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Generally, the present invention relates to the

par 1 cunriiiod B SURFHRE FGAF EakEnriivg iR gerppomve

| ayers i ncl CHARACTEREITACS ONTORIUA ILOVH-KDIELBCERIT | C
material having a low permttivity to enhance device
performance. BACKGROUND ARI | n nodem integrated
circuits, mnimmfeat uF@gH'sVi[% IELD-h as the channel
I engiehbra@m the ﬁbsdnt drfvereion relaﬂeﬁ)tottheaﬁnmaﬁdrmfmegh&ueuafueamhieﬁlore particularly,
to Iht' ?orﬂﬁﬁ)g oP Hl@tal aﬁﬁrpﬂye;salﬂglﬁlmg anﬁt{taq Q)ﬁbe%lhe%qgtjo aydlélég&lr %%f zﬁ%avmg a low
per f ormance o ese clrcuits In terns ed ‘and
PergEREY tghrathAsYiFedRomace he si ze of the | nd| Vi dual

circuit el errent sis SI gBACKGROUN)Mﬂeﬂuced t her eby

| MEAEHofh ol KRR Sy (NS 305 Sl of i e
trafsigtowsy @W@é@d thy dﬁrwu@m@@p Fﬁngearhplybymmtcremglgwn@nnance of these circuits in

ter\6H side@ bl po@érrcﬁﬂéhrhptﬁﬁ EREI Szl of the QiR CHARSRHents is significantly reduced,
ent ese i.nterconne

R ey b e L B B BB AR VBT Rl foor e fr
intexeppgnit lingf eleptrigillyabimecting the indivElua pacd elementf drls@decreased. Consequently, the

duﬂeﬁ‘s‘ﬁfn@&ﬁﬁe@e lﬁt‘émgct Bifes Rdvé WL ;edlﬁlacﬁtmé&ﬁﬁnﬁt% %Y b ge@ﬁjce@ﬁﬁount of available floor
Inlnte edc|r0|ts havi n

|
SPagq W@ g F‘bﬁ%reaa? ‘-‘f 8‘3&%&3 gt prajudied %’?‘ "%lp-l ﬁnmteﬂaf?g cifoyitsihgying minimum
dinghsicie vf approgimnttlp IR PEELa lisitiig ect@iof tdlce pérdpRgetis B8 sigl Jypagation delay
caug&]%q)zeﬁg SQ%Cth g;i a %gljﬁ%g oisfieglﬁegcts ERS é’lpg'h o g@ns ZOE gurise ttrgnrsistor elements has
nows reaghehl- 58 i and lese i tiraavh éwe@eratsat ¢hsiapad plopagation idelaytiginanignger determined

by 91@ field BRISEMRSistord, Bﬁtls ﬁnlﬂﬁd %’wﬁ? & thdhQRAGThiRSR d lt}aéf tHeRir&¥Rs, by the close
det er mi n el d effect tranilstors

e
prg G e e s b i e b b B oot yit a reduced
condfictivityeof thee tinagideegio thblyrethh:ed ThspsetioRd apn.oRleprrhsjtic¥C tinke@onstants increased by

thelifRfeRded %ﬂ@-ﬁﬁe Jaﬁa@@aﬁee aﬁél € GigleN el résﬁﬁn&e?m!& dB?ea&@FB@ Gdrﬂ'p@rﬂgtgd for without
I ncre atlon w th a reduced

the 88%}13%%03 RaA o f R el B ey oduced :
cr ogsdisiectly, mmalhz@mehyersﬁmefomd bsa dielectrid@ayed staek @ intdgafot Sample, sﬂlcon ‘
dloklatg Enﬁﬁo? esﬁlcg}ﬁ n1tr¥dg %wﬂh %Lﬁrﬁtﬁlﬁleg ‘Jhé %lc‘élomgtéln Csifi ! @ﬂ]ﬂ%ﬁn%lbns 51gn1ﬁcant

[ i ne resi stances may easl
eleﬁ@w&&ﬁ%ﬁe‘tﬂg@ o?urrew 1dpisities: ltt%elqgrffnl%ferhbx F°(BPPf’o‘f’hl“é‘ I gysignificantly lower
elettijqaeregdtanoe b @fghed lthefneat co‘nd).fcmmy @nd®ligtlel tezigtivitOapaind ¥RESmigration. - Although

devg; %Féégc'teplgf’il }n)% ﬁc@tlt Ik]El lod} de%Sé ?cg)?gr as ftl%rlfq?a%lzg%ln metal for devices

ctric st a
havi el ticte OB 1m 2a6} s cibvrmjopty s diiarhllvatie ichhipblised amé well-known

dlefeéfu@d Iﬁﬁérlaﬂeaillﬁebn d1§|1<ﬁc€l@ @Izﬁami GBHEBn %?th;iel?lk Lg) ﬁz{vg Q)' Je r&)ﬁl@@td by so-called low-k

ectromn gratl on at er current enS|t| es,
e B B8 oS e SR OB G g B, Th wansion
from othe r wellednevert rahd aillell{‘eﬂﬂalllﬂlbmrhﬁmmuﬂn/shilc@h @foxid Gﬁdﬂlzatlon layer to a low-k
I. |

dleféa{;&g&?}%% l}ﬁét%lgzta?%ﬁa}@r@wg%? 1shags%§!1t§(f \JvM'l é% i})'tf [egicﬁ%s St at must be d)?alt with.

si gAPT PEEPIE| SPPRCFrFEy et by dappifpd imn@glaeb [ﬂﬁ@ﬁltsa@ safficient marer by wel-
estdbidhed depasiion ﬁi&hdﬂ&tsﬁﬁh as EherhicAll @apoCBositidR VA duigioh MR tcbisper n&iy%&sbe efficiently
pat!{glﬁecpb aFflls rcpgl?n prg"c%ssé%f an(} aeréi‘cr)rle ?wl% 0%41 %ﬁlhsaT 8%&1&1@?}%‘ i em}}idyed in forming
metaRigagior} layess, inayding enper Toxicales iyl fhe dar@ipcepgigehaiane, the dielétti laybe s deposited
and(thenpatRined RaY fenbiRs BRI Vi RlaArEAbRYueR- MRl Wi, &%J‘platmg methods, such as

oo EE S SBIGATFOR, Dary ey EPE brries 1o Gersipgount o ‘overi
is requizgdgind pegessitafes therpubkequensrbthovkind v eevad coppbrl Feseadinigsivegcess copper and
alum nunisilicon dioxide netallization layer to a . '
lowk dielectric/copper netallization |ayer, however,
is associated with a plurality of issues that nust be
dealt with. For exanple, copper nmay not be deposited
in higher amounts™ in' an efficient manner by well- 35
establlshed dep03|t|on nethods such as chen1ca| vapor

I L L,




10

15

20

25

30

35

40

and then patterned with trenches and vias that are
subsequently filled with copper'by plating nethods,

WG amh/061949 el ect ropl ati ng or el ectrol ess pl ati nRCT/US2003/035272
order to reliably fiII the trenches and vias, a

t. of fill" 40 i e ed and
et allply et B gﬁ%@ﬁbﬁ Pk B ehaapaggia poisting P
hagpypyse to beRoviablegmuress igghtiqve, dthaigls the oo of Guadr YWhe materials from a substrate

surdf0O4/ s%&&ﬁ@h@i@ﬁ&@%@@%ﬁ%@t%&h atff@ﬁfl%lgﬁﬁer@gxg 'nh{eﬁaﬁ ;?/agérryis a quite complex

gl anari zing the surface of the netallization
®S&heni cal mechani cal polishing (CMP) has proven to be

a viThbkimaton berems dvechat cruplicagt vhaugbw-k ldilesttnmuedal Bfrovided instead of
theq’ﬂa? kB8wn'tBiSn Md@ rsin@é tz%f:a'il?magr gelr'tgg' Bir tﬁet 16w- k%}éf f:tf}g I%atg}’lal significantly differ

ficiently
frogthqs¢. pf t]ilfgml‘j?f{j‘é?ﬂl‘%‘h ‘ﬁ@“ﬁ%}t Whereghe meghagicd S'iaglhta 15Cﬂ911qe’@ed Since copper readily
d1fﬁ1@mhh @ plurdligySde . didectfib enat‘ehﬁly Qibdaly o EE GRURS beNe rlay&@ laf® provided prior to the

de[gor s !aﬁctgg goﬁwg?r ccl1 the]ge W-lel§ lz%lgr? :h%%;té&%] rgI? ved, Slﬁn% ’Iwgg( f'ha é:opper to provide
elegirigpilp insyigsedcigtiognneds émep ramb &iat. | Ewicalf baprfee matovialk sebh @b Gotaluingand tantalum
nitfd} &hlbf&h s@hfﬂ:ﬁ]ﬂtl& ﬂlfgﬂeﬁ"hlirﬁne@ tlﬁaB e conEerhﬁth ngéﬁst‘a{ a 15519 ﬁep of the CMP process,

resgetcll‘g Ifroctess gamgtgx’ﬁ Caée EZeategl éc? ﬁl&t%m Cao%lgtg}ent}yela%q regpovaalr?t? Jgeégby, however,
Jeopfrlidlangﬂhmlﬂlébdmgg soff logitedidetricingterielt Snkad eertain Segadel of o@nelishris required to

relﬁﬁj’r GusibAd 1t BlividRY GERhAlafd ﬁ}fepﬂ‘brg @%Q:h Qﬁl&rog s&lﬁfc;a%lg)ohsh of the low-k dielectric
sitio per an hese arrl er ers ave

irAD 354 iR BEPeLPO (o CHEPRE BB GFed e Yotz e sbsvate s,
Thefimt trantleadnl yias maythategigbii atuedesicd naisthnck vataSonaiéto\fiu@ations in their cross-

sectidii a?c%i thbx@w rlacﬁ[rmgﬁagﬁﬁe' }f?(lcg'ss m&ﬁﬁ‘lpbe%g‘c cBr?é%oﬂ{l%@lﬁﬁ

tantal um  nitride I gni f1cant

har dnBEker ispg pf Pi‘f@mt"é ﬁ'ﬂ?e‘f’wé‘dhet‘eﬁ‘élf lay%rt copegrg fhe %Otﬁlthoaerhy technique, as
espgdiadiy the Harhas@ne«GbdRniprea@RBS the fr@st@A Of prac@el FQBLBS trenches and vias over a low-k
dleféém@ﬂﬁérﬁf 30535191 §1ﬁ!11§%3ﬁ1§ﬁ1/ r%t?ect%tc&)pg} %1o%yf%dngeh§eﬁttb% %n ani 1-9e|'t11ect1ve coating

removal ra
(ARfRde PWIFYn@H%fOVerltEﬁALOW kdtil@w%tma‘feealrratmqnar e iapfrefegion of light into a
pha@esiselayer Brgd eethOAROWEPOl | sh is requir ed to reliably

I ns%l@lt rgfelternzg te ?%Elr\é%q qel(l?c attg[ﬁcq ?0%? on?l O%(-)(igss tecéL?nglge] g{a gepttilging a low-k
dleleg%matgﬁaw@ngw bgfiesptp{@d Cb)pfb@qre lray sadqouductorstpew 400 apmprises a substrate
10 Mina/idehkefirkt QIR VEE la&@t 162 \ha\KrHl&\Sa Iﬁlﬁﬁl@ﬁ& a6 ﬁl@@ﬁ%@@{s QO3 and a wide metal

e nch e
el el TPl ARG RRRATT B8 o et o1 it some or
of ‘i"lﬁ"htnﬁ‘é Py elesirigally conneataditoeng lor mereefshe metrbregions 102 gpdi104. riKhe metal region may
be Edﬂ@f-lseﬁ Bﬁnﬁﬁ@fb@ﬁﬁe Iﬂ'ﬁérgl Bh ReaSEitumC b, TN gh, Rhivm %Q&Jn and the like.

er iss atter the Towk diélectric
04 Y et P s ERBDHT hgt PG CHAP stk nd.n soptisicne
mteg@‘ggé circaits| e ﬁlhedldanusl@en@z ey bendogypiésed etpLlbw-R Slietebtfic material. An etch stop
laerQbmtfbrfﬁQd Wer {ﬂE %Fs’c §1§1L3c¥r1cr l%gf %2%@ gxe trr[eﬁﬂx%%\@rﬁ 1%?%3’ Ifalowed by a second

dlelleﬂréq I@m i,pé smst@qlﬂagy ?olgf){l%g E))fr alvlgw &gﬁgrétlpg {nét@r,lab Bgwhich hlghly conductive intercon-
necCRs egiudaa tateytp bafor@aet i Appedpliee Iolw\kemﬁ@ﬁls Inﬁig u(cAMydfogen -containing silicon
oxﬂa?M@el dSX?OfH? OET%@ Bn-‘% Htgm{ng %t}éna? fuc §1L12 %er appropna%eolow—K materials

mnimnmze

are W& HrQ apdsthe lﬂgy&n aptiyrefiecveorgating éaygr‘R@ isdgpgqed an the second dielectric layer
106raf e reeiGeaskt C08Fs Q)h:iﬁﬁsonhlﬁ'dnﬁreﬂ@ctlt'é/&htﬁl@|1ay§101'0\7e‘?ﬁé IQJ‘E@lnask 108 comprises

opel%é%‘i@? aSEIFH ﬁf: FIP Id&%x?sm%g cr;f dz@uch %u%gcg&nlg/ Cﬂm—iﬂ)o&a ito theldtgmenélons of t%e lines and vias

to bs Epeddmiiesceond disleqtipdesgr 6100 conprises a substrate 25

10 1A|t}ﬁb&lﬂl1bﬂic&g fofofrthihSthe thﬁztnﬁlﬁ&&' s§uc‘:u?eyl%6 aslsggwﬂ iRF 124% Gf'!‘mt@/ comprise the
narr i Qns

ot B Map bl et S0 t? sBtculper et et rsions

plurallty of circuit elenments (not shown), sone or al

of which may be electrically @onnected to one or nore

of the netal regions 103 and 104. The netal region may

be conprised of any appropriate material, such as

al um num copper, tantalum titanium tungsten, and

the I|ke The flrst dlelectrlc Iayer 102 nay be
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oxycarbide (SiCOH), or other silicon-containing

materials, such as SiLK. OQher appropriate | owK
woredoeneas 35 are MSQ HSQ and the like. An PCT/US2003/035272

anti-reflective coating Iayer 107 is located above the

el ect a resjst mask 108 js

10F A58 R Ry v 0 vt Pl S ABIeHe by A S mpplsions 10, 104
may énsludg substentielly 08 saE pPIcess geps aowid e tgsibd0&eramnothel i, stop feger 105 is formed
by,ckbﬂ@g}ﬁ'ﬂl@ Q%mﬂzﬁl VM&‘ Sx?o&%psf%ﬂ}alhla ¥tclp§?Jpr1£l§1pl%5] & e& &% low k material so

g n ns of s.and Vi as forme

as eIéOéHHi cgringelfnlsei ep rChafgggeristiss ?fybq f&ng ly ?};}ta&gg élgulftgg layer Appropriate
mafegiplsriang gllltdme:m@lammﬁmhgat-dupecsmﬁcumtaﬂlﬁ@ ]mﬂleas&rﬁtwmhbaﬂons the etch stop
laygxl go4r ﬁa B rl&ﬁ) 51411(?'0% Jltpige an‘ho%_%gldge&)e{: icn ?th}‘l?cfsC ﬁzﬁz %Sa' relatively high k.

After provid ng e substrate
ThHF*’é’fFfeElﬁ FfiC@dMai?@?w lgp 109riviformnsd biredvariced: c@gqs@ﬁtsmethozs Wby spin-on techniques,
der0didy 630 oG-k WSR2 3def) %&B&tlm the #ethod foF 0Bt thAk Bhddielectric layer

10&"*0&‘5 ge%!srgl tB%Sech% prc;pgr?lesosa%ﬁ: e f I T njglys%% %Irzﬁlaclgl Xna{ dielectric material
suck 3p) silicop dioxifs- yAiieh the MIOE, phibe lg,)y-kgtl@qgglc &agen\iP§, |thelpati-reflective coating layer

10108 &ﬁlﬁé@ﬁﬁérénﬂhﬂptl&ﬁchaﬁaﬁlsﬁ& @lﬁre%a%djuﬂéﬁ%@ aslt §1H1H§IZJ e lgi@lgreﬂectlon for a
OS| 1.on

BTN e iy e
may e cogpprited OMICOII:FFF@ kypitidsntbe entica ehatatterisias @f whith may be adjusted by controlling
the%ﬁ@ﬁxﬁ@ﬁsﬁfcbrﬁﬁdoﬁﬁra@& 1n¥on§e lﬁy‘ep ﬁJ7|er1n% %%E]Qyﬁgo a\@(%dg&%pemﬁad ratio of the

grlasare silicon ¢
P G BDBL PS8 O U 4P, 801 019 LA PP mdex and extction
coedfiigring. oﬁakimmsy th¢ thigkie$sof the laygr 107 ﬂym‘troﬂeﬁf_bo ﬁi’ﬁ}ly Igich the optical characteristics

to € 'Tlﬂﬁe'rlﬁﬁéj m%naff lléyérggtﬁl {(l' tLJ blgfor EJ E? I:forrﬁ. r% Jt (r:naskt hOS. A proper
materials having a relativel %W rea e

ada@ BEYY T sleeryecotigg kyer 1 @1318 iewpeqially frareriay duiig £ deration of trenches and

viagl eypo Hie thighly rofiettive dstaDregibys KP) 140Nk e h@ér%ﬂ@ﬁotoresmt is formed on the anti-

reﬂgﬁﬁg &gfu{égaﬁlnl 0t7 hf@lelteﬁﬂathaﬁes 9r¥t¥' al%og%otsffaion c% tl%eﬁggcgresmt is 8elected in conformity

lrr espectlive
wit e gl ‘F@yférr expgs3g, they phoigespitirand the vadertiios entirreflebtive coating layer 107.
Aftpr piirt, | ti:Sphsto@#idt sl tReanibveopéll b i@k therrom fRI63 ﬁElu(ﬁng the openings 109 and
onventional dielectric material 10 such as silicon
di oxide. After the formation of the lowk dielectric
| ay Egure (B schempsicallpi shows gfe|serpipdndustor grirtineg 00 @yae radval@F magifacturing stage.
Opérﬁlfgﬂ'ﬁﬂ anwh @ &b Porhétiein ARt dichastop Ay ASL B LeSdnld Ql%let:tlﬁtg ‘ia@&fl% and the anti-
reﬂgcrtlgeg caoa n%% le over t?vﬁmeét rr?%;]o&mé(ﬁ gﬂ(& @gqrﬁ%)ﬁclnvely 1{ l?a?rler layer 111 for example
onpjﬁlgp&ﬂamglmgrpdgpmptalgm@pndng rforelx(hprpmeanutr#fbctlve coating layer 107 and within the

opeﬁiﬁgd 118 &fdl 1¢£tFquenﬁ&@EépBQ 1h 2% @lieatPefe oﬂm Bes L@ VgL bia@sh Qfess copper is
) ﬁﬁg L K %nlgrlde 4the opti cal aracteristics
as%WDV &y %@V BRIngs 18 81ed4 by controlllng t he amount of

si | Seuing frorg dreporfigtretibni of fFiguteHe, dnaytigrtroflid étchl Hifoteagis tchried out to form the
opeﬂiﬁé%olslﬁ b OR, theQHtl-Eﬁ&M\Lte)zﬂﬂ% ﬁye?‘ @@,C {hg io@qc dit %{rlg Il']aggr 156!1 gnd]ﬂi a?h stop layer

precur sor ases durl ng OSI I1on O
Lo, o frfhede déffe%‘ééfffﬁeé‘ fog %ffﬂ?eafclﬁxe%vawwa 621 BAFRPIER A B felsped to finally
obtaum&é bpecingsritl3, 140 dh barﬁtmaf it etch eoff Baye€ kﬂS%SIﬁbl@ fa sigﬁlﬁcahﬂwl&f/er etch rate than
1 I |1y BRECH th L
the ?:ngakr «ﬁalil%cg‘griéygxf)l ((:)é ?oqeﬁag !8{3‘ ﬁlre] rocess on an 1é1(r%lpe aeltc‘ﬁ| ag)/ layeg lg &’hlch is then
opeped by Hedifiiest 6tFlbI%rP°§fS ﬁ@a pqr@rrnmgomon gloxe h‘@am@sat@s, foreeseple to clean the

expdBBmetd) sprfa0PeTlthe réxaP10] 0@ ﬂhlearrffen@yeﬁﬂtl lisde ke ®Y hdSnced sputter deposition
tech?l ?%%a\{'}grgn ogern{h%ggn the > eesd[f] axateml giytheolgsp & OtP %rglt t])ﬁdrge{ﬁl y)goe fil I]ed in the opening
113y &4 @CQPPWE“"’FPE‘I(’QPOSW@Q PfO‘hS bap@B laydr041 isNelrdted. dn laaijiem-bafed layer 106 with
copPIn Qb @ &l 1Bdtal i aSblflgéﬂ@C{ar@iﬂnﬂ/tgﬁalﬁﬁ] hiric@ G fr&lusn@ g 'ilée}{ s the barrier layer 111.

coati ng Iayer 10 wherein a thickness and

conmposition of the photoresist is selected |n

conformty wth the wavel ength used for exposing the

phot oresi st and the underlying anti-reflective coating

| ayer 107. After exposure, the photoresist is then

devel oped to formthe resist nask 108 including the

openi ngs 109 and 110. Figure |Ib schematically shows

the sen1conductor structure 100 in an advanced
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al so provided outside the openings 113 and 114. 30
Starting fromthe configuration of Figure la, an
wW@niogoevaepi c etch process is carried out to for@T/Uk®03/035272
openi ngs 113, 114 in the anti - refl ect ive coating |ayer
| ow-k dielectric and the etch stop
Thrfgtﬁst WS sePreryiastigs FReT %‘W FARP 1 i &g G on e barie
laygf 111 praigieen the palk sqppar dsrdgposityd by dévtrgrhergivab tedmBuezny be

sel q:@gtuﬁdlc sglefnbtﬁﬁ yI d¥ 1ctpﬁ‘l£ Moﬁcﬁﬁorosﬂ‘@{ﬁhg]%ﬁ) VJI&I% cor?lr]iAted Illaalhzatlon layer

art he etch sto ayer
1B R e b o st By S SR PRGN G4, K. Asprviously noted th
ex@bsebgpet ofitte 1dyaryla?, sAd it Bigutelb, ﬁb:‘.n}bvéﬂtt@p}l\/m @hdﬂdllﬁﬂ?pl&hﬂl@@ @815-step process
is ﬁéﬁoxﬁfa&jtol eﬁegtlb%y 1%%18\;% tl’?éte%%ss e anc]'gl arﬁlgg &) surface ott tF truc%ure 100. During the

opene er ent etc proc orm ng
rempgyyal ophe rfieré coppEehd hegiesipspil ! orterie téymeel 118 @ncbt 1& &sralse tegoved in order to
eleet)dfmdlﬁ Gﬂulﬁf&hﬁéhb&ﬂfgftﬁﬁ‘dies(lfoni &ich 618G MEeolB3the %ﬁtﬂmﬂ&m coating layer 107,
typ dp@ly ngt!ngye elatli}g]e:l' hl&lé qcega?s ggrsgr:grﬁlc? ecclj ng\e/a%l 3? ed 3 u]iyt C@m.PIS?Bge the low-k
chaésﬁfctenettce?ﬂ the magllizatpn letyaylé@ h@@noxing the Iberrlmétyarl 11f endyhe anti-reflective coating

layéﬂ tlot, Qdeﬂta& dofoent @ptﬁé"dhél&trlc %@rlal 4 laﬁp 168RRY Sl c@ﬁp@r in the trenches 113,114
111 is_selected. In

mag "%3%3 Orﬁ %vgtg wgerfatg% Ideg?%ré)f eeﬁreEpﬂh Xl&% Beﬁgr}ds glgth? Wge crf iSfrycture, 1ts pos1t10n on the
subyiatepdurfacg sipée-theargmevalohte manvast agropst thmuhdtxatmdxamewr; @h@ thedike. In Figure Ic, the

,torvﬁqateatttha/ WERE @el @%r heer 1 B
re 1‘3418 s USG.:Z % %ﬁce C 11 e)?iéealﬁ than Vﬁ th\é\lestrate locatlon in the

V‘Ct“E-‘/ Efls“éed‘s e fiep 1 14 aD‘l?dt)B%te ‘é"é‘b‘&e‘thﬁ’gﬁé‘rmﬁ’ﬁa(t"f §*ﬁ&f\)th‘§ degiic layer 106, 2
siggifieatitt veriatide plhé knyed thizhnetshy loeuur dueto erbstopeds inkiictedBdi 2l hiich finally results
in b Q&a@ﬁ&h&&%&% olf $he qﬁp %ﬁstgrﬁg op e %Jel%ﬁ% 19§ h %Enppegéously noted, incompletely

techni ques. Figure | c schemati cal
remoxing E‘Bﬁ’btb@fl?ﬂ“’es‘t"'f‘t% fay5rd 07 s @og Rrﬂnlé‘“&ﬁﬂﬁ*ﬁ‘! ?éltcé éhe relat“’ely high k value may
restfe tnadubsitaneid] ivadintibra yie the phA&tid RC lithd i coigtahth @ te@askwith minimally removed anti-
refg&r%&)g&%@eljlgyer 106 and the copper-filled trenches

Erevrously noted, the 5 excess copper of

t he 1t bey dierefore bees jRespred fo IEpvilerdespedilic ¢ap lpverbrise ¢ By fDWPion of the anti-
reflefigs ﬁiat!ihgtlayﬁli 10Athktynad protekitiheuSdeBPindlo MK FeFecthiS 1a ?&@Hlﬁrﬁ [ﬁ@@MPQ)rocess The
corgegﬁ‘oﬁgﬁcée%%@tlto% oltn% ra&%{] o%alec)%ﬁg%%r %ﬁl e[mtlflrg eotive cHEDS| ay8rf, I'f'rowever adds
addt“i?é”é‘?@ﬁ’é%@@ép??ér the barrier layer 111 outside the

tremches okl ad'dde-l&éﬁﬁddspr@dleﬂﬁ 5 QbAAVEYerbrd REtl@8r dnOmproved technique in

ect e nei ghborl ng trenches from each
patt%nﬁér Eowﬁbérme%’\t/“é’rma%flﬁiy%ntl -reflective coating |ayer

107, typically exhiBISCLOSURE OFIINVENEION hi gh k val ue,

i's rl“ﬁémys@ﬂ invEhtigPis %&eﬂa@ ditdEUb ¥ mEREFYE %ﬁg a Ea? & l:erYél‘f Jﬁfftl:gntly protects
metalllzatlon er J;

h cteristi
the Joip ¢ FIRGFiG Ry kg F‘t??mrlé’gfélramiai polishige: Pr?ead ferally aélr’rwe@t pdjgstment of the
ommda:tlmrmgerlsticayiereoﬂ@fﬂtm a sioge tigbditioa mbanitier @fihobiheddy eddaptdoinflexity to the
iRbldlss,Of the layer 106 and of the copper in the
trenches 113, 114 may al so be renoved, wherein the
deg IAé@rdétfg t9) Qré:rlk]}atrqtlgh ?x‘ﬁ@dl@% ahigs préeenttlwént{oy Fgéne(t}pd comprises the formation
of & mnitigdyerr @ack oved a@REctit GPer @OMrB&l of QUBSk ldddeetriS Whik:aLl By formmg a layer of

sili !n rclff)%dé p&@r hE ggr\fcﬁdlek{ %1& ?ay V ar aa%{hgc%?ricﬁ Ie]xeyn%l'clie ?a‘)//er is t%rmed during the

I anet er
formpagipg, ofthe tarré of glicgn Fhoetieyto étetsboetd;nstsq@ v @ne ptist rhe@ctqrm@c ofethe multi-layer

stadR€o zhlt(gﬂawce Bdalaﬁﬂ@horiﬂ‘bﬁltﬁeblmfc Hl@lE&rld lﬁ’féﬁt ion int he 15

vi Ck m daggevrtula r?herlﬁ g'dt rebng gt Due %O Lo

reduced Hechanica SERHVE ERPogeptind e BiRest 1gveay loé‘t:‘t ppipod of forming a

metﬁla%qn in @ g w-lndieledtrigrafcrigl@pmprisesrtheadepition b a sfiigor diite based multi-layer in a
pladofa eﬁa{bl‘bﬁtsﬁvefraylaﬁﬁ ‘ﬁiéﬁldlﬁ’é»‘ﬁletl&v ﬁrd%fe'ct?t@’ma@eﬁaﬂ ng'r@c@&s@f’p&ﬁom is formed by

121, which finally results in a corresponding

variation of the line resistance of the trenches 113.

As previously noted, inconpletely renoving the

anti-reflective coating |ayer4107 is not a prom sing

option since the relatively high k value may result

in substantial variations in the parasitic RCtine

constants in regions with mnimlly renoved anti- 20

refI ectlve coatl ng Iayer 107 It has therefore been

N a o
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25 In view of the above-identified problens, a need
therefore exists for an inproved technique in

w@adoteerng a | owk dielectric material |ayer.PCT/US2003/035272
DI SCLOSURE OF | NVENTI ON The present invention i s

general ly directed to a nethod of formying a ca
hoipHBRErsg Fhessie R IRAASE BAES PoraieaRg: 1 HFereeie oo Hir filled with a

met£lUFihdllg] eRd3GHeCibdnd Bpatianvi baiulfddyersivreggvedinydhawiell méchamighlipylishing.
al lows the adjug %&uﬁﬂﬁm @PTﬁEﬁilﬁ‘E@{qN@s
ereo |

charaqterlstlcs n si ngl e depositjon

c haFisdrventiop reyibe wdeTEieoy b3 ERERIonEe %&?&P‘&W{g e%P“Pﬁ ggken in conjunction with
the Q&ﬁ%yhﬂg QRAWRED BeGEh 1IAG et Mghefals idbAEy likel elesibita bridiiwhich:

co n% egggtliz ﬁréenfagcaﬁg{hgv%’ grggs s?cgongp\}n%vxg r&fT %m%‘éﬁcﬂagl sEucture mcludmg a low-k

ayer stack over
dieletirigllayerttirat is pattagned in gesprdanpeth a@f’nVSEmIO’éﬂl\Plkceéﬁ flofectric

mat ﬁ%drél 2409 By @hdvﬁb’r@is—s&ﬁonaﬁ Meve Qﬁhr@l érhiBs OF @r dielectric layer
the Towk dielectri.

mclgﬂn*gl a&%k iilFlecﬁrlchﬁllaltu??cgog&/apcgwétF L!ﬁl%tra ref?ecaﬁn&ents .of the ;Erﬁent %entlon and
f or Rimtré Gnscipdnatidally klmyer dopositipl koob for dilasnd g@achd tvltmlrcélbxﬂpor deposition
(PE@QP#tﬁ:It sggjxprl)ﬁﬂé for ‘?c%mgpﬂ)ﬁlﬁ @Ap 1&%@ @&Erﬁ)@dl ﬁtFngreﬁa-ZE he

er stack so0 as to red é)ckrflag on_ . 6
f r oMbty dhey dixentionyiy saxcepfiple P aXPEP“S PATEREDS A B R fquns, specilic
emlfouﬁmtelhemeredf hai8 beea kliows bewiyad exampit inghe drévengp pralsiertterein described in detail. It
shovld ‘El d‘&oqd QOVJ;@& '?r%?'thQ Iiesgr@{um H8in%f sﬂ@ﬁ@ém%%br@ﬂs hdt u@ended to limit the

ectric materi a nprises t osition
invegtiagy tojtheopprtighlandone dhslewd tiPt Fhewalgrfé'fy Fhﬁ “5‘3““51
equivBlit Bld ANBEtvEs faBiySwitlintb uehiitrgd sdoge biote lavaliiel ®cikfided by the appended
) aterial. A recessed portion is fornmed by -4 WO
“ki%04/ 061949 PCT/ US2003/ 035272 hot olitho hy,
wherei n the mMOPEEHEQR CARRYEYS H’éié[lHEfIé'Wg (?I‘bn The
rec ﬁﬁ%ﬂve@&ﬁ&dn@éﬁtsioﬁthé hedtidniatel dedrivd bblo@ In MR tirdrest of clarity, not all features

of aéx:.agt%%ﬂlelg}g ex aggp &R escnbg«? %q}ng‘ S egi%%ag glf“iﬂg Efeco[wi E&! ?pbé;y i&Ld that in the
devDEIBERI manmo@ﬁctw@mmmwm@me nmlwntﬁtioeﬁp & desisions must be made to

achiéo“;dtﬁé &Q%rsb%e(ﬁ&f g%ﬁl? @&ﬁ a§ c@m{olﬁﬁcefvﬁdlﬂsﬂv&nt}@lat@lﬁﬁlﬁ bispikds-dlated constraints,
t aken i con 0

whlalf, \g% Vﬁré om; opy Wq eglﬁﬂ:&}tllmf(% apoél}e% rl\é%r ce/erhiI i aI precg;lted tha% such a development
effdri Ilnghteﬂean‘mpib)s andgtingt-cousugihg, dh: Wdﬁldg@p@@elpsabqa g routine undertakmg for those of

ordﬁlggmﬁllt}%adhlhyvn%%\%&ﬁﬂﬁ fisgabwuRnal views of a .

sem conduct or structur 1.NC %g?tﬂ C

| ay b pREH inteniparnlpws fe b prespt RS fafef B Atogn ae
Varﬁ)Gsnr‘égﬁﬂs Iaﬁﬂﬁﬁﬂuctﬁlﬁ&)ﬁ&?»&mﬁdn@m;or Bavigel rre slefiaedn ths dlvevivat 4sdavingyvery precise,
shaan ?{Y' eg&rag(ﬁ@ ax?i}%fheg ntﬁtlse 11@% tMﬁ! xg&glﬂﬁttﬁa@ rlﬁ]feglgy ‘ﬁ(eseafeglons and structures

tric InCUIn&d di el ectric

areppitag Peg@ie ap ﬁ\dlgg@dl? Bafewngs A 1ti1qn111]é{5t{1? nga‘il‘(;élzg%ga Vaﬁg'fﬁf?mres and doped
regQ)fxs &ebﬁte@ [netﬁé':‘dﬁﬁwmga\ﬁe@ﬂ)b Gb{ﬁggeﬁt&d or fb@uckd goo@paBed to the size of those features or

regéon% OI{T? E)rdca?eﬁ v1§e|é10\e@eve§thg§? Od?é git{agr{éd %imég e ﬂhﬁém descnbe and explain

por de osI t |

ﬂluatppveowmmse»f fhs rpreﬁ@rc w%ona rlm |Wf>r|ds gngrp f,ed élgrela é}g)tll[dl bg @pglerstood and

mtérﬁetgd 19 lﬁﬁ\%?a rde@nirdCoonsifend \ﬁthttﬁbalalﬂd?srfaﬁﬂlhg GMhdsSw& kS e pliraskd bg those skilled in
and .al t er nat

thegﬁltév&?tfart C lflT% éﬁ@é:gh%e%lﬁ?n an eé'lP énb ]'r)hreﬁ%i \; g déﬁm%or[]&gt@%fferent from the ordinary

een s
andfustemay pEa@ing @s Mde,rstqhdéwﬂmqsfpklamn thearthip ingenged %Isecmplwé HY gosistent usage

of ﬁt@teﬂh br phkdse hedddP Ui"odh@&te%ﬁa?ﬁ ?ehﬁ) @ﬂphrd@@i@@k’&lﬂad 16 Rt a Eﬂéﬁal meaning, i.e., a

DA P ok RS ob e e B P P By s
spdcifitamen iliaslefint®ed malot thay direcliyeand oretuivcafly providesi ﬂmsewtal @ﬁmtl@ for the term
Or%}?asgover all nodifications, equivalents, and
ternatives falling within the spirit and scope of

the invention as defined by the appended clains.

MODE(S) FOR CARRYI NG OUT THE I NVENTION |l lustrative

enbodi ments of the invention are described below. In

the interest of clarity, not all features 20 of an

actual inplenentation are described in this

specification. It will of course be appreciated that
in the

ﬁgthﬁover a&l modifications,
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devel opment of any such actual enbodi nent, numnerous
i npl ement ati on-specific decisions nust be nade to
wa@ehieye4d he devel opers' specific goals, such B&T/US2003/035272
conpliance with systen}related and busi ness-rel ated
constraints, ch will _vary fromone inplengntati
to WHbtekepnce ‘R/En‘gé’iﬁ% &r2e and FWF?g Pestratyp pabqdipeaty © n?ﬁ%?“%‘f’ﬁfdﬂvem‘°n will
nowﬁbe deviee@ PREire 28fafsaitontiicghitrubtere CoNg@MmenisevMgibstrate 201 including a dielectric
layer b(%eco?grll(sgd’lg? n(ﬁelecglé'ina%&i sqchrhg\ées‘{aﬁcﬁﬁl rﬁa%e?mlbﬁ';r @xa&&@tsﬁlﬂ& dioxide, silicon

ordi nary sKi |l n the art
mtrlﬁgq,qdﬁlg: llkhé’r Bé‘h‘@lf qhgle(@fc r@aﬁmpgl éﬁ‘% @Flg‘érej:rl@/er qq%énaﬁ F@%%‘Fﬂ a metal region 203

ovel W@ thefdh otdvia lis 16 G¥oRRedd s ﬁlfehhlﬁ[;i neded hltlf ﬁfeﬁ:h@_né: Piglires Iahi@ the substrate
3 SR LRSS DB, 05 U, SO0 S0 v
metdl yegiag r28% A.ggtc]agomby,qr ﬁgS véqnyedpqvgrcqhg élelectrgqqlayeb 02 and the metal region 203,

whebdthd St &89 1Q§3:§ 2@ NEhyle Qf)rhﬂrﬁecél of taﬁ}.ozﬁ)ﬁroﬁh(alté thfglial Havihd) @ hight bich selectivity

w1t1£{%$pgcg ?({Jfr\zn:%/gr \JhT éhebfﬁ'flc % er @%@?t d% suggan 1%% cgné]%rls%l o(i{ a l({vhk dielectric material.
Suitdlamatergps. forAitlel it leanivalkyey 206t1heef inchide bydyegersfopaiying fsﬂlcm@xycarblde (SiCOH),

por rSkCQﬂ-fS SELQ@tpUIrogsSSIEl@ dHﬁ’(?% 304 b8 gﬂk@”% gﬁ@la%res@cl{ @30t {9 @rmed on the

raw ng be exaggerated or re
dieleqirie %Yeﬁ éO%fW}’FW‘B‘sé‘ P FpPEEeng the F‘B]Bﬂ??ﬁrs“%cg égnp TRSE acIPlrSt layer 231
subfl@Maly e®mpiNed ef Elh&in&ﬂ@qde,t heecaid Ry @d2,dwbsidntinls camgised of a silicon-rich

oxy%ng‘%!e H]%%gjr&%tl(glﬁéglr i3§ ﬁa\/’f}& %ﬁﬁﬁéaﬂﬂlﬁedukédl aHl%&nli Qitrﬁt}/ogen atoms. The multi-layer

resent vent i on wor ds and
stac A 80 TR 677 PSR 05 B eber S G S d1oxde present n e -
laydr RheR il Rk fbdheif&mbmeeqaenme aniinge eerbdddtiewt Wi th the
u ndﬁ; S%ratrn (sjelcg d tfx r%t%ctl;%) Iia?% %ﬂé 295] Euﬂisﬁ% %yt?et Hﬂlﬁ ?ayer stack 230 have

ski e rel evan speci al inition of
respgetive thipkuspseyiif 23 & and23@  The aprA PO ETSRS QiR Emlige ] F kA deermined

by ftlfeox@p%c!ﬁee @ﬁdﬂhe@@ﬁ Yind %eaﬂﬂlp&liﬁﬁ Qi Bkey mﬂﬁﬂﬁﬁl NgeBS In partticular, the optical

chatB'JLéterllsPrs%1t ﬁ%@}ja &de% gto S k | cl exgmctl(r}n ct:og ici xﬁ df tﬂe%ecoﬁ‘c{ ﬁ}'%ﬂ% n§a9 be adjusted

n S S usagd
by breespidingly geltdting by traqynt th lsitigon anct leﬁquﬁro?onfgmfbfé@em -sA photoreSISt mask 208 is

fonhé@lto%%%ltLﬁyep UK 280 SREKH @lanu@a@ fdﬁﬂed ther&l THB dinf¥Bsdnb I')lghe opening 210

subgﬁiél?e:l[yéﬁrpeg]g)flﬁs W%ile dg%g%q%F) g)?f)? eté)é)‘a Fom%egtr t #121?{‘}%( d1e§e<'3t{1?1layer 206.
spe®iithirefaticom Figura 2def well 4sito Bighre Fammecess Aew fofiforaming [the semiconductor

mﬁt‘ﬂ% 2?2?1%%0}(??&9 kel 111|9§ngﬁ\}e(1§1§odm§ts %ﬂgl%gvaée delefieli TheQIbIEME layer 202 and

h hr
L o A e Ffrisl-essaplisied prgggss techniques,
which GpErel o3, thel thlelos toeiallivavien leyeb calbivkeslt I, 6 ekdrglepthe diekgiric layer 202 and the
me aP%’n&Qﬁ b narWtA L re&g‘é%onﬁctdpgﬁﬁﬁsl t@%‘fideﬂ&nﬁg '(::frcgliil reﬁemgﬁs sfth as transistors, the

conduct or tructure 00 conprises a substrate 201
formgtiep BREIeRES T2eY drcluflegrecess étep5|51g:§} &% demﬁém% %H:ﬁp fhg)g{lle aatil tupesten as a contact metal
so @¥ t@bﬁﬁﬁlﬁheClaﬂaIZM dndlthe 1Bt regi® 203. S tfalwddielebtriveibyer 2@l is tof ipresent a low-k
dleﬁac ap yer ’the%cl)rlreloél:v_ gmggﬂr&?és gtg S nﬁ& ln%lﬁcﬁ%rlum{f]ll ﬁr&,]egees 8%1 l;erh@scrlbed below when

ect dielectric
refetnez;getp RO wd RPIYe °5‘hﬁé‘tel§Fm? By 3R6- 263xt S §fely SiQRHfiyEeH205 may be
depfdsifed, SR CRantPle, ¥y Pladn ehidnd2@ cHedicABEpor Apoffi@MPBCIED)yfrorDdpgrdpriate precursor
asWlth reference to Figures la-lc, the substrate 201
%y conprise a plurality of circuit el enents, one or
mor Eigak vibliephticatiyydebiets @|PEEV P itash PROyin eommBedappnps {redeposition tool 300

corﬁ'ﬁfséla pFo%&é Qﬁmgeg 301 i@l G aShORcilaBVGheard3D2 it if @HIBEEd to a power source
over the dielectric I%er 202 an the ne

50555 SRR RO SEYOT BFR VIR 58 > SO Sagve ssembly
300 ittathy Py dpntica8®. rat @rlétdD6 hawminpapddgo Miitghle wpanh (not shown) configured to
renfo% gagés 2%& B%F]rochtg @roﬂl %pﬁ&gss tcﬁ’am@& 3@‘1’ %ﬁd %'nﬁtgl’caﬁﬂ e?*e@tﬁxte& bx@ssure within the

I'S. substanti al
chamb@rl 38kt Furthermere.dhe dgpositigmiod 4pg %?@Pfésemﬁuéﬁh‘ﬁtﬁ P’%‘dﬁf ot/ ?H%é’-'g“red to receive and
dielectric |ayer 206 may include hydrogen-contai ni ng
silicon oxycarbide (SiCOH), porous SiCOH, SilLK
porous Si LK, HSQ MSQ and the like. A nulti-Ilayer
stack 230 is formed on the dielectric |ayer 206,
wherein, in one enbodinent, the nulti-layer stack 230
CPnprises a first Iayer 231 substantlally conprlsed

- S N NN PN 1 a4 .=
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The first, second and the protection |layers 231, 232
and 233 of the nmulti-layer stack 230 have respective
wao hiogkemwgses 234, 235 and 236. The opti cal PCT/US2003/035272
characteristics of the nulti-layer stack 230 are
determ ned by the respective_thickn
ol HEERIe o ol PG Al ST R ey € 155 oA e 147 mey comprise o
confidliigblOtphterc3ab fo? &alﬁtbuamgmt empEAtiresf, tl_nesghshate@l witldhe x spefified range.
r ef}x@eg %%‘%El% lﬁ;ﬁa %I 'orpfﬂe Qlﬁ%@fate' h%ld@ﬁm lasfh!f' %nlﬁ&@ﬁ@gabhshed within

| ayer uste corresﬁ11n g‘ ¥
the aewChTE VAL %ﬁ’(%}?ﬁth“o?*F sereal e PRIGRATICPBTEER flparrier gases
to tﬁehﬁirﬂieﬂwlA IPROEET Sl 18yler 208 SKsuBBBtidllS corfiypisedad siticontchide and/or a nitrided

sﬂlcfnhcéagbéde laerﬁ%)%%g%ec%r%g)r r%ase% ,icfrfl% g%‘%@ﬁd@ﬁiylﬁ%ﬁf 62191%%%121 may be supplied.

subNexarite law-kydickeoie ey PAe ist fermedy éorﬁﬁ@}%%?ﬁc@f frgm tapReppiipfe precursor
gasé@rthéi'bb'ir dsRg Q.edef)&ftxﬂiﬁd)ol B dhbeh Ihomgdee 8li ebeadahple, sﬁlﬁyxﬁlfaseaﬂ&v-k dielectric

gl 8 SOSET 50520 B Bte SR G bacPentaimens
the ditleatrixt layer20B@8:y ibe foamaed by @tarnmeteqlwws fol theyeby feam, foreexample, a layer of MSQ or

(?@&}g egg 5 u%xﬂej | It ngl\ﬁﬁ Q@no@%@sﬂﬁf ihb ﬁxdsentTlﬂv%nt@h@ Iﬁ@ Iuﬁlte@ to the type of low-k
@g er anhd

matgf (.aﬂ‘dd A% @e V“se[dhwwe Y. Wﬁet)\(}\{‘l E’gﬂﬁ %}il%\% gg%}g%lﬁ g’g gla way tﬂe layer 206 is
marpfactered SSubeqientiygthe sipstraialdD thayche plaeed ipadepdsision ipplesudf as the tool 300, or may

be %ﬁ‘é ?Lédl »%ﬁﬁd 13 plo@e)é?%hélﬁpe? %bld@fle%qhe lobyk Jl&gctrfé)q@@pﬁ(ﬁ ha§ Bé%n deposited by

ctric | ayer

t he
PEG\EDrie §'é¢r?@m&‘6?ﬂe’abﬂdmﬁ6tr e ’BrﬁtéayfroB bﬁb‘éﬁa‘il%?ﬁ%ij’me‘ilﬁeg o St“°°“ dicide, isformed
frore ki@A® dShitrogehChkida INIQ) .a Metigt thd depositioe of fho silieni dmxxd_s, epmarewee within the
cha%géf 361 dréiyl{)g glagl[agngc? i?ﬁhe%’&ngp St 4 gﬁg)&nﬁéy 9 3 QQ{? Mﬂll DBiic !)1J stidn@Hitrogen oxide in

an tact so as to
the Gﬂﬂgaloﬁ appiexipgEshe rl/ 45005 antherche thieflay r?t%g’if 6’1‘11()%30}“% m:tyhge adjusted to
appﬁﬂxﬁlaﬁ@t 350@450&&&&1 200 Zhel ﬂi)wt lﬁte I‘oe ﬁ[a&ﬁfbl’ﬁpplaxdnmﬂly I60-100 sccm. The RF power

i c | a the e v 150-
st Ay B SOLRSPROE RS20 Bl 0 Pl 1050
Watih @herein thf @mpcrﬁtge pbth@ rbstiie A imeintaimertiwifiirt 4 1enga ioheppigkimetaly 350-450°C.

witdl i a%@wye[sb&lﬁle@}fﬁﬁme%g @ang%leﬁ(&eposﬁtﬁﬁ rﬁt; Gﬂhpﬁ%ﬁﬁaﬁ:@)@gm #R%cond, which will

deposi ted, far S
herﬂ‘%?ﬁ alsgbe \liezi‘fﬁﬁfl tca%*dg‘g fi‘ipoﬁtﬁm?gﬁwy f"?%ﬁi at %p? et ge deposition rate is
knoph @cadiacr withgaffieient a@brady] fguexemBe, b peefomtingcomt drymogketgst pips thy thickness 234
of %@/ep 3 lOrQAy b% Q&tﬂoﬂed‘%y %&Jﬁgﬂhé hd @egosm%ﬁ] BRE.- In bRer SPP@Rkd @B thickness 234

nprises a process chanber 301 incl udi ng a
may, P%%Oﬁ‘a(’”é& EY ffa’fﬁstﬁ’ﬁmf—‘?é‘éﬁ%en%‘@?‘e? VI &N ARRERPERT BgRsprgmegt tool (not shown),
sucﬁ)ﬁb\lﬁﬁElhﬁ@m&tére)ptlc:?om&,oupﬁdd@d’]thﬂﬁocﬁﬁ ckimbgrener at or. A source

R Sy ﬁ%fﬁﬁ@%gxg&%en Tef 5] &S b %%h \%p%sﬁonqgcg glrogelsJ ngl%r deposition

vaI ve asse S(X process
rateypgy hetobmBiG hyshe ol regres @argrmtﬁtr% bihe S’d@é‘% ng (ﬁtFo‘P a@w&e\n‘f) approximately
1060 fsécgithe Qlaﬁd}ntrdgam\lﬁ (1985 B:8o Rdhbyangr @ eipedxBnafelymotih 20, whereas the

{I@g gargme Sk aﬁjﬁgfedig gw vgllgﬁgas;:),erc]é ci ﬂ)o?_euiﬁtﬁh LIl(lvvr c?e?osmon F]ate process. With

e i ¢ cha erno
thixhamepristting, a@msxte@ete@émmm@e@yéo 3Unstepore & obigintfer 307
confpiigus 8d fdrRatloB GLIMY Secéiadayer B2 \WudB Geth Qﬁﬂ-%&med out so as to remove gas

res %éa?? é}t ggc/blggis tﬁ%ﬁ}{%%% cgﬁ)ogd?nzgr(%gsts eéel%(gel:j kt)hse ressture 1snad{u dﬁed to a range of
apr&imareiyy4-& Gorpwhibeurplying oittogen lab abrrier basatith o 19Q &atf ¢ffapproximately 7000-9000

sccrﬁa'#ﬂﬁﬂhﬂr@ the sh%e/‘h@rgﬁeﬁ %ﬁﬁ@fa@o Rfindtdd&4 SHBplokihBly 231 wherein a typical flow
hin a S ecif range. After rmuntl]g%ﬁ%he Su

rtson STt it Fiecense o AI-EO0 ER i U e SRR e Wit n
RFepdinab n 315 ashgw df hipproxihdigly 30GEOSWashwaittbére BBfrathtemperature maintained in
sub?tgﬁtlaléﬁ tllal?ge %Is: ngﬁl@%'i'é%ﬂ{%acgg itigl! gte}I %eCQb(%Qlon rattehof approximately 8-12

rra precur sor ‘an I er gases
nm@m%yé Iachmqfl f}q Previusha peters glf(?BmF]aﬁl}‘@?cmZ‘@gs pkthe multi-layer stack 230 may be
substantially conprised of silicon carbide and/or a
nitrided silicon carbide |ayer’, respective precursor
gases, such as 3Ms (trinethylsilane) and ammoni a nay
be supplied. Next, the lowk dielectric |ayer 206 is
fornmed, for exanple by PECVD, from appropriate
precursor gases, thereby u3|ng a dep03|t|on tooI as
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material and may be used with any type of |owk

material, irrespective of the way the layer 206 is
woratwadeiosur ed. Subsequently, the substrate 201PeEYS1963/035272

placed in a deposition tool, such as the tool 300 or

mai nt ai ned Wt hi the ess chanbe

gl TP B CENE A B O AL E A ABALY By B siicon and
mtrd@n Sldedtin thenecdndlapari2i Fod axilanenipogin mede (N.@)hgiofin the gbove-specified range,
the re%r}&f% e g’ﬁ%x ofstl%bégoﬁﬁ t1 g@lj i3¥ nﬁ?@pﬁdju?sﬁag t@& 2§.‘2 lSé %Qrthgéx‘affclttg@ coefficient to

ne and nitrogen oxi de (N20)
appwmatﬁlg 08Hrg- 9@%%?@9% el o Pt ﬁm&tat%&leaf'éo thﬁ (st layer 231, which is
submnealsj ltblﬁpriébct §i silicbn@oxide hexhibies rel3iidly maorb eptical dhtradidnitits iwith a refractive
t he f a t.ely T .
mdegc éhr? er P g)geo%gno f§1 dl% 47 a{ §73 %tﬂ mg%{ﬂ?‘%% ohéj uf/ for a required
thichyegs®f the ggt lawn é}leyyylch is p@gct{eql g\wcqogip@e (gyfth Wg@qe@g&pf é)iqbép@uently performed

CW%YOC&@ t@cﬂnﬂ%ﬁl@éﬂwé éhara&&ﬁﬁc@ %E {Eatrﬁitﬁdaﬁﬁ%k éﬁﬂﬁa}&ﬁeﬁrﬁb andbly adjusted by

contrlﬂ gF\;# “@t c%g@ctegﬁtbcﬁlaprgg F %? re(s)sx asgrr: lcér)l(dgllo 992 S(fn some illustrative
embypdisnaigs, 3@2h1¢kagss B ofdlierfirshflapies @3 Inis tatlwatpdavmhamgelgeﬁf apprOXImately 20-120 nm,

whé?e[:ﬁpfhg )fdu"@e%gsjlt%n 120p4x% m¥WBlel Bed M@Eﬁg@oft PerotifRRE Q@-tsdlﬁrﬁ and the high
substrate 50

depas,btmt &tﬁ T Y rn?y %ﬁslée Zférd%stang%\lp a%pa}{»{l}gat%m%\llgb 3162\%11%1?:?% thlckness 235 of the
secipd lagere 822k adjigted @, range ofeposiitatadyBor9dna. of approxi mately
2. 5In @?&rﬁﬁﬁaﬁ’ r%gt]bod{mégp I?heviﬁretéctlorhﬁ%? |2§}ﬁrstf§ﬁne@|o§ the k%@cond layer 232 with a

,referr to as eposition rate process,
grbiﬁﬁngliy ﬁ@aced S?rﬁﬁnérattqqé)f Hgﬁﬁgglefqeaﬂlyraéf glrli‘a@ 23& ItP(SVVﬂf %P'}Ch is in contact with a
phofoikdiatiigyer fainiel tirtebd. | THeatliced @itrugea Cyntenfsail the y@loe Jaydy\233, and especially at

the Qﬁi:ar:eﬁfﬁ.l 1&&1@& %!duégp 6:& evgn s%f)staﬁt't‘a?‘? C(gﬁd’@el}t %Joﬁg( E}S/Shﬁergc%h gfsa photoresist

be contr ust 1 ng
withjeifiesen, tﬂtnethmty qﬂerwwerﬁor@mwéqr%@ﬁ%a@ﬁeﬁﬁ Veltﬂtentwﬁthep\lﬁegeélst
234Thd’ﬁi(}fecb&1 16N 233Gy @l fobtyed df a b]ﬁsnﬁll tileatm B &Sd Hiteigendxide (N,O) ambient at a

pregswg\rx*ﬁppm%ﬁ%téﬁ 3t0h 3. (? ﬁ F‘tf)alrtg r I ag}%?xur %TE %0 4{058"8%, g i %?atrol RF power of
aprtdxenaptyd@@Q(sW@mmmn 80aw raterpf the mmpgen@mdq: (Nzg)sts sah tq approximately 250-600
sccaMRag! 'ﬂﬁ'%ﬁ;ve sﬂeﬁﬁ&ir Haﬁﬁtet&‘%etﬁ@ AnPkgl 296pasd ﬁrd)t&ﬂotf 1@}4319233 w1th1n a range of

Process, osition ra m obt aj
appfq)fgna{aem ]| ébwp ﬁbgaé reBlanam %Pt the sﬁ;fgéé SZI ? aanxga_](fr}ty %d tp %{lécon nitrogen
boridigscighjepistébly 4 sﬂtca:pqmygm ibprsitng] Yhe {@Batibod Of hOPotsetiomipyet PR may be carried out
mnﬁédla@@%ﬁé?ltﬂerd%ﬁpon%thg ?ec&n% o 2§23t iois in the range of

appr oxi nmat el whereas the remaj ni ng

par dFEtEPsr ﬁ%t?otﬁrém%&] dﬁ%"ﬁ% op e mylti-laygy A8k 2Vp Rk ilayer thickness of the
phaddd@i¢e ad Wellt d3@hel 1w @ p@sHotitic@hetaf, @ pleceinTonfilinith with Hhie $hotolithography
reql_fﬁ%&%ﬁ? tA%rpreé%Ls:l?, ddl&g tg%oggtlﬁgfg%&ét&fgncg %Ec% aQIhe 8! P }(elfr%B@AnM the extinction

n’'seco Prior the formation of
coeffisients BISH @S t}@y@}‘wd.gg Zhwkﬂesﬁﬁlﬁ%jl %EtSéiﬁd ﬁ%ﬁpf fthe nelgylﬁyeéaac&lﬁre adapted to the
phdb@esBSusédbo LEIVY@RIn @ Afinimiin Sdrieioa loB crtitd diayngiing drhedesften) the fph@oresist layer is

ex;f())segce dev% epgg ?oln% Itl%nOé) nrm%:ﬁﬁ regle Eh?r[n% % OSLP’!]% &@(ex%ﬁéé{to% of light into

'S a to a
regighy ¢féhesnhtptpte§;$t rdjageitt te dgeonening %0 eawltneﬁd glalsthlwweh regist rpsidels within the
opéhﬁF Qlooiflsoaﬁ&fe@lﬁ BBl Yand QRHNIAY ARy SeGeditedbHEENRMPRER avdidie
ne ati o I.s I Nncr

X
app g&rl @Ietgauﬁalg' Sll% é{i %elﬁll(:gldtl%/(g str%ﬁm? fo% w1t% an ogenfné 213 formed in the
muBilhyansack 230j the tolrek dicdavigie layér 2060@d 80 Otck stondayen 605t Iﬂi&altaﬂ@f layer 211 is formed

ove'i] 'tﬂe fnﬁﬁﬁ&yepattcﬁ%é %d%ﬁﬁqmgr‘ﬂhyan@ghﬁéﬁt Rgkr 2W i e@ihple comprised of

power. in _the range of rOX|nateI¥ gﬂqr V%tts
cowrt RIOEPE Ok B’gftﬁﬁw %Wﬁét‘)ét“tﬁtf“é‘a%‘t"ﬁt’ by &ith the gpening 21
S ubg‘hﬁdiﬁem@ 21 nidy e SamEl byang@ems of anisbipicprod pedisseg similarly as described
w1tg ?BT ge%l:e tt) g{%u% t1§ de ﬁle gzﬁ‘ﬁ&?&y&r qu vﬁlﬁﬂ ﬁta}oge &Q%S@%bm ngdryore sub-layers, for

second hi eved ously not

exapRle igPing atamelﬁ*attaéet“emﬁgtﬂt Ipyer, dsfthep H@POﬁtiP Pt Sﬂ“%F{/ dipogifoq [Fhereafier, a thin

230 may be -7 WD 2004/061949 PCT/ US2003/ 035272 tuned

by adjusting the respective tifi cknesses of the.

i ndi vi dual |ayers and especially by varying the

silicon and nitrogen contents in the second | ayer

232. For a silane:nitrogen oxide (N20) ratio in the

above speC|f|ed range, the refractive index of the

S NN PN o o T PN NN PN SN o
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thi ckness of the first layer 231, which is selected in
accordance with requirenents of a subsequently
wpeoohosryed CMP process, the anti-reflective PCT/US2003/035272
characteristics of the nulti-layer stack 230 may then
be suitably adjusted by controlling the optica
seed: fprampie FHOREY is SR/ d5Posiigdeand nihek Hig STk etely s depesiiprty by @ well-known
elednddithica? SepositloAms@ee i | ustrative 10 enbodi nents, the
thi Ila(epeg e% t ese‘;'(ceos;,c gtg of ftﬂe rlaizgr 519 &L &/@Jty‘ &eﬁ@ﬂ%&ﬁgmal polishing, wherein
Wi t of - a r oxi'mat e p, rm ere
addtnh@uy t!m}oaeme'a tmrﬂil ]OWtSI" e opynizg éb%/ls plepyrempeyed; Jaing e CMP process,the mult-
layerr 3REE30 naf RRY WGafBhEleliovdE)-vilretd It B4 Ghytrd D3 1,huighntially comprised of silicon

dloyg%p F& ﬁqt])}.rgr?@{tgtd% dﬁ(iegl%nelg iﬁwria%leel?cgrgzsme%ﬁa{ ?tLre& c%derélgﬂ%gcglo&qulhty In one
illugtdative em‘bcd_mdlt | they erote2BR lpysr 23H enslt thel sgcpndq layey n?é% apgf substantially completely

rem@ﬁe@r sl Lr@l Mhe?’QJeI%@ dl@l%trld J&n@cﬂﬁof @l@rfﬁlhlﬁkt]b&[ne&ﬁb@ﬁydﬂﬁiﬁkctnc is substan-
rotectlonl

n t secon
sy gne e Ry TR g PE QOO CRTIGR Fgh g of scoee
incétpdrata@ig@eit avisips Giviglayelaivelphighdidlatis c@BMntt hemewl, Matspeha portion of the
ﬁrst ﬁyel‘ % ICIQA}_F%S tbe \Mgfo o anq{u@feﬁﬁﬁl&hze t@y@graﬁ Q{efer&lqc constant. Since the first

nItI'O en_contents in
Py prdt %‘é'%’tweltté(fﬂé oVl AR ERE PP prvefrgl g vk i
ma@ﬁa? of thd BYer DoGCIaRdihbYy frewltapserDif sltngmocsss lygtationt idarink yhe CMP process oceur.
Conse nEnltlﬁtti%lcléélre%vrce)llnc\)A%l (?frﬁ{e oa'tkecfl trllc %teﬁ%l 1@3&%&%19@%61@&1 and therefore the

erwi se form phot oresi st
var;a@glp @L@p@m@gs péthe @etgléjl]@%%ﬁpgs 313 fllhiéhlﬁ it vaiatignsdy resigiyity thereof, are also

sgﬁﬁﬁﬁgQ&m&a Iayer 233 may be fornmed by a plasma
tr eg g&t Osrclgem t1ca t [sh% nlreos)éllgg d c'}%o%‘ru&ﬂplzs&taﬂé?t coﬂlplet?og of the above-

re
desE@q@@Matpmpe@s of sﬂgﬂgp fllg}gdqﬁypr(:gf gpdg:gc@)thlggt@@ indjegfed @y 23} figestill formed over the
1owIONB EctrR flayer 0P 5Kt @fPthﬁce'aQan?&Qof\m lﬁyffzr ZOMiﬁﬁlﬁinﬁlze@. Th bofsmbodiment, the

rate o the |tro
thl%?i§ %f)g{x ¥eé %uce 0?[?1("“\/@“% lesi ﬁ) %b\?/aem % 1{3 gulre? low total dielectric
cmpamaﬁmtmmakﬁnmdﬂgw a thickness 236 of the protectlon

| 2y @ sh AR Mofel Bk iR the BRIE ertfodinBRh @ﬁiﬁl@'&éﬂﬁhcﬂne]prdée%cﬂlﬁque is described,

LS I TR R KT S——
dahagceae wdthodcan thodikegen bondi ng. The formation of the
pt‘ Ot g%trésglF aLc@%ﬁ%‘é t(zt-ﬁg llg&}ft Jl)sgntﬁ)ﬁr rﬂnﬁtﬂla?éﬁstack&@r patternmg a low-k dielectric is
e

i at after th depositiaon o

prcr)_fglgd Whggﬂl the élmupth]?)@f; staclk rwcpfegfaggllbgtfoqng& Hzevb% EY H éegatleﬁiy {nﬁ)%)enswe plasma
entfihided klepbﬁt)(ﬁ rmeshibd aliow2Q,, highhreir ef throaghpatyfor exahple BH edstraggh per hour or more

ma%l I'l])ee Pro?efss%a %h@x%fnstﬁe’ 10@3 (M@Jct!nc extleh% Jﬁ)éaﬁelﬂ BQte@t@JTMﬁé e @Mp process for

i's selected 1n conform

rerfgﬁgg @quqsh—@qqu aéb‘lﬁ,yat t}aeeW rERe it gfﬁm% arﬁyr@@chﬁsqugct rﬁ)f)gﬂned allowing the
paﬁeh&gQJ@ Ehb ¢cﬁ] k &H&ﬁr&ﬁﬁ@dﬁb&h}bsﬁﬁtmllﬁ uHttoutaBeatinye fdotebemd efumming” effects. Due

to tﬂﬁ efta c‘% e erota % & le)ri-elsdgie:egthgga erccgfxggf thé g%g’t %roc%% ﬁﬁllxa%e §the material,
esmauyum fegigns pnclla ﬂenseé}r seacadipetees, v heﬁeméentbhr@%?de dipggfore, fluctuations

in %%Qeetsﬁmﬁfﬁlcé & @@E@e@o@ﬂ@" Iﬁthms’tmcMﬁg hrd talse Ren@ifkally irddhded| By thinning the

m%t}(g%g %zla:g a‘ﬁt’j‘g glégl (a%(tg:gsrs tlbe e?fe “i“ hué ogd?eeaz etlecl:rlc %taht may nevertheless be kept
extvinelydivinso tidtudelefrrjous xffms un te paasiiaBK tlmecqnémta TRspy b@frubttqngﬂlc/ avoided.

I Nt Opy,e gﬁ-ﬂéuﬁp Suidftintehte dﬁm&p{bgv%' a?é 111@%1@@ @hfy, 4sahd iBRntion may be modified
openi ng 210 is mnim zed.

onf BSriaRie SR R HRen BB aerst o ek S TPdn B s g tpentitof e
tedciifpl ihBrgin ArFdr S:pke) the prona@y sthpe setefdhtic @dveomay be performed in a different order.
Fuﬁf?egpgrc? tng lh}h%tzﬁl\éﬁy Q@ gltencﬁzh %"fh@ d&le E%%Eﬁoﬁ%lr Id¥s1g§ tﬂ&\é@ sﬂo@% other than as

or structure ening 213
detcrtquhlethe damprhlew. - %N@Feﬁgt easntzeome Pﬂﬁ@“t%tﬁﬂ%dlﬂ‘r’%ﬂ ‘Bst?["n‘:‘g @bove may be
| ayer 206 and the etch stop | ayer 205. A barrier |ayer
211 is fornmed over the nulti-}ayer stack 230 and
within the opening 213, and a netal |ayer 212, for
exanpl e conprised of copper, is forned over the
structure 200 so as to substantially conpletely fil
the openlng 213 The openlng 213 may be forned by a

o - o . o o,




el ectrochem cal deposition nethod. Thereafter, the
excess netal of the layer 212 is renoved by chem ca
wore@haeiosal pol i shing, wherein additionally tPer/us2003/035272
barrier layer 211 outside the opening 213 is al so
removed. During the CVP process, .the multi- 5 |ayer ) )
altergd gE Riogifie %P&;ﬁllgﬁf“glb Vﬁ’étl‘ﬁatgfei Sgpydpref é’ﬁ%\?gﬁ? SRS A §P¥rtt [ the invention.
Acchidihg, teqyotdctionIdughterbia isan et fatth ¥ tloohjprsibgled of silicon
di oxi de, reliably protects the underlying | ow k
dielectric material of reduced nmechanical stability.
In one illustrative enbodi nent, the protection |ayer
233 and the second | ayer 232 are substantially
conpletely renoved. Consequently, the overal
di el ectric constant of the finally obtained
intra-layer dielectric is substan- tially determ ned
by the lowk dielectric layer 206 as the second | ayer
232, having a high anmobunt of nitrogen 10 incor porated
into it and thus having a relatively high dielectric
constant, is renoved. Moreover, a portion of the
first layer 231 may al so be renpbved so as to further
m nimze the overall dielectric constant. Since the
first Jlayer 231 exhibits a relatively |ow renoval
rate during the copper CMP process, the underlying
lowk dielectric material of the layer 206 is
reliably protected, even if slight process variations
during the CWP process occur. Consequently, undesired
renmoval of the lowk dielectric material is
substantially avoi ded, and therefore the 15 variations
in dinensions of the netal-filled openings 213, and
thus the variations in resistivity thereof, are also
significantly reduced. Figure 2c schematically shows
t he sem conductor structure 200 after conpletion of
t he above- descri bed CWP process. A silicon dioxide
| ayer of reduced thickness, indicated by 231 a, is
still formed over the lowk dielectric |ayer 206 so
that CWVP-induced danage of the layer 206 is m ninzed.
In one enbodi ment, the 20 thickness of the |ayer 231 a
may be reduced to 20 nmand |l ess so as to obtain a
required low total dielectric constant of the
intra-layer dielectric. It should be noted that in the
above enbodi nents, a single damascene process
techni que is described, wherein the present invention
is also applicable to any process schene of the
damascene techni que, such as dual damascene net hods
and the like. 25 As a result, according to the present
invention, a nmulti-layer stack for patterning a | owk
dielectric is provided, wherein the nulti-layer stack
may preferably be formed in situ by a relatively
I nexpensi ve plasma enhanced deposition nethod
allow ng a high rate of throughput, for exanple 80
substrates per hour or nore nay be processed, wherein
the lowk dielectric material is effectively protected
during the CMP process for renoving excess netal,
and, at the same tinme, an efficient anti-reflective
effect is obtained, allow ng the 30 patterning of the
lowk dielectric material substantially w thout
creating "footing and scunm ng" effects. Due to the
effective protection of the lowk dielectric |ayer
during the CMP process, damage of the material,
especially in regions including densely spaced
structures, may be significantly reduced. Therefore,
fluctuations in the sheet redfstance of the
correspondi ng netal structures are al so remarkably
reduced. By thinning the nulti-layer stack during the
CWP process, the effective value of the dielectric
constant may neverthel ess be kept 35 extrenely |ow so

I e I T Y T - e . ~~ 1 "
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Furthernmore, no limtations are intended to the
details of construction or design herein shown, other

W0 ban/o6rw4910 described in the clains below It P&I/US2003/035272
therefore evident that the particul ar enbodi nents
di scl osed above nmay be -9 WD 2004/061949
PCT/ US2003/ 035272 ~al ter ed @*™8di fi ed and all such
variationgwﬁ&paﬁqnsmgered within the scope and spirit

h er é)}hrﬁngl ar;m\g - ag sta?k ZAgP] er Q dlgigc! i ITJE%G E%n%@&'ltolf Q ﬂ)wskodi@&{nc material by

2004/ 06 mmgnmwetmm%/d@@swz overpaif Ipgek diplectyic 1?@@{ ﬁ'éi’d

Comﬁﬁlﬁé Bgihcoil@lﬁl{rb)[ziﬂltrﬂe mybrtd 32 |d&§&@rthe5foﬁ1&iionza&alﬂ\1@5r & silicon dioxide to
dlelectrlc | ayer

mat eri al 1 B-§by afijaftrﬁ lﬁﬁt (gle ng i}%l rcﬁar?c%rlsqc o%': %\#’l— raultgi gt%é(?i& so as to reduce
over sai bhek eflsckondios] seid law-lcdiglerrisdayerand 5 form ng a
silicon-rich oxynitride layer 232 during the fornation

of said layer of silicon dio her,
| eadt on&hegpAliod of claim Laeei Fﬁ“ﬁst‘lfc@ %?XI‘E; 2‘B¥ 5 ep° lt ﬂrom silane.
stack 230 so as to reduce back reflection fron1sa|d

| OWs k digle rgett}{oh G hﬂé‘ﬁr whe?em Iﬂa%h%trl%ﬁ’ gx]?&fmdg hd:WB3Lis formed by varying a

mhereln sal ['T con di oxl i s deposited
deppsitiprpigiosphpieafier thefognatiqnpd Saﬁ%&llﬁﬁ‘adlﬁ?‘f‘de&%yﬁﬁ 1, wherein
said silicon-rich oxynitride |ayer 232 is formed by

var XI ng qhei me%%gsok‘t iurcl)lnl @{\el';gﬂ'ﬁ :p!ﬂ%lér% f%ff ga@tf sﬂ?I QI?dlt))g(Ee Il ﬁrl] formed on said

of said I'con di oxi de e net ho
diele¢trig 1m611206m@ﬂletahgea?f%mtoélwﬁ‘ég@(’ -5¥018%i d silicon dioxi de

Iayer 231 formed on said 15 dielectric |layer 206 is

' he r e of Xi mat. el T t

of r ai miiomgiye ERRRCE bR Bkt ud boBion IR K32 is n e
rangexof Apptaxingiely| 38Yenm232 is in the range of apprOX|nater

30-90 nm 20 6. The nethod of claim1, wherein said

O oS4 R PSRt Y e U s e sicon
am@BPin safd silEhreridh@tyndddeddyercBai m 6, wherein said silicon

anount is varied by adjusting a silane/nitrogen oxi de

ETENtZO od ' g]tc | g péﬂ%aof(gﬁ ?S ::V‘}:lil&t‘?g &8 (io Qﬁéﬁf s r;e§ by acp ljusting a silane/nitrogen
oxid¢ MO &-ide@betteslatpopheact i on | ayer 233 in a surface

region of said silicon-rich oxynitride |ayer 232. 9.

The nmet hod of claim8, wherein said protection er .

2338 s f Jpﬁ@ghqﬁpfé;@ﬁbgﬁfr@ertcamansﬁlfgtfmg%ﬁ nlmgéengﬁqlﬁ%y protection layer 233
in 4 INZEL} reploR 6M¥EId silidob-@int oxyriftide [yee23ret hod of cl ai m 9,

wherein said nitrogen oxide (N20) pl asna anbient is

established b di scontinuing a silane sup

duridg t Hée @etg@sqf £lpigrs, Uher%faﬁatﬂl Peqtctiondiyer 338 f Ff fBW%W ‘?‘P‘)d%fe fo a nitrogen
(mﬁgaggnﬁggam§§mal The method of claim8, wherein a

thickness of said protection layer 233 is in the range

of approximately 1-5 rim 12. The method of claim1l

furtifer iThe metiocwes claisr frivhereia spiésifragen ﬁaa@dK(Nwsﬂaa%@én%lﬁ gstablished by
dlsé(l)nltlhﬂ:ﬁ%ra siﬁdngﬂlpply used during the deposition of said silicon-rich oxynitride layer 232.

11. The method of claim 8, wherein a thickness of said protection layer 233 is in the range of

approximately 1-5 nm.

12. The method of claim 1, further including forming a resist mask 208 above said silicon-rich

oxynitride layer 232.

~11
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oxynitride |ayer 232. 40 -11 WD 2004/ 061949
PCT/ US2003/ 035272 13. The nethod of claim 12, further
W@ wpne®ing patterning said dielectric |ayer 2P6I/Wb1003/035272
said resist mask 208 to forma recess in said
dielectric layer 206. 14. A nethod of formncg m? h said
reglon i Fheametdof cling | % diriherccomprsiigPafermite sd Ailesrig ayer 206 with sai
resit QIR 208 0178k aPece 05 WieRgridlayet 206con di oxi de based
multi-layer 230 in a plasma anbi ent over a Iayer 206
including said lowk dielectric material whil
cont4.ol | Amgthopef feraling e metekiegiayip slopKdiclspirie mptprial |ﬂ13|n{?@?1d comprising;
di 0%l &R asMmebn ditlat basécﬂmtﬁ-layd‘r QIO B glagnar@bRased ayert20©hcluding said
?é? | e\(I;\Ap ?Wl?% e%lggz ngg?l Whl e ogtl;ollzgloo t{cgldhle&% e8ggg{><flsa1d silicon dioxide based
sai d receskidgdeportion with a netal 212 and rermV| ng
exc %ﬁrﬁmg‘; tré@!esse"arbqrtﬁn REY tvhé?an Qfd madi-Aydiabd fedlcady Rtk lbﬂectlon for a specified
chem cal_nechani cal polishing. 15. The nmethod of claim
14, wher &Yf8%%d silicon di oxi de based multi-layer 230
IS &iling @aﬁrécess@mottioakvit}yaxdeqj@sa tdd fromsilane. 15 16.
The 0 I thdckallical polishin
oy Ay gt By bhon AR Bty AR ARl sl
by varying a deposition atnDsphere during the
for rmt i On‘h@ineﬂiai df Slhii B0 Whetéin xaidi ilipmsdekidvLHated -thudtitlayer 230 is at least
a%ﬁf) 1te<}1§0 e nmet hod of claim 14, wherein a
P yopmeaed oy sal d silicon-rich oxynitride |ayer 232 is
in the range of approximately 30-90 nm 18. The
met hgd Ofrye nsthéd (;f@lam\l\m FvBéréin 8 ilicbn@ioi bx}'ﬁitrlde layer 232 is formed in the multi-
laygrrhr%lrg ralfgltv?er%llngg:d%)%ggc{neang‘os hlérsetcﬁlrm&k}Xe %‘(I)ﬁll;a}[llgg stala%lhccﬁll cildxﬁlg rBased multi-layer

I CoN=ric yer 232.
230.12

17. The method of claim 14, wherein a thickness of said silicon-rich oxynitride layer 232 is in the

range of approximately 30-90 nm.

18. The method of claim 16, wherein said optical characteristics are adjusted by varying the

silicon amount in said silicon-rich oxynitride layer 232.



