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<AV AND REDUCI NG TREATMENT FOR K RECOVERY AND SURFACE

CLEAN I N SEM CONDUCTOR PROCESSI NG CROSS- REFERI
RELATED APPLI CATI ON [0001] This applicati on cﬁM@Wﬂ

priority to U S. Provisional Patent Appli ||"”|"||||
61/ 260, 789 fil ed Novenber 12, 2009, titl ed Uv AND

REDUCI NG TREATMENT FOR K RECOVERY AND SURFACE CLEAN I N
SEMPONRUSREBIRRGCES AEvaNd HOBK RECOVER YN B SURFACE

Appl i cati on Behﬁéﬁéﬁ%ﬁ%%h SfoRPasassm@. 2009,

titled UV AN TREATMENT FOR K RECOVERY AND
SURFACE CLEAN I N SEM CONDUCTOR PROCESSI NG These

patent appl ¢kt RFERERCERG REQAA A PAIENTION

rBeference In eir entirety for pur poses.
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?{EDUCING TREATMENT FOR K RECOVERY AND SURFACE CLEAN IN SEMICONDUCTOR

PROCESSING. These patent applications are incorporated herein by reference in their

entirety for all purposes.
BACKGROUND OF THE INVENTION

[0002] The invention relates to semiconductor processing, in particular to
surface cleaning and repair of process-induced damage of low dielectric constant

dielectric materials in, for example, damascene processing.

[0003] Low dielectric constant (low-k) insulating materials have been
integrated into semiconductor devices in order to address reduced feature sizes and
high performance requirements. These low-k dielectrics 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.

[0004] Low-k materials are, by definition, those semiconductor-grade
insulating materials that have a dielectric constant ("k") lower than that of SiO», 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 (CDO)), 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 to use conductive materials having low

resistivity and insulators having low dielectric constants to reduce the capacitive
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integrated into sem conductor devices in order to

address reduced feature sizes and hi gh performance

requi renents. These |owk dielectrics are nechanically
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sem conduct or device involving receiving in a
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semiconductor processing contexts. For example, receiving in a processing chamber
a semiconductor device substrate, and exposing the semiconductor device substrate to
UV radiation and a reducing agent such that processing-induced damage to the

semiconductor device substrate is repaired.

[00016] - These and other features and advantages of the present invention will

be described in more detail below with reference to the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[00017] Figure 1 is a process flow chart depicting a method in accordance with

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
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trenches) are then exposed to a reduci ng agent and
ultraviolet (UV) radiation at 104. While the invention
is not limted to any particular theory of operation,
it is believed that the UV exposure of the damaged
dlelectrlc surface accordlng to this aspect of the

g o o o ~ s M



further bel ow [00028] The reducing agent is typically
a reducing gas, and may be photoactive either alone or
in conmbination with other chem cal species present in
t he processing chanmber. Suitable exanples of reducing
agents include NH3, or NH3-Iike conpounds, wherein the
His replaced by deuterium(e.g., N-12D, NHD2, ND3),
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specific example is NH;.

[00029] According to various embodiments of the invention, the feature may be
exposed 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., NHz), 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



[ 00032] Sui tabl e reduci ng agent partial pressures are
bet ween about 1 and 700 Ton, for exanple 50-600 Torr.
A typical reducing agent flowrate is about 15 slm
Exposure tinmes of less than a mnute, for exanple 30
or 25 seconds, are generally suitable. At very | ower
partial pressures, |onger exposure tines wl|l
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of the present invention but are provided for context
for one enbodi nent as noted above, the trenches may
then be filled at 106 with a conductive material,
typically copper (Cu), although other netals may al so
be used. Wen filling the features, excess materia
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surface according to this aspect of the invention
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various inplementations of the present invention, a
reduci ng agent and UV exposure treatnent, as descri bed
above, nmay be conducted at either or both the
pre-netallization (e.qg., trencn)flll) and
post-planarization stages of a sem conductor
processi ng operation. The operation may include either
or both



processi ng operations. In enbodi nents where the
reduci ng agent and UV exposure treatnent is not
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either or both the pre-metallization (e.g., trench fill) and post—plananzatlon stages of a

semiconductor processing operation. The operation may include either or both
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one dual damascene process with which the present
invention may be inplenmented. One type of via-first
dual danmascene process has been described. In other
enbodi nents, a via-first process may involve conplete
etching of the vias prior to etching of the line
trenches. O, a trench-first process, in which the

ebﬁ)@és@ﬂg %Eerﬁnﬁw (&b fNGREShdRE M6 RABSInE BeenVind 18V eXiosge
be used. These various _damascene processing

nmay

t é‘éﬁmpléfuégot applied st brsh stogsiohe ﬁ%wgortdﬁfépwﬁcesa%ownpn that
e§ Ebth Pt% A1 2N Eﬁpﬁcﬁts Eﬁﬁarﬁhﬁ&rﬂ?@&ks\i’ﬁg other processing
nenta ion contexts for enbodinents of the present

| mb;mqmqs may Preombipehvith theireduging ogemp prd ¥ IsKROsPES EpiRENEat

d%ﬁ@& %%Qﬁ ' d ?%?Sﬂ)rr&am ae(JVQ:%( GltelVQﬁ'l%llt rgmcﬁ{g agent exposure

deposition and etch ntact cleaning, and essentially

amay de mheclan duecttage optheod®si ng cont ext where

carbon-containing lowk dielectrics are used (for the

| (RO0K2]r epai Furthsp ether mboestieg Ppevasions way bagrartined Wititheyt

I I

aﬁ%ﬁlélg%ng enP g F%%%iegxg%ﬁn%ﬂt eﬁ%%%ﬁ Rfceﬁ'sﬂg s{agé/ ey leQ4nple,

r eduahbcmrmem of mnmmhtlmlnﬂﬂ‘geamltwomﬁpo%éﬂ\dﬂl etagesmpffeai: e

cl.ea h
cll%vgﬂv"h%aleleém ﬁegallr & r%erecl? Hecf% W hg%\?j %lt" at t'ﬁgﬁﬁe% A 0oxi de
r edmsplmge dslrret befU M bae wuthamtduomg gt tengs, NHy)ifersugfagen a

ontact cl.eanin ocess,, et r .bot h

b BRE G P aPn e bo ek AP rnl MR dafi R R
Gaﬁﬁdal @G, 30 stdvadedtabe'd) befotcantafen @V purie g NHg emmbiealboth
depgsi tjon and cleaning the fil netal contact after
cﬁ%‘rﬁceéi' caning kK tespVepoiaSHgRI@ Eﬂﬁﬁf In the f| rst
i nst ance, UV and r du0| ent .trea red
HBOBR ge cReEarioa o P IR AT ST L SRR s E RS
S QRAFbratig pAdteingtifductd ediage Mpalr (pfhxteBSs crf&lﬁeqbres(em ieheention is

grown on top of the netal conég enerag (gﬁgals
sualrﬁtra@d V\ﬁéflot@ab%obﬂw £ hF PRAdsTStoqe 'ﬂ.ag ep @%P’&“
t &hyBntibd BRehtext iR ah Afvak@EdobX ApphitatdanBdepRid. i Adessions
is comonly understood to descrlbezg featﬁ{e fornmed in

dliaspastst the ereserd inygmisBdees 9nly fhe LB radistipl e rgducing agent
caiy (Vsﬁfe' MEhd deRScohfucor AbREETHE e, b YBEribell AbeveMDter aspects of
general sem conductor processing context, the termis
al thoinuerdion staydrrluds addigenal processing ApSiRtions.cHeh:s dappascene
di p%c%gstlrlq_g cgp ?agignssc}épcctg) Ny ﬁé}Ellny Bfuk {hk G ehtfonl OR8N8 kB Nt

a se onduct or device .g., via, line, STI,
et;[erf))maamdoffm?se |adabt1w@apl@0¢3alnagn¢§ﬁ@n§ eatlGifs agpects-
conmbi ned damascene structure. Unless it is otherw se
cl (000441 r om RuaBrringrio Eigure 4 dinst 392 andepandr?05 dayersoéfigiectric
shou I ] %E] Gop |
; OObABP AR SEEEHER oy Bty U SFERBLA Rop taye,
I eswoly &xch slmcoarnmtnhekayq:rl asmaquﬂ g tHeairt, anserdingyto altegpative
s u(}alngg %T: Er%?eésgigg }eégmques a 1 % ngglé Ia?qbécg}'&lgyeg an‘nl t%%tséd ifistead
[ 08 QHRIThRrseaili tsedond ldybisn Iayer of conductive barrier
|l ayer material 219 is formed on the exposed surfaces
( | [00048Jli ng  sifdedepobitign mﬁthdie@bxubdiclbmict kay@r2@5 2032 gk 211 is

nductive barri er. ter
?)ﬁpggip afv&g og%ﬂ%ﬂ v&here yiag \51%1[ €S e%uen %u ;nm%tl ?1% vias are
A %l@ktdﬂ&@d&ﬂeﬂl&itﬂgﬁ theilsvel yfrhe sdcbnd dael‘pétnyé@ﬁ tTthen via mask

05|t cond tive. barri gr | aye teria

o2 e B et M s P A Skt It of” A
process is typically used to clean the bottonB of the
trenches to renove oxidation and contam nants fromthe
exposed copper surface on the ynderlying layer. As is
known to those skilled in the &rt, this barrier
"precl ean" plasma process can be sinply an inert
pl asma or a reactive plasma of a gas such as hydrogen.
The precl ean plasma process can al so damage a | ow k
dlelectrlc f|In1 A redu0|ng agent and UV treatnent ‘as

o o o . o o



[ 00051] Thus, it becones necessary to planarize the
structure and renove the excess copper fromthe
device. Planarization renoves material down to the

| evel 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 |ayer 2083.
( S@end &ieh opebaion $eptfoenal tovérsoveshffieieguangoudG odiditlectuie to

Si ified t vi ew of,. Fi gur,e 2 . -

C S0 pa P lsrne ilro Rl 6ef b The ish oBgraiag s catends
t ST B Q;B?S throuigRifealdlelectrichgyepLos; lﬂS\Sn td’bbﬁirerxbvml eshrpeop lzfiyer 210
anmount o 0. i nvol ve conbi nation o
eP@EF@@H&ﬂ T%U*"€EXWEE§W€gﬁH§FaS ‘he excess bul k

f ol ]l owe e.the renninin

CORRERT qomatt P homy ahat She tDREOHE AT e Srample of
d'oﬁé 8¢} BarRaskehd ProcdfdBvithAShich metpsesml uﬁrbﬁm ma&/1 erimyplefeoted.
CVP can chen1callé@renove carbon a gH’F
i (RngiteRg 9pViasTHet daldemapiept HOss %S;Pﬁf”b SW’C sEPHY
I SHBYEINeRE, O%4-888 plot@S il enveprAumblewatdhinpes taf idrprioh®
planarlzatlon process can al so renove carb

n
| stohing@f dielling GAnchEs dP myerbride rioressh il ehieh '3& gt E‘Pg PERRF kine
d 'tr%h‘rq'n%g Enlegedgé Jh%la FAay, R ¥ bOese. THREeSarius qma&e%&@ssmg

results 1 n si gnl i cant er absor tl on, resulti ng
artechnighesand dtler garédtions thereon arq mUs@}VAén e agAndearesent |

P raﬁgljngtﬁ% irhp leﬁl@%pﬁ{ c(oﬂ&w%%r e‘?ﬁlsomﬁ?en{sr(‘)‘f BRIHQPnt iR eAlGS Tihe

I'zat1on damage repair arising
| nmd:anusns elve appiigelds isisingle damasnens Prgcasyng.Rge gapyerional metal

(%Pos %9&) %tgﬁ‘% %&t egﬁlm y n% nt§'lly % feﬁ‘l é(ﬁeﬁ)étar ﬂ%&%g

genera Erou ps
b)coﬁwa vsliewaayboamdntpmmgeemlcrrgelamdcsra&wd ffnr Qbf: lcwa &pairn

e O S e O

( @n@ntior) iafhieyhiintadtoredniestia syhichonetatekidk rattitmtdr gemayel of

by @i g tE bR BRI Gl brechBRR affls. i
r aglb @l b BndeAtoodalg tehirdalahme eedubipp afpﬂttuff tHeQO@BAYeS two

resent invention can be i di f
t yyEantyin afopRrtLAlseing |PfP°§§r@nH’§h%fW§>a’f ﬁ”f*‘é,ch ‘i‘»?y be ff ot
W Jcborbiftet Wits t&rﬁes@ﬁt iRhe ol NarRBefSof(thodteted @Bstadt @faqmoetzb
to as process dul es) that house one, or
andetalrcgp@ﬁ}!qnélﬂﬂ elepning thafided pegbeaaictpjter %&em‘@ig’c\gql?ﬁlsa‘
H h@dﬁ?ﬁ 'IH AUt ifstdrVe, QHEJUVQnd &dﬁélﬂ@ﬁg%nﬁtf@EmQE redBdes

ave one or nnre stations and may npl oyed for one,
satireoxide ercatediparsilicidsrsyclogs Nifie In H%Féﬁ%qné hnstaea% khedFramsar
Wd&%yﬁl@ta%}g%eoérom bf tdﬁﬁ;f %{eﬁnétﬁ%gﬁﬁétaée%%llﬂi 64 metals such as W
processi ng e one or nore chanbers maintain the '
wadréfu.in a defined position or positions (wth or
wi t hout notion within that p05|t|on e.g., rotation,
vi I908dT]on, Grrtir frethisaggardtheiaym Hanplk gn giecoaigt of gagpscene
the r I inCie1édi& and

]iar&c,es%lg S cgllﬁ{noﬁg/ unﬁé‘rEt‘bS‘%{é dggcﬁfb?% %%e fd?mlé@ arllppar A uasn
rrawbsdqol:rulje‘llked m)fmtm alcbmiimtl'fﬂﬁpemat dielscinaflasier. slappeare general
coo

TPy P e ronBRE METrrab 2By hiters R isEfoe o eaure
defdrmed mee’l&:tnmﬂistllbseqm:ntAy fiHedto dorm acdensentothgemiconpestor

f t b
\ggﬂ%g%eéggﬁglgm!ggggﬁé 2 gvalt}’ 6lqct s 'a g%hllr?eetl;é%ﬁ Br a combined
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[ 00055] Figure 3 depicts the arrangenent of a UV |ight
source suitable for inplenentation of the present
invention. In this enbodinent, a cold mirror reflector
seeks to dimnish the incidence of IR  radiation on the
wafer, while permtting UV radiation to be avail able
for processing. For clarity, this figure depicts only
oRgm&tedeRBuames Unless il dthdpwide plearcizms the gorsttxa wismsised herein,

avai l abl e in an us of this invention. Al so,

t Hheder ghgyid b SHF‘E‘gE g‘é{)‘?i“ﬂeo‘ﬁ tgpaderiacapiiger f or pur poses
of clarlty r ef e¢ tor

bd009AYar entA'?fEF t'ieﬂgbe\gﬁg’i’(g Iﬂ]eé’g‘(’foﬁ’y Eh'ls§e"é(?"'t¢ f"r}aé‘f)th?ﬁ%lasma
Pipkdeeds PloRSwElER| £Liverhrl Idfy &0 uhe thdn @Bagzloaehdlewapditleatlc t 0
a focused refl ect or. [Q0056] Referring to Figure 3,
péH@§F&PBQU§ 128 disfyns V¥nto one station of a
processing chanmper 301. W ndow 305 is |ocate

apPfoapk i at eT*}ﬁfeé‘@%thﬁb‘aEéPfa?o BAIVE Jarer Ay Y mraéﬁﬂﬁah%l.%ﬁ

Offoﬁtﬁﬂ oWeHe@kpds8@ burfdd @i IR sidékvialls) Uf/dﬁlét:tﬁtiﬂayelfs 20k end 205.
desired maver -

gths f uwv | 0
SSonaisties PSRy oAl 109 MaygR DSty RE O Aeam o
bl{i‘ ntfrf nfiRde. |A @thﬁq' 53V2p} oﬁ@?&tf&ﬂrlytypﬁﬂﬁren%oyé@ RO depogtTPS -

er suitable l'ight sources include deuterium | anps

exendvetive bamiss lqypr qnatg@qtlgl? ePrgor to ghe deprsition Q& the §ara|ﬁamatenal a
daR Y BABRE 87 the BOidAed BMBE0v309

a#@gg% “%§%1€% %£%#ﬁﬂﬁref | ectors 387 ang 317 %hlch
r enidietiont amg.cpntemtrpms fijort the e¥poerdl doppan sirfase Pp e underlying layer.
Re/(ﬁ 1§%o%nsto %PoZe Q{]ﬁecﬁg{ lﬁserg?ty t}ﬁmﬁl“éﬁ&ezﬁ\@ p@%@ gf‘cfc@smcan be
dssnlg)’leldmbﬂ ptalsmn sm tea¢tReavmsma of wtsuwsmadllioaﬂm orhe preclean
[ 00057] Radi at | r
37 Sglglp{}\(?é:ﬁs ‘4s? ts% a% a% AIEE ddd&%?%nf]y]r e#gg%%ﬁgs)%gga%gsgd
3ltkaingent zu;rdektefoed alwivel éntepaipibe damagst lof-k fidh Ineg eoypdpyed arior to

Thes eflectors o cold mrrors designed to
éﬁ?gﬁ]{) OB O"t Iﬁ%}' %@a&zvel engt hs thaf ar:I gesn red for
P 20 2B St G5 B8 o ARl e

padeposited arthytrérer ah®linespathis2n 3 and 2E5d Qopventiosallyehis dépogitibulis

AREPERRIREE Fe xS et AT RHEE g o [R
: l L bulk Jlépoh?‘orﬁ&ﬁ:@b&ﬁ“by tRchkdpBRgS Thd deed layer hdyi te capassuemm
e specitTiCc an

di st ance, . and . orient t|o
colPhds‘ﬁ‘ier?Eﬂ‘ dF@F&’@Bt%‘F%“"S VPG 4%0%%8‘8‘%“@ ﬁ%“& 8%3‘0“’
30 a3 §epTRY 0P 6 @BpdrHoZdfly £ils I aﬂils 2&5 biliteto Wisure complete
intensity incident on the wafer an %ﬁtlmzet%
unfiliiog, @isp yosrs 3} the pxnosed REPNTIN P O Rlectitltrt FV%01
abl e of hol ding a vacuum and/ or cont ai ni ase

s 9535
at [0808dsur edhup @\bgcq@qq@g?ﬂqm to péqnéggel}p%strqggllre and Terfiove the

S' %Lés %bﬁﬁér froRlte @RReS PRLADRLIH reﬁnﬁ%s%ﬁi&ﬁ@ﬂov&oﬂa thélevel of
is noted that in sone enbodi nents,

3ome fop qfﬁ@mﬁaﬁa»@r 20 Bhisgsulis & pewpeted dasppat %?Pg%“‘ve lines
al Eﬂohlgl}le%{r‘ﬁm; Jrﬁlc\f?n% itld let:ﬁ%n@(ef' MRl YskenP@bds-seétional

st&nd- al one s| ng ere apparatus. In either
casiew of ﬁgumt?ﬁm@rt(lsélmnh@@dﬁw siegé Figurerdd}-k t han one
station. In sonme enbodi ments of the present inventian,
t hi90OS2] pr oc @&marization ey haeesomplished By vaious tsghniguss e Typically,

apﬁn%rp?otcgs% 1rtv%'ives some amount of CMP. It may also involve a combination of

electropolishing, to remove most of the excess bulk copper, followed by CMP to

14



i mpl ementation of the invention may include
configurations as described herein of NOVA, Sequel
Vector and SOLA systens from Novel |l us Systens, |nc. of
San Jose, CA, and Endura, Centura, Producer and
Nanocure systens from Applied Materials of Santa
Clara, CA In a particular exanple, the invention may
b eerﬁd’VB |tl&l’f€1lﬂhﬁﬁ1°®bpptr Yeei orthEkyelefthettaoiurfaceosfididiectrid lager

es 059 Note that the UV
B AR Ee v TP a P ot GEPERY I ba£1SupS
e&ﬁdﬁh’e én-6ifu Aasmidl Ha&m pRoceesas iypitaidy used to remogethe beides frdm the
pref erabl e that | anps are arran ed to provide
DSPIE R et A S R G OR B TP G S R SIS SoPfer

S Ll'éakzﬁ\?'sﬂncb@ﬂﬁ?lgﬂﬁg BN S B hE Sur€as of 106k dieleatrit dyihs. C]Iach of these
circu | anps concentrically or otherw se_arrang

ortyReafbdamsge alsareselfs in sigpiirand Maih gRsqrrAen. 9??“5@51‘%@“ 'aﬁfaase in
18 deqnee angles with respect to each other may be
used. The light source(s) can be fixed or novable so
ag0¢od3Pr ovi AeddstHbHd dréh@@l@ré}i@meass@edt@m& iieatiANelafRto
waf er . AlternatlveM¥ an opt|cal system including for
emﬁml@a’al%léﬁ (8. GMPhdamase eenel A8 S nfdamagsee Pracrying-
mdc‘f'c t&m RBe & ADldvhd FndrRatbinsyimPb] AIBH {si18#81) bonds
ere t sources to the substrate at different tlnes

[ Gbose] Mhemgyvallof grganic geagraily yCHagrayes By F&H glyrry and
C l [RY st-hdnd

p e raila Rech iR e SE) v ALER g BIRY S} Mnds). or
saltirec esborFenmtaiming lowtk dielectrin dilm dempget(ess hng%lydfrarapcglpqnééb or
por}ll\qal oxﬂi‘ét!lolﬁ St CMP lu% %@L% 'resﬁcnllg c&ﬁﬁmﬁﬁtl&raré iegm'ed b he

source t sources

| i eypdsimgahe mfatg/meﬁe@eug agedt ambUNyrp@atmn asadesqribeq proye.

O her nmethods of controlling the UV light intensity on
t he wafapparsmspl e i nclude using filters that can bl ock
portions of light fromreaching the wafer sanple. As

Wi [mmmhe di Thepriesent ipfenitiogban, betimplemente &1 mgnyofitfereriypeg of
t he fer, can [
compeAa 8 SRR R FEor Rl RGP oA REL chambers
f | (lsdlﬁétﬁnes Tdferrsireat pakess mtiurlesb uliait beuse bnd ordiare $aters and are

rges.can.be controll ed t.he . .choi e

6;%? Wéy@fﬂ yrgygsﬁgllg IA:SE%St ghe cl chamb%r l gch%e as@geu‘se = Am
| Wl&&am@&r&hﬁ;ﬁlﬁavb afeor, mat stat)oraandr\mhjf ba&nplhy&rdtfsreormf some or
filters that_tail or, t pect.ral stribution
acki Qﬁe@ﬁonstorféheslﬁié"d‘f‘%l ﬁ shambgr pay h%”SSPn%%rﬁﬁorFX’ 58° can

be(shnsraes) Jﬂ@&lsmg 1R ogésr mbréichdreberdmaihein taerwafsr inha
parti cul ar, dopants such as iron, gal

[ odrdisad H‘ﬁé‘oaﬁb RPsiHqns (withser withop{sperdon W‘%funb‘&tepoa'r‘“’% €8,

r edugbn g iafon3eothd ld?l'ihtl@ﬁ) NFB g ProckBiresf tHelif@htiorA For certain
noted above. |[00062]Tn certain embodi nents, a system

covnerasiphsein vAgEh the WalehlcBPeiatur bis b b qogirolisdethg apparatus may
condi,bid PO5rdHEd @&P&Qﬁre%tirr s%ﬁﬂid}? WhicHintd) be @6&d, Bebi&D 8Nboth.

processes 1 n acco dance wth pr esent | nvent| on.
ThBheowaferr subpast may lso bw@@uabiﬁ tp rﬁthmﬁéhe(ﬁ?@“%ﬂr walgypasitions

eI a ?0&&5%00@1 d Q%va?é' R nfdy Q65 SHbrate, thﬁherwme agltate
rocess or conputer, analog and/©

d|@e&a&rnﬂpu@ﬁ@ﬂt&ﬂtﬁmunnect|ons st epper not or

controll er boards, etc. [00063]In certain enbodi nents,

t hEPORERt r ol [Fégure drenicsh the atrangsmenttad a 4B4 light souses syftable for

implementation of the present invention. In this embodiment, a cold mirror reflector
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t he apparatus. The system control |l er executes system
control software including sets of instructions for
controlling the timng, supply of gases (e.g.,

reduci ng agent gases), chanber pressure, chanber
tenperature, wafer tenperature, UV wavel ength,
intensity and exposure tine, and other paraneters of a
Paédks e difinish tBE BSRlencOloll X radigiiiphl bethe ma@@mm ;ﬁtmitte@ [0

devi ce oci at ed th. the cont
TRl P SIS Bhpar R Eor JRB0ART TepraaTy STHapLor e
V\ﬂfbimm@maltllp&q%odeﬁﬁir@sfta@@ﬁs aasiasle atadppdriths efahis irnkhtésn. Also,
The user interface may include a dis scr
griip Aigerarmés fRigios Omhgmaéeﬁoroqﬂr&%@ Oéﬁbawa?'eﬁa \af<la Pod type

PIOfRRs. RN b hﬂiﬁr?cnt t@'ﬂl%sé' 8801ed RMME artl ¥t B Prisditsles @Ppicted in
poi nti ng devi ces, g ards touch screens,

mF&%hmﬁé§lsoé?%PP“F@ pusRérfl5fput er program code for
controlling the processes can be witten in a

c dPRASAL i onaRefewsing ip Bieuiedaprdsital 397 &ﬁ‘%t??ﬁij‘?ﬁidmloé’ﬁé SR of a
HrocREHRNEMbESBE. nwm’dolwaﬂﬁ Ul@ﬁ)@ate@app%bﬁate@%@@é pedestal 303 to

Fortran or ot hers. Conpi l gect code or script is

expeunit ediagn offhe wa%b@gbﬁlpwwe PtBIUN QUi pREIR desired
' qwgl'eﬁétﬁéjfrérﬂ UVEmBS 96 #1013 15 098681 Fhapabstht @V light source

noni t or process may be provided by anal og
anm#yoncldfiegblttaire o bmtecb@nme@vryo\ﬁgordﬁ Xenea 1Ry e@ﬁher suitable

C%H &)u'c% mcl-ﬂb e%lteglﬂ l§mB & QlIlEng (lnrlgsef:sr@ ngﬁ‘f'rﬁéslasers
are out ?1 And @I gl t

camngd mble Nsrlambns Maad@pdthD oBoth ;b@mSéQQl Qﬂ 3 Umefqumed with
Syr?‘r? c{nés ?67tan %7 {’éh l?e%dgre[ﬁélg&ﬁ ut o ?188%11%]311&?10111 NR FQrs

ious ¢ er conponent
Sp07 ahd B Tiklﬁapﬂhemmhﬁtes btk mau:q ﬁomé‘co‘rdtmirb@”matdntabni &.,chey may

?%T%%%:%SI rat hgﬂnpﬁi}gﬁ???re%at@gradcaqngonents necessary

Ve processes. Exanpl es of

p:@&[ﬁg‘s su Eﬁ?gtﬁolgoe%%ngtinggdﬁ{?n d’afn@ a%{pst3g§ §ndj§ir9919%11 as that

cosfléctdd feontleflefromSoTiael 111t funtherciocidgnt hpmttaaet ofoniﬂercmrs 311.
cade, and UV ra i atj.on _contr.ol

b5 O™ e e ohE o Srter s e B Uy yeyelgnaths
P ethitQFddesedfoPhe PEPSsed bf EutidgitievEift dnahe aaﬁen r Alil nthert radiation
met hods descri Bed above gOOO%O%I t sho @
uniaelrdipg ¥iaibfapad masPainylarly thts BF‘@P’é‘ﬁe this §iPE o0l s

ONdirod) EXATRE theQfafd iStlitaRBloflyWY tRise tasdernpitiduha canelthe

t hat ot her desi gns may be used. 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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sem conduct or device should be transferred fromthe W
modul e to the barrier layer deposition nodul e w thout
an air break. This may be acconplished on nultiple of
single tools. Exanples [00069] The follow ng provides
exanpl es of specific inplenmentations of the present

i nvention and performance data in order to give a

b émplementaiber theridvangoromay melidevenfigiationsas describeshiteredmof

oSS S0 B A R BN BB, n e

eryQdnhdrBiidurgCehtues, Prodecr hthalNldBre\ANemJSMn aépplldfddv[atenals of

duci en Nl -13 abso i.n t
oviini R Chrabiiony by Do RrbfiSe i PERRRm AR gh 2"
o edr ER@drhe fobiefrdth Naddimi Sgstany liex posunriese] CAUV
radi ati on can potentially renove the residual CW

or[g(ﬁls'pp I e SN6kd €hat Geﬂﬂﬁﬁg}glsburcd confiburati@xaHdues 3 senly an
curin essures 600T) ord

r oS melr ebe i BRSSO Br Piendtal s rcterpleHFE gllamb e
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i nconpl ete renoval right at the edge of the wafer,
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¢ hleTeﬁ §ftpa)( y&tﬁ% béfh % NFCon'tAr‘loilm %%\9 ﬁ%l)&ﬁét@%sﬁg%gﬂ{e%fer sample

Irec asna p ocess I n-sit
p I igelideedingetiters thattchn lslodalsceﬁlons'blﬁ Gghd ditom reaching the wefdr sample

[ o. For the n e n
e il S oF BEniCIE RO SBont b i S Y it et
:\Inkgahr@wmﬂb@%ptléhl l&blrhta(brﬁhte sidhyes migomgbmeses sty amcUﬁl@rs nChe

; cure.in NH3 followed b i ne
nt FSSEh S bt SR sghhe CnBo o s Tl tgyroes
g\/(ecgu rn?eréd?y aébot Hiﬁfptvs aten®s RRPNE. defritifdamina exdmdeﬂﬂdeﬁstc )
r
asevxrzrglva% theour;e 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.

[00061] The apparatus also includes a source of a reducing gas 320, such as

NHj; 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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tests involving a reduci ng agent and UV cure was

better than the direct plasma process ("in situ NH3
pT"). [00073] The results presented above were all for
30s cure in NH3at 400C. The actual tinme required and
cure tenperature will depend on the requirenent. For
exanple, in the case of Crenpval being the main

I aQed han®y tdevisdsant ene o mes poeessEes Shdoprycdssor mwg dncluda a CPU

rgﬁ%%{qvl}‘g?ﬁraﬁélg%ggd‘ég mgaﬁ ! es?ou‘iqu?g(()jnn\e/cg%x% é%‘r%éér oQor controller

beodigLeic. [ 00074] The data are presented in Flgures 6
and 7. In order to evaluate k damage caused by the
Cliepas3|ng pPripeetdin ehbalinbhth asadnpolize e@srolsrullof thediatvities of

at nosphere was conpared to an in-situ

AeapEriie. g e R Rotroer s pen e ok SR P iR E SR sey
t beRbedtivhs for @ontroling ltHégmﬂﬂgmlp;ﬂﬁdf ddesqelp e redicin@agrgegases),
u5|n the NH3 based UV cure 30s was .the |

" esge, AT PR S TS B LY APFOgE imensiy
p |aﬁ@€§&>oﬁfr@ﬁlﬂ§ Sand bthef ﬁeﬁﬁmeta@ of hparfrdulldR pelaks. [@Otes eﬁh’hﬁﬂen n

the tabl e bel ow suggests, ver I|tt e carhpon | m?
s EgramStsterechen Wﬁ%(sdé?ﬂ‘c?ﬁaéiqc e GRTrEReT N %iegioyed
t he dnWntbod@n@age: pT condition Tlne isec | Si-CH3
conc. |-- bonds:cc) Post cure
[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.

- [00065] 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

apparatus.

[00067] The system software may be designed or configured in many different
ways. For example, various chamber component subroutines or control objects rﬁay
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. In one embodiment, the
controller includes instructions for performing processes of the invention according to

methods described above.

[00068] 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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13. 67 NH3 based uV cure 30 13.67 H2 LLpT (4T soak) 16
13.24 . [00075]1n order to evaluate dielectric damage
repair (for k recovery) a 2.55 ULK fil mwas tested.
The treatment involved annealing the damaged | ow k
filmfor a short tine (less than 1 mnute) with NH3 at
about 400C fol I owed by a short UV cure (less than 1
megmit@dadtoadeoice skﬂcﬁmﬂ)e tramsfeired fremalnmllJté matiglefp therberrier layer

[ this, | eads.
N A
aginglodls. me) . Post-trench etch processi ng [ 00076] The
sane techni que descri bed above can al so be used to
r eCOoV€eExantples
[00069] The following provides examples of specific implementations of the
present invention and performance data in order to give a better understanding of the

invention. The invention is, however, in no way limited to these specific

implementations.
Post-CMP processing

[00070] In one embodiment of the invention, NH; was used as the reducing
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
130A of CuO 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 Figuré 4. Complete reduction of 130A of CuO 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 NH; 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
(NHj; based in-situ pre-treatment in this case). The data are plotted in Fig. 5. For the
surface cleaning process, a UV cure in NH; (as a sample reducing agent) could
potentially be implemented in multiple ways: single step UV cure in NH3; UV cure in
NH; followed by UV cure in an inert atmosphere like He; and NH3 soak (no uUv)

followed by UV cure in an inert atmosphere. As the data indicates, C removal on all
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| east some of the k from post-etch (pre-nmetallization)

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 wth a reduci ng agent and W

cure. Conclusion [00077] Al t hough the foregoing

| RMsRIThV Wi @ sed0Eiag agbasandi UDe durie was beteer thah diel dikatrplasma

pur poses, of clarlty of understanding, it will be

aﬁﬁﬁ?@ﬁ EFH%Pi%@Ftaln changes and nodifications may be
Lce thin the sco of nded.

DHBVaT be bRt aresEioty wertah FHant s W Delagg £ The
Ofacﬂuﬂllllrﬁ‘é@&ﬁlfeﬂgm@ Olrb tdnkjRradlre G813 Sepaﬁkdorﬁmﬁ’ﬂ@ﬁllrémm F o@f
the present invention. Accordin sent
A8 et TR o et R R R s
n Hosditsty bé Liseh] MRased Mlereitthol (MAdstAnd Serd Bitlel@rddaction

limted to the details given herein. CLAIMS What is
gllﬁ?f’ﬁ&'f’dy ;jsgerter EmeA“ﬁ*rt?f‘WSﬁt%? C‘?“cheﬁﬁs?f*g a seni conduct or

evi ce rising receiving. in a roces
cHAORTAl a sébs ‘&S‘h'ﬂ fiBtessnteddy fFegaires L%’gfl / af‘bor grip FY *8“

C "’Haplggb &gggd%y'?hé"&edn%ﬂfo&hse HRAIV bbsel BMREss Y tedGeiA®r med

therefrn a feature, feature having S|demalls and a
batmesphere %36 scprwgareme ap é’a%lihlrl-‘éa% PEOCR S i Fag)re & Aplicalgsd

U\{iafn@gé @hd lg%t fo}f"{ﬂ'ﬁ:rfﬁm%reg{eg WathS, rEJlQH@%gth aNd vaiugd. aCldnmdpe
amag eature I s repalre
using the NH3 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:

_______ : SlCH'% conc.
pT condition Time {sec} | {- bonds'ccl

: Post cure 13.67

‘NH3 based uV.cure” |- 30 - [ 13567

H2:LLpT (4T-soak). - [ .15 | . 1324

[00075] In order to evaluate dielectric damage repair (for k recovéry) a2.55

ULK film was tested. The treatment involved annealing the damaged low-k film for a
short time (less than 1 minute) with NHj 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 in k (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
Jeast 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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2. The nmethod of claim1, wherein the reduci ng agent
is a reducing gas. 3. The nethod of claim 2, wherein
the reducing gas conprises a conpound sel ected from
the group consisting of NH3, NH2D, NHD2, ND3, /125
tetramethylsi lane, trinmethylsi |ane, nethyl-

di methyl - or trinmethyl- am ne, ethylam ne, ethylene,
propyl ene, aeiyicdne, and conbi nati ons of these with
one anot her and/or inert gases. 4. The nethod of

C|f[ﬂ(i1{m7}3 V\hﬁgﬁddglh ttm:efogegghug irﬁ/@ntﬁﬂfhaslﬁd’éﬁ Idsdcsib&bia 86mhé aétiuyfor
0 a Co oun se cte rom, gr ou consi st
N%rpoﬁﬁmﬁﬁﬂtyégﬂﬁ SEeendings e P%e&pare@P thﬂffrf@ﬁﬂﬁfh%%esoﬂﬂd

¢ ddifichtionifdyedepridiiCed Wilhif tHGc GRS e abbéhded flaimEh @ should be
met hod of claim1l1l, wherein the feature i s exposed to

U\POFeSd'i‘aéfheE?naf‘? e dtenagxe Hays Smplmenting peihibe Brgesit : and
comssmis R the Pfesédt vh@on. Wre68inBlyt 1€ pfe8&h 6nbPEHiMaEs ArS to
NH3 . The method of claiml, wherein the feature is
e>b§6§@é)def‘°<§l s s ERfvVA NS ACHTBTTIG IR rd dheBrsifien isgot e limited
I 89 Wi dRQi18GOH heréln, The nethod of claim8, wherein the
reduci ng agent is NH3 gas, the exposure to the
reduci ng agent is conducted at a tenperature of about
400C for less than 1 mnute, and the UV radiation
exposure is conducted in an inert atnosphere.
processi ng operation. 11. The nethod of claim1,
further conprising depositing a barrier |ayer on the
| ow-k dielectric |ayer.

21



12. The nethod of claim 10, wherein the device
substrate further conprises a netal filling the
trench, and a top surface of the device substrate has
been pl anarized such that both the lowk dielectric
and the netal in the trench are exposed at the
surface. 13. The method of claim 12, wherein the
netal is a copper. 14. THL.ABM$od of claim 13,
further conprising exposing the planarized surface to
a Wiedlisailahgedagent and UV radi ation such that at | east
one of copper oxide and organic planarization slurry
rasi dua mdtkod dIfomenl 4 septitdndectsidel ge,eomptifing: The met hod
of claim 14, further conprising wherein at |east sone
K recowgéiyingin  PRctseivs khahtel & ednfitdhduGordeiice vetdtrate 16.
The method of claim15, wherein the feature is exposed
t QoldMidiRdd drbicdnBhidiREloRLIESEREA: Dyert RAQIng Gttt B@raagent .
17. The method of claim 15, wherein the feature is
exXpasednd Ratdd HadMigaldealsSal h®vitsg;, exposure to the
reduci ng agent. 8. The nethod of claim 17, wherein

feat ur gyjoSing ¥RASR G t10a FMudiAHAR M0 Uraantibmer t
at nosphere prior to exposure to UV radiation in the

presen %ex@%ﬁ#&@@sg SRIMGIdNGw A8 ctric dethagd BEhdREARG s Ripaired.

claim 17, erein feature is exposed to WV radiation

i B an ifehtmal gpa@nf[ﬁvh@;eﬁ he B90Q84Edent © agééuf:iﬂg LAt i on

inN"the presence o e reducing agent. 20. The nethod

0f3 cl a‘rﬂé A’lbth\g@ GF 95191 5,%%6%?{@12 %?dﬁ@ﬂ%gﬂﬁgitoﬂlggéegwbgmpqund

di"él ectric conprises of claim

e AL OB AR 938 8 e A o
Setgtjracr:noeﬂg' si 1élr?er, trgr%‘é/thﬁglang?n ryil-‘f’ idllpr%:thyl- 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 NH3, H», and combinations thereof.
3. The method of claim 1, wherein the reducing gas is NHs.
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 NHs.
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 NH3 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.
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receiving in a processing chanber a sem conduct or

devi ce substrate conprising a planarized surface
havi ng conductive features in a dielectric |ayer;
exposi ng the planarized . surface to UV radiation and a
reduci ng agent; whereby planarization-induced damage
on the surface is repaired. 23. The nethod of claim
220. whéhempthohef daiml lewheriem thofepturesie s tranch etched in a damascene
carbon-containing lowk dielectric |ayer. 24. The '
mptdeedingfopedaiorm 22, wherein the conductive features
conprise a netal. 25. The nethod of claim24, wherein
oXilde Thke method efkldimolfiirther domipmising d@bsitihp @ bakiehlager@h the
claim25, wherein the netal is copper. 27. . The
mesvhadieddctrid layem 23, wherein the carbon-contai ning
lowk dielectric conprises CDO. 28. A nethod of

f apm Nnghame@od 6 ONSHCI0OWheteMithedevce BWsirsik Rfthef &Mmeridesty
in a processing chanber a sem conductor device

S Whed] i@t the trench, 8% R@SP NffadelT 1feQ¥ 120 BHICAtOhastRYi FiBnarized
substrate to a reduci ng agent and UV radi ation such

t Radh (RAtPBBSHS 00~k BiEERE aflPRBER ] B thOBerRh HIcGRPELE hiGhe
devi ce substrate is repaired. 29. The nethod of claim

28y reMerein the substrate is exposed to UV radiation
in the presence of the reducing agent.

13.  The method of claim 12, wherein the metal is a copper.
14.  The method of claim 13, further comprising exposing the planarized surface to
areducing 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 15, wherein the feature is exposed to UV radiation in the
presence of the reducing agent.
17.  The method of claim 15, 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 thé 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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30. The nethod of claim?29, further conprising

t hereafter exposing the substrate to UV radiation

wi t hout the reducing agent. 31. The nethod of claim
28, wherein the substrate is exposed to UV radiation

- followi ng exposure to the reducing agent. 32. The .
met hod of claim 28, wherein the sem conductor device
suibst r Themeéthod bdaimafpfurtherscompnising HeposiBiBg a hiraentaydn od the
of claim 12, wherein at |east one of a netal oxide and
amplanagzdisarfacesi due is renoved fromthe substrate
surface. 34. The nethod of claim 22, wherein a

r@gj dud m&hddestaving 4 eemfitdnducoddel icatemptisih@ce. 35. The
nmet hod of claim1l, wherein the feature fornmation
conpr i s6ivingd 6 piotéskigg dhanttic @ Benficdtidaitod degick Gisicate
dielectric layer on a substrate; and etching the

f @8fpFi@nd Qrf)lbllﬂﬁizéﬁ ShrREd Kdvingl RY@Ictive BBtured iEa diElebiae 1296r;
claim 22, further conpri sing: form ng conductive

f eat ur ggpokiig theGANRRAMGAITARItH UNVTralli@iénkand ia@t 6k iaGenk;ay €1
on a substrate; and planarizing a top surface of the

| ow k Wh@ﬂe@yﬁ?lﬁﬁéﬁizbtﬂ%qm@@@d&rﬁz[g‘éld)ﬁttﬂeVsﬁrf_E&ti?FeipﬂFed. 37.
The met hod of claim1, further conprising:

5)09@8? ugﬁ? {?1%%15? Efe g%\ﬁ}l %gf)vggﬁlrngﬁe @eRithiy bahprirss AGLMIn-ddhiaRing
low-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 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.
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38. The nethod of claim 28, wherein the UV and
reduci ng agent exposure reduces oxide created in a via
'silicide such as N Si. 39. The nethod of claim 28,
wherein the UV and reduci ng agent exposure reduces

oxi de and renoves organic CWVP residue froma

pl anari zed netal contact. 40. An apparatus for _

r 8pai r Thgmpthod efdaiimiziy) ederetidhagaiondatgaleyico substcdtofurther

devi ce substrate, conpri sing: (a) a
preompfisesali@pdber having a UV radi ati on source and a
source of a reduci ng agent; and (b) a

cant r oltheéme®odpf ¢15imN R, pheginaiidastohé bfd mewkoxiderand an organic
conducting a process in accordance with claim 28.
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 dielectric layerv 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 claim 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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