;e3e, (()$*.**,6J,T,\clS March 2004 1 METHODS AND APPARATUS FOR TREATI NG
SEED LAYER | N COPPER | NTERCONNECTI ONS BACKGROUND OF THE | NVENWIhOk 2604
Field of the Invention The present invention relates generally to

sem conduct or device fabrication and, nore particularly, to nethods and
apparatus for fabricating nore reliable interconnect netallization Iines.
10 2. Description of the Related Art The sem conductor device fabrication
process beings with the fabrication of sem conductor wafers. Each wafer is
t hen placed t hr ougMETHODS AND APEARNTHSKQR TREATING SEEREAYER o produce an
array of sem conductor di es.INGOPRERENTERCONNEQTIONS stors are first
fabricated over the sem conductor wafer and then nmultiple | evels of

netal lization |ines and 15 gconductive vias are forned to interconnect the
transi stors. Wien copper i A2ACKRGROIND QF THEANYENIION, hes are used,
processegs referred to as damascene and dual -damascene are used to form
trenches and via holes in dielectric layers. As will be described bel ow,

t here arelsdieddaf th btyeptien wi t h t he nornal copper fill process. Reference
is now nade to Figure A which illustrates a cross-section view of a 20
patterned di el bt rpresehnygentldid reldiss gbpmlly tohsemicedduetor i devicayfebrich€ion had, a
via hole 102, and a trench 104. A barrier layer 105 is typically deposited
over the e durtiquiarlygyge metherdsapnf pppagatus, dos, fabrigeiing mese selipblen tereiment 104.
Typically hi | ayer is a tantalumnmaterial, a tantalumnitride
mat eri al , née&ﬁgzﬁ%%ilng{dti on of both. A copper seed |layer 106 is then bl anket
deposi ted . over the barrier. | r. 105 so as to line the inner walls and
surfacé§ \ﬁﬁﬁqqlp?wgq?itéegglaﬁeay&tloz and trench 104. The copper seed |ayer
is needed to pronote good adhesion_and establish a good el ectrical contact
bet ween copper That smdeensastor | deyics. fabrgationp peacesse beinghywith 1the fabrigajigncef | y
deposi ted i I # ham . .\vapo i1 I . a
physi cal TaDisPRHEr RS, SRR iR IR PRt of SRR St o
i s deposi baftr tb peodiel @k drgy BIVemMiRUBu@br §iBe Aenesidli Ribved)armsistodNsre first
introduced to atnospheric_ conditions 30 and exposed to oxygen before

begi nni ng fabrisater oyempibe semicondysteveafer andb¢mhgultipleslevelpef lization dingmanch

2004 2.can vary w del endi on. pro S. par.anet e and_t hr oughput
Fact or 45 °Rliclud iR s SORBOLIT SuBRAPERE TS 1RETAOR, ciinefoConhrt P et

t he expos wicgalligatidN NGRE are\uddd0 petftedsbe rdfiirétptd 8Ndsthasch® SRPAG-daRAStch@YRS
does not affect the copper on the top surface of the dielectric |ayer 100,

t he anpuntsask todfeppdienehes @ail tvéadholes inhdieleetein ddyensoJAnwill bé degrined belowthers

substanti aIeIS\é Erhf nrnﬁlrmand i@ ther?f ore ﬁgf ected nost by copper oxidation.

For i nst aAte el ROPIsms vitLibe pormal eoprek BUPLOKSS s deposited for the seed
aci#al |y be deposited on the walls 110

| ayer 106, onl bout .10% of X wil]|
of the via hol i{e%é??ch‘F 0¥ Bafs I8, Eiguin 40 Whihollustiles ¢ crayssertion e it of

the coppenae&Ra hid)efriciRr ilﬁO.O)Ais%h%@H, th@ﬁféﬁe%trﬁéﬁ%aiilgg al.ﬁigPRﬁ’lhglE lle,Oﬁﬁg_agt on

is perfornmed. As shown 1'™n Figure 1B, a top regio e copper
seed | ayetread51G4 Adbadiez dajer l@Ris tppicalhy depbsied aveethe plivledton lalO61008ad into

- oxi di zed |, On th [ | 106 is, f d, bul k
Copper 11 e Mogrs (3 rutpney 104 Typialindhd Eifeith uer i NG BaAeb 2107
and trenchynldm rfiridk & Wr hRoR@¥aRen Bﬁﬁotﬁ.ogfﬁpé%gd 1agéllef06q§ 'tl%'i)zf)?%[%:@t t hat

the oxidi zed top region 106a may | ntroduce p mance defects In
i nt er conndeposited avdrithabarcar layerelds sbas td Ené thetinme evalls hed quiddces within thbeia

el ectrqpl ated bul k copper fill 108 may, be conpromi sed, and thus forma | ess
t han pgg f Z‘eﬁ" Hﬁtaé&léu %ﬂcgﬁ% \k!!hFFFOPPFé Sg ¢r 1§ diggdad g arompts 2ordadbesgn sl ¢ he
bond suff { I : i re
R e T R S e e R S
i s the intleé fintywpically [depesited apidp eitherea nkxnaibdlivapor depokitine {CVD)ttechntqustoara

devi ces, such int erf@ces.wi lI% l—SDSt |.i kel y be conprom sed 20 due to the
reducti on pg?‘“ﬁ%b’ﬁ%‘?‘ Bgﬂtl?ﬂag YL jechpigge. n?re@aée PS Sﬁ?@)%ﬁ’el%@@eﬂ%ﬁﬁﬁﬂng. to
the el ect kRpbateR HORRYu bi Ik d%gﬁnr@@aaﬁl%yéddqﬂus&cwE@M&%@%x{a&ﬂ@hb&" s

h anber to e copper oxlI de

to nmove the wafer into an etc etch away t

bui | d- 0. and exmmserhtot duiygert befbreitggimningra bubkrooppet filk pesmpsze rDwriigdtbis tires Rikigh al so
renoves sonme of the copper seed |ayer 106a. This is a problem since the




25 thickness of the copper seed |layer 106 is already very tghﬂaon @gﬁ wal | s
110. Any further renoval of copper fromthe seed | ayer 106 rﬁ?% nt a
situation where an insufficient of copper seed |ayer 106 remains to enable
proper electroplating of copper. If too nuch copper seed |layer 106 is
renmoved, copper interconnect |ines and2copper filled vias may present
defects that reduce reliability and performance of an integrated circuit
device. F . i i lag | eqdpade to
S, Pt coin TBY Sty gRhali or Brolihs ol 2P 40 Gl e e B e ol

t echni queRyor06addaiannpllyaichd @ edpipe dugrmitbe explosure ThdxygenS. Patent is hereby
i ncorporated by reference. In view of the foregoing, there is a need for a
met hod for for %ﬂ&@ﬂﬁ@@kidhﬁﬁ@mﬁ@a@ﬁer §catayerdodshat affiet tetcoppdrfoarthd ropm t he
af orenentioned problens. In particular, 5 there is a need for a nethod of
copper fi burfacg of therdi¢lectria tager/100s thecaneiuint plecapperpdepositeddn shenfrnch 194 apd vias

i t hout t he, i nt. ity .of | tart th
copper 11 Pep0aas suosastehvnese antei® aulRAt R Ot P ot Gllod g Bre ey
i nventi onjdfeahnts if bgzsr SRS MickRERW & dosditedBb e séadayed 16 REBSt 10%

treating copper se | ayers before copper electroplating oge_r ations are
per f or medof & Will hetedlbheel depositohes tkmwhalls 110 af theheia halsf 1e Bopbelieved that

i nt t st t .t shoul.d b i.at hat tf
| nvent | onaBRRK IS DGRBS, oh Beor e KR dave 0P arontpsEd R ghe ulk
appar at us c?;ﬂ)eF ﬁﬁtoﬁwg}atiﬂn ?@%ﬁfm% As IRIWAPH: Fi?ﬁ&f}l@la o BRIl MBa @FRRARE S Of

the present™invention a escri bed bel ow. n one enbodi nent, a nethod
for makg ngeegelayer orvduis toxdidiket, d¢avingneny theiwer gortion H6H & But-oxidizedgeppeis

i ol cot i OmPae coRmel Sob] (et Lifc P SQkrooPHELBF SchsPErAPefil g a
oxt di zed {opndey BE AR ia BOIF BT RRP A0 22 1% e met hod then moves o
The copper 111 PEOER 1ih aavipe SRt oerd (el HALE B EANRE brel TG reefh®

di el ect ri gobAYRly- idtdIGRE perferiiings deft@tst indel filerednntHemeoMpAtios dads. aFer
i ncl udes applying a SO|UPIOn to the co&per seed | ayer including

hydr of lLBioinstange,ithe quat)y ofcthe electrepdateld balkdoppambitl H)8haelp ¢ampremisedi anddhusat er .

I n anot her, enbodi nent t hod, f or i,Ng_copper ,i.nterecon t features in
a 25 diel &} eSFéK}aé’rPfif@Cg{%&EﬂPB‘sé‘H!d ‘%‘T.ﬁﬁt]?ﬁa?or]i’gglp?eﬁg Ilﬂrﬁééﬁgeggogiopknlaa%ﬂ%eopper
seed | ayehoRYGiffd daaé RS excB¥Re frélhcd Sf dopperaski@y Bical B HéevaatYel 16ss! RMeT
and into high aspect ratio etched features of the dielectric layer. After

t he coppecopeetateaiabon ite widisddDt Bdcaush thediledevia isahalinteafage td ower eendadtiveo

renove an oxidi zed |layer fram over. the capper seed | ayet. w thout renoving
the coppameiiertionise Stuahsstt ieiess Sy b ol mPY el bei phrolBERY ne
treat edyCQRPES the §8fliction oVBoppRr 4 mleriAYRI is 1dBedtd MromdKEFocIboRBRRAH theS

configured to fill the high aspect ratio etched features of the dielectric

| ayer. | neleetroplated keppeeild®Bment, an apparatus for fabricating copper
interconnect lines is disclosed. The apparatus includes: (a) a deposition
station for de@sisolunignao canperths eridatod Bytemereahe svabrarintoan dichyerambehe
barrier layer lining a dielectric Ia)[/er and etched features of the

di el ect ri &tahaypay ths coppern Aydde yild-upy f)ithough gyt fepbnigwarandemaye the CapREr ﬁijldf’he

SUDSL T at o iffhe’ HP YRR SERRAG 10 o fSr| BUPTabr O0BLY Thist R BRBRSH B the

| ayer; an an electroplating no
25 thickness of the copper seed layer 106 is already very thin on the walls 110. Any further

removal of copper from the seed layer 106 can present a situation where an insufficient of
copper seed layer 106 remains to enable proper electroplating of copper. If too much copper
seed layer 106 is removed, copper interconnect lines and copper filled vias may present
defects that reduce reliability and performance of an integrated circuit device. For more

30 information on electroplating, reference can be made to U.S. Patent No. 5,882,498, which



I's connected in-situ with the treating nodule. The el ectroplating nodule is
configured to bulk fill copper over the treated copper seedSIMVégzg(Pf’d fill
the etched features of the 10 dielectric |ayer. Qther aspects and

advant ages of the present invention will becone apparent fromthe foll ow ng
detail ed description, taken in conjunction with the acconpanying draw ngs,
illustrating by way of exanple the principles of the present invention.

BRI EF DESGRI PT.I ON OF ' kO i 4yl di |
ander st oo By e REPHAPE oL ale SR Hhher RUEEMLITHY s, BRIcHERE 1Y
acconpany héygbglindipagted byrefdaéed. | i ke reference nuneral s designate |ike

strnctural elenents. Figures |A and 1B illustrate cross-section views of a
patterned di el getyide dfapRr (eptinly MelRals’ behicelaRa reth@d TBE f6:RMRL copperd
| ayer over the barrier layer,” and a formed 20 copper fill layer. Figure 2A

i | | ust r at @geraopreocfestiresythatedo dotagtmitomathei afotendetionedseblemay dn padjsukirt i on
chanber and an el e¢ctropl ati apparat.us, in accpr.dance .w th one enbodi nent
of the br dlEt GG HT Ao e G ABPoring leihst G S [ EORF SRR Inigeonneet
appar at us ¢,k eTReFoTale it b L ' SIPRG nt
venti on et SAREAACrbinisidihe 2o B BF Ao SETRf TRab koyal N CRBECT

the seed f[filiypeocess.eat ment nodul e i ncludes two separate sub-nodul es for
treating the copper seed | ayer before electroplating is performed, in

accordance with yet another aiizgiARY Uf BIPPIVERTIORS the present
i nventi on. 5 march 2004 5 —— 7 ——

Broadly speaking, the present invention fills these needs by providing a method and

10 apparatus for treating copper seed layers before copper electroplating operations are
performed to fill etched trenches and/or vias that define copper interconnect structures. It
should be appreciated that the present invention can be implemented in numerous ways,
including as a process, an apparatus, a system, a device or a method. Several inventive

embodiments of the present invention are described below.

15 In one embodiment, a method for making semiconductor interconnect features in a
dielectric layer is disclosed. The method includes depositing a copper seed layer over the
dielectric layer and into etched features of the dielectric layer having a barrier layer thereon.
The copper seed layer is then treated to remove an oxidized layer from over the copper seed
layer. The method then moves to electroplating a copper fill layer over the treated copper

20 seed layer. The copper fill layer is configured to fill the etched features of the dielectric
layer. In one example, the treating of the copper seed layer includes applying a solution to
the copper seed layer including hydrofluoric acid (HF), citric acid, and ammonia mixed in

de-ionized water.

In another embodiment, a method for making copper interconnect features in a

25 dielectric layer is disclosed. The method includes depositing a copper seed layer over a
barrier layer that is formed over the dielectric layer and into high aspect ratio etched features

of the dielectric layer. After the copper seed layer is deposited, the copper seed layer is
treated to remove an oxidized layer from over the copper seed layer without removing the

copper seed layer. Then, a bulk layer of copper is filled in over the treated copper seed



Figure 3Aillustrates a flowhart diagram of the process operations
performed to pre-treat a copper seed |ayer used in copper i At\Nareabct

| i nes before a bulk copper fill operation is perforned in an el ectroplating
nodul e, in accordance with one enbodi nent of the present invention. 5
Figure 3B shows a flowchart diagramingaccordance with another enbodi nent
of the present invention. Figure 3Cillustrates a flowhart in which

DESGRI P ERFoF TR RSB E pP R ! ik 58 iR GHis SRR ety of

net al | i zayeQffelbdtfi€lageInect features is disclosed. In a specific exanple,
the netallization interconnect features are copper features, and a nethod

i's disclosed f r ' ﬂ{ﬂﬂ bt o iRt RaiQlized ke

el ectropl ati ngﬂ{#ettélgg%gﬂpa?ﬁa ?llgt[ %g%g{agﬁﬁfoﬁgérb?@%}@@géd 1t renches aﬁd/ or

vi as that dideloketie Thoppparatné @ichatese@l asdeposition attioh ot Hepokiving ancopper seed
description, nunerous specific details are set forth in order to 15 Frovi de

a t hor oliglyemensr atbarier yewh the basrier layss hiningdislectis layer ang stehagdeatutes 0§ thsoq,

however, to0,ope skill in.th e ' '

e R B B g P T REEERE AR O

i nstancesy cyfper ok iR WyeP FREFLEFer ARCEPPpEORSd NGVE and(c)kmesicotreplating atbdule tiat ai |
in order not to unnecessarily obscure the Eresent i nvention. In one

embodi nenis emnedied j-sitewithiths weatingrmodulere The gleckoplpting wedye fiv eonfiguradnly a 20

| aeatin alepton igfAcH
ayer havPrl G ciean e PEaieoBidcsPBEE stedfentsSard BT he A Blea ST I o

layer 1§ BlelcRicAR}er. deposited in a deposition chanber. Once deposited, the
waf er having the etched features is then noved out of the chanber and into
at nospheric conditions that expose the copper seed |ayer to oxygen.

Dependi ng on t R¢hesraspasts arfd adviantageshel by porsantcinventionywidinbecams expparentaljem of

copper 25.,oxide to grow.n the copper.seed |ayer...Befaor r .

ol ot r opt 4 tlowis e dbstetfiod AREH, sECHRvBOE i\ i deConpBR e s ogun

nmodul e WhanRirkidd W wAPHEIxampictfc bAndiflePyede PikhiRtivengs@vi ng the remai ni ng
copper seed |ayer.” Oice the copper oxide is renmoved fromthe copper seed

| ayer, the wafer is i P h N%}g ew seconds, into an

el ectropl ati ng nodul e. #H camoim i A -
ayer g pl at eqnouRSent Gneifof RRPSE rei@iffuld@iiodisy thi kdlolas dsranes and/or
vias. In the follow ng description, several 5°March 2004 6 enbodi nents
descri bi ndegchiption matonpupciiorowith sheeardompanyingrdramiigs, es whivhtlikeacfetzacaised t o
performthe copbjned treati nq and el ectroplating are provided. Figure 2A
i|lustrat é%marab‘r%@éte%‘ggﬁ'é?ﬁ YRLYFEAI®00 that includes a seed | ayer

deposi tion chamher 202, an n.electroplating.a atus 203, .in.accordance
with one 5 embodiBHf T fing B e oRraan e Sroiaes distredid et

appar at us y2{3 h%{ri@?agye? SRffled r §de834yR Bler A Hﬁﬁe?ﬁge@% d%ormed

el ectropl ati n%; nmodul e “206." The el'éctropl ating nodul e 206 can be any
conven®d onappeekildayeopl at i ng nodul e that is configured to electroplate a

nmetal lization |ayer over a surface. In one exanple, the surface can be a
copper seed | aydigueddsiillwtiaten aaprafssrsyteinndiaprms dat indydes al eqedslayéron

chanmber 2Q2. The el ectropl ating 10 dule 206 is configured to place the
Cafor W ¢ RS T b, RapI B GCARRLES Sphran 1§ Searcace Ot 1By o

sol uti on. hyRissnt ¥ thaBredfiA G enBoOSi tioned in the electrolyte solution and
a cathode 1s coupled to the silicon wafer for providing an el ectrical

current. The el gkl OB UNLRATes & WdtBbMlify 3Bpathiu@Nin ABraLRe WRitE ant heN
react to forma netal |ayer on the wafer surface over the seed 15 | ayer
deposi 2&d alternativerdmairodoent of thetfhéssniempendionent , t he seed | ayer deposition
chanber 202 is configured to deposit a thin copper |ayer over a barrier
| ayer that is ddfiguredCollestrat¢scansthet alsetremflatingeapparatis in\Wwehich thatsoedelagéred

features ttr%aattme% In'o S‘letixrlc t c@%&voasggalra% sﬁlﬁ-?n%dufeg fc(o)rq?eating the copper seed layer

& bul k copper fill

before electroplating is performed, in accordance with yet another alternative

embodiment of the present invention.



enbodi ment, the barrier layer can be any suitable barrier layer. In a
specific exanple, the barrier layer can be a tantal um mater baMarcu2@@ht al um
nitride material, or a conbination 20 thereof. |In copper interconnect
technol ogy, dielectric layers of the wafer Ware etched to define the

| ocations of the netallization lines tlkat formthe network of interconnect
netallization for a given layer. The seed | ayer deposition chanber 202 w ||
be configured to deposit the thin |ayer of copper over the barrier |ayer.
For exanple, a Figirc3A iBestrdtes ayftowchart diagasm of B pradess erepions pefymsdi nat el y
1500 ~ of copper seed | ayer. over the top surface of t waf er.., W wever,
as di scusg’eﬂgﬁ{%b% CORRYE S%/fﬁolﬁ}‘ﬁr “8‘?‘} %ﬁ?g&?’ 18ge&9§1p?cé§m sh{;%fﬂ%e Q/\g'fl}(sco snal |
features Ravingafindty ?W&ﬁedrﬁ{[ 'aﬂsewunl&tplaﬁﬁgsnﬁbﬁlémd abéarddnRs Switknshe

typi cal | y about 1(5'%0 the total 1500 t-~. 5 March 2004 7 Once the wafer W
has been empedieadofithd presdne irvppti@pr i at e t hi ckness of a copper seed layer in
seed | ayer deposition chanber 202, the wafer is renoved fromthe chanber
202 ands exposed Fignro3B ghowdeflowehdniediagramnn acwodaade with @nether esbagimers| at i ng
appar at us 2?13. Bef qre commencing the el ectroplating process in the

el ect r opl St ihAGTetERIINENY88 the wafer is 5 introduced into a seed |ayer
treatment nodul e, 204, The seed | ayer treatnent nodule.204 is.confiqgured to
substantial |y r%ﬁ%\?"@gr’: “%W?\ﬁ/taﬁ]lﬁ&‘éﬁﬁ‘b@’ w@%"&g‘efﬁ Oq}%ﬂtr?f;tge ipFst'lﬂe copper
seed Iayefnvgﬁn[%nimgscgﬁggsi ted in chanber 202. In one preferred enbodi nent,
the seed layer treatnent nodule 204 is configured to provide a chem cal

cleaning solutign that i.s made up of de-]j zed t ic 10
conmpound, and aﬁ@l@éﬁ@ﬁ%&&%&ﬁﬂm F‘:ngﬁ'ﬁmm an acidic
pH envitromment ., The f the. acj di . pH enyi [ Nfyi

di ssol 57@ t he céﬁlpl 4 e'ﬁioﬁdfe%)rtéﬁgﬁm%a@%glrz%ﬁ %ﬁér{cﬁ%@éﬁ%egg@esg%egfsggée?? ! éin t he
waf er W wgseclfichahpld, kb Retaneafion iteredimebicfeatdes abcbppei fRatuhs, elde fettpldat i ng
apparatus 203. In this enbodinent, it is preferred that the acidic pH

envi r ormeist disgosedi for dreating wpppsr rreed layprgethal argplormsd hefoss theselegropling of g

nore preferred e i nent,,, the aci.dic pH environngn i i.n the
range of 8%6)’%‘?"23?&%%%“&? lﬂ’?gqﬁepag i%nra 05%%Szﬁlag ﬂé}g“% %%g’?%ﬁ‘&ngf gtani c
aci d, theg@aMnes. UM &e! ibleWing HeSripath Coudidréus fPecifio denile atecses forfipf @der toSonme
exanpl es of potential organic acids may include, citric acid, malic acid,

mal oni &5 apiayjdeanthormugh iunflerstanditg obthe pagsentonrpintian dinwidk besundsrsp@do hefueies,

acids. The or i C, coppoun ould he dissolved in de-ionized water a
concent  alt 1P BGEIRE S RaCRe bredey Snitsng mad eadied SRR SR Gt e
ermbodi mentpesd Bfeclicadthils. C PREHER Gndtancel, S Kestvn Prodess GptrARAs Wal€hos bedh t hat
the concentration range is approximately 200 ppmto 0.2% by weight. The
fluori de desepberhin detail inerdey apbtolunoedessagidy ebsCHE theopresenhismeatanf | uori de 25
(NHAF). Preferably, the fluoride conmpound is dissolved in de-ionized water
in a concentr afn one embgdimeht ap fheopresent alvgntion] % methb&oiddisvlesghfor formiag ror e
speci fic exanple, the copper oxide renmgvin olution can be 0.5% HF, 0.1%
Sl tri o 20cPRpDeR eFdolau, wh KraEYer eg it g frathedl gvetea id&ﬁlﬁ%r&a{)aoc&rt Ravingreighedhy

level of £he,S0IHb QibRENLSYE AR G SoARRs0H PSS YreerablyScMBLiRA 3004 8

deposition chamber. Once deposited, the wafer having the etched features is then moved

out of the chamber and into atmospheric conditions that expose the copper seed layer to
oxygen. Depending on the amount of time, the exposure to oxygen causes a layer of copper
25 oxide to grow in the copper seed layer. Before copper electroplating is performed, the
method moves the wafer into a treatment module wherein the copper oxide is removed
without removing the remaining copper seed layer. Once the copper oxide is removed from
the copper seed layer, the wafer is immediately moved, e.g., within a few seconds, into an
electroplating module. In the electroplating module, a bulk copper fill layer is plated over

30 the copper seed layer to fill the trenches and/or vias. In the following description, several



It should be noted that the seed | ayer treatnent nodule 204 is therefore a
modul e that is capable of rinsing in a bath or scrubbing ushMprelc204 brush
technol ogy, the wafer Wwith a cleaning solution to renove the copper oxide
fromover the seed | ayer deposited in chanber 202 before the el ectroplating
nodul e 206 perforns el ectroplating over the seed 5 layer. In this manner,
the el ectroplating nodule 206 will be capable of depositing a nore uniform
and defect-free | ayer of. cogper over the ﬁgﬁg r seed Hay%r andbthusdt
avoi di ng emeodimenss sdpscrifiag (the dgaifig RIACETe? step, mqslss; 3t caft b 4564 oyl d
al so be n { I I RA3 is preferably a
conbi ned ﬁ%ﬁﬂwgg?ﬁgﬁﬂﬁfféﬁﬁﬁ$ﬁ@h?&Eﬁ@?ﬁgﬂﬁﬁgbgﬁgﬁgng process to be
performed in-situ and therefore, 10 allow the plating process to occur just
after the treaFigant 24f illubeatee adptoegsersystamndidgtae 209 . thathinsludesh@ seed layer
el ectropl ati ng, apparatus 203 is preferably a clustered tool .that wil|
ef fi ci ent figposidion othambee %%ééldné‘htei%fmi’lﬁlé“% éBHaf?‘é{@e’-ﬁgj &R AU AR YRy one
el ect 1 op! AhbANBACEERE AEGHI Shefubhe ThE RAciOplAhd AGbdiRdl b3 ARuadsal seral e
i nformati 6n on cleani ng techniques for renoving copper oxide, reference may
be made t pyét featiaitandduip P4 and ko elebivopl BBIOmBAHEE 206 e e telastioplBtingEMadD® AND
APPARATUS FOR CLEANI NG SEM CONDUCTOR SUBSTRQT%% AFTER.PCLISH“QG CFIQCPPER
FILM and26 fcas bsrangceasmentionsl eleggaplating modpls) thatyis; enfiguredloagigetroplate a
i ncor por at ed,by. .refer .. Fi e i i

%étllorﬁflaggg gfeg a S ; %riz&e' é}{a@?é @ﬁeeﬁlrﬁ@%gér?ﬁé 5%8{)%%‘ sBél 1ayer

appar at us™% ance Wi an a Aative enbodi nent the present

i nvent i ongeptRReS 688G Wakerwt ek reeed layes deposaidd, ciamb2p 202i sTlentledtaptating
i ncl udes two separate baths for treatin% t he seed | ayer before introducing
r

t he watl@r mpdiiet 06 ksecanfigoredotsl placn henwalsr SV obpughsan plgerpiiingapracess thife

bat hs can he rggl %cegl gf\tﬂﬂ-‘ brush boxes. The wafer is first inserted into a
first rinSibggsBaERIdY P8 n oxi de renoval is performed on the seed

| ayer that was deposited in the seed | ayer deposition chanber 202. As

ment i oned abovegypicilB, 80 bikddeds pokieshedan Rradtrolyiesaduticteandraoratimde is ¢dupledS
copper seed |ayer is referabF. an acid_containing solution which is

confi gur eth ths sliegomater tihe proy ap gleguisal cemethy elher plectte syrenty glectrohiice t he
waf er W ha een rinsed.tq renp C j i , waf er
e Tove. i AU a5 i et oot 6 RS JayPEbE AR, e BirhcgBOk nl M

ri nses18Wayet fipositddda chAfiBi200. Lhen asbsditedtomhe sedilagr idepositbacddmbet 202t he
el ectropl ating nmodule 206. 30 In this enbodinent, it may be preferred that
t he sol ut isoeonfigutedt o depative thivecapppplayeonyeder barrier Bymmthah ispdefined ayst theooaa

be renoved hefore performng the el ectroplating.dn.th I r atin

modul e Zoélfr?qcﬁ OSL}E% wé&ecf a‘?e‘?r%t WEO ﬁgb?dg%?@geﬁat\%\%t_t %’rfmF it}neé] ghe%aa?'ﬁ} % 3%{)8 V\}n| (?neb_e
conf i gur edmbediRnf, Wb srHEN ager @filbet My Sulsdl@bhrrial layer. ey gpetific exampRy thexi de
removi ng solutions. Figure 2Cillustrates an el ectroplating apparatus 203"

in which bhusics dexdr [cay e & tantdampmateriah dutastahon nitide yneatsrialner deprmbipgtion
SUb_nngﬁlﬁ? ngr treating the copper seed | ayer before electroplating is
per f or fred FYhe el ectropl ating nodul e 206. In this enbodi nent, the
apparatus 203" may include a cassette 210 which is placed in a staging

regi on 209. Then Sbpiih itefcafhan te2Bfolviy, | didledtelc Wakesy of fherwsfen® aiereicheaf or e
electroplating in the electroplating nodule 206 is perfornmed. In this
enbodi mendefinge thaudecatiors @hfths dnaglheapiogplings Swhdorm iBe mytwork ofe intersamnece 210

bef ore bei r h t : ' jrst
por  or m ol AR 18 B EEt T3 REE Ty R REpd R Faber RN A E R0kl Tl
copper seedpdsaytBe thid l@g&&&if\ba%)pdi dver [Hechvaeiidr 1ayeri MForkixhimplee a gypivdl seed lagopper
oxide during the tinme the waters sit in.the cassette 210 (i.e., or_are
exposedst depvsjiipnyill deposihiappraximasely 160 Anpl capperssepd faygr pyerthetopasssfaes af 210
will not c dul idi 7 i t i r with
copper in %g%fg@t$8%F§%1%ﬁﬁﬁgﬁﬁpéhgﬁ%ﬂﬁy ePE%f%%@%&%ﬁ%@#ﬁé&‘?ﬁgaﬁg er W
can be outspiall fefluRs Gasigghigh :%E&:t@atidiivdiﬂ f sublantedlgatdsp phdtyplgllf pp@n a0%s
203". Further processing, such as chem cal mechani cal polishing (CW) can
then be p@fthertaali13® define nmetallization features. In this enbodiment, it
is preferred that the oxide renoving bath 204c be an acid contai ni ng
solution diluted in de 20 ionized water. For exanple, citric acid having a
0. 2% concentration in de-ionized (D) water and a pH |l evel of 2,
hydrochloric acid (HCL) having a 0.1% concentration in DI water, malic acid
having a 0.2% concentration in DI water, or malonic acid having a 0.2%
concentration in DI water may all be used where concentration |evels are by
wei ght. O course, each of these concentration |evels may be varied
depending on, for exanple, the 25 thickness of the copper oxide to be
renmoved or the desired processing tine. Thus, ranges at |east as w de as

P~ N~/ ~ r~ns ~ N A NI 2 ~ I~



10 Once the oxide renoval is perforned in the bath 204c, the wafer is noved
into a bath 204d. In the bath 204d, the passivation of the 2¥mer2WHeq

| ayer is then perforned to protect against the growh of copper oxide in

t he copper seed layer. In one enbodinment, the solution is generally
conprised of nenbers of the azole famky. Azoles, such as 5 Benzotriazole
(BTA), are known to provide protection against the growh of oxides on
copper. BTA is currently the nost w dely used passivating agent for copper
and is the maj OhcecRPOATeNW bhis beamydaposiner withthey apprepriaid Kackngsuel 8 8pResed

for copper oxide prevention. An exanple ssi vati ng agent inclu

St opoxT" " sekd dasieAp meédamé?pesavonr@&mw 8@?@@‘? waler 1 ff)‘g?i"ﬁlegg zth? gbar?ﬁﬁeét
have been,used, {or [ AL i i 203.
Bebnzi m d%\dzjzts)?%d, ‘I”?pﬁa%ﬂeﬁ?&élggﬁ kg@@?@gﬁ%{o‘r&%&g 0 keéjdllgz(;a:l&?rrgélghﬁgn? %I;arrr?ggsi on on
oxi de r enpyfte @&MmORssd tha kicogopl@aiy ocesefnethe cleetraplatingenodule 286 the. WfePat ent

Application No. 09/282,596, entitled METHOD AND QiP)FARATUS FOR E IB#I#AQIG
CONVENTI OhivodyyeREnBaNprABYFOr@tearro@hbr2P4a s sepdlaypnieipent moduld fY41§ on

March 31, 1999. .15 Thi s appli ion i e i : e. It
shoul d bec‘?T&‘thEth]tﬂaSPgﬁtﬂﬁlaBPé%rﬁ%pzf gtér ;‘3‘1‘8&61‘%;%)58%’115 %@5@%@{{5‘?’ fl{ @Eﬁogg&t 0
per f or m t e 1¢QRPAk $8€8kposYRT inch@AbdYROL. i N such a way that copper oxides
are prevented fromgrowng while wafers Wsit in a cassette 210 before
being el ectroplated with copper in the electroplating nodul e 206, gbg

passi vating j ubt onsefrofesred smbegliseent,dhe saed deyer Srepmenbmrdule s0fis septigEsdelPor e
all ow greater, process flexibility. since.t e 1! ;

el ect r opl BIO¥Ife; ?TT’FE‘EI‘?]%&" Féaglpgeﬁoi%@f]n@atc fsegﬁ(el%\%kf 6%8%%%?269% (ailgg.anl n &t her
enbodi iﬁF”E&nﬂ&%ﬁr iagds Wildhide ebhsovag, tafl bf GuHieth a2 crbiB, i tanmagidicepHor e
desirable to performthe seed |ayer treatment imrediately before performng
the el ect empiomnieny. THe gser of Bia acidicipHr envirenment| ip wembgured) i disshy st ©PP§The

process oper.ations perfqorned to 25 pre-treat conppet; S r in
copper i nPEE Sih &@F ?‘Pri“?‘? oy ?W@eés%ﬂﬁﬁy%gz‘ﬁléﬁmf‘y d g’pgggﬂ?lﬁ)sg%feg %g‘rg or med
in an el eglr ophiet P92 RAdUInG HeNeREFHIAMICHpIatly 203 qrtnri embidimént] feis

present invention. The nethod begins at an operation 302 where a dielectric
| ayer is prefermd thatethe acidir pH envissnmeay be mpintained ithinad cange ohapriexingiele 1t he

dielectric | i s forned, . the method : t i 4 ik
L1 anchds aMPorn A HORGTERITEd ERBORREHL B HO0Rd 56 ROGRER, P4rch PHyayel I U

Mar ch 200 : 5tqpd/ or vias are typically etched using a
damsceneéag#égggﬁ)rzég%gg}gne etching technique in order to formthe etched

features that will becone the interconnect netallization |ines and
conducti ve vi aThe @ngani¢ hempowidi wsgdofiayt he anr erganie siciln dieo ampogivp|sals of san

conplete in operation 304, the hod proceeds.to an operation 3 wherein
a barrier Of@& a%‘tl’i ¥ %68@?’&%}“%@“1 RIS SraESs, %faP(étf/ Il aorli%anll%ta‘gé't; R
trenches anghdéi StfOAGE mdllt RREMBdHO ad85andRubdihi0 aSRSEr AY@mbdtatiofRPelich S

deposi ted over the barrier |ayer. Typical L‘fl seed | ayer deposition
oper at 20n orgenjze réids. mebhel nrganicheempousteshould be absselvae posie-iosized Cvpr dhanber

or a physical vapor deposition D) ..chamber monl vy, the depgsi seed
| ayer r an@%%ceflﬁg‘tf% @Rﬁ%géaﬂ?é?ﬂg’%@@ai%ﬁ?p@gﬁ 2% gﬁc‘f eigglt'a%%ﬁ’t“ﬁ%ﬂcfgn Rdgrﬁérjlné’ nor e
pref er abl yhe HghyeeBmpbai is ¥olved ahde- Aol widQQuéh thantheRaEenaBbLFabE ¥
about 1500 ~. "As nenti oned above, the thickness of the seed | ayer on the

wal | s of hpplosimasp@00 ppmito 0.2%by weight.i s typically nuch less, and is
believed to typically be about between about 30% and 5% of the deposited

t hi ckness. O urse, .t he actual thjcknes f. t I e .ppon
the process teﬁﬁoﬁ%‘ﬁﬁf{ebﬁrﬂﬁoqnﬁp?aélnéﬁt é’gr@g&lg %gir iﬁg Iozri?ﬁéolﬂﬁ ?gqugrtu']e’eg
Ci rcui bsdeREgR). PReritlp, th Mushad doapRind®fis CaiBRBFed tn drRMAOREEMvter in a
operation 306, the nmethod noves to opération 308 where an in-situ copper

pr et r eat mEancentratien fapgeretiapmoximatelh 04 % kel yyeeighto Inarmoe spepifie cxamplge

bui | d- up. nent ioned above with refe i es. 2A- 2 thin
ceed | ayetht SRELBOME Ealtirichstiioh o bR B, Buds BHiCRif 0d 4B ReBoH e
deposi t i oRveGHRMRSledamd dé-nzed! WRERNETHC pHORMEN bP e Whlafién iih this €uRRseds to
20 oxygen. e oxygen will thus imredi ately begin to oxidize the thin seed
| ayer of cgpw&imatdlyds, the in-situ copper pretreatnent is configured to
renove the copper oxide fromthe thin seed | ayer of copper. As expl ai ned
above, techniques for renoving the copper oxide include using a chem cal
solution bath for rinsing the wafer and renoving the copper oxides before
the wafer is introduced into the electroplating nodule. Al though specific
25 exanpl es of baths with solutions for renoving copper oxides are shown,

it is conceivable thatthe bath can be replaced with a scrub brush apparat us
that can scrub the surface of the wafer in order to renove the copper

N r - o N T b1 . - Y Y, 1




12 architecture, and thus enables inmmediate electroplating just after the
pretreatment is perfornmed in-situ in the treatnent nodul e 20Marchd@04 he
pretreatnment is perforned on the thin seed |layer to renove the copper oxide
buil d-up in operation 308, the nethod proceeds to an operation 310 where a
bul k 5 copper layer is electroplated oger the thin seed |layer to fill the
trenches and/or vias. The renoval of the copper oxide is believed to reduce
defects as well as inprove overall consistency of the el ectroplated copper
film Additionhklshyylditie ncsedthaf therseed {dyat tredimeptr modwat2fénis thenéfete a module

Pt act (i lsyqa;aehr{%fe Fiaging s BHAOR SCUBRE hLiz s6rop SyushlSchaART e Sifr ¥ '
enabl e for..a bg E%n‘f%go%tﬁﬂ}nﬂ ARdyd g &tﬁ@ﬁrbvtepﬁle%@d)f'a elsé’qﬁ)@sﬂte@’ﬁr and

t he bul k copper i's elec In operation 31 ter the

el ect r opl ghdnit@r 202 ARGt thEellcﬂm'mﬂfngt modulB]ZO() pet‘ibﬂnmlebim@blamdgl Olffclr dbeestdt 0 an
operation 312 where a copper chem cal nechanical polish operation

is perfi)rhief@lr thy thisrrennes Xbe slscionliinggppaéne @Q%@?escéﬁf@l‘? QE@PO(%@Bgé‘rmo%’md

{1 owehar t gy 4R SOES o il of R et BEChopplos S MCE arl R Mg the oy

i nvention roiilb@nsrmaﬂﬁdbﬂm :@ﬁeraicc@mmerpﬁbamon 320 where a dielectric |ayer
is forned over a particular layer of a substrate or wafer. Trenches and/or

vias are then etched into the dielectric |ayer to formthe Iocatlgﬁs of the
copper i nt er colisbeuld alsads naied thay M@qtmela@nagppamtb%% ig praferplly 2 combinsdsi t ed

over the di Iay i er t i yer
of copper Moo Slas3aR dsNuER CHall Pores B By aefidned M e LGRS
and Vi go hgn&#s thd”'pl@ﬁﬁg ﬁﬂob@s@ t dbeur Alist tahhﬁth@@teﬂﬁnenaoﬁ ﬂﬁméd piyet inerabdme 204.s
performed on the thin seed layer to remove the copper oxide build-up

in
oper at i onTB@$. thmleQEs[damIlgeﬂpmbﬁiWemi Fﬁep{@ffé@tﬂéaﬂt ﬂﬁﬁ@fcﬂ Joelothet Wil é’tfflql%ilﬂy

bstanti al | 11 of t
whi e T eapriym e s of oo dRE Bt PGape BT PREhs ks ifHE.,
pretreat ”ﬁ@&tr%pg 9‘%’ IRINE Do PRehtd Hiodedtion SordElehid Z&HAniAES forl leRBRIN

performed I n tion 328 before a bulk copper |ayer is electroplated over
the thin semer bsides refwerdelthay bemade te HeS Ratent dvpplicationdNe s08/955035%8¢ antitled 330.

doci 1 o Zﬂﬁﬁeﬁ%éﬁpﬁmﬁmhﬁ o CRE AR SEVCONRICTOR SUBSTBATES e

bef ore thagisge i d r a 2
the b ﬁﬂé—ﬁNq‘PF COPEER PIMRdand3ie8 ohtR1flee 01 f Bl7atihibapphication

conpl et e, roceed to an operatl on 332 where a copper
chem cal mEMynnajrporaﬁdWrrcfhreﬁm4 13 polishing operation is performed to
remove excess bul k copper, excess seed | ayer copper, and barrier layer to

f t he di el t L t t t
| nes. and i astigpes 5 Mlipales 0 clreliiuilng BpPSoY a0 g a898amef i e
fl owchart aﬁ&ﬁatﬁe%ﬁ%dﬁﬁexﬁﬂﬂ&ﬁ@{)remﬂﬂkﬁﬁéﬂ Dhe §d26 1/ee Hreftnedt madatatlioaNin s

described. The nethod begins at an operation 340 where a dielectric Iayer
i s for @edthis embedident indudsp dwa sepanate Baths fordreatiog tiersead hwer befareontrodugingo| es

are then che t.0 i el ctrlc in,operation 342, rrier, |ayer
i s forned e;{) Bl "gﬁéij&ﬁa "951”?(@%%6 §e me 1°%eod;?)bé’rv g gleabé'@’&s‘faf’eb over
the barri %éali&a ithPBHsH BYxRs.! TRe Wafth G851 ﬁ‘l@&te\d' 1ﬁto@ﬁ1@§nhsﬁn%’9ﬁh abhPWhedth | n

operation 346, a copper pretreatment is performed on the thin seed |ayer 10
t o renove okide rempyrdis pxfodmed on thi-sepd laper thatseassicpebitad o/ he scddelam;plpmsnmu de

is preferaply, r ved whil.e |.eaving,intact th er a xt, the
ot hod mosBuieds 2B B kpiSheahiviins S0, bGP GRRE T MR e g e,
over the ichpper %@&ﬂmy@fw@ prdférablyaeRid EonidiRag semtioRWHkh 1s|dan€1\%ur§d fyBelveent
the corrosion inhibitor is préferably a passivating agent ich will retard

or furt hethgeopperaxiddsdram pysithel®ed éayelr.| ayer from oxi di zi ng before the
el ectroplating is perfornmed in operation 350. Once the electroplating is

per formed o 1 Sisgany ettt Jfs SRy EHEL A ol SN Bl e 2

barrier mafd2érigmove QifotaR-idhi2b @ Gater BathD8b wahidft fnhhe dé—ﬁ)'nliﬂeﬂgﬁattéteru%@@@ﬁﬁy
i nterconnect and conductive via network. 20 While this invention has been

descri bed thenmtlée pemeyfing ehesnigals peferebeingl intraduetidnigie e electroplatingymodpler286i at ed

1, O o B G RS PG sl o

pernut ati ons and equi val ents thereof. For exanple, although specific
reference is made to baths, brush boxes containing brushes for scrubbing
waf ers can al so work to performthe oxide renoval and/or 25 passivating
operations of the present invention. Additionally, the described
enbodlnents can be applled to any s|ze mafer such as, 200 nm 300 mm and

o _.:_,__ -



5 March 2004 14 CLAIMS 1. A nethod for making sem conductor interconnect
features in a dielectric layer, conprising: 5 depositing a &dfeh2@¥ed

| ayer (344) over the dielectric layer (340) and into etched features (342)
of the dielectric layer having a barrier layer (343) thereon; treating the
copper seed layer in an acidic environgent to renove an oxidized |layer from

over the copper seed |ayer (346) and el ectroplating a copper fill |ayer
over the treated_ copper t.he treati.n £
Cayer. bei WUt g deaved BFior Ditmaee, s 1P goblif@s 8itns by PRk oy er

(350) . 6%[ "Rinad, bRk Rk %&%ﬁ&f}%& bRth 2085 QAIE B9 B&EHgufRab YeASm fuch

dlelectrlc ayer as recited in claim1, wherein the dep05|t|ng of the
copper seedmkayaﬂmm3uﬂgn%mmnedmunppn@xmkranahagBGEmeapor deposi tion
chanmber and a physical deposition chanber, and the 15 deposition forns a
t hi cker | ayer of co g@r over a b ttonhﬁurface of e barr | ayer. nd a

thinner |ayer BEUEosbetlugirales PR LleHroplaling BPRUAMNE eaur 8‘3“’1’? }1{1 fieﬂo&y'?ror
maki ng §e%ﬁ%ﬂ%ﬁﬂﬁe '26&% Q?x% ﬁgﬁ?atté" Eﬁﬁmbﬂul@s fir heBGig 1he copeRlse@Blag@ci t ed
in claim vin

ereln the so |on g the acidic pH environnent includes,

20 de-i onbefett sedtriplating 19pgﬁmmdamtpouhdt,ro;ﬂatmgambﬂldormde Ip ship sorbddiamedt,i s
configured to be a

lied to the surface of the p seed | ayer
bef or e peFfF@IPﬂiirﬁblstzﬁé” &aydnslady weaspRjte 21 af@‘gw 4 gaging e ‘.fd?d S#h&r
maki ng SeE@a&%B %ﬁig)ﬁ) 509 BhPhGAWAEGE eresBLlH rtﬁ'rﬁ: 15e'i’01@ efbcBbGfifg i the electroplating
module 206 is performed. In this embodiment, because the wafers W may spend some time
10 in the cassette 210 before being electroplated, the seed layer treatment module 204 will first
perform oxide removal in bath 204c and then move to a bath 204d wherein the copper seed
layer is passivated to prevent or inhibit the growth of copper oxide during the time the
wafers sit in the cassette 210 (i.e., or are exposed to oxygen). In this manner, the wafers

sitting in the cassette 210 will not become unduly oxidized while they wait to be

15 electroplated with copper in the electroplating module 206.

After electroplating, the wafer W can be output to a cassette 212 outside of the
electroplating apparatus 203”’. Further processing, such as chemical mechanical polishing
(CMP) can then be performed to define metallization features. In this embodiment, it is
preferred that the oxide removing bath 204c be an acid containing solution diluted in de-

20 ionized water. For example, citric acid having a 0.2% concentration in de-ionized (DI)
water and a pH level of 2, hydrochloric acid (HCL) having a 0.1% concentration in DI
water, malic acid having a (.2% concentration in DI water, or malonic acid having a 0.2%
concentration in DI water may all be used where concentration levels are by weight. Of
course, each of these concentration levels may be varied depending on, for example, the

25 thickness of the copper oxide to be removed or the desired processing time. Thus, ranges at
least as wide as 0.005% to 0.5% for citric, malic and malonic acids, and 0.01% to 0.2% for
HCL may all be used. Furthermore, any of the above-described solutions may be further
buffered by (i.e., also add), 100 ppm to 0.2% of ammonium hydroxide. Other solutions

known in the art for removing oxides may also be applied.



| ayer as recited in claim3, wherein the organic conpound is an organic
acid. 5. A method for making seni conductor interconnect featdarsh2tiq
dielectric 5 layer as recited in claim4, wherein the organic acid is one
of a citric acid, a malic acid, malonic acid, succinic acid. 6. A nethod
for making sem conductor interconnect fgatures in a dielectric |ayer as
recited in claim3, wherein the fluoride conpound is one of hydrofluoric
acid and 10 amonium fluoride (NH4F). 7. A nethod for naki ng sem conduct or
i nt erconnect f @atwitlesodide sentival éscparformbdiyre thedsatl @04¢, bk wafec ligimovad imbar ei n

t he solution having the acidjc pH environnent includes, hydrofluoric, acid
(FE) - ot PAib 200a 18 diechadhrabf Sheisesiuation bt GoRTFLaFEAdEisr i petiomned &

configure i | ‘ R§Er. 698 baYSIimeHS th
before th ‘°té‘f?°é§§ar‘%’g@§t@ﬁé’&pﬁ&ﬁpﬁxﬂ%ﬁﬁf‘%@gﬁsﬁg‘ps ITrl cond%ct or ' e

I nt er connesliitidriedé Userallp @nthrdb@aifr membameof ake ragolet fashilyn cAzoles, Xhich wiser ei n
the treating is done in-situ with the electroplatin t hod for

, .20 9. A
maki ng &eBenriduelofBTA) cre kRAws to fRsaYide PEOtpGon aparSk they growth 08 oxides Q0c; ¢ ed

in claiml, whergn. | L S, W ropl:ati.ng.
" Ner oh 200PPtTo KL R dost 3D tsbd pEishvill wper 16 S0 BOREHAE.
in a diel agjdri eohpiRiht aF fAGY t@ehrhétcialini availlablwh@etions tiedt fopatdpper ioxideudes:
applying the solution having an acidic pH environment configured to jnclude
an acid dptexeriipn. nAdeximple nassivasingragens waeludn Stonorty, Ao Applisd Gheraicaled
| ayer froq:the coppger seed 5 layer (346); and

echnologics; Inc.

10 Other azoles that have been used for copper oxide prevention include Ineazole,
Bebnzimidazole, Indole, and Methylbenzotriazole. For more information on oxide removal
and passivating agents, reference may be made to U.S. Patent Application No. 09/282,596,
entitled METHOD AND APPARATUS FOR ENABLING CONVENTIONAL WIRE
BONDING TO COPPER-BASED BOND PAD FEATURES, and filed on March 31, 1999.

15 This application is hereby incorporated by reference.

It should be noted that the electroplating apparatus 203°” is well suited to perform
the copper seed layer treatment in such a way that copper oxides are prevented from
growing while wafers W sit in a cassette 210 before being electroplated with copper in the
electroplating module 206. The passivating just before the electroplating is performed will

20 therefore allow greater process flexibility since the wafers need not be electroplated
immediately after being cleaned of copper oxides. In other embodiments described with
reference to Figures 2A and 2B, it may be more desirable to perform the seed layer

treatment immediately before performing the electroplating.

Figure 3A illustrates a flowchart diagram 300 of the process operations performed to

25 pre-treat a copper seed layer used in copper interconnect lines before a bulk copper fill
operation is performed in an electroplating module, in accordance with one embodiment of

the present invention. The method begins at an operation 302 where a dielectric layer is
formed over a particular layer of a substrate or wafer. Once the dielectric layer is formed,

the method proceeds to operation 304 where trenches and/or via holes are etched into the

30 dielectric layer.



appl yi ng an azol es sol ution over the copper seed |ayer after the renoval of
t he oxidized | ayer, the azoles sol ution causing an oxi de gr 8Mack e di ng
passi vation | ayer over the copper seed |layer (348). 10 11. A nmethod for
maki ng sem conductor interconnect features in a dielectric |layer as recited
in claim210, wherein the azoles solutign is Benzotriazole (BTA). 12. An
apparatus for fabricating copper interconnect |lines, conprising: a
deposition station (202) for depositing a copper seed | ayer over a barrier

| ayer, the 15 Wh¢ trewohed ayddor vianamdypicalysdtded rusing| ageamaseang astduhledrmaseangr es

f the dielectric | . f bst  at e; t ti | 04) f

e vi ngeiches eARSIGALD kI PIRET NG CRIE UG IRTY daing M Bimesh.
9 , . | | c

I S A A 1

bei ng contérgplerdntoperatibk 364, |the methpd praxeeds tb he opertior 30D Fhemwppebartierldydray er

and fill the etched features of the dielectric |ayer. 5 March .2004 17 13.
An appat aisulspesiiedioxgy the diclecliclgpgsend e él}eé&ﬁ‘ﬁg‘tstanﬁivf‘?e]%ol%?s Ip oppratign P96, @ 4 m

12, wher ej I on:.in- Sk fii : j

w thin t nie FA3IAREBEEERis Bpon il of hEREYiE IERITRIpRAN), SaTFRY dbBitlon, |,
An appar abpsrafié isfprEfohfied inngtheop phymicaltvapoodupesitioh (G¥D) abambxridr ecphiysicall ai m
12, wherein the treating nodule (204) is a copper oxide renmoving bath

( 204c) andaRQﬁéﬁmSé&W(BﬁﬁBtChﬁgb%dul e (206) is an electroplating bath. 15.
An apparatus for fabricating copper interconnect lines as recited in claim

L7} 0L BAPRES g AT TEL I (RIS SRl
i nt er comngkdut 3008 K amdr @otel pferably| titweeh2about 500 A and about 2000 A, and most
preferably about 1500 A. As mentioned above, the thickness of the seed layer on the walls

of higher aspect ratio features is typically much less, and is believed to typically be about

between about 30% and 5% of the deposited thickness. Of course, the actual thickness of

the seed layer depends upon the process technology being implemented for a particular

15 integrated circuit design. Once the thin seed layer of copper is deposited in operation 306,

the method moves to operation 308 where an in-situ copper pretreatment is performed on

the thin seed layer to remove copper oxide build-up. As mentioned above with reference to

Figures 2A-2C, once the thin seed layer is deposited in operation 306, the wafer is moved

out of the deposition chamber and into atmospheric conditions where it is exposed to

20 oxygen. The oxygen will thus immediately begin to oxidize the thin seed layer of copper.

Thus, the in-situ copper pretreatment is configured to remove the copper oxide from
the thin seed layer of copper. As explained above, techniques for removing the copper
oxide include using a chemical solution bath for rinsing the wafer and removing the copper
oxides before the wafer is introduced into the electroplating module. Although specific

25 examples of baths with solutions for removing copper oxides are shown, it is conceivable
that the bath can be replaced with a scrub brush apparatus that can scrub the surface of the
wafer in order to remove the copper oxides from the copper seed layer before the
electroplating is performed in the electroplating module. In either case, the pretreatment is

preferably performed in an electroplating apparatus that is in the form of a cluster
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consistency of the electroplated “copper film. Additionally, ‘it is preferred that the
pretreatment which preferentially removes the copper oxides will leave the copper seed
layer intact (i.e., minimal attack on the copper seed layer), and thus will enable for a better
10 bond and interface between the copper seed layer and the bulk copper layer that is
electroplated in operation 310. After the electroplating is complete in operation 310, the
method will proceed to an operation 312 where a copper chemical mechanical polishing
(CMP) operation is performed to remove excess bulk copper, excess seed layer copper, and

barrier layer from over the dielectric layer.

15 Figure 3B shows a flowchart diagram 300’ in accordance with another embodiment
of the present invention. The method begins at an operation 320 where a dielectric layer is
formed over a particular layer of a substrate or wafer. Trenches and/or vias are then etched
into the dielectric layer to form the locations of the copper interconnect lines and conductive
vias. A barrier layer is deposited over the dielectric layer in operation 323, and then a thin

20 seed layer of copper is then deposited over the barrier layer and into the trenches and via
holes in operation 324. At this point, a copper pretreatment is performed on the thin seed

layer to remove the copper oxide build-up in operation 326.

As described above, the pretreatment is configured to substantially remove all of the

copper oxide from the copper seed layer while leaving the remaining copper seed layer

25 intact. Once the copper pretreatment is performed in operation 326, a de-ionized water rinse
is performed in operation 328 before a bulk copper layer is electroplated over the thin seed
layer to fill the trenches and/or via holes in operation 330. The de-ionized water rinse is
preferably performed in cases where it is desirable to remove the chemical solution used to
remove the copper oxides before the electroplating is performed. Once the electroplating is

30 complete, the method will proceed to an operation 332 where a copper chemical mechanical



/' Nf M@ Nf M/ NFO@ Nf M#] / Nf O#/ Nf O#/ NO#/ Nf ODY Nf O#/ Nf O/ NO#G/ NO#/ Nf M / NO#/ NM@&
Xt vMPr : \ i koa" zupkf a\ W ca] ca] ca] ca] ca] ca] ca 5 March 2004

Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] cal] ca] ca

U c”raU)ca]calca "

Kitrmat " #l ###BSXSS$% W00 &&&&&( () +f . -P3 0{ voj e’ [ V] ca] ca] ca] ca] ca

Ul c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

U] c”a] ca] cal cal ca] cal.ca!: 0<000 <8 Y,
VDG o KRRIS T8 FEba PRI OT]odap ATRLS PR oy AR oBf T i PO TR coomer ) o)
ca] ca] ca] gg &ahathe@}&ﬁirﬁah@aiere@hmhm] aaliapsial, b ARk Wohpet interemmbiti | kkm
Gop#s0s3st vKyj {| | wwmhc”Y] c] ca] ca] ca] ca] ca] ca ca] ca] ca] ca]caV]ca] ca] ca] ca] ca
] ca] ca] caline]and vz |acaformpd al e ficddetad leydrca)l caj calca! | | ||| | }}s}}~?2~~~I [ <O

" zupkfa\W]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca)] ca]ca]ca]ca]ca]c

?10?1(2?% ﬁa]zfﬂ;f@]ea%ﬁ@] %cf@(%‘] ?4]' @Q‘i’ é‘] 8’5‘ ci’a‘f]%‘(?ghieca a3 “é‘ae Lof e prcs ] cal

ca] ca] ca] gREGRILCRA] deddrtRHC ﬁlﬁ%&ﬁ&n&ﬁ& @ 4tSin operation 340 where a dielectric layer is
dg-\F)u}xsni }xsnid_Z]]c]ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca] ca] ca] ca]
ca] ca] ca] ﬁaimd]asa]asaipuajmqe@a]cma]sea]au@p%@] Fegnebesyandfonyinhglgs grp-then etched

iy T 505 b 47 2 s A0 -
?L%E \ I()glO% e il %4:9'(@&% ga_% fs & It eﬁ bvé#helgaq((ﬁel(])iycrja% int€ the trenches and via holes in
oathfr =l ]?;iy?ammw (Tp- alkmnG%ngqppenpm$g@wut&s (Prriometd aim boodda, segd layers 1096
Q& ()-1x 109%&’

025100 | rwzo&&‘x%m(% e dyalanp. | Asdboea v e s iy

109%& ()-! P 0%&' () - KWwU®=!" 10JJ
10JJ!|(2)$1 &%%ﬁh(ﬂ)e ‘]6\ g?%&écgqpé??%ijga%&&'()()! F1$10% & ()-

| $109BB& ()-W uSl=!"y#10%& ()-! y#10%& ()-S10%&' ()- i 10%& ( é _
1098 () - 6##J10%@x(, )he thethdd nves mamapaaﬁqma@swhqre%&:o@r)osion prlibieygg applied

FI mLO%&: ()o;firpt'ile (%1(;/1% seed lal?zlcr ?g/%;eggﬁtgﬁ;tﬁgrwglégti_on ; Int IS cmgioEd1 menly ?he corrosion
inhibitor is preferably a passivating agent which will retard or further prevent the copper

15 seed layer from oxidizing before the electroplating is performed in operation 350. Once the
electroplating is performed in operation 350, a chemical mechanical polishing operation is

performed to remove the excess bulk copper, excess seed layer copper, and barrier material

from the dielectric layer and thus forming the copper interconnect and conductive via

network,

20 While this invention has been described in terms of several preferred embodiments, it will
be appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. For example, although specific reference is made to baths, brush boxes
containing brushes for scrubbing wafers can also work to perform the oxide removal and/or

25 passivating operations of the present invention. Additionally, the described embodiments
can be applied to any size wafer, such as, 200 mm, 300 mm, and larger, as well as other
sizes and shapes. It is therefore intended that the present invention includes all such
alterations, additions, permutations, and equivalents that fall within the true spirit and scope
of the invention.

30 Whatis claimed is:
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features (342) of the dielectric layer having a barrier layer (343) thereon,;

treating the copper seed layer in an acidic environment to remove an oxidized layer
from over the copper seed layer (346); and
electroplating a copper fill layer over the treated copper seed layer after the treating,

10 the copper fill layer being configured to fill the etched features of the dielectric layer (350).

2. A method for making semiconductor interconnect features in a dielectric
layer as recited in claim 1, wherein the depositing of the copper seed layer is performed in
one of a chemical vapor deposition chamber and a physical deposition chamber, and the

15 deposition forms a thicker layer of copper over a bottom surface of the barrier layer and a

thinner layer of copper on walls of the etched features.

3. A method for making semiconductor interconnect features in a dielectric

layer as recited in claim 1, wherein the solution having the acidic pH environment includes,

20 de-ionized water, an organic compound, and a fluoride compound and is configured
to be applied to the surface of the copper seed layer just before performing the

electroplating,.
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5 layer as recited in claim 4, wherein the organic acid is one of a citric acid, a malic acid,

malonic acid, succinic acid.

6. A method for making semiconductor interconnect features in a dielectric
layer as recited in claim 3, wherein the fluoride compound is one of hydrofluoric acid and

10 ammonium fluoride (NH4F).

7. A method for making semiconductor interconnect features in a dielectric

layer as recited in claim 1, wherein the solution having the acidic pH environment includes,
hydrofluoric acid (HF), citric acid, and ammonia mixed in de-ionized water and is
15 configured to be applied to the surface of the copper seed layer just before the

electroplating.

8. A method for making semiconductor interconnect features in a dielectric

layer as recited in claim 21, wherein the treating is done in-situ with the electroplating.

20

9. A method for making semiconductor interconnect features in a dielectric

layer as recited in claim 1, wherein the treating is done in-situ with the electroplating.
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applying an azoles solution over the copper seed layer after the removal of the
oxidized layer, the azoles solution causing an oxide growth retarding passivation layer over

the copper seed layer (348).

10 11. A method for making semiconductor interconnect features in a dielectric

layer as recited in claim 10, wherein the azoles solution is Benzotriazole (BTA).

12.  An apparatus for fabricating copper interconnect lines, comprising:
a deposition station (202) for depositing a copper seed layer over a barrier layer, the
15 barrier layer lining a dielectric layer and etched features of the dielectric layer of a substrate;
a treating module (204) for receiving the substrate and removing a copper oxide
layer from over the copper seed layer; and
an electroplating module (206) that is connected in-situ with the treating module
(204), the electroplating module (206) being configured to bulk fill copper over the treated

20 copper seed layer and fill the etched features of the dielectric layer.



10} & 10%& () - 10%& () - 3109%& () - i 10%&' ()- 10% ()- 10%& ()-L>dEbC

10}) #10%&' () - &L0% ()- $109%& ()-)10%&' ()-f$109%& ()-fZ 10%& OMarc¥@@ 10} 10
10 104pl09% ()-31P"109& ()- /109& ()-s- 109& ()- P+109%& ()-*-] dEYNC 10}
SH10% & ()-=C10% & ()- n'10% & ()-10% & ()- 110% & ()-6##I10% & ()-]8;
dEYNC 10} $n10% & ()- "10% & ()- @109 & ()- 10%& ()-

10% & ()-m'10% & ()- ;dg- dEYNC 10} 32nf10% & ()- | 0109% & ()-3Y. 10% & () -

, 1094 & ()-*10%4 & ()-3"'10%9 & () - %W& ()-10%.& ()- %B.& ()=
10} /io} |(:>) 7 3. O An apparatus %r f\:agr(f}:a:tlig% cc:l'lg)pc (lgfltér)con%l%c l‘lgfleg )as Pﬁ:@%&' Pn%élging 12, 10}
wherein the connection in-situ defines a common environment (203) within the treating

module (204) and the electroplating module (206).

5 14.  An apparatus for fabricating copper interconnect lines as recited in claim 12,
wherein the treating module (204) is a copper oxide removing bath (204¢) and the

electroplating module (206) is an electroplating bath.

15.  An apparatus for fabricating copper interconnect lines as recited in claim 12,

10 wherein the copper oxide removing bath (204c) includes an acid diluted in de-ionized water.

16.  An apparatus for fabricating copper interconnect lines as recited in claim 12,

wherein the copper oxide removing bath (204c) includes HF, citric acid, ammonium

hydroxide (NH4OH), and de-ionized water.

15

17.  An apparatus for fabricating copper interconnect lines as recited in claim 12,
wherein the apparatus further includes:
a de-ionized water module (204b) between the treating module (204) and the
electroplating module (206), the de-ionized water module (204b) being configured to
20 remove chemicals used for treating before performing electroplating of copper in the

electroplating module (206).
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wherein the apparatus further includes:

an oxide growth retarding module (204d) between the treating module (204) and the

electroplating module (206).

19.  An apparatus for fabricating copper interconnect lines as recited in claim 12,

wherein the oxide growth retarding module (204d) contains a passivating agent.

20.  An apparatus for fabricating copper interconnect lines as recited in claim 19,

10 wherein the passivating agent is a member of an azole family.

21. A method for making semiconductor interconnect features in a dielectric
layer as recited in claim 7, wherein the electroplating the bulk layer of copper is performed

in an electroplating module.



