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

sem conductor technology as barrier mater-ilat or as sel ective encapsul ation
material. In particular, the present invention relates to a process for the
production of ternary, nickel-containing netal-alloy |layers by electrol ess
deposition on sem 10 conductor .conponents, where tha%sserve as barrier

material or as sdr@fMPASI for the,qurtentliess depositienofiternary
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15 Increasing interconnect density and speed requirements of micro-
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 electrical 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
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.
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35 The higher nelting point of copper conpared with alum nium enables an

| nprovenent in the current conduction properties of the conductor tracks,
which results in increased resistance to electromgration failure. 5 The
life and electromgration stability are dependent principally on pos- sible
material transport and exchange effects at-2he copper/ insulating nmaterial

I nterface and not on the arrangenent of the crystal planes and the nature
of the grain boundaries of the copper itself. The quality of the interfaces
is therefore crucial with respect to material exchange. 10 It is known that
t he admi xi ng (dheighgr ofeltingtpeint of gtoppen compared| with aluatinasm énables
exanpl e, 1 ef raghpinipfiiéthent il thB°CurrBAf BRRBRCHEH Sortiehlie 'of: the EBRABKERY |
el ectrom gration behaviour can be achreved through the use ~of thrn netallic
|l ayers in conbitid@ksoWhigh fesditp it increased sesistanae ta elacjrampigrationfailuie. oy

| ayers sinultaneously also function as diffusion barriers, which prevent

the diffuysion i i ' i i ; '
caused fiqj?st I yqf%ﬂﬁk?zaﬁgr%@gﬁgﬁ?lg%tﬂjﬂg%@gwogegﬁgﬁtagraﬁgﬁy IQH%?;? ?ﬁpp(?lfﬁ h
the adni xi ng oS HIgRetaNa! HARSHAE. and Axchange elfects at taq Ganren meahogus,
gnd Zecondl y ?m@ﬂe?iﬁkiimlerfafc&iﬁnd hﬁ)tﬁ:ﬂ?ﬁi@é _raenfhrfgérﬁatﬁt of tivea ichystal pm\étshanar 2i n
oundaries wthin a r e ineqrporation o reign.a .
standard pr oceE@e P@rt'?ﬁ%g# ﬁi’%gﬁ{l?@%@af&%ﬁﬁﬂyﬁp@aﬁ{ ﬂsghpéﬁﬁ q\?f'{ﬂgy_o?r{ﬁe
connects is théntedfaces|isdhdeefose eneciabwithdespect to matériabekghamge. st ruc- 25
tures, such as conductor track trenches and contact holes, are forned in the

Rt _ . . _ _ € :

nSULA LY LS I kbl SHCRI AdBFIRNRE RaoIAG) B SRR Highra el i,

subsequent | y aspcheas.t ortexampleluaf@ctonaoetals, furthes dnereasest fms istability>vD)
oauen LR . .

or cheni cal r‘é3%‘%&@9@@%&&6@@@’%g@ﬁagydreéhﬁlbefﬁgﬁﬁvd& ﬁﬁrbugh {# use

Ty enploye roducti.on O usion barriers are
tantal um tant W?%h%i@yqrﬁt'ﬁrﬁqmpﬁﬁ eawihaoPPerdes, tungsten and

tungsten nitrides, etc. The electrical contact |ayer used is a thin layer of
15 These electrically conductive alloy layers simultanecusly 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 alioys through the admixing of nonmetallic compo-
nents, such as, for example, phosphorus, and secondly by blocking 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.

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

structures), ever-thinner diffusion barriers have to be deposited in the



copper. Chem cal -nmechani cal polishing is used to planarise the excess

I nterconnect material. 35 Wth increasing aspect ratio (depth to wdth ratio
of the conductor track structures), ever-thinner diffusion barriers have to
be deposited in the conductor track trenches and contact holes. It is
therefore becomng increasingly difficultito achieve a uniformy deposited
thin-filmlayer of the barriers by nethods such as PVD and CVD. 5 In
addition, it is known that electronmigration effects occur principally at

the surface of Cu interconnects. This is due to the chemcally nodified
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barriers and
silicon nitride (SiN), before the subsequent interconnect layer is

deposited.
15 P

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 ccat 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
5,695,810 claims 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 nickel, cobalt, tungsten
35 and molybdenum are described in US Application 2002/0036143 A1.



30 CoWP or CoSnP encapsul ation layers for inproving the electromgra- tion
stability of novel integrated circuits with copper interconnects. A device
for el ectrol ess deposition and an autocatal ytic electroplating nethod for
simlar ternary alloys consisting of nickel, cobalt, tungsten 35 and

nol ybdenum are described in US Application 42002/ 0036143 Al . -4- Anorphous

ternary alloys of the CowB, CoMbB and CoReB type and P-containing

honol ogues thereof are clainmed in US 6,528,409 Bl for use for sealing the
pores of special porous insulating materials inte- grated with copper
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sion of copper pppdhétish ffered oa eORTEHertedd tid pré@uétion theteblr t her obj ect
of the present invention to provide suitable additives for uniformlayer

growt h ofl0t he r.riers, which sinmultaneously enables an extension of the
bat h service | €6t the electrol ess deposition baths in order to prevent
spont aneous chem cal deconposition due to the 25 presence of reducing
agents in aquetius thereforemn object of the present invention to provide compositions

for the electroless deposition of an electrically conductive structure and
a method for the production of this structure, including cleaning and
15 activation steps, which enables structures to be deposited, after cata-
lytic activation, on dielectrics (for exampie 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



The object is achieved by a process according to Claim1 and by a process
in its particular enbodi nent according to Clains 2 to 10. The object is

al so achi eved by ternary nickel-containing netal alloys of the N MR type
(where M= Mo, W Re or G, and R = B or P) deposited by 30 an el ectrol ess
process as barrier layer or as selective encapsulation mterial for
preventing the diffusion and electrom gration of Cu on sem - conductor
conponents, produced by a process according to Clainms 1 - 10. 35 The present
i nvention thus also relates to a conposition for the electro- |ess
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with sinultaneous integration of porous insulating naterials enables a
mul tiplicity offheuint ticn of Alternative matenialsctbr the Thnductdratracktintare
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15 bemg able to achleve high sugnal transm|53|on speeds in the chip, even

in component structures of reduced size. The unavoidable use of
diffusion barriers in the manufacturing process of copper multilevel
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

25 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.

30 ap

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



Attenpts to achi eve the present object have sinultaneously resulted in the
devel opnent of a novel process for cleaning and activation, for exanple by
Pd catal yst nuclei. The conventional dual danmascene 25 structuring of copper
conductor tracks and contact holes by the estab- |ished nethod of copper

el ectroplating (electrolysis) represents the boundary conditions here,
limting the choice and thus the integration of the materials and
production process into the technol ogi cal nmanufac- 30 turing process.
Barrier-layer thicknesses of |less than 10 nm as nentioned in the ITRS
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structures and is deposited on another matenal m this case. For delim-

15 iting this material from the Cu, a ternary electrically 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-
plating 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 ailoy 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



material is catalytically active and electrically conductive, for exanple 20
sputtered Co netal, N MR deposition can take place w thout prior acti-
vation. Cu for the Cu interconnect is subsequently applied by el ectro-
plating with the aid of the NiMR barrier |ayer deposited in this way func-
tioning as cathode. This takes place directity on the barrier material

w t hout additional activation or application of an electrical contacting 25
| ayer or nucleation |ayer. A further application of nickel-containing alloy
materials of this type con- sists in selective electrol ess deposition of
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the entire surface, and sel ective electrol ess deposition is not possible.
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h
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further reduci rrgpﬁcgmfd adhesion betwéen tlkee aopper infgtéonnéttEfiinpandrthe! Bsmieng,
or deoxi dationrrg%te Cu surface. 10 In both applications, use of netallic
di ffusion barr yers causes inproved adhesion between the copper

i nterconnect filmand the barrier material. The present invention provides
conposi tions cdimer psesentatnuentions prevides  epmpositiansn comprising cadditives for

mxtures for ekedifMRIP oS idevelbped Snixtures for electroless deposition, i.e.
15 additives for stabilisation of the thermodynamicaily 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

the dimensions of conductor tracks and contact holes in integrated

20 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 alioys 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-%.



15 additives for stabilisation of the thernodynam cally netastable state.
This causes an extension of the service life of the deposition bath. At the
sanme tinme, the addition of these additives pronotes constant and wuniform

| ayer growth in the process at the sanme tine as a reduction in the

di mensi ons of conductor tracks and contact %wles in integrated 20
conponents with increasing aspect ratios. The present invention thus rel ates
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of the substrate wt rate 1nto the pre-prepared

chem cal plati iy psé?'licL:'ttJIE\?,nthis is a process for the electroless deposition of a 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-

20 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-



In particular, this is a process for the electrol ess deposition of a thin
netal |ayer, where the netal of the thin netal-alloy filmconprises a 15
netal selected fromthe group consisting of Ni, Co, Pd, Ag, Rh, Ru, Re, Pt,
Sn, Pb, My, Wand Cr, preferably fromthe group consisting of Cu, Ag, Co,
Ni, Pd and Pt. The process is preferably carried out using autocatal ytic
plating solu- 20 tions which are essentially free from surface-active
substances. However, the base sol utions used can al so be autocatal ytic
plating solutions conprising at |east one surface-active substance. |If
desired, addi biyeTheSktieracarstaké ! plaeesinf Qr%ﬁgﬂ@@%e@sé ieep A UBR ¥f $8e
lives of the electroplating s Iutl% s,. can_ be“gdded to the solutions. 2
i s al so possi bFEMRAS! @F&@E‘ﬂﬂgrtoi Eﬁr'BW’W@O@- owgyer, theopempostiofican
nature of the didd bei aseddor ithe sdépodittondsfednéapsinatiohanaterigiobatCanatarsed
In the process. Ammni a- and hydrofluoric acid-free m xtures can
advantageouslycB@neg ‘enpl oyed in the process for the cleaning and
activati én of the Cu inter- connect surfaces, for exanple by Pd catal yst
nucl ei . Del i m The methodof dhectpoless deposifioT e padicudady suitable for seleatiee

G f st on.bar r BEPOSHTE Y| @fusih ppel uf TRerhl Seiboled orfliiiiiating ,
single pr OEessn'!atep_als_n ltiise knownhthat convesitichah £\43 snettiods andt@¥D poegur-on.
Ho , the ¢ : :

encapeul at i on Sarepraptate B redten mddtEhicaly sy pRIes BF tftse mate:
depositiqp i s palsiitheing possibladios thesedol betparbially sealed iamclosedi dgrirg on

barriers on usgepbsfrcaf fedba@[gtus i nsulating materials. It is known that
conventional PVD nmethods and CVD precur-

5 It

The ternary alloy materials can be deposited by the process according
to the invention using the novel compositions by electroless plating
methods as very thin and efficient barrier films having a film thickness of
less than 200 A. They thus meet the requirements for conductor track
dimensions in ultra large scale integrated (ULSI) circuits, with respect to
surface nature, uniform step coverage and flank coating of the inter-
connects, to a greater extent than with conventional techniques.

15

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 merals, such as, for example, of up to
75 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 afioy 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 smalier.



sors penetrate the relatively nmechanically unstable pores of these mate 10
rials, it being possible for these to be partially sealed or closed during
deposition of the barrier. The ternary alloy nmaterials can be deposited by
the process according to the invention using the novel conpositions by

el ectroless plating mnethods as very thin.gapnd efficient barrier filns having
a filmthickness of 15 |l ess than 200 A. They thus neet the requirenents for
conductor track dinensions in ultra large scale integrated (ULSI) circuits,
with respect to surface nature, uniformstep coverage and flank coating of
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particul ar n : .0ec appl.i cation..o se electrically
conductive all 8&3%&?%?%&%%&1@@;@ uéﬁ%ﬁg‘&n&l’%'}%r"%ﬁQPEt% ﬁ? Qeﬂﬁmﬁrﬁs
deposi tion of tahe miaimissd taypased with dielecinicomadenalst soeheas 8IC of I8Nhiogh
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properti @ w t proeassepararmetarsdbit atlscoby cantiNubbe procegsinonitprirg er r ed
material for electrol ess deposition on Cu since snmall anmounts of M

(nerease the Unhle S LA EobLeka et BEHRAREBIEIADE he
i ffusion resistance to copper. fhe ternary barriel haterrals enployed Tn
accor dance wi t NVERSiaM@ives éise tarimenedeinterfacei gualitycwithi fﬁﬁp&ﬂinéh_&lﬂe vity
with a | ow Spe%bﬁgérmbﬁ‘rc agmefors)ba!rﬁéﬁiﬁsmétir?g‘i%étﬂxqﬁtgﬁ%&.@Dﬁﬁ&idﬁ o to

a reduction int signal transm ssiqn del a RC del ay"™) as co nent
structura$ becSﬁBPe§§%§ﬁ:@3 apc ée@tﬁoﬂ’ﬂgr 124} éhénPEﬁr@ aﬁ%éwreﬁi%p@@umt or
tracks and thejnprefssd! attivatiorf @nergyrieanifioh cbairiet a0 tha maktalmefdl apter-
during operatign of the conponents are mnimsed conpared with dielectric
materials, suc & sicor Si N, or in sonme cases even suppressed through a
suitabl e choice of the 5 process paraneters, but also by continuous process
moni t ori ng. At the same time, the strong bond of metals to one another increases

the adhesion of the barrier layer to the copper interconnect material and
contributes to more advantageous production of finer interconnects, in
contrast to original dielectric materials, such as SiC or SiN.

15

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 nfluenced 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

3 from aqueous solution.



The use of the electrically conductive ternary barriers according to the
invention gives rise to inproved interface quality wth respect to the
copper/metallic diffusion barrier/insulating matrix interfaces. Diffusion of
10 copper species and el ectrom gration phenonena are suppressed by an
increased activation energy transition barjier at the netal/netal inter-
face. At the sane tine, the strong bond of netals to one another increases

t he adhesion of the barrier |ayer to the copper interconnect nmaterial and
15 contributes to nore advant ageous production of finer interconnects, in

contrast to or jpgresitafit ddieintage I sihpificatic of e p’ﬁbge%sébuenliérwm@&ﬁ@re,
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glrJovvth at the thuspossiblenfFiguredict i onﬁ‘i@n t he di nensi ons of I(:onduct O?P
tracks and contact holes in integrated conponents with increasing 30 aspect

acks and cor d_conponent s wi t! 30
method of ol CUPBELS GlaBoPlatedo “?‘%?ﬁ%?%i%ﬁ%‘?@”ﬁ&s torparf MER rier

so-cal | edp contRyesasicathediccatacting. Aler ihel exaassnelegiwigticallyodeppsitedss

step 35 from ggppers wifith! iPMocateld dvercibb! aBhtR4VABlecand MitdRionnegat i on
of the process

for the pr oduc!’%ﬁEHgg? F‘ﬁ\geég%’% Egmqege:cﬂfg? ?ﬁ&@%ﬂ%{gg‘/ﬁ%ﬁ%ﬁgi
enabl i ng i mredighirg YCMP}e¢he 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



guent electroplating with copper from aqueous solution (Figure 1). A5
conpletely wet-chem cal process procedure in wet-chem cal cluster

deposition units, as usually enployed in the sem conductor industry, is

t hus possible (Figure 1). Copper is electroplated for interconnection on the
ternary netal barrier 10 layer as cathodje¢jcontacting. After the excess
electrolytically deposited copper, which is | ocated over the contact holes
and interconnect trenches, has been renoved, for exanple by

chem cal / mechani cal pol- ishing (CwW), the copper surface is cleaned.
Cat al yst nuclei can subse- quently be deposited on the copper surface with
the aid of a Pd-con 15 taining mxture by ion plating ( cenent ati on”

el ect rochem ca decOS|t|on char exchanoe .

el ect r ocheni calMafill 2 rogess paiamgiars, JNewding 3 ]

The cat al yst nanUanﬂubss subse- quently enable selectlve electroless
deposition of, for exanple, NiMoP only on the Cu interconnect, as described

D ine (8T on phchil BnaRBBlBraRbebarH s 1n foa O lwitg Bl 0"
Preferred concentration ranges are shown in the follow ng tables. Table 1:
Conposi tions ofamédct r Copgrositions g eRictroler’s piitthgdrsohetichs RAIdARbEEss f or

t he deposition of terngapamétBratdrans dégoggmq@ﬂémgfy ﬂg:n wsratl on nol /|

Qperating conditions NN W Ni MoP Ni ReP " Ni SO4x6 H20°0 1 0.02-0.1
0.03-0.1 Na2WOA0 - 0. 14 - 15 NaZMZ - 0—- 3 XLU.A -
10 Composition Concentration [mol/l]
Operating conditions NiWP NiMoP NiReP
NiSO, x 6 H20 0.02-0.1 0.02-0.1 0.03-0.1
Na, WO, 0-0.14 - -
15 NazMoO, - 0-3x107 -
KReO4 - - 0-1x107
NaH;PO; 0.1-05 0.1-05 02-08
DMAB _ 4x1 3:0; 1.5 _
20 Na;CsHs07 x 2 H,0 0.07-0.22 0.1-0.3 -
CsHeO4 - 0.03-03 0.03-0.2
Na;C4H404 x 6 H;0 - - 0.1-05
2,2-Bipyridine - - 1-5ppm
25 Dithioacetic acid - 0-20 ppm -
Triton X-114 - - 0 -200 ppm
Brij 58 - 0 — 100 ppm -
pH 8.2 9.0 45
30 Temperature [°C + 1] 60 — 80 60 - 80 60 - 65

35



KReX4 - - 0 -1 x102 NaH2PQ®2 0.1 -0.5 0.1-0.5 0.2-0.8 DMAB - 4x10-3 -- 1.5
x10 20 Na3C6H507x 2 H20 0.07-0.22 0.1-0.3 - C41-1604 - 0.03-0.3 0.03-0.2
Na2CAHAO4 x 6 H2O - - 0.1-0.5 2,2-Bipyridine - - 1 - 5 ppm 25 Dithioacetic
acid - 0 - 20 ppm- Triton X-114 - - 0 -200 ppm Brij 58 - 0 - 100 ppm pH
8.2 9.0 4.5 Tenperature C 1] 60 - 80 60-1380 60 - 65 30 35 - 13 Table 2:
Conpositions of electroless plating solutions and process paraneters for

t he deposition of ternary boron- containing alloys 5 Conposition
Concentration nol/I Operating conditions Ni MoB CoReB N SO4 x 6 H2O0
0.03-0.1 10 CoSH4 x 7 H2O0 - 0.06-0.1 KReO»4 - 0-3 x10-2 Na2MbO4 3 x10-2 -
DMAB 0.05-0.2 0.05-0.2 15 Na2C4AH4O4 x 6 H20 0.05-0.15 0. 05-0. 15

Table 2 Compositions of electroless plating solutions and
process parameters for the deposition of ternary boron-
containing alloys

5
Composition Concentration [moli/l]
Operating conditions NiMoB CoReB
NiSO,4 x 6 H,0 0.03-0.1 -
10 C0S0, x 7 H,0 - 0.06-0.1
KReO, _ 0-3x107
NazMoO, 3 x10° -
DMAR 0.05-0.2 0.05-0.2
15 NazCsHiO4 x 6 H,0 0.05-0.15 0.05 - 0.15
NazC;H30- 0.1-03 01-0.3
C3HgO3 (90%) 0.03-0.05 0.03-0.05
NH4SO, 0.3-05 03-05
20
2,2-Bipyridine 0 - 20 ppm 0 - 20 ppm
REG10 0 - 200 ppm 0 —-200 ppm
pH 54 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 resuits.

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



Na2C2H3®2 0.1 -0.3 0.1-0.3 C3H603 (90% 0.03-0.05 0.03-0.05 NH4SO4 0.3-0.5
0.3-0.5 20 2,2-Bipyridine O - 20 ppmO - 20 ppm RE610 0 - 200 ppm O - 200
ppm pH 5.4 6.0 Tenperature C 1 60 - 65 70 - 80 25 Critical limts For

Ni MoP, solutions in the working exanples should have pH values of 30 9 and
should not differ fromthis by nore than 1 gi.nce otherwise a nodified alloy
conposition with different barrier properties results. A buffer action is
achi eved by the suitable use of carboxylic acids and salts thereof as

conpl exi ng agents. 35 The deposition tenperature should not exceed the val ue

of max. 90C sisohgtiort mwmsbesnmmnseqaed@épmcgéﬁér@n mcrehsedud@sadiabmt i C

plating - 14 s i I t S nce. eneral , increase
Geposi 11 on t opLPer -8 rEdbEe 1R SN HAETER And hirBeliservd fves oo toe
lives of the depositidgrosokubiomsi ons. 5 Variation of the process or procedure
The present invention provides a process for the production of electri-

cally conducti C i eani.ng and activation steps. The
cl eani ng 3seque (ER A A4 @"’5. rg by rinsing with alcohol, for

exanpl e ethanol_ or isopropyl alcohol, in order to inprove the clean- ing ing
action. The cl 4@ REESENt iAveption piides alpmcassefarsihenpreduatiom of elestri-
brush process (- Qﬂﬁﬁg["- ' i dnit | fgﬁg rom
salts, such as Eﬁgfl_a- |cﬁ%ec%?g?ﬁgg§$y Fgl]blrgg?ﬁﬁ%@cgﬁ gt é‘?ﬁ\l#ﬁ)rp_% eﬁhé
cleaning sequence can optionally be extended by rinsing with alcohol,
for example ethanol or isopropyl aicohol, in order to improve the clean-
ing action. The cleaning can also be supported by the use of a mecha-

nical brush process (“scrubber”).

10

The Pd activation solution can be prepared from salts, such as patia-
dium chloride or palladium 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; ethylenediamine-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
4to 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



15 The Pd activation solution can be varied by the addition of additives,
for exanple by addition of conplexing agents, such as EDTA or Quadrol
(Quadrol : ethylenediam ne-N,N N ,N -tetra-2-propanol). The Pd activation
solution can be suppl enmented by additives, such as 20 surface-active
subst ances, for exanple Re610 or Triton X-{44, or poly- ethylene glycols
(Triton X-1 14: poly(oxyethylene) octyl phenyl ether or

nono(1, 1, 3, 3-tetranet hyl butyl) phenyl) ether). The Pd activation sol ution
can be enployed in both spraying and di p- 25 ping processes. The present

i nvention fornghahefroph Qhér%'d&‘@scdﬁﬁi@ﬁh 'dmcér@d*w@réﬁ:_icﬂ@%ndlémihﬂ adidsys ng
or inmmersion processes which conprise at |east one first netal conponent as
mai n al | oy consS§ t, a conplexing agent, a 30 reducing agent and a pH
regul ator, which sets the pHin the range from 4 to 12. In a particular
enbodi nent of The piHesfetiie solutionisos, setntoeh it ivlthe Tandepioit 7do $byudddin i s

bar i er bt oper lP0s B & RaArPHfgc ate, Shuéid s P RGBT hyhTBKaEncsbem
conpl eiq ng a?ehydraamde _emlum f potassiunoripfdroxide agehutio;rr oor t tar@neﬂ?ylE )
colutions i o seTERKIMBRLREETNHATH NG KOG of P Feappelyéll) °, "

hydr oxi de base, such as anmmoni um hydroxi de, sodi um hydroxi de sol ution,

pot assi um hydr ber @pieations erosemiconguatar companantanthe alkalirfiee trasesHin
NaOH, KOH or TiAHidiASPefEIprefentedFor applications on sem conduct or
conponent, the alkali-free bases, in 10 particular, are preferred. The pH

can also be set_to Hip ther e from4 to 7 by the addition of. .a
m neral acid. tb?f%@t%ﬂ §P~°t9aEe (mgn%lﬂ 'rb@%@ag@ﬁ‘r%cﬂ {0 vy fthe @ﬁ%"tﬂﬁr@)ad

sense. of a mineral acid.

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, thiodigiycolic 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 individual
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 aiso the costs of the resul-

35



15 These can be both anionic (containing functional groups, such as car-
boxyl ate, sulfate or sul fonate groups) and nonionic (for exanple poly- ether
chains) surfactants. Additives which can be used are optionally
2,2-bipyridines, thiodiacetic acid, thiodiglycolic acid, dithiodiglycolic
acid, ammoniumthiolactate, 20 amoni um thibegl ycol ate, thioborates, boric
acid, thiosulfates, sodiumdithionite, borax, glycerol and hydroxyl and
anmoni um deri vatives of benzene (for exanple 3,4,5-trihydroxybenzoic acid,
hydr oqui none, netol, p-phenyl enedi am ne, Rodi nal and Pheni done), both as
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was operated within a temperature range of from 50 to 80°C. The thick-
ness of the barrier layers varied between 10and 30nm. The
15 encapsulating alloy films were analysed by four-point probe layer
resistance measurements, Auger electron spectroscopy (AES), atomic
force microscopy and X-ray diffraction (XRD). A study of the
crystallographic 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
75 Inoclean 200™ post-CMP cleaning solution and then activated with Pd
jon 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 agueous deposition solutions were designed so as to give ternary
alloys which comprise large amounts of high-melting metal component.



10 order to deposit N ReP alloy, conprised NSO x 6 HO 0.03 - 0.1 M
perrhenate 0.001 - 0.01 M citric acid as conpl exi ng agent, hypo- phosphite
as reduci ng agent and additives. The netal -deposition bath was operated
within a tenperature range of from50 to 80C. The thick- ness of the barrier
l ayers varied between 10 and 30 nm The 15;encapsulating alloy films were
anal ysed by four-point probe |ayer resistance neasurenents, Auger el ectron
spectroscopy (AES), atomic force microscopy and X-ray diffraction (XRD). A
study of the «crystallographic structure of the thin filns was carried out
by XRD with gl idl@miehtald Ler sfi‘@d 1 £ .h N algl
surface of 20 '(-IELE:?J barrliefe?gﬁms;{%?n qgléﬁﬁeeﬁsdﬁgjs H!ﬁ[@é:siehd;rqg@t glrrﬁge\gﬁgy
scanning el ecti@sligaled fyothe {\%évﬂeﬂé'i pepfiling rmethed ve Secco etching

met hod. For anal ysis of copper surface activation, substrates having a

| ayer sequence, of Cu i n&jTiN( 0n ' - 1000 nm were used
on Si wafers. HRE 88 COMPINLAANLSION DAY BYEIS eaning wWith 25

| nocl ean 3200T"" post - CVMP cl eaning solution and then activated with Pd ion
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prise high proportions of high-melting metal, for example up to ~23 at-%
15 for NiMoP thin films (Table 3).

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-melting 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 ailloy films are



5 The depth profiles of these |layers indicate that nickel is deposited uni-
formy as a function of the depth, while phosphorus tends to be concen-
trated in the upper surface |ayer and the high-nelting netals at the bar-
rier/Si02 interface. The standardi sed atom fractions of nickel, phospho 10
rus and hi gh-nelting netal conponent of thegvarious alloys are shown. The
ni ckel fractions remain relatively constant at approximately 60 - 70 at %
while larger variations are neasured for the remai ni ng conpo- nents,
particul arly phosphorus. Al ternary alloys presented here com prise high
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are -18- barrier was investigated. The barrier effectiveness was assessed using
15 Secco etching. It was found that thin layers of NiMoP with a thickness of
30 nm deposited by an electroless process were stable for 1 hour at up
to 450°C.

Use for the encapsuiation of copper conductor track structures:

20 Regarding the use of the developed ternary alloys as metai 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
including removai 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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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 cieaning, 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).
The subsequent activation step is very sensitive to surface cleaning,
25 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-



was devel oped. Firstly, acid cleaning using post-CM cleaning solution
containing organic acids was carried out in order to renpove copper 35 oxide
selectively. In a next step, the Cu surface was activated catalytically by
deposition of a discontinuous Pd nucl eation |ayer, which -19- enabl ed

el ectrol ess deposition of the ternary alloyyusing hypophosphite- containing
net al - deposition solutions (Figure 2). Table 3. Conposition of thin-film

t hree- conponent all oy determned by 5 AES depth profile anal yses.
Three-com ML at-% M2 at-% Rat-/ ponent alloy 10 NiReP -70 8-23 14 -19
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The selectivity of the electroless NiMoP deposition process on Cu sur-
faces was investigated by EDX against various non-conductive and bar-
rier materials, such as, for example, SiO,, SiC, SiOC, SiN, TiN and TaN.
As can be seen from SEM and EDX measurements, selectivity was

15 successfully achieved on cover substrates (Example 3). No deposition
was observed on the other materials, apart from in the case of copper
substrate, where the elements Cu, Ni, Mo and P were detected by EDX.
Selective deposition during the developed 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
235 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 electroless 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/l of DMAB to the metal-deposition bath with-



tested in this study, a cleaning treatnent lasting 2 m nutes gives
satisfactory results. Gain growh of the deposited barrier filnms occurs at
35 between 10 and 60 seconds in the initial stages of the electroless netal -
deposition process investigated. The deposits change froma fine -20-
grained structure to a norphology with a sppewhat cauliflower-Iike
structure [9]. This observation is supported by AFM neasurenents, which
show surface roughening after 30 to 60 seconds in the early deposition
stages wi thout regular devel opnment (Figure 5a). The barrier 5 thickness is
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15 The following examples, which fall within the scope of protection of the
present invention, are given for better understanding 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™ inoclean 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 ethano! 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.



source of contam nation for the el ectroless netal -deposition bath and nake
the latter unstable during processing owwng to the transfer of acti- vator
solution. In the case of conventional electroless netal deposition 30 on Cu
surfaces usi ng hypophosphite conpounds as reduci ng-agent conponent, it is
not possible to achieve electrol ess netal _deposition wthout prior Pd
activation. In spite of the catalytic properties of Cu, hypophosphite does
not reduce Ni 2+ or Coe' ions on the Cu surface. An electroless N MP
deposition process on cleaned Cu substrates by the 35 addition of 0.02 -
0.06 nol /I of rincenfia¢ comtitiordeposi tion bath with -2i- out Pd activation
was investigated, and selective encapsul ation of Cu conductor track

structures was t hr onen
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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/l

PdCl, 1 x 10° mol/l
HC! (37%, 1 x 10* moll

b.) Acetic acid 5.0 mol/|

25 PA(OAC), 1 x 10°° mol/

HCI (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.



Exanple 1 25 Step 1 (O eaning): The renoval of adherent copper oxides and
organi ¢ copper conpounds fromthe copper surface is carried out using a
post - copper CMP clean- ing m xture, for exanple CuPureTM I nocl ean 200 from
Merck (consisting 30 of 2-4% of dinethyl mal onate, 2-4% of

1- met hoxy-2-propanoi, < 0.5%of nethyl acetate and < 0.5% of phosphoric
acid). The cleaning 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 cleani GtepT W@Q@%o@kél?ﬂ@'de%&nt?éﬁm @smﬁﬁﬁ@wmphyaét fof)c! eani ng
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selectively activa ro- ¢ em C ge exchange by treatnment with

a Pd2+-contai ning sol ution osition of the activation solution: 20 a.)
Acetic acid 5. &amposit loﬁﬂﬂb%&a&mﬁe Igtg 1) HCl (37% 1 x 10-4 mol /I b.)

Acetic adid 5.0 not/|
26.29g/  NiSO4x6H20 (0.1 molfl)

26.47 g/l Nag citratex2H2O  (0.09 mol/l)

0.24 g/l NaoMoO4x2H0  (0.001 molfl)

15
23.62 g/l succinic acid (0.2 molft)

21.20 g/l NaH2PO2xH20 0.2 mol/l

20

Of the individual 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, x6 H,0

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,0O

In order to prepare the fina! deposition solution, firstly 50 ml of stock
solution K1 and 50 ml of stock solution K2 are combined. In paraliel,
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



25 Pd(QAc)21 x 10-3 not/I  HO (37%, 1 x 10-3 nol/| Experinental
conditions: 30 The cl eaning, activation and deposition steps of NI MR 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, w theoyt blowdrying, 35 into a Pd2+
solution for 10 seconds or 20 seconds and rinsed briefly with dei onised

wat er at roomtenperature. Blowdrying is not carried out. -23- Step 3

(Aut ocatal ytic deposition in conmbination with Pd activation): The ternary
netal alloy, foalexefplEubing50% NaDENsslanosiwigd stifritgeStack solfibpoKBEest
surface activated vmtB Pd nuclei. 5 For this purpose, stock solutions are
prepared for a'BQg%ag ggtrol yte 1. The final deposition solution used is a
volume of 250 ml. The stock solutions are mxed in the corresponding ratio.

Conposi ti on of Compositiontofdageeelectrol@e?d. 29 g/ | N SO4x6H20 (0.1 nol /1)
26.47 g/1 Na3 citratex2H20 (0.09 nol /1) 0.24 g/| Na2MoO4x2H20 (0. 001 nol /1)

15 23.625g/| sucsd Bj ci d p: I 21.2 / H2P2xH20 0.2 nol /1 20
O the indivi du;&'gg%gnentﬁlg%%@ﬂé@sol uti oﬁ's‘pg#%lwgr epared whose con-
centration is selected in such a way that the solutions can be m xed with

one anot her in etfué¥ g/bl unﬂaacittaieﬁﬂbi@ ve DH¥E madflecti ve base

el ectrolytes. To this end, the substances are dissolved in deionised
0.24 g/l NazMoO4x2H20 0.001 mol

10 1.18 g/l succinic acid 0.01 mol/l
212090  NaHoPOoxH20 0.2 mol/l
15 Composition of base electrolyte 3.
26299/  NiSO4x6H20 (0.1 mol/l)
26.47 g/l Nag citratex2H20  (0.09 mol/l)
20 024gh  NapMoOg2H20  (0.001 molll)
1.18 g/l succinic acid (0.01 mol)
31.8 g/ NaH2PO2xH20 0.3 mol/l
25
Composition of base electrolyte 4:
26299/  NiSO4x6H20 (0.1 moll)
> 26.47 g/l Nagj citratex2H2O  (0.09 molfl)
0.24 g/l NaoMoO4x2H20 (0.001 mol/l)
23.62 g/l succinic acid (0.2 mol/)
35

21209/ NaHpPOoxH20 0.2 molll



25 water in a 1 1 volunetric flask. Stock solution K1 = 131.5 g/I NSO x 6
H 20 Stock solution K2 = 132.4 g/lI Na3 citrate x 2 H20 Stock solution K3 =
1.2 g/l Na2MoX4 x 2 H20 (for base electrolyte 1) 30 Stock solution K4 =
118.1 g/ succinic acid Stock solution K5 = 106.0 g/1 NaH2PQ2 x H20O I n order
to prepare the final deposition solution,_bgsrstly 50 m of stock solution
K1 and 50 mM of stock solution K2 are conbined. In parallel, 50 m of stock
solution K3 and 50 ml of stock solution K4 are combined. 35 The two m xtures
are subsequently conbined. The pHis adjusted to a -24- value of 9.0 using
50% NaOH sol ut ipejditier bf additivedd. Stock solution K5 is finally added.
Conposition of base electrolyte 2. 5 26.29 g/I N SO4x6H20 0.1 nol /1 26. 47
g/l Na3 citratex2H20 0.09 nol/1 0.24 g/1 Na2MoOX4x2H20 0.001 nol/1 10 1.18
g/l succinic agdtitvelcanldiso bxladded o akhbaBelyg2tPoftds motd 4. Tibthis end,
Conposi tion of Eaag electrolyte 3: 26.29 g/l N S4x6H20 (0.1 nol/1) 26.47
g/l Na3 citrat & O (0.09 nol/1) 20 0.24 g/I Naz2MoOXx2H20 (0. 001 nol /1)
1.18 g/l Ssuccinic acid (0.01 nol/1) 31.8 g/I NaH2P2xH20 0.3 mol /I 25

Cambes 14100, 1 378 o BRI o | N SO0 (0.1 i T1) 30

75 ppm of Brij 58

10 individually or a combination of both is added before the pH is adjusted
fo 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 biown dry using nitrogen
gas.

15

20

Example 2

Step 1 Cleaning as under Example 1

25 Siep 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 soiution 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



0.24 g/1 Na2MoMAx2H20 (0.001 nol /1) 23.62 g/l succinic acid (0.2 nmol/1) 35
21.20 g/ NaH2P2xH20 0.2 nol /1 -25- Addition of additives: Additives can

al so be added to all base electrolytes 1 to 4. To this end, either 5 3.75
ppm of dithiodiglycolic acid or 75 ppmof Brij 58 10 individually or a
conbi nation of both is added before the pHjygs adjusted to 9.0. Experinental
conditions: After cleaning and Pd activation, the substrates are dipped into
the 15 electroplating solution (solution is stirred). The mxture is heated
to 55C. Autocatal ytic deposition is carried out for 2 minutes. As soon as

an Ni MoP al | oy Ofsthéerdivideal @UbBthmé‘d ,&dtock @oium@@@?é a*?ée Wﬁb@é%n-

Iayervmthameta&llclusr osition, of t he suybstr.ate

20 is rinsed weERUALOBNIS S8 ?Q/@?gr'naﬁéllc afletVad Eha& Liﬁ' RieniniXe di
gas. Exanpl e 2efuap vbi@inearatios amdigiee theamy chvé%&@mléc(raytecﬁo this

depost 11 on of %@2?@%&?@%%@%@5%%'8%3 @%E%?mséarwa feidh &4 Tidifuiife,

via Pd catal ysflaskcl ei takes place in this case. |Instead, the N MoP
solution is nodified by the addition of DVAB as ini 30 tiator and enpl oyed

bor ane-concen SLPERRRUIATICH S 1SAdSRESOL R B, e FLPTL S vert o
Stock solution K2 = 13 4 g/l Na, citrate x2 H,O
Stock solution K3 = 1.2 g/l Na, MoO x2H,0 (for base electrolyte 1)
10 Stock solution K4 = 118.1 g/ succinic acid
Stock solution "K5-1" = 106.0 g/l NaH,PO, x H,0 + 5.88 g/l dimethyl-
aminoborane
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 m! 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 m! 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 biown dry using nitrogen gas.

Example 3

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

35 rials with Pd activation solution:



Conposition of base electrolyte 1 as described under step 3 with addi- 35
tion of: Dinethylam noborane = 0.004 and 0.012 nol/I - 26 O the individual
substances, stock solutions are prepared whose con- centration is selected
in such a way that the solutions are mxed in equal volunme ratios and give
the respective base electrolyte. To this end, the substances are dissol ved
in deionised water in a 1 1 volunetric 5-fFask. Stock solution K1 = 131.5
g/l NNSO4 x 6 HO Stock solution K2 = 132.4 g/| Na3 citrate x 2 H 20 Stock
solution K3 = 1.2 g/| NazMO4 x 2 H2O (for base el ectrol yte 1) 10 Stock
solution K4 = 118.1 g/l succinic acid Stock sol ution "K5-1" = 106.0 g/l
NaH2PQ2 x H20 + /1 of [y peTag il gf, 2 K5-2" = 106.0
g/l NaH2PQ2 x °ﬁ§i°g -t NS : =3 5 rom of
a mxture of KiI- K4 whi ctb in @gﬁh ca%g4@n5|§5§ K2, K3 and

oo, ofpokl:
K4 and has been prepared,i ngaeaprda t e er t 160 m
thereof and 40 m of K5Cb3 a%% bytro@?edgn |h1r%t0(% 3g§£ +Orggt{;ofr%t%e exper| ment s

with solution K5-2, the 2y is12 FEp 3?&7‘} 1°88h1 179 5%€gai n, 120 m
of Kl-K4-are taken and 3§ niSN}! Kk5- 33D %dé@lse"Ex &% BAL conditi ons:
After cleaning, the subs¥raf®t®re rPised f18939§03§é?90n S5 12R S¥fei oni sed
water. This is followed OSy ﬁﬂ Qhdi t %Al cl'éaricngl scep!OishC elPAsffol . The 25
substrates are rinsed fdf 8%onds55\ﬁn9h déf & %BecvvaPéFC ad5€ubse quent |y
di pped into the el ectropqgatl 'sol ut%%%(solzgfelc g P SoisPe e%ése"The

deposition is carried ou1t0 f g¥0 secgé $9 H1°B0C and with
{€d FF"Pd Rec

sec
K5-2 at SI%C As soon as 1l5|| &I | oy de 9 é:lepog N _Pd, Ut

13 TaN 01 55.3°C 120sec 30sec 10sec 120 sec
14 TaNQ2 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-K501 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



aut ocatal ytic deposition takes place, which becones visible through a 30

| ayer with a netallic lustre. After deposition of the alloy, the substrate
is rinsed with deionised water and carefully blown dry using nitrogen gas.
Exanpl e 3 Determ nation of selective deposition vis-a-vis various insulating
mate- 35 rials with Pd activation solutioi827 Solution Substrate
Tenperature Tinel Tine2 Tine3 Tined4d KL-K5 01 Cu 01 55.4C 120 sec 30 sec 10
sec 120 sec 02 Cu 02 55.4C 120 sec 30 sec 10 sec 120 sec 03 Si02 01 55.2C
120 sec 30 sec 10 sec 120 sec 04 S| 02 02 55 2C 120 sec 30 sec 10 sec 120
sec 5 05 Si N 0125 DS empgera g B
30 sec 10 sec '_5264'5&:1 OZﬁ SlT@()m 55 586‘0120 %9303099@: mS%c 130 sec 08

Si OC 02 55.3C 120 sec 3(®bseca@2sec F2O'Csec 1499eSi ¥ sed B8se4C 120 sec 30 sec
10 sec 120 sec 10 SiC 0¥ 55TM@ 120 $8&°C30 s&Wse0 Hsec 120sesec 11 Ti N 01
55.4C 120 sec 30 sec 10 $ec 7?02 sec FO2T2 Ti NOGec 5¥.s8C 3Pecsec 30 sec 10 sec
120 sec _13 TaN 01 55. 307126 30 Fé¢6°CL0 s&Ps82(B0sec 30gkcTaN 02 55.3C 120
sec 30 sec 10 sec 120 sep Hiaog2l: PGEs350 Thamed: 3odet oBbsed water Tinme 3:
activation 15 Tinme 4: deposigten 20 FeE-cCOPPRIp ssdbsiskat 88sd81- K5 01 and 02,
deposition is observed, jgwhegegs No GeRESI ti ¢y 00 M MP1gakes place for t he
other substrates KI-K5£3 t@ndf- EXafBice 4 120sec 30sec 30sec

22 SiN 02 72.6°C 120sec 30sec 30sec
23  SioCO1 71.7°C 120sec 30sec 30sec
10 24 Si0C 02 70.8°C 120 sec 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



25 Determ nation of selective deposition vis-a-vis various insulating nate-
rials by direct autocatalytic plating: 30 35 -28- Solution Substrate
Tenperature Tinmel Tinme2 Tinme3 K1-K4 + K5-1 25 TaN 01 59. 3C 120 sec 30 sec
120 sec 26 TaN 02 59.6C 120 sec 30 sec 120 sec 15 Ti N 01 60.2C 120 sec 30
sec 30 sec 16 TiN 02 60.2C 120 sec 30 s®c 30 sec 17 SiO 2 01 74.6C 120 sec
30 sec 30 sec 5 18 Si02 02 75.6C 120 sec 30 sec 30 sec 19 Sic 01 75.3C 120
sec 30 sec SiMBc 20 Sic 02 74.4C 120 sec 30 sec 30 sec 21 SiN 01 73.5C
120 sec 30 sec 30 sec 22 SiN 02 72.6C 120 sec 30 sec 30 sec 23 SiCC 01
71.7C 120 sec 30 sec 30 sec 10 24 SiOC 02 70.8C 120 sec 30 sec 30 sec Tine
1 : PCC 350 1Ti n#A Procges den thedpradudsion ofj areelsctrigellyosanduclivel Strupiure sast barfefvas

Caime 1. A prolbet feréciaedh yid o' citrhed Bt fof bamit rduckiator Teyet -
structur® as ba@ppligd by electroless deposition on catalytically activated insulating layers
consisting of NiReP, NiMoP, NiIWP, NiReB, NiMoB, NiWB , NiRePB, NiMoPB or
NIWPB alloys beneath metal substrates and/or as encapsulation barriers on
surfaces of metal substrates at a pH of 4.5 to 9, the metal substrates being

selected from Cu, Ag, Co, Ni, Pd and Pt.

10 2. The Process according to Claim 1, characterized in that the metal substrate is
selected from copper interconnects.

3. The process according to Claims 1 or 2, characterised in that alioys are prepared
as barrier layers in which Mo, Re or W in an amount of from 2to 25 at-% is
present as refractary metal which increases the thermal stability of the bamier.

16 4. The process according to Claim 3, characterised in that, as refractory metal,
molybdenum is present in the barrier layer in an amount of from 3 to 24 at-% or
Re in an amount of from 2 to 23 at-% or tungsten in an amount of from 5 to 15 at-
%.

9.  Process according to Claims 1 to 4 for the electroless deposition of a thin metal-
20 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 the insulating
layer.

6. Process according to Claims 1to 5, characterised in that the metal substrate
25 consists of a metal selected from the group consisting of Cu, Ag, Co, Ni, Pd and
Pt

7. The process according to Claims 1to 6, characterised in that the autocatalytic
plating solution used is a solution which is essentially free from surface-active
substances.

30 8. The process according to Claims 1 to 7, characterised in that the autocatalytic
plating solution used is a solution which comprises at least one surface-active



| ayer, characterised in that a conbined diffusion barrier and nucl eation

| ayer I's S applied by electrol ess deposition on catalytically activated

insulating | ayers consisting of NiReP, N MoP, NWP, Ni ReB, N MoB, N WB,

Ni RePB, Ni MoPB or NIWPB al |l oys beneath netal substrates and/or as

encapsul ation barriers on surfaces of pgjal substrates at a pHof 4.5 to 9,

the nmetal substrates being selected fromCu, Ag, Co, N, Pd and Pt. 10 2.

The Process ac i j : ki ' t trate
Rbtande 'aRd dpfbrBil at SR B4 B4difRrHal finprBdhg e ITB! gJoP(E)HIQ !

is selected from copper interconnects. € process accor ainms 1
or 2, charact er3ngdepturg of the diffusion barges. prepared as barrier layers in which
Mo, Re or Win an amount of from2 to 25 at -%is present as refractory

metal whichgi g_crr%ap@%eééiacédgmhgﬁé Cidimgi 1 dot% qh&ratcmh isBA i tiedt -thd autbcathlyic |
process according.to G aim3, characterised in fhat, refractory tal,
ol ybdenum & s. HETEEONon edS A TAfor ayach comedeed statifeets for BfeRghacR®g a
-0/ 0 or 5 Re i n wath asmicstiives of the eleztroplatihy swlutiohs.or tungsten in an anount of
from5 to 15 at- % 5. Process according to Clains 1 to 4 for the

| | i i -hi .al. - J
metal | subst (G o EoRoBEee pecbriing fo BRI 110, Ahadelited el iR b, Bha o,
substrate is smclyatibrwpt theagoppat mtercenngct surfscas iarg) caviedt 9w rusing ammoep@d i nt o

this solution, éi@l‘iﬁ}d?&lublgfaahﬁféters%hﬁéﬁs.depOSi tion of the insulating |ayer.
to 5

6. Process according to alnms 1 , Characterised in that the netal
substrate 25 consists of a netal selected fromthe group consisting of Cu,
Ag, Co. Ni,1Pd Hegeropess accordiag o delaids 4 de Jogicharacterizediindhat the restal for
charactgri sed igatdaNttadtivstionus egatal ytic plating solution used I's a solution
which is essentially free fromsurface-active substances. 30 8. The process

according tp,Cainms 1 to 7. characterised in that the autocatal ytic | ati ng
Sout i on ust 4 camegplive dor (i sierticiins, depostion of tertav shckLgPrinina et 30-
substance and agibyoobtheNINR typatvhera & a i, W,\ce Repbnd R+ BY,i comprising NISOY
properties x 6 H,0, NaH,PQ,, and a compound selecled from Na,WO, Na;MoC, and

KReQ,, , in aqueous solution in a suitable concentration.

15  13. The composition according to Claim 12 having a pH in the range 4.5 - 9.0.

14. The composition according to Claims 12 and 13, comprising additives selected
from the group consisting of NazCeHs0; x 2 H20, C4HsO4, NaCHs04 x 6 H,0,
2,2-bipyridines, thiodiacetic acid, Triton X-114, DMAB, Na,C,Hy0; CsHsO3
(90%), NH,S0, and RE61.



and nature of the diffusion barriers. 9. The process according to Cains 1
to 8, characterised in that the autocatalytic plating solution used is a
sol ution which conprises stabilisers for e ending the 5 bath service lives
of the electroplating solutions. 10. The pr cess according to Clainms 1 to 9,
characterised in that the cleaning and activation of the copper

i nterconnect surfaces are carried out using ammoni a- and hydrofl uoric
acid-free solutions, 11. The process ,a r i ainms 1 to 10,
characterized in that the netal for Al?%afa’?%lt(g activation is Pd. 12. A
conposition for the el ectrol ess deposition of ternary nickel-containing
nmetal all oys

conprising N S Jr'\é ﬁg@%lﬁ{ﬁﬁ&%@l%ﬁy g-) ﬁ/@ ‘g%%oéf E&@&?Qdmﬁ(glngﬁﬂmg
Na2Mb4, and Kretad allpysmfatﬂlmthF%bma (wherenM%Ma A0l Re orcentand iR B15
13. The cpnposidi B!E’g% R

9.0. 14. The cgtr@] g%{%%c r%ﬁnegqg%ﬁg ﬂ%‘é'?gg lﬁﬁfgldbr{duzcrtélgl n n400$¥| ves
sel ected from mitargeum the presemgnyentiap celses te therbse Qf:zthiesa enositedl04
x 6 H0, 2, 2- t?éﬁié’r& nﬂﬁélhcéﬁ!a(i’fﬂha%fétél @Ifd a?rbérﬁér%ét%a!@% sbittivEa 2,
C3H6 3 (900/() NHAS %9 ATB ST gresen invention
relates to the QRs@PSUIA rhaa@teaﬁia&lt@rr p&\fﬁramgﬂged@s PNANG RlecfoOmigratipr
type (where M afdappél iksepicEhduaist (ﬁbrﬁﬁBneﬁts.P) deposi t ed by an

el ectrol $5 Process in sem conductor technology. In particular, the present
inventionrelates to the use of these deposited ternary nickel-containing
netal alloys as barrier material or as selective encapsulation material for
preventing the diffusion and el ectrom gration of copper in sem conductor
conponent s.
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