
2 PATE.Vf 
Atty. D'"- No. AMAT/2859/Ml)JPVD/D.V 

· Expr$ Mail No. ELi66338664liS 

IMPROVED BARRIER LAYER FORELECTROPLATING PROCESSES 

5 · BACKGP,.OUND OF THE INVENTION 

Field of the Invention . . .. 

11te present invention· _generally relates. tQ .el~trocbemical deposition .or 

electfuplating ·a ID.eiai. o:nfu a s~bstrate, More particU:tarly," th~ present inve~t:i()n relates . 

10 · .. · io D,l~~~ds of f<>rlning a' bani.er ~yer and a seed layer· prior tri filU;ng tli.~ Stfuenrre.s 
formed on a Substrate 1lsing. an electroplating process. . 

Backa.t.ound of.t!Je:Relat~dAtt · 
. . . . . . .. ·. . .. . . : . . . ·,' •. '.' ~. ,. . ·. . . . . ·. · .. ·. ,. 

. Copper : has b~e .a choice metal for filling sub-m.1.croti, high asi)¢ct ratio ·. 
15 . intetconn~ f~~ orl S\lbstrate.s ~ cifc:uit 4.ensities increase ·for ipe n.ext g~er~tio~ 

.•·.=:::c===~iZ.···· 
20 

cb,ata~tetlstiC:s -~· nnporiant for supp6itfog the. higher current .d.~ities. ·¢#~~ced._at .'.. 
·.·.: .. · 

highlevels of integration and in~ed deVice speed. 

The .asp~t tjl.tio for the fea~. i.e., the_ ratio ofthe fea~ he~ghi to th¢; ~ea.tore 

width, increases With h!~er. ley~J.s of integrati<>rt · · M~y : tliulitlo~ ·d~ositi<>n 
.. procei;ses have :~ffi~lty: fi.iiing :stmc~s where: tll~· ~.¢ct "ratlo. ~c;¢¢d$ .4::t~ an~). 

partiClllarlywh~ei~ exceedS_.10:1 and' is iess th8Ii o.:zsµm·wide .. Th~~fore, "fA~e is·a : 

. great ~ount of ongoing effort being. directed at the formation ofvoid-free, sub-micron. 

25. high asp~·ratio features. · Additionaily, as the feature widths decrease, the interconnect 

features experience increase<I current d~ities that reqW.te good; void-less formation ~f 

the metal within the interconnect feature. 

Despite the desirability of using copper for semiconductor device fabrication, 

choices of fabrication methods for depositing copper into very high aspect ratio features 

· 30 are limited because common chemical vapor deposition p~cesses ·and· physical vapor 
.. 

deposition processes have provided unsatisfactory results for forming voidless 

metallization of sub-micron high aspect ratio interconnect features. As a result, 

electroplating or electrochemical ~eposition is becoming an accepted method for copper 

metallization of interconneet features on semiconductor devices. 

35 Figures IA-IE illustrate a typical metallization technique for forming . 

..... 
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_interconnect features_in. a multHaye~ed substrate· 10. Generally, the·:methodcoUiprises ·· 

physi® · v~pof depositing ·a barrie;. · l;:iyer over the fe~tute surfaces, · phys_iCal ·vaP<>r 
. . . . . .. -

· depositing a condtictive metal seed layer, preferably copper, over the hairier layer, and 

. then electroplating ~-conductive metal, preferably copper, ~Ver the seed b1yet to fill the 

· 5 interconnect structure/feature. Finally, the deposited layers and the dielectric layers are 

planarized, such as l:>y ch~ica.l mecharrical polishing (CMP), to. define a cond~tive · 

interconilect feature . . ·. . . •.· . .· ·.:.\· ... 

f'i~~- tA tlirougcy i~ are cross ·secti9Iial Vie\ivs ofa.substi:ate' to bavin,g m:lilti­

. layered. siruk~ including a qieleetric :layer 12 formed over ~ ~4~rlyin.g° .la~el' 14 

10 which ~ntains an ele~trically conducting feature 16. The underl}'ifig lay~r 14 may .take 

the·: .form of a· d<>p~. $ilicc;>n ·~ubs~ate o:r · it ~Y ~-e a . fll'.st • 9r · sul;>seq.'1ent 

dieleqtQdins'11~ti~.lay¢rr~¢\c:d on a $ubsitate. _the ·diel~c-layer l2is ·rormett.over 
. the tjn,dedyin~ "ta.yer . 14. in. acc()tdance with procedure$ . lm.QWi;L in the ~ sttch as 

di¢l~c. CVD, to forin a Pa:rt 9f th~ ovetjlil Uit~gtated- <iircUit. . Qnce dq>osite9, the 

i5 =:~=~=·~2~~~t;: ... · 
generally knoWl1 dieleetric ~bing processe8, .incll)dirig· ,plasm.a etebirig .. Alth<ni$h a ·· 

-~iUal dalllascene structure and a.connec.tion line are illust:rated iii figures lA:-iE, other 
. types of il}.terconnect features are tYI>ic~ly metalliZ¢<1 usmg th.!$ t~bnique as welt. 

20 Refen;iµg .to Fi~ , IA, a partfal ~ross~sectiQ~ ~i~g;ram of a -~bs~te 10 is 

25 

. shoW:n ~vitig ~ ~~~ ~as¢eitc:l strµcture 18 and a coi;niecti6n I~~ 20 paitePie<J, ~4 
.etch~·in the diel~tric layer 12. Tlte dlµll damascene Stiu~ture 18 typically comprises a 

via portion 21 and· a trench portio~ 25. The via ·portion 21 of the cf:11al daln8scene 

structure· 18 is defined bya via floor 22 exposing .at least~ portion ofthe conductive· 

feature 16 and. lower sidewalls 24. The trench. portion 2S of. the dU:ai datnascene 

structure 18 is defined by the s~ep surfaces 26 and upper sidewalls 28. Figure lA also 

shows a connection line 20 which is typically formed through a groove on the surface 

of the dielectric layer 12 that provides electrical connectiorts across the surfaee of the 

dielectric layer 12 to other structures and/or devices. The connection line 20 is defined 

30 by a line bottom surface 30 and line sidewalls 32 etched in the dielectric layer 12. 

Referring to Figure 18, a. barrier layer 34, preferably comprising tantalum (Ta) 

or tantalum nitride (TaN), is deposited over the surface of the substrate 10, including 

the surfaces of the dual damascene structure 18 and the connection line 20. The barrier 
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layer is typically deposited using physical vapor <fq>osition (PYP) by sputtering a · 
. . 

tantabun target in ap . m:gon plasma or by re_~(:tjve physical vapor deposition by 

~puttering a _ta.ntalwn tai:get in ·a nitrogen/argon plas~ .· Other dqjositi;ori processes~ 

8uch as chemical vapor d~position ·(CVD) or combination of CVD/Pvt>, may be used 

~ to deposit·the barrier layer for mwroved texture and tihn properties .. The.bani.er layer 

10 

20 

. limits the .diftl.tsfon of .CQp}:J¢r iµto the _semiconductor ~Strate and the (Jieleetric ·layer .. 

an<l thereby dtainati~atly in,cte,~~s tile re11ab.ilitY of the copper lli(~rcotuiectfeatlites. It · · 

·. is preferred ~t the bamet ltiy¢r has a Uiickg:ess \)etwe@ $ou.tis A alld ~out 400 A, . 
. · . . . . . :. . . . . . . . . '·. -~. . . . . . 

most i>referably abou~ loo _A; 
Referring to Figure .IC, a copper seed layer 36 is deposited over the barrier layer . 

· 34 UJ.iµg PvD., Othe.r m¢tals~ I>arti~tJlat.lY p,Qbl~ p:ietajs~ ·9an -~ l>~ used fQt the<$~ 
.... · . ·. . .. ·•. · ... · ·.. . .... . ··.:. .. . ... . .·· ·. . : . 

J.ayer~· ··The.coppt;r.see<l·.1aY'er ~6·p~ov1d.es goO<i adhesion for ~·$Ubsequ,entl,y·:d.eposited· 

. . . . . . 

.break:down of the devic.~~. 8$.qi~e~~ed il1-I!lore detail ~elow . 

. · Ref~gto Ffg$ JE, the top portion ~f the proees$~ ~µi>strat~ -lO; i.e., the 

:z:i.\a~!=;=~Qy9:~=~··. 
oopp_er·seed layer 36,.barrle~ 1ayer ~4. and a.top slitf'ace oftl:l,e, di~i~9 lay~ i2 ate 

removed from the top i,;ur(ace of the s~bstrate, leaving a fully planar surface . with 

conductive ~terco:rinect. features, such as the· dual damascene sttuctiu'e 18 and 

25 connection line 20. 

Metal electroplating in general is a well known art and can be achieved by a 

variety of techniques. Present designs of cells for electropl~ting a metal onto a 

substrate are generally based on a fountain plater configuration. In the fountain plater 

configuration, the semiconductor substrate is positioned· above· a cylindrical electrolyte 

30 container with· the plating surface facing an opening of the cylindrical electrolyte 

container. The electrolyte is pumped to flow upwardly and contact the substrate plating 

surface. The substrate is electrically biased and connected as the cathode of the plating 

system, and the surfaces to be plated are electrically connected to the cathode power 

. This Sheet Has Been Replaced· 

. 1111~\\ 1111\~[llP.~j 
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source to provide. the ·~lectrfoal current· that induces the metal ions in. the prating. 

. solution to dq>osit. onto the' exposed conductive surface _of the substrat~. . An anode is 

t)rpically· disposed in tb,e ·eleetrolyte and electrically biased. to attract tlle negati~ely 
. . . . . . 

charged count~arts of the metal ions in the electrolyte. The fo1Jntain plater is 

5 ;generally adequate for electroplating large," low aspect ratio featureS (i.e., larger than 

. . micrometer,.sized and lower than t:.1 .-height to width ratiq). However; a number of 

. .· -~~staeles Un.pair tonsistentelectropfating of oo~per onto substriites haying sub~micrbn, 
: . bisfi asp~ ratio feature8~ . . 

Firs~ a. continuous m:etal seed layer is essential for conducting the . current 

10 required to the surfaces to be plated by the electroplating process. When a 

· .Qiscontinuity ·is present ill. the:meta~ se~dlayey, the portion tjftbe seed layer that is not 

electrically conne6ted. to -~~ bias power supply does not tec6ive _dep(jsiQon dUrlngthe 

et,,Ctrop.lating .process. Particularly with physical vapor dq:>osition of a seed layer, it is 
.·. . ·.· . ' . . . . . . · .. 

:y~ dim~u.lt t? depo.~it :a c~n,thi,u6~~ U?liform s~. ia:Yer, witllip. a ·bigh: ~ect: ~tiQ, 
.. 15 sUl>'.'micl'Qn f~~e. The. $e~_ layeJ; tep,d,s to beeome di$continuC>~ :esp~ially ~t the.; 

.. bbttoiµ. SUf{ace ~f the. tea~.e beeall.se. it. is difficult tQ. dei)oslt.. througl1 the narrow (~~e., 
. . . . ·: '··. . . 

. sub-. micron) aperture Width Qf the feature. The discontil:i:uities in the seea layer prevent .. 
proper_electropJafin.g.ofthe metalonto the seed layer, ~ulting in defective devices on 

the processed subsm.te. · 

~O Second,. discontinmtieS .i:n the :metal seed· layer also · ca~e void formatj.ons in · 

. high ~pect _ratlo inter<:onriect f~tUres.; . J;>urin$ Ute 'electroplatlrig .process, the nie~ ... 
deposits _on: all of th~ suifaces that are· el~qally co~eeted to the bias power supply. 

. . 

Because the ~lectroplated metal grows in all dirCctions, the deposition around an ·area of 

discontinuity in the seed lay~ typi~ly forms a bridge over the discontinuity, leaving a· 

25 void adjacent the discontinuity within the feature. The void changes the material and 

operating characteristics of the interconnect feature and may cause improper operation 

and premature breakdown of the device. 

Therefore; there is a need for a consistent metal electroplating technique to form 

void-.less metal interconnects in sub-micron, high aspect ratio features on 

30 semiconductor substrates. Particularly, there is a need for a method for preparing a 

substrate prior to electroplating that overcomes the problems presented by currently 

practiced seed layers used in electroplating and reduces the formation of defective 

devices due to unsatisfactory electroplating results. 
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The invention generallyprovides a method .for preparing a substrate prior tQ . 

electroplating for_forming void-less metal interconnects in sub-micron, high aspect ratio 

5 features on semiconductor substrates. The invention overcome8. the problems pr~~ted 
· by currently practlceq barrier layers used in _electroplating a.nd reduces the formation of · 

defective . devi~s caused by . unsatisfactory· electroplating ieslllts. Generally, ·the · 

· W.ventiOn pro\lide$ a ri:J.~thod fbr forming a high co~ductante {i.e.; resisti~ty <<160µtn .. 
cm) b~er. 18.yer o~ which metal can be etectro-chemically deposit¢d. to slgruficantly 

10 reduce the defect formations formed during the electroplating process due to 

dis®ntinuitlC$ in qie ~¢eel layer, · . . 

.. One a8pect of the. fu~ention i}rovides a .method for preparhig a $Ufface for 
electro.chemical deposition· comprising foniUng a higl1 c0nd~taiice bani~ layer <>n fue 

15 ·:t"~:::..;:::~fue~:::•~hl= 
_., .. ·- . 

(WNit, where ·x ~ 3)_, .titanitµn and tit.~ilm nitride,· and/or comhlnations thereof The . 

hi8h condftctiinc~ barn~ layer ·provides a slltface on wlilcb metal ·can b~ el~tro-. . . . . . .. 

cheD:ii.cally dm><>sited 8nd th~refore, significantly reduces the defeet forinatiOns formed 

dUririg the. e.lec~pl~tmg process· d~e.W dis~ntjnUities in tli" i;eed_ lay~.· . . 

zo . An9t4~.· aSpect . of . th~ invehtio11 ptOY.ide$ a ine~od. for fanning. a high 

.. c0nd11ctaqce b~ei- l~yer :c(>inprisilig depositing a.: layer of taiithl~ apd ~ehling the · 

deposited tantalum layer at a tempet~ture ·b~tween· about ~sere. and about 600°C for 

between about 30 seconds and about 30 ririnu~. 

Another aspect. ·of the ·.invention· provides a method for forming a high 

25 conductance barrier_ layer comprising depositing a tantalum barrier layer at a s.ubstrate 

temperature betWeen about 3500C and about 600°C. 

Yet another aspect of the invention provides a method for forming a high 

conductance barrier layer comprising forming a first barrier layer comprising a material 
. . 

such as TiNx, W or WNx, over the surface using chemical vapor deposition and fanning 

30 a second bartj.er layer comprising a barrier material such ~ TiNx, Ta or TaNx, over the 

first barrier layer using physical vapor deposition. 

Yet another aspect of the invention provides a method for filling a structure on~ 

substrate, comprising depositing a high conductance barrier layer on one· or more 

· ii1ii1i1iDr 
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surfaces of the strucµit¢~ depositing a seed layer over the bal:rier·: layer; and . ' 

-. electrochemically depositln~ a hietat to ~ll the structure~, 

BRIEF D~SCRIPTION OF THE DRAWINGS 

5 · So that the manner ~·which the above recited features, advantages and objects 

·of the -pre$ent- i~vention ar~· attained _¢an be understood itI detail, a more particular 

. c;1¢scriptioii oftbe ~v:ention, btie1!Y. s~arlzed .ab()ve, ~~Y be_ Pad_ by referelice t<> ~e -
¢Iltbo_dintentS tli~~~fwlµch are1UustratCd iii th¢ app®<J~ dtamu$8. 

-it is tij b~ iltited~ hoW~¢r~ -that- the appended dfaw4igs -jllusirate- only typic~ · 

10 embodiments of this invention ·and are therefore not to be considered limiting of its 

8cQpe, ~otth~=wv~ti9n 11.lay·~t.to other ~q.µaJly "g~tiv~·~~diJn~. 

·ptgures· lA4£ ~ Cft)ss ,settlonalVieW~ of a duat:<lain~~ interCoimecfand a 

-- cqnneCtion Jin¢-in a diel~ctric layer illustrating a meWl~on t~bnique ·for fotmiiig 

· ·sucJ:! interc.Q!mects. ___ . . .- . -

1$···.~-~:~~~~~:~~~ttt=.:::::·· 
- . -

inventioll. 
- - -

Figure -~ is a flo~ diagram illustt.atln.g a tl'letalliZation technique for filling an 
. . . . 

_ inteyc<>rin~ structure 8¢cordjn.gtc> the inventk>Ji. . -- --
. . .... , .. .·... . . .• .· . 

. 20 -.· :Fi~ 4 is a·.~tQ~~ $ectionai view or~ simp.iified -~•~ii-opiating ai>l>aratris i oo. 
'· ·. 

-
-

-

T1:l~ present invCJ;ltion provides m~ods for itnproVin:g the electropla~ fill of · 

high aspect ratio; snb-microil interconnect features. Although· the invention is 
·-

25 described using a dual damascene structure on a substrate, the invention contemplates 

applications in other interconnect features and other integrated circuit features (i.e., 
- . . 

lines, vias, contacts, plugs, e~.) that require filling the features formed on a substrate 

with a metal. Also, although the invention is described using copper as the 

electroplated metal for metallization of the feature, the invention is applicable to other 

30 metals that can be electroplated onto a substrate. 

Generally, a continuous metal seed layer is essential for conducting an electrical 

current to the surfaces to be plated by the electroplating process. Typically, the seed. 

layer is deposited using PVD techniques, which has not provided satisfactory results for 
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fonµinga unifor:m, cm1tinuous seed layer. at tile botton;i of high aspeC:t ratio~ stil,~micron 
features. · · Thus, currently practic~d electroplating . t~hniq11e$. sitffer from defect. 

formation due to discontinuities in the seed layer. The invention generally p©vides.a 

metho<l for forming a barrier layer that reduces the need for a continuo~s seed layer. 

Hieb.. Conductance Bar.g;ier Layer Materials.· 

. . .. . ., One ~P.e~·~t-tli~··~~v~qtio~·@prov~ tlie elect(()pl~gftl\ C>ough 3$pectratlo; 

.. $µ.b-~i~to~· inte~onri~ feMµt~s ~µgh. rii~ lise of a.. £iigQ: oond\lcW,ic~ b¢er layet 

·m~tenal . that" provides ~ufficfoiit·. eleC;tri~ co11d.u~vity · t0 fatj'iitate eJ~4:Iienucal .. 

1 O depo~ition thereon. The fnveritors .have dis~vered that the detrimental effects of a 

cJis.continuous seeQ. layer ate si~fieaptly ·miliP$ed·.,l>Y p~yi~g a. ,bmtier. layer 

materlfll haVing a· surf®.e on· w)iieli a ~etai, p~cui~iy·~pper, e~ be· ¢1ectroplat¢d. · · 
The ·barrier -layer fu.aterlals that have .thl.s p~erty ·ln<fiude tµngsten (!fl), tµngsten 

·~ ;~ 
lnv~~tion ~- b~. deposited :ovei• the surfaces. of the featutC$/sti1ictutes •formed. ~ti the 

substrate us~ PVD, Cvo Qr other deposition meth<>ds commo~y known in the art. 

i>ref~bl;, the ba¢er lay¢r Jla8 a thiekries.~ betw~nabout ;.QA and abollt so.9A for a 

20 sub~mi~J;O~ ~terconn~t. f¢~tute.: B..ec~~s,e a .!rtetal,. ·p~cularly ce>pp¢t, ~ .· ·b~ 
.eleQtroplated ~ctiy oµ~o .the furtaces ·of these barrier iMt~als the .$etal deposits o-~~ 

. . . . ...... ~.. . . . ·. .·.. . . 

25 

e1ectr<>piatesJ on.the surfaces oftjie ~eed µLyer.as w~ll.a$ on exposed surlaces.of'the 

·barrier layernot.coverCd by the seed. layer, resulting in~ significant reduction of the 

formation of defects due to the discontinuities in the seed layer. 

Hi&h Conductance Tantalum Barrier Layer 

· Another aspect of the invention provjdes a method for forming a.· high 

conductance barrier layer comprising annealing a deposited tantalum (Ta) barrier layer. 

The inventors have discovered. a method for significantly improving the <:onductance of 

30 a tantalum barrier layer deposited using physical vapor deposition techiliques. 

According to the inventjon, a barrier layer comprising tantalum is deposited using 

typical PVD techniques,-preferably in a high density plasma (HDP) ·PVD chamber, such 

as the IMP™ chamber available from Applied Materials, Inc., Santa Clara, California. 
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· Figure 2 is a cross sectionai view of a high density plasma physical vapor 

depositio~ (HDP-PVD) chamber usei\il for forming a barrier layer ~rding t~ the 
. . . : . . . 

. invention. the HDP-PVD deposition chamber 600 generaily includes a chamber. 

enclostµ"e 602, a substrate support member 604, a target 606, a shield 608 and a coil 

610. The target 606 comprises a sputterable material and is dh;posed opposite of the 

stj.bs~~ sµpport member 6()4. ·the t~get606 i_s electrically comiected _t9 a DC power 

·• · -stlpply.. 612, as_ shown ·µi Figure· 2;. and ~an be bi~ed by an. RF pow~ sol:arce (not 

shoWn) instead, of~~ :QC-power supply 612. the shi~ld 60~ ge11Cfally s~~ds the 

. region :beiween the target 606 and th~ sttt>Stiate ~upport Jtiember 604 and is> typiciilly 

10 connected to a ground connection. The coil 610 is disposed interior of the shield 608 

· a,tid is C()~~ted to. an Rf pQwer SUP}?ly 614; A !Jas. itil~i 616. dispQSeQ through the­

en~lOsure 602 iiltrOduce8 one ()r . ~or;e processing ·g&Sei; ID.to the clianlber .. during 

_ proc~$iitg. A vacuum system. 628 iS c~nn.eeted -to the clullil~er 600 ti:irough ~ exhaust --. . . . . . . . . . . . . 

· pmt ~jo to ~list ~ases in tllc:: :cQ1*ml>er 8Ild inainwi1. ~ <ies~ed::. pressure in the 

rs· . ch~ber. -~fer~ly, tb,e va¢uu.riJ, S}'steni <>78 comprises one qr in9!~ viiCµllQ:x PW1lps, 
tlirb~~pioiecutar pumps; roµgtijng l>Ultli>s: qt ¢cyopumps. · · 

As.shoWn. in .. Figqre 2, the substrate support member -604 is attaehed to an 
. . . . 

actuator shl\ft 618 dispo~ through the ~ottom of the enclosure 6~2. The acttiator shaft 
.. . 

618 is_ co:nnected, to an..actua.tor 620 which facili~tes tnQVem®fof the substrate ~upport 

20 ~~her 604 to vario'us-po~itions in the chamber, A slit valve 626 cli$p9$e(Lon a . 

. _: s~a11 rir. the ~q~19i;tire . ($07 .. f'2QiHt~tes ·~fer of sll.~stra~ i~to alld '01.it ·of the 

chamber, Which is typically petfoJ.lll~ utili.iing a.robot and rot>ot blade.-• A robstrate 

lift·.assembly 622 disposed relative to the su~strate support member 604 facilitates 

positioning of a substrate onto and off of the substrate support member 604. -As shown 

25 in Figure 2, the substrate support member 604 is in a wafet transfer position. Duri:ilg 

processing, the substrate support member 604 positions a substrate disposed thereon to 

a position below a cover ring 624 disposed on a lower portioii of the shield 608 to. 

shield the perimeter edge of the substrate from deposition. The substrate support 

member 604 engages the cover ring 624 and typically lifts the cover ring 624 off the 

30 shield 608. At this position, a processing region is defined by the exposed surface of 

the target 606, the shield 608 and the substrate on the substrate support member 604. A 

power supply 632 is electrically connected to the substrate support member 604 to 

provide an electrical bias to the substrate during processing. The power supply 632 can 
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·be: a PC power s~urce, an RF power soqrce, or a combination of DC" ~d ~ power 
. . 

. . . . 

· sources. 

. . . Several parameters of the HDP'-PVD process, iµcluding.the processing presstire~ 

the RF bias to the RF coil, the DC ot RF bias to the target, and the DC or RF bias to the 

5. . substrate, can be adjusted to ·achieve the desired seecf layer deposition profile having ·· · 

iiliPfuial sidevv~ll co.ver~ge an,d supstantial bott9m coverage. Prefe~bly, the .. H~P'-:PVD · ·. 

chamber is operated within the· fgtlowing .p·araxnetetS: cfuunb~ proc~sing· prei;$ute · : 

. between, about .20 tn'f~it and abo~ti'qo mT~tr. IW s~llttje power· to the: HDP-~VJ) ooil 
.. betWeen about 1000 w ·arid abotit $000 w, target" PC bi~":b¢veen about 50().W and 

10 about 3000 W, and substrate DC bias between about 100 Wand about 500 W. 

Pref~ly, the n¢i>o$lted· _Ta b#J;ier,: layer haf} a tbic~ess ~tW~ .abQ~t lOA. 

: arid -'~l><>~t' SQOA~ arni ·.itiore: pref~Iy· "betv1een .about 10<1 mm aboui :ZSOA.; ... The .. 

d~o$ite4 PVD Ta bani,et.la).'ci" is,.anne~ect ata tenipeta~.b.et\v~ about 3500C attd 

... · ~oµ~ .. ·60~¢ :.!Qr·· b~tW'~~x,; · ~bO.u.t ~q :~-~conds atjd • _ab6titi JQ t.Wn~tes,. ~~f~~\:Y_. Ui · a 

·~:~ '. .. 

. 20 

the art and CQnunetciaJ.iy av~~ble, for exanipi~, ~e. a.tmeal process C~ be per.(onned . 

~?!:5~~!~~:i~i 
incorpqra~ed by fef~r~9~ jp.its ~tfrefy. The.inv~~rs also con,tempfate U$itig other. 

co~ercially available . th~a1 proc~s<>nl . from .. mamtf~ · such as Eaton 

Corponition Thermal Ptoee8sing Systems, Peabody; MaSsaehnsetts. For a conventional 

25 furnace anneal. chainber, the anneal trea~~t is preferably carried out for .between 

about S minutes and 30 minutes at between about 4500C and 500°C. For a rapid 

therma~ anneal chamber,· the anneal treatment is preferably carried out for between 

about 30 seconds and 5 minutes at betWeen about· 450°C and 5000C. The inventors 

have discovered that after the anneal treatment, the PVD Ta barrier layer exhibits a high 

30 conductance-( or low resistivity) that is about 16 times that of a conv~tional PVD Ta 

layer without an annealing treatment. The PVD Ta layer deposited according to the 

invention exhibits low resistivity of about 1 OµQ-cm as compared to conventional PVD 

Ta layers without annealing treatment which typically have a resistivity of about 
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160µ.Q..-cm. The high conductance annealed .PVD Ta barrier layer ~rding to the 

invention is able to conduct sµfficient ele¢trical current where . discontin~ities in the 

seed layers exist and therefore allow electrochemical deposition to occur ~here the Ta 

layer is exposed atthe discontinuities in the s~ed layer. 

5 Alternatively, instead of annealing a typical PVD Ta barrier layer, the invention 

provides a method for foniling a high conductance b~er layer comprising depositing a 
tantalum barrier layer at a subs~te teroperature between abo\lt 3500C and about 6000C. 

The teri:lperatilfe ·of lh,e stib~trate d~g the deposition process . .is preferably controlled 

by controlling the temperature of the substrate support surface on the substrate support 

10 member or pedestal. The inventors have discovered that a PVD Ta layer deposited in 
this temperature range exhibits unexpected high conductance (or low resistivity). The . •. . ~· 

PV[) Ta l~yer deprisited ac¢ording to the invention exhibits alow tesistlvity ofabout 10 

µQ~ Which is about 16. tiilies more conductive than PVD fa films cleposited at low 

.temperafures. wi~o~ aim~ajfag, Qn~ .exan.ipte of. a proce$s ·for fomiing a .hi~ · 

15 conductance: b~~r·-l~y~ ~n a ··200_ ~ suh.sttate: 4841~ ~ @?~PvD cham~~- (B.f! 
. . . . 

shown: in figure 2f in¢1u4e the foll<>wing processing paiiw.eter8~ · chamber :P~~si;ing 
pressure. between about 20 mTorr and about 100 mTorr, RF sOUrce power to the HDP­
PVD coil between -ab01;it 1000 W and about 5000 W~ target DC bias between about 500 

W m;td about 3QOO W, sub$41lt~DC bias between about 100 Wand.about 500 W, and . . . . ·. . . 

20 sµb$~te .t~perat.ure b~tween ·iW·out 350°C and about60Q°C .. 

Combination Of CVD And PVD Barrier Layers 

Another aspect . of. the invention provides a . method for forming a high 

conductance barrier layer comprising forming a first barrier layer over the surface using 

25 chemical vapor deposition and forming a second barrier layer over the first barrier layer 

using physical vapor deposition. The invention contemplates utilizing a variety of 

CVD techniques to form the first barrier layer, including well known CVD techniques 

such as metal organic chemical vapor deposition. (MOCVD), atmospheric pressure 

chemical vapor deposition (APCVD) and plasma enhanced chemical vapor deposition 

30 (PECVD). The invention also contemplates utilizing a variety of PVD techniques to 

foim the second barrier layer, including well known PVD techniques such as 

conventional sputtering, collimated sputtering, long throw sputtering, ionized metal 

plasma sputtering and hollow cathode sputtering. Preferably, the first and· second 
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b~er layers_ are formed utilizing an integrated system platfoJ;lll .having both CVD ~d 
- - -

Pvt> prQcessing chambers, such as the int~gi'.atCd: system destcihed in tlS. Patent No. -
. . . . . . ··: . •. . 

5,186,71:8, Tepman et al~, which is incoq)orated by reference iil its entirety. 
- . 

~ccording to the inventjon, a first barrier layer, comprl.sing a barrier material 

5 such as" TiNX, w or WNX, is deposited usfug a CVD technique to provide_ a conformal 

barr_ier layer over -the surfaces _of- the in~imect ~tnicture.. Typicajly; for an 

-_ in~nnect struc~f~atnre ha:vin.g. sub.:.micron opening Widtll,,· the firstbaniet layer is 

. -depQsited t,1Sing co~oµJy.:kliown c\lt> te~hniq~es to a ttµc~ess b~iW~ ab<>ut soA . 
. ·. : . . . . . . . . , . 

and ahout iSOA. Then, a $ecorid barrier layer,- ~omptl~thg·a battier materlal-_slich 8S 

10 TiNX> Ta and TaNv is deposited over :the first barrier layer using commonly known 

PVD ~~hiiiqlies -~o a thi~~s' betw~~ ab9µt_;5.0A -~d--~out 2$QA. Th~ resu.Jtin~ 
Combined b~er layer CoIJlP~ a firSt CVJ) Jayer-.artd a ~econd PVP laYer ~Vidc:S 

- . 

an eff~tive conductiVity t¥t is inuc\1 h~$hei; than: that of a. P.VD batri~ fayer a,loile or a 

-':CYJi parrier.·l~yer aioJ:te_ be~a~~- th~ cvp·.1ay¢~ ~wdes· gon4 ~n(omlaJ.· crivera~e of _ -

lS .. th¢Jea~ $1lft@es wlii~~ :m~ P,VJ), l~Y~r:·prq~de.~ go~d.-~:b~oni fi.Jb>ft11~ teattires'. 

· _ S'1hsttat~_Pt¢pmtioµ an.d-·¥e~ailitation ft.0¢~ ---

Fi~e 3 is a tfow diagram mustn@lg a. metalliµtio~ ~echajque f9r filling an 

interconnect structure· according to the inv:erition. FirS4_ a high conductance barrier 

_layer 1s deposited .(Step 302) o~er the. surfaces of the sub~te :lnciuding the surfaces_ -
. .. . . . . . ... . . . . 

-20 · outliiifug ~- lli.terconilect $trilc.~- Th~.batrl~ 1t1ateP.a(i$ d¢p()s~ted Using qp.~ of~e 

_- abov~desGiibea. t~Qnique$ a~rding to the in~~tion~ -- f Pi~ mgh .c()rid\ictan.ce bmri~ 

18.yet comPtlsing --~ high conductance materia,1" select~ froµt the gro4:P consisting of 

tungsten,· tungsten nitride cwNx• where x ~ 3), titanium and titanium nitride, and the 
- . 

combinations thereof, the barrier layer can be d¢po~ited by a variety .. of deposition · 
. . , 

25 methods including PVD and CVD. The conductance of the barrier layer can be further 

improved by utilizing CVD techniques and PVD techniques to form a combination 

CVD (TiNx~ W or WNJ and PVD (TiNx, Ta or TaNJ barrier layers. For a high 

conductance barrier layer comprising tantalum, the barrier layer is preferably _deposited· 

by low temperature (<3500C) PVJ:) and then annealed at between about 350°C and 

30 about 600°C, or deposited by PVD at a high temperature between about 350°C and 

about 6000C. Preferably, a barrier layer has a film thickness between about 250A and 

about sooA for an interconnect structure/feature having sub-micron opening width. 

Second, a seed layer is deposited (Step 304) over the barrier layer, preferably, 
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using "}IDP.:PVD techniques to maximize the · seed laye~ deposition ·on the bottom. · 

portion of th~ i.µterco~ect features aIJ.d rnimtniZe the Seed l~yer deposition on the 

. sidewall portio~ of the interconnect· featul'.e.: .··The copper· s~ layer is prefefably 
. . . . 

deposit~ utiloong a HDP-PVD chamber, as described above in Figure 2, having a 

5 copper target. Preferably, the HDP-PVP chamb~ is operated within the following 

parameters: chamber processin8 pressute b~tween about 1 mTorr atld about lQO. mTotr, .. 

RF source· power to the· HDP;.PVO coil between a~out 100.0 W -~d. abi:>ut SOO.O W, 

target. DC bi~ bet\.v~1ibout soo W. and $()~t ~ooo w, and ~~~strat~ I>.C bias betW~eri. . 
. about 100. W ~d ~bout 500 W. Alterb.atively~ the seed layer tan b~ foimed by ~ther 

10 deposition techniques, such as conventional PVD and CVD. The seed layer preferably 

. has a ~dcnya.1,1: fih;J;l tbipkness .Je$,s tlum.· about 250A ~d a bottom, filin. tbick.ness ?etWeen 
about. 2soA .a.nd abo\lt. isook. s~ 30~ and. siep 304. ·together prepare ·~ sµbst@te 

·.plating Surface · for the .. eiectroPlating pro.cess . tha,t · tills ·the intercoDI1ect 

featutesls~~s ... · · 

l~ N~~t~ ~the: ¢l~ttqplat#i~· ··pr~~~ -(St~· 306):. is p_etftjnlleti ~b .. meuJ.li~ tJie 

==~~!:~~~tis:.:1~:;~;. 
a simplified electroplatjn~ apparatus 100. ·Although th~ invention~ describ~ using a 

' 
' 

simplifie4 .. e1ectropl~$ .· ~PP8Piltus, the . inven.~ts conteID.plate utiliziµg o.ther 

20 eJec.trc>i>Iatip.g . ~pparatuses . to' aqhieve th~ d~irCcl pioce8$big. re.$ril~; su~b as. the 

. Miitenla~ EQ, ~ystem, av~tabte from Ap1fo~d M~terialsj in~ .• S~ta Clar~ CatifQnn~ 
. . . . . . : . . . . •... . . . . ~ . . . . .· : . 

and. the eiectroehemical d~osition systeJ.ll described ip. · c-<>µly &Sstined and. 
copending U.S. Patent Applitati~n 09/289,074, entitled "Electro:.Chemical Deposition. 

Systeip.'\ ·filed on April 8, 1_999, which is hereby inoorporatCd by referenc~ in its 

25 entirety. As shown in Figure 4, the simplified electroplating apparatus 100 includes a 

container 102, an anode 104, a substr~.te holder 106, a cathode 108 and a power supply 

110 connected between· the cathode 108 and the anode 104. A substrate 112 is 

positioned on the substrate holder 106, and the cathode 108 contacts the seed layer on 

the substrate plating surface. The power supply deiivers an electrical current to the seed 

30 layer on the substrate plating surface 114. An electroplating solution or electrolyte 116 

fills the container 102 to allow the substrate plating surface 114 to be completely 

submerged in the electrolyte during the electroplating process. The electrolyte 116 

supplies the metal to be electrochemically deposited onto the seed layer of the substrate, 



14 . . ..ATENT 
A"1· Dl<t. I."f~ ~Ta&59/MDJ.PVOIDV 

·Eii11r• ~ail No. E~8664us 
. . . 

and the anode 104 is a non .. eon$UII1able ~ode. Alt¢mative1y, . the anode I 02 is a 

corisumable anode that supplies the metal (i.e., copper) to be electtocbemically. 

depositedm1to the substrate, and the el~trolyte· l l6. effectuates the transfer of the m~tal ·. 

from the anode to the cathode. 

5 During an electroplating process, the power supply 110 ·provides a negative 

10 

15 .. 

20 

. volta.g~rto the Cathode l(l8 ;wd a positive vol~ge to the anode· 104 te> eff.ec~te 
electtochemic~ dq>Qsiti()µ qf the metal ions in the· electrolyte ll6 outo. the.$.'>Sttate 

plating :·~sUrrac~ ·ll 4~ . The: ~le¢.trl¢~1" p~Wer (z:e., vQltag~. art<J «~urr.ent). suppliq<f to ·ili.e · : . . . . . . . . . : .. . . ~ . . . . . . . . . . . . . . 

substrate i>i~tirfs. surra¢e r14 is aaJ~tM accordiilg .1:0 d1e e1ectr0plating. solution ·11$eci 
and desired deposition rate ·and cW.u"acteristics. For example, to deposit a copper layer 

.Qri a iOOgun ~µl>~e USitjg c(>pper s~fate ·as th,e el~tropla.ting so}u~Oil;. the catliQ.de · 
. . 108 is "bi~ed: tQ prd\fide a: .fofyvatq plating. c~t density aero;$ :file. sji~sttate· "ptating . 
~ac¢·~ 1>et\v~about lO~cni2 and.~bout so rnA/ctn2

• -The ~pper ~1ectr9platilig 
.. ·.. . . . . . . . ·. ; ... 

091245~780, entitled "Electrodq,oi;ition CJ.J.emistzy for Iinproved Filling of 1\perture5," 

file(j ori febtµiuy 5~.J999, whi(;~ ~.h~epy incorporated by ref~ence µi.its eitiirety. 

:;i=~===~ 
forward electroplating polarity) to cause a portion of the deposited metal tO be removed 

. . . 

from the ·interconnect f~. Becanse the de-plating process tends to remove· niore 

25 deposited material from the opening of the interconnect feature, void formations in the 

interconnect features are further reduced. For example, the de-plating process is carried 

out by applying to the substrate a de-plating voltage at between about lO V and about 

25 v magnitude or a de-plating (reverse) current density across the substrate plating 

surface at ·between about 10 mNcm2 and about 80 mNcm2 magnitude. Typically, the 

30 de-plating voltage is applied for between about 0.1 seconds and about· 5 seconds. The 

electroplating process is resumed after the de-plating process to complete the 

metallization of the structure. 

After the electroplating fill or metallization of the structure, the surface of the 
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processed substrate is fypi~ally planarized using CMP t¢ehlliques <;>r other planarization 

methbds~· ~the substrate is ready for other ~roceSses· to cotilplete·the ·rabrication_of 
. . . . . . . . . . . . . 

· the integrated circuit. 

· While the foregoing is directed to the preferred embodiment of the ·present 

5 invention, other and further embodiments. of the invention may be devised without 

dep~ fro~ the basic scope thereof~ The scope ofthe inverition is detennined by nie 

· cl~ which follow. 

.· 
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1 L 

2 

A _method for preparing a surface for electrochemical deposition, comprising: 

· a) forming. a high con4uctan.ce bani.er layer on the surface; and 

3 

l 

2 

3 

b) . depositing a seed layer over the barrier layer. 

2. ·The method c)f claim 1 wherein tlie_ hi~ conductance· barrier layer comprises a 

material seleeted from th.¢.8l'QUp ~nsisfutg oftungsten, tM.gsten nitride CWNx• where x 

$ 3), ti~~ .and titanium nitride, ·and the co~inations there~f~. 

. l -· 3. · The method of ~la.Un 1 · wherei:i\ ~~.iii~ conductance· battier layer _comprises a . . . . . 

2 multi~Iayere4 stack of-~ne· ~r :¢ore tiiatetlals ·selected fro~ ·the group consisting -of 
. . . : . 

3 tung$teit. tungst~-.riitride CWNx• w.h~ 0 _;;:: x $ 3), titanium and titanium nitride, and the . . . '~ . . . . ·. . . 

~·· 

l. . 4. 't'he ni~ocl of clairil 1 whertili the s_tt». 0,f form.in$ a· high. ce>nductance ban,ier. 

layer comprises: 

depositiilg a barrier layer comprising tantalum;· .· . . . . . . 

2 

3 

4 

5 

aI111ealing the barri~ _layer at a temperatµrC. between about 3SOOC and about 

60.00C for betWeeri about30 -seco1:1~ mid about 30 min.utes .. 

1 5. The method of"c~lainl 1 ."\lVJi~ein the step of forming a high ·oonductance barrier 

2 layer comprises:. 

3 depositing a barrier layer comprising tantalum at a substrate deposition 

4 temperature between about 350°C and about 600°C. 

I 6. The method of claim l wherein the step of forming a high conductance barrier 

2 layer comprises: 

3 forming a first barrier layer over the surface using chemical vapor deposition; 

4 and 

5 forming a second barrier layer over the first barrier layer using physical vapor 

6 deposition. 

This Sheet Has Been Replaced .. 
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1 7. The method of claim 6 wherein the first barrier layer comprises a material 
; . . . 

2 selected frQm the group consisting ofTiNv W arid WNx and combinations thereof; 

1 8. The method of claim 6 wherein the second barrier layer comprises a material 

2 selected from the group consisting of TiNx• Ta and TaNx and combinations thereof. 

1 9. A method ~oi: filling a structure on a substrate, comprising: 

2 a) dql~Sjting a high .COI:idtlc~ce b~er layer on one _or rttore sur(aces· of 

3 die structure;· 

4 b) depositing a seed layer over the barrier layer; and 

5 c) electrochemically dep<)siting a metal to fill the structUre. 

1 10. The method .of claim 9. wherein the· high conductance barrier layer. comprises a 
. . 

2 mat.eria1 selected fr01Jl tlie grotil> cdilsisting of tun~sten, tungstel:l nittj.d~ CWNit. wher~ x 

3 s ·3); titanium .an<l titiinitlln: tritride;·an,4 coml;inations thereof. 

1 11. The method of claim 9 wherein the high conductance barrier layer comprises a 

. 2 mlilti-layered stack of one or more materials selected from the group eonsisting of 

3 tungsten, tun~sten .. nitri4e CWNx• where o ~ x s 3), titanium and titanium nitride, and 
4 com.bjnations tb,.ereof. · 

1 12. The method of clairil 9 wherein the·· step of forming a high condtJ.ctance barrier 

2 layer comprises: 

3 ·depositing a barrier layer comprising tantalum; 

4 annealing the barrier layer at a temperature between about 3sooc and about 

5 6000C for between about 30 seconds and about 30 minutes. 

·1 13. The method of claim 9 wherein the step of forming a high conductance barrier 

2 layer comprises: 

3 depositing a barrier layer comprising tantalum at a deposition temperature 

4 between about 350°C and about 6000C. 

1 14. The method of claim 9 wherein the step of forming a high conductance barrier 
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3 fonnin,s a first barrier layer over th~ surface u8irig chemical vapor deposition; 

4 and 

5 fooning a second barrier layer over the first barrier layer Using physical vapor 

6 deposition. 

1 .IS . The metb,od of clajm 14 wh~rein th~ first barrier layer comprises a material 

. 2 selected frotft the 1µ'0Up consisting ofTiNv vl ~d WN;t and conibinatiom·thereot 

1 16. The method of claim 14 wherein, the second barrier layer comprises a material 

. 2 · selected ftoJn tb.e ·-grt)qp conslsting of TiNx; Ta ~d TaNx. and combinatiQns -th~f. 
. . . . . . '• 

.• 


