METHOD OF FORM NG A CATALYST CONTAI Nl NG LAYER OVER A PATTERNED DI ELECTRI C
TECHNI CAL FIELD 5 The present invention generally relates to the field of
fabrication of integrated circuits, and, nore particularly, to the
formation of nmetal |ayers over a patterned dielectric, such as trenches and
vias, by a wet chem cal deposition process, such as electrol ess plating.
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copper’s characteristics to form non-volatile reaction products. In manufacturing metallization layers including

copper, the so-called damascene technique is therefore preferably used, wherein a dielectric layer is first applied
35 and then patterned to define trenches and vias, which are subsequently filled with copper. A further major
drawback of copper is its propensity to readily diffuse in silicon dioxide and other dielectric materials.

It is therefore necessary to employ a so-called barrier material in combination with a copper-based
metallization to substantially avoid any out-diffusion of copper into the surrounding dielectric material, as
copper may then readily migrate to sensitive semiconductor areas, thereby significantly changing the

40 characteristics thereof. Since the dimensions of the trenches and vias currently approach a width or a diameter

of approximately 0.1 pm and even less with an aspect ratio of the vias of about 5 or more, the deposition of a
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It is therefore necessary to enploy a so-called barrier material in
conbination with a copper-based netallization to substantially avoid any
out -di ffusion of copper into the surrounding dielectric naterial, as

copper may then readily mgrate to sensitive senm conductor areas, thereby
significantly changing the 40 characteristics thereof. Since the di nensions
of the trenches and vias currently approach a wwdth or a dianmeter of
approximately 0.1 mand even less with an aspect ratio of the vias of about
5 or nore, the deposition of a -1 WO 2004/068576 PCT/ US2003/ 041185
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techni q U%S pr Om pn(xzxées:ﬁ-I \gire%%(a;[r&,%gﬁellti}{g solutions including colloids. Although plating solutions containing colloids
may successfully be applied for coating print boards with vias of several tens pm, this deposition method is
quite inappropriate for metallization layers of sophisticated integrated circuits for the following reasons. The
colloidal plating solutions may readily develop clusters having a size that may considerably exceed the size of
the circuit features of interest, Moreover, the adhesion properties of the plated copper do not conform with the

40 requirements of the semiconductor industry, since usually the excess copper is removed by chemical mechanical
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thin layers appropriate for barrier layers may result, when applied to the
formation of seed |layers, in an 30 increased electric resistance, thereby
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an interface between the metal and the barrier layer comprises at least one of platinum, palladium, silver, copper
and cobalt.
35 BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be understood by reference to the following description taken in conjunction with
the accompanying drawings, in which like reference numerals identify like elements, and in which:
Figures la-1c schematically show cross-sectional views of a copper-containing metallization structure
during various manufacturing stages according to illustrative embodiments of the present invention;
40
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conprises depositing a catalytic material over surface portions of a
patterned structure by at |east one of chem cal vapor deposition, physical
vapor deposition and atom c | ayer deposition. Furthernore, a netal |ayer is
formed above the patterned structure by el ectroless plating deposition with
a plating solution, wherein the 25 catalytic material initiates a reaction
bet ween agents of the plating solution. According to yet another
illustrative enbodi ment of the present invention, a netallization structure
in an integrated circuit conprises a dielectric layer having forned
therein an opeM HY4He a metal filled in the opening. PREVEYGEHI185at | east
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the relevant art. No special definition of a term or phrase, i.e., a definition that is different from the ordinary
and customary meaning as understood by those skilled in the art, is intended to be implied by consistent usage
of the term or phrase herein. To the extent that a term or phrase is intended to have a special meaning, ie., a
30 meaning other than that understood by skilled artisans, such a special definition will be expressly set forth in the
specification in a definitional manner that directly and unequivocally provides the special definition for the term
or phrase.
The present invention is based on the concept that a catalytic material may be incorporated in
dielectric layer or a barrier layer formed on a dielectric by using advanced deposition techniques such as CVD,
35 PVD and ALD, wherein, however, the deposition of the catalytic material does not necessarily need to meet
stringent requirements in terms of coverage and uniformity, as already minute amounts of the catalytic material
on the surface being in contact with the plating bath suffice to start the reducing reaction and to deposit metal.
In this way, a highly conformal metal layer may be produced, thereby avoiding the disadvantages of the
previously described electroless plating process using a colloidal plating solution, wherein the metal layer may

40 then be used as a seed layer for a subsequent electroplating process for the deposition of the bulk metal. Due to
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metal layer, as will be explained below. In case copper or a copper alloy is to be deposited by electroless

plating, the catalytic material may comprise platinum and/or palladium and/or copper and/or silver and/or
35 cobalt, and the like. In some embodiments, the catalytic material 112 may be provided as a substantially
continuous layer on the barrier layer 109, whereas, in other embodiments, minute amounts of the catalytic
material 112 are incorporated into the barrier layer 109 so that at least a surface of the barrier layer 109 contains
the catalytic material 112 in a stoichiometric ratio of approximately 0.01 or more in relation to the barrier

material.,
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(hexafluoroacetylacetonate platinum), or similar compounds in which platinum is replaced by palladium. As

previously noted, only small amounts of the catalyst containing precursor may be mixed with the barrier
35 material containing precursor as already traces of the catalyst 112 may sufficiently activate the surface of the
barrier layer 109 in a subsequent electrochemical process. In other embodiments, the barrier layer 109 is
deposited with the required thickness and thereafter the catalytic material 112 is deposited in a deposition
atmosphere tailored for the catalytic containing precursor used. Since a continuous layer of catalytic material
112 on the barrier layer 109 may not be required, the deposition of the catalytic material 112 may in one

40 embodiment be performed immediately after discontinuing the deposition of the barrier layer 109 without
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| ayer of the second dielectric |ayer 107, when the netal to be deposited in
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In other embodiments, catalyst atoms, such as platinum or palladium atoms created by the plasma, may
be incorporated into the barrier layer 109 so as to form an activating surface for the subsequent electrochemical
deposition of copper. In a further embodiment, one or more of the final deposition cycles may be performed in
the presence of minute amounts of the catalyst containing precursor resulting in a surface coverage as specified

40 above to thereby incorporate traces of the catalyst 112 into the layer 109 without significantly affecting the
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deposited with the required thickness and thereafter the catalytic materi al
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mat eri al , suchis @& detdrmmnh B id PidUr barletiRuterid @8 adkl BRIy ALRpBOGEsSrer304. he pl asma

enhanced,ALD pr 0Ce§SynerlelboRlad Gl 309 80 Sk d of D ortaBR bortiotd heriekhi ofliR vi-RAt

described with reference to Figure 2. be ed,. hence i.n .t he
o oui me o Bl SR o ot byl Sl 0 Gl Slrn I ARG el ey

During a first™@ydheane omyitid FafHReres 8 o rEterep o Srhrogisss Fi piseptialy

((Net 2)3Ta), idtempipprieiratiol ofgputien pfoms agipprecOijy bprepprdinghedasssi pP® In epe phedimanbthe eyt 101

by nmeans of a wa®fidl 3@ mag &S arraReiCAn tha Peritubee) O the Th@ntBBS diseshapedtafgtt 3gfeans theplastvry  be

perfornegy foldLoMREnmEYs sbd1RssBil RRbdbiion Fitf ERbEEA dBEMbY RSt shny mBDe bpdkact 416 o524 AS TR

enhanced ALD para%%géémun&% arfeled 1¥in l;hg%l'ixge%lr?t‘thg% ot 38, B e&%%%ﬁr% Y Jﬁ@%a&?&éém
hydr fmon| ma estapl I she

For exarrpl e, a ogen r an a ni a (P as é/ )e S
catalyst matefial 309. In another embodiment, the target 305 may comprise a controllable shield (not shown) to

cover one or more portions of the catalytic material 309 to adjust the amount of released catalytic atoms.
It should be appreciated that the deposition tool 300 is of illustrative nature only and therefore any
35 other appropriate spuiter tool may be employed. For instance, some conventional tools may be equipped with a
hollow cathode configuration, wherein the cathode, that is, the target, is formed to obtain a high degree of
collimating of atoms and ions approaching the substrate holder 304. In other tools, any type of collimator may
be arranged between the target 305 and the substrate holder 304 to achieve a substantially perpendicular impact
of the target ions onto the substrate as required for a circuit topography with high aspect ratio vias and trenches.
40 In these tools, the catalytic material 309 may additionally or instead be provided on the collimator, thereby

-8



30 to forma layer of tantalumor tantalumnitride on the netallization
structure 100. Thereafter, a further purge step nay be perforned, and the
above sequence may be repeated until the desired thickness is obtained.
Next, a catalyst containing precursor, such as Pt(hfac) or Pd(hfac), may
be introduced into the process chanber once an appropriate deposition
tenperature and pressure are established. A layer of the catalytic materi al
112, which rmay or may not be continuous (depending on the duration of the
catal yst deposition) is then forned on the 35 barrier layer 109. In other
enbodi ments, ¥R UPYEETGt ons, such as plati num or pal | a8¢UPR2BBMIBS cr eat ed by
the plasma, may be incorporated into the barrier layer 109 so as to form
an activating saphfiCle fotigubtide ofShtEee BBt 18 lof 6/t DENE M Cadiytic ARANIL e O

copper. In a fﬂJJe;sQ}eiﬁ th@&@é? gdS g Q&xer sp%ﬁoo%ﬁhe%&m&inal%&%nj tﬂe Qﬂlﬁl%g%iog ln%e cyc | es
nmy be per for ITEQ d on correspo

cont ai ni n 9 pr o Rdied o e ndu:‘% foels or %eneratmg a }g;st%la egar%g%?he arran%ment (llf e catgl?;rc mat%xal 38)
to thereby i nc‘PPrSTY&F‘&T”éaPPVéséé@ apppe YR Eefepente 'afhﬁté‘ﬁetioi? s W’BF‘E‘H@ | ayer 109
wi t hout st gni fi canPiripg epfrbtiog tihe prgeess lasametery, suADs POELIOIEE 5 76 rIRCTH:tISROORACHL 185
deposi ti on Ki n@tdr espliadud tit Rhigingtnies farprckset inGie atxaiet WL, it theliBe, 64 adfudnd td obryies 109.
For exanpl e, tdi6: gl AkkrGroR BRHERImeR bavin£8d rBu¥ed lireG0Aficd I AL 10 Ghe RA2REMESOke REBYc DE

dded d t | |
added during éﬁ% 4B { 1ol o181 oF L aoRI: GEHES Qo BALL O oo il D408, BHPP! Y
n

n ur
performed. Co Bifrie)s alsp pesahie 63"?"%”%&%’? fh?%‘PFBT "§]6 B PIoFch ST

anmount oft® cat ai““;hs“t th?:ﬂ‘hi“%ﬁ Hit ﬁ@ceﬁr@}feqar Jhrefogpathe cafabiiis Ime@éé@ss 4isp depesited arddiypsi t i on
of the 5 barriieoméragieéto tHOBrrierdeyer e, freby i dhe witbh1 1prvoCess inpatcanBilies be

sel ected to Obdugiafbal§ UipBknlyQfstrifl-0E0 S SoulIR kfiQRHIBRASG 6t the 8AGH V- 1@1hanced
characteristics of Int &lﬁr %EJI&IC&E tlleeﬁﬁgge O}'anlym%zgeq §1' 3B§ 9187 l;elc%&lect for example

s R ke Tt R
t he barrier | a?/’é%eq“ﬂf’% th dggositiprhyef m&éﬁ“‘é’ﬁ/‘?ﬁ‘e&a‘ ﬁ@t"@}’ P%dvaéf?g@“ﬂdyodﬁﬁ?ﬁfﬁd ‘b‘?“gﬂﬁf%ﬁl cal
vapor deposi t imme ¢fRY/Bpositign peokesseps ths fhg) tataletic ngheqzbid? in jthe berried lnyerFpyguprexed3ubstaptially O
sputter deposi d: e Kurthcd @bion3dto DY biSEEng dhe RGEAElYE hagdne wildt uindul Glisadl: g an
outl et 302, cog;g}gg{,ag‘ger;s&s @he @dggrrlggrldgat e purrp source (not shown), and an

!S EL\?\:’]) 30;\ s 382??;{ a8 ahfun? embocgtgﬂtctge bamer Parée? ?Old alay & \c}ﬁ 1Sn ﬂlﬁ?rgs]\en%eacﬁg %mgan]fz %r %?o??re(azgt
303, whiéh is @%BH?WEHF%ﬁm?%mPﬁﬁPEEE%T%ﬁfmﬁﬁﬁwﬁv?%%#S@ﬁ@ﬁPﬁﬁFﬁ”&“@d strate
mount ed on t heSisilals trapreridirotrediser B0gotaiting the paplyst epterielt 309, evglt 4s ylatimeynin e ekt o
ground pot ent i se.of ifcrepeSitiEe 28X Qallhdiin] iiver; BOPRL) Sob R BBy e 3ddbdDEtad binabeRtlylohi@ring ihei Ni t'y
of a sputter lfatRkdBtinca e MobdGh 3000 RFHREI1I BRe bafic QYN FRAnEE: &
conponent 308 gof,.4 b HQ&EoFaleﬁ fnto fmtbﬁﬁér ﬁber 109 46 be3c§m51é£'£ b, ¥ % @b rate, of

distributed therein is

O r ot s St iRt o e ot o S0 Y PR 2
the catalyst 3BYngriy cHARgRHRSTEEIT oXi tarElfmEs gltun Phelfpaoydie 369  may
be subst ant i al doyplexeyi rfap berddyed di ssfowirideisf@pbroxiabtely Balgd scet fopa mxﬁta@ém;ﬂ@rrmemﬁ of
the target 305pprdaRicR 00 deddis fod AMD-lkdiddcdsQ bl bpPloGhdidy Ol s@binds for@h ALTESe prétesat

?LIO 22!565(33' goonf: dép&%mé @& &@fyst 3@%@;@51 2 SRSEGE W RRSnaves b'(ﬁsé Ahahed e S tEeOJaEE}

cat al ys t 9(; to rTBpressure o%/tge catagyst cg?ahltnﬁperectlrsor o%‘ e%apm%% é?yfoalg II‘orr In (%e emg(g el%%q-xe degosm?n of of
condi ti ons of ?‘%‘@"‘%rdﬂfrt 18% s pEIeRth Vet ligpdoragess Eaﬁ@‘g%sdf"ﬁla>?§9t'e‘i r‘f%{‘tpésf“f"a*l“d 309
may be provi detickngoistoptrieed s byt repuirefl ghaghptesietice tnd 2aauabityndf ghe gharridr dayg 185 istehpreds put t er
rate i s subst artkrkadér) dy c@QORSHrifaiing predfirso)is Wl td ol the p@D@ N BtsibR@tially at the surface of the

barrier layer 109, thereby preserving the barrier characteristics of the layer 109.

above

:1

35 It should be noted that the present invention should not be restricted to tantalum, titanium, tantalum
nitride or titanium nitride layers as the barrier layer 109, but may be applied with any suitable layer or layer
stack required in current and future metallization structures. Suitable sputter targets including a catalyst and/or
catalyst containing precursors may then be employed in accordance with the deposition process under
consideration. In some cases, it may be convenient or necessary to divide the deposition of the barrier layer 109

40 in two or more deposition steps, depending on the complexity of the barrier layer stack, so that only the last
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conditions, wherein the fraction of catalyst atonms in the deposition

anbi ent for given tool operating conditions is then determ ned by the
ratio of barrier material 308 and catal yst material 309 in the target 305.
25 In other enbodi nents, the target 305 nay be fornmed of one or nore
portions conprised of the barrier material 308 and one or nore portions
conprised of the catalyst material 309, wherein the ratio of the surface
area of the one or nore barrier material portions 308 and of the one or
nore catal yst portions 309 substantially determnes the ratio of sputter
atoms rel eased'f')% '4%#B%r di ng the target 305. In one enBSHPHERCShe
catalyst nmateri aI 309 may be arranged at the perineter of the

substanti al | y dositva sipapeacio beataget to ke caridic tieialy tedarder B@r WX Ch btat smbwiimeesans 306
possi bly in cambiynatinitreiMaiphipde 1RGN 1Ru5RGM0N Yf @ik o) «NRYasbepeper at ed
So as to ad] L{:%ltrespglnlﬁg ﬁ%ﬁuatseq%tlce Hl@hcﬁn'g Grle%lsm(pe! stei‘slf&gor&kbqhe%%ﬂr ﬁ?et' fb mggdmg E@

t t 305, th b t I
nggel n anot he%glg’n%m d'gp}lg subst?ﬂagy tn 5 sur{gp é?‘f}’@“ one Cpeu%cu?ar embod?ment %’ En sFa %el’ Ia

ISe a con
shield (nbt srfiaww)ngthecata@wiﬂ%ﬁ@%ﬁhe s P%?H 26‘r‘f§““61°“‘t“ﬁll$ Sa&’é?’&ﬂe%?fhf"&be’r?ét eri al
309 to adjust thepeecdinDyrntior dfmipgetheetasierdaye d¥9ad y pirion gerepfrwithoyt preakingyhd oupye For

appreci at ed t higstanct, h@enCRDBkilidn @Rimbed Bblud@CHihshaSoxdiftion indatbSds iditsialyethaad Wir gpuen| y and

therefore any de;'bﬁtlog tp'ﬂﬁﬂa eﬁﬁ:&é&ﬁfd Ad ﬁas§a0éz|1§a;1c€d' Aﬂﬂ)QLata@R){onQﬁngeﬂm}xa%ﬁgﬁ mdy®E
i nstance, so rrees’ca 1shed andt tﬁe%ﬁ'ner laé { ﬁ]l al gr{;a%(dﬁpe?' b?' 86 cagﬂ%% gv{lerem, o e%mrle %m?‘#e%ﬁ& !;'O de

configuration,

obtai n athigh Hﬂ’(‘f@ﬁ“@’éiep&’f of the. 31yt 9B °‘8ﬁ‘°“?§]tb?5ﬁfsplaéﬂacfh*i’%‘%‘?wéﬁ’f)? o takiny ﬁ’plteflue
substrat e hol detwees @ plasmpang thiy gbstrpiey G this wayna/detinggoamorsf of eatdlyptimaslte dneorpeggipd intp e
arranged bet weetiertidye 10904 g @intr3BHe @pig whiktenag bbsivanadeas ROhighyrsopBifidatedl metaltiiorve a
substantially ﬁ&mﬂﬁmg@lﬁm Ia&emaﬁgss of W nmloPRenlidd, @?gon&oﬁiﬂgsthe(lﬂ&uﬁk aﬁdnﬁthe'ibﬂﬂﬁ)tf rate

as required f 0, u v
t rencﬂes t{;e ﬁ«‘h%&gtgd c!atralrsg %q%;lgpapcy SIBJ1prEHetQQ o@ﬁig%ggr 159a‘x§12’.yQ10t e%&s&gﬂ

S e catalytic material may addltlonally or
i nst ead Be ro‘%?%a%‘a fgﬁe % he collimator, thereby -8 s V\D 2004/ 068576

PCT/ US2003/ 041185 Depengis tofthpipiegsssedqesnce B‘M"‘img‘aﬁ‘a‘taf’f’@rriayﬁflo‘f‘t i &ome SPHERIS BTV | ess
or even none odpproprige ¢ @bikeyrtrd of mered e dberle-dB@iB:d depysitibrgechnies dgisa € Y0, A ahBVLY, ar get
305. In other o, tifone dr @6k Sf thebeI@hnladtE, kbl Eafalytioor@énl 18 mag OForA&idn 4 fkeneCaaitiestkipetl i C
material 309 ngy.be coated on corresponding coils for generating a plasnma.

Regar di ng the arr aﬁg'erre?oLFlgrureflé ¢ m&a%xﬁ%oys%rﬁ:%req&)tcom-nseébggaglayer {]? suc§as a c?g(r?r iteria

apply as“given aboveé Wt ure 3.
5 During oper affoHfichthge lfi‘f“&‘t‘f’é?‘g’"dﬁ%ﬁ‘tefﬁéiséfeéd layen J‘E A S EETFHRRF B FPHT E‘ﬂm'ft t he
pl asma exci t at kwent e fnsd BOBetroless dynesitionshy pypdsing e metpllipdien sirsrk 240 trgpn plestiride 1303,
pressure in th@otethaiyb@tindd salt sk ntetalto bel de@sitedunea Ralfibisdg@t Fotexapl,dorna capper t ar get
ion and/ or at ogbePhak ey aviiadd AapfriVed hie Chktbdsi8s, SheH £ GhleORlaiNYH wnfPH€1d, 0 t he

ar r angengnt Ofcétcieﬂﬁﬁ%gﬁ Mté o, H@ﬁ&ggygg usegogue@o%e% nggo,s)uam%e%emﬁo&f the

above- descri be ercent a IS, cata

material is al %% ‘15‘8%‘erFf’fn°i‘ ﬁ“”? H‘lét“g{“’ﬁlgsaﬂ% 5‘?’d RSTin &t d’gg’f“hﬁ‘et‘il BOLIHEE B hol der
304 and, hencecrystalingty e thigless of iy mete} dapier 313 mpyyendily bp sopipolitddy adprting e Vil fsr eon.
Therefore, theexpsiteaheyteiiizatm t@rical 00 B@S elecgolyd Bid. Cepadiid cententind diphrition methods

i ncor por at ed i Brutef) @or RAfuplk, @leopb Y 1aybOf nigt J4RE: @AY viksOdudhl o8 GutteN@popiéih tof ©D, 112,

whi ch mayq in Sé?gmﬁcaﬁm@g ggﬁ(ﬂlrtl&l rQ(g are %HQ:%& @ﬂﬂe eﬁ!:tllol\éss 'ﬂl&lng %ﬁ’é‘ st ;ﬁi(!vﬁfn% ) &Qx‘tee(g
t hr oughout the eprm ayer .

t hi.ckne of
enbodi nents, tHe"T é}'lthea%{ssaél“%T” &3 aafda'lprafma?wrtr’ﬁ‘iméef ‘:135‘1“ 'Bo9 nay be contr oI I ed by,
for exanple, tenpdrouit sptinpiths If‘ﬂ?an@ PigiqE ofshe nig T ElgtaRluipdy of ey e e sRied
portions of thett dregeat aBhSorriasmdesed tivb efdatadsaierial 112 in the barrier layer 109 that results in a

rapid reaction with the desired degree of conformity and quality of the metal layer 113. For instance, a ratio of

35 platinum and barrier material in the layer 109 as is specified with reference to Figure 1a enables the formation
of a copper layer having a thickness in the range of approximately 2-50 nm in a time interval of approximately
5-20 seconds within vias of 0.1 pm diameter and less with a depth of 1 pm and even more.
Figure 1c schematically shows the metallization structure 100 after filling the via 108 by electroplating
with a metal, thereby forming a layer 114 of excess metal on top of the structure 100. The metal fill process

40 may be accomplished by well-established “bottorn-up” electroplating deposition techniques, in which the
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15 Consequently, the deposition of the catalytic material 309 may be
advant ageousl y deposited during the final phase of the deposition process
so that the catalytic material 112 in the barrier layer 109 is forned
substantially at the surface region thereof, thereby providing the

requi red catal yst properties without unduly affecting the overall
characteristics of the barrier layer 109. In a further enbodi nent, the
barrier layer 109 may be deposited in the presence of a suitable precursor
20 gas, for exa le containing nitrogen, in order to forma nitride |ayer
or nitride suB*t @& the barrier Tayer 109. Simi | afty 4 *“dfpropriate
precursor gas containing the catalyst material 309, such as platinumin a
porous-|i ke stealimtiqftructpre 0 ddedtediy parf epewpidinegtath (ptahdwaldiatimay cakih ypigable addibpper ,
cobalt may be g higiyinhedonfied epdBaitor te rdtal sthisthntiflg witda@ voids brd admsphiRSA, 108 O

i ncorporate thgeg ?ttlﬁln¥§ltlay§Q% a@lﬂg ast aQbeMabel BayR QA LnABk il c&p%ﬂmgthpéercﬁ:obl%gl ayer

109. The anount o e to sal‘lLsyannall{?r u{n oxm tQiClmq ssD afl({]tguts ?ﬁgrent Elsth%’\:ltmn prov]gd(’eidébg khe[a elrhe 109

may be cont rolﬁmceﬁ“’ﬁ1 é‘f‘?ﬁa
cont ai ni mg pr e¥GF §’6t'f‘1 ‘%ﬂdg‘d“af’ B‘e“ttﬁéema‘@?)@saf‘% TiE5He BesRHSHR & A W‘e’f‘ﬁ 8‘6 BREAEFEr 301
and/ or the durssbiitopf bf metf dtediihgje vihd08aety aihipis pssentisht e prinp @Ualily sscur sBYentiopsh one
enbodi nent, plmstailization sefenpalihad mUdeciocabiael Pinagm f ased NP Byesm MRy siperioadded
at a flow rat ewefiy &P R ehpRdRhdhctdticd @B 868 Byef QF compdrdditBn sl laRf Midka by Bpuktch €
range of app rcfg thggggnglhﬁéh gpé Qa%n? \Qac %ﬁﬂ&oﬁs@ polﬁedgh{%e férka%orpoq‘ 89 gélﬁi’c la%pgmon 112

appr oxi mat el secqn oces oSl

DAl st Ta00, NN BIFTITS B PSS 1 Favout s e o P R H el

bel ow t he vapd?yer:%@?dﬁ‘r“é@%%’?ﬁ?”Tﬁ”éy%‘étqﬁl“vyesséfeﬂﬁt ai ni ng precursor of
approxi mat el y 0. 15ATkoweh the jbave dilveratgeriydclinnefer @ theforhetpo of atneaiizaiph stutnhecbylbar r i er
| ayer 109 is paedopiglocith dsig Wethetat 1061830k b SE1QHer PihRE S SsPeciRBadriiiRibeBls Sor Addhded
desired Corrposﬂnr:r&%tm@snlgv fahgkwﬁiscﬁnehs‘fbnsqpth@'dégﬁ gb &Qroﬁ L’é [:lug Q{)uther »?eﬂ estabhshed

characte rg St C% ttom tlp F}acl-glf;ue in tﬁ%legrolfl'}m& process llt.l slhc?uﬁd ble a recla Gf:é’ g t}te met?q rll}/er { % ﬁ) é, also

Thereafter, thé ca portion
112 subst anti aeifigmed by {epeeles ﬂ‘fpfsé‘&‘bw%‘f"mfhﬁ@y“ B%t’i“*i’ylbéf‘me‘b?‘é‘fg afﬁ@’emi“i%“r‘eéﬁ’fsa
preservi ng t hefirtyaeriof of a eieder dppositian siop ifar Silligef the e 1908a ysegeiallyOGhen B6 topdgraghn ofithel be
not ed t hat t hendpnes@RtucimweRissamicahoul d not be restricted to tantal um

titanium tantalu mheleuia%b&ﬁne&ta disBABEdLLBIvVE arz fithsGRivd @Mea@ She a&n&ob Bay¥RkbdiRE | ayer
109, but JT‘B y ba%d ? P RCEA %%Iﬁf%%nt lglt eaq‘\ll’] %Ielﬁ% nthe%s bl,& arent%oyt% € 591{1661 ma’c hav§1 %e kl)%ne%t og H{é red in

current and f ut
i ncluding a ca?§W§ F“ﬁnd?r““mudFﬁFV§i“?%ﬁi%ﬂh?ﬁ@“ﬁ¥@@ﬁ@§8?§lﬁﬁ?mpﬁﬁﬁ'be
enpl oyed i n acdraisce iniatins ehistendedods defsr! pryrdiaor duigeterein ghovs pgemart? on. | n
Sonme cases, | tdespbyd iée cdonstelnw.eni thaeforn@id@ssaihypatioiademppdibent delogizposingyivon of
the barrier | aygéa otQRBdifdd ahdlall 06 vHaridiDEE cdl@QS kOB bR R, spRiepraRthva@oon t he
conpl exi by of ,&cbo@m[gg (i LB HectibAN x{theﬁemsfa&get Rl @im@Rby the last -9 WO

2004/ 068576 PCI/ 1J /04 18 deposition step needs to be adapted to
adding catalytic material to the barrier layer 109. In other enbodi nents,

it may be considered appropriate to performthe deposition of the catalytic
material as the last step of a corresponding formation sequence i ncl udi ng
one or nore steps for formng the barrier layer 109 including the

catalytic material 112 substantially in the surface region. In one
particul ar enbodi nent, this final step for 5 depositing the catalytic
material to formthe catalytic portion 112 is carried out in the sane
process chanber as the preceding step for formng the barrier layer 109 or
a portion thereof w thout breaking the vacuum For instance, when the
deposi tion chanber includes plasm excitation neans, as is usually the case
for sputter
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deposition, plasma enhanced CVD and pl asma enhanced ALD, a catal yst

contai ning plasma anbi ent may be established and the barrier |ayer 109 may
be "doped" by the catalyst, wherein, for exanple, an amount and/or a 10
penetration depth of the catal yst ions nmaybe controlled by the plasm
characteristics and a bias voltage apldimed between the plasma and the
substrate. In this way, a desired anount of catalyst nmay be incorporated
into the barrier layer 109 at a controll able depth, which may be

advant agéous fAméthadlof feapingsa i metak thyerivel |4 pattéraed diélectic fomsedhavi a9 a

barrier |ayer ickness of 10 rimor even less. By controlling the anmount
and/ or the depsthﬁgtiﬁl&e’etf'ﬁénqﬂﬁ%‘g?wrﬁr@d catal yst, the barrier and adhesi on

properties of the |ayer 109 may not be substantially 15 negatively

af fected. Depepding on th rocess sequence for formn he, barrier |ayer
109, in sone ear%gSﬂﬁ%rﬁ i',rs(?i'ﬁatﬁﬁé %éer g}ﬁ?fr Bﬂpi%?t?rqe&mgﬁ%ﬁhﬁemt Fo9BEHDr e of
t he above- desaepbsitiordefpasphérerindladihgatjesst termperarily 3, catafdic mMétbrigind PVD,
wherein, in one or nore of these techniques, the catalytic portion 112 may

be formed in a manner as described above. 20 Referring to Figure |Ib, the
met al | i zat i on exposing said firsitinaterigiriayge o a piatirg sdlativarindldding Rne lof & metadpper

| ayer, which, ,in ope particul ar enbodinment, acts as a, seed | r for a
subsequent deB%glettfegﬁglgerdégvg\gggm il l\gfc mateyial inqorgorated; 'Bgﬁ%gysgy‘ate"al
el ectrol ess ddpesiiiiates byregotjonstb ngdideemstal Rink iahdtto 36rns & muetalubgerldisdi®@ an

el ectrol yte bat not . sho contai ni n salt of the netal to be
deposi t ed andz%l sqﬂé%ﬁféﬁ'r'@eé %%PP"&S?S @?ﬁ%p‘?@os'ﬁ@?' Ad.opper | ayer, any of

the presently avail abl e and approved bath conpositions, such as copper,
EDTA NaOH and HCHO, 25 or,co r, KNa tartrat OH, H may be . used. Due
to the catal ytf?rg“'ﬂ)%PﬁeBﬂn(iT‘f%Ea%eﬁé’V%'aﬁ’? é'?a??'i@WNabY(%?CtrW%Q"QQﬁB%ﬁ“H"On
reaction st ar twheseit saltretal ihyeraists dsensised layér. hi ghl'y uni f or m et al
deposition with superior crystallinity. The thickness of the netal |ayer
113 may readily be controlled by adjusting the tinme interval for exposing
the net a.l i zatThermethodiof tlaitn 10Whémeint $eid ehtantic Phatéreal RampPrisdsoatnedst dnk of
conventional deposition et hqu for foamng, for exanple, a copper seed
| ayer in hi ghpgag'ﬂg'& p?'%df%“'\ﬁ"é%r; CYRERATE C ter deposition or CVD, 30
significantly higher deposition rates are obtained by the el ectrol ess
| ating,,while, stil rqvidi degree of. copformty that is as high as
Ps hargﬂ/ pra?FFc’th\?ﬁt‘ﬁ %'ﬁ'mn'? é’ﬁ’e&% POFIERg spd grisagpa\{?rgl MET ROMPrISH
f or mat iOI on pr otee&glisrﬁng $utd gaiéﬂus|déy56§it_io1ﬂé1mo@pﬁér§fb@|sghﬂerﬁfg ét?#ﬁé ofshlﬁéﬁfiﬁﬁy be
carried out to.deter appropriate anount_and type of catal yst
material 112 im?t?rf%aggﬁpﬁggﬂpg@&an (@??'Yﬂtat%?ﬁ géarpﬁt)./a rapi d reaction
with the desired degree of conformty and quality of the netal |ayer 113.
For instance, ratjo, o 5 platinumand barrier terial in the |layer 109
as is specifi Jﬁe\M‘?‘h“? 8} 8&33%5&@‘8% @%Jaé?aFaiyt&Qrfaﬁtng i [gubstaRtiAy u ﬁ°f"1v£\f a
copper |ayer kttibugedbintsaidtsr@ss in the range of approxinmately 2-50 rimin a
time interval of approximately 5-20 seconds within vias of 0.1 }um
dianeter and less with a depth of 1 pmand even nore. Figure |Ic
schemat ig:al | y Tabowethdd6f diiind, Iwheadih eaid Shatangiciiferddl® Gotiged bhlohé B nioke Vi a
108 by el ectrogl.ati ng{ W t h a netal, thereby formng a |layer 114 of excess
metal on top GEUPHLOMANSOf §Rid 188 The netal fill process 40 may be
acconpl i shed by well-established "bottom up" el ectroplating deposition
t echni qyes. [ q whi cn éh? -10 WD 2004/ 068576 PCT/ US2003/ 041185 ,

. he method of claim 1, wherein depositing said first material layer comprises

establishing said gaseous deposition atmosphere by sputtering atoms of said first

material off a target and supplying a precursor containing said catalytic material.

7. The method of claim 1, further comprising adjusting a ratio of atoms of said first
material and of said catalytic material in said gaseous deposition atmosphere.
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metal | ization structure 100 is inserted in an electroplating bath (not
shown) that may contain suitable additives ensuring the highly

non- conf ormal deposition of the nmetal substantially w thout voids and seans
in the via 108. Thereby, the netal |ayer 113 acting as a seed |ayer nmay
even enhance the fill capability of the electroplating process due to the
substantj al | y uni form thi ckness and thus current distribution provided by
the |ayér 113ThereetBod of glaim i wherginydepositing sai itk material dawsy campyisesy

sui tabl e pr OCQ%bllﬁﬂﬁhsﬁgo%a‘@oump%lﬂoﬁ hmBEsHaAd iny aéuppﬁﬁr@'ohétdf Rbrd he

metal filled in the via exhi bi t essentlall t he 'same quality as in
a convent i onaPreCHESPRIIPFES  WhsHeR gt daast one 19 sipid Qfﬁcél'séétglaﬁ?;*’r]m%?&ﬁ et mat i on
of a seed | ayestaly@t mzafiaeven show superior stability due to the inproved
characteristics of the netal layer 113 conpared to a seed |ayer formed by
sputter deposition in a high aspect ratio via. As previously pointed out,

the formationTaé rhétBod 3 il 8, Fther claﬁfphélﬁé‘ c%ih&omwg laf AhBurkastr Eatalyticdy er
109 may be adjusted so as to subst ant i ally npai r the adhesion

properties of MafRsiahiecpiporateq 59%§a'ﬂd@stdu¢ltﬁﬂa '@m bm\saonbialb@sbggleaﬁopr@rfgf a
subsequent pr a&R $5tednRS durdlibh @F Sl 8f @é}@\sstam.bmtéﬁéucwa pheBBRbs I ef er
to the formation of a netallization structure by an el ectrop ating process
usi ng the net 8%l ayer 113 as a seed |ayer, which is especially advantageous
for advanced mcrostructures having features vvith di mensions in the deep

sub-mi cron regi ne due to the well-established 15 "bottom up" technique in
the el edf opl Abe Mmethacheledaim P whersin spithsatajylic srateriab gontaling Precweegas ayer
114 may al so jshiphMidEebr B)predetinkd Misiess 8P ﬁx'sPH]atéNﬁﬁl'é?érﬂs b8soditayer 113
may be formed during a first deposition step or as a first period of a
singl e deposition step for filling the via 108, especially when the

t opograpRy of ThE@enethod &f di4irs 0PB, Wheleh s4i€ c&@@tlb ndt&dat cﬁﬁﬂa'irilrﬁbabrecﬂ?gér
particul ar enbodi ments discl osed above are ||l ustrative only, as

i nventi on may9BRiSfyaPkadeafter e deposisior of A batier Rodipn pét*@rftrstmtee@idam!% nt
manner s appar gitordtPubdose skilled in the art having the benefit of the
t eachi ngs herein. For exanple, the process steps set forth above nay be
performed in a different order. Furthernore, no limtations are intended

to the detail $h@fmé’tﬁ8§t6fucﬂélhp'8 WhelR | SNBS Bl oA pre&lh}%r EQ@&. as
described in the clains below It is therefore evident that t articul ar

enbodi ment s dF4RAligd S8aURMIALY fngleprsit said ér%maierl%wem'@@ digiteliy| gonyalied

vari ati ons ar ggapesi dered within the scope and spirit of the- invention.
25 Accordingly, the protection sought herein is as set forth in the clains
below. -11 CGaims 1. A nmethod of forming a netal |ayerover a patterned

di el ect risC T OTAB thefbaPof cifASH, rmﬁie?em b fﬁﬁtrﬂ&(é’néi%%"r cShPHsesiE BATIEH Iaher 2

first material |ayer over said patterned dielectric in aseous

deposi tion at R¥RSANSRALY PrevenitnorfiTusion efeaid meippintapyhsrate P,CH?@H%/QQVGTQMYeH al ;
exposi ng sai dghilhakierRlyes.i al layer to a plating solution including ions of
the metal to be deposited, wherein said catalytic material incorporated in
the first material layer initiates a reaction to reduce netal ions and to

forma ngtal 'Tﬁé/ﬁ{etr%i St i 1f WheleinBdi& hietdi 1dyRY E6mpiiset! Bpp&o! ess pl ating

deposi tion; and

15. A method of forming a metal layer over a patterned dielectric formed on a
substrate, the method comprising:

depositing a first material layer over said patterned dielectric in a gaseous
deposition atmosphere including, at least temporarily, a catalytic material,
wherein depositing said first material layer comprises establishing said gaseous

13-



formng a second netal |ayer over said nmate) |ayer by el ectroplating
deposition, wherein said netal |ayer acts as a seed |layer. 2. The nethod
of claim1l, wherein said catalytic material conprises at |east one of

pl ati num palladium silver, copper and cobalt. 3. The nethod of clai i,

wher ei n deDOSidbeicﬁﬁh%d‘sEhérb bRsEsplahg by dF iatBTprécRsor gasbablheibbygt sai d
gaseous deposition attm)s ere bg spuﬁr({?rﬁlgs atons of said first material
and at | east ﬂ@?bﬁ’l’%?i?angE@P‘a\rW gases iprudsssald qaglgigmatgrialirne et hod of
claim3, wherein said catalytic material is substantially uniformy
distributed in said tar?_et. 5. ,%he met hod of claim 3, wherein said

catal ytic nmat &XPOfing said figfirepterial javsh & gPlaimasoluiea indudingjgps rhihe Betak 4 o
Itarget- 6. Theo BEHbtpﬁlsgll@H, ﬁ_hé’fbm §a_i% vhraryae mdﬂﬁmﬁicbip!&ﬂatédiitncbaﬁd ﬁ@i nﬁ‘lf)&ri@ri al
ayer conprises establishing sai aseous, deposition atnmosphere .
SpUttering at (YT GHale] A FPAGUBD 1o fRALBRIMREbIoNs ANG 9 fUT & AP YSF PPrgich
precur sor confiadt Mdigras Blyer; @aal ytic material. 7. The nmethod of claiml,
further conprising adjusting a ratio of atons of said first nmaterial and
of said catalytic material in said gaseous deposition atnosphere. -12 8.

The met hod of centpdifiglan Whedunt Bf @aRMAit ma@rigidinBorbbiatdd e hidafirst MuRIrial
conprises establishi ngg'sal d %gseous deposi tion atnpsphere by suppl yi ng one

or more prectAYEbPY §RBEQIIng\Akleaplong of adlow Bifeand adyration A PRYof ik s

i ncl udes sai d cafittia mdtérfal B8Ht8IMING! preursdriyasiet hod of claim 8, further
conprising controlling an anount of catalytic material incorporated into

said first material |layer by controlling at | east one of a flowrate and a

durati omeof supglnyetRdd sEISINCEE, Anekdis sttt rifElia icBmpasdyr R GeHss Bhe ofas.
10. The method of claim9, wherein said catalytic material containing

precursor gas PlatiBuR,pRladi. Sfiesy copPBE BRALFIRM A t hi ckness of said first
material |ayer is deposited. 11. The nethod of claim6 or 9, -wherein said

catal ytic material containi ngI precursor gas is supplied after the .

deposi tildn of TheyBethe of Sl i15n Wheraim depesiting $aid dFst anaterigf dgyer gomprises

di sconti nued. edtdblishity $Erd BaskobE depaditiBriatmeBsert by 3putte?ing latd i ofidid frsent
precursor gases are _supplied sequentially to deposit said first materi al
layer in a di giateffal 9ff @datoebandsHrpiyifieha precirsor qentainipgsgid Gtaldicdnatedal. wher ei n
said first material |ayer conprises a barrier layer substantially

preventing diffusion of said netal into substrate portiaons cover ed_b%/
18. The method of claim 15, further comprising adjusting a ratio of atoms of said firs

material and of said catalytic material in said gaseous deposition atmosphere.

19. The method of claim 15, wherein said catalytic material containing precursor gas
is supplied after a predefined thickness of said first material layer is deposited.

20. The method of claim 15 or 17, wherein said catalytic material containing
precursor gas is supplied after the deposition of said first material layer is
discontinued.

21. The method of claim 15, wherein at least two different precursor gases are

supplied sequentially to deposit said first material layer in a digitally controlled

manner.
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said barrier |layer. 14. The method of claim1, wherein said netal |ayer
conpri ses copper. 15. A nethod of formng a netal |ayer over a patterned
dielectric fornmed on a substrate, the nmethod conprising: depositing a
first material |ayer over said patterned dielectric in a gaseous

deposi tizpn at RS Fh&hed iof &ldivli 18, witdreinestid lesQrmé{éﬁéI' Ibyer &n‘&ﬁfiséé)ét b&rrier
material, wherein depositing said first material |ayer rrgrlses

est abl i shi ng 2YPY syasapialy Prfgerﬂ@ﬁogiﬁt‘f"% <t $Id pRetAk “'59 fig peytienfe or
NDr e precur SOgo@dReEby sl Dafiey @fer_ | east one of said precursor gases
includes said catalytic material; exposing said first material |layer to a
pl ati ng sol ution including ions of the nmetal to be deposited, wherein said

catal ytixg, mat gpé a{emdep@rrdmmart@mﬁerwlm.ﬁg froﬁhmg?ats%rcbﬁa metAY&fer obeéridaff €S a

reaction to reduce netal ions and to forma ne | ayer on said first
material | ayefMet@liRyeE BYI?PSVPIP'ﬂ*{j‘QaWhﬁfﬁWJFﬂ'd et Javer ﬁtF@Sr?a%e@P. er.

i ncorporated into said first materl al layer by controlling at | east one of
a flowrate and a duration of supply of said catalytic material containing

pr ecur sé&* gas Tha grethagofiglaimd$. whefﬂ"hfam’ metal\[gyer E?FHP%'iﬁScFOEB?VaI ytic material
conprises at |east one of platinum palladium silver, copper and cobalt.
17. The method of claim 15, wherein depositing said fi rst material |ayer

conpri sé® estBBIMAIhE’ §ainy 1§a8b6RiN deprsiting said éfsttrﬂ‘iﬁiﬁ'@' daysy COPRIises i ng

atoms of sai de§t'a5|$sth|ngrB%‘id?{;és%'oué)HE?@SlﬁoWélﬁlbs&@e B/ RPUtYdring aforRE BCIHiPMEL
containing said catalytic materia : hod of claim 15, further

conpri si ng adM#rehgnc at sestdemporgriynatalystaioms pff adardetmt eri al and of said
catalytic material in said gaseous deposition atnmosphere. 19. The nethod of
claim15, wherein said catal t| c materjal containing precursor gas is
suppl i ecdbaf t elha Mstashef Ghitn 15 wheneia saircatalyte mategal imstibstantially 4piggrmiys
deposited. 2@stribiRdTRsB@dagkt.Cl @i m 15 or 17, wherein said catal ytic
material containing precursor gas is suppli ed after the deposition of said
first material layer is discontinued. 21. The nethod of claim 15, wherein

at | easty7t Wo Gthé fgdtRed oPEI%ﬁHrz%oﬁmhgﬁéﬁ%a@r@atalﬁ&boﬁllalé?ﬂl %e&'é%teh nl ohe Or
deposit said first material layer in a gitally controll manner. -14

22. The net hofosg diglingt pertions gheaié taigedai d f| rst material Iayer conprises a
barrier layer substantially preventing diffusion of said netal into

substrate portions
28. A method of forming a metallization layer, comprising:

depositing a catalytic material over surface portions of a patterned structure by at
least one of chemical vapor deposition, physical vapor deposition, atomic layer
deposition and plasma treatment;

forming a metal layer above said patterned structure by electroless plating
deposition using a plating solution, wherein said catalytic material initiates a
reaction between agents of said plating solution; and

depositing a barrier layer on said patterned structure, wherein said barrier layer is
deposited by the same deposition technique as said catalytic material and
wherein said barrier layer is deposited by sputter deposition, whereby at least a
portion of a sputter target comprises said catalytic material, and wherein said
catalytic material is deposited after the deposition of said barrier layer without
breaking the vacuum established during the deposition of said barrier layer.
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covered by said barrier layer. 23. The nethod of claim 15, further
including form ng a second netal |ayer over said netal |ayer by

el ectropl ating, wherein said netal |ayer acts as a seed |ayer. 24. The

met hod of claim 15, wherein said netal |ayer conprises copper. 25. The

met hod of claim 15, wherein depositing said first material |ayer conprises

est abl i shj ng id seoys deppsition. at npgsphere by sputteri atons of said
first %ﬁreri jﬁeaﬂg{,ﬁogt#eﬁ??’ ?@n’ﬂh‘?rgﬂ Prra tgaéf'%{l k%%/r St 5'6?4]%& cﬁ‘ﬁ . 26.
The met hod of vapar depdsitionhwhereby Shilehst ait athe/ bhé offfiiee tepdsitiod of laid Batrieal | y
uniformy di itri buted in said.target. I27.. TPe. ﬁ%thod gf claim 25, wherein
said catal yti & ?(glr?cgrsqrgoﬂﬁmgoséagcj CRialyhie marerabis Pesett i nct portions of
said target. 28. A nethod of formng a netallization |ayer, conprising:
deposi ti a catal yti teri,gl over surfac ortions. of a patferne
truct ur oy dPetnehed of R 28, nBiieinA ot 6F ik eefsriahotops) a1 G4 o
fleposi t ibon, anwte d'mal ![aeojﬂst indﬁlst?aaérzdmsigad almmt I hdﬁ%?ﬁi??éelécmggiaﬂwaft met al
ayer above sai atterne ryct yre ectrol ess | eposi.tion
Using a pl ati Q3 SEPRMUIRS 3 fRrst A el §HteIHE ate Al foeald Farwelianoqontigling
reaction bet waarxpgssiitsurfate ariachf al tatgengortioh dbinprisedasida@Biopidtér a barrier
| ayer on said patterned structure, wherein said barrier layer is deposited

by the sane deposition technique as said catalytic naterial and wherein

sai d bar31ic.er Tay emeihdd defpelsint @8, yhesginit béerwalsnaye;rm@,ddmeqtazlbubyaépddt@ast a
ortion of a sputter target conprises said catalytic material, and wherein
gai d catal yt ng%tfoé‘r nge'%i ¥ adggg‘érf?reqfsa‘ﬂ"gﬁ‘m?%éa'ﬁéﬁwt'f’i”Eﬁﬁerb?f' 'ss%{'fp(ﬂ’l'#;r rier
| ayer without duliigthkidegositien sfaszitibareiér lapérl shed during the deposition of
said barrier layer. -15 29. The nethod of claim 28, wherein said barrier

| ayer is deposited by chem cal vapor deposition, whereby at |east at the
end of t3ze deponiethoanobforfirigl abmetal Gdyer! GWeera pafiémedrdisléctae Tormddl B8 Hai d
catalytic mater] a%l izgreﬁgﬁt. 30.. The nethod of claim28, wherein a ratio
of barrier rratsgf?ﬁ'fflte’ hOMENOAFOPRNSNgt i ¢ nmterial atoms in a sputter
deposition anbient is adjusted by selecting at | east one of controlling a

density of said catalytic materigl in said.target and controllin an

exposed surf aS6P% %fg"ﬁt t"(’f:‘ﬂéat' q@fﬁ’t PY5Hh %éﬂﬂq EE§ og'e'@&tlnﬁl Pt # 93vEPYT i al .

31. The mdst hodgpc_isitwnai,a\nhmaas‘bgevmmmmn@aaﬂ 1646t I {eRipotAMET al satélgwsmétledatpy

Sputter eposition, erepy.a_precurs as containing said catalytic

mterial is oMIpIbHPeRINGRAId A5t MElRSE 1av8h compusss FatRhTFhiRg Spidyaasedus
deposition atmosphere by sputtering atoms of said first material off a target and
supplying a precursor containing said catalytic material; and

exposing said first material layer to a plating solution including ions of the metal
to be deposited, wherein said catalytic material incorporated in said first material
layer initiates a reaction to reduce metal ions and to form a metal layer on said

first material layer.

33. A method of forming a metal layer over a patterned dielectric formed on a
substrate, the method comprising:
depositing a first material layer over said patterned dielectric in a gaseous
deposition atmosphere including, at least temporarily, a catalytic material,
wherein depositing said first material layer comprises establishing said gaseous
deposition atmosphere by supplying one or more precursor gases, whereby at
least one of said precursor gases includes said catalytic material;
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32. A nethod of formng a netal |ayer over a patterned dielectric forned on
a substrate, the nethod conprising: depositing a first material |ayer over
said patterned dielectric in a gaseous deposition atnosphere including, at

| east temporarily, a catalytic material, wherein depositing said first
material |ayer conprises establishing said gaseous deposition atnosphere
by sputtering atoms o of f

. f..said fir mat eri al . target and pplying a
precur sor confé??ﬁ'%saéﬁﬁﬁt g%ﬁt%{faﬁ,ﬁqygr 5‘&? é’?ﬁt'gp ;S°&'ﬁan oGNS afﬁ’efméé{]
mat eri al | ayeto be depgsitat wigersinl said catalytic hathriagincopsratdd inhidBrsBnatdrial be
deposi ted, V\,hgrei n.ts%\i d cat?l %;I o ({J’Jrﬁteri a]I. incorporated in iﬁa}’i d firs
material | ay&ef FYa'eR 2 Loaetipilte feqbige mpetalighz an rm; & metal layer gnisgidm a
met al | ayer ofirsseaiaterial ilayert anst erial | ayer. 33. A nethod of forming a netal
| ayer over a patterned dielectric formed on a substrate, the nethod
conprising: depositing a first material |ayer over said patterned
di el ectric i nadjustirgeawstio datosist 6fosaid firsh €I and of wdidngatalffic hesital in
tenporarily, a .8atal ticgewna.eri%al wherein depositing said first materi al
| ayer conpri s&39E2PEHIS Pﬁ'éo'%ﬁ"&dsﬁgg@ous deposi ti on atnosphere by
suppl ying one or nore precursor gases, whereby at |east one of said
precurs gases inclugdes said catalytic material; -16 exposing said first
nat er i ag“r aye?‘ rf'%tﬂgd ijfgffl“ﬂa as'B?tﬁh'F%&‘lP"ilﬁY:‘?ru‘Eﬂ%'sf'@hs of the metal to be
deposited, wherein said catalytic material incorporated in said first
material layer initiates a reactjon to reduce netal ions and to forma
netal |ayer oﬁe%%ﬁqﬁ'g q“i’ﬁ%‘i’t'cn'ﬁ@%“f’ gver sydace pariensff aattaeed stryetuEe B bt ons
of said first lexet ené af charmicallvapar depeditidny phgsicerivapbradepoBitiof, 2atdmEAReeS
deposition at gos%tler €. dBAIf. A nethod of formng a netallization |ayer,
conprising: dePREMONAPIPINASANEYat eri al over surface portions of a
patterned structure by at |east one of chem cal vapor deposition, physical
vapor deposit] | asma treatnent; formng a

on, atom c. layer ., deposition and
netal |ayer atf’(wg’gsﬁi ﬁ‘ef?ét'?én%tﬁ"’gt Fald (RAtemsy strurtireoby flegyoless pjating
deposi tion usdegpsitiopl ading@ plating iselutiomh@herelh S&itiCeataytd) WatdrialMiitesta
initiates a reaﬁtlgr’{ bet vve%ﬂ agenés of sal d rgl ating solution; and
deposi ting a BEFPPLPEIEER AGRHS OLsayd Blafing BolHiPs 8Pt ure, wherein said
barrier layer is deposited by the same deposition technique as said

catalytic materi al.. an wherein sajd barrier |ayer is deposited by sputter
d eposiyt i on mﬁgqogggpgéidbamerqayer on sa}d patterned structure, wherein sgid barrier Iay%r isp

deposited by the same deposition technique as said catalytic material and
wherein said barrier layer is deposited by sputter deposition, whereby a
precursor gas containing said catalytic material is supplied during the deposition
of said barrier layer.

35. A method of forming a metallization layer, comprising:
depositing a catalytic material over surface portions of a patterned structure by at
least one of chemical vapor deposition, physical vapor deposition, atomic layer
deposition and plasma treatment;
forming a metal layer above said patterned structure by electroless plating

deposition using a plating solution, wherein said catalytic material initiates a
reaction between agents of said plating solution; and
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precursor gas containing said catalytic material is supplied during the
deposition of said barrier layer. 35. A nethod of formng a netallization
| ayer, conprising: depositing a catalytic material over surface portions of
a patterned structure by at |east one of chem cal vapor deposition,

thsi cal Vapordleﬁtlﬁslﬂ‘&:i 4 barier ayér_m'drcséi@pﬁterndﬁﬂaﬁitﬁrbmhagm saicalsafﬁerltiamﬁsr:snt ;
orm ng a net r.ahove sai atterned structure .ectroless ating
deposi £i on us CRECSHER! o RS el PR tath BxeOrRuE At Selk AGOHE THREER, 2pd

ij nitiates a meendin @aildbbémenemyaggnaépo@&ecsay gatcphiatl'am &ﬁoﬁb@@h@éb‘,{ gﬂ7
epositing a barrier |ayer. on sai atterned structure erein. sai

barrter 1 ayer Rast e ek 17 skt o B st Batie 14y, Pecivpath o argcat

catal yti c mat eaiabftic aeleriaMyprésentsai d barrier |layer is deposited by atomc

| ayer deposition, whereby at |east at the end of the deposition of said
barrier layer a precursor containing said catalytic material is present.
36. A mgehod of mébodiohfprminged metallizatiorolayérayehprisikeypr i si ng: depositing a
catalytic material over surface portions of a patterned structure by at

| east one of chem cal vapor deposition, physical vapor deposition, atomc

| ayer deposi depssittigca pataytie niaterial owvstisurfhed poriichLofepatternatytiuctp@ g ascai d
patterned structure by electrol ess plating, depositign using a plating

Sol uti on, whel&ehotsot chemiel yanor debestien Hrysies aiaeer depesiion; pRAIS BYRben
agents of sai depdsitiondhdSslastha @Batnidnel depositing a barrier layer on said
patterned structure, wherein said catalytic material is deposited after
the deposition of said barrier |ayer wthout breaking the vacuum

establ i shed degrimity Bhenettplagert bibdveObait apattepmdd isﬁucthasyaz.el&?:rolé@@eplaﬁrﬁdmd of
claim 36, wherein. said barrier |layer is ﬂe osi t ed bé E e sar.T%. : egositi on
techni que as S8PYPtieL: UFiD9 % PIRLPG Soltiongwhersin, said: FRfalvEs matefiah iniateqfer ei n
sai d barrier kenceion bstv\ﬁéeﬁ@@éme(bfbmdspmﬂmggbmtia@mai tion, whereby a precursor
gas containing said catalytic material 1s supplied during the deposition
of said barrier layer. 39. The nethod of claim36, wherein said barrier

llayer is depodkpastingy adbeicCidyay oh si€pateinedNstruthfe eyierin saidséataltid he end
of the depositi ?n. ?f' gal d.b&l’l’l er layer a re(é*][)so,r %ont ai, nggs%l,d
catal ytic mat 8L % _ﬁ?‘ésété aftep e StiepHe Falt PRTarl Y86 WItQPHE RUpRKING g
barrier |ayer thesvatap@sdstaiisiey Gurngitrs destRRivnidf sl barieelgRy. at | east a
portion of a sputter target conprises said catalytic
37. The method of claim 36, wherein said barrier layer is deposited by the same
deposition technique as said catalytic material.

38. The method of claim 36, wherein said barrier layer is deposited by sputter
deposition, whereby a precursor gas containing said catalytic material is supplied
during the deposition of said barrier layer.

39. The method of claim 36, wherein said barrier layer is deposited by atomic layer
deposition, whereby at least at the end of the deposition of said barrier layer a
precursor containing said catalytic material is present.

40. The method of claim 36, wherein said barrier layer is deposited by sputter

deposition, whereby at least a portion of a sputter target comprises said catalytic

material.
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material. -18 41. The nethod of claim40, wherein a ratio of barrier
material atons and catalytic naterial atons in a sputter deposition
anbient is adjusted by selecting at | east one of controlling a density of
said catalytic material in said target and controlling an exposed surface

area of g tar gﬁ’é nfé‘?r'iéd S’F"clﬁlﬂimé'\ﬁﬁg'eﬁfa?%l e+fyl§dr er”iﬂ%t%ﬁélaéc}omézandpca@ttpd of

formngarreta ?/ over a atterned ectric orned on a Strate,
t he net hod com@tqr@ ﬁ@deérﬁ)gwttemgieaomrstamlmmérsl adjusted by seleeting af bast

patterned di ebﬁ%f é&trbﬂn%a%’ﬁ@ﬂ}‘éf sifL %ﬁfyiué\:ﬂﬁi%té?t‘aﬁﬂ?% F‘g[ét R thtﬁﬁ ng

| east tenporar a cat tic materi erein sai

materi al | ayefn é&?ﬁﬁﬁ%éa%ﬁs@r&élof gtiaragt rastien epmprisad of @9‘&?@ matﬁlilabt m)spher e
by sputtering atoms of said first material off a target and supplying a
precursor containing said catalytic material; exposing said first materi al
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deposition atmosphere including, at least temporarily, a catalytic material,
wherein depositing said first material layer comprises establishing said gaseous
deposition atmosphere by sputtering atoms of said first material off a target and
supplying a precursor containing said catalytic material;

exposing said first material layer to a plating solution including ions of the metal
to be deposited, wherein said catalytic material incorporated in said first material
layer initiates a reaction to reduce metal ions and to form a metal layer on said

first material layer; and

adjusting a ratio of atoms of said first material and of said catalytic material in
said gaseous deposition atmosphere.
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