WD 03/ 029514 PCT/ US02/ 30792 METHOD FOR | MPROVI NG NUCLEATI ON AND ADHESI ON
OF CVD AND ALD FI LMs DEPCSI TED ONTO LOW DI ELECTRI C- CONSTANT DI ELECTRI CS
BACKGROUN®O®B/0343E+ | NVENTI ON Fi el d of the Invention [0001] pCraispe/swent

invention relates to integrated circuit nmanufacture and nore

particularly

to a nethod to inprove nucleation and adhesion of a film/ |ayer deposited
onto a lowdielectric constant (lowk) dielectric layer, a high-dielectric

ayer - oMEIERB o R M RrOPISEbtaRkSon il bistoR By BaghG = ' ©

manuf act ur i N\ BEFINRISDEPOSTTEIF ONFO 1O W-BIFLECIRAC-EUNPEARY, phySI cal

vapor. deposition (PVD) of a barrier material layer is no |onger able to
provi de sufficient step coveragdP BIEGIRECKat i ve t echnol ogi es nust be

enpl oyed. For these alternative technol ogi es, which include chem cal -vapor
deposition (CVD) and atonmic layer deposition (ALD), filnflayer nucleation

and/ or ﬂ&éﬁﬁo%ﬁﬁﬂfﬁﬁ%ﬁﬁT PION critical. This is especially essenti al

for | owdrerectrrc comnstant rovwrpol yneric dielectrics that have

surface Raeltio¥ ehedht@siohypi cal |y bel ow | x1013 at ons per square

centi neter

(atom cnﬂé%(iorrpa ed to 1x1014' 15 atomcn® in silicon oxjde ( X). Simlar
|y?£3 J;;aﬁ € (?I%lo

e |PEeReTl BIVERtiqn rellgh 4 JRtestRicd elpqut manu

concer nslo

or gani C; %R{Uuﬂrﬁﬂst??ac Ibﬂr}]lg& gﬂ 161?&0925 hE{@leQrEonC;ﬁ{dbﬁBeﬁ&P 8fa qrﬁndﬁrag%%osw&ao Se

wettabi ity or I cient can | ow due to Si-

surface.

[ 0003] ©n& appv-dw&dwmcocqnﬁrqanb@w{k\)'ﬁlelm hrya d éyghsditkedtrici donstantdhightk)on

and/ or h ntolo el ectri.cs i.ncludes selecting a material as
di el ect ,giage cg?sjlﬁ yg\??ﬁ?ﬁé"‘?fﬁﬁpaﬁ%?r%%@ ﬁaé' “Yesired dielectric constant
per f or mance. Anot her technique to inprove CVD or ALD-deposited film

nucl eati_on and/ or &&Ihe{sr on onto lowk dielectrics is to use [
types ofD filmlayer, e.g. barrier |ayer, deposited which
may | inogodjhe REMtQEABNGER (rebﬁlahﬁfaeghageg B&thIC d].%rtdh JEBRY §R0 bUhRFbnsANOt her

approach for inproving filmnucleation and/or a

only certain

esion onto | owk

di el ect rahnd delosv, phiysiepl yaprssiepesition (PVD) of a barrier material layer is no longer able
to 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/layer nucleation and/or adhesion onto a substrate is

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

dielectrics that have surface active sites typically below 1x10" atoms per square

centimeter (atom/cm”) compared to 1x10%1

atom/cm’ in silicon oxide (SiOy). Similar

concerns 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 approach to improve CVD- and ALD-deposited film nucleation and/or

adhesion onto low-k dielectrics includes selecting a material as dielectric substrate which

may not have the desired dielectric constant performance. Another technique to 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, deposited 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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-1 WD 03/ 029514 PCT/ US02/ 30792 process conditions, such as high
tenperatures, to process the substrate having the CvD film BRIEF

DESCRI PTIVON 0@B295IHE DRAW NGS [ 00041 The present invention iPSTiUSou3d7pat ed by
way of exanple and not limtation in the acconmpanying figures of the
acconpanyi ng drawings, in which like references indicate simlar elenents
and in which: [00051 FIG | represents generally the process according to

TSP OIS IR

di el ectrjigs, high-k capacitor dielectrics, etc.; 100061 FI GS. 2a-2c are
schematic cross-sectional views illustrating a substrate processed
according to the process embodi ment shown in FIG 1; [0007] FIG 3 is an

enbodi MERIKGF DESRTOPIIONOFOrHEMBRAWINGS | nvention to inprove nucleation
and adhésron of a frTnilayer, such as a barrier layer, deposited onto | owk

di el ect 110@04] ay eThe pregent OEWIOEI amﬂbﬁéfﬁféd byrwiot of examphelapd pogimities, inga- 4e

are sch tic cross-section tr S ssed
accor di ng° 2ECTHEE 28 o P e \Aﬁmé%lﬁm%g id%at‘{gﬁé’ ai?. %E%%Aﬁﬁ%%bef%g | PTI ON
OF THE LHAWEN kN4 RORAtsAndeh ditht 0 | nprove nucl eation and / or adhesi on of
a CVD or ALD de 05|tedf|Im/ | ayer onto a lowdielectric constant (lowk)

di el ect 1P@0SlayeFIG slur@greg@t%gerﬁmll)yﬁbﬁ p{pcaqsee]cg@rflmgéo s BIVEBHULR-BBFRYE oxi de,
| S desCiiBRfion bl Idiifo r&c‘isﬁhn/ﬁeﬁ% BodiieaObih Cableblich MRh £ATPR

nodi fie out af ng ot her circult manufacture processes
such as cbéledmn&nmghkiegateéieldamdsangh&capmmosﬂletagu-(oé;l\d?c) [ 0010] The present

inventiaon fo a lowk or olymer dielectric

or gani o100 o Rab “He-2r b oo B A R e TR G SYPSHAR or
adhesi Orbro&%g&ﬁea'bédlﬁ Oﬁftmheq)réé%a%@mem deReshed. 1;ayer such as a barrier
material [ayer. Si- or ‘polar surface chem stry has been identified by

i nvent orl80&5# meFHoB i a@cm@ml@tnmttexf@l moesss agdoeding iq thiminvpeiiantetiopravs enhance

nucl eat In%@legtqgr{ 9hd & ?eglsolnoo k£ ﬂ z%fe?r suAc‘ii %sdae Bamer Fayer, deposited onto low-k

dielectric layer of a copper damascene structure; and
[0008] FIGS. 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 (low-k) dielectric layer, such as a
polymeric dielectric or a 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).
[0010] The present invention forms a low-k organic polymer dielectric layer or an
" organic-doped oxide dielectric layer having improved nucleation and/or adhesion
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’
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barrier material layer(s) or other material layers onto lowk dielectrics,
specifically carbon-doped oxide and polyneric dielectrics. This finding is
suppor t edwbysiogesent ors' -2 WO 03/ 029514 PCT/ US02/ 30792 aatraisshabng good
titaniumnitride (TiN) nucleation and deposition onto silicon- containing
pol y(phenyl ene), which has 2-3 atom percent (at. % Si in precursor
solution matrix and Si02 with correlation to Si-OH content. [00111 YVhile

the dis u55| on .i ncl uded therei.n. ma par ul ar fer ence to a.nmethod for
i provi A 4 SR9VELE | & ﬁ E’cﬂiﬁ gfﬁg ‘@:\9&9 ﬁ?n% %085 Pel® a?i%ll&g—

filrn/l @Mﬁﬁlm@}%&y@hbﬂﬁéﬂé) diy BB Ghd DG 4tBiasckctht (aBY8) Si ihgres@tidia@luiont hi s
invention i s no limted. As di scussed below, the nmethod of this

i nvent i ot and SiQu withcastelasion| te SHRFL pertenir e appl i cations, including for

exanpl e hi.gh- k te . di I t.r| r 0, ] ide

(A 203) 0ED: o) BB ofit Biiboh Fac B m SR R el e RIS

| ayer s) foraigbrovigh-duckapar kid bdlbspinestt 4 0V ay eﬂ(LIdeprI&:ntted darr{ce me/IIyﬂOS
barium strontiumtitanate (BaSrTi 03 or BST)). using CVD or @ 8 osition

t echni q@&a® a fayokaieleqirie materigl laye, Hp methad |0£&H%j€§’&1iﬂil%l isat sy imiedudSspeci fi ¢
details t t u ndi ng of
t he preggsrﬁ Ss?:ﬁv‘%é;ll@{,’o%el EI})\E\I/g)\r/dgr%{e tBi?, Hf\.)ﬁ{tf&bésagg%gféé\ﬁ% tﬁEose siclil}h?ed in
the art appliosfiond) ilhhﬁlmgl\fe]ntemmmnerlﬁgﬁ-hs githatlieteoricplmsendepositivenfd.@n may be

practiced w thout, thes peC| fic detail t i nsta known
devi ces; afl UROHE] §Xidg, @ﬂe(aﬁr dantalypy PERGKIFEy 205 %@rﬁ% ?eﬁﬁi‘/@ n@%l (]8%)
descri begchdthy 1964 |an§ 18 Bl NQbadi@r NSRS S8Yer | dpohssH! r(@gasmﬁ@t Hafmt he

present 1 nvention. Referring to the drawi ngs, where ke el ements
are des |s‘gcmt111mj tllbgnata (BeSrTn@i er BATH uﬂmgt(i‘éDs)r Aé@@w@wn@@mem pr esent

i nventi 0 t esi f. @ posited
film/ ?M S th i%lﬂ’gvé ﬁ%tf‘l "rd ‘% ?np erlogﬁ%-q?&f& i deeﬁllt?ta?él’ Si:e@b%er% are
i1l ustr afgg t@émﬁh@a nhort MEQBEEh dnddr@ddidg GF the predeppipestics Heweval ity the
process according to this invention for _inproving nucleation and adhesion

of a wwlarbemppﬁra@tﬁeéhqs@akﬂlp%mq&lp aitée varhahisdnysetion pens thaihg pessont
di el ectrig hﬁ Hay 12 a?cﬁcgmgﬂb& tﬂé%e%g%aﬁé HGAT %%mefiﬁlsfune se%nu&lotvﬁyer or

on ot hef ayers nown 1n the art, for exanple high-k gate
di el ect rdlemcb@ytﬁethodng procedures, and individual components have not been described in

detail so as not to unnecessarily obscure aspects of the present invention.

[0013] Referring to the drawings, where like elements are designated by like
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 dieleciric layer, or
on other dielectric layers known in the art, for example high-k gate dielectric layers or
DRAM capacitor dielectric layer. FIGS. 2a-2¢ are schematic cross-sectional views
illustrating a substrate processed according to 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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DRAM capacitor dielectric layer. FIGS. 2a-2c are schematic cross-sectional
views illustrating a substrate processed according to the process

enbodi renwodhowsién FIG 1. [00151 Wth reference to Fl GBCTIUSansh72a, t he
met hod of this invention generally starts by providing a substrate 10 into
a deposition chanber of a systemtypically used in integrated circuit (1Q
manuf acture (bl ock 110 of process chart 100 of FIG 1). Suitable substrate

materials ,far. the present invention include, .but are not li.mted:to, |owk
T Vo osigsdhs mBeRERtd) 4b Rk PImishE et br GG opthiinscihiteh

pol yner i Godiie! e catidnSdoped @kBRNCDOY Aicdédiidlg Gthbi Sihatratdi @xieddls Okuch as

car bon-doped oxide (CDO dielectric. Qther substrate materials, such as

si | i con siirgncandpresinosisians eanitiaing siéross pré ether syhstraterpstedep knewndd R eri al s
known i h r f.1C f AT - W T hi-n t | S
vent i art OSIG: B fat Rt e BibeX ity SRbRERPF) Hay'tl

t ransi starsothaphivermebilic lines, yragbistercy ofted circatrg dlirbalydfabtituted below the
substrat e/waf er surface 11 according to conventional |C fabrication

t echni qubstratewater sebaceild goerydipettn comsreationsl AC dapricpten technigeesoa  with the
substr at I netl : It i gl e e | 1 Ig a
reactiv 6g%éﬁpongﬁ'aﬁg%g§ﬁg@e%ﬁ%}ﬁn%2@ orsﬁelgalg(%/g%’ ?Efé ﬂg% Sgl%/s?%%eeﬁ)l%@ \(tll%)erock 120
of char tdehO&tiom charfiber,1) didRetrid layer ¢2ipvingrd re@6tivensympanehti2@ themgwittomponent

t hat h i f . | i t
the. 1 or gt eres s norals &) (ol &g PaaR B v° feebiuctornb@eaE onent
20 is aqﬁl%dirfcﬁld@ aﬁg%sliﬁf)a_%t il Pddalesa? cuRffbel el Rh&hAgn Bhﬁolﬁ’ﬂ gbfsd 61 C | ayer

12. The precursor solution 22°with the reactive conponent 20 is then
deposi t awblansites oméleﬁmtmsqdrchclectnmamsmghlaomﬁémhqﬁanentggg reagbposinepaieni CVD)

process,,an a 1,c vapor_ depq@siti AL D r. S .0 . | f -n the
di el ect r%oclsl %(if%gp A pﬁf‘ﬂré?rngcfciﬁ}%} 32 L{Sg&ﬁ% ﬁ?%nlgé%ﬁ%gle;ieﬁgjé&c?& ?'Sliﬂzdﬂélieect ric
const antpredupsdr@amitioh 22 8dihnge tdaetiveariiponenC201g A depdditcd @ vehthe BUstHALS OF

solution 22 matrix, the reactive coggonent 20 may be deﬂpgosi_ ted qnto the
sur f ace I¥Fusinga gherpigelyvapergienasition £ ¥y processa gia atogtic vangs depesitigie@dd3 of t he
di el ectr] ' g Iy Ddikg te type
of int eg}Jrrg Jestbjhg%lrh%utpﬁgﬁ%eq%elléﬁgé%%C%%reﬁ%{vag’r éé@gfs}ﬁng pr gﬁ’g? ences,

et c., buliclegtpic cahdtyni} instedchoftdddamsthd Beastiye canpmneht 20vioathe precBBOr scwigst r ons

(A to aZl%OrllJlgth)(? ’tl?eol(r)eaéiv%nc% p%ggrﬁrz%brlngy %g %%{)os%fe %91{02’81’6 %gr%aéi of the already

formed dielectric layer 12. The thickness 13 of the dielectric film 12 formed on substrate

10 may vary depending on the type of integrated circuit (IC) being manufactured,
processing preferences, etc., but typically the thickness 13 may range from about 500
angstroms (A) 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 tetramethylcyclotetrasiloxane for CDO, silane for CDO,
hexafluoropropylene oxide for poly(tetraluoroethylene), zirconium acetylacetonates (and
other metal acetylacetonates) for high k dielectrics, or tetracthoxyhafhiate (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. Alternatively, dielectric layer 12 may be formed from a high-k gate dielectric
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[00171 In one enbodinent, dielectric layer 12 is formed over substrate 10
using conform ng CVD techniques in which solutions having the reactive
conmponentwP@3@apa$i4 precur sors such as tetramet hyl cycl ot et r €iTluseasEt or CDO,
silane for CDO, hexafl uoropropylene oxide for poly(tetral uoroethylene),
zirconium acetyl acetonates (and other netal acetyl acetonates) for high k
dielectrics, or tetraethoxyhafniate (and ot her netal alkoxides) for high k

di el ect d d t at t :
of eaﬁ‘gr“%ﬁm""%@chf *abiffofred OO Tt oPplofER R0 At yr T o
torr. [fRA&IIdELEHL étbC 11|1 a¥her bAbBIM&R, dieletRid 1hyRm2lieyy e ﬂmb@ﬁbfn c

mat er i aI s, such as polémerl c dielectrics or organic-containing
silicon acmélsukcr@p%mt%érw talowch es TaiQs, baium strontjuneiifsaste (B2 110,

di el ect
oéfoiésik“%@y%goé’ﬁ%%g% SRR s R s B Rb B 2 at um
pent oxi deydr Heledic (abniayen alﬁ)ernémwmd{elddaﬂ‘ém\/ﬂn)t ayerl B padindthiedicleatiodi ment ,

dielectric layer 12 may. be forned fro%ﬁg gh-k capacitor dielectric
mat er i alor QY RYResofTdiskssiricdayer waedsin the i qctttraﬁéiréegrﬁaéﬁrr?w Twiaglyy | etc.

The for g ? c%i%h‘%ﬁ%lﬁgf llfpaé?srarprg[ﬂ}e'dccﬁx% Wakd? s Pﬁé&ﬁte% ”%ﬁﬂh'a?@hn%g’p#a@es%h | nter

| ayer dielectric inter meta ectr [fayer
prenet alinti &l sedgrated cirowit eli@ ot ypethef milire¢lecitonic dévyer The edfdr if substrate

manuf acture of i ntel%ﬁated circuits. %I'EF i.cally, the formed dielectric
| ayers dP&Y Hppry Bef £ 8 SHEHEPALEHAR IS FUECCni ch are to be processed into

an inteqpgi®d CREgMiVe &olr@onefﬁs 209hShay' b6 ue& BEIIOHVEnTRiInERde, e apef er /
substrate nmay or may not have a circuit pattern on its surface. [00191

React i vem@dnpmdem,sc@cmmats thaty comfains ecpdlar tamingnaiing egroira isdisbadé€Si-but  ar e

I ol
00! ool SERRER b BLEB00E R0 AR Rk ARA O et e

conponenjrectsdrGotutidn 2, ©€ Wlt&@khtived) Bhtodbrmed diklectid Ry&aald wateyiaDiaphhor med
dielectric layer 12 materjal that has_ non-polar bonds at one side and

pol ar bawasPAtr hands gt Rae sidsnd aeler pends aigihs w&eroﬁurﬁw ®8lar gy o itehcr eased
In a way,

sel f - asscgtr%gfé%lur&nrgdg?# qg%uﬁ%%%ﬁg%r %ﬁ%&ggﬁp@ﬁ%}h}%%@ }?“hél Iﬁgg’g??}%fekdconponent
20 wi | | seH-assdnttled trécklien FTheln@rpeddesnponenhef thekdactife ddngponry® willdsd yner or
organic a(gt? c%gd %Xellnde embedded in the bulk of the organic polymer or organic-doped oxide.
The polar groups will preferentially orient to the surface of the organic polymer or
organic-doped oxide.
[0020] In one embodiment of the invention, reactive components 20 added to
precursor solution 22 matrix, or alternatively onto formed dielectric layer 12, may
include organosilanols and silanols such as trimethyl silanol, triphenyl silanol, etc. The
organic portion of organosilanols and silanols provides 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 nucleation of a barrier material layer. Stated
another way, organosilanols with general chemical formula of —(R5Si),OH, where R
represents 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 layer 12. Since R (i.e., alkyls, aromatics, olefins) is

compatible with the polymer interlayer dielectric matrix, -SiIOH groups will tend to
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The polar groups will preferentially orient to the surface of the organic
pol ymer or organi c-doped oxide. 100201 In one enbodi nent of the invention,
reacti ve wormpoesesmt s 20 added to precursor sol ution 22 naPCIrAJSOw80792
alternatively onto forrned dielectric layer 12, may include organosil anols
and silanols such as trinethyl silanol, triphenyl silanol, etc. The

organi c portion of organosilanols and silanols provides the necessary

oo o b o Seb b ol ISP e P S B SRR o
enhance pgath! &§ab,, MO0, pulme aus el ppHePOSuithel infreiRithédurfady S1-9H. i ncl udi ng

for exanple nucleation of a barrier material |ayer. Stated another way,
or ganosil0@idl s Ini amothenembedimpetiristaranes -RaSiObt) agdRemiapesianesi{BeaR

of 't eacerd 3RS D5 AR s Ran ARBbL S o Al bOGTC, ©f 808
sol ut i oag 28Rt IcoMipoRénts 20t 0T thatpratakspr @olutioh @2yed alteelttedly iontd &yatedl?2.

Since R (i.e., alkyls, aromatics, olefins) is conpatible with the polymner
i nt er | ayealectie| larer i12. nigt dosar  Si<PIH LRURS p SUTiRg | ProgRiEingy SO HNG2951 4

PCT/ USO : _ : . / .
e ShEBE SBf SURLRID By SR ol M i r L)
appl i ed férmdduditleetrici lagered® esinpen plasihadeeaBhnerDhhrofed§) 2hith lan @updlRepr H;

enbodi ment, sil oxanes - SL.O.-, .. ngd..or ganosj.l aneS - (R2Si)-n such as
hexanet ﬁ%snﬁit@mﬁ@w%%ﬁ@%lﬂﬂlz’&}?"sﬁg‘i’ﬂlﬁﬂ'g‘?g steF'fl?fgt hyl silane, etc., may be
added T@O,zrez?;‘:thvﬁn&tﬁéﬂf’&%miﬁle%? &rgaﬁo%i&fneﬁ%&@ w9 gehdrN fdRulaObf -

alternativ onto fornmed dielectric layer , to formSi-0OH groups during
pr ocessiRehi)Si(XKoichFe Bramdy bopddedosireartive compotenty 2Uhidiths preowverrspbdiono - Si - OH

91 9UPS B4 B SGGRRLTH, ot BHAHP A5 URCIZL B Rph Seoke MR TS
(as det ardRekihg) Hxofddl SN Heufesati RAgrall WBZrtddntoagiadh ethrigh adactidat ,
organo-silicon halides with general fornula of - (R2Si), X(X=C_, F, Br) may
be addedvifismpistieei e opewpbadeat. 2he ruction C%z&%&r@é%o sof &Biléi}r HHgr
ot oceoorHy. ERARe R SR S Bl L BNCH, ¢ fresille SRS LS AAER, Cugh
react i omemperature range from above room temperature to about 400 °C. In an alternate

embodiment, the reaction (R,Si),X +H20 -—-> (R,Si),-OH +HX may be performed by

reacting with a basic solution (such as NH,OH, KOH, NaOH) having a 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

component 20 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 Ar-

represents 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.



Wi th noisture. In one, enbodi nent, the reaction (R2Si), X +H20 --- >
(R2Si),-OH +HX nmay be perfornmed using water vapor treatnment at a pressure
of above WO0-08/0tB14 and a tenperature range from above ro@aTiiEsopar7at ure to
about 400 'C. In an alternate enbodinent, the reaction (R2Si),, X +H20 ---
> (R2Si ), ,-OH +HX may be perfortned by reacting with a basic solution
(such as NH40H, KOH, NaOH) having a pH level of above 8 and at a

or oupe. 105, ") T RAERR SIS 1 &0 A0 0SS AT RO CRP R W BE; T o

mol ecul eHG. Fpafi@oddipleirid RyanQtwingenfzactiveridnpodent 2069 Wrived oo Rl Moy be
added as a reactive cozhrg,onent 20 to the precursor solution 22, or

al t er nat}ly theymethod eensratiyconimanes bymrecessps  treatingthe Exmad diclashia fager 12

nucl eat i1RBimo 1 ' r ' rajly a
ot uct ure o 1E TR ohfogeiiPaY B prddhL & enua BTG BEheHBRA' & Y ary
enbodi mgllar grolmsyerpotr sitése3Opdiderst b thepmifpoel 4 ofithei foigneal dibllectkinds®r 1R, a r ange
of about_ 10-100 . deposj ted onto the  surface of |low k dielectric
Tayer - 120(5098 149 Foped sl My Snoa i Pt et Y B  y

coul d beraagf&s 8cess| APmshaRamhdht PRREJ A GedSh YWy tr@itfn@ﬁt{%%bé@g, &he
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t he reactive conponent 20 to produce, generate or enhance the generation of
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and/ or adhesi on properties or
treated with an alkaline solution, for example potassium hydroxide (KOH) or sodium
hydroxide (NaOH), to increase the number of Si-OH, C-OH, or C(0)-OH groups. Wet
chemical 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 layer 12 formed on substrate 10
may be treated with, e.g. exposed to electron 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 to about 50 torr. The chamber
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characteristics that advantageously benefit subsequently-deposited materi al
| ayers, e.g. barrier material layers, ultimately leading to inproved IC
devi ces. WOM®2019s5h/n one enbodi nent, processing the fornmed acalusor/si7e2 | ayer
12 with the reactive conponent 20 (process block 130 in FIG 1) may be
done by using a wet chem cal treatnent technique where the surface 14 of
formed dielectric layer 12 is treated with an al kaline solution, for
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beam dose about
polymeric dlelectnc layer with the reactive component 20 (process block 130 in FIG. 1)

may performed using a plasma treatment, e.g. Oz, N;O, or H; plasma treatment, which
are well known in the art. The O, and N,O plasmas could replace the C-H or Si-H bonds
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
techniques. Using an H, plasma-based reactive pre-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 layer 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 torr, with an O,, 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.



about 500 m crocoul onbs per square CM qtC/ C\VR)' preferably fi-orn about 20
to about 300 ~LC/cm~. The accelerating voltage of the el ectron beam may
range frowpaboedssi9.5 to about 20 KeV, and preferably fromcahsor3@IKeV. The
dose and accelerating voltage selected will be proportional to the degree
and depth of the desired surface nodification respectively. In one

exenpl ary embodi nent, a substrate 10 having a carbon doped oxide (CDO)
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in block &40 E)efchqﬁt%ducﬂ@l@ e.2finjEétfen p’lulsef f b pWiciBoflisalepsihicl bylag)edrt Eieat ment,

t he met hod continues by form n%@gnot er material |ayer 15, e.g. a barrier
mat er i alpurgg erg. PErogendiN2) herger ddck drepuesor duieetion| prpweides) 2gew atomic layer

additive to previous deposited layers to form a uniform layer of a solid film. The cycle is
repeated until the desired barrier layer/film 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 NHjs 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 380 °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,
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havi ng pol ar groups/polar site 30, e.g. Si-OH or C 011 groups 30 at | east
at the surface 14 of the treated dielectric |layer 12a. Form ng anot her
mat eri al wayafn29%4 e.g. barrier nmaterial |ayer 15, over wPag/wozbwerric

| ayer 12a is generally done using conform ng CVD or ALD processes, or any
deposition process known in the art. 100311 Cenerally, ALD processes
proceed by cheinisorption at the deposition surface 14 of the treated
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remmi ni ng process steps needed to conpléte the'| C fabrication (block 150 of
chart 10@y&drna highd diglectrithesteriad layes omagmbmelioakethbugdt. dpielentsic lhyariSfaxayt o

form ng ’ha%gtagl%tccq{ squ/dﬁ‘ﬁlgleo%lla'aﬂ‘?ér 1a§e% (not shown), such as a silicon nitride or silicon

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.

[0036] As discussed above, although in this embodiment, substrate 40 has a
metalization structure 47 thereon, it should be noted that when practicing this invention,
the wafer / substrate 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
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WO 03/ 029514 PCT/ US02/ 30792 etc. of additionally formed conductive and

i nsulating material |ayers, which are well known in the art. [00341

Turni ng @ w2646 3 and FI GS. 4a-4d, an enbodi nent of aPETOSe%30792
according to this invention to i nprove nucl eati on and adhesi on of a
filmlayer, such as a barrier layer, deposited onto lowk dielectric |ayer
of a copper damascene structure is shown in FIG 3, while FIGS. 4a-4d are
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dielectric material layer, a high k dielectric material |ayer, or
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barrier (Rt oM 4 C . N ALt i id | bi de
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present organ@ditnaln ahd sillandés, sublubs aineethyltsilbnot] tripthenyd, silbimmwis dic.di Beaapanic
materials such_as lowk _polymeric dielecirics or organic-containin
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enbodi ment , substr.ate. 40 has,a talizatiqn structure. 47 thereon, it
shoul d b@yﬁrgt &&Cﬁ?‘ﬁﬁ% (ﬂﬁe?‘aﬂp?cflflglgﬂbont I‘??sa i%r'ﬁl%% Wif’,naftkf'?'gr'wa AnOthet ot r at e
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surface. [00371 Wth reference to FIG 3 and FIG 4b, according to an
enbodi netisilgre, frapethyl silane, etc., may be added as reactive components 20 to the precursor

solution to form Si-OH groups during processing. In yet another embodiment, organo-
silicon halides with general formula 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 20 to
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 (Al,O3),
tantalum pentoxide (Ta;Os), hafnium pentoxide (Hf;0s), etc. In another embodiment,
dielectric layer 42 may be formed from a high-k capacitor dielectric material such as
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invention, with the substrate 40 in the deposition chanber, a dielectric

| ayer 42 having a reactive conponent 20 therewith is forned over substrate
40, di el ewOrodm295ayer 55, and the netalization structure 2CT(UshakoB20 of
chart 300 in FIG 3). Reactive conponent 20 _10 WD 03/029514

PCT/ US02/ 30792 may include any conponent that produces or enhances the
generation of polar groups or polar sites on the forned dielectric |ayer

42. As discussed above, the reag}iqye:~ C nt, .20 . a
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for exanpl e nucl eation, of barrier. materi Jayer. . .ln anot.her. hodi nent
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di si | angayet 42 MBAGken®h 1498 &or Btdconnb&IonS tBE URebrasetildagdri4re Stawpeadots 20 to
the precursor solution to form Si-OH groups during processing. . In yet

anot her oegivaitirrentbe fabrgatest vidizingsngls 47 idyek dypassersoprosessest gann  be
-(RZSi),aftX( X=C, F, Br) may be added as reactive conponents 20 to the
precursor~solution to form Si - OH groups during processing. In another
enbodi mpeU4l1] a pWetholefeercentp WiER! 3 nay dopaniskiddrthsn dlock@B30iofehand0rdnt 20 to
the precursar solution tao enhance barrier nucl eation. Iﬁiyef anot her

enbodi nEHe, 3a aligaol dddagundasr Hohayng » 36 SeMBORADY 20sBsiogued Bifns in an
organi c r L J r F 1R NESNk tmRanent to
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deposi t ditlecsiinpyedd bavimgithe reactive component 20 to produce, generate or enhance the

generation of polar groups or polar sites 30 at least on the surface 44 of the formed

dielectric layer 42. Processing 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. Barrier 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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CVD or ALD techni ques as previously discussed above for formng dielectric

| ayer 12. Dielectric layer 42 may be fornmed fromlowk dielectric

mat er i al swoaobwsas | ow-k polymeric dielectrics or organi @CTarsvaBdITANg
silicon dioxide or carbon-doped oxide dielectric. As stated above, for
alternative | C device enbodi ments, dielectric layer 42 may be fornmed from
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dielectric layer 42 using wel known techni ques such as etchin A via

openi ng 48 blam%(ﬂ@@r ﬁéllfi @me@lumg kv filsn depasition teelyiques sugharee VX @dch 49b

for inte ect| r imlar
can be f &%ﬁu@%e UIPI |t%1?e%° We%‘iﬁrrﬂ%}C)il‘aygi 91% %a%&lssc?ghe%%?‘giﬁ:?%@gsp 518%1 in the
art., [Q}@ﬁéﬂde%ﬁlﬁoﬁ%‘l@ﬂtﬁlﬁﬁ pllam g] &% lectrobd’sl phiting dschsigued orth i n bl ock 330 of
chart 300 of FIG 3, after ielectric layer 42 having.a reactive

conponerdf04 i sIf &t ﬁaéfanl%l?ﬂ baﬁéﬁftné%t 2D Puerses, ¢ Wamgm e EiNb#Ygener al | y
cont | nues PoRhArEoa! M lfa'RUBRA. 14/of 436y aﬁhelrﬁa)fﬁEl AepBRMh P IBNIRT eact 1 ve

conponent to pro uce, generate or “enhan eration” of polar
groups dtetrpdin@sth@amantidhiat) et pnedubsers ovérathe tl‘bdtedfdldﬂh&rﬂf baywed2a.

R LT I TN TGN IR P T T
treat menfe AT SPSoesOfenfhePdtARHd ﬁré@ﬁfé%tabl%ﬁf)gg@@caailddl 6 Sesskctiverglet ai |
above. The treated dielectric |ayer 42a has
One of ordinary skill in the art can readily modify the above processing conditions to get
the claimed results. The thickness 46 of the TiN layer 45 formed may vary depending on
the type of integrated circuit (IC) being manufactured, processing preferences, etc., but
typically the thickness 46 may range from about 50 angstroms (&) 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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I nproved nucl eati on and/ or adhesi on properties or characteristics that
advant ageously benefit subsequentl|ly-deposited material |ayers, e.g.

barri er mapDesio2ds14 ayers, ultimately Ileading to inproved PCTAds02/86992 [ 00421
Wth reference nowto FIGS. 3 and 4d, in an exenplary dual damascene
process, as set forth in block 340 of chart 300 of FIG 3, follow ng
dielectric layer treatnent, the nethod continues by form ng anot her

mat eri al er l.e ri | t t ed

di el ect r[PJ(): ayeiﬁﬁz‘glet%}avs?en&gﬁ%)z)# aéo gr ug)gl gé&ogﬁ&glfotréggol?s\ﬁ%e .ag&ﬁ%‘f"{"%ﬁ or

C 011 grdep@sti@d tethnigaas tDiaéctiohsl depofitioe tebhniafues, which ead &dowt éd ot aitc | ayer
42a. Barrier layer 45 is formed not_ onl ver the treated di eéect.ri c | ayer

42a but iBelede rollimaird spuBierng, plasma fpbancsd chawirsal waparidepesiton agd 2016y ¢ hat

t he barrjet: ' : ; f1ge I N of the
trenc heg hgélgé,la% grangg%{/ﬁgd Zg&( gllsq%lltp{)lt!ﬂtg?llragz(’ggaﬁ @}%%ﬂa%}\% %??;1 g 961% rllﬁj 6

PCT/ USO2tepsied to Eliickdas} in Baraigerof hpgroxsnatelydif08S00@ Ay i laran|empordim@it, ar e

typi cal | ed with netal interconnect rdal to optimze performance of
the met a%e‘ij @r%ﬁﬁ@ﬁ?%tegﬁ%aﬁjég%‘?@\fgﬁﬁomﬁﬁd&si on of the netal interconnect
mat eri aljop4fj0 t EengMiAg WAl reeRB63 I BAGS. & ah@YRY, 1 pisdksdohtRulE thyof

tantalum (Ta), tantalumnitride (TaN),  titanium (Ti), titaniumnitride
(TiN), talenysiletic/alectrothss (Viting ofiagondncti vnmakerial (oaTsybstrateah@.al Ritersiol i con

nitride, ;or _other. ternary,conpaunds. er,. Lt regi t other
mat er | aIeéecélé)ﬁytﬂ)‘ge]tfggfipqsﬁ)r%l%tg}?Pgra ﬁ%ﬁler\{ﬁg injtepial %orvg%:{t%ir’c%mg#lg%htg@egdr esent

i nvent i qRyer 50h€ &Mﬂ%@%}kﬁﬁ%t chBmical fredteded fosinigpassiomtonllhyem(ete ghswih) on

t echni ques, sucﬁ as and ALD discussed in detail above. Barrier |ayer

45 may dnsebstrateodfredhasibsirasdfshaving a pagseration Jovst (aggrshownkiormgd pyerc

pl ati ng, I at.l | o : arrier
ot er 1 o BAPpTGE BYROSE RnEh ki) SEMILAUS Fim RS ool Ao KSR T The
t r eat ed dihezlceatamicadtayerunddaedyn ahd anfrat iof ehey subspetsi tRasgvaidigilie metal
(tetradi nethyl arg notitanj um. and NH3 precursars. over. the treated dielectric
| ayer - az8ed 1465 SQaBEK PE GHE Kanls oF XsBuTrg Litaid Fdiaugh it 4o1 PR Ber
mnute. ReRR SHPGCIHBRY watd: NG AhIPb P UBHE SSink S TDIRIACHINE a &b B iASRWaS, are
about 380 'C and 1 torr, respectively. One of ordinary skill in the art
can readitly asoatgdy (A hebowe ()0 oxxgsinnOx0.0 hpdrogem Heo }ée@nd He, H, and

nitrogen (N), H and Ar, etc. at a range of temperatures and concentrations known in the

art. Generally, annealing the metal seed layer 50 having a passivating layer (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 (slm), while H; is provided into the anneal chamber at a flow
rate of about 1 slm.

[0048] Following 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 interconnect 54 are known in the art. Electrolytic plating includes
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the clained results. The thickness 46 of the Ti N layer 45 forned may vary
depending on the type of integrated circuit (1C) being manufactured,
processi rngopsetesiences, etc., but typically the thicknes®Cr@Sorgo7pange
from about 50 angstrons (A) to about 1,000 A and preferably about 10-100
A. [00451 Wth reference to FIGS. 3 and 4e, as set forth in block 350 of
chart 300 in FIG 3, next, the exenplary dual damascene netallization
process contjnues b erfar L0k: ck rocess
PrO0eS EROSKANSE R BEH SNTPURLATIONL00 frBGhaL AL AC BB pr e

| ayer S5@latRieinchides BapdsitRi dfyietal 4ont that el@c!tﬁﬂjﬁle&ﬁj clidndicdl rediogidn. [Thel ay er
42a and lines the inside of the trenches 49a a_48, f\/ét al
| ayer S0ednpingnreenbisos iRed)inthe elsptralyte s m?ggoﬁﬁeéﬂféhe %@qtggns aFlegirel ytlﬁe?ral
compoun e ack o spSt Joat r nmet al
that is de?emgg% hé@ﬁ gfa 3 C§ncaﬁtégélahﬁéet?%%n§g%t{srel?d%¥% htbgf r‘{e%cﬁﬁg\r,\\%@t;ﬁlga via can
nucl eat evaitrdphods ofSgiesubkirate stringureettato fosmenl nietal éntefi@niat megebodors net al

or netal alloy _ and may incl

is not limted.ta
al | oy, rHsEIget Solafion,af cop@&lf Lfg%ese pgiip 2 coppengiriagozlisy BBtk 0702
[ 00461 QR prned using a directional
deposi tl-lign teclﬂJlatﬁ%Zgrg ?I?g% étgggo’g t on{)?g{é%m ques, which are known in
t he art,[0049]cl uBg way loif rcaam;ﬂespuart ebptng],eSSpbmmapmn‘Ianﬁ@@S% Hbmsulaﬂtratmpor

deposi tion, oni zed i C or deposition wt
vol t age. t"@:’étr‘}é‘ir)‘éﬂi#e%? qoslégﬁp‘%ﬁgz? a%&tipiﬁmﬁesﬁgﬁioﬂlew P§UY 6 3?& Hgglem?on ?ﬁe range
of apprqxd GRisate RRANSKAGrA0 thd agl D QAtH R thy sp:a@e@% tRysitifOsdlgticteposi t ed
to a thickness of about 2000 A 471 Continuing with reference to FIGS. 3
and 4e, (Inltleﬂpr&ﬁlme‘sse/@/@fﬂrl4ﬁueﬂletf}rst nniing sadutjan is/aa) @@?‘P%I selgiop|od@ndgidof a
conductlv n b [ ess
o1 ati ng i & bihabefC aSi R shfe dut bl tholfsalCh Pl Ay bR Bl 22
gﬁner 3’:1| | t}e QbMEtl%al ar regh;e mr:]acﬁbn gbﬁﬁi betvteen fthe Maalpiaas iiv did sriutiay erg. not
shown on substratg 40. The su strate 40 havi a pasgivation | aye not
shown) fCGPﬁédo’@ﬁ/é@u ) 1984 PaFgdpeing |aggl leading stotli‘?gﬁ"t‘col‘ie? el ’?et&ﬁﬁ% %Hir to (
el i m nat t ted on
The sur ogteEpROREE BT, Dl a0E 2 507 nene SADIGTLARALY pR6CUE e

room temperature for a period of time until the conductive interconnect/level is formed.

Time and temperature may be adjusted as necessary to affect the rate of the reaction, and
is known in the art.

[0050] Following electroless or electrolytic plating of substrate 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 layer material above the ILD layer
42a, so that the only copper and barrier layer material left will be in trenches 49a, 49b
and via 48.

[0051] A method to improve 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 the art upon reading this

disclosure. Therefore, it is to be understood that such embodiments are merely
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seed | ayer 50 nmay be done in-situ or ex-situ using liquid nmedia such as
aci ds, bases, solvents, and di-ionized water, or nmay be done using a

chem cal |ywoasweases or inert gas, such as argon (Ar), heli eer(Udey/3070xygen
(02), hydrogen (112), H2 and He, H2 and nitrogen (N2), H2 and Ar, etc. at
a range of tenperatures and concentrations known in the art. Generally,
annealing the netal seed |ayer 50 having a passivating |ayer (not shown)

t her eon v, fal i [:Sl to a
seed andlSftYE chbold SR T heFRut BRRLSH B AR RIS E FE P 0wt 30
seconds lanited toghe speoificrgnbadirressidiommadnd descritedni ng gas at a tenperature of
about 15-20' C for about 25 seconds. In one enbodi nent, N2 is provided
into the anneal chanber at a flow rate of about 19 standard liters per

m nute (shn), while H2 is provided into the anneal chanber at a flow rate
of about 1 shri. [00481 Followi ng the netal seed anneal procedure, the
process continues by performng electroless or electrolytic plating of
substrate structure 40 to deposit a conductive material 52, e.g. netal 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 forma netal interconnect 54 for interconnection to the

| ower nmetal |ayer 47. Electroless and el ectrolytic plating processes that
may be used to formnetal interconnect 54 are known in the art.
Electrolytic plating includes -14 WO 03/029514 PCT/ US02/ 30792 deposition
of nmetal froman electrolyte solution by cathodic reduction. Electroless
pl ati ng i ncludes deposition of netal fromthe el ectrolyte by chem cal
reduction. The reducing agent (e.g. Red) in the electrolyte is the source
of the electrons. Electrolytic- or electroless-depositing a conductive
material into trenches 49a, 49b, via 48 and overburden 53 of the substrate
structure 40 to forma netal interconnect may be done wusing a solution of
copper sulfate (resulting in a copper plating), silver nitrate (resulting
in a silver plating) or gold cyanide (resulting in a gold plating). [00491
By way of exanple, in an el ectrol ess copper plating process, the substrate
structure/wafer 40 is exposed to a first plating solution by nmeans such as
i mmer si on of
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the substrate structure/wafer 40 into a plating bath, or by spraying the

pl ati ng solution onto the structure/wafer 40. The first plating solution

i s an aqueows/ogwsiiauti on of an acid such as hydrofl uoric aeca/use2/3abitiric
acid, and a netal salt or conplex that is soluble in the acid used. A
redox reaction occurs between the netal ions in the solution, e.g-, cupric
ions (Cu2+) and a reducing agent |eading to reduction of the netal ions and
subsequgiggﬁhsting onto the copper seed | ayer 50. The reaction typically
proceed oomtenperature for a period of tine until the conductive

i nt er coegihimh:evel is fornmed. Tinme and tenperature nmay be adjusted as
necessary to affect the rate of the reaction, and is known in the art.

[ 00501 Fol l owi ng el ectroless or electrolytic plating of substrate structure
40, a chenlcal hani cal polishing (CMP) process or a chem cal etch
renolal procé%%le gcoﬁﬁnﬁggforned CWP or chem cal etch renoval polishes
away, or rem*ﬁ?’vﬂlﬁga%ﬁ&@rﬁe int¥e4 @dposifiofl chanpgrer , netal -seed material, and
barrler | ayer material above the ILD |layer 42a, so that the only copper
and barrier Hfaysng madielectic lapdrt over |the E@i’sﬁﬁte& ﬂ%é’f?@“@k@}’%%ﬂl’%ﬂé % a 48.
100511 A nethod to | ve nucl eation and adhesi on of a CVD and
ALD-ﬂep&???%ﬁom??Wﬁyygnger such as barrier layer, onto a | ow

di el gctric- C Pisdesdthg dicetbantd dieledmicdnyalhalimgehe rdzatvdemnpabesictoi freduceAl t hough
speci fic enbodi nents, including specifi thods and

ar.amet er
mat ebi alpelah guanph eepoldesites ablest op asPHaAe ‘Pfdg? formgi dt‘fﬁi%‘mi“b ¥¥e di scl osed
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

embodi ment s axg JRO& ¥r clﬁ%ﬁ\éﬂe%% ARRBAMHRETLAR 137 Stnprisek Uspdsitnigve of

and not restrictive on the broad I nvention and that this invention is not
| i mi ped atdielebisicsyeciidliavingibel raastitescarhpmentibarapdtceves gy Supghr B8 NEIng 51 4

PCT/ USOZ{lganZC% vapco:lr' éep'\é%n}/(;tf‘l préc%lssnér h é%‘orgﬁztﬁggr 8%%?&103 'pf&ess.

3. The method of claim 1 wherein forming the dielectric layer comprises:

—_

adding the reactive component to a precursor solution used in forming a dielectric
layer; and

depositing the precursor solution with the reactive component over the substrate

or A WD

using a chemical vapor deposition process or an atomic vapor deposition process.

4. The method of claim 1 wherein processing the formed dielectric layer comprises

—_

treating the formed dielectric layer with a process selected from the group consisting of
wet chemical treatment, dry chemical treatment, plasma treatment and electron beam

treatment to produce polar groups or polar sites at least on a surface of the formed

[ I~ <% B A

dielectric layer.

1 5. The method of claim 1 wherein the reactive component is selected from the group
2 consisting of organosilanols, silanols, organo-silicon halides, siloxanes, organosilanes

3 and phenols.
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2 providing a substrate into a deposition chanber; 3 formng a dielectric
| ayer over the substrate, the dielectric |ayer conprising a 4 reactive
conponentwoand2%B14pr ocessi ng the fornmed dielectric |ayer haeirngo/sgor eacti ve
conponent to produce 6 polar groups or polar sites at |east on a surface
of the fornmed dielectric layer. 1 2. The nethod of claim21 wherein formng
the dielectric |layer conprises depositing 2 a dielectric material having
the reactive conponent therewith over the substrate using a 3 chemi cal
vapor deposition process or an atom c vapor deposition process. 1 3. The
net hofd of cl arfe InMhed @rtldify 51 wikrtiiethei @h@Rie! édimpdy isCRfhyesandl, addi ng
the reactive conponent to a precursor solution used in formng a dielectric
3 | ayar ; tripheny] sdepdshexamgthyh disitesoarhssrmebyldisidaner tiimethsl sleaet i ve
conponent over the substrate 5 using a chem cal vapor deposition process
or an atom c vapor deposition process. 1 4. The nmethod of claim1l wherein
broceps A9+ Mot Al o BT I eh BN ROMRIRE SomPribd:eRli LBt Lo e
dielectric layer wmth a process selecte romthe group consisting of 3
wet chenidsated fioai nentdiclebtyic aiteriat adroty eatsiwtitg of loagamic polyaterreti¢lecricl

el ectron beam 4 treafnent to,. produce pol ar groups or.polar sites at |east
on a $urmaEabhayipg o {S?P"fra’d’lecg’md?(é’ls@g{’ rqeﬁaql%fggl?e.d %uge; d’leﬁ?“ﬁ‘éfrﬁff‘djaifan‘il aim1l
wher ej n F%ﬁngagﬁ&&ﬁmgggggﬁgﬁk”hgbﬁﬁjected fromthe group 2 consisting of
organosi |l anol's, silanols, organo-silicon halides, siloxanes, organosil anes
3 and phenols. -17 WD 03/029514 PCT/ US02/30792 6. The nmethod of claimb5
wherein the reactive conponent is trinmethyl silanol, 2 triphenyl silanol,
hexantt h§l di $he sethed ofistaimrfevhsrpindreqepsng theformedwielegiric dayenpEng 2 wet  The
met hog o |.ai;m rein t i |.C I i el L LC

rat or ar hSHELACHER Exllntol? oBhEBE e RET i GBHE 187 FuEhE REbhL
organs ¢ gbhtiorerseidcreieGbmi ¢he Jrovmt eonsadtingavi neptassivow Ididedxédet mhé wdinsh ant ,

or gani c- doped oxide dielectric material and 4 high dielectric constant
diele%trhﬁgﬁﬁﬂéfial.

—_

9. The method of claim 4 wherein processing the formed dielectric layer using an
electron beam treatment comprises exposing a surface of the formed dielectric layer to an
electron beam radiation dose of about 10-500 microcoulombs per square centimeter at a

temperature in a range of about 35-450 °C, the electron beam having an electron beam

g AW N

accelerating voltage in a range of approximately 0.5-20 KeV.

—_

10.  The method of claim 4 wherein processing the formed dielectric layer usiﬁg a
plasma treatment is performed in an oxygen, nitrogen or N,O ambient flowing into the
chamber at a flow rate of approximately 100 to 2,000 standard liters per minute, at a
temperature in a range of approximately minus 25 to about 425 °C, at a pressure of about
0.1 to 20 torr, at a power of about 100 to 3000 watts, at a frequency range of about 350
KHz to 2.45 GHz.

[«> 20 4 7 B S S

1 11.  The method of claim 1 wherein polar groups or polar sites produced at least on

2 the surface of the formed dielectric layer following processing the formed dielectric layer
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1 8. The nethod of claim4 wherein processing the forned dielectric |ayer
using a wet 2 chem cal treatnment conprises processing the forned

di el ectriwoloageasiwi th an al kaline 3 solution selected fr@crtuse2/sn7oup

consi sting of potassium hydroxide and sodium 4 hydroxide. 1 9. The nethod
of claim4 wherein processing the fonned dielectric |layer using an 2

el ectron beamtreatnent conprises exposing a surface of the forned

di el ect ric | VilcidabioR or aéh&kﬁcﬂrB?é?ti&etﬁr@Ha%{eﬁsﬁ%‘o@%s&{ueﬁt@ﬁﬁ&p&@e@00

m crocou S per square centineter at a 4 tenperature in a range of about
35- 450 ' faatetihldagdrect ron beam havi ng an el ectron beam 5 accel erating
voltage in a range of approximately 0.5-20 KeV. 1 10. The nethod of claimi4
wherein processing the forned dielectric layer using a 2 plasm treatnent

chanbbr W a ThoRorRero el bR Bl Mo S Do i o B O

m nute, @k @Brméd tRIPsoaésdé® didlectrid 2186 e eRPhd thatetiall Myer beisg 2bld @ about
425 'C, at a pressure of about 5 0.1 to 20 torr, at g EJovver of about 100
to 3090 wwhstentiallyt nuglqaieerashesy to thegernesd anddupcesseyl diglegtris 1aygt.2. 45 Gz, 1 11.
The nethod of claim1 wherein polar groups or polar sites produced at | east
on 2 the surface of the forned dielectric |ayer foll ow ng processing the
formed digl ecigd &&tﬁu\ﬂ%f claik® 1 \WhPdh QRO ikAecRiT14/SO 2 RAASR from & WRIEN S

nucl eation or adhesion properties or characteristics of a _

subs ezjuembieyiadepmsidt feom the gwup cordistingyodorganicl polymiedistechisdonghnictdgped 1

ffirther c rises formng a second. naterjal. | r. over. 2 the fornmed and
proce Se%lﬁ%e&%ﬁgq,ca VIEWS& Of(ﬁlg’ g‘&%&% pﬁﬁtoéfqea?lgﬁjé% rpeBteolmndge aé]gll l%ar{u(l)n 3
subst ant iadnkiimivitehgat e or adhere to the fornmed and processed dielectric

| ayer. 1 13. The nmethod of claim1l wherein the dielectric layer is forned
froma dielectric 2 material selected fromthe group consisting of organic
pol ymer dielectric, organic-doped 3 oxide dielectric, alum num oxide,

t ant al ument &k H’éf,hoﬁ_é’% ﬁlaéﬁh1p‘§]i‘ﬁr‘?i§f%@lﬁ%&eﬂgﬁ’?ﬁﬁfﬁﬁwgfmﬁﬁeﬁm titanate. 1
14. The net hogepkitinbd BefectemgtieRal RYeH B thE slsGhRClsigCa bRASEaICHIPBE | SES!

3  deposition process or an atomic vapor deposition process; and

4 depositing a reactive component over the deposited dielectric material layer.

1 15.  Anintegrated circuit comprising:

a substrate; and

a dielectric layer formed over the substrate, the dielectric layer comprising a
reactive component that produces polar groups or polar sites at least on a surface of the
formed dielectric layer when processed using a process selected from the group

consisting of wet chemical treatment, dry chemical treatment, plasma treatment and

~N o0 o o R 0N

electron beam treatment.

1 16.  The integrated circuit of claim 15 wherein the reactive component is selected
2 from the group consisting of organosilanols, silanols, organo-silicon halides, siloxanes,

3  organosilanes and phenols.
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2 depositing a dielectric material |ayer over the substrate using a

chem cal vapor 3 deposition process or an atom c vapor deposition process;
and 4 depweiosiozaggie reacti ve conponent over the deposited aCelusor/sa7e2
material layer. 1 15. An integrated circuit conprising: 2 a substrate; and
3 a dielectric layer fornmed over the substrate, the dielectric |ayer
conprising a 4 reactive conponent that produces polar groups or polar
sites at least on a surface of the 5 forned dielectric |ayer when
processed using a process selected fromthe group 6 consisting of wet

chemi ¢al 1yr eatiiBRhteg@ted GRAMN cTalaifnl ERVIERIn thel delerit NgRE ieffrmed dronT a

el ectron beamtreatnent. 1 16. The integrated circuit of claim 15 wherein

the raactiolastiic muberahtsciestedeframmt the sroun comnsisting of orgsnisopelymer diplestric,

or gansel PERBISdorsl R et BERCIGRR) 88 1 oiEP ol 85 plbporige,

integuateﬂﬂbaﬁmﬂsﬁmﬂhm@hammm15 wherein the dielectric layer is formed from
a 2 dielectric material selected fromthe group consisting of organic

pol yner dielectric, 3 organic-doped oxide dielectric, aluninun1oxide
tantalun1 ent Qxi de, f.ni. um pent oxi de barlun1stront|umt¢t

16" The 1B eortbe dibaRROGIEN: P ORE b TaeibPUan BRuPaP B Bt o ¢ es
produged @kt of theautfaed ofBe &L alquctﬁdﬁwep [Reo v ﬁlh(ggattlbh Corl AdREiohMPr ove
nucl eati on or adhesion 3 properties or characteéeristics of
subsequemﬁmyﬁdépmghm@@ﬂmﬁmepf&Hﬂﬂay@mﬂyﬂqm§ﬂ3¢h@ﬂﬂhdkgﬂated circuit of
claim15 wherein the substrate conprises a netallization 2 structure
fortned thereon. 1 20. The .integrated circuit of claim15 wherein the

di el egtriyg | aﬁ‘ﬁ 1ﬁt§%éaféﬁ’£ﬁ@m*€%f 88inf15 %zh@feﬁ?%%uﬁ&fa?&&&%r&s%@%e?ﬁh%ﬁﬂp
consi sting of vapor deposition, atomc [ayer deposition or
phyS|2aIswmﬂmmfdmmﬁmhmmon 1 21. The integrated circuit of claim15 wherein
the dielectric layer has a thickness in a 2 range of approxinmately

500- 50, ocoo A

1 20. The integrated circuit of claim 15 wherein the dielectric layer is formed using a

2 process selected from the group consisting of chemical vapor deposition, atomic layer

3  deposition or physical vapor deposition.

1 21 The integrated circuit of claim 15 wherein the dielectric layer has a thickness in a
2 range of approximately 500-50,000 A.

—

22. A method comprising:

providing a substrate into a deposition chamber;

forming a dielectric layer having a reactive component therewith over the
substrate using a chemical vapor deposition process or an atomic vapor deposition
process; and

processing the formed dielectric layer having the reactive component to produce
polar groups or polar sites at least on a surface of the formed dielectric layer, processing

comprising treating the formed dielectric layer with a process selected from the group

© 0 ~N & o bW N

consisting of wet chemical treatment, dry chemical treatment, plasma treatment and

electron beam treatment.
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1 22. A nmethod conprising: 2 providing a substrate into a deposition
chanber; 3 formng a dielectric |layer having a reactive conponent therewith
over the wo osolesi4 ate using a chem cal vapor deposition pPCTASS2/3079AN
atom ¢ vapor deposition 5 process; and 6 processing the forned dielectric
| ayer having the reactive conponent to produce 7 polar groups or polar
sites at least on a surface of the forned dielectric |ayer, processing 8
conprising treating the forned dielectric |layer with a process sel ected
fromthe group 9 consisting of wet chemical treatnent, dry chem cal
treat menp3. pl TEEEnHEROIRMMAN whéRire HiRCichevedestmdneaRis ®iNcted- #6mVike
03/ 029514 PCT/ USQ02/30792 1 23. The nethod of claim 22 wherein the reactive
conpofentlouR sopssting ¢k opnzenpsilaplyr silgnalsnrganortilieon diadidesos silemves,
silangls al i des, siloxanes, 3 organosilanes and phenols.
1 24. QThegﬁégﬁﬂgeé%l %?%@22 mhereln t he dlelectrlc | ayer conprises a
dielectric 2 material selected fromthe dielectric material group
consisting of organic polynmer 3 dielectric material having a | ow
di el ettr24¢ coitbe antthodrafaciaio: @8pwheremi the diclHotridt ddyer cémpeisesr a alielactdchi gh
diel eg tr hl%te%% f‘ected frel eﬁt ' hi%lenglt I ?enal g%g'up consisting of organic polymer

3  dielectric material having a low dielectric constant, organic-doped oxide dielectric

4  material and high dielectric constant dielectric material.
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