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Conmpositions for the currentl ess deposition of ternary materials for use in
the sem conductor industry 5 10 The present invention relates to the use of
ternary nickel-containing netal alloys of the NNMR type (where M= M), W
Re or &, and R =B or P), deposited by an el ectrol ess process, in

seni conduct or Mackaiteyy Gesellsshafi er material or as sel ective encapsul ation
material. In fbk&ﬂrﬂhktellﬁﬁ tm]gsent invention relates to a process for the
production of ternary, nic ef-c ntaining netal-alloy |ayers by el ectrol ess
deposi tion onggem - IFPRAHGIA ggomponents, where they serve as barrier
material or as selective encapsul ation material for preventing the
diffusion and electro- mgration of Cu. Prior art 15 Increasing interconnect
density and speed requirenents of mcro- el ectronic conponents have resulted
in the conductor track interconnect material being changed from
conventional alum nium (alloys) to copper (Cu). The use of copper results
in lowelectrical resistance and higher stability during electromgration,
but at the expense of an increase in the 20 overall resistance of the
conductor tracks resulting fromincreasing interconnect density. 25 30 35
However, the use of Cu as interconnect material requires the use of so-
called diffusion barriers due to its high diffusion activity into the sub-

strate (siliconCompbsitions for thé'caliréhtiessdepdsitionese
of ternary materials for use in the
semiconductor industry
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% usi g)sggzpq@”r,cedoc pl.e enployed beneath the Cu interconnect for protec- tion
he nsulating material and for adhesion pronotion between insulating
. layer and interconnect |ayer. The high cycle frequencies during operation of
these conponents cause an increase in the current densities, which can
result in material separa- tion of the erdctrical conductor rraterlal in the
I nterconnects. This phe- nonenon, which is known as el ectrom gration,
results in high nortality of t he conponents, which greatly inpairs their
per f or mance. Savquate 0Z,.10. 29 5 I].lo 40: 00 .. Print date,. 07 0 2005 13:02: 00
2005 bsf 592500dcdnPAPRSItionsTo ?Ocqhﬁe'hﬂﬁﬁ&dﬁﬂQ§'h@rb& r8ar¥opper
conpared w t h al unm nmaterials inr use inthevsemiconductor indastryonduct i on
properties of the conductor tracks, which results in |ncreased resi stance
to el ectrorrigrr:@tron failure. . The Irft %nd el ectro ration, b|||t .are
dependent pri nAEpRIESERINyENtiony felates,igrthe use, Fpa %’nﬂ' 9ects
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Mmoreases 1 hi e Prgsenttiventln refateS LR diockes 1B e briBhflicn drikhigy.
achi eved t hr onigkel-contaising>metal-alloyt layers: hyagbdrdlesecdﬁpommmmmnsemr-
copper . 15 Th te n v I I SO
functi od gaﬁpﬁls:fogn gﬁ;rqr?aérrgg \C/d\"ﬂ(f é'le Qhét Q%(r\)ef]‘ hgygms%b}sl %‘%:i es
and char ge ceelacéwe engapsuation é'ﬁaf@éta| ESW PVt her diffusiony andrlectro-
mor phol ogi cal migpdtiseoPCy he ternary alloys through the adm xi ng of
nonnetal lic cong nents, such as, for exanple, phosphorus, and secondly by
bl ocki ng of 2% t he referred di ffusi on paths along the grain boundaries
within the al F&IP rough the incorporation of foreign atons. 25 30 35 A
standard process for t he production of conponents with copper inter-
connect 45i s t increasiry] | iaterdennect ndemsityhcand | spebéds rediuiremients hef shicro-

electronic components have resulted in the conductor track interconnect
material being changed from conventional aluminium (alloys) to copper
(Cu). The use of copper results in low electricai resistance and higher
stability during electromigration, but at the expense of an increase in the

20 overall resistance of the conductor tracks resulting from increasing
interconnect density.

However, the use of Cu as interconnect material requires the use of so-
called diffusion barriers due to its high diffusion activity into the sub-

25 strate (silicon) or into insulating materials (for example SiO,). These
diffusion barriers are employed beneath the Cu interconnect for protec-
tion of the insulating material and for adhesion promotion between
insulating layer and interconnect layer.

The high cycle frequencies during operation of these components cause

30 an increase in the current densities, which can result in material separa-
tion of the electrical conductor material in the interconnects. This phe-
nomenon, which is known as electromigration, results in high mortality
of the components, which greatly impairs their performance.

35
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turees, h as_caonductor track trenches and contact holes, are forned in

t 0é’?i nsﬁ#gztsqoﬁedﬂ)ﬁc[gg?e?”by | i t hographi ¢ processes and subsequent dry- etching

. processes. A diffusion barrier and an electrical contacting |ayer are
subsequently applied to the conductor track structures by sputtering (PVD)
or chemnical vapour deposition (CVD) and fi24 ed by copper plating. Materials
frequently enployed for the production of diffusion barriers are tantalum
tantalumnitrides, titanium titaniumnitrides, tungsten and tungsten
nitrides, etc_ The electrical contact |ayer used is a thin |layer of copper.
Cheni cal - nechdfiec highss meling, paint ok ¢oppes| compased with ateminium enabiesnect

material . Wt Bni pepRABMENERP U5E duﬂ'%lﬁ é@ﬁcﬂ%@ﬁrﬁ mﬁbﬁtiésabif(ihéfcér’i&mtor

conductor track  structures ever-thinper arri.ers,haye to be
deposited in f"l@é’kBaW 'thf%s.lzifﬁ. onsrasedresisiamcero %'ﬁCHQ!'@QF%t'P'lé!'M@S

10: 40: 00 2005 bsf592500deenPCT. doc 3135 -3 5 10 15 20 25 30 conductor track
trenches and Tt ket andetectromigrationestability drecdepesdentprincipaliglon gokti cul t

such as PVD afibIeBAA SAnRER AT Schafign Shrcte I cRPEH AR ccr s
Oﬁglr:ir Cglr : nc ingai_latiﬁriai il;teﬁecemricht::mtmin tb.e 'anm;;ememof.stheTbntstalspldnestmd he
uring o and byt LI Grahstilritiafict of it SOBPEF foe TR dlial®y b e
general |y bui intetfaces is évenrefore erudial with mespeet camataeniall exaharige. t he
prevention of copper diffusion is not present on the surface of Cu, it is

nocessand 1o MITkAohY E“éﬁ”ﬁs?é?ﬂg*@?%“%ﬁéﬁﬁ ifgﬁﬂ?ﬁ?ﬁﬁ*?@éég;@,?@%%?éi Al
t he subsequenBUrhias.cioh ample, defractoryemelalse Jurthee ércreasesdivs Staritly: i al s,

such as Si C 0'Imﬁ?&e@@f@cﬁoﬂﬁi@"&@ibndbéhﬁﬁbﬁirCcarPﬁésééﬁibvéhaﬂhr&l R thBduss e
appl i ed over tg%.entlii‘i?srrface of t@%ﬁ on- ?Hctor track structures by the

current proce&NPNE xuara| 1l 6o opith copper.

15 These electrically conductive alloy layers simultaneously also function
as diffusion barriers, which prevent the diffusion of Cu species and
charge carriers. This barrier action is caused firstly by the morphological
nature of the ternary alloys through the admixing of nonmetallic compo-
nents, such as, for example, phosphorus, and secondly by biocking of

20 the preferred diffusion paths along the grain boundaries within the alloy
through the incorporation of foreign atoms.

A standard process for the production of components with copper inter-
connects is the so-called damascene method. In this, firstly the struc-

25 tures, such as conductor track trenches and contact holes, are formed
in the insulating layer by lithographic processes and subsequent dry-
etching processes. A diffusion barrier and an electrical contacting layer
are subsequently applied to the conductor track structures by sputtering
(PVD) or chemical vapour deposition (CVD) and filled by copper plating.

30 Materials frequently employed for the production of diffusion barriers are
tantalum, tantalum nitrides, titanium, titanium nitrides, tungsten and
tungsten nitrides, etc. The electrical contact layer used is a thin layer of
copper. Chemical-mechanical polishing is used to planarise the excess
interconnect material.

33 With increasing aspect ratio (depth to width ratio of the conductor track

structures), ever-thinner diffusion barriers have to be deposited in the
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ag&incrgaESMLgmgq§:g¥erall resi stance of the sem conductor conponent, and
i 1% s thos adVangageous to coat the surface of the copper inter- connect

. material selectively by CwWP. Conparison of nethods US Patent 4,019, 910
descri bes m xtures and production nethods for the deposition of

ni ckel -containing ternary alloys. US Patedt 5,695,810 clains a nethod for
the el ectrol ess deposition of CoW/ netal barrier |ayers for use in the
sem conductor industry. US Patent Application 2002/0098681 Al furthernore
describes the electroless deposition of ternary diffusion barriers and
CoWB, CoMbB, CQugcter trasktrenchissang: centaciyholest dt is theeafpre heroming

el ectrom gr a-jncr@asingRPUiffient b achievel &UafifoM depasited thhifilnt fRRST of
I nt erconnect s, Abgew cc—'hfor I_ell ctroless g};ijms't %and an autocatal ytic
el ect ropl at i nie RRWIESE Byomethads suchas,BMP and onsi sting of nickel,
cobalt, tungsten 35 and nol ybdenum are described in US Application
2002/ 0036143 W ad8ition, daisekAdwhOthalGsledtroAigdtiorPeffettsdateur printipa

. 40: S ipeayat rnar
2l oy of _t hetNeo i AEBTEC I itessAORSE Ty T hiS S QW i taf rsanicalu toged " ¥
t hereof are céaifacel Strudiidres of 2he4cspprdr, foauseds by attacle aluiring CAP pame Hyof

speci al porous,i | erials inte- grated with copper interconnects.
JP- A 2002- 937§yd§§§hﬁrgggsgﬁéel ectrically conductive structure con- sisting

of CoWP, CoMoP, N WP or  Ni MOP having a nol ybdenum con- tent in an anount in
the ran § f r okhe.copperdintarepnnests ake ganeraliybuilicup proseiverablevels: Siice a
conmpone a”da%@rri!%ﬂﬁ?éu‘ T&“tﬁé‘?’ré@éntiéﬂ?loﬁ%osﬂﬂ?ﬁ &i %r?fian%tfR“re%Bh?‘Hn of

t he present |{1vent|on 0 I’O\l{d conpositio or the electr

deposi tion of thensurfacereicku Jt SHAGGEEFIY &Q form A bagrer %yeret%ﬁ?lfroﬁrowe

product i on of ndhicbriuctiveu(dieldcid ) faterialss agudty a@éilic@ﬁt cHAsiden(SICyper

whi ch- enabl essiﬁ%HCtnl ride t(%iﬁ?, %eé%g?ét&dé g&tt)éaerqﬁéart\ta interconnect layer is
3 deposited.

These dielectric materials, such as SiC or SiN, have a higher dielectric
constant than SiO, and are applied over the entire surface of the con-
ductor track structures by the current process. This ultimately results in
an increase in the overall resistance of the semiconductor component,

20 and it is thus advantageous to coat the surface of the copper inter-
connect material selectively by CMP.

Comparison of methods

US Patent 4,019,910 describes mixtures and production methods for

25 the deposition of nickel-containing ternary alloys. US Patent
5,695810claims a method for the electroless deposition of
CoWP/metal barrier layers for use in the semiconductor industry. US
Patent Application 2002/0098681 A1 furthermore describes the

30 electroless deposition of ternary diffusion barriers and CoWB, CoMoB,

CoWP or CoSnP encapsulation layers for improving the electromigra-
tion stability of novel integrated circuits with copper interconnects.

A device for electroless deposition and an autocatalytic electroplating
method for similar ternary alloys consisting of nicke!, cobalt, tungsten
35 and molybdenum are described in US Application 2002/0036143 A1.

Save date:07.10.2005 10:23:00
Print date: 07.10.2005 10-:40:00



IX&o C agstrsbz\g&§e 40O di el ectrics (for exanple Si02, SiOC, SINor SIC) or
di rectly on the ¢ copper interconnect in a sinple and | nexpensi ve process,

. precisely structures which serve as barrier layer for preventing the diffu-
sion of copper applied as interconnect material. It is a further object of
the present invention to provide SU|tabIe4add|t|ves for uniformlayer
grom h of the barriers, which sinultaneously enables an extension of the
bath service life of the el ectrol ess deposition baths in order to prevent
spont aneous chemi cal deconp03|t|on due tao the resence of reducing agents

in aqueous soAmPERhOUmEeHRNE@lloYs ebHie VB, Goplaik and &aReBitygetand) ai m

| and by a pmesﬁﬁamm Ihémbguwwereapa%r@arrnéecw 096,528, Ebe' B‘% fdrt o
10. The object is al so ac beved ternar ni ckel - con%Al | nin & atgl oys
atgpptsin

of the N MR H5FeTQruagaling,the)por 0lﬁesli’ﬁc' POLRES phsu d by

an el ectrol esgrated-aith mﬁarmtacghnecrs or as sel ective encapsul ation
materialc for preventing the diffusion and electromgration of Cu on sem -

conduct ér

The present | ATSh PORZERRLIT REstHibBs B0 ° BRACER, St v, St Bopr o

| ess deposi ti sistivlg 0BCoWP, CoMoR cNiVER or NdiMe dhaving @y snoliybdeauni kBnSave
g2t e, 97110, 200 ) 7 soul [ s Wt > 296% SO0, anc e,

P), which comppeduction tlweor&ea@mmpgmntuan@ﬂpﬁ preductionntherens to dains 1 -
10 and which conprises NS4 x 6 H20O Na2WX4, Na2MoXH, KReMi NaH2PQ2 or

CoSO4 x 1% H2Ogpjergueous solution in a suitable concentration and 5
optional l'y furtfer additives. Conpositions accordl ng to the invention have,

in particular, the ran D - 9.0. sired, these conpaq- S|t|ons
may conprise Ad %ﬁ&%@rga%esﬁ?ﬂ% éﬁietmsss% evf&'ﬁ’ﬁté’tp N%Fgﬁ
SZtOh CgH604t Wer%*é@btmlésﬁaafoélt%rbblﬁ)ﬂhﬁlé@;ﬁca!%‘%ﬁ@nddd:ﬁ\ié?ttmctme@hnd
| i odi aceti c acij am,n orane
Na2C2H302, C3M6 63@‘85’6’0 ik, disdiitio E%flg"s(%f?éw‘b' %‘smuﬁx yiet ne)
phenyl diSher pictivation @ep%mﬂﬂcﬁ&rﬁbles structures to be deposﬂed after cata-
lytic activation, on dielectrics (for example SiO,, SiOC, SiN or SiC) or
directly on the copper interconnect in a simple and inexpensive process,
precisely structures which serve as barrier layer for preventing the diffu-

sion of copper applied as interconnect material.

20
it is a further object of the present invention to provide suitable additives

for uniform layer growth of the barriers, which simultaneously enables

an extension of the bath service life of the electroless deposition baths

in order to prevent spontaneous chemical decomposition due to the
25 presence of reducing agents in aqueous solution.

The object is achieved by a process according to Claim 1 and by a
process in its particular embodiment according to Claims 2 to 10. The
object is also achieved by ternary nickel-containing metal alloys of the
NiMR type (where M = Mo, W, Re or Cr, and R = B or P) deposited by
an electroless process as barrier layer or as selective encapsulation
material for preventing the diffusion and electromigration of Cu on semi-
conductor components, produced by a process according to Claims 1 —
10.

30

35 The present invention thus also relates to a composition for the electro-
less deposition of ternary nickel-containing metal alloys of the NiMR
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Thes i ntr.od @&ﬂ@gdﬁf,%lternatlve materials for the conductor track inter-
connects and novel process steps represent a crucial condition for being
. able to achieve high signal transm ssion speeds in the chip, even in
conponent structures of reduced size. The unavoi dabl e use of diffusion
barriers in the nanufacturing process of -copper multilevel interconnects
wi th sinmultaneous integration of porous insulating materials enables a
multiplicity of fundanental problens to be solved. This relates to the
choi ce of the barr@ﬁ erl | s, t hensel yes, but also to the choice of the
&Gt

el ectrol ess (&YR®E VWi Redr Grosed R 1B erf)swhich sampesitior
present obj ecicgpnape emplo éﬂ“?@l@ protéssldcedrding td €laipye!ore0tarf whisgve!

Eéﬁiiﬁf.i‘n’;f'ea%r&%sa” ﬁ@ﬁf'vfédﬁéhf.h?@z\w&%éﬂo@ﬁ%@b?' NarwOae

(ol eatr “°L.e§)°"s®“e"em*‘? Ly aqgﬁﬁé‘*tmggﬁi} FoRbouitablectonobhtration and i ce

and thu %/he |°r93§5‘@§ ﬂh’ﬁ}ﬂr %fjﬁﬂ'vrﬁf‘t 51%0301 ‘a"% %‘a‘?ﬁff’f% tBnh'g?egﬂ 6‘3& he

E ﬁggn%o%i calle hmfeuir?parmwlanga pHbirethe radwge deb - Syedf d?swdxdn,etkme edmpes s

roadman oy oa(BE siar afintSe adilives CHlHBRd fionT R LG, RSP H

2002, pp. 74 N%@sHs@v xrﬁel-h@(tCJdB@sNazwrhﬂxgx&Hz@ssZ P+hipyddinesuhioro 90
t t

t eChnol agy a%@%%‘!“‘ 28l &ﬁ"bﬁﬁ%ﬁ&"a?@ez@%@” KELIRL B B8, Hidifiiaffipeuct | on

07.10.2 10:hpsane i&ME :5@@5 @He@a.P(ﬁslde@sel%% oé sNERSQ: ARG o REGHD of

such thin | ay SRESTO: SourRISAI9RYeRYIRhe) éméﬁbhééﬁhélé)”es having a

hi gh aspect ratio. The crucial factor for operational reliability of a

D en"t o oo bt st Sbbrebl i S8 S S CoRBUEL i e
i nsul ati ng i ntcannegts sarmhdhovel opideessasteps repeeserst ar creciabreondijors pfeci i c
ol ract oy e ad A58 I8 SRie R i S sfariRs SR BRELURII fhe cifb Pt
mor phol ogy of imheomipiomerdy structires hof tredused siZe.udihen unavdidabieouseopf
layers in the gigqdibf! barfidisChnehe TRARGdctuRhS CpRfd¥is’Y of  copper multitevel
interconnects with simultaneous integration of porous insulating
materials enables a multiplicity of fundamental problems to be solved.
20 This relates to the choice of the barrier materials themselves, but also to
the choice of the electroless (autocatalytic) deposition process.

Attempts to achieve the present object have simultaneously resulted in
the development of a novel process for cleaning and activation, for
example by Pd catalyst nuclei. The conventional dual damascene
structuring of copper conductor tracks and contact holes by the estab-
lished method of copper electroplating (electrolysis) represents the
boundary conditions here, limiting the choice and thus the integration of
the materials and production process into the technological manufac-
turing process.

25

30
Barrier-layer thicknesses of less than 10 nm, as mentioned in the ITRS
roadmap (International Technology Roadmap for Semiconductors 2002
Update, Interconnect, SIA San Jose, CA, 2002, pp. 74 — 78) for the next
CMOS technologies less than or equal to 90 nm, present a major chal-
35 lenge to the barrier material and the production technology with respect
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O#Jogs used. as @r.%%g!s'eca! conductor for the production of conductor track
structurés and 1s deposited on another material in this case. For delim 15

.iting this material fromthe Cu, a ternary electrically conductive N M
nmetal alloy is enployed as so-called diffusion barrier. If the underlying
material is an insulator, catalytic activftion takes place in order that

Ni MR can be deposited by an el ectrol ess process. |If the underlying nmaterial
is catalytically active and electrically conductive, for exanple 20
sputtered Co netal, N MR deposition can take place without prior acti-
Vation Cu fofo BRROSIliam of Sishnthp layers, i éghemagengays layesythigknassoin

plating wth gtrackirés Havir aMilyR dspecteatibayer deposited in this way func-
tioning as cathode. This takes place directly on the barrier nmaterial

i t hout additi | t,i ' licati ;] | ectri tact i 25
ayer or nucl Sa8, eyl R0 roepafatiarialaenapity &4 sapper intatEPiBaRt I i ng
a:c I &y Ngg:) eri atre lsfabilﬂyi:uftthee:liﬁusionsbmierj which Ecinterded ¢o preverstsdiffapizsi ti on
o] i arri .he . ST r ; atin
the exposed il SOPPEESHRAEE it A8 RAHEL AL isBichud ipfsiabers A RERERAS o7
t he preventi oactive transittor tegionaduced thin-film stresses and i nproved
electromgration stability. The NNMR |layer growh is initiated by the

ectrom gration stability. ch is initi o
on the. coppor DYSTICATG, OBHlisERomr B Eatiogiion alahh o RidiPBrosifoRIRE . S

deposi t i§/8n byweightnef tgfrasionp Metals te besachigvedip theeatloys.Rrtimisation af ytic

activity-of ﬂ@ﬁﬁfrph@ldgly‘@f th ARint I*égbrs oPthexardre diffisitih bAkrierstor or
Pt. In the Save date;07.710..2 : 00

..2005, 10: 2 Print dafe; 07, 10.2005 10: 40: 00
2005 bsf 59250 NEER BN FRAYBAE thickNEsS Tangs 6 AlsR BENISYEM. act | vat i on et hods
(reduction of Pd ions by oxidation of Sn ions, with Pd sol), it is
difficult to Quoiduasecdh asaeleiciricallcorgtuctet fart theepsoductionhef copgactor track

o et o e oBHEaind MBEPohfst U SFobiE o, BRI o, o
can al s&5t akeitinigathis omaterialyfrom tbeli Cucat tesnaoy eleetrically conductive NiMR
metal alloy is employed as so-called diffusion barrier. If the underlying
material is an insulator, catalytic activation takes place in order that
NiMR can be deposited by an electroless process. If the underlying
material is catalytically active and electrically conductive, for example
20 sputtered Co metal, NiMR deposition can take place without prior acti-
vation. Cu for the Cu interconnect is subsequently applied by electro-
ptating with the aid of the NiMR barrier layer deposited in this way func-
tioning as cathode. This takes place directly on the barrier material
without additional activation or application of an electrical contacting
25 layer or nucleation layer.

A further application of nickel-containing alloy materials of this type con-
sists in selective electroless deposition of NIMR barrier layer on the Cu
conductor track structure for encapsulating the exposed Cu surface
30 after CMP planarisation or dry-etching processes for the prevention of
oxidation, induced thin-film stresses and improved electromigration
stability. The NiMR layer growth is initiated by the substitution method,
in which Pd catalyst nuclei (activation) are deposited on the copper
surface. This type of initiation is necessary in electroless deposition by
35 means of hypophosphite as reducing agent since the catalytic activity of
copper is lower than that, for example, of Au, Ni, Pd, Co or Pt. In the

Save date:07.10.2005 10:23:00
Print date: 07.10.2005 10:40:00



electro e |.tion solution by addition of a further reducing agent,
s%ﬁﬁ as%g%%¥g3§gﬁ%lgg DIVAB, afteryprior cl eani ng, or deoxidationgofgthe Cu
. surface. In both applications, use of netallic diffusion barrier |ayers
causes inproved adhesi on between the copper interconnect filmand the
barrier material. The present invention-provides conpositions conprising
additives for stabilisation of the devel oped m xtures for el ectrol ess
deposition, i.e. additives for stabilisation of the thernodynam cally

t ast abl tate. Thi ) t ensi f t i | ife of
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encapsul ation_barrier on er Interconnect surf’ace. hi's novel
process is, i|RWSHAAGR ar, characterised in that Ni ReP, NiMP, N WP, Ni ReB,
Ni MoB, N WB, Ni RePB, N MoPB or NiWPB alloys are wused as barrier layers. The

refract ?Qy mejrl bdtha@ppfieatiohs,C isenof anetallib edifieio! barli ldyeys ofalides
barrier “are presen%¥Ln ﬁhese aJ&ggs in h|8h abﬁnhferce tages forngan} pl e
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to 15 at-% Smaterial.e: 07.10. 2005 10:23: 00 Print date: 07.10.2005 10: 40: 00
2005 bsf592500deenPCT. doc 8136 -8 5 10 15 20 25

The present invention provides compositions comprising additives for

stabilisation of the developed mixtures for electroless deposition, i.e.

15 additives for stabilisation of the thermodynamically metastable state.
This causes an extension of the service life of the deposition bath. At
the same time, the addition of these additives promotes constant and
uniform layer growth in the process at the same time as a reduction in

-0 the dimensions of conductor tracks and contact holes in integrated

components with increasing aspect ratios.

The present invention thus relates to a novel process for the production
of an electrically conductive structure as barrier layer by electroless
deposition on catalytically activated insulating layers, for example on
25 SiO, activated with sputtered cobalt, for use as so-called combined dif-
fusion barrier and nucleation layer beneath Cu interconnects, and for
further use as encapsulation barrier on the copper interconnect surface.

This novel process is, in particular, characterised in that NiReP, NiMoP,
30 NiWP, NiReB, NiMoB, NiWB, NiRePB, NiMoPB or NiWPB alloys are
used as barrier layers.

The refractory metal fractions which increase the thermal stability of the
barrier are present in these alloys in high atom-percentages, for exam-
ple molybdenum with up to 24 at-%, Re with up to 23 at-% and tungsten

35 with up to 15 at-%.
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30,35 TQS?H£EQ L.l fyention relates, in particular, to a process for the
el'ectro- Tess deposition of a thin netal-alloy filmon a surface of a netal
, Sub- strate consisting of copper, where the process conprises the follow ng
steps: cleaning (deoxidation) of the copper interconnect surface, if
necessary subsequent activation of the r#terconnect surface, and provision
of a pre-prepared autocatal ytic plating solution, and subsequent sprayi ng of
the substrate with or dipping of the substrate into the pre-prepared

chem cal pla solution. In particular, this is a process for the

tin .
el ectrol ess d@bgspﬁeiseﬁ\t gventiaf] relatgs, dn parjieularyie AcPracessdos theeleslsor hin

netal -al | oy fids® depositivhsofa tiih ahetdlalheflirh reing Barfaceudr aometal sal- of
Ni, Co, Pd, A fromthe

. Ru, .Re, . Pt. Sn, Pb W and Cr referab
ot ous sona) st St popgisting,of EhppRl, whate, e mrodens SomBises 188 ubwing,
carried out usteps:autocatal ytic plating solu- tions which are essentially
free frgm surface-active substances. However, the base sol utions used can

Surt ace- act | vEERY JB0RIdaH8R 3 e CO3pE" b MectisUBRE, MR cessery o
ext endi ng t hesubsequentactivationeef thie intercomnect suffaae] apdsol uti ons, can be
added to the solutions. It is also possible for additives for inproving the

| ayer propert'r)ﬁévigigﬁ %P#ﬂgﬁapg@agiggﬂm%nggﬁgggbﬁsl}wd%@dded to the

pl ati ng sol utlons use e process. uoric acid-free
m xt ureg,.can advant ageously be | oyed in the process for the c|eaning and
acti vat 105 of Sthge mhﬁeféyylegmfgg{)e substrate Willy oroSpRIG qutimse shalet
nucl ei . Del i nidtattherprétsrepahed phipical plafing sslutiens, new y fornul at ed
conpositions can be used Tfor the electroleéess deposition of conbined

dater 07 10 2 ParfbialoBiSssS holbssoist BR-Biecksioss stenosiidy dfea thin ™
metal layer, where the metal of the thin metal-alloy film comprises a
15 metal selected from the group consisting of Ni, Co, Pd, Ag, Rh, Ru, Re,
Pt, Sn, Pb, Mo, W and Cr, preferably from the group consisting of Cu,
Ag, Co, Ni, Pd and Pt.

The process is preferably carried out using autocatalytic plating solu-

-0 tions which are essentially free from surface-active substances.

However, the base solutions used can also be autocatalytic plating
solutions comprising at least one surface-active substance. If desired,
additives, such as stabilisers for extending the bath service lives of the

electroplating solutions, can be added to the solutions.

25
It is also possible for additives for improving the layer properties and

nature of the diffusion barriers to be added to the plating solutions used
in the process.

Ammonia- and hydrofluoric acid-free mixtures can advantageously be
employed in the process for the cleaning and activation of the Cu inter-
connect surfaces, for example by Pd catalyst nuclei.

30

Delimitation from the prior art

35 The aqueous, newly formulated compositions can be used for the
electroless deposition of combined diffusion barrier and nucleation lay-
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2 mgS 30 6 RaeenttSoc| Bt €F can take place in a single process step on use of
t conposi tions accordlng to the invention. However, the conpositions can
. also be used for the deposition of encapsul ation material on Cu inter-
connects. The nethod of electrol ess deposition is particularly suitable for
sel ective deposition of diffusion barriefs on use of so-called porous
insulating materials. It is known that conventional PVD nethods and CVD
precur- sors penetrate the relatively nechanically unstable pores of these

mate- rials, it bﬁh ossi ble for these to be partially seal ed or closed
during deposPf$-ohNgf laﬁtﬁé G} ake plase ipca fing eapf%@e%ﬁ@l? &8s usgnobthe

deposi ted by tbmws:mmc@muﬁ rtg theqnwmquowwer%emmbesnmlcan
conpositions b eb ctrole%s tﬁ ods as ve ﬁg ?f qr] efélm
barrier filns@ Yﬁﬂ/ ¢ iPmthe; L‘O'afo eRGaPsYia Qd@a N e g erFEet
t he requireneobanéon;conductor track dinensions in ultra |large scale

integra§ed (VLSI) circuits, with respect to surface nature, uniformstep
coverag

Wt conventi o thelfia oz%éé&réé%a il I Balouyafy BulthBR flr eipEe o7
appl i calt :a ?Inogt:lepbsﬁ@rebéodlffuswn pardersdwex wee of |awca’daecérpm‘ousamsulat|nga e
on O as- | nt cMARRIS LR RhSwiHrf cveKfiondF em BAD mhéthdis 8§ OV pfar) 008
as, for exanmpBers aenatrate;thmelatw%yomaebay\ yuwnstable:poeefe ef) ﬁmesegmaée-r. se
to inprq Fged dhfaisJ Wemglﬁtfsrsilﬁé féertﬁééé'teSbé\ﬂ;Sémé %%%flea Qri&loded fdming: An

Ni MoP al*Foy is efer material for electroless osition on Cu °Since
snal | am)untsd§P Eﬁ*%@f@&%ﬁlﬁﬂ% t her mal stabl lity of the alloy and thus
i nprove the diffusion resistance to copper. The ternary barrier materials
enpl oyed in aJter térnaey alloy riaterials @an be dépussutai rthehproddisgacedrelirig i cal

gives rise ol PeGIEHHRAY eid ©FS hivel %@iﬁeﬁ@eﬁanba ?‘%93?’9% &iﬁ"ﬁ.\nﬁ ) as

conponent st r auethods asaveryethlﬂamhafﬂcmt krvier dfitmes :having 2ofias thickness ofr i nt

date: 07510. 2005 #uOHRP A2 B FRO0RRN REduif@nehté 36 edRductor track
dimensions in ultra large scale integrated (UL.SI) circuits, with respect to
surface nature, uniform step coverage and flank coating of the inter-
connects, to a greater extent than with conventional techniques.

20 A particular advantage of the specific application of these electrically
conductive alloy materials as encapsulation layer consists in selective
deposition of the barrier layers on Cu as interconnect material.

The high content of refractory metals, such as, for example, of up to
25 24 at-% of molybdenum, advantageously gives rise to improved diffu-
sion barrier properties with respect to Cu diffusion.

An NiMoP alloy is a preferred material for electroless deposition on Cu
since small amounts of Mo increase the thermal stability of the alloy and

30 thus improve the diffusion resistance to copper.

The ternary barrier materials employed in accordance with the invention

furthermore have high electrical conductivity with a low specific resis-

tance of less than 250 uQ cm. This gives rise to a reduction in the signal

transmission delay (*RC delay”) as component structures become
35 smaller.
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5 %? 15, IheoQveral | nesi stance of the conductor tracks and the probability
of Fail = lre due to e ectromgration effects during operation of the

. conponents are mnimsed conpared with dielectric materials, such as SiC or
SiN, or in sone cases even suppressed through a suitable choice of the
process paraneters, but also by continuoublprocess nonitoring. The use of
the electrically conductive ternary barriers according to the invention
gives rise to inproved interface quality with respect to the
copper/metal |l ¢ diffusion barrier/insulating matrix interfaces. Diffusion of

copper speci ed hgreveralldesisinageaaf dhe aansduetontracks anshihespeabability of fail-

i ncreased act yrgiduente efdiorhigratibhi éffedta’ durfig Yperiorasfahe EbmbohBhes -
face. At the sane tine, the stron%YQPEd of neta{s.to qgﬁhan%§ﬂgr |qﬁreases
the adhesi on 8f€MBIMisEd compayed with dielectiginatenials, such asSitaee Silli 0fnd
contributes tin ngorpeadaess ageenssapprissedothmudh ner silitdisiec ehoket f the
contrast to original gleleﬁ%rlg pahgrlals .such as Si C or Sbg- Furt her nor e,
t he nodified 95&% PAGNE reytg OeQYQREF'BHOUF RIRECHAMPNAING.ce |i ves
(stabilisation) of the el ectroless deposition baths according 20 to the

i nvention. At Theeusaraf thenelectricallypcohductive demharyyarrigrssccoodingt toethe
deposited all |4 el ya i ] r t Feli

action. 25 sosRrifoh, BRES i€ Yo iorsFRATRIIRCe (GERY Wi fehBett R fle
resul ts in recoppear/metaliigngifiusiorobatientnsulating matoyiintesfacesh Piffasion af ol ved
I n the produc | ' ' | so

| ower edl.%0 Fur F REP%PNS E,ée{%iéggE@%ﬁ%ﬂ%ﬁ?ﬁéggﬁﬁdfnﬁ%gaggaﬁ%rﬁ B!i*usaanjlf orm
|l ayer growt hingreagsedsaghivatione energy teansition parkier it thersnetalimetal intefduct or
tracks and cofggkt holes in integrated conponents with increasing aspect
ratios. A further advantage of the present invention is to be seen in the

met hod of el ect,rol ess deposi,tion of ternary al, for the,producti on of

So-cal led  coftithedsame: iteethe atrong band’ Y sietaly In drg, aRBtIer BKEEATR oss

step from aqtie@ashesion bbthe Bamierlayer 6F the copper Itte?2Somvect material and
contributes to more advantageous production of finer interconnects, in
contrast to original dielectric materials, such as SiC or SiN.

Furthermore, the modified composition ensures an extension of the bath
service lives (stabilisation) of the electroless deposition baths according

20 to the invention. At the same time, the morphology and layer growth of
the deposited alloys are positively influenced with respect to the barrier
action.

An extension of the service life of the deposition bath results in reduced
25 consumption of chemicals. In addition, the work involved in the produc-

tion process is reduced, and production costs are thus also lowered.

Furthermore, the addition of additives promotes constant, uniform layer

growth at the same time as a reduction in the dimensions of conductor

tracks and contact holes in integrated components with increasing
30 aspect ratios.

A further advantage of the present invention is to be seen in the method
of electroless deposition of ternary alloys for the production of so-called
combined diffusion barrier and nucleation layers in one process step

35 from aqueous solution.
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r 8SUl t ant advan age I's sinplification of the process sequence with the

. elimnation of individual process steps for the production of integrated
circuits in sem conductor technol ogy by enabling i medi ately subse- quent

el ectroplating with copper from aqueous sblution (Figure 1). A 5 conpletely
wet - chem cal process procedure in wet-chem cal cluster deposition units, as
usual |y enployed in the sem conductor industry, is thus possible (Figure
1). 10 15 20 25 30 35 Copper is electroplated for interconnection on the
ternary netal Aasultant adypatage is simplificatiamofithe pEOCess sequeace withs the

el ectrol yti cablishiNGRes dfafdivieraieproodysc Std f&cmeeﬁr@dlﬁétidm%f%fég%atedwl es
and i nterconnect ., trenches, has been Eeqaé for Eﬁ?np e bé.

chem cal / mechSFHLs 1RosemiconakEtoEieshnology: bypenacling dmmediately, subse-

Cat al yst nucl EUenareleubgplatiqgemﬁﬂhycbp éefrant agueous heolatione(Figure age Avi t h
the aid.of a Pd-con: taln_nﬂ antgre é lon _pla |ng}£"ce Htat.loln"I t

el oct r odhem cGPTIISELY ; WEHCHsMiEal Aiacess nBrfeturerin, wehichemical cluster
elhectroclherri cdepokHiopeunits has gesualy emtpl Icuyﬁdsblimlthae;semi!mendulstdraihid:ulgtﬂyaj@r.
The cat al yst : : - quent enabl e sel ective el ectrol ess
depositio% ofﬂ“ﬁ%ﬁb§§§¥%p§§9ﬁ?ﬂ8g onlg on the Cu interconnect, as descri bed

in the followi ng working exanples (Figure 2). Save date:07.10.2005 10: 23: 00
Print date: OCopperdeziectraplaiedfoointessumeciiore ondtheoternargmetal bargeno 15

20 25 30, jayer as cathodic contacting. After the excess electrolytically deposited
copper, which is located over the contact holes and interconnect
trenches, has been removed, for example by chemical/mechanical pol-
ishing (CMP), the copper surface is cleaned. Catalyst nuclei can subse-
quently be deposited on the copper surface with the aid of a Pd-con-

15 taining mixture by ion plating (“cementation”, electrochemical deposition
by charge exchange). This type of electrochemical charge exchange is
not possible on the insulating layer. The catalyst nuclei thus subse-
quently enable selective electroless deposition of, for example, NiMoP
only on the Cu interconnect, as described in the following working

20 examples (Figure 2).

25

30

35
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yarl q)tfgggﬁ’dee sz] the process paranmeters, including preferred ranges
& val UBS erred concentration ranges are shown in the foll ow ng tables.

TabI e 1: Conpositions of electroless plating solutions and process
parameters for the deposition of ternary Ni P alloys ConpositionConcentration
mol | ) Qperating conditionsNi WPNi MoPNi ReP- BESO4 x 6
H2Q0. 02- 0. 10. 02- 0. 10. 03-0. 1 Na2Wo40 - 0. 14-- Na2MoX4-0-3 x 10-2- KReO4--0 -1
x10- 2 NaH2PQ20. 1- 0. 50. 1- 0. 50. 2-0. 8 DMAB-4x10-3 - 1.5 -4 x10 Na3C61-1507 X 2
H2Q0. 07- 0. 220. 1- 0. 3- C41-1604-0.03-0.30,03-0.2 Na2CAH4H4 x 6 H2O--0.1-0.5
2,2-Bipyridine--1 - 5 ppmDithioacetic acid-0 - 20 ppm Triton X-114--0 -200
ppm Brij 58-0 - 100 ppm pH3.29.04.5 Tenperature Cl160-8060-8060-65 Save
date: 07. 10. ZO%riéiicﬁﬁra%es ofithe platess Parathetard ibelutiing dréfétbed ranges
bsf 592500deen 6 -13 b 10 U Z5 30

C
and va?lues

> Preferred concentration ranges are shown in the foliowing tables.
Table 1: Compositions of electroless plating solutions and process
parameters for the deposition of ternary NiP alloys

10 Composition Concentration [mol/l]
Operating conditions NiwP NiMoP NiReP
NiSO4 x 6 H20 0.02-0.1 0.02-0.1 0.03-0.1
Na;WO, 0-0.14 - =

15 Na:MoOg4 - 0-3 x10-2 -
KReO, - - 0—1x107?
NaH;PO; 0.1-0.5 0.1-0.5 02-0.8

3
DMAB _ 4x10 : 1.5 _
x10

20 NazCeHs07 x 2 H,0 0.07-0.22 0.1-0.3 -
C4HsO4 - 0.03-0.3 0.03-0.2
Na;C4H4O4 x 6 H0 - ~ 0.1-0.5
2,2-Bipyridine - - 1-5ppm

5 Dithioacetic acid - 0 - 20 ppm -
Triton X-114 - - 0 -200 ppm
Brij 58 - 0 -100 ppm -
pH 8.2 9.0 45
Temperature [°C + 1] 60 - 80 60 — 80 60 - 65

30

35
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Tahl e 2; Conposi tions of electroless plating solutions and process
péolpsarret ?P%zS%?“ TS Hgi)osi tion of ternary boron- containing alloys

Conposi tionConcentration nol/l QOperating conditionsNi MOBCoReB Ni SO4 X 6

H2C0. 03-0. 1- CoSO4 x 7 H20-0.06-0.1 KReO4-0-3 x10-2 Na2MoO43 x10" 2-

DVABO. 05- 0. 20. 05-0. 2 Na2C4H4AO4 X 6 H2(Q0.0B3 0. 150. 05- 0. 15 Na2C21-13020. 1
-0.30.1-0.3 C31-1603 (90% 0. 03-0. 050. 03-0. 05 NH4SO40. 3-0.50. 3-0.5

2,2-Bi pyridine0 - 20 ppnD - 20 ppm RE6100 - 200 ppnD - 200 ppm pH5.4 6.0
Tenperature C 1]60 - 65 70 - 80 Critical limts For Ni MoP, solutions in the
wor ki ng exanpl es shoul d have pH values of 9 and should not differ fromthis
by nore than 1 since otherwise a nodified alloy conposition with different
barrier propegties. results. A buffer, actioon is agchieved,hy the spitable use
of carboxyl i gf%m?és and o%qsgiqﬁerqofé%@rgﬁ%g%t'ﬁg (!J'ﬁié’é‘s ﬁ‘&]{he

deposi tion tenperature BIRSEFE PasaMelerader thederasitionset tegRarydmonsi nce

ot herwi se spont aneous de@AiiiRg alleks of the autocatal ytic plating Save

dat e: 07.510. 2005 10: 23: 00 2005 bsf 592500deenPCT. doc 14/36 -14 5 10 15 20

sol ution wouyl d : sequence. ||n gener | ositiagn
tenperatures r e@ﬁ@]ﬁ@8ﬂat h stabi | i f-y—ard e&ﬁgé@ﬁéﬁgﬁiﬂmq@]g H-es| of the
deposi tion sol ubperdting/ebhditiciis of tihe prNiMeB or procedtpReBhe priesent
invention priavides a process for the production of lelectric
NiSO4 x 6 H,0 0.03-0.1 -
10 CoS0, x 7 H,0 - 0.06 - 0.1
KReQ, - 0-3x102
Na;MoO, 3x107 -
DMAB 0.05-0.2 0.05-0.2
15 NazC4H4O4 x 6 H,0 0.05 - 0.15 0.05 - 0.15
Na,C,H302 0.1-03 0.1-03
C3HgO3 (80%) 0.03 -0.05 0.03-0.056
NH4SO, 0.3-0.5 0.3-05
20
2,2-Bipyridine 0-20 ppm 0 - 20 ppm
RE610 0 — 200 ppm 0 -200 ppm
pH 5.4 6.0
Temperature [°C + 1] 60 - 65 70 -80
25
Critical limits
For NiMoP, solutions in the working examples should have pH values of
30 9 and should not differ from this by more than %1 since otherwise a

modified alloy composition with different barrier properties resulis.

A buffer action is achieved by the suitable use of carboxylic acids and
salts thereof as complexing agents.

35 The deposition temperature should not exceed the value of max. 90°C
since otherwise spontaneous decomposition of the autocatalytic plating

Save date:07.10.2005 10:23:00



cally conductive structures by prior cleaning and activation steps. The
c1?®ani ngEeYreRTd*c i opti onal Iy be extended by rinsing with al cohol, for
exanpl e ethanol or isopropyl alcohol, in order to inprove the clean- ing
action. The cleaning can al so be supported by the use of a necha- nical
brush process ("scrubber”). The Pd actival#4oen solution can be prepared from
salts, such as palla- diumchloride or palladiumacetate. The Pd activation
solution can be varied by the addition of additives, for exanple by
addi ti on of conpl exing agents, such as EDTA or Quadrol (Quadrol:

et hyl enedi ani seljon NouNd- bet the 2opsequente. IIThgenetahcinoreased deposition can

be suppl enent LEi F - Y f.en
exanpl 6 Re610 (SMPprAfES rEfloe HE bath ARG ERES ot S fifes KFns .

pol y(oxyet hy| sleposiiarysoltionsl et her or nono(1, 1,3, 3-tetranethyl butyl)
phenyl) ether). The Pd activation solution can be enployed in both spraying

and di p-_ 25 piAgiRIFEF rote rBfodedRFeNt invention formulates
el ectrol¥ss depUSTTTUﬂ_ggingUﬁgé%Ug__ﬂse_Tn sprayi ng or inmersion processes
whi ch conprise at |east one first netal conmponent as main all oy .
consti tuent, o R RERERNEIVEGERN, ProVides @ PrRrerfefar tiePeoguetianyof Alestri-uhi ch
sets the pH i palifecormiagtivie’ Stfucture8 By prio? dledfirlg aRU2actVERIN §REPs.OThé he
present invention, an el ectrol ess Eeﬁﬁﬁl i on solut Bn LS.BFOVlﬁeq “E'fh
Bompri ses & sEeANINGLIeAUERRE cabheriohA: be mstenwies byaimsing; With Alegart i cs
Iof t he ?ﬂié) f;usifonehampllerethanol odcih;c%mpyg glddirﬁalo é,g%ngetlderqmpz iglgmidl?@ ﬂtfﬁec’k’a"ﬂ, |
east o ur t.her_ c. | te 07,10, 23, =L~ o I~
A e P R T3 SRS suBdlsnred SubPorshby 1he usa gt smashas 3o
35 nical brush process (“scrubber”).

The Pd activation solution can be prepared from salts, such as palla-

dium chioride or paliadium acetate.

15
The Pd activation solution can be varied by the addition of additives, for

example by addition of complexing agents, such as EDTA or Quadrol
(Quadrol: ethytenediamine-N,N,N',N'-tetra-2-propanol).

The Pd activation solution can be supplemented by additives, such as
surface-active substances, for example Re610 or Triton X-114, or poly-
ethylene glycols (Triton X-114: poly(oxyethylene) octyl phenyl ether or
mono(1,1,3,3-tetramethylbutyl) phenyl) ether).

20

The Pd activation solution can be employed in both spraying and dip-
25 ping processes.

The present invention formulates electroless deposition solutions for
use in spraying or immersion processes which comprise at least one
first metal component as main alloy constituent, a complexing agent, a

30 reducing agent and a pH regulator, which sets the pH in the range from
4o 12.

In a particular embodiment of the present invention, an electroless
deposition solution is provided which comprises a second metal com-
ponent which improves the barrier properties of the diffusion barrier. In

35 addition to the first complexing agent, at least one further complexing

Save date:07.10.2005 10:23:00
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agent fromthe group consisting of carboxylic acids and amno acids is
sel-ecte of e solutions is set to a pHin the range from7 to 9 by
a%@?- tgggggﬁmgyﬁVdPégide base, such as ammoni um hydr oxi de, sodi um

hydr oxi de sol uti on, potassium hydroxi de solution or tetranethyl- anmoni um
hydr oxi de (NH4OH, NaOH, KOH or TMAH respectively). For applications on
sem conduct or conponents, the alkali-freelbases, in particular, are
preferred. The pH can also be set to a pHin the range from4 to 7 by the
addition of a mneral acid. Surfactants can optionally be used as additives
in the broad sense. These can be both anionic (containing functional
groups, such agephiromdhel grosip sansisting »f canboxyhe Acils ape) ariao @Kl s ¢
(for exanpl e gglatte@t her chains) surfactants. Additives which can be used
are optionally 2,2-bipyridines, thiodiacetic acid, thiodiglycolic acid,
di t hi odi gl ycolj c I d, ,,anmopi.um thiol actate, . ni um t hi ogl.yco| ate, .
t hi obor at es, h-bﬁ aﬁa‘éfi the Fﬂﬂg@unlsf '§t%§t?t°s%dﬁ'lljﬁﬁ'?ggﬁ'ﬁf‘9ﬁi @m gé&a‘ibi’gﬁ%er ol
gng gy?r Qﬁwd ﬁodb@mhihwr@bgdéx@?swssaéh bsnammlohimﬁ ﬁydf?kidea_sodium

, 4, 5-tri hydr oxybenzoi c_aci. oqui none ne; o -phényl e i am.n
Rodi nal and Pﬁé‘ﬁf%ﬁ%) S létfqm’ase‘?{?&gwmu;}l’ydr@ﬂ#%n§ﬂﬁgi%§ndg'i' n{%@mg}m& on
wi th one anot heimohiurddsidreride (Midgahl, Na@H;, KOHLthNBAHfrespemely)%,
magnesi um com pounds, can al so be enployed as additives. Areas o

ol ect 1ol css dbobaHESRIGRSRESHioHRRIbE KBS SR BAGHI g8 bases, in
(st abi | i sati opadiculag arecgpreferrégnanm cally nmetastable state). |In accordance
with thd0invention, the i mproved properties are achieved by the addition of

sui tabl e addi fﬂh\éeﬁl;ie@gﬁﬁﬁ@ét%_ é‘ﬁﬂ‘ﬁn tﬁé‘iréngétfﬁ‘d}ﬁi@fb ?f%i'ﬂﬁ‘tle C%):\‘r%]fdftii

lives results in . consunptio chemcals and in a readuces
the work i nv&f@dBingfal @eidar oducti on process and thus al so the costs of the
resul 20d5 bsf592500deenPCT. doc 16/36 -16 5 10 15 20 25

Surfactants can optionally be used as additives in the broad sense.

15 These can be both anionic (containing functional groups, such as car-
boxylate, sulfate or sulfonate groups) and nonionic (for example poly-
ether chains) surfactants.

Additives which can be used are optionally 2,2-bipyridines, thiodiacetic
acid, thiodiglycolic acid, dithiodiglycolic acid, ammonium thiolactate,
ammonium thioglycolate, thioborates, boric acid, thiosulfates, sodium
dithionite, borax, glycerol and hydroxyl and ammonium derivatives of
benzene (for example 3,4 5-trihydroxybenzoic acid, hydroquinone,
metol, p-phenylenediamine, Rodinal and Phenidone), both as individuai
components and in combination with one another.

20

25

If desired, inorganic salts, such as, for example, magnesium com-
pounds, can also be employed as additives.

Areas of application and uses

30 The present invention provides compositions for electroless deposition

baths having extended bath service lives (stabilisation of the thermo-
dynamically metastable state). In accordance with the invention, the
improved properties are achieved by the addition of suitable additives,
as enumerated above. This extension of the service lives results in
reduced consumption of chemicals and in addition reduces the work
involved in the production process and thus also the costs of the resul-

35
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3 5t ese additives also pronote constant and uniform | ayer
QOOSWh g%ztsﬁdm ane 'Eél];ﬁe as a reduction in the dinmensions of conductor
tracks and contact holes in integrated conponents with increasing aspect
ratios. For the investigation of barrier materials (W th respect to
conposition and mcrostructure), electroless deposition of ternary

ni ckel -based alloys on SiQ2ISi wafers sputtered with 40 A of cobalt was
carried out. The acidic netal-deposition solution, which was used, for
exanple, in order to de[i_osm Ni ReP al | oy, conpri sed Ni SO4 x 6 H20 0.03 -
0.1 M perrhéank prasuda he@eoadmtlvemals@ RiGnaotes censiandancd uniferm laygpo-

phosphite as LRgWeH 28 tﬁa%mértﬁnéda% & mctushemnm@grrﬁé@ﬁ@n@ Wﬁ&%@ctowas

operated within tenperat re ran from 50 rih - ness of
the barri er |éw§§ ARk &on Sldna ifegrates CoRPOReRIS NIMNAEaRINGy
films were angispeetirdtiog.our - poi nt probe |ayer resistance neasurenents,
Auger el5ectron spectroscopy (AES), atomic force mcroscopy and X-ray
di ffract stallo structure of the.thin

FH1 e aas cay Foins insstialon: BF bagfid iiate?ie ith, EeShea i cAmaAsTion
effecti venessatmd _tm&:restrucmre;s,urélecteobfss tdepdsitidrar of elergalf/tickelybased was
sel ect | v secalloys Hif SiBaEINRAME sethErEhNE 40 R B Bhpadves Srtitel 08t i on,
subst r at es havihg agidiayaetaladepasitien «oldlion, 1 ahichmwas Msed) fomexaintle( 500 -
ol eant ngiOn « n OHEL1p SeoBs MIREE allcls compHsed RBOEE MO P OFE T I 2
with Pd ion perthenate QQQ% natO 041 M, citrie acidi ast icemp{axmgs@@eint byper to
al l ow sel f - a'plr@i%?ﬂltb" %@'?eﬁﬁ&fdge ehg aﬁfcﬁ‘éfdﬁltl%%' iﬁ@tal de SH®

dilute carbo aci ester oric aC| ternao Y,,[his
cl eaning may V@%QPS@@QHM Bin @J?"’U&rﬁ rgi 1anae Pf: 981 &0 terB0 af e thigky and

ot her Inorgamie%sa%ﬂismef Otﬁameannéﬁemul\f:atre@ aeitWech GGl €30 heh eSThaet al
deposi ti on was _achi e}/aei by P gﬁt addéglon é]f di ”B\)’h¥l am nl% org&g% &DI\/AB) to
the el edtr ol e SCRAPSY Ay "l?at“ﬁ errhalyped; QUiRRQINt ;0
ener gy di sper $e9|staﬁceamemmmst Xelection spaetmscdppq:wﬁspratemlot i ons
b gh- el t Png. A0tcE BiteSERy’ eéi}@e& . Bitablibi0XBY0 R, sty Yol
07.10. 2005 130®¢staﬂograph|c structure of the thin films was carried out by XRD with
glancing incidence. The barrier effectiveness on the silicon surface of
20 the Cu barrier/SiO,/Si systems was firstly characterised by scanning
electron microscopy (SEM) using the selective Secco etching method.
For analysis of copper surface activation, substrates having a layer
sequence of Cu (150 nm)/TiN (10 nm)/SiO, (500 — 1000 nm) were used
on Si wafers. The Cu surfaces were firstly prepared by cleaning with
25 Inoclean 200™ post-CMP cleaning solution and then activated with Pd
ion solution. Alternatively, this activation was used in order to allow self-
aligned NiMoP barriers to grow (Inoclean 200™: mixture of dilute
carboxylic acid esters and phosphoric acid). Alternatively, this cleaning
may also be carried out using dilute HF solution, oxalic acid and other
30 inorganic acids, for example sulfuric acid. Direct electroless metal
deposition was achieved by direct addition of dimethylaminoborane
(DMAB) to the electroless metal-deposition bath. The selectivity was
assessed by energy dispersion X-ray measurements (EDX).

35 The aqueous deposition solutions were designed so as to give ternary
alioys which comprise large amounts of high-melting metal component.
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2 bs 0 nPCT. doc 17/36 -17 5 The el emental conposition of the
dgggs tgg%ﬁéggggg |n films was investigated by the AES depth profiling
nmet hod. Use as conbi ned di ffusion barrier and contact |ayers: The depth
profiles of these layers indicate that nickel is deposited uni- formy as a
function of the depth, while phosphorus t+Ehes to be concen- trated in the
upper surface layer and the high-nelting netals at the bar- rier/Si 02

i nterface. The standardi sed atom fractions of nickel, phospho 10 rus and

hi gh-nmelting netal conponent of the various alloys are shown. The nickel
fractions remding etgmentall gorpesition aftthepdepositedeNy-based tinalilmg was | e

| arger vari at |,Wé%t|$ @BZ%H@WES%e;Sthep gﬁﬂﬁ?%émd‘dmpo' nents, particularly
nar

phosphorus. All | oys presente e com prise high proportions of
hi gh-nel ting netal, for exanple up to -23 at-% 15 for NNMP thin filns

(Table 3). 20 agcambmédednﬂasml lsagictenrbtontitt fyarg! ymetal lic all oys

from nmetal - deposi - Tron sol utrons contalning hypopnosSphi te or am noborane,
phosphopus (or boron) is deposited at the sane tine in the filmlayer as a

result of a [Theadepth profilesiafrthesecklyers aidithte tisatunickel Endepokhgd uriie

2l oy was i nISTEHER @E?ﬁﬁﬂn ST et Wil pSEHRTS G108 18 b, PPkl "t

thi n-film contratéd i thewppertsurfageelayer inghthee highametting Imetaisl at éde darg
agent used asy \@f/éloa%tEP%CEOWE :fl-ida% &l aldif #é@ﬁbﬁ?'off TicKE] ﬁﬁbébpoa”d

conpl exi_ng agen & seen Trom e resul ts; Co-

nol ybdedl@m octus @angt highemsliieg saetal conpenentuef thmuanouacalﬁxysaara)ah@wm ar ge
anounts of hi Q*Pné*ﬁiéldefi'q A&ticHs 'r@fr@: r? h%lé‘tﬁiélgl@onétﬁﬁﬁ%t%ﬂﬂwﬁﬂé ey Lilms

was t herefore_achi eved contro spective concentrati o s of i ons

of hi gh-nel ti A§ eYea/Whi !afsegarmatlen§ ar@fmaésug;zdéehme jemRnRIng SAHRO-

deposi tion bahbntét pageuREHn p‘mﬁ%@?@@' Ahaferhaﬁy Qﬁdyé'méséﬁtéd Glereeddrhng
metal i nproves . g@gﬁhernal St ab

s and r
T oaer | bs. by Priseduah RTORPriQrS B high-peting My SR ofts SxanBisua 0 23 S50 The
all oy wd$ 35 foroNiNMoPshitufilmeg (FablesB).ion. In fact, many of the alloy films
are Save date: 07.10.2005 10:23:00

During electroless deposition of polymetallic alloys from metal-deposi-

tion solutions containing hypophosphite or aminoborane, phosphorus

(or boron) is deposited at the same time in the film layer as a result of a
20 parallel oxidation reaction of the reducing agent [6].

The influence of the experimental conditions on the composition of the
ternary alloy was investigated (Figure 3). Factors which appeared to
influence the thin-film composition were the type of high-melting metal
and reducing agent used as well as the concentrations of the high-melt-

25 ing metals and complexing agents. As can be seen from the results, co-
deposition of molybdenum occurs at the expense of phosphorus. The
incorporation of large amounts of high-melting metal into the various
three-component alloy films was therefore achieved by control of the

30 respective concentrations of ions of high-meiting metal in the solutions

of the externally electroless deposition bath.

It has been suggested that the addition of high-melting metal improves
the thermal stability of the deposits and the barrier properties by
blocking diffusion paths along the grain boundaries [8]. The alloy was
35 amorphous during deposition. In fact, many of the alloy fiims are
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afor phous tas | e during deposition, with their structure changing
after post-thernmal treatnent. In the case of N MoP, a polycrystalline

m crostructure with mcrocrystallites enbedded in an anorphous matri x has
been described using XRD after conditionlhg. The resistance deternined
using the four- point probe technique for thin NNMP filnms with a thickness
of from10 to 30 nmwas determi ned as being in the range from60 to 70 pQ
cm Such | ow resistance values are desired in order to mnimse the

contributi on 8Mmarploys: @And mejastapie t duringt gepositians onvithe t thedn kitustore
resi st ance. bﬁahgfdg.lgﬂéppggt_fﬂ@mrﬂ-@éﬂnéﬁt hi gh-nmel ting netal and

accordingly of the co- dep05|ted reduci ng- agent conmponent and the associ at ed
thin-filmmc ostéhucture on E{l erties of e, di ffusion rrier . s
e
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renove copper to 45000

Use for the encapsulation of copper conductor track structures:

20 Regarding the use of the developed ternary alloys as metal barriers on
Cu inlaid structures, a number of problems had to be assessed. The
most crucial aspect is fully selective deposition on Cu structures. The
nickel-based alloys investigated are preferred materials for avoiding
layer separation of the Cu/self-aligned barrier interface, since Ni tends

25 to form strong covalent bonds with Cu, which has a favourable effect on
the adhesion of the boundary layers. In addition, preparation of the Cu
surface and the stability of the electroless metal-deposition bath
represent critical problems since the latter is in a metastable
thermodynamic equilibrium and tends to decompose spontaneously.

30 Preparation of the Cu surface therefore plays a key role in these
catalytic processes. Before electroless alloy deposition, a wet process
inciuding removal of copper oxide by CMP and Pd catalyst activation
was developed. Firstly, acid cleaning using post-CMP cleaning solution
containing organic acids was carried out in order to remove copper

35 oxide selectively. In a next step, the Cu surface was activated
catalytically by deposition of a discontinuous Pd nucleation layer, which
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% glyt$%£$%§"%h“§e§ggltlon of a discontinuous Pd nucleation |ayer, which
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bsf 592500deenPCT. doc 19136 - 19 enabl ed el ectrol ess deposition of the
ternary alloy using hypophosphite- contat hPRg netal -deposition sol utions
(Figure 2). Table 3. Conposition of thin-filmthree-conponent all oy
determ ned by 5 AES depth profile analyses. Three-com M1 at-%wR at-uR
at-% ponent alloy N ReP-708-2314-19 N MyP-60-246-10 N WP70-75-157-19

Ni MbB65- 707- 18n@bied glectroless depasitionof the temasy alipytusing ypaphesphitecess

(cleaning of ichptaifit ﬁf@qal-aébbgmbh%laﬂensl P ré'Z)n) was assessed with
respect to surface rphol ogy, surface co tlon and surface selectivity

of the deposits. Before cleaning, CW reS|dues wer e observed (see Figure
4a). After pogtabidf3. cmﬂﬁpﬁgutubnroﬂthmmnhemxeéhmﬁﬁpOﬂenﬂaR@y iedermitied b
renoved,. W th no redu t he uallt the Cu surface (Figure 4b¥
The subssequent acti va i}bprgflé I¥é¢l§l t

dense Pd nucl ea
roughness after
general tendend

of the Cu surf4d

ive to surface cleaning, and
=) AP\ The effect on the surface
ThHreercom-and activation| was  inyest|gated by AFM The
&dﬁﬁ'ﬁa@ﬁ g | on& at-lean ngMzta % nept atdes t1e roughness
. Behiavi our is 30| al so retaingd after activation. Pd
nucl eation is 8 ' -Gtk A Gt RE—-as6| Ded t O t he
deposition of i | isl-€i® on theBs-rﬁﬁ)th Cu q4r£4@. |t has been
found tH& , of |the conditions tested ih this study] a cleaning|treatnent

| asting 2 m nut | st a ry result Galp gr@ he deposited
barrier filns o?@hﬁgyat 35 Eetmegﬂylo ahd GO%Q%conds n _hﬂolnl i al stages

of the electrol pestH+er—prpeess—avestgated—Fhe—leposits
change from a f|iNi¥VP 70-75 ~15 7-19
15 NiMoB 65-70 7-13 13-17

The effect of each step of the activated process (cleaning of the

surface, activation and deposition) was assessed with respect to

20 surface morphology, surface composition and surface selectivity of the

deposits. Before cleaning, CMP residues were observed (see Figure

4a). After post-CMP cleaning for 2 minutes, these residues had been

removed, with no reduction in the quality of the Cu surface (Figure 4b).

s The subsequent activation step is very sensitive to surface cleaning,

and dense Pd nucleation was achieved (Figure 4c).

The effect on the surface roughness after cleaning and activation was
investigated by AFM. The general tendency is that a longer cleaning
treatment reduces the roughness of the Cu surface. This behaviour is
30 also retained after activation. Pd nucleation is accompanied by surface
roughening, which is ascribed to the deposition of isolated metal islets
on the smooth Cu surface. It has been found that, of the conditions
tested in this study, a cleaning treatment lasting 2 minutes gives
satisfactory results. Grain growth of the deposited barrier films occurs at
35 between 10 and 60 seconds in the initial stages of the electroless metal-
deposition process investigated. The deposits change from a fine-
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bg%§9258%%§é“3 ’°o%ﬂ 0136 -20 5 10 grained structure to a norphology with a
somewhat cauliflower-like structure [9]. This observation is supported by
AFM neasurenments, which show surface roughening after 30 to 60 seconds in
the early deposition stages without reguk@r devel opment (Figure 5a). The
barrier thickness is found to have a |linear dependence on the deposition
time, and a short deposition (20 seconds) is adequate to achieve the

desired thickness. Short deposition tipmes make the externally el ectrol ess
process very &faings ishisictyie tanas MATBHPIRGY withhi & somgwhat, cagkfiwer-like

desired (Fi gusgrueRire [9% Fhiscobservatio is "Quspeitéd beSRFM MaBasigieeashtson

Pon- conduct [vaitiF $5pW " siiERckn {ighAtINgs altkr 20 G 5O 3e5aps. Mtee, eafly,

Si IOC t Si Ni Ti NepoditicrNstagss ?wndm hr_egala(jﬁdwel&ﬁfﬂmt%ﬁ@@t etwsa;uTheEbamieg) G
sel eCl | \; . Levead on co . .
dopost tion” vauckpess TN rheariiiarc e dense B R ARPRSIRE ke, o
ggloggzi Vzugzt mide-_ a shm’rd d_epbsmelnemse%mmds)lgﬁls, adb%mtﬂestb aehaeveeﬂmce desirey EDX.
process on pg?ﬁ@khégss%@?gaﬁéio%@s{&{deﬁ@%tsedﬁaké g@%eP gré,rﬁéwi %uf’e;#t%ggs

sel ectivity i pracesevety attractivefar masufaciyriagdnawhichahighhthronghbpuls giee 7a

shows pi ctur e%é&fre@‘%ﬁﬁ?’!e structures selectively encapsul ated by the
Ni MoP al |l oy. I'n generaf, activation by inoculation with Pd catalyst is

necessarlxg) in 25 order to initiate the electrol ess netal -deposition reaction

on non-cata |YFHeCs§l€dti%ﬂ?&3f_ the arétioléss NINWP elepositore pfédess oRfGubsurd
potential soyrce of con

ap natjon t he e| ect.rol ess net gl -deposi,tion bath
P’ ke t e 1RGRs tas Aveabbatd By E0% aaiost Variods fon GonauciVa AR Aty
SCt - ;/at or 33 dlertmateridls, such aa§ﬁ>r<§xarnprﬁer8i09n8ic,e8i®ct QiNsFiMend TaN. t
epositl on n r S | 0 r | - agen
conponent. 1 ¢ A% i B 58RH 0T, WA BB ETEX hERSOEBRERLS. SEekBiy R8s
wi t hout 1gri or sedcassiuiiytachieved apicoveofsubistrates { Exampler 3peNo i depasitia,
hypophosphite C ey i
el ectrol ess Nivfﬁgggghlsélfi%@nﬁ]pér\l gca:%es'gfn()ag:g @%Ies_a%?}%ﬁmtsrﬂggw gféegsé%s?tc R@Ber
substrate, where the elements Cu, Ni, Mo and P were detected by EDX.
Selective deposition during the deveioped electroless metal-deposition
process on patterned substrates was detected. In general, optimum
20 selectivity is achieved with short cieaning and activation times. Figure
7a shows pictures of Cu damascene structures selectively encapsulated

by the NiMoP alloy.

In general, activation by inoculation with Pd catalyst is necessary in
25 order to initiate the electroless metal-deposition reaction on non-cata-
lytic surfaces. In addition, however, the catalyst may be a potential
source of contamination for the electroiess metal-deposition bath and
make the latter unstable during processing owing to the transfer of acti-
vator solution. In the case of conventional electroless metal deposition
30 on Cu surfaces using hypophosphite compounds as reducing-agent
component, it is not possible to achieve electroless metal deposition
without prior Pd activation. In spite of the catalytic properties of Cu,
hypophosphite does not reduce Ni** or Co®" ions on the Cu surface. An
electroless NiMoP deposition process on cleaned Cu substrates by the
35 addition of 0.02 - 0.06 mol/t of DMAB to the metal-deposition bath with-

Save date:07.10.2005 10:23:00
Print date: 07.10.2005 10:40:00



35..addit| f.0.02 - 0.06 nol/l of DVMAB to the netal -deposition bath with
A ey

Sa\9e da t”10: 23: 00 Print date: 07.10.2005 10:40: 00 2065

bs592500deenPCT. doc 21/36 -21 out Pd activation was investigated, and

sel ective encapsul ation of Cu conductor track structures was observed (see

Figure 7b). The three-conponent alloy fii#k-investigated, for exanple N MP,
give 5 significantly | ow resistance values and adhere well to Cu. Utrathin
deposits were achi eved using an el ectrol ess deposition process. A dif-

fusion barrier ef H:cti_veness has been denonstrated up to 450C. The _hijgh
sel ectivity oPuf [ activatienyas jnyestigatedk and gelectivey ensapsuiation- of &Y'y

attractive fogondacks tRisK stedEtures asdibbéered (Bee Piaref7g)hese 10 filns as
sel ective netal encapsulation |ayers can inprove the el ectro- mgration

reliability of integrated circuits nmade from copper conpared wth
non- conduct i véhenthmeewcamponehbaioy filmgcinvestigated, farmxaemplei NiMoP, Give 15

pr esent i nventiOCaY (e fesiries Vallidh, alfd aiteg wall rCy. dlifatpl™
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oxi des hd or 4RP AL 86 'V@oﬂ’&gah pcapsyia layess cans imperve ithe @leelred out

using a post - g4l @forﬂk@_i@ﬁiﬁgﬁﬂof imegiated! ERcuit9rmadaPbm eoppes Companss! ean
200 from I\/Ercl%‘gcona St Icﬁﬂ‘g 0 of 2-4li’fat)f gl net hyl gal onfate, 2- 4% Qf.
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acid). The cl &@ing solution here can be enployed as an 80% sol uti on or
diluted as an up to 10% solution by the dipping or spraying nethod. If
desired, a further dipping step with ethanol or isopropanol can be carried
out for 18I eaniThe. following exaroples, shichifab withindhedsehpe of Iprotectiomeof theani ng

mxture in ordeLedi irflenfioR@idie! BRel RS betel Ghderstanding and in order to
illustrate the invention. However, they are not suitable, owing to the
general validity of the inventive principle described, for reducing the
scope of protection of the present application only to these examples.
20 Furthermore, the contents of the cited patent specifications should be
regarded as part of the disclosure of the invention of the present

description.

Example 1

25 Step 1 (Cleaning):

The removal of adherent copper oxides and organic copper compounds

from the copper surface is carried out using a post-copper CMP clean-

ing mixture, for example CuPure™ |noclean 200 from Merck (consisting

30 of 2-4% of dimethyl malonate, 2-4% of 1-methoxy-2-propanol, < 0.5% of
methyl acetate and < 0.5% of phosphoric acid). The cleaning solution
here can be employed as an 80% solution or diluted as an up to 10%
solution by the dipping or spraying method. If desired, a further dipping
step with ethanol or isopropanol can be carried out for cleaning. The

35 alcohol can also be added directly to the cleaning mixture in order to
eliminate the process steps.
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time of 2 mnutes i nto I nocl ean 200 cl eaning solution (dilution 10%,

rinsed for 30 seconds with deionised water _and not blown dry. Spraying for 2
m nutes with I noclean 200 cl eani ng sol ut 84 - =(dilution 10% and 50%, rinsed
for 30 seconds with deionised water and not blown dry. Using al cohols:

di pping tine of 2 mnutes into inoclean 200 cl eaning solution (dilution

1099, rinsed for 30 seconds with deionised water, for 60 seconds with
i sopropyl al cﬁiﬁﬂ_ﬂﬂﬁ_@iﬂﬂmer n ' nds with deionised water, and not bl own
dry. Step 2 (Activation): The Cu surface cleaned in this way is selectively

activated by @upptrfg)tumémﬂzmmqt@s @stoe rgvieas mobre%arnﬁgrgolmnéﬁ (dilution
Pd2+- cont ai nlr]I (‘.[)(f gﬁggosmlon f the a aitlon soI tion: ,a.) Acetic
nerd 8.0 ol | ) {osabeeiorsUBREOYS Wit dewniSad Wbt ARaTOtbIoRR AL +°)
Acetlcng)md 5.0 mol /1 Pd(OAc)21 x 10"3 mol /I HA (37%, 1 x 10-3 nol /I
Experi ment al @prdyingfor:2 Minutdsewithrigocksn anmeaamg skﬁlubent(d[mtlem &8 of

Q' surface ?%H%PWJ'@%%% B, 5" SRS i SRl SER) wela BpbohSt FodRoy

rinsed brieflyryi th deioni sed water, dipped, w thout blowdrying, into a
Pd2+ sol ution for 10 seconds or 20 seconds and rinsed briefly with

dei oni sed wat qigial ARGMISBRPMY TmeBoPY RHidifed irto"Hociéan | 260 @¥aning
10 solution (dilution 10%), rinsed for 30 seconds with deionised water, for
60 seconds with isopropyl alcohol and for 10 seconds with deionised

water, and not blown dry.

Step 2 (Activation):

15 The Cu surface cleaned in this way is selectively activated by electro-

chemical charge exchange by treatment with a Pd**-containing solution.

Composition of the activation solution:

20 a.) Acetic acid 5.0 mol/|

PdCl, 1 x 102 mol/l
HCI (37%, 1 x 10 mol/!

b.) Acetic acid 5.0 mol/l

25 Pd(OAG), 1 x 10° moll

HCt (37%), 1 x 10° mol/l

Experimental conditions:

30
The cleaning, activation and deposition steps of NiMR should be carried

out in a sequence at very small time intervals.

The Cu surface is firstly dipped into diluted cleaning solution (10% or

50%), rinsed briefly with deionised water, dipped, without blow-drying,
35 into a Pd?* solution for 10 seconds or 20 seconds and rinsed briefly with

deionised water at room temperature. Blow-drying is not carried out.
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in conmbination with Pd activation): The ternary netal alloy, for exanple
Ni MoP, is then deposited on the Cu interconnect surface activated with Pd
nuclei. For this purpose, stock solutions23re prepared for a base
electrolyte 1. The final deposition solution used is a volunme of 250 nml.
The stock solutions are mxed in the corresponding ratio. Conposition of
base el ectrolyte 1: 26.29 gl| N SOAx6H20 26.47 g/ Na3 citratex2H20 0. 24

gl | Na2Mboax 2 HAER GAutpaatalytic depasition in combinatienmithoRdastivationyol | 1)
(0.09 mol /1) (0.001 nol/1) (0.2 mol/1) 0.2 nol/1 O the individual

conmponents, Sfﬂfété?rﬂbw neatal _Qﬂ@y,%‘?@%’éﬁﬁblﬁﬂﬂ\#o?o%tméﬁééi%d bh thelegt ed

in such a way.that the sol utions .ca\régbe. Eﬁgd th one another in equal

vol ume rati os IRIGICYNNEC ac petivated wit BUEWIr ol ytes. To this end, the

substanqgs are dissolved in deionised 25 water in a 1 1 volunetric fl ask.

30 35 Stock sHtfhig pitpesd 3dtackaddlutio®are Br d%ﬁ@bagélélécmog;egl.lw- 4
{

Base ol ect r of yi8 fal diasettn oo usey g s fhmd 2 258 il T8 bRk
sol ution K5 =sthdtidngate Rixeed? the kprdspomditeg ratio.pr epare the fi nal
deposition solution, firstly 50 m of stock

Composition of base electrolyte 1:

10 26.29 g/l NiSO4x6H20 (0.1 mol/l)
26.47 gt Naj citratex2H>O  (0.09 moll)
0.24 g/l NaoMoOg4x2H20 (0.001 molfl)

P 23.62 g/l succinic acid (0.2 molfl)
21.20 g/l NaH2PO2xH20 0.2 mol/l

20

Of the individuai components, stock solutions are prepared whose con-

centration is selected in such a way that the solutions can be mixed with

one another in equal volume ratios and give the respective base

electrolytes. To this end, the substances are dissolved in deionised
25 water in a 1 | volumetric flask.

Stock solution K1 = 131.5 g/l NiSO, x 6 H,O

Stock solution K2 = 132.4 g/l Na, citrate x 2 H,O

Stock solution K3 = 1.2 g/l Na,MoO, x 2 H,0O (for base electrolyte 1)
30 Stock solution K4 = 118.1 g/l succinic acid

Stock solution K5 = 106.0 g/l NaH,PO,x H,O

In order to prepare the final deposition solution, firstly 50 ml of stock
solution K1 and 50 ml of stock solution K2 are combined. In parallel,
50 ml of stock solution K3 and 50 ml of stock solution K4 are combined.

35 The two mixtures are subsequently combined. The pH is adjusted to a
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solution K1 and 50 ml of stock solution K2 are conbi ned.
Ofy8t OCK SRbMLb@IKSnand 50 M of stock solution K4 are conbi ned.
m xtures are subsequently conbi ned. The pHis adjusted to a Save
dat e: 07. 10. 2005 10:23: 00 Print date: 07.10.2005 10:40: 00 2005
bsf 592500deenPCT. doc 24/36 -24 5 10 15 20,25 30 35 value of 9.0 using 50%
NaCH solution with stirring. Stock sol UutiOR-K5 is fi nal | y added.

Conposition of base electrolyte 2: 26.29 gl N S04x6H20 26.47 gl | Na3
citratex2H20 0.24 g/| Na2MoOX4x2H20 1. 18 gl | succinic acid 21.20 gl | NaH2PO2xH20

Conposi tion of _bas lectrol ¥he, I .29 a/l 1 Ni S04x6H20 A7 |,.Na .
citratex2H20 U?B‘i‘? §7 ?I\Qgﬁg&§él—/&§§6%s%lpﬂgﬂc‘& isﬁ'f%ﬁldggﬁ%sgg‘ﬁ“ﬂ&iﬁ@mo
Conposi ti on ofinbyadeesttrol yte 4: 26.29 g/ | Ni S04x6H20 26.47 g/ | Na3
citratex2H20 0. 24 g/ | Na2MoXAx2H20 23. 62 gl I succinic acid 21.20

g/ NaHZPQXHZQ&nE)ogRiIOInSOf Qagé)ei‘ggt}dlvteoz_:OOl mol /1 0.01 nol /I

In parallel, 50 m
The two

5

26.29 g/t NiSO4x6H20 0.1 mol/l
2647 gl Najcitratex2H20  0.09 mol/l
0.24 g/! NasMoO4x2H20  0.001 mol/l
10 1.18 g/l succinic acid 0.01 mol/l
21209/  NaHoPO2xH20 0.2 mol/l
15 Composition of base electrolyte 3:
26290/  NiSO4x6H20 (0.1 moll)
26.47 g/l Naj citratex2H20 (0.09 mol/l)
20 0249/l  NagMoOgx2H20  (0.001 molll)
1.18 g/l succinic acid (0.01 mol/l)
31.8 g/l NaHoPO2xH20 0.3 mol/l
25
Composition of base electrolyte 4:
26299/l  NiSO4x6H20 (0.1 molf
¥ 26.47 gl Naj citratex2H20  (0.09 molf)
0.24 g/l NasMoO4x2H20 (0.001 mol/l)
23.62 g/l succinic acid (0.2 mol/l)
» 21.20 g/l NaH2PO2xH20 0.2 mol/l
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/] 1/ 0.09 nol /1 0.001 mol11) (0.01 mol/1) 0.3 nolll
G&irm ‘59%&“(6@%@)" L5}3F/( (orr801 Zmlfl) (o.rzmrm|3|§ 0.2 gI/I)Save o

date 07.10. 2005 10: 23: OO 2005 bsf592500deenPCT. doc 25/36 - 25 5 10 15 20 25
Addi tion of additives: Additives can also be added to all base electrol ytes
1to 4. To this end, either 3.75 ppmof-@dPthiodiglycolic acid or 75 ppm of
Brij 58 individually or a conbination of both is added before the pHis
adjusted to 9.0. Experinental conditions: After cleaning and Pd activation,
t he substrates Ere dl?ped into the electroplating solution (solution is
stirred). The 2d to 55C. Autocatal ytic deposition is carried
out for 2 mnutes. As soon as an N MP aIon I s deposited on Pd nuclei,

LI oo WSS SOh AR o pbEE to"sh BaBeTBhAl it I T 0 anc

careful ly bl owithéry using nitrogen gas. Exanple 2 Step 1 C eaning as under

Exanple51 Step 2 (Direct autocatal ytic deposition without Pd activation):

For diréct electroless deposition of a nmetallic alloy (N MoP) on copper
3.75 ppm of dithiodiglycolic acid or

75 ppm of Brij 58

10 individually or a combination of both is added before the pH is adjusted
to 9.0.

Experimental conditions:

After cleaning and Pd activation, the substrates are dipped into the
electroplating solution (solution is stirred). The mixture is heated to
55°C. Autocatalytic deposition is carried out for 2 minutes. As soon as
an NiMoP alloy is deposited on Pd nuclei, this becomes visible through
a layer with a metallic lustre. After deposition of the alloy, the substrate
is rinsed with deionised water and carefully blown dry using nitrogen
gas.

15

20

Example 2

Step 1 Cleaning as under Example 1

25 step 2 (Direct autocatalytic deposition without Pd activation):
For direct electroless deposition of a metallic alloy (NiMoP) on copper
surfaces, no activation via Pd catalyst nuclei takes place in this case.
Instead, the NiMoP solution is modified by the addition of DMAB as ini-
30 tiator and employed for electroless deposition. In order to carry out the
experiments, various borane concentrations in the range 0.004 -
0.15 mol/l are used.

Composition of base electrolyte 1 as described under step 3 with addi-
35 tion of:

Dimethylaminoborane = 0.004 and 0.012 mol/l
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surfaces, no activation via Pd catalyst nuclei takes place in this case.

| D&t eadws‘;ﬂ&m:%? selution is nodified by the addition of DVAB as ini 30
tiator and e oyed for electrol ess deposition. In order to carry out the

experinments, various borane concentrations in the range 0.004 - 0.15 nol /|
are used. 35 Conposi tion of base electrolgte 1 as described under step 3
with addi- tion of: D nethylam noborane = 004 and 0.012 nol /I Save
dat e: 07.10. 2005 10:23: 00 Print date: 07.10.2005 10:40: 00 2005

bsf 592500deenPCT. doc 26/ 36 - 26 O the individual substances, stock sol utions

are prepared - ce on i s sel ect In such a wa at the

sol utions ar e\eﬁ)ﬁ'@d'q V'dé'a %\?'tﬂ rsz ?'6§°§W!P'§ﬁ @éetmsp?é%% 3% CRRse

el ectrol yte. Tentration m@eledtedsmbstmhcaswa ethait sthel gewticmsdar@rmm Wt er
"0 5 ol T o B, By RN S iaeited 9 L,
1.2 g/l Na2|\/b©4nd>; tlzelszmsﬁameSJasedessrﬂvedInytdeial)lseStwalersnlam|Iomllm416tnc118 1
gll sucg nic i%g St ock sol ution "K5- 1" = 106.0 g/ NaH2PO2 x H20 + 5.88 ¢/
di met hyl™- am orane Stock solution "K5-2" = 106.0 g/l NaH2PO2 x H20 +

17.69 g/| dimethyl- am noborane After preparation of a mxture of Ki-K4
whi ch in each Siack sobutiarsKd »131:9g/IMNISD, xE H®, K3 and K4 and has been

prepared in a@@eg Id/HKQ t1I3 ;qqqan@iwaqt 0 160 m thereof and 40 m

of K5-1 are i iments with so]ution

.
K5-2, the mi xipek &P nK |'s @,@Mpﬁb ZQ\éérrbaSPZG etﬂtrod)ﬁeK K4 are
taken and 30 rgtogk sbhutich Kae_—qq@eﬂ /|I‘31_njy'mm§uigl conditions: After cleaning,

t he sub rate sed,, r w30 th.dei gn ter,. This is
fol | owed by > @.SPN} ant ﬂ@gﬁsﬂﬁﬁ‘#‘eﬁﬁa%ﬁ bTH'e5-8\gagﬁ dimethyl-
amlnoborane
Stock solution "K5-2" = 106.0 g/l NaH,PO,x H,O + 17.69 g/l dimethyl-

aminoborane

15 After preparation of a mixture of K1-K4 which in each case consists of
100 ml of K1, K2, K3 and K4 and has been prepared in accordance with
the experimental plan, 160 ml thereof and 40 ml of K5-1 are introduced
into a beaker. For the experiments with solution K5-2, the mixture of K1-

20 4 is prepared freshly. Again, 120 ml of K1-K4 are taken and 30 ml of K5-

2 are added.

Experimental conditions:

After cleaning, the substrates are rinsed for 30 seconds with deionised
water. This is followed by an additional cleaning step in ethanol. The
25 substrates are rinsed for 10 seconds with deionised water and subse-
quently dipped into the electroplating solution (solution is stirred). The
deposition is carried out for 30 seconds with mixture K5-1 at 60°C and
with K5-2 at 50°C. As soon as NiMoP alloy is deposited on Pd nuclei,
autocatalytic deposition takes place, which becomes visible through a
30 layer with a metallic lustre. After deposition of the alloy, the substrate is
rinsed with deionised water and carefully blown dry using nitrogen gas.

Example 3

Determination of selective deposition vis-a-vis various insulating mate-

33 lials with Pd activation solution:
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25 substrates are rinsed for 10 seconds with dei oni sed water and subse
quert |y yHoBRedettO1he el ectroplating solution (solution is stirred). The
deposition is carried out for 30 seconds with mxture K5-1 at 60C and wth
K5-2 at 50C. As soon as Ni MoP alloy is deposited on Pd nuclei,

aut ocatal yti c deposition takes place, whi& beconmes visible through a 30

|l ayer with a netallic lustre. After deposrtion of the alloy, the substrate
is rinsed with deionised water and carefully blown dry using nitrogen gas.
Exanpl e 3 35 Determ nation of selective deposition vis-a-vis various
insulating mate- rials W|th Pd activation solution: Save date: 07. 10. 2005
10: 23: 00 2005 _b$hos €A WiGa6
Timel Tine2 Tiked Ti ma431K1 G(BHOlCu £3§5 402Q€6csec36 s‘necs&co 2eet20 sec OZCu
0255. 4C120 sec30 secl0 ®eclQd2sec (88i02 026&c2G1a8 sWes) WeekO secl20 sec
04Si 02 0255. 2C120 sec3®3se€itp0teclB2sec 506&icN304S. 26201286230 secl0
secl20 sec 06Si N 0255. 44128i056£30 38640 segddld 3€6:c079is6L @doR. 3C120 sec30
secl0 secl30 sec 08Si 0Gs02%5 RACL20 58630 s@sdld $66L20038C B8 0155.4C120
sec30 secl0 secl120 sec ghOSigly ¢3255. 45420 seeslh.Sa6dld S@ed2056c 11Ti N

0155. 4C120 sec30 secl0 grecdidfopeC k2EidN 0255seL2@0 52C 33 ss€Cibfssec120 sec 4C
10. 13TaN 0155. 3C120 sep30s8€6d0 segi0 sespdiTadkdd25.saClidfssec30 seclO
secl20 sec Tinme 1: PCC-g350 sichghi e Zsadei onbsed WatRr 10Ekd®28secact i vati on

AU

Tinme 4: deposition 10 SiC 02 554°C  120sec 30sec 10sec 120 sec
11 TiN 01 55.4°C 120sec 30sec 10sec 120 sec

10 12 TiN 02 55.4°C 120sec 30sec 10sec 120 sec

13 TaNO1 55.3°C 120sec 30sec 10sec 120sec

14 TaN Q02 55.3°C 120sec 30sec 10sec 120sec

Time 1:PCC-350
Time 2: deionised water

Time 3: activation

15 Time 4: deposition

20 For copper substrates K1-K5 01 and 02, deposition is observed,
whereas no deposition on NiMoP takes place for the other substrates
K1-K5 03 to 14.
Example 4

25 Determination of selective deposition vis-a-vis various insulating mate-
rials by direct autocatalytic plating:

30

35
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20For cQ Lr s K1-K5 01 and 02, deposition is observed, whereas no
dggosm?sgﬂﬁgdﬁ%ﬁp%b %ikes pl ace for the other substrates Ki-K5 03 to 14.
25Exanpl e 4 Determ nation of selective deposition vis-a-vis various
insulating mate- 30rials by direct autocatal ytic plating: 35 Save

dat e: 07. 10. 2005 10: 23: 00 2005 bsf592500de#PCT. doc 28136 -28 Sol ution
SubstrateTenperature Tinel Tinme2 Tinme3 KL-K4 + K5-1 25TaN 0159. 3C120 sec30
secl20 sec 26TaN 0259. 6C120 sec30 secl120 sec 15Ti N 0160.2C120 sec30 sec30
sec 16Ti N 0260. i 0174 60120,se 30 sec30 sec
518Si (2 0275. 6224630 JUbSYA alecq : S bimese Jined oea0

0274. 4C120 se&é“éé‘&éo %5ec TQT& N 01f°§3§c1201?s°é8%03°§é%31?°§‘é°c 22Si N 0272 6C120
sec30 sec30 sec 23Si 00%917157'8120 sEQ8E secB) s8ec3024% 1385¢270. 8C120 sec30
sec30 sec 10 Tine 1 : PCc 3B¥9 57i n¥28:C gei &?sg‘édz*%ﬁf er?*%fi me 3: deposition
Deposi ti on was not obselfved™ A any SP2Cases 4¥rekaiseks34s¢¢5 o 26. 20 25 30
35 Saveédate 07. 10. 2005'710: 32%2%0 PrARIC dat &20587. F3e208%%¢£0: 40: 00 2005

bsf 592500deenPCT. doc 297836 SiQo02 75.6°C 120sec 30sec 30 sec
19 SiC 01 75.3°C 120sec 30sec 30sec
20 SiC 02 74.4°C 120sec 30sec 30sec
21 SiN 01 73.5°C 120sec 30sec 30 sec
22 SiN 02 72.6°C 120sec 30sec 30sec
23  SiOC 01 71.7°C 120sec 30sec 30sec
10 24  Si0C 02 70.8°C 120sec 30sec 30sec
Time 1 :PCC-350
Time 2 : deionised water
Time 3 : deposition
15
Deposition was not observed in any of cases K1-K4 + K5-1 15 to 26.
20
25
30
35
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PATENT CLAIMS 5 10 1. Process for the production of an electrically
cgg?uct%s sk pGlabdr 58S barrier layer, characterised in that a conbined
ditfusion barrier ané nucl eation | ayer is applied by el ectrol ess deposition
on catalytically activated insulating |ayers beneath copper interconnects,
and as encapsul ation barrier on the copper interconnect surface. 2. Process
according to Claiml, characterised in tha? -Ni ReP, Ni MoP, N WP, Ni ReB,

Ni MoB, NiWB , Ni RePB, Ni MoPB or NiWPB alloys are used as barrier |ayer. 3.
Process according to Clainms 1 and 2, characterised in that alloys are

prepared as barrier layers in \M;"Bc , r ' n amount of from2 to
25 at-%is present as refractor r&@a@ﬁcﬁkxl@& es the 15 thernal
stability of the barrier. 20 25 30 35 4. Process according to Claim 3,
charact eri sed i nPtduss for thef produntion obhaal eleehicdiiecomdistive stresturenas he

Do LYol o A B, Blarabia 0 g8 Bl ingY o SBr MY Bhal O
accolr Eji Irglgot OfiC: ammleatiog Iayem.is tdppliedeby reieeb'teleﬁspdeposmnnqbn ac.':}talyitnaalIyr
Char acter eed | echfied TsHRuR, ByER Beritl, EObGeL IRIERNRLE, afieres”
autocat al yti c plencapsuationibasrier onithpeoppeardnterconsectsudace. causi ng t he

el ectrol ess deposition of a thin nmetal-alloy filmconpris- ing at |east one

metal selecteg f Srdin | HImg ' : i i , Pt
Sn, Pb, M, V\%énﬁ%é.é%g?slééo?@ qa%?&g‘ghgh?gé%eg?%%g%%'%gwg?ﬁsed
in that the metaNIWE pNiReBe S ,aNiiReBB, MiMePBjor NiWP 2 To)
consi stiIIQg of  Care h¥ed €@ balrierfPayend Pt. 7. Process according to Claims 1
to 6, characterised in that the Tautocatalytic plating solution used is a

solution which ig essentiall r from surface-active substances. vr i
Toen? in 7nni & P sdarding K Blamied atd 20 chatgdtersed iR that Sfidys S
prepared as barrier layers in which Mo, Re or W in an amount of
from 2 to 25 at-% is present as refractory metal which increases the
15 thermal stability of the barrier.

4. Process according to Claim 3, characterised in that, as refractory
metal, molybdenum is present in the barrier fayer in an amount of
from 3 to 24 at-% or Re in an amount of from 2 to 23 at-% or tung-

20 sten in an amount of from 5 to 15 at-%.

5. Process according to Claims 1 to 4 for the eleciroless deposition of a
thin metal-alloy film on a surface of a metal substrate consisting of
copper, characterised in that a semiconductor substrate is sprayed
with an autocatalytic plating solution or dipped into this solution,
causing the electroless deposition of a thin metal-alloy film compris-
ing at least one metal selected from the group consisting of Ni, Co,
Pd, Ag, Rh, Ru, Re, Pt, Sn, Pb, Mo, W and Cr.

25

6. Process according to Claims 1 to 4, characterised in that the metal
30 substrate consists of a metal selected from the group consisting of
Cu, Ag, Co, Ni, Pd and Pt.

7. Process according to Claims 1to 6, characterised in that the
autocatalytic plating solution used is a solution which is essentially
35 free from surface-active substances.
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'%@bB' @&9&&&& cecording to Clains 1 to 6, characterised in that the
autocatalytic plating solution used is a solution which conprises at | east
_one surface-active substance and optionally at |east one addi- tive for

i mproving the | ayer properties and nature of the diffusion bar- 5 riers. 10
9. Process according to Claims 1 to 6, ch3%acterised in that the

autocatal ytic plating solution used is a solution which conprises sta-
bilisers for extending the bath service |ives of the electroplating sol u-
tions. 10. Process according to Clains, | to 6, characterised in that the

clean- ing and JRfAGRES AFWIding teofgaimsnideoc hnsbaracierigeds inr thatathe ed

ﬁ:ﬂc ke;lsicggt Zmr‘é@toc%'t@lyﬁécbléfihg%dlgti@ﬁ!lf‘séd @8 a5 bHitioPNWhidtP chinprigdgaty

tal al | f. the Ni MR t where M =" M W Re or Cr,
and R = B or P) 13a5hNeUCaAcvECSONEBce A ORGOBLY JePSLPNe 8eHor a5
sel ective encapstivexforoimpraiing the fayerpreperites and ratareliof the idiffusion bar-

el ectrorgi gration.of copper on sem conduc- tor conponents, produced by a
process "accordi nrée'iso Claims 1 - 10. 20 25 12. Conposition for the

el ectrol ess deposition of ternary nickel-contain- ing netal alloys of the

Ni MR type (whéx ePhdcessb,adtoréingrtoCClaimd 1Ro= 8 chaPRactecisedriisi thatNitise4 x 6

PN T e e o ey et
Conposi ti on accobilisets far extendingetheabattysenyiee ilivesrof therejecoplating solui4.

Conposi tjon accofighdg to Cains 12 and 13, conprising additives 30 selected
from thd%roup consisting of Na3CBH5O7 x 2 H20, C4H604, Na2CAHAO4 x 6 H20,

2,2-bipyridines, .thiodiacetig acid,, Triton X-114, DVAB, K Na2C2H302, C3H603

(90% , NHasO1 18nBreggssoacesr dodalaims7 mézozjlprﬁgtemaﬁbm amedﬁle@n-

07.10. 2005 10: 40ingland activation of the copper interconnect surfaces are carried out
using ammonia- and hydrofluoric acid-free solutions.

15 11. Ternary nickel-containing metal alloys of the NiMR type (where M =
Mo, W, Re or Cr, and R = B or P) deposited by an electroless proc-
ess as barrier layer or as selective encapsulation material for pre-
venting the diffusion and electromigration of copper on semiconduc-
tor components, produced by a process according to Claims 1 - 10.

2 12.Composition for the electroless deposition of ternary nickel-contain-
ing metal alloys of the NiMR type (where M = Mo, W, Re or Cr, and
R = B or P), comprising NiSO4 x 6 H,O, Na,WO, Na,MoO, KReO,,
NaH,PO, or CoSQO,4 x 7 H,0, in agueous solution in a suitable con-
5 centration and optionally further additives.

13.Composition according to Claim 12 having a pH in the range 4.5 ~
9.0.

14.Composition according to Claims 12 and 13, comprising additives
30 selected from the group consisting of Na;C¢HsO; x 2 H,0, CHs0,,
Na,C4H404 x 6 H,0, 2,2-bipyridines, thiodiacetic acid, Triton X-114,

DMAB, Na,C;Hs0,, CaHgO- (90%), NH,SO,4 and RE610.

35
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