; e3eHDDETFL8CG$\ HGHTH r0, ' - 5 D E C 2002 A METHOD FOR TREATI NG5AHRERRS!I TED
FI'LM FOR RESI STIVITY REDUCTI ON 5 BACKGROUND OF THE | NVENTI ON Fi el d of the

I nvention The present invention is directed toward the fiel pcqfysoonizr

manuf acturiW& |’H?¥§rat ed circuits. The invention is nore 1o particularly
‘directed toward treating deposited thin filns that formintegrated circuits
to inprove their electrical characteristics. Description of the Related Art

15 Presently, al ”ﬁ‘ rtmnrimmi ttedc)in CTREATING' ANDEPOSITED cm!ctim as an
| nt er connect, suc as pl ug r hﬁb Vi ce densities,
ﬁﬁ]ar#Fg%%r 3. e si zesﬁﬁ'glzéﬁ

faster operating frequencies, e Created a need for
a netal with ower resistivity than alumnumto be used in 20 interconnect
structures. The | ower resi StBAGH IND P HBTEREENTIQNN attractive

candi date for replacing alum num One challenge in enploying copper instead
of alum numis the fact that copper does not adhere well to materials, such
as titani unFheldi dé. théarnweretpogsent|ly being used as diffusion 25 barriers
beneath the copper. Diffusion barriers are_deposited between |ayers of the
devi ces to pr eveﬂ‘%’ecP&?é@Bﬁt ARG IR ﬁ%rde%rﬁﬁ%,t% i%IPefﬁéolﬁ?'g of
conduct i ng magefacaarihgr dneegttatedei ghbmriitsg | nThleat imeerd ey Sié haogly
conprom.sin i eq .l |_at i char istig. Such .condi.tion
can Iea&%t 019 gﬁgff?%gg? %é'ﬂg g#ﬁ%ncée/&"daegrag%?%lné fg?ﬁ%éjldté?/ cggnﬁ’oglqlms
adhesi on of that dopperintegratted usiowudssritey iopudve ithepor telmeerifcalhe
copper bei nghypdesktabty-peel ed away during polishing. This condition can
al so render an integrated circuit defective. 35 One solution to inprove the
adhesi on of copper to an underlying diffusion barrier .is to divide the
process forpdepesbtiof 6ppties RELOtéAoapt eps. During a first step. physical
vapor deposition (PVD) is perforned tQ deposit a r 5 DEC 2002 WO

99/ 63590+5- 2 - PEFRESDFIY7ALMNYMyF MFidedypcsmpinyed sin igtegrated
establ i shedcieetintgueas har fepestbhiigctpt efichl 49 Plegke add N Widem. Once

the seed | ayer of copper js _depqsited usi;ng PVD, a bulk |ayer of copper is
deposi t ed. ¥R‘d‘—‘8&Fk |a§é95?-§ dep§¥€Ed bgegﬁ?ﬁﬁs's stéﬁﬁﬁ% cl??ﬁiregl" apor
deposition €€efpenciesccandchbargest die. sikesbhake| ayeated zoppai fdheaes
relatively webhylQitdie FORRET rSERUCLgYEy. HRAROTALBAALY cd NBlSEd Lhe PVD
process results™in poor Stép coverage, ich i s unacceptabl e for devices
that 1o 3favénieRrgRnaspestrugtiyes:-he Thei dawer: Weeshsiivisy oFf egepperto
its cross spgkegnalt Waflt BtePakBevelkadrdEda teurfioiC epepladingeralntigadm/D
process cangot bg ?rc(co | i shed in the sane chang\e?r as .ei_ther_chem c vapor
deposi tj on SPSeFBRLIFREP HREPRLOYINE TRRREYL J1Phead ofh 21 UBB R AT &P and
15 either afévb thatl ecpperadopisatioty adherkewelbctoamnaseridbyr asech cascuit
manuf act uri Rg eGAHR gﬁzériag,uc at NAPUIBPULedd P HUIHIP @l BUDEFRLSon
tirme). ely, a y

processed per unit o t er nat si.on can be_inprove
treat nem5 obPagKdessedbergakhpy thenbsoppeRr wi t PLESNS1BR| oPaFELIBES Kk are
, deposited between layers of the devices to prevent cross-
contamination. For example, material from a conducting
layer can migrate into néighboring insulating layers thereby
compromising the intended insulative characteristic. Such a

30 condition can lead to shorting or performance degradation of
the device. Poor adhesion of the copper to a diffusion
barrier results in portions of the copper being undesirably
peeled away during polishing. This condition can also
render an integrated circuit defective.

35 One solution to improve the adhesion of copper to an
underlying diffusion barrier :is to divide the process for
depositing copper into two steps. During a first step,
physical vapor deposition (PVD) is performed to depesit a
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ZQ deposi tion of CVD copper. However such thin filnms have an ungzﬁp
high electrical resistivity. Therefore, it is therefore desirab 3 nploy
chemi cal vapor d%§05|t|on) for depositing_both the seed and, Epﬁhéw

because CVD for a nore confornarzTayer of copper. 2

‘vapor dep05|t|on of copper presents a further challenge. The challenge
arises fromSees °€h599P§rprodﬂ€%dMﬂu¢|H@1%héséébésﬁbﬁéntéFhﬂhéue

copper. In mnd@ﬁmw he celigdiicab EQEQEed@E’%'HPﬂsOf éﬁeeeEhéSseed
achi eved by usi { 016_precursor kno as Cuprasgel ect t he

whi ¢

formul a cu( ¥ heC PR SerePos iteR UG E’SPpOLﬂf\dbuéfSchlaé@r of

\él nYHFI met fndppéranﬂs(a/%ﬁ@m%e (hﬁ@cbulﬁflﬁﬁéifltﬁs deposzced bycf/nbth?r
exaf | uor pac ce 0 resents _co r|n 0
copper usin et[%é&dé %ba}“l cdfasp , é’°ﬁr‘5&ﬁ$ Cf'gfvaﬁ i 2L8°ERC2 oned
into a 35 deposiingn cagbéulkoritayen mj ac@pma:t raadleer(es erelaatsm]qonxdun or
waf er). Iq__ aclgé@jeé(’ft e%%ff;] Sl sor Is infused wth thermal energy at

the wafer's sur ovmng reaction results: 5 DE C 2002 wo
~l s~s90 - 3 - PCTWNsbonuumerzly .Cutheaspe <f- the +PUR( Prackss+ rasylEgn. in)

The resul ti &Opﬁ)@ép(@d)regﬁBQS' mleﬂ tige d:'\l%%ép%blbﬁ.éc%ofif &é\ﬁé’@é eEhaé" ong
with the Cu(hfac)~ %gro uct . ga seous Lewi s base tgro uct 'S

purged flbOmAdee cha gh 'H?é’eé:tprE Ehee Uhe hﬁabﬁr(ﬁfuc hgs @ﬁ?q aé’fotﬂer
cont ami nant fedture vwaf ei'ts surbsse sactibmscls Wiklthesiont i hey shbsbteatepper

t derl ff h tantalum nitride.
Post anneal IS SA9%h dopErREbn SRe RAD( HRACo R, G dpfePorHR L e e
resistivity irur ther slame ichazlbeg ca@;;r@dﬁgart hehexdlvedi orapd@ondeppettion arpost
I fi )
anneal ing stgp.d 13?1&61‘?1 Gkgﬁnhaaa% ﬂ?v.i Ob SRy | fﬁf/er %RB éuk&’s

Addi ng noi sture eposi tion the see
i ncreaseds t el ehgosi @i oEVP at erWn edgctsieayhl placingsi chanber ummrmm Y,

the additionpfedrdedd al S&ﬁ&wce%ﬁmﬁa@m%@on EbOELEXCRRE! Veraayaes
(0~) which reacts vvlthtgale r form ger oxi de %Ogﬁ The .Cu0

i ncor por at edFFHARERIRE b g’gif’ef'neﬁeé e$ cBFSreSre T it Rf ting
filmto an uniees) rabh&tlaematelfuraﬂheauanbuhﬁ Bé limproveld dmppereatméntiot
adhere wel | 0 e C 0 .pr Qv a
nmet hod for t(#e) t%f‘g;llts‘éé% i%%{e 3 ur e%gﬁgggp%ékﬁcﬁﬁg aglpfoiotfghgfmﬂﬁ
adhesi on%et@mw@%o@%eW@néoPﬁerundéfPW?Vﬁg QPFhu#’én Fddmserhgve @an ong

and the el eGigdésir smghtuéétff@umeeesgécwm al apedagbeabl acf ofg such
a deposition to b(f ormeqd .in . a sin anber_ (i n si tgée I n accor&gtpce

with the prdexe %HE 9 &£ °¥o° ¢al| VaReEh
forned on tf&emiﬁnegofbcﬂ;h/vai:he Wseddr eshid ebuléksi daiersy. bec&wsén @y he

| ayer of co o] r t (H-0) is first
deposi ted b&%&)ﬁ'ﬁﬁg P@% 3 a ?L F%‘%OI'&Q fé fTQf??‘:}gexgd | ayer is

deposi te@5 the copper ghemicalni ¥gPeDI ﬂemog)ttmnssoﬁnmp@@ bpreseatsern
wi th energy f@réﬁé’f‘céhhhﬁeﬁﬁé' stitd YciRd1l 1diyes 0dPREePNEESR U b@sodict he

of heat or NG AfeREoNERT SRELOR Bk JeRPERCIPReGHberhe s CoPBSE £ 500y
one instance, the chemical vapor deposition of copper is
achieved by using a precursor known as Cupraselect, which
30 has the formula Cu(hfac)L. The L represents a Lewis Dbase
compound, such as vinyltrimethylsilane (VTMS). The (hfac)
represents hexafluoroacetylacetonato, and Cu represents
copper. During the CVD of copper using the Cu(hfac)L
precursor, the precursor is vaporized and flowed into a
35 deposition chamber containing a substrate (i.e. a
semiconductor wafer). - In the chamber, the precursor is
infused with thermal energy at the wafer's surface, and the

caI

following reaction results:



WD 99] 63590 - 4 - PCT/US99/1 1271 subsequently deposited by E‘g ir%ohower
t he resistivity of the copper bulk filmw thout any post treat rﬁ y heat
or ion. bonmbardnent, it is essential to deposit the bulk copper |layer in a
moi sture frw@0eas®er. 5 If the energy i®-supplied in the fo‘PQiWﬁ’z , any
‘conventional heat source may be used. For exanple, the heat may be supplied
by a resistive hdafuihfatkhend, Cunduém(bflacb,l I+, 2Ladi ant he@an .| anp or the _

like. Ared n ‘iltt such as hygé%)g as, is also W|ththe heat to renove
the io cont !ﬁf" %ﬁtsg rBfh CRPP&S f o‘?e G @R . thRe URPEFoGaT fasgCtaf wit h
t he cont ani nhet wadert halbay sﬂilthacnher e@umﬁa&)thetvpt-adqaeeousm@%m,ﬁs

whi ch are re gd%s the anbe I f. the ene gy, LS ¢ pl |on

bonbar drent , E{,}¥ §"%brgg:o 5 QR 1% %‘k’b%es% rem, € g ﬁb a H®asna.
The pl asrfa psegeneeatoéduhne dmammm nesitwellt As pmheentcummﬁhaansusdmg an
inert gas, gHeh,aged" Seuékﬁegr‘ﬁ%? bgas! tue 92 §§§t§vf§]&a§fhﬁgﬁe Nt and

nitrogen. Al'ternative rogen plasma ca
al ong for b&AbaAR r\’g‘qeﬁéYéEEpe@l Eusibon Harpievi di such Otasconiaamrmt or

renoval . Theaadditunomi®kikBe hYﬁBQGG%ﬂ%ﬁ!hHSS aff%xl Nfeg EC%FH%GV
deposi tion E\C/Bﬁg cts such as carbon, | uori ne a e |1

t hereby red Y e tF9PP?rofrq4‘\’€e§orﬁ5@r LRTHS TRy aﬁHrFHﬁFO\h‘ﬁg the
25 adhesiconabsos degraBes EEhOESGREETLAN CEo]iHEqQBAWHNGSaF pddterardflaiing of

e precen sLaentd R S AV Gt fhdlS LR Slodle At ached el noe

for deposi tfhéma | ayer of copper in accordance with the present invention;

Figs. 2(a)-2(d) Ahh&taaraafst@fed@ﬁ,p tatﬁrtnewtrferfaaﬁsgtheg %f'ac I fea

copper in accordance W th present 35 1nvention |IIu rates a

deposi ti on RYRBePY: IFYD i1NGKeAFSS thR deprsitidm ’é?t%o%eﬁ?hl hs addehdance
with thaspraeelt-abmaent vAfortubabely 2&@%&@11:1&9001 o_éi%rdﬂ%%%laddéa Fig.
4 illustrates ?cont System t hat i.s e(r)g%y(#/ed | Cl% ance with t gt
present i nvERPFENES t:%t 5P™ RN ERAGHR "’tlﬁ is
used for dephei t'opgeroﬁqm'ningl mm:damdelem ((Cud)he mr@emo | incetiporated and
FIG S depi ghsqa LRD! eo0la 081 R EOMPALLIA LI "N Stiadibt ;926 200gS! 9pOf
filns processea er various conditrons 1 nclu | t he
present i nvEﬁ?PéhlnSTo fidmi |5Q atR whdesdzabhdiengiev nt i cFatrtmrer encdulls

tnﬁrr;ar al szdwamayaeeaf?ﬁegpemn mlamtéret Qe?.@s kenat Gud dﬁ%éz@ﬁceel emi‘ni S

at are common to yreg strates a sequence perations

90, 15 starting &chfg ' r’rtacjc% Gﬁﬁ’c’éa% ?h?rﬁtvég n i A @?ﬂ‘? % OFor

depositing chppe:re@tmehe of foebstire haden nnppéedcnm dayegEorsoi that

vacuum cha f [ | ed on
"RRE: adh ?fgﬁ eéh tH®! & 18b%&@Le 8 8&58 21$2Q98bh

t he upper surface in ste copper I's 20
deposi t ed u?PﬁﬁléﬁehFciFrQFbﬁ)cﬁn@e%lﬂ%ﬁi‘—r&fﬂﬂceﬁﬁséétdé'ﬁék'l g&drgduepther a

continuagss ortdigCalsondassrhbYer fof QERCA- dbPodt€DbHlat6 ey pParirbempaesent
I nvention, a_Cu(ht aci ﬁgCu rase! ct}%lrtprecursor I's enployed in the
dep05|t|on 5P Bne*Bdaq %'@?e Wt her copper 25 precursors in

conbi natlon wi th reducing agents could be used to formthe seed |ayer,

e.g., "(hfac)L precursor : agent. An inert

carrler gas, such as argon) K rum that contains water
vapor is also errﬁnomqrmdm}'d'e t:he pnesem:e inveptine, c@pp@yYe30 Phyer.

30 material, such as copper, is formed on the surface of a
wafer with reduced resistivity. In forming the layer of
copper, a copper seed layer containing moisture (H,0) is
first deposited by CVD on a surface of the wafer. Once the
seed layer is deposited, the copper (containing moisture) is

35 annealed by treatment with energy to reduce the resistivity
of the copper on the surface of the wafer. The energy for
annealing can be provided, for example, in the form of heat
or bombardment with ions. A bulk layer of copper is




In a first enbodi nent of the present invention) the seed | ayer i)ﬁ/ [é@ ted
with energy in the formof heat in step 101. The heat can be pr E by
vari ous nethods known in the art of sem conductor fabrication) for exanple
a 35 resi st WRMEA%®r el enent internal t™the wafer support THER 12 Bnps
external to the wafer support. In a second enbodi nent of the present

i nvention, subseguenkidyedepbsibedt bye CyOnt aiTui nigpweappehe | sesistieitwi bffi .5
D E C 2002 99| ~pggo Rer ~ I [ m asna.
The pl asna F@eggﬁg at eﬁ?‘ 5fp.lpq‘{/.i“}r%ﬂebr‘iietr g%f%}t]g{%l&e %é;n%}%%asbgs.ﬁ?# a®*
preferred ekPBdbemparsimenie ditedsntessensagiloto Repeasditg\thie stk toppeoduce

the plasma gage¢ORROSCHoRLLALEOPrebY AL and 5 nitrogen. Alternately,
ot her inert gases such as krypton and xenon may be substituted for argon.

During plasma tr &&t nEh®, eRREIYUbY r UBPSAE] Wil cRhehda@ppef theatheeany
deposi ted aggHieftidndeURkh¥esbifSe dfay beSuddd Of BbeCikaplhwbaksgase The
bias results in_ 1o ﬁOSl |_v§ Lons in the gl asga bei ng accel erated_toward the
substrate. TR¥s&S o b‘ppﬁn‘)ﬁ t Bhe® chEpLTtitRdiravEps t%ﬁw'cab’é@r‘@tfﬂ%
copper to adhéele tradilmtsindazcdarp tdre thebsltilat.e, A.redudirg capger guehns
beconme "nougt.ed;. S trate al fl en e ai i ve
charge 15 ﬁ%%l Iﬂ’?goéﬁﬁs %%%an%%s étajhr% aéﬁ'gshl or%%tgf ?ﬁ?tglacog%ergégé‘gel 2%% to
t he subsir afentamapantie fam ofha iBHLanecseht the t Weler asFecohvdnegent h

precursor ceahaRENaR tRY Rhedusdse AMihaA1ty ' SAOUEM: f heE e falkanbpeaulNag the
heat or plaspa treatnent is congl eted in step 20 101, a bul k deposition of

copper is pEREMrnEQ | FAELEPS109°OMRRRNES p Rl R p AT edr BIRYSS  FEOMUI khe
deposition chafipesited over the treated copper to forma | ayer of copper

havi ng a desired_thickness and inproved adhesi.on t.o th fer. s surface.
The bul k copper &«Spo?ﬁfi o‘?‘f‘?%gyac%%evgﬁpagfﬁg ab3§5 Jt%nﬁg\ﬁﬁﬁgﬂﬁgdepgﬁ?ti on
wi t h CupfSasebpperosesdndayelelsbekiosedpaionieaxaginlieon 4 cx askasnaw t hEheor e,
it is inpor hat; .t h posjti of o fBORER f d J

noi sture frggagﬁéi'rgr?rre fagklgﬁg?y?hth%%r ocess ened‘lsl)‘fe g‘?fsl?%%@l ngge%)mfn
one enbodi mdAVeBtiopheupingemn | AREHE| GRSt hEUSBeBF aPEIORNdabONG | Wil
dﬁpﬁf)' ti on;réaégpeet OF;atQEQS?HsﬁéE?t {ngttam 6 éxorrreﬁmlln chf e . g
chanbers. Regardl ess o e 0 reat nen seed | ayer is s ecte
to) it is sPpeCSFRAEdVElAr (e hsregen fpitacaen | PIAFPAe 941 | éﬁti%’apbﬂ%%éis
anneal eccooualong ofdxleboinbardimy themaspper easl wedfl oayg@rovdddhgngfoent t h
pure copper d hau d e hq{ﬁ%er POe  As
such, there cgbga*“g%eg%%c 5%?\ gnvlg)rjiént g%lgefa t‘:&&?gk%:ﬂe <:'gfee alg)g?rgtgok%ew I(gc%:t
resistivityfors the gawpaloof--eopper ~deppgitian| jbYBHeAGESadRESh oA
the bul k | agakbba,t REq%Red |AYREindl haanahel Wikehe wuedly FeRThdidierthe
deposi ti onhﬁpl asma treatngnt,. and bul k d%)o iaﬂon are ccorrgsl i shed it'lmea
singl e chanB&SIEKAVIYY cQpattle ofFRPeFor ?é YR hEFCc af VAP RS

deposi tizen adheslianmoft samenent and explained in greater detail below Any
noi sture in the chanber may be renoved, for exanple, by baking out the

chanber prior to bul k deposition. Accordi ngl the | ayer of copper is
formed conpletely in situllhBEEis 7z (R @8AWas@2t he formation and

treatment of a | gygrupl m%ggireﬂetﬁ@ Sivettilon M COESGE t h
gs) sh a

the present invention. ﬁ:I i ows via 116 that has been fornmed
(i.e., etchsdth the hely of1thefarrached idrawifias 1 WhaGBA as silicon

di oxi de.3ghe layarigllliofillustrates a sequence of operations that are
performed for depositing a layer of copper in accordance
with the present invention;

Figs. 2(a)-2(d) illustrate the deposition and treatment
of a layer of copper in accordance with the present

35 invention;
Fig. 3 illustrates a deposition chamber that is used in

the deposition of copper in accordance with the present

invention;



~5 insulative material overlies a substrate 110 which is to be ﬁkci@il cally
coupled to other elenents in the integrated circuit. The subst ? 0is
to be .coupled to the other elenents by an interconnect structur 9? Wil |
be formed wMaI9$3%%e via 116. 20 The uppeb-surface of the .m@t Q@ ayer
*111 and the upper surface of the ' substrate 110 that is within the
perineter of the Big. 1‘161.]alztt$tc;\¢¢ﬁ=alan dontxodi Sirstemn thatr isr einb2oyéHle in

di ffusion bayddd¥dancde Wi st rat d éﬁeﬁ%‘& bi E.n\t/gﬁ"t:ijn%f ugbonfgngﬁﬁerg nne-ct

stricture netal into the su | N onée enbodren Ssent
i nvention, tIReTARIGToneECtast A8PPELELABt alchagbesppshatand & heusled f uflo@n

barrier is adgidRotny VedBtied i é@ééf&é&éé/af}ﬁﬁ' thet g&gﬁgnﬁo&n%ﬁg%ﬁ

refractor%: rretal n|tr|de i's preferably tant mnitri al’so be
titani umhi t3Ye, 30 tantal um tungsten nitride or another swtable

material that funetdgonssas d@pdbi;fsum@n BapLéer oket whah t heodBd@ind € ¢ e)
copper) and the su.bstrat 10... Fi 9?8 &e %}Lustrat es the deposition o
e

seed | ayer FE5LICodperahfi eAbes B?ed’ri%e&ﬁefint‘é?%ngéf-'le.gs
structure. 'Etmcbﬁacbdsa;amcluﬁmgppad fnéBhpd depolse tipflesunt hieveidionsur f ace

of the diffusion Rarrigl ;312,48 ngu?ﬁ@%Eﬁ}xdi’ﬁ?m q.%?%'(x%ﬂ Lﬂgfgpgnfayer

n.
enbodi nent of the present 1 nvention the "sée
113 of 1& prEreNsds whaye-65668 - used, pcrisye/ 1PE¥§1béppertPs depagneate to

be disconti niutidale eldmedite 8hat_aftaPeokmbieed ce@osidirys . regions. In an
al ternate enbodi nrent (not shown) the seed | ayer 113 of copper is deposited

to be continuous with a thickness in a range of 10e to 300. 5 The chem cal
vapor deposition of the seed | apDETALLED PEICRIPTIONY achi eved using the

Cu(hfac)L precursor, with eing VIMS. Liquid Cu(hfag)L is vaporized and
flowed into a de ti chaﬁ‘bgeqjgc‘?ﬁﬁ ai i nSeTYRNC]IbsPF at BPSARELPRS: 90,

g| fflt;5|b glns bastdmringl 2. at/apsrepzatdgyn ofn't hac@asn?]ulr@@r with bgtrl@ apeﬁgahtshed
y "bubblin rrier ga nitr eli um or rogen thr

Che ©iau d oraiasd “fe Repbs T 0y TebbaiEc o crhe TRREEAS | SEoh | o

such as ar gomutes veri e $uppaRit ekh cauvaayumhehpmbexs soA tsgedeakayelasofn
equation 1 V@cuf&%c%@éﬂ‘i&&%&bﬁﬂr‘:??pﬁ p8Sidea ! 58 élhéfﬁ%é’f‘ DREEAEL

112. The seed hem cal 'y deposited using other copper
precursors Rfehthe orfem f-h%) £tEPr 30 hy drin seeduciavgrageht coppsadl s

speﬁ_ki ngﬁo aru(eﬁcsmr%e'& he.miﬁ@r_ dﬁmalcumlon vu;iocllt WQiéi:IdHlQlioﬁ cend defaer tise be
Wwthin the sgcope . e | nvaent LN epOSI Q exces Nl St ur e
(o vapor) ST ad, "95, S EY '4, cPRtiRHoHEDRE |didontanfBiE) A alR® o)

break down igrrpeéx. anin O dosgxiance Thwithee tbet hgresenti ndsiventionhe seed
layer to ~ QI REAPAS" Phsladdiie) CUPrdAFSASCSLs NC oS 5§éav' iy ofeide

seed | ayer as wel] as reduces adhesi.on_of a bul k _copper | ayer forned

t her eupon. /ARRRAKTHPR o ofhe ther sFeefbodPKeRt of HRAWe Went?‘iﬁ?r aftEPYhe
seed | ayes Cﬁr@élﬁfhﬁrsljﬁx icombepasibadwith redachtdg cagentsd) dwmflld ike aidd®r a

hydr ogen or Argen_at pher Th| heat _treat eal s th istfure
(ﬁ, 0 \g/apor) gg‘anf‘h 5(? a I'n %b%ltigﬁfn?ggﬁggg 8%?8‘31%?5036"1:1% tthe
seed | ayer |lsydmtmedrb;lucmt IBG#IIWi th fhe mtencahytlengmsaccsughnglao
the fol | ow @rf&ratkﬂﬂon Reyptén -of - Reliluil, HZ&(: E‘aﬁitalﬁs) waterherdidd |

the form of vapor, is_exhay stedfromsjhec nber. ,Accor |ngtothe
second enbod*?reﬁ}s‘af ef“ﬁ(lz°¥ﬁ‘3eﬁ?| em.troduce the moisture into the “copper

30 layer.

In a first embodiment of the present invention, the
seed layer is treated with energy in the form of heat in
step 101. The heat can be provided by various methods known
in the art of semiconductor fabrication, for example a

35 resistive heater element internal to the wafer support or
heat lamps external to the wafer support.

In a second embodiment of the present invention, the
seed layer of moisture containing copper is treated with



5 DEC 2002 WO 9963590 _ ~ ™ PCTNS99111772 after the seed | ayer %f 5)
113 is deposited, it is ' treated with a plasnma 114, as shown i [ffﬁg(]?z(c)
I n accor dangg o¥)kdshe t N Present invention, the plasma |14 is deqnisoshidn

provi ding energy o one or nore gases, i % a 5 gaseous mxture, that
includes an inert Such inert gases i ncl ude hel | um argon) xenon and
krypton. In® %‘?@g}éngﬁdltﬁént fogm afe HrRkFMe | nvEhei BhaSPAcigagepatatrdiby e i s
conposed ofalapjtlgr:};q‘&glreerpérg’ayc g&d, bydrogen mvid nghsegen. THe @ASpPhéFE&s| S

transforned_in io_infusing it with ener froma RF signal. A
frequency of™a %g%eggl ?gﬁa $eBREFBRhd HY SR dPHce Bt g%@f-’@)ﬁt ifsy dedento

results. Alpeodatel ythet pdrashmaeqyasci esmpoeeddeof heaﬁ’g'iﬂ'g,e hy@¥ogen and

appr oxi nat e fo r a |cat|on and_u prOXI mat el

2Ghz fo?%m J&%/omg%%#gpplé:]c% ané)vﬁ" %%Srt H‘é‘esreeogi%ﬁ/% SBF '%ls
treated Wtanéiegenon nag lpeasmlasunmtadbfmk alegpwsi tion of copper [ s
performed to for p 1 ag{hgg es d Kk As
shown in Fig. 2(%&%% 98 Ig'%{)emtt?%é tcos)t‘gleérﬁ| 'S r%(;% t%tgteus%ﬁr}gf%c@nﬁscal
vapor deposFPPRer a 520b¢@F96§PﬂFiﬁeégmlt}]ﬁ?n)atheg%eveLéw-@xs of agopper

113 to fornréberfi nak | V&€&t Hén CoppRbatdment N a pred er pedsenbaginent i the
i nventi 33 t he, bul kK GVD of , copper er 1 5 is achi e ed as _descri hed above

I
with re ec?°?bt1‘3fﬁ iBi e h8 Sing, €GP 8F.atﬁ6mé\?é’ﬁ‘? noche
noi sture i ssasstmteduc'enemdmm imd:é(cdepbel toppet ssgedf (Dapreﬂ | théreby
noi sture fr ro nt IS AgS buI dep i on Rocesses
may be usedggeu% s gglgng &?ﬁg?hf g‘é)xtav#‘t%hrfa ﬁ:drogen re ucé}cr?g agfgn"tatSh
bul k deposi sWbstoateopper.-is té@cmqpn@meqr@mﬂ bgeomée “fomatetdiyeon Itlte of
copper has gubbt £X08SSrd) alganeqac&ewothe ngaﬁasontosll%eoweh&ﬁﬂ@/

dep05|ted copper,is deposjted on top of see ayer 113 whic
i npr oved-SadieRibhtY o th@‘%d@@%ﬁ@sdqu%sP%‘ES&Pﬂl é’rf 1tbe [qepPeghesgesh of

the fi ngl I M?érOEoCQhﬁersuHsithet he adisdd,usire Brddrdr efonld pridseditSAn
i nprove

| t t h d adh h [ | i kel
to be undest Pﬁb?gs%’gﬁl gﬂ“"‘aﬁﬁ?ll\r'}? ngﬁsg}:}Fg‘?’:ﬁg%ﬂEﬁ’rﬁ?ﬁee Xllirs%‘%]‘fecis%g a% d
pol i shi ng. &nearemdvednfitemculedchmmitexf the invention, substrate 5 DEC
2002 ~i ~3s9 9%/ 4d d
Iayerwgf Ico Ser Oég fﬁgrlﬂsg tyrj?l:%ﬁ et wﬁ%%ou% de“%i%s alala\??tlt gyer
111 wi t F%n B\ilgon pud&nslepogitignt mé CaRFfrNd Sor ed,drec &tePoldfen t op

of the COprheSégﬁbéﬂt éep&ie@é &LE:lh Stﬁélobélknééﬁééﬁti&e i@sdéﬁdéiltfe)ﬂ and
are therefore undesirabl e |n a via fi o‘fﬁ’g‘?l i c_aLtl on. Plasma tr

reduces Cuo°b{FFh8 £ 55&6&? s FOPPEFi 1§ afd 18YRF uStn §IBRES ?1‘?81?%8
wal I's of thdesimedl6thicknress efand edmprooeide@dhesiohe kavebheé owafer's

hydr ogen’ ! L 0g8Reb! A5fie | BuiRC birihdd CalkpbBSLS8AP s, 1cAYbI 2hing! hor 10

t he dep05|t|on 0 titaniumnitr arrter |ayer peCI prererre
enbodi ned®t sCBemigal ngfaney ofieppsipd %erﬂl%veﬁpreﬁe%«ﬁﬁ rRiN seme StheTed.

gwo copper Fbuhms ¢ edeptzfggeqtqenseﬁpzf@&@sé{jt ani mn]g;eﬁndeedl fﬁusn qe i 5
arriers. For_eac a thi ck see er_of .noi st

copper was GEBSEFRB H’TILE Q}B‘ﬁﬂﬁb J%f %%FH?) D P Wg sé‘e’d

| ayer, the eaamisturec fressémvirhnenta. sePanaltyi r ehenpwbcelanbadsf at

treat ment. gg wahgrs were then transferred back to the CVD chanber for 2o
bul k | ayer ep85| tion. For the dep05| t 3on~of the seed | aye on was, used

as the cHtrier g3s fene nerbediment 9ff |tHhe reresent abBVSREhﬁ’PeI FhesseeR and
hydr ogen Wa&ayetr Odnaed b%llka flhwrr aaep@fsmapnem mael thebt0saam plagma was

| d t th 2 d f tel
S00scom and EEBBLRERE, SSeRTREAIet, 1, PaLEREare prolnbBrE®, © rafidlusyT O1Y
t he CVD chawifetthat typeatof dfremnmemti ridtee| seedd @axﬂrm:rs eHbiedted /v adta .
carrier gas;at AJd AR Grift ARRE 0%kBES! Ho2PTEE MErdRe thRAGUN A dtdliween

t he shower head
35 is annealed out and oxides that may form as a result of

oxygen reacting with pure copper are reduced and exhausted
from the chamber by the hydrogen. As such, there are fewer
contaminants left in the seed layer to effect resistivity



30 and the wafer (heater spacing) was approxi mately 400m 1s. The S/p@)g
chanber pressure was mai ntai ned at approximtely 0.5 torr for ad qubn
time of approximately 30sec. After deposition of the seed |aye one_waf er
was transfe?"?‘ié?%ﬁ’oa treat nent chanber an@-treated with heat ¥5T(Hs%9ﬁé”3t her
wafer 35 was transferred to a treatnent chanber and treated wth an
Ar gon/ ni t r ogad/ hyldhegé.nnpl afmatheor b'ulik plagen treat eHewakeed alayer.

ki £ d. ,Lp_this st A -
i trogen, - ahdeerpaBele Haue | HorieBooneedl: hlekeoBrEtasE et ur deaeTR o
admi tted totreetmens: mand chadkbelerms ftinn rate sactorgprshedairely SDfEhem
250 t I Thecsh ' d at
a00m 15, Tne"eROSE, THACNEE, ckBabel Gt "R R0rEAS BOc BT, (indt o1
1.5 torr Sandeppsationt Mrméuasmérrpéra@umen@staaig‘l i eXpa tined pEnoxdmed ey
450C. The \A@E%lls%eflwealﬁgf xfne&see%%hnv&ﬁé YeHehRRRC ﬁa%t&e HRAUEN!

chanber conditions stabili prior to plasnma treatnent ter

sel f-anneal £RY sEXBBPLBI asha thAHBRENtOWondihe ofhamher 18Tést abtQ stk
Speci fi cal | BepasiBEocai.gnalacmerdimgiliyed thet hEawdimodr bppér aRBr OfdRicE

frequency of d approxi mat e power of 450Wto formthe plasna.
The pl asna tl’éléf’l%gnwti§cgﬁdf??8ns were sustained for approximately 60sec. For

the heatl® reat ed Fiafser .2 (@) d2dden iekustrate ethe ofafma tion r aed nerta wimntber
at a flow rgke 50f) ARH Bf MBS 19:90§ﬁcirht3§’ aié&a&{'PEﬁ &l Sl ©

h
was established at proxi mat %i Qorr andftreat ment l"ﬁ er terrperature
est abl i shedWat aﬁbﬁoxpﬁﬁﬁém} HBE@“"-:FHE heBigr [k FlaewRs? apid obdibrdihaty

gggm 1s. FTh@xaBeﬁeténr e&ltm (qodrailh t'?&iﬂué@r e:.dn?(h SL@}&Fnﬁﬂlf@f AR i el y
sec. For e pla and hg rea fers, c er, was
deposited i ﬁ‘ é@l!) cﬁ‘éﬁggraim of ér' }Pﬁggelvliodgccm
and a Omsras.elsaahtpllvecmasen&lomvereleé apmbsmma&eelmd) wihiate /i noudeng

hel [um as 2 <aLkLaLa33 035l dh | LAY £oher OleilAK! R Cline2000ama e

argon carri er gas con ol st ure was om rrn ion of
the bul k fi lcAgCudtgon The avb%%r@aeatllphéwmrm)aéngpuedanq ¢hge abhex

rates of ap@l%bﬁ%@' 200 GeiFetdnidetC R RNAE | Medy - wile Beat@ymm@aci ng
was 30 appr oxi OOm iif The CVD chanber pressure was established at
r

about 0.5t oMt & Yépo on tinme was about 180sec. As an exanple of an
al t er nat® enboni rmtez up'tpémesmmfméi ofi, thecdmpalative layekr adlledndi tthea 35

hydr ogen/ ni {4 oQ underl“ gge ot rdrP e 8 \‘f\gf@er k! ‘ig V@I&{lp\)l(mz ﬂ%anber

af fecting th copper *rhé process ormed in a
manuf act ur e@et;ywpm od rheevial $16f asanoveriain, beaau fbf fusionShegiriiesal |y,

5> DEC 2002 wg 299~ %@Odlégusuf’rp bhaEE98F 1h Anhydr %ﬂlo@@ﬂ o MH3Bi Ve lkBe

admtted to t er at flow rates of 8 xlmatﬁ%ﬁ/ 500sccm and

100sccm resﬂé‘g&”\?é‘ﬂ‘ éhénEﬁﬁ%E?eFEnﬁEFﬁFﬁﬁ"ée g %gp}?ﬁ(‘? & |SPRs5ER SN

the heatzs d904ci ng 1as eper enboedinent100fi 1she L@resenteqianeytion, the

(appy oxt mat dok dudiiake e R & e PRP| 187 Aorder0"8ha OlhBPHIPETILE ¥
e

155W and t he ressure was apprOX| mat Torr ese treatnment

condi ti ons \k@rré‘iﬁa?stlﬁ e Fefactasno mekale|or mtom ;esadcadsrides an
interface ofpdicapk¥mples OHECrefR@AtWH/ChméPaTleptititideneis preferably

tantalum nitride, but may also be titanium nitride,

30 tantalum, tungsten nitride or another suitable material that

functions as a diffusion barrier between the metal (e.g.,
copper) and the substrate 110.

Fig. 2(b) illustrates the deposition of a seed layer

113 of copper which is to be employed in an interconnect

35 structure. The seed layer of copper 113 is depositgd on the

upper surface of the diffusion barrier 112 using chemical

vapor deposition. In one embodiment of the present

invention, as shown in Fig. 2(b), the seed layer 113 of



la next layer of the device, for exanple a barrier layer of titymgg?m
nitride or a bulk deposition of copper to fill the via. A variety o z/vafers

wer e procesged r various conditions including those of thergloNRT2
descri bed @%’82‘9’?’5 Table 1 shovvn in Fi gé1ure 5 depicts the results of five

(5 f dey. di ff t dit VAT 2

tnd 5" (pl aceurbeko: B HebrtiteR ol PR RS RuS ot 1 Dol y ) PRASe FRE -
best conbi ng&psheseesn dbposwﬁogooelgmmesr on ahepai;téedatayembbdnméness
and | ove 1 eSiiahl Wrogr)1 ngr Z%eeﬁ Zn P14 I Ly IQV%&#&&& eed

| ayers are usual y sli'g esron nea ure ive
~~scot ch taﬁ@m&ﬁ@%’@rm@ tésflhl es8$ vin taapangss ofpdiddetar (SOtOIAe f| I m and

then'. peef ed of f .rra sopdd @ Ldged C&etp%@lwenf bkmcaeels%%doflf fetr dl Catiesd he

i nt erface bet ween the 25 copper and t barrier. score of
fil m peel ed FeEtexablye ¢¢n1e9\reaﬂce%b%9veéhet r@‘éﬂthaﬁaﬁ)éf Hﬁﬁc‘t‘ﬁ%"{mdé’ﬁl"-%

oxi de. A sCQedngf \&'Msﬂdlm%ﬁ@ tdie(hfflabrrndlldnvhpaeehew hat 1 dwale
peel ed when crlbe or |nd|cate ngne of gefllmqﬁ ed off
with the ta Iéﬂf'ﬁ?ﬁfed A Gge S eSHOPCFBER f i il own

for each exralarﬁfmriton Eragynarr Liest rdsper e aENBrs et etrhé.?@réchatscnarbé)e be

enpl oye o.f r y s cC £
Cnvent oid (AP aReY B HOBAPID A COLANGE dhe TSR MESEltnogen
Mat eri al s) hediugy osaMéreganatheaumnotrhﬁ diquisgt presursenr . m)dr fied to

perform copper deRastirdn (Innoﬁcwré@d&? u\ylha EhelhafenEhPPleirh&a§)’5§@é‘h 120
i ncl udes a process chanber :n mhlc er deposrtlon IS 5 C 2002

wo ~i s~s9o &f3 argeRns-~ nTPrﬁ dé't?‘ﬁsr’rnghe ?O(Péﬁcué'ﬁaﬁbe?o 137

?llre a waf er regeRQr tasl 3th féquaeumoh rnlmwhmh@reagd déwn\mel@eafbpb&h f &t 2
OW ng process gases i.nto.the .proc chapper 137 s chanmher 137

s defi s B’@"ea diZEReinn) AL IER fhat a gg& 3999 ¢ and 1ohePR |

i sol at ed fr @hanicaldfye rdepgsiced Mrmncbtﬂtm\ecmr 199ebyrsen‘sa1su|ch ]ﬁ

For providi o ehY ‘E‘H’Pﬂ&? &é% 6’9&%r
coil (not s%\/\n{ﬁ{@t’ roér ées hea?@‘t‘ er or provi g‘gé%#e e er ay
for formng agxymfmo ﬁ@PPGrsﬁﬁ%ﬁh@emi MiEh oiftixel 19 eonsifared i ce

126 that pr%dﬁ§tﬁiﬁnadri‘é ha¥bpé BEecnwcmaewl&;r amlafg 188p iz iigh 20
MHz. Both. th rocessi, ng chanagb 131 and the er sugaor 130 are
coupl ed % § ROpSEUEG e nt‘f%"ﬂnr?x’l%%s &y {3 "isis

coupl ed to tAddipriceadd yhadrer dB?tIie)rH,@emtayngmm p@munatonH; hendrdbess
chamber 137, (IRfcM)OSS Uit CAILd % AL éﬁgoﬁ& | dRs GQeaPy 3%9.9 to *

react ant bypro cts fr he process chanber n o er to providé reactants
to the procarm rzoprer 2oxidey (EWR) sysFuth ingrapses| theudesigtiviby Bbck
127, vapori zgie lie%dgpéy&arwé well) @ dddugeisd agnestioh?df Bhowgas dupeir 121
provi des carrl er ses fgl?r eact ants and is coupled to both the vapori zer
128 and the 1 %Ei R&1 qui d panel 122 provides liquid reactants
and is 25 coupl edhdanrtdiengy apor ither mr: Tembodjmwentz erofl 28her cixkrg: ifaay,

converting | ctéaégds Ch 3Rt S; g Wb g ileledyl di ¢ eagd ant
i s enpl oyed, 4 rdl f‘g& pane}g%% prov s&?héi Iqu:I?d reactlant tolth

vapori zer 12Feahfd (wth At A0 eifheragohysE99eRe O30 ANIRR L HIRF 9]‘5@? -an
I nertAIdl I Ua@hﬁ‘&xé&@ﬂtf&ﬂﬂéﬁ&"&nﬂé&dbo@ﬁg, thed mgeiture a(HoNn va@oa)camri er
gas ternatr ve t.he vapo izer roduce a a
Svapor at 10n CHR ARSSb PR eoTe SHALF Lo & FERE SRS TG iy o HSE,
panel 12| prhayeies llsheredpoedzeby 128a8siont twitthe ther i ambyeses hydregeseous
reactants, agg? %%Qhﬁa%ﬁleﬁgn@éﬁﬂﬁ%ﬂ .he vaporizer 128 with the

i qui tants. e

liquid reac vapori zer then provides for the conbination and
vapori zation of these reactants. The m xer block 127 is

CuO + H, ----> Cu + H,0 (Eqn. 2)

s
the H,0, in the form of water vapor, is exhausted from the

chamber.
According to the second embodiment of the invention,
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the 20 proc i
processor Uphb Ak deposition of COF
nal layer 115 of copper has a thickness in & range of
ly deposited copper is

Since the new
d layer 113, which has improved
112, the

diffusion barrier
5 to the diffusion

oved. As 2 result of the improved
1ikely to be undesirably peeled

112 during CMP polishing.
substrate

10 the fi
1000A to 1 micron.

deposited on top of the see

adhesion to the underlying

adhesion of the final layer of copper 11

barrier 112 is also impr
adhesion, the copper is less
away from the diffusion barrier

In an alternate empbodiment ©
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‘Th.e di splay unit 250 provides information to a chanber operator h?ﬁﬁ(ﬁi form
of graphical displays and al phanuneric characters under controld

processor un] The input control unit 270 coupl es a dat g Vi ce,
Py RerRBmen

such as 25 d, nouse, or light pédf- to the control uni
provide for the receipt of a chanber ope'rator's inputs. The control unit
bus 225 provilfescdwkdt be tar grefvdousilydadepesiccedniagersiahaksppet weervial 1-

of the devic t hat . e h ol i t. hu 25. Al t hough .t.he

control 30 uﬁ'lsst ESS %ﬁ%@ayg#g@s&ae@%ﬁg e bﬁggt hlé{)s"gllar%e]t‘ﬁ yllﬁﬁﬂﬁegtlsl t he

devi ces in tWietlcom rdrgemi plao® . t Heurhrd rohianetcbisg2pFocassal Quobean

col lection ofoRHSSRS P o £XRHR! @opbas Cg\ﬁ;%@%/aélél.l t %@&de{gpy\gcﬁogyguoum t
coupl e out put

270 and nass, storage devi ce 220 can be to an 1 nput-ou
peri pher af bRCresqHihe rerlshiydddysandimze 2bhesaforenungdesicabie doupl ed

to a local processr fHs1idatd didCal p PRI SEAEa BEn 8N elIB-EC HR i chout
peri pheral bus are coupl ed together td?-rf%io the control unit bus 22S. 5D
&P AR frc{{’]rﬁ
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unit 135, theredegital invertion 26111 hRowaper idierculsded .andTybe cobser [Hiagls
127. The control upit 200 provides signals to.the chamher .e] enents that
cause the el"Heht GERCHEISDr nPR hesﬁBﬁgﬁe onb&@?&ﬂ“be&“&ﬁ' fc?{llf ion
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unit 205 dir e ti t ch . S _i NG5SR t he
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response to Endswingt dgppsbhiont Rf chhfbeseed erldvier ar £hai reafexs t were

perf]g)r mt he @f&?ﬁ&%xﬁcﬁ% Okass?éﬂal_&%&eab&\%méx& ZQh%ﬁ}S@f efs.@f tehtfend. Once
a wafer is place n the processing chanbet, a_se er opper i_s
deposited on l??lé”’%éaﬂregr qufpesttgﬁnlgﬁgf‘#ﬁ’?rié.b'?ﬁ)scogﬂef:géocﬁ%r F%Pﬁ‘gﬁﬁef“
deposi ti ao ibukk dayled) depositionessor unit 205 executes instructions
retrieved from 2 T cutLgn he LS ct,LQRS
results in the efpéén%ﬁ?g@(r)&é%%%gﬁgnggr gggi %%ég %Fgg‘teie'ﬁ ?%gé@pgvégt E}ggﬁaagr of
mat eri al on theuanrier gas fercmpbeturgcdt ai floweratenod taprEicximagely)

Once the seeglgdayer 2fa CRPABEge: GRPS| ithoRRoddIStdICtd O Juet a@¥edokr om
the nmenory 21d instruct_t processgrﬁgunlt 205.to0 auset'g?ae el Sgiénts of the

chanber 120 FRPIRIFIMERL, I00SFGH - r BRERR YT nalFRL A3 HECLete 25y KRGt WBASHt
t hese i ne5r usddckeide eandit edge talte avatated 40£fheapproximstelyer 2@Us¢cm aand

treat ment Ch?ﬁ@fécmirdsg%&ﬁ}ﬂy.ar V& %ﬂ@@r?ﬂéﬁl@%e har aliiStted
treat ment process, an e , efFements of the trealnent chanber being |,
operated to E®efhet KD ecphanhary abpder rafehof pPHEﬁﬁx&@a%%!riobéécﬁgB%:
with referengg@ing FhlidhiC)as & Dchr£idP02guz ~~a690a_ Ilfrow Pead—nofm
approximately 200sccm. The spacing between the showerhead
30 and the wafer (heater spacing) was approximately 400mils.
The CVD chamber pressure was maintained at approximately 0.5
torr for a deposition time of approximately 30sec. After
deposition of the seed layer, one wafer was transferred to a
treatment chamber and treated with heat and the other wafer
35 was transferred to a treatment chamber and treated with an
Argon/nitrogen/hydrogen plasma.
For the plasma treated wafer, a “self-annealing” stage
is first established. In this stage, Argon, nitrogen, and
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conprisay estedblsbhad. heg{aeéie@&aﬁmy candige angrafl kY tiphtiea hglragen
flowto a trgat nment chanber at _a ra g of agﬁuom mate#n;l Jéoyﬁoéﬁ’é

est abl i shi ngP&®FEatHentchARBEP*APaESr EXERUSREY 0x hat ofpd A£n
treat ment cappbeximatpepawareodit 4HOW oo metoedty u&OCpaadma hearlmf Blasn@aci ng
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appr oxi mat of peAtpaRE Egia b tont NELE' Sk CELGeq For LR ORa AN E0E (T,
(b) is in the f oFarofthe pheatmtrestsd MWafem: hbydoegen awmss admidtedn i d

pl asma 15CaLAEN! ¢ Lot [tk CHBPT I8 e 100 S EhleeANeEa! bBBroRidie Ry | Of

to the plasna treatnment. 30 6. The nethod of claimb5, whereln
"sel f - anneaW%SC%‘Fage’r‘PﬁrWﬁé%r?‘%@bﬁﬁnﬂfﬁﬁ‘g’%ﬂas established at

Argon/nitr oleﬁﬁfbxﬁheeenyf BQV\Ot@rﬁdt agat mepkathaner cnlbmbéew tgl?l@éli]ﬁure

appr oxi mat e ) sccm an spe I v est abl i, shing a
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chanber tenpppuoyisabélyppPimilbst el y\ThS0Reatd ta‘da@ateent spenditjons were

appr oXi I eLys(0PHEAS £8P laPbid,RIxl 8L} N0 - anneal i ng stage for

appr oxi nmat el

i y 4 For ‘both the plasma and heat treated wafers, bulk
copper was deposited in the CVD chamber using hydrogen flow
of approximately 1l00sccm and a Cupraselect precursor flow
rate of approximately 0.35 cc/min using helium as a carrier

25 gas at a flow rate of approximately 200sccm. The argon

carrier gas containing moisture was -omitted during the

deposition of the bulk £films. Argon was directed at the

wafer backside and edge at a rates of approximately 200sccm

and 300sccm respectively. The heater spacing was

30 approximately 400mils. The CVD chamber pressure was

established at about 0.5torr and the deposition time was
about 180sec.

As an example of an alternate embodiment of the

invention, a copper film was treated with a

35 hydrogen/nitrogen plasma to strip CuO from a copper coated

wafer without affecting the underlying copper. The process

was performed in a Tx2Z chamber manufactured by Applied

Materials of Santa Clara, California. Specifically,
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- The nmethod of claim1, further including the step of: (c) depositing copper
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the copper miéduankgty @p%@x@.ﬂxa‘t@@ | agekne] RRtendAdy W&3 hppNsés' atng he
wafer to a treatneni chanber,; {nisi reating, the copper to reduce the

resistivity?oWd* ﬁ\?PIFB&”B‘Ft@ i FRr &PR ShaFRErepPYBFSHIR t WS 25
conpri ses tapptoxnimahelwaf 2rS5nbth. heatTheka TEreatmémed @:fn&iﬁldﬁsllwe%erel n

condi {1 ons SYCRAERRE P, nbaroklhifeLy IBBEEES PRRER, Ak Chrer 2R O
rata of applc@mlﬁﬁ@éﬁyoﬁ)mlﬁ{ pYrebldappeng wpony e&t:rténtt«uhal&bes:.pr@:&asure

at appr qxl y r PER, C egat a tely
450C ang)éaniﬁéé}g% erlgtsﬁaﬁc)l %5 %hte;lg%é oxi_mat E?Pb%%%‘t“ﬂ% %ncpgs%staéal mPn :32

condi ti ons T—b?a%b‘ﬁi“o%#ﬁé’tléley Q0@ Ul )85'192951’Fﬁénr@fh66p§¢rcf59| @) thier ei n
said step (€pafurther conprises formng a plasma, wherein the plasm

PrrNSn 1 2n 14 ATnUARAERY BF CPBERES3, VGFE: R FEITRIAG g WSt XERAORS: ¢ her

conpri ses adomditignan ifvcjmdimgt ridyese hoflir dge nalbdwen desarib@t method hanber

at flow,at @snPh FPPIRNATRER! ¥igure 5 depicts the results of five (5)
representative wafers processed under different conditions.
Wafers 2 and 3 (plasma treated only and heat treated only
respectively) have the best combined characteristics of good
adhesibn, deposited layer thickness and low resistivity (1.7

20 HQ-ecm is the standard for bulk copper, seed layers are

usually slighty higher). Adhesion was measured by a
qualitative *“scotch tape” and scribe test. Adhesive tape
was applied to the film and then.peeled off. A score of 1
indicated the film peeled off at the interface between the

25 copper and the barrier. A score of 2 indicated the £film
peeled off at the interface between the barrier and the
underlying oxide. A score of 3 indicated the film didn‘t
peel with the tape, but peeled when scribed. A score of 4
indicated none of the film peeled off with the tape or when

30 scribed. An average score for four films is shown for each
experiment.

Fig. 3 illustrates a CVD system 120 that can be
employed to form a layer of copper in accordance with the
present invention. The chamber is a model WxZ chamber

35 manufactured by Applied Materials, Inc. of Santa C(lara,
California, that has‘ been modified to perform copper
deposition in accordance with the invention. The system 120
includes a process chamber 137 in which copper deposition is
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waf er procestlowisgsproresstgasesginta theberotesspehémbeai ny3zheni cal vapor
deposition and a r..far I Sai hem cal vapor, deposition 20
within said chanbgfrg,gpg&ggr?ﬁgt ec(rh%?(gaegablﬁggnlbsgi%enﬁgg% aig [ ﬁ‘g %e:prﬁ ré’ﬁlﬁﬁat,
when execht ebB by thaitd aosmpelertricasky sadd themmaddgudisorlaveider fyomocehei ng
systemto pepdges Ligpbot! @4hndnd! SRSuethORS! 1391000 EOPPRLoSLCHhS BYCEN LN
moi sture upon a 2s substrate; supplying a treatnent gas to Sai d chanber
provi di ng erR¥QYrengarhervppecnssay | dper wafer BwpRosHpUtEY ieckidee a
rred:jum of tclﬁeérﬁ@ivéueb_bgr (38;CQHgﬁh?lﬂﬂa@f§f&ﬂi&é§ thed s E\Be:&héxtﬁﬁﬁéﬁdf by
said compu causes.said s conduct or er processing s emto perform
the foll ow ﬁ%éﬁddPFPXﬁéF'ngt eg"gederﬁfﬁrtg?ng%rl afg‘rr"t}?"gcop%ergzﬁﬁ‘f‘?'t he-Ehe
copper sé&ed shywerh&€id 182N net hadubdedt reat iangsaghajersoire®paé that
under neat h b SLd NGs | :8.Seq1 O o] r

processed i§&%8§£§%%2%h%§%§§ ééﬁ%ﬁggétc gg?ﬁgss§§l%n?%géénéfm@565k§fEt%
2007 wo 99nsd® MH21. Beth,tl®rprogessimng chambes whRdkBeldl and thehwafer
conpri sing tHEpSbLOSLPH | af@) cAUSTED LA groankilr ough sai d existing |ayer of
material to expose a portion of a iurface ﬁf said | ayer of copper; and s
(b) treating sai dAsBFPEEHTRI CARERELgIER LHe pfefencé SfagHHR dsfli’??'to t®duce
a cgpper 16Xi d@;pnedagddehﬂogﬁdcﬁﬁﬁé 'bhamb«/sf). 1Thefoet lbéﬂti)zfxg CtnéﬁﬁiSSyﬁfégi nf
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at rates of ﬁ@g&géén@ﬁgﬁge5903ccn1and 100sccm respectively; establishing a

chanmber tenperature at approxi mately 350C;
In order to provide reactants to the process chamber

20 137, the system 120 also includes a mixer block 127,
vaporizer 128, gas panel 121, and liquid panel 122. The gas
panel 121 provides carrier gases and reactants and is
coupled to both the vaporizer 128 and the mixer block 127.
The liquid panel 122 provides' ligquid reactants and 1is

25 coupled to the vaporizer 128.

The vaporizer 128 provides for converting liquid
reactants into gaseous reactants. When a liquid reactant is
employed, the liquid panel 122 provides the liquid reactant
to the vaporizer 128, and the vaporizer 128 vaporizes the

30 liquid and uses an inert diluant gas such as helium,
hydrogen, nitrogen or argon as a carrier gas.
Alternatively, the vaporizer may produce a gaseous reactant
through evaporation. When both gaseous and liquid reactants
are employed, the gas panel 121 provides the vaporizer 128

35 with the carrier gases and gaseous reactants, and the liquid
panel 122 provides the vaporizer 128 with the liquid
reactants. The vaporizer then provides for the combination
and vaporization of these reactants. The mixer block 127 is
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2(d)) for forming a layer of copper can be performed in a

25 system that is controlled by a processor based control unit.
Fig. 4 shows a control unit 200 that can be employed in
such a capacity. The control unit includes a processor unit
205, a memory 210, a mass storage device 220, an input
control unit 270, and a display unit 250 which are all

30 coupled to a control unit bus 225.

The processor unit 205 is either a microprocessor or
other engine that is capable of executing instructions
stored in a memory. The memory 210 can be comprised of a
hard disk drive, random access memory ("RAM*), read only

35 memory ("ROM"), a combination of RAM and ROM, or another
processor readable storage medium. The memory 210 contains
instructions that the processor unit 205 executes to
facilitate the performance of the above mentioned process
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instructions and retrieves data and program code
instructions from a processor readable storage medium, such
as a magnetic disk or magnetic tape. For example, the mass
10 storage device 220 can be a hard disk drive, floppy disk
drive, tape drive, or optical disk drive. The mass storage
device 220 stores and retrieves the instructions in response
to directions that it receives from the processor unit 205.
Data and program code instructions that are stored and
15 retrieved by the mass storage device 220 are employed by the
processor unit 205 for performing the above mentioned
process steps. The data and program code instructions are
first retrieved by the mass storage device 220 from a medium
and then transferred to the memory 210 for use by the
20 processor unit 20S.

The display unit 250 provides information to a chamber
operator in the form of graphical displays and alphanumeric
characters under control of the processor unit 205. The
input control unit 270 couples a data input device, such as

25 a keyboard, mouse, or light pen, to the control unit 200 to
provide for the receipt of a chamber operator’s inputs.

The control unit bus 225 provides for the transfer of
data and control signals between all of the devices that are
coupled to the control unit bus 225. Although the control

30 unit bus is displayed as a single bus that directly connects
the devices in the control unit 200, the control unit bus
225 can also be a collection of busses. For example, the
display unit 250, input control unit 270 and mass storage
device 220 can be coupled to an input-output peripheral bus,

35 while the processor unit 205 and memory 210 are coupled to a
local processor bus. The local processor bus and input-
output peripheral bus are coupled together to form the
control unit bus 225.
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225 to facilitate communication between the control unit 200
and the element. These elements include the following: the
gas panel 121, the liquid panel 122, a heating element 230,
such as the resistive coil (not shown)in the wafer support,

10 the pressure control unit 135, the signal source 126, the
vaporizer 128, and the mixer block 127. The control unit
200 provides signals to the chamber elements that cause the
elements to perform the operations described above for the
process steps of forming a layer of copper.

15 In operation, the processor unit 205 directs the
operation of the chamber elements in response to the program
code instructions that it retrieves from the memory 210. 1In
response to these instructions, the chamber elements are
directed to perform the process steps described above with

20 reference to Fig. 1.

Once a wafer is placed in the processing chamber, a
seed layer of copper is deposited on the wafer in step 100
(Fig. 1). In order to perform the deposition in step 100,
the processor unit 205 executes instructions retrieved from

25 the memory 210. The execution of these instructions results
in the elements of the chamber being operated to deposit a
layer of material on a substrate as described above with
reference to Fig. 2(b).

Once the seed layer of copper is depoéit:ed,

30 instructions retrieved from the memory 210 instruct the
processor unit 205 to cause the elements of the chamber 120
to perform an energy treatment in step 10l1. The execution
of these instructions results in the wafer 140 being
transferred to a treatment chamber, i.e., a similar CVD

35 chamber available for the treatment process, and the
elements of the treatment chamber being operated to treat
the deposited copper with a plasma as described above with
reference to Fig. 2{(c).
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5 these 1instructions results in the wafer 140 being
transferred back to the chamber 120 from the treatment
chamber and the elements of the chamber 120 being operated
to perform a bulk deposition to treat the copper as
described above with reference to Fig. 2 (4).

10 Although the present invention has been described in
terms of specific exemplary embodiments, it will be
appreciated that various modifications and alterations might
be made by those skilled in the art without departing from
the spirit and scope of the invention as specified by the

15 following claims.
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&109& ()- gHepriiikeion a substrate in a substrate processing system
5 comprising the steps of:
(a) depositing copper containing moisture upon said
substrate; and
(b) treating the copper with energy to reduce the
resistivity of the copper.
10
2. The method of claim 1, wherein said energy in step (b)
is in the form of heat.

3. The method of claim 2, wherein said heat treatment step

15 (b) further comprises establishing heat treatment conditions
of admitting a hydrogen flow to a treatment chamber at a
rate of approximately 1000sccm, establishing a treatment
chamber pressure at approximately S5.0torr, a treatment
chamber temperature at approximately 450°C and a heater

20 spacing of approximately 400mils and sustaining said heat
treatment conditions for approximately 300sec.

4. The method of claim 1, wherein said energy in step (b)
is in the form of a plasma. ’

25
5. The method of claim 4, wherein said plasma treatment
step (b) further comprises a “self-annealing” stage prior to
the plasma treatment.

30 6. The method of claim 5, wherein the “self-annealing®

stage further comprises admitting an Argon/nitrogen/hydrogen

flow to a treatment chamber at flow rates of approximately

500sccm, 250sccm and 250scem respectively, establishing a

treatment chamber pressure of approximately 1.5 torr, a
315 treatment chamber temperature of approximately 450°C and a

heater spacing of approximateiy 400mils and sustaining

the self-annealing stage for approximately 48 sec.
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(c) depositing copper without moisture upon the copper

10 deposited in said step (a) and treated in step (b).

9. The method claim 1, wherein the deposition step (a) is
accomplished in a CVD chamber and the treatment step (b) is
accomplished in a treatment chamber.
15
10. A method for forming a layer of copper over a layer of
material on a wafer, said method comprising the steps of:
(a) placing the wafer in a processing chamber;
(b) chemical vapor depositing the copper with moisture
20 on the layer of material;
(c) transferring the wafer to a treatment chamber; and
(d) treating the copper to reduce the resistivity.

11. The method of claim 10, wherein said step (d) further
25 comprises treating the wafer with heat.

12. The method of claim 11, wherein said heat treatment
step- (d} further comprises establishing heat treatment
conditions of admitting a hydrogen flow to the treatment
30 chamber at a rate of approximately 1000sccm, establishing a
treatment chamber pressure at approximately 5.0torr, a
treatment chamber temperature at approximately 450°C and a
heater spacing of approximately 400mils and sustaining said
conditions for approximately 300sec.
35 .
13. The method of claim 10, wherein said- step (c) further
comprises forming a plasma, wherein the plasma includes ions
that impact the copper.
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treatment chamber temperature of approximately 450°C and a
heater spacing of approximately 400mils for approximately 48
sec. and subsequently applying an RF signal at an
10 approximate frequency of 13.56Mhz and an approximate power
of 450W for approximately 60sec.

15. The method of claim 10, further including the step of:
(e) depositing copper on the copper deposited in said
15 step (b), while the wafer is in a moisture free environment.

16. In a semiconductor wafer processing system containing a
chamber for performing chemical vapor deposition and a
computer for controlling said chemical vapor deposition
20 within said chamber, a computer readable medium containing a
program that, when executed by said computer, causes said
semiconductor wafer processing system to perform the
following steps:
depositing a copper seed layer with moisture upon a
25 substrate;
supplying a treatment gas to said chamber;
providing energy to said copper seed layer.

17. The computer readable medium of claim 16, further
30 containing a program that, when executed by said computer,
causes said semiconductor wafer processing system to perform
the following additional step:
depositing a layer of copper upon the copper seed
layer.
35
- 18. A method for treating a layer of copper underneath an
existing layer of material on a semiconductor wafer,
processed in a semiconductor wafer processing system having
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of hydrogen to reduce a copper oxide on said exposed

portion.

19. The method of claim 18 wherein said energy is provided
10 by a hydrogen/nitrogen plasma.

20. The method of claim 19 wherein said plasma is provided
by
admitting a flow of hydrogen and a flow of nitrogen to
15 one of the said one or more process chambers at rates of
approximately 500sccm and 100sccm respectively;
establishing a chamber temperature at approximately

350°C;
establishing a heater spacing at approximately 400mils;
20 establishing a chamber pressure of approximately
2.5Torr; )

applying RF energy at a power of approximately 155W;
and
sustained said flows, temperature, heater spacing,
25 pressure and RF energy for approximately 300sec.

21. The method of claim 18 further comprising the step of
(c) depositing material onto said existing layer and
said exposed portion.
30



