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According to one illustrative embodiment of the present invention, a method comprises the formation
of a multi-layer stack over a dielectric layer comprised of a low-k dielectric material by forming a layer of
silicon dioxide over the low-k dielectric layer. Furthermore, a silicon-rich oxynitride layer is formed during the
35 formation of the layer of silicon dioxide to thereby adjust at least one optical characteristic of the multi-layer
stack so as to reduce back reflection from the low-k dielectric layer.
In accordance with a further illustrative embodiment of the present invention, a method of forming a
metal region in a low-k dielectric material comprises the deposition of a silicon dioxide based multi-layer in a

plasma ambient over a layer including the low-k dielectric material. A recessed portion is formed by
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sharp configurations and profiles, those skilled in the art recognize that, in reality, these regions and structures

are not as precise as indicated in the drawings. Additionally, the relative sizes of the various features and doped
30 regions depicted in the drawings may be exaggerated or reduced as compared to the size of those features or
regions on fabricated devices. Nevertheless, the attached drawings are included to describe and explain
illustrative examples of the present invention. The words and phrases used herein should be understood and
interpreted to have a meaning consistent with the understanding of those words and phrases by those skilled in
the relevant art. No special definition of a term or phrase, i.e., a definition that is different from the ordinary
35 and customary meaning as understood by those skilled in the art, is intended to be implied by consistent usage
of the term or phrase herein. To the extent that a term or phrase is intended to have a special meaning, i.e., a
meaning other than that understood by skilled artisans, such a special definition will be expressly set forth in the

specification in a definitional manner that directly and unequivocally provides the special definition for the term

or phrase.
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Figures la-ic schematically show cross-sectional views of a sem conductor
structure including a lowk dielectric layer that is patterned in ‘
accordance with a conventional process flow, Figures 2a-2c schematically
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dielectric layer, the corresponding process steps may include similar processes, as will be described below when
referring to the formation and patterning of the dielectric layer 206. Next, the etch stop layer 205 may be
depoSited, for example, by plasma enhanced chemical vapor deposition (PECVD) from appropriate precursor
gases.

35 Figure 3 schematically depicts a PECVD tool 300 in a simplified manner. The deposition tool 300
comprises a process chamber 301 including a plasma excitation means 302 that is connected to a power source
303, such as an RF generator. A source of precursor gases 304 is connected via a controllable valve assembly
305 with the process chamber 301. An outlet 306 is connected to suitable means (not shown) configured to
remove gases and by-products from the process chamber 301 and to maintain a required pressure within the

40 chamber 301. Furthermore, the deposition tool 300 comprises a substrate holder 307 configured to receive and
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Prior to the formation of the second layer 232, a pump step may be carried out so as to remove gas
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residuals and by-products of the preceding deposition process. Therefore, the pressure is adjusted to a range of
35 approximately 4-8 Torr while supplying nitrogen as a carrier gas with a flow rate of approximately 7000-9000
sccm. Furthermore, the silane/nitrogen oxide ratio is increased to approximately 2-3, wherein a typical flow
rate for silane is in the range of 400-600 sccm and that of nitrogen oxide is correspondingly adjusted. With an
RF power in the range of approximately 300-600 Watts with the substrate temperature maintained in
substantially the same range as in the preceding deposition step, a deposition rate of approximately 8-12

40 nm/second is achieved. As previously noted, the optical characteristics of the multi-layer stack 230-may be

-7



deposited, for exanple, by plasma enhanced chem cal vapor deposition
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wi th the proce cha n out I’S conn e nmeans
(not shawrepenceminisguthe secons layep gy Eorgdmenigpasn pideNefratiosn fhe elmvwem%fia@eﬂs s
chanber #0dsRMd hdex FRiNRtsBdoRd Bayére3linfaP Ge RRRS W 220 bt hb e:«ﬂ&ms bafrh: 301.

Furt hernore the sition tool |se str 307 .

conf i guriBoHEH ek Q?éeb tlﬁﬁ%“ SPEIRG® ‘f%ﬁ&‘% ffg%g é@%a[yég %gg‘gég 2%‘1 Hglgh s
subst r atsebstastu&)hcoamristeh of silibmit digride, KBibitshlerively iumifden pptical Qlaractafhecs siith g trefrapteve
hol der  3Qux TPife FRNSS ﬁroﬁma@@r‘lté{ogl 4‘7%?157’3 RE}E Bnl?@ﬁghﬁ Qhrialihh. Nrfds o8 relghifed

tenperature of the substrate 201 within a speci range. After nmounting
t he subdbirkgessofsppifiry AaYFrh?e’»ls‘Umght ip geéeétewa&eﬁdafgewth &qme&gmofmszﬂmﬂﬂy performed
est abl i stn®lpradetshihe anthhﬁecﬁvmm&erehﬁmbm m3lﬂ-1aybxystz&2 L3/ mby Meh tehaitaRly adjestedrbat or

303 and Cf()]%ﬁ)glln%l q'\nabg)? Lo Q{iarac&e%stg: PSR %19 SssC tF’l? %ecogfa ?as T 23 tI? s&r&elllmer

301. If '8 'S ant i I con
cHt bi de eaﬁ@mﬁnwéhmﬁhwmeese@mf Fheeﬁeqﬁlav:eaﬂbi Jaedwsewémthmr@srpae@{ ﬁnp@xw@w%&nm

gases, SufeRinak 13»Vse;{otnhbmehwo§ebd .a@a)e @éaOkoﬁm &€ xﬂﬁte@'l«ﬂ@@b nfiChnd MaXch,
t he Iowc}< di.el ectric

appr opr i §?°é‘“$?rétﬁ?ff%eésrma §é’§e§(%°rtﬂ?fé?n§?)§fn§’§? éy Sg)e% ewg%eai [Eotf"aglgss E%Sm%ﬁhel n
Fi gur e 3ecofblpyesdda isplisstedsto laramgnoflapmedhnaeidoi0dinel ectric materials may be

deposited fr %ﬂ’%ﬂkﬂla@&ﬁﬂfdﬁ@eﬂ@ %e"ﬂr&ti&u&\{elh}er Ei@%’%ﬂe@%ﬂ%ﬁe Bl Ii%@é 238 Rviftaher
enbodi rrentl% e dielectric |ayer

ned
t Ethni quEs ifagiht 1 ?éio“g?“‘feB??ﬂon PB?‘“%%?% r?i?F%a”y ét t %P{/%‘Ee ‘8? “1\9§Q€8’r“‘°’? Hgtf"(‘ﬁ?df“&j‘e n
Si squi oxhotepsist layer Sdnped Werb@. itk edludeth akrogeh eonen’ Sietht profeeiiontlayer23B,sind espechallyratt ed
to the ttﬂeoﬁrfg:g 2&70 F&ﬁcaﬁ@}l Rk c@:! orae091 t;?iﬁy ge e\M LJA:d@QX %B&lof? t)f 4 ﬂi&o&snst

material, 1rrespéc acture
Subs equeHt{iroseplich 3K f"i“%!‘t"’éemp eslﬁfée %{&%r et‘felapr%rébqf&etp’fl%%%ol , such as
t he tool 300 Th@broﬁ&ym 1d9€er 138indal 84 t&ﬁf&dm’rﬁhhﬁa&@maftmcﬁﬁ&ogéhaHhmzcse&bim% t he

I k dielectric been de osi.ted

o ol sty S 4 PR Gy Pha Papbed APy b gy of

si | i con agprosinddy 50-200fWattyeeherdir oﬂwvsxatea)ﬁée aitrdgen iokide &) @)@pfde afpNRDiptely339-601y
the depagid i i & abB\t% Fe‘&ﬁéd%%m&ér‘%é‘du%ea thfcl&‘é‘ss@é@&ﬁh@ ﬁot‘é&tfoﬁ' h%biﬁmﬁ#@&ig@ br 301

nmay be maintained in the range of roxwratﬁewy Torr with a_ ratio of
si | ane: fPPIPEPRTY L%ingelsi qtftamﬁwhﬂ;f ﬁlg@P?ﬂaﬂ%\mwo i’ﬁ§t7e"l a ppiguEty pf B8 siliqqpgyitggen
the fl oviondiigeis@dplacdibly @gititorouklyght bording bEhe Astjnatioh 6fithé ﬁoteéttmrl@mz&mmw c858ut 500

2% £m and t | (gatgl}%\hﬁéa% gosgonﬁ,jhg&@o E%KQB?! oxi mately 60-100 sccm The RF power

suppl I ed excltatron nmeans 302 may be maint a| ned within a
range of appri¥xb M@WP&%@@S&S@ denpgited gn thomaltideyer stack 283G hereiae dve tisknesp gf the
s EbSt [) atyhotdfslst,| IafS wmgbmla type AndVedniposition thepddf) @& fRfectad P X foffBityelkifh t&ﬁmr)%lﬁlﬁ@xap?}vv th
t he abov e net ra oS ti nrteo
o5 o nrirellEil AEfeRAEOTRLE PO G NER Sl BR ) 51 o RRLAKL LB
deposi ti qopfisicnt, @s mlb@éb%mdlwrﬁyal Heckndsea2ite?Bs agi Aibeofithromelifnyeistarke pre adapisd fosthe
kKBOWN | Nphadéadn 6Rd W dsho suiid b flifBdm REiekoh AEHiticdl QineBiGHEP Irforealtdt, REPLbOFBkt MG ergfI e

or nore e:[xg(%gd anH r-cllevelopedetottt;)lI 3 réeo%esmng 2410 wherein, during exposure, a back reflection of light into

regions of the photoresist adjacent to the opening 210 is minimized. In this way, resist residuals within the
opening 210, also referred to as footing and scumxﬁing, may be reduced or even completely avoided.
Figure 2b schematically shows the semiconductor structure 200 with an opening 213 formed in the
35 multi-layer stack 230, the low-k dielectric layer 206 and the etch stop layer 205. A barrier layer 211 is formed
over the multi-layer stack 230 and within the opening 213, and a metal layer 212, for example comprised of
copper, is formed over the structure 200 so as to substantially completely fill the opening 213.
The opening 213 may be formed by a sequence of anisotropic etch processes, similarly as described
with reference to Figure 1b, and the barrier layer 211, which may be comprised of two or more sub-layers, for

40 example including a tantalum/tantalum nitride layer, is then deposited by sputter deposition. Thereafier, a thin

-8



25 of. the [ayer 231 may be controlled by adjusting the deposition tine. In
" ot her enbodi ments, the thickness 234 nmy be controlled by an in situ
nMeasur engiy 14 ' out with an appropriate nmeasurenment tool (not shown),
such as an eﬁ?@%ggﬂeter optically coupled to the procesBCENAMIGO3IBRL. In a
further illustrative enbodinment, referred to as a high deposition rate

ProcCess,sed B%'_éﬂ h&ét Qﬁ)s it dpQibr JeﬁJsﬁed”ﬁ)ﬁ Be, AR A SHLPYs hOS §[nfg yg’oﬁ%‘@%’g‘("ﬁcess

par amet eie he silapne flowrate Is adjusted to approxi
scem  t FECEIePertical depestigpmri%ki de (N20) ratio is in the range of
appr oxi mat el yThivedfBr, i@ ekéeROmeraioe the &sreit 110 iy RRBNe byl @eﬁ\&&l&ﬁ&lﬁﬁfcﬁ pOEMing Evherein

ad{ ESt EQdilf?onEllﬂpth @Hé?ﬁyé Eﬁcdéxts d& g)g %Eﬁ? 1 S t2!l3nls apo remove? dﬁlgmg {he C% prrcfaégsg f]%rr@%es S

paranet er oX i mat
nm secorde gack B%Oam%fdso hBrPF‘@?HYtrem?%é hereinethe @‘Ft layer 5t3hesubs@omﬁd cmmyreerd of Sificong

punp st Qﬁbxﬁﬁ,yreﬁhﬁlyclﬁﬁtédtseﬂe Qhterlgif R%-K @iel@&t@fﬁﬁerﬁﬁ%f reﬂt@éi Q%&tﬁcaﬁ%ﬂw Bf gduct s
of the RLES ess,__Therefore, n?gressure |s adjusted to

.dl nlg }“{F;OSI tion Rro %
a range o %‘% 52 rﬂft BPY t‘ﬁ“ a¥e P13 il he S%"ﬂ’ﬂﬁ’pfaﬁr 2 3re Puggeal Hsc"&‘l’]&‘ﬁ\yr i er
gas wt hergpv{td oVenpegtestly the pppalbdieletricadoystanOTRODBIY cheinad infrattaydn @ielkairi€is sibsien-

i | ane/ niahy R8&AON)R. Akl Ridic 1A BBIE A, LARRRLOXLTRLEL Y 125 Anodf1R)floln?.

t ical flow rate for silane is’In the range
r ogerPPPakd ot it fusking F’r‘éq“yeba]él%hf@?l@ﬂlc corptant, igFpmord. Nstgayer, |arﬁ°‘1ﬁPfE°fﬂ&nge
of appr dixst hagered3y m3P s SR OreMéutell So W th FurthBemBinb&ttheddvarall eﬁﬁﬁﬁ@&dﬂ&ﬁn M fed i n

subst antliyéll £3¥ e{ehlibgf? §?erﬂc1§ve(l))aiog moval Ir% Ci“émﬁg‘r € edl rPd°°QS§S E:LIHII %’{}Ig}é ?(RVA{(S@ electric

deposi tion rat
previ oudtaeriplpf &g lave éfﬁ?lilaé’alpr%q?‘aﬁ,eﬁc@@f pligh R:@ese frarfatiens duriog ithe] GiYRoprocstsaséur.2 30

rmy bet Cﬂ&e&%ﬁn@@%e%&%&vﬁ ETWS%QQ%%@ Zx%terxilqpﬁgsdtgﬁal@@vﬁaéd' Eh tﬁé?ﬁore the
pecti i.cknesses i vi.du ers and especi al |ng

t e sil |V(¥§lrgart11&gnd i OPSOO en & (Saﬁf Do ?Lae ‘ﬁmi’ F‘éﬁ}‘%‘?s ‘???St‘vl%?‘e’g"f are

si | ane: mgt“fe?g@rve@mcble (N20) ratio in the above-specified range, the

refractive ingae of sébBfaiefs A6k ﬁl)!%Emggh%umystrp&ug%dj%ﬁé?dcoInBlegonz&' e GBvand
t he exti nct%eg% oefficient-to _approxi natel for _an_exposure

wavel engfi PSS Colienaiqride ks af ’E?ducfdrféwlf"ieﬁss'{‘d“f“% E}‘ 2% a s stilj frped qver the
subst antlévak Higleginipyer 2@dho diat GVIP-indaded diveigé Ghehe lgaenmob lid inifn@dedt in\6Rd dmbddinérd ik

. Oy i cal tﬁ&ﬁés@%ﬁ 1518 |1a§'<t:r|2§§a 1‘641)1 ktl fgﬂ 'cé%ift[) @8 %Vag less ﬁ & toI &tz;['mh:ae rer g?ovp Iﬂ‘?l dlele(‘ftrlc

appr oxi mat elt]y nmw th on ght var i ati ons.
requi r et °5§‘ﬁ§’§§ laéf‘frdte}?ém?l rst |ayer 231 which is selected in accordance

wi t h requi r enestbsld 8¢ nodedship ﬁ:&mﬂ&el émb&ﬁﬁlf:xﬁd’ Hﬁﬁgle MScheQﬁ%&S tecl‘ixh{ﬁe is descrlbed
anti-re

i riStic e
201 t bl 7 e e GREL RS B pBice LRy et e By S bR P ROE O
t hi ckneé‘ém?ffenﬁﬁeth%’éé@ﬁ’@ﬂ#&yer 232 In sone illustrative 10 enbodi ments, the
t35 ckness 234Asaf redult@ackdrdisd to |t1§e}fﬁd’se12 ?h:'fedt1§n Q(ﬁdﬂﬁl’éﬁg st¥¥ixtebH partdnih PN BR-Kielectric i s

appr oxi wher e ow osition rate process. nay be
used f Orr?oa‘{%e%/in Ere%%gea’ﬁ@ BYS rr‘?ﬁf]% ﬁte %‘By I’?f’nforilﬁﬁi iR BY @ﬁelatlagﬁg’ﬂpﬁlsa/ﬁ P

process epgyced éemgwl m@hodtaﬂwmamgeh ofte efgjpowghpurEbredxsmBe 80 2dstras pwieneasndde

thic kne%y%%ro@ésseﬁ NehereRCHO - @M@Jtnczx%%eriaﬁ is g%dﬁ%l ”gro{egedaﬂﬁiﬁg g8 Qe process for

appr oxi rratelé nm In one particular e rotection | ayer
233 is FOPIHEE Y W&‘a‘s o Alythe é@?"é“r tirpe n, fficjentyanti-reflegtivg efeqt dfaﬁ‘?finyedr linying ghe
c¥hcent mpattermdng afftheriow-k diglectyic matprint subbthngialat withos ldfefit&@e‘fozt?t% ah) evu@iling” Wi D 1 N

contact 1V (2 S e 10 < 1 (o4 I'tll.’l‘I l reSeSd a (S ! er
cont ent stcw:tﬂr‘?lnlatﬂﬁcet g?@% gﬁoﬁldgﬁﬂ g%{réﬁgg{ %d dergn Z‘g‘pg }/PE%O‘;[ d6i5ie Ot bk GRN,

especially i regions including densely spaced structures, may be significantly reduced. Therefore, fluctuations

in the sheet resistance of the corresponding metal structures are also remarkably reduced. By thinning the

multi-layer stack during the CMP process, the effective value of the dielectric constant may nevertheless be kept
35 extremely low so that deleterious effects on the parasitic RC time constants may be substantially avoided.

The particular embodiments disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as

40 described in the claims below. Tt is therefore evident that the particular embodiments disclosed above may be
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the surface 237, significantly reduces or even substantially conpletely
avoids any interaction of a photoresist wth nitrogen, which may ot herw se
form phot oresi st residuals after devel opnment of the photoresist. The

prot ect VYA 206194933 may be forned by a plasma treat neCTHYS280393623gen

oxi de (N20) anbient at a 20 pressure of approximately 3.0-5.0 Torr at a

t enper at ure of oxi mat el y 350- 45 | . . roxhemt el y
50- 200 WAR< MRBPLH & PrOenars BF pibisl ] GF R R oF B R
appr oxi m@mlymr%@on%merwiﬁhs*W'ﬁbé\?éla@ﬁg?}?‘?-i ed paraneter setting, a
t hi ckness 236 of the protection |ayer 233 wthin a range of approximtely
1-4 nmis obtained, wherein, especially at the surface 237, a majority of
the silicon nitrogen bondings is replaced by a silicon oxygen bondi ng. The
formati on of the protection |ayer 233 may be carried out 25 imediately
after the deposition of the second |ayer 232. Next, a |ayer of photoresist
is deposited on the multi-layer stack 230, wherein a |ayer thickness of the
photoresist, as well as the type and conposition thereof, is selected in
conformty wth the photolithography requirenents. As previously noted,
the optical characteristics, such as the index of refraction and the
extinction coefficient, as well as. the individual thicknesses 234, 235
and 236 of the nmulti-layer stack, are adapted to the 30 photoresist used so
as to obtain a mninmumvariation of critical dinensions. Thereafter, the
photoresi st |layer is exposed and devel oped to formthe opening 210,
wherein, during exposure, a back reflection of light into regions of the
phot oresi st adj acent to the opening 210 is mnimzed. In this way, resist
residuals within the opening 210, also referred to as footing and

scunm ng, may be reduced or even conpletely avoided. Figure 2b
schematically shows the sem conductor structure 200 with an openi ng 213
formed in the 35 multi-layer stack 230, the lowk dielectric |ayer 206 and
the etch stop layer 205. A barrier layer 211 is fornmed over the

mul ti-layer stack 230 and within the opening 213, and a netal |ayer 212,

for exanple conprised of copper, is formed over the structure 200 so as to
substantially conpletely fill the opening 213. The opening 213 may be
formed by a sequence of anisotropic etch processes, simlarly as described
with reference to Figure | b, and the barrier |ayer 211, which may be
conprised of two or nore sub-layers, for 40 exanple including a
tantalumtantalumnitride |layer, is then deposited by sputter deposition.
Thereafter, a thin -8 WD 2004/ 061949 PCTI US2003/ 035272 seed | ayer (not
shown) is sputter deposited and then the bulk netal is deposited by a

wel | -known el ectrochem cal deposition nethod. Thereafter, the excess netal
of the layer 212 is renoved by chenical mechanical polishing, wherein
additionally the barrier layer 211 outside the opening 213 is al so renoved.
During the CWP process, the multi- 5 layer stack 230 may al so be partially
renoved, wherein the first layer 231, substantially conprised of silicon

di oxide, reliably protects the underlying lowk dielectric material of
reduced nechanical stability. In one illustrative enbodi nent, the
protection | ayer 233 and the second | ayer 232 are substantially conpletely
renmoved. Consequently, the overall dielectric constant of the finally
obtained intra-layer dielectric is substan-
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tially determned by the lowk dielectric |layer 206 as the second | ayer
232, having a high anmount of nitrogen 10 incorporated into it and thus
having a relatively high dielectric constant, is renoved. Mreover, a
portion of the first layer 231 may al so be renoved so as to further
mnimze the overall dielectric constant. Since the first |ayer 231
exhibits a relatively | ow renoval rate during the copper CVMP process, the
underlying lowk dielectric mnaterial of the layer 206 is reliably
protected, even if slight process variations during the CMP process occur.
Consequengiy 1\g@desired removal of the lowk dielectric material is

subst anti H%l oi ded, and therefore the 15 variations in dinensions of the
nmetal -filled openings 213, and thus the variations in resistivity thereof,
are also significantly reduced. Figure 2c schematically shows the

sem condudt or st methodreong@Bingf t er conpl eti on of the above- described CWP

process. A silicon dioxi | ayer educed thickness, indicated by 231 a,
PSSt T Tor medoguag sendtIrytiiel Lok S psoves el omae byer (a6 et abac
damage of 16wk diglEtricdRfRerifl bYifBinling @dayek Bf SBoLABRML B ovi\BidBwiini ckness
of the layer 23 |la may be reduced to 20 run and less s0 as to obtain a
requi red dislectie tayer(206kand formingonsiticnntridf oxymigridelayer (239 pduritigghe furmiation | t

shoul d be . A ove enbodi nents, a single danmascene process
techniquecgg&ggaégg %gan{gﬁéggin the present invention is also applicable

to any process wiehéenehofiliédiericlosmaeeiae 1dyer My e lest 6he afticllcHaractaizas 6£ne
met hods and, t he |ike. a result, according to the(fresent invention, a

25 As
mul ti - | ay Spiddpultirlayegstacky(230)sp 8y taredues hackireflestion from said lomok distastricdaperei n
the nulti-hgyer stack may preferably be formed in situ by a relatively
i nexpensi ve plasma enhanced deposition nethod allow ng a high rate of
t hroughput, for exanple 80 substrates per hour or nore nay be processed,
wherein the Iowfk dielectric material js effectively protected during the
CVP process for her’%?fgﬁ)‘f Hgdé% bs¥hsrginspid siligen digxidglayerd@Aa 1 kis deposiied Epmi ci ent
anti-refl ggijye effect is obtained, allowing the 30 patterning of the |owk
dielectric material substantially w thout creating "footing and scumm ng"
effects. Due to the effective protection of the lowk dielectric |ayer

"hcl udi ng ens A5 o0 of GRRE £y Shertih Sl P Giongich o Pt Ryer @i dormed by
Ther ef or e,valyiH€h d8hdsiith aﬂn@s;?ﬂ%?e Sheete foﬁﬁﬁﬂmiﬂiliédﬂedi&ﬁngf f{%?@xo(ﬁg!)ng et al

structures are al so remarkably reduced. By thinning the -layer stack
during the CWP process, the effective value of the dielectric constant may

nevert hel ess be.kept Seextrenely low so th el.et.eripous .effects he
parasi 1 ¢ e 1 TH TBhed 8l £ Fhdren et 1o 4) SLSuGURSS e ire Ly
embodi mentfermiéden 5@ diehRaUrlapird206) i8 i thakinse oPApproxsatélP 20l 120aMmE.i on nay be
nodified and practiced in different but equival'ent manhers apparent to

those skilled in the art having the benefit of the teachings herein. For

craml e, L, ARSI EPAARI, MALR SRIFRARI% B8 RS P o

order. Furthernore atrons are in

const r uct ilayer @232)dsingthe faigeiofl apptoximataly BE90MAN as 40 described in the
clainms below. It is therefore evident that the particul ar enbodi nents
di scl osed above nmay be -9 WO 2004/061949 PCT/ US2003/ 035272

6. The method of claim 1, wherein said optical characteristics are adjusted by varying

the silicon amount in said silicon-rich oxynitride layer (232).

7. The method of claim 6, wherein said silicon amount is varied by adjusting

asilane/nitrogen oxide (N20) ratio in a deposition atmosphere.
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altered or nodified and all such variations are considered within the scope
and spirit of the invention. Accordingly, the protection sought herein is
as set forth in the clainms below. -10 CLAIMS 1. A nmethod conpri sing:
formng a nulti-layer stack (230) in-situ over a dielectric |ayer (206)
conmprised of a lowk dielectric material by formng a | ayer of silicon

di oxi de (231) over said lowk dielectric layer (206) and form ng a
silicon-rich oxynitride layer (232) during the formation of said |ayer of
silicon dioxide; wherein the silicon-rich oxynitride |ayer adjusts at |east
one optical characteristic of sajd nultj;I?yen stack (230) so as to reduce

back ref| &t i ortherpsthadolrlaignl furhe comprising|fogmipg 2 pittrgen-depleted Profestingd of
PO !  Sard are S Do
i e o 1V 273 8Pk ol 86 OF O e M ohiblip o OROT, 1 00 LT 0T de

| ayer (232) is forned by varying a deposition atnosphere after the
formati on of sald silicon . dioxide |layer (231). 4. Tgéa@rre hod of claim1,
wherein athic ﬁ‘@ﬂet%%gﬁéld@f" éa‘?’dlefrglplsf"étﬂ(‘i""ﬂ?tt?k’i layer (2333 1s fopmeq gy FERATRE B
sai d di el eaqﬁﬁbgenl(gg@mzﬁ@)ashﬁmi&ﬁe range of approxi mately 20-120nm 5.
The met hod of <claim 1, erein a thickness (235) of said silicon-rich
oxynitride layer (232) is in the range of approximtely 30-90mm 6. The

met hod of .¢l ai m,1, erein .said optical, characteristjcs, are adjusted b

Varying . o st ottBad 81 et ith GRS R Ry 0T Blfh el a0) 7
The met hods@blishedbidSconiiifd A siteGuply uSQIIRRUAE dépositidhio?dail ¥ilReh-¥ichi NY
asil ane/ nitrogen oxide (N20) ratio in a deposition atnosphere. 11 8. The

net hod of cxyaitidellaygry23Per conprising form ng a nitrogen-depl eted
protection layer (233) in a surface region of said silicon-rich oxynitride
| ayer (232). 9. The nethod of claim8, wherein said protection |ayer (233)
is formed My exXphesiétiod of clainhBtwingein aakicligesk ($36) opbad protéstioh &ayler (288) isihe
nmet hod of claim9, wherein said nitrogen oxide (N20) plasnma anmbient is

est abl i shdbe BpeeipEaeximately 15081 | ane supply used during the deposition of
said silicon-rich oxynitride layer (232). 11. The nmethod of claim 8,
wherein a thickness (236) of said protection |layer (233) is in the range
of appr oxilZat elBhelmé&haod of claim 1, further including forming a resist mask (208) over said

silicon-rich oxynitride layer (232).

13, The method of claim 12, further comprising patterning said dielectric layer (206)

with said resist mask (208) to form a recess in said dielectric layer (206).

14. A method of forming a metal region in a low-k dielectric material, the method
comprising:

depositing a silicon dioxide based multi-layer (230) in a plasma ambient over a layer
(206) including said low-k dielectric material while controlling optical characteristics of said
silicon dioxide based multi-layer (230);

forming a recessed portion (213), wherein said multi-layer (230) reduces back
reflection for a specified wavelength;

filling said recessed portion with a metal (212); and

removing excess metal and a portion of said multi-layer (230) by chemical

mechanical polishing.
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12. The method of claim1, further including formng a resist mask (208)
over said silicon-rich oxynitride |layer (232). 13. The nethod of claim 12,
further conprising patterning said dielectric layer (206) wth said resist
mask (208) to forma recess in said dielectric layer (206). 14. A nethod of
formng a netal region in a lowk dielectric material, the nethod
conprising: depositing a silicon dioxide based nulti-layer (230) in a

pl asma anbi ent over a layer (206) including said lowk dielectric materi al
while controlling optical characteristics of said silicon dioxide based
mul ti-layer (230); form .a recessed portion (213), wherein said .

mul ti-| aygﬁ- (231%? eI 14, Wherqia s4if sHicpp fiogide assdrmuly-lagsr 423N s #;
filling sl pRGARSERPoBRIAAGA siid) @ metal (212); and renoving excess netal
and a portion of said multi-layer (230) by chemi cal mechanical polishing.
12 15. The nethod of claim 14, wherein said silicon dioxide based

lti-]| 2 ' I ti.al | y. deposited f [ .. 16. Th
Tot hod of 161 af A ATORLOTSHG 4 ML o licnS Be) ArOmirde TR L1220 S9Mmed Y or roc

in the mghd mult- 369% (2{3@?99 vRY P4 Yéditidn AERGPhére AWriAg MRSBHRANUIhiQI the

formati on of sai silicon dioxide based nmulti-layer (230). 17. The met hod

of cl ai m silicopdioxiderbaged mubiklayes(230).sai d silicon-rich oxynitride |ayer
(232) is in the range of approximtely 30-90nm 18. The nethod of claim 16,
wherein said optical characteristics are adjusted by varying the silicon

amount i n19ai d Thelnhetlstt 6fl AInOKY, Ritickdifl @ thiokiRks ¢23R) siliddh-rich &BinRfde layer
conmprising: formng a nulti-layer stack over a dielectric |ayer conprised
of a | ow k23R)ds Bithe range phermrpximaigly 86:%nmg a | ayer of silicon di oxi de over
said lowk dielectric layer; formng a silicon-rich oxynitride |ayer during
the formation of said |layer of silicon dioxide to thereby adjust at |east
one opti cdB. chdihaahethodséf ataiaf 16 avidreitikiid optiyk charh@edsties akadjBtedrtyoeginpack
reflection fromsaid |l owk dielectric layer; formng a resist nask over
said silid S-lﬁ?ww%mw%ﬂwwﬁhOis‘étlmeMYﬁg(?s?aD-d dielectric layer wth
resist mask to forma recess in said dielectric layer; filling said recess
with a netal;

19. A method comprising:

forming a multi-layer stack over a dielectric layer comprised of a low-k dielectric
material by forming a layer of silicon dioxide over said low-k dielectric layer;

forming a silicon-rich oxynitride layer during the formation of said layer of silicon
dioxide to thereby adjust at least one optical characteristic of said multi-layer stack so as to
reduce back reflection from said low-k dielectric layer;

forming a resist mask over said silicon-rich oxynitride layer;

patterning said dielectric layer with resist mask to form a recess in said dielectric
layer;

filling said recess with a metal;

removing excess metal and said silicon-rich oxynitride layer by chemical mechanical
polishing; and

reducing a thickness of said silicon dioxide based layer during chemical mechanical

polishing to a thickness of approximately 5--20 nm.

20. A method of forming a metal region in a low-k dielectric material, the method

comprising:
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renovi ng excess netal and said silicon-rich oxynitride |ayer by chem ca
mechani cal polishing; and reducing a thickness of said silicon dioxide
based | ayer during chem cal mechanical polishing to a thickness of
approximately 5--20 nm 20. A nethod of formng a netal region in a | owk
dielectric material, the nethod conprising: 13 depositing a silicon

di oxi de based nulti-layer in a plasnma anbient over a |layer including said
|l ow-k dielectric material while controlling optical characteristics of said
silicon dioxide based nmulti-layer, wherein said nmulti-layer conprises a
silicon dioxide |ayer formed on said dielectric [ayer with a thickness in
the range of adpPesKings sligomdioxids basechmelticlayrsiinia plasma ambjast ovesa@dayss back
reflectior . | R e ' g

phot of 1  hai g s ol B Wit SOy fof FEFSRRRLRL S o g

excess netsdicondibxidetnistd mnlthlaysgiwhersin tdid hayelayey cahigides akilicbs bivridedhyer
polishing.., 21. The,({%tteod, of claim 20, wherein a silicon-rich oxynitride
layer is fomadenspiddieleetis layer sathastbickaessan thsgpnes of approximatply 2007138 amon of
sai d silicon.siaxiigs $ i . 06k . claim21, wherein
said optica@scgaractarl§§?€§H%%grgﬂ%ﬁé?gﬁ%ﬁyaggﬁyin889W§% silicon amount in
sai d sil i con- r ifeiming pmedessedepokrtinrely. pldolithdgrapist; hod of cl ai m 22, wherein
said silicon agﬁtmt i.g vari ed bié adj.usti Pr%lg a ., silane/nitrogen oxide (N20)
ratio in a depdting ¥d mertsed pertion with amelabiandy of forming a netal region in
| ow-k di el ect r irgmfRhg ks meli afi®h BOion P IRA nRiRday et 8P Rrhi hickicon

di oxi de based .riul ti -gayerssi n a pl a?mawgnbi ent ove%y a ?ayer cgllqﬁgﬁtﬁlallcng sai d

| ow- k di elpelishing material while controlling optical characteristics of said

silicon dioxide based nmulti-layer, wherein a silicon-rich oxynitride |ayer
having a thickness in the range of approximately 30--90 nmis forned in

the nul ti 21ayerTHemetBéd b @aitn 2B RAfkdih RilicohFRARRSAIRidtNaY s dfed By RN Of
said silicon dioxide based nulti-layer; form ng a recessed portion by

phot ol i t hdgleapsition gimasphere gfiertherformatipm gbsai¢ siticeredioxidg brsedanultidayesn for a
specified wavel ength; filling said recessed portion with a netal; and
renovi ng excess netal and a portion of said nmulti-layer by chem cal

mechani cal22. 14 The method of claim 21, wherein said optical characteristics are adjusted by varying

the silicon amount in said silicon-rich oxynitride layer.

23.  The method of claim 22, wherein said silicon amount is varied by adjusting a

silane/nitrogen oxide (N,O) ratio in a deposition atmosphere.

24. A method of forming a metal region in low-k dielectric material, the method
comprising:

depositing a silicon dioxide based multi-layer in a plasma ambient over a layer
including said low-k dielectric material while controlling optical characteristics of said
silicon dioxide based multi-layer, wherein a silicon-rich oxynitride layer having a thickness
in the range of approximately 30--90 nm is formed in the multi-layer by varying a deposition
atmosphere during the formation of said silicon dioxide based multi-layer;

forming a recessed portion by photolithography, wherein said multi-layer reduces
back reflection for a specified wavelength;

filling said recessed portion with a metal; and

removing excess metal and a portion of said multi-layer by chemical mechanical
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polishing. 25. The nmethod of claim 24, wherein said optical
characteristics are adjusted by varying the silicon anmount in said
silicon-rich oxynitride layer. 26. The nethod of claim 25, wherein said
silicon amount is varied by adjusting a silane/nitrogen oxide (N20) ration
in a deposition atnosphere. 27. A nethod of formng a netal region in a

| ow-k dielectric material, the method conprising: depositing a silicon

di oxi de based nulti-layer in a plasma anbi ent over a layer including said
|l ow-k dielectric material while controlling optical characteristics of said
silicon dioxi.de based nmulti-layer, wherein a silicon-rich oxynitride |ayer
is formedPP IF multi-layer; formng a nitrogen-depleted protection |ayer
in a surface region of said silicon dioxide based nulti-Ilayer, wherein
said nitrogen-depleted protection |ayer is formed by exposure to a

ni trogen 6% de lemgthqd efsaiaimadds ndwetein SaJd opticpl aharectersstieslaneaudjusted byyvarying

photolith mhereln d nmul.ti reduces back reflection for a
speci f i ed?%agg?%had?%un ni Talufﬁbc%{l‘éh? %@8&5‘ Y56rtion with metal; and
removi ng excess netal and at |east said protection |ayer and sai d

silicon-rich oxynitride |ayer by a chem cal nechanical polishing process,
wher ei n a26hi cKdiegnethed efglaim 25, Mh@rmn gid siligen bmowet isrvariad-Hyzadgusting ar educed

appr oxi mat g AR IER MBS 1R lorRie P on BfSBH e, e ol n o 1 ckness of

sai d nitrogen- depleted protection layer is in t he range of approxinately
1-5 nm 29, The nethod of claim 27, wherein said silicon dioxide based

mul ti -1 ayeér- of 4 Bwsthodof ferming agstaliregion i lovek disleciniq maisriakytheanethod 15

comprising:

depositing a silicon dioxide based multi-layer in a plasma ambient over a layer
including said low-k dielectric material while controlling optical characteristics of said
silicon dioxide based multi-layer, wherein a silicon-rich oxynitride layer is formed in the
multi-layer;

forming a nitrogen-depleted protection layer in a surface region of said silicon
dioxide based multi-layer, wherein said nitrogen-depleted protection layer is formed by
exposure to a nitrogen oxide (N,0) plasma ambient;

forming a recessed portion by photolithography, wherein said multi-layer reduces
back reflection for a specified wavelength;

filling said recessed portion with metal; and

removing excess metal and at least said protection layer and said silicon-rich
oxynitride layer by a chemical mechanical polishing process, wherein a thickness of said
silicon dioxide based multi-layer is reduced during said chemical mechanical polishing

process to a thickness of approximately 5-20 nm.

28.  The method of claim 27, wherein a thickness of said nitrogen-depleted protection

layer is in the range of approximately 1-5 nm.

29.  The method of claim 27, wherein said silicon dioxide based multi-layer of reduced

thickness is comprised of silicon dioxide.
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