U V AND REDUCI NG TREATMENT FOR K RECOVERY AND SURFACE CLEAN I N
_SI_EM CO\IDltJCTOt? PROC:ESSI NG CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]

is application claims priority to U S. Provisional Patent | i cati on No.
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i nsul ating W&@ﬂsbiﬁhsThgk@tpal@@tva%p@cath%'z@@ﬁ&érﬁo@&ﬂ%’éﬁﬁib}( foncd @wldir t han t hat

of Si02, i.e., 3.9. Various types of lowk materials can have dielectric
constants ramtgﬁtméolfaﬂcﬂwmut 3.8-3.6 (e.g., fluorosilicate glass (FSG), to
| ess than about 3.2 (e.g (carbon doped OXI 7\& to as low as 2.2
(e.g., spin-on glass (SOG)B)A(H?G%Q@NQ MHE%SE ﬁgﬁmass Iowk di el ectrics

referred to as "ultra owk"” (ULK) and "extrene ultra,lo ELK). |
CDO | ow k i B8P&nent atlihehavendercklaiss tOd*}eé‘l%PégW‘?rb’é‘&FeFFéWgeiW & as)péct no;na e

the inventign acegaé%ﬂ%l £.dG8R U LAk A A0 AnRbe Bf]@ﬁftcﬁé]tc@hécdﬁ&Vﬁ a dielectric
constant of about ower. To further reduce the size of devices on

i nt egr at ed dlﬁkeammyeruats ﬂhefgf %@WW%@E@esﬁ’éguse conductive materials

having low resistivity and insul ators havi
ing |ow dielectrjc constant
reduce the WépHciti vdow dielectric constant (low-k) insulating matenak ave been s to

integrated into semiconductor devices in order to address reduced feature sizes and
high performance requirements. These low-k diefectrics are mechanically weaker
than previous generation dielectric materials. The inherently weak nature of the low-
k dielectric material can pose significant challenges for downstream electronic-

packaging processes and material compatibility.

[6604] Low-k materials are, by definition, those semiconductor-grade
insulating materials that have a dielectric constant ("k™) lower than that of SiOy, i.e.,
3.9. Various types of low-k materials can have dielectric constants ranging from
about 3.8-3.6 (e.g., fluorosilicate glass (FSG)), to less than about 3.2 (e.g., {(carbon
doped oxide (CDOY), to as low as 2.2 (e.g., spin-on glass (SOG)) or even lower, and
encompass low-k dielectrics referred to as “ultra low-k” (ULK) and “extreme ultra
low-k” (ELK). In many CDO low-k implementations, such as are described herein as
one aspect of the invention, suitable carbon-containing low-k materials have a
dielectric constant of about 2.7 or lower. To further reduce the size of devices on
integrated circuits, it has become necessary o use conductive materials having low

resistivity and insulators having low dielectric constants to reduce the capacitive



coupling between adjacent netal lines. Lowk materials are being integrated
into the devices to inprove device performance and al |l ow for device
scaling. [0005]Lowk materials are | ess dense than standard insul ating
materials such as Si02. This |low density introduces a host of process
integration and material conpatibility difficulties. Achieving a bal ance
bet ween mai ni,ahiHebetsdeh Madent bt Sred. NLRGK infayerialsnikelgriag infegraidd ippdiper |y, and
perform ng the necessary stripping, clﬁa ing, and conditioning is

chal | engi ng.depggstie FRPIAYE $Hvie PEEUEaneR A ANYY %rtdle?”ﬁ?)f‘cﬁgflg‘deposi tion, and

cl eaning) can al so have a drastic | ct on the integrit f.

car bon- cont df¥i5hg | ow-RVFreradirialy e {e?ﬁﬁﬁ%ﬂt ?“cﬁﬁ?"g?rdé?%‘ E‘B%\é’@g‘mﬁ%\?\}-j%
materials. [QQR6] ThE 1) ARRLY iRSERAE heit ¥Eproadsh Ofegeaidh ahdinagrikiow k
dielectric materials their desirable | ow dielectrj c_consian{(ilﬁgre t he very

same proper thepatbHiy ddfielliesadichigying2 Brlgire PPNLRT meiayrat 18h fI enges.
Car bon- cont ai.0i.pg ; b ehi Al shBfhbaYiag tRWREestirg hieifhing, e lcaningtaadt s

t hr ough the%?t‘%u%ggﬁtg? ?glﬁ]oglr?%f f)r@n- pcglféar clo%/al ent bonds (e@go.é,_ frog1 t he
addi tion of comtithmmg iaphlier@ng. rMAeBIREITSRSEHT (CHFEIEsTTRPID IGREIIERLE i | m
density. Introdugin ot ichi 8t dNEOMRRFiAL b RBrbRh-cbRkiIngadwRoNds, such
as S - G, | BIESRS C?%%ipcg%%t%iar%s%‘o‘% the ril_l&%d}%lSi “O'Si lattice of
traditional masridesip pyitielldi $igCabasesler-idinged@s.ri ¢ constant filmthat is both
mechani cal |y and chemically weaker. Because of the mechani cal _wFakness,

car bon- cont f085Nng | ovifHe prirerties rbgisasaeqsoplainipploprhdieieelrip MERESdamage t hat
can undesirably densify .th il INGHE kibenhi dréleadigd foect i ve k
val ue. [OOOg]eEL?WWEer%%\?\;gfek%ﬁ{ecrﬁﬂg%i plrgglﬁggflyysedg?%eslem corﬁ_duect oér processi ng
operations tignifitire tehraloachalicogesa Cerben poyeiding dowfoertdriplscihisshloesnt ai ni ng
low-k films where bonds such as.Si - read| &ls (T hen

suscept i bi | Fh\tgll}c%Lf’ CB’%‘?F%%HEIE?S %F H}cﬁrgﬁ)gggl\(/}f Eﬁnn%}?@?%rg%{‘éa@%nggpl géen’% modi fi cati on
poses a Sser iRusdiiimnt eUiihpimdahaintrehgdosoiioespl asterepseddasisastyar e routi nel y
used to etch, clean, and deposit filns.in Gt Wrirpg wiaka

seni conduct BRI SRITOSI B Oéafﬁo@gfat%ﬁﬁéf&né&ﬁ%ebﬁg%gg%g d% Fg\?vgg’priaor to netal
barrier depgsichiteRity Bf @6 €88 Jinusciegice af thahioantaieniyiydihpeddwedi el ectri c

damage can be incurred by a patterned Lowk diel ectri ma) etch,

dry resist digkepte cvvéfanhﬁ’éh?‘?ﬁwéE%ﬁ&leaP%?lcémﬁ}ﬂd g"‘@“é% ‘b"%%‘{effgg%cgﬁ‘??’?ng | ow k

materials agg aLeRials&&Rtds MathochQohbRidgnbekdiinatieanscoptiit wsiimetis peci es,

resi dues, solvents, noisture, and precur}}s?gj rm!ie)ﬁul. es th%t an either
Hindpd s

adsor b i nt oplasua dpnsgs thehganandesHahly densty t PPN TSRO daf ter, a
conductive i ypically a netal, for exanple copper, is deposited
onto the pa{gﬁetérg#e%%?etél ectric layer to fill vias and trenches fornmed in
the di el ect 67| ayer Fu%ﬁ%oré?&ﬁﬁﬁ@ai PRl Us&d hesmMestisioapahesingal mechani cal
pol i shi ng (@kﬁ, thereby fonning a planar surface conpri.si ng rﬁ@i‘?ons of
exposed pomratignﬂol@@ll«ildb@tlwﬁr¢>@0ﬁ4tcéﬂ'99ﬁii@h°36‘?9’i’é9°“ a&&}‘%grlg, + as a
dielectric parri el ahes 4ePeS hieGthail BRIENPIR QSRR cabby damages the
low-k di el eCtTT e, resulti ng in carbon | oss and water absorption. This
causes the donafniddiewHomatkrids &l mesra neodieatipe pesaseserioheEB{RPdwer i ng t he RC

i nprovenent .that the l.ow Kk nmaterial RRLERttAl LYanPhRVdcH6sit 11RQ081Al so,
exposed rretcélﬁ,lenﬁﬁflflfecﬂ?sé%%}'O%eé%éé[r%,mﬁgig}yons aree. éubajmgct teg oxi dation pri or
to the fornmatichRafacarei el estmicandbepr deziceon sbisAdRAEHRECINGPEFSSon t he waf er
surface. And, organic residues of anti- ' onReREU swad OWP slurry,
for exanpl dlyeR? ‘Pi%ﬁ’@“’(‘?ﬁ% ?i]zl?r%fmr‘%%g{ic{ﬁ}g%dn&gb O\?\laci‘ag@ surface after a CVP
process. Theelaesenege 0in Boippercdoxiadatand lowgadielectriepuplageii sis. probl ens

with the adhesion of the dielectric barrier. on the.wafer fac
Therefore, dfhqu’(’ﬁlfér%l"@éﬁlie%n%ﬁr@é@%18@I%y€36beonucsmelg?qu r gn%@gt% slucﬁeoxi de and

resi due (angiheicehyifModhe REREESSn DNSluaRTspeciengs)iues, solome, spstid.i c exanpl e,

such a wafer may be exposed to a direct plas in a pl - gnhanced
cheni cal vapdpredapsneleees timtessit ﬁ%@éé‘i‘tﬁ’d’q‘?&%ﬁﬁ%‘r gff%?“‘é’a%gri od of tine

prior to i%§a‘?§‘f§é g CHRMGE| 2 VeHIES tRudrhe ietessidag, fohaabete. The use of
a reduci ng plasns,

such as an anmoni a or  hydrogen pl asma, .may reduce copper
oxi de and hypireodafdpositedemta the paiteried deelectird¥ehip @F@Eﬁmg}a@ﬁbﬂsﬁ% &aice.
However, dependi ng upon processing conditions, such direct plasnas al so may
affect a lowk dielectric surrounding the copper because the |lowk naterial
is locally densified at the surface ei ther by i on bonbardnent or because of
bound carbon renoval through chem cal activity. Sone of the k damage
i nduced by operations such as CVMP to the lowk material may be recovered by
doing a short anneal prior to the above described pre-treatnent and etch
stop deposition, but the recovery is only marginal. SUMVARY OF THE
| NVENTI ON



[ 0009] The present invention provides a nethod for treatnent of carbon-
containing lowk dielectric, for exanple, but not limted to carbon-doped
oxide (CDO, and possibly including a nmetal feature, with a reduci ng agent
and ultraviolet (UV) radiation, for the repair of process-induced damage.
I n anot her aspect, treatnent with a reducing agent and ultraviolet (UV)
radi ation i s, @k URGLIrN ayed Thepadkcasspicas @Ssatvaafietheaied agehdnicar emoval

(reduction) of nmetal oxide (e.qg., cg?ggrer fpxi d% .ang/or. or?ani c_residue of
CVP sl urry PPishineReMED ShaiFhY, RETiap A PREY HHAG OFPESES SFORAF &P fhe net hods
of the inveptien.answRalidib&id aitb WhRRBHeLRPES, subh ihediclentiedrriaf adamascene
processing to recover |lost lowk property of a dielectric damaged duri ng

processi ng, deositrdy The EMRpiargss aricaly d95ereFs BF Mrakids T En S HF2 %8t h, and/ or

provide eff @ﬁfa&lylgss%_ﬁtvfa@r_@5&%@%@:‘1’ HM e oS s RAEL 1Gh € BRI-R dieleBtric ipmonégseadhesi on
of subsequently applied dielectric barrier and/or  other |ayers. [00010]In

one enbodi ntheteby idweringthsrRG orproYRMSNUBS! e loyst Agicalran PREHEHY REYHIS (e. g. ,
copper) interconnect wafer (post-CMP and prior to etch stop deposition) to
a sufficienf00B8lux of Albq. eundsed metal pavsiclarli copPenregings Aesdittfhg agent, such

as NH3, resylting oibr @RlAorRtiodSr & Brefotric GARREDr ABidInt 1RGMehitRN and removal
of adsorbed organic residue remaining after CMP wth mnimal inpact on the

di el ectri c wefasiuafate. oknd hegaeix poskies of asliserresien qamnoarnthelyCYE slUeN: k, for
exanmpl e a carbon- cont ai ni : Gy a8 Wkee Ser ORET | oWk of
non-1owk d Oé%agfpre?%e)n%t%% @?‘é&gtl}méat rrglr]l]tsdtlll n'and by itself can al so recover
sone of t heprdasmghe prpandead compeaodidvpiid od¢aaicactidiecaptes problegisyetrit e surface

(e.g., k degyadat @'%fgﬁ'ei (ﬁ&g%%gpz?‘ bl%ro({nqgg?/ﬁﬁk ace, TREGoR! GirREYaLAingOt her

possi bl e approath ance Wi e Tnvention such as the use of a
short anneaprodesseg may lbe Miedub eentive kehokiderudtosidug (exthosire obproedie di el ectric
surface to a reducin ent at.a tenperature of %gégtowed by a
short WV ex*B@g‘ﬁg afvar%%bfl i°ﬁ8FRf’°¥§‘?ﬁi§ (é’rsgms%‘g?il%%ﬁﬂg%:éx é]?eglq?laanot her

enbodi nment , iR M@ bREmb-SniexpRSdEmical wdyori depasitied@PECHP)areespiger e, such as
exposure in

NH3, to clean the netal (e.qg., .copper), surface, .foll owed

an inert at¥espHdrie Heﬁﬁo‘iﬁ?ﬂ’&ﬁﬁﬁ?—f tgg@‘i&%‘i‘% chepieq! yepops t\é\ghseé]?é(%e%%grreasured
recovery of.ndiglreqhi b FAR&tBRL plaSmARIEL dshanmiialta arhydgeaplawan achi eve on
its own. [000111While reduction of copper, oxide is Y %Zrt.i cyl arly useful

and exenpl imdveddussiserficheride andygroREPosRSI FERES HRTOY CCANBE Bpr oach can be

applied to the.r %ﬂ%%&%p%digg SR lpreisiie cohdin@st Qith akbdelasaabadot oxi de, or
ot her netal oxides prior to dielectric and/or net a_[]l {?C barri.er. deposition,
contact formemtafiost,a low-ksdipfestee seyading fheiFoprcs bersdse IYOYTOPTHIE Hrocess i s

amenabl e t qoéagig%irf%a/gf@e QuRI-0RRI ¥y EScaetinlcafst teofke Sboasd a_nodul e for a

PECVD sem con r processing system such as a Vector Extrene
confi gur ed cREGVRsysk tbropglaviziticah hasivity o oMo Ot lidamgasiaised Phe. | San Jose,

CA, for example. 00013} e aBSRERby bd RERUSHLAR ikt es Lo a
net hod of pﬁ%ﬁﬁzm sgc(?t as%ﬂli” B t%Q%WEBla?e%IQFﬁ yb ove N " D alskor
anneal prior to the above described pre-treatment and etch stop deposition, but the

recovery is only marginal.

SUMMARY OF THE INVENTION

[0609] The present invention provides a method for treatment of carbon-
containing low-k dielectric, for example, but not limited to carbon-doped oxide
(CDO), and possibly including a metal feature, with a reducing agent and ultraviolet
(UV) radiation, for the repair of process-induced damage. In another aspect,
treatment with a reducing agent and ultraviolet (UV) radiation is effective to clean a
processed wafer surface by removai (reduction) of metal oxide (e.g., copper oxide)

and/or organic residue of CMP slurry from the planarized surface of a processed



sem conductor device. The method includes receiving in a processing chanber
a sem conductor device substrate conprising a carbon-containing |owk
dielectric layer having forned therein a feature, the feature having
sidewal | s and a bottom and exposing the feature to a reducing agent and U
radi ation. The process induced lowk dielectric damage in the feature is
][gfa! red. [ GRG Athmat{h@ashgrtheaiamﬁbn ark perticaedn bppdivalie inatesotaxt af met hod of
mng a sem conductor device involving recejving in.a processing chanb
a sem condudPBFCERAATCE SRS FRY Y 1%%%6\"!‘ g’i%ﬁ‘é’%a(’}pa} %%ﬁ@??’%&%m%?rgﬁ ace hgvi ng o
conducti ve faRbdf@Seiinbr e Mc@liREidni fost-p@irizatesig oL¥RRSIAgr proeidpl anar i zed
surface to UV radiation and a reduci ng agent. Pl anarization-induced danmage
on the surf &8ective Peplinedtion %@i@s‘]lqﬁﬁ@gitﬂmﬂ’%‘?ﬁ‘ﬁﬁg}nﬁ Sé‘hseﬂ%e“ﬂﬁre general |y
appl i cabl e i\l BRTecERMGRRIMPLQhPI9E6SSI Ng contexts. For exanpl e,
receiving in a processing chanber a sem conductor device substrate, and
exposi ng t heyRedi CONAYChOEMBRNhER, BeIRSEtRE vioBreVkdoditl atpamsmaintetal r educi ng
agent such that processing-induced damage to the sem conductor device
substrate i §-§.eqoaparbiicrqonoet BRIFREVE-GMNE 281 AT tp 840 (B BHHIAHVdnt ages of
the present sﬁfﬂr‘!i@xgtﬂéﬂ%fﬁ‘fuja{/ioﬁ? HibtRShnt A rERCB: (i%élﬂ,isiuclb@NMé,With ref erence
to the associated draw ngs. BRI EF DESCRI PTI ON d% HE DRAW NGS [ 00017] Fi gure
1 n’l) sda pr ocessliifg pvnataxtdedepi eppergxidehedpsigniapd éf‘é’%fﬁ’?k%fﬁ@@%dt h an
enbodi ment of t. jnvent.i PREBL o GBSl 18 i &RGhi onal
di agrans il Pﬁ%‘%lggets{dngfeé} %Ilarggti%?i{r?gtl on lc%)?glg{ @glrﬁg?gﬁt?ﬁgﬁﬂgﬁﬁze bgﬂ a dual
damascene pofbesgobad ddoonicakcd mistts lov-ke b oxampa g coPoR-FEFHNIS S on.

[00019] Fil gUEB3 ] & a8 R KOS B S0 iR HATMAL k ARIKARTPI s GRAFBRAnEH] L abl e For

and by itself can also recover some of the damage imparted to a low-k dielectric at the

substrate surface (e.g., k degradation due to absorbed water). There are several other
possible approaches in accordance with the invention such as the use of a short anneal
(e.g., 1 minute or less) involving exposure of the dielectric surface to a reducing agent
at a temperature of about 400°C, followed by a short UV exposure in an inert
atmosphere such as Helium. In another embodiment, the wafer is exposed to UV in a
reducing atmosphere, such as NHs to clean the metal (e.g., copper) surface, followed
by UV exposure in an inert atmosphere for k damage recovery. In either case, the

measured recovery of dielectric constant is more than what an anneal can achieve on
its ow,

[06011] While reduction of copper oxide is a particularly useful and
exemplified embodiment, in other embodiments this same approach can be applied to
the reduction of nickel oxide, tungsten oxide, cobalt oxide, or other metal oxides prior
to dielectric and/or metallic barrier deposition, contact formation, or similar
deposition process.

[00012} This process is amenable to inclusion on a properly designed load lock
or as 2 module for a PECVD semiconductor wafer processing system, such as a

Vector Extreme configured PECVD system, available from Novellus Systems, Inc.,

San Jose, CA., for example.



i npl enenting the present invention. [00020]Figures 4-8 provide data plots
illustrating the benefits of the present invention. DETAI LED DESCRI PTI ON OF
EVMBODI MENTS [ 00021] Enbodi ments of the present invention are described
herein primarily in the context of a treatnent for carbon-containing | owk
dielectric repair in damascene processing. Those of ordinary skill in the
art will regdgozs t hatinth@hdrekponiiegnadetiai katsdes oribptioéformingtadhe present

invention is illustrative I nd.is  not intended to .be.n,any wa
limting OFHEFOCHEBHISH L gﬂ%%erﬁﬂ‘gmﬁﬁ’ggserﬁ?ewll%@natﬁr oW T fha%ebgpl ly >s/uggest
t hfemsel ves gﬁigmbctglkdelvicg@umamg@mpﬂlﬁmg mrtiolhazobaaﬁig' Towelt di};blabﬁicéﬁysrcl osure.
Ref erence w now be made in detall to i enent ations of t resent

i nvention a8a%ing igapsddpaginiadeatys. %ge@m{ggaldg}?va j ad]&sa%oftﬁ’@f) 1Tﬁe term
"senm CondUCEﬂfosiQ%‘HbiCQ@ﬁur@% MgackifesRhiint efefdiation. are festscadudediored on a
sem conduct or substrate or any device possessing a sem conductor material .
In many caskdicleatrisdamegsna tha B#Ugdyie8d ™ Har ti ci pates in el ectronic logic or
menory, or in energy conversion. The term"sem contggé:teg{o devi ce" subsunes

partial |y fH8PI4at ed lueiathes dsnesty R nyenypRrslpigh fa2 Pl 878 At egr at ed
circuits) agWelhluds £oPlRbRthederGasnavaickalechb@bersalemiohdicngt al 1 ed in

particul ar apparatus. |In short, a sem conductor device_ may exist at any
state of magavicacthstrate cpaprismgmt piperzehuredhagnerRnactikg EARTSA? &r possesses a

structure ofieklis Y & d@Bsind AORRRIAS: (RkeCADE Yyiaiddian@t eafilihe | NVENt i ON

provi des a metho conductor device fabrication that involves
exposur e t ocagantr @ihneiizatjondraintedatathagnon GelFEtacod . "ePRIé&t nent s i n accor dance
with the invention are effective for the repair of process-induced damage
to the diel §08¥5]c, fGhe xentiphenayisisolbemos: zeerziip apriisablp thfon- cont ai ni ng

low-k dielegteic, ?OF rocestiDeohesu! pg}rr’ég%&a%cgthﬁé’rﬁ ag g&g&]ﬁ@ﬁ{bag, or

oxi di zed nmetalilza nor drganic residue resulting frrom Appl i cabl e
car bon- contsieniingdutieldetite substraig pnd enpoying e serBicordygios debierckbBiES doped wi t h

carbon, in rticul ar for i I anet hyl
cyclotetr asliﬁ)?é SFen (lﬁ\/%i%g)“,gm% aé%egg%eg?kh% %‘9%?%?%% (rag(g%aﬁigélg%e%?&réNCTS) , d
di met hyl di nemhoxystor devded IMIMES) repainetl. di et hoxymet hyl si | ane (DEMS) and ot her

known CDO precursors), but may also include hybrid polynmers incorporating
both C, Si a6 in Thee batitberfetnThend advetageoof theprappt incamios Wikt | east in

its post-planarizafion danmage repair _[(e.d.. .Surf cl.eanjng) aspect to
semi conductrdest %‘{W&ioé%gﬁ%ﬂgﬁﬂﬁw ﬁ‘%th-r%fg?e %ﬁ?éhgnats‘gjl%%?eﬁgdr%@\}?{z dielectrics, or
non-|l ow k diel ectrics Y| i educti on and organic
CWVP resi due renoval as;%%ﬁé:l %?i@%ﬁé‘%@?féﬁ%%ﬁ%@ﬁ%ﬁ owk dielectric
repair and k-recovery, aspect of t i ny I 14 L fihods are
particul ar |[§°0&gﬁ| i ca%‘g‘éreﬂnls # REES O‘évxcthalg? ép&%ﬁ%é‘}gﬁ%&g}r{g%}g&éﬁé@&m

an embodiment of the invention.

[00018] Figures 2A-2D are cross-sectional diagrams illustrating the formation
of a semiconductor device by a dual damascene process in accordance with an
embodiment of the invention.

[00019] Figure 3 is a schematic diagram of an example chamber suitable for
implementing the present invention.

[00020] Figures 4-8 provide data plots illustrating thé benefits of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[00021] Embodiments of the present invention are described herein primarily in

the context of a treatment for carbon-containing low-k dielectric repair in damascene



[ 000241l n one aspect, the invention relates to a nethod of formng a

sem conduct or device by exposing a feature formed in a carbon-containing
lowk dielectric layer to a reducing agent and UV radiation, either

si mul t aneously or successively, to repair process induced |owk dielectric
damage (e.g., dangling bonds or highly strained bonds, e.g., Si-OSi or

Si - CH2-Si , emasgﬁhgby“hmsemrﬁmmangskdr gahﬂm(vgb*nérzalﬂtaythemwim dup&y to the

| ow k rraterlal t feature s ot et ch,
dry resi st Q?ﬁpfl?)no"\ﬁrelﬁ’eﬁreesﬁ .%‘6“&%“’?11 dia Veegﬁpnanh(??ﬁ&%%%gd PYbe% ol ved in
the featur ewfa?lhﬁﬁidgoI(Dtlwr@meécﬁmerﬁhefﬂhep&mmdwéetmnumé readily smnstbe f| lled with

a conductive nmateri al cul ar bar fol |l owed by
copper (or BEREFVEUP f‘é‘fBIS@ 1?41?%?“@6*1 Vé‘?ﬁthﬁ%?rﬁfgomf’ﬁghsfféf) Surf %Eeelc of the

seni conduct i) S8V bERakAR ditie i B ldtanabhzdd;e gerariatdnyiobys idheniedal

mechani cal poI ishing (CWP). As noted above, post-planarization repair of

pl anari zat i Brib¢ HEEBAYHE PSS ¢ damage in additi on to or i ndependent from
pre- rretalllzatlon dlelectrlc re r are.as ecta %g nvencti

[ 00025] Fi gul¥802]i s a The Gras genpip u&tﬂarietmae% h‘?je‘Bﬁ P 8Hs etvﬁ“ﬁt may be

performed ipMaf érp%nﬁ&m&@a- substakaR hARNS R WokRsseihodinmeatisct@l  the present
i nvention. The invention is advantageous|y applied in a danascene

processi ng waitidx i mamt WeighseIiondpaPT CXIE B/ FRatRDR SEUPRREEST 1t shoul d

be under st o rl(ﬂgm&ﬁa&’m Efbr&f cdn®@8ibn s@ﬁ@te%p@ﬁﬁeﬁmdﬁdﬂ& d@@l@@eé&bsdnméentl on
requires on e W radiation and reducing ent ex osur§ an applicabl e

sem conductmtlﬂb\fﬂueatsdré@mﬁaﬁ%‘dséﬁcﬂi‘“ﬁl}’é%@?‘ie VP HCOPEPL a6W§ #d4 and/ or
110 of the %%?Qé%@@&d ACYI Hshid Rt €fe bitnfhigriR pdric@MgparaspemishorRfa t he

i nvention nay 1 hel Ude additional processing operations, such as danascene
processi ng spématictmsedesnry dad ahavvatate offpanufdsarg et 4mehRdoll i nited to
the perforim n?nevegt{mnto@e%seses%gsdé %9@?4 fﬁﬁ@?rﬁrgr?ﬁd?zg operations in all its

aspects. A {"Fed vVersion o amascene technique is described
bel ow wi th [E)&Jg ence ,{ 0oEy Y @%h@@eéem &V&Hmﬁ ovmkﬁ%e%ﬁ'o@t a partially
formed senilCOndlict or "device during various s ages of this process. The

i nvention napicahdwtdbdevicedbricatigotiptinet!vaexpistite o F sicisg ATEbIILEY or
processing techni 00026] Ref er HetePRESrat i ons t hat
are not nec’@‘g%taor’rl 6%57‘"%5 B a”"?‘é’@fé nrp‘%\\l}%eé ?rgh@é&ﬁeﬁmtaecg an embodi nent
of the invqmdemilme@emﬁ@etm iha daeﬂbcardyﬁmteazgﬁdué)rraqapﬁl -CHit b@mls iy

car bon- contarnrn | .ow k di ri I S..deposit u rate at

100. Pattercﬁ@%'f: HAYE LY i?gi e?e&%;{ thc gs% SR TP I?Sr(gneaot([r}“lm%ll1 2 ﬁéc | ayer,

general |y Ry ophgsdmealiehtiondr oﬁEanﬂ:Qé’md@lr%lTﬁgértoﬁiﬁ?M@ @@péwaalelwrhoesul ts in
damage to the pattern edge g r tre | d bottons, as

descri bed aafei@’emgdr%w%%@é%}éﬁ eﬁét’%ﬁ a ‘%EV% Sﬁ?aég " strip, wet
cl eani ng anddfiy: @b@%fyr B8im @%cﬁb $c9me§%&%c@rﬁneﬁ@ﬂ&ﬁcicﬁéﬁa@iidx@né ow k

di el ectric damage. The conductive feature are {héﬁ EP:?}]lé{ly%él}though not

necessari | YOMESH tetramsay leyaiteppg bxane(T M% ¥t he
intefconneﬁbmeg Hﬁ%@é%b%&%lﬂa%@ﬁﬂ@)ﬁ&dloﬂwf @frdmpbrboqjmca@p@ﬁf As i's
known to those o he "art, various techni ques may 5@ ’gl oyed to
form such lbaymassalsd 060y Prié pplsmmEsdnéasaariig ot gl an%@dlh@a bprOAthes) are
then exposed. | ng fion 1?%)‘}5%3.@:93 Q&l@z&% me}flrg)o%'tl Liis @AMt Hathddrepddical i on at 104,
Wil e the invention I Tmted any particular theory of operation,

it is beli ewéde bilaaﬁng)raapeti\teewpmsmmtetoeﬁubﬁﬁ@eﬂ@m@é@lﬂ*@iﬂé‘lﬂe@:‘wqf%“’%ur face
accordi ng ect o e Si groups
fo fi11 " gapkAsholRe Bophr Tl iR A Be na SRR LAE® 2L T
ener gy nay oot OMEXehithee ﬁehrevarlemﬁctsmge agmndetnbfrpm (’dthje‘@ww%g‘er?p@if

hydr ogen- 1 i radi.cal.s i ze and renove
or react aﬁ%fké%?gﬁﬁﬁmﬁﬁﬁghfﬁgk 3ﬁH§ﬁWInﬁ%ﬂ §Fah og%?kg car bon
ConponentSqﬁﬂbﬂﬂ:m&&&mmaﬁbﬂ&mﬁﬁﬂﬁepmhﬁmpglarrzabrI|ty of the matrix thus
increasing the dielectric constant. In sonme enbodi nents, this reducing
agent - ”EdlFﬁﬂﬂﬂaspeqﬁomiﬁp&ﬂth@MN&ﬂdmeﬂewimnxmmkmmnﬁ%nmmganvoIve exposure
of the die ectrrc to a s | atin

n |
(s pri snirogiieny e ol Rt s Rl et eene

6



further below [00028] The reducing agent is typically a reducing gas, and
may be photoactive either alone or in combination with other chem cal
species present in the processing chamber. Suitable exanples of reducing
agents include NH3, or NH3-1ike conpounds, wherein the His replaced by
deut eri um _(e. g., NH2D, NI D2, ND3),413; hydrazine (N2144), or other

phot or eact i \ig1GasS8ydr fd re@@iingizeatuae UV Hidiatiadlicahdr ssudhnasslyet r anet hyl si | ane
(4M5) or trinmethylsilane (3MS),. g\m'n S g . Q.,.methyl-, dj malth)ijl- or
trimethyl- &HCRETVERr OFERRN Iﬁﬂ‘ieﬁ%‘?,“cﬁﬁﬁ‘@ﬁ glegetﬁffﬁn‘%g’%‘f Wﬁedﬁgg B8PS0yl ene, or
al kynes suchy $hBGEAMLERSds, g, GRPEINRST-0B5-Wfcalifee $e rethdval eegainot her and/ or
inert gases such as He, N2 or Ar. In specific exanples, the reducing gas
may be NH3 dégenally A?%Iﬁéé‘?‘ﬁ?‘is)cméb?dﬁ?ﬁ‘ri%ni‘tgml{lﬂ@t.hef@@ﬁ?@f%‘ﬁ%ﬁﬁﬂ?ﬁﬂt% vari ous
embodi ment s .Qfs.d Bep VAR, 9 redifiSrfpe Akl @n iR Yind BryiRame diot exabiplg adi ation in
the presence of the reducing agent. In other enbodi nents, t eat ure may
be exposed tryolyed fraifie &eiugmfofiaatiop i asgsse Xpe &riscd Gatprean 8o be %@e‘i&j@ t, for

exanpl e an i,nit 'ueﬂivegma{a&fah, ﬁg&icmﬁiﬂaﬁﬁmﬁ B&‘ﬁ&i%%%ﬁrmmeabpewigﬂ gas (e.qg.,
u

NH3), for exanple at a tenperature below the targeted thermal dget, for
exanpl e ab?uﬁielﬂ@ﬂwe fntarcaabent megl). Jde srrawriageqiiitmstniqopdugier drpesttle i n an
inert gas . . 546@3 . . Al i1l other
enbodi mants%egﬁe Pﬂr%‘?%rfzg%i%rg&eﬁ%l ure '%@lc%ﬁh?cg} |g%lipgﬁ5hi§%q? ﬁg%bﬁgs@gﬁge of the
reduci ng agetuive qas-fiamatisdtioowsdirloy plandripatidreindeceg dinlgesictdgmare nadi at i on

wi t hout the reducing. agen [ I ' : ; or the
reverse ope?‘&iﬂtf%ﬂg O%i .%’.@%%‘&%@%Er?%‘%%h%@“&a i %tt?(g%b%g%ﬁggﬁ mtgﬁgthr@:éhci ng
agent, for pxanphe in an inert gas (e.g., He) followed by a further
exposure to UV radiation in the presence of the reducing agent. [00030]In

anot Per emﬁmdi}mnt ,  Gameges adiredescilaw chactalepiotingoqroatiens thef raaishe y| at i ng
agent, such a r%%ﬁ’aﬂc&%é%egf)&ggﬂ%G%@a&eévq{ﬁp&%{b%ﬁflﬁ{eﬁﬁ?%fgFh%-tb%&ﬂtmoc (anneal ),

fol I oned byP% radiation, i'n the presence of a
reduci ng aga®ntios UTH: iasenNbiB is advar@dgebunty dpptjebinld deeabdene procassingl. , where, for

exanpl e, the substrate has previously..bee xposed t [ I t.
[ 00031] Fol | SR 2 HuER FRarpiEion 1%“%5%/ F‘P‘é’f?& ’i;s/‘g"r“?“err%‘:ym‘g%‘“ 88%@’??%’2 gge? he
| ow k di el egisk idmd AY&is, theprREntlikyeptiisiRGUES bnipriece¥ sadigioofand hedusegi conduct or

gj_e\é:—]gefog)ooa?ggr%:]eigésggbgf gn ;}?p?i%gglg sgemai'ggnrglhct xffjl etvicglsut%%rgt% SSIlJJcrhea% dgsrcreibepcle inVeen about
operations 104 and/or 110 of the embodiment illustrated in Figure 1. Other aspects of
the invention may include additional processing operations, such as damascene
processing operations described herein. But the invention is not limited to the
performance of these additional processing operations in all its aspects. A generalized
version of a dual damascene technique is described below with reference to Figures
2A through 2D, which depict a partially formed semiconductor device during various

stages of this process. The invention may also be used in conjunction with other

semiconductor processing techniques.

[00026] Referring now to Figure 1, in operations that are not necessarily part of
the present invention, but place an embodiment of the invention in context in an
advantageous application, a carbon-containing low-k dielectric layer is deposited on a
substrate at 100. Patterns of conductive features are formed in the dielectric layer,
generally by plasma etching, at 102. Plasma etching generally results in damage to
the pattern edges, generally trench sidewalls and bottoms, as described above. Other

process operations, such as dry resist strip, wet cleaning and dry cleaning, can also



Torr, for exanple 50-600 Torr. A typical reducing agent flow rate is about
15 sIm Exposure tinmes of less than a mnute, for exanple 30 or 25 seconds,
are generally suitable. At very lower partial pressures, |onger exposure
times will generally be required. 1000331The UV radi ation may be obt ai ned
fromany suitable UV source. The choices of UV wavel ength(s), total

exposure ti ngyaRdcdnbRRSlolidw-kelidectriciRROPE THE @ndwbibefeattesfarat picaly, i ncl udi ng
the thickness of the dielectric filmand the conposjtion of the dielectric

film Suitablagupotieesssanbn el fasrend Y 8s andne gX4me SeWe Pt ensi ty range of
about 1 mw ; 20Wc0% opf RERNBRK 1ARPHET SR BWECdMRperatasas Mawalengt h of
about 150-500nm preferably about” 200-400nm for up to about 1 mnute, for
exanpl e abodfosa &f skilindhe ab Varéaup frgbniques My RAFBPIVEh PSP 18 [BFSbet ween room
tenperature up to about 450C, prefer ablx about 200-400C. A ? ical WV
exposur e i nlH§&dr dancEedprediipitges§ge ctched Fe5Ees) AR GROKA power

density of ?et&%@k %%:ﬁt WGiRako1a (e BlibiBRREal wigleQhe Rbaibn 40RC for about 30
seconds. The Solrce can be a Si ngl e wavel engt h exci ner Iarrpoor br oad
5

e wavel engt
spect rum solimited tgianh paiticuler therrg pOspstAEoB X Cis Daliqvehdat tha & \opeedestifiessure can
range from ghout ; b Rk aEREaR i amabow ks ferr to 700
Torr. [ooogﬁ%ﬁd é{r%lgg%%rsﬁlﬁ%%ggﬁoycﬁ%ﬁognentpgti on Boln a SCLA Ui/ €her mal
processi ng ssfast Sgrowpsad filllghrs Forote Neneeted msthslsCélserontse In additiqmnt ensity can
be anywhere b en 10-100% r . ' SlahlYok&QHi res | onger
exposure ti Hg , %%?thyi%%ﬁ%}Oéye}%g%glrée&g%ﬁggéﬂgﬁgr at u‘rbemiés set bel ow target
t her mal  budgekodes-lile (c. 30D4061.6)) radrrabsshicleingam vo&tizsamoraadveaic#st The UV
wavel engt h used can be a broad band sour [ + i.t.h wavel engt h
| ower than %W@Fﬁﬁ%ghﬁlﬁgo ‘%‘%P%gfuﬁ&tr%ﬁ)gm}rﬁ%é?%ﬁ&é ! e%gggmcges t hat
produce suchn&hek tinonavethe pglaiisbiite bf ths miFRnhuserckmieshednledtiso be used.

[ 00035] The process paraneters for. . the UV treat nent, includi Jntensity,
wavel engt h, CMeAYe B MandEen s bis rﬁwgﬁgﬁ- ‘c“[sg%f“fdoas, ec(r%rﬁéllﬂ%[ebg‘f fﬁdependent ly
control | ed agdctMardpSd madelopR¥xsull tefdidheinbacagiatigoreit jwhss may be
varied fromstation to station where tipe. iqﬁvgﬂ‘%ion i S in’gl epe ted in a

mul ti - st at i snapetbddisdazage GPARP LTS o erfiupag thedll SFPosYhd &5 “be i ndependent
control of ﬁxggg;%@;‘,ure, reduci ng agent and WV irradiation. For exanple, the
waf er may be brought to a tenperature T for a tine t, exposed to a reducing
agent for 2{0662 ti, TRXRESAR: ilniWybadilah idnciapgasdandaducbengomgeint for tine
t2, exposed to radiation only for a tinme t3, and thea noved to anot her
station in eithenslane 08 regonBinagp B EE SThEGCEPIrat SHEHES RIRENE AP PTBT5t e condi ti ons

including t at adhakhmhd HEADRIChMe NM.es&SWLlikenavel ength, 1 ow,
and tine mféggggri %%g%éenéégﬁ?l y chan egdd%\%vi t hicn t he 3descri bed paraneters.

[ 00036] The cappaurais.usheesipioyb remsaceey epiiun (eI Tvh Nt tBA- Have one or
more W sogﬁré@%%.{}e L}\@u}ggg%tggﬁf)pﬁgﬁ%%\% 836Kd: PR8I M- rhiq aRRasat us wil |

have a sin appar atus are described in nore detail
bel ow. [ 00Q&#hfeaiylstwicn@gMiostrictlyisdlannBMS), dmnesdeaticdns: dimgthyhoe not

necessarily . part of the present .i LD QUL vk dedid Qi context for
one. enbodi ARG5S et HBETRTR PERE Bich A ﬂa@@t%rﬁ)éﬁ;y%e AR ot “T06 wi th
a conduct i vgchrathedtylate, of §opildmitioys aolpe ith Cud ancghier hligrtingt grees sielt al s may

al so be used, \é{;ﬂenfillin. he features xces iglygm Al have to be
removed fr @EHE T6Y: é%%gﬁéﬁxﬁﬁ?sa%é)mdgfgtg%gs %f‘%@é@%{? ?Ilc fayer. The excess
material mayechR keRpvedNby. a pl anarization process to forman exposed
pattern of conductive features in the dielectric at 108. As di scussed
above, one {mjgglgl y- Usgéetoplign@niadatsicamopineea s thesnehton, ¢el featee agibe al

pol i shing excpl\éfe):d to UV radiation in the presence of the reducing agent. In other embodiments,

the feature may be exposed to UV radiation following exposure to the reducing agent,

for example an initial anneal or soak of the feature with a reducing gas (e.g., NHj3), for

example at a temperature below the targeted thermal budget, for example about

400°C, for about 30 seconds, followed by UV exposure in an inert gas {e.g., He), for



[ 00038] CMP sl urry oxidizes the surface of the conductive material during
pl anarization. It is beneficial to renpve oxides fromthe conductive
material after the planarization process. As discussed above, slurry from
CWP can chem cally renove carbon groups fromthe dielectric as well. In
addi tion, organic residues of anticorrosion conponents of CVWP slurry, for

exanpl e benzohfh@ZRa8oui B AoondBYin EGIBhE eaibodinWisedn ialiiaf agesuad todfvVa CWP
process. The presence of copper oxide and or gni C r&)si dfue can interfere
&5 ¥

with the adhedistion ibfhePiasancg g e rsiugisp peabcandlydplowed g THEPS S8 &ct ri ¢
barrier, on b Wal&h wHlhAGE reduCRO3ERAGHRkEHhME irf & idert Past(BES, Hagpect of the

invention, to repair the dielectric and renove the netal oxide and/or CWP
slurry or ganhareyesss apartionst{be.dp@pBEe 10L& sditige & iaaH e dsgsBd 4t 8" a furt her
reducing ag 3L b ORef HBRY Bkthek 2QposiR@o UnNealABAE inmay be
conduct ed u%g‘gengﬁgﬂ'e&g;{%ﬁgég%gft%ns as eascri bedpabove with reference to

t he post -t r einghicsetachvf thegadusmgtagerfhe UV and reduci ng agent exposure of the
present invention is also effective for renoving netal oxide and CWP

organi ¢ resijeledo] Wi | e anptber embodinicon dimagsd diclsoicicary 0¢ B<Peiss Barti cul ar
theory of operation, .id i 5 fed a&ﬂﬁé S bYaBeRISsEL 400°Ct he pl anari zed
surface accS&%:’i%h} ag%nt‘t%f:ﬁsgsaspecsfe%g?xt e ?nvqn}%éiv%n' cross-links the surface
Si groups t cunhidl), fglaped by ot dieing ewpdeundite V¥ ovdintiont pigher Hepapiesdcoelihyl (- CH3)
groups. In addition, th neray By, - XN, hte%ef(;%gdﬁqula%eagent to
pr oduce hydf‘%&@ﬂg?ﬁpt’ﬁ@c r&é’?gﬁz?ﬁa@gg r“fé?gé; g whi C_%\I/ nturn volatize and
renove or reasfrataw@ypreanishi brenleyghkddrig aboledsg egenhon- structure form ng car bon
conponents which otherw se increase the polarizability of the matrix thus

i ncreasi ng {deesdi el edtotlbeingamstantent arfdray Fyenvmiahe deeosdied on Bdvekor react
away CMP organic residue. In addition, .h : . n- | i ke) radicals
pr oduced mgi@gctga}?}’fﬂh PECRR S‘%?;F%miﬂligce;ﬁseﬂé%%{tﬁ%%&é %g%ég%rge%ggi de to pure
copper. [000401Fol | ow ng the damascene.pr [ IboltD sA§6&F dance with
the present [BfAntio }m%)lafeﬁmgg i aaf?alﬁ)gr%%??ﬁ%r%&g%%‘g ?Igéoa copper

di ffiision fpak esaimblerso-oveyrone /deposi tadingrgetdop ranay 4bped Ssiinf ace of the

partially-formed sem conduct or devigce. This,|ayer her purposes
asi de from E¥posugfimgs g g5 83ahm iy I%élm.(anf-%er3de9<r§%nﬁFéeB?lx%’%ger%??r? f sion barrier

filmmay al §R.R6t ARSerpbvek phrtist @@ siray tnge] AP thogsoritigagerally bear i ous
i mpl ementations of the present invention, a reducing agent and UV exposure
treat ment, ®8uigdscri bed above, may be conducted at either or both the

pre-nmetallization (e.qg.,_trench fil and st - pl anar,i ' S es of a
seni conduct BPY33 ocesﬁﬁgvorﬁgﬁaﬁ?q B %Wéa‘%eﬁgffoé?? nsuﬁ%}e ﬁﬁ’tc%‘ﬁ’?f% xgi&?her or
bot h  procegsiBdoape aliensh(s), bt ehedirenf-andhesgity, ke, rdeptindiong agent and W
exposure treatnment is not applied at both (gta es ff@ttﬁem con%urtlztor
processi ng Wa@ﬁféﬁoﬁ*ﬁa@m?‘ﬁéFhid‘@%k“&é%‘Pfﬂffr Qi_ i fifm Lo _
post - pl anar jzat QP AL BRHESSiiAGe 1OF RefimBii9eRaSIeRGré BOhNpEUL Sntemyity be conbi ned
with the recfum ng agent and WV exposure treatnent at one stagﬁeg}ﬁr t he

SEr'e may be

ot her. For rexgnblaboutd fov- e Wownir mrelfrabhiotreut O8ncY Ay gy eAt 2 BXY
used at one Stageo hfed: R up 1OLIRE | RMEESST Ng oper ati ons
may be conbi ﬁéﬂ‘g\?\nﬁ?ﬁoqn}?@p?éef%g%lm{é&ggg@n%&gnd U\L/Ipexposureltreat ment at a

gi ven pr ocessinplg abtuads. 30RorS exan; ol a wrer ERPUENPEHCECR ™ nvent i on

i nvol ves a two-step post - st hl /i ai.elreGhksdsGrer epai r for
k recovery W?%atwugg?gbqu%@néiI%g%aB{}ﬁe)a%g&?mng?mgn%gghgre, f%lslrgmed by W
cure W th aneedtihegviagiitasper of the Nd)tioh des spmieadensity ebationgt-3or the steps
may be reversed. According to thes I 0 le (€.9., 30
seconds at W’%ﬁ’(j‘t %‘@‘I‘fg‘"rtgmB%a%ﬁ ragﬁf}“@mf%% %}%m Sgg%@?ezﬁeb%?ﬁ&%u? face

cl eani ng angh ke & S6QY Slayelbdptieximglient veabatepectirum source with arc or

microwave excitations. The process pressure can range from about ImTorr (o 760

Torr, preferably from about 5 Torr to 700 Torr.



[ 00043] Referring now to Figures 2A-2D, a typical dual damascene process

i ncor porating processing-i nduced damage repair processes of the present
invention is illustrated. As noted above, it should be understood that an
enbodi nent of the invention in context in an advantageous application is
depicted. In at |east sone aspects, the present invention requires only the
WV radi ati oppoasd] r edusbRgpageindr iexpesttitonaf d $10L.A &N tomnl etooessevi ce
substrate, as descri e of .t he nventlon may i ncl ude
addi ti onal EFE@E%??H@ gﬁgﬁg‘“%Hééﬁgﬁﬁaégs%giﬁﬁg%gﬁﬁnb?@@é I*ng operations
descri bed hggidy 10BWo4. %Weﬂﬁﬁ@ishjﬂghnbﬁﬂﬂﬁiquirtﬂbﬁ@deip@;sﬂhﬁ@m@@rfOr mance of

t hese additional B[oce55|ng operations In al ﬁ F‘E@ %08844]Referr|ng
to Figure 2partiqylgrltfongennyigy T§€’@6"ﬁﬂ‘r‘*‘2’68‘3tlb5&9§(rt§rg8tft e € “deposi t ed

in successi %CP@%%M Nan%‘%@@ﬁ@t%@ﬁioohy @Iﬁ‘ep[g$|v$dv@i@ng1ﬁ udda ek 6ha Bloap | ayer, such
as a silicon nitrid gb known in_the art, égordlngto

IS
al ternati veb@éﬁﬁlﬁ’%wgﬂ b‘é@%?’ﬁ'@“‘?‘é‘ﬁwfﬂ@‘é@ thans 210 mes RiNTeeP s WP ect i ¢
| ayer can bﬁ sl}§ & ionsd 88t Qi AbRAN&E Sich ioftw RBEnSRERRA 2¢ By@ms. [ 00045] After
deposi tion of e second dielectric layer 205, a via mask 21] is forned
havi ng opem‘qqglsermﬁémbﬁasedw |1 be subsequently etched. Next, the vias are
partially etched down through the |evel of the second dlelectrlc 205. Then
via mask 21[00035] st r i Bpedrostst pamacEpPabel Wi PNt RAMIRGEII983 as depi ct ed
in Figure Z@ave@ Stgﬁﬂé}gtugﬁ} ?tt%ss‘ﬁ fl@lte'af?@ és%o%ﬁa?'h%eﬁ&déﬁ@ove sufficient
anounts of diele rlc to dé |ne "1 ne % 15 Tn second dielectric |ayer
205. The etwhtrajzdrad voredadrsiongxt dh@fsthwracetﬁwgﬁht@ﬂ?mhbmﬁfg”wdffioﬂbt dielectric

| ayer 203, f 11RRONE, Fodled | ayer 211
on the unde&j f/"f Flogsga%{ﬁ) %hr%%t%g%g‘&ﬁ’flé%%ﬁ e?%gﬁ%%ﬁ%tg otﬁe}(c}i tﬁﬁét t he
f or egoi ng c@ga&mmﬁnmmcalar,mlsﬁe any m(adpieed@t canrel ditahpetaitess tedwdngpr ocess with

whi ch the presen nt e first dual
damascene &c%ég‘iUb{;ga‘gﬁtéW 5% ?’i‘lgledtgg {%? %e br%gh&lttér{rggeﬂg{era\gdr%?a first
process mayoi arwr@&; y expespbeatredeinghizag f@fa ttnhtetlytt}@swﬁrta) oV ﬂa@aiecurcdwdmg of the

|l i ne trenches. a.trench-first hing of the line
trenches pr"%@é’&éé‘g?“ﬁ@r\ﬁmﬁt e&‘ﬁ?sﬁatcpﬁrgﬁa %ﬂoﬂ H/\% E \7ar| olﬁlé damascene
processi ng RN AUy stand ivh ﬂﬁlﬁtlnytaﬂi{bxﬂirb&@ﬁng pnean wfﬂfeemwef theknown in the

art and represent alternative i rrgn tation .contexts fo I g_;l)ﬁdl ments of
the presentconRiRN NGNS EEPFRYEN (Y liagonalptggwgfp%qe?sg%wqu LY Hgl%e damascene

processi NgndmHhe nﬁ?@yﬁﬂ%éﬁﬂ&ltly@&r@éed depashé iqrirRapaetetys.cont act cl eani ng,
and essentially any sem conductor processing context where

car bon- con@joBéing |011!‘rekap9éxﬁth§§rhﬁlb?f§i Bhfplses thd @veritibe caromwvk ofiepai r aspect
of the |nvent|o and/or, for at east t he post - ﬁl anari zatjon aspect of the

i nvent i on, maryUYeaisesndusens cRbrdmss Eﬁc"\’lﬁ?ﬁéﬁreﬁ’e RPRYFHEVEERYCE i on or

removal of BEQW GoutdP Sﬁﬁﬁﬂl H%a‘a%ﬂ%f*@@e@cr%e@%&g)deiaﬂ peRGuUi red. In the case
of contact c eani ng, it shou be understood that the netal oxide reducing

aspect of nventf*o(ﬂewhﬁsthl%‘w Meith &Rl i§ obfrafor @k &CthothRanirflg pftt OCcess,
ei-ther or of whi ch nay be perforrred In accordance with the present

i nventi on: otﬂheamwgmﬁntmémé%re e ided eraretieX far PeicBoot g B A deposi ti on and
¢l eani ng t t b PEhcaal {64 whh SRRk VRGN Galicapg! 1 shi ng
(CwP). ?tﬁ)vg’ft%lérg% ﬁ%srﬁi ntggew @ﬁ Y anW reduci nIg agent Sfdelat ?rent reduces

t he oxi de coppat (€), |ahhcaig§|othecmdalssnﬂym1@§?€m® .When filljse dedetides nst ance, the
treatment reduce [ kal) goptact, generally
on netal s SHER "B Orﬁ}&% %E%%ﬁ%?@u&@ﬁg}%% eX %’Egd %gard the term -trench”
in the COnﬂlebettmOﬁaydﬁr’fﬁ&&&MS pnamueissdm rielsomdmmiqnaumgn@m@ﬂd 190 describe a
feature fornmed in di ctri su u onducti ve
line in a T‘EI&ESWQS%&? lg'rOf%Plﬁ U5t f%amr% ﬁ&%g ]eggéﬁ%c%gngaé{sgé%égﬁesm ng
context, thRveehewidahso plkﬁ&i@l’asbmpmbcésa isddeichbeechadied pakishingor med i n
dielectric _and subsequently filled to forman el ement of a sem conduct or
device (e.g*wia, line, STlI, etc.), and may include a damascene trench or
a conbi ned
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damascene structure. Unless it is otherwise clear fromthe context, when
used herein, the termshould be understood to have its broader neani ng.

[ 00048] After trench etching, the photoresist is renoved in another plasm
process, followed by a wet or dry clean and then danage on the | owk
dielectric surface is repaired, as discussed above. [00049] Thereafter a
thin |ayer ?iﬁﬂﬂggjndUCtdiM@ sh@dyTolk Rlizek B¢ tr iR oe thealon@L8v¢ MatefigirdaEidg on t he
exposed surfaces (includiﬁg_sidemallég_ f dielectrjc.la ers 203 ﬁnd 205.
Conduct i ve [BEnpizaton. JYsbepriici fogpmoy ’ﬁ%ﬁ figm g F ?U‘fed%/"‘ @%ﬂ%"é,e of

tantal um or t.antalymBids i dediscdse¥ B, fME PRAT@IP o dtemicany eatdvy enpl oyed
to deposit conductive barrier layer material 219. Prior to the deposition

of the barr pasbomepesifeam thy disleativers pielc bsadditiony Vﬁ?‘E%FqSV_“?Fng&“?‘o clean the
bot t oms of Eé}?oswn%p%g&%enls%fE@/@é{%rﬁffan%m@e bRRAERDABT ARKES rEnam t he

exposed copper sur e on the underlying layer. As is known to those
skilled i n bhewafer surfa sftdsaGNIR process e Sheprgsenpt alsiorPyosKle ¢8d ergaiibe sinply an

i nertpl asimp. ol gL YEnRAARAEA 02038 SHE Bpdita ydisogRRA.s The prect ean

pl asma process can also danmage a ctric fil'm A reduci ng agent
and UV tr eatiinkotic dsride sc tichvederabdscs. t o repair the damaged | owk fil m may
enpl oyed prior to the PVD operation- for Ta or TaN. [00050] On top of the
barrier |ay@0p3% conduwetriding torefusthey aspgit e Bl ynveniigse o) repadr Gepissried in t he

trench and |ine Q\Qe:tpes rsn_%tli?oﬁcﬁ]edan%l;o?Chﬁg%ﬁg{'%n!ggﬂélrés)’dughhédi@ﬁ&ﬁtﬁ kirpRR 1S

per f or med i?‘Pdtr\% step an‘initial iron of a conductive seed | ayer
fol | owed bycdaikkxsepbsiatfintier ofduciop pemt iy @Y eatistop|tgeimegt atthe Sed | ayer may

be deposited b hysi.cal vapor depasition,: ) . osition,
el ectrol esst"‘ﬁ‘%ﬁf#ﬁé? b%f%d“fa\{lgé)%m%ﬁg? %%'Héegdglgitﬁ%nggegp%gﬁb:égEg%fe qﬁ%pper not only
fills line pakdse Blbe piit-irech cehsweninenoifiled! e afid teliiaigg agahtswpewvedis al | the

exposed regions on top. of secopnd.dielectric |ayer..2 Thus, it
becomes necBEBEFRH H8C 105.*&:???%53%{3%‘@ fg’f?eﬂ]c?f”ﬁgémgn mﬂ%%‘%‘%/%%ﬂogg%%(ccess copper
fromthe deuiigg. Whianas ingéitiod s Hce BMes tonaly eaitabiladdeary bbopdisionev sl  of t he

top of dielectric layer. 205. This results in an exposed, patter f
conduct i ve Jelipwd i tiejlhV E’fpé’P‘gﬁPFﬁ‘E pfaﬁyézreaﬁ‘g%cgﬁﬁmf} I%toﬂ%lga?pg eogtth(r%i c |ayer

203. (See thenBLOSSsSIRKE AR WRDs ol fPLEps 2Chakeh-k bielesiripitonf | ed top view
of Figure 2D.) 1000521Pl anari zation may be acconpli shﬁd b¥ % ous
t echni ques.demyfsdaatyy) (~GHve Si9ppe d8 84T HUb RFSLY SBITE BRAMCGEEME 1t nay al so

I nvol ve a g ix{g}%gé&?% %Bd@c'e%%g&%} StrBGn-11ke) f@RBY &hroask wef vdllieeexcess
bul k copper, ftol'l owed by CMP" to ) )

and remove or react away certain dangling bonds or non-structure forming carbon

components which otherwise increase the polarizability of the matrix thus increasing

the dielectric constant, and also volatize and remove or react away CMP organic

residue. In addition, hydrogen (or hydrogen-like) radicals produced which can in trn

drive the reduction of copper oxide to pure copper.

[060040] Following the damascene processing repair in accordance with the
present invention, a diffusion barrier film, such as a copper diffusion barrier film, may
be deposited on the planarized surface of the partially-formed semiconductor device.
This layer may serve other purposes aside from that of a diffusion barrier. For

example, the diffusion barrier film may also act as an etch stop layer.

[00041) According to various implementations of the present invention, a
reducing agent and UV exposure treatment, as described above, may be conducted at
either or both the pre-metallization (e.g., trench fill) and post-planarization stages ofa

semiconductor processing operation. The operation may include either or both
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remove the remai ni ng copper down to the |level of the top surface of
dielectric layer 205. As discussed above, slurry from CMP can chemcally
renove carbon groups, and the in-situ plasnma based processes typically used
to renove the oxides fromthe conductive lines after the planarization
process can al so renove carbon groups |eaving silicon dangling bonds on the
surface of |p¥eeksinh @leREibiid. dn Einbstmettacherothetrbéamatappaanol/Vlamagee al so
results in significant ter agsor t%pn, res Itin? in, an incre&se in

di el ectric KIEAmahs 3D Heste PRk U RSP YICIE BTHE P BRI bR, he
invention realat®s bbi prdRshiRhanant sakipeRartAtign protd¥ihg damBgactspgi r ari si ng

i n damascene processing. According to this aspect follomﬁnngéanarization

by CWP, Si - CrhpigResaRRy o BBk P8 thrgadusipegrrivas Lot eBpyEnir Aeral 'y
-CH3) ar pup%n@ymé@\é? iRl HEdrY FBNGaRPRCEDTI R s@fbdvﬁf%@ieﬁ@@n%ﬁgeﬂ@éx@bsdr@_ the
slurry with resulting dangling Si- bonds), or other carbon-containing | owk
di el ectric fidyiedsavegenqeagg.or 15iory strai ned bonds), or netal oxidation or
CVMP slurry organic residue contam nation are regai red by exposing the
surface to a0Méduci ngagenPhahR oWy PHRERICBNI2YG ?%fé%l‘&?“r ‘é‘ﬂh@Bove. Appar at us
[ 00054] The Pédﬁaﬁ%égén%rﬁl%vggptﬁﬁ@ thQtrdeHPJt%%Rz@h%Fbcbé@id%’%&%e.dﬁrfe%rﬁﬂh types of
apparatus. In so enbodi nents, the apparatus w Il include one or nore
chanbers ( sonetiirdinemépeihe étyentipndsvohreseesesiapaoitdsyl flet PREfISe one or nore
wafers and gf6,, cfléf’}pél\ﬁc Jeﬁegi Nk CLeoRLr QSRR Bure At adl RBSte.QNBe)Chanmber wil |

i ncl ude a source. Si gfe chanber may have one or nore ‘stations and may
be enpl oyedathmspheres follbpre byt Vature witlen atdigng agsnt fekge Ny dertsigce Each chanber
may house one or npre wafe 1rat . 06883 fone or nore
chanbers nmalHtai% °f & SR ne}‘{lfl?eﬁf%gg%gf %ﬁgﬁhg g‘% {hlg%“n orﬁglg%tsf i;[(g)&ﬁ)s (with or

Wi t hout not keealvk Ehihsdchads apéi°€) loafore er gfter URbtue inoNH: ¢rableabdtbn, or ot her

agitation) durin rocequres of .the inyention. For certain operations in
whi ch the V\%’F’Eé‘Fe %ﬂﬁ’ﬁ@ra&&%ﬁ‘%"%"%w%a %gglg\érﬁq%% ed, the apparatus may include
a controlle erature .waf er or i ch. ol ed, or
both. The m&f’é‘%ﬁupp Ee”ﬁ%gynoé{‘f tggil%%esc%ﬁ% ]\‘rﬁgﬁ ﬁgﬁi{ﬂ?ﬁ? g(?aﬁ}lr?1l g%lﬁlggmtc ‘%Sg defi ned

waf er posi t inestBordfitghirfcedsip-desd damagH repairfirecosss ef ths ppysorttinveayoriet at e,

vi brate, or_otherw se agitate. the fer, relative tao the urce.

[ 00055] Fi guﬁ“ést%ﬂfe&eﬁ‘ﬁ@??gtﬂﬁ Vealt By LH]Fe%fPOCghWﬁ 9 Otdm%%‘ggfctégsui table for
i npl enent at {j,uhtieh i ddBtcRl 826 AlvanRY eI iaPflication it HéEctedrbiadi entoma col d mirror
refl ector seeks to dimnish the i ncli\ydentgg %)J. IR r‘?di at.i on on t he wafer,
whi | e per mi ¥pictghevreayinyenim reire oaly i Qhraistsn 2pd 628G AF™ For clarity,
this figure,dephesSholhycol&@factesuresss, bk gcdtibdd dpbee. pheessicn@ist at i ons
avai l able in an apparatus of this invention. Also, this figure omts

depi cti on che nMentiga ey ifcdidesddipond grogessER APFTRYOIS aah SE¥ | ood- t ype
reflector. Jr il 0e:8R0R56Md h@ehhemens kiveh@sh i Rodihifedas thet hat  the
principles ‘depicted in Figure 3 may also be applied to a focused reflector.
[ 000561 Ref grerfpmpntoofitheye pddidonabprgesssisl opudions MeHbERIRH¥!S nt o one station of
a processing chanber 301. Wndow 305 is |ocated ag)propri at el y. above
pedest al 3080044} per nReferrmgitaticors 2% frfid0hardesecqud 0> svsWie! Askeeyiowi th uv

out put of taPeled ?s?tie& %dsu%\@e\égbrﬁ%%%sﬁ%ggpgg&wgld%&ég%a@agh fdP1aystyi tabl e | anps

for the WWlig source nmay i e, are not limted to, mercury vapor
or xenon | anghsis aGilieen nignidetlafsr.e Ak isghtl! igowndethe iaricdogerdingde elrpatig | anps,

excinmer lanps or |asers (ge..0. s T It hl.e Bkl ons of
various |a$ ’F‘%s)c‘?ne%?ﬁsﬁl%%lg%?g%bg%fgh%?gle%aﬁﬁ@gaggg% th reflectors 307
and 317 whio€bissremn diest atdheicondaggpaut into flood illumination. Reflectors 307

and 317 may thensel ves be nmade from"cold mrror" nmaterials, i.e., they may
al so be degiogusid t o AfanispisitionRf drdecwmfldetctridVayeaddarivenmask@dd571Radi at i on

eI 19 G SEE LY 10,1 2R 309,1e FARcRlRhad bl viasar

partially etched down through the level of the second dielectric 205. Then via mask
211 is stripped off and replaced with a line mask 213 as depicted in Figure 2B. A

12



reflected fromreflectors 307 and 317 is further incident upon a set of
reflectors 311. These reflectors are also cold mrrors designed to reflect
only those UV wavel engths that are desired for the purposes of curing the
filmon the wafer. Al other radiation including visible and nost
particularly the IRis transmtted by this set of cold mrrors. Therefore

the wafer i sgkadicahede@ndyisByfirhese rrved amtditg albadts cadislecttiber desi red
effect on the film [t w %se skille.dipwthis art that

_ wi_ll be %geparent to th 3
the speci fi clednglies pafisgt dccondrtF I YA L on T8 @ EHPR 1P FHE1%r ef | ector s
311 wi th respegliedA7il8udAiRSIidQki@RGer389, dFRH theordRt hattiziettop QyeEXOM ze the
W intensity incident on the wafer and to optimze the uniformty of its
i |1 uni nat i orrboyeoos8] lFyes 2& hamihe pndulyingsubsHpEFl8 of hol di ng a vacuum and/ or
cont ai ni ng gases at pressures above atnospheric pressure. For Fi licity,
only one st dP9%f] of ohehashbrnaicddtat thesforgaiRh descriPian I3 S6 PARP'S% sone
embodi ment s, 30 e QNEERREP S phdled idMhtidir BRARRIRShARAAT at Us,
al t hough chgﬁgggg@%éscoulﬂé g%ternati velefl) bPé [1)art of a staml one single
chanber ed appartgtws viatfirstaluphdsmaseseproetse hastapmbdrsediedndy ofiglve one or nore
than one st ae%’t' &rﬂﬁxe}ltg, as\ﬂg[%rs?gg%js's %gtilﬁfoﬂfe cBJﬂgie&r&@&%iktoﬂtW@ﬁgﬁr% to the W
process nodules have one station. Suitable apparatus for inplenmentation
of the invenrtching ofithy linaotueties. dmi irgnehefirstamesesss indelyelr ihp sghingoEIhg lise | NOVA,
Sequel, Vector and S syst f I EMBnaskt A or@fssBan Jose,
CA, and End&ff%‘fhewﬁ‘fe%égi}w a S’Ftﬁ}g} f&lgﬂbdé\%\é%ot%r%%%%t emsasfk r or%rAS%glgi%ed
Mat eri al s ofechanies, ok attar va&Atiotsnhae@a atei velill kapwe atp b and regrasenient i on may be
i npl enented on a. Vect.or trene toal from S0 of San
Jose, CA. [6’(5?53@‘]"?\!8?@%?5%@!‘?8“%5 ?‘?rﬁﬂltboc'is%%?t\égk%gi?%%&uﬁ AT on of Figure 3 is
only an exawvphenaf algo sipiitLbd ie siaglfihgtscatd pocesdimg, genecaabventiopalingetydr ef er abl e

that the lanps are arranged to provide uniform UV radiation .t he wafer.
For exanpl edcRofifes a‘g{ﬁt‘ﬁ’ag‘?”é’“qt Qﬁ%“%ﬁ’ ?’é‘ﬁ@sé‘??éiﬁﬁ%a”c?’asﬁmilcr?g?ulftc[?er%g)rc%%iln of

circul ar | agRgeE RN&E bbb dtiniag -k arcars akerany@d,thoowHarepsir of smal | er

| ength arranged at 90 degree and 180 degree angl.es. wth respect to each
ot her may b(’éspa“ééﬁ’éhe'{fWé“qiq“éﬁ‘ﬂd/%rogﬁ"@blf’%s}ﬁ%é’ﬁ“ﬁ"ga“gf‘%ﬁ“8?‘peﬁt0°3§|gel e so as to
provide i gngrexitﬂn,aa?lpréaﬁfcblﬁfu@tok Sz ANShiBNmbRPo M@ Riluctibh befen@tal\wél y, an
optical system including for exanple a series of novable Ignses,, filters,

and/ or i 1 r owanic EXP eedecdAtiask cleenieg iyfeAwEad I gRcare ol AU FEFERE “sour ces to
the substrage at.di th RSl HOR0BMITRRsHY: bif B fvimioRNad f2 can be
directly co;hht%}ﬂglbleggé%ﬁgmatttype gf I'i ght é?guflgé\eé and bé t he poq{vi\ger applied to
the |ight souirce s catachgleapfngiiredsss. sigher eekoth phwkish ay Bt PHEREFNG t he
intensity of appl.i ' i ; L €rchddN@nfAbinBepridto | 1 ght

sour ces (e.ad’??‘egnr?eg‘ﬁthgér?e\r,\%%seggﬁﬁﬁgﬁ?' g%ﬁ?@%g{)ﬁand thenl i ghtﬁré_ou? ce types
(e.g., | anpmttypkpaitidnasdrcictyipeihe Ot eretaheantastisftesthemipt nsichanigl t he UV | ght
intensity on the wafer .sanple .incl A L Lters. fhak.can-pkack portions
“of Tight frishEras gIPﬁgH%X%‘f“ésr‘a“SgSr%?g% ﬂﬁ%’f%%“%‘hgﬁ é‘{ Lé?atrtgction of Iight,
the i ntensithyogfle treght inatsilichie sweif erNiSarnitie soud|istede, hstagnaér i ous opti cal

conponents such as rrors, |lense di ft,hser i r ectral
di Stribut i GROSES Meal DHSRETVE BL RS ﬂ}:ea{ﬂe‘%‘em@%‘ﬁt%aeg‘?fﬁ%l’%@e?ﬁes Hhasw S of

sources (e.gqyu mercury vapor lanp vs. xenon |anp vs. deuteriumlanp vs.
excinmer |laser, etc.) as well as the use of filters that tailor the spectral
di stributiqpgeshp addiitiepin thideegapk dicrtedm tieatir'i ibtieiconsxtaff depawelcanps can be

tuned by doping the gas mixture in the Aga 'tg? articul ar dgpants such as
iron, gal | iQRESSEES CC[”@‘B@‘MF#F@“%%%&#&TCH © g})egﬂfr? Erﬁfldlgsdlegecgﬂécuarnge of a
reduci Nng 9agh34nils HakH RIodHBcOldudiRe 1RE ir04 diekariatyaotied naboyeera] 00062] | n
certain enbodi nents, a systemcontroller 325 is er’rplé)e)éeq) tof %(l)nt r ol
semiconductor processing context, the term is also understood to deScribe a feature
formed in dielectric and subsequently filled to form an element of a semiconductor

device (e.g., via, line, STI, etc.), and may include a damascene trench or a combined
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process conditions during the UV treatment wth reduci ng agent processes in
accordance with the present invention. The controller will typically
include one or nore menory devices and one or nore processors. The
processor may include a CPU or conputer, analog and/or digital input/output
connections, stepper notor controller boards, etc. [00063]In certain

enmbodi ment s, dahlAgeRONTI AL, EUn]ER M Bhsrwadel cle@f frbMeha@intexi, tihes ual hetehe
apparatus. The system controll er executes system control software including

sets of i nstiPEED sl bsrunderisiopdio hang s raader MCAY & suppl y of gases (e.g.,

reduci ng agent gases), .chanb ) h
t enperat ure, [OW%MV el) éﬁ&t%mli?ﬁ[’ff@{rﬁgﬁ%/ughgm&égg ?gc)f g‘&?‘zﬁg‘? it %eghgé%\?,\ﬁ;?r

paranet ers QhoRsPANbiedbRAE whl REeSSean(nb enGarbEd &F thPlodgk aitkecsicor ed on
menory devi ces associated with the controller may be enpl oyed in sone

en?ﬁdinentsf?ﬁ@@gggEWWﬁH@é@FvﬁﬁﬁﬂpéamﬁII be a user interface associated
W control | er . The user interface may include a dis . Screen,
gr aphi cal sd?40ték e diE%W%ﬁ%r%¢“ﬁﬁ§”85ﬁ%ﬁé?ﬂgb%ﬁﬁ?@?“ﬁWﬁE@Eéﬁ%ﬁnditions, and

user input gguj.aes tf&té%ges%és&%&tdﬂa&dﬂ@é@i&%m)%@Mia@aﬂﬁ%ayeisqugIan@mseens,
m crophones, etc. 1000651The conputer program code for controlling the

Processes ?éhﬂﬁéﬁvﬁ?%ﬁ@ﬂkﬂehmaﬁ?ifﬁﬁ@@ﬁﬂﬁéﬁﬁ?dd@ﬁﬁﬁﬁﬁk=P%%Hﬁ@F@“progranning

anguage: fqr £, 88 oY/ >k rtran or

ot hers. CanPF@g?gg#gkt cgggpor s%%gg§g?§y§§§§3?gg5%§%?%gogfocessor to

?ﬁrforn1thecma$m§mﬂmﬁmxkWﬁEdﬂﬁﬁﬂﬂﬂélbﬂ@@?@ﬁﬁﬁﬂﬁmmﬁeﬁépQﬁ%ﬁ%mﬂéﬂﬂﬂbnitoring
e process e DI ovi Fal i nnecti ons of

the System At BFpE: BHER RARRl AR U ihe B & bR "o e Ut put

on the anal ogjdative add girtahinout put teonpewst conpst pifachen Gepodrlyinghasappar at us.

1000671 The systiem, ol husr SallRY, he 53l 90Rd, 9 00° baNred L0, Bae 01 fer ont

ways. For er ‘conponent” subroutines or control objects
my be writtigplta isonlonla opecativoplaota dfaeas hahbehydegepoibnpsclhgicessary to

carry out the inventive processes. | es -of A f
prograns f oPl2{M RO H Oidﬁlgﬁﬁaﬁg@gfﬁ%gﬁggpé ﬁgné‘m {r?‘g‘%ﬁ%g%%éé‘?wegﬂii (rjlg gas

control codgeatéRSSdserianbselto epdie theaalagsd lowrt filel maoeteploddriovtor adi at i on

control code. |In one enbodi me t he
the PVD operation- for Ta ornlta.N.

[00050] On top of the barrier layer, a conductive metal (typically copper) is
deposited in the trench and line paths 217 and 215. Conventionally this deposition is
performed in two steps: an initial deposition of a conductive seed layer followed by
bulk deposition of copper by electroplating. The seed layer may be deposited by
physical vapor deposition, chemical vapor deposition, electroless plating, etc. Note
that the bulk deposition of copper not onfy fills line paths 215 but, to ensure complete

filling, also covers all the exposed regions on top of second dielectric layer 205.

[00051] Thus, it becomes necessary to planarize the structure and remove the
excess copper from the device. Planarization removes material down to the level of
the top of dielectric layer 205. This results in an exposed pattern of conductive lines
221 in dielectric layer 205 and vias in dielectric layer 203. (See the cross-sectional

view of Figure 2C and the simplified top view of Figure 2D.)

100052] Planarization may be accomplished by various techniques. Typically,
the process involves some amount of CMP. It may also involve a combination of

electropolishing, to remove most of the excess bulk copper, followed by CMP o
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controller includes instructions for perform ng processes of the invention
according to nethods descri bed above. 100068]1t shoul d be understood that
t he apparatus depicted in Figure 3 is only an exanple of a suitable W
process nodul e and that other designs may be used. The sem conductor
device should be transferred fromthe W nodule to the barrier |ayer
deposi tion naﬂmﬂeeha/\netﬂaﬁnng ca)ppmdnwmmaak Jevalhif shertay sm‘@cacﬁ@ﬁpfbtn‘sh&w” on

mul ti pl e of t ool s [ I exanpl es
of specific zlg?rpgésﬂéﬂisﬁetd BRE: alnp){ ﬁgm &gsen Fﬁn\}gea(rﬂl |ré(;r§r{:6‘§%ar% %‘ggﬁ‘o §Sr?rancengat a

|h n order to afdihe xrasxhe;ﬁ hea Mﬁmﬁqmiie%ﬁdtypgamf usetl &0 remeeathconidesThemitievent i on i s,
owever, in no t hese specific enent ati ons. Post-CWVP
processi ng [OBH9Y ellﬁle%?\éerg?ﬂfgﬁaﬁ@ﬁf’ 8 “FREM %@Orerﬁeﬂog?lcar "We€ used as the
reduci ng agephg siNcth @ddghidSontiford zhesm!fécé ahige-k antceiailpot Bnh ioﬁihbse create H
radi cal s which can reduce al .ox b Both the H ragl cal s and exposure to
WV radi at i oPERPf PEREHE Fodﬁe?:ﬁtsr"éﬁ%"\‘} Ch HAF RS RREPT ERBIEE Gl %‘crf“%sgl ue (C
removal ). | pieteBk® xexanmpl e, very high curing pressures (about 600T) were
used in order to increase generation of Hradicals, but |ower pressures can

al so be pot enbsyl | Y usetscrirpaRdiongy, Qtﬂoﬂléleaspéﬂﬂtdflﬂheﬁfvexﬂf&inaéla@%!ode t hat needs
to be renoved. [00071]1n order to eval uate, net oxi de CuO in this case)
renoval , abPRi-PEBEEaEI €80 WAR Grewh oy W&*%‘lg}?iﬂmcf’?eﬁﬁ $F4%¥m on PVD Cu.

The i npact Qfeihf & BRlsfRd SibhRlandAfhibABREMMis orantadtiibheut UV exposur e
wer e eval uate%l T% atg&are pl gt%?eaéllln 1F| %re 4. Comn%%te) reducti on 8f

130A of defvva@dévafmw%omgan@s@e&erﬁélﬁ%) ETPUWYCW N8 at nosphere.
(The slight), 5459 i%ﬁ% 9 1?1%@:35‘191')2\9% Fe'élﬁiﬁﬁg M‘ﬁ%hﬁ@'@i béhdsneonpl et e

renoval right geo the wafer,” where t O was significantly
t hi cker). B;Ih@“anqbanﬁsluﬂﬁnmarhowlﬂ@hm&l@ @ dampgp f%mlghwswfﬁééjﬁ P®). For 30s

renoves onl Hetd ox;c}aaoﬁ gr @&Ptsnﬁw%f&nfcar'ggﬂﬁe C%Qfa‘)mnatmn are repaired by

exposing the surface to a reducing agent and UV radiation, as described above.

Apparatus

[00054] The present invention can be implemented in many different types of
apparatus. In some embodiments, the apparatus will include one or more chambers
(sometimes referred to as process modules) that house one or more wafers and are
suitable for wafer processing. At least one chamber will include a UV source. A
single chamber may have one or more stations and may be employed for one, some or
all operations of the invention. Each chamber may house one or more wafers
(substrates) for processing. The one or more chambers maintain the wafer in a
defined position or positions (with or without motion within that position, e.g.,
rotation, vibration, or other agitation) during procedures of the invention. For certain
operations in which the wafer temperature is to be controiled, the apparatus may
include a controlled temperature wafer support, which may be heated, cooled, or both.
The wafer support may also be controllable to provide the defined wafer positions
within a process module. The wafer support may rotate, vibrate, or otherwise agitate

the wafer relative to the UV source,

[00655] Figure 3 depicts the arrangement of a UV light source suitable for

implementation of the present invention. In this embodiment, a cold mirror reflector
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[00072]In order to eval uate CVP hydrocarbon residue renoval, Cu wafers that
had been through the CVMP process were tested. Wafers were capped with SI N
and then anal yzed by SIMS. Al results were conpared agai nst the direct

pl asma process (NH3 based in-situ pre-treatment in this case). The data are
plotted in Fig. 5. For the surface cleaning process, a U/ cure in NH3 (as a

2?%: e r;aducs,ieué\llg tAGBIMi3h ﬁemcmas@tce‘mm iraidtiyn be terplfetehileperinntimgUVi pl e ways:
e step cure in cure in NH3. fo]l awed by. UV cure t
at mospher e |rilq&@wpié0 bea‘%v&llﬁﬂ%fcg@%ese}gsg %R])ciafrgj( ﬁ%}ﬁ&gur&}ib %ljﬁ;/t ((’)Hllg'eonf':ﬁ tgnaln nlea?r
at mospher e. ASiliORulRlArbditkifddiRBns Svafl@NDMain aPPardiub of ﬂhQSlﬁ\&l’liiCﬂN olivi,ng a

reduci ng agent and UV cure was better than the rect ocess
situ NH3 pT'tyis figgoomis demaction ofi e &Vaf MRS 6 g‘é’ NEIB&Y 368 cuge in

NH3 at 400C,.Athe,. a twidbe ﬁﬂp%nf @%HSEﬁﬁlIe"’drlﬁitlﬁyiﬁthraﬁt'ff@@ﬁﬁ:%éﬁdew&dd iflepend on
the requirement. For exanple, in the case of C renpval being the main

requi r ement Figsireot may ais¢ heappishtopdegised i¢flgdorused. In cases wherein no Cis
present and very little O reduction necessary, shorter tine an(% t enperature
f

can be usedl00086074] Teferdag to Hewe Brisdevat 885 isFrteadRddaiogna HEion Otpn or der to
eval uate K ﬁ@@&%ﬁggﬁéﬁﬁ%@b’ Wﬂﬁ!o&zh@@%Iﬂ&téar@?l%%ﬁatebfh@o&é\frebé&&ld()})troocess in a

reduci ng at was conpared to an in-si | asma process. As Figure 6

i ndi cat es, kerdm‘rmgeﬂmaﬁ ﬂteeraésfﬁf (ﬂ@trsh@‘ﬁ@héfrﬁ)l il W@aﬁ‘@ﬂ“ﬁf thpdgsiredduci ng agent
and W cur er\}/%l n%%g%n%ué\/qgn ?ﬁs&%ﬂa s%rftﬁé U0ghh@srdhe | east
are or a

(about 1.5% 0 gre ter 5% | asma process. Further,
as the FTlRmd;atnalupc oot adt limitadie mabire vimor gweslag@@mss Otg@rsyitqbﬂ@c tle carbon

t 0Ss was se ‘TUV base | ow k
danmage: Bl e RS0 i R ey PR (EXP SRR AE
and tunable variations of various lasers). Both lamps 309 and 319 are equipped with
reflectors 307 and 317 which render their output into flood illumination. Reflectors
307 and 317 may themselves be made from “cold mirror” materials, i.e., they may

also be designed to transmit IR and reflect UV radiation.

[00057] Radiation emanating directly from lamps 309 and 319 as well as that
reflected from reflectors 307 and 317 is further incident upon a set of reflectors 311.
These reflectors are also cold mirrors designed to reflect only those UV wavelengths
that are desired for the purposes of curing the film on the wafer. All other radiation
including visible and most particularly the IR is transmitted by this set of cold
mirrors. Therefore the wafer is radiated only by those wavelengths that cause the
desired effect on the film. It will be apparent to those skilled in this art that the
specific angle, distance, and orientation of the cold mirror reflectors 311 with respect
to the lamps 309 and 319 may be optimized to maximize the UV intensity incident on

the wafer and to optimize the uniformity of its illumination.

[00058] The chamber 301 is capable of holding a vacuum and/or containing
gases at pressures above atmospheric pressure. For simplicity, only one station of one
chamber 301 is shown. It is noted that in some embodiments, chamber 301 is one
chamber in a multi-chambered apparatus, although chamber 301 could alternatively
be part of a stand-alone single chambered apparatus. In either case, the chamber(s)
may have one or more than one station. In some embodiments of the present

invention, the UV process modules have one station. Suitable apparatus for
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13. 67 NH3 based uV cure 30 13.57 H2 LLpT (4T soak) 15 13.24 [00075]In
order to evaluate dielectric damage repair (for k recovery) a 2.55 ULK film
was ti-opd The treatment involved annealing the danaged lowk filmfor a
short tinme (less than 1 mnute) with NH3 at about 400C foll owed by a short
W cure (less than 1 mnute at about 400C) in this exanple. As Figure 7

i ndi ciat esl, tihip&nleg@atisn $fahd heeltmngestinaele evdigprition g desedey ergintdiir ough

anneal only s; tes i,nmmteri f _anneal ti . JPost -trench, e

processi ng [%g%%]asf’ﬂ%?l’s\é%é’rP’é‘tﬁé{“gﬁggﬁ%ssfg% Nggaé%éyseterg%r%n%logganb%&gsed to
recover at CA, and Endura, Centura, Producer and Nanocure systems from Applied Materials of

Santa Clara, CA. In a particular example, the invention may be implemented on a

Vector Extreme tool from Novellus Systems, Inc. of San Jose, CA.

[069859] Note that the UV light source configuration of Figure 3 is only an
example of a suitable configuration. In general, it is preferable that the lamps are
arranged to provide uniform UV radiation to the wafer. For example, other suitable
lamp arrangements can include arrays of circular lamps concentrically or otherwise
arranged, or lamps of smaller length arranged at 90 degree and 180 degree angles with
respect to each other may be used. The light source(s) can be fixed or movable 50 as
to provide light in appropriate locations on the wafer. Alternatively, an optical
system, including for example a series of movable lenses, filters, and/or mirrors, can

be controlled to direct light from different sources to the substrate at different times.

[00060] The UV light intensity can be directly controlled by the type of light
source and by the power applied to the light source or array of light sources. Factors
influencing the intensity of applied power include, for example, the number or light
sources (e.g., in an array of light sources) and the light source types (e.g., lamp type or
faser type). Other methods of controlling the UV light intensity on the wafer sample
include using filters that can block portions of light from reaching the wafer sample.
As with the direction of light, the intensity of light at the wafer can be modulated
using various optical components such as mirrors, lenses, diffasers and filters. The
spectral distribution of individual sources can be controlled by the choice of sources
(e.g., mercury vapor lamp vs. xenon lamp vs. deuterium lamp vs. excimer laser, etc.)
as well as the use of filters that tailor the spectral distribution. In addition, the spectral

distributions of some lamps can be tuned by doping the gas mixture in the lamp with
particular dopants such as iron, gallium, etc.

100061] The apparatus also inciudes a source of a reducing gas 320, such as
NH; or Ha, or others as noted above.

[00062] In certain embodiments, a system controller 325 is employed to control
process conditions during the UV treatment with reducing agent processes in

accordance with the present invention. The controller will typically include one or
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| east some of the k from post-etch (pre-netallization) damage. Data of
post-trench etch treatnents in accordance with the present invention are
plotted in Figure 8. As the data indicates, k recovery was best for the
filmtreated with a reducing agent and WV cure. Conclusion t000771Al t hough
t he foregoing invention has been described in sone detail for purposes of

clarity of umncemnsiardidvites itd odelok ndee @p@Eascent Tiehatdceser may Knchidaag.‘é’sf and
d clalns It

dificati be t h
Shoul d be. notSATbHE: *PhErIAr Bl P APt B AP RO S RegePiaT "PRGrSRGHE! ng Dot b

t he process @_@ﬂijs,c@@drposmlons of the present invention. Accordingly, the
present enbodi ments are to be considered as illustrative and not
restrictive,jo@sd] t he Inrwamhlemmodlmem@tth& eonloeildr drhirels all ofmhectdgteabfs gi ven

herein. MCSL LP CLAINS What is ¢ is: A neth rm.n
seni conduct ke WEFPTE, Tl&%ﬁ%‘ﬁtfc’i“s‘ioﬂﬁ"ﬁer exec“te? SEE MY} Wﬁﬁ’aﬁrlﬁﬂ@gﬁgﬁ% chanber a
sem conduct o idevdtiess @Hgﬁm&x’foﬁ gtmm&lgsguﬁgy af g@ésb@@; Q@mt:aﬂgr&gé}@ ghsﬁw K
dielectric layer having fornmed therein f eat ure, eat u%e havi ng

si dewal | s af8ambepgicpyiFs, chamber tﬂ@&?ﬁ’@@ir?\gvaﬂc%ée’?@é%t’ﬂfFeUYd”aéfe dﬁ“ﬁ‘@“%gent and

UV radi ati opuq W Bﬂﬂélﬂm@)%ﬁ@%’[h@gpérﬁlﬁet&@%? Wh it Qardrideds MherdappeRYy process

I nduced | ow k di eI ectric damage in the feature is repaired.
programs stored on memory devices associated with the controller may be employed

in some embodiments.

[00064] Typically there will be a user interface associated with controller 625.
The user interface may include a display screen, graphical software displays of the
apparatus and/or process conditions, and user input devices such as pointing devices,

keyboards, touch screens, microphones, etc.

100065] The computer program code for controlling the processes can be
written in any conventional computer readable programming language: for example,
assembly language, C, C++, Pascal, Fortran or others. Compiled object code or script

is executed by the processor to perform the tasks identified in the program.

[00066] Signals for monitoring the process may be provided by analog and/or
digital input connections of the system controller. The signals for controlling the
process are output on the analog and digital output connections of the deposition
apparattis

[00067] The system software may be designed or configured in many different
ways. For example, various chamber component subroutines or control objects may
be written to control operation of the chamber components necessary to carry out the
inventive processes. Examples of programs or sections of programs for this purpose
include substrate positioning code, reducing gas control code, pressure control code,
heater control code, and UV radiation control code. [n one embodiment, the

controller includes instructions for performing processes of the invention according to
methods described above.

[00968] It should be understood that the apparatus depicted in Figure 3 is only

an example of a suitable UV process module and that other designs may be used. The
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2. The nethod of claim1l1, wherein the reducing agent is a reducing gas. 3.
The nmethod of claim2, wherein the reducing gas conprises a conpound
selected fromthe group consisting of NH3, NH2D, NHD2, ND3, Hz, N21-143
tetramethyl silane, trimethylsilane, nethyl-, dinethyl- or trimethyl- am ne,
et hyl am ne, ethylene, propylene, acetylene, and conbinations of these with
one anot her @RdLAductRELicORSEE be trédnsfarhd Foai e dNOfoghiatdmhe babelgirn t he

reduci ng gas consists essentially of a _conpound sel ected fromthe grou
consi sting ofepagEn medule M pbHRINEE o NS TH rt@oéfcc@’.‘pl’lgﬁ%‘?%?ﬁg@e# clgai mpl,

wherein the geduehng gas is NH3. 6. The method of claim1, wherein the
feature is exposed to UV radiation in the presence of the reducing agent.
7. The method of pghapiey 6, wherein the reducing gas is NH3. 8. The nethod
of claim1, wherein the feature is exposed to UV radiation follow ng

exposure to oy edUCTRGHLASLRE provRics Th@piRbhgskcaic ibRinthBtionsherei n t he
reduci ng agent is NH3 gas, the exposure to the reduci nd% a snt i.§ conducted
at a tenper &P ienigscd parirmanedafads rdehigrEie HPFIGE W %?F?g‘ PRETUY radiation

exposure i s ;capeiictied ilRndd ik MehEvalis Raglifited LthestNBedid hod of claim 1,
wherein the feature 1s a trench etched in a danascene processing operation.

11. The et hoplementetfiaab.m |, further conprising depositing a barrier layer on
the lowk dielectric layer. 12. The nethod of claim 10, wherein the device
substrate further corfssi-s¥d mogsesin® filling the trench, and a top surface
of the device substrate has been planarized such that, baoth the | ow k

diel ectric #9878lhe mdnape smbadiiaent pERE nvaniEone Rb s@8 ushd 2 HIS 'eFi g ce.

agent. NH; absorbs in the UV range, and can potentially create H radicals which can
reduce metal oxide. Both the H radicals and exposure to UV radiation can potentially
remove the residual CMP organic residue (C removal). In this example, very high

curing pressures (about 600T) were used in order to increase generation of H radicals,

but lower pressures can also be potentially used, depending on the amount of metal

oxide that needs to be removed.

{00071} In order to evaluate metal oxide (CuOy in this case) removal, about
1304 of CuQ was grown using an oxidizing plasma on PVD Cu. The impact of
different cure times, and impact with and without UV exposure were evaluated. The
data are plotted in Figure 4. Complete reduction of 130A of CuQ was achieved in
less than 30s of UV cure in NH; atmosphere. (The slightly lower numbers for 10 and
20s cures was due to incomplete removal right at the edge of the wafer, where the
CuO was significantly thicker). By comparison, an NHa soak only (without UV
exposure) for 30s removes only one third of the CuO (about 40A).

[00072] In order to evaluate CMP hydrocarbon residue removal, Cu wafers that
had been through the CMP process were tested. Wafers were capped with SiN and
then analyzed by SIMS. All results were compared against the direct plasma process
(NH; based in-situ pre-treatment in this case). The data are plotted in Fig. 5. For the
surface cleaning process, a UV cure in NHj (as a sample reducing agent) could
potentially be implemented in multiple ways: single step UV cure in NHs; UV cure in
NH; followed by UV cure in an inert atrmosphere like He; and NHs soak (no UV)

followed by UV cure in an inert atmosphere. As the data indicates, C removal on all
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13. The method of claim 12, wherein the netal is a copper. 14. The net hod
of claim 13, further conprising exposing the planarized surface to a

reduci ng agent and UV radi ation such that at |east one of copper oxide and
organi c planarization slurry residue are renoved fromthe surface. 15. The
met hod of claim 14, further conprising wherein at |east sone k recovery in

the | owk dit@it?ﬁ;%iivfhgia%@@ﬁg_%g&@and 6 curbheus Wk khnQhe Gkt phdidn Wherein the
feature is exposed to UV radiation in the presence of the reducing agent.

17. The net hsecest CE1 it MHsP T wherein the feature is exposed to UV radiation

foll ow ng exposure to the reducing agent. 18. The nmethod of ¢laim 17,
wher ei n featig?@:*’]s ex posEe s Froskniedaiost Mok Al fomaids crrery N%F%”é’ﬂféﬁjé‘epri or to

exposure t0 JNaf@el RELRRY dnB iR 8888 6a1 8dpehdén f}@wiir@ﬁexﬁgﬂﬂt . 19. The
met hod of claim 17, wherein feature is exposed to radiation in an inert

at nospher e gkenpledr rssareeoCoremyvyl heinathewin FPapReNPSE@iE dMsF C4he reduci ng

agent.  20. E&%lﬁﬁ% E@%d%fcas%g Fhfeihno R LRIk bAG V&R TRAD FANERHNT Ng | ow-k

dielectric (Porrprl S
necessary, shorter time and temperature can be used.

[00074] The data are presented in Figures 6 and 7. In order to evaluate k
damage caused by the cleaning process, the UV-based process in a reducing
atmosphere was compared to an in-site plasma process. As Figure 6 indicates, k
damage was least for the film treated with a reducing agent and UV cure. K damage
using the NH; based UV cure for 30s was the least (about 1.5%) compared to greater
5% for a direct plasma process. Further, as the FTIR data presented in the table below

suggests, very little carbon loss was seen with the UV based pretreatment, which

explains the low k damage:

1 Si.CH3 conc.
"".-,

o T condition Timie {(sec) honds/cc)
Post oure__
NH3 based v cure: 30 3.
H2 LlpT @l soak) |18 o bos S
[00075] In order to evaluate dielectric damage repair (for k recovery) a 2.55
ULK film was tested. The treatment involved annealing the damaged low-k film for a

short time (less than 1 minute) with NH; at about 400°C followed by a short UV cure
(less than 1 minute at about 400°C) in this example. As Figure 7 indicates, this leads

to the largest recovery ink{recovery through anneal only saturates immaterial of
anneal time).
Post-trench etch processing

[00076] The same technique described above can also be used to recover at
least some of the k from post-etch (pre-metallization} damage. Data of post-trench
etch treatments in accordance with the present invention are plotted in Figure 8. As

the data indicates, k recovery was best for the film treated with a reducing agent and

UV cure.
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MCSLLP 21. The method of claim 15, further conprising depositing a barrier
| ayer on the planarized surface. 22. A nethod of form ng a sem conduct or

devi ce, conprising: receiving in a processing chanber a sem conduct or
devi ce substrate conprising a planarized surface having conductive features
in a dielectric |ayer; exposing the planarized surface to U/

radi ation and a reducppg.i@gent, w thout exposing the planarized surface to
a plasma; whereby planarization-induced damage on the surface is repaired.

23. The methegh7of cl ahihaddn hMBFREbAg ientdn@hebdehidescHiBEPhI sSMS datail for
car bon-contai ning | owk diel ectric %a er. 24. The nethod of claim 22,

wher ei n t he REBWEHEE Fl\?étyf@élﬂ‘éﬁr%@’dé&ﬂﬁﬂlgée spispiihat osBain PhangRNod of cl ai m

24, wherei n 0x5i€l6¢i4 S n‘ia‘?fma\b@éin@équmﬂnhﬁle@%p@lof 18 @ppehB&d MBIROU spbuighai m 25,
wherein the netal 1s copper 27. The nethod of claim 23, wherein the

car bon- cont aisi Higt theve-ake A distative ‘(YW#@@@H@%& boh thewrreashsl of forming a
sem conduct %Bmﬂ@s‘ﬂoﬁ?of & HRE&;?@ angmmn. Accordingly, the present embodiments are to

be considered as illustrative and not restrictive, and the invention is not to be Hmited

fo the details given herein.
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receiving in a processing chanber a sem conductor device substrate;
exposi ng the sem conductor device substrate to a reducing agent and W
radi ati on, w thout exposing the device substrate to a pl asnmma, such t hat
processi ng-i nduced damage to the sem conductor device subst r at'éC§lg.P

repaired. 29. The nethod of claim 28CLhkiSei n the substrate is exposed to
W radiation in the presence of the reducing agent. 30. The nethod of

claim 29, fuwidescigemans:sing thereafter exposing the substrate to W
radi ati on wi thout the reducing agent. 31. The nethod of claim 28, wherein

the substrate is\expP@sgdrip 5 adhiadd R0k abdiewag expesure to the reducin
agent . 32. The nethod of {:n%él m 281 Wneroel nwt heC sgﬁl‘l)éc%nductor devi ce °

substrate furt hereccnmgmsasoeﬁssmgahamb@g seMivwndetthodevode sbstrate 12, wherein
at | east one of

oxi de. an a idue is r ved fromthe
Subst rat o o R B iboRthR R0, BB LSRR i L AR P
renoved fromatihe tRaRStF@hSying sidewalls and a bottom;

exposing the feature to a reducing agent and UV radiation, without exposing

the feature to a piasma;

whereby process induced low-k dielectric damage in the feature is repaired.

2. The method of claim 1, wherein the reducing agent is a reducing gas.

3. Thé method of claim 2, wherein the reducing gas comprises a compound
selected from the group consisting of NHs, NH2D, NHD,, NDj, Ha, NoHa,
tetramethylsilane, trimethylsilane, methyl-, dimethyl- or trimethyl- amine, ethylamine,
ethylene, propylene, acetylene, and combinations of these with one another and/or
inert gases.

4, The method of claim 3, wherein the reducing gas consists essentially of a
compound selected from the group consisting of NHs, Hy, and combinations thereof.
5. The method of claim 1, wherein the reducing gas is NHa.

6. The method of claim 1, wherein the feature is exposed to UV radiation in the
presence of the reducing agent.

7. The method of claim 6, wherein the reducing gas is NHas.

8. The method of claim 1, wherein the feature is exposed to UV radiation

following exposure to the reducing agent.

9. The method of claim 8, wherein the reducing agent is NHz gas, the exposure to
the reducing agent is conducted at a temperature of about 400°C for less than 1

minute, and the UV radiation exposure is conducted in an inert atmosphere.

22



surface. 35. The nethod of claim 1, wherein the feature formation

conpri ses: depositing a carbon-containing lowk dielectric |ayer on a
substrate; and etching the feature in the dielectric |layer. 336G Ehe nethod
of claim 22, further conprising: form ng conductive features in a
carbon-containing lowk dielectric |layer on a substrate; and planarizing a
top surface Iof thee hetivok ofltieher twherid thy &atuand acenduatheden mddmascale. 37. The
met hod of claim1, further conprising: exposure of the dielectric to
a silyl ati ngragsiis gedacten.t 0 or during the UV exposure. 38. The nethod of
claim 28, wherein the UV and reduci ng agent exposure reduces oxi de created

in a via siliici densmeho@sst Mhifi I, furthdScomprieinfRtRedingfa tatrair My28n ther ei n the
UV and reduci ng agent exposure reduces oxi de and renoves organi c CWP

resi due fromwakRicaRaldiizeed netal contact. 40. An apparatus for repairing
process-i nduced danage on a sem conduct or
12.  The method of claim 10, wherein the device substrate further comprises a
metal filling the trench, and a top surface of the device substrate has been planarized
such that both the low-k dielectric and the metal in the trench are exposed at the
surface.
13.  The method of claim {2, wherein the metal is a copper.
14.  The method of claim 13, further comprising exposing the planarized surface to
a reducing agent and UV radiation such that at least one of copper oxide and organic’
planarization slurry residue are removed from the surface.
15.  The method of claim 14, further comprising wherein at least some k recovery
in the low-k dielectric is achieved.

16.  The method of claim 13, wherein the feature is exposed to UV radiation in the

presence of the reducing agent.

17, The method of claim 13, wherein the feature is exposed to UV radiation

following exposure to the reducing agent.

18.  The method of claim 17, wherein feature is exposed to UV radiation in an
inert atmosphere prior to exposure to UV radiation in the presence of the reducing
agent.

19.  The method of claim 17, wherein feature is exposed to UV radiation in an
inert atmosphere after exposure to UV radiation in the presence of the reducing agent.

20.  The method of claim 1, wherein the carbon-containing low-k dielectric

comprises CDO.
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devi ce substrate, conprising: (a) a process chanber having a UV radi ation

source and a source of a reducing agent; and (b) a controller conprising
programinstructions for conducting a process in accordance wifhSiclfai m 28.

21. The method of claim 15, further comprising depesiting a barrier layer on the

planarized surface.

22. A method of forming a semiconductor device, comprising:

receiving in a processing chamber a semiconductor device substrate
comprising a planarized surface having conductive features in a dielectric fayer;

exposing the planarized surface to UV radiation and a reducing agent, without

exposing the planarized surface to a plasma;

whereby planarization-induced damage on the surface is repaired.

23, The method of claim 22, wherein the dielectric comprises a carbon-containing

fow-k dielectric layer.

24,  The method of claim 22, wherein the conductive features comprise a metal.
25. The method of claim 24, wherein oxide is removed from the metal.

26.  The method of claim 25, wherein the metal is copper.

27.  The method of claim 23, wherein the carbon-containing low-k dielectric

comprises CDO.

28. A method of forming a semiconductor device, comprising:
receiving in a processing chamber a semiconductor device substrate;
exposing the semiconductor device substrate to a reducing agent and UV
radiation, without exposing the device substrate to a plasma, such that processing-

induced damage to the semiconductor device substrate is repaired.

29.  The method of claim 28, wherein the substrate is exposed to UV radiation in

the presence of the reducing agent.

30.  The method of claim 29, further comprising thereafter exposing the substrate

to UV radiation without the reducing agent.

31. The method of claim 28, wherein the substrate is exposed to UV radiation

following exposure to the reducing agent.

24



MOSLLP

32. The method of claim 28, wherein the semiconductor device substrate further

comprises a metai.

33.  The method of claim 12, wherein at least one of a metal oxide and an organic

residue is removed from the substrate surface.

34, The method of claim 22, wherein a residue is removed from the substrate
surface.
35.  The method of claim 1, wherein the feature formation comprises:

depositing a carbon-containing low-k dielectric layer on a substrate; and

etching the feature in the dielectric layer.
36.  The method of claim 22, further comprising:

forming conductive features in a carbon-containing low-k dielectric layer on a
substrate; and

planarizing a top surface of the low-k diclectric layer and conductive material.
37. The method of claim 1, further comprising:

exposure of the dielectric to a silylating agent prior to or during the UV

eXpOSure.

38. The method of ¢laim 28, wherein the UV and reducing agent exposure reduces
oxide created in a via silicide such as NiSi.
39.  The method of claim 28, wherein the UV and reducing agent exposure reduces

oxide and removes organic CMP residue from a planarized metal contact.
40.  An apparatus for repairing process-induced damage on a semiconductor
device substrate, comprising:

(a) a process chamber having a UV radiation source and a source of a

reducing agent; and
(b) a controller comprising program instructions for conducting a

process in accordance with claim 28.
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