaPYy i ntegrated, is advantageous both
fromthe standpoint of reduci ng manufacturing costs and fromthe standpoi nt
of produci naaddl €baChemiinhg,ilreprlaeddngpdeatea)d.ap Khnadiliern GlideCie When
consi dering nethods of form ng such passive conponents, however, inductors
pose nore chall enges than either resistors or capacitors. For the purposes
that they are required, mcroelectronic inductors nust have both a high

i nductance (eg. to redB‘AQJI@@WUFJ%W‘T’%EQNVWI(?NQh quality factor (Q
[ [ s t

factor). Quality factor 1s defined a e ratio of energy stored to energy
di ssipated (Es/Ed) by a device, which can be shown to be equal to

ImM(Z)/ Re(Z), the ratio of the : i magi nary part of the
i npedan part. CGenerally, the inmaginary part, Im(2), is

e,. d.its .real
t he reaE‘t glﬁfdeogtﬂellrh‘?na%i ce, which, for a device having both capacitative
as wel | '

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 consumptionj 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
operatiomto: ' In(Z)=(1)L-1/00C The real part, Re(Z),! #is\deterni ned by the
sum of the inductor's resistive | osses, which we can sinply call R Thus:

Q (ooL-1/00C)/R  For an indicator with little or no capacitative
conponeifitaginapepa pEtheiimpedanca,)Z, anRitowsh pethe Gengialdy dhe iraginarypatas a
nonolithic structure within a larger integrated fabrication, the

capaci tlanes, iara rasistkiof ehqpduvice, whhyfbe aefelee havidgéothocapadiplivegs el ween t he
i nductor and its surroundings, ie. parasitic effects. Burghartz et al.

(U S PatigdictiVe chfaOBAstR3Y gidbs 6 aRafifftredaBIfeNLHe SRl e AABhQY figdal
i nductor wherein the spiral "inductor is planar and the toroidal inductor is

spirally forned.aroudn a ferromagnetic core. Dow et al. (U S. Patent No.
5,478, 797{‘5)03%45%%“6:@ aga{albﬁeaﬁtglbe fg%%g%?y ?ﬁqu&‘lﬁf’e‘ﬂ' pl anar spiral inductor,
wherein the inductor is contained within a square area of 410 mcrons on a
side and has an inductance ofmB0=akld&noHenries) and a Q factor of 15 or
greater. Yu et. al. (U S Patent No. 5,793,096) discloses an inductor device
wi t h MOBhd reahsirs Re(%), isdstahiied! yhtae sim.of Hovinberto(sUeSstPat lesdes,Nohiclowél7, 243)
di scl oses a spiral inductor that is fornmed over a sem conductor device
subst r a¢e.sichple A1Vl Teusof the inductor is increased by a formation wherein
circunferential parasitic currents are channel ed through doped regi ons of
the substrate , reducing itsqeegisiaegs.and lowering the real part of its

l*;or an inductor with little or no capacitative component, the Q is simply wL/R.

When the inductor is formed as a monolithic structure within a larger integrated
fabrication, the capacitance and resistive parts include effects due to coupling between
the inductor and its surroundings, ie. parasitic effects. Burghartz et al. (U. S. Patent No.
6,054,329) discloses a damascened spiral and toroidal inductor wherein the spiral
inductor is planar and the toroidal inductor is spirally formed around a ferromagnetic
core. Dow et al. (U. S. Patent No. 5,478,773) provides a plated copper integrated planar
spiral inductor, wherein the inductor 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




i npedance. Abidi et al. (U S. Patent No. 5,539, 241) provides an integrated
circuit with an energy storing inductor which is nonoli rzli Cﬁ‘hl y..f.or med
within an oxide | ayer overlaying a silicon substrate. T r el fcevparasitic
capaci tances, an opening is formed within the silicon substrate beneath the

i nductaor and fill eqij, w th an insulati ng material to effectively isolate the
i nduct drpedassay édishal (B Jdztent NpuéOsP 248 Lpmpoeides pnintegsyted sircet withvant ages

whi ch adversely affect both their inductance and their Q factor. To provide
a hi gh dnnohecgyasteeg mbegtonmukich hamenalithaale fourdderitloh amorde dger and a cover a
correspondingly large area. This however, produces sizeable parasitic

capaci t@aRreagings siloh sabstiafC Teas@kceaRtsai AbssiaRads! Mopintdd B fbhg.qunder I yi ng
substrate. In order to increase Qwhile not reduing L requires an inductor

that c : . i r . Wi ndi ition, a
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whi ch iéqf;le%ﬁe 8?%’?&%%&6%' t3_(ucg(i)rr ected fields that reduce the inductance of the
t t her f

coil. 1\é’a and "% 'hel i cal or sol enoi dal shaped i nduct or confi nes
nmore of its net.ic.field within e.coil fo tjion thus inproving its
i nductive chg??‘g’ 1&??@?’&‘6‘ r.m\énﬁ?tofsrﬁugg? gﬁ@oﬁ’?}’mﬁ{ ﬁgq‘#‘/é%‘?g‘fsn‘ﬁlﬂélﬁ 81vsedupyi ng a
smal | area would be a optinmal formation for an inductor with large L and
hi gh Q affecEbpiiytleyr oustppee) aqdiherr Nactor.t To groxifegpljigl indyetanee tpyanesit
invention to provide a nethod for formng, within a mninumarea of an
i nt egr dtaezd ardirge osindet ofomindmgh abd  cavdramornaspdRBinghdiacgt avea. NEMiNg a | ar ge
i nductance and high quality factor.

however, produces sizeable parasitic capacitances as well as increased energy dissipation

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.




It is a further object of the present invention to provide a nethod for
form ng such an i nductor wherein there is mniml capacitative coupling and
significantly reduced cross-tal k between adj acent | eveZi} qfhynetial 1i zation

such as that associated with coils and interconnects. It is yet a further
obj ect of the.present Ji.nvention to, provide a nethod for formng such a
m ni mum ar eaﬁh&ﬁ{@ﬁ’é?@wﬁ the PRESARE IIVERGAD 19ueVip R Tstis] &éfqrﬁgg%?‘&ﬁi ng of
formations with high aspect ratios. It is yet a further object of the

pr esent a1} ¥ideer Whered theigvs tenimaheanaeidrtveconpling ang sgnificantlyirpduvadn ar ea RF
i nductor in a manner that is easily and efficiently inplenmented within

cur r ent crbsdaallclattivesn qlj acesisess bometillizacieh eedhr RNhASis&iclatad With coild dndi S yet a
further object of the present invention to provide a coil structure having

| arge ipeyesarge and high quality factor togethr with increased versatility
of circuit placenment and correspondi ng broader range of applicability

Wl Ui e Senelale.obel AL L OER Mo T 0K, 8BSk, ol e bresen

i nvention w e realize ng

ith : ne.coil I i idth f i d
par row, ey b R Ao OO PRAERTE b Bordf e’ SOBienedl gk ot n the sam

are as hel.i cal. inductor with coils of uniformwdth fabricated according
to the jorpgiong yith %ﬁﬁ&sl?f‘éf 1685 s easily acconplished by strategically
allocating netals wihtin different internetal dielectric (IMD) |evels of an
i ntegrat ed mMtéy yéRdBERG Pt plalhe iPEasenigpvention to provide a method for fpmninE

DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic cross-sectional view of
a hel i calchjamginonon afedtf owluer in a manner that is easily and efficiently implemented

within current fabrication processes for microelectronics circuitry.

It is yet a further object of the present invention to provide a coil structure 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 easily accomplished by strategically allocating metals within

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



accoridng to the prior art showing the disposition of its coils. Fig. 2is
a schematic cross-sectional view of a helical inductor fabricated according
to a first preferred enbodi mrent the nethod of the presenﬁ ihaventijson,

- showi ng the disposition of its coils and indicating the increase in the
nunber of said coils id dis 03|t|on Fig's 3-10 provide
a schematic depicti orﬁ@ﬁ?ﬁﬁf@&é@@&@w% AR ﬁ»S formng a helical

i nductor in accord with a first preferred enbodi mrent of the nethod of the
present invention. Fig's 11-16 provide a schematic depiction of the
process steps involved in formng a helical inductor in accord with a

second pref erfged ieabddinaB trogé-sédlienfe&e oY a hBYE@NHdQbor ek eln the heli cal
coils are formed by a copper damascene hethod. DESCRI PTION OF THE

PREFERREDR, VB tyg?;@f arf REo QRIAAL ﬁrs pdEAIHEBS (%ﬂg advant ages of the present

i nvention are undefstood w thi'n e context of the Description of the
Preferred Enpodi set f rth on of the Preferred
Enbodi ment snilg? %ﬁ%&@’%‘&ﬁc %OF%?%CUPH@ Vd%vﬁf%ﬁlf:hlbcfape“ﬁgcmgtaé’gﬁﬁtﬁﬂyl ng figures.
Referrin ) and 2, there is en in schematic

cross- s@gf’fdé?%io E{/ ‘%FFéTeé i“ﬁ?ntdl'ilef W@?’@ﬁ@gt}l’iﬁ%@ﬁnt’%l%ﬁ%’apgf ormati on
of the prior art lg. 1) and that of the present invention (Flg. 2). In
Fig. 1,0 |§¢Deﬁﬁe%9éas Peikeae Iadigptingtthe Brerqapeindb hempanofepidideds Itteidﬁcal

i nductor forned acc‘ordllng to the prior art are disposed along two

i nt er - netsaibladpyesaed thspesifdrvD) | ayers (2) and are co-planar with those

| ayers. The electrical continuity of the coils is achieved by

i nt er connect iipg. Bra0aroylitigsciedatit apicts085tht Heste@ngeps M dleed iRGoohiner |
wherein each plug contacts an end of one linear portion on each Iayer The

resul tiggelfar ﬁﬁheﬂaﬂlmoﬁ%&mﬁistwfé@éd%%&mem'd?tfe &ethl%dto?ﬁ{ € 1s seen in
schematic cross sectional view the disposition of the helical coils (4) of

t he m&gﬁg kRN fed by the present invention. By the interposition of an
IMD | a e?15 and the use of interconnecting netal plugs of two different

lengths (6, 71}1g%nﬁ % 90\/(1(@ Ec??:g{a{] g dgﬁgtmn oF the process steps involved in

forming a helical inductor in accord with a second preferred embodiment of the present

invention, wherein the helical coils are formed by a copper damascene method.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The objects, features and advantages of the present invention are understood
within the context of the Description of the Preferred Embodiments, as set forth below.
The Description of the Preferred Embodiments is understood within the context of the

accompanying figures.

First Embodiment: Metal Coil Segments, Non-Damascene Process




an upper coil segnment (4c) and a | ower coil segnent (4a) and the other plug
(7) passing between a mddle coil segnent (4b) and a | ower coil segnent
(4a), a novel helical configuration with coils of alternate WI dt hs. can be
formed, that produces the sane nunber of coils in a smal et larea- or
alternativel a greater_nunber of coils in the sane area mhlle redu0|ng
capaci t at i veRe/BipIei figt 9diigeelnansd dhespis ssen rhickespaperoaniectipeal vivelhenet hod
of the formation of this indicator will be disclosed by referring to the
next grasgtiaf diffeguce detweeRefechalicalgformeattontad the prior3rt thagrle and timhofuhe i n
schematic form a plurality of approximately equidi stant parallel |inear

met al Sﬁegé%mn%&é&b(m g}Jlmﬁgalntdlsfcmmc%qﬁle&td&gmcm oA tich c%ﬁl@'@?)%f%@f

appr oxi nmat el y 0. 25um %m crons), but which distance D can be nade as | arge

as posshel? &t& REHIFL c%r&]ﬁ‘%/ terngg‘SP%&g{e@ o3l Ao Rﬁé{ ;‘!}%(%&%12) by

deposi t i on t ough ol 1rthogr ap c nma usi ng a net hod

such asdlclectrlc (IMD) layers (2) and are co-planar with those layers. The electrical continuity

of the coils is achieved by interconnecting metal plugs (3) that cross from one IMD to the
other, wherein each plug contacts an end of one linear portion on each layer. The
resulting formation has coils of uniform width. In Fig. 2 there is seen in schematic cross
sectional view the disposition of the helical coils (4) of the inductor provided by the
present invention. By the interposition of an IMD layer (5) and the use of
interconnecting metal plugs of two different lengths (6,7), one plug (6) passing between
an upper coil segment (4c) and a lower coil segment (4a) and the other plug (7) passing
between a middle coil segment (4b) and a lower coil segment (4a), a novel helical \
configuration with coils of alternate widths can be formed, that produces the same
number of coils in a smaller area or, altematfvely, a greater number of coils in the same
area, while reducing capacitative coupling between said coils. This shape and the novel
method of the formation of this inductor will be disclosed by referring to the next group
of figures.

Referring next to Fig. 3, there is shown, in schematic form, a plurality of
approximately equidistant parallel linear metal segments (10), equidistant from each
other by a distance D of approximately 0.25 pm (microns), but which distance D can be
made as large as possible, said segments having been formed on a substrate (12) by

deposition through a first patterned photolithographic mask, using a method such as




chem cal vapor deposition (CVD), but which could also include such

formati on nmethods as el ectroplating or the spinning on of netal. Said netal
segnents can al so be fornmed using a copper danascene pr Q(}:,e‘ss__gnd,_\.,t,he
details of such a process will be disclosed in a secondiprieferred’

nbodi : > fi W thin.t d i pti f
Cai a. otk ey REBREe & PHRIREURTh (o RO bF sl 0875kt Sognen s

of appr.oxi r’r?t el%i 0. 2% um can be pade smaller, as long as it does not

vi ol at SFEEHgR g PEBESPINOHHEqn of Hetal e msea) segments da alsmvefoamed dt h W
which is approximately 0.18 um a height H of between approxi mately 4, 000
um and BIQDOcCApeadimasgeneeprgtdss andthe depplsexisnwt £piscess WEW bRIdeIQRsd ifependi ng
upon circuit layout and routing. It is inportant to note that the rel evant

di nensiseesndspefdrict eathoabkye b?‘.réfelten?é@fd/s@%c@eﬁ 3 ﬁ%:f »?i&lgﬁgﬁé"&%%ﬂé@%rf (212

technol ogy, layout, nature.of the netal |ayer esign

Referri - irg; i the fabricati f Fig. 3 in which

Rty st Bl b bR el 2 b D BB R srBBet el constant
terial (I h ited, (14) . the netal segnments (10

T, s appr eyl O LB e R ETer S et Bt mt Celamsicrangier han

pl anariized by a t hod of %m cal - nechani cal polishing (CMP) to expose

t he netoélcog%ﬁ%%tﬂ{% S?%}BF%%HC@, ayf 8 MEEr Ve Whishdy prirosneteln 8. 183@), HSQ,  MSQ
S| LK or &F&L[AEE can be used, as well as any of several others chosen from
anmong t5EEE FedfrhrbwesnappyoxamatelahPe) waasd; 50%) nelahd kiength Lofpractiti oners of
the art. Said dielectric layers can be fornmed by a nethod such chem cal
vapor depesimately 4 CvDpicaors, derieddimgtupod cibit lageutusiddontingt eisfiomaation of al |
subsequent I MD |l ayers. Referring next to Fig. 5, there is shown the

f abr i cao note thét té gplevant dileneions eesdRaRBoVONidht JhiSl B GrEd dfge%ﬁg%ge@}[@) has

been deposited to a thickness of between 5000 m crons and m crons over
the fi nkd teBh@)I&GL, ldyoul, Axre ofldhd nRfl 10RSs 4:10Re REEH, Ralderned and
Referring next to Fig. 4, there is shown the fabrication of Fig. 3, in which a first
inter-metal dielectric (IMD) layer of low dielectric constant material (low-K IMD) has
been deposited (14) over the metal segments (10) to insure minimal capacitative coupling
between the segments and then planarized by a method of chemical-mechanical polishing
(CMP) to expose the metal segments. Typically, dielectric material such as FSG, HSQ,
MSQ, SILK or FLARE, can be used, as well as any of several others chosen from among
those commercially available materials well known to practitioners of the art. Said
dielectric layers can be formed by a method such chemical vapor deposition (CVD) and
said method will be used in the formation of all subsequent IMD layers.
Referring next to Fig. 5, there is shown the fabrication of Fig. 4, wherein a second

low-K dielectric layer (16) has been deposited to a thickness of between 5000 microns

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




~ etched using a second photolithographic mask to forma plurality
of equally spaced channels or trenches (18) equidistant from each ot her by
a distance D of approximately 0.25 um (m crons), but Whl!\?tt} ﬁg%t amﬁe D can
be made | arge, said channels having an approxi mate w dt f 018" m a

| ength of, appr oxi mat el few.m crans, . dependi upon circuit |ayout and
rout i ngek_%ﬁa uf'ﬁgéléﬁ(é Fg’k?@ﬁh?%aﬂkﬂ%mﬁ? dheee ‘Fragg’l pre&%lﬁéﬁ%aﬁ?% | ayer. As
can be seen in the fiture, each of said trenches is positioned over the
first dihapsdsernteenchisdl Shequpdisiant frem reehadthedynedistin¢d D)oftapprogimatelyRef er ri ng
next to Fig. 6. there is shown the fabrication of Fig.5, wherein a |ayer of

metal (020 mvniahngamtbeniudistanéd Datn da oidie largensule thateSNROIRSn has now
been formed within each of the plurality of trenches etched in the second

| o K pbRFTRL A ! @98 hint AT 1 O ofpARAOREL LB AL QRESGBULA B, bUL ot

limted D, spinning-on of neta roplayi ng. of

nmet al , t_t.o surface planarization .a ,.nmethod such as
chem AT mepaE ot T O R BT P AR ante daieine
conforming to the shape of _said etched trenches.  Referring next to Fig. 7,
Cher o I ThOMAE e SFE0R LR EBR S3h p Fid Bershegsi Ropiti@nehpyer oK | ayer of
dielectric (22) has been deposited to a thickness of between 5,000 um and
8, 000 uhglectmp ey baiyeprethe maalmsegmegs (Yhdhaeins shown the fabrication of Fig.
7, which has now been patterned and etched uisng a third photolithographic
mask to for Mdfewingetst tofFig.dy tiendisisbawn dpefabrigsioarf\Fig5 syh@eia asefereff whi ch
(24) penetrate the third lowK dielectric layer (22) and term nate on the

Opposi tueet&lnds), shidhanmet@l osebiembhef e8)dut @igBscics, KahoHaren o K
dielectric layer, the other set of which (26) penetrate both the third (22)

?Rg ig?g}f}gn kade)o s Kr it bLEEIchEs LaY&IN 1R bR TR G LM RRRPSLE S, ends of
layer by a deposition process such as, but not limited to, CVD, spinning-on of metal or
electroplating. Said layer of metal, shown here sﬁbsequcnt to surface planariiation 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



segnents (10) formed within the first lowK dielectric layer. Both sets of
said via's are then conformally filled with netal, by a nethod such as CVD
or electroplating, to formconducting connections (28) 1o the netal

segnents at their termnations. Referring next to Fi'g.' 9"t hére is shown

the fabg] 1.OR LY. .8 . Wherein a plurality of |inear tal segments (30)
has bee%égg‘%%lg’gil Qgtfﬁ’“gﬁ‘? B"&%Wm e#ﬁﬂ?‘i"ﬁ'ﬂ; g{eieg}rﬁel\éyel photlnsts ﬁgéﬂ‘g]ﬂaﬂs@f%s k to
form thereby, a plurality of equally spaced, parallel netal segnents on
t he t hi gn Fﬂ)%/forlail)@f ﬁﬁ%w&ﬁ megynine srethpgviaciens CﬁDeormcnpa}aahg,eb fomt he net al
segnents forned in the first IMD layer (10) or the second IMD | ayer (20),

but ar ecaslitiietopnditEpe <) to dieanttubscpmehtieinthSpicenaubys. f or med | i near met al
segnents (30) are forned with their ends making electrical contact with the

filled vias Rerimneb( a6)igrachaces picehed rakica,ARalie ¢ ehakive to | over
| Ca

segnents (10) and (20) so that they now conplete a h coil formation

with c 4. . .l , i r 32) inpndicate the current
di rect ?@ﬂ@% %ﬁé ?Wgﬁ\?g%@(%el@ @ggéﬁb% dg%%sﬁn)%@{}éo% foﬁétﬁrpaﬁﬁrf‘ggconnecti ng
Vi as. ef er.ri ng f.inall to Fj,g. .10 there is shown an overhead vi ew of the
ori ent }Oéﬁlth?grg?tﬂcénﬁflﬁyoailtolni“yhlgfebéfbﬁ‘P ﬂltyog?%%éwcﬁét%ml%mts (30)
relative to the L\Aﬁﬁl aﬁzrs of nmetal segnents (20) and (10) beneath them As
can be H8HGREPTFIROMUIIHEIY &pivbtYRickh feanpats bawe uraae heiparaiid ko thhenasls unpt i on

that the m ddl e segnents (20}) are approxi mately
segments formed in the first IMD layer (10) or the second IMD layer (20), but are

obliquely disposed relative to them. Said newly formed linear metal se.gments (30) are
formed with their ends making electrical contact with the filled vias (24) and (26) and are
pitched at an angle relative to lower segments (10) and (20) so that they now complete a
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 overhead 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? +(D/2)?.

Second Preferred Embodiment: Copper Damascene Coil Segments



If the nmetal segnents conprising the helical RF inductor of the present
invention are to be fornmed of copper, it is often advantageous to form them
within lined trenches, said liner acting as a barrier to prevent the
out-diffusion of the copper into the I MD |ayers. Such fq?mgﬁhgpﬁg e called
copper damascene formations and the nethod of their use i*n_t f i cation
of the helical inductor of the present invention can be seen by referring
to the follq 'ngﬂ%i ures. REferring first to Fig. 11, there is shown a
schematic di ﬁblre (B segmeRiscarpEsingdihhicaRE trsluckos of thesessnoiivesdni n Fig 3
and Fig. 4, wherein the netal segnments of the first |layer of the helical

coi | s aretotwfotroedreticappenitds nfen adwntgpperto damateaneithindies scendtitst hi s

al ternative process nethodol ogy. which is also in accord with the objects

and netshiddmephctifp@aspriRseatto ipRWeATE the But-aiffusioslof MR J %&ﬁhtq(thél | ow K
dielectric material such as FSG HSQ WMSQ Sl LK, FIEJ RE, is deposited to a

thi cknggg. of Stggbf}ﬁ‘ﬁﬁﬁio%’s QRO 1Yy @?@1& dgxggschg% PO?T%Si 5 rgsfazltd][t % ﬁ;gg-l]éa}otf ﬂ?n cﬁ] 2 ai d

plurality of I stant, paral trenc
| ayer through.a pat.terned otoresj st .l ayer gnot shown). The trenches are
cqut di St o FERRAlR O DB eBOG) SRRl e L Trsebr Mg ke afy" ! 25um - but
said di stance D cg}n be rrﬁde | arger, said trenches having an approxi mate
wi dt h éfierinedadhe Dlloadrg Heyreyt approxi mately a few microns, depending upon
circuit layout and routing and a thickness equal to the thickness of said
di el ectric IRgfaringdestindig léndhess dhoye asdynsliadiagran ohesaltreattveen
conformally lined with a barrier layer to |lateral and downward copper
di f f usiporeessioitbhstepuprdvised o Figed aofl FiATabhkein the hkitAlsO3ments of the first

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 pum 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 of Ta/TaN or Ti/TiN(9).
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Referring next to Fig. 12a, there is shown the

fabri cation of Fig. 11 wherein a |ayer of copper (19) hfz n&w been
deposited, by a nethod such as CVD, over the first INMD Qe @1$‘)UJand l'ined
(9) trenches (11). Referring to Fig. 12b, there is shown the fabrication

of Fig. 12a, R‘é‘fé?ﬁ%l‘%x& ?oeFﬁpgxga?%? YSleSﬁ'lo(’VJll%])le Ea% lCZQIe %noggeb%m\igxglﬁeggin%z 1) within

pl anari zati on process suc eavi ng benhrnd c

the lined trenches. The resulting fabricatign has th been coyered by a
thin | et Q0P et e chPo W2 e S 15 GUP: 85ohBe B bar s i or

| ayer to upward copper diffusion and as an etch-stop | ayer for use during

t rench INPraydrdhd)anddingd ¢dreench® (1dyer subsequently deposited over said SiN
| ayer and first IMD layer. Referring next to Fig. 13, there is shown a
second I-MD | Ryrtrif@®)Fif.or2e theod istshews alnefabavwtién dif Eiged R4, whareihehd al as sai d
first IMD |ayer, which said second IMD | ayer is deposited over the first

| MD | aygdnped B)er @9§§%§ ®8n 9<|§m§\ﬂz‘éli %éagélﬂﬂérizaﬁéﬁ Bhdc&ds shél?gf@ﬁﬁ’, {(@Ringhave been

formed 1 n said second | MD | ayer that are identic I n spacing and

0 ol G0 ISP RO, 0, R syl 1R St SR gRghes o e

etch chem stry which js selective between t low-K dielectric material of
sai d seBePOVKE |ba¢éblf§%ert(ﬁ ot sPgh a9 w%(félo}yﬂquxéw E?}éﬁb%ffrned over
said first IMD layer. As can be seen in the figure, each of said trenches
i s posi tayeredp carper diffusiondging [ag ar eich-stepyleyerget wsakhripadrepel al segnent s
(10) therein and does not penetrate the said SiN layer. Referring next to
Fi g. 1l4fortnheomrin sseshoiMbDheydrabbsegatntndapbsikidgrved SidviaY &iyar arefirst

IMD layer.

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

same low-K dielectric material as said first IMD layer, 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
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trenches have been lined, covered with a | ayer of copper, planarized and
covered with a layer of SiN (29), in exactly
the sane series of process steps outlined in the discussi %ﬂ Fi.g.. 12a and
12b above. The copper danmascene segnents are schemati cal ILZQ*S 2@%0).

Ref erring. next Fig. 15, there is shown the fahrication.of Fig. 14

aher o1 ot PRSI RN e s 156 forif ah Pl s siied So MR esonT ahd

di mensi gn has now been deposited over said second |MD |ayer. Said third | MD
| ayer Ha8& IH8wnBdeh apae eklise@pasidlasastrag seamenss arctsahematisaly shawhGdh aphi c
mask to formtw sets of cylindrical openings or via's, one set of which
(34) penet r tederring neki tod'ig.oMy Keedi slskewn e fbyertiohdT Figrid wlersin nakied on t he
opposi te ends of the damascene segments (30) fornmed in the second | MD

| ayer, IMI®l8ther)setdenficaMiitdtia 36hpoenst érﬁicﬁn{éﬁ&ibnhﬁ@né»?h%ﬁl c(%&itél‘lnd second
e

(23) lowK IMD |l ayers and term nate on opposite ends o amascene

segnent i,.§, b . i i tri.c. layer. Jt is
i nport a(%t? ¢ %aga %%tg B?ﬁg{mtak% erstaﬁc ﬁlcrhelm%éry g%éﬂ@ﬁ%& ea{téinﬁﬁﬁlé@%trc h(fdr omthe
nts,to allow conductiv t between the netal

copper damascene, se ont.a ,
Fi11 o0 ke G PPRGRETPhiSTBRY AVILBER et of v ey Rl pSTingp g gresof sai
via's are en fonf or mal | %lﬁf illed %h metal, by a nethod such as CVD or
el ect r ot Hrhgh (3% PepTirale Bduied lavgRcbplseieicilargg d@@)ld fminnge pptlhel segnent s
at their termnations. Referring next to Fig. 16, there is shown the
f abri cappesifengp gf thezlagiaesear negmdndu@EOh fdrowd Kn thyDetayddMID 4Q)cr, thelethei cal to
the third lowK IMD | ayer has been forned over the said third | owK I MD
| ayer . stlsafivghiah (¥ trenetede batbithcthph ¢ DraagisstondaQ &y loptIVED Gme)s aadpl ural ity
of equally spaces, parallel trenches (42) is fornmed in the said fourth

terminate on opposite ends of the damascene segments (19) formed within the first low-K

dielectric layer. It is important to note that the etch chemistry removes the SiN layer

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

12




low- K I MD | ayer, which trenches, however, are not parallel to the copper
damascene segnents formed in the first IMD |ayer (15) ﬁ{ ghﬁ econd | MD
layer (23), but are obliquely disposed relative to the 2 a Q t feriches are
then lined with a barrier material in a manner identical to that set forth

: th . . ] : 1 ith a . of .. _
in the dbsedsIiRRized add Gvedeh wiPY Wgof%%ap%o+ﬁé§h#ﬁt1%al fothatsetforth o o1 1o

copper, planarized and covered w
that sep,fird; i i on Fig. 1 nd Fig. .12b, form ng,
t hereby, & p(}%hrugﬂf)%gggg' 2%%%13191 a%sé%ﬂ’é“% t@pk‘%ﬁl)‘t.y %&Pﬂpeﬁew y forned
copper dammscene seqr s (4 have their ends making el ectrical contact
with t he"uppere %eﬁa?gg‘ﬁ%%es(ﬁﬁa\r«@ffgrm CopPaisdqzuyengrdeineey (4hdase e pit ched
at an angle relative to |ower segnments (20) and (30) so that they now
conpl et BICH Gi Pakingedictriqad epriacton tiviht ipporedde of the neoaitfiledivias. (34) &g i es of
arrows (45) indicate the current direction through the various levels of
segrent S6add tiegiitchéhatemcngaelating to/ioasr segments (20) and (30) so that they now

complete a helical coil formation with conductive continuity. A series of arrows (45)

indicate the current direction through the various levels of segments and their

interconnecting vias.

As is understood by a person skilled in the art, the preferred embodiments of the
present invention are illustrative of the present invention rather than limiting of the
present invention. Revisions and modifications may be made to methods, materials,
structures and dimensions employed in fabricating an RF inductor with minimum area
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:
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As is understood by a person skillled in the art, the preferred enbodi nent
of the present invention are illustrative of the present invention rather
than limting of the present invention. Revision and nodifications nay be
made to nethods, materials, structures and di nmensions enployed in
fabricating an RF inductor with m nimum area and high qual,ity factor while
still providing a nmethod for fabricating such an RF i ndtﬁtlbrf\ﬂhﬁ €805 ni mum
area and high quality factor in accord with the spirit and scope of the
present invention as defined by the appended clains. Wat is clainmed is:

1. A nmethod for fabricating an RF inductor with mninmumarea and high Q
conpri di ng: A predwddphibacaiitsr B eductoomithngingmsmaiadeasanidtigiage a plurality
of parallel, equidistant |inear conducting segments using a first patterned
phot ol icoimpgsiaphy nmask; form ng over said substrate and conducting segnents
a first layer of internetal dielectric (IMD) material wherein said | ayer
covers sai d pe@ndingtisagsteggments and conformally fills the spaces between
them planarizing said first IMD to expose said |inear conducting

fsle?gfni[ Z ;/er &W%%@?gﬁﬁgﬁté & Hﬁ%h%f/ 0{" ;%I?alle :[ eeqruii ILtar?tVI?nrears c?cjngiucﬁlinagnar ' zed
segments using a first patterned photolithography mask;
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 paralle] 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



patterning and etching said second |ayer of |IMD material using a second
patterned photolithography mask so as to forma plurality of parallel
equi di stant trenches extending vertically to the surfac Zﬂ N@Mc&fmrst | MD
| ayer, said trenches also being parallel to and dinmensionally equivalent to

i i : it hi i .l | ) d wherein each
the || near comdell fcReamRM 1 RTINS L £ 8l M LAXET an |

trench is positioned between a palir of sard con %egnents formed in

said first | My ) | ity of parallel conducting segnents by
deposi ting cgﬁ 5%%?%§hgg@gpﬁgﬁﬁgﬁFﬁin said trenches fornmed in sahddsecopd ;
| MD | ayer; anarizing said second | MD | ayer now contai ni ng sai eposite
conduc%/i ng B léP]inglang@ ﬁgﬁpg’at%ugl p?lotohthography mask on Sﬁldrthird]@\/@]lasai;q .

pl anarized second IMD | ayer over a third IMD |layer; planarizing said third
| MD | ayer; fcﬁt%l%-‘iﬁ%Hllbétl\ﬂ@riaﬁemghraugfhmditfp&dqﬂmldlhlhma;ﬁghyamlﬁsGm sai d
third IMD | ayer; etching said third IMD |ayer through said third

phot ol i tihig taphyts nhsiimslacalsvias whordin bOsEsE i9fosaWNeA GV ESHpoYicasds wher ei n
one said set is positioned over opposite ends of the conducting segnents

formed whé birutiey seaond biRkd B A0 %KY LOBFLEATRLILELY, E&lﬁ@ggﬁ sai d

third IMD | ayer and the second said set 1s positioned over op e ends of

th t f w thi,n the first LMD | ayer and extends conpletely

thr ough HRAEP AR SN B P bt sedSad b Favmsicped ereiggpesiaol
ductin lugs within said vias so as to electrically contact sai i near

gggdﬂct :ﬂ?fgmg@ggﬁﬂeéltsf%ir% WiHbimihe figsi IV {ayst angirxtensle epiplemy Hayeisthc

~ formng and _patterning a fourth photolithography nmask over said third I M
| ayer; dapbBYIDilayerend skd secomd DI MRl ayer, through said patterned fourth
depositing conducting plugs within said vias so as to electrically contact said

linear conducting segfﬁents formed within said first and second IMD layers;

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

depositing on said third IMD layer, through said patterned fourth
photolithography mask, a plurality of parallel linear conducting material segments which
are obliquely disposed relative to the conducting linear segments-of the first and second
IMD layers and wherein one end of each of said linear conducting material segments
makes electrical contact with a conducting material filled via of one set of vias and the
other end of said lineaf 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 thereby produces a

continuous electrically conductive helical path.
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photol it hography mask, a plurality of parallel |inenar conducting materi al
segnents which are obliquely disposed relative to the conducting |inear
segnents of the first and second IMD | ayers and wherein ¢fié eiiy gfgseach of
said |inear conducti ng mat eri al segrrents makes el ectri cal contact with a

conduct | hng H‘ﬁnggﬂe‘%o éflcllﬁ\% lwwﬁm% tﬂ@% Ctlﬁttéc altcaf%l m t1e CBWI il Hggd of said

i near cond erla seg Hent Resd ri ca Mt act

conductin rlal illed via hel t he ot er et of. said vias in
sai d-t hPTEPSRTSR At O e 1 8‘?‘??3{13%&1@?&1”?% red &awiwg&ﬁferi al
segnents thereby produces a continuous electrically conductive heli cal
path. Al Ta, and Au. 2. The method of claim1, wherein
the conducting material form ng the conducting segnents deposited on the

substrate is chosen fromthe group of netals conprising Cu, Al, Ta and Au.
3. The method of claim2 wherein the netal segnents are deposited by a

met hod Such &%e elweliodcat claimpbivhe@POSHE iictdl segbms mgicﬁaslteﬁ byetaéthed
el ectroplating. 4. The nmethod of claim3 wherein the netal segnents have a

I'engt h, swipdksRhaRtkal vapor deposition, spinning-on of metal or electroplating.

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
uwm, a width of approximately 0.18 pm and a height of between 4,000 pm and 5,000 pm

is acceptable within typical designs and layouts.

5 The method of claim 1 wherein the spacing between the metal segments is design
and layout dependent but wherein a spacing of approximately 0.25 pm 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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hei ght that is design and | ayout dependent, but wherein a | ength of
approximately 1 or 2 um a wdth of approxinmately 0.18 and a_ hel ght of
bet ween 4,000 um and 5,000 umis acceptable within typi @}’t Hedi gis and

| ayouts. 5. The nmethod of claim 1l wherein the spacing between the nmet al

segnent sy is i t in a spacin

appr oxi ?nt el dﬁgé %gthgg%lflgﬁgrgﬁew e?gﬁr}ﬁie W‘n'o Fmgﬁyea&ﬂ h”é“ %By Payouts. 6.
The net hod of [.ai m the fir internetal dielectric (IMD) |ayer
is a | ayBFhgso fg@ﬁnkag],rg?cz@ﬂcacp%@@g,(éM Fehosen froma gropu of comercially
avai l able materials such as FSG HSQ WMSQ FLARE and Bl ack Di anond and is
deposite by a nethod of chem cal vpor deposition (CVD) to a thickness of
bet ween 5,000 um and 8, 000 um 7. The nethod of claim®6
wher ei n &he fThesmethod KE tlv [l ayfercin shqicaoat inredetay dizlcorichopiflaghed cal
nmechani cal polishing (CW). 8. The nethod of claim1 wherein the second

i nt er netlayerdif édvedt diezc(lcMBhtetialydinosdnsirémlaay@rp aifcohfMériady alaghbld ¢ materi al
chosen froma group of conmerciall y aval l'abl'e material s” such as FSG HSQ

MBQ FLAREeANd sBhagk-Ja aman aked, 'FE GPAR 5 ﬁ% %g,?mﬁeamgggé)%gh ni cal vapor

deposition (CVD) to a thi c ness of um an 9. The

hod d | diel [
(D) 1 SoeboEh Rt Ebd deifubSTEET 1o Lniions IBprestiool aiaandi ght t hat

i s desi %V\Qand | ayout dependent, but wherein a I ength of approximately 1 or
2 um a St of approxi mately 0.18 um a separation of approximtely 0.25
um and a hei ght of between 4,000 umand 5,000 umis acceptable within

typi cal designs and |layouts. 20. The nmethod of claim 1l wherein the
conducting materials deposited in the trenches fornmed in said second | MD

are chosen frimhdtRogoOLRindl WiRtdh heGRMRRdsSh B s@b’@ndbﬁlleu};@tal diR s {Aéu 11'
The nethod of claim1 wherein the second IMD | ayer is planari Zed b

met hod (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 um, a separation of approximately 0.25 pm 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.

I1.  The method of claim 1 wherein the second IMD layer is planarized by a method

of chemical mechanical polishing (CMP).
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of chem cal nechanical polishing (CW). 12. The net hod of
claim1 wherein the third internetal dielectric (IMD) layer is a |ayer of
| ow-K dielectric material chosen froma group of conmer cg%? Mﬂ,vaj;{l bl e
mat eri al s such as FSG HSQ MSQ FLARE and Bl ack Di anon i déb‘@ited by

a met hogh of ] | L . t . thj ckne of between 5, 000
am and 8000 o014 HHRER CRRESI e Rk MR Ry i R e o K 1 D

| ayer i | anarized . by .a nmeth of chem cal chani cal polishing. 14. The
net hod %%’Qlc(?‘g?"rﬁ%%\‘ﬁ%‘rXBF H{g‘fﬁﬁ@?g%waﬁﬁ%@gmpg& PaPngEpdLi avadablp said vias is
nmetal chosen fromthe group of metals conprising Cu, Al, Ta, and Au. 15.
The net BowgH SBP%PWﬁGmHéFgMSW]&E apf BlaskUpiamiony and isppadiledlbyconduct i ng
segnents formed through said fourth photolithography mask has a length L

r el at edvedogpé chemgehyapor dépashimnd 6WdYab ianbickegeenbawkar S0d0 ivm d4dae first and
second I MD | ayers and the co-planar distance, D, between said conducting
segnent 08y utrthe geonetric rel ationship L2=L2 + (D/2)2. 16. The net hod of
claiml1l wherein the conducting material of the said parallel segnents is a

nmetal chosen fromthe group of netals conprising Cu, Al, Ta and Au. 17. A
met hod for fabricating an RF inductor with copper damascene conducting

coils, 1qighrR Hl@ﬂlomorf'cm 1%ﬁé'areﬁﬁﬂgﬁhrsd' I6%-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 geometric relationship:

L?=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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providing a substrate; formng on said substrate a first internetal
dielectric (IMD) layer; formng in said first IMD |ayer plurality of
paral l el , equidistant |linear trenches using a first patfﬂe{?r‘wﬁl\/ 2258

photol i t hography mask; forming in said trenches conducting segnents havi ng
a copper danm e structure; formng over said first IVMD layer a first
barrier/etch §§‘§§lﬁga‘”’gﬁé\%5”é{?>orm ng a second | MD | ayer over said first
barrier/etch stop |ayer; _patterning and etching said second | NMD | ayer

usi ng a secorfgmﬁy‘é‘f:’toérsﬁ@&w%? aifirstioigrraghldiphaetkic §0VIBS layor;f orm a plurality
of parallel equidistant trenches extending vertically to the surface of

sai d | ow K | NDimiggiiel said émgHeED dysoa peiraigy pf parhidl, ¢quidisdndimenséonal | y

equi valent to the now copper damascene filled linear trenches fornmed wthin
t he | MDusanpgerfimnchtwhedgihotealedprigignalski n sai d second | MD | ayer is

posi ti oned above and between a pair of said copper danascene netal

segnents; f doihing i@sdd weadtes Yoffuchial a n%ntscwwag%%ﬁﬂgscg&qnent s within
0

said trenches. fornmed in said second | | ayer; ~ f ng over said second
| MD | aygfry@ugecond barrier/etch stop layer; formng over said second
barrier/etch stop | ayer over said second planarized IMD |layer a third I M

phot of |  hogr By RexE it 85t BPHHR 8 bagereurion g Sai o thi rd VD | ayer
t hrough said third photol.ithography mask so as to formtw sets of
cylindrical JPEENg wsesaadiMipdayseovirsalduist haoredtdvaop bgposi t e ends of the
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 filled linear trenches formed
within the IMD layer and wherein each trench in said second 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 sellid second barrier/et_ch stop layer over said second planarized IMD
layer a third IMD layer;
planarizing said third IMD layer;
forming and paﬁ:erning a third photolithography mask on said third IMD layer; °
etching said third IMD layer thro-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 segnents formed within the second I MD | ayer and extends

conpletely through said third IMD | ayer and through said jﬁqgm -
barrier/etch stop | ayer over said second | MD | ayer and the®s dig%i is

positi oned over opposite ends of the copper damascene segnents forned
within the first IMD |ayer and extends conpletely through said third I M
| ayer saidP$ BErEFERFYE 'Q’Fﬁ‘egﬁﬂg‘”? i&?éf“‘c%f&i WQZ&H@WC\ wrendsyrempaely sai d
first barrier/etch stop layer; depositing conducting plugs within said
vi as so thwugh saf dotd IMBI lpyergoatlaonghssaidseoppbnrrigenab sopdaegrertas! wi t hin
said first and second IMD layers; formng a fourth IMD | ayer over said
third | MecdmaydfD) layeornmd thg sachdpat tseoritingedofeo vppdsitpRadodfi thbogsephy mask
over said fourth IMD layer; formng in said fourth IMD | ayer, by etchign

t hr ough c&aiaecd@atsé@ﬁmafdrﬁuﬂtvhtmﬂnmeqlri;ttIMDn@l%wnmlsndsa;ompwta&itrfuy)u?ﬁ _
approxi mately equidi stant parallel trenches obliquely disposed relative to

sal d COpRRIthIamBSsRRe:, SRATEMS thaidRe sraopsa'y%, £did Sdcopld ﬂmgg&danh'\éad' ayers.

form ng copper danaScene segnents within said trenches In one end of

each of ﬁg{f%ﬁé}%qa{st gwglcene segnents mekes electrical contact with a

conduct or Vi a e set of vias and the other end of said |inear
Dol ongi ng 0 dHEP G ErELNE gt FADRCHHOHAY i SHOd GOHICEHY PR uner ei n
said formati on of |inear copper danascene segnents thereby produces a
cont i nucwsp@ldeotestaalstgmesnuuibin saed hesk phsecpad VID 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 wherein one 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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18. The nethod of claim 17 wherein the first internetal dielectric (1 MD)
|layer is a layer of lowK dielectric material chosen from grﬂgp %fﬁf;\
comercially available nmaterials such as FSG HSQ MSQ FLARE and ck

D anmon and is deposited by a nethod of chem cal vapor deposition (CVD) to a

- thicknessigof bEIWRERL® oPOQik T %ﬁr&%ﬁeﬂﬁaﬁ%@rggc%&w&) I?f claim 17

wherein said trenches formed in said BRGERE wi dt h

[ [ Lgn and.l.ayour dependent, but wherein a |ength of
ZBSr 2>e<: ?rg{‘%ﬁt"@?gov‘&?( %S%Fﬁw %}fra%l 18?“%3?358%?%%1@9@%@%@@& hei ght of
between 4, 000 um and 5,000 umis acceptable within typi qal de_S| gns and
| ayout s. M3gralypiehss fiv6y F5Q.AVERF LA Rihanddlack Renspacindgs dgosierbysai d
trenches is design and | ayout dependent but wherein a spacing of
appr oxi nétehed of cg@nlml vapaclepptititn € VD) hi mthickpesalf beeedegInoaNG hayout s.

8,000 pum.

19.  The method of claim 17 wherein said trenches formed in said first IMD layer 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 pum is acceptable within typical designs and layouts.

20. The method of claim 19 wherein the spacing between said trenches is desi gn and
layout dependent but wherein a spacing of approximately 0.25 pm is acceptable within

typical designs and layouts.

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

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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21. The nethod of claim 17 wherein teh copper damascene segnents are forned
in said trenches forned in said first, second and fourth@lﬂ)@yeﬁ in
accord with the foll owi ng steps, conprising: depositing,~co r ey,
within said trenches using a nmethod such as CVD, a barrier/liner |ayer
fornmed of a npitedrizadg saipesppeptisvet@l DODNEFer Bl fafi&h&De £ chERdHl R cRUSE Sai d | MD
| ayer a copper |ayer, wherein said copper |ayer conformally fills said

l'i ned - ' .y . . -
210 cotmne B O PR i ey Bt s Mt Ao eayp coprer B ol bl 1 o

sai d copper covere mca pol i shi ng

(CwP) tOf@ﬁﬁﬂ'?’%ﬁewit&g}e%‘%{)ﬁﬁ%dﬁ%%ﬁ%&COpper | ayer but to | eave copper plugs

remai ning 'w fiches. 22. The method of claim21 wherein
the barrier/liner layer is forned as a | ayer of either Ta/TaN, Ta-Si-N or
Ti/TiN. 23. The nethod of claim 17 wherein the second internetal
dielectric (IND) layer is a |ayer of lowK dielectric material chosen from
a group 9f cohrfereiiarof claimill aBicecindrechareietdlingy ddyenis feegd assdnydvB® FLARE
and Bl ack Di anond and i s deposited by a nethod of chem cal vapor deposition
(CVD) t cither hivdkNede-SofN bet€dh 5, 000 um and 8,000 um 24. The nethod of
claim 17 wherein the trenches in the second internetal dielectric (I1MD)

| ayer are etched to have a length, width, separation and height that is
desi gn and | ayout dependent, but wherein a |length of approximately 1 or 2

um, a wisdt h pfe 3BMLE%FBRERNY vheldn BB scBoRERAAkiaPHicR jqRiely 0.25
um and a hei ght of between 4,000 ulm anS§ 5, 000 ruma?gwgggggtﬂggjé%} ﬁna?/n
typical 028! 905w X Giel AU Sterial 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 pm.

24. The method of claim 17 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 pm, a width of

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

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

25.  Themethod 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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met hod of chem cal vapor deposition (CVD) to a thickness of between 5,000
um and 8,000 um 26. The nethod of claim 17 wherein the g giud .Q%}ét

mat eri al deposited in said vias is netal chosen fromthe 32 ML al s
conprising Cu, Al, Ta and Au. 27. The nethod of claim 17 wherein the third

D | oy e miratatiasiul S et ah GG IPIRRLE B B0 1S, | 20

The nmethod of claim 17/ erme | ayer
is alayer 9 rAOW'K dielectric material chosen froma group of comTerl cally
avai | abl e ma terials such as FSG HSQ MsSQ FLARE and Bl ack Dianmond and is
deposited by a nethod of chem cal vapor deposition (CVD) to a thickness of
bet ween 5,000 umand 8,000 um 29. The nethod of claim 17 wherein each of
the plurality of parallel trenches formed through said fourth
phot ol i t Rdgr aphy medskd dfzdaim 1ewherin the ebmtueting matdnial d@ngitdy inlsaidofiadibe
conducting segnents forned in the first and second IMD | ayers and the
co- pl anamethl shemo éronDihehbdweefmsalstoaprdiigtdn g isegamnis. by the geonetric
relationship L2-=L2 + (D/2)2

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

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 um.

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:

L?=1% + (D/2)>%.
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