(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/156162 A2

22 November 2012 (22.11.2012) WIPO|PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C23C 18/20 (2006.01) C23C 18/30 (2006.01) kind of national protection available): AE, AG, AL, AM,
C23C 18/28 (2006.01) C23C 18/40 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
. e . ) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
PCT/EP2012/056960 HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
17 April 2012 (17.04.2012) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) D.esignated. States (unle.ss othefﬂwise indicated, for every
11166399.3 17 May 2011 (17.05.201 1) EP kind Of regzonal p}"OleCllOI’l avazlable): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant (for all designated States except US): UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
ATOTECH DEUTSCHLAND GMBH [DE/DE]; TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Erasmusstrafie 20, 10553 Berlin (DE). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK
(72) Inventors; and i > > i > > o s P
(75) Inventors/Applicants (for US only): BRUNING, Frank él\\/{; ﬁ?’ D?IIEPII\I(EBFS,I\IB‘II:DC Ff(%G, CL CM, GA, GN, GQ,
[DE/DE]; Raumerstrafle 19, 10437 Berlin (DE). BECK, > S )
Birgit [DE/DE]; Liebstockelweg 16, 13503 Berlin (DE). Published:
DOSSE, Bexy [DE/DE]; Schillerstrale 16, 16552 Schil- without international search report and to be republished
(llgwl(;;%.]fe EﬁK(gl];)N » Johannes [DE/DE]; Kiepertstrafie upon receipt of that report (Rule 48.2(g))
(74) Agent: WONNEMANN, Jirg; Atotech Deutschland

GmbH, Erasmusstrafie 20, 10553 Berlin (DE).

(54) Title: METHOD FOR ELECTROLESS PLATING

wo 2012/156162 A2 |11 N0F 00 0O O 0O A

(57) Abstract: The present invention discloses a method for electroless plating of a metal or metal alloy onto a metal or a metal alloy
structure comprising a metal such as molybdenum or titanium and alloys containing such metals. The method comprises the steps of
activation, treatment in an aqueous solution comprising at least one nitrogen-containing compound or a hydroxy carboxylic acid and
electroless plating of a metal or metal alloy.



10

15

20

25

WO 2012/156162 PCT/EP2012/056960

Method for electroless plating

Field of the Invention

The present invention relates to a method for electroless deposition of metals

and metal alloys in the manufacture of flat panel displays and related devices.

Background of the Invention

Metallisation of different features such as gate structures and circuitry for thin
film transistor (TFT) based flat panel displays is achieved by depositing metals
such as aluminium, molybdenum, chromium and titanium by vapour phase
deposition methods. Increasing panel dimensions require a higher electrical
conductivity of the TFT lines to maintain very short pixel response times and

avoid motion blur effects in fast moving image sequences.

Due to its low specific resistance copper is a suitable candidate to replace other
metals like the ones mentioned before as TFT line material. Sputtering of cop-
per is the conventional method. However, sputtering copper becomes increas-
ingly more problematic as soon as the required film thickness exceeds 1 um.
Sputtered copper films typically exhibit a considerable amount of internal stress
which eventually can cause bending or even cracking of the underlying glass
substrate. Sputtering thick copper layers also suffers from significant material
loss due to comparably low sputter yields. Finally, increased maintenance ef-
forts for cleaning the sputter chambers can lead to prolonged idle times and

limit the overall process productivity.

A method for electroless deposition of copper onto substrates for flat panel dis-
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play applications is disclosed by S. Fang et al. in “Highly Adhesive Copper Wir-
ing for FPD using Inkjet Printed Catalyst and Neutral Electroless Deposition”
(IDW '07 - Proceedings of the 14th International Display Workshops (2007),
Volume 2, pp. 713-714). Here, the substrate is activated prior to electroless

metal deposition with a catalytic ink deposited by ink jet printing.

Another method for depositing copper by electroless plating onto a layer of mo-
lybdenum is disclosed by H. Ning et al. in “The Feasibility of Cu Plating Tech-
nology in LCD” (Proceedings of ASIA Display 2007 AD'07 Shanghai, March 12-
16, 2007). Said method utilises a patterned photo resist to selectively deposit

copper.

Objective of the Invention

Therefore, it is a first objective of the present invention to provide a surface

layer having a high electrical conductivity.

It is a second objective of the present invention to provide metal and metal alloy

layers having a smooth surface.

It is a third objective of the present invention to provide a surface layer having a

good adhesion on the underlying metal or metal alloy layer.

It is a fourth objective of the present invention to provide metal and metal alloy

layers having a low internal stress.

Summary of the Invention

These objectives are solved by a general process sequence according to the
present invention, the general process sequence comprising in this order the

steps of

(1) providing a non-conductive substrate having on at least one side a
surface consisting of a metal or metal alloy structure selected from
the group consisting of molybdenum, titanium, zirconium, aluminium,

chromium, tungsten, niobium, tantalum and alloys thereof,



5

10

15

20

25

WO 2012/156162 PCT/EP2012/056960

(i) contacting said substrate with an activator comprising a noble metal,

(i) contacting said substrate with an aqueous solution containing at least
one of a nitrogen-containing substance and a hydroxy carboxylic acid

and

(iv) depositing a metal or metal alloy onto said activated surface by

means of electroless plating.

The metal or metal alloy deposited in step (iv) has a high adhesion to the under-
lying metal or metal alloy structure of the substrate surface. Furthermore, said
metal or metal alloy layer deposited in step (iv) has a smooth surface, low inter-

nal stress and a sufficient electrical conductivity.

Detailed Description of the Invention

Substrates for flat panel displays and related devices are made of glass or a
polymer foil such as a PET foil. Such non-conductive substrates comprise on at
least one side a metal or metal alloy structure which is usually deposited by
means of chemical or physical vapour deposition. Said metal or metal alloy
structure consists of one or more of molybdenum, titanium, zirconium, alumin-

ium, chromium, tungsten, niobium, tantalum, and alloys thereof.
The term “a metal or metal alloy structure” shall mean herein

a) the entire surface on one or both sides of a non-conductive substrate is cov-

ered by a thin metal or metal alloy layer (less preferred) or

b) “a metal or metal alloy structure” comprises a metal pattern on one or both

sides of a non-conductive substrate (preferred).

The substrate is cleaned by methods known in the art. Aqueous compositions

comprising a wetting agent may be used for this purpose.

Optionally, the metal or metal alloy structure on top of the substrate is then mi-

croetched in an aqueous composition comprising a peroxide and an acid.
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Deposition of a metal or metal alloy by means of electroless plating onto said
metal or metal alloy structure is not feasible without activating said metal or

metal alloy structure (step (ii) according to the general process sequence).

The metal or metal alloy structure is first activated with a noble metal selected
from the group comprising silver, gold, ruthenium, rhodium, palladium, osmium,
iridium and platinum. The most preferred metal for activating the metal or metal

alloy structure is palladium.
The noble metal can either be provided in form of ions or as a colloid.

Noble metals provided in form of ions are deposited in metallic state by an im-
mersion type reaction with the underlying less noble metal or metal alloy struc-
ture on the substrate surface by dissolving parts of the underlying less noble
metal or metal alloy structure. In case the metal or metal alloy structure is acti-
vated for electroless plating with noble metal ions the noble metal is deposited

in metallic state.

When using a noble metal in form of ions the substrate surface is only activated
for successive electroless plating on those areas of the substrate surface which
consist of a metal or metal alloy structure. Hence, no mask such as a patterned
photo resist is required for a selective electroless deposition in step (iv) accord-

ing to the general process sequence.

Noble metals provided in form of colloids are deposited onto the entire substrate
surface by adsorption, i.e. on both the metal or metal alloy structure and the
underlying non-conductive substrate. In case the metal or metal alloy to be de-
posited by electroless plating in step (iv) according to the general process se-
quence, those portions of the substrate surface where no metal or metal alloy
should be deposited in step (iv) need to be covered by a mask such as a pat-
terned photo resist prior to deposition of the noble metal in form of a colloid. If
such portions of the substrate are not covered the metal or metal alloy will be

deposited in step (iv) onto the entire substrate surface. In such a case an etch-
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iNg process needs to be applied after electroless plating in order to obtain a pat-

terned metal or metal alloy layer having a high electrical conductivity.

Preferably, the noble metal activator comprises palladium ions. In this case, no
etching process is required and the transparency of the substrate is higher

compared to a colloidal noble metal (palladium) activator.

Applicable activator compositions providing the noble metal in ionic or colloidal
form are for example disclosed in ASM Handbook, Vol. 5 Surface Engineering,
1194, p. 317-318.

Next, the substrate surface comprising a noble metal is contacted in step (iii)
according to the general process sequence with an aqueous composition com-
prising at least one of nitrogen-containing substance and hydroxy carboxylic

acids.

Preferably, an aqueous composition comprising at least one nitrogen-containing

substance is used in step (iii).

Nitrogen-containing substances are preferably selected from the group consist-
ing of quaternary ammonium polymers, polyamido amines, tetra-ammonium
hydroxy compounds having alkyl groups with 2 to 6 carbon atoms, alkanol a-
mines, aminocarboxylic acids, quaternary ammonium salts based on fatty

amines and quaternised aliphatic amine ethoxylates.

More preferably, the nitrogen-containing substance is selected from the group

consisting of quaternary ammonium polymers and polyamido amines.

Suitable quaternary ammonium polymers include cross-linked quaternary am-

monium polymers and non-cross-linked quaternary ammonium polymers.

Suitable cross-linked quaternary ammonium polymers include copolymers
formed from a major amount of a monoethylenically unsaturated monomer or
mixture of monomers and a minor amount of a polyethylenically unsaturated
monomer or mixtures of monomers which act to cross-link the polymer. Exam-

ples of monoethylenically unsaturated monomers include polycyclic aromatic
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compounds such as styrene, substituted styrenes including ethylvinylbenzene,
vinyltoluene and vinylbenzyl chloride; and arylic monomers such as the esters
of methacrylic and acrylic acid including methyl acrylate, ethyl acrylate, propyl
acrylate. Lower aliphatic esters of acrylic acid are preferred. Suitable polyun-
saturated cross linking monomers include divinylbenzene, divinylpyridine, divi-
nyltoluenes, ethylene glycol dimethacrylate, etc. The emulsion copolymers de-
scribed above may be converted to positively charged ion exchange resins by
methods known in the art. For example, the cross linked styrene emulsion
polymer may be chloromethylated with chloromethyl methyl ether in the pres-
ence of a Lewis acid such as aluminium chloride and the resulting intermediate
emulsion copolymer may then be treated with a tertiary amine such as trimethyl
amine to form a quaternary amine chloride functional group. Alternatively, a
strongly basic quaternary amine resin may be prepared by treating a cross-
linked acrylic ester emulsion copolymer with a diamine containing both a tertiary
amine group and a primary or secondary amine group, such as dimethylamino-
propyl amine or di-(3-dimethylaminopropyl)-amine and quaternsing the resulting

weakly basic resin with an alkyl halide such as methyl chloride anion.

Suitable non-cross-linked quaternary ammonium polymers include dimethyl-
aminoethyl methacrylate polymer, quaternised with epichlorhydrin or ethylene
oxide, poly-N,N-dimethyl-3,5-methylene piperidinium salt, polyethylene amine,
polymers of di-methyl-di-allyl ammonium salt, where the salt counterion can be
any water soluble ion such as chloride ion; co-polymers of dimethyl amine or
monoethyl amine and epichlorhydrin, and quaternised forms of the above co-
polymers, and modified natural organic polyelectrolytes such as guar gum

treated with di-ethylaminoethylchlorid-hydrochloride.

Further suitable cationic polymers include cationic quaternary ammonium salts
based on fatty amines and amphoteric quaternary ammonium salts based on

fatty amines.

Cationic quaternary ammonium salts based on fatty amines comprise 1-
propanaminium-N-(2-hydroxyethyl)-N,N-dimethyl-3-[(1-oxooctadecyl)-amino]

salts, 1-propanaminium-N,N,N-trimethyl-3-[(1-oxododecyl)-amino] alkyl ester
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salts, 1-propanaminium-(3-dodecyloxy)-2-hydroxy-N,N-bis-(2-hydroxyethyl)-N-
methyl alkyl ester salts. Suitable anions are for example phosphate, nitrate, sul-

fate and methylsulfate.

Further suitable cationic quaternary ammonium salts are quaternised aliphatic
amine ethoxylates wherein the nitrogen atom is quaternised. Additionally, alkyl-
benzyldimethylammoniumchlorides wherein the alkyl group is derived from a

fatty acid may be employed.

Suitable alkanol amine compounds are lower alkanol amine compounds such
as dieethanolamine, triethanolamine, monoisopropanolamine, diisopropanola-
mine, triisopropanoclamine, mono-sec-butanolamine, di-sec-butanolamine, 2-
amino-2-methyl-1-propanediol, 2-amino-2-ethyl-1,3-propanediol, 2-
dimethylamino-2-methyl-1-propanol, tris(hydroxymethyl) aminoethane and mix-

tures of the aforementioned alkanol amine compounds.

Suitable aminocarboxylic acids include ethylenediaminetetraacetic acid, hy-
droxyethylenediaminetetraacetic acid, nitrilotriacetic acid, hydroxyethylenedia-
minetriacetic acid, N-dihydroxyethylglycine, ethylenebis(hydroxyphenylglycine),
lysine, alanine, valine, leucine, isoleucine, proline, phenylalanine, tryptophan,
methionine, glycine, serine, threonine, cysteine, tyrosine, asparagine, gluta-

mine, aspartic acid, glutamic acid, arginine, histidine and mixtures thereof.

Suitable hydroxycarboxylic acids include tartaric acid, citric acid, gluconic acid,

5-sulfosalicylic acid and mixtures thereof.

The concentration of the at least one nitrogen-containing compound or hydroxy
carboxylic acid generally ranges from 0.1 to 30 g/I, more preferably from 1 to

10 g/l and most preferably from 2 to 5 g/l.

Optionally the aqueous solution used in step (iii) comprises a wetting agent

and/or an anti-flocculation agent.

Optionally, the substrate surface is then rinsed with water.
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Next, at least one layer of a metal or a metal alloy is deposited in step (iv) onto

the activated substrate surface by electroless plating.

Examples for metals and metal alloys which can be deposited by electroless
plating processes in the method according to the present invention are copper,

nickel, gold, palladium, ruthenium, tin, silver and alloys thereof.

Preferably, copper, copper alloys, nickel and nickel alloys are deposited ion

step (iv).
Most preferably, copper or copper alloys are deposited in step (iv).

Copper electroless plating electrolytes comprise generally a source of copper
ions, pH modifiers, complexing agents such as EDTA, alkanol amines or tartrate
salts, accelerators, stabilizer additives and a reducing agent. In most cases
formaldehyde is used as reducing agent, other common reducing agents are
hypophosphite, dimethylamine borane and borohydride. Typical stabilizer addi-
tives for electroless copper plating electrolytes are compounds such as mercap-
tobenzothiazole, thiourea, various other sulphur compounds, cyanide and/or
ferrocyanide and/or cobaltocyanide salts, polyethyleneglycol derivatives, het-
erocyclic nitrogen compounds, methyl butynol, and propionitrile. In addition, mo-
lecular oxygen is often used as a stabilizer additive by passing a steady stream
of air through the copper electrolyte (ASM Handbook, Vol. 5: Surface Engineer-
ing, pp. 311-312).

Another important example for electroless metal and metal alloy plating electro-
lytes are compositions for deposition of nickel and alloys thereof. Such electro-
lytes are usually based on hypophosphite compounds as reducing agent and
further contain mixtures of stabilizer additives which are selected from the group
comprising compounds of Group VI elements (S, Se, Te), oxo-anions (AsOy,
105", MoO4%), heavy metal cations (Sn**, Pb®*, Hg*, Sb**) and unsaturated or-
ganic acids (maleic acid, itaconic acid) (Electroless Plating: Fundamentals and
Applications, Eds.: G. O. Mallory, J. B. Hajdu, American Electroplaters and Sur-
face Finishers Society, Reprint Edition, pp. 34-36).
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A preferred process sequence according to the present invention comprises in

this order the steps of

(i)

(iii)

(iv)

providing a non-conductive substrate having on at least one side a
surface consisting of a metal or metal alloy structure selected from
the group consisting of molybdenum, titanium, zirconium, aluminium,

chromium, tungsten, niobium, tantalum and alloys thereof,

contacting said substrate with an activator comprising a noble metal
as noble metal ions, whereby only the metal or metal alloy structure is

activated,

contacting said substrate with an aqueous solution containing at least
one of a nitrogen-containing substance and a hydroxy carboxylic acid

and

depositing a metal or metal alloy onto said activated metal or metal

alloy structure by means of electroless plating.

Metal or metal alloy layers deposited onto a metal or metal alloy structure which

consists of a metal such as molybdenum, titanium, zirconium, aluminium, chro-

mium, tungsten, niobium, tantalum and alloys thereof by the method according

to the present invention have a high adhesion, sufficient electrical conductivity,

a uniform thickness distribution and a smooth surface.
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Examples

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

examples.

Example 1 (comparative)

A glass substrate having a layer of molybdenum attached to one side was acti-
vated with a conditioner comprising a quaternary ammonium polymer and then
by immersion-type plating of palladium. Next, a layer of copper was deposited
from a plating bath comprising copper ions, formaldehyde, EDTA and stabilizing
agents. Hence, no step (iii) according to the general process sequence was ap-

plied.

Without step (iii) the deposited copper layer exhibits the typical structures of

collapsed blisters, indicating poor adhesion on the molybdenum layer.

Example 2

A glass substrate having a layer of molybdenum attached to one side was acti-
vated with by immersion-type plating of palladium. The activated substrate was
then dipped into an aqueous solution having a pH value of 12 to 12.5 and com-
prising 3.1 g/l of a polyamido amine for 20 s. Next, a layer of copper was depos-
ited from a plating bath comprising copper ions, formaldehyde, EDTA and stabi-
lizing agents. Hence, step (iii) was applied this time according to the general

process sequence.

With step (iii) the deposited copper layer shows a sufficient adhesion on the

molybdenum layer.

10
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CLAIMS

A method for electroless plating comprising in this order the steps of

(i) providing a non-conductive substrate having on at least one side
attached thereto a metal or metal alloy structure selected from the
group consisting of molybdenum, titanium, zirconium, aluminium,

chromium, tungsten, niobium, tantalum and alloys thereof,

(i) contacting said substrate with an activator comprising palladium

ions,

(i)  contacting said substrate with an aqueous solution containing at
least one of a nitrogen-containing substance and a hydroxy car-

boxylic acid and

(iv)  depositing a metal or metal alloy onto said activated surface by

means of electroless plating.

A method according to claim 1 wherein the metal or metal alloy structure
in step (i) is selected from the group consisting of molybdenum, titanium

and alloys thereof.

A method according to any of the foregoing claims wherein the at least
one nitrogen-containing substance in step (iii) is selected from the group
consisting of quaternary ammonium polymers, polyamido amines, tetra-
ammonium hydroxy compounds having alkyl groups with 2 to 6 carbon
atoms, alkanol amines, aminocarboxylic acids, quaternary ammonium
salts based on fatty amines and quaternised aliphatic amine ethoxylates

and mixtures thereof.

A method according to any of the foregoing claims wherein the hydroxy
carboxylic acid in step (iii) is selected from the group comprising tartaric

acid, citric acid, gluconic acid, 5-sulfosalicylic acid and mixtures thereof.

11
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. A method according to any of the foregoing claims wherein the metal or

metal alloy deposited in step (iv) is selected from the group consisting of

copper, copper alloys, nickel and nickel alloys.

6. A glass substrate having on at least one side a metal or metal alloy struc-

ture selected from molybdenum, titanium, zirconium, aluminium, chro-
mium, tungsten, niobium, tantalum and alloys thereof and on said metal
or metal alloy structure a layer of copper or a copper alloy attached,
wherein the copper or copper alloy is deposited by a method according

to any of claims 1 to 5.

12
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