20/ 03/ 2006 WD 03/029514 - PCT/ US02/ 30792 METHOD FOR | MPROVI NG NUCLEATI ON
AND ADHESI OF CVD AND ALD FI LMs DEPCSI TED ONTO LOW DI ELECTRI 2o ZOISST20N 6
DI'ELECTRI CSVBACRERHUND OF THE INVENTION Field of the | nveRCTBSOYB0R1] The
present invention relates to integrated circuit manufacture and nore
particularly to a nethod to i nprove nucl eation and adhesion of a film/

| ayer deposited onto a |lowdielectric constant (lowk) dielectric |ayer, a-

- -pLIn o &) CHUEYHOD FDRMPROVING NUCEEATIOR S0h UISHESISIv R vy AN X

capacitor dielectric layer. Description
circuit (10 n’éMIE&Mﬁ%@o%ﬁmmﬂT@iH&W-Bmmecmoms and

bel ow, physical vapor deposition barrier material layer is no
| onger able to provide suffici er#ﬁﬁ?%sﬁ%aéérage and alternative.

technol ogi es, must be enpl oyed. For these alternative technol ogi es, which
I ncl ude chem cal -vapor deposition (CVD) and atom c |ayer deposition (ALD),
filnlayeBAGCKGROUND OGINTH® INVANTION onto a substrate is critical. This

i s especi EJ w1 Es§ent lal for Towdielectric constant (lowk) polyneric
dielectri = 108rface active sites typically bel ow 1x103 atons per
square c gyret ( Rt . t oml In _silicon oxide
(Si OX). Sﬁlri?ibjll]rzrr3 qglgr}%gsgﬁﬂs app?@logggﬁ%\?\?- ﬁ%%%&#ﬁg“@éﬂ%‘}@%“ i TP s,
such as opgtiailadctn metbddp shpioge nuclditioniatlé adhiesardfantiko P &eeddydsitedCDO) ,
whose wettgbility.or sticking.coeffjcient can be |ow due to Si-CH3
‘surface. § 66:1»TW'6‘F36°§W°8§€W @W‘ﬁrﬂi’:&?@cm’ agfigh-Aetsctiegpennstenihightih

nucl eat i ofmodidlebiric 18P 85! QW 32 ' trics includes selecting a
mat eri al c%s di el ect%@giﬁgisg%l?g%agaé\ﬁygh cﬁ'ﬁﬁcﬁlh ot have the desired dielectric
constant performance. Another technique to inprove CVD or ALD deposited
film nuclm&ﬁ%me%edmhesj on onto lowk dielectrics is to.use only
certain types of materl for the filnflayer, e.g. barrier |ayer, ‘
deposi t ed00R]ch Teiptegtatadi dirctit €I Qe fmnrfaoaning, af mefabpiioht Rgledt® d.2Ghicfink t

manuf act urﬁtt;ib. Ano | mpr.oving film nucl eati on and/ or

h h. f . :
adhesi on BAPE™ 1425?{3? gﬁ’@% 3?50&1;@%&?@) 9 2 bawes mptsgal leyeis @ donmgs able

20703/ 2088 provide sufficient step coverage and alternative technologies must be employed. For -

these alternative technologies, which include. chemical-vapor deposition (CVD) and

- atomic layer deposition (ALD), film/Iayer nucleation and/or adhesion onto a substrate is

I ) _ critical.  This is especially- essential -for low-dielectric constant (low-k) polymeric

dielectrics that have surface aciive sites typically below 1x10" atoms per square
~ centimeter (atom/cm’) compared to 1x10**" atom/em? in silicon oxide (SiOy). Similar

concems apply to low-dielectric. constant dielectrics, such as organic-containing silicon

\,\_’/

dioxide or carbon-doped oxide (CDO), whose wettability or sticking coefficient can be - -
low due to Si-CHj surface. . |
[0003]) One approachto improve CVD- and ALD-deposited film nucleation and/or

~ adhesion onto low-k dielectrics includes selecting a material as dieleciric sﬁbstrate which
may not have the desired dielectric constant performance. Another technique fo improve
CVD- or ALD-deposited film nucleation and/or adhesion onto low-k dielectrics is to use

- only certain types of materials for the film/layer, e.g. barrier layer, depos‘ited which may
limit the performance of the integrated circuit manufactured. Another approach for

-improving film nucleation and/or adhesion onto low-k dielectrics is using undesired
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PCT/ US02/ 30792 process conditions, such as high tenperatures, to process
the substrate having the CVD film BRI EF DESCRI PTI ON OF THE DRAWDGEY 2006
[0004} The PP nvention is illustrated by way of exanPCBUSIIGOTIOL
limtation in the acconpanying figures of the acconpanying draw ngs, in
which i ke references indicate simlar elements and in which: [00051 FIG
1 represents generally the process according to this invention to inprove

nucl eat i oBrGeBdd B ' f 950 b ' [ ' uch as
Tk D et SPALSSHD St aohih ISt A BRR e M B B e GV T o
etc.; [00OBI. FIGS. 2a-2c are schematic cross-sectional views illustrating a
substrate processed according to the process enbodi nrent shown in FIG 1;
[00071 FIG 3 is an enbodi nent of a process according to this invention to
i nprove EDESCRETIONIOFSTHE DRAWINGST | ayer, such as a barrier |ayer,

deposi ted o | k dielectric |ayer of a copper. damascene structure,
and [0008@@%168 %ggp%ergﬂ@v@?ﬂ%ﬁ%{l ustrated Ry wag of iesapleand wet limitefiany st i ng a

subst r at eth p,{CQ@Ié 6 oREdi e Of}j R ' G 3.
DETAI LED DESCR %%E%E #ﬁl@%ﬁ%@%@gg@ﬁﬁ%’t ﬁ{ogﬁ’g%‘ iﬁir?r%r{\%r\?‘leeﬂ%{?cl eation
and / or iadisslgisionlaskleme@yBndin whith: deposited film/ layer onto a -low
dielectri nst (Lowk) dielectric |layer, such as.a polyneric
di el ectri @Ogﬁ a Egt%‘t}cfﬁpr&%eﬁ%s(ﬁ??%aﬁﬁ thei Igoﬁé_gﬁcrcf’@é‘%ﬁ to\FﬁitS ARYCRiLEN 9ABREYS, the
ok dixticRatid anll besiGR b8 MRMHCHepbdR0 bhioBhiREHd sulh NR' 1dwifeor at ed
circuit nanufacture processes such”as etch and chem cal nmechanica
© pol i shi ngliglegirgs, highdagate divlectpics dightk capacitaridiatectriosnatc.a | ow- k or gani ¢ pol yner

di el ectrigopayer organi.c-doped oxide djelectric |ayer having

i npr oved [ﬁ%ﬁeaﬁ@r‘? ' %ad?coragea&ﬁlgeg?aglﬁ CIBFbegﬁ%tF‘fr‘iaLé' 1%y 1 Sgﬁ%‘é’e&u%’%ﬁrﬁe
deposi t egroysed asioedingfo the BAICEIs@bEBinent Hownd §iG, 51 - OH or  pol ar surface
chem st r.)ighas been identified by inventors of nethod di scussed therein as

[

the crit 87 parkifefds an gmbedimsnofripioeess aetording iothisiiventionrio Ghpiov® or

ALD- depo : I ] . rial Javer(s) or,other material |l ayers onto
Cow k. by SPeEHion ' AL b, MolaP Hich) a5 S e ehostod onib o€
- di el ect r idedectricageriolf a dopy@r dsmadtemodtiuesird)¥nd Nvent ors' -2 20/03/2006 WO
.03/ 02951 /U 30792 ' ' o
?Od?lgir %%/s 4a-4e are schematic cross-sectional views illustrating a substrate

processed according to the process embodiment shown in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION
[0009] A method to improve nucleation and / or adhesion of a CVD or ALD;
deposited film / layer onto a low-dielectric constant (fow-k) dielectric layer, such as a
) - polymeric dielectric or 2 carbon-doped oxide, is described. With this process, the low-k
dielectric layer can be modified without affecting other integrated circuit manufacture
- processes such as etch and chemical mechanical polishing (CMP).
_[QOIO] - The present invention forms a low-k organic polymer dielectric layer or an
- organic-doped oxide dielectric layer having improved nucleation and/or adhesibn
properties for a subsequently deposited layer such as a barrier material layer. Si-OH or
polar surface chemistry has been identified by inventors of method discussed therein as
the critical parameter to enhance nucleation and/or adhesion of CVD or ALD-deposited
barrier material layer(s) or other material layers onto low-k dielectrics, specifically

carbon-doped oxide and polymeric dielectrics. This finding is supported by inventors’

-




data showi ng good titaniumnitride (TiN) nucleation and deposition onto
silicon- containi n? pol y(phenyl ene), which has 2-3 atom percent2(#0.3 /220686
i m precursoVOdMibn matrix and SiO2 with correl ation toPESIAUSK/®0NM ent .
[0011) While the discussion included therein nmakes particular reference to
a nmethod for inproving nucleation and adhesion of a CVD or ALD deposited
barrier filmlayer onto a lowk dielectric materl aI | ayer, the nethod of
thi s i nvegjsh ool 8 Qithodifat 5AS¥ | SEISEE of this
“Tinvention is uge u%ugog t%de]r I m@ture app |ca gﬁgﬁmﬁlﬁgcnliﬁ %ﬂg for
exanpl e hfgttaikingaiody(phtinglepe)f whichllay 8+3 depgsirdend(at.(%6) @ in padcursonsotuiiod de
(‘A1203), tantal . ent xi d Ta2 haf ni um pent oxi de (H 205) materi al

| ayers), %B]xfﬂféigl ﬁﬁ%&?é‘?nt8§1%f‘?q@1 ayer deposition (e.g. Ta20Cs,
‘barium sfopent i urwwé ﬁae@tseugs%%%éih@a tﬁéreﬁ%%pes Z&Mﬂm@é@r@x{w rgiaRap! tion

techni ques. [0012] In the follow ng detail scription, nunmerous specific
detai | s afos improving picléation and edhasipnprfon C¥D ar ddiledepositaiigpnriemlar kyandi ng of

th t to th || ed
the art CONBARHR FEerR PR lvph fistpriod R B Heon dtagt so Tt i ey be
pract i ceddivdusf@ubelotve IBe TR Iof RISt Rivbrtion! & B4RAT tol Hﬁfemeeﬁlanm&{uémom

devi ces, net hods, procedures and_indi vi dual conponents have not been
descri becDPHeativas.ajinclading sfon caxampley highde saate i diglegtie clayer depusition ¢d.gt he

0 wh |
B & Gosi GuFBE e RO SERb" RehBrly Srsechl AR $obrick Ofp Bt
~i nvent i onmitoriali PeS) iang Higtck apicior awkcuﬂﬂt@& @époRttiod (B¥PTRJO \bRkif@Posi t ed

fIJ/m/ | ayer, such as_barrier &f()) onto a | owk dlelectrlclayer are
Pﬂ

i T1 ust r atSBQniNm Hiangte (BaPriQuerB j0a ¢YDrpcALD dencmtwetmlmxcglemer ally the
di dh
D00 IR0, 8 o hind SNARA R0 . ohIREARE;UEL RRLAED, RO e o

“dielectr |ou:ddrety@|towdmaazlmralﬂgﬂmgh dﬂasthnémgldfaﬂe fiesotit @ﬁ/edu@i eHbﬁrbﬁeﬂ gyer, or
known in the art, for exanple high -k gate

"~ on ot her d Iectrlc | ayer
di el ectr |“6‘ SfBP%r to %WWE%‘&@P@( 3t togylpla this inventiop pertaing @ ﬂlQﬂfeE%ntar e

Sccor di ng RURRIRT 6 pRRRLed YRR terd SRATE Uiy o BB HORRIRH.  o; once

"t o “FI GS. dtvigesy n2dhodsh provedures aod indivigual mosmonents geveenal begn debaaibed iby

provi ding a.substrate 10 int deposi ti op chanber, of systemtypically
used in %Ffﬁlléaf‘%{“é omegasrs?n IO% HRFUR P %P(%F%Weﬂti@ of process chart

e Sl IS kR 6 RSk e g s gl sl st on
reference numerals, embodiments of the present invention for improving nucleation and
adhesion of a CVD or ALD-deposited film / layer, such as barrier layer, onto a low-k
dielectric layer are illustrated by FIGS. 1 through 4.

[0014]  FIG. 1 represents generally the process-according to this invention for
improving nucleation and adhesion of a CVD or ALD-deposited film/layer on a low=k
organic polymer dielectric layer, on an organic-doped silicon dioxide dielectric layer, or -
on other dielectric layers known in the art, for example high-k gate dielectric layers or
DRAM capacifor dielectric layer. - FIGS. 2a-2c are schematic cross-sectional views
illustrating a substrate processed according fo the process embodiment shown in FIG. 1. -

: [0015]  With reference to FIGS. 1 and 2a, the method of this invention generally
starts by providing a substrate 10 into a deposition chamber of a system typically used in
integrated circuit (IC) manufacture (block 110 of process chart 100 of FIG. 1). Suitable

substrate materials for the present invention include, but are not limited to, low-k
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WO 03/ 029514 PCT/ US02/ 30792 diel ectric materials such as | owk polyneric
dielectrics_or organic-containing silicon dioxide or carbon-dopedo®/ 2806
(CDO) di el ¥PPRI5K her substrate materials, such as sil i BOHUSHIG0792
conpositions containing silicon, and other substrate materials known in the
art of 1C manufacture are also within the scope of this invention.
Substrate 10 nay be bare or may have netallic lines, transistors or other

ol reul trY aplaeathhaloRls 56 6 IAPLOBolhiric WSAY 6 W&@B@W#%ﬁ? ng with

)

according to conventional IC fabrication technrques.
r ef er encediogide| @Sarlioradnped axidsi (DO dicteckrit. r Ditber Ibstratd heterdRpaesdtt aon
chanber, .dielectric layer 12 havi,ng a r tive conmponent 20 therewith is
f or med ngi}lgc%rhgmgg%gqqsg{o s i@%?lwgéﬁlc%éoaﬁ&ﬁﬁﬁSWFﬁnpfséﬂOW)'l_mﬁéﬁ‘act ive
conponent a2 Of I0GYan it Sre AN WitHIR WRE S0 &%ﬂtﬁp{lﬁ% BS e
generation of polar groups or polar si ?es on the %orn%sﬁgg?gg%%% ayer
12. | n onkrepbBay hevemetalie linesatramsisiors onpthereitcuiipOaliesdpfibisicatedbaloptlec ur sor

| ut | in fornmi.ng the dielectr.i .12. The .
Sol ut i on SHURERA sl SeconEn g Eickbiatal & Bhickfion fobrials”Cver t ne
supst r at ef0016] usiCogtinuisg eAthGoferefdB6 FIGEOS Ao, (WRYRhe RUDGRRES10 0 Rl OMi C

vapor depqoﬁzi tion (ALD) process or alike to formthe dielectric |ayer 12.
Al t er nat | 4F@Psition ghamberng dislects laygral haying diredcsive compansnt 2@ titerewitlstsead of

oot fve EoneRic e ARIRANAtER 128 drafaRi AP IREL LT Motk Beopmondi s, "

formed dimieiichide ahpyenpohant tRitgrodicek DEamhandks Bhe ddiGralbbLl Erofips dp 12
foymed on ubstrat% 10 may vary depending on the type of integrated
circuit (Hoz%r SHes ythadrord diclrckis laygs e ds epmembndiment dhe ssactive eompopent

507000 ATSr g &5 ASeudser TP R8s 0 Rty 4B e PR R R oo
di elhe_ct r ipceduespe solitori 22 with thedeatiee campaicnb2@iskRendebotited 008 the Bib3GatleVD
techni qu

i n which.sol utiqns havi t he reactive conponent 20 and
precurs oﬁg USHe? C&‘Smt‘@??’% ?BPFWEI(gt%a)ﬂ’&%‘ieﬁ%ﬁﬁﬁ@m‘bﬁmp%ﬁl%ﬁmr CDO,

hexaf | uokefcs: ' | | .4 ]
- hexaf | uopaRieePy! £m8E6 t@Indend (ﬁ&le&?ﬂc%fe?tlﬁfi[ﬁg@{éﬂ%g&g , etggl'ﬁ%%}]%%{hg%ﬁzw%n

acetyl acetonates (and other netal "acety 7
di el ect r dislectne canstant dtstead phHaddmmthe réawtisle otthponent ) talthapieonsatesiutivnr  hi gh k

.dielectriygs, .,are,deposited over bstrate 10 at a te ratyre in _a range
of approgﬁr%?tgfcyth% CEVG IR %ﬁﬁ‘a};ﬁ W&OP@&%@Q@&&@W plready t095

tort.  (@hBH deeslalérazl 988 thididnesPys bemt Al gid M2l Baki S &lvseliki C

materials, such as |owk polymeric dielectrics or organic-containing
sili con #9cnexi&ant depengiog-atofhedtyps i ofeintegrased cireuit (ICN hedug atanufkipred,

di el ect ok prterdRls, BR. "R Hiflodily e Fniladllls 3 9 Salb S St 500
angstroms (&) to about 50,000 A and preferably about 2,000-20,000 A.

[0017]  In one embodiment, dielectric layer 12 is formed over substrate 10 using
conforming CVD techniques in which solutions having the reactive component 20 and
precursors such as tétrarnethylcycloteuasiloxane for CDO, silane for CDO,
hexafluoropropylene oxide for poly(tetraluoroethylene), zirconium acetylacetonates (and
other metal acetylacetonates) for high k dielectrics, or tetraethoxyhafhiate (and other
metal alkoxides) for high k dielectrics, are deposited over substrate 10 at a temperature in
a range of approximately 150 °C to 400 °C and a pressure range of about 1 torr to'5 torr.
[0018]  Dielectric layer 12 may be formed from low-k dielectric materials, such as
low-k polymeric dielectrics or organic-containing silicon dioxide or carbon-doped oxide
dielectric. Altemnatively, dielectric layer 12 may be formed from 2 high-k gate dielectric
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WD 03/ 029514 20/ 03/ 2006 PCTI US02/ 30792 material such as al uni num oxi de
(A1203), tantal um pentoxide (Ta205), hafnium pentoxide (Hf 205)20¢03/2006
anot her enbB@WEHBH di el ectric layer 12 may be forned f r ompcarusvgivrse
capacitor dielectric material such as Ta205, bariumstrontiumtitanate
(BaSrTiG3 or BST), etc. The forned dielectric layer practiced with this

~invention may be an inter Iayer dielectric (ILDb) layer, an inter net al

di el ect ri andté¥d1 Dhuch@Y € atudinkff %ﬂté\%@c&)e{l@m yﬁ#’g{i{) gnel ectric

“layer used in the manufacture o

formed di gleploxidecHED} k. armemampf embbdmm diafeiicIaRs 12 A De Mﬁhéafrrﬁﬁe to be
uit (1L.C _ or another m Croel ectronic

d d
vt co.  TitdiElR ofbaetE BRERHE roferal sush aﬁﬁ??@sobmﬁm@r@nmfamte @abrlita on i ts
surface. 49051, feachi ¥RaTARA Hyelybhikd T AR HIGHoh b sl ient | on

i'lnclude, but are not limted
t er mi nati dyey ﬂ@tﬂpmca(l"sm lay@n;an(lﬁer- l)netad:drelmtrm (WO riayep, a Prepfetap dRMREHC Jroup.

By addi t th | ut 22,
 tar nat | 9GP BRE ot RistREY Bra et in Ge papurbie o qu'éraiqod aisvats. Kpicalbn- pol ar
honds at ﬁftb&bﬁh@iﬁdl@l&g&ﬁqgﬁs Q@@Hﬁlﬁtoﬂ@%&} Bsrated! i c?l?axg% L ngmt?s‘ég or

sites could be increased in a way that iIs anal og dus
phosphol i Bitel2piintegrgied sirawitl G @Irfamathslemmbcnbnmldeeﬁ:e Tthe wder-/absgiate

conmponent ._0; v ent 20 be attracted to and enbedded
‘in the buF%( %Eﬁﬁégﬁagg&cg&ﬂgﬁ% Ib’% ﬂl\l%ﬁ?ll c-doped oxide. The polar

groups - wi [0019F ef Ne&ﬁlﬂc&ioh%aoﬁédt@ﬂﬂ tha ﬁ@%é&ﬂeﬁ%?x?&ﬁeﬂﬁmpf AL Gup Qley TEr Or

or gani c- Jébpe(;l oxj de. 10020] In one enbodi ment I'nven |orf reactive
conponent Wtoknile & compaseits fhatoeontain e polar A@miwdtingxgroup, alsilona($ivel y ont o

fornmed d ncl anosi l.anols and sjl angls such
S as tri m{%&%ﬁ# %’F]o]&yec{rr%éﬂ%dr@¥ gsr?lfpanﬁjy 2 t"gg aﬂ‘fléc VBr‘Ej’&?ﬂ"Be‘Bo‘ﬁ;'q foothept -

or ganosi | pre@irsor aohitish 220t sltepiavbasts RRmBe GRSSRY 1258 wma\teﬁm ih?lt Rast he
pol ymer or_organi c-doped oxide while the polar Si-

bul k of the o
bonds wolg" p%&%@'ﬁgs flogie fide andbpelar bends at theanthierp suréach prlze granps ensbitasn of

of a barrror BEPRRG@ i SN kR iR GoPrll Mol ARG el

gener al @h’émsaaaiblefdamwlla di‘he-n(oi?@Sla) c@dpon&heéﬁharea&@w QuPohsnt208ANLE Jr oups
such as ah[%t@t hgg 'Sfl ns, are one_ class of reactive conponent 20
| ecul e$ e a“éidmt Be resic palymier emorzanipdppédyoxids. |

_ "mjt er nat ke pol@ drBupO Wilk GreftRhGaly" bﬁeﬂt Y Ghe trface' ke l%réamc pt)lynzllei‘< ARE

aromatics, olefins) is
organic-doped oxlde

[0020] In one embodiment of the invention, réactive components 20 added fo

- ) precursor solution 22 matrix, or alternatively onto formed dielectric layer 12, may

inctude organosilanols and silanols such as trimethyl silanol, triphenyl silanol, etc.  The

organic portion of organosilanols and silanols providés the necessary solubility into the

bulk of the organic polymer or organic-doped oxide while the polar Si-OH bonds would

- . orient towards the surface to aid or enhance nucleation of subsequently deposited
‘material layers, including for example nicleation of a barrier material layer. Stated -

another way, organosilanols with general chemical formula of —{(Rz51),OH, where R

: ;cpresents organic groups such as alkyls, aromatics, olefins, are one class of reactive

component 20 molecules that can be added to the precursor solution 22 matrix, or

alternatively onto formed dielectric 'Iéyer 12. Since R (i.e., alkyls; aromatics, olefins) is

compatible with the polymer interlayer dielectric matrix, -SiOH groups will tend to
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ciorrpét'ible with the polyner interlayer dielectric matrix, -Si OH groups wl|

tend to -5 20/ 03/ 2006 117.114 PCT/ US02/ 30792 segregate at the2gyof3atege6d

provi de nucV@&M¥Al4sites. Subsequent treatment with el ectr eoT/usesoyszor 02,
N20, H2 plasma may be applied to further increase the surface Si-CH
[0021] In another enbodi ment, siloxanes -(R2SiO)-") and organosil anes
-(R2Si) - such as hexanet hyl disil oxane, hexanethyl disilane, trinethyl

si | ane, eg nts to the. cur sor
"sol'uti on Z%m or aﬂggsru?lfai?‘? gﬂq Ig/}g‘gn%%‘%l%a\rﬂﬁ%%?%?gﬁgﬁqye% eﬁ%Pp‘H}? lt%%tr‘?lbr m

Si - OH gr obssn, @uob,mgz@rmmmayta d@k@ﬁ&‘uﬁﬂ&m&éﬁaﬂ%&m @®Rn be readily
converted oups by. processing / treating the forned dielectric

| ayer Wtsoﬁyg %@&8 et cmbad H"b SHP?S‘E’@% sRaif@hnlagndoorganesdanss -RShp asma
treat Wnts&h%ﬁé&n{eﬂﬁd‘?ﬁéﬂ%ﬂ&dhé ot EASAR by, b y?)%gé%&n;?;’(t_her

embodi ment, organo-silicon hal i s W|t ene a of
F Br) ma%s tﬂectmd@mlm&emaalﬂtiovﬁe qmtqumoe -mnaxﬁ) 22p of bRerﬁitﬁ@lyr 616 [G@hddt | ONn

or alée]rgntgl 1y g)f electrl | ayer toformS|-C]-I groups
dur| ng proce E]%;o e o SFRLPS ¢ é}f‘éﬂeﬁ?ngzon\ﬁélﬁﬁé@ tandsj -

through r silhes Waﬁ I’be%b(ﬁfﬁcﬁwe&éa E)”—%i-cgf‘%f’ ﬁ%rowgﬁn& 9aehd {.h(eRZS' )" X

+H20 ---> R2Si ) n-OH +HX may be perforne er vapor tr nment at a
pr essur e formeddiglectz- Byeni? using aaplasmanfreatatent pracassgeudhr snDaKE of GHM

t enper at 400 t nate enbodi nent, the reaction

(R2SI), Xﬂ%ﬂ%%egg‘??kfgfc)ess%ﬁgﬂ%ﬁﬁ%b] Qlioyeing seqtien)-by  reacting with a basic

- sol ution [082mh am Mk, edibddimbia Ochoaa iien hablibd GYB! geRral 2RQYEG Grand at a
te,nperature in a ra%ge of 25-100 T. [00231 Creating O % producl ng poI ar

groups i $ReiX(X7EE &6 Brhmax baiaddsd perraetiveccomponpin 2 to the preomsarisolutign si | i con

nol ecul e Bor t.her C co onent may be
added asﬁa rgaaétafﬁ\%gp %gn%ﬂéﬁefﬁﬁ&fogtek%ﬁﬁoﬂﬁ E%r Eoorforg'bghﬁ):ﬂ:)ﬁm“?%

al t-er nat ipvadeysingnt Bxporedes!-Xiged s tafd Serepdlgr coh?rertéd)toeBiJ@HClﬁr&@ﬁ rréa%’hon

nucl eation,, The phenolic conpounds refer to ymers having generally a

: structur@‘“g‘fmﬂsmﬁ-l %%%CIAdemélﬁrﬁ@éﬁ%‘%wm(B n&*‘&llfpyﬁ%r(?&zsl)nfﬁfériéﬁéxerrpl ary

o about 13 Rkl e8RSl BEA Bulifive 28 o ) BRcid €51 87

| ayer 12temperature range from above room temperature to about 400 °C. In an alternate
o embodiment, the reaction (RzSi)aX +H20 ---> (R;Si),-OH +HX may be performed by
. ,) reacting with a basic solution (such as NH,OH, KOH, NaOH) having = pH level of
above 8 and at a temperature in a range of 25-100 °C.
[0023]  Creating or producing polar groups is not limited to using a reactive
' ) componentIZD containing silicon molecules. For example, in another embodiment, a
' phenolic component may be added as a reactive component 20 to the precursor solution

22, or alternatively onto formed dielectric layer 12, to enhance barrier nucleation. The
phenolic compounds refer to polymers having generally a structure of Ar-OH where Ax-
Tepresents aromatic polymers. In one exemplary embodiment, a layer of the phenolic
polymers having a thickness in a range of about 10-100 A may be deposited onto the
surface of low k dielectric layer 12.

[0024] In yet another embodiment, a small amount of polarity could be added as
side-chains in an organic polymer, eliminating the requirement to add a second

component to the solution.

ardd




[0024] In yet another enbodinent, a small anpunt of polarity could be added
as si de-cr\gi ns in an organic polyner, elimnating the . requi r20¢003A2060dd
a second cONSEREAY to the solution. -6 WO 03/029-514 20/ 0BCEOSB/30792
PCT/ US02/ 30792 [ 00251 Wth reference to FIGS. 1 and 2b, as set forth in
bl ock 130 of chart 100 of FIG 1, after of dielectric |layer 12 having a
reactive conponent 20 is fornmed on substrate 10, the nethod generally
cont i nues [B825pr 0Csthi re@rdncé (EBIGNA Adues, O HBC oineh & fcil%o'o?%ﬁ.{rt 160 ga"i ng

" “theé reacti (g]gorﬁ(pOnen,t 20 to produce, generate or enhance the genelp tion -of
pol ar gr or% - o Al L elssiie lnyenl Zhavingasteadsivetchmpenant 26 & fBdnadfontshbstfpe med

di el ectri qql . | formed dielectric |ayer 12 may be
per f or ned u’sﬁg{e%m%%ﬁ}g%ﬁ%ﬁ%% g?ces??%g?wﬁﬁr{@ ddielectse E’é’ﬁﬁaﬁ

t r eat ment hpying dus reactivectanionent 1 anpiodasd, F%ﬂéraﬂar ACERSnce Ok g‘é’ﬁéi‘ﬁfoxpﬁf) CESSes
roduce or enhance the generation of o polar groups 30

known in érl(?ar art that %
or pol ar BY'PEEO4RS OPolirsues Hatdenst anthe sudacedl 40if thtrmed diettcic ddyect2j ¢ | ayer
12. The PHe&RES ' o I as_Lnproved nuc| eation and/ or
adhesi on gro oper t ftg?sgjﬁ Iegﬁfaegégc Celg?(egtllzcs t]% er%’%ﬁ‘ﬁ?ﬂ@%%ﬂ@*?}'%’éﬁﬁ?‘?{cal
subsequenttymeRotess, piaties trabtmieay prosessLard elebRdd bk FaltRkhidiroldY S5S,
ul ti natelcyth%reaglien tO | rrprgl\éed C deyvices. [0026] In one enbodi ment,
processi ng tHE 10 OYR & BEart; trat psgdiice op endjappe thi generastontdfymlar@mugsent 20
(process 3 aCkoldB8itds BoFk Ge: : e L n t. .chemc

8l m0dt Feasf b W?QP‘CQ?Q Oof?}g? Lﬁmeg ﬂgerlg‘ﬁﬂ%ﬁylﬂcﬂ'aal@re 12 is

treatment techni que where the surface orme
treated Vi'e9¢ssed dirleetric layes dR2athiasrimpfoved emalenticn ROY/@SAihEbh Ypetied ©r( KOH) o

sodi um |+ ( to increase the nunper of Si-CH, "CGOH or C(O-OH
'g‘fgups. %f%‘&é %?ﬁsc‘g%%%%.‘%?ehﬁy P&%ﬁisﬂg@ﬁuw@dﬁemlteﬁ meAkprial dayerse eg.t  and
have beerbatikeehatdial lay&%mh@wlﬁieid%-%hf&?gE@Peﬂ@e‘%?' yi m de substrates.

g the

[ 00271 IT a _second enbodi ment, processi orned dielectric |ayer 12
wi th t he [0F€hct i peora wpbadiment progassing she brmdd BRfcide By& 11)witiBye be

per f or ne | A eXNoSi .t syrface, 14 of the dielectric
| ayer 12giagﬂ_‘é g@tﬁi’%@ﬁggn@rﬁﬁsﬁ?éﬁTﬁ%dﬁé&chgiu@i‘%Yi Bdong by singra web enhance
- nucleat i ehemibiletreatinetctebitti@ie Wherk OheRdrae: $4 03 HAL& &i@}ecgﬁyla G 1358t ed

Wit h, e g g{ﬁgg ed to electron beans in any depositlion/ processing  chamber
havi ng a"f ot plkalineqtolfiion) &stexemplsepotpssiun aydroxide (KOH) sk rsatifam pl aced

; |t hg gggéngiﬂy PREOHS o Bhorddsh HeWRHePOr §{10H,‘%-8ﬁf L2 EFO)gg)Hogrrglﬁ)r;?sévLP xanes 1s

L r> ‘chemlcal treatment techniques are well known in the art and have been used, for

example, for metallization of polyimide substrates.

{0027]  In a second embodiment, processing the formed dielectric layer 12 with the
reactive component 20 (process block 130 in FIG. 1) may be performed by treating, e.g.

)  exposing, the surface 14 of the dielectric layer 12 to electron beam radiation under

conditions sufficient to enhance nucleation. Dielectric fayer 12 formed on substrate 10
~ may be treated with, e.g. exposed to éiectron beams in any deposition/processing
 chamber having a means for providing electron beam radiation to substrates placed
therein. The number of Si-OH groups 30 on the surface of organosiloxanes is increased
in a controlled fashion by varying the electron beam flux and energy. The increased
polarity of the dielectric layer surface 14 should result in increased nucleation for a
subsequently deposited metal barrier layer.
[0028]  The chamber pressure during electron beam processing {(block 130 of chart
100 in FIG. 1) may range from about 10 millitorr o about 50 torr.  The chamber
-7-




in a controlled fashion by varying the el ectron beamflux and energy. The
| ncreased polarity of the dielectric |layer surface 14 should reggl/t03 /2006
i ncreased nwaoég?q{’éh for a subsequently deposited netal b&CTiusp2/sayer .

[ 00281 The chanber pressure during el ectron beam processing (bl ock 130 of
chart 100 in FIG 1) may range fromabout 10 mllitorr to about 50 ton.
The chanber -7 20/03/2006 WO 03/029514 PCT/ US02/ 30792 tenperature during

el ectron h rﬁhﬂl@&ﬁigwbcﬁﬁﬂ beah! ﬁﬁ)ctaésﬂig %?ﬁg,rtn 8 %rofn MfdufPPEE 18 300ut 450 2Nd be

" preferably _about 400 The tine perio ctron beam exposure W | |
dependent Gpéwl predergbly abgut o8 ° G h&ho diarm prodge dgpon ebdamwxpdm:@wlﬂi;bé ate and

the b t d t t di |
opti i ve. CRBE e sl 66 nBAN '”aag%tapphétqfﬁvﬁ@%t?%s@ﬁ?tﬁ bewm
gener al | y ctibent eipsigur @navbt brdfraf0ekif 19 MeARP din feadih Bptgﬁa% 3%{

m nut es, and preferabl y froman el ectron beam dose o about
500 ni cr oEXRASHIFHS g5brhedived rasnity, bt éﬁ@)’aﬂmefﬂepcmmwﬂlrrangaﬁmmtabﬁﬂt 1o about

300 jilc V. t he ctr,on bea e from
about 0. SHtE% térl&ﬁout?g%(szf?%@hé§ d%ﬁ&?%lg%rp %lﬁ? fe P%‘l‘é?g e and
accel er at alwyt G600 mgmcoaembs:paohqumlel c@@p@;cﬁﬁp rﬁréf@x&ﬁiy fréin taBsutOLQEfo%o%Pd dept h
of the de{%d'eg syrface npdification respectively. In one exenpla

ry
enbodi men 1t s thha aerclemting vpliege-ofdhy elepiraidisen) o age froD@bovt &5 ect ri c

| ayer 12 t h ocessed in a
chanber a%uogh%grrkﬁﬁg\?g%lg 19 § &P Eégt %ﬁéum dﬁl edrﬁ ?‘réic?ci’:g{? aggﬁrﬁo B of
~about 20 sqbactadcmﬂ bwmepmmmmedbg:rearan@ﬂepmbm@aieﬁfedtshﬁfa@é ﬁi@&lrfi‘éﬂndheam s

ap/put 3 KeVv. 02 1 Inathird errbodl ment, processing the fornmed
di'el ectr FESH%% -1 b1 ong exemplaty, qmbaginentes substiate 18 beving a parpen dopeididxidehe

reactive (M%&@étn@@ay@ﬁ?ﬁﬁg %rﬁcﬁ@ﬁ&dﬂ%ﬁ el 1 grm%a {Egﬁ{vﬁro%csse ga\l,J\Z: lng 2

pl asma treat nent e ashm trea

known i n chmberr 2t a Tﬂmpmuramf aipax @(D(h%@;assmpuh @lackph desn idoge 6F bbar 28 -
bonds ctrl C rface 14 and generate Si-OH and CH

| k,di el
gr oups 3dlé/° i V&f@e:ﬁ‘g@? %ﬂ‘mdgiﬁ%%‘? ﬁg{“eﬁ*l begm 15@holit 3 K&Veonpounds, such
as TIN ba0e%gr, ued RrdAaBodleGH §|gg't§é %@@g%cﬂicﬁﬁ ﬁg%g‘gk{v& gotlve

pre-cl ean process on carbon- doped oxl| ectr face
i ncr eas edopmers; digleetde typr, mﬂltﬂkﬁeracmfemdoyemml(pnon@s bfd‘ck 189 ¢ BRtrahyi ©

Pn7ert u, TR oo s sGrherd e O Noch 68 FeiRbhmeBm iR L r i ¢

. dyer 12 areowell Rtdval mﬁe €| Yhd O, N0 BEm c&uﬁplleplaeé fReC-HNE i i sofpPar at us

used for depositign of
at the low-k dielectric layer surface 14 and generate Si-OH and C-OH groups 30, which

is key for depositing metal or metallic compounds, such as TiN barrier, using ALD
B techniques. Using an H; plasma-based reactive’j:re-clean process on carbon-doped oxide

) (CDO) dielectric layer surface increases the Si-OH group at the surface by striping off
hydrophobic groups (like methyl groups). The plasma treatment may be performed
either in situ, e.g. in the same chamber used for deposition of thin dielectric Iayer 12, or
alternatively in a system, or tool, other then the apparatus used for deposition of
dielectric layer 12. In an exemplary plasma treatment process, the plasma treatment may
be performed at a temperature ranging from about minus (-) 25 °C to about 425 °C, at a
pressure of about 0.1 to 20 tor, with an Oy, N, or N;O flow between about 100 to 2,000
standard liters per minute (SLM), at a power of about 10 to 3000 watts, at a frequency
range of about 350 KHz to 2.45 GHz.

CoaEs .




dielectric layer 12. In an exenplary plasma treatnent process, the plasm
treat nent n’%%/) be _%erformed at a tenperature ranging from about2@y 0385 2006
25 Cto aboPBAWSE at a pressure of about 0.1 to 20 tor PCTASOMS0Z 02, N2
or N20 fl ow between about 100 to 2,000 standard liters per mnute (SLM,
at a power of about 10 to 3000 watts, at a frequency range of about 350
KHz to 2.45 GHz. -8 WD 031029M4 20/ 03/ 2006 PCT/ US02/ 30792 100301 Wth

ref erence [0@80]t 0 WihSefetend® dowGo FRSS.SEind 1, b8 sdt ot Epﬂio%f‘fh(ﬂff &B@ﬁﬁ%loo of
"FIG 1, followi ng dielectric |layer treatnent, the nethod continues

form ng afbthérl, Tplavapg dielachicleyerdreatinegt, the mgthoil spntimesby &tmiirg/moth.bﬁ?/ over
the t t kel | . ' | /,pol .Si t , €.g.
S oH o LU AL 150 b Bhribf BV L8 B e R BerRef g gdd ©

di el ectri haviay @olad group/polai sig 30)@leh SI-OFBSCCIGH ohdtipe 301D icatt M thd@hfaber
12a is generally ,done using

material |ay 15, over the dielectric |l ayer ) I

conf or mi n&géflﬁhe B'Pat?({@eﬂﬁcg?%@é’@sl,zaorF%Fﬁ?“&ié%bffftm@mnfgrlél@ési& kigoherrien t he
art. [003 n 0 i SOr ption .at e
depost 1 onrucry Bya! 19 gvé ikl BeRErR TRt SRy SORELTRE SO CWBF i que
of ; Al D i sobASBdrocessespormny deposition procetsdimofsarintiden of a saturat ed

nmonol ayer reggtive p ursor nol ecul es by chem sorption, In an
erbod renl003Bh £ crally o3 Procesies PSeby iemisormipni the depesiion surface

i Nt roduci of Bie Geattdl iftddc 1RYEGYAS The t&ﬁﬁgléé gfﬁ%ﬁgs il 68 Eﬂé%iﬂc g 122

into the ALD deposition chamber naintaln fOCess Tenperaiute in a
range of tppderiationebf 2 150urdR0 Gicamothypr edferredetiye apreuirs@SGnéleciadrd tyr essur e

7H ccot ordieRi " Bl S el 1 o BrbReeihs i, ¢ o
ni trogen iai¥aduckidl @0, FraGhs, PIrBGEcE ovbNirBAtd RIRLRY 1Hes 132 716 flkomtp |ayer

additive to previous depoSited layers to forma unitormlayer of a solid
film Theleppgitien chambespnzintgthed rat ial protess dessperatureobr 2 irenge | cfymprdxitharelys

t hi ckness; dnSsAne d. 100321 | n~exenpl ar rier_nmaterial, ALD process,

a titani Elrgoﬁﬂor ?Ca%ﬁ(pﬁ f%ﬁagﬁaabg?{gs%cregn%?% mP“tt et Eaferablyiabentct r i ¢

~layer 124 toyr. dtdch imtedduv@dny e @engRtibh palsd, %Brgoufgoeisrs%ﬂélxﬁl%a *By%gﬁ@ﬁégp%ést ani um
e de

and NH3 precursors over the treated dielectric |ayer 12a. osition
rate of ARUEBCTIE RHEIRgen (12) mugs oBechipreqursasriniettion provides amewrdteicrieysr, the

- ALD pr oceggiiiy %g- r r(ﬁ-@bot 380 C. 1.torr, .
respecti vgﬁ‘y“."E e{ng#né‘%{bg ?in&gr@’eg%%ﬁf)&?% m}#y ercojﬁ S&é‘ggﬂf’y ‘@fci[eg}st he
above pr oepeatilngtittha dedited barrieplagaifilm 15 thickness is reached. -
[0032]  In an exemplary barrier material ALD process, a titanium nitride (TiN) layer
15 is formed over the treated dielectric layer 12a by alternatively depositing TDMAT

(tetradimethylaminotitanium) and NHj precursors over the treated dielectric layer 12a.

' ) The deposition rate of ALD TiN layer 15 is about 10 A per minute. In an embodiment,

' the ALD process temperature and pressure are about 330 °C and 1 torr, respectively.
One of ordinary skill in the art can readily modify the above processing conditions to get
the claimed results. The thickness 16 of the TiN layer 15 formed may vary depending on
the type of integrated circuit (IC) being manufactured, processing preferences, etc., but
typically the thickness 16 may range from about 50 angstroms (A) to about 1,000 A and
preferably about 10-100 A.

[0033]  Continuing with FIG. 1, next, the method continues by performing any

remaining process steps needed to complete the IC fabrication (block 150 of chart 100 in

FIG. 1). These steps may include but are not limited to forming, patterning, annealing,
-9.




the clained results. The thickness 16 of the TUN | ayer 15 formed may vary
depending on the type of integrated circuit (1C being manufacgeyed,/2006
processi ng YP&¥etces, etc., but typically the thicknessPQBUSRBIIANgE
from about 50 angstrons (A) to about 1,0001 and preferably about 10-1 00
A. [0033) Continuing with FIG 1, next, the nethod continues by performng
any renmaining process steps needed to conplete the I C fabrication (bl ock
150 of chatd ofQAditnally Srmad - & i ; : twlfm ted
“‘toformng, patterni ng}f anneglmi]ar?g;ﬁ%?2%7%8%6.%%!5&%\%&%5%&%1%9 Wéﬁ :
PCT/ US02/ Bog9pin geert. of additionally fornmed conductive and insul ating

terial Y Kk Lo the art. [0034] Tur ni t
frG s aniERLS TR A TGy el MeS. uh e b e bpiatng it Rt &
i nvent i onatcordifigptoothés vedtieats Biproveimadansh o Mhedioh of MELANSfer, sRULE &S 2

barrier Ig&r, deposited onto lowk dielectric |ayer of a copper damascene
st r uct ur ePfEer ygiutlepesited @ntoglowdh dietectricdgyertef a gopper demhsermet stoncture is

: ! . ._ . T at q ) to th
o ocese oishifin ML il G5 ARG Bo saMBBhE A e BLORRR NG (B8 g ™
FI G 4a, subsaate prdvestedreciordifig folthe poese Binbodimeanilion in BIG.gxenpl ary

séni condu substrate structure 40 having a previously deposited
i-nsul at i n@t"g-%lm eg}%ﬂﬂ 6311%5?9@? 151G ad BGe day iie 4n| smbosiment taf\the paeshmiay 47,

for exanpb&iR aL nﬁg&é) L i ine .47, on its surface
41 is provi dedn’lrr%%lo )gé e 8%@%0%%&% a&%ﬁﬂ%ﬁ%@@%ﬂﬂ gl VIgS &t Pregf%lskyn FI G
2) . Met aldepositedyiesuldting diclecteiprlase 55aind v déctdedlyfonihtivephiway A¥eRs i n a
mul tiple net al | evel.. sem conduct or die,vi ce and_may be manufactured of a

c6pper netAlPie BERhaton pgicture or MAAllsne 4 Tuan ifs isuiface 4 deiprovided info ar t  of

metal i nidpeame chambll RhISAL 318 bEXREt Fp0TRY #8, Ml Onktalh olaggL h st o T Al
| ayer, a high k dielectric material layer, or conbinations er eof’.
Di el ect r irepresoptative Bf ong of thaweeta dayer<in asholipdd fntab level semidondiictéraleeice( Not

shown) , h.as a sildicon.nitride or silicon arbide | ayer on its top or
upper Su%ﬁéggys@m@ﬁ%mgggtwmpgr H’&f“ir’"i SrRer Piov Aeanyreharmpatenals usedi on

incl ude, o @1 6f Holal itbbiots ODIIRAIKIHLELE il e TBEE biBlcBuf Yl | OW - K
pol ymeric dielectrics or organic-containing silicon |0X|§E or car bon-doped
- oxi de ( CHRYFT, advigh kdislectric meteral layeh st combinations theresf, Riclettriadaysi §9 map and

" it i ni iljicon, d.oth trat, terjals._k '
revart SR ef BEh Sollfhudon A5 1T Rhain Sock e et wiride o SRR on.

N I carbide layer on its top or upper surface. Suitable substrate materials for the present

invention include, but are not limited to, low-k dielectric materials such as low-k
polymeric dielectrics or organic-containing silicon dioxide or carbon-doped oxide (CDO)
‘ dielectric. Other substrate materials, such as silicon and compositions containing silicon,
) - and other substrate materials known in the art of IC manufacture are also within the
scope of this invention.

f0036]  As discussed above, although in this embodiment, subsirate 40 has a
metalization structure 47 thereon, it should be noted that when practicing this invention,
_the wafer / substraté may or may not have a metalization structure, e.g. circuit pattern, on

its surface.
[0037] With reference to FIG. 3 and FIG. 4b, according to an embodiment of this
invention, with the substrate 40 in the deposition chamber, a dielectric layer 42 having a
reactive component 20 therewith is formed over substrate 40, dielectric layer 55, and the
- metalization structure 47 (block 320 of chart 300 in FIG. 3). Reactive component 20

-10-
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100361 As di scussed above, although in this enbodi ment, substrate 40 has a
metal i zation structure 47 thereon, it should be noted that whemn2py8&/izd06¢
this inventWom®302%5he wafer / substrate nmay or may not haveprarmwstzdorezat i on
structure, e.g. circuit pattern, on its surface. [00371 Wth reference to
FIG 3 and FIG 4b, according to an enbodi nent of this invention, with the
substrate 40 in the deposition chanber, a dielectric |ayer 42 having a

reactive cRAEPaRAHe 229 cbilﬁgbﬁéﬂ't tat prodicRt BREhIANES: tﬁ%@i&%@%ﬁgﬁ&%ﬁgﬁﬁ@% : ﬁ

“layer 55, and the netalization structure 47 (b

FIG 3). Fodersifes esnibendmmedcliclectis 20031220085 dinBugad GHOG] 4hPGEAWISR2/ 30792
may inclu t._produces gqr..enhances the generatian of pol ar
groups or dé%’p a?lﬁgatjlglgf g%] a{hﬂeg o EPFPSBISB’{'%%?‘&W?S&M% Afungpe gg{eﬁﬁgﬁ@ed

above, t hetz eqbki precurSorgODRRAL willd R Yeabiveadsiaporett 20 R e §ositedl U%éron used

in formng the dielectric |ayer 42. The precursor solution with the
reactive ¢ 0 peng & PEeEess | e ALY drocesy bt othere suibles depysidiogVD

el e R R s e R R e T

formed di ehefirmed dicyetric &Rendt aidhes not adiedes tHeOprehisd? At §68%d 1BBbFHX used

to form dielectric | ayer 42. [0038] In one enbodi nent of the invention,
reactive %beﬁ?ﬁ%‘"e &r 49 may include organosilanols and silanols such as
trimethyl rgadspnol m, &4d BhS i l; : oy i |.Qn:

or ganosi | a[molsz and sl:il ano%&géto‘%/f?tggsm‘{e {ég?ie%gcglggrc%@gﬁe%éﬁ?é %ila?’i lrlllﬁtc;)ld? he bul k
of the or gegaincsijanblgraad sianoty yeinactidmied sitasiollariphvnlyEsilah6!, fi6] arhergddit bonds
woul d orient. taowards .Ehe surfa}ce to ajd qor enhance nucl eati on of

stbs equen???*oﬂé)gdggal"@&‘ argisnd stlanols;proyides theegersary splybiliby i the billep€at i on
of a barr iRl org®i€ poRimer dY SfganicHofBPLHLIRE wi ' Of!

or ganosi | aneosr%c? %ng hexarfget ﬁyloagtipsi I Oy&ﬁ%ﬁﬂﬂ’g@ﬁ%&%ﬂoﬁﬁ?ﬁlgﬁéﬁm

tri net hyl tosyardmthe srface tomyd be epivides nasleatimacef subseqmeptiyn detositDniateriahe
precursor, sol uti-on to.form S [

- OH. gr. duyi o th
enbodi ment®i5t JRARding ; for SxamRle el rtlail{lto‘?f a;é%ggfa%a?%&% %‘%gof In ahother

- (R2Si ) nXenibédimeftt, sBOan8®Y¥ind @r@H6HAnASsuch 3t Kek8me GGIMERIGRLS &Qﬁ%ﬁﬂgr

“precursor _solution to form Si-0OH groups during proCessing. In ano
- enbodi nentisilapepiinethylsilenmston anny besaddpdasntdetiveasmponertcl( toalic prepument 20 to

th | A1L 1 Q&3 h barr i | eatign. | et t h
enbot merto ook S GHf oS e Aot Sey it veGante amBadtEenE SR s 1 0 an

.ofgani ¢ piliguiEialided iith getdrsldoiia of ~(R,S1),X(X=CL, F, Br) may be added as reactive

components 20 to the precursor solution to form Si-OH groups during processing. In
another embodiment, a phenolic component may be added as a reactive component 20to

the precursor solution to enhance barrier nucleation. In yet another embodiment, a small

) amount of polarity could be added as side-chains in an organic polymer, eliminating the

requirement to add a second component to the solution.

[0039]  Dielectric layer 42 formed over substrate 40 is deposited using conforming
-CVD or ALD techniques as previously discussed above for forming dielectric layer 12.
Dielectric layer 42 may be formed from low-k dielectric materials, such as low-k
polymeric dielectrics or organic-containing silicon dioxide or carbon-doped oxide
dielectric. As stated above, for alternative IC device embodiments, dielectric layer 42
~may be formed from a high-k gate dielectric material such as aluminum oxide (ALO5),
tantalum pentoxide (Ta;0s), hafnium pentoxide (Hf>Os), etc. In another embodiment,
dielectric layer 42 may be formed from a high-k capacitor dielectric material such as

-11-




requi rement to add a second conponent to the solution. [0039] Dielectric

| ayer 42 formed over substrate 40 is deposited using conform ng20ZYR /06D
t echni ques. W993B39&814 ousl y di scussed above for forning di el ectuse/doazer 12.
Dielectric layer 42 may be forned fromlowk dielectric materials, such as

| ow-k polyneric dielectrics or organi c-containing silicon dioxide or
carbon-doped oxide dielectric. As stated above, for alternative |IC device

enbodi nenTéosﬂbﬁ!ilﬁzlﬁitguioﬁﬁﬁxﬁ%ﬁéna{’ez BARYid ot B%g%%; Omeathmkg‘;b’a Ke0BF B

‘dielectric material such as al um num oXi de , tantal um pent oxi de
(Ta205), Teaned nterpeeialodicldeiri¢ Myl 42 may vhry dopendieg oe tiieagpaeiintegratidel ectri c
| ayer 42 . formed fr a,high -k capacitor dielectric terial such as
Y 0r osP Bt TONE ey ai e e esion SERgsicrs Au%, Sisammicalb ST SRemeRs
titanat e 43Bmay Thigs BsmBB&Nt SR sngstidifis (A) %9&%3 5630014 Ta}ri]@preffé}éﬁfg%bb&t er

nmetal dielectric yer/film42 may vary dependi ng on the type I nt egr at ed
circuit (3’%}0'%Wfbﬁnanuf actured, processing preferences, etc., but

t ypi cal | t hj 4 f bouyt 500 t A) t bout
5t 000 AR ¢ ofdF ARG PG50 b B RS op i cn R abeertooa 1 na

$t ruct ur end4Dsensiceniuytod wattr! [Dthe @mboAIAYenS SHoWE 196, Ab. Ee@idhes M2 Ad 49b
sem conductor wafer. In the enbodi nent shown in FIG 4b, trenches 49a and

49b  ar e FRAEFIFEdD stuctite #8¢ andspemificallydn Hedlonned ditlegtric dayehd2 singwell

di el ectri ' , Kk nigues. such as .et.chi.ng., /A via
openi ng 4 oﬁxghgé%sgﬂﬁ%ﬁ\ﬁh#ﬁ' tﬂhg’\‘%f’lgﬂg‘%*sﬂ% "a‘?o Eﬁﬂmfé ’ﬂ&i@eﬁ!‘h&g?tgﬁch 49b
for i nt elzyend2ahdartrdooh #hle fdrdmetconmdctibn kayerlowd: mShl Moture HficnRé 461 M | ar
can be fabrjcated utilizing single or dual damascene processes known in the
art.. [O08%fONF A Ogf %‘i‘r&%@g uigjzipg emglesorgipl damageenes processes knawn nlthek 330 of
chart 30Qqof FIG 3, after of dielectric |layer 42 having a reactive

conponent 20 is forned and patterned on substrate 40, the nethod generally
cont i nuef08¥] pr Wabsefeenth & FiESr8oandte e ettriorth limplick 830 vf\chag 30Mefr eact i ve

conmponen 0,to,produce, gepera or. enhance t he eneratjon of pol ar
gr gﬁ ps 0\_% I‘%o? ’af’ﬂ‘g’i ?ggle%@t‘%t ijJ“P’%ra h&anr?er%aﬁP‘f’%GBmﬁgP%F s ﬂ“EP?ff’egnd
di el ect r haienatesn %ﬁbsn?fegﬁﬁ,?ﬁé nRetidee gé&HTB/dc&iﬁ?l{J@sc%i ' ?oée?sir?%ﬂl%gfo%%(dr' be

performed using a wet or dry chem cal treatnent cess, an electron beam
t r eat nendiciseigisdayer 43rhayingthesmactive cemponent 26 topredsceagemise oasanhandenhelet ai |

o TSR R el B S e B B b B

o } dielectric layer 42. Process_ing the formed dielectric layer 42 may be performed using a
wet or dry chemical treatment process, an electron beam treatment process, or a plasma
treatment process as discussed in detail above. The treated dielectric layer 42a has

| improved nucleation and/or adhesion properties or characteristics that advantageously

) ~ benefit subsequently-deposited material layers, e.g. barrier material layers, ultimately
leading to improved IC devices.
{0042]  With reference now to FIGS. 3 and 4d, in an exemplary dual damascene
process, -as set forth in block 340 of chart 300 of FIG. 3, following dielectric layer
treatment, the method continues by forming another material layer 45, e.g. a barrier
material layer 45, over the treated dielectric layer 42a having polar groups/polar site 30,
e.g. Si-OH or C-OH groups 30 at least at the surface 44 of the treated dielectric layer
42a. Bamier layer 45 is formed not only over the treated dielectric layer 42a but also in
the trench openings 49a, 49b and via opening 48 so that the barrier layer 45 overlies the
ILD layer 42 and lines the inside of the trenches 49a, 49b and via 48 (as illustrated in
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benefit subsequentl|y-deposited material |ayers, e.g. barrier materi al

| ayers, ultimately leading to inproved |IC devices. [00421 Wt h29ébha/Qtes
now t o FI GSWOP3EHFi4d, in an exenplary dual danascene proe€T&SIEBTREt
forth in block 340 of chart 300 of FIG 3, following dielectric |ayer
treatnment, the nethod continues by form ng another nmaterial |ayer 45, e.g.
a barrier nmterial |ayer 45, over the treated diel ectri c layer 42a having
pol ar - gr oups/ arpsi an?f' C g]—lalgr a t the _
“surface 44lm§f ﬂtﬁ e ]??ﬁggfé%@@ eSI %lgtaﬁl% ay%l “ ZA{Z’a e’s%f;g({/gjrﬁ gltelag f or med
not only dwteicontest watsreictd cnhnailzaaqiarfounhrwp@tf tl&-Zmetahhlteabcsmeaztm and toepreveatich

openi ngs nd vj.a, openi n at the barrier layer 45 overlies
the ILD I f‘onéf%t %Be‘ia*lﬂﬁ’é qnﬂipt l%qgf’ﬁ'ébsﬂlia@nches 49a, 49b and via 48

(s 11T ustomiopo B2t enyyzseoﬁmwo@maag,leram B LRSS 4.

Barrier ers, such as barrler | ayer 45, are typi cal used w
i nter conn iy (i Gianivm wipidenfTa), ptemgstﬂnrmtmb (EWN) ngsbnaantalnmdwwnect S

and to pr L ffusian of netal interconnect material iLnt

SUbst rat o 2l ticsh 7R, G oA gL somBb RS B avel 3 L artseied 5of 2 at i
nitride (dthkt materialsaah bBbdd Jor bhirfe My i tHedRadith VF thel pro@at BRektich! | de
(V\N) tungsten-tantal um tantalumsilicon nitride, or other ternary

conpounds Ih¢-paraieelayeri4p is g’@p‘éﬂ%@g hlli@ﬂl ﬁ%dﬁpogﬁmrteCMEm such as §VDandused f or
barrier | h C . The barrier

| ayer 45 ?%91[ {(?)léarr{gd&1 u$sn| %etBL%%&\A‘/':‘? 1?]? olglaf%?%t ?1 ﬁ%%ﬂég s} ﬁhye??dC\/D and
ALD di sCusqaeddd:pbstﬂiéh,&lécﬁﬂl@,@t@latlﬁg,rdrleﬁctrbﬁysiplaﬂ@ feEhhiqles.0 be formed using

physi cal or depositign, electrolyti l'ating, or electroless plating
techni que@\égﬁboﬂf}a‘i‘ﬁx%@y dapies matesial MPR@&@%N&IW%@B@) lagert  t ani um

nitride ( ol 42a by
2 ter nat | Ty HakPbverthe ngp RUBRGAY Blrel 45 b RRLEAAPUAREIRE TIMRT, ™
 precurso r($etmdenethy1amtnotmhﬂnh)chrﬂl NH} precutsangarved Aee. treafddediclenteis iliyepd24.at e of

| n, an epbodi ment, . the ALD

er E?CZ'SSN lt §?13{n§:a§$8%‘ @0@@5‘%{% lgu‘teceﬁt 19gh per mite; Inginembodupasbt i vel .
. One of orh DAY phdeleld tehﬁ)e hie 3hd gﬁ%ﬁlﬁ%@h aﬁt@zélofdaddﬁgé ts%e%g& ssing

conditions to gét the Clainmedr e thickness | ayer
45 f or medOneeaf Qrémyrydik}jbmdhmgt om readity mydicy die albmqg'oaasado cmrrdmlunns t¢ p¢f) bei ng

| E‘%S”ﬁ anodof PRETES s afe RideRis b e Tl miuild Sorodmad vam dopeoding o -

the type of integrated circuit (IC) being manufactured, processing preferences, etc., but

typically the thickness 46 may range from about 50 angstroms (A) to about 1,000 A and
preferably about 10-100 A.
| [0045] With reference to FIGS. 3 and 4e, as set forth in block 350 of chart 300 in
) FIG. 3, next, the exemplary dual damascene metallization process continues by
performing remaining fabrication blocks. The process typically may include forming a
metal seed layer 50, such as a copper-seed layer 50, over the barrier layer 45 that overlies
the treated ILD layer 42a and lines the inside of the trenches 49a, 49b and via 48. Metal
| seed layer 50 may be deposited or formed using metals, metal alloys, metal compounds,
multiple layers of metal stack or any substrates where a metal that is to be used to form
the interconnects in the trench-and the via can nucleate and grow. Generally, the metal
seed layer 50 is made of a metal or metai alloy and may include, but is not limited to,

copper, copper alloy, nickel, silver, gold, and cobalt.
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"metals, netal alloys, netal conpounds, nultiple |ayers o

;

preferably about 10-100 A. [0045] Wth reference to FIGS. 3 and 4e; as set
forth in block 350 of chart 300 in FIG 3, next, the -exenplar0d408/2006
damascene nEP4#9334t i on process continues by perforning rRERUSI0792 |
fabrication blocks. The process typically may include formng a netal seed

| ayer 50, such as a copper-seed | ayer 50, over the barrier |ayer 45 that
overlies the treated ILD |layer 42a and |lines the inside of the trenches

49a, 49b fdeyi a AR nivBl Aeed SIBRY ﬁ(ﬁ)!ﬁ‘efy 28 ﬂ@ﬁs&%ﬁgﬁﬂ&ﬁ'u% g Qrdfeﬁﬁdﬁﬁp usi ng

met al stack or
any subst Aenositioneshel grenePkctionalt depssition keshnigees, tdidhommn kiohva inrthertpnnect s

in the tr ucl e raIJy e net seed
| ayer so (are SR i feial anﬁzw@gh%waﬂmo oSt BoREhot
limted tphysicebpgesr, deposinat valhl 6y withht Kahs valtd Mereexeeh@ séddiagqbsy §s - 13
20/ 03/ 200 VWO 03/ 029514 PCT/ US02/ 30792 0046% The rreta seed | ayer 50 may

‘be deposi S@BFIFeértﬁédh@@%‘gnhth@ rgoge of Q?I&meta@hbé@%-?&ﬁ)otéchnmodMM,ct i onal

deposi ti O%eﬁﬁﬁr@{%dqﬂ% OSWQﬁﬁJ]Cﬁ%&rﬂl%%%M b@e%art i ncl ude col |l i nat ed

sputtering, ashE ehnance vapof osition, and ionized

~physi cal ma«p'qr dEpatinting withi téfereficertd FDGS. Biag M@'ﬁhé&ﬁocc@@%ﬁtﬁiﬂey byseed

| ayer 50 i.s eposited to a thickness in the range of approxinmately
1000- 3000“31%@“1q l%{ﬁlleewﬁaﬁi ﬁ@%‘tﬂs ofse gendusliye nzyenial e puittatel 40.0 Reiarhiockness

of -about fﬁ%lﬁiclélg%gﬂsfso? u(.';fw é@hh@?tfv%f ﬁ%?e@ﬁ %&v@e(f\sthe nélgtﬁg seed: the

process continues tlc/ roless p ive
mat eri al layer §0 lmsganataélyzﬁhys@fl ioD chetxmcal dteeiet! tofoyii @;ﬁa@h%ﬁdmhﬁ fndbk@dwi)g of a

Conductlve materia owe netal seed, layer 50 is generally
physi cal BrSUORERF J&H ?‘u“’eﬁiﬁéﬁﬂ? 68 ﬁ’é?lﬁgaﬂﬁé%%qt\?atlﬂﬁﬁ (mféféewh@mgdwevm) on

‘substrat qh@mane%amg ﬂ%&h&ﬁlaﬁ WMl D3l n‘é?ettfq?gaésﬁééﬁé @mﬁgﬁm at e

formed over the barrier |ayer IS then thernma annea
t he passiothst confaminaets @nutna]taged omtthe surfapetedither sutiskata.c (Hamwaaingdh@metame
Passi.vating .t he. ne seed | yer 50 may be done

f t
.ﬂrsﬁfﬁ %redte{(]ygr#lﬁs bed daTe U RS A l&ﬁl,ﬂ%bqglé, l1a 5y %“md§o]|’4§%‘hts and

. di -i oni zeelvias,ehd diliorﬁ'ﬁ:‘d merd@may%rmneue grg &eghaalﬁp&dtﬁg 09"1#2'95551 gas, -

such as argon (Ar) hel i um(He) oxygen () rogen

and nit F¥defs a1gen, (Aam lanimnm(He)etoecygeat (& ,rhyﬂgegamf (I‘lz;’mﬁﬁrzmﬂwies}{amdd
t t I th t al d |
50 navi nrsBBECRIMEmEA 86, o% e B GhRsreticn BPA Sopoe R e KB il g

forni ng gds Generpily, JnnealiAE thbRetPsee 1453r 50 havide 8 B2divanAEe Blver (not shown)

thereon is done by flowing forming gas comprising 95%/5% N; to H; into a seed anneal
chamber or alike at a temperature of about 250° C for about 30 seconds and then cooling

the substrate in forming gas at a temperature of about 15-20° C for about 25 seconds. In

) ' one embodiment, N; is provided into the anneal chamber at a flow rate of about 19

standard liters per minute (stm), while H, is provided into the anneal chamber at a flow
rate of about 1 sim.

[0048]  Foliowing the metal seed anneal procedure, the process continues by
performing electroless or electrolytic plating of substrate structure 40 to deposit a
conductive material 52, e.g. metal or alloy, into trenches 49a, 49b, via 48 and
overburden 53 of the substrate structure 40 (block 350 of chart 300 in FIG. 3). The
deposited conductive material will form a metal interconnect 54 for interconnection to
the lower metal layer 47. Electroless and electrolytic plating processes that may be used
to form metal interconmect 54 are known in the art. Electrolytic plating includes
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| _ac/:l}j ust ed H& gégg%qrg.,m{ A PR usfeﬁleasrnﬁ?@sw

chanber or alike at a tenperature of about 250 C for about 30 seconds and
then cool i ng, the substrate in formng gas at a tenperature of 206083 /1%0@6
C for about ¥$5PB&82%¥shds. In one embodiment, N2 is provi ded PCTtusot/soe9anneal
chamber at a flow rate of about 19 standard liters per mnute (sinm, while
H2 is provided into the anneal chanber at a flow rate of about 1 slm

[ 00481 Followi ng the netal seed anneal procedure, the process continues by

per f or m ngiegddicdd BF @8talChrof! ﬁ?@fe&k&lfrﬂecsomtﬁh' ctho P%ﬁl[cﬁf)?oslﬁl'é&ﬁﬁ%ée 40 to.

“deposit a conductive material 52, or a renches 49a,
49b, via mtmdnclod@r daposition 58 nm%al tﬂ'l.'en $hﬂasltctai19t6§iyr a:herma:aé rétﬁlc(lchli 0dke 350 of
chart 300 |

ductive rla form a netal
et

i nt er connét ‘{hcg‘@ 3589 (Fﬁt EF@OLH ﬁgeoeﬁ?chﬂg’f%ls %%’“f‘i‘i\fvg ?%"“? ofytic- or

El ectr ol esgecfbRssedepobitifl Vi | donBhdlivk nﬁaﬂaﬁﬂC%ﬁéeﬁeﬁénéé @ay 498 Ugedig bpqform
metal interconnect 54 are known in the art. Electrolytic plating includes

_14 O 03/o9aYsian 58/ qfFhe gUBtiraleGLUSEXM B 67 fzme potil titeromfechrap be fdonen an

electroly ath uct.ion. Elegtro t|n ncl udes
depost ti ouonE % BhuR of bouiih SR E ebaiE i Yiprarrai . T Rer ity e

t educi ng agesllvefplagng)liﬁ%bld@ah‘ﬂ@(x@étmﬁtghﬁl fbﬁipﬁnﬁé)e source of the
electrons. Electrolytic- or  electroless-depositing a conductive materi aI
i nto- t renddd8] 40By Xt@bj of\gxample, iman ‘3@9@@1@&@@931531&@8 progessy st ubsteate
structure t done sing a sol upi on of
copper suf hhg/(‘{agésr b@éﬁdé@ég’&&%ﬁ'ﬁﬁ% ar fﬁé?%y P97 PUHH Ht“?ec"s( ?régl‘(]l ting
in a silvée mbmﬂmmﬁcmwmgﬁrmmm g&uﬁg ®5th| bi BY spraying Gk ﬁlaﬁhﬁkélﬁﬁan [ 00491
By; way of el ectro] ess copper, plating process, The substrate

structur e?‘%%ﬁ‘? Sfqufefw §9e dhe dirst platingtsopttianiingn agicans siutign ofearmsiduch as
t b
Spr ayi ng. “F B By oTHoRg i or SR Wl Hed dplt B Py Mgt s op ™

pl ati ng sthe wcidouseds Arredopuﬂorso:twrs betwedn & meﬁaﬁ ions Ug théxsolbyiel, afd uori c
net al It or conplex that is solubleln t he

. d | f
hei a0 SsedubHC G OF and GrreBuiiis Seesk (RUE 9 EEERon of ST A B8 Ui on
v€.0.,  CURbk&ubRatifd!ddtoARE c@gﬂeﬁgéh‘a' l'agera%gml‘hé eafllisg g@?cfa'ilggﬂg%ggﬁqtﬁf the

metal ions and subsequent plating on copper se
reaction 11091514 tcaptzymptt &I@aummdtof tmmomh’l érpendudive iftercomepglievelds ffrmed.me unti |

t he cond nt er connect s forned. and t erature may be
) ' tq pied Bupiest S Miczgeption, and

is known in the art.
[0050] Foilpwing electfoless or electrolytic platmg of snbstrate structure 40, a
chemical-mechanical polishing (CMP) process or a chemical etch removal process may
be performed. CMP or chemical etch removal polishes away or removes the excess
metal, e.g. copper, metal-seed material, and barrier Iaye'r material above the ILD layer
. 42a, so that the only copper and barner layer material left will be in trenches 49a, 49b
and via 48.
[0051] A method to improire nucleation and adhesion of a CVD and ALD-deposited
film / layer, such as barrier layer, onto a low dielectric-constant dielectric material layer
has been described. Although specific embodiments, including specific parameters,
methods, and materials have been described, various modifications to the disclosed
embodiments will be apparent to one of ordinary skill in fhe art upon reading this

disclosure. Therefore, it is to be understood that such embodiments are merely
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i's knowmn in the art. [0050) Follow ng electroless or electrolytic plating
of substrate structure 40, a chem cal -nechanical polishing (CNPD/P30EESO6
or a chem c¥P %¥P¥ARL4 enoval process may be perfornmed. CVP BETEReM0ZR et ch
removal polishes away or renoves the excess netal, e.g. copper, netal-seed
material, and barrier |layer material above the ILD |ayer 42a, so that the
only copper and barrier layer material left will be in trenches 49a, 49b
and vi a 48ilus@8%lbf AndRbhRerikEvd sﬂ)w&oﬁw%\%ﬁﬁw@n&ﬂﬁt %ﬁb%weﬁﬁbzpi‘s bt CVD and
ALD-deposited film/ |ayer, such as barrier layer, onto a |ow

di el ect ri dimitsde thetspecifis ewbedimentashowmmand degasibedhas been descri bed. Al t hough
speci fic enbodi nents, including specific paraneters, nethods, and
materi al s have been described, various nodifications to the disclosed
enbodi nents will be apparent to one of ordinary skill in the art upon
reading this. disclosure. Therefore, it is to be understood that such
enbodi nents are nerely -15 20/03/2006 WO 03/029514 PCT/ US02/ 30792 :
illustrative of and not restrictive on the broad invention and that this
invention is not |imted to the specific enbodi mrents shown and descri bed.
20, MAR 2006 W& claim | A nmethod conprising: formng a dielectric |ayer
over a substrate, the dielectric layer including a 5 reactive conponent;
processing the reactive conmponent in the dielectric |layer to produce pol ar
groups or polar sites preferentially oriented to a surface of the
dielectric layer, the polar groups or polar sites to enhance nucleation
and adhesi on properties along the surface of the dielectric layer to
deposit an overlying conductive material; and 10 depositing the overlying
conductive material on the surface of the dielectric layer. 2. The nethod
of claim1, wherein formng the dielectric |ayer includes depositing a
dielectric material having the reactive conponent therewith using a

chem cal vapor deposition process or an atomc |ayer deposition process.
15 3. The nmethod of claim1l, wherein formng the dielectric layer includes

_addi ng a precursor
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‘solution to introduce the reactive conponent when form ng the A§;gﬂﬁf
| ayer using chem cal vapor deposition or atom c |ayer dep05| |on

The nethod of claim 1, wherein processing the dielectric layer includes
treating the dielectric layer by wet chem cal treatnent, dry chen ca
treatnment, plasma treatnment or electron beam treatnent. 5. The nethod of

cl ai m IWevhier-ei n the reactive conponent is selected fromthe group
consisting 25 of organosilanols, silanols, organo-silicon halides,

si | oxanes, organosilanes and phenols. 6. The nethod of claim1, wherein the
reactive corfb®aibed canPrisedect ed from the group consisting of trinethy!
silanol, trifpifid disédirngler oveex aekdly, theldigiédranaReinciligrgaret hyl di sil ane and
triqpthx&mag%] §0 7. The nethod of claim1, wherein the dielectric |ayer
conpri sés nate 'sel ected fromthe group consisting of organic polyner
dielectric rmtceﬁ'rwl théhgettivg centonent i the dieteetiiclayss tostredvee padar@emvpe ordofpeditesxi de
di el ectdréfsreﬁr&tnecsrleaied WSda‘egébfmeQJ.e%trrcuéyep %%bfangmﬁbs%k s&rérrsh&c, tHaﬁrearnbétl B.

The nethod el ec ncl udes

rei oce a
bo g g %h AR AR rpaisreel hE TR up erFHERESta APet avebfea  r om
t he gr cupducivesnaieriahgndf pot assi um hydroxi de and 35 sodi um hydroxi de. 9.
Thejgmet hod  Qbpdshtidl %%ver%@%@ﬁdﬂct%%?eﬁél'dﬂghéé‘uﬁaéy d?'tr%%ﬁerécﬁ;c'la@é!rer I ncl udes

using an electron beam'treatnent which exposes the surfacé of the
dielectric layer to an el ectron beamradi ati on dose of apprOX|nater
10- 500 2m cr dte ulethotd sf qiedrn 1 swhereiefocing thadicketriatayer incRiipededbsiting a dielactricange  of

40 17 %na%)r%w%@ 91@ SR %h’ﬂﬁr‘iﬁ%l 'Meé&l.théléﬂ]g% chertniag v &o@ﬁ%ﬂogﬂorﬁé?é%sgg%é ng_an

el ectro eam accel eratin rang 520 Kev.
10. ThékﬁﬂﬂﬁﬁﬂdﬁﬂﬁﬁP%ﬂﬁ@§s mhereln proceSS|ng the dielectric layer includes
usimg a plasma 5 treatnment which is perforned in an oxygen, nitrogen or N20

gngbgms:it ;lng\gb%%e{h{)& 8f clialm 1Cvn1%rrg?ef%rm:réq tﬁe dxePVlec raéefr mcf&des aD {ngélﬁpe%&%%ny 100 to

appr ox|Sﬁia1uq9|f§/lnﬁvdmst@@@@e&bmgwnenwecformm the (tnle,cwmryer @ﬁnga:pgnveaduvmptrel y 0.1
to 20 tgepdsitiombr AAori@9Er d@fositopPr oxi mately 100 to 3000 watts, at a frequency
range of approximtely 350 KHz to 2.45 GHz. 10 11. The nethod of claim1,
wherei n depositing the overlying conductive material deposits a barrier

| 'ay2@r. 412. Themeivodhoiclaih 1.céterain doceatieg e dicfeoriciapey irchidedirealimcthe dieletteg er

i ncl udegedfRES b Featthéh R dhb ficaTRbGHeh blaSfia Fr‘é‘atnﬁ&t br é?é@tr&#@eaﬂ{ gulo

conS|st|n% of organic polymer dielectric, organic-doped oxid
di el ectFRt@ey| ym num oxi de, tantalun1pentOX|de hafnlun1pentOX|de and
barium strontiumtitanate.

5. The method of claim 1, wherein the reactive component is selected from the group consisting

25  of organosilanols, silanols, organo-silicon halides, siloxanes, organosilanes and phenols.

6. The method of claim 1, wherein the reactive component is selected from the group consisting
of trimethy! sitanol, triphenyl silanol, hexamethy! disiloxane, hexamethyl disilane and frimethyl silane.

30 7. The method of claim 1, wherein the dielectric layer comprises material selected from the group
consisting of organic polymer dielectric material having a low dielectric constant, organic-doped oxide
dielectric material and high dielectric constant dielectric material.

8. The method of claim 1, wherein processing the dielectric layer includes using a wet chemical
treatment using an alkaline solution selected from the group consisting of potassium hydroxide and

35  sodium hydroxide.

9 The method of claim 1, wherein processing the dielectric layer includes using an electron
beam treatment which exposes the surface of the dielectric layer to an electron beam radiation dose of
approximately 10-500 microcoulombs per square centimeter at a temperature in a range of

40
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13 " The nethod of claim1, wherein depositing the overlying coanyuwwpzmm
mat eri al deposits a barrier |ayer using chem cal vapor deposition or
atom c | ayer deposition. 20 14. A nethod conprising: formng a | ow k
dielectric layer having a reactive conponent therewith over a substrate.
processing the reactive conmponent in the low k dielectric |ayer to produce
pol ar gippropimately 3pabaEr CSi meSelaclrtreﬁ ebent ihahrigyarm}ei:o&&ﬁ Bébni sccalesititid \ﬁiﬂ@ge(]ﬁ at he
| ow k | G pol ar groups or polar sites to enhance
nuclea?%@%%ﬁ%%hggkgﬁfgﬁ2%?§%ert|es al ong the surface of the low k
dielectric layer to 25 deposit an overlying barrier |layer of netallic

mat er i alo; amﬂ\edﬁﬂﬁ&bidlaﬂﬁ1I\h€br&rv9rbbééislﬁ@th5@refeicﬁib !abQY@ud@Q&%gtd}ﬂa%rface of

? QSC![ Oylt\féaat@ente whm%ﬁl?r Eé:ﬁgmé%df‘\ %an oxdg?n nﬁ}ogeﬁ or R!ct%upbl%rgﬂ% nl]gqllﬂ'fﬁ: éhe %ier att Qﬁow

or ganogate aﬁaﬂppxmﬂqha‘ﬁ)@ Ites2, 0@ stpanderdditers reo mintutel diddempeasatingsmmesnge off ganosi | anes
and ph%ﬂ@bﬁmat@@r’é‘nﬁ}s zﬂteauaseimdcoét acdraésmeﬂe«ﬂapaf&maeémomezd@wésa hedregtric

| ayer conpr.i se el ected from organic
bo yirePPHPEIBE DR toriab Bt Aoy A e P U RH Y SR BHE oA s St om0
doped_OX|de dielectric material and high dielectric constant dielectric
matygr ar|1 ; 1&'he methad of claim 1, wherein depositing the overlying conductive material deposits a barrier

layer.

12. The method of claim 1, wherein forming the dielectric layer includes depositing a dielectric
material selected from the group consisting of organic polymer dielectric, organic-doped oxide
15 dielectric, aluminum oxide, fantalum pentoxide, hafnium pentoxide and barium strontium titanate.

13. The method of claim 1, wherein depositing the overlying conductive material deposits a barrier

layer using chemical vapor deposition or atomic layer deposition.

20 14. A method comprising:
forming a low k dielectric layer having a reactive component therewith over a substrate.
processing the reactive component in the low k dielectric layer to produce polar groups or
polar sites preferentiaily oriented to a surface of the low k dielectric layer, the polar groups or polar
sites to enhance nucleation and adhesion properties along the surface of the low k dielectric layer to
25  deposit an overlying barrier layer of metallic material; and
' depositing the overlying barrier layer onto the surface of the low k dielectric layer.

15. The method of claim 14, wherein the reactive component is selected from the group consisting
of organosilanols, silancls, organo-silicon halides, siloxanes, organosilanes and phenols.

30
16. The method of claim 14, wherein the low k dielectric layer comprises material selected from
the group consisting of organic polymer dielectric material having a fow dielectric constant, organic-

doped oxide dielectric material and high dielectric constant dielectric material.
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