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circuit design and fabrication has been observed in the | ast decade. e
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i nportance of form ng zero overlap interconnects. Zero overlap refers to
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has been. at t.han .t he di aneter of, the contact or.via to prevent
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density and smaller 20 feature sizes) the need to reduce or elimnate the
overl ap has becone necessary. Figure 1 shows a standard al um num

iqger n ectufor d,on,a, substrate over an alum numnetal 1 layer 10. In
the p °_ . £ fromthis interconnect, a hole is etched

through a (hngisRat dridFaifl) Predit@abld inkdroGnidrk th MidPrited cifuitdeS83hand fabrRsti Hav ©
path through the dielecCtric. Metal Iines are then forned between filled
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having a | ow' di el ectric constant 1nsulator 11, such as silicon oxide)
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| ayer to eXRQ e.the cond g‘tive metal 1 layer 10. A liper 13 is deposited
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5 of t strate, leaving the via fil w th tungsten.” An al um num st ack
i s then f orFigdreoleshowsea sstdrelarda auniineddiigrcbnnest fdepedioni agsubstrate over an
titanium titaniumnjtride lLiner layer 15 and then_depQsiting a copper doped
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to insure that all of the nmetal is renoved fromthe field of the substrate
over the dielectric material. Consequently, if the same netal is usqgpf
both the via and the line as would be 20 beneficial, a portion of the via
may al so be etched if msalignment between the line and the via is present,
t hereby negatively affecting the reliability of the interconnect. To
overcope,.the limts inposed by the etching requirenent nd the 10%
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5 material in which the via is forned. A barrier material is then deposited
on the substrate to fill the recess forned over tire via and forman etch
barrier over the top of the via. The etch barrier is then cheni cald ¢EB 2003
mechani cal |y polished or etched back to planarize the upper surface of the
via with the substrate. Next) the netal gstack is formed over the netal via
and etch barrier and the line etched therethrough. '' In another
enboditdrent) the via is filled with a netal and planarized using CMP or an

t chback A, barri. is then f the filled via and
the 11 el d SRETHE rgteh Y peie¥e (4t Sherdh Incieice® REE Shrod kg essessed Kol 1 er
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selective first for the ayer) then the nmetal la
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process, a zero-overlap,l S integpconnect .can be for cg by et chi n% each
| ayer eﬁ%‘f‘ﬁéw‘éesm f‘%rpé?l‘{)‘d% REAPSEY r.dﬂ'f“i“f‘gt'ﬁ‘é’cl"f‘ﬂeé%a’g}a ecéﬁ ACEPHEN B\¢ethiet he
via. Belofithd Qe mpleHAINfP boltRe M2AMdNAS 11RO ahd @lso 14 BcdBRiMiGatd etBiEiohNR

above recited features, advantages and objects of the 20 present invention
are aevesapbeiweanithedinelmaduimidast ood in detail, a nore particul ar description
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enbodi nents of this I nvention an re therefore not t e consi dered
lititing of its scope, for the invention 25 may adnit to other equally

ef fective enb? inents, Figure 1 is a cross sectional view of a standard

i nt ermg@m ;°_ t_' 12 are cross sectional views show ng one sequence
of the | NVERd bl aAoR gERERIP UREVEE Al RRARY hAJ THTaANST 7 RAMEHE tdn e
metal layer. Figures 13-24 are cross sectional views Show ng one sequence
of t hatdrennaactivoith adrowverippabed@eendholinyard thp via: cesiavémionmsesahie selectocotydefct | ve
nmet al I‘a%erh ~t F E B 2003 5 Fi gures 2S;34 ar«i.cross sectional views
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1 S At least two etch chem stries are enpl oyed either in the sanme chanber

or i n sybyeateatieavingaimetal filedviah Nextoanietehnbarrier layen ifddenesied RYSUGR Yimdo

barri I f, or. ed t i d t .iel f Lk t :
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according to known techniques in the art. 20 Self Aligned Barrier on Copper

Fi gur eas tAngsteroulyext]2 matal stackss depositédoedr the wissandfthe figldoefi the substraps by fig a

rocess sequence . . . o
P geposx ng a barrier layer and then a metal layer thereover. Next, an antireflective coating is

formed over the upper surface of the metal layer and a line is patterned and etched into the metal
stack. An etch process and chemistry having a greater selectivity for the metal in the via as

30 compared to the etch barrier material, e.g., copper to tungsten, is used to etch the line and stop on



for formng an interconnect according to one enbodi nent of the invention.
Firgure 2 shows a dielectric layer 22 forned over a conductive or netal

| ayer 24. A via 26 is formed through the 2S dielectric |ayer 22 and Z%ﬁ@ﬁﬂ@
down to the netal layer 24. Preferably) the nmetal |layer 24 is nade of
copper. However, other conductive naterial% such as alumnun) tungsten arid
the tig be used. The dielectric layer 22 is preferably nmade of a | ow
di el ectric constant material such as silicon oxide, fluorine doped silicon
oxi de or caf &wiherletdotidtent, Ane fidfad WERdsiBRbH UR! idl @BE theZb$atk RGANE RORI £
over the surface of the dielectric layer 22 and in the via 26 asS shown in
Fi gur &hemically meghanically pelishag er etebed backsuffisieatly yo rendeveod pertivatodthaimetalich as
tanta : itride, titani.u It £, E B 2003 6 titaniumnnitride or
ot ner s A Fen ERePhes 4 1R et BN e Vi bl o Paer g D i

pr&f enfabdrial dewhRhtedvidss REmREON B8Rt h%td?#aﬁ%f{ﬁepryﬁdéﬁ@a oHAROSLIKERRSHHIPN.
such as an lonized Metal Plasma (I MP) process provided by App?led

Mat er ithel regess farmed ov@ahe via@nd ferm Gaktch bamiengver thectop bk thegdad The rfchrbamdier is
coverage i.n hi%h aspect ratip features éi.e., height to width ratios)..
Howev &Fen demigally mechanira|lyerolished on stcher Backdp planasize thepwrper isyrace pkiiecyp
vapor (R t td ; the. L n be
uaed. “HEDAS subithe. PAEE, G IRLEEAAK Bt S1eFihd RIaP id B Pl ificn 8 2

sur r olmdietvhedithetettobuglc nat eri al and al so provi des a good adhesive | ayer on

the surroundi ng,di el ecr.ri c anto whi the netal, can be deposjite The vi a
e ot honig nthngy enbelibegs A8 Via 8 id o L ielal 42 piprastel dete CNULPEA oo 4
and 5.etcfibhdRprb@IPCAMaki® 18P §Fihen KR Ve 8P kiVled SRCanaNhE ield 66the d8PRMI. S

the netal using chem cal vapor deposition techniques to forma conforna
wet t i nGhd mpal st3ck isvthen fohmmed avdrabe barfriet layetbandrthe dink atched AgretBrdaghbquenetch)
nmetal |ayer 32 i eposi ted ,ov t he con I tting nmefal layer 30 using
physi éaﬁl%&a’pﬁrusaia@g fso%??qcpwifrit 0&%&@?‘%@% then b layer 28, teddiver on,
el ectn t il ' L N i | O i.th a
oD o BlD B FccfroliE e Bich coubits b 3eieB A0Z0R Rt BOEE FIPvlleb

t Hése inetdonna:t ate b ek Bdetchihp @ack ﬁ@bﬂhﬂh?& differem dheniiftey antil aeulmd ke
enployed as well. Filling of the via will also result in deposition of the
via fileen frmedioNer BoER. the fiel d of the substrate, i.e., on the surface of
the dielectric | ayer between the vial, contacts, etc. The portion of the
nmetal which is forned over the field of the substrate, i.e.) the upper 20
sur f acBrief Désdeeiptioglof ¢Hd DEawinger 22 between the vial, is then renoved using
ei ther chenmi cal nmechanical polishing or an etch back process as shown in
Figure 6. F39 thehithrgmaneerrinwivieh thsf abave meited| featums advantagss and phigatapf the | ed
Vigy 33 [ tns wWith a barnier |ayer 28 disp b Tt Ag
(2 U e R s Befieh 53 caRbR undersBod IR 38R e bab A Bhadhicn bf
sel ect fhe ehventi6R i uRitRdriZe AbES, Fhay bé h&tlby réferRdcatdtieembyfimensuhérecf of
the barrier layer 28 to prevent 25 diffusion of copper into the dielectric.
The bawhicbuard illystrat@linithe gppehdeddrawingsde of a conductive material, such as
tungsten, oy} .other terial ich is cqgnductive.an or ich.,an,et,ch
process can{té&wn’ﬁi Wr‘%ogﬁwg‘@l"’é ¥, ??Wﬁ"f‘g‘?‘gﬂgﬁhﬁ‘fs@a{%‘gﬂ Pigal gmbgdiments | |
the vi gr afdinvbRidn 4 uézmrgfakeeaom%tﬁé cdritiifted Afniting TR SBPOSfok e QMRAtiGHE
barrier layer 34 by first depositing a subsequent barrier |ayer 36 such as
t ad$ al may atmititaother equaily @ffectiveteambadiments.t ani um ni tri de, or 30 conbi nati ons
t hereof and_t hen depositing a netal.|ayer 38% such as copper, thereover as
shown in  E{8UpRisiessaestional ?é‘§w8°fffrﬁ52{'§?’d$ﬁ EOR0ENt 1 y) an anti-reflective
coating (ARE)e )7 $3GH 35ssiAEtidHal NewsaRb@ g Bnliskquede of teGRVERidN sho a
titanium titaniumnitride or the Iike) can be deposited over the neta

| ayer ZEroawedépwocess (dmpdroseddcontiuctiveainetal lager42 i s then patterned over the
ARC and f or ned usinghreactive jon etching .techni ques tq connect tﬁF Vi as
formed bel oliBleSsHodhanefrass geptionalviews @%ﬂ%&?%ﬁ ﬁ‘%\?é‘?*’ WyentiofLiiogdng @

Si lhipco | Ll Py gﬁgg { rmal |y over the feature as
shgan Pﬁﬂé?gﬂggp%g¥gé%%%§%%mﬁuﬁgs eﬁb%ﬁ?ﬁf%ﬁégor Et chback Barrier on Copper
Figures 13 through 24 are cross sectional views of a substrate depicting
anot her 0 enbodi nent of a process sequence for formng an interconnect
according to the invention. In this enbodinment, simlar |ayers will be
simlarly nunbered for ease of description. Figures 13 through 16 depi ct
simlar steps disclosed in Figures 2 through 5 above including formng a
viain a dielectric layer 22, formng a conformal barrier layer 28 in the
via, filling the via 26 by depositing a netal in the via. As stated above,
the two-step | ow tenperature process is a 15 preferred techni que, however,
ot her known deposition techniques, including electroplating) CVD, and PVD,
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mechani cally polished to planarize the surface and | eave a barrier pIu% 35
in the depression formed in the upper surface of the via as shown inkEE§dbB
19, while renoving the barrier material fromthe field. Subsequently) a
barrier layer 28 is fornmed over the plug.35 and the field of the substrate
as shown in Figure 20. Then, a netal Iayar 38 is formed over the barrier

| ayer 28 and 30 the barrier plug 35 as shown in Figure 21 and described in
ref erence trogueesi-34 are cfoss gentional vigwsdibwidenesseagath@afitveinvemidnhoding s

t hen deposited over the netal |ayer 38 %lalz shown in Figure 22) and the

conbi &Y DETIAR PracessdarmediavgT # eondirtive mefal ByEhing to formthe line 42 (as
shown n Fi g Ge 33)s a SERBEDWN &Pméﬁm 44 hid b hd ayer
is then pr_eféergbl ys ?jeposi tedﬁéover tr e Fftnengé&]gﬁgmﬁngﬁos |ég§$§°@?gﬁ‘15&(épéck
Et ch Spymtiom Tant al um and on Copper Figures 25 through 34 are cross
segtional views of a substrate depicting another enbodi ment of a process
se&uence for formng as interconnect according to the invention. In this

embod pRfled BidEiption! YA Preferbd Bfyiidfbdy | v nunbered for ease of _
description. Frgures roug epict simlar steps disclosed in

Fi gures 3 tTheoprgker8 aivetioni gerhemaliyngrdvidesi agmethetdaand appatiawks efor r foemiragyen 22,
form ni?l a conformal barrier Iaxer 8inthe via, filling tr}e via 26 by
deposi PICFPACTUSIRE rearlivefion etaling to form &swz)hqehelntw-aévﬁc;s of $h 1URYEMRDr
proces ] r :
Pecnn aubgurets BrrlcRed REAMHOYE degahflFal BLAf afh EOROBcteO%, In e
bar® i easptayzcondaciive ateh barfiar kalsed &y esmbifatich tvithra §eddctive ewhathehiwtrylto fonnf ace

of the,substrate including the field of the substrate and the upper surface
of the§ i“ae éf‘g&é’Hb%"lenglﬁgg‘GPe&Q gia 'rﬁéias{,“ RisnieNmest ix RresSiyp rling strhoharmigh i)

| ayer R@nédevetitle fithtia hprboidk Qﬁ\b@?? sﬁ’%ﬁ%r &@%xﬁﬂ%&&&& ugeﬁ%tgrfogﬁﬂﬁsli hown in

Figure 31 and descri bed above. he netal ‘stac barrier layer are
et ched i n adnsinogfies aspextrioé the inventior; eandtel Sequenng intuséd &s formna Ihef fvliahnis
chem stries. .In the case of ,a copper ipterconnect, a chlorjine based 2Q
Feact | Sechigh Al aipup Fratnals e kb tarahe BRIk Fer ek e etk SAGKAVEF theafig-al um
ni {41 dey : C e ' i '

Chi sk REERLR Ririaieh SrCiGled 4ty B50R A AlpePU § sdral Ymbers |

i s pr efeestetbthyoughdie afetal and denrthrongli et taantien laydrrfotied Onsrahé hia andcthe dicht ofof

t he copper, etching process is detected or determned, a fluorine based
chem sﬁ'ﬂf“b%fa&sed to etch the barrier |ayer 28 down to the dielectric

Mol ude s of abier yRET BRE et & 2 ok PGBt yef Ot Hd DalARRORIE 1y
and CFpreféraisigdeposited beerftid tesuitingstarcaurp hecordiag cakhown teetihiques inghaart.

phot ol i t hographer avail able from ASM 30 an integrated Endura processing
sysfem avail able from Applied Materials, Inc. located in Santa ~ FED ~aa3

9 dar %‘“ﬁi : ];:(?'qurﬁ lh@vggg gﬂ | MP PVD Tal faN chanber, a CVD Cu chanber, a

PVD Cu _ hamber nounted thereon, a Mrra CVP system

avail abl e f F@géﬁ%ﬁ@h%t& rabsSsectidifal vt off aaBEtHHte dEPT&linE dpivedsaise@icnbe
a

system avail able fromApplied Materials, Inc. A substrate having a silicon
oxi de Iferyformingi appintdreonmedt asverding toomdembiodimentyedt thedevansien. 3 igwe foshavegna
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for about forty (40) seconds. The substrate was then transferred into a
Pr e- C gnadelafl cohparbdioveavat, [othsir sondustivenpiatdrials susheasi aluminum, dungararand4he dike

250A wer e, renpv frgmthe s ace of . the patterned. dielectri ' )

Che. ol ca b5 U8 chne AiQeus it Raro Binoly oade oA o disfes e ebbiaimpiefa Sath

densi t yasRiIRSABxide, fluorine doped silicon oxide or carbon fluoride. A conformal barrier layer 28 is
then deposited over the surface of the dielectric layer 22 and in the via 26 as shown in Figure 3.

30  The barrier layer 28 is preferably made of a material such as tantalum, tantalum nitride, titanium,



physi cal vapor deposition (HDP-PVD) chanber where a barrier |ayer
conprising tantalum tantal umnitride/tantal umwas deposited confor mall,l im;
the via and on the field of the substrate. An argon plasna was initialw
struck in the chanber and tantalumwas ingtially deposited on the
substrate. Nitrogen was then flown into the chanber and tantalumnitride

was 15. deposi.t.ed ont,o the. tantal N trogen delivery.was then term nated
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Next) the substrate was tr nto a copper chanber eretf e Via
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The supstrate was,then noved into the chem cal chani cal polishing system
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barri ielEﬂ)‘i@Bn@%’ﬁgﬁ ﬂ‘etml%}fggg?%ﬁhg&t ric. Alternatively, the substrate

could be Introduced Into a ack chanmber al so available from

Appl i ed MatBie i 3§ id then filledwithtahRetal) puelr asl coppdr, anillubiedted fvFigasesrd ahdfosAt ed
on the field of the substrate can be renpved. Next) the substrate was noved
i nto alowxemesaatues, prasess ismeaierablyiused sehich fst derasits tegemebugiag coemicat vipary
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| ayer B Flcﬁh%apeb?ﬁi’@ﬁ“'lc’ﬂﬁEVPGHSE‘HB@HQCF)yﬁI‘léhWG 26ndp additipn, deqgaplatingiran be
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and at a gressure of about 0.1 to about [ Smlorr. The substrate was then

noved Foidbeemployedaswell.c hidlingof thiviaewidlalsmresult isf depositipn of the ia &illi meteiziRC)

was th hie ver, t he caopper bl anket l.ayer,.t,0 enhan resolution in
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ARC wagofiadté, @fcned using an oxide hard nmask and both the ARC and copper

bl anket |ayer are etched to define a |line over the plug formed bel ow
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mechanical polishing or an etch back process as shown in Figure 6. Following the removal of
the metal from the field, a metal filled via 33 remains with a barrier layer 28 disposed between
the metal filling the via and the dielectric 22. Next, a second barrier layer 34 is selectively
deposited over the metal filled via 33 and the upper surface of the barrier layer 28 to prevent

25  diffusion of copper into the dielectric. The barrier layer 34 is preferably made of a conductive
material, such as tungsten, or other material which is conductive and for which an etch process
can exhibit good selectivity in relation to the metal used to fill the via and the line.

A blanket metal layer 38 is then deposited over the barrier layer 34 by first depositing a
subsequent barrier layer 36 such as tantalum, tantalum nitride, titanium, titanium nitride, or

30  combinations thereof and then depositing a metal layer 38, such as copper, thereover as shown in



The sanpe equi pment described in Exanple 1 was used to performthe process
sequence of this exanple except that the tungsten CVD chanber is riepfhigd
wi th a tungsten PVD chanber, 20 al so available from Applied Materials, Inc.
A substrate having a silicon oxide layer (SiG) fornmed over a conductive
| ayer was used to forman interconnect actording to one enbodi nent of the

i nventd.on. Vi ing a,wdth of 0.35Pm and ejght of |.2pm was etched
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where a barrier ' conmprising tan m
ni tri dalshevah &l Figuwal?. deposited conformally in the via and on the field of
t he 4 F E f3 2003 substrate. The substrate was then transferred into a

copper CVD chanber where a conformal wetting | ayer was deposited in the via

usi ng ] of . i tixon techniques as in Exanple 1. 5 Next)
the s IQ iILtOﬂh.; ‘Lftﬁ ?or tc acqugar er o - erhanber where t he Yi a Was
conpl et el y Figlreedi3ushroggta J40tel @FiRErsREGUMAl (Views of £40B§watddepicarynduRr The
substrate was then introduced into an etch back chanber al so avail able from

Appl i eemishimaent0fs progess samuanse forefosmingean inteyeannget acherdirigetodthefinyention. In

substrate s renoved. The etchin cess . was continuyed to over-etch the
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fromApplied Materials) Inc. Next, the substrate was noved 1 nto a tungsten
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Next, the substrate was noved Into a system re the Wwas renove
from t Q¥ iand BVEX, cathbe gagdst rate to forma thin tungsten plug in the recess

formed in t vi a, , Nex substrate s noved,into. a, TaN.PVD ch er
where a TaN %%P‘M?Mﬁgms@ww g suostiatcand the bartisr lavsy 28,98 “F‘? E@ fsi ng
PVD t egliniiibd@ste &8 théh %M%'t%lcam(sg\% P&;a&five i&eeéﬂ@? 6@tsecmcwﬁﬂch£ﬂ9a1@|\|@

PVD chanber where a copper yer was t deposited over the Ta

| ayer pslishgd BadR tbahddielpoeiz lageri2d. Fix dreplase df reddivesabetchiag stheaghinggroasy ed
into a TalfaN PVD chanber or a WN CVD chanber where an afpti -re{_lgcti ve
cod?i n§ontmney opgssthe eanpeishisdetestedoier atterallwptsaal EI%‘ﬂﬁét qu, he; ligld, to over-

etch the via 26 and form a recess 31 in the upper surface of the via as shown in Figure 17. [f
CMP is used, the process conditions are adjusted so that over polishing occurs in the via to form
a recess in the upper portion thereof. A second barrier layer 34, preferably comprised of
tungsten, is then deposited as a blanket layer in the recess 31 and on the field of the substrate to
25 fill the -recess as shown in Figure 18. Next, the second barrier layer 34 is chemically
mechanically polished to planarize the surface and leave a barrier plug 35 in the depression
formed in the upper surface of the via as shown in Figure 19, while removing the barrier material
from the field. Subsequently, a barrier layer 28 is formed over the plug 35 and the field of the
substrate as shown in Figure 20. Then, a metal layer 38 is formed over the barrier layer 28 and

30  the barrier plug 35 as shown in Figure 21 and described in reference to Figure 9. An anti-



enhance resolution in the subsequent photolithography steps used toé:[r)%t h(ﬁrn
the copper line. 25 The ARC was patterned and both the ARC and cop}é EB 1

bl anket |ayer are etched to define a line over the plug formed bel ow. The
resulting structure is shown in Figure 30. Exam|e The sanme equi pnent
described in Exanple | was used to per§ormthe process sequence 30 of this
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syst ef@AHA éé‘éf%ggd at 3 SOC for about forty (40) seconds. The substrate
then transferred into a Pre-Clean Il chanber avail able from Applied
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pat t e Sttt Elick| é1t Tanidudh anidhon Co ed substrate was transferred into a
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the copper layer on the field of the substrate was renpved. Next, the
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substrate was_noved into a PVD chanber where a copper bl anket |ayer. was

t hen c@pwBiindtigwead. t NextTanmetal, stack somprisedrof; metahilayge 38 aml ARC dayssiddaise

was t hen V. into.a,TartaN RVD ch er ,or . anber where an
anti - ?@ngc)?‘?e\?éh%@ﬁ??r@'ef ngj s%wsn ‘{‘m“‘aégé‘s‘?f‘%“g&’\'ﬁagb‘{gﬁe copper bl anket
layer to erNeniCe medsl ddkOdhdi Bhrfidtdapettse duRed iPheingld ¢tagieaphyiwe tobambeged
to pattern the copper line. The ARC was patterned and both the ARC and

copper usingatideast |tag di ffarentechemastaies. Ui thy casecof] HePpRST ereanrasbA shipgine based

I Si Sicl,,. HO d 8C nbi ned f t f t
S5 o adimipbeiing arecamsiectvhios 205 QvREpelyof BhBudn ARBYEF fhcdto A
Mai Nt aiRRPpadr IR AY shown in Figure 33. This chemistry is selective for copper and stops on the

barrier layer 28 which is preferably made of tantalum or tantalum nitride. Once the end point of

the copper etching process is detected or determined, a fluorine based chemistry is used to etch
the barrier layer 28 down to the dielectric material 22 and the copper via 33. Examples of

25  chlorine based gases inciude SiCl,, BCl,, HCl and CI,. Examples of fluorine based gases include
CHF, and CF,.

Example 1

The following example was carried out using a photolithographer available from ASM,

30  an integrated Endura processing system available from Applied Materials, Inc. located in Santa



~~ F E B 2003 13 Sniforr to about SOmlorr and the substrate was nai ntained
at .a tenperature of about 150-350C. A bias power in the range of 100R§g§¥¥
and a source power of about 800-1800Wwas delivered to the chanber. # ; 03
the tantalum tantalumnitride barrier éﬁyer on the field was renoved using
a fluorine based chem stry conpri sing F~ or CF, and the sane process
parangters as used .in 5 the chlorine based etch process. Wile foregoing is

di r ect'aw Falifomua havingan BYP SV drifalNichamberna G2 amber sl I Custhiraioeand
furt ' her o [ V] Wit ho EEPI@{ ' from
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' LA ) ' he line.;. 2. T f
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claim1l ereint epositinhg a ne over the
vi a. @3Sprhandatheight of 1 Qluai wasleteled thidugh fige éielebtrizar Thesubs@atk WgShedduckd The
met hod of claim1 wherein the etch barrier is forned by depositing a

condui@tq e Endura sysemiand degassed @b 380°4nker abaath fostyald4) beconds-t he upper surface of

the substrate, .5 he t hod of claim rei he, upper, surf ace, of,. t.he
substrate f]ie f)‘ibiﬁ?ﬂt iwﬁgﬁi&gﬁﬁ?ﬁérﬁnk’a? Pﬁe\é\@ﬁe ilgﬁf‘mﬂg‘fri %flﬁlaégfcfﬂér’\?mgdnet al
| ayer MateridBPRR! Whéte about DBOANRIOREhdVed Glofil i durfidedf ey AR dié1B&ric.

pl anari zing the upper surface of the substrate using chem cal nechanical
pd i shi ng Bextethetdiganedsulistratawens tragsfdapdiite 8. tamtalumpittidel high densitynphsmwiaer ei n
the viaa and the line are c [ of ¢ er, 8. The nethod of claiml
wher PRVSEAE UAKSr sPefieh (O PYE RO “heif, dpobarier Re: AOTIGRE

f or M fagtafiin/tantirk ARREAanilud WisRiehbaied  coffOMRAlIP ifthe AX aH@RASHE iRM 8f IRt al
over the field of the substrate and in a via forned on the substrate; b)

r enoviubstrathe Aptaggort plasma Heast ingtiadlyostruck éinsthb sthamber asd rantalmmemal ipitindless;
c) depositin copductive barrier. over th la, 14 4 F E B 2003 d
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T he method of claim9 whereln the conductive barrier Is selectwely

depos spustdr depositedhever the. tartalum ritriglenet hod of claim 9 further conprising the

step of formng, a recess in the top.of the via lor to depositing,a
conduct i verrg%\rsgp%@t%\‘/‘@ﬁ thep tgn ?"%fz).‘mqﬁec?ﬂﬂeﬁcﬂ\péf champer, "igqref%l*’f’%@r"“al
conpr i,k o c]E rdiz ) r t he
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cl ai mpieksuxk @ the chihberves detvden abautteahdaboutd Torr ahd khepsubstests tendpkratiiteewa®et hod

of claiml, 3 wherein the via and the |ine are conprised of _copper. .. .
20  maintained at about 260°C. Cu(l) hfac tmvs was used as the copper source. The source liquid

was flown at about 0.25 to about 2.0 mI/min with a carrier gas such as He, H, or Ar.

Next, the substrate was transferred into a copper PVD chamber where the via was
completely filled using a low temperature (i.e., <450°C) PVD technique.

The substrate was then moved into the chemical mechanical polishing system to planarize

25  the copper layer back to the barrier layer and then the barrier layer back to the low k dielectric.

Alternatively, the substrate could be introduced into a DPS etch back chamber also
available from Applied Materials, Inc. where the copper layer and barrier layer deposited on the
field of the substrate can be removed.

Next, the substrate was moved into a WxZ CVD Chamber where a tungsten barrier layer

30  was selectively deposited over the copper via and tantalum nitride barrier layer disposed in the



| 5. The nethod of claim9 wherein the line is formed using an etch, process
which is tuned to selectively etch two different materials in the l’*iFrE@.ZU@G.
The nethod of claim9 wherein the conductive barrier is conprised of

tantal um and the bl anket nmetal |ayer is cl%rrpri sed of copper. 17. The net hod
of claim9 wherein the etching step conprises first etching the bl anket

et al y,ayer using a chlorine based chem stry and then etching the
conductive barrier using a fluorine based chem stry. 18. A nethod of
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'1200&' () - &TBe/Buls)ratel $asOMEA (ansfeBedkintd -2 Bre-Clean II chamber available from Applied

Materials, Inc. where about 250A were removed from the surface of the patterned dielectric to

insure that any oxide formed at the bottom of the via/contact was removed.
Next, the cleaned substrate was transferred into a tantalum/tantalum nitride high density
plasma physical vapor deposition (HDP-PVD) chamber where a barrier layer comprising

30 tantalum/tantalum nitride/tantalum was deposited conformally in the via and on the field of the
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completely filled using a low temperature (i.e., <450°C) PVD technique.

The substrate was then introduced into an etch back chamber also available from Applied
Materials, Inc. where the copper layer on the field of the substrate was removed. The etching
process was continued to over-etch the via and form a recess in the upper surface of the via.

Next, the substrate was degassed and pre-cleaned in a Pre-Clean II Chamber available
from Applied Materials, Inc.

Next, the substrate was moved into a tungsten PVD chamber where a tungsten barrier
layer was deposited over the copper via and tantalum nitride barrier layer on the field of the
substrate. The process was carried out using a tungsten target and an argon flow rate of about 1
15 to about 50 sccm and a target bias of about SO0W to about 16kW.

Next, the substrate was moved into a CMP system where the W was removed from the
field of the substrate to form a thin tungsten plug in the recess formed in the via.

Next, the substrate was moved into a TaN PVD chamber where a TaN layer was then
deposited over the tungsten plug and field using PVD techniques as in Example 1.

20 Next, thc’ substrate was moved into a Cu PVD chamber where a copper blanket layer was
then deposited over the TaN layer using PVD techniques as in Example 1.

The substrate was then moved into a Ta/TaN PVD chamber or 2 WN CVD chamber
where an anti-reflective coating (ARC) was then deposited over the copper blanket layer to
enhance resolution in the subsequent photolithography steps used to pattern the copper line.

25 The ARC was patterned and both the ARC and copper blanket layer are etched to define a

line over the plug formed below. The resulting structure is shown in Figure 30.

Example 3

The same equipment described in Example | was used to perform the process sequence

30  of this example except that the tungsten CVD chamber is replaced with a tungsten PVD chamber,



s1096& ()- (1096& ()- 10MM 10MM

10MM ~"* 1090VE ()-!"' 109%& () - h***++5++dEr S4 10! 10! 1096& ()- L109B& ()-9
“1096& ()-1096& ()-Y | 1096& ()- 109B& ()-++J,, - o--dEr S4 10! 10! 109 8@?200}’3
"109%6& ()- $109%6& ()- &109%B& ()- @10%G& ()-$1096& ()- -)....V//dEr

10! 10f $! 109B& () -, #! 1096& () - S! 1096& () - BL0YBE () -

sy’f‘i‘iﬁf?%é%?@%3‘%@%@3‘1#%8?%%5 S4 10! 109. &1096& () - Y& $1096& () -

' () - &1096&’ () - J12738393: 3H3J34b@

10! &109%&' (A shibst@té Kaving a §ilidéo:&d€ Jayer (§36,) 0EMdD&%er a conductive layer was used
7810988 () - SOSL0%BE () 466\ BOF: - Wab® 1! @ & 10%22& () -1 .S 1000 & ()-

| SS' 199@mt o intgrsoneyppEoiding togmexstrdiment pigoavention<A siahayomla w(ldth of
0, ! 2! 0, ! - # 0, | ! - s T
1%0/? @%&‘r&dﬁ‘g ]3%42%%%? 2‘ éu&%%@b%&@%%%&c The substrate was introduced
$190% ihil0%e BRdGoa-syHEhQAN & ds3ed! al YD Tdok hboft HEQ 1405 séconBd 0% 0&' () - 9Y
0&10% o0& (_ﬁ | BBB>CCChDdEOP1 $10% &&10% 0& () - S$$10% o0& (‘))- S#$10% o0& () -
e substrate was then transferred into a Pre-Clean II chamber available from Applied
Materials, Inc. where about 250A were removed from the surface of the patterned dielectric.
Next, the cleaned substrate was transferred into a tantalum/tantalum nitride high density

plasma physical vapor deposition (HDP-PVD) chamber (known as an IMP chamber) where a

‘N barrier layer comprising tantalum/tantalum nitride/tantalum was deposited conformally in the via
and on the field of the substrate as described above.

The substrate was then transferred into a copper CVD chamber where a conformal
wetting layer was deposited in the via using chemical vapor deposition (CVD) techniques as
described above.

15

Next, the substrate was transferred into a copper PVD chamber where the via was
completely filled using a low temperature (i.e., <450°C) PVD technique.
The substrate was then introduced into the Mirra CMP system also available from
Applicd Materials, Inc. where the copper layer on the field of the substrate was removed.
Next, the substrate was degassed and pre-cleaned in a Pre-Clean II Chamber available
20 from Applied Materials, Inc.
Next, the substrate was moved into a tantalum/tantalum nitride PVD chamber where a
tantalum/tantalum nitride barrier layer was deposited over substrate and the copper via.
Next, the substrate was moved into a Cu PVD chamber where a copper blanket layer was
then deposited over the TaN layer using PVD techniques.
25 The substrate was then moved into a Ta/TaN PVD chamber or a WN CVD chamber
where an anti-reflective coating (ARC) was then deposited over the copper blankst layer to
enhance resolution in the subsequent photolithography steps used to pattemn the copper line.
The ARC was patterned and both the ARC and copper blanket layer were etched using a
chlorine based chemistry comprising SiCl,, HCI and BCl, at 2 combined flow rate of between

30 about 50-250 sccm to yield copper lines over the field. The pressure was maintained at about
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While foregoing is directed to the preferred embodiment of the present invention, other
and further embodiments of the invention may be devised without departing from the basis scope
thereof, and the scope thereof is determined by the claims that follow.
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100" 10 (a) forming an etch barrier in a recess formed by an etch process in an

upper portion of the via;

(b)  depositing a metal layer over the etch barrier and via; and then

(©) etching the line.

2. The method of claim | wherein the etch barrier is formed by depositing a

metal over the via.

3. The method of claim 1 wherein the etch barrier is tungsten.

4. The method of claim 1 wherein the etch barrier is formed by depositing a
conductive material in the recess and then planarizing the upper surface of the

substrate,

5. The method of claim 4. wherein the upper surface of the substrate is planarized

using chemical mechanical polishing after the metal layer is deposited.

6. The method of claim 1, further comprising planarizing the upper surface of the

substrate using chemical mechanical polishing after the metal layer is deposited.

7. The method of claim 5 wherein the via and the line are comprised of copper.
8. The method of claim 1 wherein the via and the line are comprised of copper.
9. A method of forming an interconnect on a substrate, comprising:

a) depositing a metal over the field of the substrate and in a via formed on
the substrate;

b) removing the metal from the field of the substrate using an etch
process;

c) depositing a conductive barrier over the via;
14
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10.  The method of claim 9 wherein the conductive barrier is selectively

deposited over the via.

11.  The method of claim 9 further comprising the step of forming a recess in the

top of the via prior to depositing a conductive barrier over the via.

12, The method of claim 11 further comprising the step of planarizing the surface

of the substrate after the conductive barrier has been deposited in the recess.
13.  The method of claim 11 wherein the recess is formed using an etch process.
14.  The method of claim 13 wherein the via and the line are comprised of copper.

1S.  The method of claim 9 wherein the line is formed using an etch process

which is tuned to selectively etch two different materials in the line.

16.  The method of claim 9 wherein the conductive barrier is comprised of

tantalum and the blanket metal layer is comprised of copper.

17. The method of claim 9 wherein the etching step comprises first etching the
blanket metal layer using a chlorine based chemistry and then etching the conductive

barrier using a fluorine based chemistry.

18. A method of forming a line over a via, comprising:
a) forming an etch barrier in an upper portion of the via by selectively
depositing a metal over the via;
b) depositing a metal layer over the etch barrier and via; and then

c) etching the line.

15
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substrate by chemical mechanical polishing.

23.  The method of claim 17 wherein the conductive barrier is comprised of

tantalum and the blanket metal layer is comprised of copper.

24. The method of claim 17 wherein the metal is removed from the field of the

substrate by chemical mechanical polishing.
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