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Plating bath compositions for electroless plating of metals and metal alloys

Field of the Invention

The present invention relates to additives suitably used in electroless metal plat-
ing baths, electroless plating baths using said additives for electroless plating of
metals such as copper, nickel and cobalt as well as metal alloys such as nickel-
phosphorous and cobalt-tungsten-phosphorous alloys.

Background of the Invention

The deposition of metals onto surfaces has a long tradition in the art. This dep-
osition can be achieved by means of electrolytic or electroless plating of metals.
Even though these plating techniques have been used for many decades there
are still many technical challenges unsolved. One such unresolved challenge is
the deposition of metals into small cavities without producing too much over-

plating.

The deposition of metals or metal alloys into recessed structures such as vias
and trenches in the manufacturing of printed circuit boards, IC substrates and
semiconductors is mostly achieved by using the so-called dual damascene pro-
cess. Trenches and vias are etched into the dielectric prior to the deposition of
barrier layers, typically nitrides of titanium or tantalum, followed by electrolytic
copper filling of the recessed structures and subsequent chemical-mechanical
planarization (CMP). Upon decreasing the size of such trenches and vias, how-
ever, high plating rates result in too much over-plating of the deposited metal
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which then have to be removed by a costly CMP and/or chemical etching step.
This increases the number of process steps and the waste produced in the
overall process, both of which is highly undesirable. Furthermore, electrolytic
copper deposits often contain voids which increase the resistivity of intercon-

nects.

An alternative to electrolytic deposition of metals is electroless plating thereof.
Electroless plating is the controlled autocatalytic deposition of a continuous film
of metal without the assistance of an external supply of electrons. Non-metallic
surfaces may be pretreated to make them receptive or catalytic for deposition.
All or selected portions of a surface may suitably be pretreated. The main com-
ponents of electroless metal baths are the metal salt, a complexing agent, a
reducing agent, and, as optional ingredients, an alkaline, and additives, as for
example stabilising agents. Complexing agents (also called chelating agents in
the art) are used to chelate the metal being deposited and prevent the metal
from being precipitated from solution (i.e. as the hydroxide and the like). Chelat-
ing metal renders the metal available to the reducing agent which converts the
metal ions to metallic form. A further form of metal deposition is immersion plat-
ing. Immersion plating is another deposition of metal without the assistance of
an external supply of electrons and without chemical reducing agent. The
mechanism relies on the substitution of metals from an underlying substrate for
metal ions present in the immersion plating solution. In the context of the pre-
sent invention electroless plating is to be understood as autocatalytic deposition
with the aid of a chemical reducing agent (referred to a “reducing agent” herein).

In order to adjust the properties of the electroless plating bath and the metal or
metal alloy deposit to be formed when using such an electroless plating bath,
additives are added to the electroless plating bath in order to improve the prop-
erties both the electroless plating bath and the formed metal or metal alloy de-

posit.
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B-amino acids or amides derived therefrom as stabilising agents for electroless
plating baths are known from WO 2011/003116. However, such B-amino acids

do not alter the plating rate (see Application Example 1).

US 7,220,296 B1 discloses a process for the electroless deposition of copper
into recessed structures of integrated circuits to form interconnects. Additives
such as polyethyleneglycoles may be added to the disclosed electroless copper
plating bath to more selectively deposit copper into the recessed structures.
Although these additives are known to have levelling effects in electrolytic plat-
ing baths they do not have any substantial effect on the plating rate or stability
of electroless plating baths (see Application Example 6). Also, such additives
are only to improve the wettability of surface in accordance with the teachings of
US 2005/0161338 in case of cobalt plating.

JP 2007-254793 teaches nitrogen-containing polymers made of monomers
such as dicyandiamide, lysine and mono- or diallylamines to be suitable stabilis-
ing agents for electroless nickel plating baths. Also, US 2014/0087560 A1 dis-
closes nitrogen-containing polymers such as polyvinylamines to be used in
electroless deposition of nickel and cobalt. The latter plating baths are particu-
larly suitable for forming barrier layers in recessed structures prior to electrolytic
copper deposition thereon as the plating rates are reduced. The use of poly-
mers containing high amounts of amines is not desirable because such poly-
mers are highly hazardous to water and may result in discolouration of deposit-

ed metal layers.

Objective of the present Invention

It is an objective of the present invention to provide an electroless plating bath
for deposition of copper, nickel, cobalt or alloys of the aforementioned with re-

duced plating rate.
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It is a further objective of the present invention to provide electroless metal plat-
ing baths for deposition of copper, nickel, cobalt and alloys of the aforemen-
tioned which allow for smooth and glossy metal or metal alloy deposits to be

formed.

It is yet another objective of the present invention to provide stable electroless
plating bath which are stable against metal salt precipitation for a prolonged

period of time.

Summary of the Invention

These objectives are solved by an electroless plating bath for deposition of
copper, nickel, cobalt or alloys thereof comprising at least one source for metal
ions and at least one reducing agent characterized in that the electroless plating

bath further comprises a plating rate modifier according to formula (1)

0 OH )

wherein monovalent residues R’ to R?, end group Y and divalent spacer group

Z and index n are selected from the following groups

- R'is selected from the group consisting of —O-R> and -NH-R* wherein R® is
selected from hydrogen, lithium, sodium, potassium, rubidium, caesium,
ammonium, alkyl, aryl, and R* is selected from hydrogen, alkyl and aryl;

- R? is selected from the group consisting of hydrogen, alkyl, alkylaryl, and

aryl;
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- Y is selected from the group consisting of O OH | and
HO

™™ OH, wherein the monovalent residue R" is selected from the group
consisting of —O-R* and —NH-R* wherein R® is selected from hydrogen,
lithium, sodium, potassium, rubidium, caesium, ammonium, alkyl, aryl, and
R* is selected from hydrogen, alkyl and aryl and monovalent residue R? is
selected from the group consisting of hydrogen, alkyl, alkylaryl, and aryl and

n’ is an integer ranging from 1 to 2;

. iS‘[O_RSHO_RGHO_RYHO_Rsf

urated alkylen residues wherein individual hydrogen bonded to said un-

wherein R® to R® are unbranched sat-

branched saturated alkylen residues in each case are optionally substituted
by a functional group selected from alkyl, aryl and hydroxyl (-OH); prefera-
bly, the substituents are selected from C1- to Cs-alkyl, phenyl and hydroxyl,
and more preferably the substituents are selected from methyl, ethyl, hy-
droxyl; wherein p is an integer ranging from 1 to 100, q is an integer ranging
from 0 to 99, r is an integer ranging from 0 to 99, s is an integer ranging
from O to 99 with the proviso that the sum of (p+qg+r+s) ranges from 1 to
100, preferably 1 to 50; and

- nis an integer ranging from 1 to 2.

These objectives are also solved by the inventive process for the deposition of a
metal or metal alloy, comprising the steps of
(i) providing a substrate;
(ii) contacting said substrate with an electroless plating bath compris-
ing at least one source of metal ions, at least one reducing agent,

and at least one plating rate modifier according to formula (l); and



WO 2016/096480 PCT/EP2015/078679

thereby depositing a metal or metal alloy layer on at least a portion
of said substrate.

Detailed Description of the Invention

Above-captioned objectives are solved by using an inventive plating rate modi-
fier according to formula (1) in an electroless plating bath suitable to deposit
copper, nickel, cobalt and alloys of any of the aforementioned.

The inventive plating rate modifier according to formulae (I) and (1) will be ab-
breviated as “plating rate modifier” in the claims and description. The terms plat-

ing and deposition are used synonymously herein.

Z may exemplarily be a divalent residue derived from a homopolymer formed of
ethylene oxide or polypropylene oxide, a copolymer of ethylene oxide and bu-
tylene oxide, or a terpolymer of ethylene oxide, propylene oxide and styrene
oxide or it may be 2-hydroxypropane-1,3-diyl (-CHo—CH(OH)—CH>-), a dimer or
oligomer derived from any of the aforementioned.

In a preferred embodiment of the present invention Y in the plating rate modifier
R?

R %
according to formula (l) is O OH and the plating rate modifier re-
sults in the plating rate modifier according to formula (I1)

\'rLTj\ /LRl'r

R! RY
N S z—0 NN

0] OH OH O

wherein monovalent residues R', R", R?, R? and divalent spacer group Z (in-

(1)

cluding residues R to R® and indices p, g, r, s contained therein) and the indi-
ces n and n’ are selected from the same groups as described for formula (1).
Exemplarily, R' in formulae (1) and (ll) is selected from the group consisting
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of -O-R® and -NH-R* wherein R® is selected from hydrogen, lithium, sodium,
potassium, rubidium, caesium, ammonium, alkyl, aryl, and R* is selected from

hydrogen, alkyl and aryl.

In a more preferred embodiment of the present invention the residues R® to R®
in the plating rate modifier according to formulae (I) and (ll) are unbranched
saturated C+- to Cg-alkylen residues, even more preferably unbranched saturat-
ed Co- to Cs-alkylen residues, wherein individual hydrogen bonded to said un-
branched saturated alkylen residues in each case are optionally substituted by
a functional group selected from alkyl, aryl and hydroxyl (-OH); preferably, the
substituents are selected from C4- to Cys-alkyl, phenyl and hydroxyl, and more
preferably the substituents are selected from methyl, ethyl and hydroxyl.

In an even more preferred embodiment of the present invention residues R’ to
R® in the plating rate modifier according to formulae (1) and (ll) are selected
from the group consisting of ethane-1,2-diyl (-CH>—CH»-), propane-1,2-diyl
(-CH(CH3)-CH-), butane-1,2-diyl (-CH(CH,-CH3)—-CH.-) and 2-hydroxypropane-
1,3-diyl (-CH,—CH(OH)-CHa-).

It is particularly preferred that monovalent residues R' and R are the same in
the plating rate modifier according to formula (1), R* and R? are the same in the
plating rate modifier according to formula (ll) and n and n’ are the same in the
plating rate modifier according to formula (Il) because this facilitates the synthe-
sis of the plate rate modifier.

In so far as the term "alkyl" is used in this description and in the claims, it refers
to a hydrocarbon radical with the general chemical formula Cp,Hom+1, m being an
integer from 1 to about 50. Alkyl residues according to the present invention can
be linear and/or branched and they can be saturated and/or unsaturated. If the
alkyl residues are unsaturated the corresponding general chemical formula has
to be adjusted accordingly. Preferably, m ranges from 1 to 12, more preferably
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from 1 to 8. C4-Cs-alkyl for example includes, among others, methyl, ethyl, n-
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, iso-pentyl, sec-pentyl,
tert-pentyl, neo-pentyl, hexyl, heptyl and octyl. Alkyl can be substituted by re-
placing a hydrogen in each case by a functional group, for example amino, hy-
droxy, thiol, halides such as fluorine, chlorine, bromine, iodine, carbonyl, car-

boxyl, carboxylic acid esters and so forth.

In so far as the term "alkylen" is used in this description and in the claims, it re-
fers to a hydrocarbon diradical with the general chemical formula CxHa, k being
an integer from 1 to about 50. Unless stated otherwise, alkylen residues accord-
ing to the present invention can be linear (unbranched) and/or branched and
they can be saturated and/or unsaturated. If the alkylen residues are unsaturat-
ed the corresponding general chemical formula has to be adjusted accordingly.
C+-Cs-alkylen for example includes, among others, methane-1,1-diyl, ethane-
1,2-diyl, ethane-1,1-diyl, propane-1,3-diyl, propane-1,2-diyl, propane-1,1-diyl,
butane-1,4-diyl, butane-1,3-diyl, butane-1,2-diyl, butane-1,1-diyl, butane-2,2-
diyl, butane-2,3-diyl. Alkylen can be substituted by replacing a hydrogen in each
case by a functional group, for example amino, hydroxy, halides such as fluo-
rine, chlorine, bromine, iodine, carbonyl, carboxyl, carboxylic acid esters and so
forth.

In so far as the term "alkylaryl" is used in this description and in the claims, it
refers to combinations of alkyl and aryl radicals such as benzyl residues. The

bonding sites in end group Y are emphasised by a wavy line (“«w").

The plating rate modifiers can be prepared by known means in the art. Exem-
plarily, but not limiting, they can be obtained by a reaction of a diglycidylether
and a suitable amino acid or a respective derivative thereof. Suitable amino ac-
ids are without limitation histidine, isoleucine, leucine, lysine, methionine, phe-
nylalanine, threonine, tryptophan, valine, alanine, arginine, asparagine, aspartic

acid, cysteine, glutamic acid, glutamine, ornithine, serine, tyrosine, and the re-



WO 2016/096480 PCT/EP2015/078679

spective B-derivatives thereof. Suitable derivatives of amino acids may be ami-
no acid esters or amino acid amides. The conversion of the starting materials
may be carried out in one or more polar and/or protic solvents, water being
most preferred. It is also useful to add one or more bases to the starting materi-
als since better yields are then obtainable. Such bases can be hydroxide donors
such as alkali hydroxides, earth alkali hydroxides, suitable carbonates, bicar-
bonates, alkoxylates or amines. The starting materials are reacted at a tem-
perature of 20 to 100 °C, preferably at a temperature of 30 to 90 °C, more pre-
ferred at a temperature of 50 to 70 °C for a given time. Preferably, they are kept
at said temperature until the starting materials are completely consumed or until
the reaction does not proceed any further. The duration of the synthesis de-
pends on the individual starting materials, the temperature, and other parame-
ters such as stirring speed, concentrations and the like. The plating rate modifi-
ers may be used as received from above-captioned method, they may be dilut-
ed with one or more solvents or concentrated by means of solvent evaporation

or they may purified by means known in the art.

The electroless plating bath according to the invention is an aqueous solution.
The term “aqueous solution” means that the prevailing liquid medium, which is
the solvent in the solution, is water. Further liquids, that are miscible with water,
as for example alcohols and other polar organic liquids, that are miscible with
water, may be added.

The electroless plating bath according to the invention may be prepared by dis-

solving all components in aqueous liquid medium, preferably in water.

The plating rate modifier is contained in the electroless plating bath in a concen-
tration of 0.1 to 1500 umol/l, preferably 1 to 1000 umol/l, more preferably 5 to
500 umol/l, most preferred 10 to 200 pymol/l. The electroless plating bath may
optionally further comprise a stabilising agent.
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The at least one source of metal ions present in the electroless plating bath ac-
cording to the invention is selected from water soluble copper, nickel and cobalt

salts and water soluble copper, nickel and cobalt compounds.

In one embodiment of the present invention the at least one source of metal
ions comprised in the electroless plating bath is a source of copper ions. Such
an electroless plating bath will henceforth be called “inventive electroless cop-

per plating bath”.

The at least one source for copper ions may be any water soluble copper salt or
other water soluble copper compound. Preferably, the source of copper ions is
selected from the group comprising copper sulphate, copper chloride, copper
nitrate, copper acetate, copper methane sulphonate ((CH;03S),Cu) or hydrates

thereof and mixtures of the aforementioned.

The concentration of copper ions in the inventive electroless copper plating bath
preferably ranges from 0.1 to 5 g/l, corresponding to 0.0016 to 0.079 mol/I.

The inventive electroless copper plating bath comprises at least one reducing
agent. Suitable reducing agents can preferably be selected from the group con-
sisting of formaldehyde, paraformaldehyde, glyoxylic acid, sources of glyoxylic
acid, aminoboranes such as dimethylaminoborane, alkali borohydrides such as
NaBH4, KBH4, hydrazine, polysaccharides, sugars such as glucose, hypophos-
phoric acid, glycolic acid, formic acid, salts of aforementioned acids and mix-
tures thereof. If the inventive electroless copper plating bath contains more than
one reducing agent it is preferable that the further reducing agent is an agent
that acts as reducing agent but cannot be used as the sole reducing agent (cf.
US 7,220,296, col. 4, |. 20-43 and 54-62). Such further reducing agent is in this

sense also called an “enhancer”.

The term “source of glyoxylic acid” encompasses glyoxylic acid and all com-
pounds that can be converted to glyoxylic acid in aqueous solution. In aqueous
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solution the aldehyde containing acid is in equilibrium with its hydrate. A suita-
ble source of glyoxylic acid is dihaloacetic acid, such as dichloroacetic acid,
which will hydrolyse in an aqueous medium to the hydrate of glyoxylic acid. An
alternative source of glyoxylic acid is the bisulphite adduct as is a hydrolysable
ester or other acid derivative. The bisulphite adduct may be added to the com-
position or formed in situ. The bisulphite adduct may be made from glyoxylate

and either bisulphite, sulphite or metabisulphite.

The concentration of the reducing agent in the inventive electroless copper plat-
ing bath agent preferably ranges from 2 to 20 g/I. In one embodiment of the
present invention, the inventive electroless copper plating bath comprises one
or more reducing agents in the total concentrations thereof (i.e. in this connec-
tion the total amount of reducing agents) ranging from 0.027 to 0.270 mol/I,
preferably 0.054 to 0.2 mol/l.

The inventive electroless copper plating bath using reducing agents mentioned
above preferably employs a relatively high pH, usually between 11 and 14, or
12.5 and 14, preferably between 12.5 and 13.5, or 12.8 and 13.3. The pH is
adjusted generally by pH adjustors such as potassium hydroxide (KOH), sodium
hydroxide (NaOH), lithium hydroxide (LiOH), caesium hydroxide (CsOH), rubid-
ium hydroxide (RbOH), ammonium hydroxide (NH4OH), tetramethylammonium
hydroxide (TMAH) or tetrabutylammonium hydroxide (TBAH) and mixtures
thereof. Caesium hydroxide (CsOH), rubidium hydroxide (RbOH) and mixtures
thereof are preferred to adjust the pH. Thus, the inventive electroless copper
plating bath may contain a source of hydroxide ions, as for example and without

limitation one or more of the compounds listed above.

The inventive electroless copper plating bath comprises at least one complexing
agent (sometimes referred to as chelating agent in the art). Suitable complexing
agents are for example, without limitation, alkanol amines such as triethanol

amine, hydroxycarboxylic acids such as glycolic acid or tartaric acid, polyamino
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monosuccinic acid, polyamino disuccinic acids as disclosed in WO
2014/154702 such as ethylenediamine-N,N’-disuccinic acid, ethylenediamine
tetraacetic acid (EDTA), N’-(2-hydroxyethyl)-ethylene diamine-N,N,N’-triacetic
acid (HEDTA), cyclohexanediamine tetraacetic acid, diethylenetriamine pen-
taacetic acid, and tetrakis-(2-hydroxypropyl)-ethylenediamine or salts and mix-
tures of any of the aforementioned.

The at least one complexing agent is more preferably selected from the group
comprising polyamino monosuccinic acid, polyamino disuccinic acid, tartrate,
N,N,N’,N’-tetrakis-(2-hydroxypropyl)-ethylenediamine, N’-(2-hydroxyethyl)-
ethylenediamine-N,N,N’-triacetic acid, ethylenediamine tetraacetic acid (EDTA),
salts and mixtures thereof.

The concentration of the at least one complexing agent in inventive electroless
copper plating preferably ranges from 5 to 50 g/I. In a further embodiment, the
molar ratio of complexing agent, which means in this connection the total
amount of complexing agent(s) to copper ions is 2:1 to 5:1, more preferably
2.5:1 to 5:1. This embodiment is particularly advantageous if the inventive elec-
troless copper plating bath is agitated during deposition, preferably agitated with
a gas such as nitrogen, and when a further reducing agent (also called “en-
hancer”) is used in addition to a first reducing agent such as glyoxylic acid,
wherein the further reducing agent is preferably selected from glycolic acid, hy-
pophosphoric acid, or formic acid, most preferably glycolic acid.

An optional stabilising agent may further extend the life time of the inventive
electroless cobalt plating bath and may help to prevent undesired decomposi-
tion of the plating bath. Stabilising agents are also called stabilisers in the art.
Both terms are used interchangeably herein. Reduction of copper(ll) should on-
ly occur on the desired substrate surface and not unspecific in the whole bath. A
stabilising function can for example be accomplished by substances acting as

catalyst poison (for example sulphur or other chalcogenide containing com-
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pounds) or by compounds forming copper(l)-complexes, thus inhibiting the for-
mation of copper(l)oxide. The plating rate modifier also provides such a stabilis-

ing effect on an electroless copper plating bath (see Application Example 7).

Suitable stabilising agents which may optionally be contained in the inventive
electroless copper plating bath are, without limitation, dipyridyls (2,2’-dipyridyl,
4,4’-dipyridyl), phenanthroline, mercaptobenzothiazole, thiourea or its deriva-
tives like diethylthiourea, cyanides like NaCN, KCN, ferrocyanides such as
K4[Fe(CN)s], thiocyanates, iodides, ethanolamines, mercaptobenzotriazole,
Na2S20s3, polymers like polyacrylamides, polyacrylates, polyethylene glycols, or
polypropylene glycols and their copolymers, wherein 2,2’-dipyridyl, diethylthiou-
rea, K4[Fe(CN)g], NaCN and mercaptobenzothiazole are particularly suitable. In
addition, molecular oxygen is often used as a stabilising agent additive by pass-
ing a steady stream of air through the copper electrolyte (ASM Handbook,
Vol. 5: Surface Engineering, pp. 311-312). In one embodiment, the stabilising
agent is chosen, mainly for environmental and occupational health reasons,
from a stabilising agent that is free of cyanides. Thus, the solution of the present
invention is preferably free of cyanides. In this connection, 2,2’-dipyridyl is a
preferred stabilising agent. Dipyridyl is preferably added in an amount of 1 - 10
mg/l.

Accelerators are sometimes referred to as exaltants in the art (G. O. Mallory, J.
B. Hajdu, Electroless Plating: Fundamentals And Applications, Reprint Edition,
American Electroplaters and Surface Finishers Society, pp. 289-295). These
compounds may be added to increase the plating rate without decreasing the
plating bath stability. Suitable exaltants are, without limitation, propionitrile, and
O-phenanthroline. It is possible within the means of the present invention to
combine exaltants and the plating rate modifier to adjust the plating rate of the
inventive electroless copper plating bath. However, it is possible to adjust the
plating rate of any electroless plating baths such as those suitable to deposit

copper, nickel, cobalt or alloys thereof by modifying the concentration of the
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plating rate modifier therein. It is preferred not to add any accelerators to the

inventive electroless copper plating bath.

The inventive electroless copper plating bath may optionally comprise further
components, as for example surfactants, wetting agents, additives such as
grain refining additives and pH buffers. Such further components are for exam-
ple described in following documents, which are incorporated by reference in
their entirety: US 4,617,205 (particularly disclosure in col. 6, 1. 17 — col. 7, |. 25),
US 7,220,296 (particularly col. 4, |. 63 — col. 6, |. 26), US 2008/0223253 (cf. par-
ticularly paragraphs 0033 and 0038).

In one embodiment of the present invention the inventive electroless copper
plating bath further to the above mentioned components comprises a second
source for metal ions other than copper ions. The second source of metal ions
are for example water-soluble salts and water-soluble compounds of metals
such as nickel and cobalt. Suitable nickel ion sources and cobalt ion sources
can be selected from those described below. In case a second source of metal
ions is comprised in the inventive electroless copper plating bath a secondary
copper / second metal alloy such copper / nickel alloy is obtained.

The amount of second metal ions in the inventive electroless copper plating
bath may be sufficient to reach a concentration of 0.1 to 2 wt.-% of second met-

al in the deposited copper alloy.

A preferred electroless copper plating bath for the deposition of copper and
copper alloys comprises a source for copper ions and optionally a source for
second metal ions, a source of formaldehyde or glyoxylic acid as reducing
agent, and at least one polyamino disuccinic acid, or at least one polyamino
monosuccinic acid, or a mixture of at least one polyamino disuccinic acid and at
least one polyamino monosuccinic acid, or tartrate, a mixture of N,N,N’,N’-
tetrakis-(2-hydroxypropyl)-ethylenediamine and N’-(2-hydroxyethyl)-
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ethylenediamine-N,N,N’-triacetic acid, or a mixture of N,N,N’,N’-tetrakis-(2-
hydroxypropyl)-ethylenediamine and ethylenediamine-tetra-acetic acid and salts
thereof as complexing agent and at least one plating rate modifier according to
formula (I). Said complexing agents are particularly preferred in combination

with glyoxylic acid as reducing agent.

In one embodiment of the present invention the at least one source of metal
ions comprised in the inventive electroless plating bath is a source of nickel
ions. Such an electroless plating bath will henceforth be called “inventive elec-

troless nickel plating bath”.

The at least one source of nickel ions may be any water soluble salts or other
water soluble nickel compound. Preferred sources of nickel ions are selected
from the group comprising nickel chloride, nickel sulphate, nickel acetate, nickel
methanesulphonate and nickel carbonate.

The concentration of nickel ions in the inventive electroless nickel plating bath
preferably ranges from 0.1 to 60 g/l (0.0017 to 1.022 mol/l), more preferably
from 2 to 50 g/l (0.034 to 0.852 mol/l), even more preferably from 4 to 10 g/l
(0.068 to 0.170 mol/l).

The inventive electroless nickel plating bath further contains a reducing agent
which is selected from hypophosphite compounds such as sodium hypophos-
phite, potassium hypophosphite and ammonium hypophosphite, boron based
reducing agents such as aminoboranes like dimethylaminoborane (DMAB), al-
kali borohydrides like NaBH4, KBH4, formaldehyde, hydrazine and mixtures
thereof. The concentration of reducing agent (which means in this connection
the total amount of reducing agents) in the inventive electroless nickel plating
bath typically ranges from 0.05 to 1.5 mol/l. Hypophosphite compounds as re-

ducing agents are preferred.
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The pH value of the inventive electroless nickel plating bath preferably ranges
from 3.5 to 6.5, more preferably from 4 to 6. Since the plating solution has a
tendency to become more acidic during its operation due to the formation of
HsO" ions, the pH may be periodically or continuously adjusted by adding bath-
soluble and bath-compatible alkaline substances such as sodium, potassium or
ammonium hydroxides, carbonates and bicarbonates. The stability of the oper-
ating pH of the plating solutions can be improved by the addition of various
buffer compounds such as acetic acid, propionic acid, boric acid, or the like, in
amounts of up to 30 g/l, more preferably from 2 to 10 g/l.

In one embodiment of the present invention, carboxylic acids, polyamines and
sulphonic acids or mixtures thereof are selected as complexing agents. Useful
carboxylic acids include mono-, di-, tri- and tetra-carboxylic acids. The carbox-
ylic acids may be substituted with various substituent moieties such as hydroxy
or amino groups and the acids may be introduced into the inventive electroless
nickel plating baths as their sodium, potassium or ammonium salts. Some com-
plexing agents such as acetic acid, for example, may also act as a buffering
agent, and the appropriate concentration of such additive components can be
optimised for any plating solution in consideration of their dual functionality.

Examples of such carboxylic acids which are useful as the complexing agents
include: iminosuccinic acid, iminodisuccinic acid, derivatives thereof and salts
thereof as disclosed in WO 2013/113810, monocarboxylic acids such as acetic
acid, hydroxyacetic acid, aminoacetic acid, 2-amino propanoic acid, 2-hydroxy
propanoic acid, lactic acid; dicarboxylic acids such as succinic acid, amino suc-
cinic acid, hydroxy succinic acid, propanedioic acid, hydroxybutanedioic acid,
tartaric acid, malic acid; tricarboxylic acids such as 2-hydroxy-1,2,3-propane
tricarboxylic acid; and tetracarboxylic acids such as ethylene-diamine-tetra-
acetic acid (EDTA).
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The most preferred complexing agents are selected from the group consisting
of monocarboxylic acids and dicarboxylic acids. In one embodiment, mixtures of

two or more of the above complexing agents are utilized.

The concentration of the complexing agent present in the inventive electroless
nickel plating bath or, in case more than one complexing agent is used, the
concentration of all complexing agents together preferably ranges from 0.01 to

2.5 mol/l, more preferably from 0.05 to 1.0 mol/l.

The inventive electroless nickel plating bath optionally contains at least one sta-
bilising agent. Such stabilising agent is required in order to provide a sufficient
bath lifetime, a reasonable plating rate and to control the phosphorous content
in the as deposited nickel phosphorous alloy. Since the plating rate modifier
acts as stabilising agent, a further stabilising agent is not necessary. Suitable
optional stabilising agents are, without limitation, heavy metal ions such cadmi-
um, thallium, bismuth, lead and antimony ions, iodine containing compounds
such as iodide and iodate, sulphur containing compounds such as thiocyanate,
thiourea and mercaptoalkanesulphonic acids like 3-mercaptopropanesulphonic
acid or the respective disulphides derived therefrom as disclosed in
WO 2013/013941 and unsaturated organic acids such as maleic acid and ita-
conic acid or suitably substituted alkynes as those taught by EP 2 671 969 A1.
It is also within the scope of the present invention to use combinations of stabi-
lising agents such as bismuth ions and mercaptobenzoic acids, mercaptocar-
boxylic acids and/or mercaptosulphonic acids as taught by WO 2013/113810.

The concentration of the at least one optional stabilising agent in the inventive
electroless nickel plating bath ranges from 0.1 to 100 mg/l, preferably from
0.5 to 30 mg/l.

The inventive electroless nickel plating bath may comprise — but does not nec-
essarily comprise — further additives such as wetting agents, surfactants, accel-
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erators, brighteners, grain refining additives etc. These components are known
in the art. As stated above for the inventive electroless copper plating bath the
plating rate of the inventive electroless nickel plating bath may be adjusted by
adding accelerators; however, it is possible to adjust the plating rate solely by
using the plating rate modifier. It is preferred not to add any accelerators to the
inventive electroless nickel plating bath.

In case a hypophosphite compound is used as the reducing agent for nickel,
nickel and phosphorous containing alloy deposits are obtained. The amount of
phosphorous in said alloy deposit depends inter alia on the concentration of
hypophosphite and nickel ions in the inventive electroless nickel plating bath
and the optional stabilising agent. Preferably, the amount of phosphorous in
said alloy deposit ranges from 5 to 15 wt.-% with the balance being nickel, more
preferred it ranges from 10.5 to 15 wt.-% with the balance being nickel as these
so-called high-phosphorous coatings are paramagnetic.

In case a boron-based reducing agent is used as the reducing agent for nickel,
nickel and boron containing alloy deposits are obtained. The amount of boron in
said alloy deposit depends inter alia on the concentration of boron-based reduc-
ing agent and nickel ions in the inventive electroless nickel plating bath and the
optional stabilising agent. Preferably, the amount of boron in said alloy deposit

ranges from 1 to 20 wt.-% with the balance being nickel.

In case one or more of hydrazine or formaldehyde are used as the reducing
agents for nickel, pure nickel deposits are obtained.

The inventive electroless nickel plating bath may optionally comprise a second
source of metal ions such as molybdenum or tungsten ions. These second met-
al ions may preferably be added as water soluble salts or compounds such as
MoO2(OH)2, WO2(OH)2, Na:MoO4 and Na;WO4 and their respective hydrates.



WO 2016/096480 PCT/EP2015/078679

19

The amount of second metal ions added to the inventive electroless nickel plat-
ing bath preferably ranges from 0.01 to 0.2 mol/l, more preferably from 0.05 to
0.15 mol/l. The amount of second metal ions in the inventive electroless nickel
plating bath may be sufficient to reach a concentration of 4 to 20 wt.-% of sec-
ond metal in the deposited nickel alloy.

In a preferred embodiment of the present invention the inventive electroless
nickel plating bath comprises a source for nickel ions such as nickel sulphate,
as source for hypophosphite ions such as sodium hypophosphite, at least two
dicarboxylic acids and at least one monocarboxylic acid as complexing agents,
and at least one plating rate modifier.

In one embodiment of the present invention the at least one source of metal
ions comprised in the electroless plating bath is a source of cobalt ions. Such
an electroless plating bath will henceforth be called “inventive electroless cobalt
plating bath”.

The source for cobalt ions may be any water soluble cobalt salt or other water-
soluble cobalt compound. Preferably, the source of cobalt ions is selected from
the group comprising cobalt chloride, cobalt sulphate and their respective hy-
drates.

The concentration of cobalt ions in the inventive electroless cobalt plating bath
ranges from 0.6 to 35.4 g/l (0.01 to 0.6 mol/l), more preferably from 3.0 to
17.7 g/l (0.05 to 0.3 mol/l).

A complexing agent or a mixture of complexing agents is included in the in-
ventive electroless cobalt plating bath. In one embodiment, carboxylic acids,
hydroxyl carboxylic acids, aminocarboxylic acids and salts of the aforemen-
tioned or mixtures thereof may be employed as complexing or chelating agents.
Useful carboxylic acids include the mono-, di-, tri- and tetra-carboxylic acids.
The carboxylic acids may be substituted with various substituent moieties such
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as hydroxy or amino groups and the acids may be introduced into the plating
bath as their sodium, potassium or ammonium salts. Some complexing agents
such as acetic acid, for example, may also act as a pH buffering agent, and the
appropriate concentration of such additive components can be optimised for
any plating bath in consideration of their dual functionality.

Examples of such carboxylic acids which are useful as the complexing or che-
lating agents in the plating bath of the present invention include: monocarbox-
ylic acids such as acetic acid, hydroxyacetic acid (glycolic acid), aminoacetic
acid (glycine), 2-amino propanoic acid, (alanine); 2-hydroxy propanoic acid (lac-
tic acid); dicarboxylic acids such as succinic acid, amino succinic acid (aspartic
acid), hydroxy succinic acid (malic acid), propanedioic acid (malonic acid), tar-
taric acid; tricarboxylic acids such as 2-hydroxy-1,2,3-propane tricarboxylic acid
(citric acid); and tetracarboxylic acids such as ethylene diamine tetra acetic acid
(EDTA). In one embodiment, mixtures of two or more of the above complexing
agents are utilised in the plating bath according to the present invention.

The concentration of the complexing agent present in the inventive electroless
cobalt plating bath or, in case more than one complexing agent is used, the
concentration of all complexing agents together preferably ranges from 0.01 to
2.0 mol/l, more preferably from 0.05 to 1.5 mol/l.

The reducing agent present in the inventive electroless cobalt plating bath is
selected from hypophosphite compounds, boron-based reducing agents, for-
maldehyde, hydrazine and mixtures thereof.

In one embodiment of the present invention, the inventive electroless cobalt
plating bath contains a hypophosphite compound which provides hypophosphite
ions derived from hypophosphorous acid or a bath soluble salt thereof such as
sodium hypophosphite, potassium hypophosphite and ammonium hypophos-
phite as reducing agent.
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The concentration of hypophosphite ions in the inventive electroless cobalt plat-
ing bath preferably ranges from 0.01 to 0.5 mol/l, more preferably from 0.05 to
0.35 mol/l.

In another embodiment of the present invention the plating bath contains a bo-
rane-based reducing agent. Suitable borane-based reducing agents are for ex-
ample dimethylamine borane (DMAB) and water-soluble borohydride com-

pounds such as NaBH4 or KBHj.

The concentration of the borane-based reducing agent preferably ranges from
0.01 to 0.5 mol/l, more preferably from 0.05 to 0.35 mol/I.

In still another embodiment of the present invention, a mixture of hypophosphite
ions and a borane-based reducing agent is employed in the inventive electro-

less cobalt plating bath.

In case a hypophosphite compound is used as the reducing agent, a cobalt and
phosphorous containing alloy deposit is obtained. A borane-based compound
as reducing agent results in a cobalt and boron containing alloy deposit and a
mixture of hypophosphite and borane-based compounds as the reducing agents
leads to a cobalt, phosphorous and boron containing alloy deposit.

The inventive electroless cobalt plating bath optionally contains a stabilising
agent. Since the plating rate modifier acts as stabilising agent, a further stabilis-
ing agent is not necessary. Suitable optional stabilising agents may be, without
limitation, alkynesulphonic acids as disclosed in WO 2013/135396, imidazole,
thiazole, triazole, disulphides, acetyleneic compounds such as propargyl alco-
hol.

The optional stabilising agent may further extend the life time of the inventive
electroless cobalt plating bath and may help to prevent undesired decomposi-
tion of the plating bath.
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The concentration of the stabilising agent preferably ranges from 0.05 to
5.0 mmol/l, more preferably from 0.1 to 2.0 mmol/l.

The inventive electroless cobalt plating bath according to the present invention
preferably has a pH value of 7.5 to 12, more preferably of 8 to 11. It is possible
to use pH adjustors such as those described above.

The inventive electroless cobalt plating bath may comprise — but does not nec-
essarily comprise — further additives such as pH buffers, wetting agents, surfac-
tants, accelerators, brighteners, grain refining additives, oxygen scavengers etc.
such compounds are known in the art. Some suitable compounds are disclosed
in US 2007/0167857 (paragraph 20 to 23) and US 2005/0161338 (paragraph 46
to 55). As stated above for the inventive electroless copper plating bath the plat-
ing rate of the inventive electroless cobalt plating bath may be adjusted by add-
ing accelerators; however, it is possible to adjust the plating rate solely by using
the plating rate modifier. It is preferred not to add any accelerators to the in-
ventive electroless cobalt plating bath.

The inventive electroless cobalt plating bath may optionally comprise a second
source of metal ions such as molybdenum or tungsten ions, preferably tungsten
ions. These second metal ions may preferably be added as water soluble salts
or compounds such as MoOy(OH),;, WO,(OH),, NasMoO4 and Na,WOQ, and

their respective hydrates.

The amount of second metal ions added to the inventive electroless cobalt plat-
ing bath preferably ranges from 0.001 to 0.1 mol/l, more preferably from 0.005
to 0.06 mol/l. The amount of second metal ions in the inventive electroless co-
balt plating bath may be sufficient to reach a concentration of 4 to 50 wt.-% of
second metal in the deposited cobalt alloy.

In a preferred embodiment of the present invention the inventive electroless

cobalt plating bath comprises a source for cobalt ions, a source for tungsten
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ions, a source for hypophosphite ions such as sodium hypophosphite and one
or more complexing agents such as citric acid, lactic acid, malic acid, malonic

acid or salts thereof.

The inventive process for the deposition of a metal or metal alloy, comprises the
steps of
(i) providing a substrate;
(ii) contacting said substrate with an electroless plating bath compris-
ing at least one source of metal ions, at least one reducing agent,
and at least one plating rate modifier; and thereby depositing a
metal or metal alloy layer on at least a portion of said substrate.

The inventive process is particularly suitable for the electroless deposition of

copper, nickel, cobalt and alloys thereof.

Substrates to be used in the context of the present invention may be selected
from the group comprising nonconductive substrates and conductive substrates.
Nonconductive substrates may be plastics, glass, silicon such as semiconductor
wafers and dielectric substrates such as those made of epoxy resins and epoxy
glass composites. Substrates which are used in the Electronics industry such as
printed circuit boards, chip carriers, IC substrates or circuit carriers and inter-
connect devices and display devices may also preferably be used. Conductive
substrates are metallic substrates such as aluminium sheets used for manufac-

turing of rigid memory disks.

The electroless plating bath according to the invention and the process accord-
ing to the invention are preferably used for the coating of printed circuit boards,
chip carriers, IC substrates and semiconductor wafers (semiconductor sub-
strates) or circuit carriers and interconnect devices. The electroless plating bath
is used in particular in printed circuit boards, IC substrates and chip carriers, but

also in semiconductor wafers, to plate surfaces, trenches, blind micro vias,
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through hole vias (through holes) and similar structures with metals such as

copper, nickel, cobalt or alloys thereof.

Particularly, the electroless plating bath of the invention or the process of the
invention can be used for deposition of metal or metal alloys on surfaces, in
trenches, blind micro vias, through hole vias, and comparable structures in
printed circuit boards, chip carriers, IC substrates and semiconductor wafers
(semiconductor substrates), circuit carriers and interconnect devices. The term
“through hole vias” or “through holes”, as used in the present invention, encom-
passes all kinds of through hole vias and includes so-called “through silicon vi-
as” in silicon wafers. Trenches, blind micro vias, through hole vias, and compa-

rable structures are summarily denominated as recessed structures herein.

Another application that is envisaged for the electroless plating baths is metalli-
zation of display devices. In this regard, one or more metals or metal alloys,
preferably copper, are deposited particularly on glass substrates, particularly flat
glass surfaces or plastic substrates, particularly polyimide (Pl) or polyethylene
terephthalate (PET) foils. The inventive process on said substrates is beneficial
in comparison to metal sputtering processes that have been used so far. Bene-
fits that can be reached with the inventive process in comparison to sputtering
techniques are, inter alia, reduced internal stress and reduced bending of said
substrates, reduced equipment maintenance, effective use of metal, reduced

material waste.
The process according to the invention may comprise further steps
(i.a) pretreating the substrate.

Preferably, step (i.a) is carried out between steps (i) and (ii). Suitable pre-
treatment steps are known in the art and exemplary, but not limiting, described
hereinafter. It is known to those skilled in the art that substrates sometimes are

contaminated with residues from processing, human contact or the environment
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such as for example grease, fat or wax residues. Residues which may be detri-
mental to the plating are for example oxidation products, grease or wax. There-
fore, commonly one or more pre-treatment steps are advantageous in those
cases in order to obtain optimal plating results. These pre-treatment steps are
known in the art and sometimes referred to as etching, reducing or cleaning.
These steps include among others removal of said residues with organic sol-
vents, acidic or alkaline aqueous solutions or solutions comprising surfactants,
reducing agents and / or oxidation agents. It is also possible within the scope of
the present invention to combine the aforementioned steps in order to obtain
cleaned substrates. It is also possible to include further rinsing steps before,
between or after these pre-treatment steps. Sometimes, an etching step is in-
cluded in the pre-treatment of the substrate to increase its surface area. This is
commonly accomplished by treating the substrate with an aqueous solution
comprising strong acids like sulphuric acid and / or oxidation agents like hydro-

gen peroxide.

Plastic substrates often — but not always — require to be treated with an oxida-
tive treatment prior to activation. These methods are well-known in the art. Ex-
amples for such treatment include etching with acidic or alkaline solutions com-
prising further oxidations agents such as chromic acid, sulphuric acid, hydrogen
peroxide, permanganate, periodate, bismuthate, halogen oxo compounds such
chlorite, chlorous, chlorate, perchlorate, the respective salts thereof or the re-
spective bromine and iodine derivatives. Examples for such etching solutions
are disclosed for example in EP 2 009 142 B1, EP 1 001 052 A2 and
US 4,629,636. The latter also discloses a method of pre-treating a plastic sur-
face including an activation step (Examples | and Il therein). Plastic substrates
in the context of the present invention are selected from a group consisting of
acrylonitrile-butadiene-styrene copolymer (ABS copolymer), polyamide (PA),
polycarbonate (PC), polyimide (Pl), polyethylene terephthalate (PET) and mix-
tures of the aforementioned.
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Nonconductive substrates that are to be contacted with an inventive electroless
plating bath, particularly non-metallic surfaces, may further be pre-treated by
means within the skill in the art (as for example described in US 4,617,205, col
8) to make them (more) receptive or autocatalytic for the deposition of metals or
metal alloys. This pre-treatment step is referred to as activation. All or selected
portions of a surface may be activated. This activation of glass substrates, sili-
con substrates and plastic substrates by a metal such as copper, silver, gold,
palladium, platinum, rhodium, cobalt, ruthenium, iridium, conductive polymers or
electrically conductive carbon black, preferably by a metal, more preferred by
one of palladium, ruthenium and cobalt, is carried out between steps (i) and (ii).

Within the activation, it is possible to sensitise substrates prior to the deposition
of the metal or metal alloy thereon. This may be achieved by the adsorption of a

catalysing metal onto the surface of the substrate.

The inventive electroless copper plating bath is preferably held at a temperature
in the range of 20 to 60 °C, more preferably 30 to 55 °C and most preferably 33
to 40 °C during step (ii).

The inventive electroless nickel plating bath is preferably held at a temperature
in the range of 25 to 100 °C, more preferably 35 to 95 °C and most preferably
70 to 90 °C during step (ii).

The inventive electroless cobalt plating bath is preferably held at a temperature
in the range of 35 to 95 °C, more preferably 50 to 90 °C and most preferably 70
to 85 °C during step (ii).

The substrate is preferably contacted with the electroless plating bath for 0.5 to
30 min, more preferably 1 to 25 min and most preferably 2 to 20 min during step
(ii). The plating time may also be outside said ranges in case a particularly thin
or thick metal or metal alloy layer is desired. Suitable plating time can then be

determined by routine experiments.
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The substrate or at least a portion of its surface may be contacted with the elec-
troless plating bath according to the invention by means of spraying, wiping,

dipping, immersing or by other suitable means.

Thereby, a metal or metal alloy layer is obtained on at least a portion of the sur-
face of the substrate which has a glossy surface of the colour of the respective
metal or metal alloy and a high optical reflectivity. In case copper is deposited
onto at least a portion of the surface of the substrate a copper colour is ob-
tained. In case a metal or metal alloy, preferably copper or copper alloy, is de-
posited into recessed structures of printed circuit board, IC substrates or the
semiconductor substrates one or more circuitries made of metal or metal alloy,

preferably a copper or copper alloy, are obtained.

It is preferential to agitate the electroless plating bath during the plating process,
i.e. the deposition of metal or metal alloy. Agitation may be accomplished for
example by mechanical movement of the inventive electroless plating bath like
shaking, stirring or continuously pumping of the liquids or by ultrasonic treat-
ment, elevated temperatures or gas feeds (such as purging the electroless plat-
ing bath with air or an inert gas such as argon or nitrogen).

The process according to the invention may comprise further cleaning, etching,
reducing, rinsing and/or drying steps all of which are known in the art. Suitable
methods for the cleaning, reducing and etching depend on the substrate to be
used and have been described above for the optional pretreatment step (i.a).
Drying of the substrate may be accomplished by subjecting the substrate to ele-
vated temperatures and/or reduced pressure and/or gas flows.

Elelctroless plating according to step (ii) in the process according to the present
invention can be performed in horizontal, reel-to-reel, vertical and vertically con-

veyorized plating equipment. A particularly suitable plating tool which can be
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used to carry out the process according to the present invention is disclosed in
US 2012/0213914 A1.

It is within the scope of the present invention to use two or more electroless
plating baths of the invention in a process. It is possible to first deposit a nickel
or nickel alloy layer into recessed structures to form a barrier layer, then fill the
recessed structures with copper or copper alloys and then provide a capping
layer onto the formed copper or copper alloys with an electroless cobalt plating
bath according to the invention.

It is also possible within the scope of the present invention to add one or more
plating rate modifiers to any electroless metal or metal alloy plating bath in order
to decrease its plating rate or to achieve any of the aforementioned advantages.
Adding a plating rate modifier to an electroless copper, nickel, cobalt, copper
alloy, nickel alloy or cobalt alloy plating bath results in a reduced plating rate
thereof. Such plating rate modifier also increases the stability of above men-
tioned electroless plating baths, especially the stability of electroless copper and
copper alloy plating baths. Metal or metal alloy deposits formed with an electro-
less plating bath containing a plating rate modifier are glossy and smooth. Any
electroless metal or metal alloy plating bath in this context may be one accord-
ing to the present invention or maybe any other electroless metal or metal alloy
plating baths suitable to deposit any of the aforementioned metals or metal al-

loys.

It is advantageous of the present invention that metal and metal alloys can be
deposited with reduced plating rates (see Application Examples 1 to 6) which
allows for the deposition of a metal or metal alloy, especially into recessed
structures. Ideally, such deposition of metal or metal alloy omits the requirement
of a subsequent CMP step entirely (or at least reduces the time necessary
therefor). It is a further advantage of the present invention that metal or metal

alloy deposits can be formed which have glossy surfaces (see Application Ex-
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ample 3). The plating rate modifier further allows for smooth metal surfaces to
be obtained (see Application Example 3). Further, the plating rate modifiers im-
prove the stability of electroless plating baths (see Application Examples 6 and
7).

Examples

The invention will now be illustrated by reference to the following non-limiting

examples.
Substrates

The substrates used to deposit a metal or metal alloy thereon were wafer sub-
strate made of silicon having a layer assembly thereon which consists in this
order of silicon dioxide (5 to 500 nm), tantalum nitride (3 to 30 nm), tantalum (3
to 30 nm), and a final ruthenium liner layer (2 to 10 nm). Said final ruthenium
liner layer is reduced with a suitable reducing agent (a solution consisting of
2 g/l of dimethylaminoborane (DMAB) as reducing agent in diethylene glycol
(t=5min, T =70 °C)).

Determination of thickness of the metal or metal alloy deposits and plating rate

The phosphorus content and deposit thickness were measured at 5 points of
each substrate by XRF using the XRF instrument Fischerscope XDV-SDD
(Helmut Fischer GmbH, Germany). By assuming a layered structure of the de-
posit the layer thickness can be calculated from such XRF data. The plating rate
was calculated by dividing the obtained layer thickness by the time necessary to
obtain said layer thickness.

Determination of Gloss

Gloss of metal and metal alloy deposits was determined by visual inspection.

Investigation of the surface smoothness of the metal or metal alloy layers
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The smoothness of the outer surface of the metal or metal alloy layers was de-
termined with a scanning atomic force microscope (Digital Instruments, Nano-
Scope equipped with a PointProbe® from Nanosensors with a tip radius of less
than 7 nm), scan size: 5 x 5 um, scan in tapping mode. Sq values (root mean
square roughness) were obtained by these measurements and are provided
with the respective examples below.

Analvtical data

Mass spectra were obtained on a LC-MS device Bruker MicroTOF |l (eluent A:
5 mmol ammonium formiate in water, eluent B: acetonitrile, gradient system
eluent A: Eluent B = 95:5 (v/v), detector: ESI-TOF MS, calibrated with lithium
formiate and/or sodium formiate (mass dependent)).

The weight average molecular mass My and the number average molar mass
M, of the polymers were determined by gel permeation chromatography (GPC)
using a GPC apparatus SECurity GPC System PSS equipped with a molecular
weight analyzer Rl (BI-MwA) from Brookhaven, a TSK Oligo +3000 column, and
PEG and PSS standards with My = 100 to 6000 g/mol. The solvent used was
acetonitrile with 0.1 vol.-% acetic acid and 65 vol.-% 0.1 M NazSOsa.

The metal concentrations in electroless plating baths were determined by ICP-
OES on a Modell Optima 3000 DV from Perkin Elmer.

Synthetic Example 1:

In a glass reactor 10.55 g (117 mmol) B-alanine were dissolved in 72.74 g water
prior to addition of 4.74 g (118.5 mmol) sodium hydroxide to the solution. After
complete dissolution of both compounds the homogeneous and colourless solu-
tion was heated to 60°C. Within 11 minutes 11.97 g (58.6 mmol) glyceroldiglyc-
idylether were added dropwise to the solution. Thereafter, the reaction mixture
was heated to 60°C for further 39 hours prior to cooling to 25°C. After replenish-
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ing water to yield 100 g total mass, a 25 weight percent solution of the plating

rate modifier in water was obtained.
Analytical data: mass spectrum [M+H]" = 426.16

Synthetic Example 2:

A glass reactor was charged with 8.16 mL of water. 23.47 g (78 mmol) of a 50
weight percent caesium hydroxide solution in water was dissolved slowly in the
solvent. Within 7 further minutes, 10.37 g (78 mmol) leucine were added
whereby a clear and colourless solution was obtained. The reaction mixture was
heated to 60°C and within 19 minutes 78 g (39.1 mmol, 50 weight percent in
water, M, = 1000 Da) polyethylenediglycidylether were added dropwise. The
reaction mixture was stirred for further 5.5 hours at the given temperature prior
to cooling to room temperature. 120 g of a clear and bright yellow solution of the
plating rate modifier was obtained (40 weight percent in water).

Analytical data: M, = 1300 Da; M,, = 1700 Da; polydispersity (Mw/M,) = 1.3

Synthetic Example 3:

A glass reactor was charged with 65.58 mL of water. 23.47 g (78 mmol) of a 50
weight percent caesium hydroxide solution in water was dissolved slowly in the
solvent. Within further 7 minutes, 10.37 g (78 mmol) leucine were added
whereby a clear and colourless solution was obtained. The reaction mixture was
heated to 60°C and within 14 minutes 20.58 g (39.1 mmol, M,, = 526 Da) poly-
ethylenediglycidylether were added dropwise. The reaction mixture was stirred
for further 5.5 hours at the given temperature prior to cooling to room tempera-
ture. 120 g of a clear and slightly yellow solution of the plating rate modifier was

obtained (40 weight percent in water).

Analytical data: M,, = 700 Da; M,, = 900 Da, polydispersity (Mw/M,) = 1.4
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Synthetic Example 4:

A glass reactor was charged with 30.37 mL of water. 33.0 g (110 mmol) of a 50
weight percent caesium hydroxide solution in water was dissolved slowly in the
solvent. Within further 5 minutes, 14.6 g (110 mmol) leucine were added
whereby a clear and colourless solution was obtained. The reaction mixture was
heated to 60°C and within 20 minutes 22.03 g (55.1 mmol, M,, = 200 Da) poly-
ethylenediglycidylether were added dropwise. The reaction mixture was stirred
for one further hour at the given temperature prior to cooling to room tempera-
ture. Water was added in sufficient an amount to obtain 100 g of clear and yel-
low solution of the plating rate modifier (34.7 weight percent in water).

Analytical data: mass spectrum [M+H]" = 569.36 und [M+2H]"" = 329.1

Svynthetic Example 5:

A glass reactor was charged with 30.76 mL of water. 34.2 g (114 mmol) of a 50
weight percent caesium hydroxide solution in water was dissolved slowly in the
solvent. Within further 5 minutes, 15.14 g (114 mmol) leucine were added
whereby a clear and colourless solution was obtained. The reaction mixture was
heated to 60°C and within 20 minutes 19.90 g (57.1 mmol) ethylenediglyc-
idylether were added dropwise. The reaction mixture was stirred for one further
hour at the given temperature prior to cooling to room temperature. The reaction
mixture was diluted with 300 mL water and a clear colourless solution of the
plating rate modifier was obtained (9.7 weight percent in water).

Analytical data: mass spectrum [M+2H]"" = 516.36

Synthetic Example 6:

A glass reactor was charged with 26.69 mL of water. 33.0 g (110 mmol) of a 50
weight percent caesium hydroxide solution in water was dissolved slowly in the
solvent. Within 5 minutes, 9.41 g (71 mmol) leucine were added whereby a
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clear and colourless solution was obtained. The reaction mixture was heated to
60°C and within 16 minutes 42.6 g (35.5 mmol, M,, = 600 Da) polypropylenedi-
glycidylether were added dropwise. The reaction mixture was stirred for one
further hour at the given temperature prior to cooling to room temperature. Wa-
ter was added in sufficient an amount to obtain 100 g of clear and yellow solu-
tion of the plating rate modifier (42.1 weight percent in water).

Analytical data: mass spectrum [M+H]" = 861.346

Application Example 1: Nickel plating (comparative)

Electroless nickel plating baths have been prepared by dissolving a nickel salt,
various concentrations ¢ of B-alanine, and further additives as listed below in

water.
NiSQO4-6H20 26.28 g/l, 0.1 mol/l
complexing agent 0.255 mol/l
sodium hypophosphite monohydrate  31.8 g/L 0.3 mol/l

The pH of the plating bath was 4.8 and it was heated to 88°C for deposition of
nickel phosphorous alloys onto substrates. Substrates were immersed into the
plating baths for 120 minutes. During deposition air was purged through the
plating bath. The plating rate in relation to the concentration of the additive

B-alanine was determined and can be found in Table 1.

Table 1: Plating rate of electroless nickel phosphorous plating bath in relation to

the concentration of B-alanine.

¢ (B-alanine) [umol/l] Plating rate [um/h]

0 12




WO 2016/096480 PCT/EP2015/078679

34

10 12
100 12
1000 10

The plating rate of the nickel phosphorous bath does not change over a wide
concentration range of -alanine. Only at higher concentrations of said additive

a slight reduction of the plating rate was observed.

Application Example 2: Deposition of nickel phosphorous layers (inventive)

The experiments as described in Application Example 1 were repeated with the
plating rate modifier of Synthetic Example 1. The plating rate obtained in rela-
tion to the concentration of the plating rate modifier was determined and can be

found in subsequent Table 2.

Table 2: Plating rate of electroless nickel phosphorous plating bath in relation to
the concentration of the plating rate modifier.

¢ (additive) [umol/l] Plating rate [um/h]
0 12

10 10.3

100 7.0

1000 4.5

It can easily be seen that plating rate modifier of Synthetic Example 1 reduces
the plating rate of the electroless nickel phosphorous plating bath already in
very small concentrations. The reduction of the plating rate is even more pro-
nounced at higher concentrations of the plating rate modifier.
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Application Example 3 — Plating rate of electroless copper plating baths

Electroless copper plating baths have been prepared by dissolving a copper
salt, various concentrations c¢ of plating rate modifiers and bases (sodium hy-
droxide and caesium hydroxide), and typical complexing agents in water. The
concentration of copper ions in said electroless copper plating bath was 3.25
g/l. Glyoxylic acid was used as reducing agent, formic acid was added as en-
hancer. The pH of the plating baths was between 12 and 13 with the base given
in Table 3 and they were heated to 35°C for deposition of copper onto sub-
strates. Substrates were immersed into the plating baths for 20 minutes. During
deposition nitrogen was purged through the plating baths. The plating rate in
relation to the concentration of the additives and bases can be found in Table 3.

Table 3: Plating rate of electroless copper plating baths.

Additive, base used for | Deposit thickness [nm] | Surface Roughness Sq
pH adjustment after 20 min [nm]

Substrate (no deposit) - 0.72
No additive (compara- 626+ 9 140
tive), NaOH

No additive (compara- 337 £12 96
tive) , CsOH

100 mg/l Synthetic Ex- 86+2 10.97
ample 1, CsOH

100 mg/l Synthetic Ex- 109+5 4.83
ample 2, NaOH

100 mg/l Synthetic Ex- 68.8 + 1.1 10.14
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ample 2, CsOH

100 mg/l Synthetic Ex- 709+ 1.1 6.95

ample 3, CsOH

100 mg/l Synthetic Ex- 755+ 1.6 6.75

ample 4, CsOH

100 mg/l Synthetic Ex- 81.7+1.6 7.05

ample 5, CsOH

100 mg/l Synthetic Ex- 84 +3 6.72

ample 6, CsOH

Mixture of Synthetic Ex- 687 6.02

amples 2 (10 mg/l) and 6

(10 mg/l), dipyridyl (5

mg/l), CsOH

10 mg/l Synthetic Exam- 803 6.93

ple 2, CsOH

The addition of plating rate modifiers to above-described copper plating bath

allows for reduced plating rate and improves smoothness of the copper deposits

compared to a bath without any plating rate modifier. This is almost independ-

ent on the base used in the experiments. However, caesium hydroxide as base

seems to enhance the effect of the plating rate modifier slightly. Also, small

concentrations of plating rate modifiers such as 10 mg/l are sufficient to achieve

said effects. The copper deposits are glossy and of a typical copper colour.

Application Example 4 — Plating rate of electroless cobalt tungsten plating baths




WO 2016/096480

37

PCT/EP2015/078679

A cobalt tungsten plating bath was prepared by dissolving the following compo-

nents in water
CoS04-7H0O
N82W04'2H20

Complexing agent

Sodiumhypophosphite monohydrate

12.5 g/l 0.045 mol/l

16.5 g/l 0.050 mol/l

0.945 mol/l

29.8 g/l 0.176 mol/l

The electroless cobalt tungsten plating bath was heated to 77 °C and substrates

were immersed into said bath for 20 min.

Table 4: Plating rate of an electroless cobalt alloy plating baths.

Additive Thickness  of | Standard devia- | Relative
CoWP layer | tion of thickness | thickness [%]
[nm] [nm]

No additive (compara- 169 10 100

tive)

100 mg/l of Synthetic 126 9 74.6

Example 2 (inventive)

It can be clearly noted that the plating rate modifier in the electroless cobalt

tungsten plating bath allows for a reduced plating rate of the cobalt tungsten

deposition.

Application Example 5 — Plating rate of electroless cobalt tungsten plating baths

100 mg/l of Synthetic Example 1 have been added to the electroless cobalt

tungsten plating bath as described in Application Example 4. Similarly, the

same substrate as used in above captioned example has been used to plate
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upon. The relative plating rate of the electroless cobalt tungsten plating bath
was decreased by 20.2% (compared to an electroless cobalt tungsten plating
bath without any additive). Hence, the plating rate was decisively reduced by

the plating rate modifier.

Application Example 6 — Comparison of plating rate electroless plating baths

containing PEGs and plating rate modifiers

The electroless copper plating baths as described in Application Example 3
(containing a source of hydroxide) were used to compare the effect of polyeth-
ylenglycols and the plating rate modifiers on the plating rate and stability of the
plating bath. Plating rate modifier of Synthetic Example 2 (inventive) and poly-
ethylenglycol PEG 600 (comparative) were therefore dissolved in the plating
baths. Then, substrates were immersed into the plating (T = 35°C, t = 20 min).
The plating rate obtained in relation to the additives can be found in Table 5.

Table 5: Plating rate of electroless copper plating bath containing PEGs and

plating rate modifiers.

Deposit thickness [nm] Plating rate [nm/h]

No additive (compara- 287 £ 15 861 £ 45
tive)
83.3 umol/l of plating 12156 364.5+ 18

rate modifier of synthetic

example 2 (inventive)

83.3 pmol/l PEG 600 255+ 3 765%9

(comparative)

It can be deduced unambiguously that the plating rate modifier reduces the plat-
ing rate significantly stronger than the polyethylenglycol (PEG 600). Therefore,
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the plating rate modifiers provide a much more pronounced effect than those
additives described in the prior art (US 7,220,296 B1). Furthermore, the plating
baths containing polyethylenglycol was not stable and copper salts precipitated
from the bath within 3 days whereas the plating bath containing the plating rate
modifier was stable over the same period of time (i.e. it did not show any precip-
itation).

Application Example 7 — Stability of electroless copper plating baths

An electroless copper plating bath was prepared as described in Application
Example 3 (containing a source of hydroxide). The electroless plating bath con-
taining different plating rate modifiers were allowed to stand for 24 h and were
then inspected visually for any precipitates. Further, the remaining copper con-

centrations of two exemplary plating baths were investigated.

Table 6: Stabilty of electroless copper plating baths containing plating rate

modifiers.

¢ (additive) [umol/l] Visual stability after 24 h | ¢ (Cu ions) [g/l]
No additive (comparative) | Substantial precipitate 0.3

Synthetic  Example 2 | No precipitate, dark-blue | 3.2

(inventive) solution

Synthetic  Example 3 | No precipitate, dark-blue | Not determined
(inventive) solution

The addition of plating rate modifiers increases the life time of an electroless
copper plating bath substantially. This can already be seen from visual inspec-
tion of such plating baths after 24 h. The remaining concentration of copper ions
is 10 times greater if an plating rate modifier has been added to the plating bath.
A typical stabilising agent is therefore not required.
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CLAIMS

1. An electroless plating bath for deposition of copper, nickel, cobalt or alloys
thereof comprising at least one source for metal ions and at least one re-
ducing agent characterized in that the electroless plating bath further
comprises a plating rate modifier according to formula (I)

@] OH (1)

wherein monovalent residues R' to R?, end group Y and divalent spacer
group Z and index n are selected from the following groups

- R'is selected from the group consisting of —O-R> and —-NH-R* wherein
R® is selected from hydrogen, lithium, sodium, potassium, rubidium,
caesium, ammonium, alkyl, aryl, and R* is selected from hydrogen, alkyl
and aryl,

- R?is selected from the group consisting of hydrogen, alkyl, alkylaryl,

and aryl,
i
R : ‘154 0
| - WL A
- Y is selected from the group consisting of O OH | and
HO

™™ OH, wherein the monovalent residue R" is selected from the
group consisting of —O-R* and -NH-R* wherein R?® is selected from hy-
drogen, lithium, sodium, potassium, rubidium, caesium, ammonium, al-
kyl, aryl, and R* is selected from hydrogen, alkyl and aryl and monova-
lent residue R? is selected from the group consisting of hydrogen, alkyl,
alkylaryl, and aryl and n’ is an integer ranging from 1 to 2;
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5 is—{o—RL];[o—RGHo—WHO—RSf

saturated alkylen residues wherein individual hydrogen bonded to said

wherein R® to R® are unbranched

unbranched saturated alkylen residues in each case are optionally sub-
stituted by a functional group selected from alkyl, aryl and hydroxyl
(-OH); wherein p is an integer ranging from 1 to 100, g is an integer
ranging from 0 to 99, r is an integer ranging from 0 to 99, s is an integer
ranging from 0 to 99 with the proviso that the sum of (p+qg+r+s) ranges
from 1 to 100; and

- nis an integer ranging from 1 to 2.

2. An electroless plating bath according to claim 1 characterized in that Y is

3. An electroless plating bath according to claim 1 or 2 characterized in that
the residues R’ to R® in the plating rate modifier are unbranched saturated
C+- to Cs-alkylen residues wherein individual hydrogen bonded to said un-
branched saturated alkylen residues in each case optionally are substitut-
ed by a functional group selected from alkyl, aryl and hydroxyl

4.  An electroless plating bath according to any of the foregoing claims where-
in residues R® to R® in the plating rate modifier are selected from the group
consisting of ethane-1,2-diyl (-CH>—CH>-), propane-1,2-diyl
(-CH(CHj3)-CHa-), butane-1,2-diyl (-CH(CH2-CH3)-CHy-) and
2-hydroxypropane-1,3-diyl (-CH—CH(OH)-CHy-).

5.  An electroless plating bath according to any of the foregoing claims char-
acterized in that the plating rate modifier according to formula (l) is con-
tained in the electroless plating bath in a concentration of 0.1 to 1500

Kumol/l.
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The electroless plating bath according to any of the foregoing claims
wherein the source of metal ions is selected from water soluble copper,
nickel and cobalt salts and water soluble copper, nickel and cobalt com-
pounds.

The electroless plating bath according to any of the foregoing claims
wherein the electroless plating bath further comprises a stabilising agent.

The electroless plating bath according to any of claims 6 and 7 wherein
water soluble nickel salts and water soluble nickel compounds and the re-
ducing agent is selected from hypophosphite compounds, boron-based
reducing agents, formaldehyde, hydrazine and mixtures thereof.

The electroless plating bath according to any of claims 6 and 7 wherein
water soluble cobalt salts and water soluble cobalt compounds and where-
in the reducing agent is selected from hypophosphite compounds, boron-
based reducing agents, formaldehyde, hydrazine and mixtures thereof.

The electroless plating bath according to any of claims 6 and 7 wherein
water soluble copper salts and water soluble copper compounds and the
at least one reducing agent is selected from the group consisting of for-
maldehyde, paraformaldehyde, glyoxylic acid, sources of glyoxylic acid,
aminoboranes, alkali borohydrides, hydrazine, polysaccharides, sugars,
hypophosphoric acid, glycolic acid, formic acid, salts of aforementioned
acids and mixtures thereof.

A process for the deposition of a metal or metal alloy, comprising the steps

of
(i) providing a substrate;
(i) contacting said substrate with an electroless plating bath accord-

ing to any of the claims 1 to 10; and thereby depositing a metal or
metal alloy on at least a portion of said substrate.
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The process for the deposition of a metal or metal alloy according to claim
11 wherein the process further comprises the step of

(i.,a)  pretreating the substrate.

The process for the deposition of a metal or metal alloy according to
claims 11 or 12 wherein the substrates are selected from the group con-
sisting of glass, plastic, silicon, dielectric and metallic substrates.

The process for the deposition of a metal or metal alloy according to claim
13 wherein the substrates are selected from printed circuit boards, chip

carriers, semiconductor wafers, circuit carriers and interconnect devices.

The process for the deposition of a metal or metal alloy according to claim
13 wherein the substrates are selected from polyimide (Pl) and polyeth-

ylene terephthalate (PET) foils.
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