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Silane compositions and silane coupling agents are well known. The use of silane coupling
agents can increase the adhesive characteristics of many bonds, particularly the bond of
thermosetting resins to glass, metal and metal oxide surfaces. It is well known that the bond
formed by silane coupling agents is often deleteriously affected by moisture and,
occasionally, the exposure of silane-coupled bonds to humid conditions can lead to the

premature failure of the bond.

To minimize the effect that moisture has on silane-coupled bonds, cross-linking agents have
been combined with the silane coupling agents. For example, U.S. Patent No. 4,689,085
describes silane compositions which comprise (I) a silane coupling agent; and (1l) a disily!

cross-linker compound represented by the general formula
(RO)3SiR'SI(OR)5

wherein RO denotes an alkoxy group containing from 1 to 8 carbon atoms, R' is a divalent
organic group, and the weight ratio of (1) to (ll) is between 1:99 and 99:1 inclusive. The silane
compositions are reported to be useful as primers in the production of laminates and other

composite materials.

U.S. Patent No. 5,073,456 describes multi-layer printed circuit boards and processes for

preparing multi-layer printed circuit boards utilizing a silane bonding mixture consisting
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whi ch conprise (A) a silane cqupl ing agent; and (B) a
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[(RO);SiR',CR?

wherein each R is independently an alkyl, alkoxyalkyl, aryl, aralkyl or cycloalkyl group of less
than 20 carbon atoms; R' is a divalent hydrocarbon or polyether group of less than 20 carbon

atoms; and R? is a functional group represented by
CnHQnX

wherein n is from 0 to 20 and X is selected from the group consisting of amino, amido,
hydroxy, alkoxy, halo, mercapto, carboxy, acyl, vinyl, allyl, styryl, epoxy, isocyanato,
thiocyanato, isothiocyanato, ureido, thioureido, glycidoxy, and acryloxy groups. The silane
compositions are particularly useful as adhesives in preparing multi-layer laminates such as
printed circuit boards. These silane compositions do not contain crosslinking agents.

Therefore, their adhesion properties are not always sufficient.
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with the proviso that

(a) said colloidal silica (B) is optional if at least one of compounds (A-3) or (A-4) is

present;

(b) said colloidal silica (B) is mandatory if none of compounds (A-3) or (A-4) is present;
and

(c) the silane composition comprises at least one of compounds (A-1) and (A-2).

The invention also provides the use of said silane compositions for the production of
multilayer printed circuit boards. The invention further provides multi-layer laminates, in

particular printed circuit boards, comprising said silane compositions.

More specifically, the silane compositions used according to the present invention comprise

at least one coupling agent selected from the group consisting of
(A-1) a silane coupling agent characterized by the formula
A SiByx (A-1)

wherein
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thioglycidoxy, and acryloxy groups; or X is a residue of a carboxy ester, a carboxamide or a
thiocarboxamide of a carbohydrate;

(A-2) a silane coupling agent characterized by the formula
X—B—~{R-Si(A)s]:} (A-2)
wherein
X is a linear or branched hydrocarbon chain containing from 5 to 10 carbon atoms,
each B is independently a divalent or trivalent hetero atom, preferably N or O,
each A is independently a hydrolyzable group, e.g. a hydroxy or alkoxy group,

each R is independently a divalent group represented by the formula C,H,,, wherein n is

from O to 20, preferably 1 to 8,
zis 1 if Bis divalent, and z is 2 if B is trivalent, and
xis 1to3;
(A-3) a tetraorgano silane coupling agent characterized by the formula
Si(OR)4 (A-3)

wherein
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with the proviso that

(a) said colloidal silica (B) is optional if at least one of compounds (A-3) or (A-4) is

present;

(b) said colloidal silica (B) is mandatory if none of compounds (A-3) or (A-4) is present;

and
(c) the silane composition comprises at least one of compounds (A-1) and (A-2).

The reason for this proviso is that compounds (A-3) or (A-4) can act both as coupling as well
as crosslinking agents, i.e. they can cross-link themselves. Therefore, if at least one of these
compounds is present, the colloidal silica (B) is not required for cross-linking, but it may still
be used as an additional cross-linking agent. If the silane composition does not comprise at
least one of compounds (A-3) or (A-4), then it must comprise the colloidal silica (B).
Furthermore, the silane composition must comprise at least one of compounds (A-1) and
(A-2).

The term “colloidal silica” here refers to discrete particles of amorphous silica which are
capable of forming stable dispersions or sols. The colloidal silica is preferably employed in
the form of such a dispersion or sol. The term excludes polysilicic acid in which the polymer

molecules or particles are so small that they do not form stable solutions or dispersions.
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In the (:onte)(t o?r\we present invention, preferred aralkyl groups contain 7 to 12 carbon

atoms. A preferred aralkyl group is benzyl.

In the context of the present invention, preferred alkenyl groups contain 2 to 12, preferably 2
to 6 carbon atoms. Preferred alkenyl groups are vinyl and allyl.

X according to formula A-1 is preferably selected from the groups represented by the

formulas

~ /ﬂ\ ~R

N N
H H

wherein Y = O, S or NR', wherein R and R" are lndependently hydrogen, alkyl, aryl, aralkyl,
allyl or alkenyl;

and

wherein Y = O, S or NR?, wherein R? is hydrogen or an alkyl group having 1 to 20, preferably

1 to 8 carbon atoms.
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wherein Y = O, S or NR, wherein R is hydrogen or an alkyl group having 1 to 20, preferably 1
to 8 carbon atoms.

B in formulas A-1 and A-2 is preferably selected from the group consisting of methoxy,

ethoxy, propoxy, isopropoxy, butoxy and hydroxy.

R in formula A-3 is preferably selected from the group consisting of hydrogen, methyl, ethyl,
propyl, isopropyl and butyl.

Preferred compounds of formula (A-1) are 3-aminopropyltrimethoxysilane,
ureidopropyitriethoxysilane, aminopropylsilantriol, N-(3-triethoxysilylpropyl)gluconamide and

3-glycidoxypropyltrimethoxysilane.

Preferred compounds of formula (A-3) are tetraethoxysilane and tetraisopropoxysilane.
Preferred compounds of formula (A-4) are sodium silicate and NagSi,O;.

The silane compositions used according to the present invention may contain each of the

combinations of compounds (A-1), (A-2), (A-3), (A-4) and (B) shown in the following table,
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It is an advantage of the present invention that the use of toxic crosslinking agents as for
example according to U.S. Patent No. 5,639,555 can be avoided.

Furthermore, the silane compositions used according to the present invention show very
good solubility in organic solvents as well as water-based solutions and exhibit very good
adhesion properties. In addition the silane compositions used according to the present
invention show higher long-term stability than the silane compositions of the state of the art,
because they are more stable to hydrolysis. Thus, undesired precipitation of decompositions

products can be avoided.

Most coupling agents contained in the silane composition used according to the present

invention are known as such and are commercially available.

As described in U.S. Patent No. 5,101,055, the tris(silylorgano)amines may be prepared from
the corresponding bis-amine by contacting the bis-amine with particulate palladium monoxide
at a temperature within the range of from about 50 °C to 300 °C. Another procedure for
preparing the tris(silylorgano)amine compounds utilizes the reaction of the bis(trialkoxysilyl-
alkyl)amine with an equimolar amount of a trialkylsilylpropyl halide such as the chloride and
is described in U.S. Patent No. 4,775,415,

A procedure for preparing novel coupling agents according to formula A-1 is described in the

examples.
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considered another advantage of the present invention.

Small portions of water can be added to the silane compositions in order to hydrolyze the
silane coupling agent (A) and crosslinking agent (B). Alternatively, dispersions or emulsions
of the silane compositions can be prepared in suitable organic solvent or mixtures of water
and organic solvent. Typical solvents include, in addition to the alcohols described above,
ethers, ketones, aliphatic and aromatic hydrocarbons, amides such as N,N-
dimethylformamide, etc. Aqueous emulsions of the silane-coupling agents can be prepared
in the conventional manner using conventional dispersants and surfactants, including

nonionic surfactants.

The silane compositions used according to the present invention are preferably aqueous
solutions or dispersions; preferably, the aqueous solutions or dispersions are free of organic

solvents.

The pH value of the silane compositions is preferably in the range of 3 to 11, more preferably
in the range of 4 to 9 and even more preferably in the range of 5 to 6.



i nclude A ycols |like ethylene glycol, propylene
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Wog?@@a“ﬁonoet hyl et her, ethylene glycol monoB&t P2008/002719
et her, propyl ene egcoI nononet hyl et her, propylene
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di propyl ene gl ycol nonobutyl ether, triethylene glycol

The efPrStay IEMEOYIG@) FHSTO I Eg oty RERI camPpoigs PLisgmLiae (A1), (A

2), (A-Q) ssd|A-apihabareoneiidarin the siphe @uﬂnﬁaﬁtumsy@éh JEBSHaINg tdie
her, tripropyl ene glycol nonoet et her

et.
preseqtinVenlial| ene gl ycol monopropyl et her tripropyl ene
gl ycol nonobutyl ether, diethylene gI ycol

Generaitly) thes 9la0 patlo cﬁtcbefpoumsawl etrepaindc@) isTRfeNRINGY bf 83 Neto 1 : 99,

e and t hyl ene, gl ycol nonobutyl ether. Water,
prefer%@ymaég %ﬂ% hlt"r T¢hd al cohol's can al so be used as

a sol vent is reported in the state of the art
A wnde( tange oPﬁIteeSIt:ari\be ins|ueigs irbthig)silamatorb pesitiing s d bycomcimg to the

I I

peselhRET 58 00 P BF ph RS FbloL TR0 5. A5 g B8 icoous
materiatscuchlian glase queetzpceramit, ashsaserm; siticore resimjglassifiiets, and nano
mers, S 504 30 gy S RBhet At AR Sl Hh A o ovces
such aSn‘aIagnqsmm 0xdes imh ogmieeanat alntirunadxidd, hamd rhlbtel fiodraiaed metal-
coate S GHBERIG 1 Ao L el ek A oh SRl PR RSP e
from Odtospeutsiin by erightnvbenthe bffuér it Ipeesent, dtne ln'[b@éf?meg'lr preSd® in amounts

t organi ¢ sol ven
of fmrﬁ‘lgg ﬁr%eg{oo IIES%’L 4?1}]5 ?’85’2‘ c gol vent. Typi cal

solvents include, in addition to the al cohol s
Accordiag tr ihb guiessinbingenteinh thessilake tompssiticalsigoé atilized as@dhesives in a

wide \%ﬁ%? ﬁ;&/ﬁnp%g{regﬁn&%gggﬁn p?zgﬂtngg,sthé !ﬁ%eacson%osmons may be applied as a
liquid solution or emulsion to one surface of the two surfaces to be bonded, or the silane
compositions can be applied to both of the surfaces to be bonded together. The silane
compositions, particularly solutions and emulsions, can be applied to the surfaces by any

conventional means such as by dipping, spraying, brushing, immersion, etc.

In one embodiment, the silane compositions are useful for bonding a thermosetting resin
surface to another resin surface which may be composed of a thermosetting resin, a
thermosetting resin surface to glass, a thermosetting resin surface to metal, etc. The silane
compositions enhance the bond or peel strength between joined surfaces. A possible
application includes the manufacture of resin coated copper foils (RCC), composed of a

dielectric layer and a copper foil.

In one embodiment, the silane compositions are useful in preparing multi-layer laminates

including printed circuit boards (PCBs).

Typical multi-layer laminates will comprise
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etc. Aqueous enul sions of the sil ane-coupling agents
can be prepared in the conventional manner usih

WO ASR(EH2! onal  di spersants and surfactants, inEFy%iPﬁ 8/002719
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(@ghleRONE BIsHIABRLYEE di spersions; preferably, the
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i betiveen andi aditere® tpibeidforementieneduadd Yayersom 100% by
weight in pure mxtures to as little as 0.1 weight

Other%%rlt ent or. Itess [ nvery dilute solutions or enul sions.
re JFF?@E%%H@YHH}% %ontain 0.001 to 2 nol /I of the
silane coupling agent (A) and the crosslinking agent

(aX 8)least wee layer ef pr gédrically c@nOGctive ntaterialol /1. The
expression "conpounds (A" refers to the totality of

: I A (A~ 2), (A-3) and

(b)?%ﬁ?&?ﬁgkwygfgp%gﬁﬁgﬁe Fﬁﬁt ed sil ane conpositions
used according to the present invention. Cenerally,

(ch ar aghnsinn-pramotine flayeioefibe aitane(campositionpe defingdB)bave positioned
t . . e . . i e
Pty S Binefe o, il BoctPEmald i alleckloTp A 8RAY
i ncluded in the silane conpositions used according to

Yet fugtihs myldiayaidaminglestmancommiisef i | | ers may be particul ate
or fibrous fillers, and these include siliceous

(a)"&184dt Bh& d'ﬁe‘l&:ﬂicﬁ&{&'h%%ﬁ\g ﬂé@{dbétive‘?l%té‘l"ﬂo‘étin?"épﬁléfa@éirc itry on at
silicone resin, glass fibers, and nano filTers, rretelills
siGast ong syrfaénum steel, copper, nickel, magnesi um and
titanium netal oxides such as magnesi um oxi de, iron

(byoxt 1885t oAB thsalatig RiyeY, @xiide, and netal fibers and
met al coat ed

(c) a silane layer between the surface of the dielectric layer having a conductive metal
coating or metal circuitry and the insulating layer wherein said silane layer is formed

from the silane compositions as defined above.

The adhesion-promoting layer of the silane composition enhances the bond or peel strength

between the layer of conductive material (e.g., copper) and the layer of dielectric material.

Useful dielectric substrates or fayers may be prepared by impregnating woven glass
reinforcement materials with partially cured resins, usually epoxy resins (e.g., difunctional,
tetrafunctional and multifunctional epoxies). Epoxy resins are particularly suited. It is an
advantage of the silane compositions used according to the present invention that they show
very good adhesion on both glass and resin areas of the substrate material, which is often a

problem with compositions known from the prior art.

Examples of useful resins include amino-type resins produced from the reaction of
formaldehyde and urea, or formaldehyde and melamine, polyesters, phenolics, silicones,
polyamides, polyimides, di-allyl phthalates, phenyl silanes, polybenzimidazoles,
diphenyloxides, polytetrafluoroethylenes, cyanate esters, etc. These dielectric substrates
often are referred to as prepregs. An epoxy substrate of the newest generation is Ajinomoto
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to the present i nvention, the
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'aye”gg?gy&ﬁ ﬂﬁ%%&ee‘?fﬁp@%ns can be applied to the

surfaces by any conventlonal means such as by di ppi ng,

In the fmmayd)mgf mbitiYs)er MeminateBBAE Uit iiagds, tsevaamw&tﬁalave@thavmg a
e conFos itions are ﬁseful for bo

di
condube TesaliHaNA OF B9l CCHAPE LAt Bt pDe RUFarR ST e blating

layerswhdyche évapioped.conposed of a thernpsetting resin, a
thernosetting resin surface to glass, a thernosetti ng

o SR BT e, &t o S L i e
(prepregjr étmpes fonl/brtcos;serhhmun&p phiat Babktoohe sutladd esthelelectric layer, a layer
o RSB0 5 RS EPRDin P Reseirg e
Condusties matabdoatmgtqr ntdial ciriclian enaydieensspped GlSeeEtroEfdqudeoppét mrcmtry
oo AR 080 o S s Bt o
and metal ¢ironirypranse( applied td ﬂﬂasiielamﬁi: lamawyatebrmqunawl knoWh t8those

di tional be | at.i
skited B3 o e R FllRes o2 SRt eV e Brean. S eRB g
circuitfiesyveith firfe Itdee'esusi etn&twempmetmmh@a déﬂéltﬁﬁtércﬂhﬂe‘ﬁ (HDI feature

sizes ‘ﬁ%@#@%g&gvgne%ﬁmor and adhered to the af orementione

The metal circuitry on the dielectric layer may be obtained by conventional techniques such
as by a photoimage technique of a photosensitive resist film followed by etching of the
unprotected areas of metal on the dielectric layer to form electrically conductive paths or
electrically conductive patterns. Etching processes are well known, and examples are
described in, for example, U.S. Patents Nos. 3,469,982 and 5,017,271.

The metal coating or metal circuitry on the dielectric layer may be coated with a thin outer

layer of a metal such as tin. This layer which is of a thickness generally not greater than 1.5
pm and preferably in the range of 0.05 to 0.2 ym can be formed by immersion metal plating
using e.g., commercial tin-plating solutions. During and subsequent to the application of the

tin, a thin coating of an oxide, hydroxide or combination thereof is formed.

A second silane adhesion-promoting layer can then be applied over the etched pattern using
the techniques described above, and a second prepreg is adhered to the etched pattern. The
second adhesion-promoting layer is positioned between and adhered to both the etched

pattern and the second prepreg. The techniques for making multilayer circuit boards also are

well known in the art.
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formed fromthe silane conpositions as defined above.

boardsfhe adhesi on- pronoting |ayer of the silane conposition
enhances the bond or peel strength between the | ayer

The adlfanﬁé@@éi dEthie\sRarmBE S pditidne - uded abEPHMRY o MBGréd2ft d¥lonQhciude
ctric materi al Useful dielectric substrates or

enha"f:%‘ie Sf?@ye’i’f?”ﬁ?%Bé'Pé%orbS‘Fslsf?ﬁP%@H%FP?@"C\%\%W@'IGJ§§'S*3“C€
reinforcenent materials with partially cured resins,
usual |y epoxy resins (e.g., difunctional,

EXAMP&ESaf uncti onal and nul tifunctional epoxies). Epoxy
resins are particularly suited. It is an advantage of

pREpA&gT&% W@stmi ons used according to the present

I nven hey show very good adhesi on on both

gl ass and resin areas of the substrate material, which
Prepaiagionf @ noe! pouriing mgent ¢f feromtnli 1t it mhwf&a@qriffedmxyﬁkyl-propyl)-
thloureoar' or art. Exanples of useful resins include

am no-type resins produced fromthe reaction of

A 250 mL reaction flask is charged with 10 g (54.1 mmol) (3-amino-propyl)-trimethoxysilane,
4.04 g (54.1 mmol) methylisothiocyanate and 100 mL dry dioxane. The reaction mixture is
heated for 20 hours at refluxing and cooled to room temperature. After completion of the
reaction, the solvent is removed under vacuum. The obtained oil is the desired product which

is homogeneous and slightly brown in color.
PREPARATION EXAMPLE 2:

Preparation of a novel coupling agent of formula A-1: 1-(2-Dimethylamino-ethyl)-3-(3-
trimethoxysilyl-propyl)-thiourea

A 250 mL reaction flask is charged with 12.5 g (69.9 mmol) (3-amino-propyi)-trimethoxy-
silane, 9.1 g (69.9 mmol) 2-N,N-dimethylamino-ethylisothiocyanate and 200 mL dry dioxane.
The reaction mixture is stirred for 20 hours at room temperature. After completion of the
reaction, the solvent is removed under vacuum. The obtained oil (20.9 g; yield: 96.6%) is the

desired product which is homogeneous and slightly brown in color.
TEST EXAMPLES:

The improved adhesion obtained with the silane compositions used according to the present
invention is demonstrated by conducting a pull strength test performed in accordance with
IPC-TM-650 No 2.4.8. In the test, a copper foil of the type Gould GTC (7.5 x 15 cm), copper
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t hernosetting resin. Conductive netal coating or netal
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e e Sl ey e FRRDG s PRy 144 ol P o
assister)preax (HdL ofultilayer pTees) beatddita 176e°Grencaihdjssted te press &b2.0% MPa

0 tal gircuitry can be applied to the dielectric
(30 plggsfg:%b@m?%lghni gues well known to those skilled in the

art. The silane conpositions defined above are
Followgr the erasainoycysigi theilainptad feils argiairrdosteditp tréon temeperatuee for 75
minutds€Si st structures possessing hi gh-density interconnect
(HDI') feature sizes of 50 mm and even 25 mm or | ower.

The metal circuitry on the dielectric |ayer may be
The pliesti in eerfasneddn aesriaing withdPhnT ifid9 Ne24.8. The results are the

combined average strengths of the adhesive bonds in N/cm. The results of the pull strength
test are summarized in Tables 1 to 5.

Table 1 shows peel strength values for silane compositions comprising tetraethoxy silane as
a crosslinking agent.

As can be seen from the table, the peel strength values after dipping for 1 to 2 minutes vary
from 11.7 N/cm to 13.4 N/cm. In general, values higher than 10 N/cm can be considered very

good for production of multilayer printed circuit boards.

It is an advantage of the present invention that no thermal treatment after applying the silane
composition is required compared to the state of the art, e.g. U.S. Patent No. 5,639,555 or
European Patent Application No. 0 310 010, in order to achieve good adhesion values.

Table 2 shows peel strength values for silane compositions comprising colloidal silica as

crosslinking agent. Again, very good adhesion values can be obtained. Silicon dioxide is
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Table 3: Adhesion tests resuilts for silane compositions comprising colloidal silica (4 to 5 nm)

a crosslinking agent.
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Table 5: Comparison of crosslinking agents
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Except in colum "pH', the values given are peel

strengths in NNcm Tabl e 5: Conparison of crosslinkin
Woﬁ@éﬂtzg“k* O The val ues given are peel strengFﬂyEP?'Pos 02719

N cm *For conparison.CLAIMS 1. A nethod for the

production of nultilayer |am nates, conprising a step

of treating an electrically conductive material for

t he subsequent formation fAlﬂﬁﬁ adhesi ve bondi ng

bet ween the conductive material and a | ayer of a

dielectric material by bringing the surface of the

Remethodiferdhe pregustion of maltilhperdameatasntomprisinga istepi df treating an

sol ution containing a silane conmposition conprising at

aleciriqally pendustiys materiabtonthesibeequedt formatidrhef agr aunesive bonding

consi sting of (A-1) a silane coupling agent

hethugendhe conduttivg materidl endrallayenbica dielecrmahatarialdy bringing the

i ndependently a hydrol yzabl e group, e.g. a hydroxy or

srfresgf the elgsirically soriductivednataria istachnBct with adejutionl eorttaiying a

a Cl-C2 al kyl or aryl group or a functional group

silang esrepasdipnopmpiisingaat taashontheaupiimg agérdt sklecteddromoth2@roup

preferably O to 12, nore preferably 1 to 12, even nore

qeneiptingadfly 1 to 8, nost preferably 1, 2, 3, 4, 5, 6 or

7 and X is selected fromthe group consisting of

am no, am do, hydroxy, al koxy, hal o,

(A-1) asilane coupling agent characterized by the formula

A »SiBy (A-1)
wherein
each A is independently a hydrolyzable group, e.g. a hydroxy or alkoxy group,
xis 1to 3, and

each B is independently a C;-C alkyl or aryl group or a functional group
represented by the formula

CnHZnX,
wherein

n is from O to 20, preferably 0 to 12, more preferably 1 to 12, even more
preferably 1 to 8, most preferably 1, 2, 3,4, 5, 6 or 7 and

X is selected from the group consisting of amino, amido, hydroxy, alkoxy, halo,
mercapto, carboxy, carboxy ester, carboxamide, thiocarboxamide, acyl, vinyl,
allyl, styryl, epoxy, glycidoxy, isocyanato, thiocyanato, thioisocyanato, ureido,
thioureido, guanidino, thioglycidoxy, and acryloxy groups; or X is a residue of a

carboxy ester, a carboxamide or a thiocarboxamide of a carbohydrate;

(A-2) asilane coupling agent characterized by the formula

X~B-{R-Si(A)s]o} (A-2)
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mer capt o, carboxy, carboxy ester, carboxam de,

t hi ocarboxam de, acyl, vinyl, allyl, styryl, epox
WO P3P 3%y, i socyanato, thiocyanato, thioi soc‘}gﬂﬂ%@smzm’

urei do, thioureido, guanidino, thioglycidoxy, and

acryl gxy .groups; or X is a residue of a carboxy ester,

a car 9 de or a thiocarboxanide of a car bohydr at e;
(A-2) a silane coupling agent characterized by the

f or mK & aXireBr &t frAhcrdidHyd(odarjontudaii doninitg froini SM8aN0 ddirbon
branched hydrocarbon chain containing from5 to 10

car bo%o'gf'oms, each B is independently a divalent or
trivalent hetero atom preferably Nor O each Ais

i nde et &t lidepehgahtlp laydivdid re ogtrivalent keetgro atoryprefaxyblpN or O,
al koxy group, each R is independently a dival ent group

PRI g W ARy L5 B R oo,

and z is 2 if Bis trivalent, and x is 1 to 3; (A-3) a
t et r @@chdhis irdepandently @plivalent gomimt repteseated dy itreefdribylatel,,,

for W%réb&ﬁ}roéqgﬁ%ﬂgﬁégh&ﬁé s hydrogen, al kyl,

aryl, ara and (A-4) a water
soluble silicate coupling agent characterized by the
f or m#lia 19§ B4s diyale and 21)s i Brigtrivalent, and

xis 1t0 3;

(A-3) a tetraorgano silane coupling agent characterized by the formula

Si(OR),4 (A-3)
wherein
R is hydrogen, alkyl, aryl, aralkyl, ally! or alkenyl; and
(A-4) a water soluble silicate coupling agent characterized by the formula
SiO; » xM;0 (A-4)
wherein
xis 1to 4, and

M is an alkali metal or ammonium ion; and

(B) a colloidal silica characterized by the formula

(SiO)n; (B)

with the proviso that

(a) said colloidal silica (B) is optional if at least one of compounds (A-3) or (A-4) is

present,

—-22—



X is 1to 4, and Mis an alkali netal or amroniumi on;
andﬂé%) a colloidal silica characterized by the

WOt (Siaz)n; (B) with the proviso that (ByTERPY8/002719
colloidal silica (B) is optional if at |east one of

- 3)... A-4) | : t.(b id L1 o dal.
B b e a) B Poed B ERE oL e R AR
( A- 4)presenpramglent, and (c) the silane conposition
conprises at |east one of compounds (A-1) and (A-2). 2

Th ] ] cl gim rein X accoy di
o' Sl kolbB8REh Pplords RiRel o el ref PEdLind0
by the formulas Y HH wherein Y = O S or NRL, wherein
‘TReamethfd aegaeding tiegeintl érwhsreinyXiacopeding &l frynhyla &r v/ 1s, selected from
aral kyl, allyl or alkenyl; and wherein Y = O, S or
thRgrouph egreesenR hystheyomogasn or an al kyl group having 1
to 20, preferably 1 to 8 carbon atons. 3. The nethod
according to claim1, wherein X according to fornula
A-1 is a carbohydrate resi¥Yue selected fromthe group
represented by the fornul agwhergin Y = O S or NR
wherein R is hydrogen }rN n>§f-Kyl group having 1 to
20, preferably 1 to 8 cd&tbonHat ons.

wherein Y = O, S or NR', wherein R and R are independently hydrogen, alkyl, aryl,

aralkyl, allyl or alkenyl;

and

wherein Y = O, S or NR?, wherein R? is hydrogen or an alkyl group having 1 to 20,

preferably 1 to 8 carbon atoms.

The method according to claim 1, wherein X according to formula A-1 is a carbohydrate

residue selected from the group represented by the formulas
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4 The method according to any of the foregoing
ains, wherein Bin formulas A-1 and A-2 is_sel ect
Wofzpoéﬂﬁ"ﬁé group consi sting of methoxy, et hoxy,CHFBﬁW;‘}‘m”
I sopropoxy, butoxy and hydroxy. 5 . The nethod
according to any of the foregoing clains, wherein Rin

hydr ogen, thi et hyl , yl, isopropyl but yI .
6. The nethod according to an 6 t he foregoing,,,
cl ai rein x in formul a/A- 1to 3. 7 TI%-l

met hod acco *OHl t o any"é)@ t'Re foregoi ng B

wher eifo coll oidal silica gecOHdi ng to formyta Qi
has a partixle~size in thgatdnge of 0.1 tg nm
preferably Arom1l to 40 nm 8.\ The nmethod accordjng to

any of the\foregoing clains,
of conmpound®H A) : corrpoundHQB) isin the raH§ of 99
1 tol1: 99, preferably in the range of 10 : 1 to 1
: 4. 9. The method according to any of the foregoing
claims, wherein the pH value of the silane conposition
is in the nge of 3 to 11. 1@ The net hod acOpr di ng

to any of t Qoregm ng cIYa
conposj tior/is an aqueous solNtion free of organi

sol veni'®. . The nethod acco to an
foregoi ng cpafd] wherei HGh& mulitlayer |am nateOik a
print ed cuit board. 12. Use.ofpr sil arO
conposi tion E)&-Fef' ned | of clainms 1 to \( éplr
t he product'on mul til ircuit boards.
mul til ayer am nate conprisin Y H
@) 0] 0

wherein Y = O, S or NR, wherein R is hydrogen or an alkyl group having 1 to 20,

preferably 1 to 8 carbon atoms.

The method according to any of the foregoing claims, wherein B in formulas A-1 and
A-2is selected from the group consisting of methoxy, ethoxy, propoxy, isopropoxy,

butoxy and hydroxy.

The method according to any of the foregoing claims, wherein R in formula A-3 is
selected from the group consisting of hydrogen, methyl, ethyl, propyl, isopropyl and

butyl.

The method according to any of the foregoing claims, wherein x in formula A-4 is 1 to 3.

The method according to any of the foregoing claims, wherein the colloidal silica
according to formula B has a particle size in the range of 0.1 to 100 nm, preferably from

1to 40 nm.
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(a) at least one layer of an electrically conductive
material; (b) at |least one layer of a dielectric

WO BEP3437; and (c) an adhesion-pronoting | ayePCHEPZ08/002719

10.

11.

12.

13.

14.

silane conposition as defined in any of clainms 1 to 10
AR b S SR 2of Bt 0B To/EaSiia BT S eldl Mirpolafratio o
BeshorF V8" ralRoUR Bt g o5 e Y87 e o rstepntiinyne

. f£pating or copper circuitry coated with tin,
?Pﬁggfgﬁj';%r{ tlg'n hydr oxi de.

The method according to any of the foregoing claims, wherein the pH value of the

silane composition is in the range of 3 to 11.

The method according to any of the foregoing claims, wherein the silane composition is

an aqueous solution free of organic solvents.

The method according to any of the foregoing claims, wherein the mulitiayer laminate is

a printed circuit board.

Use of a silane compositions as defined in any of claims 1 to 10 for the production of

multilayer circuit boards.

A multilayer laminate comprising

(a) atleast one layer of an electrically conductive material;

(b) atleast one layer of a dielectric material; and

(¢} an adhesion-promoting layer of a silane composition as defined in any of claims 1
to 10 positioned between and adhered to said conductive material and said

dielectric material.

The multi-layer laminate of claim 13 wherein the conductive metal coating or metal
circuitry comprises a copper coating or copper circuitry coated with tin, tin oxide or tin

hydroxide.
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