26 June 2006 1 METHODS FOR FABRI CATI NG | NTERCONNECT STRUCTURES HAVI NG Low K
Dl ELECTRI C PROPERTI ES BACKGROUND OF THE | NVENTION 1. Field of ééﬁ%nlgﬁﬁetion
The present invention relates generally to the fabrication of sem conduct or
structures, and nore specifically to the fabrication of copper, LowK

di el ectric, dual damascene structures. 2. Description of the Related Art In
the fabrication of sem conductor devices, integrated circuits are defined
on semco ctor wafe by form a plurality of |ayers over one another
resulting i RERHGRS Ty BRI TRYGIREER GANNEF S SRV GHUR ol MAENGUO W or s

di sposed over one another, a sprface toqg raphy of the wafer can becone
irregular, and an un-corrected I?%Eﬁfﬁpgrﬁ%ynﬁﬁ%ﬁ%ases with the nunber of
subsequent | ayers deposited. Chem cal Mechani cal Planarization (CWP) has
devel oped as a fabrication operation primarily utilized to planarize the
surface topography of deposited |ayers, and to renove the overburden
deposits. Additional fabrication operations including surface finish,
buffing, insulator cleaning, etching , and the |like, are also frequently

acconplished using CM prgcesses and apparatus. At the substrate |evel,
transi stor devices having AﬁﬂﬂzRngubﬁﬁﬂﬁﬂfhiﬁﬁﬂﬁﬂﬂﬂd over and into
silicongs rat.es. | n.subsequent |evels, interconnect netallization |Iines
are pat '%Qﬁ of i rnyelly Ti cally connected to the transistor devices to
define a desiThegrdsufiCinveiirin @RENdsCRneAdlyi t5 MEIFhbriddIONRL sBRicLRANGS GRREMEL T ve
| ayers are insulated fromother conductive |layers by dielectric materials,
such asa’q moeotreeifigalixde thhfabopstomtdfeapper clagwls didd¢ctivg chahdszdstineatriignresevel
there is a need to renove the overburden nmetal or to planarize dielectric
material. Wthout planarization, fabrication of additional netallization

| ayer s beprsaspeoibeft thotRebdtby Aore difficult due to the higher variations

in the surface topo%[aphy. I n ot her major applications, nmetallization line
patterns arelf dhaefibripatione ofii ssnaieendustorraden¢esl | intebmtedc oiduitt i are deftnedi ah i s

d ited h whol f . dfi 1y, tal CWP i
ePoor t SRt Sya Aty TolRLEs AHNRCS 1S over e aog Ry efing hanibg ' O
addi t i opbctehed.f USiaqBsdiBYRhe WvariO\RIEPr HisP8RADVELehdPidoer! LsidPacd lﬂ(’)}ﬁ)g?&%ﬁ'@t

I nNto e

conduct or deposition to prevent diffusion of conductive nateri al
bul k of thei waise ea11 beqohwt irregular, and an un-corrected irregularity increases with the number of

subsequent layers deposited. Chemical Mechanical Planarization (CMP) has developed as a
fabrication operation primarily utilized to planarize the surface topography of deposited layers,
and to remove the overburden deposits. Additional fabrication operations including surface
finish, buffing, insulator cleaning, etching , and the like, are also frequently accomplished using
CMP processes and apparatus.

At the substrate level, transistor devices having diffusion regions are formed over and
Into silicon substrates. In subsequent levels, interconnect metallization lines are patterned and
electrically connected to the transistor devices to define a desired functional device. As is well
known, patterned conductive layers are insulated from other conductive layers by dielectric
materials, such as silicon dioxide in conventional cases. At each metallization level there is a
need to remove the overburden metal or to planarize dielectric material. Without planarization,
fabrication of additional metallization layers becomes substantially more difficult due to the
higher variations in the surface topography. In other major applications, metallization line
patterns are formed in the dielectric material, then conductive material is deposited over the
whole wafer surface, and finally, a metal CMP operation is performed to remove excess

metallization, e.g., such as copper. An additional diffusion layer is normally deposited prior to




deteriorates its insulating dielectric properties and poi sons the

transi stors. Copper dual damascene technol ogy, and the technol ggy of
conductive material dual damascene structures, evolved into £6p%6889960f
choice for the integrated circuit industry. In copper dual damascene
fabrication, the Cu-CWP is typically ut2lized for both copper and barrier
over burden renoval, as described below in references to Figures 1 A-1 C

Figure | A sho a portion of em conductor wafer 10 with a typical copper
dual  deReBEan derltine arpEeset ERAB A Car i paRiT! ke sk ek of dhelerdne it
trenche : LaS; i I 0t o | 2. A barrier 18 has
been de%%???gﬁk§§g?ﬁﬁﬁggﬁﬁQﬁPgﬁgﬁbﬁgéfﬁﬁﬁéﬁfﬁPhgﬁH%€%§ﬁ¥%s 14. Copper fil
has been depOsppeediah daimesdenatienhaslogy, sk thet tealindlogyc op pendurvies huateen &l

over barrier 18. Figure 1 B shows the portion of sem conductor wafer 10
wi th t heREEEST Stsirey svalved Ao asprogess ifechetsedgr thepintegzted) cirpidt gndystry. In
describ I 110 fi C 0 . f d. The
firat OPRrE SCuTpEfad btk bae b G BN SRRy e Tar PE POBF Lo e
barri er barii8t ovEfleurdapreatoval es desceest tefos omferbmcek tPigarek AALBC essenti al |y
removed, |eaving only copper  fill 16" in features 14, and barrier 18 to
make up the Blgdial Az8Wveus pation of a spaifogdwdonppiescilawith a typagal coppaindyal
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As soonfabsicitad fiterinsuatos 12.epbseids 18 has dudd agRsHAT 6v& Shé elsRIAGEE AHHgWht h
both copper fill 16' and barrier 18 material and chem cal properties being
pr ocessE@USE EvPEComey fillhas beersdrppaitegninithe EatusesniA weultng bf ceppdueaterblarders tene
structugﬁﬂmﬁﬁ&&qgted ina portion of a sem conductor wafer 10. The idea
structure illustrated is the fabrication goal follow ng a second CWP of

the structur Bigutd LB sh@tethe ipdrtfondifisemiddndi@as wefer 18 withaRe Eopipet Bual BhmaScene
renoved | eaving a planarized insulator surface including the insulator 12,

a barri gfuquradieingglabyeated gherein glsscribed dndiigure Ifopfier a ffirsti CVE pasicessias been
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mat eri al - and chem cal’ properties p . .
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and well _suited for planarization of a non-planar honogenous (1.¢€.
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copper ghéadurBle beitg PIaRRiz8d by CMP is a homogenous material. As soon as barrier 18 is
exposed, the surface becomes heterogeneous with both copper fill 16' and barrier 18 material
and chemical properties being processed by CMP.

Figure 1C shows an ideal completion of a dual damascene structure fabricated in a
portion of a semiconductor wafer 10. The ideal structure illustrated is the fabrication goal
following a second CMP of the structure illustrated in Figure 1B. Barrier 18 (see Figure 1B) is
removed leaving a planarized insulator surface including the insulator 12, a barrier liner 18' of
features 14, and the copper fill 16' within features 14. It should be noted that number of
materials with differing material and chemical properties processed by CMP in Figure 1C is now
three.

As is known, CMP was initially developed for, and is most effective and well suited for
planarization of a non-planar homogenous (i.e., consisting of the same material) surface.
Looking again at Figure 1B, it should be appreciated that in final phases of the copper CMP, the

surface is neither homogenous, nor is it in need of planarization. In typical copper dual



damascene structure fabrication, CVWP is the next process step to be
performed on the structure, but it is not a structure well s 'tfd f.or CWVP.
To planarize a surface, CMP inplenments a conbinati on of chem Upg£006
abrasive action by applying a surface to be planarized against a
processi ng surface having varying degregs of elasticity, varying degrees
of abrasiveness, wetted with varying degrees of chem cally aggressive

slurr ich also may .contain yi degrees of abrasiveness, all
accor éi gl Rt gﬁ‘@%@g 4jcation, rd@té%ﬁ“%é’@ﬁ PR StePrg s MeHPrmgiion: Herfragiure,

pr oper t ipgic il alshetldekgell dukeli Rs @@pe of copper CWP, it is common practice
to use a processing surface such as a pad with a high degree of hardness.

Due to the t{pipdadakige hamdaden SMRtnoplehents adenibyiatign af chgpesl didadbrabarestiene
structure, Eressure IS %en rall %(Eal so noderate to high, .and the frictional
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exposed, the surface bei ngf processed by CMP is practically flat, however
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second COMe tprlectypisalljohird tialatbrel 2naBan@euscoppel dme dhmadcust aeichiie, fadstre is
barrier 18 %R’d t he soft coElper 16' are not optimally processed by the sane
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typi cal i j . eci and r lts.in |less
hon | dar s P p Bty B shihaRERE RARRY ) BRREbIERA Sheer A SR oita
damascetle wifeuct ure refl ecting structural flaws typical of heterogeneous

CWP processing., WP general ly renoves barrier 18 (see Figure 1 B) and
| eaves f eat urEderthe procassing ¢dndiions just described, i poimicht sdynbethe tppres @varburdenut

surface g, My . h L shin 0 in the co r fil).
1o, andClRadeRe L RmALR REbENE 16T ABobd MRy biot dfetSHAHY A nan
pl anar stuctieally 2it,t hpvedk | yo dbsgeri Rehodasus]i aleehd | FeeliRRkN 024the CMP s
Addi tional ly, because copper is a material of the structure, and it is a
soft andranpiisalhaggdyced h@g‘ﬂ)lféﬂ}’ayltrlééétthlﬁé)qmt whemthe MR @ricessy apdrprosdseing of
the cop F 1 ST -SC[ hi are al serious rication

chal | enggéqlil%a%résgc’dﬁgg(gé%%5(?%%813@ & AL r?%pg}tgtauéecf’{}é @AB&P‘}C%‘&%@HH

conduct heteragaheiuk alisfacetinaludhanhe tarEbEHEH TS Uhe thabift 6atpepn 6t ARtndupkifiallyt he
advant ages of CMP for planarization of the honbgenous part of the

over bur BEMCPaE &Y itha sanyghCMY operatinppdnsteashef thenideahstnictur tildustratedvie Figure 1C, a
typical semiconductor wafer is processed less precisely and results in less than ideal structures
therein.

Figure 1D illustrates a typical copper dual damascene structure reflecting structural flaws
typical of heterogeneous CMP processing. CMP generally removes barrier 18 (see Figure 1B)
and leaves features 14 lined with barrier liner 18' and copper filled 16, but surface irregularities
are noted such as dishing 20 in the copper fill 16', and a less than planar surface 22 across the
structure. The less than planar surface 22 typically also includes dielectric erosion 24.
Additionally, because copper is a material of the structure, and it is a soft and reasonably
chemically reactive material, preventing corrosion of the copper fill 16', and scratching, are also
serious fabrication challenges.

What is needed are methods and apparatus for copper, and other conductive material,
dual damascene structure fabrication that exploit the advantages of CMP for planarization of the

homogenous part of the overburden material, which is copper, and implement alternative



26 June 2006 4 fabrication processes better suited for heterogeneous
surface processing. The nethods and apparatus should be inple E;Fd to
maxi m ze manufacturing efficiency, and position the technolod{}SE e9ep
darmascene to better introduce and devel op energing rel ated technol ogi es.
SUMVARY COF THE | NVENTI ON Broadl y speaki#fg, the present invention fills
these needs by providing a nethod for form ng dual damascene structures in

LowK di tric i I th tili CWP for those  processes_ in which
CVP i s TROCEMSPT BEFTVE DA BHER IPbicieRBREr ouBdee Ssetig:  durradbpdr Sed ch

fabri caty b Sm@finl; N n 1.
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st r uct uteebnoldgpeofpluebdmmastenean beer inaodude and dplekipamheding RelBideschhiSlopiay.s,
including as a process, an apparatus, a system a device, or a nethod.
Several enbodi nents of the present invention are described below. In one

enbodi nent, a nethod for fabricagi 1 tructures on a
insulator is disclosed. The net UMHaRY HEQ %ﬂl(ﬁ a LowK dielectric
mat eri al oveBrdddey speakingf dre, p@seht iheentiondilss thegpneglsiy proevdng tah@ethowor

dielectric material. Features are fornmed in the LowK dielectric material
whi ch higreing, dusl SRg Styereses Tvi rheleitik lesutaters tthatcutifiges GMP forTHhese
feature i i fQr iV Ng i terial. A barrier
ayer | DFSenh AR OHE R TR o SRR IE P PR Bator B G0 Leen
f eat ur efabriamibrt haddieiahallye snedlicelsfdfl the greserit intdigios @RpEL i@ gingBbEnoRgies THRE
filling_ of the features |eaves an overburden anount of the conductive
mat er i afebricatig homko candy plirrekowkc distreiq strpefbigsng Ehec peasertainviepidommapabe
| anari i i . ve the overhurden anount of the
(F:) onduct i lhﬁgrtltg(ﬂ}g%w iﬁ@%ﬁ*ﬁ&g’o‘é‘é@%{“ﬁ?ﬁ% OO ?ngeﬁﬁpgaaqust’g Bl SCJSH{CFhWe%I

upon r eacttiodg Saverhleastodpaeits of thilpeesortrinieitioh apedescrTitd b¥kiwiod then perforns
a dry etch to renove the barrier layer. The dry etch is configured to
expose at | eHsPnggpbodimentya metheshfosdabriqating pemisandustor sebwrisnana insglafrstibod
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met hod 1 nc ormng a ctric materi

then foforinhgy a cagiing fignfdvemievEswk Nielt@WK nikit@fif C tReafurdsedre fthidhed iN@e QR N
filmis defined by at |east two contiguously formed nmaterial |ayers. The

met hod AlactricomaTtinb athighebavieninneresurfages definedelt thecLomKedielgbtrighinatarinlay Ehe
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surfaces of the features. The features
material. The filling of the features leaves an overburden amount of the conductive material.
The method further includes performing a chemical mechanical planarization (CMP) operation
to remove the overburden amount of the conductive material. The CMP operation is configured
to be discontinued upon reaching at least part of the barrier layer. The method then performs a
dry etch to remove the barrier layer. The dry etch is configured to expose at least part of the
capping film.

In another embodiment, a method for fabricating semiconductor structures on a insulator
is disclosed. The method includes forming a LowK dielectric material over the insulator and
then forming a capping film over the LowK dielectric material. The capping film is defined by
at least two contiguously formed material layers. The method next forms features in the LowK
dielectric material which have inner surfaces defined by the LowK dielectric material. The
features define regions for receiving a conductive material. The method further includes

forming a barrier layer over the capping film and over the surfaces of the features. The features

are filled with the conductive material which leaves an overburden amount of the conductive



are filled with the conductive material which | eaves an over burden anount
of the conductive 26 June 2006 5 material. Next, the nethod perforns a
chem cal mechanical planarization (CVP) operation to renove 40/ B\¢eA086r den
anount of the conductive naterial. The CMP operation is configured to be
di sconti nued upon reaching at |east parts of the barrier |ayer. The nethod
continues by performng a first dry etch to renove the barrier |ayer to
expose at | eas art of the capping fil and then perform ng a second dry
ot oh t oMY Net Iﬂéea‘%’teth&Hé’e PiTpha ChemtcrysHnical BlnuarainaUEMR ORCERFOR0 of
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portion of overburden conductive nateria arrier and capp

in a sehtchsedodned gionurhehing ias 1diss phiosEdhe Bagrier Seyerc OTi eiediods téntiHubd By has
a LowK dielegtri terial, which has features defined therein for formng
conduct PHONAIES a%’ﬁ%} Hahi&q Tepoveithsbarier layarie gerose phlepsidart of thappppingffiles of
the Lo i el We ter) i i arri.er filmlines
the foatty ot R bfpl SR BBl GRBINE b ki ARSI Tabblol Bt
fills thetdriahiayessfdrccabpiagédma porti on of overburden conductive materia

over the barrier film The method includes first performng a chem cal
mechani cal plsitt ¢ Suthes gmpegiment sanethed for rempdng e ortiva gfeverbendesfconductive

b 1] ial di .1 nui he CMP. ti
the. por Tty BEel ffm, 00 SihBlne, RO o, 2USRILML0% SRS b FiTimst” e

subst ankémicbyduceravadiurd\easta LoWE dielebieid rhatedidldasicAek MehtlBe de BRI GeRgUEdOr
structure to a plasma etching station and performng an initial plasma etch

to rembBUR%EOEHYRYias pndronpyetiveyippand wiershper Fatthes, a1tdpoturteae op thel ewi

etch to . t [ appi 1y he net had .t hen i ncl udes
et or i A temaerafdSis saBBbl s bio SRABLAh hacsThe (R AR 7B Y e
di el ect cappin@yith. | 8 tQGCHiRd mater@illsLowiesturls Oidr legvdsay fortich bPFBSurRAd
t he net hod repeated, The advantages of the present invention are numnerous.
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det ai | egemove the barrier film. The method then performs a follow-up plasma etch to remove at least
part of the capping film. The method then includes determining if a next LowK dielectric layer
is required. If the next LowK dielectric layer is required, a next LowK dielectric layer is formed
and the method repeated.

The advantages of the present invention are numerous. One notable benefit and
advantage of the invention is that CMP is exploited for fabrication operations well suited for
CMP, and etch is utilized for those operations better suited for etch. The resulting structure is
more precisely fabricated and with less scrap and defects.

Another benefit is the methods of the present invention accommodate the emerging
technologies of ultra-LowK dielectrics, and are therefore capable of implementation as new
materials and structures are introduced.

Other advantages of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.



description, taken in conjunction with the acconpanying draw ngs,
illustrating by way of exanple the principles of the invention, K 26 June
2006 6 BRI EF DESCRI PTI ON OF THE DRAW NGS The present i nventi orfamyne 4596
readi |y understood by the follow ng detailed description in conjunction
wi th the acconmpanyi ng draw ngs, whereinglike reference nuneral s designate
| i ke structural elenments. Figure | A shows a portion of a sem conduct or

wafer with a typical copper dual damascene structure being fabricated
therein. Figure | B shovﬁ&lﬁﬁm&ﬁ;@bﬁl@ﬁ OFCHHE DRAWIDIGSwaf er with the
copper dual mascene structure being fabricated therein_ described in
Figure 1A af &g? P%FSW%WH@W%H 88 édlily yadgatend by dhe illpwing dutyyledelescrptiondngs
an idea t : : t ' ' K4 ion
of & sory DanAlcR SR (8} aftofiRhy e RRARRF e kol Sh G ReenBllike
st ruct useucteral detemg. structural flaws typical of heterogeneous CWP
processing. Eigure 2A shows a copper LowK dual damascene structure bein
fabricated i Ai&HdroFEOWE AnROH0B| @l fr seanipesiyriar ovaten vt 6r tyaisek opppdy &

enbodi mynt, of 4 %‘Fﬂc%g?aﬁfé fib??égtggitﬁ;e?ei{l.':i gure 2B shows the copper LowK dual

damascene structure o gure he conpletion of ultra-gentle CVWP in

accordance WriguronB shohedhérpottioafoftdmidondenbi Gafer FiefR ppbd Hukgtdafa€enthe
copper LowK dual danaescene structure of Figures 2A and 2B at the

conpl et SEYCIEE e fabriceed pharein fesaihgd ria d'igite hl A vleratfeti GMR piskesshieas been

i nventi 3%, ogﬁ}]egure 2D shows the copper LowK dual damascene structure of

Fi gures ,£t rough 2C at the conpletion of thinning etch of the capping

filmin accofFianeaCwlidwsone idabodinpRtibn Off a HhA dAVABéHeOftruchird UhsrichfedShpws a
cl oser view of a section of copper LowK dual danmascene structure shown in

Fi gur es PORIonKf gsgmicoadugiora¥aer dance with one embodi nent of the inventi on.

Ctack in acop B Gudtaluhiti abieolp Sl S BRI e VR e

f1 ow chaf hetdiogeneans CMRipiotadsingg t he general overview of method operations
perfornmed in fabricating copper LowK dual damascene structures in
accor dance wiFigyrg R4 shows a copper LowK dual damascene structure being fabricated in a porous

LowK dielectric insulator in accordance with one embodiment of the present invention.

Figure 2B shows the copper LowK dual damascene structure of Figure 2A at the
completion of ultra-gentle CMP in accordance with one embodiment of the invention.

Figure 2C illustrates the copper LowK dual damascene structure of Figures 2A and 2B at
the completion of barrier etch in accordance with one embodiment of the invention.

Figure 2D shows the copper LowK dual damascene structure of Figures 2A through 2C
at the completion of thinning etch of the capping film in accordance with one embodiment of
the invention.

Figure 3A shows a closer view of a section of copper LowK dual damascene structure
shown in Figures 2A through 2C in accordance with one embodiment of the invention.

Figure 3B shows a portion of a structure having a capping film composite stack in
accordance with one embodiment of the invention.

Figure 4A is flow chart diagram illustrating the general overview of method operations
performed in fabricating copper LowK dual damascene structures in accordance with one
embodiment of the present invention.

Figure 4B shows flow chart diagram illustrating the method operations performed in the
fabrication of a copper LowK dual damascene structures in accordance with one embodiment of

the present invention.



enbodi nent of the present invention. Figure 4B shows flow chart diagram
illustrating the nethod operations perfornmed in the fabricatign of a
copper LowK dual damascene structures in accordance with one SRotaeORf of
the present invention. 26 June 2006 7 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS An invention for nethods of7fabricating dielectric structures
havi ng LowK dielectric properties is disclosed. In preferred enbodi nents,
nmet hods i nclude fabrication of copper dual danascene structures in LowK
dielectric insulators using ultra-gentle CVMP for copper overburden renoval
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specific details are set forth in order "to provide a thoroug

under st angerigs of distlesqur dagmefeirad embodimentst metholds beludedabisdation of boygy dual t 0
one skilled in the art, that the present invention may be practiced

wi t hout Y8BAKCRT SHUFUES hdoaks plielesiie ingulptery Sisingn uliehesntlenSMvEh des, conpen
known p%@&ﬁﬁﬁlef? REHEYA %Hﬂ a%%?eﬂaﬂtfotbﬁﬁ’ﬂerdr%ﬁgbr\)aggg ée@o%? Etl%h s bty Cpoerrfg%ecp g to
unnecessari ly obscure the pr esent |1 nventi on. pper ua anmascene

st ruct unesledrte thineq vapidgy fifrabardcadcoplish an ladddiodilelbeeting of tha KWW AEObS tHe
form copper LowK dual damascene structures. \Wile copper has energed as a
pr ef er r eQVCoHBGEES-ve material for the general structure, technol ogical

hanges i n 1 Ret Ao BB el EReR el PN bk iRal s HERERAG o BHdeLFd BhFe

changes tlareughaagisstandingnd titepreappirtashi@s Tt ovill BOuheatlood HHFREES &E6ne dFIRM t O
form copper LowK dual damascene structures, Further, copper is used in a

pr ef er r 84 heeffbdarBAPreTnt HyepiesarY tervadided vidheat somptos 3 off deseepecific

i npl eme L Of) | e ur - but it shauld be, recogni.zed
that -t nacadsolh bileS B ERRINEL Rhow broElsdi ok bl 3eh Bt R &
conduct iowdr et funftcesdAailyescure ARPgresdns indegorer ei n as an illustrative
enbodi nent, but the nethods and structures described are applicable to
general | y an{-oeBeiddeali Jamapsens isgpctures nafe biyequentlnf fabsieatest én ardoydé ediclaettic
Al um nue j uS luralit f .cond ive materials used in
A Al (Y £k RaPHRRLELY RleBRICUTRY S opB oLl Bl P8,
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porous and highly porous dielectric materials. The resulting structure wl|
repr esefielectrics are resulting in fundamental structural changes in the LowK dielectric insulators.

These fundamental structural changes are necessitating new approaches to fabrication processes
used to form copper LowK dual damascene structures. Further, copper is used in a preferred
embodiment of the present invention due to its preferred implementation in semiconductor
structures, but it should be recognized that the present invention is not limited to the use of
copper as a conductive material. Rather, copper is used herein as an illustrative embodiment,
but the methods and structures described are applicable to generally any conductive material,
and by way of example, Tungsten and Aluminum are just two more of a plurality of conductive
materials used in LowK dielectric dual damascene structures.

One of the fundamental structural changes in the LowK dielectric insulator is the
migration to porous and highly porous dielectric materials. The resulting structure will represent
significant advancement over prior art structures, but will also necessitate manufacture and
process modification. The typical fabrication processes of a first CMP to remove the copper
overburden, and a second CMP to remove the barrier and planarize the surface, already
flawed as described above, will require modification and re-engineering to achieve the desired

result.



significant advancenent over prior art structures, but will also _
necessi tate manufacture and process nodification. The typical_fabrication
processes of a first CMP to renove the copper overburden, and%2’Be<HHE awvp
to renove the barrier and planarize the surface, already flawed as

descri bed above, will require nodificatgon and re-engineering to achieve
the desired result. 26 June 2006 8 In the fabrication of copper LowK dual
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104, and_ forns a | ayer over ca piq? film 110. Copper fill is then

deposi t 8¥lyds & 1382% ek lellegélca&amo%ﬁe ssianpiedas Lok tronghghesspissignoeted ab ultien
106. Astw be described in greater detail belowin reference to Figures
3A and , capping film 110, in one enbodi nent, serves to protect porous

LowK di el ect pisciliupgatbdtinIFig@e Tr i fb@{)p‘ih% kN €0 figkieh&siel] Obver BN PoRE VIESWIRS
an etch stop for barrier 108 renoval. I'n one enbodinent, barrier 108, in
copper disictifaingglaond03.aBeaterss ilOh, surk ag phchas pyd viastae Swnddrriedin bagowfus
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106. Addid fennld Myertdver sapbinacinPf 10. heosp BRI is eukdePedled in the features 104 over
barrier 108 forming copper overburden 106. As will be described in greater detail below in
reference to Figures 3A and 3B, capping film 110, in one embodiment, serves to protect porous
LowK dielectric insulator 102 during structure fabrication, and serves as an etch stop for barrier
108 removal. In one embodiment, barrier 108, in copper dual damascene fabrication, is typically
fabricated from one of Tantalum and Tantalum Nitride.

The copper LowK dual damascene structure 100 illustrated in Figure 2A is next
processed to remove copper overburden 106. Additionally, the surface of the copper LowK dual
damascene structure 100 needs to be planarized for optimum subsequent structure fabrication
processes. CMP remains the process of choice for copper overburden 106 removal and surface
planarization. Unlike CMP in prior art copper dual damascene applications, one embodiment of
the present invention implements an ultra-gentle CMP process for copper overburden 106
removal.

As described above in reference to Figures 1A through 1D, prior art copper CMP is

typically performed with a process surface having a high degree of hardness, and under high



damascene structure 100 needs to be planarized for optimum subsequent
structure fabrication processes. CVP renains the process of gggjce %ﬁé
copper overburden 106 renoval and surface planarization. Unli YoRe
prior art copper dual damascene applications, one enbodi nent of the
present invention inplenents an ultra-gentle CMP process for copper
overburden 106 renoval. As described above in reference to Figures | A
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processing core or tool, ultra-gentle CWP is inplenmented with little or no
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are inc N essin n° one enbodi nent, soft abrasives
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film110 to protect the porous LowK dielectric insulator 102 from any
addi t i OREACCISIMESEAP OF teely pﬁ;an@nplp &YIP is implemented with little or no abrasive added to

slurry. In one embodiment, any required abrasiveness is supplied by the processing surface. In

another embodiment, soft abrasives are included in the processing slurry. In one embodiment,
soft abrasives are added to slurries for processing of structures with sufficient capping film 110
to protect the porous LowK dielectric insulator 102 from any additional pressure resulting from
the addition of soft abrasives, and from any increase in shear stress resulting from the addition of
soft abrasives.

In one embodiment, the copper removal using ultra-gentle CMP is facilitated by use of
inhibitor-assisted direct charge transfer chemistry. In one embodiment, the direct charge transfer
chemistry used is Cu’ + Fe** — Cu** + Fe?* to remove and planarize the copper overburden 106.
In one embodiment, organic large molecule inhibitors are utilized to enhance planarization. An
inhibitor is also used to prevent surface oxide film formation.

In one embodiment of the invention, the ultra-gentle CMP is utilized to remove copper

overburden 106, and planarize the surface of the copper LowK dual damascene structure 100 at



the addition of soft abrasives, and fromany increase in shear stress
resulting fromthe addition of soft abrasives. In one enbodi nent, the
copper removal using ultra-gentle CMP is facilitated by use ofé0 June 2006

i nhi bitor-assisted direct charge transfer chem stry. In one enbodi nent, the
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capping film 110, which is over porous LowK dielectric insulator 102. The
next faBr¢4Ei on process is to renove barrier 108 at the surface of the
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does notand 8Brisvablosni toehave a high selectivity to etch. Barrier 108 is then effectively removed by
etch, with capping film 110 serving as an etch stop in addition to protecting the porous dielectric
insulator 102. It should be appreciated that, in one embodiment, the 200A -300A thick barrier is
rapidly and easily removed by etch with little by-product, and copper does not form volatile
fluorides, thereby preventing copper etching or corrosion during barrier 108 etch.
Figure 2C illustrates the copper LowK dual damascene structure 100 of Figures 2A and
2B at the completion of barrier 108 etch in accordance with one embodiment of the invention.
Copper LowK dual damascene structure 100 includes a porous LowK dielectric insulator 102 in
which features 104 are formed. Features 104 are lined with barrier liner 108', and copper filled
106'. Capping film 110 covers the surface of porous LowK dielectric insulator 102.
In one embodiment of the invention, additional copper LowK dual damascene structure
100 fabrication is performed. Capping film 110, which serves to protect porous LowK dielectric
insulator 102 and provide an effective etch stop for barrier 108 etch, can also increase the

effective K value of the composite porous LowK dielectric/capping film stack. In one

embodiment of the present invention, a second etch is performed after barrier 108 etch to thin



fluorides, thereby preventing copper etching or corrosion during barrier
108 etch. Figure 2C illustrates the copper LowK dual damascen sfrucztoldée
100 of Figures 2A and 2B at the conpletion of barrier 108 et Yye
accordance with one enbodi nent of the invention. Copper LowK dual _
damascene structure 100 includes a pordds LowK dielectric insulator 102 in
whi ch features 104 are forned. Features 104 are lined with barrier liner
108", and capagss Kid! ¢, 108" 10W@RPRING ekl 120 (ONMRT S fhegRUr f

por ous LowK @iﬂe% eclt ric (I)’I’ISU atoﬁl%. gaI nelc{éne errt())od?hrren?ﬁ%&%hé%?ﬁ%en OI“(/)II<’I,
addi ti odelecoopmepinkdiMd sthiekl damascene structure 100 fabrication i's _
per f ormed. pping film 11Q, which serves to protect porous LowK dielectric
i nsul at or 1((3331%‘%9@%‘9?"8@ ApsepiicEe o %ée‘étoélkpfsqoﬁﬁeffleﬁwgélluﬁi damasgencesteysture an

also in ?gcgm{ : t i . .

di el ect rq?(g capp#hﬁlalgﬁllf% %%s%h}é%gﬁ %\Cﬁinlcj)%g&fdg n%g%’fdr?re%ﬁ?g%l%gglﬁighggﬁtshlgﬁ%nﬁl%hthllon,
a secondligteBA| sopper basrhrdemll 0€ s Hafni @fer baGieet108, whichhd BverGagping fARO610L1

t he capp nchcifi | m 110, and_| ower the effective K of the conposite porous

i ( f the cc .
LowkK dIMeidds PYe/mosppilingit diclecicdasulatpy {6 eAsdessibuksingletilabere in wipreicego
section I @g&g ruct .10 wn i n.Figures 2A
throughF r%ﬁ?%?iérgbg%?gg%@ﬂg ne Igﬂnegdéglﬁ r?é(ré]te% d% eenQiog\r}g?\tlriw_()eﬁt.lmll’gto Iﬁ@é’ﬁ’f’e
3A, coppeppepvedrburdele M06,6d ipfanahigydurvest Rafidr 198. 108ne ¥Wibsdimiest, PRMIa &Ik Ng
film 110, which s over porous LowK dielectric insulator 102. As descri bed
in det aPfXtaseoEnsdioemeye E@I@lef 608 i the sefaceofithe suptnreyvece appivgritlor hiy,

ol anar Sog TR0k pA o b RiEls e DL SRR HRRRE TR AR AL BERr A o 85,

per f or megludtarer €upyidg AN 10! inldi catbodiferiUthtRERe QérvEIR dtdteILttp Cor tAY BlasthBe
capping film 110. Plasma etch is perforned to renove barrier 108, exposing
cappi ng eFnPrrcesn laone pabadireat sapiting filn isshighly seleetiveca gishnig compaiitleavith the one
' one. St B Rihonfiry iR SRardh Thod)9h a8 B4R BBRERR fek IufgFe
Wi th t heossitd¢ & vahsinugee thatailain thelowé8 psssle affectivg tiakdth@ bsngaifeatdéof
nitride, and_has the | owest gossi ble Kvalue in order to nmaintain the

| onest Py bpwKediglgetricieapming 6imt he conposite stack of porous LowK

dielectric/c I il Capping film 110 . howeyer, ne to be thick.
enough to pr ?)j\% %‘ggtf 3 1@&1&05@‘%19 §i%5€r’dc§tt§@fe sflblﬁk el?%qg_%t%?lgr%cgecej(?‘f 9?‘??_653‘}5%?]6)3%9%8\/\&(
di el ect forahé tisderigin@rpor@Rd.oMIe Bicldeaidimeantoy,iand vHes Iﬂﬂac]ﬁﬂdeﬂyilng JMIEY is IREKIPUS .
capping film 110 wi |l need to have greater thickness than Tor porous LowK
di el ect PP¥Ys, capping dBmehiiowilivesed to thaee gishick fagmess them i pegods LowK Iielectriges

from abgy E)neSéA‘mlt)oOdir%gr?tl,J%he?gi%éiesg of capping film 110 ranges from about 5A to about 500A, and

S.
l e

in one embodiment the thickness of capping film is about 50A. The thicker the capping film
110, however, the higher the effective K of the stack. In one embodiment of the present
invention, a second etch process is performed to thin capping film 110. By thinning the capping
film 110, the effective K-value of the stack can be lowered.

In one embodiment of the invention, a second etch is performed after the barrier etch.
The second etch is performed to thin capping film 110, and is therefore performed in one
embodiment as a timed etch process. In another embodiment, precision metrology is
incorporated in-situ an etch chamber, and the capping film 110 etch is precisely monitored to
remove a pre-determined thickness of capping film 110.

In one embodiment of the invention, capping film 110 is a single layer film having a
thickness from about 5A to about 500A. In one embodiment, capping film is a composite stack
of films having at least two contiguous but definable layers, and in another embodiment more

than two contiguous but definable layers, in which the cumulative thickness of the capping film



in one enbodi ment the thickness of capping filmis about 50A. The thicker
the capping film 110, however, the higher the effective K Ofg%ﬁf st%gg. I n
one enbodi nent of the present invention, a second etch proce upe 2
performed to thin capping film 110. By thinning the capping film 110, the
effective K-value of the stack can be ll@nered. I n one enbodi nent of the

i nvention, a second etch is perforned after the barrier etch. The second

etch is rfornmed to.thi appi fi:l m.110, dis therefare perforned in
one en%%gl!( %ﬁfs %gmaabto P{ng‘é%_%tagﬁ&gsrog Be rs]ig‘.gmien3 %‘%ﬁv}"ﬁe? p%‘r%BB d’l? ﬁeﬁt@?mfﬁ LI Bn
met r ol ogyppise filt COMPESiAL RELK NHEid scBRIaREE Witk HABREKbodARChttT8hE ARRhGH. f IThe
110 etch is precisely nonitored to renove a pre-determ ned thickness of

cappi ngc¢mpesiteistack|qapping fdmbbld] itewtrated in FigurnvyBritélodes aapghendpyki 10440 hs a
single layer fi havi ng,a thickness fromabout 5A to about 500A. In one
enbodi rrLon o l%ygﬁmljgalf‘iaflﬁ%hﬁserﬁg%‘ﬁ%%% F%P@llbgtr@&co%?osftff PIER Ei@ }“ﬁg*daf MOEZ ANt o
conti guews 15ets. daf tH&aﬂ’lhgtra}t@d’%kzﬁnpléﬁgp & 1ﬁ;ré?t1h©5 i@'&?%%%ﬂ&lhilﬁg{(?s sdl@ide h‘g‘e)

conti guous but definable layers, in V\II?’]I ch the cunul ative t ness of
cappi ngbtirienete, andrie op@edbadinentitk baaivyeshfis anetabofi TaftalunpoabaontdlumQidiide,

ot 2ok 100t Keedplaheiy BrrrGnddbdibaphare 1 0hacrRUR A dH, corpble with
conposi bert A SARRINY sbédrd ét%% Wil :é?f%tﬁreﬁd thil & Svedbhd ﬂg%&qﬁgelfm%pper

| ayer 110a and a |ower |ayer Ob. I'n anot’her enbodi nent, cappin
conposi Peldgtoaghy, lipPeri lagr U des prowides ticdkmess towap@ye figm compbsie stdckuddrapadect

exanpl e,, upper. layer 110a_is of a. materigl fhat 1S selective to barrier
etch, a Crviae BRI L REk: dieketrs inviater BRdwming calicRCMP wrd chlhprareitror

Tant al um Ni t 0@y laykf 1 POWIG tlfeoclﬁ%'éﬁpiaﬁétetdé P@rl}ﬁ@ L?g'g{r E{%ﬁec Q8instidior UIQ)geﬁl aver

110a needs to also"be conpatible wt rier that a second etcC

wi || ef febodivey iltusirated in Fiywoy 8Bt Heowep perr | l0temaiktdias theAddisti Konaluk in ouduper

| ayer 110 rovides thickness.tq capping filmconposite stack 110 to

pr ot ect }Orﬁh r‘EFHhE’lgI RGO By BEER e gﬁ“@ﬁ%ﬁ‘tsﬁﬁb}? Knelieat lroneoembpdimeny, toxreri er
CVP and | 8LL N PILELESESic 14RPCndl & kS | Y&’

LowK di eﬁ%’gct ric i nOZ%I a{: 0%3%1,0211 i n¥1t ééjogﬁg%%?&rgﬁ%eﬁ ﬁﬁi‘%%@% Hlﬁgﬁ?eggﬁ%%%a
Lower | &xade, SilidonnditrideaiSilsconhi@iolklae Stlickn \Calyuitiide, Gilden Chrbidet el feslille | R
structure qtl(gbmali ntai n. the | owest i.bl e K-value. In one enbodi ment, | ower

ayer - 1HPYIE D ADRTEGARH R AGRP st IORABIEBLy Sieche & Pahn asiea e Meneing

20T L 0P s 4 O oS TR B A

| ower | doaee thiellOWer laydrildib yntse) ective to etch in order for the thinning

etch process, . .the_second etch process, to effectively renove or thin the

upper | ayer fj_gyée, 2}§LﬂCwWS the copper LowK dual damascene structuie 100 of Figures 2A through
2C at the completion of thinning etch of capping film 110 (see Figures 2A-2C) in accordance
with one embodiment of the invention. The resulting copper LowK dual damascene structure
100 includes a porous LowK dielectric insulator 102 in which features 104 are formed. Features
104 are lined with barrier liner 108', and are copper filled 106'. A thinned capping film 110'
covers the surface of porous LowK dielectric insulator 102. The thinned capping film 110' is, in
one embodiment, a single layer capping film that has been processed by a second etch operation
to reduce the thickness of the initially formed capping film 110 (see Figures 2A-2C), and in
another embodiment is a multi-layer capping film having at least two contiguous but definable
layers formed in the initial capping film 110 (see Figures 3A-3B) and in which an uppermost
layer 110a (see Figure 3B) has been removed by etch, or in which uppermost layer 110a has
been thinned.

By implementing a capping film and methods in accordance with embodiments of the

present invention, copper LowK dual damascene structures can be fabricated to maintain the
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| ayers ?%‘ﬁ%&?ﬁﬁhttﬂ@ni% t1181eg gép?rﬁig _ iaFen?rPYtﬁleaé‘ééuﬁnﬁ dhemethodamieratioas oh
whi ch aﬁbﬁ@ﬁﬁfnﬁﬁ%&corhﬁ%@Rviél%aerﬁb%%ﬁ‘ggﬂt%'ﬁ .iﬁ@néilaﬂs been renmoved by etch, or
i n which uppernost |ayer 110a has een thinned. By inplenenting a capping

fil mand net higdss dA acdomdahoe didgrim eddiodilusentisg alfic tobgeralpbes®itiw iofviaBthboOn,

copper LowK. dual damascene.structures can be fabricated to nmaintain the 26
June 206%erﬁt?qsd%ﬁétgfmifg’é‘sf£‘b‘ll@tlég reRrer oWk funl damasceng sfryctipres insaccersiangs wishy

above i gnd 6h6bBARA: bPHE RS ti(%,xdzr gﬂg Pxef}‘l:&d @e@%s%tﬁ %F)erdﬁg'n 3B if Nhich a
process of fabricating copper Lo ual danmas€Cene structurée 1n

enbodi mesulstonthating aproppantual dmemicemnstiutalre Beivg Babrivatc¥Vrhadth i€ tr€dRiRI0dR $RES,
and addiéugnal etch thinning. Figures 4A and 4B are provided to outline
the met ABROGPEPatiomsulaor reegiyed dnthe shustireidlugraiehteligier? Aan Acinpdaiorsichof
the | nVENbAPmbSdiiheistpbdul 1BUICHRIud RALAM-ZRabiidaiaf (Ah! AfhLIS, gener al
overvi ew of nmethod operations performed I n tabricating copper o uar

damasceheedstvith athars. A capigy flanass Wéehfornastieoerftadingmor adrfdchCand B8 ®atrier
inventig& The t hod ,begins with operation 202 in which a insulator

havi ng S80S 9usr he 5P Lo e thesufaes ofrthe Bsplatprs Slopperdilbbes heen deppsited into

recei vegde b '5g§$ ' received is the structure
iIIustrafedﬂwﬁgg?%ﬁggggg. rgﬁégﬁghgﬁgkﬁ%%%, in one enbodinent is a porous
LowK di el ect The metisod edrinues s/ithalpeitiah eXd4vint Whiteat OMES opdi@tiorafsepertfdrmed t¥i t h

a barrier. A capping filmhas been forned over the insulator surface, and
the bar Fenegve thegenper eveashuden prd plapipizedhe surfacenn ere eppadimentost thh gompletion

over bur JogPEana 204 s pARob EE AR Eed B Pewlse T CoiRr B0 P04 n
whi ch abédRempecdiby OMP andhefplaraEided Qurface includes the barrier and the copper filling the

features.

The method next performs operation 206 in which an etch process is performed to
remove the barrier. The capping film, which in one embodiment is highly selective to etch,
remains on the surface of the insulator as illustrated in Figure 2C along with the edge of the
barrier remaining on the walls of the features and the copper fill in the features.

The method concludes with operation 208 in which a second etch is performed to thin
the dielectric capping film. In one embodiment, the capping film is processed by a brief, timed
etch in order to thin the capping film and lower the effective K-value of the composite porous
dielectric/capping film stack. After the thinning is completed, the method is done. In one
embodiment, the fabricated structure appears as illustrated in Figure 2D.

Figure 4B shows flow chart diagram 250 illustrating the method operations performed in
the fabrication of a copper LowK dual damascene structures in accordance with one
embodiment of the present invention. Figure 4B represents more detail than the general

overview presented in Figure 4A.



remove the copper overburden and planarize the surface. In one enbodi nent,

at the conpletion of operation 204, the insul ator appears as il| ust roza'éed
in Figure 2B. The copper overburden has been renoved by CWP YR
pl anari zed surface includes the barrier and the copper filling the

features. The nmethod next perforns oper@ation 206 in which an etch process
is performed to renove the barrier. The capping film which in one
enbodi ment is highly selective to etch remai ns on the surface of the

i nsul ator as 1§ Pisshadabegdns with-jogeration %5%%2\@1@;{] 2 ROYome 1@?_@% lcﬁﬁ_iectrthﬁsui}@élre{ fosr
i ni of . the. : er fill.in, the features.
The ot Rlhhlfos M ich is iR HDEZ. RN, ARRE s ows pRIEEe 1EREBE o

t o thi nis 4 lighlgtipetee didlecté¢appua@:rf i | m In one embodi ment, the capping film
is processed by a brief, tined etch in order to thin the capping film and
| oner the ef f8@tmpethodk confinyss oFith lperebamasittia pbicbus capping ddnr iscAdezgspehgr

fil t . e thinning 4 s .compl et.ed he t hod i,s .done. .l n one
elrrbquisneg%’[iéfW1§%£O S%r |V8ra{h§ Og?l%u%%‘ﬁéf@%%%‘ér‘@ug i Ir?fallfélf reéﬁbé’glql?ﬁ%ﬁhﬁ JFEP'ED,

Fi gur e £iBn3hBighlyfdelRot e dictlb AOARIMIAIA I Tantiirh MNitrd Wiieh AR Ath ORGLALd RRS
performed in the fabrication of a copper LowK dual damascene structures in

accor dahaienfarmabee Ireapoveinhediment, theheappimgsizlnt is depesitadoor. ot];ér@liﬂeefomﬁed to4 Z

t.S. nor tailk than the general . oyervi ew presen .in Fi e .
P eoengiRLs el KRR e SS151al L OssiYL St pLSSELEd L B gute 4A
di el ectric suht akhifd @htin®R@PsaIR 2 feahtGat i rbok&srL%ﬁ% l\’if‘eq’ectﬂi@ing{ﬂﬁtor

enbodi ment, the porous LowK dielectric insulator ‘is a highly porous
di el ect h#ing epping dim fFhpatissadofdr dbe formation vift featupesr ald eccozdhice rwitth kabwa

cappin ilmis d sjit.ed or. .otherw se forned,over_ the porqus Lo}

i o1 ect PorbEREE0REhh e feopffh dalHantre RHETEAGHPHY® CAITRS PRGN povers
sel ecti wR g0t CowRfdidiadtialstittanrd TiaMhethem N flod& dehlifof&idnor8on! Whidged
for barrier formation. In one enbodinent, the capping filmis deposited or
ot her wi 8§ faiuresdre eiched thinpughribe sappingsAlm 580d it tiznporons boeKedibledtiricendulatbhe

t hi cknegs ;0 apping filmjs about 50A.. The t.hod continues wi th operation
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pat t er neghriciod {evdIPsRL I8 tArichBat.Ures. In accordance with known

phot ol i t hography techni ques, feature patterns are patterned into the

cappi ng fi | mThewmetlodonaxe completes qporasios A60viK vehich ediarmier is depasitad @r ofHeewise
tion 2538 in which the tures are etched

reChod aSRaBneeSEs LD PR L o 830 L uich (e LeLings are Lol
porous LowK dielectric structure. Surfaces of the features include the walls and floors of the
features within the porous LowK dielectric insulator. In one embodiment, the barrier is a
Tantalum barrier. In another embodiment, the barrier is a Tantalum Nitride barrier. In
additional embodiments, the barrier is any material providing sufficient liner properties between
the copper, or other conductive material, and the porous LowK dielectric structure, and
sufficient polish stop properties to delineate the end of the CMP of the copper overburden.

Next, the method performs operation 262 in which the copper is deposited into the
features, filling the features and resulting in copper overburden over the barrier and capping film
over the surface of the insulator. In one embodiment, copper is used as the conductive material
in the LowK dual damascene structure. In other embodiments, conductive materials such as
Tungsten, Aluminum, and the like are used. In one embodiment, the structure at the completion
of operation 262 appears as the structure illustrated in Figure 2A.

The method proceeds with operation 264 in which the copper overburden is removed by
ultra-gentle CMP, and the surface planarized with the barrier exposed, and the surface

essentially including the copper fill in the features and the barrier. Ultra-gentle CMP is, in one



Such features include trenches and vias, and feature fabrication processes
include trench-first fabrication as well as via-first fabricgégiNL 2558

net hod next conpl etes operation 260 in which a barrier is depdsit¥§
otherwi se formed over the surfaces of the features and covering the
capping filmon the surface of the porisus LowK dielectric structure.
Surfaces of the features include the walls and floors of the features
within th orous Lowk djelectric¢ insulator. .In one enbodinent, the barrier
' o " rSRPaP I, dF FRERbS FPOIA PR D IHLHR PIORE I RFGEe pier feitla D
Nitridec glridr@?mcb&in 861 &+ BRabp RN Bee SR BRIdE belr B aﬁé%t\gi'iﬂ h
providing sufficient 11ner properties between the copper, -or other
conduct byeembedimient, an abrdsivérespsiuays h onderdbaliment; teppet isuemovel aNslanarized
sufficient polish stop prqopertjes to delineate the end of the CWP of the
copper 308?‘8& Flﬁ’él?ﬂorﬂégft?d Hget GRATES Hapde T HemStyp R 80 eRboEMent opgf R coprer
copper b§erg§1ﬁ9%haseﬁieeh%rﬂo$ and RASHERS leg{ah&écﬂg; oéo%fat%ﬁ%%wt%% sﬁﬁau{eeasugérls ng
i n copper overburden over the barrier an cappin M over e surPace of
t he i nsad Alustrated in Kipere@®odi ment, copper is used as the conductive materi al
in the LowK dual dammscene structure. |In other enbodi nents, conductive
materi al s sudhe &aethod, epdinges With gRcaken 209dint which jthe barier issesanoved byran etch

rhod th i Felr® tjon 262
e L e
264 i n whprokinidndy QOPAI00dV &1 thicldess. | FrdhenpD kethelforeld Fapad ?%Uehge“@{&itﬂ@rtg,_t he
ace

surface planarized wth the barrier exposed, and the sur essentially
i ncl udi RPdPRe &bopeemtodimens, athther eomppletean ah@pertom6pi the. stryotyre-ageerrs @s OVP
is, in ﬁﬂ@u%@d%yﬁ&uﬁgﬂ§ 15 enbodi nent, as descri bed above and includes a
hard skin processi'ng surface over a flexible and conpliant processing tool

or core, applThechdtgod ddickided adl opkratioe 268 finlGihidhea BeioRd efcdlirbeat @dpeMdredi N
one enbodi nent, an_abrasive-less slurry. In one enbodi nent, copper is
r emoved RN Hieagrppingddim. plp org ergbediment, thsr cappinestilay isdd pwdt-layknifie haviagstter

chemi st {ehst t lg%g?eﬂbs%% %Q&bo&i%ﬁt ttﬁleel%fp%grﬁssrt tlar¥§¥ gs,:el?sgeéj?l%ﬁ% pei%%vgaig/ e[[c an\,/ed

and the surfac anarized 1 n operdatio

i |1 ust r ahdthei dffeCtigeiKeofABe remanimfgtchﬁ@sogiwmmlq&ﬁemtﬁb/cwiégﬁhﬁ RtadRBs loWapdy. ch
the barrier is renoved by an etch process. |In one enbodi nent, the capping

filmishhingihey esbodiandhe eappineniilnatsd: single kaey filor, and theathinmang eteh progess is a

200 SO0l RER EFATARY e chRAE R Rad bl BLEEF ARk di e

st ruct ucemppRal Swrhsdielettidebpth€ dilnNsthdlgUIhcd ®he capping film has been thinned in
operation 268, the method is done. In one embodiment of the invention, the resulting copper
LowK dual damascene structure is as illustrated in Figure 2D.

Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are to
be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:



The net hod concludes with operation 268 in which a second etch process IS
performed to thin the capping film In one enbodi nent, the c mis
a multi-layer filmhaving at |east two layers. In such an enggghwgﬁPOGthe
uppernost layer is essentially renoved by etching, and the effective K of
t he remai ning conposite LowK dielectric/gapping filmstack is |owered. In
anot her enbodi nent, the capping filmis a single layer film and the

thinning etch process is a tined etc&i glﬂ'/_lsgove a portion of the capping
filmand thereby | ower the effective conposite LowK

di el ectric/cappiing fiA nnsthagkforOmggichiie: GepRicddudtb! Brstrdeen hLhi AReEN
operation 268, the method is done. In one enbodi nent of the invention, the
resul ti ng copper LowRI§tigingdamascene structure is as illustrated in Fi gure
2D. Al though th ri.bed in sone detail for
pur poses of cl gr%xg%gggot%g{%t%g%dﬁ&egﬁ Jg?ﬁ]lguqsglzaqappar ent that certain
changes5and rmdlfbrm:laglacaa@mgﬁlrbevernhaQbWKediemmhlnﬁhtérﬁw scope of the
appended cl ai ms._ Accordi ngly resent. enbodi nents are to be considered
as illustrative aw&rnaé?a“%fs%tnrtbeﬁw . diglsgtricmaateninlthe ifeptureshayeng moebwirfares t ed

to the detgighss g ee LWI@'dﬁ'el & e Ay
equi val ent s olf thg appended ?: a‘:é rfngaé(\/@ tﬂgf)%h% é§| (rlreéﬁ&y%pegi %J%%gg%bgggﬁ
CLAIMS 1. CAHMWomat&nalfabrl cating sem conductor structures on an

i nsul at or, isin far dielegtric material over the

insul ator; 5 fo Pr]in?fagg hary n]r?é’grf ?Y%twé?pﬂl%%i%m defver dea oner pyfases af the

f or m ngof eaﬁggﬁ@g in the LowK dielectric material, the features having inner
surfaces defined by the LowK dielectric materi aI the features defining
regions for recdillingtheafcatorpsavigh theeconduasivi ahateriady thierfijling bravingem dayterday er
t he cappi ”%n(duhf%@t@%c@ﬁﬁc%%@ a£engler surfaces of the 10 features; filling

the features w ive raterial, the filling |eaving an

over burden anmoyetfoahinghecleicalchistanizal ﬁlfahz@dz,au@@ (EREY dperatio B Femdle the
mechani cal planarization (CMP) operation to renove the overburden anount

of the condlYEWOAS#p@yt-0f t}{eh‘é‘)r@lwl‘tﬁp@?aé&ﬂabnth@oﬁMPgQP@GUQID cpefigured to be

15 discontinued upon reaching at least part of the barrier layer; and

performing a dry etch to remove the barrier layer, the dry etch being configured to
expose at least part of the capping film,

wherein the CMP operation is an ultra-gentle CMP operation in which an abrasive-
less slurry is utilized, and further in which an inhibitor assisted direct charge transfer

20  chemistry is utilized.

2. The method for fabricating semiconductor structures on an insulator as

recited in claim 1, wherein the conductive material is copper.

25 3. The method for fabricating semiconductor structures on an insulator as

recited in claim 1, wherein the barrier layer is one of Tantalum and Tantalum Nitride.

4. The method for fabricating semiconductor structures on an insulator as
recited in claim 1, wherein the LowK dielectric material is one of a porous LowK

30  dielectric material and a highly porous LowK dielectric material.

5. The method for fabricating semiconductor structures on an insulator as

recited in claim 1, wherein the features include trench features and via features.



15 di sconti nued upon reaching at |east part of the barrier |ayer; and
performng a dry etch to renove the barrier layer, the dry etg%npei g%
configured to expose at |east part of the capping film wheré& ekp
operation is an ultra-gentle CVP operation in which an abrasive- |ess
slurry is utilized, and further in whichl7an inhi bitor assisted direct
charge transfer 20 chemistry is utilized. 2. The method for fabricating

sem conduct or stg uct urRSmefhod ok %ﬁ(ﬁ%ﬁﬁé s@i%lcoﬁ%t(gxegrd&'urgé 3hMnl inswheseldn
the conductive material is copper. . The nethod for fabricating

seni conductregitedtinsdainyr bsfucihelawmmngm@rforasng peetdanglddiyretch m thirl thenteppeign
the barrier Iay one of. Tant mand antal um Nitr.i de.

for fabricabl gtﬁ%et’flﬁnggﬁdﬁ%}fwregt ?‘h qres tl-lﬁ tiwkflﬁisu? {5 C‘éﬁpmg -gé]]int &’délPW
claim1l, whemevin &mabpﬂfgfgmel ectric material is one of a porous LowK 30

di el ectrl C materl al and a highly porous LowK dielectric material. 5. The
nmet hod Por fabricating sem conductor structures on an insulator as recited

inclaiml, whereint featursandwaf tu
26 June 2006 17 72 theh%rr]fé]t% ﬁﬁ)g t% 18? aHQ a%lllhﬁc% ‘2 He tﬁ%cu%r%rons?nr H%?P@?Oéfsason
an insul at aecigd inr@gini edwherei &lendaj;plnfgufﬁlhhﬁﬁs @Qﬁﬂ@kh@b g HeEVde@r4HongsA sricond
dry etch to th| n the capping film the thinning configured to decrease the
t hi ckness é’appl ng filmw thout renoving the capping film 5 7. The
met hod for fabrl cating sem conductor structures on an insulator as recited
in claim®6, wherein the capping filmhas a thickness of between about 5A
and abéut 500A.8.10 8A wetietlhéut ffawichady iseaficondustern tantivat @h ahr ighldtoes on
an insul at or conprl sing: formng a LowK dielectric material over the

i nsul at or; PBRY M*N§ a capping fil mover the LowK dielectric material, the

capping film bei fBenind&Tiowad dR¥echic ﬁl@l@ﬁ&l dyepPieqRddigyousl y formed materi al
| ayers; 15 forming features in the LowK dielectric fmaterial, the features

havi ng i nner surff)@@@g a @epmgefdrrbqvetrhlee LowK di¢letteictmateriatnthe rcalapmg ffifve being
features dec{eﬁ &4 gy atelgas? 5o fcc?r{tlgqlg& ?y ¥orm%d material layers;

15 forming features in the LowK dielectric material, the features having inner surfaces
defined by the LowK dielectric material, the features defining regions for receiving a
conductive material;

forming a barrier layer over the capping film and over the inner surfaces of the
features;

20 filling the features with the conductive material, the filling leaving an overburden
amount of the conductive material;

performing a chemical mechanical planarization (CMP) operation to remove the
overburden amount of the conductive material, the CMP operation configured to be
discontinued upon reaching at least part of the barrier layer;

25 performing a first dry etch to remove the barrier layer, the first dry etch being
configured to expose at least part of the capping film; and

performing a second dry etch to remove at least one of the contiguously formed

material layers of the capping film.

30 9. The method for fabricating semiconductor structures on an insulator as
recited in claim 8, wherein the LowK dielectric material is one of porous LowK dielectric

material and highly porous LowK dielectric material.



conductive material; formng a barrier |layer over the capping filmand over
the inner surfaces of the features; 20 filling the features wth the
conductive material, the filling |eaving an overburden anount2fofung806
conductive material; performng a chem cal nechanical planarization (CVP)
operation to renove the overburden anout of the conductive material, the
CWP operation configured to be discontinued upon reaching at |east part of

the barrier layer; 25, perforni first dry etch to renove the barrier

| ayer, the fir steiodr y é‘%ﬁ'@%ﬁqﬁgg f%ﬁf?ﬁ{lﬁ%rs%}lctolﬁé‘éci?fo§téucé‘fre? &8sin H%?P{at%f 3% he
cappi ng fi lrgite@nl cReml DI whébinanhs ReNAs BN REENadfheld i

t he contigJoJSI fbnned natgrialaﬁgf%rs oflgﬂe c§b§52§e$?%ﬁ#@§%%82&$ﬁgj
met hod forf@%@ﬁ%@@@ﬂﬂd@ﬁéﬁh@ﬁﬁhﬁ@ﬂ@ﬁt@bmwn@h@§§ﬁomuhﬂmnhﬁﬂﬁator as recited

in claim8, wherein the LowK dielectric material is one of porous LowK
dielectric material and highly porous LowK dielectric material. 26 June

2006 18510. The Iret hathef @ethbabiot Gatiricatng @B ERABLESOEnTird€ oM 85 iR01a8 as
insulator as recited in claim@8, wherein the capping filmbeing defined by

at |east tWeritedrnickpeud| yhereinrthe ¢apping film| being definedy at et dvnecostipetuaben
about SA ang ahoHLenAqL sﬁaslall‘hicmgss%gta@&g SP% fabri cating sem conduct or
S recite '

structures on an 1 nsulator a rm ¢llai'm 8, wherein the capping film
bei ng defined by at |east two contiguously forned naterial |ayers has a

t hi ckness of abogt 50_A. 12. The nmet haod for_fabricatiQ%ﬁseniconductor
structures on art4 nsuingtethed for dabrcaiing gemiponfygion gruciies ennan frsulator as

conductipve aiedlih 8l 8, $RBA the tohdullite RIAAMs kBEpd:abr i cating sem conduct or
structures on an insulator as recited in claim8, wherein the CW

operation is an ultra-gentle CVP operation in which an abrasive-I|ess
slurry is utilized, ?ﬁ% fu@%@g{ %Ehmm¥0h an.ingkﬁitor assi sted direct
charge 15 transfer n-s 05 9D e FEMEANAYGHOT, SERARTES RFuRt FISUEREGTURS ur e
having a Lawditedii®lcRihry, vhdbie tHeaMPL difrdsonKs afl utLEdHHe CNBL Rt Bbn RAWHG:
features defined therein for form ng conductive vias and trenches, a top
surface of anHbrasyigress dpsy: is wdizedt andi fartheraini wigicl ap aplpbter siistey] dmedt charge

barriens iransfer chemistry is utilized.

14.  In a semiconductor structure having a LowK dielectric material, the LowK
dielectric material having features defined therein for forming conductive vias and
trenches, a top surface of the LowK dielectric material having a capping film, and a barrier

20  film lining the features and formed over the capping film, and a conductive material filling
the features and leaving a portion of overburden conductive material over the barrier film,
a method for removing the portion of overburden conductive material, the barrier film and
the capping film, comprising:

(a) performing a chemical mechanical planarization (CMP) operation to

25  remove the portion of overburden conductive material;

(b) discontinuing the CMP operation when the portion of overburden
conductive material is determined to be substantially removed;

(c) moving the semiconductor structure to a plasma etching station;

(d) performing an initial plasma etch to remove the barrier film;

30 (e) performing a follow-up plasma etch to remove at least part of the capping
film; and

(3} determining if a next LowK dielectric layer is required; and



20 filmlining the features and formed over the capping film and a
conductive material filling the features and | eaving a porti %%

over burden conductive material over the barrier film a nmeth p 2006
removi ng the portion of overburden conductive material, the barrier film
and the capping film conprising: (a) pgrform ng a chem cal nechani cal

pl anari zation (CVWP) operation to 25 renove the portion of overburden
conductive mater.ial; ) di-scaonti.nui ng the. operation when the portion
of overburden clgﬁl&?g%ﬁbj\“/oew %eg?cltt%‘f féplglqaé?qé?r%{ﬁed to be substantially
renoved; (C) noving tfBenisg MCRREUEHET dislebtke 1ayep at Prepedtl AP B Chi ng
station; (d) performing an initial plasma etch to renove the barrier film
30 (e) performng a followup plasna etch to renove at | east part of the

capping film (f 1, 0l ' ne LowK dj.e ric l.ayer i

requi red; and Zg%guneﬁhfgg%ﬁﬁ(g]délfo Pfgﬂ%ton%% - EW%FIQIC{E%%OP%{%? (s tra-
requi red, fgentit QYR beeraod inLokikh dh abeeiveiless|stirsy isaiitiz&€ Raatfinmger (A )which4n -
15. The met.hod. according to claim14, wherein the CVMP operation is an
ultra- 5 geRRPEOINEISEAdirasticharee irappereheanstapisagilived | ess slurry is utilized,
and further in which an inhibitor assisted direct charge transfer

chem stry is utilized. 16. The nethod according to claim 14, wherein the
cappi ng fil m beilty déflienaethodyccatdihg &stlainmdd cohdrtigube sippifofing deimptdefihad

| ayers has .a thi ckness between_aboyt 5A and 10 about 500A. 17. The et hod
according t% f’éﬂ%%“?4?°“%ﬁ%?‘i§ﬁhf®ﬁ‘€3 e%fﬁeaaﬁ Lpyess s paRickness Retevese 8R0S Aapsht
50A. 15018.a3pdtiesgmdt hod according to claim 17, wherein the capping filmis
defined by a single |layer of material. 19. The nmethod according to claim
17, wherein the capping filmis defined by a plurality of |ayers having at

least two conti gluic.)us"ﬁlef Cﬁlreﬁ%gl ggcto%ilnga ItoI N SI4, 2v(s)/hfsrf:in the capping film has a

thickness of about 50A.

15 18.  The method according to claim 17, wherein the capping film is defined by a

single layer of material.

19.  The method according to claim 17, wherein the capping film is defined by a
plurality of layers having at least two contiguously formed material layers.
20



