;e3eFv6T@ .. ~88EP~-p 0101AAAYdVI PROCESS FOR COPPER ETCH BACK BACKGROUND
OF THE INVENTION | . Field of the Invention The present invention pertains
to.a plasma etch process for the renoval of excess copper filpnd sition)
to form copper interconnects (including Ii jmwmmmuuﬁﬁ whi ch?ﬁegegeémn
trenches and vias) respectively. The proce ried out in a
variety of plasma chanber designs and nay be optéwé*zed by the sel ection of
particular etch chemstry 2. Brief Description of the Balk, In the nufti

| evel metallization archi t?, re used in present day sem conductor devices,
alum numis generally used ' on for interconnect
| ines and contacts. Although alum numoffers a nunber of advantages in ease
of fabrication, as integratRBACKGROUND OF TI® ENVENTION transistor gate
velocity and interconnect line transm ssion tinme) it becones apparent that
copper is the material of choice for the next generation of interconnect

| i nes and cqn%&mmcul ar) when the alum numwre size becones

smal l er than O I ne el ectromgration resistance and the stress

mi gration resi st angpredbndhvdhtibH FeRAROTESpIasoRd QB gmc@sfsff@r thé Pen?M! Et&[aess‘me”
the feature size of an alum num based contact requires an aspect ratio of
great er t haropper filmidepositish, id T&M'dopbél'iﬁ@?c%hﬁco@@ﬁlﬂﬁdiﬁ@ﬁﬁ&rhﬁﬂfpl%?%h? strate
during the application of the next iInsulating | ayer over the contact area
of the substresdein tferclids@nd vidseresaliélyy i The RocesORAF be cariddBitlin h-varie§iotcm
which is only about half of the resistivity of alum num One of the
preferred t gddsnalchgnber designs hmd fnay bebpiimized be trpsiectibmespartichiseriher til | ed
contact vias (plugs) is known as the damascene process. In this technol ogy)
a typical prbewissyfor producing a nmultilevel structure having feature sizes
in the range of 1 8 SEP 2002 0.5 micron (hem) or |ess would include:

bl anket deposition of a dielectric material; patterning of the dielectric
material to formline trenches and via openings; deposition of a diffusion
barrier |ayer RughRcserntionalihe Backgeound Mgl | ayer to line the trenches and/ or
openi ngs; deposition of .a copper, |ayer onto the substrate in sufficient

thi ckness to fil [Infhedmylti HE??@&‘%H%P“@MW‘H@@P“&H@ inenreseal dayrsemjcondugtorn
conducti ve terial from.the substrate:-surface. The kno art suggests that,
xcess conddErieeh BT it Enerilly sl pinE Mate alprepretnuniion dp IHSrePURGHA R NP

techni ques a8 HAGRSCRARoRIAGT ubrto s € NhiRBeh dMaHERAIL il Cor abilanBh uChe!

in "Patterning of copper evel netalllza reactrve 1 on etching

and chem calghRegakt ¢atuiP@tsigiet@cls MNOPdnsRtbr gife R fRityshEittconhedt 11h89S) 139
- 14G Typically the copper Tayer deposition’In the damascene process i s by

physi cal vapednseasiof itimeQt betdMYs appireaiwhal copperia e male oF Elidide folMenkxior by
el ectropl ating. Regardl ess of the technique used to deposit copper, when
CWP t echni qugsnealion ofiattréomneetlineeamkeontastsc dp paichlan Wwheh thecilihinoinrwice size f ace
after deposition) there are several problens which arise. Copper is a soft
mat eri al whi ledcomesaisalleo thandas ume theedectrbmigraer desistagcesand fileecstresiumigration
polishing. This nmay cause a variation in the critical dinmensions of

conduct i ve frsistancen{ aPuninigl besomesomprohlemsdrem glnuadditiod whenghe featuchsing efzn
mechani cal polishing process may becone enbedded in the surface of the
copper and oflH@inumPIsed sprdact sequinghan Aspestiatio etgreatentha Lt b iscdiflisak 19 i nes and
contacts. The chem cals. present,in the.slurry my c ode t he copper
leading to i % ‘?'&'gin 8"7"2?;%3? I |*9s‘%ﬁd‘ﬂ3§s‘ﬁﬁﬂé’h§9‘g‘w ‘8{3‘;?'&‘? ﬂ‘ﬁ‘%f“?gﬁﬁﬂ) an
entire wire {j thi hgm - ' hshing is a
vt process Gy g ArBUPAEEor GULIREE, FlEnGTRE RIS ARpEAs sl 10 0 es

have been at [ ofRt ®fich W oI ABRhalTbr RFeIARAF DI IRRARIhED copper; however,
there is di f}f‘i culty in coﬁtrol ling the etch§profigﬁl§§ particul arly when the

t hi ckness of the Dhé 8T iheiphdereddtBelthol i TODME FthibP of dPpéri linedTatid guppérer N
di mensi on. Over etching at particular |ocations on the substrate surface
due to isotr Gified catashiviag (phags) s known as the damascene process. In this technology, a

typical process for producing a muitilevel structure having feature sizes in the range of

]
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"I 3 SEP 2002 nake tl~e:process inpractical. In addition) there is the
potential for extrene corrosion of the copper line or plug during the etch
prkocess itself. Plasna etchback techni ques have previously bequ ggpdwr
the formation of tungsten plugs used in an interconnect systemin
conmbination wth alum num A description of this technology is provided in
an article by Lynn R Allen and John M Gant, entitled "Tungsten plug

et chback and0$uistandjuen )cartesyvouishinoludet biynket depasitioarafa didledids paryia), J. Vac.
Sci. Technol. 3(3)) pp. 918 - 922, Myl Jun t995. 1n addition) U.S. Patent
No. 5, 387, 31pattepniagpf dje divle@en dtaterial wsfoel like bendry and via op&iingsi depositioasa
process for deposition and etchback of copper in nultilayered structures.
However t hi salddfuséan hasdenlayesgpd,optibnativt @ wettingdayenid limathatresgtes and/oher e t he
copper deposition is by CVD and a deconposition product fromthe CVD
reaction i s Sognegfudendsijionnd@ cappariayeeerin din subsirate incsusficiens dbikkneseto. filhthenj or
concern in the ﬁtchb‘?cwropg}sﬁs IS ”23? need for selectivity in etching of
the conduct i VENFEy and BRAINGS; M tEoyt! of fEcestiurranduriive materialdrom Hissubssige and
barrier layers). as ielectric fiel

A e
Tt i ORI AR Wi i
forms the fidf 4@ ‘e??c'g;??‘ﬁ‘é‘}“.’&he&%{?Agf'@l{‘%r@t‘:%""s‘ﬁgﬂl'H‘(aﬁk"‘?%’i}%f,“zg& Bxi i zo

over ot oht ng Helifh fon i And CHem KRR ca) Biohird, A 0RA 3R BACHIAHEYR | oy

the copper tigys9n3plygemeintains its desired dinensions. In addition
selectivity is inportant) as it is necessary to etch the copper |ayer

Wi t hout overetchi ﬂ@pﬂﬁll?@lﬁﬁopb&f layer depaditdnSn mmé?hﬁcﬁ% bpRysical
Typically, the barrier [ayer used with copper is tantalum or tantalum
hitride and adba&izpbsiﬁohb@\ﬂa},by%bﬂﬁi@@l&&pﬁfdﬁpsﬁlib@gﬂvm.wbﬂ@lc@ﬁopﬂaﬁdg@w K
di el ectric" such as BCB (divinylsiloxane bis 1 SEP 2~2

benzocycl obut ene) Rugafdiéss of thededingue dseqdab depadit copper) wivey GQMPaechniqugs arepper
etch rates obtained by purely physical bonbardnment were typically about 300
A - 500 A perused touemope exaessqopaer fiias dhrei dielecttiv s@ldceaferadepositidic herdare J.

El ectrochem Soc., Vol. i 30) No. 8) p.. 1777 ( 1983) .and by H M yazaki et
al.) J. 1' ac.scwupl proilems ayhighpriss, Sopper ss3osoft majgrighwiriels ieads toseegr acrpss digy | v)

in a rel ated devel.opnent Eﬂ{}lhe subj ect tter of which is assi.gned to the
assi?neehof_t?ﬂlél“‘g}“égéw’?“e e PR S, Ji meX eftse 8 vwialing e e gpited usi ng
Db evel” pur AmePBB R Al Rl TR e e, R S Bl
physi cal bomﬁg&ﬂﬁﬂm c@%ggiﬂ@m@*é ﬁ{@fl:xbgf?n'nﬁ %ﬁempnnuﬁ'sgmcmmp%yte pg

selectivity between mat s conmonly used as a

barrier | ayeralﬂﬁﬁﬂﬂcﬂilﬁkﬁ?&fnhﬁ iR/ REMiADT tW&Pﬁ& 1fies BR BRIt MAB chemicals

sati sfactory. e physical bonbardnent technology) 1 ncluding chem cal
enhancement) pesdht ftthe SRyl raydbaié thietopsen dedtting loSncrbiseé pdsisApity araipdseibly
Serial No. 08/891,410, filed July 9, 1997) which is hereby incorporated. by
ref erence in bien conrdbsion throughanaaitire wiselineothickeessh Fartiva) thee ohdmicalmeechanical
technol ogy) in another rel ated devel opnent (the subject nmatter of which is
assi gned to t helishingiignaxst pfocessavhicheprovides manufadtening) difficullies. onal pastern
etching of copper was achieved jn a manner which prevents the cor r.oai on of
adj acent copper suehelh prasssesavsbesnsatiomnted lor pamayal ofit bF’@ﬁ?’(ﬂCEP?Wj devi ce

fabricat i d . . i ivating | |k
al Ui num dobs SOM Toue o s SR Gy einy ol B Rhren Erhan SR IR 105 occ
continue to C?rirIQn%gs énﬁc %IH’{I %?lﬁg ngéfgsgglﬁggaﬁ%hgﬁ?%lnmﬂ ?Ll% Eirﬂ%%ﬁ

Typically) a chlori'neconpris e reactrve r1on etch
processing of dfigcRRRA! parttdIiAb&iohd\6h hBlsastiaR siFfaue diieSo R6LREH alohingaiayh
rates) it typically causes the copper to corrode rapidly due to the

formati on of reaction by-products which are not volatile: These byproducts
remai n on the copper surface) causing corr(}si on over the entire etched
surface. The byproducts can be nade vol ati e subsequent to the etch step by
treatment with chemcal 4 "1 3 SEP 2062



species which create a volatile reaction product, but by this tinme the
corrosion is already extensive. further, in the case of copper interconnect
lines) the whole wire line may corrode all the way through, repglSEMQNN a
non- useabl e devi ce and reduci ng manufacturing yields. A process which
permts directional copper etching while protecting adjacent surfaces from
corrosion is described in U S Patent Application Serial No. 08191 |, 878,
filed August i S:-her r . erence inits

ent i rety. et Bekspeclicd I Mgl R AL ER P bl o BIRER hampERe

applies hydlr_@gr@gp CQH_;,Q@,g@gl}ﬁqnggﬁfe?ﬁ\ewggcsgr“gagct the surface from

corrosion. en 1s a r bed € copper exterior surface and may be

absorbed into t hePiaEﬁl?E@cﬂﬁa&flcél{ﬂﬁ]uﬁé)R%rpre\ﬁeuétlﬂ%cni sed ?or?ﬂ@fohﬂ?to% g0 react

wi th species which woul d ot herw se penetrate that exterior surtrace and

react wth th@gaewpRis usddaniaRinteRokdal sysiehl Ac@muhdfdaval Atvmicdkasqa feed
gas conponent conprising hydrogen) which is capable of generating

sufficient ag@griptorndf thisdeahpelvgy improbided fiesh atibl byISmnR. KiRhaad Jeiradi ment
of the invention provides for the use of a conponent which contains both
hydr ogen andGhnaitogeitied PFefgstengdugeotelitatie sndisubstrytd damege mbisaredds afdiic)foead/ or
hydr ogen brom de (HHr)) which are used as the principal source of the
reactive speoiigesdopy",dt ¥hi.ibgi. deplywt. B B30f mr. Ad8 y 92 eMuy@unal®@50r HBr accounts
for al least 40 % and nore preferably at |east 50 % of the reactive

speci es feed to theaddiden, blddRatent Non 538,385 pp6urtejas; (Sahdiuk ispueddiebmanhf,ch i s
t he subject matter of this invention, not onlg is it inportant to achieve
advant ageous 189% descaibessa praces (pedrporitign aad eishbask oftoppee iicmpltilayeesdr f ace of
the etched layer) it _is also inportant to selectively etch the copper while
| eavi ng the BHWGiLEE. Ha&YéYefsWﬂgRﬂrtEchaﬁlﬂ’SKtlﬁbhmi‘a‘i@hﬂﬂfﬁ@dﬁtsysth@ s e

i nterconnect rel at.i vel% ungi Mb&ﬂé 5 ‘1.3 SEP, 2002 SUWARY O- T1-~E

| NVENTI ON | n epRer dengsiionds B (L andia desomposision produet iom dhe QY Prigactionds | evel
copper conduct,ve features [ st. be jnterconnected) it is frequently
desired to rémﬁucﬁgl?'t"ﬁfﬁ‘éﬂ ?eénfgg%retpcﬁﬁb@‘?&égcﬂosi ted over a substrate. 1n
particul ar, where Jine creat b eposi ti. a, copper
ayer to fi11 tredt el s IhEGE Rl breelrty iy by HRREpUD I BchRRRE
desired to r [ i L WY ey : he
dosi rod |1t 1 Qe b ey PG A and Bl

et ching a copp&/elilagy®ér 1h¢ dietgetricofidld surfee uhderPiig (8 RofductiVeelabérl Forkxatipls, s
not part of the desired conductive interconnect structure, while mnimzing
t he etching afusafiil plaemb etchbadkegroeess foc coppes skeoudd prefesabiypbehighiyfsalective tbward
addition) it is inportant to avoid the formati on of corrosive surface

cont ani nant s cpperayeskath hedawnlupher tantalvaitantaium pisride(rhichofiguentlyris asedashod

of etching is referred to herein as the etchback process,  si nc,eﬁé in

typi cal fabritbebaoar lsyerdining trenchesernrontackianapp die siligpadigxidedwly dm&@l«y to
the upper or "field" surface o f a substrate .containing trenches and vi al
whi ch are fi lfosus by rFHbd‘E'Gﬁ‘ﬁ'é)'. We have di scovered a nethod of achieving

h hback of i . . Whi Ld whi ch
are mre than acosltebirelotors ot St 16k Brieo v g B dheS, oot fon
of ‘a corrosivg, fesifiUft G griGsEURURCavVORPH! Ltcﬂmgioé‘éﬁyscgggﬁﬂyeplntlﬁe grea Bl | ent

selectivity for ‘copper as conpared to silicon o trates and as
conpared W t hiyg [(nad fdafiire,|sB YRt (5 pperslidedi pilgihinlaidsaRidatisd divnédsiate. Whe
copper | ayer etchback may be conducted on a substrate surface using a | ow
t enper at ur e r giyitian seheelivity Bhmport&das@ is Reedssarpid stch the copyies layert withant f ace
tenperature is about 84 Cor less. Wthin this |ow tenperature regine, the
et chback is poedreichibf gdjecent barietliayers and substrate isuifacgs.pRypicatiy) thp bansisr et  of
t he copper surface. The etchback is acconplished using a pl asrrﬁ) wher ei n

sai d net hod cosadrwitieeoppey)is nyHIm;oR tantaluny nyride apd adisgenyubstealesSUEREERALY ot
| east whi ch i s chepical |y non- i ve . with . G 13 SEP
2005 by or oar sGoRdiRae phaF EYRRideaeRRgh b BRE RN et whi ci

provi des an uniformion density across the substrate surface ; c)
attracting ions and excited atons fromthe plasma toward a substrate
surface conprising a | ayer of copper by applying an offset bias to the
substrate; and d) renoving at |east portions of the copper |ayer deposited
on said substrate surface while nmaintaining portions of the copper |ayer
interior of the substrate surface. Preferably the plasm created in step b)
above is sufficient to enable a copper etch rate of at |east 1,000 A per

m nut e.



Typically the portion of the copper filmdeposited interior of a substrate
is copper deposited into a trench or contact/via foaned in a silicon

dioxi de substrate. Typically a barrier layer of tantal um or t, §gbu®2
nitride is used as an interface between the copper and the sill oxi de
substrate) to prevent diffusion of the copper into the substrate. During
the etchback process) preferably there is a tenperature difference between
t he . subst r abenzeuydienrery) dr FRE((RioeiRatedpetheigeyr f ace of at | east about 30 C.
To obtain a stable) uniform) and controllable plasma ion density) the
apparat us used isUmiéveryabtentyebmer edh taenautdifedbPpitehysichl titntafdnidht
apparatus having a device internal to the etch process chanber and | ocated
above the subetre bypialyabaddond ehomésicshmdlmozpllcmmgeﬁ&fdai)i Sohwahitz ahd@h

i nductive coupling ; an apparatus having a device which supplies a plasm
to the etch Schabler/fhlectrachgousare Viott180i No. &, @. 1 Tty @083) andbylierMiyazaki et
apparatus having a device |located external to the etch chanber which

assi sts in plasdrd’agedeir Baclioel. BHSE) @R2IOA RN, respectivaby.i Recentlprid)a relatddvi ce
whi ch assists in plasma generation through capacitive coupling. The nust
preferred appliveepmaent{theybisctmafies pkwhichisassigned tp theassignge phthetpedserthanber
and | ocated above the substrate surface ich assists.in plasna generation
t hrough i nducBYSRHORLIAPPFHC iss vess Imprayas) using ryrely physieal bpwhardarent Etslo.

081 869, 798) filed J. , 97 itled "RF Pl Et.ch R Wth
| nt er nal I)ndJI(’,&e?%ﬁ'a i%f;%)oilj Fei i I‘Z‘?fgfd}iﬁ‘f‘éinrﬁ'%ggfd“ﬁﬁ&e?‘g Yg ?’rPVP"&

Cond i which is h by, i d , din,i

elng | lrg ;YeAno?ﬂg‘s[oﬁ?\aéﬂﬁ?h PGy Byrey phvgicel 3@&5%?%%? of fﬁf&fiﬁ&_ﬁr:egﬁzé?%g )
SR i s supgl.is : source, Vi

\a,hi ch creat eg'ﬁ‘tyﬁ'ggib@%‘éég(ﬁgﬁgnﬁ%;%ﬁgBé&%f%goqpﬁr ﬁ"‘ﬁﬁhﬁﬁﬂ?‘%ﬁﬂﬁ“&?“k&‘é‘&?é% a
e ats ; ( e Al ! St

P eat g & pul hEsiGHE Fers Yarlfr Wy and ficlBific 1y PORISA B b uBOMER | 10,

conducti ng etﬁnmﬂggffmemﬁi@ﬂ%g‘bmﬁ‘r%l héhmg#’ gﬂ@g{rﬁp 'c},{?catl Bfhanbdnédiat ©

surface at a tenperature rch fall's wthin a erature reginme. The
substrate Sur.fs%em&mezfc@&m%emngw(va@hpnﬁ licatlof-Serfdl Nd. BB/89RUI 0, M&ngdiip9
fromgreater than about 150 to about. a00 C!’ Under the high tenperature
regi ne, three9,dioh? avideii isdicedbydhvorporited by refergndedn lits eatirethfine et ch pl asma may
be fornmed solely from non-reactive gases; the etch plasma may be forned

sol ely from gases inaddHioarte therpbsical bambawdotent/sclypdagyein qnothehredsleds gas whi ch
is a source of chlorine or fluorine)) or, the etch plasnma may be forned
from a conbi négvelprmsnt (theesubjeshmatier o€ pwhich igassigned fothepssignce of hsprosesict i ve

- xenon, nethane, . et hane

i ncl ude, | J, it :
R T
o oot v RS BB oL SR RS O RS A e
HB H , BCh, ,SiCl . i I tiall
AT e L L e T S
H) or a CO”biaf&ﬂ{ininﬁﬁ' dbeT A resiiiA SRhSR nP%el{af?ﬁ tﬁx¥€tcﬂéiﬁ€o%p%u?ﬁcé@dﬁtih@e tsed

in combination wth inert dases to provide a plasma chem stry necessary to
achi eve a desicsesielRt Qfifdce altdr cdhifpletion b he@RhipIeces Typidally, HéhlaihRed copper
surfaces include HO) 1iBr, 1il, B~ Sid,, C~F~ CF ) SFb) Ch, and
combi nati ons tmapesihg gas it ugdSEFheXeLRivE fom etthoprbcesking of thecopperi Althoughstheg a
plasma etch chem stry, wherein said nethod conprises: a) supplying to a
pl asma et ch prchlosne privides apceplablesichiralgh it typisyliy gauses thmeopper l9spede@pidy

provide the desired selectivity for copper over adjacent, supstrate

materi al s whi l98¢ $2/6F drmptign Ok@a?}a"rbg'mg‘f‘}c&‘v'&ﬁh age nopvolatley, igese&pm@f‘““s
surface; b) creatin | asma fromthe at |.east e gas_described ..n step
21 mannereRAn R (s ERAPALGTaES A ie foroR e b ries BEERAE R, 21 o
surface; c) at ' | Fh [ LASER Wity @fethitdre
substrate surf%@%?‘%ﬁ%?%ﬁ'ﬁg ar%mg ?t&b&%n@%fég‘i i'Eéo&?ﬂ}et&';s]%[){gtf;bzl'te; land d)l
removing a first portion of a copper layer, which first portion is
deposited on the substrate surface, while maintaining a second portion of
t he copper |ayer) which second portion is deposited inferior of the
substrate surface. Preferably the plasnma created in step b) above is
sufficient to enable a copper etch rate of at (cast |,000 A per mnute.



In a preferred enbodi nent) the etchback nethod utilizes two etch

chem stries. Afirst etch chemstry for renoval of the buck portion of the
copper layer overlying the substrate surface, and a second etich SERepIOZt ry
for renoval of a small residual |ayer of copper to reach the substrate
surface. Use of two etch steps in which different plasma etch chem stries
are used enables the desired selectivity with respect to the copper and

mat eri al s adjpecieswhidhereappeolatilzsedctivs pioduttheutgdi@itinthe to®esiéPRiakeady
resi due formati on on etched copper surfaces; and aids in control of the

amount of ovestcrsiveh Rurbew srsthie gaseatlicopper oftercbrmccidpesy themthblenwirdine may

i nterconnect structure. The two etch chem stries can be used in succession
by nerely cheordsgliithewgadireeghporshltingin § pentuscabledevisk asdreedatiop chanber, but
this is considered to be a two step etch because there are two etch
chenistries ow@ppiasiegng gields- 3 SEP 2002 In such a method, the first etch
step conprises: a) cess .chanber at | east one

gas, which gas pr é\/‘?srgg'gs ?@@#ﬁvﬁ @lr aﬁgﬁﬂgéﬁgf g@ﬁ@ﬂ wiijepratseting adiceal; o
doscr i bed i nowHsEE RteRaph T aBediain B ofeal Eviléalion sErHG ¥R 378,
east 1, 000 ANeh CoHEh it d O ESind I ek S prb InBRRY st BBl P 1 e
Cunstrate apaglinatet Rl boaPa ol Qe Aol B5brofh iy b el fif

tB%E IS§ES '?f af'ﬁ@”ﬁ?gﬁﬁ%@P?f*i:ﬁsfﬁ?ﬁﬂﬁ%g’giﬁéﬁﬁfﬁ%@# i%?*’%@%@fs. '*@égﬁrﬁ%ffﬁfrgz
conposition g%(étiéllfeﬁgggees su%)}bp])ls? gﬁﬁfﬁg t"ﬁgqet@f?ﬁgkg%g?bl?p?’s?? g%atgt)& ? {c;)dllgglgvi de

a second et Chy plagisiih §ieeith Sthich WhlilE BheRiTRE penRfrate thd: BRSHor¥uea8énd ekt Wimet ch
pl asma chem stry is designed to avoid or reduce corrosion of the etched

copper sur f aglg cdpperdinteriacioi thg surfase. axithoagle anyeslaghOfeed kiionigdnemeompiisiagch

pl asma toward the
hydrogen, which is capable of generating sufficient amounts of hydrogen, may be used,
the most preferred embodiment of the invention provides for the use of a component
which contains both hydrogen and halogen. Preferred examples are hydrogen chloride
(HC1) and/or hydrogen bromide (HBr), which are used as the principal source of the
reactive species for etching copper. Preferably the HCI and/or HBr accounts for at least
40 %, and more preferably at least 50 %, of the reactive species feed to the etch process.

In the copper etch back process which is the subject matter of this invention, not

only is it important to achieve advantageous etch rates while reducing corrosion of the
copper surface of the etched layer, it is also important to selectively etch the copper

while leaving the barrier layer structure and substrate adjacent the copper interconnect

relatively undisturbed.



substrate surface by applying an offset bias to the substrate; and Q)
renoving any residual copper fromthe first portion of the copper |ayer,
whil e essentially maintaining the second portion of the coppédr3ISEPe@di2 The
step e) gases nmay be solely non-reactive gases which provi de physical
bonmbardnent or may be mainly non-reactive gases containing | ess than about
50% reacti ve gases. The nost greferred | asna_etch chem stry involves the
use of essentially pure IiCl) PW)*MPDIBTH@OWYEMI&% t hereof for the
copper etchback p[o?ess% as. t hese g&gﬁls provi de an excel | ent copper etch
rate) good sel ect IAEPT p@F*‘"@Bﬁgé?‘"‘ CloR struciuied HAYINg Guitilsyel cppper| ayer s of

2002 et chod EBERvS pPrsv i alihe NeRaRestsd, s bRl desitek lasveava o

o St 11 oy "B isnyeLP kP Bk @bEliR A TRbuRte” b ellR, Fhe& s Sbner
. S e I

cabstrate oufPhAQY R BRiRy ARASLIANS BEoRP MR 17l En e Bl Pla brel Iny

et od ac . . oA )

Cenperatur o S PYAREIyER 1Ty ERTE | teRob ool ot bt AP whiGR e ot e

surface of atforln?%td.cﬁpﬁa%w?bq C%’? bH“EP%E“‘%‘?QgEﬁ EW&SW&R@? g@@&ihfa

conbination wth this latter 0 etc ny wetting

(adhesi on Iaxe?aerwycpmnm)%rénawermerwrﬁad@hhmrﬁmrﬁ &{?ﬁﬁpﬁ@emehpﬁr&i el d

dielectric surtace of the substrate alter etching o e copper layer.

Preferably thendlcisetieoonnRet gashise, whild nlifimiBingtheéichiny OF adj@day Barries © _t hose
whi ch do not | eave a corrosive residue on the etched copper surface. To

obt ai n t he dasuttarksphdsuBtratesudsames. Inaddition, A ppmipdirant wwdid Be thatioRdt t he
et chback can be selected fromthe sane apparatus as described with

ref erence t o cohesivosurfaeapentaminastsoedhemirfate bbthe letaed ndetcoriistEfoppeiSANePTI ON
O THE DRAWNGS Figure 1 is a schematic illustrating a decoupl ed plasm
source (DPS) metbod eipidtingrisaefeaed talierdin asithestahback process,rsinqeaint atypizdl et chi ng
of copper as described in the preferred enbodi nents of the present

di scl osure. Hpbigatiorpiogess, e deppsiteheappgr kaner is etched backdo die upperer "fiskd"copper)
silicon dioxide. an TEOS-?enerat.ed siljcon oxide.n an ar %on pl asma as a
function of tSvea Ssubstpale,cantaining trenches and vias which are filled by the copper.

We have discovered a method of achieving the etchback of a copper layer in a
manner which provides etch rates which are more than acceptable for large scale
manufacturing; avoids the creation of a corrosive residue on the etched copper; and,
which exhibits excellent selectivity for copper as compared to silicon oxide substrates
and as compared with a barrier layer such as tantalum or tantalum nitride.

The copper layer etchback may be conducted on a substrate surface using a low
tempcrature regime, below about 200 °C. Preferably the substrate surface temperature is
about 80 °C or less. Within this low temperature regime, the etchback is preferably
conducted using essentially physical bombardment of the copper surface. The etchback
is accomplished using a plasma, whercin said method comprises:

a) supplying to a plasma etch process chamber at least one gas which gas is

chemically non-reactive with copper;



Figure 3 is a bar graph showing the relative etch rare of copper as a
function of the gas used to generate the etch pl asna. "1l 3 SEP 2002
figure 4 is a bar graph showing the relative etch rate of silichg SER202e
as a function of the gas used to generate the etch plasma. figure 5is a
bar graph showing the relative etch rates for tantalumwetling/barrier

| ayer as a function of the gas used to generate the etch plasma. Figure 6
is a graph showi ng) efeatieg thlasma Gomdhe ddegstoneigdsiig al@nnp wisioh privides an

chem stry, as a function of the pressure in the plasnma etch chanber.

Fi gures 7A and{qm jan| dessityaacsoss thesswheiraie swrfage cr oss- sectional view of a
preferred enbodi nent contact via structure as it progresses through a
physi cal bonbar dnEhBUtREEIaRkaN cxpitedratens fremoie plasima lowprg e subsinater surcexpose
the silicon dioxi.de SLfrfacg of the suhstrate) |eaving a coPper plug in the
via. Figure PRPERNBGA 13358 0LE0DPET WAroining anpidseahigs f9 Ygsebsipiespashs t he
structure alter thc? ure 8 is r.a i

tchback. FEj h sh th
decrease in coppe’ ggﬁcgéﬁé ?tjfaﬁ‘gﬁgrﬁﬂ"st?{éf‘?g/%‘ﬂ’af" lgkerdep %BHP“%“‘H\#EEF?@HOSe t he
bstr at f Lt he et f .ef ch f t Ki nd
T ustrat ed P n e Sinehhs BRROREERRE fopret 338 Rlebne SHEF EiRufesirtiore |
h I j h h b
enoved from most ScsuPNNg BRsmh sheatcd BLER b tholE ARk ew IO PRELs L5Tmets
surfaces)) arbqjcht,lg@mpnagrlmsﬁ{,éﬁm%@pped shortly thereafter. Figures 9A)

9B, and 9C illustrate in s mat1 c a cross sectional view of a preferred

embodi ment cont actyygialguieifdribbofific bdppef A BRSRed MIcHPDr LLARRAS S pplS ©f

a met hod whi ch conbi nes” physical bo ment use of a
speci es whi Chycpssife@aftbiatfntt biconfRD@A fortiedUh & sdos ARNRIelIBt Rl W '
structure. A rrgre corrosive etchant 12 ~ 3 §EP 2002 |ess Ességéi itll gP’Iay for

removal of t hrdeiikyes 0pRAfaiund of fagtaluity Ritrideds REAHI GR ifitBFacbetifdet ltife Sdpp¥ | N
913. This etchant is replaced by a | ess corrosive etchant for renoval of a

thin | ayer ofandeipsilicdnodibxidasubsirateug ipravent diffusiomd pihe dopjict fritslthelsabstiacy.

| ayer, to produce the structure shown in Figure 9C. Figures 10A, 10B) 10C,
and 10D il | ustr at éDuringsibe etehback processoprefesahly lhermis avemperatirexdifferenier bateieen
enbodi ment contact via structure as it progresses through the etchback

steps of the thesuhstagishdrceapdtherich dambreariapeofal leaseabouid HC.use of an
Starting. Str uot ur elo SO AsHDle, SEEh e o Irbe gladmesan dsnai, e PR 1 o
B CThi s et o ey selRfpRitpm, e Sou bt it e g it St
ayer. e sholfeRR e o aRk SafBHER S SXorh 00 iledlel s WCh bfifets

on the, <1 | cop i i (hroigh ARRUN cdbFing LB RI Rl S BTPUSES hien 1Nl

etch step) to uce the structure shown 1 n Figu Figure 11 is a
graph show ngsipheLomaging foahé Bh anfieP RS d ddubdeRx\eRiBPIo RO ABIK cifiafer t @
substrate during the three etch steps represented by the change in
structure bet ygamus itvings deide dovdied Aiterrablotie BickricBati s whitR assists iDflasmnd
bet ween Figures 10C and 10D. In addition, the graph shows at |east one

uni dentified gegedities througihindwaivocoupinge andj cdeviceswlhijeln assitsda plagma geheration
treatment of the structure shown in Figure 10D) for purposes of renoval of
potential |y cHwoushioppagitéecodpling. from t he et ched copper surface. 13 13

SEP 200 The most preferred apparatus includes a device internal to the plasma etch

chamber and located above the substrate surface which assists in plasma generation
through inductive coupling. See for example U.S. application Serial No. 08/869,798,
filed June 5, 1997, entitled “RF Plasma Etch Reactor With Internal Inductive Coil



DETAI LED DESCRI PTI ON OT~' TI | E PREFERRED EMDODI MENTS W have di scovered a
met hod) including a nunber of variations or enbodi nents) which pernits the
pr eparation of sem conductor structures having nultilevel copgey SEPnYOTti ve
features. In particular, we have devel oped process steps for the creation
of copper lines and contacts in trenches and vias formed within a
dielectric layer. W have invented techniques which permt the renoval of
portions of deposi copper.layer in a manner which provides a

di el ectric 585@96)%?\@3 &?W%‘@@Y\Hﬂ“a‘ tve Lhagben v atis v g s iesehydingornenated by
copper in the _trenches and contact/via structures. |. DEFINITIONS As a
preface to tFFéerEi'?é'tcgi"l‘ ét‘jc‘gé@%’r i%qﬁ&qprq?qngdmmtms ABE whereRdnicrowavgsed i n

this -' i ficatj d the. d | ai th i I f "a"

At and -t EERHLP RS (oHPa IR oh SaRSRT b § eonciepmse ol oar |y

2 variety of a1 SheAtiraybEh sFERTRedin L LS P M A A 2l
h teristj i , "ol i nel

o react ve Siohef s pRighE RN Plon ey BERy B8 ofsraBud Tash HAIRE ence o
"copper " | NCLigiRs a fhlsMoriieiRtats SRR blas ol 0l 00y of parti cul ar

i nportance to t escription of the present 1 nvention is defined bel ow

The term "ani sot r apieGoRt REMBY 0L EidaEting dctibabl bl'the WBhseh 1£RE T dARfeduPGRRD 1 N
all directions at the sanme rote. If etching proceeds exclusively in one

direction (e subkitale sefice aed leyiperatiie which aNg withREELRIEh témserittreiregiif. The
conpletely anisotropic. The term "aspect ratio" refers to the ra%io of the

hei ght di mensiissratecutface teingletatuté isabevesboat 1 SRPC) mdl (FHicAIPSANBIE Fori gred@t Ch
an electrical contact is to be placed. For exanple, a via opening which

typical ly extigmdboitnl 5@ tQiowbant 400r1G. t Underdie iigh témpetathryegie) decdilTeieant
and a dianeter) and the aspect ratio would be the height of the tubular 14

1 3 SEP 2002 ecth\cheraitrins ndyebedisedreThe etcH plasras pesytberfoimel solely ffofariombreudlived be
the height of the trench divided by the mnimal travel width of the trench
at its base. gites; theetch'plasma mayter formed solaly flom pasepwhich ansprddypce axmadtive t o
control ion bonbardnent ener%y and the directionality of ions toward a
substrate. Tispeaias{aychasgsas whichries souree elbinrineardlugriney ar, thecateltsizsmmpri n
t he copper content of the ag] O?'(r%lihs at least 80 atom ¢ % o%ﬁ_er. The al |l oy
may conpri se OSdPEdHEM p GRMBInationeLineTt and taetiveseases, Exampigs of BaR-{FACHVE of or s
to metal lines and, openin n a.substrate, and other structures.which make
up the topogrgéﬁﬁﬁ"%'[’&t%§°rg§5@lf'?'a{1'§°%°l9r1‘%{‘88’. m?ﬁ‘é"?'gp}?f'e’iaf}ﬂ PERAR% BoFent
refers to physic i : 5 it S | at ons
whi ch are pr é’s"gm%ki/\naﬁﬁpgh‘gH&g%\sg?pqdcr)&#ér'r%@ggg os%? r o%eaﬁ%ﬁg&%giugg'

Examples of reactive gases, which may be used to provide essentially all or all of the

plasma supply gas, include HCI, HBr, HI, BClI,, SiCl,, and combinations thereof.

Preferably, when cssentially all of the plasma supply gas is a reactive gas, the gas is HCl,

or HBr, or HI, or a combination thereof. Examples of reactive gases which may be used

in combination with incrt gases to provide a plasma chemistry necessary to achieve a

desired selectivity and lo reduce the corrosion of etched copper surfaces include HCI,

HBr, Hi, BCl,, SiCl,, CHF,, CF,, SF,, Cl,, and combinations therecof.



surface, where physical nonmentumtransfer is used primarily to achieve the
atomrenoval. The term "isotropic etching" refers to an etching process
where etching can proceed in all directions at the sanme rate. {I§eSErerm
"plasma" refers to a partially ionized gas containing an equal nunber of
positive and negative charges, as welt as sone other nunber of non-ionized
gas particles. The term "source power" refers to the power used primarily
to generate ions .gnd utrals V\hei'iigg directly in an etching chanmber or
renotely as in th °c°é£| agk IS ACERrER ‘S/BS'Bg a PiamgstrdycheistryT wherteisestid
"substrate" | n?l des sem conductor materials) glass) ceram cs) polyneric
mat eri al s) an B‘kjﬁ%‘Pprﬁﬁf'eri als of use in the sem conductor industry. The

" uni f . oS . q . whi ch . I h
about 10% pref or AuToh Y nbda b Blea sl F0cesf et af el Sp e Sliefreas B s 1
3 SEP 2002 1 ARG R 1. Cl THE | NVENTI ON Th t
was carried %Lﬁcwr%@EPéénttH?ggﬁqgf’ égré@ég @E%%’@grs?‘ﬂ:éa g?’ﬁﬁ*’boﬁ% ﬁlxﬁ%pga{ls??gﬁf

| i ed Mat egi, idiRg or : ; ' ' Syst [ h d
Goscr i bed 1 ey FroitEE or BUu e Lo i Bt SRl e Y O U ot “Whi ch 19

her eby i ncor por at ONink A 4sBiaCPom T ' '
Pl asma Source (DPS) rofmtghe'ﬂ}ki nd drgscr?tgg%p%y g?é@ﬁgé{t‘ﬂgﬁ;ﬁgﬁﬁ?ﬁ%ﬁh&d

Proceedi ngs Qﬁich%ﬂ@%ﬁfhﬁ@nhﬁélﬁﬂéiﬁﬂ%@&%ks thy SRARLE TGPkl asma Processi ng)
May 7, 1996 and as published in the El ectrochem cal Society Proceedi ngs,

Vol une 9G 12, pp. c)2@Racting 3hs(and 8%68ed aldies ROAIRBPREMS Cirdrd TSR suphad! es
the processing of an 8 inch (200 mm dianeter silicon substrate surface. A

schemat i ¢ of by bgplpingae sfsatdisshardecssubitratglradn in Figure 1 A which shows an
etching process chanber 10) which is constructed to include at |east one

i nductive coil: 'daemenng asferghportioniaf peoyiper laperdwhichdirstqiortien is depasitedion
process chanber 10 and connected to a radio frequency (IZF) power generator
18. | nteri or tesubdtratqnuwides svivicandintaining asecand portive of the coppaydayter, pedetst al 1 G
which is connected to an | Z. F frequency power generator 22 through an

i npedance maseRNdpoHen wWoddposited iptsaoroitbe substratesuddirerber wal | 30 whi ch
serves as the electri cail ground 34 for the offset bias which accunul ates on
the substrate 14 Beferablydhn plasmpa qrﬁ%te&n ferrabappisisufficient tg,enableaqopaere

:3888; E nggg{cﬁlrmigr%%@g&?@ éc%p%lg&tgr substrate 14 is placed on the
In a preferred embodiment, the etchback method utilizes two etch chemistries. A
first etch chemistry for removal of the buik portion of the copper layer overlying the
- substrate surface, and a second etch chemistry for removal of a small residual layer of
copper to reach the substrate surface. Use of two etch steps in which different plasma
etch chemistries are used enables the desired selectivity with respect to the copper and
materials adjacent the copper; assists in the reduction of corrosive residue formation on
etched copper surfaces; and aids in control of the amount of over etch (recess formation)
of the copper within the interconnect structure. The two etch chemistries can be used in
succession by merely changing the gas composition feed to the plasma etch chamber, but

this is considered to be a two step etch because there are two etch chemistries utilized.



conponents arc fed into the process chanber through entry ports 26. A
plasma is ignited in process chanber 10 using techniques well known in the
industry. Pressure interior to the etch process chanber 10 is t8nSERI202d
using a vacuum punmp (not shown) and a throttle valve 27 connected to a
process chanber gas exit line 28. The tenperature on the surface of the
etch chanber walls is controlled using |iquid-containing conduits (not
shown) which are located jn,the walls of the etch chanmber 10. The

t enper ature of tHBs‘é‘gh?E‘Sh\?ﬂc'ﬂ’ﬁrﬂ'gﬁﬁi‘t#%c@"t?w&izcal ly a silicon wafer) was
controlled by control l.ing.the back§ide ressure of a heal transfer gas
(typically heli ur#sVW'E'Bgﬁ%EPIW@H‘ cthH’é"&”’ agyoer gfdeasione gag, whighgas)1002
waf er whi ch was , not bf:i n}g rocessed i%he vvaEer backsi de). For experinmental
pur poses) i IPTRALEHSISCRYIY {8 cRRPeToNFTAdidcanSybsifate matefialiner at ure bel ow about

150 C duri | .50 f h \ . Th
g ot o R AR il ok e s S 589 e ng
the cooling @mﬁg}vﬁ\&h rSViHOLE YniftemGbh B&Hity kﬁggég@eg@&%a fsu ?%;s%ggtg‘tkm&w

process, preferably, the substrate support™p rovi des Si de

heating or caﬁbieragcog erl diéh LG dast 1,000 A paGhldale; NG COPPER ETCH BACK USI NG
THE METHOD OF' - THE SENT | NVENTI ON The Exarrpl es provided bel ow are

intended to be ild)usttdcting Whs@hdekeitednvsing frord (RBHIRaR Rivaidi@icisisdrale safagnd
are not intended to limt the scope of the subject matter) as one skilled
in the art) byapplyng af offpglbiasaotise subiteaté;osure, will be able to nake further
variations on the nethod steps described herein) to "fine tune" the nethod
to a particul ar edidenseingmplirstpdriiomof Asoppertayerywhich diest poitionds depositédbon
SUMVARY O THE | NVENTI ON) the copper |ayer etchback may be conducted with
t he subst r at thesubdiratesurfaeg evhaleunainfaining aspcond portiomof the/copprep tayat, whichr egi me)
bel ow about 150 C) or a high tenperature regi me, above about 150 C (and
typi cal | y besaserchpertionis depositcddnteriapofthe adstrate sutfaceh of these regimes are
addressed in detail below Wthin the |ow tenperature reginme) the etchback
is preferably condfifcthesecssd sichslepsompaisesy physi cal bonbar dnent of the

T oh chem tr1 65 U CHEE LIBSAMPRRIIOD L e b TPRIE) ‘DU OATOET B PP
- ti ;- th t | . f d ly f whi ch
are produce BBt scbRLSUEPalng S EL vBRy semafes At (<8 hnE BEY SERINI or 1 ne
or fluorine) ), lﬁl cﬁgﬁ’isﬁg&megigﬁém d%e&&?%ﬁoﬁ&%‘? tﬁc EeRdY ér%ﬁrl?éc;
Ive gases. Exanples o

non-reactive“and react non-reactive gas i nclude
argon, helium ni {y@&iing idns and eRcidRictRom YKE RIS ct@plasifN@Vardthenpl es of
reactive gases which may he used to provide essentially all or al! of the
pl asma suppl Yutgtale suffa¢aideappGling kiBoflsetblas BChe sutisirale; andand conbi nati ons

t hereof . Exanpl es of reactive gases which may be used in conbination with
inert gases to pr gyraevingayi residuglicappen fromahe itst porting lofithe chiier layer, whilen)
CH~, CF,, SF6, ClZ, SiCl,) and conbinations thereof. Figure 2 shows a bar
graph of copsescnalbrmaintainiag the seeandipestiannfthegppperdayste regi me) where the
substrate surface tenperature was about 45 C., The plasm so(liurce Power was
about 1000 Wat a Thestsaeheaiseomayhsselely noporeactive gases whishirvdepfivsicah enna
segnent positioned exterior to the etch process chanber. The pl source
gas was ar gorPOMIVAISRE ST Pay be fiaf %“%‘t'&%"‘g"ﬁcﬁ?é?&eﬂ%% saﬂmhaq%élfli 8f about

100 seem The_ e .chﬁgrocess chanber pressure was about 10 ml) and the

process chanJ&"YeRk¥EFat ure was about 80 C. The etch rate, is shown in

Angstroms (A) per ﬂk%&ﬂp%ﬁ%%n&%&&:@ﬁ&ﬂg&t heroreéschliillyltiuse pover

to the substrate support platen which Is sho s at a frequency o f
about i 3.56 1k 1B, AI, 3P BombinaBordtRere b e 3dther BBRIAGR Pioteds)ss theselgasaace for
copper; Curve 21 Grepresents the etch rate for silicon dioxide; and) Curve
21 8 r epr esentgotide aetxdellemtcopparretchids, goodatlectiviiyl forcanppendveethdicomnsoniy c. it
is readily apparent that a copper etch rate exceeding 1,000 A per_mnute is
easi |y achi evestd bamigy laxers o6 tagtalumand tantaluny nitride, andrednesthe serpsion ofdhe, |
subsequently, the selectivity for copper over adjacent silicon dioxide or
TECS-generated dielectric substrate ranges fromabout 3.5 : 1 to about 4 :
1. Figure 3 shows a bar graph ol copper etjgh rate data for the high

t emperat ure



regi me) where the substrate surface tenperature was about 250 C. The

pl asma source power was about 1000 Wat a frequency of about 2.0 MHz to the
i nductive coil antenna segment positioned exterior to the etchypgr

chanber. The copper etch rate in A per 18 1 8 SEP 2002 minute is shown on
the graph scal e | abeled 310. The plasma source gas is shown on the graph
scal e | abel ed 312. Were the source gas was 112/ Ar the relative amounts of
gas feed wer etchedseppasisurizccanidiegishsabemistty ysed niihbe adjustad ko oitsinfselectivigt for f or
each gas shown was 50 seem with the exception of Ar) H/Ar and Xe, each of
whi ch was usexppper arcgadiacenysubsiale merteriale as neaded. Tineadditiompprosess comdi fiavssucivas
about 1000 Wat a frequency of about 2 MHz to the inductive coil antenna
segment posi t3sdeersexhambes prasgure OwEr Wallpges e yarioys ahiswa gefdratidn 2nd splsimte t 0
the substrate support platen was about 400 Wfrequency of about 13.5G Mz,
with the excefitscigmenss) sylsire sunfaee dempesalure, and piRFesk chipmber sesaperature may

conbi nation with.a substrate.support platen.bias power of about 200 W The
etch processV\{%%%sé?dJ%rfggg'ﬂ?8“9&2”3%5{" %%CHW,‘V'and t he process chamber
tenperature was ab ra whi ch i s sho in
Angstroms (A) per %ncd?@yg ergpgaaﬁﬁggé{uéggﬁ},wng% g%{?vf:?‘ ﬁ'ﬁd}'lbsé'lag’ss\{\'ﬂﬁ%‘ta"gr\l“'et ch
rate in exces i | ily achievable for the
non-reactive égggléﬂﬁg%%#%gmgy%ﬁﬁﬁégﬁgﬁH:/ Ar (labeled 31 G.
Nonreactive gases NZyf| @,t@aﬁ;} kS na%nd g{@%ig‘l o hre a
hi gher bi as power thgn‘ZOO 0f or g)?amgle tcgn\gk:'ﬁﬁg@gﬁ%‘ﬁ@s??gbbgﬁggé@
m nute m ni nugiesk GRY weRRpAhye|(Sdhesih f e@aﬁbsﬁﬁhl '
speci es- generating Sages ﬁ%ﬁ y(I lglbel ed 352 and HBraQ?rfrg?}gﬁﬁelaﬁlﬁgg%té@g far in
excess of theaboveQfk AelBRticlEdifidbiRlcdbotie sewﬂateraﬁeee(cmhgoﬂtﬁféo?ﬁ&@ay@m _
anot her reactive species-generating gas, CHF3 ,(labeled 32G ) was m ni mal ,
at |ess than PRferéblpehe plasiii sourEOVE sed W0 bakridr GleMembvhl 4o (IRséwhleA\Wd md bar
graph of silicon oxide etch rate data for the | ow tenperature regi ne) where
t he subst r at eleaue § asreosi eemesitdast onm thewiched bopgier dirface. The pl asma source power
was about 1000 Wat a frequency of about 2.0 MHz. The silicon dioxide etch
19 1 3 SEP 2002 Tatobtaimthie desiredrilasmadion density)he opparsies uged phcaxyadut theabel ed
41 0. The plasma source gas is shown on the graph scal e | abel ed 4l 2. Were
t he source gastchkaskiqan he selegied framdhe sameanparatus ap fesgrbed with refererceqo sheclawof
H and 96 sccm of Ar. The overall gis feed rate for each gas shown was 50
sccm) with t h&RBEEUpC TeEMsretibach MERPA. g Xe) each of which was used at a
gas flowrate of 100 sccm The bias power to the substrate support platen
was about 400 Wfrequency of about 13.56 MHZ, with the exception of CHF~,
whi ch was used in conbi nat ilﬁﬂE‘Nf)ﬁ%él’ﬁi‘ﬁb%ﬁﬁﬁ?B w%@.%en bi as power of
er

about 200 W The etch process cha pressure was about nl) and the

process chamber t erﬁgﬁﬁé‘ﬁ ¢ ﬁsdﬂ@ﬁnaﬁpmﬁﬁtrﬁﬂag@ de@oﬁﬁéﬂéﬂﬁén@&u&fe (DP$) &thihgon

di oxi de etch rates graph scale 410 wth the ‘et rates for copper shown
in Figure 3 oréhﬂhemmwkiﬁdaédaduﬁd'%mt;ﬁuembauchmgoseé@ei Asvdekotile@lin the copper
over silicon dioxide should range between about : 1 to about 4 : 1 for
inert gases, anéletved syrbodimentsof the ptesamdlisslosuref or HCl and HBr) respectively.
In particular) the inert gases argon (labeled 414), N= (|l abeled 418) and Xe
(1 abel ed 420)) as well as H2/ Ar show good selectivity for copper over
silicon dioxide) while reactive %ases HCl (| abel ed 422) and HBr (| abel ed
(424) show excel | erfiigueReistasranhshpwingdthe pristiveetch rates for eepper.silicae diomideandr3
(label ed 426)) etches the silicqn dioxide far nore rapidly than e copper)
as expected. P EeS-@eurratidaidicen X °§’r“é‘pﬂﬁg‘?ﬂpl?5£‘?ﬂ‘hslatfﬂf“§ﬁ’& qé}ﬁséfgﬂ%t‘% 18%i de
etch rate data for the |low tenperature regi ne, where the substrate surface
tenperature was about 45 C. The ~plasma source power was about 1000 Wat a

frequency of about d@ig?ré:!\f'l?'a blhgra@& ngtb;g@ fhe'rBladv el ram(ﬂ'l%ﬁ)e% s & RiNRosr t he

graph scal e |-abel e he pra ce gas Is shown o e graph scale
label ed S 12. ([R§a0asd ¢S eherAs efclh phisniad each case was 100 seem while the
gas feed rate for 1-iCl and HBr in each case was 50 seem The bias power to
t he substrate -support platen was about 400 Wfrequency of about 13.56 Miz.
The etch process chanber pressure was aboutnlo ml, and the process chanber



20 1 3 SEP 2002 tenperature was about 80 C. The etch rate for tantalumin
the presence of the Ar plasma is represented by the bar |abeled 514a, while
the etch rate for tantalumnitride is represented by the bar 4 glggrdup14b.
The etch rate for tantalumin the presence of the HO plasma Is represented
by the bar | abeled 516a) while the etch rate for tantalumnitride is
represented by the bar | abel ed 516b. The etch rate for tantalumin the

Che otch rate for ISRt o CaoierRRGRER e iivk Mo Rl RO M diTRAl s

the etch rate for tantalumni e Isrepr

8b. A conpari ioR K Figure 3 with the tantal um
and tant al um@}@?ﬁg&%ﬁg@ﬁ%@?&gﬁﬁ%ﬁ%égﬁ}élﬁ%ﬂ%,ndi cates that the
selectivity for copper over both tantalumand tantalumnitride is excellent
in an argon plasnma. The selectivity for copper over both tantal um and
tantal umnitride imgatSas @beairhg¥hoivingtfe Fitivel i Fates A BB @v@ﬁ’inﬂf%ﬂi&or
copper etch rate conpared with tantalumin an HO plasma 1 ndicates that the
t ant al um woulldydrasd firatien ohthegeeused o generdidithe etdhplaspper, et ch process
conditions other than the plasm gas source can be adjusted to alleviate
this potential problem For exanple, Figure G shows the etch rate for
copper in an HCl plasma as a function of the etch process chanber pressure.
The copper etch pdfigiretods 8 gvaphshaywiop ¢l dtgh rateefos coppenusing BiC! \plasmavetdhh
reference to Figure 3, except that the plasnma source power was | 200 W
EXAVMPLE THREEChepnstycad a Bogsotraiibmaresspr-mAlokplasma eichchambere to Fi gures 7A
and 7B) these figures are illustrative of a preferred copper etchback
process which is based on physical bombardnent, w thout the use of an etch

species which is chem cgll ive with copper. The ,advantage of this
met hod is that the'}fn‘g‘“&? An%i@ﬁ@‘ﬁ'&?w Bhichemalica pross-grgtianal yiaw,ef a-prsfraved

surface nor on surfaces adjacent the copper sufface. The e was et ched
in the Cent urﬂ“?ﬁ'@ﬁfﬁ&?ﬁt&%‘im glmfttge p%ﬁ?“ﬁr'&?@&é?ﬁay@%%bﬁd&ﬂ’busl y
descri bed. Th i ew_of [ re is a schematic of..a Ccross-sectiopal
i de view TracERt sl wHiRE EhpIEEiH GobRy 50 £ uecinichn Figkids fface SFihe
di aneter of a . 1 eqk iy 0,1, Qf Qut. .3 - | Th
contact via 7 &F%gll%ﬂ&c %%?Q’f'ﬁ{c'g%ﬁﬂ‘ﬁ%z@l gﬁy%"i}g?eﬂlggﬁﬁ%\fg '?ﬁ ﬁﬁ"cé‘frf F'ggn

di oxi de diele 1 EU%b Lt arrier layer 70G
overlying si IF@E’)}#@& %%?J él?{)ﬁilug@r%%%rﬂ{an g&f:%épr%ggpfl |1 Iayer 708 overlying
barrier layer 70G To etch away the portion of copper |ayer 708 overlying
t he upper surface 710 of barrier layer 706, the etch conditions were as
speci fied bel ow Thigusel &isagraphshéemg theoddchaseincdoppéraoacsntratianinahe wapor about
100 seem of argon; the process chanber pressure was 10 nifonr; the source
power (power phaseakout Aduchabpue thgisubsyratesurfaceasdhe eich prograsses ey apash POBESV at

a frequency of 2 Miz; the hias, po applied to the substrate, support

ol at en vas ab8lihe S ilitated in Fies T ank 755 Wien igSopar gonespisateTb it he rapor

Sur ace Ml ALULE Wir ARRE RSk eShs 1 bbipet Rk b8 RerkVR i R V2
substrate surface areas (other than the interconnect surfaces), and the etch process is

stopped shortly thereafter.

Figures 9A, 9B, and 9C illustrate in schematic a cross-sectional view of a
preferred embodiment contact via structure as it progresses through etchback steps of a
method which combines physical bombardment with use of an etchant species which is

- )
reactive with copper. Figure 9A shows the starting structure. A more corrosive etchant
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The etch back process required about 100 seconds) as illustrated on Figure
8, which illustrates the presence of copper em ssions in the plasna area
over the substrate surface. The copper concentration was noni tpge8ERu20g an
optical sensor neasuring at a wavel ength of about 3,250. Figure 8 shows a
curve 800 representing the optical em ssion intensify 812 for copper
appearing in the plasma, as a function of tinme 814 in seconds. The
intensity readedifigly fohesmoppef thebolkpegpalinWeaydito phsdute Hegthtuet 60
seconds) after which a nore rapidly decline began) as portions of the upper
surface 710 shéwbardB.eThisawhanti0fephredbe s s esrosiic @blaial fokPOmses 8N thin t he
decrease in copper em ssions stopped, indicating that the etch was

conpl et ed) Usjengl @Hpseiodnetk thoughe the rmtdlon niwidp beidep hyef, IGpRALAANe t he

cal cul ated etch rate was about 3,000 A per m nute. Photom crographs of the
upper sur f acgudfirctshewstm iguer 8C.show a clean tantalumnitri de upper surface
710) with the copper plug 712 being slightly depressed (about 0.07 m crons
bel ow t he upper surface 710. 22 9 3 SEP 2002 EXAMPLES FOUR- REACTI VE

SPECI ES ETCHBACK W't h feren to Figture 9 9B) and 9C, these fjgures
are illustrative Fagures L@eﬁgﬁr i@C&S‘HF}QE’ 'BPE‘F%% %%’B@:‘é’s%‘_"ﬁﬁﬁ'_?ﬂ‘i"?‘?l Biegedf on
Fenctive w CrEgDpormoREeRGipnbicl da P Gie PRAYeF Liouel e fshbKisiepa: o of
t he copper c be ntially i . d, reduci t he. et tjme required.
For exanpl e,°af39°p’?‘8‘§?$§’t“fﬁ¥‘e°°§}b&‘#sPﬁ?ge‘&igﬁ“‘Bé'df‘WEfﬂﬁgw %&F"a&%{ Weelst 2 to 3
ti mes by usi . i Y - tJ reactiyv ases. Wth
reg?rd }3 ?) rS‘J%@fl?{;g%gglggi{gﬁgpgﬁéﬁ%%ggﬁc#?éﬁ,‘s@{L%tﬁﬁm RICU t1' e reactive ;
Py et er abl Y, | AaRPREER BT LT A FaRol s of oY AP RHERE Bl BB he O OuT
such as HCl) Br, A i CI', ,) or the Tl AP PrIGYSiTe °pure

hal ogen suc Gn YA EPOB V i i ound is
further nodﬁ@gﬁl@usshioﬁg gum Iri a?%/ ﬁgiﬁ-%?ggittl% %léggiggﬁgu&g ag*sln%\ﬂ?“ﬁpﬁ Ar,
|-te) Xe, CHemo%alldda tkihi9ayerBricdpper, ld break ihrdughttbitife tRh@fusd hitddeyaRaedilgpnt . the
pl asma feed gas which supplied the reactive species was HCl; however, HCl1)
HBr, HI, BChgs shbowh in Figogt 10QANG finalhyg thdranalim nikyddresidigonf thé silibeh dibkide
etch seep. In the second step it is preferred to use HBr alone; or a
reactive gasfiddeirfas of tlieGubsttdBr is ronovdd;in a finalheicledte toptoduee tha sgmgursuch as
BCh) SiCl,) or CF, may. be used in conbination with a non-reactive gas such
as NZ, Hi) Ashowrian Figuye OH)., C i-16, C-H,) for exanple, so that the tantalum
or tantalumnitride layer will be | ess affected and the etched copper

features will not be attacked. The sanple was etched in the Centura
| nt egrated Processi n@oﬁystem rﬁvi.ousl descri.bed, The ,segl conduct or

structure 900 washgU€dtisagraphshewing the congentration pf capperin the vAPST SRACE BKY and
t i f abput : ) j i d

o re e tnaaeSyBira@Sing the ik efM1ch8 Heeinitl By Bielihdt  shilfhute Wbt 8
| ray ior Cvi XT rect

ondn aopper T I pRIEGNER; baWed Ralel (68 ik 160 g veRie kiR I O0%)

i ncl uded twoghe fetghaihi shbRE 8iVeask bAS RAdLR iSQHBRNapbrpacd OF
each seep. Fﬁ%vg}@gﬁéwg%ﬂﬁ led in &tlhe artd23md,g€&§ SEP 26 ZQ(?g‘I:’I

antici pat e) R\H\ims%eh&a@@ s? altheembDraraeht il the striaiigsshbia 8 &igueOramgbt i on
over atine period (as an alternative to two discreet steps). The first

et ch step compdiposesns renerval afipospeially catbsbe reavtanthigomtixsetehagaspperedrface. t he
etch process chanber was about 100 seem of HCl; the process chanber
pressure was 20 norr; the source power was 1500 Wat a frequency of 2 Miz;
the bias power applied to the substrate support platen was about 500 Wat a
frequency of 13.56 MHz; and, the substrate surface tenperature was
approximately 2S0 C, while the etch chanber wall was about 80 C. Figure 9B
illustrates the change in via structure 900 alter the first etch step. A
thin | ayer 908b of copper covers the upper surface 910 of tantalumnitride
barrier layer of the via structure 900. The etch |ine period was about 60
seconds, and the thickness of the copper |ayer overlying barrier |ayer 906
was decreased' by about 0.7 mcrons. The second etch step conditions were
as specified bel ow The plasna gas feed td3the etch process chanber was
about' 100 seem of argon and 5 seem of HCl; the process chanber pressure
was 10 mlorr; the source power was 1000 Wal a frequency of 2 MHz; the bias
power applied to the substrate support platen was about 200 Wat a
frequency of 13.56 MHz; and, the substrate surface tenperature was
approximately 250 C, while the etch chanber wall was about 80 C. Figure 9C
illustrates the change in via structure 900 alter the second etch step. The
thin | ayer 908b of copper has been renoved) exposing the upper surface 910

Y Y o o, o NN PN o -




9 3 SEP 21102 EXAMPLE FI VE- REACTI VE SPECI ES ETCHBACK | NCLUDI NG BARRI ER
LAYER REMOVAL Wth reference to Figures 10A) 10B, 10C) and 1 OD, these
figures are illustrative of a preferred copper etchback procesqv%\/g'tﬁhm
based on physi cal bonbardnent conbined with an etchant species IC )
chemcally reactive with copper. The advantage of this nmethod is that the
etch rate of the copper can be substantially increased, and residual

cLen rat ! . . .
"t eor at ed’pr oce DAL EDIRSCRIPYION SR 131 PRAFERKED EMAOBINENTS o 1 ce
t . Th | i i : i i HO f
Therfir et too ot onke RfvedftoWbied d it IftfudiniCy hRBH of SaRRies o7 piBRgien "
Pt o0 at ed Pra S M i ton T eARTAU SR FEihy g ifichEfolpd
structure 10QEndREv@rafiésaah pfh&%ha.\&baﬁm deV AR robss %Bygoégg%rmtﬁﬁgﬁs and

an aspect ratio of about 3 : he contact via structure I ncl'uded a

si | i con undercbpyyee linesl &{¥conudtsdi elehotie® @nd viab ftthed vatin'& dibIQURCTaPrC WS
1004) a tantalumnitride barrier |ayer 1006 overlying silicon dioxide |ayer
1004, and a Goyrped tédhiniquenvhichi@aait twerehpvaid fipartidnglof b dysdsitédsppeRy&iR
skilled in the art can anticipate, it wuld be possible to gradually change
the gas conpaghatnenwbicbpreyvidésrmediploctiiodulfstrateasurfatd whichtis free dfresithuzt eopfies,cr eet
steps). The first etch step conditions were as specified below The plasm
gas feed to tleayingcopperiodkssenshesandrcoptast/vinsructu®s. seem oCHCl ; however,
HBr) BCh, or a Chconprising source gas could be used as well. The process
chanber pressure was 20 niforr; the source power was 1500 Wat a frequency
of 2 MHz; the bias power applied to the_substrate support platen was about
500 Wat a frequency of 13.56 MHz; ahdDEFRNITIONS rate surface tenperature

was approximately 250 C) whil e thﬁétch .chamber wal | was about 80 C.  Figure
10B il lustrates tHs &PEsHgeq thegetailed description, gsbouldbemotad hat; ssised inthisst ep.

Athin | f QQ8h, of t f 1010 of t al
s e s e
1008 over | 5 i Hﬂ"’ﬂh&?ﬁ’%’ﬁswuﬂfé’i ﬁ’féBB"dg‘?"."r'@o‘liﬁ'éﬁ“B eOKiSG ﬁ@)‘fs' for ﬁﬁﬁ’@ﬁ@ﬁe They

Fecons 1, SHARERRLAIANI IS 96D It el Al UIRRAF Y 10

nmoer was about | eem of "argon an
however) the gl gaiRidrAHaderiétits of Bisdmitbfducid? Wefkracd Qo Repiiita SRGTAG ] das | O
with 10 seemof C -1, or 100 seemof D~ with | O seemof CH, (where CH4

is used to slgwesttive spdeies Sitidh is at Rasi Partially idhidZedy ndSetefdtérceitd Yeopper@itiudes
copper). The process chanber pressure was 10 norr; the source power was

1000 Wat a fialysédreegofof 2 MHz; the bias power applied to the substrate
support platen was about 200 Wat a frequency of 13.56 MHz; and) the
substrate surface $pesiftsrteminelogiof pastiewst impogagcersthecesaintion of tie peesent
chanmber wall was about 80 C. Figure 10C illustrates the change in via
structure 100Wmventioaris defined belovy et ch step. The thin layer 1008b of copper
has been renoved, osi ng .t he upper, surface 1 OLO of tantalumnitride
barrier |ayer of tﬁ@)\?f‘ang‘v?‘ﬁ?ﬂﬁ? Sﬂﬁéd&%‘@ eishing which dacsgiot progeeddBdlly et ch

i od bout 20 d the thick f. th | 1008b
i ch was r enbUEosa e 503" Hefink RisseR e Rrivelae B SREORH P Rons

were as speci{,] I : . process chanber
was about Ioousrggarkg 'flﬂgv?lglo]_lﬁgg% g sgg?n&:)@g%ﬂ&f g@é@%@f‘ "CF, could also
have been used). TiRe REACKPRctTaRTTDRIerPIARS HIIB 0fftfe Height Alidnkibn tditheswidihc e
power was i 000 Wat a frequency of 2 MHz; the bias power applied to the

substrat e suppinénsionaf particalar eyenings R0 Whicit areeléatdeal eoraget i to b8 plaged/Hgr and)
the substrate surface tenperature was approxi mately 250 C) while the etch
chanber wal | ‘easmpieouvia@fening whightypicaly axlends inratubular foemdhmuglemplipls layers
structure 1000 ailer the third etch step. The tantalumnitride barrier

| ayer 1006 on haheheiphteand adigmeter, andthg aspectiatip woayldbathe feightafdhe bwar s
been renoved) | eaving barrier layer 100G lining the interior of the via and
coveted by copper plug 1012. The etch tinme period was about 18 seconds Cor
2G 1 3 SEP 2002 renoval of tantalumnitrigle barrier |ayer 100G whi ch was
about 0.05 microns flock. Figure 11 illustrates the copper em ssions during
the first two etch steps and the




tantalumnitride em ssions during the third step. The copper concentration
was nonitored using an optical sensor neasuring at a wavel ength of about
3,250A. Curve | | 00 represents the optical em ssion intensity 4131SER @002
copper appearing in the vapor space over the substrate) as a function of
time 1114 in seconds. The intensity reading for the copper drops off
gradually during the first etch step (labeled 1116 on Curve 1100) and
ending at podinidedpy e dillmeter UTeetip€t edtiodottal (FaRc i NMouRPothe ABRHE offle RERANTS-
The plasma source gas during this first etch step was 100 Seem o? Ar and
100 seem of #&@ided Bynhergidilmabiraetwidsh ePlhe depdioatiigdagd.y 0.5 microns of the

t hi ckness of copper layer | 108 was renpbved. The intensity reading for the
copper drops of f i ermdpiaspywertiréfag 16 lhe ppoepostdirepary ecdni@brpned 1118 on
Curve 1100, and ending at point H) which occurred over a time period of
about 12 secbenibardmentcoprgyranddy direshppdity 0figns weardosubsaateas of the surface
1110 of barrier layer 1106. The plasma source gas during this second etch
step was 100 seem’ ¥ bermdcenpsim IRIEES) (o £ApPSS aad alle)Sithereah whergin the coprier dordenth
step for reno ?I cif the tantalumnitride barrier |ayer 1106 overlying the
upper sur f ac8! hepllaygsat laaptS0atemic o coppski ddeialgy may comprisamereshan v on
Curve 1100) agd engioén&_f at point C)) a small anount of copper em ssions 1116
wer e gener at BFMEPIHFAIRANGYSy enpval of a minor anount o f copper from copper

I | 012. Duri hj WRird, h h 0

G2 and- 10 seem RS RS BHTE 5l BBy ineR abd GRrines anvassbate. 8na OB vt ur o
I ] £ OX] 1 i.th th I

1012 bei ng. oF TS Rit Ry O ERoFHU i wiPiia® sHRSE ne upper surf ace

1016}. Sub t : . i tt

Vol ati 1z mat ori APQERCiGTS AR ClerRE o s RHf iRt 5o Endnd”

corrosi on of c&a&d%h&m 59@9:&6&11@%&3@@.(% s ?J%ni’bgégn) {ffin b0 2

tenperature of about 25 . The substrate was expbse pl'asima gener at ed
usi ng a pl as@agRSwR@E pRfsicl mbRRnAAEFAR er i i m 27 9
3 SEP 2002 source powe? %\s/as about 15‘3%"% gﬂ%&egﬁgﬁgaﬁiﬁﬁﬁgpg@g\g%gﬁ pl at en
bi as power wagméMa®) W The tine period of exposure to the plasna was about 1
S seconds. The portion of Curve | 100 | abeled 1122 is representative of the
em ssi ons of unkn@hmicspeisoaspicieichingheefersto hmtiching peocedswhaberckingessr i pti on
provi des numerous specific detail such as material types and process

condi tions, omteediniallidirectionsiabthgrsamadae.st andi ng of the present invention.

It will be obvious, however) to one skilled in the art that the present

i nventi on may be phatymcplsimg” mfsrafo 3 partialiicienized Bafroptaining awequal number of

sem conduct or _manuf act uri.n rocesses. The a&%ve description i,S not .
“ntended to (FHBCERILHEAIVEHaTESS. & Jvellag samp P Burgber SLRPr-ToNASH Eat RATIGIRS-c

is bett illust WY ' =1 . Al M5
Ve oraim 1 A neie el st pRhe BlaSAGlhoRRt 8 pfiharily o kebrRle 30 1 &

at tenper at urgheWadhatdy HarctiRg chatich 8keRRNEY bsinle t€oBi EPS Of 1 a)

supplying to a plasnma etch process chanber at |east” one gas, which gas is

chem cal | y noficfdant plasmwigbderstepper; b) creating a plasma fromsaid at
| east one gas in a manner which provides a uniformion density across the

substrate surface;TheXerat tsubstiate dndlwdes sanidomiucior athicials)plaky, oeramitsgd pl asnma
toward a substrate surface
polymeric materials, and other materials of use in the semiconductor industry.
The term “‘uniform ion density" refers to an ion density which varies less than

about 10%, preferably, less than about 5%, across the wafer surface.
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conprising a |layer of copper by applying an offset bias to said substrate;
and d) renoving at | east portions of said copper |ayer deposited on said
substrate surface while maintaining a portion of said copper 4 35&P 2062 eri or
of said substrate surface. 2. The nethod of Claim1, wherein said plasma
created in step b) is sufficient to enable a copper etch rate of at |east
|, 000 A per mnute. 3. The nethod of Caim1l, wherein said substrate

tenperature is about B0 AB APPIAGSATUS FOR mcqchsfmamwmgghback of
copper interconnect |ayers at tenperatures higher than about 0 O said

met hod conpri si ng Thbetchtpegesovas earriedPulil a TeniiRa® [Rlegmaled Fbéassing SR
chanber at | east one gas, which gas is selected to provide the deSired

copper etch nasi@abinidoraed mpdicd Matgridisine opSanta Qlara, Aalifoard)t Tiefystemads sShown
materials, while avoiding or reducing corrosion of the etched copper

surface; 29 anddesc8b&d 00mitdd)States RatentigNa 51 8T8, fhreadisciasuck @faetich iddemby bed
in step a) in a manner which provides a uniformion densi té across tire
substrat e surifepseoraley byrelergnes. ndhiseayipment inebided @ Daconpied Plasma Bourpe (RPS)

toward a substrate surface which conprises a |ayer of copper) by applying
an offset bi & “Ewgiﬂeﬁcgh%?n’%;\’%al-asthﬁé’mp%gzapf the Eleveath lafemationad

Dor ti onof s ApAMOSIFLT Haye PE ke May: » 4 b Gl prnblistedn fredesiroshomgl -
et hod of O & dhicty pilELAhgh, DBl dE Do RER! £45 {1998, the Faskna processing °™' ' °
chamber enables the processing of an 8 inch (200 mm) diameter silicon substrate surface.

A schematic of the processing chamber is shown in Figure 1A which shows an
ctching process chamber 10, which is constructed to include at least one inductive coil’
antenna scgment 12 positioned exterior to the etch process chamber 10 and connected to
a radio {requency (RI") power generator 18. Interior to the process chamber is a substrate
14 support pedestal 16 which is connected to an RF [requency power generator 22
through an impedance matching network 24, and a conductive chamber wall 30 which
serves as the electrical ground 34 for the offset bias which accumulates on the substrate
14 as a result of the RF power applied to the substrate support pedestal 16 .

The semiconductor substrate 14 is placed on the support pedestal 16 and gaseous
components are fed into the process chamber through entry ports 26. A plasma is ignited
in process chamber 10 using techniques well known in the industry. Pressure interior to
the etch process chamber 10 is controlled using a vacuum pump (not shown) and a
throttle valve 27 connecied to a process chamber gas exit line 28. The temperature on
the surface of the etch chamber walls is controlled using liquid-containing conduits (not
shown) which are located in the walls of the etch chamber 10. The temperature of the
semiconductor substrate (typically a silicon wafer) was controlled by controlling the

backside pressure of a heat transfer gas (typically helium) in contact with the side of the
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a copper etch rate of at least 1,000 A per mnute. G The nethod of Caim

4, wherein said at |east one gas is a non-reactive gas. 7. The nethod of

¢l aim4) wherein said at |east one gas is a reactive gas whi ch]® 8EPd28 a

speci es which reacts with copper. 8. The nethod of CaimA) wherein said at
| east one gas includes both a non-reactive gas and a reactive gas. 9. The

nmet hod -of Caim4) wherein the substrate tenperature ranges from hi gher

than about 1,56 Ghich v Wbéﬁg)pﬁmegsgd (tm'@/az’@tbg%i } rg%xgéﬁrggﬁt?l-cauﬂq%ié

i ncluding an additional step removing at a por

exposed by t Rgs d&eY & mafntAaik L8R« THeuBiohqs 4)
wherein said sfjbst rate i sn silicon di o;f]ﬁgﬁg}m%aogwﬁﬁudl el ecgl%"{c,g %e@h

SEP 2002 12. si¢feandebbos | $0 °clradm&Q)ch\Mwsaewne&ﬁrﬂe%vhﬁ%Ec?«w‘g dh%m%b“(?on
dioxide or a low K dielectric. 13. The nethod of Caim4, or Claimb5, or

Claim6) or @als wadmaonaifbdatrab8yt 80r° Colsingnhe covlivey @induitsprévibldlp Hesefibdd. qR Of
sai d copper layer is renoved using a first at |east one plasma source gas

desi gned f or lreapsab(reprodudtionfprecess preferablgythe substratesupporeplated pruvides dor of
sai d copper layer is renpved using a second at |east one gas designed for a
| ess rapi d r bsaksige hedtingarcochppefthe substratet o sel ectivel y renove copper nore
rapi dly than adj acent substrate and barrier materials, and to reduce
corrosion of an etched copper surface. 14. The nethod of Caim4 or aim
5, including an additional step for renoval of corrosive materials from an

etched copper surface. 1BI MJUEYING COPRERETGH)BAGK USENG an addi ti onal
st ep for renmoval of cor r'§§|E\/METHOD OF THE PRESENT INVENTION

The Examples provided below are intended to be illustrative of the inventive
method of the invention and are not intended to limit the scope of the subject matter, as
one skilled in the art, in view of applicants' disclosure, will be able to make further
varjations on the method steps described herein, to "fine tune” the method to a particular
end use application.

As previously described, in the SUMMARY OF THE INVENTION, the copper
layer etchback may be conducted with the substrate surface temperature falling within a
low temperature regime, below about 150 °C, or a high temperature regime, above about

150 °C (and typically between about 150 °C and about 400 °C). Each of these regimes
are addressed in detail below.

Within the low temperature regime, the etchback is preferably conducted using
essentially physical bombardment of the copper layer surface. Within the high
temperature regime, three different etch chemistries may be used. The etch plasma may
be formed solely from non-reactive gases; the etch plasma may be formed solely from
gases which are produce a reactive species (such as a gas which is a source of chlorine or
fluorine), or, the etch plasma may be formed from a combination of non-reactive and

reactive gascs. Examples of non-reactive gases include argon, helium, nitrogen,
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materials froman etched copper surface. | G The nmethod of aim4 or
Claim5 or daim?7) wherein said at |east one gas which is chemcally

reactive with copper is selected fromthe group consisting of HCI% HBra H )
BCh) SiCl,) and conbinations thereof 17. The nethod of d ai m 416 SEP 5

or Claim?7) wherein said at |east one gas which is chemcally reactive with
copper is selected fromthe group consisting of HCI) HBr) H, and

mbi ' f. .18. .hod ful i hback
of copper 1 L ugn. BRI GTaRey e e OBk By BegFeiagming (o a
I tch t t | ' ically .
o react i ve SRTRARGHbEY ALhplaE R eyoR s e e Fibrc AL HE Sl et v
i th , - | ; ) : | bed i.n st '
manner whi ch SreFTERLt RArPLERRR S ORAIR o S RAL e ied i sonbBafimco,
€) attract i nGuiupien3Adsqy prdvidt PAAITEd Pl Lk L@m&%gagga@,@cgt@ﬁwate

surface by applyling an set bras to strate; a r'emovi ng %

first portionCefSg, COPBET,, aAd @bmBMElidns thete§@i d substrate surface while
mai nt ai ni ng a second portion of said copper |ayer overlying said substrate
surface

D) < -

Figure 2 shows a bar graph of copper etch rate data for the low temperature
regime, where the substrate surface temperature was about 45 °C. The plasma source
power was about 1000 W at a frequency of about 2 MHz to the inductive coil antenna
segment positioned exterior to the etch process chamber. The plasma source gas was
argon which was fed to the etch process chamber at a rate of about 100 sccm. The etch
process chamber pressure was about 10 mT, and the process chamber temperature was
about 80 °C. 'Thc etch rate, is shown in Angstroms (A) per minute on graph scale 210 as
a function of the bias power to the substrate support platen which is shown in Watts at a
frequency of about 13.56 MHz on graph scale 212.

Curve 214 represents the etch rate for copper; Curve 216 represents the etch rate
for silicon dioxide; and, Curve 218 represents the etch rate for TEOS created silicon
oxide dielectric. It is readily apparent that a copper etch rate exceeding 1,000 A per
ﬁ\inute is easily achieved; and, although selectivity will be discussed in detail
subsequently, the sclectivity for copper over adjacent silicon dioxide or TEOS-generated
dielectric substrate ranges from about 3.5 : 1 to about 4 ; 1.

Figure 3 shows a bar graph of copper etch rate data for the high temperature
regime, where the substrate surface temperature was about 250 °C. The plasma source
power was about 1000 W at a frequency of about 2.0 MHz to the inductive coil antenna

segment positioned exterior to the etch process chamber. The copper etch rate in A per
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and while a portion of said copper layer interior of said substrate
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Figure 4 shows a bar graph of silicon oxide etch rate data for the low temperature
regime, where the substrate surface temperature was about 45 °C. The plasma source

power was about 1000 W at a frequency of about 2.0 MHz. The silicon dioxide etch
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A comparison of the silicon dioxide etch rates on graph scale 410 with the etch
rates for copper shown in Figure 3 on graph scale 310 indicates that the selectivity for:"
copper over silicon dioxide should range between about 2 : 1 to about 4 : 1 for inert
gases, and between about 4 :1 and 6:1 for HCI and HBr, respectively. In particular, the
i;lert gases argon (labeled 414), N, (labeled 418) and Xe (labeled 420), as well as Hy/Ar
show good sele.ctivity for copper over silicon dioxide, while reactive gases HCI (labeled
422) and HBr (labeled (424) show excellent selectivity for copper over silicon dioxide.
Pure CHF, (labcled 426), etches the silicon dioxide far more rapidly than the
copper, as expected.
Figure 5 shows a bar graph of tantalum and tantalum nitride etch rate data for the
low temperature regime, where the substrate surface temperature was about 45 °C. The
‘plasma source power was about 1000 W at a frequency of about 2.0 MHz. The etch rate
in A per minute is shown on the graph scale labeled 510. The plasma source gas is
shown on the graph scale labeled 512, The gas feed rate for Ar in cach case was 100
sccm, while the gas feed rate for HCI and HBr in each case was 50 sccm. The bias
power to the substrate support platen was about 400 W (requency of about 13.56 MHz.

The etch process chamber pressure was about 10 mT, and the process chamber
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bar labeled 514a, while the etch rate for tantalum nitride is represented by the bar labeled
514b. The etch rate for tantalum in the presence of the HCl plasma is represented by the
bar labeled 516a, while the etch rate for tantalum nitride is represented by the bar labeled
516b. The ctch rate for tantalum in the presence of the HBr plasma is represented by the
bar labeled 518a, while the etch rate for tantalum nitride is represented by the bar labeled
518b.

A comparison of the copper etch rates from Figure 3 with the tantalum and
tantalum nitride etch rates from Figure 5 indicates that the selectivity for copper over
both tantalum and tantalum nitride is excellent in an argon plasma. The selectivity for
copper over both tantalum and tantalum nitride is also excellent in an HBr plasma.

Although the data for copper etch rale compared with tantalum in an HCI plasma
indicates that the tantalum would tend to etch more rapidly than the copper, etch process
conditions other than the plasma gas source can be adjusted to alleviate this potential
problem.  For example, Figure 6 shows the etch rate for copper in an HC! plasma as a

function of the etch process chamber pressure. The copper etch parameters were

basically the same as they were with reference to Figure 3, except that the plasma source

power was 1200 W.

4 4 4 ==

With reference to Figures 7A and 7B, these figures are illustrative of a preferred
copper etchback process which is based on physical bombardment, without the use of an
etch species which is chemically reactive with copper. The advantage of this method is
that there are no residual corrosive residues on the copper surface nor on surfaces

adjacent the copper surface. The sample was etched in the Centura® Integrated
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_OOPbPePf PgPipRyeesiyBystem previously described. The view of the structure 18 a schematic of a
cross-sectional side view. The contact via structure 700 was a contact via having a
diameter of about 0.3 microns and an aspect ratio of about 3 : 1. The contact via 700
included a silicon underlayer 702, an overlying silicon dioxide dielectric layer 704, a
tantalum nitride barrier layer 706 overlying silicon dioxide layer 704, and a copper fill
layer 708 overlying barrier layer 706. To etch away the portion of copper layer 708
overlying the upper surface 710 of barrier layer 706, the etch conditions were as
specificd below. The plasma gas feed to the etch process chamber was about 100 sccm
of argon; the process chamber pressure was 10 mTorr; the source power (power to the
indyctive coil used to create the plasma) was 1000 W at a frequency of 2 MHz; the bias
power applied to the substrate support platen was about 500 W at a frequency of 13.56 -
MHz; and, the substrate surface temperature was approximately 40 °C, while the etch
chamber wall was about 80 °C,

The etch back process tequired about 100 seconds, as illustrated on Figure 8,
which illustrates the presence of copper emissions in the plasma area over the substrate
surface. The copper concentration was monitored using an optical sensor measuring at a
wavelength of about 3,250A.  Figure 8 shows a curve 800 representing the optical
emission intensity 812 for copper appearing in the plasma, as a function of time 814 in
seconds. The intensity reading for the copper dropped slowly for about the first 60
seconds, after which a more rapidly decline began, as portions of the upper surface 710
of barrier layer 706 were exposed. At about 100 seconds, the decrease in copper

- emissions stopped, indicating that the etch was completed. Using 90 seconds as the time
for completion of etching, the calculated etch rate was about 3,000 A per minute.
Photomicrographs of the upper surface of the structure show a clean tantalum nitride

upper surface 710, with the copper plug 712 being slightly depressed (about 0.07

microns below the upper surface 710.
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preferred copper etchback process which is based on physical bombardment combined
with an etchant species which is chemically reactive with copper. The advantage of this
method is that the etch rate of the copper can be substantially increased, reducing the
elch time required. For example, typically the etch rate can be increased by a factor of 2
to 3 times by using a combination of non-reactive and reactive gases. With regard to
rcactive gases, halogen-based chemistry works well, but preferably the source of the
reactive gas is a halogen-containing compound such as HC!, HBr, HI, BCl,, SiCl,, CCl,,
or the like rather than a pure halogen such as Cl,. The aggressiveness of the halogen-
containing compound is further modified using auxiliary non-reactive gases such as N,,
H,, Ar, He, Xe, CH,, C,H;, C;Hy, and the like.
In this preferred embodiment, the plasma feed gas which supplied the reacti.ve

. species was HCl; however, HCl, HBr, HI, BCl,, SiCl,, and combinations thereof may be
used for the ﬁrst etch step. In the second step it is preferred to use HBr alone; or a
reactive gas such as HCIl, HBr, or HI; in the altemative, a gas such as BCl,, SiCl,, or CF,
may be used in combination with a non-reactive gas such as N,, H,, Ar, He, Xe, CH,,
C,H,, C,H,, for example, so that the tantalum or tantalum nitride layer will be less
affected and the etched copper features will not be attacked.

The sample was etched in the Centura® Integrated Processing System previously
described. The semiconductor structure 900 was a contact via having a diameter of
about 0.3 microns and an aspect ratio of about 3 : 1. The contact via structure 900
included a silicon underlayer 902, an overlying silicon dioxide dielectric layer 904, a
tantalum nitride barricr lay;r 906 overlying silicon dioxide layer 904, and a copper fill
layer 908 overlying barricr layer 906. The etch process included two etch steps with

different plasma fecd gas compositions for each step. However, as one skilled in the art
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The first etch step conditions were as specified below. The plasma gas feed to
the etch process chamber was about 100 sccm of HCI; the process chamber pressure was
20 mTorr, the source power was 1500 W at a frequency of 2 MHz; the bias power
applied o the substrate support platen was about 500 W at a frequency of 13.56 MHz;
and, the substrate surface temperature was approximately 250 °C, while the etch
chamber wall was about 80 °C. Figure 9B illustrates the change in via structure 900
after the first etch step. A thin layer 908b of copper covers the upper surface 910 of
tantalum nitride barmier layer of the via structure 900, The etch time period was about 60
seconds, and the thickness of the copper layer overiying barrier layer 906 was decreased
by about 0.7 microns.

The second ctch step conditions were as specified below. The plasma gas feed to
the etch process ch;xmbcr was about 100 sccm of argon and 5 sccm of HCI; the process
chamber pressure was 10 mTorr; the source power was 1000 W at a frequency of 2 MHz;
the bias power applied (o the substrate support platen was about 200 W at a frequency of
13.56 MHz; and, the substrate surface temperature was approximately 250 °C, while the
etch chamber wall was about 80 °C. Figure 9C illustrates the change in via structure 900
afler the sccond etch step. The thin layer 908b of copper has been removed, exposing the
upper surface 910 of tantalum nitride barrier layer of the via structure 900. The second
etch time period was approximately 20 seconds, and the copper layer thickness removed
was about 0.05 microns.

The two step etch back process required about 75 seconds. Photomicrographs of
the upper surface of the structure show a clean tantalum nitride upper surface 910 with

the copper plug 912 being slightly depressed (about 0.07 microns) below the upper

surface 910.
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With reference to Figures 10A, 10B, 10C, and 10D, these figures are illustrative
of a preferred copper etchiback process which is based on physical bombardment
combined with an etchant species which is chemically reactive with copper. The
advantage of this method is that the etch rate of the copper can be substantially increased,
and residual barrier layer on the dielectric surface can be removed in a single integrated
process. In this preferred embodiment, the method included three steps. The plasma
feed gas which supplied the reactive species was HCI for the first two steps; however, for
the first step, HCI, HBr, BCl,, and combinations thereof work well. The sample was
elched in the Centura® Integrated Processing System previously described. The
semiconductor structure 1000 was a contact via having a diameter of about 0.3 microns
and an aspect ratio of about 3 : 1, The contact via structure 1000 included a silicon
underlayes 1002, an overlying silicon dioxide dielectric layer 1004, a tantalum nitride -
barrier layer 1006 overlying silicon dioxide layer 1004, and a copper fill layer 1008
overlying barrier layer 1006. As one skilled in the art can anticipate, it would Be
possible to gradually change the gas composition over a time period (as an altemative to
three discreet steps).

The first etch step conditions were as specified below. The plasma gas feed to
the etch process chamber was about 100 sccm of HCI; however, HBr, BCl,, or a Cl;-
comprising source gas could be used as well. The process chamber pressure was 20
mTorr; the source power was 1500 W at a frequency of 2 MHz; the bias power applied to
the substrate support platen was about 500 W at a frequency of 13.56 MHz; and, the
substrate surface temperature was approximately 250 °C, while the etch chamber wall
was about 80 °C. Figure 10B illustrates the change in via structure 600 after the first

etch step. A thin layer 1008b of copper covers the upper surface 1010 of tantalum nitride
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and the thickness of the copper layer 1008 overlying barrier layer 1006 was reduced by
about 0.1 microns.

The second etch step conditions were as specified below. The plasma gas feed to
the etch process chamber was about 100 sccm of argon and § scem of HCl; however, the
plasma feed gas for this step could also be 100 sccm of HCI with 10 sccm of CH, or 100
sccm of BCly with 10 sccm of CH,(where CH, is used to slow down the etch rate and to
improve selectivity toward copper). The process chamber pressure was 10 mTorr; the
source power was 1000 W at a frequency of 2 MHz; the bias power applied to the
substrate support platen was about 200 W at a frequency of 13.56 MHz; and, the
substrate surface lemperature was approximately 250 °C, while the etch chamber wall
was about 80 °C. Figure 10C illustrates the change in via structure 1000 after the second
etch step. The thin layer 1008b of copper has been removed, exposing the upper surface
1010 of tantalum nitx;idc barrier layer of the via structure 1000. The time period' of the
second ctch period was about 20 seconds, and the thickness of the copper layer 1008b
which was removed was about 0.05 microns.

The third etch step conditions were as specified below. The plasma gas feed to
the etch process chamber was about 100 sccm of argon and 5 sccm of CHF,

(5 sccm of CF, could also have been used). The process chamber pressure was {0
mTorr; the source power was 1000 W at a frequency of 2 MHz; the bias power applied to
the substrate support platen was about 200 W at a frequency of 13.56 MHz; and, the
substrate surface temperature was approximately 250 °C, while the etch chamber wall
was about 80 °C. Figure 10D illustrates the change in via structure 1000 after the third
etch step. The tantalum nitride barrier layer 1006 on the upper surface 1016 of silicon
dioxide layer 1004 has been removed, leaving barrier layer 1006 lining the interior of the

via and covered by copper plug 1012. The etch time period was about 18 seconds for
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Figure 11 illustrates the copper emissions during the first two etch steps and the
tantalum nitride emissions during the third step. The copper concentration was
monitored using an optical sensor measuring at a wavelength of about 3,250A. Curve
1100 represents the optical emission intensity 1112 for copper appearing in the vapor
spacc over the substrate, as a function of time 1114 in seconds. The intensity reading for
the copper drops off gradually during the first etch step (labeled 1116 on Curve 1100,
and ending at point A) which occurred over a time period of about 64 seconds. The
plasma source gas during this first etch step was 100 sccm of Ar and 100 sccm of HCL.
During this etch step, approximately 0.5 microns of the thickness of copper layer 1108
was removed. The intensity reading for the copper drops off more rapidly during the
second step etch (labeled 1118 on Curve 1100, and ending at point B) which occurred
over a time period of about 12 seconds, as copper was disappearing from some areas of
the surface 1110 of barrier layer 1106. The plasma source gas during this second etch
step was 100 sccm Ar, 50 scem HCI, and 5 scem CH,. During the third etch step for
removal of the tantalum nitride barrier layer 1106 overlying the upper surface 1116 of
the silicon dioxide layer 1104 (labeled 1120 on Curve 1100, and ending at point C), a
small amount of copper emissions 1116 were generated, indicating removal of a minor
amount of copper from copper plug 1012. During this third etch step, the plasma source
gas was 50 sccm CHF, and 10 sccm Ar. Photomicrographs of the upper surface of the
structurc show a clean silicon dioxide upper surface 1016, with the copper plug 1012
being slightly depressed (about 0.07 microns below (he upper surface 1016). Subsequent
to the three etch steps, a fourth step was carried out to volatilize materials on the surface
of the substrate which might cause corrosion of the etched copper surface. The substrate
was heated to a temperature of about 250 °C. The substrate was exposed to a plasma

gencraled using a plasma gas source of 100 sccm Ar and 10 sccm CH,. The plasma
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The time period of exposure o the plasma was about 15 seconds. The portion of Curve

1100 labeled 1122 is representative of the emissions of unknown species which were
volatilized.

The above description provides numerous specific detail such as material types
and process conditions, and such to enable an understanding of the present invention. It
will be obvious, however, to one skilled in the art that the present invention may be
practiced in other instances using well-known semiconductor manufacturing processes.
The above description is not intended to unnecessarily limit the scope of the present

invention, which is better illustrated in view of the claims below.
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CLAIMS

We claim:

1. A method useful in the etchback of copper interconnect layers at temperatures below

about 150 °C, said mecthod comprising the steps of:

a) supplying lo a plasma etch process chamber at least one gas, which gas is
chemically non-reactive with copper;

b) creating a plasma from said at least one gas in a manner which provides a
uniform ion density across the substrate surface;

c) attracting ions and excited atoms from said plasma toward a substrate surface
comprising a layer of copper by applying an offset bias to said substrate; and

d) removing at least portions of said copper layer deposited on said substrate

surface while maintaining a portion of said copper layer interior of said substrate surface.

2. The method of Claim 1, wherein said plasma created in step b) is sufficient to enable

a copper etch rate of at least 1,000 A per minute.
3. The method of Claim 1, wherein said substrate temperature is about 80 °C or less.

4. A method useful in the etchback of copper interconnect layers at temperatures higher
than about 150 °C, said method comprising the steps of:

a) supplying to a plasma etch process chamber at least one gas, which gas is
selected to provide the desired copper etch rate and selectivity for copper over adjacent

substrate materials, while avoiding or reducing corrosion of the etched copper surface;
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b) creating a plasma from said gases described in step a) in a manner which

provides a uniform ion density across the substrate surface;

c) attracting ions and excited atoms from the plasma toward a substrate surface
which comprises a layer of copper, by applying an offset bias to said substrate; and

d) removing at least a portion of said copper layer deposited on said substrate

surface while maintaining a portion of said copper layer interior of said substrate surface.

5. The method of Claim 4, wherein said plasma created in step b) is sufficient to enable

a copper eich rate of at least 1,000 A per minute.
6. The method of Claim 4, wherein said at least one gas is a non-reactive gas.

7. The method of Claim 4, wherein said at least one gas is a reactive gas which provides

a 'spccics ‘which reacts with copper.

8. The method of Claim 4, wherein said at least one gas includes both a non-reactive

gas and a reactive gas.

9. The method of Claim 4, wherein the substrate temperature ranges from higher than

about 150 °C (o about 400 °C.

10. The method of Claim 4 or Claim $, including an additional step ¢) removing at a

portion of a barrier layer exposed by the removal of said copper layer.

11. The method of Claim 4, wherein said substrate is silicon dioxide or a low K

dielectric.
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12. The method of Claim 10, wherein said substrate is silicon dioxide or a low K

dielectnec.

13. The method of Claim 4, or Claim 5, or Claim 6, or Claim 7, or Claim 8, or Claim 9,
wherein said first portion of said copper layer is removed using a first at least one plasma
source gas designed for rapid removal of a copper layer, while a second portion of said
copper layer is removed using a second at least one gas designed for a less rapid removal

of said copper layer, to selectively remove copper more rapidly than adjacent substrate

and barrier materials, and to reduce corrosion of an etched copper surface.

14. The method of Claim 4 or Claim 5, including an additional step for removal of

corrosive materials from an etched copper surface.

15. The method of Claim 13, including an additional step for removal of corrosive

materials from an etched copper surface.

16. The method c.>f Claim 4 or Claim 5 or Claim 7, wherein said at least one gas which is

chemically reactive with copper is selected from the group consisting of HCI, HBr, HI,

BCl,, SiCl,, and combinations thereof.

17. The method of Claim 4 or Claim 5 or Claim 7, wherein said at least one gas which is
chemically reactive with copper is seiected from the group consisting of HCI, HBr, HI,

and combinations thereof.
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a) supplying to a plasma ctch process chamber at least one gas which gas is
chemically non-reactive with copper and at least one gas which is chemically reactive
with copper;

b) creating a plasma from the gases described in step a) in a manner which
prov.ides a uniform ion density across the substrate surface;

c) attracting ions and excited atoms from the plasma toward the substrate surface
by applying an offset bias to the substrate; and

d) removing a first portion of a copper layer overlying said substrate surface
while maintaining a second portion of said copper layer overlying said substrate surface
and while a portion of said copper layer interior of said substrate surface;

¢) removing said second portion of said copper layer overlying said substrate

surface whilc maintaining a portion of said copper layer interior of said substrate surface;

and
f) removing a barrier layer overlying said substrate surface while maintaining the

portion of said copper layer and said barrier layer interior of the substrate surface.

19. The method of Claim 18, wherein the plasma created in step b) is sufficient to enable

a copper etch rate of at least 1,000 A per minute.

20. The method of Claim 18, wherein the substrate temperature is greater than about 150
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21. The method of Claim 18 or Claim 19 or Claim 20, wherein said first portion of said
copper layer is removed using a first combination of gases designed for rapid removal of
the copper layer, while said second portion of the copper layer is removed using a second
combination of gases designed for a less rapid removal of said copper layer and for
selectivity toward copper, while avoiding corrosion of an etched copper surface, and
further removing said barrier layer using a third combination of gases designed for

removal of said barrier layer while avoiding the corrosion of or while passivating said

etched copper surface.

22, The method of Claim 18 or Claim 19 or Claim 20, wherein said at least one gas
which is chemically reactive with copper during the removal of said first portion of said
copper layer is selected {rom a first group consisting of HC, HBr, HI, SiCl,, BCl, CHF,,
CF,, SF,, Cl,, and combinations thereof, and wherein said at least one gas which is
chemically reactive with copper during thé removal of said second portion of said <':opper

layer is sclecied from a second group consisting of HCI, HBr, Hl, and combinations

thereof.

23. The method of Claim 18 or Claim 19 or Claim 20, wherein said at ieast one gas
which is chemically reactive with copper during the removal of said first portion of said
copper layer is selected from a first group consisting of HCI, HBr, HI, SiCl,, BCl, CHF,,
CF., SF,, Cl,, and combinations thereof, and wherein said at least one gas which is
chemically reactive with copper during the removal of said second portion of said copper
layer is selected from a second group of reactive gases consisting of HCI, HBr, HI, SiCl,,
BCl, and combinations thereof in the presence of at least one non-reactive gas selected

from the group consisting of N,, H,, Ar, He, Xe, CH,, C,H,, C,H,, and combinations

thereof,
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