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P. Lohokare BACKGROUNDOF THEI NVENTION 1. Field of the

Invention [1] The present invention relates generally

to danmascene sem conduct or nuf act uri ng processes,

and nore particularly, to methods and systens for

planarizing features and layers in a sem conduct or

:gl ENAND YEeTH naﬁﬁ?gi'ts'ﬁ?.‘?g CEREBUETION,

PASSl\éAl‘E\Id@N CG@RbR():SeI»()hb RENENTIONMD ACTIVATION OF
sem conduct or substr ncl udes the use
of plasma etching cﬂghﬁi?gﬂg%ﬁﬁigf etch chanbers
are capabl e of etching selected | ayers on the
substrate as defined by sk _or pattern. The plasnma
etch chanbers are configﬁyggmpﬁ’§ecelve processi ng
gases (i.e. Aﬁ&x‘é@rﬁ*‘@dﬁe? i a8 ShMlir @. Bok@di frequency
(RF) power is applied td one or nore el ectrodes of the
pl asma et ch chaBARIKGRO®ND 68 IHEINVENGRONhe pl asma
etch chanber is also controlled for the particular
1. prRicdsd thé poentippl yi ng the desired RF power to the
el ectrode(s), the process gases in the chanber are
[1] acithebaésesk ivttioh hélhtea gl et R0 idam@s@at ecnicdhdicpirasam ficturing

thus configured to performthe desired _etching of the
processes candanore @9@1031361’6’, toreetbedsiand syttens forplgnapizing %Taﬂlfewnd layers

volatil it ucts produced in sonme prior art
masﬁrphgﬂ'g é%ﬂa’%‘?bc m&é§' way of exanple, in a copper

etch process u5|ng chlorine contai ning gases (e.g.,

a2, HA, etc), the byproduct is CuClx. CuCIx is

non- vol atl le at roomtenperature. The lowvolatility
2.  byeserintion of theiRelated Adgndense on the chamber wall s,

During each plasma etch cycle, the byproducts buil d-up
[2] odntghmeralhﬁnebmnummrmg oE\ﬂmmegtatgd ¢imliuxgepicesi(jn the form of

luct

bui | d-u n i h SS b
semiGRgINAOLBOHRER BOgae) oNEFaIiE ise Pt Dafiiy HEMERsHpapers. The
plasni%aéte}?c}?a%e}ssare capable of etching selected layers on the substrate as defined by a

mask or pattern. The plasma etch chambers are configured to receive processing gases (i.e.,
etch chemistries) while a radio frequency (RF) power is applied to one or more electrodes of
the plasma etch chamber. The pressure inside the plasma etch chamber is also controlled for
the particular process. Upon applying the desired RF power to the electrode(s), the process
gases in the chamber are activated such that a plasma is created. The plasma is thus

configured to perform the desired etching of the selected layers of the semiconductor wafer.

[3] Low volatility byproducts are produced in some prior art plasma etch processes. By
way of example, in a copper etch process using chlorine containing gases (e.g., Cl, HCI,
etc), the byproduct is CuClx. CuClx is non-volatile at room temperature. The low-volatility
byproducts typically condense on the chamber walls. During each plasma etch cycle, the
byproducts build-up on the chamber walls. Eventually the byproducts build-up to a certain
thickness. The byproduct build-up then begins to “flake” off of the chamber walls and is
therefore becomes a significant particle source. The particles can contaminate the substrates

being etched in the chamber.



therefore beconmes a significant particle source. The
particles can contam nate the substrates being etched
w0 pooshws3aehanber. [ 4] The copper etchant chem stPCEESHEN€043910

often corrosive to the surface of the remaining
copper. This corrosive actig? can cause uneven pitting
and | eave an undesirable restdue |ayer that nust be
renoved before subsequent processing can occur.
Typically, the substrate is renoved fromthe plasma

[4] eflite copperéchaanchensistcies arcadteardrrosive inthe durfids)of Fhepenmining

1 i cal cl . .
ek ST B R o 00 BT B AR
layer f_l}'g%g Bitlst Ot c@BefRPssediltft HrROSEE GARRAI. dSKicaRy, kB substrate

oxl de [ayer 102 can interfere wth subsequent
is rempived dsmi thy [lesngp ctcli ctambrey and iseeleaed @nd/sr tinsedhe
under | yi ng copper device) and therefore nust be

[5] T eipyed dehenaysivhstauentuRtaeass Mhccabsthat HI0eRpirektively
The substrate 100 can al so have a barrier |ayer 106.

thick Jagr ofexidtdf? 622 eeppenoxideleyetopod themrposqdhopper deyice 104. The

., thos escribed abgve.for the etchi I: [
oxide R PR POy ) iRk aCarkter P A ge b oG o the
undergﬁ’ﬁg bR deile) NRhBERRE RS BSRhioaBdbeforedudsdtjulst processing can

and/or the rinsing operation can al so cause an oxi de

be att¢rapead. tThefsubstraté Y00 tan alsebavsfa hamerflayasd8bng, what is
needed is a system and net hod of renoving the residue
[6] | &P oheirigrissidisitcansd @oblenslsimiladd ithgyetdegribed advedior thie etching

the oxide | ayer or any_other undesirabl erm nat i
chemisgresy A SWWM@W end TRjedsfisan 5 pRaRioRy e P
proceggjletselﬂz SR dpléﬂ]%ﬁ%%{d%} th Hlsciné Q?&ﬁti%@ﬁsalw caEOMh GkiRg layer to

an i mproved ne o f passivating an exposed
form.conductive material. It should be appreciated that the

present invention can be inplenmented in nunerous ways,

(71 | A B R o oBINAC R8N is BBcRBRAE 8fsisin aRd BMEHOAMS removing the
conmput er readabl e 'nedi a, or a device. Sever al

residuerbagert white subistadiisin¢lemiohting thefousaion dftheontide yer e any other
d descri bed hel ow. [9] A nethod of passivating an
undesraRls e EBHAR AYFYe material incl udes placing a

substrate in a pr @%ef ey ing a
hydr ogen speci es el HN A hydr ogen
species plasnma is forned in the process chanber. A .

[8] sdBroadly spagking.dhrepresant iryention 88 tepepgeds by providing an improved

method of passivating an exposed conductive material. It should be appreciated that the
present invention can be implemented in numerous ways, including as a process, an
apparatus, a system, computer readable media, or a device. Several inventive embodiments

of the present invention are described below.

[9] A method of passivating an exposed conductive material includes placing a substrate
in a process chamber and injecting a hydrogen species into the process chamber. A hydrogen
species plasma is formed in the process chamber. A surface layer species is reduced from a
top surface of the substrate is reduced. The reduced surface layer species are purged from the
process chamber. The conductive material can include at least one of a group consisting of a
copper containing material, elemental copper, alloys such as NiFe, CoFe, elemental Ni, Co,

Ru, AlO, Ta, TaN, Pt and Ir.



top surface of the substrate is reduced. The reduced
surface | ayer species are purged fromthe process
W@ b@sais48 The conductive material can include BCT/USHS4/043910
one of a group consisting of a copper containing
materi al, elenmental copper, ,alloys such as N Fe, CoFe,
el emental Ni, Co, Ru, AI053Ta, TaN, Pt and Ir.[10]
The passivation process can be perfornmed in situ. The
passi vati on process can be perforned ex situ. The
[10] paAks passiviationprowes sarczarpd®rmped frositve dThapassivaidnpragess can be
etch process. The passivatio rocess ,can,be perf orned
perforfipdaiesiit; 1R RapSEtion edes P PTG T PgL B ctef process. The
passiviaft %eééso&nmeﬁ%ﬁ[% £t 98 RS REIBEL Sinatiatod fldcd NBe
a operation. [11l] The process chanber can have a
passiviatiop proatssr eandfe feeformned ex kiow folBtving d CAED operdién. degr ees
C. Theprocess chanber can be a small vol une pl asma
[11] ChasbRkessTERnYPeaSBave aleRPErabias obBetd/ee@ piesit B0 WAl Ybout 400
coupl ed system an inductively coupled system an ECR

degreesrC.aThe prasess/ehapthse canbsy smalivolnme Meseeenmbes nbes progess

have ressure.of between about . 1. .mlorr an t
chamtyg 55 i RS Sttt S et b Tebusl st g per or
microR4VélfewdriakiteR. (eProceSH bR caP 8 Hifessutd S iefieedrabout 1
i odi de containing species) and a nitride or
mTorcanbiboutt 1 @& nmfllesr eof . The hydrogen speci es can incl ude
at | east one of a group consisting of H, HO, HBr5CH4
[12] amde Mifacd layaahbedigs édnebehwndoxidis a lnfide (g, ddoridd, bmomide, fluoride
_include injecting a carrier gas such as argon, )
or iodjferqopigErng seeqiephand e irids ar «@RbRationsFheregh gil}?ghygrogen specles
. t t . i i . .
o FRTARILE '1% 5 O9BILSRETETHERTIALEUHIRA NI, iectin o
hydrogétbsietiaé eanalo ancliddi@fectil b cofrict Bas fichaeaonhdtrbgen, helium,
Purgi ng the reduced surface | ayer species fromthe
neon Hdoes@sy chanber can al so include purging the
vol atilized residue. [14] Reducing the surface |ayer
[13] sfenhing af plasmé kethtthp hgdrogecspeoies cireinsbids tvoktiizingna redides on at

least arfcph R SHPFGOCHD 1S3 W e PSRt gs g e Tgduced
surfac%)riégrg %c?%ﬁﬁi@@d@%}s@hhﬁbeﬂ SnRASSh¥VRES Hutdidath@volatilized

term ne e predetermned tine being
residueuf fi cient to reduce the surface | ayer species from
the top surface of the substrate a desired anmount. The

[14] PRRU8SIRS ChdQfick MB/ef pbche fne ieabp bitdite P et subfirate can also

include activating the top surface of the substrate and roughening the top surface of the

substrate. The exposed conductive material is passivated with a predetermined time. The
predetermined time being sufficient to reduce the surface layer species from the top surface
of the substrate a desired amount. The predetermined time can be greater than about 15

seconds.

[15] Another embodiment provides a method of passivating an exposed copper
interconnect. The method includes placing a substrate in a process chamber and injecting a
hydrogen species into the process chamber. The method also includes forming a hydrogen
species plasma in the process chamber and reducing a copper oxide from a top surface of the
exposed copper interconnect. The reduced copper oxides are purged from the process

chamber. Each of several inner surfaces of the process chamber can have a temperature



seconds. [15] Another enbodi nent provides a nethod of
passi vati ng an exposed copper interconnect. The nethod
W0 p@bTB$8 pl aci ng a substrate in a process chardEUSENG043910
injecting a hydrogen species into the process chanber.
The nethod al so i ncludes forymng a hydrogen speci es
plasma in the process chanber and reduci ng a copper
oxi de froma top surface of the exposed copper
i nterconnect. The reduced copper oxides are purged
equal for@rgreater thaoebost 2SR alegraes CEdisigh of thedneerspripepsof the process
surfacesﬁﬂé} he }?ro%ess chanber can have a
chambeg iR FXPQs e@q‘ﬁé\l %r greater than about 250 degrees
C. Each of the inner surfaces of the process chanmber ,
[16] | Anaikep sepodisnery; prasidesta metod PiBTffC}liﬁB%éPO’éﬁB%?tgiﬁwﬂzatlon on
a subs&% Yﬂ%sm hgﬁtilli]cque%f lagz%ﬁ%é)%dﬂsﬁ%ﬁ% Qf?@%ﬁgﬂic@gﬁt chamber and etching
plranarization on a subSttate. e nethod i1 ncludes
the subdtagd. MDhénfeuhsl 416 @cludeamjetiap apydeess spdeististo thanetch process
etching the substrate. The nethod al so incl udes

chamben pc fommejng arhydrazge APenirsaIlessnd inrthe etel PEACESS (raBibes sA surface
chanmber__and. for m r ' '

oy GRRP 520! A5l S PR PRES 5 ARl Bt s

specick QffREed HOM elpRiocssciiaserof the substrate and the
reduced surface | ayer species are purged fromthe

[17] PORGE aégéé%émgldvlaﬁéaéks S REInRERES il BADnRONPHAORSmAhe

the 1 nvention w econe apparent fromthe foll ow ng
followdeyd ddthided deseiptipm,italen inakeunctocwith threcadcompanytitg diawings,
. acconpanyi ng draw ngs, i.llustrati by way of exanple
illustratng Ry Via¥ o Feample ¢ PRrindivlehot R Rk DESCRI PTI ONCF

ng..
1
THEDRAW NGS [ ' L o, W he readily
under st ood byﬁ --idﬁ IRAV &G- :

conjunction wth the acconpanyi ng draw ngs, and |ike L
[18] r dheprasent inymmion willessiegdity endergieodshy thetfollewing deiaed description

. .19]. Figure 1 shows a typical cleane . -
i conpingtips VB0 et By R i g e et e
struct@®aeelemieagy ment of the present invention. [21] Figure 2

B shows a passivated copper nmatrix, in accordance with

[19] RGBT UbWE Aty fballdienkd Sftkithte! NVeNti on.

[20] Figure 2 A shows a copper matrix, in accordance with one embodiment of the present

invention.

[21] Figure 2B shows a passivated copper matrix, in accordance with one embodiment of

the present invention.

[22] Figure 3 A is a flowchart of the method operations of a CMP process, in accordance

with one embodiment of the present invention.

[23] Figure 3B is a flowchart of the method operations of an etch process, in accordance

with one embodiment of the present invention.

[24] Figure 4 is a flowchart of the method operations of a passivation process, in

accordance with one embodiment of the present invention.



[22] Figure 3Ais a flowhart of the nethod operations
of a CMP process, in accordance with one enbodi nent of

w0 b@spresent i nvention. [23] Figure 3 B is a fPomokznt/043910
of the method operations of an etch process, in
accordance wi th one enbodinegt of the present
invention. [24] Figure 4 is fl owchart of the nethod
operations of a passivation process, in accordance
wi th one enbodi nent of the present

i nverDEYAILED D ESERESGINDFAE EXEMPLARY EMBODIMENTS
THE everal exenpl ary

e [ : -
1251 SRR3R e RS A O ARG AU ORI YRR cea
surfaa@ﬁ/@lﬂ aoly HeQieEdiﬂfe& Stkavill capparehti® thode dkilddd ih e 42t #haethe present

i nventi on be practiced w thout sone or_all of t he
inversipagney be ﬂr@@é‘rqdw&aut sene AT plbpEihg sppealy detpiboet Sriddispen

can be vulnerable to corrosion. This is especially
[26] t rEBepawtd poppee saeble vdpaablewh eorrosioer Tlis meespecially true of processed

lcations are X osed to va ous I 0OCcess
com@ﬁ@h%tﬂﬁf%@me@ gplic S&%@@P@fﬁ&ﬂaﬁv P PIOSSSS chgmistrigs (e.g wet
and cfrg CREMGANA) L QRS oPﬂf&s@&oﬁl‘aﬂﬁﬁﬁE QY 289 %ﬁ%?dp"’c%rroswe chenlnstnes By

emstries. By way of exanple, a co
way ofygiaoglle,\n ®bpar dap dtchom}@&iaﬁytslomeardhmﬁ-mlwme tad @trionitofatility at

at | ower ures. ati| e .cqompound f rmatlonls
lowey %%@t@eﬁn%;t‘i@%‘ﬁ%%’@ PRP4HNAR P OlG dislogen gontaining
chenfL 1, LA B 2SS agI?fégdfg?@%lﬁ%ﬁﬁ%E’;%t?ﬁ%ﬂ Gibersrs
(i.e., gegrerelanGoouf 200 depress G)s Gormisioniis alcritiss issuel dee todnteraction of

i nteraction of residual hal ogen conpounds on the
residpgjgpeesen sprpewnds b 6PRR s Tisie Widt BORAHP Ghiggraction of residual
halo %eﬁslh rol?@sl gﬁﬂbéﬂvfﬂb florl? Qs%ﬁ%?ed%gﬂa%ﬂ%et ftes. The latter case

on- pas OVat copper sur ace site atter case

may ﬁﬁ%del’wdessi@eéﬁarﬁﬁ&eﬁfoeel foHowirercopperVNIP dreldctrapslish. Another
per CMP or el ectropolish. Another exanple i s copper
exarrmlwéf%pﬁgvrwﬁssma ﬁ%rscka@?ﬁéceaﬁﬁpplé@ttlpaﬁglaf et CMB dhatygpiploys
t I or I n

corrotsp\% all? it eg}n{ﬁ%gs (fo%’és}'(ﬁm y%!rgﬁ?t]ls '11\{;\5%1& of't 182?1 we%reé %1% Further, the
typlcbhﬁeﬁ tYeFaltlﬁalhts vai mhbdﬁéd’@ﬂﬁt‘ﬁotﬁaﬁrobéﬂsfm @cﬂﬁiﬂldnabétedmlcal

process nodul es, additional chem cal qw rements and
requireraenippnd Herabydecrpass MRAUCHAN 6ot @demed ®86@9 on tine.

[27] Stable, activated surfaces are inportant in dua
[27] daﬂ’abtee mcetivyatadcsesﬁaw droimpireat in dml dasaseend prasessasxfbr electrical as

| ayer sition requirene cally, the W
well a5 iRl st P EEn e "Liigel¥etng il e opet surface has
surfab® harBlibridick %fétdlff@%ﬂt fBA A P8 %If RfthdrPrbEing. Additional

processi ng. Additiona
process steps and process modules are required to modify the newly exposed copper surface

to meet these needs. Modifications to the newly exposed copper surface include the reduction
of the surface copper oxide layer to elemental copper and activation of the copper surface
inside vacuum (e.g., less than about 100 mTorr) conditions. Other modifications can include
removal of CMP residues that contain many components of the CMP process chemistries
(e.g., brighteners, inhibitors, accelerators, etc.), therefore avoiding any wet cleaning

processes following the CMP process.

[28] One embodiment provides a system and method for passivating the newly etched

surface so as to prevent corrosion. The disclosed system and method can remove the etchant



process steps and process nodules are required to
nmodi fy the newly exposed copper surface to neet these
wme®dnze3iddi fications to the newy exposed coOpPEr/US2004/043910
surface include the reduction of the surface copper
oxi de layer to el enental COﬁger and activation of the
copper surface inside vacuum (e.g., |ess than about
100 mforr) conditions. Qher nodifications can include
renoval of CMP residues that contain many conponents
chenuftryt fesid@dBopr theesched lsabrtrate: iTdw disslaped sypténg hndmethod can also
i nhi bitors, accelerators, etc. therefare avaojd
rernah he s ety gt Sedidling HF SHEnERREG Elber the
disclbgedlsy$eh RARRCHI® Bin RAsOMIesHAIPANThRRANIoFBE RYE:r FoPed after a
passivating the newy etched surface so as to prevent
coppeolayass expostd end figtieo fmthed yis & @ret aleshing ptredsscan renove
the etchantchem stry residue fromthe etched
[29] sUDRé digtlesedIsIstet & @SBOd SHsbepertsithetei-Bidd witBih #plaema etch
renove the etchant chem stry residue fromthe walls of

chanthes b thisi engpadimaptiethe imsite pagsivatipe opsradoredespabipgdayith and in

sorn B0 SR QRSB s S BBy By € o cn
chanftét.t RewisiRiiRE tHdtothl PRicese s fik REthRE Heq3ssma 28 chbidber is not
di scl osed system and net hod can be performed in-situ
significanilyrehangdda Bwmwey of exdmptban one pmbpdiseahitestpassifation ¢peration
jn-%jﬁ€3@assi%ation op! ra%'on c%ﬂ bF conbinedfmhéq and
requirts oHeS T HEPAMSHCTHESPDBIA L S g Oy Rl balgcavires
about B@kecdh8s, REBY REFulinb Rb IndrbiRe Bl F08ss s wihiatheplasiih chamber.

this manner the total processes tinme within the plasna
ot . i anidfi _ ‘
1301 ¢, B SRATES chBodsathRlide: ARGt EURERcn SOy post M
cleadigglad gssigpopdratdéh. SBY g sf exmeple, thatubgtruetundergodwc&MP
decl anpi ng operation that requires about 60 seconds .
operatiqay afheres glepping apd rinping epgTation, bhordsiEate cathgn ppplpced in 2
plasr}lg g]il %%ef;@@l %%siva{tﬁ)g] r&%s?!:a&‘nﬁ[{eg?etﬂ;o}ﬁﬁe@ E@Qsdéo%&ﬂce the oxide
I'ncludes an eXx-situ process suc s folTow ng a post
layerGyined @aivigie @ledninighisit Magsmp @paration(s). Byhivembodinexaizmspecially
t he substrate undergoes a CMP operatjion and then a
usefy [iEthgioperating te fallovnis agpesma stethor dapesisign speratien thahcanmegur

N o | aced | | asma chanber where the passivation
Wlthlﬁlﬁgggglgm%gh&ggmgerfor nmed so as to reduce the oxide

| ayer formed during. the cleaning and rinsin :
1311 op Sraritiopes boneht SPlakEaEHaRteron Bogehanry Risseps Inver i
) Cati . _ tian
ot 1, TESER 0 el B eyl SECSfi e
subsequent connections can be made to the conductive material. Figure 2A shows a copper

matrix 200, in accordance with one embodiment of the present invention. The matrix of the
copper molecules 202 is covered by an oxide layer 204. The oxide layer 204 can be several
hundreds to several thousands of angstroms in thickness. Figure 2B shows a passivated
copper matrix 200°, in accordance with one embodiment of the present invention. After the
passivation operation, oxide layer 204 is substantially reduced such that the matrix of the
copper molecules 202 is fully exposed. The matrix of the copper molecules 202 has a
slightly rougher surface. The rougher surface can increase adhesion to a subsequent layer

that may be formed on top of the exposed matrix of the copper molecules 202.



[31] An additional benefit of the present invention is
that the newy exposed |ayer is activated. The
wW@ewswa3erl | ayer exposes the nmatrix of the conPCIUB2004/043910
materi al so that subsequent connections can be made to
t he conductive material. Figure 2A shows a copper
matri x 200, in accordance with one enbodi nent of the
present invention. The matrix of the copper nol ecul es
02+ =Y AN QK ' |
3502 The p&N &G pRMaR il ESxb SN the Bdvly Lk s YR ¢
[%04 cah be several hbndredé_{bto s_evera?, Jtitﬁ)gusggg‘gsof O_a
hydnoget ¢hemistiyrio redieskthe sisfacdpgde, passiSaisithe/mwriagsand pregem gorrosion
. copper_matrix, 200" . in ac i t. '
in §RBR opBRIG 1o Britossn ety TRy LRI Brplebe R T R B
cofdigsrat(e.gn HObC a4 NIy efc.) 20bé wsed tohtten thie dbdingd readiticBlis plasma
such that the matrix of_ the copper. ecul.es. 202 is ..
DG P B B YRS DR V5 HESH SORIPrBBURE RO aY s cdgsitively
cotf&d Rlasthd Gthicdowa08EA&brsS WilifieRal addiBvd QBGREN inSHKE, F6Eexample
can increase adhesion to a subsequent |ayer that nmay
byet fimiterbia apgent oyt andmeraggbosed natri x of the copper
nol ecul es 202.[32] The passivation oger ation includes

[33x p Fidur3 A kren frawwdhprt ekibe ssthod opgrations 44 elcreCME pgocess, in

actH g §hn %pﬁgﬁﬁé@aa&t Qe gw&&t GRS TRECoREIR 305, a bulk
passi vate e sSurrace an prevent corrosion 1n a

reoval beplapeizaiidna othér Gl apgetioyapedornstioe sgagets. By way of

ti hyd d I [ (e, . .
B RN R

mdt@sllkiich ad firs dahidsdBe G QBLB&NZRENS BrtdiCoRedt Brucaré. OTiEe CMP
types of plasma reactors including inductivel

] | or
opeiapelt PPy |e cpdpntive inyrensnector Tha B RBRRIch Ak ooty e of
cf %fr_a@m'ucﬁ Q) fihedPodts S5tals IR plals! tiior 106 dEWATREECKP

not limted to argon, oxygén and nitrogen. [33] Figure
op8Atips a fl owchart of the nethod operations 300 of a

CWP process, in accordance with one enbodi ment of the
[341r edmean operation Bil Grihe dubsteate is plsrzediioa “865 opaatisalskclr asmaletinized
e S e
shE B n €M Bbrb@uctseiony the dibsaxter Mh¢ aettlqan bpdration@hn aften be
_conductive material such as for a damascen(g or dual
ingpaprraied WL thet MErREEs 1994y &t HFRaratrRE RO SE PR EN

exposes the conductive inter co_nn?ct . The CwP
[B3pertntn eperation e hngleaghabsiaiem %Bimaatnrgcﬁsssq%lﬁlb%fs Tge

prlgéemamta&l dan BE afiyPrBée¥s «g{lamB%naéﬂﬁﬁblé AP bRsS opftrdions. da\Wie
e

orce CMP operat’i on. n an operation 310, th

entheBimanh tthe precessiemehambemngludegatprocgysingahimber sapghles haying all
imge“:f‘ is&r@c%se glbstantially uniformly heated above a temperature necessary volatilize any
residues that may be clinging to the inner surfaces of the process chamber (e.g., about 200 to
about 400 degrees C). The inner surfaces include those internal surfaces of the processing
chamber that the substrate is exposed to. In one embodiment, the process chamber is a small
volume process chamber such as described in co-owned and co-pending U.S. Patent
application 10/744,355, filed on December 22, 2003, and entitled “Small Volume Process
Chamber with Hot Inner Surfaces”. A small volume process chamber have a top electrode
and the bottom electrode that are separated by a distance of between about 0.5 cm to about 5

cm.



water rinse or simlar clean operation. The wet clean
operation renoves the residual CW slurry and CWP
whypsotiset s fromthe substrate. The wet cl ean PEEDS10040043910
can often be incorporated within the CVMP process too
or in a separate process to or nodule. [35] In an
operation 315, the cleaned substrate is placed in a
process chanber. The process chanber can be any
process chanber suitable for plasna operations. In one
[36] erhadioperation BKe, the saémss iofi thechrpotsd condiritive @germonnect structures are
.processi ng_chanmber capabpl e.of .having all inner
passifIRd LB GG PATYEHPR AP TR et meoes 4below. As
- 1 _ .
oo R A B RS et Ao, PP 40 RSBl bacRofrom the
CMPaipandien 308. g., about 200 to about 400 degrees C). The
i nner surfaces include those internal surfaces of the
[37] PrEic@sSIBE acididiart of et methed spdrstidratia0iof af ¥RAGRECEES in
I n one enbodi nent, the process chanber is a snall .
accordahagrveitlp prae enbodivgnbefithe prskerd invgater i Inga dperagion ddp.easubstrate is

nd co- pendi . S. .Pat ent licat].on [ 744,355
placcff. gt Be mater 5105 pBRA OB RO f ecliTreim pplaced
withiFR SRS 8esshai8RbY fob oftlef op PitRins. SBY AT exarfipR{Blelother operations
vol ume process chanber have a top el ectrode and the
can idedenesitions secheastdplesnzg efckiog arasessdriaydeposition prpsessde.-g.,
h q%imeenéﬁbout %.5 cmto about 5 cm[36] In an
chemieal vapqr §SPAABOt he surface of the exposed conductive

i nterconnect structures are passivated. The surface
[38] palagin\Reraian 350 RO TS 6%+ A plhgwme ciBirapiesrs RPRJLEdo fre substrate
. . | e d .
it o AR I b Rl b e P P B ormetn

procdshifig CMMBEe 12 bhe BmBOdEmehBht pldcgssrie a 3BedsSred plasavicdielt process such
of the nmethod operations 320 of an etch process, in _
as degerihsf da e Reters AppEcaiondii. MO0 7 fked ot 14,2003 and entitled
ALY 1 O | xan 1 0 ' ed.  »
sy P G0l i BREELe Fp B AP TBfg Aon an

U.S. PrehBApsItatiod M. $0/390,520 Eledash Merch!1ac2a)3vdrdrntitled ESystem,
processi ng chanber for other operations. By way of

Methed ant Apparaius Tsrapreyse Lacildinl-Damapesar Ripnagpaion | dhe plasma
cn B0 SMREAE DR BEEESAEE RS LA o,

1391 g ameeob g 40 nE STSE S THrote OB EaE B BBtchures ar
passig/-%gd.pﬁ“ﬁg 6% Pact PAsutiBRYs RPN N HorD BEAY iR IJuPE ABEOW As
described in Figure 3B, the surface passivation operation 340 is an in-situ operation capable

of being performed within the same process chamber as another previous or subsequent

operation.

[40] Figure 4 is a flowchart of the method operations 340 of a passivation process, in
accordance with one embodiment of the present invention. In an operation 405, a hydrogen
containing species is injected into the plasma chamber. The plasma chamber is heated to a
range of about 75 degrees C and about 300 degrees C. The pressure of the plasma chamber
is within a range of about 1 mTorr and about 100 mTorr. In one embodiment, hydrogen is

injected at a flow rate of between about 20 sccm (standard cubic centimeters per minute) and



processi ng chanber. In one enbodi mrent the process is a
stress free plasma etch process such as described in
wal@s/0Rauent Application No. 10/390, 117 fil ed per/bs20041043910
14, 2003 and entitled "System Method and Appar at us
For | nproved G obal Dual - Danpscene Pl anari zation" and
U.S. Patent Application No. “10/390,520 filed on March
14, 2003 and entitled "System Method and Appar at us
For I nproved Local Dual - Danascene Pl anarization." The
aboufp? (fssrame t e hydopes sarehposesd an svindd chirice gainfee:.cogem et a flow
r devjce stryctures. [39] hi an operation 340, the
rﬂe&%@P@& ‘GF'PWgﬁ@ﬁﬁH§%d conductive interconnect

structures are passivated. The surface passivation is
[41] ddaeniapethtion 44y aplasaaisi fompedryiythe hydipgengpecies. The high energy

described.in [Fl.gure. the, surfac I vat i
ot o 36 A olelah 4L e tenbe il e SrRalP R BP0 dsgrsgg o
morep 64if QBB theWhdjbiify dfffies 2aidRe MaERAET .8 TMP kesdtucaBOEIRANt residues)
previ ous or subsequent operation. [40] Fggure 41is a
on the kahetiater to bstome olgibleh Bpsispde emnsrriug 4angsfiopthe substrate is about

assi vati pn precess... kn.accordance wth. one LITe
200 BAB34RE) ekt €7 R DR PR R TR B e
procd3¥id @EARL&UNAAbAE vERET. Tesirable Mn@shffre rahge fobhe process
pl asma chanber. The plasnma chanber is heated to a

chambgnigabotit 200dabas 408 degiees C dhd valbtilizedzegdurgatesiglscan be

e A L SRy
(e. g.,gﬂﬁl&@ﬁivg,% aciVI RIEBY Way 6 &alP®, 8 arfedehPMry Hdichle glrasma

et ween about 20 seem (standard cubic centineters p
chamiyen atpeyveaapieipduo tap0id beiwaen atitig SAQ tr adwpaih 38ehwhigs efpawesd The

bottof <IZRE o2 15 ot 2ot eest SpApp Ly ool A FRbor pover.

Simil%l_i‘lg gn 3 cRORANR ﬂ1§sn{a%a§1@efoﬁs§é@%lﬁ ?ﬁwayiﬁrtﬁaﬁaﬁg? Qﬁﬁdo%ﬁ 500 Reabout

[ energy of the plasma an e relatively hig
50000é npebaipplied (ethg.bottaincntl/of Sort dectvdafs). 30 RE gowes suPply can be

nore). can cause th jority of the residue materials
affecfeé."&fd}e‘%ﬁpars 'Wéﬁ*agﬁéwe nt residues) on the
substrate to becone vol atil|e. Desirable tenperature
[42] r alnga dpsrationed 18, ibe pride davies isapdised 2B way odlssiapleothe hydrogen
t chant .res ner
5] c

posSE B SER AP SR 2 SRRy el
cond¥@iv@trhteriallPe$i, caphe) 4D ebAbiticayiflethe BydEer fdefofh ¥RRES
chanber is about 200 to about 400 degrees C. The
molegwleait Ahy remriniag hydiogematemsadny axagerbdoma disassorigtedrfrom the
condﬁggvrga}%zift%gfl% ﬁeﬁ#ﬁﬁ%%{vg er Prlo‘?esc%ies & beb Surfg% iy agn (i)pneraé%lno% 420
below. The oxide layer reduction and the volatilized residue materials are completed in
about 15 seconds to about 2 minutes. While no maximum time is indicated, the majority of
the oxide layer and volatilizing the residue materials can be accomplished in less than about
2 minutes. In an operation 420, the oxides, hydrogen, water vapor and volatilized residue

materials are purged from the processing chamber and the method operations end.

[43] By way of example in one embodiment, a substrate is loaded in a capacitively
coupled plasma etch chamber. The plasma etch chamber is heated to a temperature of about
250 degrees C, at a pressure of about 20 mTorr. The top electrode of the plasma etch
chamber has about 1000 watts applied and zero power is applied to the bottom electrode.

About 100 sccm of H, and about 100 sccm of argon is injected into the plasma etch chamber



(e.g., inductive, capacitive, etc.). By way of
exanpl e, in an exenplary inductive plasma chanber, a
w@owsn7appl i ed to top is between about 500 to BODUS2004/043910
3000 watts of power. The bottom el ectrode can have a
power applied of between abgut 0 to about 100 watts of
power. Simlarly in a capacttive plasm chanber,
system power in the range of about 500 to about 5000W
can be applied to the bottom and/or top el ectrode(s).
to gerbnae Ryhogen speaiss plastan The sulistratstie dxpased taethe hgdrogen plasma for
single or dual frequenc 42 I _ap.operation 415,
aboutdGfeeaRdsdo Fedpes e otides it b &0%%}“%&9 OBRESRATAS. ¢ he
hydrogen pl asnma causes the oxygen atons in the oxide |
[44] sUWhide thelahiges-deseribrdsenslaasiments avg depcrtied 18 éweng of pomper device and

8 e s AR A PR, AR bl Mg magneti
mater1§ 10T \CEQMBO, &DY afX Yigeodiraareridls EBg Jabl, 2t & efc)an also be
the conductive material and the forned water nol ecul es
perfogned biesipulagpgcessesan operati on 420 bel ow. The oxi de
| ayer reduction and the volatilized residue nmaterials
[45] arlewilbbpfigthedappnecadiedithat the Sestmntienstreprabatied 12y thie op¢ratons in any

Wil e no maxi numti IS indicated, th jority o
of the 7hove AEHkSS PRy TeGHIC) &1 B PITOIIAG T e R S aled ] il he

oS8 RErEFRIT Uiy dtal B33 sV 200My A B o
Furthar) the/rbedskdsi desdtibted $i diieofithe ebdval fguasseapatsgéda ifnplemented in

processi ng chanber and, the net hod operations end. 3 .
softwaye siprpd dt ansQnenter pombinatiensy GeRANE the ROB, crrégf‘eharfé ik arive.
| oaded in a capacitively coupled plasma etch chanber.
[46] Thaltipiugh tise Bregoingiavdmsionihgs hesatdsscribedan semp detatl fereougposes of

claitfRE RN R 00 Bt erP e P A B R e P PGB R e be
pract%@@ Qittd the saRldrek ApendRr iR WALchrdindPP hestededt EtBodiments

ottom el ectrode. About 100 seem of and ‘about 100
are tostmeconsiderdge flussrativy @clred rastrictive,rrad ghagyyanigancis not to be limited to

chambert enerate a hydrogen.speci es plasma. Th
the agfifogven BoPE. Bt BUCERE Shyar SE st e s s e
ds to reduce the oxides in the top surface of
appet g§§ﬁ girate. [44] While the above-descri bed
Whatesroladnerkist s are described in ternms of copper device
and interconnect structures, the enbodi nents are not
limted to only copper. Etching magnetic materials
(Ni Fe, CoFe, AIOQ etc.) and electrode materials (Ta,
TaN, Pt, Ir, etc.) can also be perforned by simlar
processes.




[45] It wll be further appreciated that the
instructions represented by the operations in any of
wo b@sanowe figures are not required to be perfRPCTES2004043910
the order illustrated, and that all the processing
represented by the operatiopﬁ may not be necessary to
practice the invention. Further, the processes
described in any of the above flgures can al so be
i mpl emented in software stored in any one of or
conbi nati ons of the RAM t@#aiR®M or the hard disk
drive. [46] Although the foregoing invention has been
described in sonme detail for purposes of clarity of

L t
L oSS atkiviine My crpiiBd SRBREEV mialiflor SR ¢ e
C;ﬁf&ﬁn@ﬁ sudBaRAR 8 PERLsCRIKEr;, Accordingly, the present

erbodi hents are to be considered as illustrative and
nabjectsg & hydrpgen spaeids e thie pyvenesy Qhambsr not to be
m)@Hed t.o .t he detalli her ei n, ulB may be

TPINS A RYTI%CR SPIReEs 3&%@ RIGERS AR of ¢ he
ANRENGESa GlrdlcBBayeVRkick $rofl AofRHrhss §fthé ﬁﬁasﬂrate'“aﬂ@t hod
of passivating an exposed conductive materi al
c qnpging ithregredyded sinrfgred aygan lspacieatfonh thegproeass dsanbshanber |
injecting a hydrogen species into the process chanber;
forrri ng a hydrogen species plasma in the process

2. bthod sﬁﬁsm 9. BhGHhHACSordaYRfe rﬁ&%ﬁhﬁﬁclﬁ&&@t %ag%e ofa

sur ace e substrate; and purging the reduced
grou;scmfs'mdﬁg bﬂy esppsp emtamrﬂgnmtmdi,eelcmexﬁelmppﬁatﬁm@r CoFe, dltmental

. C erein the conductive materi al

I‘h’cf’n%-}hurg &a@ggVﬂﬁﬁg of a group consisting of a
copper containing material, elenmental copper, N Fe,
CoFe, elenental Ni, Co, Ru, AIQ Ta, TaN, Pt and Ir.

3. 3.Thehactied hbclaind 1 clhviarainlhe pdseivetion ploecsp dspdrfoamied m situ.
process is performed in situ. 4. The nmethod of claim
1, wherein the passivation process is perforned ex

4. Sl métthoa— Bec19RL li]osghé}ém(‘dl@]?ﬁh%a%éﬁ‘fﬁrro@ésg it formed ex situ.
passivation process Is situin an etch
process. 6. The nmet hod of claimb5, wherein the
passivation process is perforned in situ in

5. The method of claim 1, wherein the passivation process is performed in situ in an
etch process.
6. The method of claim 5, wherein the passivation process is performed in situ in a

stress free planarization process.

7. The method of claim 1, wherein the passivation process is performed ex situ

following a CMP operation.

8. The method of claim 1, wherein the process chamber has a temperature of between

about 30 and about 400 degrees C.

9. The method of claim 1, wherein the process chamber is a small volume plasma

chamber.



stress free planarization process. 7. The nethod of
claim1l, wherein the passivation process is perforned
w@2008/0ta348 ol | owi ng a CMP operation. 8. The netPOOUST004/043910

claim1, wherein the process chanber has a tenperature

of between about 30 and aq‘ut 400 degrees C. 9. The

nmet hod of claim 1, wherein“the process chanber is a

smal | vol une plasma chanber.10. The nethod of claim1,
wherei n the process chanber includes at | east one of

an inductively coupled system an ECR and a m crowave

0. PGt L il fedEarit  Gms fididrs aleN Spb ol AF
1nduct10@i9%6upﬁ&ljsﬁﬁﬁwan% s fmcr&@rave-rﬁtﬁwéf&l Bagnpf claim 1,

wherei'n the process chanber is a capacitively coupled
system 13. The nethod of claim1, wherein the

%%Ir f?n%&? I nCl u E}Igéeéf;ﬁam 7 gfgg {)Tgs_ugerrﬁél?etween about
11nT0H%5@9ﬁn950@kﬁgﬁgl mhereln i nj ecting the hydrogen
S

species includes injecting a carrier gas. 15. The

nmet hod of clain114 wherein the carrier gas includes

at | east a_grqu conS|st| of, a on, tro
12. Héeimgio Halnld WIRFR e ocorp e it GAPACAF i CRUPe
wherein the surface | ayer species includes at |east
one of an oxide, a halide and a nitride. 17. The
method of claim11l, wherein formng a plasma with the
qﬁgr en speci es includes volatilizing a.residue on

13. Sk WD Al OER AN SO FBP g 3 1Pt TRt & group

rein purging the reduced
conmgﬂﬁyﬁﬁ%%ﬂﬁgyer spe0|32®$ron1the process chamber

i ncl udes purging the volatilized residue. 18. The
net hod of claim 1, wherein reducing the surface |ayer,

14. é@@dn@hodr ofgraiemb Whepeis iiecting the hf(qar@gwgfflﬁ%tnéludes injecting a
leudes

system.

carrier g

15.  The method of claim 14, wherein the carrier gas includes at least one of a group

consisting of argon, nitrogen, helium, neon and xenon.

16.  The method of claim 1, wherein the surface layer species includes at least one of an

oxide, a halide and a nitride.

17.  The method of claim 1, wherein forming a plasma with the hydrogen species includes
volatilizing a residue on at least one of the substrate and an inner wall of the process chamber
and wherein purging the reduced surface layer species from the process chamber includes

purging the volatilized residue.

18.  The method of claim 1, wherein reducing the surface layer species from the top
surface of the substrate includes:
activating the top surface of the substrate; and

roughening the top surface.



activating the top surface of the substrate; and

roughening the top surface.19. The nethod of claiml,
wob@se7434¢ he exposed conductive material is paBGI/Us10e4043910

with a predetermined tinme, the predetermned tine

bei ng sufficient to reduce {ie surface | ayer species

fromthe top surface of the substrate a desired

amount. 20. The nethod of claim1, wherein the

predetermned tine is greater than about 15 seconds.

21 A net hod of passivating an exposed copper

erco ri in: IaC| g a.substrate .i
asdhodShagm i vt choBge Rar if PSS valed with a
: I [
Pfede@’if%ﬁ%?igﬁe%s%@fﬁ‘fc aﬁ%é*%?ﬂ%@%“?P%ggeﬁé%%&E%E?%ﬁ P hyer
specitsofpora tid @paurfice dfehexbeoissd adogperammmeér connect ; and
purgi ng the reduced copper oxide fromthe process
chanber. 22. The nmethod of claim 21, wherein each of a
20. p | "H{e&}héthéfd Of c1hiR0E! rwﬁéféllfl me@éteﬁrhﬁecﬁﬁﬁg i%re&t@lafﬁ@ﬁ EhRS 5
tenperature equal to or greater than a
secondegrees C V\,herel n each of the plurality of inner
surfaces of the process chanber is exposed to the
substrate. 23. A nmethod of performng a non-contact
pl : a
21, § SRRt ing o R A G TR Sl o hAR
sqﬂaﬁm@imbstrﬁueeﬁhrpr@eesdhmBagen species into the etch
process chanber; formng a hydr n_species plasm in
t Hejeglinga W@@%@P@ﬁﬁh@@r the PEQsges cavgmé?e@ urface | ayer

I R e

purgin ace er species’ fromthe
prrogesse £E@peesxide from a top surface of the exposed copper interconnect; and

purging the reduced copper oxide from the process chamber.

22.  The method of claim 21, wherein each of a plurality of inner surfaces of the process
‘chamber has a temperature equal to or greater than about 250 degrees C, wherein each of the

plurality of inner surfaces of the process chamber is exposed to the substrate.

23. A method of performing a non-contact planarization on a substrate comprising:
placing a substrate in an etch process chamber;
etching the substrate;
injecting a hydrogen species into the etch process chamber;
forming a hydrogen species plasma in the etch process chamber;
reducing a surface layer species from a top surface of the substrate; and

purging the reduced surface layer species from the process chamber.



